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"SOME EFFECTS OF OXYTOCIN ON IN VITRO

PREPARATICKS OF UT-RINE JUSCLE™

INTRODUCTICN

Diverse but related factors influence the initiation of
parturition, Ganong (1959). Nervous, endocrine, and physical
elements all converge synchronously to bring abcut the final act of
labour, but the triggering mechanisms of parturition remain undefined.,
This study was undertaken with a view to defining experimentally
some of the factors that influence the onset of parturition, Initially,
existing in vive methods for reccrding uterine activity were considered

23

as a means of demonstrating the onset of first stage labour in ruminants,
If the time sequence of this phenomencn could be established, factors
contributing to its onset would be examined in further studies,

Externcsl methods of measuring intra-uterine pressure in man

o

- . . - . - a ~ -\
such as the guard ring tokodynamometer described by Smyth (1957) are

unsuitable for domestic animals due teo anatomicel differences. Interncl

) . - - . -\
metheds using electredes and microbzlloons, described by Csapo (1963),

ficult to keep in place in animals and would require special
recording equipment, Telemetric methods of receording myometrial
electrical potential and intra-uterine pressure changes, as described by
Dracy A.E. (1965 - personal communication) appeared most satisfactory for
in vivo uterine recording, as the animal is not connected physically to
stationary recording equipment.

However, all these methods of in vivo uterine recording required

equipment and animals beyond the scope of resources available,

This investigation has been limited therefore to an in vitro study on




uterine preparations isolated from laboratory animals, It has been
designed to examine the effects of hormonal pretreatment and stage of
pregnancy on isotonic response of the isolated uterine strip to
synthetic oxytccin,

The obtjiective has been an evaluation of factors that

e

influence isolated rat uterus activity under standard conditions,

The effects of various regimes of hormonal pretreatment on the in vitro

response of uterine preparations to oxytoecin are described, Initially

these observations were made on preparations from ovariectomized guinea

pigs, and later on preparations from ovariectomized rats, Subsequently
cbservations were made on non-gravid horn preparations from hemi

pregnani rats.




CONTROL OF UTERINE ACTIVITY AND ITS MEASUREMENT.

REVIEY OF THE LITERATURE.

A, UTERINE PHYSIOLOGY.

INTRODUCTION,

The fundamental mechanisms asscciated with physiological
contrel of uterine actien are not well understood. There is good
evidence that both nervcus and endocrine systenis are intimately
corncerned with uterine activity and that these are interwcven thrcugh
the neurc-endecrine complex in the hypothalamus., kany natural
substances such as oxytocin, vasopressin, adrenaline and histamine
are known to exert an effect on uterine muscle, most often stimulating,
sometimes inhibiting e.g. adrenzline on the non-pregnent cat uterus
(Reynolds, 1965). It is well established that oxytocin is concerned
in the birth process, and steroid hormones especially oestrogens and
progestogens have been shown to influence uterine response to oxytocin,
The effects of nervous factors, steroid hormones, and oxytocin that

are associated with uterine action are discussed in detail,




1. Influences of the nervous system on the uterus.

Although the uterus is innervated by sympathetic and
parasympathetic fibres the effects of stimulating these nerves differs
both between species and between individuals of the same species
(Reynolds, 1965). Even the various muscle layers of an individual
uterus have been shown tc respond differently (Gruber, 1933).

There are varying views as to the manner in which these effects
are brought about, Dale for example (cited by Gruber, 1933) thought
that during pregnancy there was a change in the relationship of the
nerve fibres so that motor fibres became dominant over the normally
powerful inhibitory ones whereas Gruber considered that the muscle cells
themselves became more responsive to the impulses from the motor fibres,
Schofield (1952), working with the rabbit, found that stimulation of the
hypogastric nerves caused first excitaticn of the uterus followed by
inhibition, effects that could be imitated by adrenaline or nor-adrenaline,.
The nerve fibres concerned were thought to be adrenergic and as the

ffects of their stimulation could not be abolished by C5 or nicotine,

(o)

probably post ganglionic. Stimulation of the nervus erigens produced

responses in only 25« of the rabbits examined. Schofield suggested that
the role of the uterine nerves was to control blood supply and glandular
secretion in this organ,

In the rabbit, Cross (1958a) found that mechanical dilatation
of the vagina induced sharp contractions of the uterus soon after
parturition indicating a mechanism of motor innervation of the uterus
triggered by pressure receptors situated away from the organ itself.

He was able to demonstrate this mechanism in the non pregnant rabbit
pretreated with oestrogen., The responses resembled those produced by

small doses of adrenaline or nor-adrenaline and survived thoracic spinal




transection yet were abolished by spinal anesthesia, Cross (1958b)
concluded from this work that dilatation of the vagina in parturient
rabbits activated sympathetico-adrenal and neurohypophyseal pathways
capable of initiating uterine contractions. Cross also observed an
absence of all somatic and autonomic reflexes with a reduction in
foetal movements in pregnant rabbits to which either general or spinal
anaesthesia was administered, yet delivery of the young in these cases,
following physiological doses of oxytocin, compared favourably with
oxytocin induced parturition in non anaesthetisea deces. This evidence
susgests that oxytocin induced uterine response in this species is
independent of nervous connectilons.

Csapo, Takeda and Wood (1963) and Csapo and Jacob (1963) also
suggest that motor nerve innervation to the uterus can be triggered
from pressure receptors within the uterus itself and they regard distension
of the uterus as a vital factor controlling electrical and mechanical

activity of uterine smooth muscle in both rabbits and man.

Summary of nervous effects.

It seems clear that the uterus can contract independently of the
central nervous system and that parturition can proceed to completion in
the absence of CNS control (Xurdinowski, 1904; Flemming, 1932). It appears
equally clear that nervous connections can influence muscular activity at
least in the rabbit uterus (Cross, 1958a), and that oxytocin has the ability

to override this form of control (Cross, 1958b).

IT. Hormonal influences on the uterus.

I Oestrogens and progestogens.

Both classes of hormone are principally produced by the ovary
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although other tissues appear capable of taking over this role, particularly
during pregnancy, and both are intimstely concerned with the whole repro=
ductive complex, The three most common natural ocestrogens are oestrone,
cestriol and oestradicl - 17 beta and of these the latter is considered

the most important (Gorbman and Bern, 1962). In addition there are many
other intermediary stercids with oestrogenic properties. There are a
nurber of progestogens, of which progesterone is the final oxidised product,
with pregenalone and {17 alpha-hydroxyprogesterone as important precurscrs

of other steroid compounds, It is cften stated that oestrogen enhances
uterire contractile power and progesterone has the reverse effect though
this is probably an over-simplication (Schofield, 1952). Frank and
Gustavson (1925) first demonstrated a stimulating effect of oestrogen on
the nyometriun in vitro though it is now realised that it is necessary to
pretreat the uterus with the oestrogen, and a stimulatory effect is not
seen when the ocestrogen is administered tc the uteruvs in vitro. The
stimuletory effect is not an invarisble one, however, and the response

1 the stege of the cestrous cycle, pregnancy, or pseudopregnancy.

%
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There may also be dif'ferences between species.

(S5

(i) The bicchemical actions of ocstrogens on uterine tissue.

These are not fully understcod but the folleowing biochemical effects

have been recorded:

(a) Water content.

Oestrogens cause uterine tissue to increase its water upteke,
This is said to occur as a result of enzymatic and electrolytic changes

within the uterus itself (Velle, 1963; Csapo, 1956a).

(b) Ionic exchange.

+ . . .
Intracellular K increases in uterine smooth muscle under the




influence of oestrogen, and this phenomenon may be responsible for
increased water uptake (Csapc, 1956a).

In the rat single injecticns of oestrogen bring about an immediate
ircrease in cell K which reaches maxirur 8 hours after injection, This
increase is accompanied by a decrease in cell Naf, wvhich returns to a higher
level 3 - L4 days after the cestrogen administretion.

The C1 content of the uterus is proportional to the K level
that is present, but conversely the C1™ and the Na' levels bear an inverse

relationship (Burnsiock et al, 1963).

(c) Protein synthesis.

Amino acids are assimilated intc the uterus under the influence of

oestrogen, and thereby protein synthesis is increased (Velle, 1963;

S * 1 A
Schofield, 1954).

(a) luscle tonus.,

"Plzsma spaces" in the uterus contain actoryosin filaments which
increase when oestrogen is added and which decrease on its withdrawal,
Oestrogen has been regarded as the limiting factor in the synthesis and
maintenance of this contractile substance (Csapo, 1962).

In the rat the effect of oestrogen on uterine smooth muscle is
complex according to Gennel (1940), During the initial phase after
ovariectoryy uterine tonus is high and oestrogen at this stage reduces the
tone and uterine contractions follew,

In the rabbit the uterus is unresponsive to oestrogen at the
height of psuedopregnancy but becomes highly responsive one day after

hypophysectomy or ovariectomy in the pseudopregnant animal (Velle, 1963).

(ii) Effects of progesterone.

(a) General effects.

Progesterone increases endometrial cellular response, €,8.




deciduomata formation in the event of mechanical stimuli being applied,
but decreases the sensitivity of the myometrium to oxytocin. Thus local
proliferation of the endometrium occurs under natural conditions when a
blastocyst contacts the uterine lining at implantation (Boyd, 1959).

The inhibitory effects of progestercne on uterine activity have been
demonstrated in the pregnant rebbit (Csapo, 1963), and pregnant rat

. o " . \
(Daykin P.V., 1966 - personal comrunication).

(b) Effects associated with oestrogen.

Progesterone with oestrogen is responsible for cyclic changes
in the fermale reproductive tract of most marmals, and is concerned with
uterine development during pregnancy. The rat, however, does not experi-
ence a functiocnal luteal phase in its oestrous cycle, and progesterone
may not be as imporiant in the cyclic changes of this svecies (Eckstein
nAwr 7 - vy 4 ,F’\
and Zuckerman, 1556,.

Progesterone following oestrojen priming in rabbits causes marked

i
uterine hypertrophy, whereas oestrozen alone produces only limited uterine
developrent, The proliferative effects of progesterone are antagonised
however if oestrogen is given simultaneously. The sequential action of

these hormones appears essenticl for their synergistic effect (Schofield,

196L.).

(¢) Influence on parturition.

Progesterone injections delay parturition in both the rebbit and
the rat, when given close to term, Csapo (1956a) and Daykin P.W., (1966 -
personal communication). An increase in Na' and a decrease in K occurs
within the myometrium as a result of these injections. This counteracts
the depolarizing action of endogenous oxytocin on the uterus, and certainly

under these circumstances thé uterine muscle of the pregnant rebbit is




uneble to contract (Schofield, 196L4; Csapo and Corner, 1952)., This is

a total inhibition capable of preventing both spontaneous and induced
labour and sonme change other than simple cessation of production is thought
to be responsible for the removal of the progesterone block to parturition
in this species (Schofield, 196l),

In the bovine on the other hand iicDongld and Hays (1958) showed
that progesterone injections given during the last month of the gestation
period nad no effect on gestation length, and in man, Pose and Caldeyro
Barcia (1958) state that progestercne has no depressing effect on the
ryometriun, and that injections of this hormone do not prevent either
premature labour, or parturition at term, The results cf these workers
show that production of prcgestercne is meximal at the time when normal
spontaneous labour occurs in women, anc indicate that a distinct species
difference exists between women and rcdents as far as the effects of

progestercne administration are concerned.,

2. The Pclypeptide horriones,

Oxytocin.

(a) Posterior lobe function.

The posterior lobe of the pituitary, referred to as the neuro-

phypophysis, is composed of the pars nervoss and the pars intermedia. In

the absence of neural stimuli no hormones are released from either of
these areas., IHormones extracted from the posterior lobe are octa-peptides
produced in the supre optical and para-ventricular nuclei of the hypothalamus

and they migrate along the supra-optico pituitary tract to the pars nervosa

where they are stored., Afferent nerve endings in the hypothalamus are
thought to secrete a substance, not yet identified, that can cause the

release from protein bonding of these octa-peptides and their subsequent
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release from storage in the posterior lobe (Malbandov, 196L).

The mammalian neurohypophysis secretes two octa-peptides,
oxytocin and arginine vasopressin (or in pigs lysine vasopressin),
(Perguson and Heller, 1965). Both oxytocin and vascpressins have several
actions that may be pressor with rise in bloocd pressure, oxytocic with
uterine contraction and ejection of milk, or antidiuretic resulting in the
control of water belance in the body fluids., For each hormone, however,
one action predominates and in the case of oxytocin the greatest effect is
on contraction of the utcrus, In its pure form the pressor and anti-

diuretic effects are slight.

(v) Oxytocin action at parturition.

Experimental evidence from several species indiceates thet oxytececin
iz closely associated with the birith process. In rebbits, Cross (1958b)
considered milk ejection by normal parturient does to be indicative of
spontaneocus labour, In these experiments Cross found that deses of o:grtocin,
ffected a prempt delivery of living young in perturient deoes under
genersl and spinal anaesthesia, also produced the degree of milk ejection
that was observed in the normal rabbits during labour, In addition he was

o

able to show that the neurchypophyses of the normel does were depleted of
oxytocin and vasopressin following parturition, This latter phenomencn has
also been demonstrated in both rats and bitches (Dicker and Tyler, 1953a, b).
In the goat Folley and Inaggs (1965) have alsc been able to demonstrate a
rise in blood oxytocin at the time of parturition while van Dongen and Hays
(1966) report detectable levels of oxytocin in the blood plesma within a few
minutes of delivery in cattle., They suggested that initiation of calving
was not dependant on oxytocic activity in the blood but that it did play a
physiological role in expulsion of the calf,

In man, infusion of oxytocin at 1-8 mU/min, produces 1st stage
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lsbour in near term subjects (Berde, 1959). But Hawker and Robertson
(1957) failed to detect any increase in concentration of oxytocin in the
blood of women in labour compared to the early stages of pregnancy.

These workers point out however, that blood assays of oxytocin reflect

the belance of secretion to destruction, and do not give an accurate check

on the secretory output of the neurohypophysis in labcur,

(¢) Uterine response to oxytocin.

[oF]

Characteristic uterine responses to oxytocin are long sustaine
slowly declining contrszctions, and at sbout the time of parturition an
intravenous injection of oxytocin gives exactly the same kind of response
as that seen during delivery (Berde, 1959). There is good evidence from

the degree of contraction

e

o W 1 s Y 114t T R R
assay worx by many authors thet within limits,

exhibited by pregnant and non-pregnant uterine strips in vitro, is in

proportion to the dose of oxytocin administered (Cupps and ssdell, 4194k :

Csapo, 1956a; Holton, 1948; Stewart, 1949; Gaddum, 1938; Jung, 196&9.
Little is yet known about the precise biochemical mechanism of

the uterine effect of oxytocin, The electrophysiological studies of

Jung (1961% indicate that the primery action of oxytocin on uterine muscle

is the lowering of membrane potential. This is followed by a series of

tetanic action potentials which are attended by mechanical contraction.

With increasing doses of oxytocin the amplitude of the action potentials

as well as the time that elapses before the peak potential is reached both

decrease, but the muscle remains contracted long after the action potentials

have died awsy. Evans et al (1958) suggest that the action of oxytocin on

uterine muscle is not exclusively mediated via changes in membrane potential,

for some uteri will respond to oxytocin even though their membrane potential

has been subdued by immersion in potassium Ringer solution,

The pharmacological action of oxytocin can be summarised by



stating that its stimulating action on the uterus whether isolated or

in situ is influenced by the species, the stage of the sexual cycle, the

stage of gestation if pregnant, and other factors. The response of the
olated organ is markedly influenced by the concentration of Ca ions and

to a lesser extent lg ions.
QO

Several species have bLeen used to study the effects of oxytocin

on uterine smooth muscle, but rmuch of the critical work on intact animals

concerns the rabtit (Hnaus, 1929, 1930; #seedi—et—ei—4558; and Cross
1S58a, b).
Oestrogen deminance of the myometrium is essential for a satis-
factory oxytocic response in rabbits. Progesterone on the other hand
reduces the sensitiviiy of the myometrium to oxytocin administration
(¥maus, 1929, 1930). Cress, (1958b) also working with rabbits

produced

>
graded uterine contractions that coincided with increased infusion rates
of an extract containing oxytocin.

Other species that have been studied include the guinea pig
(Bell, 19141 ), the rot (Brunner et 21, 1956, 1957; Evans et al, 1958). the
cow (Fitzpatrick, 1957: Van Demark and Ilays, 1952), and man (Coclxrill et
1934; Chelmers et al, 195 ; Berde and Cerletti, 1956; Caldeyro Barcia

2

1958; Csapo, 1963; and Berde, 1959).

5]

(e) Stage of cycle and stage of pregnancy.

Knaus (1929) found that with the entire rabbit after injections of
luteal extract, the uterus failed to contract in the usual manner when posterior
pituitary extract was administered. This worker then demonstrated thet
excised strips of rabbits uterus were insensitive to posterior pituitary

extract if the animals had previously received injections of corpus luteum
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extract or possessed functional corpora lutea in the ovaries (Knaus, 1930).
Bell (1941 ) found that a 50 mU dose of oxytocin was required to
elicit one contraction in the guinea pig at the beginning of pregnancy but
1 U was sufficient during the terminal states while Fitzpatrick (1957)
found that the cow in mid-pregnancy reguired approximately ten times more
zytocin than o cow just before labour to produce eguivalent contractions

however, behaves differently,

it does not respond to oxytocin

e

even if the nhormene large doses (Fitzn trick, 1957).,

S

41,

Berde (1950) states that ia pregnant women there is a marked

increase in uterine sensitivity oaches and IFuchs

(,
o
&)
L =)
(@]
'

4
-
o
167]
ct
®
&
0
o}

Yo
Lo

o ’ - . # o @ o «
and Fuchs \1953) found that both spontanecous contractability and in vitro

response of human uteriane strips to oiytocic stimuli vary with the phases

S ]

of the menstrual c¢ycle and during the period of gestation,
\ R :
(f) Side effecis.

The synthetic oxytocin, Syntocin, is pure oxytocin and consequently

has less of the pressor and entidiuretic effecits of posterior pituitary lobe
extracts which contain varying proportions of vasopressin and other pharma-
cologically active materials that can be extracted from the pars nervosa

o~ —— - -

(Berde and Cerletti, 1956).

Oxytocin even in the syntnetic form however, is not entirely
without side effects in vivo, for Berde and Cerletti (1956) demonstrated its
antidiuretic effect when used in high doses in man, In rats it causes
increased excretion of water, sodium, potassium and chloride (Brunner et al,
1956, 1957), and the diuretic effect is brought out more clearly in thirsting
rats and in rats loaded with physiological saline., Oxytocin has no diuretic

effect in hypophysectomized animals, but if such animals are given NaCl and

desoxycorticosterone they will exhibit a diuretic response. Brooks and
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Pickford (1957) demonstrated the diuretic effects of oxytocin in the dog.
Chalmers et al (1951) and Caldeyro Barcia (1958) have showm that rapid
intravenous injections of high doses of oxytocin cause a transient and
occasionally steep fall in blood pressure in man; and Ahlquist and ‘WWoodbury
(1947) found that small doses of oxytocin cause vasodilation in the pregnant
canine uvterus.

Uterine spasm in conscious sheep and dogs has Leen reported
following large doses of crude pituitary extracts with a high vasopressin content,
he spasm is due to impairec circulation vithin the uterus resulting from

intense nyometrial contraction. Uterine ischaerilae occurs when high doses

of these extracts are used and compression of the blood vessels by the

. ez . PR 0 2 . VED
contracting myometriwnm is the sugsested cause (.Assali et al, 19;0),

o))

Depolarisation of the myometrial cell membrane occurs vhen oxytocin
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is administered (Caldeyro Barcia 1960; 3Burnstock et al, 1963). Oxytocin
inereases the permeability of K through the cell membrane, This lowers the

§ s

merbrane potential, and thus reduces the exeitability threshhold of' the cell
(Caldeyro Barcia, 1960}, The presence of oxytocin in late pregnancy,
however, lowers slightly the resting potential of all myometrial cells and
renders the uterus more susceptible to shock (Burnstock et al, 1963).
Repolarisation of the membrane occurs under the influence of
progesterone which tends to reverse the i gradient, This may be respons-
ible for the antagonistic effect of progesterone pretreatment on oxytocin

action (Csapo, 1956a).

Summary of hormonal effects.

The evidence indicates that both steroid and polypeptide hormones

exert marked effects on uterine contractability. Pretreatment with
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combinations of ovarian steroid hormones such as oestradiol and progesterone
alters the degree of sensitivity of the myometrium apparently by altering
the threshold at which depolarisation of the cell membrane occurs, and,
depending on the particular stercid combination that is used, the effects of
electrical, mechaniceal or polypeptide stimuli may be either enhanced or
depressed (Csapo, 1956b).,

Oestrogenic substances produce enzymatic and electrclytic changes
in uterine tissue which alter ionic gradients and increase protein synthesis
in myometrial cells, These changes tend to increase the susceptibility of
the uterus to stimuli (Burnstock et al, 1963; Velle, 1963; Schofield, 1961).

