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I. INTRODUCTION

Relaxin is a name given to a hormone or hormone complex produced during
pregnancy in the ovaries and/or reproductive tracts of females of many species.
For some years, its only known function was its collaboration with oestrogen in
producing preparturition relaxation of the symphysis pubis and sacro-iliac
joints in many mammals. It is becoming increasingly apparent, however, that
relaxin has a much more widespread activity and is almost certainly involved
in a number of the physiological processes of pregnancy and parturition. Of the
activities so far investigated, two of the most interesting, because of their impli-
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Relaxin 369
cations for gynaecologists and obstetricians, are those that reduce uterine myo¬
metrial activity and cervical tension. These, and other activities concerned with
some aspect ofgestation or parturition, the progressive build-up of relaxin in the
blood during pregnancy, its rapid disappearance after parturition, and its
absence or very low concentration in the blood of males and non-pregnant
females, suggest that this is a true hormone of pregnancy. Of late, however,
attention has also been focused on the action of relaxin on general connective
tissues. The realization that it can affect connective tissues in non-genital sites,
without producing feminizing effects, has led to clinical trials of the hormone in
some of the collagen diseases.

The first description of relaxin was given by Hisaw (1926) and later expanded
in further papers, reference to which can be found in two reviews which collated
current knowledge on the biochemistry and pharmacology of relaxin (Hisaw &
Zarrow, 1951; Frieden & Hisaw, 1953). Subsequent review articles covering
aspects of relaxin activity have been published by Sher & Martin (1956),
Marois (1958), Sands & Stone (1959) and Steinetz, Beach & Kroc (1959), and
a group of papers by selected investigators is included in a recent publication
on the physiology of the uterus (Ann. N.T. Acad. Sci., 1958, 75).

II. METHODS OF ASSAY
Most of the activities of relaxin necessitate preliminary priming with oestrogen.
Three separate types of assay have been devised, only the first two of which
have acquired practical importance. Certain drawbacks appear with all the
methods. They are set out here in some detail, together with a little of their
historical background, since the lack of a really satisfactory method of assay is
the major handicap to our assessment of the significance of the clinical work
being done at the present time. The methods are based on : ( 1 ) relaxation of the
symphysis pubis of the guinea-pig or mouse, (2) inhibition of spontaneous
contractions in the guinea-pig, mouse or rat, or (3) electrometric study of
changes in colloid charge density in the connective tissue of the guinea-pig
symphysis pubis.

I. ASSAY BASED ON RELAXATION OF THE SYMPHYSIS PUBIS

(a) Guinea-pig
(i) By manual palpation of the pelvis (Abramowitz, Money, Zarrow, Talmage,

Kleinholz & Hisaw, 1944). One guinea-pig unit (GPU) was defined as that
amount of relaxin which, when injected into ovariectomized guinea-pigs 24 hr
after the last of four (originally three) daily injections of 1 µg oestradiol,
produces 6 hr later unmistakable mobility in two-thirds of a group of twelve
animals.

This all-or-nothing response was later replaced by a 'degree or proportion
response' (Frieden & Hisaw, 1950, 1953). Each guinea-pig was given a number
o to 4, depending on the extent of mobility achieved. The 'total response' of a

group of animals is calculated as :

„. . . sum of individual responses in group% positive responseX-:-number 01 animals
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One GPU is then defined as that amount of relaxin which results in a total
response of ioo (later modified to 120 by Noall & Frieden, 1956).

(ii) By radiographie measurement (Marois, Nataf & Marois, 1950; Talmage &
Hurst, 1950; Talmage & Garrett, 1951). Talmage and co-workers stated that
the palpation assay produces results with a 5% fiducial error approaching
100%. They tried to establish a method of assay in which the inter-pubic
separation was recorded by X-ray measurement of oestrogen-primed, ovariec-
tomized guinea-pigs before and 6 hr after administration of relaxin. Statistical
analysis showed that the degree of variability of response was so high that to
establish an assay with as little as 20% error would require fifty animals at
each dose level. Noall & Frieden ( 1956) found that guinea-pigs used for repeated
relaxin assays undergo a cycle of sensitivity, the response to the first dose being
slight, but reaching a maximum at the second or third assay which is maintained
for 3 to 4! months, after which the animals enter into a refractory state. They
suggested certain variables to circumvent this, and stressed the need for a

standard preparation in the assay of relaxin and proposed a method for its
standardization.

