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SUMMARY OF THESIS

Relaxin iSta'polypeptide hormone, éimilar in structuréitdginéﬁlin,_
which was originally discove;ed'SO yearsvag; as a horﬁone thét'rélaﬁed
the pubic ;Ymphysis of the guinea-pig pribr‘fo:parturitidn. “waevef,
relaxin has only very fecently been purified and characterized in the
rat, pig and human. Its main source appears to be'the coréusiluteum
of pregnancy but it is also produced by decidual tissue and the pros-
tate gland. Its main mechanism of action appears to be the facilitat-
ion of remodelling of connective tissue in target tissues to allow the
necessary changes in organ structure during pregnancy and parturition.
A secondary mode of action in some mammals may be to inhibit uterine
contractility until near the end of pregnancy. Until recently the
existence of relaxin in the human was debated and its role was unknown.
Human relaxin is not yet available for laboratory or clinical trials
but it is now possible to purify large quantities of pure porcine
relaxin.

The ?im of this thesis was to examine the possible roles of
relaxin in human reproduction, specifically in the areas of implantat-
ion of the fertilised oyum, the maintenance of myometrial quiescence
during pregnancy and the facilitation of cervical ripening and part-
urition. These studies involved thekextensive purification of porcine
relaxin for laboratory experiments and for the first clinical trials
of a pure relaxin. A homologous porcine relaxin radioimmunoassay was
also set up to measure peripheral serum relaxin-like immunoactivity.in
norpal and abnormal human pregnancy. Where possible human studies
were performed but where this was not practically or ethically
possible, in vitro or animal studies were performed to further
- elucidate relaxin's‘possible role in reproduction.

In a cross sectional study of 330 normal singleton human
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pregnancies serum relaxin concentrations were found to be highest in

 eat1y pregnancy and thereafter they gradually deéiined until term.

;Pogt—term‘patientS'had significantly lowerurelaxin concentrations and’

fOf the first time in>thé‘humén'a-signifiéant elévation in relaxin
lévels wasvdescfibed in early labouf cofresﬁonding with such an
elevation near parturition in‘most other animals studied. This
pattern of relaxiﬁ secretion is in keeping with its postulated roles
of maintaining uterine'quieséence but with a waning influence until
term an& a cervical ripening action around parturition.

Serum relaxin levels were also measured in pathological
pregnancies and for the first time a correlation has been made between
tpelvic joint pain and laxity in pregnancy and high relaxin concentrat-
ions. Relaxin levels were also high in late pregnancy in multiple
gestations. However, low levels were found in patients in premature
labour suggesting the possibilit§ that such low levels might cpntribute
to this pathology. Little maternal relaxin appears to cross into the
fetal circulation‘and this assay could not detect high levels of
relaxin in the umbilical cord blood of babies with congenital dis-
location of the hip. Relaxin levels were notraltered in pre-eclampsia.

‘In a study of the effect of a continuous infusion of porcine
relaxin in- rats during the time of implantation normal spacing and
orientation of the blastocysts was disturbed ahd implantation sites
were found to be confined to the cranial half of each uterine horn.

In an attempt to utilise this effect to increase the'pregnancy rate at
human embryo transfer in an in vitro fertilisation programme pure
pofcine relaxin was given vagiﬁally'in a randomised -controlled
clinical trial. Such treatment did not improve or inhibit the
pregnancy rate and a role for relaxin in iﬁplantation in the human

could not be substantiated.
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The in vitro éffect of pure porcine relaxin_on‘non—pregnant and
pregnant myometfipm.before and after progésterone tre#tment was.
Studiedviit.xr the Tat, pig and human. Porcine relaxin inhibited rat
mjometria1~5ctivity'until midAp?egnénCy but had no effect in late
preghancy; Porcine felaxin inhibited pig myometrial activity thrdugh—

out pregnancy but in contrast had no significant effect on human myo-

" metrial activity in thepregnant or non-pregnant state. Pfogesterone

was synergistic with relaxin in the rat and pig when the latter hormone
exhibited an inhibitory effect. It is suggested that the:lack of
response of human myometrium'to porcine relaxin is due to the differ-

ence in structure between porcine and human relaxin rather than there

-being a lack of relaxin receptors on human myometrium.

In a series of randomised controlled clinical trials pure porcine
relaxin was shown for the first time to promote cervical ripening in
patients near term and to induce labour in up to a third of those

treated. Patients receiving porcine relaxin had a significantly

shorter mean length of labour and less analgesic requirements. The

clinicalneffects of vaginal and intracervically applied relaxin were
similar to the effects of prostaglandin Foo in other clinical trials
of cervical ripening conducted by the candidate. Further clinical and
morﬁhologicai studies described in thisrthesis concluded that prost-
aglandin Fya and relaxin appear to activate the same collagenolytic
system rather than acting in parallel to produce separate»connective
tissue changes. No side effects were detected following the use of
pure porcine relaxin in any of the clinical trials and the induction
of porcine relaxin antibodies was not detected. .Porcine relaxin was
shown to be systemically absorbed from the lower human genital‘tract
and the association of both high endogénous»and exogenous relaxin
levels with cervical ripening and parturition'suggests a role for

relaxin in this aspect of human reproduction.
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Finally a hypothesis is prééented as to the role of relaxin and

its controlling‘mechanisms in the mainténance of uterine quiescence

during pfegnancy;and the_facilitation bf’pafturiﬁion'at'term. The

Syntheéié of‘hyman‘reiakin’is awaited to test this‘hypdthesis and

further substantiate the apparent important role of relaxin in human

reproduction.
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1.1 THE AIM OF THE THESIS

_The‘pdlypeptide‘hormone relaxin has only regeﬁtly’been confirmed
to be present iﬁ the human and spécific roles for it,in¢the-ﬁuman
have not been@delineated; The main aim of this thesis is to examine
poésible roles for this hormone in the human specificaily in the areas
of implantatidn of the fertilised ovpm, the maintenance of myometrial
quiescence during pregnancy and the fécilitétion of cervical ripening
at parturition. As human relaxin was not available at the beginning
or during any of these studies, pure porcine relaxin and a porcine
relaxin radioimmunoassay were used to investigate the likely role of
:relaxin in the human. These studies have involved newly developed
methods to purify extensive amounts of pure porcine relaxin for lab-
oratory and clinical trials and the development of a homologous
porcine relaxin radioimmunoassay\fOr its heterologous application in
‘measuring relaxin-like immunoactivity in the human. Where ethically
~and’practically ﬁossible the studies were designed to investigate the
role of the hormone relaxin in the human using human samples or by
conducting clinical trials. However, where this was not possible,
animal or in vitro studies have been performed to further define

relaxin's possible role in reproduction.
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1.2 HISTORICAL REVIEW  The Discovery of Relaxin

The presence of é‘hormqne causing separation of the pubic‘Symph-
ysis of certain species of rodents before parturition was first
detected by Frederick Hisaw in 1926 (Hisaw 1926) when he found that
serum from pregnant.guinea-pigs injected into virgin guinea-pigs
caused relaxation of the pelvic ligaments.' Such cﬁanges in the
experimental animal could be induced ohly during oestrus or, as was
later shown, after tﬁe animél was oestrogen-primed. Hisaw and his
colleagues found that the corpus luteum of pregnancy was the main
source of the factor causing relaxation of the public ligament (Fevold,
Hisaw & Meyer 1930). From the corpora lutea of pregnant sows they
obtained a fat—solubie extract and an aqueous extract. The fat-
soluble extract induced progestational changes in the uterine endo-
metrium and this extract was named 'corporin'. Corporin was later
found to be a combination of the hormones oesﬁrogen and progesterone.
The aqueous extract of the corpora lutea contained the relaxing
properties firsy noted by Hisaw, and it was proposed that the hormone
in this extract be called 'relaxin'. As early as 1930, Fevold et al
(1930) noted the similarity to insulin of relaxin's chemical features.

However, for the next 30 yearsthe purity of the relaxin extracts

- remained poor, approximately 90% of each preparation containing non-

relaxin ovarian contaminants. These impure forms of relaxin were

commercially produced under various commercial names, e.g. 'Releasin',

 "Lutrexin', 'Cervilaxin'. The impurity of the hormone, together with

difficulty in reproducing the bioassay (which used relaxin's effect on
the guinea-pig public ligament) led to confusing and contradictory
reports about its biological effects for several decades until much

improved methods for isolating relaxin in its pure form were published

in 1974.
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1.3 THE ISOLATION AND PURIFICATION OF RELAXIN

Improvements in thepurifidation of porcine relaxin began.in the
1960s (Cohen 1963; Frieden 1963; Griss et al 1967) and iﬁ 1974
Shérwood'and 0'Byrne reported its biochemical characterization and
purification, revealing three continuous peaks on elution from a
carboxymethyl cellulose column. The relaxin preparations obtained
from these peaks were called CMB, CMa and CMA, respectively. All
three were shown to have similat biological potency in the mouse
intrapubic ligament assay. It has since been possible to increase the
yields of poréine relaxin from pregnant sow ovaries by inhibiting its
degradation during pﬁrification by adding protease inhibitors to the
ovarian extracts (Kwok, Bryant-Greenwood & Niall 1980). Recent
studies (Walsh & Niall 1980) have shown that when proteolysis during
purification is further dminished, CMa relaxin is the:predominant
relaxin found in vivo and that heterogeneity of the relaxin molecule
éppears to be due‘to loss of one or more amino acids during purificat-
ion in vitro (Fig. 1). Walsh and Niall suggest that the major stored
form of porcine relaxin in vivo is B3l relaxin (i.e. where relaxin's
B chain contains 31 amino acids), and that the othermolecular variants
with shorter B chains are artefacts of the isolation procedures
previously employed. Commercial production of relaxin using recombin-
ant DNA technology is feasible and will be an important source of pure

relaxin in the near future.
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FIGURE 1 Carboxymethyl cellulose purification of parcine relaxin.

