32
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OVULATION AND MATING IN THE LABORATORY RAT

Barbara Shirley

Department of Life Sciences, University of Tuisa, Tulsa, Oklahoma

died in groups of rats injected with

Induction of o

by ing was
dosages of barbiturates which will block ovulation in non-mated rats. Ovulation
was induced by mating more readily in barbital-treated animals running $-day

estrous cycles than in those with 4-day cycles. Difference in responsiveness

between

the two groups was actributed to their unequal rates of estrogen secretion at the

time of, or shortly following,

barbiturate administration.

Barbiturate-treated

females, which were not placed with males until metestrus, exhibited delayed

ied by a delay in sexual receptivity

ovulati Delayed ovulation was acc
in a significant number of cases.

The estrous cycle of the laboratory rat is
characterized by several changes which
occur at precise times. An increase in uter-
ine wet and dry weight and a distention
or “ballooning” of the uterus with intra-
luminal fluid occur at proestrus (1). Be-
tween 2:00 and 4:00 p.m., an interval
designated as the critical period, the surge
of luteinizing hormone (LH) necessary for
ovulation is released from the pituitary (2).
Sexual receptivity also begins in the late
afternoon of proestrus (3). On the day of
estrus ova are found in the oviducts (4)
and, if the animal has not mated, only corni-
fied cells are ohserved in the vaginal smear
(2).

All these occurrences of the estrous cycle
are dependent to some degree on steroids
produced by the ovary and can be inhibited
by ovariectomy at diestrus (5, 6) or by the
administration at diestrus of the anti-estro-
genic compound 1-(p-2-Diethylaminoetho-
xypheny!)-1-phenyl-2-p-methoxyphenyle-
thanol (MER-25) (7).

Administration of a barbiturate just prior
to the critical period for LH release on
groesuus can block the LH surge and there-

y block ovulation even though estrogen
secretion earlier in the cycle was normal
(8). However, some animals given bar-
biturate injections will mate at the expected
time in the cycle and in these cases mating
can result in ovulation although the rat is
usually a spontancous rather than an in-
duced ovulator (9). When ovulation is
blocked with barbiturates, and not induced
by mating, it often occurs at metestrus (8).
Because of the different rates at which rats
with 4-day and 5-day estrous cycles secrete
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estrogen and a somewhat more prolonged
critical period for LH release in the 5-day
cyclic rat, 4-day and 5-day cyclers do not
exhibit the same responsiveness in some
experimental situations, e.g., they respond
differently to administration of anti-estro-
genic compounds (7) and to barbiturates
(10, 11, 12).

The purposes of these experiments were:
(a) to determine whether the difference in
the rate at which 4-day and 5-day cycling
rats secrete estrogen would cause a differ-
ence in their capacities for induction of
ovulation following administration of a
barbiturate and (b) to determine whether
a delay in ovulation, and its occurrence at
metestrus, would be accompanied by a
similar delay in the sexual receptivity of
barbiturate-treated animals.

Although cthe effects of barbiturates on
the occurrence of mating and of ovulation
were of primary interest, uterine and
vaginal changes were also recorded since
these can serve as useful indicators of rela-
tive rates of estrogen secretion.

MATERIALS AND METHODS

Sixty-day old virgin female rats of the
Sprague-Dawley strain, obtained from
Sprague-Dawley, Inc., were placed singly in
cages and subjected to a controlled regimen
of lighting with lights on for 14 hours
(5:00 a.m. o 7:00 p.m.) during each 24
hour period. Purina laboratory chow and
water were provided ad libitum. Vaginal
smears were taken daily before 10:00 a.m.
and animals were used in experiments only
after two consecutive 4-day or 5-day cycles
had been completed.



On the day of proestrus rats were injected
imraperitoneally at 2:00 p.m. with pento-
barbital (3 mg/100 g body weight) or at
1:00 p.m. with barbital (30 mg/100 g body
weight). Injection times were prior to the
critical period for LH release. Coantrol ani-
mals were injected intraperitoneally with
distilled water (0.3 m1/100 g body weight)
but otherwise received treatment identical
to that of barbiturate-treated animals.