Progestogers on the other hand influence similar processes but in
some way not understood cause different effects. Under progestercne domin-
ation the uterus hypertrophies but contractability of the myometrium is

o) sed, these affects varying in degree according to the amount of
.t is present = in general terms both hormones acting synergist-—
ically promote both uterine develorment and activity. The inhibitory effect
of progesterore alone on spcntaneous activity of the pregnant uterus is quite
conclusive for the rabbit but appears to vary in degree between the other
species (licDcnald et al, 1954k; Schofield, 1961; Pose and Caldeyro Barcia,
1958; Csapo, 1963; Csapo, de lattos and de Sousa Filho, 1963).

Both oxytocin and the vasopressins that can be isolated from the
posterior pituitary gland have an oxytocic-like action on uterine smooth
muscle but of these oxytocin has the greatest effect., Naturally occurring
oxytocin, which contains elements of other pharmacologically active substances,
possesses a number of side effects attributable in part to these substances
while synthetic oxytocin possesses side effects only to a slight degree
(Berde and Certletti, 1956; Gorbman and Bern, 1962).

The uteri of several species in both the pregnant and non pregnant




state show a graded response to oxytocin which is proportional to the amount
of hormone administered (Bell, 1941 ; Evans et al, 1958; Van Demark and
Hays, 1952; Caldeyro Barcia, 1958). This effect may be modified by the
stage of the cycle as demonstrated by Inaus (1929, 1930) in the rabbit and
Fuchs and Muchs (1963) in the human or by the stage of pregnancy as
demonstrated in several species, The threshold for oxytocin action on the
uterus diminishes with advancing pregnancy and the hormone appears to play
a vital role at the time of parturition (Berde and Cerletti, 1956; Cross,
1958b). It appears to exert its influence on the uterus by depolarising
the electrical potential of the myometrial cell and synergistic action on
the uterus by combinations of oestrogens and progestozens in suitable ratio

can facilitate this effect (Caldeyro Barcia, 1960; Burnstock et al, 1963

B. RECCRDING UTERIIZ ACTIVITY I VIVO.

I. ZExternal method

(%]

-

These have been described by Reynolds (1965) under the headings
of Electrical and llechanical Recording, but their use has been confined
mainly to man.

These external methods do not appear to hnave a place in recording
uterine activity in animals. Low electrical potentials of the uterus would
be difficult to sense through the thick musculature of the ruminant abdomen,
and might be confused with potentials emanating from the rumen (Reid et al,
1960), Equipment for recording mechanical changes is applied to the
ventral abdomen in man with the patient in dorsal recumbency; this would

be impractical in ruminant animals,

1. Recording of electrical potential.

Diphasic electrical currents appéar all over the uterus during

labour and synchronise with contractions. These electrical changes can
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be detected by needle electrodes placed in the abdominal wall, or by an

electrode implanted per vaginum high in the fornix,

2. Recording of mechanicsl changes,

This is carried out by means of a Tokodynamometer in man and the
common type in use has been described by Smyth (1957). Basically these
consist of flat plates which for a given force make a variable area of

contact with the abdominal wall, Plethysmographs (Kornmesser and Nyboer,
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196 meter applied to the cervix (Xelly and Schleifer, 1962) will

also record mechanical changes.

II. Intra-zbdominal methods.

These methods have been studied by Csapo (1953) in rabbits and in
man, and in cattle by Gillette and Iolm (1963)., They involve the implant-
ation of electrodes into the myometriwun, and the introduction of pressure
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icenta and the endometrium; both
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1. IDlectrical potential.

Silver electirodes are inserted tangentially into parturient uteri
at various sites; for example, ovarian, fundic, and cervical regions of

the myometrium, The free ends are passed to the outside and connected to

a recorder,

2. Pressure changes.

Microballoons are inserted through a slit in the myometrium so
that they rest between the placental membranes and the myometrium in the
case of the Csapo method, but remain imbedded in the uterine musculature in
the method used by Gillette, .In both cases the free ends are connected to

a transducer outside the animal and joined to arecorder, These methods
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have produced data from which these authors can predict, to some extent,
the time sequences of parturition.

Caldeyro Barcia (1958) has recorded amniotic pressure changes by

introducing open ended catheters throush the abdominal wall and ryometrium

into the anmiotic sac in nman,

411 these intra-abdominal methods, however, have the disadvantage

of connections between the subject and the recording equipment, which would

make uterine recording in a natural environment impractical.

Telenetric methods

3.

These huve the eing able to sense and transmit to a
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oseillator in the uterus, and are recorded on their reburn by & receiver,

Frequency changes in the me

Wwith
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uterine activit

conveyed via electrodes 4o an oscillator secured on the animal's back

is capable of transmitting

o

information that can be received by antennae

surrounding the animal's pen.

Summary of in vivo methods.

All the methods of in vivo uterine recording that have been
described involve both surgical interferences and extensive recording
equipment, These two factors would have made it extremely difficult to

obtain adequate results from large numbers of domestic animals.

It was decided therefore to confine this experimental investigation
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to an in vitro study using preparations from larger numbers of laboratory
animals, It was considered that knowledge gained from this type of study
would be helpful in interpreting results from in vivo experiments to be

carried out on a smaller number of farm animals at a later date,

C. RECORDING UTERTNE ACTIVITY T VITRO.

Basically two experimental approaches are concerned with in vitro

studies on marmzlian uterine preparations,

I. Portial severence of uterine connections.

(a) The fubal end of the uterine horn is detached from its connections at

laparotony, and the cervical end is anchored to an irmobile rod inserted in
the ebdomen, Thne free ena of the uterus is then attached to a kymograpgh

lever by a piece of

‘ . 4 T Tuarms o 0 % e o . 5 B i
(b, 4 platinurm hook with cotton thread attached, is passed around the central
point of a uterine horn, 4 plexiglass basin=-like cover with an aperture in

The overion and cervical endés of the uterine

points on the rim of ‘the plexiglass cover,

o

The cotton thread from the free end of the platinum hook is passed through
the aperture in the base of the cover for attachment to a kymograph lever
(Schofield, 1954).

In both methiods the abdomen of the anaesthetised subject is filled

with physioclogical fluid.

II., Total excision of the uterus.

(a) Portions of the excised uterus are assembled in a superfusion apparatus
(Gaddum, 1953), in which the perfusing fluid flows over the uterine prepar-

ation continuously.,
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(b) The excised strip is immersed totally in a Magnus type organ bath
containing physiological fluid (Gaddun, 1959). This method with certain
modifications was selected for this study and is described further under
the chapters on experiments, materials, and methods,

In both variants of the tetel excision technicue, one end of the

P 3
uterine strip, the cervical end in the e:periments carried out in this

study, is attached to a staticnery rod vihile the onposite end is atteched

by cotton thread te a kymograph lever,

Cconelusicen on in viire methods,

As the experiments tc be carried out required that a relatively

larze number of preperations should be exarined
time to obtein tie necessary between aninal group comparisons, "Totzl
Ireisicn of ihe Uterus lethod (b)" was considered tc be the most suiteble
technicue end tnis wes the epprceach adepted in this study.
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Robson (1933) stated that isclated nuscle strips have the dis
adventeses of an ertificial environment, without the adventages cf natural
anabolic and katabclic connections, neither are there cverian nor neurc-
hypophysial connecticns, Gaddun (1959) claims the lagnus method to be the
simplest means of measuring the action of drugs on plain muscle, The bath
is kept at body terpersture and oxygen or air is continuously bubbled through
the bath. The response depends on many factors, such as temperature,
tension in the muscle, and ionic status., llagnification due to the lever,

frequency and magnitude of stimulation, oxygen supply, and source of energy

are 2lso factors that influence the extent of the response.
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1. Temperature.

Harris (1947) has shovn that within certain limi ts, increased
temperature increases uterine activity while Burnstocl: et al (1963) also
state that uterine activity is tempersture dependent. Increased intra-
cellular Na is associated with loss of intracellular K during dissection
et room terperatures, Extrusicn of Na' is accorpanied by an uptalke of il
vhen warmed egain in a tissue bath. Raising the temperature by 1OOC
polarises the membrane and abolishes spilke discharge.

Tuchs (1966) suzzests that lowering of the temperature decreases
spontanecus uterine activity in the rabbit due to reduction in the influx
of Ca'" while Iolton (1948) showed that spontaneous activity of the ruot
uterus could sometimes be cvercome by lowering the temperature of the bath,
Csapo (195L.) found the duration of isotcnic contraction cycles of the
rabbit uterus decreased as the termergture was lowered, but feound isotonic
shertening of the unloaded uterus to be insensitive to temperature when
tension was zero.

Isonetric tension of isolated uteri is practically zero at 10 C,
but increases in a straight line relationship with temperature up to BOOC.

Between )O C and AO C the tension tempercture curve becomes asymptctic

C

i

: > o g )
vith maximun effect at 4O C, In Csapo's expecriments however, isoton
shortening of the unloaded uterus had no temper:ture dependance between
0 ., 0 o, . . . : . .
15C and 40 C; at 15 C isoteonic shortening could be maximal but tension

minimal.

2. Tension, isometric and isotonic contraction.

The tension, or resistance to stretch, of individual uterine
preparations varies with many circumstances, especially hormonal and ionic

status. Csapo (1954) states that isotonic shortening of the loaded uterus
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refers to all the intermediate states between shortening of unloaded

muscle (no resistance) and isometric tension (maximum resistance), the

varieble parameter being the load,

Burnstock et al (1963) state that spontaneously active smooth
ruscle is sensitive to stretch and responds to stretciiing by depolarisation
the membrane response being roughly parellel to that occurring during the
onset of spontaenecus contraction, In both cases there is a fall in

merbrene potentiel, Csapo (195&} viorking with rabbits, found that if

slignt stretch was applied, the uterus would adapt itself t¢ the new length
up to a certain point, first by a increase and later by a decrease in
the resting tension, I? this 1limit of adjustment was over-stepped, the
resting tension, indicated by a slight elevation of the trecing above the
base line, would come significant and would increase by subseguent streteh,
Isotonic shortening, unlike isometric tension, can be maximzl in a

the provortion cf activaled and non-activated urits and Csapo concludes
nic shortening of the unloaded uterus zives no guantitative
information about the functional state of the system, Similarly Schofield
(195'1, working with intact rebbits, concluded that the isotonic method nay
record maximu: activiiy when a few muscle cells are contracting, but the
isometric method records a meximum effect only when all contractile units
are involved and is sufficiently sensitive to distinguish between contractile
capacities of individual units under different conditions, She claims
that isotonic methods previously used to record uterine contrections are
grossly inaccurate (Schofield, 1961).

Csapo and Corner (1952) showed that the "Staircase Phenomenon",

which is a gradual increase in tension after stimulation has begun, can be

measured by isometric but not with the isotonic methods, The "Staircase




Phenomenon" is of particular value in measuring hormonal effects on
uterine tension, Oestrozen increases tension or gives a positive
staircase effect thet can be reversed by progesterone,

An isotonic apparatus can be modified for iscmetric recording
by the incorporation of a strain gauge, One enrd of the instrument is
attached to the muscle strip so that the preparation is assembled under
a kmovn degree of tension, The strain gauge is then attached to either
a kymograph lever, an electric recorder, or to an oscilloscope,
Fluctuations in isometric tension can thus be identified for each stimulus

that is applied. Such a neodification was not aveileble for this work.

3., Ionic status.

From what has previously been described, it is cleer that most
factors influencing uterine activity exert their influence throuzh
in ionic status of the srecoth muscle, It is well established that contract-
ion of both smooth and stricted muscle is associated with changes in ionic
belance between the muscle cell and its environment, It would be expected,

therefore, that the ionic balance of the medium used in in vitro studies on

the uterus weuld markedly influence the beraviour of the preparation,

(i) Effects of different ions,

(a) Potassium ions.

Jung (1961) showed in rats that in vitro uterine contractions
bear a direct relationship to the concentrations of extracellular potassiume
Burnstock et al (1963) state that an inverse relationship exists in most
species between resting potential and external K" concentration, Thus an
increase in external K~ would be expected to cause a depolarization and a

decrease in external K a hyperpolarization. Schild (1966) states that
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smooth muscle can be completely depolarized by immersion in "high potassium
Ringer solution" and such a preparation is incapable of generating or conduct-
ing electrical impulses but retains its ability to respond to stimulant and

relaxant drugs.

(b) Scdium ions.

Evans et al (1958) showed that the in vitro electrical potentials
. L e e hJ 1-+ ~ 1 .
of rat uteri were considersbly subdued when the Na content of the Ringer

. = o . o r . . .
solution was removed and replaced with K . Uteri treated in this way,

however; were still sensitive to stimuli,

On the other hand, Csapo (1956a), working with rabbits, reports
that increases in la content of Ringer solution reduces the sensitivity of

in vitro myometrial strips,

Low concentrations of Ca ' produce a contractile response in uterin

e

P 4

ruscle that increases as concentrations of the ion are raised (Schild, 1966).

e o
If, however, Ca  is removed from a preparation, myometrizl tension drastically
declines (Csapo, 1956a). Spontaneous activity of isolated rat uterus in
standard Locke solution declined when the Ca = level was reduced acccrding to

de Jalon, Bayo and de Jalon, (1945 cited by Burn et al, 1950).

(d) MNagnesium ions.

Schild (1966) found that the ¥g'" can have either an antagonistic
or a synergistic influence on the effects of certain other ions. The
positive or negative relationship of Kg++ in these instances depended upon

the relative proportions in which the other ions were present.

(ii) Tonic inter-relationship.

The contractile response of the uterus to Ca't was antagonised by
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Mg++ when the Ca’' levels were low, This response was potentiated by Mg++

when Ca'™ levels were high (Schild, 1965

Increases in intracellular K are accompanied by a fall in Na' .
An inverse relationship glso exists between Na" and the C1° according to
Burnstock et al (1963). These authors state that the Na® ¥ ¢l relationship

A = L e ; o :
of in vitre uterine prevarations is

———

o

ependent upon the hormcne levels to

which they have been subjected,

(iii) ZIon-hormcne inter-relationship.

(2) Oestrogens.,

Burnstock et al (1963) states that in work with rats, intracellular

¥ incresses in the uterine srocth muscle under the influence of oestrogen
£ e ':7+ L 5 . . -
a fall in Fa . In this speecdes, single

4 =
irjections of oestrogen bring about an iete increase in cell I and an
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increzse in cell Cl1 vwhick reasches z maximum 8 hours after injection, Pour
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nyometrial tension drastically declines he uterus 1s dominated by oestrogen -
but very little chenge occurs if dominated by progesterone.
’ ae FE
Best and Pickles (1963) state that Mg = content of the human uterus

is increased by oestradiol,.

(b) Progestogens.

Csapo (1956b) states that in the rabbit, the progesterone dominated
myometrium has a membrane potential close to critical value in normal Irebs
solution. If its membrane is further depolarized by increasing the X

outside only contracture increases, and active tension is not developed,

: : ++ : ‘
Under progesterone domination a strong Ca  complex is formed which cannot



5 . . ++
be washed out of the muscle - and the muscle remains unchanged if Ca ' is
removed from the environment.,
Burnstock et al (1963) state that in rabbits and in man the

; . v 5 < ++ : 4t
rogesterone dominated uterus either binds Ca  more firmly or more Ca

Lo,

has to be displaced before excitabiliiy is lost while Csapo (1956b) states
that all the efTects of progesterone can be explained by increases in Na
and decreased I content of the myometrial cells and probably by a more
stable Ca complex in the membrane or in the myoplasm; but which of

these three alterations is the limiting and first reaction, and how it is

esterone is not known.

(e) Oxytocin.

—— SN Tz = R, T L < B N B S =i

Stewart (19482) h snovm that uterine sensitivity to oxytocin in
Yhe Eusass Hhs ann Be Snepasssd By pwbee 1 S6hs g 21 (a6ea)
9261 guinea 15 can pPe increasea Dy extra Lgy 10ons, 4Vans et a.iL \1 S0

showed that the rat uterus will still respond to oxytocin even though all

4 P - > R
the Na has been replaced by K ne potential conseqguently

subdued,

Lk, Technigue.

(2) lLagnification of the lever.

Some magnification of response is essential to the accuracy of
measurements made from the records of isotonic uterine contractions. The
extent of this magnification may vary on occasions between experiments,
However, a four-fold magnification of the lever has been adopted commonly
for the recording of isotonic uterine contractions (Holton, 1948; Gaddum,

1953).

(b) Freguency and magnitude of stimulations.

Because of fatigue, in vitro uterine preparations tend to contract
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to a lesser extent following an increase in the frequency of stimulation,

Contractions following responses to maximum stimulants ere reduced for the
same reason, In oxytocin assays the interval between administrations has

been five minutes in the rat method, and ten minutes for that of the guinea

piz (Holton, 1948; Gaddum, 1953; Stewart, 1949).

(c¢) Cxyzen supply.
SRR BURPLY

An inadequate oxyzen supply curtails markedly the activity of

I§

in vitro uterine strips (Gaddum, 1953). in oxygen supply above apparent
optime does not lncrsase uterine activity unleéss by ratve of flow it is

g A L corpa]| gy okl = ek Ty : o T vy, 7 )
allovied to stimulate the preparation by mecnanical means (Harris, 1947),

(8) Scurce of encray,
ghrte Se SNy

Ringer and Dale, (cited by ilarris, 19!7/, found in vitro uterine

preparations to be derendent upon an avsilable scurce of &

carbohydrate for

- . .2 - - 7 -
mazxioum activity and o and de Jalon (1945 - cite
by Burn et al, 1950) showed that the spontaneous activity of the isolated

rat uterus in standsrd Locke's sclution could be merkedly reduced by

reductions in the glucose content of the standard solution,

Summary of the pnysical factors affecting in vitro preparations.

It is apparent that numerous inter-related factors influence the
activity of in vitro uterine preparations. These factors have been mentioned
under the headings of temperature, tension, ionic status and technique.

The effects of all these factors apart from those discussed under
technique can be explained according to Csapo (1956b) by an increase or
decrease of Na' and K within the myometrial cell, with or without the presence

of Ca't complex at the cell membrane capable of exerting a stabilizing effect




upon this exchange. An alteration in the concentration of any of these
three ions can be the limiting and first reaction, The wgy in which such
an alteration is influenced by temperature, tension, or hormonal zction is

not

Hhy
N

ully understood (Burnstock et al, 1983).
In experiments with in yvitro uterine preparations therefore, it
is essential to kecep temperature, tension, and hormonal levels constant,
The Ringer solutions used nust be of an identical formula with all ingredients

made up daily in constant proportions (Harris, 1947). t is equally

- 28 =

important that the other aspects of technique mentioned must be kept as constant

as possible 1f any conclusions are to be dravn from in vitro preparations

either within or between groups of experimental subjects.,




EXPERINENTS WITH GUINEA PIGS
A. Introduction

The complexity of myometrial function was outlined in the review

of literature, and this indicated certain gaps in our knowledge of the
rhysiological events leading up to parturition, Reports of foetal
expulsion from perfused gravid uteri in the absence of all nervous and
vascular connections, suggest that intrinsic mechanisms are responsible for
increased myometrial activity in the terminsl stages of pregnancy.

Cxytocin however, is lmowm to cause uterine smooth muscle to
contract in most species; and in the non-pregnant mammal its effect is
accentuated greatly if administered during oestrus, arly certain hormonal
influences assoclated w the oestrous cyclie affect the degree of oxytocin

response, It becare important therefore to examine the effect of hormonzal

pregnancy .
A supply of female guinea pijgs was available, and in vitro

.

to exanine the effects of oxytecin on uterine preparations fror

3

exper iments

specirens of this species were performed.

s

B, The Technigues Used in Zxperiments on Guinea Pigs

A total of 35 mature female zlbino guinea pigs bred in the liassey
"fioor colony", were isolated from males from birth onwards. When sufficient
numbers over 400 g in weight became available for experiment, bilateral
ovariectomy weas carried out under "nembutal anaesthesia".  Aseptic techniques
were adopted and approach to the ovaries was made by incision through both
flanks. Each guinea pig was identified numerically with a metzl ear teg

when under anaesthesia,
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1. Housing and Feeding:

The animals were kept on wire floor cages in a room maintained at
o
65 P, They were fed a diet of commercial pellets supplemented with carrots

and cabbage.

2. Treatment:

Subcutaneous injections of oestradiol monobenzoate in oil *(B,D.H.).
progesterone in oil *(Organon) and sterilised arachis oil were given for

assigned pretreatment periods,

3. Examination of the Specimen:

Fifteen minutes prior to examination the guinea pigs were stunned,
decapitated and the abdomen opened along the linea alba. The uterus was
dissected out and cut frec at the cervix, The right hcern was identified

vith a metal clip placed on its ligamentous attachments at the anterior end,

0]

and the entire excised uterus placed in room temperature Ringer solution
where it was trimmed free of fatty material, The Ringer solution was
prepared in accordance with British Pharmacopeia ({dQLR) directions for
oxytocin assay as recomuended by Stewart (1949), anu this same formula was
used in all the gulnea plg experiments described.

The selected uterine horn was cut at its junction with the cervix
and a platinum hook attached to the cervical end. This was then attached
to the oxygen inflow tube of a liagnus type organ bath containing Ringer
solution at 310C. The tubal end was attached by cotton thread to a
kymograph lever. Oxygen, under 90 mm pressure, was allowed to bubble into
the organ bath at a slow but constant rate that did not disturb the

assembled tissue.