(a) Procedure of Sherwood and O'Byrne giving three biologically active
components, CMB, CMa and CMA, differing only in the length of their B chains
(28-31 residues) due to proteolysis during purification. (b) Procedure of
Walsh and Niall which markedly reduces proteolysis during the isolation
process revealing only one relaxin peak which comprises mostly B3l relaxin
(see text). Reproduced with permission from Walsh and Niall (1980).
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1.4 BIOCHEMICAL STRUCTURE

Relaxin is a polypeptide ﬁormone with a molecular weight of 6300.
It has a conformational homology'with insulin (Bedarkar et al 1977);
both molecules have A and B chains connected by disuiphide cross links
in similar positions and share a similar tertiary structure. Approx-
imately 25% of the amino acid sequences of insulin and porcine relaxin
are identical (Niall 1979). Despite its similarity to insulin, no
insulin-like biolbgical activity has been described for relaxin
(Schwabe & Harmon 1978). The complete structure of porcine felaxin
was separately reported by Schwabe, McDonald & Steinetz (1976; 1977)
and James et al (1977). These investigators published similar resulﬁs
for the A chain but there was disparity in the terminal sequence of
the B chain. This disparity has now been resolved féllowing the
evidence by Walsh & Niall (1980) of the proteolysis(dﬁring pdrificat-
ion which accounted for the shorter chain described by Schwabe et al
t1977). There is‘now evidence that one or more forms of a pro-hormone
(fprorela;in') occurs in vivo (Kwok, Chamley & Bryant-Greenwood 1979).
Rat relaxin has recently been characterized (Sherwood 1979) and
although similar in its tertiary structure, there are variations in
its amino acid content.

Thé amino acid sequence of a human relaxin derived from the
recent identifiéation of a genomic clone for relaxin is now known
(Hudson et al 1983). There is only approximately a 507% homology
between porcine relaxin and this human relaxin (Fig. 2). The import-
ance of this difference with regard to cross reactivity in vivo and in
vitro is as yet unknown but porcine and human relaxins share the same
tertiary structure and some of the same amino acid sequences atAbio—
logically active sites. At least one other relaxin-like gene may be

present in the human (Hudson et al 1983). Absolute proof that the
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abovebhuman genomic clone fepresents.an expressed relaxin gene awaits
identification of its corresponding cDNA derived ffom a relaxin
sec;eting tissue in the human. Such tissues cannot easily be collect-
ed in the human but occasionally corpora lﬁtea of pregnancy can be |
ethically collected and such work is presently under way. Sufficient
amounts of human relaxin have not jet been purified or pfbduced by

genetic engineering techniques for any in vitro or in vivo studies.

Finally, relaxin and insulin share structural similarity to both
nerve growth factor and insulin-like growth factor (James et al 1977).
- Thus, iﬁ seems probable that these four hormones have evolved from the
same region of a primitive genome and therefore their biological

actions may bear some comparison.
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1.5 ASSAYS

1.5.1 Bioassays

During his early work, Hisaw simply classified samples as
positive or negative for relaxin activity on the basis of their
relaxational effect on the guinea-pig pubic symphysis. Abramow-
itz et al (1944) quantitated this effect, but the reproducibiitj
of the test was poor. Subsequent work using more specific
conditions improved the guinea-pig bioassay (Steinetz, Beach &
Kroc 1969), but a mouse pubic symphyéis assay has since been used
with more success (Steinetz et al 1960). Nevertheless, bioassays
remain laborious and are relatively insensitive. Althoﬁgh
relaxin standards are available, the guinea-pig bioassay>is not
precise and the guinea-pig unit (GPU) has no precise quantitative
meaning. Thus the biological activity of purified porcine -
relaxin (CM-A) can only be expressed as having a potency of
approximatel& 2200 GPU/mg (Frieden et al 1980). More modern bio-
assays utilise the inhibitory effect of relaxin on oestrogen-
primed ratomyometrial activity (St. Louis 1981). These methods
have been utilised in this thesis because of their greater
reproducibility than pubic symphysis assays. They are described

in Chapter 3.1.

1.5.2 -Radioimmunoassays

The first radioimmunoassay for relaxin was described for .
porcine relaxin by Bryantlin 1972 and was used to measure relaxin
levels in various species. This assay utilized the labelling of
tyrosine on a fraction of an impure relaxin preparation. When
the structure of porcine relaxin was later characterized

(Sherwood & O'Byrne 1974), pure rélaxin was found not to contain
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tyrosine. Thus; the first radioimmuhoassay may have measured the
prohormone of other relaxin-related compounds. Sherwood, Rosen-
treter & Birkhimer (1975) labelled pure porcine relaxin by the
addition of tyrosine to the relaxin molecule and then radioiodin-
ated the resulting polytyrosyl relaxin. Other methods of labell-
ing relaxin for radioimmunoassay have since been describéd
(Bryant-Greenwood & Greenwood 1979). Satisfactory correlatioﬁ

of radioimmunoactivity and biological activity has yet to be
achieved. A specific radioimmunoassay for human relaxin_has yet
to be established and presently published'data on human serum
relaxin levels are based on the porcine assay. Details of such

a porcine reiaxin radioimmunoassay utilised in these studies are

described in Chapter 3.2.
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1.6 DISTRIBUTION AND SITES OF SYNTHESIS

Relaxin has been found in the serum of all female mammals studied
and in comparatively high quantities during pregnancy (Schwabe et al
1978). 1In the pig there are especially high levels in the corpus
luteum of pregnancy and this has been a major source of relaxin.
Relaxin has also been found in non-mammalian épecies (Steinetz, Beach
& Kroc'-1959), e.g. sharks, and has been isolated from the testes in
the rooster and the armadillo. No relaxin has been found in human
testes, but significant quantities have been found in human seminal
plasma (Loumaye, Decooman & Thomas 1980); this has probably originat-
ed in the prostate (Kendall et al 1983).

The corpus luteum appears to be the main source of relaxin in
women. Venous blood from the ovary containing the corpus luteum
taken at Caesarean section contains several times as much relaxin as
blood from the contralateral ovarian vein (Weiss, 0'Byrne & Steinetz
i976). Luteectom& at Caesareansection leads to an abnormally rapid
decline of the serum relaxin levels (Weiss et al 1977). Immunocyto-
chemical techniques with antisera raised to a highly purified form of
porcine relaxin (Kendall, Plopper & Bryant-Greenwood 1978) have
localized relaxin to numerous small granules in the cytoplasm of the
granulosa lutein cells in the pregnant sow. Recent detailed studies
(Bigazzi 1981; Bryant-Greenwood 1981; Fields, Pardo & Larkin 1981)
support older work by Zarrow & McClintock (1966) that human decidua is
a source of active production. Recently there has been speculation
that relaxin may be a neuropeptide as relaxin-like activity has been

found in the pituitary gland.
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1.7 SERUM LEVELS

In many species studied, relaxin levels rise during pregnancy and
peak prior to parturition; suggesting a role for relaxin at that.time.
However, in the human; serum relaxin levels,as measured by heterolog-
ous RIA methods using porcine antisera,are highest in early pregnancy
(Quagliarelio'et al 1979) reaching approximately 2 ng porcine equival-
ents/ml (Fig. 3). Thereafter, levels decline to approximately 1 ng
porcine equivalents/ml during the second trimester and remain fairly
steady at this concentration for the rest of pregnancy. When the
expansion of plasma volume in pregnancy is taken into account, total
relaxin_prbduction rates may be relatively stable throughout human
pregnancy. However, studies by Bryant's group (Atele et al 1979)
indicate that relaxin is secreted in a pulsatile manner and is rapidly
cleared from the circulation and\vefy.frequent blood sampling must be
carried out in order to obtain meaningful relaxin profiles. Most
human studies have not achieved such a frequency of sampling prior to
éarturition, and therefore, a transient rise at this time, has not
been exciﬁded. Von Maillot et al (1977) claimed that tissue levels
are highest at this time, suggesting that relaxin may have a role to
ﬁlay in human parturition. Postnatally, serum levels quickly drop to
pré—pregnant levels (Quagliarello et al 1979); lactation or its
suppression makes no difference to the rapidity of the decline. The
sensitivity of porcine RIA is such that only a small fraction of the
bioactivity of human relaxin may be measured. Also, since relaxin
may act mainly as a "local hormone', serum levels may not accurately
reflect its biological role even when a human relaxin RIA is
available.