Pentobarbital was administered to two
groups of 4-day cycler animals to allow a
later comparison of experimental results
with those reported by other investigators.
Barbital, a barbiturate that is more effective
than pentobarbital in inhibiting ovulation
by 5-day cyclers, was administered to other
groups of 4-day and 5-day cyclers so that
the responsiveness of animals with different
cycle lengths could be compared without
the added variable of different barbiturates.

Female rats were placed in the cages of
proven male rats between 3:40 and 4:00
p.m. on proestrus Or estrus to test their
sexual receptivity. The females remained
with the males until after 10:00 a.m. on
the day of autopsy (either the day of estrus
or metestrus). The criteria used for deter-
mining that mating had occurred were the
presence of sperm in the vaginal smear
and/or the presence of one or more vaginal
plugs on the floor of the cage. When an
animal was not autopsied until merestrus,
a laparotomy was performed in the morning
on the day of estrus to check uterine size
and to check for swelling and translucence
of the oviducts. These changes in oviducts
were used as the criteria that ovulation had
occurred.

At autopsy, the oviducts were checked
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for evidence of ovulation and ovaries were
removed, trimmed, and weighed. The uterus
was examined for ballooning and then re-
moved. Fluid was expressed from the lumen
of the uterus and the uterus was subsequent-
ly trimmed, weighed, and then placed in a
drying oven in preparation for a deter-
mination of its dry weight three days later.

Data dealing with positive or negative
responses, i.e., the occurrence (or failure
to occur) of mating, ovulation, vaginal
cornification, and uterine ballooning, were
analyzed by means of chi square tests (13)
or tables for use with binomial samples
(14). Analyses of variance and Student’s
t-test were used to test the significance of
data on organ weights (13).

RESULTS

Estrous autopsies. Pentobarbital did
not significantly block ovulation (p>0.05)
of females which were paired with males in
the interval between drug administration
on proestrus and autopsy on estrus (Table
1) it was effective, however, in inhibiting
ovulation ac estrus if females were not
placed with males (p<0.05), as indicated
by data from females which were laparoto-
mized on the morning of estrus without
having been paired with males the previous
evening (Table 2). These data suggest that
ovulation at estrus was induced by mating
following pentobarbital treatment, as re-
ported by others (9), since pentobarbital
caused no significant decrease (p>0.05)
in the number of animals which mated at
the expected time in the cycle. Two animals
in the group autopsied at estrus had ovula.
ted, however, without the stimulatory in-
fluence of coitus. Barbital also failed to
inhibit mating significantly (p>0.05) in

TA‘:I.E L. Comparisom of the reproductive systems of comtrol and barbiturate-treated rats autopsied
estrus
Mean uterine
Mean ovarian  Uterine welght (mg) Vaginal
‘Tnalment N Ovulated Mated weikht (mg)  bhallooning Wet Dry cornificatlon
4-day cyclers
Water 5 5/5 4/5 54.7 0/5 428 78 1/5
Pentobarbital 8 6/8 5/8 55.2 0/8 439 80 1/8
Yarbital 9 1/9® 6/9 49.7 9/9% 5182 958 2/9
S-day cyclers
ater ] 5/5 /5 516 0/5 479"  89b 0/5
arbital 11 il 41 50.7 /11® 481" 92° 0/11

Significandy different from control group (p<0.05).
Significanty different from 4-day cyclers recciving the same treatment (p<0.05).
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TABLE 2. Comperi; of the reprod;
tomized ot estrus awd awtopried a3 metessrus

tive systems of comtrol amd barbisurate-treated rats laparo.

Mean Vaginal
ovarian Uterine Mean uterine cornification
Ovulated weight ballooning welght (mg) Estrus
Treatment N Estrus Metest. Mated (mg) Estrus Metest. Wet Dry Metest.
4-day cyclers
Water b 5/5 0/5 0/5 45.7 o/5  0/5 322 61 4/5 0/5
Pentobarbital 10 2/10* 7/10°  4/10  504*  2/10 0/10 366 5/10 1/10
5.day cyclers
Water 5 5/5  0/5 0/5 47.6 0/5 0/5 337 b 63 b 5/5 0/5
Barbital 7 /7™ 57 5/7 534 5/7  0/7 45070 842> 1,7 2/7

a Significantly different from control group (p<<0.05).
b Significantly different from the corresponding group of 4-day cyclers (p<<0.05).

both 4-day and 5-day cyclers (Table 1).
Unlike pentobarbital, it inhibited ovulation
at estrus (p<0.05) despite mating having
occurred.