* B,D,H, = British Drug Houses.
* Organon = Organon Laboratories.




Weights of the animals were measured on an Avery scale which was
sensitive to 0.2 g. Uterine strip and adrenal weights were measured on

a torsion balance sensitive to 0,001 g.

(i) Apparatus:

A 50 ml liagnus tyve organ bath, with a two-way tube at its base,
was connected at the inflow to a coil of glass tubing containing three
times the Ringer solution volume necessary to £ill the organ bath, The
outflow was connected to a rubber tube leading to the sink. This liagnus
bath and its glass coil, whose opposite end was connected to an external
reservoir of Ringer solution, was immersed in a water jacket maintained at
31OC by a thermostatically controlled immersion heater,

4 kymograph lever was mounted on a retort stand so that its

fulcrum was situated anterior to the organ bath with the frontal writing

point touching lightly on the smoked kymograph paper.

(ii) Attachment of Specimen:

The lever was balanced to give a four-fold magnification, A
cotton thread joined to the tubal end of the uterine horn was attached to
a predetermined point on the lever posterior to the fulcrum by means of a
1 g piece of plasticine so that the specimen was stretched by a force of
this amount, One hour after assembly the temperature of the bath was
raised to 3700, the lever returned to the horizontal position, and its

cotton attachment to the uterine strip tightened accordingly.

(iii) Administration of Oxytocin:

"Syntocinon", a proprietary preparation of synthetic oxytocin
(sandoz Ltd., Switzerland), was diluted with distilled water to concen-

trations of 0,0001 mille-units (mU) to 50 mille-units (mU) in 1 ml.

- I




The oxytocin doses were placed in test-tube racks immersed in the water
Jjacket and held there for at least 15 minutes prior to administration.
These doses were administered for 1 and 2 minute periods prior to washing,
by injection of the prewarmed solution into the organ bath taking care
not to disturb the preparation,

The organ bath was washed twice with fresh Ringer solution at
37OC at the end of each administration period, and again before the
beginning of the next, 10 and 15 minute periods separating the admini-

strations,

L, Assessment of Response:

The kymograph papers were varnished and dried. The amplitude
of the contractions recorded on the drum were measured in centimeters.
The greatest amplitude recorded flor each dose of oxytocin was taken as

the index of response to the particular dose.

~-

5. Statistical Analysis:

Analyses of variance (Snedecor, 1956) were used to compare the
within animal and between animal variation, and to estimate the possible
significance of treatment effect. Statistical analysis was not carried
out on the first preliminary experiment. This was run to determine the

oxytocin dose range most suitable for experiments that followed.

C. Experiment I.

"To establish a range of oxytocin doses that could be selected
to stimulate ovariectomised guinea pig uteri after exogenous hormonal

treatment."
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1. Method

Twelve guinea pigs ranging from 428 - 780 g weight were
ovariectomised a minimum of 4 days prior to treatment, Four pigs were

allotted randomly to each of the following treatments.

Progesterone 5 mg and Oestradiol 1O,P3 daily for 7 days
Progesterone 5 mg daily for 7 days

Oestradiol 10}13 daily for 7 days

Arachis oil (Control) daily for 7 days

Treatments were staggered so that one pig became available for
examination daily on four consecutive days in each of three consecutive
weeks.

Oxytocin doses, ranging from 0,0001 mU to 50 mU were used on the
first representative of each pretreatment, 0,001 mU to 100 mU on the
second, and 0,0025 mU to 50 mU on the third, Oxytocin doses were applied
for two minutes in each case before the bath was washed, and fifteen minutes

was allowed to elapse between each administration,

2. Results and Conclusions

It was observed that the uteri from the control (Arachis oil)
group showed spontaneous contractions and contracted markedly in response
to Oxytocin; the effects of the arachis o0il injections and the variability
in the period between ovariectomy and experiment were considered possible
reasons for this activity. It appeared that the threshhold dose of
oxytocin was higher in the progesterone - oestrogen treated animals than

in the others, It was concluded that:

(a) Administration of oxytocin for one minute was adequate to elicit:

a response.
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(b) A dose rénge of 1 mU to 8 mU produced a satisfactory degree of

response,

D. Experiment II.

"To examine the effects of time since ovariectomy and arachis

0oil pretreatment on oxytocin response."

1. MNethod

Four guinea pigs ovariectomized for 31 days, and 8 guinea pigs
ovariectomized for 21 days were randomly divided into three pretreatment
groups, Group I received no treatment, Group II received 1 ml arachis
oil daily for six days, and Group III received no treatment but was
examined three weeks later than Groups I and II. There were two guinea
pigs that had been overiectomized 31 days in Group I and one in each of
Groups IT and III.

Both uterine horns of each pig were assembled in quick
succession in two different organ baths. One guinea pig was examined
per day, pisgs from Groups I and II being examined on alternate days.

The treatment of each preparation was as follows:

ReRs4 22 24 :82R 24 22 ¢k 28121 24 2222 sh2h:

8 : 8 (15 minute intervals between all doses to this point) : 1 :
2 : 4 : 8 (10 minute intervals only between last L doses).
R = Ringer solution. 1 : 2 etc. = mU of oxytocin diluted in distilled water.

The doses were in contact with the uterine strip for one minute
before washing. Ringer solution administration was regarded as a
treatment. Thus each strip received 20 administrations of oxytocin and

3 administrations of Ringer solution in the treatment sequence.
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The highest amplitude occurring within the one minute period of
every administration, including the three separate applications of
Ringer solution, was measured and recorded.

The guinea pigs were weighed at the time of ovariectomy and
again prior to slaughter, The uterine strips were weighed immediately

on removal from the organ bath at the conclusion of each test part.

3. Results and Discussion.

An example of the tracing obtained is shown in Fig. I facing
page 3l. The response to oxytocin was extremely variable - see Table I
facing page 35. (For further details see Appendix I & II). lost
preparations produced a contraction during each oxytocin administration.
Some produced contractions during the Ringer solution administration,
while others produced large contractions regardless of the dose administered.
This spontaneous activity appeared to be inherent in some of these
specimens,

Analysis of the variance between the groups was carried out
for (a) the total activity (b) the total oxytocin response and (c) the total
oxytocin response after the respective mean "Ringer response" had been
subtracted from all oxytocin readings within each preparation, The
differences between groups were not significant in any of these comparisons.

In this experiment the between animal variation of the animals
used appeared to be high and the following analysis was therefore carried
out in order to estimate the numbers of animals that would be required to
improve experimental precision in future trials., Selected right horn
readings from Groups I and II only were used., This was done because the
results listed in Appendix I & II showed that readings from Guinea pig 202

in Group II contained evidence of excessive spontaneous activity. The
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results from this animal were not considered worthy of analysis and in order
to avoid bias when making comparisons, these readings and those of the
corresponding animal in time in Group I, (pig 233), were excluded., In
Group III the results from guinea pig 258 were again considered to be of
little use because of excessive spontaneous activity. In this case readings
from corresponding guinea pigs in other groups could not be disregarded
without leaving insufficient data.  Therefore, no valid comparisons,

between Group III and the other two groups, could be made,

Right horn readings only were compared in Groups I and II as some
of the left horn readings in Group I were of a very small magnitude and
likely to produce invalid interpretations. The discolouration of the
platinum attachment hook was the suspected cause of these low left horn
readings for a tissue hook in this condition may have lost its electrically
inert properties, This would have interfered with the transmission of
galvanic current within the uterine strip and the contractability of the
myometrium would have been reduced. The data used were the differences
between three responses for 1 mU of oxytocin and the three corresponding

8 mU responses. These are summarised as follows: (see next page)
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Treatment " G.P. No. 8mU=1 mU Total Response

Group Response for Stri
cm Z cm)

T 257 2.4
L.6 12.9

2.8

I 251 Ta2
549 21.3

8,2

I 203 30
De2 90

2,0

IT 246 14
12.2 53,0

Dol

IT 250 341
}+-8 11 02

2"7

IX 2L6 1ok
245 8.5

Lod

The analysis of variance of this date is shown below, Table I(a).

TABLE I(a): *ANALYSIS OF VARIANCE GUINEA PIG EXPT. II.

Source of Variation d.f. M.,S. Component of
Variance
Treatment 1 5.445
Animels within o
Treatment L 36,77 S°a = 11.642
Readings within 5
Animals 12 1.843 Sr = 1.843

* Selected data only (see text).




This analysis did not indicate any significant treatment effect

but did show that the variance beiween animals within a treatment (Sza)

2
was approximotely ten times the variance within enimals (S°r)., These
estimates of the two components of the "error" were used to calculate the
numbers of animals end readings that would give standard errors of
various sizes, The indications were that for an S,E, less than 20k of
the mean response 15 animals would be required in each treatment group,
The effect of increasing the number of readings per animal from 1 to 4
was negligitle,

In each group in the experiment the heaviest animal appeared to
provide the preparation with the greatest activity and so a regression
analysis was cerried out tc determine whether any relationship existed -
no significant effects were found. The effect of weight however may
have been confounded tc some extent by variation in age of the animals
concerned,

The possibility that the adrenal cortex of the ovariectormised
guines pig might be responsible for sensitising the uterus tc cxytoeir in
the ebsence of ovarian influence was also considered and it was decided
therefore tc weigh the adrenal glands of the guinea pigs in future
experiments,

Because of both inherent animal veriation and variation due to
other uncontrolled factcrs in this experiment no conclusions could be
drawn as to the efflects of either time of ovariectory or of pretreatment
with arachis oil. In spite of this a third experiment was carried out as
it was considered that both slight modifications in technique together
with pretreatment of the animals with steroid hormones might influence
the uterine preparations to a degree that would exceed the effect of this

variation,
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E. Experiment III.

"To determine whether treatment of ovariectomized guinea pigs
7ith exogenous steroid hormones would alter the sensitivity of in vitro

uterine strips to stimulus with oxytocin,"

1. lethod

As guinea pigs from closely related age groups were not available,
similarity in body weight was used as a measure of uniformity. Guinea pigs
weighing over 700 g were considered unsuiteble and were not included.

Eleven guinea pigs that had been ovariectemized five weeks on the

ay of the experiment were weighed and grouped into pairs on a weight basis.
The heaviest pig was discarded leaving 5 pairs.

One menber of each pair was given 5 mg of progestercne subcutane-
ously on each of six consecutive days. 10/pg of oestradiol wiere given
subcutaneously to this same pig on the fifth and sixth dey. The other
menber of each pair acted as a control and received no treatment, This
treatment regime was selected because it had been used successfully in
implantation studies on ovariectomized guinea pigs (licDonald I.,F., 1965 -
personal comrunication).

Both horns were assembled as in the previous experiments except
that monofilament nylon was used in place of platinum hooks for attaching
the uterine strips. Syntocinon doses of 1 mU and 4 mU were made up with
Ringer solution as the diluent.

Administration of the doses took the following order with a 15
minute interval between each dose.

Right Horn Ringer; 1 mU; 4 mU; Ringer; 4 mU; 1 mU:; Ringer.

Left Horn Ringer; 4 mU; 41 mU; Ringer; 1 mU; 4 nU; Ringer.

The highest amplitude occurring within the one minute period of



RIVENT IIT (For full details see appendices III and IV).
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& The total corrected oxytocin responses were calculated by subtracting the mean ringer solution response

xytocin

These corrected means were then totalled, to give the total corrected o

for each preparation from the mean response to 1 mU oxytocin and from the mean response to 4 mU, by the
response for the preparation.

same preparation.



every administration, including the three separate administrations of

Ringer solution, was measured and recorded.

2. Results

For examples of tracings obtained see Fig, ITA & IIB facing
page 39.

A complete record of results from this experiment has been
listed in appendices III and IV, and a summary of this data appears in
Table II facing page ..0. The analyses of variance are summarised in
Table's II(a)=(d) facing page 1.

Pretreatment with steroid hormones had clearly resulted in an
increase in weight of the uterine strips and this result was highly
significant (P¢0.C01). Total uterine activity had also been significantly

increased by this treatment (P<0,05) but the standard error of the experi-

£

ment was high end so an analysis which compared the response totals
recorded during the four oxytccin administrations only was carried out
Table II(c)). Using this latter form of analysis there was again a
significant effect of pretreatment on oxytocin response (P<0.025) but the
S.E. was proportionately the same as the S.E. for comparison of pretreat-
ment effect on total uterine response.

The total "ringer responses" and the mean "ringer responses"
were then analysed in a similar manner but no significant differences were
shown between the two experimental groups using either set of figures.,

Finally the mean "ringer responses" were subtracted from the
mean 1 mU oxytocin response and from the mean 4 mU response for the
preparation concerned, These corrected means were totalled for each
preparation and subjected to analysis of variance (Table II(d)). This

analysis demonstrated that the significance of the pretreatment effect
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TABLE IT(a): ANALYSIS OF VARIANCE OF UTERINE STRIP WEIGHTS

Source of Variation d.f, M.S. F.
Pretreatment 1 0.2977 14 .3 P 0,0
Error 18 0,0072
TABLE IT(b): ANALYSIS OF VARIANCE OF TOTAL UTERTIE RESPONSE
r“- o .' g roQ w»
Source of Variation dof's N.S. F,
Pretreatment 1 3333.36 4,53 P 0,08
Error 18 736,16
TaBLE I[S C_)_: ANALYSIS OF VARIANCE O TOT.L OX('CCIN RESFONSE
Source of Variation Ats M.S, F.
Pretreatment 1 1998, 6.0 P 0,025
Error 18 332,95
TABLE IISdZ: ANALYSIS OF VARIANCE OF CORRECTED OXYTOCIN RESPONSE
Source of Variation d4.f. M.S. F.
Pretreatment 1 192,82 1449 P 0,001
Error 18 129




was improved when allowance for spontaneous activity had been made., Using
this correction technique the S.E. of the overall group means was reduced
relative to the mean response,

At least in the control group there appears to be a relationship
between body weight and uterine activity. Correlation coefficients
between body weight and overall uterine activity were estimated for each
group., In the pretreated group the correlation (r = 0.147) was not
significant (P>0.1) but in the control group the correlation (r = 0.816)
vos highly significant (P€0,001). This result appears to be due almost
entirely to the very active responses of the uterus of the heaviest animal
in the group.

A similar situation appesrs to exist with respect to the relation-
ship between body weight and uterine strip weight, The estimated corre-
lation coefficients were 0,307 (P»0.1) and 0.859 (P0,001) for the
pretreated and control groups respectively,

The total adrenzl weights for each group were almost identical.

3. Corment

The results of this experiment appear to demonstrate quite clearly
that the ovariectomised guinea pig uterus, when "sensitised" with a suitable
combination of stercid hormones, will increase its in vitro response to an
oxytocin stimulus. These findings were of course not unexpected in view
of the published works refersble to this type of effect discussed earlier,

The finding that significant positive correlations between body
weight and uterine weight, and body weight and uterine activity, were found
for the control but not the treated groups is of some interest and suggests
that either the control animals used may not have been true controls in

that one member of the group, the heaviest, represented a different

-l




population, or that pretreatment may have masked the effect of body weight
in the other group. The true effect of body weight in this type of
experiment could only be assessed by further work with more uniform animal
groups.

There was no indication that adrenal weight had an association

with uterine response,

F, Generzl Discussion on Guinea Pig Experiments

Doses of oxytocin from 4 mU to 8 mU had proved satisfactory for
eliciting responses in this type of experimental preperation, These
doses produced significantly greater effects in preparations from animals
that had been pretreated with ocestradiol and progesterone. However, during
these experiments two major problems emerged. The first was the large
degree of variation in response between animals on the same pretreatment.
There was some indication that weight or weight as a function of age was
involved, but clearly there were many other ill-defined factors. Som
preparations showed continuing spontaneous activity whilst others would
scarcely respond to doses of oxytocin which produced good responses in
other members of the same group.

The second problem was the apparent sensitivity of some prepar-
ations to the emptying and filling of the organ-bath, When the lMagnus-
type bath was emptied, the uterus was left suspended free of physiological
fluid for a few seconds. Under these circumstances, the preparation
tends to sag under its own weight and this occurred especially with the
large specimens, In addition, the temperature insulating effect of the
Ringer solution was removed and it was noticed that when the air-temperature

was suddenly lowered by opening a door, a contraction usually followed.




Although it would appear that these problems could be reduced
by better selection of animals and changes in technique, many other
workers have recorded difficulties in the use of the guinea pig in
experiments of this type. Dale and Laidlaw (1912) recommended that
guinea pigs welighing between 200 and 25C g be used and Xochmann (1921)
finding it difficult to obtain animals of this weight, investigated
methods suitable for larger animels, but these were only partially
successful, Similarly, Holton (1948) found it difficult to obtain
suitable guinea pig material. Stewart (1949), Thorp (1950) and Lewis
(1964.) all found the guinea pig uterus to be unsatisfactory for work with
oxytocin substances since the preparations failed to give reproducible
results. Further, Thorp (1950) stated that the guinea pig uterus was
incapable of ziving a sufficient number of responses for satisfactory
statistical analysis, Gaddum (1938) quoted the limits of error for
oxytocin assay on guinea pig material as + 20 per cent, which would seem
to be a conservative estimate.

The guinea pig as a species has certain reproductive patterns
that are a disadvantage as far as studies on uterine smooth muscle are
concerned, Firstly, it has an oesirous cycle of 16% days, a gestation
period of 68 dgys, and only rarely does the gravid female produce more
than 3 to 4 young per litter. These factors make it difficult to
accumulate uniform speéimens in sufficient numbers for this type of
uterine work, Secondly, certain anatomical features of the reproductive
tract make this an unsuitable species for future experiments. The cervix
for instance has two internal openings but only one common external os,
and the uterine horns join distally to form what appears externally as a
single uterine body. In point of fact however, the horns are separated

by a thin median septum as far as the lower cervical segment where they
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fuse together, For this reason, hemiovariectomy could not cause the
establishment of unilateral pregnancies for use in future in vitro
experiments. There would also be considerable difficulty in inserting
microballocns transcervically into either uterine horn for in vivo

experiments.

G. Conclusion

Although it was shovn in vitro in guinea pigs that the overall
uterine response to two levels of oxytocin was markedly increased when
these animels were pretreated with a combination of oestradiol and pro-
gesterone, greater uniformity of experimental material and certain adjust-
ments in technigue seemed necessary if a precise definition of the pretreat-
ment levels likely to prcduce optimum effeect was to be determined,

lLlorecver evidence from several authors indicating the unsuitability
of the guinea pig as a source of uterine material for individual oxytocin
assays was not disproven, Indeed it becare apparent that the disadvantages
reccrded by these authors were accentuated in the between animal group
comparisons that were carried out. Certain physiological and anatomiceal
features in the guinea pig raised further doubt as to the suitability of
this species for the uterine studies that were planned.

Tor these reasons, and because the output of the guinea pig
colony accessable to the author was not large enough to allow adequate
selection, a decision to continue the investigation using the white rat
as an experimental animal was made. Large numbers of a closely inbred

strain of Sprague-Dawley rats were readily available,




PRELININARY EXPERIIENTS WITH THE RAT.

A, INTRODUCTION,

The rat was considered to be a suitable species for a further
study of the effects of hormonal interaction on the mechanical activity
of uterine smooth muscle for two main reasons, FPirstly, large numbers
of an inbred strain of Sprague-Dawley rats were readily availsble,
Secondly, becsuse of certain physiological and anatomical features the
rat is an ideal source of uterine material.

Gestation in the rat lasts 21.5 - 22 days. There are approx-
imaetely 12 pups per litter in most instances with the sexes evenly repre-

sented. Ovariectony can be carried cut on prepubertal femalss as early

as taree weeks of age (lunford R.2., 1966 - personal communication).
Thus for the purpose of this study a pregnant femszle rat would provide
suitable experimental animals within six weeks from the time of being
mated,

%

In the normal unmatsd rat, oestrus recurs approxitately every

3

L - 5 days, and the rat will breed at all times of the year if conditions
are favourable, The age at which rats become sexually mature depends on
the strain and diet, but usually puberty occurs at approximately 50 days of
age (Blandau and Noney, 1943). In the prepubertal rat the vagina is not
canalised and in most cases the complete lumen does not appear until the
first heat period. Very clear cut cyclic changes occur in the vaginal
contents of the rat from puberty onwards, Thus the stage at which the
uterus of the intact animal is affected by 5varian hormones can be

detected readily (Long and Evans, 1922).

Ovulation occurs spontaneously but in the unmated rat the corpora

lutea of the normal cycle are only slightly functional and the uterus is
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probably not influenced by its secretions (Long and Evans, 1922).
According to tnese authors, if sterile mating occurs, the corpora lutea
do become functional and the endometrium is sensitised so that pseudo-
pregnancy occurs lasting for approximately 14 days.

Following normal copulation a vaginal plug is formed and its
effect is not only to keep sperm within the female reproductive tract,
but also according to Long and BLvans (1922) to stimulate the vagina and
cervix so that the corpora lutea become functional and pseudopregnancy
or pregnancy results, The conditions are the same if fertilisation
occurs for the changes of pseudopregnancy are identical with the first
part of pregnancy. The time of mating for pregnant and pseudopregnant
animals can therefore be recorded with reasonable accuracy.