(b) Mouse
Hall & Newton (1946, 1947) first described a radiographie technique for

measuring the separation of the innominates in mice, and later Hall (1948)
proposed an assay technique with ovariectomized virgin mice pretreated with
oestrone or oestradiol for 8 (possibly 5) days. Dorfman, Marsters & Dinerstein
(1953) adapted and improved this method and subjected it to critical examina¬
tion, and Kroc, Steinetz & Beach (1958) have devised a method of direct
measurement of width of separation with a binocular microscope and trans-
illumination.

There has been some confusion about the use of the mouse as opposed to the
guinea-pig assay because (1) other workers could not produce inter-pubic
separations with sow ovary preparations as wide as those of normal pregnancy
or as those produced by Hall with relaxin preparations from rabbit serum;
(2) preparations of relaxin that were very active when tested in the guinea-pig
often produced little effect in the mouse. This led to a suggestion that the pelves
of mice and guinea-pigs relax in response to two separate fractions (Kliman,
Salhanick, Frieden & Hisaw, 1953). This is discussed later (p. 377).

2. ASSAY BASED ON INHIBITION OF SPONTANEOUS CONTRACTIONS
OF UTERINE MYOMETRIUM

(a) In vivo
Krantz, Bryant & Carr (1950) described an in-vivo technique for the study of

uterine motility in the guinea-pig, which was used to assess the effects of aqueous
extracts of corpora lutea believed to contain relaxin. The extracts tested in¬
variably produced diminution of tone and of spontaneous motility. The factor
in the extract that produced this effect was called 'Uterine Relaxing Factor'
URF) ; its possible identification with the symphysis-relaxing factor is discussed

later (p. 377). A unit of URF has been defined as that amount which, when
injected in a single dose as above, will produce 90% reduction in height of
spontaneous contractions for at least io min.
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(b) In vitro

Sawyer, Frieden & Martin (1953) and Frieden & Hisaw (1953) described a

method with rats or mice, either intact at oestrus or ovariectomized and oestro¬
gen primed, and found that as little as 0.001 GPU/ml of a good relaxin prepara¬
tion from pregnant sow ovaries produced a perceptible decrease in amplitude
of contractions.

3. ELECTROMETRIC ASSAY

A third method, which does not seem to have acquired practical importance, is
an electrometric technique proposed by Catchpole, Joseph & Engel (1952) and
Joseph, Engel & Catchpole (1952). It involves the study of changes in colloid
charge density in connective tissue of the symphysis pubis of ovariectomized,
oestrogen-primed guinea-pigs after injection of relaxin.

III. OCCURRENCE, SOURCE AND CONCENTRATION IN DIFFERENT
SPECIES

Relaxin has been located in the blood and reproductive organs of the female
pig, rabbit, rat, mouse, guinea-pig, dog, cat, horse, sheep, goat, cow, whale and
human being, increasing from a very low level early in gestation to a plateau
in mid or late pregnancy and declining rapidly after parturition (Hisaw &
Zarrow, 1951 ; Steinetz, Beach & Kroc, 1959). Concentrations of relaxin during
pregnancy, assayed by the guinea-pig symphysis-pubis test unless otherwise
stated, have been recorded as follows :

Rabbit
Blood: 0.2 GPU/ml serum on Days 3 to 12, rising to a plateau of 10 to 25 GPU/

ml on Day 24, dropping sharply 6 hr after parturition, and almost absent after
72 hr (Marder & Money, 1944); ovaries: 20 to 30 GPU/g, and uterus: 15 to 50
GPU/g, on Days 13 to 24; maternalplacenta: 250 to 350 GPU/g, andfoetalplacenta:
10 to 25 GPU/g, on Days 24 to 26. Ovariectomy during pregnancy did not alter
the normal curve of relaxin in the blood (Zarrow & Rosenberg, 1953).
Sow

Ovaries: relaxin appears early in pregnancy and rapidly rises to 1000 to 10,000
GPU/g fresh tissue, almost the whole of which is concentrated in the corpus
luteum; uterus and placenta contain very little (Hisaw & Zarrow, 1948;
Zarrow, in Frieden & Hisaw, 1953).
Guinea-pig

Blood: relaxin increases from a very low level at Day 21 to a plateau of 0.5
GPU/ml serum from Days 28 to 63, falls to 0.35 GPU/ml until parturition, after
which it rapidly disappears; uterus: 10 GPU/g on Days 56 to 62; placenta:
5 GPU/g on Day 56, falling to 2.5 GPU/g on Day 63 (Zarrow, 1947).
Mouse and rat