Accepting these limitations, human relaxin levels as reflected

in porcine equivalents using a porcine relaxin radioimmunoassay, have
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béen reported in several obstetric pathologies (Szlachter et al 1982).
Although relaxin levels were not higher during the third trimester ¢f
twin pregnancies they were significantly lower in post mature
pregnancies and in patients who laboured prematurely. The authors
specﬁlate that lower relaxin levels in postmaturity might be associat-
ed with a delay in cervical ripening whilst lower relaxin levels iﬁ
patients who laboured prematurely might décrease uterine quiescence
and allow other factors to increase uterine activity. Evidence for
relaxin's role in these areas in the human is discussed later in this

thesis.
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1.8 RECEPTOR SITES

The development of techniques to i&entify specific relaxin
receptor sites is still in its infancy (Greenwood et al 1981).
Specific binding sites fulfilling the rigid criteria of receptor sites
have been described only in the rat uterus (Mercado, Bryant-Greenwood
& Greenwood 1980). However, sites identified less rigorously have
been reported in fibroblasts from mouse pubic symphysis and human skin
(McMurty, Floershein & Bryant-Greenwood 1980) and in tissue from the
cervix of the guinea-pig and the mammary gland of the rat (McMurty,
Kwok & Bryant-Greenwood 1978).

In the rat, relaxin binding sites increase in direct relationship
to the rise in plasma relaxin during pregnancy (Mercado et al 1980).
However, at the time of the rat's prepartum surge in serum relaxin, an
apparent reduction in relaxin recéptor sites occurs. These sites may
be under the control of oestrogen (Mercado et al 1980) or the oest-
fogen/progesteroné ratio, although it is unlikely that such steroid
levels are the only factors affecting the number or affinity of
receptor sites. Lastly, direct correlation has yet to be made between

specific relaxin receptor sites and biological response.
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TARGET ORGANS AND BIOtOGICAL EFFECTS

Apparent physiological responses to relaxin have been found in

tissues.

1.9.1 Pubic Symphysis/Formation of the Pubic Ligaments

Relaxation of the pubic ligaments in response to relaxin
after oestrogen priming was first described during pregnancy and
parturition in the guinea-pig and later in mice. The changes in
the connective tissue of the pubic ligaments involve dissociation
of the collagen bundles, a net increasejin total collagen,
increased water uptake and a decrease in the viscosity of the
ground substance which together lead to an increased flexibility
and énlargement of thé birth canal in these animals (Chihal &
Epséy 1973). Pelvic ligameﬁt rélaxation occurs to a much lesser
degree in higher mammals and in human pregnancy changes in pelvic
anatomy are ;omparatively minor, except in a few women who suffer
from instability of their pelvic joints during pregnancy. No
definite correlation of this clinical condition with relaxin has
yet been published. However, data is presented in Chapter 6
suggesting there is a relationship between‘high peripheral serum
relaxin levels and pelvic joint pain and laxity during human

pregnancy.

1.9.2 Myometrium/Inhibition of Activity During Pregnancy

The tocolytic properties of relatively impure porcine

~ relaxin on rat (Sawyer, Frieden & Martin 1953) and human (Kelly

1959) myometrial contractility in vitro were later confirmed in

studies on rat and human non-pregnant myometrium using purified

porcine relaxin (Porter, Downing & Bradshaw 1979; Szlachter et al
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1980). Clinical studies in the 1950s suggested that crude
relaxin in adequate dosage inhibited premature labour (Abramson
& Reid 1955; McCarthy, Erying &.Lauffe 1957; Eichner et al 1958).
However, most of these studies were poorly designed and lacked
adequate control groups. No clinical study using purified
.relaxin has been attempted to date. Relaxin's inhibitory effect
on uterine contractions in vitro does not appear to be mediated
through a beta-adrenergic mechanism (Porter, Downing & Bradshaw
1979). However, cyclic AMP concentrations are increased (Cheah &
Sherwood 1980) and this is knowﬁ to inhibit enzymes initiating
~smooth muscle contraction. Nevertheless, rélaxin'S'mechanism of
action at the myometrial cellular level has yet to be clarified.
.The inhibitery .effect .of relaxin on rat, pig and. human myo-
metrial activity has not been comprehensively studied and such a
study is described in Chapter 10 together with the synergistic
fole played by progesterone with relaxin during pregnancy.
Relaxin's effect on uterine muscle activity may change during
pregnancy possibly in response to other hormonal changes, e.g.
the oestrogen/progesterone ratio. Progesterone, oestrogen and
relaxin appear to play a synergistic role in the inhibition of
myometrial activity in early pregnancy. However, at the end
pregnancy under different hormonal conditions, relaxin's role
may be to facilitate labour. In a recent fandomized double blind
clinical trial using purified relaxin by vaginal application
(Chapter 11) one—third of patients near term laboured within 15
h, whilst there was no such effect in placebo'groups. Whether
the initiation of labour was indirectly due to relaxin's
cervical ripening activity or whether relaxin has a direct effect
on the myometrium is not clear but other studies described in

this thesis suggest the former mechanism is more likely.
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In non-pregnant fats, guinea-pigs and sheep, both relaxin and
. ~oestrogen inhibit spontaneous and prostaglandin-driven myometrial
activity, but:leave the uterus responsive to oxytocin (Porter 1979
a). It is possible, in some animals at least, that progesterone
may inhibit premature labour indirectly by iﬁhibiting the form—
ation of cytoplasmic oestrogen receptor sites. A change in the
oestrogen/progesterone ratio thus increases these receptor sites
(Mercado et al 1980; Nissenson, Flouret & Hetchter 1978). Thus,
withdrawal of progesterone is likely to enhance the oxytocin
sensitivity of the myometrium and subsequent oxytocin-driven myo-
metrial activity will not be inhibited by oestrogen or relaxin.

A brief pre—labqur surge and subsequent withdrawal of relaxin in
some species may facilitate the precise timing of the onset of
labour.

Very recent work by Koéy et al (1983) suggests that relaxin
may play a part in rupture of the fetal membranes. They cultured
human amnion.and chorion in vitro and found that added relaxin
caused a corresponding increase in collagenase and plasminogen
activator over a 32 h period. This work suggests that the ﬁetai
membranes may also be a target tissue for relaxin and that by
stimulating the release of collagenolytic enzymes relaxin may
contribute to the weakening ana eventual rupture of the fetal
membranes. This may be a gradual process as the clinical trials
(Chapter 13) in Adelaide with exogenous porcine relaxin placed in
the cervical canal and égainst the fetal membranes suggest that
over a 15 h period such an application does not precipitate

membrane rupture.
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1.9.3 Uterine Connectiyve Tissue/Pregnancy Accommodation

There is extensive uterine collagen synthesis during preg-
nancy and rapid degradation postpartum. Relaxin may play a major
role in collagen biosynthesis and be responsible for both the
proliferation of the uterine collagenous framework and the
increase in uterine distensibility during pregnancy. Postnatally
relaxin may directly or indirectly play a part in aiding uterine
involution. Studies on combinations of relaxin, oestradiol and
progesterone given to ovariectomized rats show that the greatest
increase in uterine connective tissue occurs when all three
hormones are given together (Cullen & Harkness 1964). In the rat,
relaxin significantly augments the distensibility of thé uterus
in pregnancy (Wiqvist 1959) and has protein and carbo-
hydrate anabolic effects on the uterus (Vasilenko, Frieden &
Adams 1980). Histological studies (Chapter 14) in our laborat-
ories have shown that in late pregnancy pure porcine relaxin
applied vagihally is associated in the rabbit with an apparent
dis§olution on the cervical stromal connective tissue 18 h after
application. The role of relaxin in uterine accommodation during

human pregnancy awaits study.

1.9.4 Endometrium/Preparation for Implantation

In 1967, Hisaw et al showed that the development of full
histological changes of the endometrium in early pregnancy in the
rhesus monkey depended on the presence of the three hormones -
oestfogen, progesterone and relaxin. Relaxin appears to augment
the progesfational changes. Large doses of oestrogen inhibit
relaxin's effect. Subqutaneous injections of relaxin in the non-
pregnant monkey also induce hyperplasia of the endothelium of

maternal endometrial blood vessels (Hisaw et al 1967). Such
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endothelial changes are normally seen in early pregnancy. These
effects suggest a possible role for relaxin in the preparatibn of
the endometrium for implantation of the blastocyst.

A continuous infusion of relaxin during rat blastocyst
implantation interferes with normal blastocyst spacing (Chapter 8)
In these experiments we found thatall implantation sites were
confined to the upper half of each horn instead of being evenly
spaced along the lumen and the orientation of the embryonic discs
were also disfupted. Thus, exogenous relaxin appeaned to inhibit
normal distribution of the blastocysts possibly through decreas-
ing ﬁterine muscle contractility or by a direct effect on the
endometrium. Resulting crowding of the blastocysts may haye been
responsible for the atypical implantation sites around the:
uterine lumen. Studies on the role of relaxin in human implant-

ation are described in Chapfer 9.

