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Summary:

In the present work, the dose-response relationship of highly purified porcine re-

laxin has been examined on broadening of the pubic ligament in mice.

Using the method of Steinetz et al. with 7 days of oestriol priming, higher sensitivity of the
pubic ligament was attained in mice with an original weight of 10 g than in those with a weight
of 20 g. S-shaped curves were obtained; by increasing the relaxin doses after maximal effect had

been reached a decreased action was observed.

With presomen priming, a relaxin effect was established after only 2 days instead of the
usual 8 days but the action was markedly less than in the Steinetz test.

INTRODUCTION

In 1960 Steinetz and co-workers showed
that the pubic ligament of the mouse is
suitable for testing the action of relaxin (*).
They illustrated a linear relationship bet-
ween enlargement of the symphysis and
relaxin over a wide range of dosage.

At the time the test was developed, the
structure of relaxin was still unknown
and there was no internationally recogni-
zed standard, a relaxin preparation of pig
ovaries of 150 GPU/mg being used. In
the meantime, it has been possible to cla-
rify the protein structure of porcine relaxin
which appears to be very similar to that
of insulin with a molecular weight of
6,000 (3. In the present work an attempt
has been made to test the dose-response
action of this highly purified relaxin (3,000
GPU/mg) under various conditions.

MATERIAL AND METHODS

Female, virgin mice of the NMRI strain were
used for the investigation. The animals were
maintained under controlled conditions (light,
humidity, nutrition) so that possible seasonal
changes in hormonal levels were largely elimi-
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nated. Relaxin from the National Pituitary
Agency, Baltimore, USA), dissolved in 0.2 ml of
a 1% aqueous benzopurpurine solution, was
administered subcutaneously and allowed to act
for approximately 20 hours. Doses for the dose/
response curves were increased geometrically
with factor 3 ie. 0.5, 1.5, 45, 13.5 and 405
GPU/mouse.

Since optimal relaxin activity is obtained only
after pretreatment with oestrogen, the animals
were primed either with oestradiol benzoate in
peanut oil or with conjugated oestrogen (Pre-
somen in aqueous solution).

For measurement of the pubic ligament, the
animals were killed by cervical fracture, the pu-
bic ligament freed along with parts of the pubic
bone, placed on a slide and covered with a co-
verglass. Measurement of the ligament was cat-
ried out using a standard microscope with a
calibrated ocular micrometer which allowed mea-
surements accurate to 1/30 mm.

RESULTS

In the first part of the investigation,
dose-response curves were made using two
different weight classes of mice. Oestro-
gen priming consisted of subcutaneous
injection of 5 pg oestradiol benzoate in 0.1
ml solution/mouse, 7 days being allowed
for its action.
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Table 1. — Results after treatment with relaxin following priming with 5 Ug oestradiol benzoate.
Mice of initial weight 10 g Mice of initial weight 20 g
. Breadth Wt. of animals No. of Breadth ~ Wt. of animals No. of
Relaxin No. of of pubic on day of  unal- No. of of pubic on day of unal-
dose in  animals ligament measurement tered imal ligament measurement  tered
GPU in ing uteri animals in ing uteri
mm=+=SEM (max.+min.) mm=+SEM  (max.+min.)
0 25 0.44 21 4 20 0.35 26.9 4
+0.17 (17.4-23.4) +0.13 (24.4-30.7)
0.5 26 0.89 20.6 3 15 0.62 26.3 0
+04 (17.4-22.8) +0.25 (24.0-28.4)
1.5 16 1.29 212 1 15 0.88 279 3
+0.4 (18.8-24.0) +0.5 (23.3-31.6)
45 16 3.14 211 0 15 211 275 1
+0.58 (18.5-23.7) +0.88 (25.4-32.9)
135 15 293 20.8 0 15 3.27 26.4 0
+0.69 (19.4-229) +0.88 (23.8-29.2)
40.5 10 2.76 20.0 1 10 2.88 28.0 0
+0.89 (17.1-21.7) +1.02 (25.5-31.2)
" Table 1 shows the values of public liga-
4 ofge 10g ment broadening after treatment with re-
- 20g laxin in mice having an initial weight of

10g and of 20 g. During the 7 days’

priming, the animals increased in weight,

S in the lower weight class by an average of

~~ 10 g and in the higher weight class by
FTT~ about 7 g. Only a small number of ani-

/ mals did not react to priming by an enlat-
// ged uterus. There was no close correla-
tion between only slight weight increase

and a thread-shaped uterus. Generally, a
thread-shaped uterus indicates a smaller
broadening of the ligament. However,

these latter values were not excluded in
calculations of means. In fig. 1 the dose-

response curves of broadening of the liga-

ments in both weight classes of mice are

/ e shown graphically. As may be seen, they
//I are S-shaped curves with a relatively steep
%’/ increase and after reaching the maximum
further increase in dosage caused a decrea-

o4 . . . . — se. Differences between the values of the
0 05 15 . 45 B85 405  single dose levels up to the maximal va-

lues are statistically significant. There-
y Sig r
Fig. 1. — Broadening of pubic ligament by rela- after, becal%se' of greater standard devia-
xin in mice of 10 g and 20 g initial weight tion, a.statlstlcal difference for th? de-
after priming with oestradiol benzoate. crease in values could not be established.
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‘The P-values here lay just over 0.05. The
maximal broadening of the ligament was
equal in both groups, lying between 3.1
and 3.3 mm. This was obtained with 4.5
GPU for the lower weight class and
with 13.5 GPU for the heavier group.
This means that in the lower class, the
same broadening was obtained with 1/3 of
the dose. In general the greater sensiti-
vity to relaxin in lighter animals is seen
in the curve by shifting to the left.