Ovary : mouse, relaxin concentration rises from 114 GPU/g on Day 16 to
200 GPU/g on Day 19; rat, from 290 GPU/g on Day 13 to 720 GPU/g on Day
21 (Steinetz, Beach & Kroc, 1959); no activity in mouse uterus and placenta
and only very slight activity in rat placenta. Using assays based on inhibition of
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uterine myometrial activity, Bloom, Paul & Wiqvist (1958) tested extracts of
rat amniotic fluid, ovaries, foetal membranes and embryos and found relaxin-
like activity only in the ovaries.
Whale

Steinetz et al. (1959) recorded values up to 536 GPU/g in the corpus luteum
and only small amounts in the endometrium and placenta.
Human being

Zarrow, Holmstrom & Salhanick (1955) reported that in the blood of
pregnant women relaxin increased from 0.2 GPU/ml serum at 7 to 10 weeks
to a maximum of 2.0 GPU/ml at 38 to 42 weeks, and disappeared within 24
hr post partum. None was found in the blood of men or non-pregnant women.

Attempts to extract it from the placenta were unsuccessful and the source is
still problematical.

It appears that the ovaries may be the principal source of relaxin in animals
(such as sow, rat and mouse) in which this organ is needed throughout gestation,
but that the placenta may produce relaxin in those species in which gestation
can continue to term independently of the ovaries.

Steinetz et al. (  959) also reported finding relaxin activity in pregnant shark
ovaries and in the testes of roosters but not of boars or stallions; slight activity
detected in the ovaries of non-pregnant sows and rats and in the serum of an

oestrous dog suggests that relaxin, like progesterone, may play a role during the
non-pregnant cycle.

IV. PREPARATION, BIOCHEMISTRY AND PHARMACOLOGY

Originally, relaxin was extracted from the blood serum of rabbits during the
last week of pregnancy by a method of precipitation with ethanol/acetone
(Albert & Money, 1946). Preparations are now made from the ovaries of
pregnant sows by extraction in saline and/or ethanol, adjustment of pH,
precipitation with acetone, dialysis and freeze-drying. Further purification can
be effected by acetone fractionation of heated preparations at pH 6.5, yielding
preparations that assay 300 to 450 GPU/mg (Frieden & Hisaw, 1953).

Attempts to purify relaxin have been stimulated by the diversity of effects
evoked by the extracts, and have included ion-exchange chromatography on
oxidized cellulose, IRC-50, and Dowex-50, and counter-current distribution in
butanol-trichloracetic acid systems, all of which produce some purification,
although the distribution method seems the most promising. Chromatographie
and distribution experiments suggest that there may be two or more separate
but closely related active principles.

Three commercial preparations ofrelaxin are available. The Warner-Chilcott
Co, U.S.A., market a preparation under the name of Releasin, each new batch
of which is assayed against their 'reference standard' preparation, which was
itself assayed (by guinea-pig symphysis-relaxing tests) at 150 GPU/mg (Kroc,
Beach & Stasilli, 1956). They use the guinea-pig and mouse symphysis-pubis
tests, checked by in-vitro mouse uterine- motility tests, and claim good agreement
between the three methods (Steinetz et al., 1959). The other preparations are
'Lutrexin' (Hynson, Westcott & Dunning, U.S.A.) and 'Cervilaxin' (National
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Drug Co, U.S.A.), both assayed for uterine-relaxing rather than pelvis-relaxing
activity. All three are prepared from pregnant sow ovaries.

The physico-chemical properties of relaxin preparations were analysed by
Frieden & Hisaw (1953), who concluded that it is a water-soluble neutral
protein or polypeptide of low molecular weight; stable to heat, deamination and
acetylation, but inactivated by hot alkali, proteolytic enzymes, and by reactions
involving the disulphide links, the free carboxy groups and free guanidine
groups. Further advances in this field await purification of the active principle(s)
and perfection of assay techniques.

Relaxin is rapidly absorbed from the site of injection. When injected intra¬
venously or subcutaneously into rabbits, 50% had disappeared from the blood
after 1 hr and 96% after 12 hr; subcutaneous injections produced maximum
blood levels in 5 min; only 1 to 4% was excreted in the urine (Zarrow & Money,
1948). In women, 1000 to 4000 GPU injected at 3 to 8 hr intervals produced a
blood level of 1 to 2 GPU/ml serum after 24 to 48 hr (Perkoff, Salhanick,
Zarrow, Nelson & Tyler, 1954).

V. TOXICITY AND ANTIGENICITY

In spite of its protein nature, relaxin appears to be only slightly antigenic.
Relatively purified preparations in large doses produced no toxic effects in
animals (Zarrow & Money, 1948). In man, Perkoff et al. (1954), Kelly & Posse
(1956) and Eichner, Waltner, Goodman & Post (1956) reported nothing more
serious than occasional transient chills or local pain at the injection site. Never¬
theless, there have been reports of one fatal anaphylactic reaction and one

serious but not fatal reaction (Evans, 1959; Wendt & Wolfe, 1959) during
clinical trials of the hormone. It is recommended that before-treatment skin
tests with a dilute solution should be applied to all patients who have been given
relaxin on a previous occasion or who have a history of hypersensitivity.