1.9.5 Cervix/Cervical Ripening

. In most species, including the human, the cervix undergoes
marked changes in its structure prior to parturition. A soften-
ing, shortening and opening of the cervix is associated with
histological changes in the cervical stroma as mentioned below.
Although the precise mechanism of cervical ripening and the
initiation of parturition is not known several hormones are known
to influence ;hese processes (Fig. 4).

There haye been-many studies in which relaxins of differing
purity have been used showing that relaxin causes cervical ripen-
ing in a variety of animals (Zarrow et al 1956; Stone, Sediis &
Zuckerman 1959; Hollingsworth, Ishefwood & Foster 1979; Kertiles
& Anderson 1979). Some conflict in the results of these early

studies was probably due to the impurity of the preparations
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used. However, a recent double blind randomized controlled trial
intju;human‘using purified porcine relaxin showed that vaginal
application of relaxin to patients near term was associated with
cervical ripening in 857 of patients so treated (Chapter 11).
Animal studies (Steinetz, O'Byrne & Kroc 1980) suggest that
relaxin-induced cervical ripening is similar to that seen before
parturition and that the connective tissue changes are similar to
those seen in the pubic symphysis and uterus. In these connect-
ive tissues, the collagen fibres become loose and widely separat-
ed, whilst the viscosity of the ground substance decreases. A
major increase in glycosaminoglycans, togethér with a slight
increase in the water content of the cervix,>contribute to a
large increase in the volume of the ground substance. A rise in
total cervical collagen also occurs, but the increase in ground
substance is greater, leadiﬂg to a relative dilution of the
cbllagen within the cervical tissue (Steinetz et al 1980).

Evans ef al (1983) have confirmed the cervical ripening
effect of porcine relaxin near term by giving 2 mg porcine
relaxin pessaries in the cervical canal. In their trial these
relaxin treated patients had shorter induction/delivery intervals
compared to the control group. This is in keeping with the
clinical trial of MacLennan et al (1980) which used 2 mg of
porcine relaxin in a vaginal gel 15 h prior to surgical induction
of labour. In this latter trial the relaxin treated group had
significantly shorter labours and less need for obstetric inter-
vention during labour and delivery. In a further trial (Chapter
12) combinations of relaxin with other cervical ripening agents,
i.e. oestradiol and prostaglandin Fo did not enhance their
individual effects suggesting that these hormones may act in

sequence to produce the same cervical fipening effect rather than



45,

to act in concert to produce complementary effects.

1.9.6 Mammary Glands: Lactation

Early studies suggested that crude relaxin extracts promoted
mammary gland conneétive tissue gréwth in rodents and that
relaxin was synergistic with other steroid hormones in promoting
breast tissue growth during pregnancy (Schwabe et al 1978).
Relaxin binding sites have been described in rat mammary tissue
(Zarrow & McClintock 1966; McMurty et al 1978). In the pig,
plasma relaxin is increased by suckling (Atele et al 1979), but
lactation in the sow can also be inhibited or reduced by inject-
ions of exogenous relaxin towards the end of pregnancy (Steinetz
et al-1980). Although serum relaxin levels in the ﬁuman rapidly
delcine after parturition (Quagliarello et al 1979), dgtailed
studies during suckling'havé not been carried out. Relaxin's
role, if any, in human breast growth and lactation has not been
established.-

»”

1.9.7 Semen/Sperm Motility

Relaxin is present in human seminal plasma (Loumaye, Decoo-
man & Thomas 1980). When purified porcine relaxin is added to
washed human sperm from both semen samples with normal sperm
motility and from subfertile specimens with reduced motility,
relaxin attenuated.thenormal decline in sperm motility and
forward progression ¢f the sperm (Essig et ai 1982). Further
support to a role for relaxin in enhancing sperm motility has
been reported by Sarosi et al (1983), who found that anti-porcine
relaxin antibody quickly and significantly impaired human sperm
motility even when diluted to very low concentrations. They

suggest a potential for anti-relaxin antibody as an adjuvant in
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barrier contraception and also for such sperm immobilization to
be used as a rapid screening procedure for anti-human relaxin
antisera.

The exact role of relaxin in human seminal plasma has yet to
be defined but clearly it is another factor that facilitates
sperm motiiity. Other possible roles for seminal relaxin that
require investigation are cervical mucus penetration, relaxation

of the uterotubal sphincter and ovum penetration.

1.9.8 Skin: Collagen Disorders

The possibility that relaxin may exert an effect outside the
reproductive tract has barely been explored. Certainly there are
minor changes in skin connective tissue during pregnancy.
McMurtry et al (1980) reported specific rélaxin binding sites on
fibroblasts from human skin. Their data also suggest that relaxin
is mitogenic.to skin fibroblasts in vitro. However, the binding
6f purified relaxin to skin fibroblasts or to any other binding
sites has yet to be shown to have any biological consequence.
Casfen & Boucek (1958) reported an increase in the elasticity of
the skin in pétients with scleroderma when treated with crude
extracts of relaxin. Simildr clinical studies have not yet been
reported with purified relaxin. A specific role for relaxin in
non-reproductive disease, in particular the :collagen disorders

and arthritis, warrants further investigation.
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1.10 MECHANISM OF ACTION

Relaxin appears to influence collagen metabolism in most target
tissues. in vitro studies on the rat pubic symphysis suggest that
relaxin activates the collagenolytic system by raising tissué levels
of collagenase and collagen peptidase, an enzyme involved in the
degradation of denatured collagen (Weib, Magelschmidt & Struck 1979).
The mitogenic action of rélaxin, on the other hand, appears to stim-
ulate fibroblast replication in the target tissue and concomitgntly,
the synthesis of new collagen. Thus, relaxin appears to stimulate
collagen :biosynthesis by increasing both collagen production and
breakdown to allow remodelling of the target tissue, thereby giving it
bgreater distensibility and pliability to accommodate the growth of the
pregnancy. Cyclic AMP may serve as a second messenger in the target
_tissues to mediate other biologiéal responses - e.g. the inhibition of
uterine activity - since cyclic AMP levels are significantly elevated
‘after relaxin adﬁinistration in the uterine and cervical tissues
(Cheah & Sherwood 1980).

The net effect of relaxin's action on protein and carbohydrate
metabolism is anabolic (Vasilenko, Frieden & Adams 1980), collagen
synthesis being greater than collagen degradation with a resultant
increase in the total collagen content of the target tissues. Relaxin
also effects a decrease in the viscosity of the intercellular ground
substance (Zarrow et al 1956; Leppi & Kinnison 1971) by increaéing its
water and glycosaminoglycan content. The resultant increase in volume
of the ground substance is greater than thenet increase in collagen
and thus there is a relative decrease in the collagen concentration of
the target tissues allowing increased extensibility and remodelling
(Fig. 2). The evidence for the mechanisms of action of relaxin has

mostly been derived from animal studies and clear evidence for such a

role in the human remains to be presented.
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1.11 CONTROLLING MECHANISMS

Oestrogen priming is required before relaxin can exert its effect
on the guinea-pig pubic symphysis (Hisaw 1926; Fevold et al 1930) and
inhibition of steroid synthesis in the pregnant rat inhibits relaxin's
effect of cervical softening (Schwabe et al 1978). Oéstrogen and
progesterone are required for relaxin to exert its effect on the endo-
metrium (Hisaw et al 1967). In some animals, oestrogens may effect
the release of relaxin (Porter 1979b) and recent work suggests that in
the rat, oestrogen may also stimulate an increase in relaxin receptor
sites (Mercado et al 1980). Thus, there is a close but not precisely
defined relationship between oestrogen and relgxin and; as discussed
earlier, it is possible that differing ratios of oestrogen and prog-
esterone may mediate in the changing of relaxin's role in pregnancy.

Some aspects of the relatioﬁships of other pregnancy hormones to:
relaxin have been studied. Whereas the prolactin level does not
'affect relaxin lévels in the rat (Schwabe et :al .1978) prostaglandins
do influence the action of relaxin in this and other animalé. Prost-
aglandin synthetase inhibitors block the cervical ripening effect of
relaxin in rats, suggesting that this action may be mediated by prost-
aglandins (Kennedy 1976). Indeed, injection of PGFpo in the pregnant
sow induces a rapid increase in relaxin levels (Sherwood et al 1976),
and. recent studies on the rat suggest that PGFc causes cervical
ripening indirectly by acting on the ovary to release relaxin.
However, in a clinical study of seven patients given intravenous PGFx
a rise in serum level of relaxin was not detected (Hochman et al
1978). PGFa and relaxin, separately, produced similar cervical
ripening effects in the human when administered vaginally at term
(MacLennanet :al 1980; MacLennan & Green 19805, but no significant

additive, synergistic or inhibitory effect occurred when they were
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given in combination (MacLennan 198l).

