Relaxin and Mammary Growth in the Mouse.
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Daily administration of .83 ug of estradiol
benzoate, 1 mg of progesterone, and 25 guinea
pig units of relaxin for 13 days produced an
advanced degree of mammary alveolar de-
velopment in ovariectomized immature rats.
Combinations of any two of these hormones
caused only a slight growth of the mammary
gland(1). Since an advanced degree of de-
velopment of the mammary gland of the cas-
trated male or female rat may be obtained
with larger dosages of estrogen and proges-
terone(2,3), exogenous relaxin, while enhanc-
ing the response, is not essential for the mam-
mary alveolar response to estrogen and pro-
gesterone. In the guinea pig, in which estro-
gen alone is capable of producing full alveolar
development, a quantitative increase in the
degree of development was achieved by the
addition of relaxin to the estrogen(4). In the
rabbit, addition of relaxin to estrogen trans-
ferred the emphasis of growth from the
primary ducts to the entire ramifying duct
system without inducing significant alveolar
growth. These authors conclude that the
action of relaxin in respect to mammary
growth is in the role of a potentiator of estro-
gen rather than producing specific changes
attributable to relaxin per se(4).

The present report represents an attempt
to determine the effect of relaxin on mammary
growth in the mouse. Mixner and Turner
(5,6) developed a method for the assay of
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materials which stimulate mammary alveolar
development in the ovariectomized virgin fe-
male mouse. The assay mice receive 10 daily
injections of a low level of estrogen, in itself
insufficient to cause an alveolar response.
When graded doses of progesterone were si-
multaneously administered, the percentage of
mice showing a minimum but definite alveolar
response was directly proportional to the dose
of progesterone. A total dose of from .75 to
1 mg of progesterone gave a positive response
in approximately 50 per cent of the mice. The
level of estrogen could be varied over a fairly
wide range without significantly altering the
response obtained.

Methods and materials. Using mice of dif-
ferent strains than those used by Mixner and
Turner, a lower order of response to estrogen
and progesterone was observed (Table I).
Mixner and Turner (personal communication)
have observed strain differences in the mam-
mary response of mice to estrogen and proges-
terone, 3 additional sources of mice showing a
lower response than those originally reported
on.

In an attempt to carry the extent of
alveolar development beyong the minimal or
initial stage, 3 ovariectomized Cs; mice were
given .3 pg of estradiol benzoate plus 1 mg of
progesterone daily for 21 days (6.3 pg plus
21 mg total). Each mouse showed only a
slight alveolar development. It was felt that
perhaps the addition of relaxin might result in
a more advanced degree of alveolar response
to estrogen and progesterone, as well as in a
higher percentage of positive responses. Ovari-
ectomized virgin female mice received either
10 or 20 daily injections of estradiol benzoate,
progesterone, and relaxin,t in various combina-
tions, in the dosages indicated in Tables II
and III. A mammary biopsy was taken at

t The relaxin, generously provided by Dr. R. L.
Kroc, Chilcott Laboratories, Morris Plains, N. J., was
prepared from sow ovaries and assayed 100 GPU
per cc.
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TABLE 1. Mammary Alveolar Response of Ovariéctomized Virgin Female Mice to 10 Daily
Injections of Bstrogen and Progesterone.

—~—————Total dose —————

Estrone Proges- No. of Response
Strain (LU.) terone (mg) mice Pos. Neg.
CBA X A Hybrids (Fy) 75 1. 6 0 6
” 75 2. 6 1 5
O;H 75 2. 9 3 6

TABLE II. Mammary Alveolar Response of Ovariectomized Virgin Female Mice to 10 Daily
Injections of 1 ug Estradiol Benzoate, 1 mg Progesterone, and 25 Guinea Pig Units of Relaxin
in Various Combinations.

Response Avg interpu-
Strain Treatment No. of mice Pos. Neg. bic gap (mm)
CH E¥ 5 1 4 K33
E+4+R 4 1 3 9
E4+P 4 1 3 0
E4+P+R 4 3 1 .07
C3H X A Hybrids (¥,) E+P 12 2 10 .03
” ” E4+P+R 12 4 8 .14

* E = estrogen. R= relaxin. P — progesterone.

‘TABLE III. Mammary Alveolar Response of Ovariectomized Virgin Female Mice to 20 Daily
Injections of 1 ug Estradiol Benzoate, .25 mg Progesterone, and 25 Guinea Pig Units of
Relaxin in Various Combinations.

Response Avg interpu-

Strain Treatment No. of mice Pos. Neg. bie gap (mm)
C3H X A and CBA X Untreated controls 3 0 3 0
A Hybrids (Fs and E* 4 0 4 1.5
Fy) E+R 4 0 4 2.5
E+P 4 4 0 4
E4+P+R 4 4 0 1.5

* E = estrogen. R — relaxin. P — progesterone.