VI. EFFECTS

I. RELAXATION OF PELVIC JOINTS
A historical survey of the pelvic modifications during pregnancy in various
species has been given by Hisaw & Zarrow (1951). Relaxative changes may
occur in the symphysis pubis and/or sacro-iliac joints, according to species.
The microscopical adaptations and the controlling mechanisms involved have
been studied in detail only in the guinea-pig and mouse.

(a) Guinea-pig
Relaxation of the symphysis pubis in the ovariectomized guinea-pig can be

induced by long treatment with oestrogen alone (3 to 4 weeks) or, after short
priming with oestrogen, by progesterone or deoxycorticosterone acetate in a few
days, or relaxin in a few hours; progesterone and the corticoid apparently
induce the secretion of relaxin by the uterus (see Hisaw & Zarrow, 1951, for
references). Talmage (1947) made the first histological study, and described
relaxin-induced breakdown of the symphysial cartilage and splitting of collagen
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fibres. Evidence of depolymerization of connective-tissue ground substance has
been presented by Heringa & van der Meer ( 1948) and Perl & Catchpole ( 1950),
but Frieden & Hisaw (1951 a, b) from chemical and enzymatic studies thought
that relaxin acted on the collagen rather than the interfibrillar cement. Frieden
& Hisaw (1953), Frieden & Martin (1954) and Frieden (1956), from studies of
the anabolic activity of different protein fractions of symphysial and other
connective tissues by measurement of uptake of labelled glycine, concluded
that the fibroblast of the symphysis pubis is one of the most active peptide-
synthesizing cells yet studied.

Other reports which, no doubt, will contribute to eventual understanding of
the action of relaxin are : that alkaline phosphatase activity in the symphysis
increased after oestrogen (Nataf & Marois, 1950; Talmage, 1950) but not
relaxin (Frieden & Hisaw, 1951b) and dropped sharply at the end of combined
oestrogen and progesterone treatment (Nataf & Marois, 1950; Roche, Nataf &
Marois, 1950) ; that peptidase activity was not affected by relaxin (Roche et al.,
1950) ; that ß-glucuronidase activity doubled after prolonged oestrogen ad¬
ministration but was not significantly affected by relaxin (Frieden & Hisaw,
1953); and that no hyaluronidase (Frieden & Hisaw, 1953) or collagenase
(Gersh & Catchpole, 1949) could be detected in the relaxed symphysis.
(b) Mouse

The normal course of inter-pubic ligament formation in the pregnant mouse
and its experimental production by relaxin in ovariectomized, oestrogen-
primed mice have been described by Hall & Newton (1946, 1947), Hall (1947,
1948). Inter-pubic separation can be produced by oestrogen alone but very
much more slowly (Hall & Newton, 1947). Removal of the ovaries at the end
of the second week of pregnancy arrests the separation of the innominates
unless relaxin is administered (Hall & Newton, 1947; Hall, 1956b; Steinetz,
Beach & Kroc, 1957). There is no evidence that progesterone is involved in
pelvic relaxation in mice nor that it causes the secretion of endogenous relaxin
as in guinea-pigs; on the contrary, progesterone appears to have an inhibitory
effect on inter-pubic separation (Hall, 1949, 1956 a, b) and it seems likely that
a correct and presumably rather low ratio of progesterone : oestrogen in the
body at the appropriate time is an important factor for relaxin-induced pelvic
changes. The sequence of histological changes in the pregnant and post-partum
symphysis have been described (Hall, 1947, 1954) and the roles of oestrogen and
relaxin differentiated by analogy with their effects in ovariectomized mice
(Hall, 1956a). An essential preliminary appears to be alteration of the physical
properties of the mucopolysaccharides of symphysial cartilage by oestrogen,
producing a pliable matrix, and permitting relaxin, perhaps through tensile
forces as yet unknown, to cause lateral displacement of the two halves of the
innominates and the growth of a collagenous inter-pubic ligament. Relaxin also
appears to induce fluid accumulation in the symphysis because of increased
capillary permeability and perhaps a change in the internal architecture of the
collagen fibres, making them more easily stretchable (Storey, 1957). Progester¬
one inhibits inter-pubic separation by preventing the priming effect ofoestrogen
(Hall, 1956a). The slow inter-osseous separation produced by oestrogen is a
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different process brought about by bone résorption without lateral displacement
(Hall, 1956a). That tensile forces may be involved is suggested by the fact that
an inter-pubic ligament did not form when the innominates were tied together,
although the sacro-iliac and symphysial joints became flexible (Crelin, 1954).
Development of inter-pubic ligaments in autologous symphysial grafts suggests
that local factors in pelvic environment are not involved (Crelin, 1959). The
symphysis and sacro-iliac joints of castrated, oestrogen-primed male mice
responded to large doses of relaxin (Crelin, Wood & Honeyman, 1957), but
smaller amounts which are effective in females are ineffective in males (Dorfman
et al., 1953).