Lastly, with regard to controlling mechanisms, it is probable
that the corpus luteum of pregnancy secretes relaxin in response to a
fetal-placental stimulus soon after conception. Human chorionic gon-
adotrophin, prolactin and placental lactogen apparently fail to
stimulate increased relaxin formation in incubations of human term
‘corpora lutea (Schwabe et al 1978). However, injections of HCG in
non—-pregnant women will stimulate relaxin production if injected from
8-10 days after ovulation (Quagliarello et al 1980). No detectable
serum levels oflrelaxin are found when HCG injections are given 2-3
days after ovﬁlation. Thus, the age of the corpus luteum is an
important determinant in the.relaxin response to HCG and HCG may be

the stimulus to relaxin production in human pregnancy.
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1.12 SPECULATION ON THE ROLES OF RELAXIN IN THE HUMAN

The first human clinical trials using purified porcine relaxin are
described in this thesis and examine relaxin's role in facilitating
implantation, cervical ripening and in initiating labour near term.
This latter effect may be in response to its cervical ripening action.

Other rdles for relaxin in the human are more speculative, the
evidence being indirect and derived from animal models,~in vitro,-
studies. of human tissués:andhﬁroﬁuheterologoﬁs RIA methods as . .«.
described in Chapters 5, 6 and 7. This indirect evidénce suggests
that during pregnancy relaxin alters collagen biosynthesis in the
reproductive‘tract to facilitate remodelling of these tissues.
Specifically, relaxin may play an important part in (i) implantation,
facilitating invasion of the decidual connective tissue by the
developing trophoblast, (ii) utefinevgrowth, allowing accommodation
of the growing pregnancy by promoting remodelling of the uterine coﬁn—
éctive tissue and‘(iii) in the inhibition of myometrial activity until
late pregﬁancy. Direct evidence of these postulated roles in the
human is needed. Relaxin may have other roles related to its effect on
collagen metabolism in human'reproduction, as there is at least
suggestive evidence that it may facilitate rupture of the follicle at
ovulation (Chihal & Epsey 1973), enhance sperm penetration (Essig et
al 1982) and, like its structural relatives, insulin and nerve growth
factor, it could possibly be a fetal growth factor (Hall & Sara 1978).
Relaxin's relatively established and more speculative roles in mammals
are tabultaed in Table 1. Lastly, relaxin may not be solely a hormone
of pregnancy, as it has been detected in non-pregnant women, and men.
A role for relaxin that is not pregnancy-related has not been
identified, but it could play a part in the control of connective

tissue dynamics.
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ESTABLISHED IN SOME SPECIES

1. Relaxation of pelvic ligaments near parturition

2. Utefine stromal'remodelling during pregnancy

3. Inhibition of myometrial activity during pregnancy
4, Cervical ripening and facilitation of parturition
5. Mammary growth during pregnancy

6. Enhancement of sperm motility

SPECULATIVE

1. Facilitation qf follicle rupture at ovulation
2. Facilitation of blastocyst impiantation

3. Fetal growth factor

4. Faéilitation of fetal membrane rupture

5. Factor influencing skin collégen metabolism and collagen disorders

TABLE 1 | Possible biological roles of relaxin in mammals
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This thesis describes some of the candidate's ongoing studies on
the role of relaxin in human reproduction and specifically describes
relaxin levels in normal and abnormal human pregnancy in vitro,studies
on the effect of relaxin on myometrial activity and the
first clinical trials with pure porcine relaxin in the .areas of human
enbryo implantation, cervical ripening at term and the induction of

labour.



CHAPTER 2

THE PURIFICATION OF PORCINE RELAX/IN
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2.1  INTRODUCTION

In each of the studies described in this thesis porcine relaxin
was purified by the methods described in this chapter. The method-
ology is based on extraction process of Sherwood and O'Byrne (1974).
This’process finally gives three bioactive relaxin peaks (CMB, CMa
and CMa') on elution from a carboxymethyl cellulose~column‘(Fig. 1
Chapter 1). The complete porcine relaxin polypeptide contains. .31
amino acids in its B chain and this form is the main constituent of
the CMa and CMa' peaks. The contiguous peaks are due to molecular
variants with shorter B chains, e.g. B29 relaxin and.B30aieaartefactsof
the isolation procgdure due to proteolysis oécuring during purificat-
ion (Walsh and Niall, 1980).

To minimise proteolysis and obtain a single peak of B3l relaxin
the method of Shérwood and O'Byrne has been adapted according to the
method of Walsh and Niall (1980) (with minor modifications) where
Qctadecylsilica c&lumns are used in the elution process. All steps
in the pqrifiCation process described below were performed in a cold

room (4°C) to minimise proteolysis.



55,

2.2 COLLECTION OF OVARIAN TISSUE

Pregnant sow ovaries were snap.frozen in liquid nitrogen within
two minutes of slaughter at the South Australién Metropolitan
Abattoir. The ova;ies used were only collected from pigs whose
carcases had been certified‘by Commonwealth Health inspectors as being

appropriate for human consumption. The ovarian tissue was stored at

~800C until further processing.
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2.3 PURIFICATION PROCESS

This process is summarised in Figure 6.

(1) Approximately 1 Kg of frozen pregnant‘sow ovaries were used in
each purification process having been cut into 20G pieces. These
pieces were individually homogenised for two minutes using a Dorvall
Orini Mixer Homogeniser.

(2) Five ml of extraction buffer (0°C) per gram of tissue was added
to the semi frozen homogenate.

Extraction buffer : 152 trifluroacetic acid (v/v)

5% formic acid (v/v)

17 sodium chloride (w/v)

1M hydrochloric acid
(3) The homogenate was then centrifuged at 2,600 r.p.m. at 4°C for 30
minutes and the precipitate discarded.
(4) The supernatant was then filtered through Whatman filter paper
(No. 541) and thereafter through a 0.45 p millipore filter.
(5 -Three small disposable octadecylsilica (ODS,618) columns (Sep-
Paks, Waters Associates) were connected in series and equilibrated by
pumping 30 ml of an 80% (v/v) acetonitrile, 0.1% (v/v) trifluoroacetic
acid solution through them using a Master-flex peristaltic pump at 5
mi/minute. The system was then washed through in a similar manner
with 30 ml distilled water.

The effluent from the octadecylsilica columns was collected and
pumped through the columns for a second time. During this process the
colums became yellow-brown in colour from absorbed prbtein. They
were then washed with 30 ml of a 10% (v/v) Acetonitrile, 0.1% (v/v)
trifluoroacetic acid solution and the effluent discarded. |
(6) Relaxin and other ovarian peptides were then eluted from the

columns with 40 ml of the 80% acetonitrile, 0.1% trifluoracetic acid
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solution. ..During this proéess'the yellow-ﬁrowﬁ discolouration is
removed from the columns.

(7) The eluant was lypholysed to near dryness by rotary film evapor-
ation at 38°C.

(8) The lypholysed compound was reconstituted with 1-2 ml 0.01M
ammonium acetaﬁe, pH 5.0, and apﬁlied to a 1.5 x 100 cm column of G5D
Superfine Sephadex equilibrated with the same buffer.

(9) The fractions were collected overnight and the relaxin (mol. wt.
6,300) is eluted as a peak at optical density 280 nM (Fig. 7 - Peak A).
The column was devéloped at a rate of 0.5 ml/minute using a peristal-
tic pump and 1 ml fractions were collected. The relaxin activity as
measured by bioasgay (Chapter 3) and by radioimmunoassay (Chapter 4)
elutes as a symmetrical peak of optical density (280 nM) at a
position corresponding to a molecular weight of approximately 6,000
daltons.

(10) The eluted peak was pooled and pumped directly onto a 10 mm x 10
Em carboxymethylcéllulose column equilibrated with 0.01M:-ammonium
acetate, pH 5.0, conductivity 0.6 mS. This column was developed with
a linear salt gradient of ammonium acetate, pH 5.0, to a finél con-
ductivity 15 mS, at a flow rate of 0.5 ml/minute.

(11) The purified relaxin eluted, at about 14 mS, conductivity, as a
single peak (Fig. 8 - Peak B) which was pooled and dialysed against
double distilled water. |

(12) The resulting pure porcine relaxin was then lypholysed as in
step 7 and stored at -80°C.

Using this method approximately 90-100 mg of pure porcine relaxin
was produced from 1 Kg of mid to late pregnant sow ovaries and approx-—
imately.SOO mg of pure porcine relaxin was produced for the in vitro,
animal and clinical trials described in this thesis. All batches of

relaxin were subjected to the quality control procedures described in

Chapter 2 (2.4).
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2.4 QUALITY CONTROL OF PORCINE RELAXIN PURIFICATION

2.4.1 Bioassay
At the end of step 9 in the previously described methodol-

ogy for the purification of porcine relaxin and after the final
step the prbduct was tested for relaxin acﬁivity using the rat
myometrial activity inhibition bioassay and quantitatively in
the rat myometrial bioassay of St. Louis (1981) as described in
Chapter 3. The biopotency was compared to the reference
preparation (NIH-R-PI) and to the reference preparation (CMa)
used for the analysis of the primary structure and sequence
studies of porcine relaxin (James et al 1977) which was kindly
supplied by Prof. F.C. Greenwood, University of Hawaii. All
batches used in the studies were of comparable biopotency to the

reference preparations (Fig. 9).

2.4.2 Raéioimmunoassay

Each batch was assayed by radioimmunoassay as described in

Chapter 4. The activity of the porcine relaxin produced in our

laboratories closely matched that of the reference preparations

(Fig. 10).