Within each group of rats the number
of animals which ovulated was compared to
the ber which d. This was done
to determine whether these two cyclic
events had such similarities in their controls
that a blockage of mating would be accom-
panied by a blockage of ovulation in that
cycle or whether the two events were not
0 closely linked and one could be inhibited
without an appreciable inhibition of the
other. Only in the group of 4-day cyclers
treated with barbital was a significant dif-
ference seen (p<0.05) between the number
of animals which mated and the number
which ovulated (Table 1). Only one of
the six barbital-treated 4-day cyclers which
mated also ovulated indicating that coital
stimulation did not provide a sufficient
stimulus to overcome the blockade of ovula-
tion by barbital. Fewer of the barbital-
treated 5-day cyclers mated (Table 1) but,
of the four which did mate, two ovulated.
In addition another animal ovulated which
had not mated. The number of 5-day cyclers
which mated was not significantly different
(p>0.05) from the number which ovulated
following the barbital treatment.

The ovarian weights of barbital-treated
animals did not differ from those of the
controls (p>0.05) nor did the ovarian
weights of 4-day and 5-day cyclers differ
(p>0.05) despite there being some differ-
ences in the numbers of animals ovulating
in thg various treatment groups (Table 1).
Ovarian weighes following ovulacion are in
some cases greater than before, due to
corpora lutea being heavier than the folli-
cles which preceded them.

The only significant increase in the in-
cidence of uterine ballooning at estrus was
seen in 4-day barbital-injected rats, the
same group of rats which failed to exhibit
induced ovulation at estrus (Table 1). Wich
regard to uterine ballooning, this group
differed from its coatrol group (p<0.01),
from barbital-treated 5-day cyclers
(p<0.01), and from 4-day cyclers injected
with pentobarbital (p<0.01). The uterine
ballooning on the day of expected estrus
in the 4-day cyclers was strongly suggestive
that barbiturate injection had prolonged
the cycle of these animals to the extent that
they were still exhibiting proestrous charac-
teristics on the day following their expected
occurrence. Some swelling of the uterus was
seen in other barbiturate-treated animals as
well but the uterus was not considered
ballooned unless distended with intralumi-
nal fluid.

Both the mean wet weight and the mean
dry weight of uteri removed from barbital-
treated 4-day cyclers were greater than those
of controls (p<0.05) and greater than the
uterine weights of 5-day cyclers given bar-
bital (p<0.05) (Table 1) indicating that
barbital elevated the rate of estrogen secre-
tion by the rats with 4.day cycles. Pento-
barbital was not effective, however, in
increasing the uterine weight of 4-day
cyclers (p>0.05). Because of their charac-
teristically higher estrogen levels, 5-day
cyclers in the control group had greater
uterine weights, wet and dry, at estrus than
controls with 4-day cycles (p<0.05).

A failure of rats to exhibit vaginal corni-
fication at estrus reflected to some extent
the incidence of mating, i.e., animals which
mated, whether experimental or control
animals, generally failed to have a vaginal
smear consisting of only cornified cells on



the day of estrus (Table 1). Some decrease
in the number of cornified cells observed
and the presence of some leukocytes in
vaginal smears often follows mating and
was not considered atypical. However,
some of the barbiturate-treated rats which
did not mate did not have the vaginal
cornification characteristic of estrus; half
of the pentobarbital-treated 4-day cyclers
which were not paired with males prior to
examination of their vaginal smears on
estrus failed to exhibit completely cornified
vaginal smears (Table 2). Five-day cyclers
given a barbital injection at proestrus and
not placed with males until several hours
after examination of their vaginal smears
at estrus had a significant reduction
(p<0.05) in the occurrence of estrous
vaginal cornification (Table 2) despite
their having had no opportunity for mating.