Besides progesterone, the 19-nortestosterones, testosterone, cortisone, predni-
solone and deoxycorticosterone (Steinetz et al., 1959) and thiouracil or thyroid
powder (Horn, 1958, i960) all inhibit inter-pubic separation in pregnant or
relaxin-treated mice.

2. INHIBITION OF UTERINE MYOMETRIAL ACTIVITY

The discovery that relaxin preparations inhibit spontaneous contractions of the
uterine myometrium ofguinea-pig, mouse and rat in vivo and in vitro has already
been noted and assay techniques based on this activity described (p. 370). This
response to relaxin could not be duplicated by chlorobutanol, progesterone or

twenty-six other tested agents (Krantz et al., 1950). The effects were not thought
to be due to histamine or adrenaline, and the uteri still responded to oxytocin
and acetylcholine (Sawyer et al., 1953). Miller, Kisley & Murray (1957) and
Miller & Murray (1959), who found that relaxin inhibited in vitro uterine
motility of the rat, guinea-pig and non-pregnant cat, but not of man, the rabbit
or pregnant cat, suggested that an adrenergic mechanism may be involved.

Tocometric studies have demonstrated that relaxin had a definite though
inconstant inhibitory effect on the contractility of the myometrium in non-

pregnant women, an effect that was greater in the proliferative than in the
secretory phase (Posse & Kelly, 1956). The need for oestrogen 'priming' before
relaxin can exert its effect has been stressed by Wiqvist (1959), and this may
explain why McGaughey, Corey & Thornton (1958) failed to find any action
of relaxin on spontaneous contractility of isolated uterine muscle from pregnant
and non-pregnant women. Kupperman, Rosenberg & Cutler (1958) have
reported that relaxin induced in vitro muscular relaxation followed by tonic
contraction of the Fallopian tube of man and the uteri of rats, if the organs were

obtained from subjects previously primed with progesterone. Uteri from rats

previously primed with oestrogen invariably responded with relaxation without
subsequent increased muscle tonicity.

3. REDUCTION OF TENSION IN THE CERVIX

Softening and increased distensibility of the cervix and lower uterine segment
after treatment with relaxin were first reported in sows and heifers. Priming
with oestrogen is apparently necessary, but oestrogen alone will not increase
dilatability (Graham & Dracy, 1952, 1953; Zarrow, Sikes and Neher, 1954;
Zarrow, Neher, Sikes, Brennan & Bullard, 1956). Cervical dilation was noted
in stilboestrol-primed cows with hydramnios, during treatment with relaxin but
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not oxytocin (Gassner, quoted by Eichner et al., 1956). Relaxin-induced soften¬
ing of the cervix has also been reported in monkeys (Hisaw, 1959), women

(Eichner et al., 1956; Birnberg & Abitbol, 1957; Stone, Sedlis & Zuckerman,
1958 a, b) and rats (Steinetz et al., 1959). The last-named authors caution
against interpreting as increased distensibility data that in reality demonstrate
increased growth. Yochim & Zarrow (1959) measured dilatability and tensile
strength of the rat cervix and found that the former was increased and the latter
decreased significantly by relaxin. In tests of breaking strength of cervices of
ovariectomized rats, Cullen & Harkness (1957) reported synergism between
oestrogen and relaxin (and even more between these two hormones and pro¬
gesterone) in producing increased stretchability. The mechanism of relaxin-
induced softening in the sow has been interpreted as depolymerization of
mucopolysaccharides accompanied by water accumulation (Zarrow et al.,
1956). This finding has not been demonstrated in women, and Zachariae (1958)
claimed that, in the rabbit, cervical mucopolysaccharides are not subjected to
hormonal influence like those of the corpus uteri. No changes in cervical ground
substances of mice after administration of relaxin were revealed by meta-
chromatic stains or the periodic acid-Schiff technique (Hall, i960).
4. EFFECT ON WEIGHT, WATER CONTENT AND HISTOLOGICAL AND BIOCHEMICAL