2.4.3 Double Electrophoresis

Each batch was also subjected to double electrophoresis to
further test for contaminants (Fig. 11). No batch showed
evidence of negatively or positively charged contaminants, a
single spot remaining on the solvent front aftef double electro-

phoresis.
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2.4.4 Bécteriologicél Testing.

The relaxin used in the clinical trials was preﬁared by the
hospital.pharmacist aseptically in a sterile léminar‘air flow
area by diluting the required amoﬂnfs (1l or 2 mg) of relaxin in
sterilé water. -This was subjected to millipore filtering and the
dissolved relgxin'was stored at 4°C in sterile vialé. These were
sﬁbjected to random sampling for bacterial analysis folldﬁiﬂg the
pharmaceutical protocols of the Australian National Biological
Standards Committeg. No batches showed any sigﬁ>of bacterial

contamination.
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“3:1 INTRODUCTION

Two assays were used. The first was used as a qualitative test
for the presence of relaxin-like activity. However, because the
spontaneous activity of myometrium declines with time the second assay

is a better and more reproducible quantitative assay.



62,

3.2 THE INHIBITION OF SPONTANEOUS ACTIVITY IN RAT MYOMETRIUM

This assay involves the inhibiton of spontaneous uterine motility
in vitro in specimens taken from oestrogen-primed rats’and is based on
the method of Wiqvist and Paul (1958) with minor modificationms.

Virgin rats (200-250G) were primed with a single injection éf 0.2 mg
oestradiol valerate 24 h prior to decapitation. The uterine horns
were removed and cut into 0.5-1.0 cm segments. Each segment was
suspended in Earle's solution by é cotton thread in a 15 ml double-
jacketed chamber. The solution was corrected to a physiological pH.
Temperature was maintained at 37°C and there was a constant flow of
95% oxygen and 5% carbon dioxide. Isometric contraction of each
uterine segment was reéorded on a Gibson polygraph calibrated to a
tension of 1G. After the spontaneous contraction of the uterine
segment had been established the presence of relaxin bioactivity could
be detected by the addition of the unknown sample in varying concen-
frations to the Eérle's solution in the chamber and the subsequent
inhibitiqp or diminution in the frequency and amplitude of the con-
tractions (Fig. 12). Each sample was run in triplicate and the return
of myometrial activity confirmed after washing of the muscle with
Earle's solution. Comparison of the effects of known relaxin
standards could be performed but more precise quantitationof effect

was found with the assay described below.
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3.3 THE INHIBITION OF KC1-INDUCED CONTRACTILITY IN RAT MYOMETRIUM

This is the bioassay described by St. Louis (1981). It also uses
oestrogen-primed rat myometrium set up in a similar manner to the
description in the previous bioassay. However, the chamber contains
a 20% KCl solution in physiological saline. This induces a tetanic
contraction of the myometrium giving a stable plateau 6n the poly-
graph recording (Fig. 13). The dose response effect of a relaxant
can be measured as a percentage of the reduction in the height of the
plateau and these responses can be titrated against known standard

concentrations of pure relaxin.
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4.1 INTRODUCTION

As yet no homologous human relaxin radioimmunoassay has been
developed éue to the difficulties in obtaining sufficient amounts of
human relaxin as described in the Introduction to this thesis and in
the Final Discussion. However, a -homologous porcine relaxin radio-
immunoassay which appears to recognise humaﬁ relaxin has been
described by O'Byrne and Steinetz (1976). This assay using the same
antibody was set up in the author's laboratory for the studies
described in this thesis. The ratio of biological to immunological

activity is 1.3-4.4 to 1 (O'Byrne et al 1978).
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4.2 REAGENTS

(1) Assay Buffer 0.5 phosphate buffered saline, pH 7.4, with 5%

bovine serum albumen.

(2) standard Porcine Relaxin Pure porcine relaxin: (B31) as

purified in Chapter 2 of this thesis.

(3) Control Plasma Ovariectomised female plasma from the same

species as the unknown samples.

(4) Antibody Rabbit anti-porcine relaxin serum (R6 as kindly
supplied by Dr. E.M. O'Byrne, New York). The cross-reactivity and
specificity of this antibody for relaxin-like sﬁbstanées in the blood
‘of yarious mammalian species including the pig and the human have

been published (0'Byrne and Steinetz 1976 & O'Byrne et al 1978).

(5) Antibody Diluent Buffer 0.05M of ethylenedinitrilo-tetraacetic
acid, pH 7.4 with 2% normal rabbit serum.

(6) Relaxin Derivative for Radio-iodination N-o-formyl-tyrosyl-

irelaxin was kindiy supplied by Dr. Christian Schwabe, U.S.A. As
discusseg in the Introauction, porcine relaxin does not have any iod-
inatable amino'acid residues and therefore an iodinatable relaxin
derivative must be synthesised. . N-a-formyl-tyrosyl-relaxin has been
found to be a reliablé and reproducible tracer for relaxin radioimmuno-

assay (Schwabe 1983).

(7) Second Antibody Goat antibody to rabbit gamma-globulin (Cal-

biochem) was used. 125 units were dissolved in 25 ml of assay buffer.



67q

4.3 PROCEDURES

(1) Radio-iodination of the Relaxin Derivative = 1 milli Curie of

1125 yas added to 5 pg of N-a-formyl-tyrosyl-relaxin per 5 uL of
distilled water followed by freshly prepared chloramine T solution (50
ug in 10 L of 0.05M phosphate buffer, pH 7.5). After shaking for 10
seconds, freshly prepared sodium metabisulfite (100 pg in 10 pL phos-
phate buffer) was added followed immediately by potassium iodide
solution (1 mg in 100 uL phosphate buffer). Separation of the iodin-
ated relaxin from the free NaIl2% was accomplished by gel filtration
on a 0.5 x 20 cm column of Sephade#'G—ZS (medium) pfesaturated with 2%
bovine gamma globqlin in 0.05M phosphate buffer, pH 8.6 and eluted
with phosphate buffer. Fractions of 0.5 ml were collected and the
fractions with the highest binding as measured in the RIA were used.

(2) Radioimmunoassay Procedure‘ All glassware used during the

procedure was siliconised to reduce any binding of relaxin to the

glass and all assays were performed in triplicate.

(a)_ Standard porcine relaxin in quantities of 0, 1, 4, 16, 64,
256 and 1024 ng/ml diluted to 200 yuL with assay buffer was added
to the standard curve tubes.

(b) 200 uL of assay buffer alone was added to 100 pL of the
samples to be assayed and a similar amount of buffer was added
to non-specific binding control tubes which contained 200 uL of
antibody diluent buffer.

(c) An equal volume (200 pL) of control plasma was added to the
standard curve tubes and the ﬁon—specific binding control tubes.
(d) Antibody (R6) in quantities of 200 pL at a dilution of 1 in
5,000 in diluent buffer was added to the standard curve tubes and
unknown samples bring thé final volume in each tube to 600 uL.

(e) The solutions were mixed gently and incubated for 24 h at 49cC.
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(f) 100 .uL of radio-iodinated relaxin (containing 25,000 counts
per minute) was added to each tube in the assay, gently mixed and
incubated for a further 24 h at 4°C.
(g) On the third day, 200 yL of second antibody was added to
each tube, mixed and again incubated at 4°C for 24 h.
(h) Thereafter, the tubes were centrifuged at 2,500 r.p.m. at
4°C.  The supernatant was siphoned off and the remaining pellet
was counted in a Beckman gamma-counter. The relaxin concentrat-
ion in the unknown samples were determined by interpolation from
a least square regression line of logit (B/By) versus log
concentration of a standard relaxin according to the linear
equation of Rodbard et al (1969).

Logit (B/By) = b. log (X) + a
where B is counts bound, Bé is counts bound for zero dose, X is
the hormone concentratioh, a and b are constants. N (non-
specific cohnts) determined by the omission of the antibody to
the non-specific binding control tubes were subtracted from the

B and B, before logit transformation.
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4.4 DETAILS AND VALIDAIION'OF ASSAY

A standard curve obtained during this radioimmunoassay is shown
in Figure l4.