In the second part of the work, pri-
ming was attempted with Presomen which
provides a broader oestrogen spectrum.
Again, mice with an initial weight of 10 g
and 20 g were used. Presomen was given
in the dosage 2x500 pg and 2x1000 pg.
24 hours after the first dose, relaxin was
injected together with the 2nd dose of
Presomen. In the 10 g weight class, the
dose-response curves were rather flat with
the high relaxin doses not reaching an
elongation of the pubic ligament of 1 mm.
However, in all cases, thickening of the
uterus was observed and the weight in-
crease in the mice varied around 2 g on
average.

In the class with an initial mouse weight
of 20 g after 2x500 pg Presomen priming
the curves showed a clear dose-response
relationship although with the highest
dose, 40.5 GPU not much more than 1
mm increase of ligament breadth occurred.
This curve is seen in fig. 2. The differences
between zero values and the higher relaxin
values were statistically significant with p
values over 0.05 using 15 mice in each
dose group. In 2 days, the average increa-
se in weight for animals in this group was
about 2 g. An oestrogenic effect on the
uterus was seen in all cases. By doubling
the priming dose to 2x1000 pg Presomen,
an almost identical dose response relation-
ship was obtained, i.e. a more marked
increase in broadening of the ligament was
not obtained.

82

T
N >
14
€
€ 7/
1
0,54
J r T T T T 1
0 0,5 15 4,5 135 40,5
GPU
Fig. 2. — Broadening of pubic ligament by

relaxin in mice of 20 g initial weight after pri-
ming with 2X0,5 mg presomen.

DISCUSSION

The present investigations have shown
that the pubic ligament of oestrogen-pri-
med mice reacts by broadening to highly
purified relaxin in a dose dependent
manner, over a wide range as already de-
scribed by Steinetz ef al. using crude sub-
stance. After oestradiol benzoate priming,
a maximal effect was obtained and thereaf-
ter a decrease in the broadening action on
the ligament. This effect was not observed
by Steinetz and co-workers as they exami-
ned only the straight parts of the curves
necessary for testing relaxin. Statistical
analyses of the decrease after maximal re-
sponse just failed the limit for significan-
ce. Due to lack of relaxin, the groups
given the higher doses had to be restricted
in numbers.

Comparison of the two weight classes
with initial weights of 10 g and 20 g,
shows that relaxin testing can also be car-
ried out with lower weight mice, as
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already described by Struck (}). As Steinetz
et al. pointed out, a good increase in
weight during priming indicates suitability
of the ligament for testing. At the end of
the 7 day priming period, the weight of
the immature mice had practically doubled.
The greater sensitivity of the smaller
weight group cannot be explained only on
account of the higher relationship of re-
laxin dose to body weight as the weight
relation was finally 20: 27. Maximal values
were obtained in the lower weight group
with 4.5 GPU, and with the 7 g heavier
mice only with 3 times this dose i.e. 13.5
GPU. The number of mice which did not
react to the priming, according to increase
in uterine weights, was small. In the ani-
mal groups with maximal values, all uteri
showed an oestrogen-induced thickening.
The few failures in the other groups were
included in calculations of mean values
and not eliminated as in the work of Stei-
netz et al.

Comparison of the present work with
that of Steinetz and coworkers shows that
the latter group obtained a broadening of
about 2.4 mm already with a dose of 1
GPU, so reaching a higher sensitivity.
Whether this is due to the use of another
strain of mice, Swiss mice instead of the
NMRI strain or to other factors is not
known. The time of year in which the
investigations are carried out is considered
to play a role, the lowest results in pubic
broadening being obtained in winter. Ho-
wever, whereas the present work was car-
ried out in winter, the influence of this
should be minimal due to the standardized
conditions of animal maintenance.

The attempt to achieve quicker priming
by using conjugated oestrogen was not
successful. With a high dosage of Preso-
men, a uniform picture concerning thicke-
ning of the uterus was obtained as a sign
of oestrogenic action. Broadening of the
ligament was nevertheless considerably
poorer than after 7 days of oestradiol
priming. Thus, the observable oestrogen

action on the uterus does not necessarily
run parallel to the broadening effect on the
symphysis. However, even with less broa-
dening of the ligament, well-defined dose-
response curves were obtained.

Possibly the weight increase in the mice
after treatment with oestrogen is of great
importance for a greater broadening effect
of relaxin as Steinetz ez al. have already
stated and uterine weight alone is not a
guarantee for a good relaxin action.

Concerning the technique of measure-
ment of the pubic ligament it seems
advantageous to place the preparation on a
slide under the microscope as opposed to
the free preparation connected to the lo-
wer extremities as done by Steinetz et al.
Manual stretching by pulling on the hind
legs is not necessary and injury of the pu-
bic ligament cannot occur. In addition the
geometry is always similar. Also, rapid
drying out of the preparation is prevented
by protecting with a glass cover.

In conclusion, it can be said that mea-
surement of the pubic ligament still pro-
vides a convenient and certain method for
estimating an unknown dose of relaxin.
However, it should be considered that in
the estimation of unknown relaxin con-
centrations, various doses should be tested
to show if the values lie below the maxi-
mal range of broadening. When rapid
estimation of relaxin is required, the Pre-
somen priming may be used considering
that in this way a more qualitative than
quantitative estimation is obtainable.
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