COMPOSITION OF THE UTERUS

The initial observation by Frieden & Velardo (1952) that relaxin inhibits
deciduoma formation in rats was not confirmed by Velardo (1958) or Zarrow
& Brennan (1958). On the contrary, the latter authors reported that relaxin
potentiates the action of progesterone on the progestational reaction in the
rabbit. Synergism between oestrogen and relaxin on uterine dry weight and
water content, inhibition of this effect by progesterone and absence of effect by
relaxin alone have been noted in rats and mice (Jablonski & Velardo, 1957,
1958; Zarrow & Brennan, 1957; Steinetz, Beach, Blye & Kroc, 1957; Hall,
i960). The synergistic action of oestrogen and relaxin on uterine water was

increased four- to sixfold by adrenalectomy and completely prevented by
cortisone (Brennan & Zarrow, 1959). Increase in total uterine glycogen follow¬
ing a single injection of relaxin to oestrogen-primed rats was reported by
Steinetz, Beach, Blye & Kroc (1957). In the mouse, Hall (i960) described
synergism between oestrogen and relaxin in promoting myometrial glycogenesis
and alkaline phosphatase activity and oedematous transformation of the endo-
metrial stroma. Progesterone had an antagonistic effect on glycogenesis and
stromal changes but did not overcome the synergistic action on alkaline phos¬
phatase activity. In the vagina, relaxin augmented the action of oestradiol on

epithelial hypertrophy and keratinization, and reduced the mucifying action of
progesterone. Hisaw (1959) reported that in the monkey marked increase in
thickness of the endometrial stroma and dilation of endometrial capillaries
and venules with hypertrophy and hyperplasia of their epithelium have been
observed after administration of relaxin.

5. ROLE IN PREGNANCY AND PARTURITION IN THE RAT AND MOUSE

In mice, less progesterone was needed to maintain pregnancy after ovariectomy
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if relaxin was also given; relaxin also facilitated punctual delivery of live young,
some of which were suckled and reared (Hall, 1957). Smithberg & Runner
(1956, 1957) recorded a similar action of relaxin on spontaneous delivery after
experimental induction of pregnancy in prepuberal and genetically sterile mice.
Relaxin, but not oestrogen, increased the delivery response to oxytocin in
spayed mice maintained on progesterone (Steinetz, Beach & Kroc, 1957), but
was detrimental to foetal growth in intact pregnant rats (Huggett, 1958).
Experimental evidence that relaxin may play a role in parturition in the rat
and mouse is discussed by Steinetz et al. (1959).

6. EFFECT ON MAMMARY GLAND

Synergism between relaxin and ovarian steroids on lobule-alveolar growth has
been described in rats (Hamolsky & Sparrow, 1945; Smith, 1954), rabbits and
guinea-pigs (Garrett & Talmage, 1952) but not mice (Trentin, 1951). How¬
ever, Wada & Turner ( 1958) found that a combination of relaxin and oestro¬
gen stimulated growth of the lobule-alveolar apparatus in intact but not hypo-
physectomized mice to the same extent as did progesterone and oestrogen. They
postulated that oestrogen and progesterone may stimulate endogenous secretion
of relaxin which, in turn, stimulates increased secretion of mammogen by the
pituitary. It has already been recorded that Hall could find no evidence of
stimulation of relaxin secretion by oestrogen/progesterone in mice. Report of a

beneficial effect of relaxin on milk let-down in sheep (Schaffhausen, Jordan &
Dracy, 1954) was not confirmed in rats (Grosvenor & Turner, 1958) or goats
(Folley, 1959).

7. ANAEMIA, ANTIDIURESIS AND URETERAL FUNCTION

The concept that relaxin can produce anti-diuresis and might be responsible
for the anaemia of pregnancy (Zarrow, 1949; Zarrow & Zarrow, 1953;
Abramson, Caton & Roby, 1953) is now suspect, for the effects appeared after
injection of low-potency extracts but not of more purified preparations. Relaxin
did not produce ureteral dilatation in women (Eichner et al., 1956).