Metestrous autopsies. Pentobarbital ad-
ministered to 4-day cyclers caused a signifi-
cant number of animals to ovulate a day
late (p<0.05) if they were not mated at
estrus (Table 2). Several barbital-treated
5-day cyclers also ovulated a day later than
usual but the incidence of late ovulation in
this group was not significantly different
from that of controls (p>0.05). There was
no significant increase in the incidence of
delayed sexual receptivity (p>0.05) re-
vealed by either the pentobarbital or bar-
bital-treated groups of animals when each
group was compared to its control group.
However, when data from the two barbit-
urate-treated groups were pooled and the
data from the two control groups also com-
bined, it was found that nine of seventeen
animals receiving some type of barbiturate
treatment mated a day late whereas none of
the ten controls mated at metestrus. This
comparison of treated vs. control animals
indicated a significant increase (p<0.05)
in the incidence of delayed sexual receptiv-
ity due to barbiturate treatment.

The only increase in ovarian weight
caused by barbiturate treatment was that
observed at metestrus in pentobarbital-
treated 4-day cyclers (p<0.01) (Table 2).
A significant number of these animals had
ovulated at metestrus (p<0.05) and, as
stated earlier, a high incidence of ovulation
can increase ovarian weight due to corpora
lutea development following ovulation.

Ballooning of the uterus was not seen in
agy control or experimental animal at
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metestrus (Table 2) although some swell-
ing of the uterus was seen in rats which
had received barbiturates. Both wet weights
and dry weights of uteri removed from
barbital-treated 5-day cyclers were greater
than those of uteri from control animals
(p<0.01) and from pentobarbital-treated
4-day cyclers (p<0.05) even though the
uteri were not ballooned. Thus, barbital
Ited in an increase in
estrogen secretion by S5-day cyclers (indi-
cated by their greater uterine weights)
which was observed two days after the
injection (Table 2), whereas an increase in
estrogen secretion had occurred on the day
following administration of barbital to ani-
mals running 4-day cycles (Table 1).

ﬂl" ini: rat ;l N

The incidence of vaginal cornification at
metestrus in barbiturate-treated groups of
rats was not significantly greater (p>0.05)
than in control groups (Table 2). The in-
creased estrogen secretion by barbiral-
treated S5-day cyclers at metestrus, while
sufficient to cause uterine weights of these
animals to be significantly greater than
those of controls (p<0.01), was apparently
insufficient to cause cornification of the
vaginal cells at the time the smears were
taken.

DISCUSSION

It was readily apparent that rats with 4-
day estrous cycles responded differently to
barbital treatment than did 5-day cyclers.
A difference in degree of effectiveness
might have been expected since previous
reports (10, 11, 12) have indicated that
animals of different cycle lengths do not
respond similarly to pentobarbital treat-
ment. Of particular interest, however, was
the fact that the induction of ovulation by
mating, a phenomenon reported by others
(9, 15), did not occur as readily in 4.day
cyclers as in 5-day cyclers receiving the
same treatment. This resulc was similar to
the findings of Dominguez and Smith (12)
who reported that pentobarbital given in
a single injection on proestrus or prior to
proestrus would delay or suppress several
events of the estrous cycle to a greater
degree in 4-day than in 5-day cyclers.

The estrogen titer is higher in 5-day
cyclers at proestrus than in 4-day cyclers
(6). Therefore, at the time of barbital in-
jection the levels of this hormone would
not have been the same in animals of differ-
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ent cycle lengths and this could have caused
the 4-day cyclers to respond differently
than 5-day cyclers with regard to the induc-
tion of ovulation by mating. However, bar-
bital stimulacted estrogen secretion by 4-day
cyclers to the extent that it had surpassed
that of barbital-treated 5-day cyclers by the
day of estrus as indicated by the significant-
ly greater uterine weights of the treated
rats with the shorter cycle. This change in
estrogen secretion could also have contrib-
uted to the difference seen between 4-day
and 5-day cyclers in their capacities for
induced ovulation.

