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This procedure likewise caused pregnancy to fail in a high proportion of
the females treated with urine. Tap water, applied locally, was without effect.

Reproductive pheromones of mice. I

TABLE 5
EFFECT OF TOPICAL APPLICATION OF FRESH URINE OF ALIEN MALES
No. of females
No. of females | No. of females | returning to oestrus | No. of females
Treatment No. of femall remaining pseud returning
pregnant pregnant Days after to oestrus
stud cottus
3 4 56 7

Topical application of
fresh urine of alien

males 50 8 5 3 25 4 4 1| 37(714%)
Controls, ie. topical

application of water 50 35 10 - - 311 5 (10%)

Undisturbed 20 16 2 - - - 2 - 2 (10%)

Effect of storage on pregnancy-blocking capacity of male urine

Urine from males was collected overnight in a mixture of antibiotics {peni-
cillin, streptomycin and terramycin) and an antioxidant, Topanol A (Imperial
Chemical Industries Ltd). A small glass beaker containing the preservative
mixture was placed in the mouse box below the apex of the conical glass bulb
so that the urine dropped directly into it. Urine collected in this way and
containing about 1:5 by volume of preservative was frozen and stored from
1 to 7 days before use. When required for experiment the frozen urine was
thawed at room temperature before being administered to the female.

TaBLE 6
EFFECT OF TWICE DAILY APPLICATION OF STORED URINE
No. of females
No. of females | No. of females| returning to oestrus | No. of females
Treatment No. of females| rematning pseud: returning
pregnant pregnant Days after stud coitus |  to oestrus
3 4 5 6
Stored urine of alien
males on cloth bed-
ding 66 24 - 3 25 10 4 -} 42 (64%)
Controls, i.e. water on
cloth bedding 66 50 9 - 5 1 -1 7 (11%)
Undisturbed 10 9 1 - - - - = -

Twice daily application of stored urine (Table 6)

The cloth bedding supplied during the test period was wetted twice daily
(10.00 hours and 19.00 hours) with 3 ml of stored urine. As control, the bedding
of other females was wetted with 3 ml of tap water.

Urine stored and applied in this way caused pregnancy to fail in 64% (42/66)
of females, most of which, 70%; (28/42), returned to oestrus within 3 days of
the start of treatment.
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Exposure to a continuous drip of stored urine (Table 7)

The slightly lower response of females to stored urine compared with that
to fresh urine, could reflect either a loss of potency on storage or a less efficient
method of application than the continually renewed stimulus supplied by the
males. Stored urine was therefore administered by an infusion apparatus
(B 1831 Unita Continuous Infusion Apparatus manufactured by B. Braun,
Apparatebau Melsingen, West Germany) which held six syringes simul-
taneously. Three of the syringes were filled with stored urine which was
renewed twice daily, the remaining three syringes contained tap water. Poly-
thene tubes connected the nozzles of the syringes to the boxes containing the
females. Delivery was at the rate of 0-5 ml/hr.

TABLE 7

EFFECT OF CONTINUOUS DRIP OF STORED URINE OF ALIEN MALES

No. of females
No. of females | No. of females | returning to oestrus | No. of females
Treatment No. of females |  remaining pseud returning
pregnant pregnant Days after to oestrus
stud coitus
3 4 56 7

Continuous drip of
stored urine of alien

males 52 23 1 - 19 8 1 -4 28(54%)
Controls, i.e. continu-

ous drip of water 52 40 5 - 313 - 7 (13%)

Undisturbed 17 15 - - - 11 ~ 2 (12%)

Under these conditions also, response to stored urine, 549 (25/52) pregnancy
failures, was lower than that to fresh urine, but there was no difference in the
timing of the response. Among those females in which pregnancy was blocked,
687, (19/28) returned to oestrus within 3 days of the start of exposure.

DISCUSSION

The incidence of over 80%; of pregnancy failures in females exposed to the fresh
urine of alien males clearly indicates that urine is the immediate source of the
pheromones causing failure of ovo-implantation in newly-mated mice. The
fact that there is no apparent difference in the percentage of pregnancy failures
in females exposed to alien males and in those exposed to the urine alone
indicates that probably all the components of the odour spectrum involved in
the pregnancy block are excreted in the urine of males.

Confirmatory evidence in favour of the male urine as the immediate source
of the reproductive pheromones is provided by the capacity of stored urine to
block the pregnancy of newly mated females. The lower incidence of pregnancy
failures in females exposed to the stored urine may be due to the fact that the
urine might have lost some of its potency by remaining at room temperature
for several hours. Urine stored without preservatives is incapable of blocking
the pregnancy of females (Parkes & Bruce, 1961). During the course of the
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present investigations it was noticed that after about 7 days, even with pre-
servatives, the stored and frozen urine of alien males progressively lost its
potency and after about 2 weeks’ storage it had no effect on newly mated
females. The unstable nature of the reproductive pheromones of the male
mouse is manifest in these experiments. Our experimental procedures neces-
sitated the housing of the untreated control females close to the cages of test
females which were being exposed to alien males or their urine. However, this
did not interfere with the continuance of pregnancy in the vast majority of
controls.

The fact that pregnancy block could be effected in newly mated females by
topical application of less than 0-25 ml of recently collected urine of alien
males, three times a day, suggests that the pheromones can be effective in very
small amounts. Pregnancy block cannot be augmented by increasing the
number of males to which a female is exposed (mice: Bruce, 1963; Peromyscus:
Bronson & Eleftheriou, 1963). But the capacity to cause failure of ovo-implanta-
tion can be induced in spayed and androgenized females which indicates that
the reproductive pheromones produced by male mice are either excretion
products of androgens or secretions of some androgen-dependent gland
(Dominic, 1965).

TaBLE 8
SUMMARY OF TIME RELATIONS IN PREGNANCY FAILURE
. No. of females returning to oestrus
No. of females in Proportion returning
Females which pregnancy failed Days after stud coitus to oestrus within 4
3 4 5 6 7 | days of start of test
Exposed for Days 1 to 3
To males 60 13 32 10 5 - 91%
To male urine 226 22 142 44 15 3 929
Sundry controls 42 1 16 12 10 3 64
Undisturbed 8 0 0 3 5 0 °

The time relations in the olfactory block to ovo-implantation are noteworthy.
As originally pointed out by Bruce (1961) about 90%; of the females in which
pregnancy is blocked by exposure to males return to oestrus within 4 days of
exposure with a peak (more than 50%;) on the 3rd day. This same time schedule
is shown by the females in which the stimulus to pregnancy failure is provided
by male urine (Table 8), a further indication that the same reaction is induced
by both stimuli. This characteristic timing distinguishes the pregnancy failures
due to olfactory stimulation by males from the spontaneous return of oestrus
among control females. It also provides a further example of the accelerating
influence of the male on oestrus which has been described for several species
of mammals, e.g. sheep (Schinkel, 1954), goats (Shelton, 1960) and mice
(Whitten, 1956, 1958).
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