VII. IDENTIFICATION OF THE DIFFERENT ACTIVITIES
One of the major problems has centred around the identification of the activities
in relaxin extracts responsible for relaxation of the symphysis pubis and uterus
in the mouse and guinea-pig. There was confusion when it appeared that sow

ovary extracts contained two separate factors which relaxed mouse and guinea-pig
symphyses; three daily injections of 20 GPU of a relatively purified preparation
were needed to produce in mice the same response as one injection of 5 GPU of
a crude extract, and 150 GPU ofa partly purified preparation contained only 0.5
mouse units; rabbit relaxin was equally effective in mice and guinea-pigs but
human pregnancy serum produced relaxation in guinea-pigs but not mice
(Kliman et al., 1953). This problem seemed to be resolved when it was shown
that purified sow-ovary preparations with high guinea-pig/low mouse activity
become highly potent in the mouse if suspended in depot vehicles, one of the
most effective being 5% beeswax in oil which produced sixty-five-fold increase
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in potency (Kliman & Greep, 1958). This has been confirmed and a series of
depot agents found, of which 1 % benzopurpurine 4-B has proved twice as
effective a potentiator as beeswax-oil (Steinetz et al., 1959). Extracts of rabbit
serum could not be potentiated by depot agents and probably represent a more

slowly mobilized form of relaxin.
Further confusion exists over the identity of the uterine-motility inhibiting

activity. Tests have shown that its chemical properties are similar to those of
relaxin (Feiton, Frieden & Bryant, 1953), and Steinetz et al. (1959) find good
agreement when they assay their extracts by both uterus- and symphysis-
relaxing methods. However, Frieden (1958) and Frieden, Layman & Stone
(1959) have summarized evidence from Chromatographie and distribution
experiments which suggest that while relaxin probably possesses intrinsic
myometrial-inhibiting activity, there also exist one or more substances with
myometrial-inhibiting activity but with little or no relaxin activity. The problem
will only be solved when complete purification and isolation is achieved.

VIII. CLINICAL TESTS

I. GYNAECOLOGICAL AND OBSTETRIC CONDITIONS

(a) Dysmenorrhoea
Encouraged by their tocometric evidence of a quieting effect of relaxin on

the non-pregnant uterus, Kelly & Posse (1956) tested the effect of intravenous
injection of the hormone in eight dysmenorrhoeic women. Transient relief,
coincident with reduction of motility, was obtained in all but one, and the
authors postulated that an imbalance between progesterone and relaxin in the
ovary might be a partial explanation of dysmenorrhoea. However, more

precise methods of determining blood levels of relaxin are needed before it can
be determined whether this hormone, like progesterone, is present in the luteal
phase as well as during pregnancy.

It is difficult to evaluate the beneficial effects reported by Rezek (1953) and
Jones & Smith (1954) since they used orally administered extracts assayed by
the uterine-motility test; one would presume that enzymic digestion would
prevent intestinal absorption of the unchanged relaxin (protein) molecule.
Abramson & Reid (1958) stated that thirty-four women who were not helped
by orally administered relaxin claimed complete freedom from pain after one

intramuscular injection, but psychotherapeutic effects cannot be completely
ruled out here. In a double blind test of relaxin and placebo, premenstrual
intramuscular administration of relaxin was effective in controlling dysmenor¬
rhoea in fifteen of nineteen cases (Kupperman, Rosenberg & Cutler, 1958).
More, carefully controlled clinical trials are needed before the value of relaxin
in refractory cases of dysmenorrhoea can be assessed.

(b) Premature and term labour
The reported effects of relaxin on the uterine myometrium and on cervical

dilatability have led to clinical tests of its action in stopping threatened pre¬
mature labour or in controlling the pattern of labour at term. The first reports
of the use of relaxin in cases of premature labour appeared in 1955, when
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cessation of contractions was recorded following intramuscular injections in
twenty-five women (Abramson & Reid, 1955) and following oral administra¬
tion in 80% of twenty-one women (Majewski & Jennings, 1955, 1957). A
number of clinicians have since reported 50 to 100% success in postponing
labour at 28 to 34 weeks of pregnancy by intravenous or intramuscular relaxin
(Eichner et al., 1956; Eichner, Herman, Kritzer, Platock & Rubinstein, 1958;
Folsome, Harami, Lavietes & Massell, 1956; McCarthy, Erving & Laufe,
1957) and by oral administration (Rezek, 1958). The criterion of success

appeared to be that the cervix should be not more than 4 cm dilated or 50%
effaced, and that large enough doses were given. On the other hand, Stone et al.
(1958 a, b), Decker, Thwaite, Bordât, Kayser, Harami & Campbell (1958),
Kelly (1958) and Dill & Chanatry (1958) felt that relaxin has no use in pre¬
mature labour. The multiplicity of factors causing premature labour, lack of
adequate controls, and the use of different relaxin preparations, doses and
routes of administration have all contributed to the confusion of the results.