The dose-response curve was linear over the range of 1 to 64 ng/
ml. The mean slope of the dose-response curve was b = 2,25 (n = 10).
The least detectable dose as defined by two standard deviations of
percentage binding at the zero point was approximately 12.5 pg of
relaxin. The between-assay and the within-assay coefficients of
variation of the radioimmunoassay were 38.0% (n = 10) énd 9.5% (n =
10) respectively. Porcine and human insulin, prolactin, FSH, LH and

TSH showed no cross-reactivity with this assay.
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5.1 SUMMARY

In a cross sectional study of 330 normal singleton human pregnan-
cies the relaxin-like immunoactivity in peripheral serum was measured
in a porcine relaxin radioimmunoassay. Serum relaxin concentrations
were highest in early pregnancy and gradually declined until term. At
term, patients in labour had a significantly higher mean relaxin con-
centration c0mpared‘to patients who were not in labour. No significant
rise in relaxin levels could be detected in patients sampled during the
week prior to the spontaneous onset of labour. After term there was a
continuing significant decline in relaxin concentrations in patients
who were not in labour. By the third postnatal day relaxin concentrat-
ions had fallen almost to.the level of the non-pregnant control group.
This pattern of relaxin secretion is compatible with the postulated
roles of relaxin during human pregnancy with regards the maintenance of
myometrial quiescence; the facilitation of uterine stromal remodelling
during uterine groﬁth and the promotion of cervical ripening at the

onset of parturition.
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5.2 INTRODUCTION

In mammals it is postulated that the polypeptide hormone relaxin
promotes connéctive tissue remodelling during reproduction, inhibits
myometrial contractility until late pregnancy and facilitates the
progress of cervical ripening at the initiation of parturition (Mac-
Lennan 1983). Relaxin is secreted from the human corpus luteum of
pregnancy but may also be produced by the human decidua and the basal
plate of the placenta (Larkin, Pardo & Renegar 1983). Human relaxin
has recently been characterised but is not yet available for the
development of a human relaxin radioimmunoassay. However, a homolog-
ous radioimmunoassay using porcine relaxin antisera has been establishf
ed (0'Byrne & Steinetz 1976). There have only been a few reports
(0'Byrne et al 1978; Quagliarello et al 1979; Szlachter et al 1982;
Scarselli et al 1983) of this asséy's application in the human. Iﬁ
most animals there is a rise in serum relaxin levels prior to or at
tﬂe beginning of p;rturition but as yet this has not been described in
the human. The purpose of this study is to establish relaxin levels
throﬁghout normal human pregnancy as measured in a porcine relaxin
radioimmunoassay and to compare these levels to those obtained in

other human and animal studies using similar assays.
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5.3 PATIENTS AND METHODS

Permission for this study was obtained from the Research and
Ethics Committee of The Queén Victoria Hospital, Adelaide and all
samples were obtained with iqformed patient consent. Three hundred
and thirty serum samples were collected throughout pregnancy from 6 to
42 weeks gestation .and on the third postnatal day; Eleven further
control samples were collected from non-pregnant healthy premenopausal
patients. The samples collected during pregnancy were grouped in
weekly braékets and only samples from patients with a normal singleton
pregnancy and a gestational age confirmed by early ultrasound were
included in the study. The study was a cross sectional study and the
number of samples per individual patient ranged from 1 to 4. Forty-
four of the patients between 38 and 41 weeks laboured spontaneously and
the timing between sampling and the onset of labour was calculated in
these patients.

All samples éonsisted of 10 ml of clotted blood which was centri-
fuged and the serum frozen at -80°C for subsequent radioimmunoassay.
The antibody used was R6 rabbit antiporcinekrelaxin which has been used
to measure immunoreactive relaxin in women (O'Byrne & Steinetz 1976),
the tracer used was N—a—formyl;tyrosyl-relaxin (Schwabe 1983) and the
second antibody was goat antibody to rabbit gammaglobulin (Calbiochem).
The sensitivity of the assay was 12.5 pg. The between-assay and the
within-assay coefficients of variation of the radioimmunoassay were 38
and 9.5 percent respectively. The data are expressed as nanogram per
millilitre equivalents of porcine relaxin. The mean values for each
gestation have been calculated + standard deviation of the mean.

Groups were compared by the Student (two tailed) t-test.
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5.4 RESULTS

Serum levels of relaxin during human pregnancy as measured in the
porcine relaxin radioimmunoassay are shown in Figure 15 Rélaxin levels
(mean.igS.D.) appeared to rise early in pregnancy and the levels were
higher in the first half of pregnancy (6-20 weeks) (0.69 + 0.31 ng/ml)
than in the second half of pregnancy (21-40 weeks) (0.48 + 0.18 ng/ml)
(p<0.001). Patients who werenot in labour at 41 and 42 weeks gestation
had significantly lower mean serum relaxin levels (0.28 + 0.10 ng/ml)
than the levels recorded during the second half of pregnancy (p<0.001).
Overall relaxin levels declined throughout pregnancy (6-40 weeks) and
a line of regression with a significant negative correlation was
obtained (r= -0.42) (p<0.001).

Patients in labour had a significantly higher mean + S.D. relaxin
level (0.59 + 0.33 ng/ml) than either the mean relaxin level of
patients in the second half of pregnancy (p<0.05) or patients at 40
Qeeks gestation (6.39 + 0.13 ng/ml) (p<0.01). The highest relaxin
levels during labour were recorded in patients in early labour. Of
the 44 patients sampled near term to determine relaxin levels close to
spontaneous parturition, 24 spontaneously laboured within one week of
the sampling and their individual levels are shown in Figurel6, plotted
by days prior to parturition. The mean + S.D. relaxin level of this
group was 0.36 110.14 ng/ml and was not significantly different from
the mean of the remaining 20 patients who did not labour within one
week of sampling (0.35 + 0.15 ng/ml). No significant ﬁrend was noted
in the relaxin levels in the days prior to labour but only two samples.
were obtained within 24 h of the spontaneous onset of labour.

Samples obtained on the third postnatal day (mean + S.D. 0.19 +
0.15 ng/ml) were‘significantly lower than during the second half of

pregnancy (p<0.001) as were the control samples from the non-gravid



1.1 Relaxinz=0.81-0.01Gestation

1.0 13 ‘ r=-0.42

NG. EQUIVALENTS TO.PORCINE RELAXIN/ML.

16
12
l 11
A i
67 8 910111213 14 15 16 17 18 1920 212223 242526 27 26 20 30 31 323334 3536 373839404142 | ABOUR P/N NON-

PREGNANT
GESTATION (weeks)

Figure 15 Mean immunoreactive relaxin levels (+ S.E.) in the serum
of women throughout the course of pregnancy until the third postnatal

day. The line of regression (r) has been plotted and mathematically
expressed.
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patients (mean + S.D. 0.08 + 0.1 ng/ml) (p<0.001).
No obstetric pathology ' or abnormal obstetric outcome could be
correlated with the pregnancies in which high or low relaxin levels of

felaxin were obtained.
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5.5 DISCUSSION

The pattern of peripheral relaxin levels in early énd mid
pregnancy in this study closely matches the two main published studies
of 0'Byrne et al (1978) and Quagliarello et al (1979) both of which
used a similar porcine relaxin radioimmunoassay. The actual levels (in
porcine equivaients) of relaxin in this study are very similar to those
published by O'Byrne et al (1978). Quagliarello et al (1979) reported
levels approximately two-fold higher than those in this study. Both
these previous studies suggested that relaxin levels remained stable in
the:thindltrimgster after a.drop in mid pregnancy, whereas the data in
this study suggests'there is a continuing slow decline in peripheral
serum reldxin levels after a peak is reached early in..the second tri-
mester. Serum relaxin levels dropped significantly further after term
in this study and this finding is in keeping with the report by
Szlachter et al (1982) who found a reduction in serum relaxin in
pregnancies beyoné 43 weeks gestation. The rapid drop in relaxin levels
ﬁnthgwostnatél period is consistent with the findings of other studies
and was not affected by lactation.

A rise in peripheral relaxin levels has been described in almost .
every species studied prior to parturition but no previous human study

has shown a rise in serum relaxin before or during labour. This is the

- first human study to show a significant rise in peripheral relaxin

levels at parturition. However, this was a cross sectional study and
thé findings should be confirmed in a serial study. There are practical
difficulties in anticipating spontaneous human parturition and obtaining
frequent éerial samples around this time. Ideally serial samples should
be collected hourly rather thanvdaily as the rise in serum relaxin may
be very brief. The cross sectional study described in this paper failed

to show any significant rise during the week prior to labour. ‘Serial
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daily sampleé from 3 patients sampled one to four days prior to labour
by Quagliarello et al (1979) also showed no rise in relaxin levels. In
this study the highést levels were obtained in very early spontaneous
labour and the results of adequate serial sampling in the human at
this time have yet to be published. |

The significantly ﬁigher relaxin levels found in the patients in
early labour compared with their term non-labouring counterparts is in
keeping with the pattern in other animals where there is a surge in
relaxin immediately before or during early labour. This surge in
relaxin correlates with an increase in cervical softening and dilatat-
ion in most animals and it is postulated that one of relaxin's main
roles is to facilitate parturition by promoting connective tissue re-
modelling in the cervical tissues. In the human, exogenous porcine
relaxin applied vaginally at term can induce such cervical ripening
and in some instances initiate parturition (MacLennan et al 1980).