‘the time of ovariectomy to eliminate “false
positive” animals. Those mice receiving all
3 hormones for 10 days showed a somewhat
higher percentage of positive responses than
those receiving only estrogen and progesterone
(Table II). In neither case, however, was
alveolar development very extensive. Of the
mice receiving 20 injections, all those receiving
estrogen and progesterone showed a positive
response whether or not relaxin was also given
(Table III). The extent of alveolar develop-
‘ment was roughly comparable in the 20-day
-estrogen plus progesterone, and estrogen plus
progesterone plus relaxin groups, with only
.one mouse in the latter group showing a more
advanced development than in the former
‘group. This animal showed a development
equal to that of the 10th or 12th day of
pregnancy. It is apparent, therefore, that
even the most advanced degree of alveolar
development obtained did not approach that

of late pregnancy. The mouse appears to
differ from the rat with respect to the rate and
extent of mammary growth attainable with the
ovarian steroids, and with respect to the effect
of added relaxin, It is possible that higher
levels of relaxin may be required in the mouse
than in the rat, or that dividing the daily dose
of relaxin, as was done by Hamolsky and
Sparrow, may give a greater effect.

Measurements of the interpubic gap
(Tables II and III) provide confirmation of
the observation of Hall(7) that in the mouse,
unlike the guinea pig, progesterone inhibits the
pelvic relaxing effect of estrogen or of estro-
gen plus relaxin.

A composite x-ray photograph was taken
of one femur from each of 16 of the 19 mice
on the 20-day experiment. The expected
increase in bone density of the estrogen-treated

7. Hall, K., Jour. of Endocrinology, 1950, v7, 54.
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mice, as compared to the untreated controls,
was observed(8). No significant modifying
effect of either progesterone or relaxin was
apparent.

Summary. Little or no increase in the per-
centage of positive mammary alveolar re-
sponses was obtained in ovariectomized mice

8. Gardner, W. U., and Pfeiffer, C. A., Physiol.
Rev., 1943, v23, 139.

treated with estrogen plus progesterone plus
relaxin as compared to those treated with
estrogen plus progesterone only. Progesterone
inhibited the pelvic relaxing effect of estrogen
or of estrogen plus relaxin. Neither progester-
one nor relaxin exerted any significant modify-
ing effect on the increased bone density result-
ing from estrogen administration.
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Domagk and associates(1) reported that
benzaldehyde thiosemicarbazone inhibited
growth of the tuberculosis bacillus in wvitro.
Certain derivatives of this compound were
found to protect experimental animals against
tuberculosis(2). Hamre ef al.(3,4) investi-
gated the effect of substituted benzaldehyde
thiosemicarbazones on other microorganisms.
The p-amino analogue was observed to delay
death and to protect a small percentage of
chick embryos and mice infected with vaccinia
virus. The p-acetamido -analogue was less
effective.

The present report deals with the effect of
benzaldehyde thiosemicarbazone and of several
para substituted derivatives on vaccinia virus.
The compounds used in the study were ob-
tained from Dr. A. F. Langlykke of E. R.
Squibb and Sens.

Experimental. 1In in vitro experiments the
CVII strain of vaccinia virus was cultivated
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1. Domagk, G., Behnisch, R., Mietsch, F., and
Schmidt, H., Naturwissenschk., 1946, v33, 315.

2. Domagk, G., Beitrage z. Klin. d. Tuber., 1948,
v101, 36S.

3. Hamre, D., Bernstein, J., and Donovick, R,
Proc. Soc. Exe. Bror. ANp MEp., 1950, v73, 275.

4. Brownlee, K. A,, and Hamre, D., J. Bact., 1951,
vbl, 127,

in a medium containing minced chick embry-
onic tissues(5). The International Health
Division (IHD) strain of virus was employed
in én vivo tests(6). Mice, in groups of 6, were
inoculated with viral dilutions of 102, 10-3 and
10+ by the cerebral route. Materials to be
tested were fed to mice in a sucrose-casein diet.

Results. Benzaldehyde thiosemicarbazone
(No. 1) was found to inhibit completely viral
multiplication when present in a concentration
of 1 pg per ml of culture medium (Table I).
Substitutions in the para position of the ben-
zene nucleus reduced activity in all instances
{No. 2-8). The introduction of an isobutyl
group in the 4-position of the thiosemicarba-
zone portion of the molecule (No. 9) likewise
decreased in vitro activity. With the excep-
tion of compound No. 3, none of the sub-
stances was completely in solution when added
to the culture medium.

The failure of vaccinia virus to multiply in

the presence of thiosemicarbazones does not

appear to be due to inactivation of the virus
by these substances. Benzaldehyde thiosemi-
carbazone was added to Tyrode’s solution con-
taining 5% normal rabbit serum and a known
strength of vaccinia virus to give a concentra-
tion of 0.05 mg of the compound per ml of
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