There is general agreement that relaxin has no effect in stopping labour after
the 34th week, but less agreement about its value in shortening or facilitating
labour at term. Birnberg & Abitbol (1957, 1958) and Rothman, Bentley &
Floyd ( 1959), using Cervilaxin, reported shortening of labour accompanied by
marked softening of the cervix in a large number of women, but Stone et al.
(1958 a, b), Decker (1958), Javert (1958) and Engström & Wiqvist (1959) found
no shortening of normal or induced labour by administration of Releasin, and
Babcock & Peterson (1959) and Israel & Groeber (i960) none with Cervilaxin.

It is possible that the principal therapeutic interest of relaxin in obstetrics lies
in its effect in softening the cervix when used as an adjunct to oxytocin in
elective induction of labour at term. Amongst those who advocate this are

Stone et al. ( 1958 a, b) and Eichner et al. ( 1958) · The cervical softening effect
of relaxin is unlikely to help in cases of dysfunctional labour or when weakness
of myometrial contractions rather than the condition of the cervix is the
primary factor. There seems little rationale for the use of relaxin alone in
induction of labour.

2. SCLERODERMA AND PERIPHERAL VASCULAR DISORDERS

Analysis of the different activities of relaxin that have been revealed to date
suggests that connective tissue is the primary target. Additional evidence that
the hormone affects the rate of cholesterol synthesis, internal configuration of
collagen fibres, water content and physical properties of ground substance, and
mast cells in this tissue has come from the use of an ingenious sponge biopsy
technique by Boucek and his co-workers (Eiden, Sever, Noble & Boucek, 1957;
Noble & Boucek, 1957). There is other experimental evidence that relaxin has an

effect on non-genital connective tissues. In the skin of rats, relaxin significantly
reduced collagen and hexoseamine content (Sobel, 1953) and produced
increased elasticity (Casten & Boucek, 1958).

These concepts have resulted in a number of clinical trials of relaxin in cases
of scleroderma and peripheral vascular diseases which have resisted other forms
of treatment. Casten & Boucek (1958) and Casten & Gilmore (1958, 1959)
gave relaxin (Releasin) subcutaneously or intramuscularly to a number of
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'oestrogen-primed' patients in different stages of scleroderma, and reported
relief of vasospasm, healing of trophic ulcers and loosening of skin. Ismay
(1958) obtained partial remission of symptoms in a patient with acrosclerosis
of more than 10 years' standing following a short course of treatment with
oestrogen and relaxin. The improvement has been maintained for more than 2

years (personal communication). Encouraging results of combined sympathec-
tomy and administration of oestrogen and relaxin in eleven patients with
diffuse progressive scleroderma have been described by Evans ( 1959). Bachman
(i960 a, b) reported that in patients with generalized scleroderma relaxin
produced increased skin mobility, but did not affect the balance of nitrogen or

electrolytes.
In view of these reports, it is highly advisable that histochemical investigations

of subcutaneous and vascular connective tissue should be made in relaxin-
treated animals.

IX. CONCLUSIONS
The most urgent need at the present time is for the establishment of better
assay techniques and for standardization of assays of different preparations. In
spite of changes in the original guinea-pig assay, the quantitative determination
of the end point of relaxation is still difficult. The species variability poses
another difficulty

-

not only the wide variation in blood titre in pregnancy but
also in responses elicited. Even more confusing is our lack of information about
the interrelationships between the various physiological activities of the hor¬
mone. Preparations used to produce uterine relaxation or cervical softening are

assayed in terms of guinea-pig symphysis-relaxing units. We cannot be sure that
two preparations which contain equivalent numbers of 'GPU' will be equally
potent, for instance, in softening the human cervix. Of the three available
commercial preparations from sow ovaries, Releasin, which is probably the
purest, is assayed primarily for its effect on the guinea-pig symphysis pubis,
though it is claimed that its potency in GPU parallels its myometrial inhibiting
activity. Lutrexin is assayed only on uterine muscle; although assayed intra¬
venously, it is administered orally in humans. Its activity on the guinea-pig
symphysis is considerably less than that of Releasin. Little is known about the
method of assay of Cervilaxin. It appears to be relatively inactive on the
guinea-pig symphysis and the only claim put forward by the manufacturers is
its action on the preparturient human uterus. The proper assessment of clinical
trials of relaxin will continue to be handicapped until the assay problem is
solved. This in turn hinges on the final isolation and chemical characterization
of the active principle, for only then shall we know whether more than one

biologically active substance is involved. Because of these drawbacks, the
American Medical Association Council on Drugs (1959) could give only
provisional suggestions on suitable doses for clinical use.

The assessment of claims for new activities of relaxin would also be made
easier if more workers would run parallel control studies using low-potency
relaxin extracts prepared from non-pregnant or unselected ovaries. This would
rule out non-specific polypeptide effects, which have sometimes obscured the
picture in the past.
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