Further postulated roles for relaxin are that it may facilitate
uterine stromal reﬁodelling'allowing growth and distension of the
uterus and that along with progesterone, it may promote uterine
quiescence during pregnancy by inhibiting myometrial contractility
(Chapter 10). The pattern of its secretion as described in this paper
would be compatible with such roles, the levels of relaxin being
highest in early pregnancy and gradually declining until parturition.
In the-irat relaxin inhibits both spontaneous and prostaglandin induced
myometrial contractility but does not inhibit pxytocin induced myo-
metrial contractility (Porter, Downing & Bradshaw 1979). The synthesis
of human relaxin is awaitedrfo see if this is also true in the human.
Should a similar mechanism of action be shown, then a rise in relaxin
levels at parturition facilitating cervical ripening would not inhibit
myometrial contractility in a uterus responsive to oxytocin due to the

induction of oxytocin receptors in the myometrium at term.
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The significance of the findings in this study depends on the
validity of the heterologous gpplication of this homologous porcine
radioimmunoassay and on whether peripheral serum levels truly reflect
local activity at the site of action. There is only approximately a
50 percent homology in the.amino acid sequences between porcine and
human relaxins (Hudson et al 1983). The synthesis of human relaxin and
the development of a human relaxin radioimmunoassay is awaited.
However, until then, in trying to define the role of relaxin in human
reproduction, it is useful to have an understanding of the possible

pattern of relaxin secretion during normal pregnancy and to look for

changes in these patterns in pathological pregnancies, e.g. premature

labour.
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CHAPTER 6

THE RELATIONSHIP OF THE HORMONE RELAXIN TO

PELVIC PAIN AND JOINT LAXITY IN HUMAN PREGNANCY
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6.1 SIMMARY

Peripheral serum relaxin levels were measured in a porcine relaxin
radioimmunoassay in 17 patients with severe pelvic pailn and pelvid.joint
instability during late pregnancy. These resuits were compared to a
control group of 330 samples obtained throughout pregnancy from normal
singleton pregnancies. The majority of the serum relaxin concentrations
of the study group were above but within 1 S.D. of the mean for the
corresponding gestational age of the control group. The mean rglaxin
concentration (0.63 ng/ml) of the patients with pelvic symptoms was
significantly higher than the mean relaxin concentration of the normal
patients during the second half of pregnancy (0.48 ng/ml) (p<0.005).
Three patients had relaxin concentrations more than 2 S.D. from the
mean of thé normal patients for the corresponding gestational age and
thése patients were amongst the most clinically disabled. The three
highest levels of relaxin in the study group were higher than any in
tﬁe 163 patients iﬁ the control group sampled dufing the second half of

pregnancy._ This study suggests that in some patients higher than

- normal relaxin levels may be .associated with and be responsible for

excessive pelvic joint laxity and pelvic pain in ldte pregnancy.



6.2 INTRODUCTION

A major degree of separation of the pubic rami due to increased
compliance of the connective tissues in the pubic symphysis happens
only in species such as todents where the ratio of the diameters of
the maternal pelvis and the fetal head is too small to allow normal
delivery without such a separation. In the human the ratio of thdse
diameters is sufficiently large that separation of the pubic symphysis
is not normally necessary. It has been estimated, using radiological
techniques, that there is only a mean 7.mm increase in vertical
stretching and a mean 3 mm increase in lateral stretching of the
himan pubic symphysis during pregnancy (Farbrot 1952) . However, a
minority of women in pregnancy experience severe pelvic pain in both
the pubic symphysis and the sacroiliac joints. A proportion of these
patients have clinically apparent‘joint instability and laxity and
they may be unable to walk during the end of pregnancy. There have
éeen no specific étudies on pelvic joint laxity in pregnancy and
radiological studies are not now acceptable. However, increaséd peri-
pheral joint laxity has been repbrted in the third trimester of
pregnancy with an increase in laxity associated with multiparity
(Calguneri, Bird & Wright 1982).

In rodents such as the guinea-pig and the mouse there is a rise
in serum relaxin prior to the onset of parturition which is associated
with separation of the pubic symphysis (Hisa& 1926). This separation
can also be induced by the injection of exogenous relaxin in the
oestrogen-primed animal. However, no correlation has yet been pub-..
lished between relaxin levels in the human and pubic symphysial pain
and laxity. The aim of this study was to measure peripheral serum
relaxin levels in patients with major degrees of pelvic joiﬁt pain aad

laxity during late pregnancy and compare these results to the levels
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found in normal pregnancy ﬁsing the same porcine relaxin radioimmuno-

assay (Chapter 5).



83.

6.3 PATIENTS AND METHODS

Permission for this study was obtained from the Research and
Ethics Committee of The Queen Victoria Hogpital, Adelaide. Patients
were included in the‘study only when their comﬁlaint of pelvic joint
pain was sufficiently incapacitating to necessitate prolonged bed
rest in hospital or at home. Most of these patients had major
problems in walking and all cases were assessed by a physiotherapist
who performed lateral flexion tests wiphthe patient standing on
alternate legs. During these tests pubic symphysial pain was repro-
duced or exacerbated and joint instability was ‘apparent. An accurate
clinical scoring system to assess the degree of pelvic pain and joint
instability could not be validated. However, only patients with
severe incapacitating pelvic joint pain associated with clinically
apparent joint instability have been included in the study. A single
serum sample was obtained from 16 patients, and tﬁree antenatal
<samples were obtéined from a furthér patient who appeared to be more
severelynincapacitated than the other patients, in that she was
hospitalised for the last 14 weeks of her pregnancy and was unable to
walk during that time. Postnatal samples were obtained from three of
the patients. Only the mean an;enatal relaxin levels of the patient
sampled more than once has been included in calculating the mean serum
relaxin level of the total group. Students (two tailed) t-test was
used to compare the mean relaxin level of the pelvic pain group to
that in normal pregnancy as assayed in the same radioimmunoassay
(Chapter 5). The assay used was a homologous porcine radioimmunoassay
as described previously (Chapter 4) using R6 rabbit antiporcine
relaxin serum for the antibody (O'Byrne & Steinetz 1976), N-a-formyl-
tyrosyl-relaxin as the tracer (Schwabe 1983) and goat antibody to

antirabbit gammaglobulin (Calbiochem) as the second antibody. The
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within assay coefficient of variation was 9.5 percent and the sensit-
ivity of the assay was 12.5 pg. All samples from the patients with
pelvic pain were measured in the same radioimmuroassay together with

control samples from patients in the normal pregnancy group.
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6.4 RESULTS

The serum relaxin concentrations in patients with pelvic pain are
shown in Figure 17 and are compared to the levels previously described
in normal pregnancy (Chapter 5). The mean (+ S.D.) relaxin concen-
tration of the patients with pelvic joint pain was 0.63 + 0.25 ng/ml
and was significantly higher than the mean concentrations of relaxin
in normal patients during the second half of pregnancy (0.48 + 0.18
ng/ml) (p<0.005). The relaxin concentration in only 1 pelvic pain
patient was below the mean for the secondvhalf of pregnancy in the
normal group. Three study patients had levels more than 2 S.D. above
the corresponding mean of the control group. These three patients
had relaxin levels higher than any of the 163 samples taken from
normal singleton pregnant patients during the second half of pregnan-
cy. The patient who was thought clinically to have the greatest

degree of pelvic joint pain and instability had the highest relaxin

levels (1.15 to 1.39 ng/ml). In the three patients sampled postnat-

ally rel%xin concentrations had returned to normal non-pregnant levels.
Amongst the 163 samples obtained between 21 and 40 weeks gestat-

ion from normal pregnancies only 5 samples had relaxin concentrations

(range 66 to 86 ng/ml) which were greater than 2 S.D. from the mean

for that gestation. None of these patients complained of major

degrees of pelvic pain and none required hospitalisation for pelvic

" problems.
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FIGURE 17 Serum relaxin concentrations in 17 patients with pelvic
joint pain and laxity (o) plotted in comparison to the mean (+ S.E.)
levels at each week of gestation found in normal patients (Chapter 5).
Samples from the same patient are connected by dotted lines (red).
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6.5 DISCUSSION

Although the mean serum relaxin concentration in the patients
with pelvic pain and joint laxity was significantly higher than the
control'group,Aonly 3 patients had very high serum relaxin concent-
rations. However, only 1 patient in the study group had a relaxin
concentration below the mean for the control group during the second
half of pregnancy. Moderately high levels of relaxin, e.g. 66 to 86
ng/ml in the coptrol group were not associated with major evidence of
pelvic symptoms, hospitalisation or incapacity on retrospective
analysis of their obstetric history. Minor degrees of pelvic pain
and joint laxity were not assessed in this study but clearly not all
patients with higher than normal relaxin levéls in pregnancy complain
of pelvic joint instability and pain. Equally not all pregnant
patients with pelvic pain have ciinically apparent joint laxity and
there are many other causes of such pain, e.g. nerve compression,
ﬁrinary tract.inféction, etc. A difficulty experienced in‘this s tudy
was the quantification of pain and pelvic joint laxity and a quantit-
ative scoring system of these symptoms and signs could not be vélid-
ated. Nevertheless, the patient with the highest relaxin levels
required the longest hospitalisation and the other 2 patients with the
very high serum relaxin levels required admission to hospital and
were unable to walk at the end of their pregnancy. All gradually
recovered postnatally. In the 3 patients sampled postnataily the
relaxin levels had. fallen to levels below the sensitivity of the assay.

Peripheral serum relaxin levels may not be as relevant as
relaxin receptor levels and it may be that some patients are more
susceptible to circulating or local concentrations of relaxin if a
high level of receptors have been induced in the connective tissue..of

the pubic symphysis and sacroiliac joints. This might explain why the
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patients in the control grdup who had moderately high relaxin levels
did not have symptoms. No human studies have been performed on
relaxin receptors in these tissues but relaxin receptors have been
described in fibroblasts.taken from the mouse pubic symphysis (Bryant-
Greenwood 1982). The induction of relaxin feceptors is thought to be
under the infl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>