Surgical opening of the ovarian bursa is said to reduce the
fecundity on the operated side (Kelly, 1939). The uterus is of the
bicornuate type, which consists of two horns and a short unpaired segment,
which comprises the corpus and cervix. In spite of their apparent
external fusion the two horns remain separate as far as the paired
external orifices, The latter are difficult to detect among the folds
of the vaginal part of the cervix (Long and Zvans, 1922). These features

were considered important for the establishment of hemipregnant prepar-

ations to be used in the final stages of this study.

B, TECHNIZUZS USED IN EXPERINENTS ON RATS.

A total of 184 Sprague-Dawley female rats were used in all the
experiments carried out with this species. The majority, 162 in all,
were bilaterally ovariectomized under ether anaesthesia, using the dorsal

approach. These rats were ovariectomized in the prepubertal stage at
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approximately 214 days of age.

The remaining 22 were hemi-ovariectomized at the same stage of
development, but were mated at predetermined intervals once they had reached
2C0 g Dbody weight.

All rats were identified by a standard ear notching system,

1. Housing and Diet.

The rats were kept on wood shavings in metal cages, never more than

. ; : : . o
six rats to a2 cage. They were housed in a rat colony maintained at 65 £,

and were fed on lassey licuse Pellets Type 2 (Lawson, 196L). Fresh drinking

water was available tc them at all times.

2. Treatment.

Subcutanecus injections of oestradicl monobenzcate (B.D.Y.),

\ 9. e - 5 - 5 i
progestercne (Organon) and arachis oil were gziven for assigned pretreatment

pericds. The hormone preparations were suspended in arachis oil at

manufecture and were further diluted with arachis oil to provide hormcnal

concentrations suiteble for experimental use.

3. Examination of Specimen,

-

The animels were slaughtered and the uterus excised as described
for the guinea pig, but in this case, the rat uterine material was placed

in de Jalons Ringer solution, once again at room temperature.

(i) Apparatus.

A 50 ml modified Magnus bath was used through which fresh prewarmed
de Jalons Ringer solution could flow in at the base, when filling or changing
the solutions in the bath (see Fig. III facing page 47). The Ringer solution

already contained in the bath was removed through a suction tube at the top
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which was connected to an aspirator pump on a water tap, and the Ringer

.

solution it removed passed to the sink, During the washing procecss, Ringer

solutiocn could pass from the submerged glass coils in the outer water jacket,

o 4+~

the contents

at a ast enough to displace of the bath three times within
%20 seconds, These coils contained sufficient prewarmed Ringer solution for
70 seccends of continucus washing., These modifications to the Xagnus bath
ensured that the preparstion wos submerged in warm physiological fluid
continuously,
(3i) Ringer Solution.

o)

The following solution at 37 C, as used by de Jalon et al (19&5)

1

the Ringer solution for work with the ret uterus,

NaCl 45 g

XC1 24 &
call, 0.5 &
Glucose 2:5 g
HalCo, 2:5 g

2
Distilled
water 5 litres

This

modified formula contains half the usual amount of glucose
and a quarter the usual amount of calcium, This Ringer solution has been
used for all rat experiments conducted, but it was found necessary to adopt
the temperature of 3200 after experiment I had been performed. The
specially constructed 50 ml organ bath (see Fig. III) was used in place of
the lNagnus type bath used in the guinea pig experiments because this had
left the preparation temporarily without Ringer solution during the washing

process.,

s kB -



(iii) Attachment of the Specimen.

The cervical end of the uterine strip was attached to the distal
extremity of the oxygen tube by cotton thread. Initially the kymograph
lever was mounted as described in the guinea pig experiments with the same
attachment procedure, Later this lever was discarded in favour of the
lever designed by Schild (1947).

The Schild apparatus (FMig. TV facing page L7) consisted of a
frontal writing lever with a long writing point. This ensured that
shortening of the uterine strip and the effect recorded on the kymograph
drum bore a linear relationship to each other, Otherwise errors due to
curvature would have occurred had the short writing point remained, and if
the angle of excursion of the lever had become greater than 300 from the
horizontal (Schild, 1947).

In the diagram of the Schilds lever (Mig. IV) E,E, represent
stops which prevent this 300 angle from being exceeded. The lever itself
A,was an aluminium rod fixed to a fulcrum B, which rotates around its owm
axis, The long writing point was of aluminium wire and was attached to a
normal writing point H, This has been reproduced to scale after Burm
et al (1950) who siressed the importance of distances 4 and C being
represented by the exact dimensions depicted in the scale if faithful
records of isotonic contractions were to be reproduced. The point F
represents a piece of plasticine heavy enough to balance the lever when a
weight of 1.3 g was applied at P, the future attachment point for the
ovarian end of the preparation. A ratchet, of the type commonly used in
isolated heart experiments, was added to the mounting of the fulcrum.

This enabled the lever to be raised or lowered at the time of attaching

or detaching the specimen, The uterine strip to be used was identified,

trimmed and severed at its junction with the cervix, an entire horn thus
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being selected. The cotton was threaded into the strip in Ringer solution
at room temperature. It was then assembled in the organ bath, in which the

Ringer solution was kept at 32OC, with the ovarian end attached to the lever,

(iv) Administration of Oxytocin.

The same proprietary preparation of this drug was used as in the
guinea pig experiments: a dose range of 1 - 32 mU being employed. Vashing
for 30 seconds was carried out before and after administration, with a 5
minute interval allowed between doses, The period of administration varied
from 30 seconds to 3 minutes between different experiments, but 45 seconds
was the period selected for the majority of the work., Initially the drum
was turned by hand before the administration of a fresh dose, but in the
main experiment it was allowed to run continuously. All oxytocin doses

vere prewarmed in the outer water jacket as previously described,
E J

L, Veight lleasurements

ileights of the rats were measured on an Avery scale sensitive to
0.2 g. The slaughter weights were recorded after the rats had been killed
and the uterus removed,

Uterine strip weights were measured, at the conclusion of the
experiment on the particular strip in question, on a torsion balance

sensitive to 0.001 g.

5. Assessment of Resvonse,

leasurement of the highest amplitude during the period of admini-
stration was the basic method used for assessing response in all rat experi-
ments with the exception of those conducted on material from pregnant

specimens, In the latter case, measurements of the area under the trace
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were made for administration and control periods, In the main experiment,

three forms of assessment were carriesd out:

(a) Highest amplitude during period of administration.

(b) Highest amplitude, following the administration of a dose, that
occurred before the next administration,

(¢) Area under trace during administration minus area under trace for
a similar period prior to administration. Areas were measured

with a planimeter.

6. Statistical Analysis.

Analyses of variance (Snedecor, 1956) were used tc test the

significance of treatment effect, A factorial experiment was employed to

evaluate differences between the effects of nine hormonal treatments.

C. EXPERTVENT I.

"To determine the sensitivity to oxytocin of uterine strips from
spayed rats pretreated with steroid hormones (treatment effect) and arachis
0il (control)."

This experiment was conducted in two parts, and methods A and B

represent the two dosing regimes used.

1. MNethod A.

(i) Method.

Eight mature female rats were ovariectomized five weeks prior to
experimentation, when their weights ranged from 175 - 210 g. They were

allotted to four cages with a heavy and light rat in each cage. Two heavy
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TABLE III: BODY WEIGHT, UTERINE STRIP WEIGHT AND UTERINE STRIP RESPONSE TO OXYTOCIN (Method A),

ANTVAL TREATNENT T BODY WT. Wr, OF * AVERAGE RESPONSE (mm) TOTAL
PATR CONTROL C BOTHE HORNS DOSE OF OXYTOCIN
(g) (mg) 0.5 mU 1 mU 2 mU
T T 210 285 L2 69 96 207
G 225 247 8 9 14 By
. 210 221 23 51 6L 138
C 188 183 14 1% L7 78
IIT 202 187 18 a7 27 62
C 168 197 27 35 L9 111
T 178 282 37 63 N 194
v
¢ 175 192 0 0 0 0
NEAN T 200+13.1 2441 1.0,6 30 50 70 150456.6
%, Bukr c 189+22,0 205+2,9 12 15 28 55:42.,6

v Average of L readings (2 from each horn) except for the treated rat in the
IIIrd pair where only 3 readings were taken due to a power failure.



rats and two light rats were allotted to the treatment and control groups
so there was a representative of each group in each cage.

The control rats received 0,05 ml arachis oil daily for six days;
the treatment rats received 1 mg progesterone in 0,05 ml arachis oil for

six days, with leg of' oestradiol on days five and six, Cages 1 and 2 were

(&)
N
e}

examined on day 7. and Cages nd 4 on day 8. Both uterine horns were
used from each rat and doses of 0,5 mU, 1 mU, and 2 mU of oxytocin were used,

in that order, each dose being given twice and the average response recorded,

(i1) Results.

The results are shown in Table III facing page 52 . For the

analyses of variance see Tables III(a) and ITII(b) facing page

A

Ui

The difference between contraction responses for the two groups
approached significance (0.1>P»0.05) but there was a wide variation between
preparavions within these groups. There vias no significant effect (P>0.1)

rip

4

of pretreatment on uterine st

Following four days of pretreatment leakaege from injsction sites
started to occur, The oestradiol dose levels were low and as they had been
given at about the time that this leakage was noted, it seemed likely that
the pretreated rats had received ineffectual amounts of this hormone, Tt
was decided therefore to reduce the pretreatment period to four days in the
second part of the experiment, and to increase the amount of oestradiol
administered on days 3 and L,

The process of assembling the strips in the organ bath proved time
consuming, but increased haste at this stage was contraindicated if all

preparations were to be examined with equal precision, It was considered
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TABLE III(a): ANALYSIS OF VARIANCE OF AVERAGE RESPONSE TO ALL DOSES OF

OXYTOCIN
Source of Variation deTe M.8. F,
Pretreatment 1 17861 5.33 0.1)P)0,05
Error 6 3347

TABLE III(b): ANALYSIS OF VARIANCE OF COMBINED UTERINE HCRN WEIGHTS

Source of Variation 4., M.S. F,
Pretreatment 1 3042 1«94 P30.1
Error 6 1564

TABLE IV(e): ANALYSIS OF VARIANCE OF ALL RESPONSES TO 2, 4 & 8mU OXYTOCIN

Source of Variation 6 195, M.S. F,
Pretreatment 1 19828 4,55 0,1>P>0,05
Error 6 10938

TABLE IV(b): ANALYSIS OF VARIANCE OF UTERINE HORN WEIGHTS

Source of Variation '3 190 il M.S. F,

Pretreatment 1 15313 5.32 Q.1»P20,05

Error 6 2873




advisable therefore to reduce the number of preparations assembled by the
random selection of one uterine horn only from each of the experimental

animals,

2. lethod B,

(i) liethod.

™

Eight rats were allotted tc four cages as in the previous part of
the experirent, Rats under treatment were given 1 mg progesterone in 0,1 ml
subcuteneously each day for four days, and on days 3 and 4 they were given
10 pg oestradiol subcuteneously in addition. The controls were given C,1 ml
erachis cil daily for four days. Alternate horns were selected from each
rat on the day of the experiment and assembled as previously described.
Oxytocin doses of 0,5 mU, 1 mU, and 2 mU were again employed but on preper-

ations which gave little or no response at these levels doses of up tc 16 mU

The results are shown in Taeble IV facing page 5la For the
anelyses of veriance see Tables IV(a) and IV(b) facing page 53.
The effect of pretreatment either on response or on uterine horn weight

was not clearly significant (0.1>P>0,05).

(iii) Comment.

In this part of the experiment there was a greater apparent
difference between the oxytocin responses of the two groups. The high S.E.
of the responses of the pretreated group however reduced the significance
of this observation to a level below that obtained in method A, This was

due in the main to the high reading obtained for the pretreated preparation
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TABLE IV: BODY WEIGHT, UTERINE STRIP WEIGHT AND UTERINE STRIP RESPONSE TO OXYTOCIN (liethod B).
ANIMAL TREATMENT T WT. OF WT. OF ONE RESPONSE TO ONE READING (mm) TOTAL
PATIR CONTROL C RAT UT. HORN DOSE OF OXYTOCIN
(g) (mg) 05mU 1m0 2nmU L4LmU 8mU 16 oU | (2,4,8 mU)
. T 175 235 0] 25 52 - 57
G 245 50 0 0 7 9 16 - 32
T il 210 90 125 123 132 127 380
¢ 160 25 0 5 2 5 10 12
ITI T 175 81 = - 59 60 66 78 185
160 25 - - 0 0 0 3 0
< 176 86 " 5 i 20 57 82 81
& 166 L2 - - 0 0 2 14 2
T 184+15.0 123+64,5 - - L7 At 72 96 176+127.3
MEAN
+ S.E.
c 175+23.0 36+10.8 - - - 3 6 : 12312.6




in group. IT,

The threshold for oxytocin appeared to have been raised in both
pretreated and control groups in method B of this experiment. The increased
oestradiol level 1s a possible reason for this having been observed amongst
the pretreated preparations, but the elevated threshold in the controls
remains unexplained.

No leakage from the injection site weas noted during the four days
of pretreatment, and as this time sequence had produced strip weight
differences that approached significant levels, the four-day period was

selected for future use,

o

3. Conclusions from Rat Experiment I.

5

Althouzh the analyses showed no significant differences between the
oxytocic responses of uteri pretreated with steroid hormonés and those pre-
treated with arachis oil, it seemed clear that an increased sensitivity to

sytecin had occurred in the uteri that were pretreated with the steroid
hormones. Except for the horn in method A on which only one set of readings
could be taken, the oxytocin response of each hcrmone treated uterus was
greater than that of the arachis oil treated control,

Improvements in pretreatment technique yielded an effect on uterine
weight thalt approached significance in method B; but it appeared that further
refinements in technigue would be necessary to reduce the S.E. of the oxytocin
response, The main problem was still that of spontaneous activity in the
uteri of the animals that received hormonal treatment, and it was decided to
reduce the termperature of the organ bath in order to combat this effect,

A lack of response in the control rats was expected as a natural

consequence of their deprivation from steroid hormones, These hormones

have always been considered necessary for the maintenance of uterine



TABLE V: BODY VWEIGHT, UTERINE STRIP WEIGHT AND UTERINE STRIP RESPONSE TO OXYTOCIN

ANTHAL PRETREATMENT A WL, OF WT, OF RESPONSE TO ONE READING (mm) TOTAL
PATR PRETREATMENT B RAT UT, HORN DOSE OF OXYTOCIN
(g) (mg) 2mU L4 mU 8 mu 16 mU (2, 4, 8 mU)
A 180 66 45 L5 5l 164
= B 190 102 6 27 39 92
A 195 70 0 0 30 38 50
4L B 167 60 0 34 12 38 66
A 190 110 0 23 5k 66 97
AL B 197 79 0 0 0 56 20
A 154 i 2 0° 3l 27
s B 190 63 11 2 12 16 45
VEAN A 18041 6.1 80+17.6 12 17 36 95 85452 .14
+ S,E,

B 1864114 76+16.6 b 16 16 28 56+24..5




centractability. This presented no problem however as untreated controls
would not be required in future experiments, All further comparisons

would be made between the relative effects of various hormonal levels.

D. Experiment II,

"To determine the relative sensitivity to oxytocin of uterine
strips from spayed rats pretreated with two different combinations of stercid

hormones",

(i) lethod.

Eight ovariectomized rats were allotted to four caeges and randomly

4

igned to pretreatment A of 1 mg progesterone in 0,1 ml arachis oil

n

as
subcutaneously daily for four deys with additional subcutanecus injections
of cestradiol ZO!pg in 0,05 ml arachis oil on days 3 and 4; or to pretreat-
ment B of 1 mg procgestercne daily as before but with 5/p5 oestradiol in
0.2 ml on days 3 and 4.

A temperezture of 52OC was acopted in the organ bath throughout the
experiment as it was considered, based on experience with the guinea pig
experiments, that spontaneous activity would be reduced at this lower

temperature.

(ii) Results.

These are shown in Table V facing page 55  An analysis of variance

for uterine responses to oxytocin stimuli appears in Table V(a) below:

TABLE V(a): ANALYSIS OF VARIANCE OF ALL RESPONSES TO 2,4,8 mU OXYTOCIN,

Source of Variation d.fs ' M.S. P,

Pretreatment 1 1653 2.61 P0u
Error 6 631
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The differences between the sensitivities of the two pretreatments
were not significant (P>0.1), but the higher level of cestrogen pretreatment
appeared to produce a preparation more sensitive to oxytocin, There was no
significant difference between the uterine strip weights of the two groups, |

probably because identical progesterone pretreatments were used,

(iii) Comment.

The S.B., of oxytocin response within pretreatments was still high,
particularly in pretrezatment A, It was ccnsidered that differences in
tension between preparations could be responsible for some of the between
preparation variation. Tension appeered to alter on occasions when the
isotonic lever descended to the bettom of the kymograph drum. In these
instances the uterine preperation was obviously stretched.

The Schilds lever was therefore adcpted in subseguent experiments

as this lever prevented over-stretching of the specimen in a manner previously

described (see page !9 ).

E. ZExperiment III.

"To determine the relative sensitivity to oxytocin of uterine strips
from ovariectomized rats pretreated with different combinations of stercid
hormones using the Schilds apparatus.™
Note. Prior to this experiment a preparatory experiment using the Schilds
lever was carried out, In this preparatory study a uterine strip from a
200 g rat sensitized for 48 hours with 0,2 mg stilboestrol was used, and a
wide range of oxytocin doses were employed., Each oxytocin dose was left in
the 32°C organ bath for 45 seconds before washing.

The following results were obtained:
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Response to Oxytocin (mm)

Dose 0.5 mU 1 mU 2 mU L4 mU 8 mU 16 nU 32 mU
1st Series 2 2 5 6 11 16
2nd Series 6 8 8 1L

Although the lever lost tension between the 1st and 2nd series

of oxytocin doses it was not over-stretched at any stage.

The 45 seconés

administration period gave a record of the contraction that was more cleerly

defined.

(1)

in which

different.

llethod.

the

progesterone was in short supply a

<

of progesterone administered

to each group was

This technique was adopted for the next series of experiments,

dcse sequence was adopted

markedly

Bight ovariectomized rats were allotted to four cages, one

mermber of each cage being allotted to treatment 4, and the other to treat-

ment B. The trestments were:
DAY 1 2 3 L 5
Progesterone (mg) 2 5 5 5 DALY OF
TREATVENT A EXPERIIENT
Oestradiol ()lg) - - 20 20
Progesterone (mg) 0,5 125 1425 14.25 DAY OF
TREATMENT B EXPER TL.ENT
Oestradiol  (pg) - - 20 20

Schild’s apparatus with the lever adjusted to apply a constant

tension of 1.3 g to the muscle preparation was used, and the period of




TABLE VI:

BODY WEIGHT, UTERINE STRIP WEIGHT AND UTERINE STRIP RESPONSE TO OXYTOCIN

ANIMAL  TREATMENT  WT. OF RAT WT. OF HORN RESPONSE TO ONE READING (mm) TOTAL
PAIR A OR B DOSE OF OXYTOCIN
(g) (mg) 0.,5mU 1 mU 20U 4 mU 8mU 16 mU
A 176 57 3 10 18 2L 3 L8 134
I
B 176 L9 L 2 1 2 L 8 21
A 196 107 L4 57 27 49 46 55 251
IT
B 198 Bh 0 7 6 12 20 52 77
A 227 95 77 5 29 80 83 87 L07
IIT
B 214 F i 0 0 7 17 16 a2 72
A 164 85 37 33 45 51 53 68 293
v
B 13 57 0 16 13 20 2L 47 120
A 191+23.8 86+9.5 39 33 30 53 53 65 271197.7
MEANS
A 95 B 192415.0 59:9.7 1 6 7 13 16 30 734113




oxytocin administration adopted was 45 seconds timed with a stop watch.

(ii) Results.

These are shovm in Table VI facing page 5E. Analyses of
variance are shcvm in Tables VI(a) and VI(b) facing page 359.

The uterine strips from rats pretreated with the higher level
of' progestercne were more sensitive to all administrations of oxytocin
than those treated with the lower level, This difference was significant
(P€0,05). The sitrip weights also were greater in the group that received
the most progesterone but this effect was significant only at the 10
level. It appeared that the technique adopted would be satisfactory for

o

use in further experiments of this nature,

Conclusions from Preliminary Zxperiments.

o

Although many varisbles can affect the results obtained with this
experimental procedure wnen applied to between animal comparisons these
preliminary experiments have showvn that, with surficient refinement in
technique, the effects of pretreatment changes on the uterine strip response
to oxytocin can be measured,

The literature indicates, (see Csapo and Corner, 1952, 1953;

Van Demark and Hays, 1952; Csapo, 1956a; Schofield, 1961), that variable
oestrogen and progesterone levels are associated with the sensitivity of
uterine muscle in the living animal, The evidence also suggests that an
interaction of these hormones decreases the oxytocic threshold of uterine
smooth muscle towards the end of the gestation period, These however are
subtle changes, liable to be detected only if careful replications are made.