If an increased estrogen secretion, follow-
ing treatment of 4-day cyclers with barbital,
were responsible for blocking ovulation to
the extent that mating could not invoke it,
thea estrogen would have to be considered
as capable of suppressing ovulation at a
certain time in the cycle despite its necessity
on proestrus for the release of the LH re-
quired for ovulation. Such apparently con-
flicting influences by a single hormone have
been reported for progesterone as well,
e.g., it is capable, depending on the cir-
cumstances in which it is administered,
either of advancing or of inhibiting ovula-
tion (16, 17). With regard to estrogen’s
possible influence on mating-induced ovula.
tion, the results seen could have been due
cither to an altered timing of estrogen
secretion in the cycle, to an altered amount
of estrogen secreted prior to estrus, or to
a combination of these factors. Since induc-
tion of ovulation by mating has been attrib-
uted (0 an ovulatory release of LH (9), it
must be inferred that the estrogen levels of
4-day cyclers treated with barbital were not
conducive to release of pituitary LH suf-
ficient for ovulation even though mating
occurred

A significant number of rats which re-
ceived a barbiturate treatment and which
were autopsied at metestrus was found to
have mated in the preceding night, 24 hours
later than the usual period of sexual re-
ceptivity. A delay in mating by some 4-day
cyclic rais following pentobarbital treat-
ment was reported by Everett and Sawyer
(8) but they did not indicate whether the
delay was observed in a significant number
of animals nor did they examine the inci-
dence of delayed receptivity in 5-day cyclers.

Ovulation by barbiturate-treated animals
can occur at metestrus without induction

by mating (8) and some animals in this
study ovulated at metestrus without having
mated. Late ovulation in barbiturate-treated
animals has been attributed to a delayed
surge of LH (8) but there is no evidence
that the late LH surge can cause mating as
well. If mating were greatly influenced by
LH release, a block of the proestrous LH
surge by barbiturates would have signifi-
cantly affected mating during the night
between proestrus and estrus but thac did
not occur.

The sexual receptivity which some bar-
biturate-treated rats exhibited at metestrus
and the delayed ovulation seen at metestrus
in these groups of animals did suggest some
link of the mechanisms regulating these two
events. Continuation of the species requires
a synchrony of ovulation and sexual re-
ceptivity in the reproductive cycle and an
intimate connection between their controls
would not be surprising. These experiments
did not clarify which of the hormonal
and/or neural mechanisms affecting ovula-
tion also affect sexual receptivity but did
indicate that the two cyclic occurrences are
temporally related and that further exami-
nation of the similarities between their
controls would be warranted.

In general, animals which mated at estrus
or metestrus had vaginal smears consisting
of a mixcure of cornified cells and leuko-
cytes on the day of autopsy. The presence
of relatively fewer cornified cells in the
smears following mating has been consider-
ed partly due to the loss of cornified cells
with plugs. The fact that some vaginal
smears, taken from animals which had not
mated and which were producing high
levels of estrogen, did not contain only
cornified cells may have been due to there
being a longer time required for estrogen
to cause cornification of vaginal cells than
is required for some of estrogen's other
effects. It should be remembered that in a
normal cycle estrogen secretion at proestrus
is sufficient to bring about LH release and
to cause uterine ballooning but the vaginal
smears do not usually consist entirely of
cornified cells until the following day.

Many studies of reproductive cycles of the
rat have been done using rats of only one
cycle length. When both 4.day and 5-day
cyclers have been used in studies of bar-
biturate treatment, pentobarbital has been
commonly used as the central nervous sys-



tem depressant for 4-day cyclers while bar-
bital has been administered to 5-day cyclers
because it is considered the more effective
barbiturate for use with racs having the
longer cycle length (10). In this study it
was found that, with the dosages used, 4-
day cyclers treated with pentobarbital re-
sponded differently than those treated with
barbital and 4-day cyclers treated with
barbital differed in their responses from
5-day cyclers treated with the same sub-
stance. Some caution would, therefore,
seem warranted should any attempt be made
to correlate results of two experiments in
which rats were treated with barbiturates
if there were a difference in either the
cycle lengths of the animals used or a differ-
ence in the type of barbiturates used in the
two investigations.
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