A factorial experiment was therefore designed in an attempt to

determine how different combinations of exogenous oestrogens and progesterone

w BB



TABLE VI(a): ANALYSIS OF VARIANCE OF ALL RESPONSES 0,5-16 mU OF OXYTOCIN

Source‘of Variation (s 5 M.S. .
Pretreatment 1 79003 1.0 PL0.05
Error 6 7180

TABLE VI(b): ANALYSIS OF VARIANCE OF UTERINE STRIP WEIGHTS

Source of Variation d. L M.S. F.
Pretreatment 1 1458 L,92 0,1yP0,05
Error 6 290




would affect the sensitivity of the rat uterus to oxytocin stimulus and
also, whether the technigue which had been developed would be capable of

measuring these relatively subtle differences. If successful a similar

approach could be considered for examining material from pregnant animals.
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FACTORIAL EXPERIMENTS WITH THE RAT.

A, INTRODUCTION.

The preliminary experiments in rats indicated that pretreatment
with progesterone at levels of 1 mg tc 10 mg and ocestradiol at levels from
2 uz to 20 ug could be expected to affect uterine response at the dose levels

£ oxytocin being used. The follcowing dcse levels were selected from this

Progesterone 1 mg, 5 mg, and 10 mg
513, 10 pg, 20 pg

An experiment based on a factorial model, (Snedecor, 1956), was

.l 3 st T on & S s 3P ¥ — o T
used to study the efflects an of nine different combin-

fu
pie!
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tions of these levels of oestradiol and progesterone on the response of

ally as follows:

+ G + B

Az i3 =u+ B. + P, + 0, L
ijkn i J x m iikm

}.I.

Vhere B, represents the effect of the block (1 =1 to &k or 5),

. Pj represents the effect of the jth level of progesterone
(J = 1)2’5)’
O? represents the effect of the kth level of oestradiol

(k = 1’2’3),

(PO).k represents the interaction of the jth level of
¢ progesterone and the k™ level of ocestradiol
Eijk is the "between animal" error (Error I),

C represents the mth contraction in response to the m
dose of oxytocin (m = 1,2,3,4), and

E'. is the "within animal" error (Error II).
ijkm '
Nine ovariectomized rats in each block were randomly allotted to

one of the nine treatment combinations.
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B. GENERAL EXPERIIENTAL METHCD,

All rats receiving the same oestradiol dose were kept together in
one cage. Each rat in each group was receiving a different level of
progesterone, The pattern of dosing of the rats with progesterone and
oestradiol is as shown in Plan I, The progesterone was suspended in araciis
il so that the required amount was contained in 1 nl, Oestradiol was

suspended in arachis oil so that the required amount was' contained in 0.1 ml.

e

Both substances were suspended immediately before use and were injected

subcutaneously,

Plan L.

e =

GROUP I.

terone (mg) Day I Day II Day III Day IV

HEO

Cestradiol (}.1; } Proges

5 1 P P P+ Ce P + De
5 5 B P P+ Oe P + Oe
5 10 P P P4 Oe P + Ce

GROUP II,

Cestradiol ()15\ Progesterone (mg) Day I Day II Day III Day IV

10 1 P P P+ Oe P+ Ce
10 5 P b2 P+ Oe P + Oe
10 10 P P P+ Oe P + Oe

GROUP III.
Oestradiol (}15) Progesterone (mg) Day I Day II Day III Day IV
20 1 P P P + Oe P + Oe
20 b P P P + Oe P + Oe

20 10 P P P + Qe P + Oe
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On the day of examination the preparations for the blocks under
treatment were assembled as previously described. All the procedures

used were as described for preliminary experiment III for the rat, (see

page 56).

=

‘he doses of oxytocin used vere 1, 2, 4, and 8 mU, Each dose

was administered for L5 seconds and then washed out, Four minutes later
the specimen was agein washed and after a further minute the next dose of

oxytocin administered. Doges were ziven in ascending order five minutes

apart. The abcve process was repeated for each dose of oxytocin,
C, FACTORIAL EXPERINENT I.

ach block member
having been pretrezsted with one of nine combingtions of newly prepared

steroid ccmponents!,

(i) Method.

4 1

mach of the four blocks were examined as dcscribed in the

general experimental method.

(ii) Results.

These are listed in tabular form in Table VII facing page 62.
The analysis of variance is shown below in Table VII(a). 4 preliminary
analysis indicated that subclass means and standerd deviations were
related and the data were thérefore transformed by expressing the results

in logarithms (Kempthorne, 1952). (see over page)
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TABLE VII:

RAT

TER

[T &
Nid N4

TRIP RESPONSE

S (mm)+

TO CXYTOCI FOLLOWING VARIOUS STHROID HORIICNZ PRET

4
Siadin

NTS

1 mU dose response 2 mU dose response L4 U dose response 8 mU dose response
*B1 B2 B3 Bl | B4 B2 B3 Bl B1 B2 B3 Bl B B2 B3 Bl
p1O 50 6 26 4 | 5 12 20 5 62 15 27 7 &1 21 42 9
P, 0 25 19 7 6 f 22 27 15 7 29 30 23 5 35 32 31 10
P, 0, 0 30 56 0 i 13 30 b 5 19 37 70 8 31 47 7 10
I!
|
| | .
P201 13 15 13 0 ; ° 13 13 11 14 17 13 20 2l 26 17 30
PO, L 16 20 0 6 15 14 18 6 18 23 22 g 2l 30 26
Dzo5 16 10 3 12 16 11 by 13 27 12 b 11 27 17 L3 17
ijo1 L L 2l 17 42 8 N 18 L2 23 26 99 L5 38 32 23
|P,0, 22 26 16 22 26 38 26 25 29 L0 22 29 38 60 37 33
o
|p303 10 12 2 18 F 14 5 16 15 16 9 P 16 22 14 2L

i
i

® B1-B4 = Blocks.

*xp 01-P 0

1

33

= Treatment combinations of oestrocgen and progesterone.

i Response is the highest point of the contraction above the base line following each oxytocin administration (mm).




TABLE VII(a): *ANALYSIS OF VARIANCE OF UTERINE STRIP RESPONSES
Source of Variation Bafs S F

Blocks 3 0.L.788 2 P>0.05
Pretreatments 8 0.1879 0.79 P»0.05

W -~
Error I1:

Blocks x Pretreatments 20 0.258L.
Contractions 2 0.6681 23.77 P<0,001
Contractions x Pretreatment 24 C.0162 0.58 P>0,05

Error II1:

Blocks x Contractions +

. y
Blocks x Pr

Contractions 81 0.0281
*Data coded and transformed according to the expression ¥ = 1 + log
N whes % 1 mad - . 2
(x+0,2) where Y was analysed and x was the response in cm<,

1

The analysis of variance indicated a highly significant
difference between the responses produced by each administration level
of oxytocin and in most preparations there was a clear increase in
response when the oxytocin dose was increased. The analysis did not,
however, indicate a true pretreatment effect on oxytocin response owing

to the considerable interaction between blocks and pretreatments.

(iii) Comment.

The insignificant effect of the different pretreatments may
have been due to too great a similarity between the different hormone

levels used, but the variation in response between animals on the same

_6_3_



treatment was larger than anticipated from earlier experiments. It was
considered that this might in part, be due to variations in mechanical
stimulation of the preparation during assenbly, Modifications of the
assenbly prccess were considered for future investigations.

The large varistion due to blocks was also difficult to explain
as there were no apparent differences in the technigue, It was vossible
that insufficient mixing of the pretrestment drugs vdith the diluting
arachis oil may have led to variations in pretreatment in individuzl blocks,

In order tc examine the possibility thet inadequate mixing of the

1 T 5 Vsl s = =
anormones nac been o1

five more cxpnerimental blocks were

-

technigue, except that all the

cestradiol and progestercne dilutions were made up prior to the commence-

ne first block in the new series,

It wes alsc Pelt that the simple messurement of amplitude of

ey

contraction cculd obscure subtle differences and cother neasurements were

considered for subsecuent blocks.,

D . Pl x‘.svrl CA\.I‘ I-

ve sensitivity to oxytocin of uterine

.
P
D
H
Lo}
l,.J
& .‘-
F"

"o compare
strips from a series of five blocks of nine ovariectomized rats per block,
each blocl: member to be pretreated with one of nine stercid combinations,
the components of which had been made up prior to the beginning of the

experiment",

(i) liethod.

Each of the five blocks were pretreated as described in the
general experimental method except that sufficient quantities of the

steroid dilutions for all five blocks were made up prior to the pretreatment

s Bl



TABLE VIII:

RAT UTERTNE STRIP RESPONSES ( r:.m)+ TO OXYTOCIN FOLLOVING VARIOUS STEROID HORIIONE PRETREATIENTS

1 mU dose response 2 mU dose response
i B B B B B
B1A B2A BEA B&A J5A 14 BEA JSA LA
=P1O1 36 50 0 7 17 Lo 92 11 9
P1O2 14 37 6 17 7 46 69 20 20
503 10 2 2 2 3 ¥ 8 A 7
PZO1 25 8 13 1 50 36 20 15 2
PO 55 1 2 7 s 57 I 17 22
272
PO 75 6 L 2 15 55 16 23 8
23
p301 30 7 15 3 20 L5 10 27 13
P302 65 10 15 7 7 8L i 27 10
P_0 58 L 0 3 10 82 5 11 8
33
® - = Blocks.
B1AB5A ocks
“~‘*P‘IO1—P3'C.3 = Treatment combinations of oestrogen and progesﬂerone.

:
54

22

N
(81

U
NS

N
(95)

L2

35

4 mU dose response

8 mU dose response

%A Boa %A %m Bm %A Boa %A %m Em
62 ol 19 22 40 72 100 30 32 53
55 92 40 35 27 77 100 6l 75 32
25 20 8 12 LO 32 40 14 18 35
32 35 18 3 60 45 55 32 L0 55
62 107 LO 20 57 7 52 20 L6
L3 37 36 20 60 29 57 39 70 55
27 15 40 22 Ly 29 26 60 10 90
46 20 56 13 77 60 30 65 12 97

10 7 16 32 57 109 10 2l 32 57

* Response is the highest point of the contraction above the base line following each oxytocin administration (mm),
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of the first block., The progesterone and oestradiol dose levels were

unaltered, but the arachis oil dilution of the progesterone was reduced

so that each dose of this norﬂoné was suspended in 0,5 ml instead of 1 ml,

to avoid the distress of bulky injections., Also after the first block

in this experiment had been examined the kymograph drum was allowed to

run continuously in order to nmake a more detailed record of oxytocin resnonse.
During assembly the cotton connection from the specirmen was allowed

to drape over the point of attachment on the lever under the weight of 1 g

£

lasticine to wnich it had been attached. This avoided uneven tension

-
Ve

L o)

being applied to the preparation during the assembly process, The 1 g

weignt was cut off prior to the lever being raised to the horizontal position.
/e .
(i1) Results.

These are listed in tabular form in Table VIII facing page 65.

v i vr e d Sy A i $ shrarn Bolenr 9w Maklas TYT m . PO

The analysis cf variance is shown below in Table VIII(a), The data was again
) Yo g . . . e T W, B

transformed by taking logarithms of the responses as in Factoriazl Experiment I,

sts of significance were made on oestradiol and progesterone effects and

their interaction, in addition to testing for overall treatment effecl,
TABLE VIII(a): * AVALYSTS OF VARIANCE ( HERINE STRIP RESPONSES
Source of Variation d.f. M. S, F
Blocks L 1 ..2921 1
Pretreatments 8 0.3042
Progesterone 2 0.1348
Oestradiol 2 0.5157 2.95 P¢£0,08
Progesterone x Oestradiol L 0.2832
Error I1:
Blocks x Pretreatments 52 0.1754
Contractions 3 21222 60.39 PL0.0O1
Contractions x Pretreatments 24 0.0285
Error II:

Blocks x Contractions
+ Blocks x Pretreatment
x Contractions 108 0,051 7

* Data transformed - see footnote Table VII(a).



Progesterone did not produce a significant effect, neither did
its interaction with oestradiol, The oestradicl effect was significant

at the & level of probsbility. The ocestradicl pretreatment means (+ S.E,)

in transforred units were:

Low Cesiradicl 1 .08 + 0.108
Vedium Oestradicl 4.500 + 0,408
High Oestradiol 1 320 + 0.108

covariance with uterine strip weight was carried

(937

N Jts §, it - s i e Y aamre Bedls s o
cut cn the Ltk contraction using both ftransforme

and untransformed date.
Both methods improved the F ratic and reduced the S,E, but the changes were

not sufficiently great to justify the covarisnce analysis being carried out

o o

- g 2 « ya i) s
on &1l coptractions.
EX i I S e 2, w 1 o M <ok T 3 T
(243 Joirt Analysie of Factorial Esperimente I and I7.
The date from the r Y siadas /’O‘l g N } Ay -
L ILE e 110 e nNlno O4CCKS (\O1 raz<e,;, wihaicn rnal oeell used in

-y

o W TIPSR B = " O T ORI . W ST RO ST SO N, SR P ey el s
Experiménts I and IT were conbired and subjected tc an analysis of veriance,

L 4P

The combired anelysis did no® inmprove the ocestrogen effect, This effect

p-le
e

cf oestrad dose, significant at the & level in Table VIII(a), was clearly
not significant (P>0.1) in the combined analysis.

An analysis of covariance with uterine strip weight was carried
out on all contractions for all nine blocks. This reduced the error term

by 17.6+, but did not bring the treatment effect within the limits of signif-

icance,

E, ALTERNATIVE METHODS OF MEASURING RESPONSE.

I. Highest amplitude following Administration.

During the recording of the last four blocks the kymograph drum

was allowed to run continuously, A clearly defined contraction peak was
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recorded after each oxytocin administration (see Fig. V facing page 67).
The peaks of these responses occurred after the oxytocin had been washed
from the organ bath, and their height bore a relationship on visual examin-
ation, to the magnitude of the oxytocin dose that had been administered,
The possible significance of these responses in relation to pre-
treatment was evaluated by measuring the highest amplitude that occurred
followins the administration of each dose of oxytocin and before the admini-
stration of the next for each prevaration. Consequently this system of
evaluation did not entail a set time interval during which measurements were
made as had formerly been the case vhere measurements had been taken during

the 45 second administration period.

The analysis of wvariance for the sum of four contractions is

sunrnerised below in Table IX,
TaBLE IZ: OF ViRIACE OF UTERTNE STRIP RESPOHNSES
]
Source of Variztion S I It ) -j
Blocks 3 01952
Protreatient 8 0.1719 ¢ (P ;7
Prosesterone 2 0.0157 0.17
Cestrozen 2 0.1827 1,85
Progestarone x Cestrogen L 0,242 2,48 0,1>P>0.05
Zrror
Block x Pretreatment 24 0.0986

* The highest amplitude of the contraction following each oxytocin stimulus
was measured (mm), The results were analysed after summing contractions
for each pretreatment and transforming the totals to logs.

The levels of significance attained using this method of measuring

w Y =



response were little if any better than the previous method used and the

technique was not investigated further.

II. Area leasurement for Period of Administration liinus Area leasurement

for a Similar Period of Control,

All kymogreph tracings recorded when the drum was allowed to turn
continuously indicated peak contractions for each oxytocin administration,
These peak contrections appeared to vary in size depending on the pretreat-
ment that the particular uterine strip had received but these observations
had not been substantiated by the analyses so far conducted. Duration of
contraction, however, had not been taken into considerstion to this point
and as duration as well as amplitude might very well be interpreted as a
corponent of the response to a stimulus, an effort to make an analysis
taking this into consideration was made.

Planimeter measurements of the area beneath the.trace that coin-
cided with the period of each oxytccin administration were considered as a
for this measurenient, It seemed that the adoption of this method
would allow both the extent and duration of each contraction to be propor-

tionately represented,

(1) MNethod.

Areas on the kymograph recordings from the last four blocks where
tracings were continuous were outlined as follows, The kymograph paper
was placed on a drawing board, and perpendicular lines were drawn through
the points at which oxytocin was administered. Two other perpendicular
lines were drawn at a distance equivalent to 90 seconds time on either side
of the administration line, The two areas enclosed by these lines repre-
sented intervals during which, in one case, oxytocin was exerting its

influence (it had been in contact with the strip for the first 45 of the 90
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second period), and in the second oxytocin had been washed from the
preparation 3 minutes 30 seconds before the measurement was made i.e, only

"carry over" effects from the previous stimulus, if any at all, were being

recorded,
The base line for these two areas was constructed by drewing a
line across —them—thet—ven—through the two lowest points of the kymograph

record (Fig. VI facing page 69). DBoth areas were measured in square
centireters for each oxytocin administration. Each individual area wes
measured twice with the planimeter, and if the measurements differed by
less than C,COL cm2 a mean of the two readings was accepted as a record of

the area concerned. If the first two readings differed by more than this

accepted error, they were measured until two readings were made that coin-

The control readings, (prior to oxytocin administrastion for the

O

particular dose in question), were subtracted from the contraction readings.

(during and after a particular dose of oxytocin had been given), and the
ifflerences gave a measurement of oxytocin resvponse, These measurements

were trensformed by taldng logarithms, after coding to remove negative

readings.

3 _



TABLE X:

ANALYSIS OF VARIANCE OF UTERINE STRIP RESPCNSE#*

Source of variation (%, M.S. F
Blocks 0.0724
Pretreatments 0.1486 2.78 (P<€0.05)
Progesterone 2 0.1911 3.57 {(P<0,05)
Linear response % 0.2227 4,17 (P<0.10)
Non-linear response 0.15% 2.98 (P<0.10)
Oestradiol 2 0175 2,20 (P>0.10)
Linear response 0.0407 0.76
Non-linear response 0.1943 3,63 (P<0.10)
Progesterone X Oestradiol L 0.1429 2,67 (P<0.10)
Linear responses 0.2944 Lo (P<0,10)
Non-linear responses 0.2375 L4 (P<0,05)
Linear and Non-linear
responses 0.0598 1.42 (P»0.10)
Blocks X Pretreatments
(Error I) 24 0.0535
Contractions 3 0.4563 14,30 (P<0.001)
Contractions x .Pretreat-
ments 2L 0.0523 1.64 (P20,05)
Contractions x Progester-
one 6 0.0442 1.29 (P>0.1)
Contractions x Oestradiol 6 0.0823 2.57 (P<0.05)
Contractions x Prog., x Oest., 12 0.0429 1.3 (P>0.1)
Blocks x Contractions )
Blocks x Pretreatments x )
Contractions )
(Error II) 81 0.0319

: 2
* Response measured as the difference between two areas (see text): Xem;

analysis of the data for Blocks B

form: Y =1 + log (X +1).

*%* Response to log-dose of steroid,.

2a

- B5a in the transformed and coded
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(ii) Results.

The effects of stercid pretreatment on the response to oxytocin,
reasured as the difference of two areas, are given in deteil in Appendix V,

3

The analysis of variance of these data, after transformation by taking

i

r‘._n

logarithms, is presented in Table X facin

I la “ ng pag

(2) Differences between contractions.

4s in previous analyses of variance (see Tables VIIa and VIIla)

tions was nizhly signifi-

The mean response to 8 U oxytocin vas
and this resgonse in turn was greater than that to 2 tU and 1 mU (F<0.0¢1 ).

o~ P == o, N i, L ey L, &
te the two lovwest deses did not dif

i e et o e L. 4 &
OXY ;CC.‘“, a8 & series 01 ascenaing acses
%} ‘ tarine nieparsti Nelt o +3 40+t ied Sap . a rias aof
with each uterine preparstioh, ac ved its intended purpcse; a series of
K o pos P L RN SRRECE . P, W ... 4 i % B 0 38 pp -
inereasing contractions which would allow the detection of different responses

» " R . L 5 4 B . A
tc pretreatment with cestradicl and prosesterone (see alsc subsection (¢} ).

(v} Effects of pretreatmen th ocestradiol and prozesterone.

The mean responses for individual treatment combinations and for
each level of oestradiol and progesterone are shown in Table %(a) facing
page 7.

The results of the analysis of variance (Table X(a) ) clearly
indicated a significant effect of level of progesterone treatment (R0.05)
which was not a simple linear response to log. dose of progesterone; both
higher doses of progesterone depressed the uterine strip response, The
total mean sguare for the effect of oestradiol was not significent, but

there was evidence (P = approximstely 0,08) of a non-linear response, with



TABLE X(a): *NEAN RESPONSE ACCORDING TO PROGESTERONE AND OESTRADIOL

et Lael Progesterone level (mg)
(pe) 1 5 10 All levels
5 1.303 1,086 1.1 1477
10 1.356 1,310 1.160 1275
20 1 .226 1.133 1,295 1.218
All levels 1295 1176 1499

*llean response for L contractions for each of 4 animals or 12 animals
(Blocks By, = Bsg Factorial Experiment II), The means relate to
data coded and transformed: Y =1 + log (X + 1) where X was the
difference between two areas in cm? (see text).

TABLE X(b): MEAN RESPONSE *ACCORDING TO LEVEL OF OXYTCCIN AND OESTRADIOL
PRETREATMENT

. e - .

Oxytocin dose level (mU)
Oestradiol level

5 1075 1.181 1437 1314

10 1491 1 .257 19299 137k

20 1.119 1.025 1350 1.378

All levels 1.108 1415 16275 16355

*See footnote to Table X(a). In this table the significance of
difflerences between the means for various levels of oxytocin is
indicated by underlining the means which do not differ significantly.



the intermediate level of this hormone causing a greater response than
either the low or high dose.

Apert from these "main effects" there was also evidence of
interaction between the two stercids (P£0.10). The analysis of variance
indicated that the overall interaction was largely a matter of interaction
between the linear responses to the two hormeones (F<0.10), on the one hand,
and interzction between the non-linear respcnses (F<0.05) on the other hand,
The former effect can be seer in the differences in response to the two

extreme doses of

oestradiol in combination with low progesterone as asgainst
high progesterone, In combination with the low dose of prozesterone the
responses to high and low doses of oestradiol were similar, but in combin-
ation with the high .dese of progesterone the high level of oestradiol gave
a greater response than the low level (see Table X(a)) The latter effect

indicated that the response to the intermediate dose of oestradiol,

%

relative to the extreme doses, differed whern given with the internediate
dose of prozesterone from that when given witih either of the other doses
of vprogestercne, In combination with the intermediate level of progester-
one, but nct with other levels of progesterone, the intermediate dcse of
oestradiol gave a greater uterine response than either the low or high dose
(see Table K(b) ). This latter difference was large and resulted in the
non-linear response to oestradiol over all levels of progesterone noted abcve.
The medifying effect of oestradiol on the response to progesterone
can be examined in another way; by using a t-test to detect significant

differences between the means for oestradiol levels within each progesterone

level in Table X(a). The results of this examination are summerized below:

P103 P201 P3O1
P101 P203 P302
FHOZ P202 PBO3
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The symbols P and O designate progesterone and oestradiol and

the subscripts 1, 2 and 3 the low, intermediate and high dose respectively,
VWithin each cclumn the mean responses are in increasing order from top to
bettom, lleans not joined by the vertical line differ significantly
(P€0.05). At the lowest dose of progesterone, which gave greater responses
than the other two levels of this hormone, the level of oestradiol did not
have a significant effect. As the level of progesterorne increased, a

ificant opposing effect of increased level of cestradiol appeared. At

the intermediate level of progesterone, the intermediate level of oestradiol

L'.)

h

1ig

[

offset the depressing effect of increased progesterone whereas at the hig

level of progestercne only the high level of oestradiol offset the depressing

effect of the other steroid.

N - . B ! . .
(¢} Intersction between stercids and oxrtocin levels.

ot

ion between contractions and

pretreatments (Table Z). hen this interaction vas partiticned only the

(contractions") was significant (PL0,05). The relevant means Tor this
intersction are presented in Teble X(b) and these have been further exarmined
t . The overall mecans for each dose of oxytocin are alsc included
in this table,

Although, as indicated above, the overall means show a stepwise
increase with oxytocin dose, increases which were significant apart from
that between the two lowest doses, this effect was not uniform between levels
of ocestrogen pretreatment, This interaction was, however, confined to the
relative position of the two intermediate levels of oxytocin., At all levels
of oestradiol the highest level of oxytocin gave a mean response which was

significantly greater than that of the lowest level.

S



Sumnmary of Area Neasurement Findings.

The technique of measuring the response by determining areas
under the response curve (for description see text page 68) resulted in a
number of significant findings in this experiment.

Pretreatment with steroid hormone combinations had a significant
effect upon oxytocin response, This overall effect of pretreatment on
all contractions was due largely to the progesterone component, Signifi-
cantly greater respcnses occurred at low progesterone doses (Table X(a) ),

than occurred at medium and high levels of this hormone. Cestradicl, at

doses of progesterone and althouzh the effect of the two higher doses of
prozesterone was similar, a higher level of oestradiol was reguired to

counteract the depressing effect of progestercne at the higher level.

The area measurement method though extrenely time consuming, gave
results upon analysis that were of greater significance than the resultis
obtained from the amplitude methods, 4As this technigue was an estimate,
at least to some degree, of duration as well as amplitude, (both components

of a response to stimulus in this type of preparation), it was considered

the best approach for measuring and analysing the response in future work

of this type.

F, VARIANT OF FACTORIAL EXPERIMENT II.

This additional experiment was run in conjunction with each of
the last four blocks by examining the opposite horn to the one used in the
Factorial Experiment II, A second observer participated in this experiment

using a modified method of stimulation of the uterine strip.
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(1) Method.

Six of the pretreatment levels of the factorial were selected,

oY PZOB; P302; P303.

PO PO ; PO
2
The alternate horns were assembled immediately their counterpart, selected
at random for the main experiment, had been removed from the organ bath,
A similar method of assembly of the horn was used except that it was done
by a separate observer, and, a 5 g as opposed to a 1 g weight was used when
he free end of the cotton was draped over the writing point lever.

Only two doses of oxytocin, 1 nU and 4 nU, were administered, but

for a 3 minute not a 45 second period and with 10 minutes between each dose,

The preparation was washed twice before the second oxytocin administration,

once at the removal of the 1 mU dose and again within five minutes, allowing
a further five minutes to elapse before the 4 mU dose was given, This

washing routine was clso followed before administration of the 1 mU dose,
The response was measured by determming the area under the kyrmcgraph
tracing during the administration period, plus the area under the tracing
—_ 5w 3 : ; i ; 2
for the 3 minute period immediately following this administration (cm”™),
The area for the six minutes immediately prior to the administration
of oxytocin was deducted from the sum of areas for the two three minute
periods described, The difference represented the response for the level

of oxytocin administered and was compared with the responses to these levels

for the appropriate pretreatments in the main experiment,

(ii) Analysis of results.

An analysis of variance was carried out for each of the doses of

oxytocin used and these are shown on the following page (75):

o T



TABLE XI:

AVALYSIS OF VARTANCE OF RESPONSES TO 1 mU DOSE OF OXYTOC I

- 75 =

Source of Variation d.r, K.S.

Pretreatment 0.0553

Block 0.0605

Observer 0.0547

Pretreatment x Block 15 0, 0252 & 4 N.8,
Pretreatment x Observer 5 0.0251 s 1 N.S.
Block x Observer 3 0.1 79 L4 N.S,
Residual 15 0.0253
TQELE_&; a}: ANALYSIS OF VARIANCE CI RESPCUISES TC L4 mU DOSE OF OXYTOCIN
Source of Variation S o0 e F
Pretreatment 5 0,0780

Block 5 0,055

Cbserver 1 0.8034

Pretreatment x Block 15 0.0377 <4 N.8,
Pretreatment x Observer 5 0.0524 1.21 N,.S3,
Block x Observer 3 0.0333 L1 N.S,
Residual 405 0.0431

There was no significant interaction between pretreatment and
block, nor between pretreatment and observer, nor between block and

observer for response to oxytocin at either dose level,



(iii) Comment.

These analyses showed that there was no significant difference
between the results obtained by two different observers using slightly
different methods, Then the responses to pretreatment were ranked for
each observer tihese did not differ.

— -
1

Conclusions from Factorial Experiments.

The variation in oxytocin respense between rat uteri attached
to an isotonic system in vitro is high, but this response was altered to

4

"
e

.
OlC

a detectable degree in preliminary experiments by pretreatment with s

¢

hormones., The differences in levels of steroid hcrmones were relatively
great and their effect on oxytocin respcnse could be detected by simple
amplitude measurements On the other hand when a more limited range of
dose levels were used simple measurements of amplitude of contraction did
not enable detection of significant differences even with 9 replications,
The method of measuring the areca of a contraction and subtracting

from it the corresponding control area for each oxytocin dose gave signifi-
cant results (with only 4 animals per treatment) with nire steroid pretreat-
ments used in a factorisl experiment, These results did not differ from

those of another observer who employed a similer method on each occasicn,

using the opposite horn of each preparation from six of these pretreatments.
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RTHER COMPARISONS OF THE EFFECTS OF S

T=ROID HCRMONES ON THE RESPCNSES

Enl

OF THE UTERINE IMUSCIE

OF THE RAT.

A, ITNTRODUCTION,

Ividence fron

response to oxytocin

of this activity was

the rats had received

i
L& B

O

administration, an

1zve had en prog

hormene were lowered,

PERTENT ik

,Jx... el ddv adi

t

pretreated with either progesterone or cestrediol alone,

(i) Method.

total of
rats represented the

each of four groups.

3 T B & o el o g
LVen 1i1rs8c Le wWle :—;O;;

secondly to the influence

the factorial experiment showed that grester uterine

occurred when progesterone levels were low, The degree

influenced to some extent by the amocunt of ocestradiol

lowever, the oestradiol had always been injected after

prozesterone for two days. Consideration was therefore
sible effects of reversing the order of ecstradiocl

that the arachis oil diluent

sterone absorption when the concentratior

the effects on oxybocin sensitivity of rat uteri

v

and to compare the

3

rones as a combined pretreatment given in both the
- (&)

2L rats were used in this experiment, Twelve of these

first block, in which 3 rats were randomly allctted to

This block was examined on experiment day 1, and five

weeks later another twelve rats were allotted to a second block in a similar

manner for examination on experiment day 2.

One dose level of each steroid

was selected namely 5 mg progesterone and 10/pg oestradiol, and the pattern

s FF =



of their administration is showm in Plan II,

PLAN IT,

DAY 1 DY 2 DiY 3 DAY L
Group I
Oeastrads ol 3
Cestradiol ( g) = = 10 19
Group II
Progesterone (mg) B 5 5 5
5 5 > 3
= = 10 10
Group IV.
Cesiradiol ng) 10 10 . =
Progestieronc (mg) 5 5 5 5

The procedure for examining the uterine preparations was the
sane as for factorial experiment II except that the € nU dose of oxytccin
was omitted. Responses were assessed by measuring the area cf contraction

as outlined previously. Zach uterine strip was weighed on a torsicn

balance sensitive to C.00M1 g immediately it was removed from the crgan bath,

(ii) Results.

The results are summarised in Table XITI facing page 79. Because
of the marked differences between groups in the variances of both strip
response and strip weight, dif'ferences which could not be removed by simple

transformation (see Kempthorne, 1952), analysis of variance was not attempted.
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1

for each dose of oxytocin used (1, 2 and 4 nU),

technique see text.

10  (x + 10) where x

= difference (cmz) between the oxytocin and control area

Por details of this measuring

TABLE XITI: UTERINE STRIP WEIGHT AND RESPONSE TO STLMULUS WITH OXYTOCIN
Pretreatment i II III v
Response Strip wt, Response Strip wt., Response Strip wt. Response Strip wt.
b (rg) Y (mg) Y (mg) Y (mg)
Lo 5 29 L6 50 76 45 a7
2 L, 58 53 30 L 33 49
39 50 1 5 60 100 5 55
27 L6 29 L7 36 48 37 39
30 5 I 63 26 83 56 71
33 L2 2k L6 8l 6L Iy 66
MEAN 3340 47.8 353 51.0 47.7 634 Lh.3 '52.8
+ S.E, +242 +1.9 +5.1 2.7 +8.9 +8.4 +3.8 0.7
* Y = total response to oxytocin stimulus transformed according to the expression




Approximate "t" tests (Cochran and Cox, 1957) were therefore used to
exanine the differences that weould have been orthogonal in an analysis of

variance, i.e. :

Groups IvII)
N.S.
IIT v IV )

I+ ITIyIIT+ IV )P 0.05

For both responses the groups (I and II) treated with only
cestradicl or progestercne did not differ significantly nor did groups (III
and IV) receiving both steroids but in different order. However, the
groups receiving both siercids (irrespective of order of administration)
had greater strip responses and strip weights then the groups receiving the
oo

single hormone only,

iii) Corrent,

to be no advantage in reversing the order of

S ~F radmsdY i} T
retion of oestradiol ané pro

administ

B

experiments,

C. EXPERDVENT TI.

"To compare the effects of two progesterone dilutions used during
the pretreatment period on the response of ovariectomised rat uterine

strips to a stimulus with 3 mU of oxytocin",

(1) MNethod.

A total of 24 rats were used in this experiment and they were
randomly allotted to four pretreatment groups. The oestrogen component

of each pretreatment was kept constant with 10‘pg oestradiol being used on
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each group.

The progesterone component was varied, 1 mg and 5 rmg of this
hormone were the doses selected; and each was ziven to one of the groups
in concentrated forn (0.1 ml and 0,5 ml respectively). Lach of the two
remaining groups received one of these dose levels diluted with 0.5 nl

arschis oil, The pattern of pretreatment administretion is shovm in Plan

ITY, CExperimental examination of all preparations was carried out on Day 5,

PL:N IIT.

DAY 1 DY 2 DAY 3 DiY L
GIroup i
Cestradiol (pg) - - 1€ 10
Progesterone (mg) DILUTED 1 1 1 1
Greup II
Jestradiol 'Fg> " - e 10
Progesterone (mg) CONCENTRATED 1 1 1 !
Group IIT
Cestradiol \pr) - - 10 10
Progesterone (mg) DILUTED 5 5 5 5
Group IV
Oestradiol (ps) - - 10 10
Progesterone (mg) CONCENTRATED 5 5 5 5

The same procedure was used to measure uterine contractions,
except that only one dose of oxytocin, namely 3 mU, was given to each
preparation, This dose was selected because small areas had been difficult

to measure, while larger areas with many indentations in the contraction
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TABLE XIII:

UTERINE STRIP

WEIGHT AND =RUSPONSE TO 3 mU OXYTOCIN

Pretreatment I v

Response Strip wt. Response Strip wt. Response Strip wt. Response Strip wt.

(cm2x1OO) (mg) (cm2x100) (mg) (cm2x100) (me) (cm2x100) (mg)

3 66 21 6 19 fse oh 106

8 80 12 S L2 N 25 92

L L8 25 55 14 85 18 96

2 68 7 55 I 76 11 90

1 52 19 82 37 6L L7 3

6 97 6 56 22 85 19 7

MEAN 4.0 68.5 155 58.0 29.2 79.3 29.2 89,3
+ S.E. 11 +7 31 +5.0 +5.0 £5:9 .3 +5.0

* Response as

(cm2) coded by x100 to remove decimal figures.

the difference between oxytocin and control area



- &

line had proved laborious in terms of time, Once again uterine weights

were recorded as previously described,

The results are summarised in Table XIII facing page &1. Because
of marked differences in the variance of strip -response to oxytocin,

differences which were not likely to be removed by transforming to logs,

(Tempthorne, 1952), aralysis of variance was restricted to the uterine strip
weizhts and an approximate "t" test (Cochran and Cox, 1957) was used to

examine the differences in uterine strip response to oxytoein.

sing this test the comparison Groups I v IT was significant

N . - . . . E -
(P€0,001 ) vhereas the corperison Groups ITI vy IV was not significant (P20,05).

2]
s

Thus there was a narked effect of diluvion at the lower dose of pregestercne
but no effect (the mean resnonces vere iicniiCﬁI) gt the nigher dose,

The eanalysis o0 variance of uterdine strip weights is shown below
m,. 1 ek s = o ¥ X
(Table ZXITI(a) ).
TABLE XIII(a): ATALYSIS OF VARTAICE 0F STRIP WEIGHTS
Source of Variation 5 7% M.S. F

Pretreaiment 3 1099. 6.1 P<0.01
Dilution 1 0.k

Dosage 1 2667.0 14..8 P<O.O4
Dilution x Dosage 1 630.L 3.5 D AWPX0.05

Error 20 180.1

The effect of dose of progesterone was clearly significant

(P<0,01 ) whereas the effect of dilution of the hormone on uterine strip



weight was not significant, Nor in this case was there any clear cut
intersction between dilution and dosage (0,10)P»0,05) although it was noted
that the progesterone, when used in the concentrated form, produced relat-
ively greater dose response differences (mean strip weights of 58,0 4 + 5.0 ng
and 89,3 + 5.0 mg for the 1 mg and 5 mg doses of progestercne respectively)

1

than when used in the diluted form (68.5 + 7.4 mg and 79.3 + 3.9 mg

respectively).

Conclusions from Corpparative LExperinments

Uterine strip weiglits were a mere sensitive indication of pre-

treatment effect than was uterine oxytocic respon This was not unexpected
in view of the opportunities for error when applying a mechanicel technigue

.

on a between animal basis,

Oestradiol alone produced the lightest uteri and these avreared
tc be the least sensitive tc oxyrtocin, Corbined progesterone oestradiol
%

pretreatment given in standard order produced the heaviest uteri and these
appearcd to be the most sensitive,

Arachis oil diluent however, interfered markedly with oxytocic
response when progsesterone levels were low, but it had less effect when
these levels were raised, Conversely there were greater differences
between the uterine weights for the two prozesterone doses when the arachis
oil was omitted,

It seems reasonable to conclude therefore that ccmbinations of
progesterone and oestradiol can influence uterine oxytocic response to a

degree that depends upon the dose administered and the concentration in

which it is contained,
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CHAPTER 6.  SUMMARY AND CONCLUSIONS.

Although critical time sequence studies of the birth process
have been carried out in a number of species such as man (Caldeyro
Barcia and Poseiro, 1959; Jeffcoate, 1965), rabbit (Cross, 1958b;
Bengtsson, 1957; Csapo, Takeda and Wood, 1963), cattle (Gillette and
Holm, 1963), sheep (Hindson et al, 1965) and pigs (Jones, 1966), the
events which precipitate and control parturition are as yet not completely
understood., After consideration of the various techniques which had
been utilised in these and similar investigations a basic in vitro study
of some of the events associgted with changing activity of the myometrium
was planned,

The experiments reported in this thesis were undertaken,
therefore, with the objective of defining the effects of two groups of
steroid hormones (oestrogens and progestogens) on the response of the
myometrium to stimulus with synthetic oxytocin.

In the intact animal both nervous and endogenous endocrine
factors, particularly those of the ovary and posterior pituitary gland,
have been shown to exert ccnsiderable influence over the activity of the
myometrium (see literature review) and as long ago as 1904 it had been
shown that the excised uterus would contract when freed from its nervous
connections (Kurdinowski, 1904). Oxytocin in suitable dosage had been
shown to override these nervous effects at least in the rabbit (Cross,
1958b). Moreover, with both in vitro and in vivo preparations pre-
treatment of the experimental subject with either progestogens or
oestrogens has been shown to markedly modify the response to this drug
(Burnstock et al, 1963; Reynolds, 1965).

With these points in mind the techniques employed in this
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study involved selection of uterine strips from previously ovariecto-
mized subjects which had, subsequent to this operation, been treated
with a specified combination of the steroid hormones under test,

The uterine strips (in most cases one complete uterine horn) were
assembled in an organ bath and connected to a lever which would record
contractions on a kymograph in a conventional isotonic system, The
responsesof the strips to graded doses of oxytocin were measured either
by determining the amplitude of the resulting contraction from a given
base line or in the later experiments by measuring the area under the
dose response trace following such a stimulus, and relating it to the
activity which had been occurring (if any) immediately prior to the
stimulus., As numerous other factors such as temperature, tension,
ionic status of the solutions used and assembly technique were known

to affect such uterine preparations considerable care was taken in an
effort to .standardise these conditions for each experiment. MNinor
modifications in method, however, were often found necessary to improve
technique from one experiment to the next - these changes are documented
and discussed in the main text of the thesis. Initially ovariecto-
mized guinea pigs were used as experimental subjects but these were
abandoned later for ovariectomized albinc rats, Finally preliminary
experiments were undertaken with rats pregnant in only one uterine horn,
a situation that was achieved by mating after unilateral ovariectomy
(see Appendix VI),

Experiments with the guinea pig demonstrated that pretreatment
with oestradiol and progesteroﬁe did increase the sensitivity of the
uterus to oxytocin when the responses obtained were compared with those
from control animals which had not been pretreated with these hormones,

Variability of response between animals within each experimental group
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was high and spontaneous activity in some preparations, particularly

from control groups was a major problem, It was clear that large
numbers of animals would be necessary in further studies of this type

if satisfactory precision was to be obtained. The guinea pig also
presented certain anatomical and physiological features that were
undesirable for future work with pregnant animals and these factors,
coupled with the findings of other authors that the uterus of this

species was unsuitable for oxytocin assay (Holton, 1948; Stewart, 1949;
Thorp, 1950; Lewis, 1964) led to a decision to continue the investigation
with material from a strain of Sprague Dawley rats,

The interesting problem which remains unsolved, however, is the
reason for continuing spontaneous activity in preparations from some
guinea pigs which had been ovariectomized several weeks prior to the
preparation being examined., Residual effects of steroid hormones known
to affect uterine activity seem unlikely after this length of time; nor
was there any evidence from the experiments to indicate this, The
possibility of an alternative endogenous source of hormone developing
after ovariectomy from tissue such as that present in the adrenal gland
cannot be dismissed although no relationship between uterine response
and adrenal weight was found, The influence of exogenous hormone in
the diet was unlikely to account for large differences between animals,

No explanation for the phenomenon apart from inherent animal variation
can be given,

Preliminary experiments with the rat demonstrated that differences
between pretreatments with widely divergent combinations of oestradiol
and progesterone could be measured and a factorial experiment was designed
to determine the relative effects of diffeerent combinations of these two

hormones, Although variability of response between animals within a
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given treatment group again proved to be high, adequate precision was
obtained to detect differences between the various pretreatment combina-
tions when the area technique for estimating the degree of response to

a given oxytocin stimulus was used, Where amplitude was taken as the
index of response, however, inconclusive results were obtained,

As had been anticipated the magnitude of the response .obtained
to each oxytocin stimulus was clearly dependant on the dose of oxytocin
irrespective of the pretreatment combination that had been used, Even
though an interaction between oxytocin dose and oestradiol level of pre-
treatment was observed in this experiment the overall responses showed a
stepwise increase with increasing oxytocin dose, and at all levels of
oestradiol pretreatment, the highest level of oxytocin gave responses
which were significantly greater than the responses observed at the
lowest dose level of this drug.

Differences related to the particular pretreatment combination
that had been used were observed and these were largely due to the
progesterone component, greater responses being obtained at the low pre-
treatment level with this hormone than at either of the two higher levels,
Oestradiol, at appropriate dosage, tended to overcome the depressing
effect of increasing doses of progesterone although this did not, in this
experiment, appear to be a simple response. At the low level of progest-
erone for example increasing doses of oestrogen had no significant effect
on response whereas at the middle progesterone level the middle dose of
oestrogen was most effective and at the high progesterone level the highest
dose of oestrogen was necessary to produce the greatest response, Whether
other factors were operating to produce this apparent complexity of effect,
(see comments on the effect of the vehicle in which the drugs were admini-

stered in the final section of this summary), or whether the effect of
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oestrogen on the myometrium is complex in this species as Gennel (1940)
has suggested, could not be determined in this study. The generally held
view that oestradiol activates and progesterone inhibits activity of the
myometrium was therefore upheld, at least when one steroid hormone was
acting in the presence of the other, and the ultimate effect obtained
appears to depend on the particular ratio that is used. These results
were confirmed by a second observer who used the opposite uterine horn
from rats in six of the nine pretreatment combinations in the last four
blocks of this experiment.

The final section of this thesis describes two experiments that
were carried out with a view to determining whether the order of admini-
stration of oestradiol and progesterone was of any significance and
whether concentration of the drug behind used, i.,e., the presence of
greater or lesser amounts of diluting vehicle, would have any effect on
the responses obtained, In the first experiment no differences between
oestradiol or progesterone pretreatments when given alone were observed,

a rather surprising finding as Frank et al (1925) described rythmic
activity of the uterus in ovariectomized rats 24 hours after administration
of oestrogen, and this response has been confirmed according to Reynolds
(1965) in several other species, It is possible that the vehicle used
for injection of the oestradiol, arachis oil, may have been responsible
for this apparent lack of response as in the rabbit the latent period is
lengthened to many days before maximum motility is reached when oil is
used as the suspending vehicle (Reynolds, 1965). Progesterone on the
other hand cannot inhibit the uterus unless it has been treated or
subjected to the influence of oestrogen according to the same author, If
the threshhold to the oxytocic stimulus had been altered by either form of

pretreatment differences in response were to be anticipated.
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When, however, responses to treatment with either oestradiol
or progesterone alone were compared to responses of strips from animals
which had received both steroids, irrespective of the order of admini-
stration of these hormones, significant differences were observed and
greater responses occurred with the latter form of pretreatment. The
order of administration of the steroids did not appear to matter, a point
which partially nullifies the argument above in regard to the possible
effects of a prolonged latent period when oestradiol is given in an oily
vehicle,

In the second experiment the arachis oil diluent interfered
markedly with response to oxytocin when the progesterone dose levels were
low but had no effect when progesterone dose levels were high., At the
low dose level of progesterone responses of strips from animals which had
received pretreatment with undiluted progesterone were significantly
greater than responses from those where pretreatment had taken place with
the hormone in the diluted form, This dilution effect was not observed
when uterine strip weight was taken as the index of response although
progesterone used at two different dose levels in a concentrated form
resulted in relatively greater difflerences between uterine strip weights
for each group than when it was used at the same dose rates in a diluted
form,

The following conclusions were drawn following these investiga-

tions:

1. The use of an isotonic system involving excised uterine strips
subjected to stimuli with graded doses of oxytocin in an organ bath, the
strip being connected to a lever recording on a kymogfaph, appears to

have severe limitations as a technique for making comparisons between
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groups of animals subjected to different experimental treatments,
Isolated uterine muscle, when stretched, liberates a substance that
slowly increases uterine tone to the point of contracture according to
Jung (1966), and hence an isometric rather than an isotonic system may
provide a better measurement of the effects taking place., With an
isometric system the problems of unrecorded stretch do not arise

(Schofield, 1954; Csapo, 1954).

2. Uterine strips from ovariectomized guinea pigs are unsuitable for
experiments involving responses to oxytocin because of the wide varia-
bility between animals, The reasons for this variation are unknown

and would appear to be worthy of investigation. Pretreatment of guinea
pigs which had been ovariectomized with a combination of oestradiol and
progesterone did however increase the response obtained with a given

stimulus by oxytocin.

3. VWhen uterine strips from ovariectomized rats pretreated with combin-
ations of these two steroid hormones are subjected to stimuli with
oxytocin responses are obteined which are greater than those resulting
from pretreatment with either hormone alone, The degree of response
obtainred is related to the magnitude of the stimulus applied and depends
also on the particular combination of the steroid hormones used. In
general increasing doses of progesterone tend to decrease the response

of the strip to a given dose of oxytocin and with increasing doses of
progesterone greater doses of oestrogen are necessary to override this

effect,

L, TWhere reletively low doses of progesterone are used for pretreatment
of animgls in this type of experimental preparation dilution with arachis

0il should be avoided as it appears to modify the response obtained
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depending on the dilution used.

55 In these preparations the most effective method of measuring the
response to oxytocin was measurement of the area under the dose response
tracing for a fixed period of time following its admirnistration. This
measurement was then related to the activity which had been taking place
over a similar time interval immediately prior to administration of the
stimulus and the difference between the two areas was used as a measure
of the response. The technique approximates to a measure of the
additional work performed by the uterine strip as a result of an oxytocic

stimulus,




_9]_

REFERENCES

Ahlgquist R,P, & Woodbury R.A., (1947): Influence of drugs and uterine
activity upon uterine blood flow. Fedn, Proc.,‘§:305 - An abstract,
Assali N,S,, Dasgupta K., Kolin A, & Holms L, (1958): Measurement of

uterine blood flow and uterine metabolism.,  Am,J. Physiol,, 195:614.

Bacsich P, & Wyburn G.M. (1945): Induction of heat in spayed female
guinea pigs by subcutaneous hormone implants. Nature, 155:430,
Bell G,H, (1941): The behaviour of the pregnant uterus of the guinea pig.
J. Physiol,, Lond., 100:263.

Bengtsson L.,P., (1957): The endocrine control of myometrial contractility
in the uterus of the pregnant rabbit., Am.J.Obstet.Gynec., 74:484,

Berde B. (1959): Recent Progress in Oxytocin Research, Publication 360,
American Lecture Series, Charles C, Thomas, Springfield, Illinois.

Berde B. & Cerletti A. (1956): Uber die antidiuretische und diuretische
Wirkung von synthetischem Oxytocin im Wasserdiureseversuch an Ratten,
Helv, physiol. pharmac. Acta, 14:129 - seen as abstract, Chemical
Kbstracts (1956): 50 abstract 14968h.

Best F,A, & Pickles V.P, (1963): A myometrial effect of oestradiol,
imitated by high Mg2+ concentrations, J. Physiol,, Lond., j_§§:1 2P,

Blandau R.J. & Money W.,L., (1943): The attainment of sexual maturity in
the female albino rat as determined by the copulatory response.
Anat. Rec., 86:197.

Boyd J.D, (1959): Glycogen in early human implantation sites,
Mem, Soc. Endocr., No.§, p26.

British Pharmacopoeia (1948): p813, Pharmaceutical Press, London,

Brooks F,P, & Pickford M, (1957): Conditions under which posterior

pituitary hormones increase sodium and potassium excretion by the




- 92

kidney. The Neurohypophysis, p141 (H. Heller, Editor).
Butterworth, London.

Brunner H,, Kuschinsky G. & Peters G. (1956): Der Einfluss von Oxytocin
auf die renale Wasser und Salzausscheidung der Ratte. Arch. exp.
Path, Pharmak,, 228:457 - seen as abstract, Chemical Abstracts
(1956): 50 abstract 10922b.

Brunner H., Kuschinsky G., Munchow 0. & Peters G. (1957): Der Einfluss
von naturlichem und synthetischem Oxytocin auf endogen Kreutinin
Cleavance, Salzausscheidung und Saureasscheid ungsfahigkeit der
Ratte und auf die Diurese des Menchen., Arch. exp. Path. Pharmak,,
230:80 - seen as abstract, Chemical Abstracts (1957): 51 abstract
7578h.

Burn J,H,, Finney D.J. & Goodwin L.G. (1950): Biological Standardisation.
2nd Ed. Oxford University Press, London.

Burnstock G., Holman M.E. & Prosser C.L. (1963): Electrophysiology of

smooth muscle.  Physiol. Rev,, 43:482.

Caldeyro Barcia R. (1958): Uterine contractility in obstetrics.
2nd International Congress Gynec. & Obstet., 1:65.

Caldeyro Barcia R, (1960): Oxytocin in pregnancy and labour.
Acta endocr. Copenh,., 50L:41 .

Caldeyro Barcia R. & Poseiro J.J. (1959): Oxytocin and contractility
of the pregnant human uterus,
Ann, N,Y, Acad. Sci., 75:813.

Chalmers T.M,, Lewis A,A.G. & Pawan G.L.S. (1951): The effect of posterior
pituitary extracts on the renal excretion of sodium and chloride in
man. J, Physiol,, Lond., 112:238.

Cochran W,G. and Cox G,M., (1957): Experimental Designs. 2nd Ed., p.100.

Wiley & Sons, N.Y.




- 93 -

Cockrill J,R,, Miller E.G, & Kurzrok R, (1934): Presence of oxytocic
substances in urine during labour, Proc. Soc. exp. Biol Med., 31:572.

Cross B.A, (1958a): The motility and reactivity of the ocestrogenised
rabbit uterus in vivo with comparative observations on milk ejection.

E 18 Endocr.., 161257,

Cross B.A. (1958b): Mechanism of labour in the rabbit. J. Endocr., 16:261,

Csapo A.I. (1954): Dependance of isometric tension and isotonic shortening
of uterine muscle on temperature and on strength of stimulation.

Am, J, Physiol., 177:348.

Csapo A.I. (1956a): The mechanism of effect of the ovarian steroids.
Recent Prog. Horm., Res., 12:405.

Csapo A.I. (1956b): Precgesterone block., Am, J. Anat., 98:273.

Csapo A.I., (1962): Smocth muscle as a contractile unit.

Physiol. Rev., 42:Supp.5, p7.

Csapo A.I. (1963): Model experiments and clinical trials in the contrel of
pregnancy and perturition, Am., J. Obstet. Gynec., 85:359.

Csapo A.I. & Corner G.W, (1952): The antagonistic effects of estrogen and
progesterone on the staircase phenomenon in uterine muscle.
Endocrinology. % :378.

Csapo A,I. & Corner G.W, (1953): The effect of oestrogen on the isometric
tension of rabbit uterine strips. Science, 117:162.

Csapo A.,I., & Jacob L.M.A. (1963): Effect of uterine volume on parturition.
Am, J, Obstet. Gynec., 85:806.

Csapo A.I., Mattos C.E.de, & Sousa Filho M.B.de. (1963): Placental location
and the character of clinical labour, Am, J, Obstet. Gynec., 87:793.

Csapo A.I, & Takeda H, (1963): Electrical activity of the parturient
human uterus. Nature, 200:680.

Csapo A,I., Takeda H. & Wood C., (1963): Volume and activity of the partur-

ient rabbit uterus. Am, J. Obstet. Gynec., 85:813.



- 9%

Cupps P.W, & Asdell S,A, (1944): Changes in the physiology and pharma-
cology of the uterine muscle of the cow in relation to the estrus

eycle, J, Anim, Sei,, 3:351.

Dale H,H., & Laidlaw P.P., (1912): A method of standardising pituitary
(infundibular) extracts. J. Pharmacol., 4:75.

Deanesly R, (1960): Implantation and early pregnancy in ovariectomised
guinea pigs. J. Reprod. Fert., 1:242.

de Jalon, Bayo & de Jalon (1945): Farmacoter. act., 2:313 - cited by
Burn J,H, et al (1950): Biological Standardisation.
2nd Ed. Oxford University Press, London.

Dempsey E.W. (1939): The relationship between the central nervous system
and the reproductive cycle in the female guinea pig.
Am, J. Physiol,, 126:758.

Dicker S.E. & Tyler C, (1953a): Estimation of the antidiuretic vasopressor
and oxytocic hormenes in the pituitary glands of dogs and puppies.
J. Physiol,, Lond., 120:141.

Dicker S.E. & Tyler C. (1953b): Vasopressor and oxytocic activities of
the pituitary glands of rats, guinea pigs, cats and of human foetuses.

J. Physiol,, Lond,, 121:206,

Ly

Eckstein P, & Zuckerman S, (1956): The oestrous cycle in mammalia,
Marshall's Physiology of Reproduction, 3rd Ed., Vol, 1, Part 1, p226
(A.S. Parkes, Editor). Longmans, London.

Evans D.H.L., Schild H.,0. & Thesleff S. (1958): Effects of drugs on

depolarised plain muscle. J. Physiol., Lond., 143:47k.

Ferguson D.R. & Heller H. (1965): Distribution of neurohypophyseal

hormones in mammals, J. Physiol,, Lond., 180:846.



- 95 -~

Fitzpatrick R.J. (1957): Oxytocin and uterine function, The Neuro-
hypophysis, p203. (H. Heller, Editor). Butterworths, London.

Flemming Amy (1932): The innervation of the uterus, Trans., R. Soc.
Edinb,, 57:2L73.

Folley S.J. & Knaggs G.S. (1965): Oxytocin levels in the blood of
ruminants with special reference to the milking stimulus,
Advances in Oxytocin Research Proceedings, 1st May, 1964, p37.
Pergamon Press.

Frank R.T., Bonham C, & Gustavson R,G. (1925): A new method of assaying

the potency of female sex hormone based upon its effect on spontaneous

contraction of the uterus of the white rat. Am, J. Physiol., 74:395 -
cited by Reynolds S.,R.M. (1965): Physiology of the Uterus, 2nd Ed.
Hafner Publishing Co., N.Y,
: Frank R,T. & Gustavson R.G, (1925): The female sex hormone and the
; gestational gland. J. Am, med, Ass.,, 84:1715.
1 Fuchs 4R, & Fuchs F, (1963): Spontaneous motility and oxytocin response
of the pregnant and non pregnant human uterine muscle in vitro.
J. Obstet. Gynaec, Br, Commonw,, 70:658.
Fuchs 4.R, (1966): The physiological role of oxytocin in the regulation
of the myometrial activity in the rabbit. Mlem. Soc.- Endocr.,

No.14, p229.

Gaddum J, H, (1938): Error of the oxytocic assay of postpituitary extracts.
Q. J1 Pharm, Pharmac., 11:697.

Gaddum J,H, (1953): The technique of superfusion. Brit., J. Pharmacol.,
8:521. )

Gaddum J,H, (1959): Pharmacology, 5th Ed., p227. Oxford University

Press, London.



- 96

Ganong W.F, (1959): Reproduction in Domestic Animals, Vol,I, p21k.
(H.H, Cole & P.W. Cupps, Editors). Academic Press, N.Y,

Gennel S, (1940): Studies on muscular physiology of the genital tract;
spontaneous tonus of uterine muscle, its dependance on hormonic
factors, Acta physiol, scand., 1:139.

Gillette D.D. & Holm L. (1963): Prepartum to postpartum uterine and
abdominal contractions in cows. Am, J, Physiol., 204:1115.

Gorbman A, & Bern H,A, (1962): A Textbook of Comparative Endocrinology.
John Wiley & Sons, N.Y,

Gruber C,M. (1933): The autonomic innervation of the genito-urinary

system. Physiol, Rev., 13:497.

Harris D.T. (1947): Effects of temperature on smooth muscle responses.
Experimental Physiology for Medical Students, 4th Ed,.
Churchill, London,

Hawker R.W. & Robertson P.A, (1957): Oxytocin in human female blood,
Endocrinology, 60:5652,

Hindson J.C.. Schofield B,l,, Turner C.B. & Wolff M.S. (1965): Parturition

in the sheep. J. Physiol., Lond,, 181 :560.

.3
Holton P, (1948): A modification of the method of Dale and Laidlaw for
standardisation of posterior pituitary extract.

Brit. J. Pharmacol., 3:328.

Jeffcoate T.N.A. (1965): Causes of abnormal uterine action and labour.
Aust, N.Z, J. Obstet. Gynaec., 5:222,

Jones J,E.T. (1966): Observations on parturition in the sow, Part I:
The pre-partum phase. Brit. vet. J., 122:420.

Jones J.E.T. (1966): Observations on parturition in the sow., Part II:

The parturient and post parturient phases. Brit, vet. J., 122:471.




- 97 &

Jung H. (1961a): Uber den Wirkungsmechanismus des Oxytocins.
Arch, Gynaek., 190:194 - An abstract.

Jung H. (1961b): The effect of oxytocin on the mechanism of uterine
excitation. "Oxytocin" Proceedings of International Symposium
held in Montevideo 1959, p87. (R. Caldeyro Barcia, Editor).
Pergamon Press, London,

Jung H, (1966): A myometrial substance affecting the uterus.

Mem. Soc. Endocr. No.14, p253.

Kelly G.L. (1939): Effect of opening the ovarian bursa on fecundity in
the albino rat. Anat. Rec., 73:401.

Kelly J.,V. & Schleifer 0. (1962): A new method for assessment of uterine
contractions. Surgery Gynec, Obstet., 114:389.

Kempthorne 0.L. (1952): The Design and Analysis of Experiments, p153.

John Wiley & Sons, N.Y,

Knaus H., (1929): Zur Physiologue des Corpus Luteum. Arch, Gynaek.,
138:201. Cited by Marshall F.H.A. & Chassar Moir J. (1952),
Marshall's Physiology of Reproduction, 3rd Ed., Vol.2, p5i1.

Longmans, London.

Knaus H, (1930): Zur Frage de Standerdisation des Corpus Luteum Extractes.
Arch, exp. Path,, 151:371. Cited by Marshall F.,H.A., & Chassar Moir J.
(1952). Marshall's Physiology of Reproduction, 3rd Ed., Vol.2, p511.
Longmans, London,

Kochmann M, (1921): Zur Wertbestimmung de Hypophysenpraparate und anderer
Wehenmittel. Hoppe-Seyler's Z, physiol, Chem,, 115:305 - seen as
abstract, Chemical Abstracts (1922): 16 abstract 2197.

Kornmesser J.G, & Nyboer J. (1962): Electrical and dynamic changes in
neutron activity during labour (as measured by electrohistograms and
radio frequency impedance plethysmograms). Harper Hosp. Bull.,

20:248 - An abstract,



- Of =

Kurdinowski F.M, (1904): Physiolische und pharmakologische Versuche
an der isolirten Gebarmutter. Arch. Anat, Physiol. (Leipzig),
Supp 28:323 - cited by Marshall F,H,A, & Chassar Koir J, (1952),
larshall's Physiology of Reproduction, 3rd Ed., Vol.2, p497.

Longmans, London,

Lawson R.A,S, (1964): A study of some aspects of growth and reproduction
in two inbred lines of mice and their crosses.
M. Agr. Sc. Thesis, llassey University of lanawatu.

Lewis J.J. (1964): Introduction to Pharmacology, 3rd Ed,, p670.
Williams & Vilkins, Baltimore,

Loeb L. (1927): The effects of hysterectomy on the system of sex organs
and on the periodicity of the sexual cycle in the guinea pig.
Am, J, Physiol., 83:202,

Long, J.A. & Evans H.M, (1922): The oestrous cycle in the rat and its
associated phenomena, lNem, Univ, Calif,, Vol,6. - cited by
Eckstein P. & Zuckerman S. (1956), Karshall's Physiology of Repro-

duction, 3rd Ed., Vol.,1, p226. Longman's, London,

McDonald L,.E,, McNutt S,H. & Nichols R.E, (1954): Retained placenta -
experimental production and prevention, Am, J, vet, Res., 15:22,
McDonald L,E., & Hays R.L. (1958): The effects of prepartum administration

of progesterone to the cow. Am. J. vet. Res,, 19:97.

Nalbandov AV, (1964): Reproductive Physiology, 2nd Ed,

Freeman, San Francisco,

Papanicolaou G,N, (1941): Some improved methods for staining vaginal smears.

J. Lab, clin, Med., 26:1200.




- 99 -

Pose S.V, & Caldeyro Barcia R. (1958): Measurements of uterine response
to oxytocin at different gestational ages in normal and abnormal
conditions, 2nd International Congress Gynec, & Obstet.,

June 22-28. An abstract.
Prensky S.D. (1963): Electronic Instrumentation, (I.S. Kosow, Editor).

Prentice Hall, N.J.

Reid C.S.W., Melville A.W. & Cornwall J.B. (1960): A technique for
recording pressure changes in the reticulo rumen of cattle using
small electrical pressure transducers and a four channel recorder,
N.Z. J. agric, Res., 3:4.

Reynolds S.R.M, (1965): Physiology of the Uterus, 2nd Ed,,

Hafner Publishing Co,, N,Y,

Robson J.M. (1933): The reactivity and activity of the rabbits uterus

during pregnancy, parturition, and the puerperium,

J. Physiol., Lond., 78:309.

Schild H,0., (1947): A new scale for the measurement of drug antagonism,
Brit, J, Pharmacol,, 2:189.

Schild H,0, (1966): The action of drugs on depolarised smooth muscle,
Mem, Soc. Endocr,, No.1k4, pi47.

Schofield B.M. (1952): The innervation of the cervix and cornu uteri in
the rabbit. J. Physiol., Lond., 117:317.

Schofield B.M. (1954): The influence of estrogen and progesterone on the
isometric tension of the uterus in the intact rabbit.
Endocrinology, 55:142.

Schofield B.M, (1961): The hormonal control of myometrial function.

J. Endocr., 22:Pxi.
Schofield B.M. (1964): Nyometrial activity in the pregnant guinea pig.

J. Endocr., 30:347.

MASSEY UNIVERSITY
LIBRARY




- 100

Schofield B,M., (1966): The local influence of the placenta on myometrial
activity. Mem. Soc. Endocr., 14:221.

Smyth C.N, (1957): The Guard Ring Tokodynamometer,
J. Obstet. Gynaec, Br, Commonw,, 64:59.

Snedecor G,W, (1956): Statistical Methods, 5th Ed, Iowa State University
Press, Ames, Iowa.

Stewart G,A. (1949): An examination of factors affecting the precision
of the assay of the oxytocic hormone in posterior pituitary lobe

preparations, J. Pharm. Pharmac., 1:436.

Thorp R.H., (1950): Posterior pituitary lobe hormones.

Hormone Assay, p109. (C.V, Emmens, Editor). Academic Press, N.Y.

Van Demark N,L, & Hays R,L. (1952): Uterine motility responses to mating,
Am, J, Physiol., 170:518.

van Dongen C.G, & Hays R,L. (1966): Oxytocic activity in unextracted
blood plasma during calving. J. Reprod, Fert,, 11:317.

Velle W. (1963): Gonadal hormones in domestic animals.

Adv, vet. Sci., (C.A. Brandly & E.L. Jungherr, Editors), 8:115.



e

(>}

1=

mf

o 5

< o © o o o 1y T
3% | ta| g 2 I 18 |= PN e e S
o @0

n o

WN.T "

=

=

H

m_y )

H 1T « | 0 O 3 | N\ — O [a\ o\ Qo sy ] PO o I
Fmg -l ad o D3 lad ]l =] MA ]l e= ] =& ] A
(®] —r . - = . @ . e . 0 . » . o o ® . » L . @

0n oo loOoo |oo oo looloocloo colodloo oo
m non non o no Tl nou non won nou nou TR
b < o+ o ol ) lan oo s o] —t I..H o g0 o Lo} _— L e
2 FREAEEREE AEIESIAS RS RS AA|ME Al
=l [To o) o ] 8] o} n @ Ly \0
H g 3 ~F - M N o 0 £~ \0 - Y
?gm\.al..m = . e 2 =
9 H— | ! ! + 1 + + + + + +
=8
o
& ]
qum\J o () r~ o o] oy o o [o0] L \D
pou b ¢ = T N F ol o [ae]
582l 9| 9| s Sield IR RIS 18 |8

-+
£y &

HO (@] L0y o Q o o o @] o ©) O
o B L M r~ o N r~ \2
nurumw 5 mw To = e Ya To 0 mw mw LN
H
i
i m _
! ,
L]
&)
3 Lol |
v”rw 4
Co.
0y = (@] r~ - on | & _ v 0 = — — o *
Sn\u} - - . . . . . . . . -
4§ o o)) L o) o (o} My \0 M o L0y
g <R 0O G b r~ [T\ o ~ - . M~ My = My
S -~ - =F -~ ' - r~ Ao Ny
38 | ” H
H & 1 1
(& ] 1 ﬁ
= ! | ~
| ]
' '
1]
=
o)
S
=
SR NN TN P L) NN NS NN NN
el LS R @4 |'=o [ ax e
3] -~ |F-F]| O ~on | M ~ao -

o} ~— o\ O - M| O N N La ~— a3 ON
MO - - l&.n/_ T
B
o
&

-
-
.
-
-
L
.
.
.
-
-
-
L]
L]
.
.

ki

2

ANGED IN ORDER IN WHICH STIMULUS WAS GIVEN
2

8
-
m
A
H
2
= . . .
= ~aN | mOo | ~Oo | Ow N | NO | &~ | O
m 2 L = ]
(53] <F o) O\ [aVig T o O LY O n O Ny Oy
-~ . e . e . ® . e . . . e « . .
vnl.w.._ -~ -— - O Lo . My~ o — o\\D
oy
= MO | O lagnimoll ~m]loar~]~~] 0w
-~ . . . e « . e . e . e . e
m o N o «— — O O F (@ Neo] o O s (ALY
5 =
th
A M 0 oo DO |WOM | =« | O~
[e o] " . . » e » . s @ . . @ . @
7] ~P~ | oy - - O ™~ nF o | F LaYee]
- -~ — ~— -
= = . . . e s @ . s = « e * @ . . . e -
P <% - e o™ O O = -3 MY Oy «— N Ny ~—
£+ - T - b ol o
7p]
ol A
H m~lom|r~olunall ~alanlioan]loa |l oo| ~0
&) o o “ e . . . e e = . e . o . . . e . . .
s = Mo | = | ~O | O®© N | N | N~ | VO oamw | o
= <~ =
.ﬂ m ~r= | -0 | 4w w-g|low |lor~]| o owny| ~0O
o M - . . e . e . . . e . . o . . . .
NN DN o~ — O O Y Ny - — O o~ N DY (®]
j= Q - - -
2] L MW aN O 4 M N O ol e] \0 \0 O O~ O I~ N O
[75] o] . . . e . . . e . . L .
= 78] — O o0 C O O oo -~ O\ «— o O &)
0 w  w . o
@Al | 2
E mm oMo | T~ | o~ N | M | o] Omn oM~} r~o
(s8] . = . s . e . . . . . e o . . .
%] Falom | 4~ O~ OF | F+m | Mme—] VD oy |
_Dk.w. b = o X b = =] = K=
slefelenetf cefenfcalagl ag]go
. . ® . . . . . .
LRSS P o O O \D "y N o~ N\ «— (oA 0 Y an DY -~
_.I— — - = — 5
NOY | NN | M~ | NN OO | F ]| O oG] wo
(Y] T . e & e . . . . e « . . . . .
LaTha [aVR - O O o Oy \D — O N o~ G O am| O
-— ~—
4| O | GO | Oy WO N | ~O0n] O~ O | onO
- -« 9 L . @ . - L . LI L . o L - -
NN o = ] O ™ 3 -— o O O LY N P~ (@]
-— - —
~ O~ n o o\ F O O < O 0 M~ o - o O O v v O
. . . . e . @ . . « = . . .
Ol + cojloo{ co | o | onon o+ | O
“_ X =
sleeleoelanfonl colanlanigaf gujqo
. . . . °
- O o — O — O « - O o O O\ \D ~—
- -— ~— T -~

ﬂ
A2 2 B = m 2 £ mm mm = mm
2SS | ol | BE B S| okl &kl o
52 |2H|BH|HH|JH) 5H|5H|5H|5E] 54|55
38
A | Sl 5l S| ®_f 213|158} IRV
w222n5222222
Ed
mm . H o
H
&

Group II - short period ovariectomy to slaughter + arachis oil:

*Group I - short period ovariectomy to slaughter:
Group III - long period ovariectomy to slaughter,



RESPONSES TO OXYTOCIN STIMULUS (GUINEA PIG EXPT, IIT) APPENDIX IIT.

-

PATR GUINEA UTER INE #**RESPONSES (Amplitude, cm)
DAY PIG HORN R 1 mU L mU R L. mU 1 mU R
270 (T) RIGHT 2.0 6.0 8.9 1.9 10.0 9.0 15
- LEFT Sef 56 V27 241 14,8 8.6 1340
LEFT 0.0 0.0 0.3 Ok 1.0 0.6 0.0
RIGHT 1.2 Bkt Tl 2.6 5.8 3.6 2.
- 264 (T) LEFT 2.8 5.6 7.5 6.7 13.3 7.9 6.0
RIGHT 405 0.8 I 0.3 1 ol 05 0.3
266 (C) LEFT 0.0 0.0 0.2 0.k 0.8 0.4 0.3
259 (T) RIGHT 4.3 6.5 1145 L3 £243 9.5 L3
LEFT 7.8 2.5 104 8.5 2t 6 sl Tad
TII "
RIGHI.'I‘ L'--5 2.1 ZF-6 1.3 5.&- 1.5 O¢6
260 (C)  1zpy 0.5 0.0 0.5 1.0 2.7 1.5 1.7
263 (T) RIGHT 75 10,0 843 5.8 16.3 Yol 643
v LEFT 49w d 5.5 19.0 5ok 104 740 el
RIGHT 0.6 1.0 ;[P 0.5 1ol 2v3 0.7
265 (C) LEFT 0.L 0.6 7.0 2.6 3,2 6.5 6.2
68 (1) RIGHT 6.6 8.5 12.7 B3 15.6 74 5
N 2 LEFT 4.9 9.5 14,9 ol 16.2 13,2 b7
61 (C) RIGHT 14,0 14.6 15.0 15.0 1562 152 3.6
261 LEFT 15.6 14,9 14,6 1241 16.6 16.8 b7
* R = Ringer solution. T = Treatment group. C = Control group.

** Note the sequence of administration of the oxytocin is shown for the risht horn, The sequence was
- \
reversed for the left horn, (See method in text).



WEIGHTS OF GUINEA PIGS, UTERINE STRIPS, ADRENAL GLANDS (GUINEA PIG BXPT. III) APPENDIX IV.

PATR GUINEA WEIGHT AT SYEIGHT AT CHANGE IN TBIGHT OF *YRIGHT OF
DAY PIG OVARTIECTOLY SLAUGHTER WEIGHT ADRENAL GLANDS  UTHRINE STRIP
(g) (g) (&) g) (&)
270 (T) 133 L0 v 7 R 0.25) , 4 R 0.38)
. Lo 22 goda) P
269 (C) 515 520 +5 R 0.19) R 0.1L4)
L 0.20) 2+°? L 0.42) 0-26
264 (T) 500 520 +16 R 0.21) 4 R 0,42)
T L 0.21) i L 0.43) 0.35
266 (C) 525 580 +55 R 0.23) R 0.21)
- O. N
L o.21) 47 L 0.20) O™
259 (T) 539 535 -1 R o.zzg R 0.50) :
6 8.1 0.98
III e “-"..L 0-23 } Ooll‘8)
260 (C) 561 560 -1 R 0.,22) R 0,10)
L 0.26) 0.48 L 0,12) Gedi
263 (T) 533 530 -3 R 0.21) A )2 R 0,45)
L 0.02) O3 L 0,56) 1*%2
v B L e _
265 (C) 617 615 -2 R 0.19) ., R 0.16)
L o.21) %0 L 048} 9=°F
268 (T) 565 560 -5 R 0.213 R 0.37)
" I 0.8} 947 L 0.41) Sttt
261 (C) 667 655 -2 R 0449) 4, R 0.36)
L 0.24) 0% L 0.4) 977
* Weight at slaughter = live weight. L = Left, R = Right, T = Treatment group.
the uterine tissue used in the experiment. C = Control groun.

* Weight of Uterine Strip =
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APPENDIX VI: PRELTMINARY EXPERTMENTS WITH PREGNANT RATS,

A. Introduction,

In the previous experiments it had been possible to detect
ifferences in oxytocic response of in vitro preparations from rats that
had been preireated witi: steroid hormuones,

These differences were not great but they were sufficient to

show that the effect of pretreatment could vary with the dose of steroid

that was used and with the amount of suspending vehicle in which these

hormones were contained,
The next stage was to take this 1n vitro technigue and use it
g2l there were differences in oxrtocin sensitivity between

ages of gestation. Kinor investi

had indicated that preparations from gravid uteri would be unsuited to the

he pregnant horn permitted

(@]
NS

be accommodated in

(b) the use of a complete transverse secction of the gravid horn was

tical because its bouyancy in the organ bath affected lever tension

'J-

mprac
(¢) when transverse sections of a gravid horn were cut longitudinally, and
thereby reduced to a manageable size, they no longer representéd the
composite unit of circular and longitudinal muscle, upon which all previous
comparisons had been made,

It seemed desirable therefore to use rats that had become pregnant in one
uterine horn only so that the non pregnant horn could be used as a suitable
in vitro preparation.

This was accomplished by removing one ovary only from mature rats

one week prior to mating, As it was not possible to estimate the number



that would become pregnant a fixed experimental design could not be
employed, Under these circumstances it was decided to consider one stage
of the gestation period only, and the period 48 hours prior to parturition
was selected in the first instance, Pregnancy was diagnosed by visual
assessment of the rat when hanging in a head downwards position and
estimates ol parturition dates, although related to the mating period

SeLy

selected, were larsgely subjective.

B. LZxperiment 4.

"To compare the effects of approaching parturition on the

&

o:yytocic response in vitro of non-pregnant uterine horns obtained from

3 - A de it
pregnant rats",

(1) lethod.

L

G n paenibass arn - ot = & TP 205 . 2003 mer
Six mature female rats between 130 and 160 g body weight were
1 e . 3 ~ & . s ! A 1- . . &
hemiovariectomized using the standard procedure one weck prior to mating.
rm B4 = o = T <. o 2 i R -
The left overy vias removed from half the number, and the right ovary fro

the remainder, The hemiovariectomized rats were then randomly allotted

to two cages, three rats to a cage. 4 male rat was introduced to each

there for nine days. Fourteen days after the

removal of the males, one rat was slaughtered for photographic purposes,

As the time of parturition appeared close all other rats were examined

the following day; unfortunately one produced young during the night.
Preparations from the non-pregnant horn were limited to 1 cm in

length, as preparatory experiments had demonstrated that these preparations

stretched to a very considerable degree. Doses of 1 mU and 4 nU of

oxytocin were administered, and responses were measured with a planimeter

as described previously. The administration time of each oxytocin dose



was extended to 3 minutes, for it was anticipated that the frequency of
lever excursions would increase with pregnant preparations. Thus planimeter
measurements would be less accurate if the area response to the dose recorded

on the kymograph was not increased also,

(ii) Results.

rl‘\’

he findings from the rats which became preznant are summarised in
Table XTIV below. Rat 5 failed to become pregnant and rat & gave birth 12

a

hours before the experiment began - both heve been included in the Table,

s TTT W = mATATY 3 MR OR PUPS T LI e AT =D ~1omn
.L..,J_\_‘_a 4id ..-4I~.“T OF 2 5 Ll Diug v 73 JZ0 4N L_L-.LA.LR., u...A...(J’.a..L HIKEV sQ‘JOPC.t\)L
T e

mao YTV TTT 3 B 5 ST ETFTEET STIVR TTOERTT THALT PRI RYINT ATIm OIS
TQ CAYTOCIN O " i 0T R

wly Sllimiedng 130 LI, Taldiaidand , U

PREGHNART /47D POST PLRTUL HENIOVARTUECTULIZED RATS
= e ———
Rat i, of Istimated No, of pups Wt. of non Response to
rat hours pre in lifter pregnant oxytocin
nartun harn
| P P 1 w17
\E/ \ng ) 1 mU L mU
-7 bd )
1 356 1 12 242 18 51
-y .
& 346 24 13 229 18 oy
2 323 L8 12 252 0 25
5 309 (not pregxant) 130 3 19
6 263 12 (post partum) 12 124 3 11

*Response = 10 = (cm ) where x = difference between treatment and
control area (for method of measurement see text page 68).

(iii) Comment.

It was interesting to note that identical oxytocin responses were
shown for two of the pregnant preparations and that the two preparations
that were non pregnant at the time of examination also gave. identical

results but at a lower level. A second trial was attempted using more



(iv)

animals and employing a different mating technique to obtain a better

assessnent of parturition date.

C., Experiment IT,

"4 further comparison to determine the effects of approaching
parturition on the oxytocic response of non pregnant uterine horns from

pregnant rats",

N
e
p—

l.ethod,

5, 7 3 - 1 7
A total of 11 her

He]

iovariectomized mature female rats were allotted,
two or thrce to each of four cages. A male rat was placed in
each cage for a j-day period. The nmating period was thus six days shorter

than the one adopted in the previcus experiment. This enabled parturition




(v)

TABLE XV: VEIGHT OF RAT, AVERAGE TOETUS WEIGHT, WEIGHT AND *RESPONSE
TO OXYTOCTI! OF THE NON PREGNANT HORN FROM PREGNANT AND NON
PREGUNANT HENIOVARIECTOMIZED RATS.

E5 R

- e e .

s
Rat Wt, of | Average foetus Vit, of non Response to oxytocin
rat wt. pregnant
horn
’ \ -y *
(S) (g) (r:{_;) 1 mU L mU l.ean
2 314 Feil 215 25 3 i
8 260 Bals 258 44 %2,¢
£ 10 203 2.3 242 27 30 5%, 0
G e 2.0 335 26 55 42,9
I 3 325 % 229 13 A 21.5
7 22 1.2 207 ; 53 59, ¢
2 255 141 199 5 57 45,5
1 EAN 26 2,14 259 23.3 9 36,5
BN 2 o 22579 2343 4°.9 0.0
+ S.I, +16.8 +0.19 +18.k + 1.6 b, 0 43,1
— i "
£~ A ) 4 55 = 55 =
o : 255 192 ) 295
., - g
'%534 &) 23:_) 111-2‘ 2 :L. :',l.‘
B 5 199 142
5 4 25 139 5 545
VAN 255 145 12,0 e 2v5
- [o) Z
L S.E. #12.0 el +6.1 3 o1 6.3

2
* Response = 10 x (cmh) + 5 where x = difference between treatment and
control area (for method of measurement see text page 68).

(iii) Comment,

The anticipated parturition time for each hemipregnant preparation
was within i+ 36 hours, and it was noted that apart from rat 3 the oxytccic
responses of these preparations were not widely divergent., The preparations
from the pregnant rats gave greater responses to the oxytocin stimulus but
this may have been a reflection of the amount of tissue used in the prepar-

ation rather than any difference in sensitivity.



(vi)

No obvious relationship between average foetus weight and

response to oxytocin was observed, The possibility of differentiating

BN
preparations in terms of their proximity to parturition with the present
method therefore appeared to be remote. Kevertheless the next step was to
compare groups at two widely separated stages of the gestation period.

Two different oxytocin doses appeared to offer little advantage

3

in the assessment ol response and it was decided to use an intermediate

dose of 3 mU in tihe next experiment.

D. Experiment III,

"To compare the effe f

s on the oxytocic response of

(€]
s

4y TN el ) - -t - - dsrn s A 3 T < 4 e 2] .r 1
uterine horns from preznant rats at two widely divergent steges of pregnancy.'
AP o . ~
(l) l.ethod.,
ok
oF ~re = % - i 4 e R 4y = 193 o QL W & -
ine nemiovariecionized rat ere allotted to four differernt cages
oy ~ = ~r - Pl v -~ 4 AT T e R 3
so 4taat three of the eas contained 2 rats each, while 5 were contained in

Yo G s 5 Y Aacres el R = = -3 ro Ay 5 ) v ~
there for four days before removal, Rour days aftcr these males were

nto ecach of the second two cages, and again

[

= SR e y vl B IS O e [
removed, a male rat was put

these were allowed to remain for a four day period.,

(ii) Results.

The examination of all preparations was conducted on the day after
the first litter had been produced, but as another rat produced a litter
early that morning and as yet another had failed to conceive, only one
pregnant rat remained in the first mated group. The findings for all rats

is shown on the following page (vii) in Table XVI,



TABLE XVI: WEIGHT OF RAT, AVERAGE FCOETUS WEIGHT AND #RESPONSE TO
0XYTOCIN OF TIIE NON PREGNANT HORN FROL! PREGNANT, NON
PREGNANT AND POST PARTUN IEMIOVARIECTONIZED RATS.

Rat llating Average Wt., of t, of non Response to 3 mU
group foetus rat pregnant dese of
5 horn oxytocin
b =) e
(&) (c/ (Li.}/

—
wi
.

-

28l L 51
227 111 1

I~
]
H
I
L]
O

11 PREGNANT IL 145 253 Me 55
o]
2 IT 0.4 iy 7¢C 5
5 II 04 200 127 30
/2 . - =
6 FoST i 5e0 286 92 5
S 2 7
¢1 PARTURIFNT T Tt 267 78 o0
3 NOT s - 200 29 06
~ N TVNRT 1T - s
O PREGNAIT I - 30 Q6 e
—
# 10 % (en™) + L2 vhere x» = difforence r tregtrent
1 aree (for method asurenent see e 68),
(243 Comment.

lack of preparturient rats in the first group to be mated due

tion impossibile, Rat 1, the rat clcsest to parturition,

t in fact produce the greatest oxytocic response in this case.

The tracings from all the hemi pregnant rats that were in mid-
pregnancy (group II) were similar on visual appreisal but for some reason
not understood the response to oxytocin of the strip from rat L appeared to
be negative i.e. less active after oxytocin stimulus than before, The
tracings of the non-pregnant preparations and that of the only preparturient

preparation were very different in terms of spontaneous activity but both

responded to oxytocin stimulus and with the examination be