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Artificial vagino-cervical stimulation modifies the frequency of uterine contractions
during the estrous cycle of the female rat

La estimulacion vaginocervical artificial modifica la frecuencia de contracciones uterinas durante el ciclo estral
de la rata hembra
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Abstract

Uterine contractions (UC) can participate in important reproductive processes such as sperm transport and
parturition. Evidence indicates that UC can be induced by hormones and vaginocervical-stimulation (VCS) via
neuroendocrine pathways, including the activity of the pituitary and reproductive glands. The frequency of UC was
evaluated after VCS at different phases of the estrous cycle (EC) in adult female rats. Thirty-six female rats were
anesthetized, and the uterine horns were exposed via abdominal incision. VCS included vaginocervical intromissions
(VCI) and vaginal distention via insertion of a silicon plug to mimic the effects of the post-ejaculatory sperm plug. The
number of UC was measured 1) before and after VCI, 2) during the vaginal distention by the silicon plug and after it
was removed. The effect of VCS on the amount of UC during different stages of the rat EC was compared. Results
indicated that the frequency of baseline UC was higher during late-proestrus and lower during diestrus. In addition,
intromissions resulted in higher uterine activity. Interestingly, VCS increased the number of contractions during all
phases of the EC, except during diestrus. The role of hormones and sexual stimulation on UC, and the potential
implication in reproductive processes in females are discussed.
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Resumen

Las contracciones uterinas (CU) pueden participar en importantes procesos reproductivos, como el transporte de
espermatozoides y el parto. La evidencia indica que las CU pueden ser inducidas por hormonas y estimulacion
vaginocervical (EVC) a través de vias neuroendocrinas, incluida la actividad de las glandulas pituitaria y ovarios.
Evaluamos la frecuencia de CU después de la EVC en diferentes fases del ciclo estral (CE) en ratas hembras adultas.
Treinta y seis ratas hembras fueron anestesiadas, y sus cuernos uterinos fueron expuestos a través de una incision
abdominal. La EVC incluy6 intromisiones vaginocervicales (IVC) y distension vaginal mediante la insercion de un tapén
de silicon para imitar los efectos del tapon posteyaculatorio. El nimero de CU se midio: |) antes y después de las
IVC, 2) durante la distension vaginal por el tapén de silicon, y después de que se retiré. Comparamos el efecto de la
EVC en la cantidad de CU durante las diferentes etapas de la CE de ratas. Los resultados indicaron que la frecuencia
de la CU basal fue mayor durante el proestro tardio y menor durante el diestro. Ademas, las intromisiones dieron
como resultado una mayor actividad uterina. La EVC aumenté el nimero de contracciones durante todas las fases de
la CE, excepto durante el diestro. Discutimos el papel de las hormonas y la estimulacion sexual en la CU, y su posible
implicacién en los procesos reproductivos de las hembras.
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I. Introduction

During sexual behavior, female rats receive
vaginocervical stimulation (VCS) by
intromissions from the male and the sperm
plug formed after ejaculation. Stimulation by
intromissions requires pelvic thrusts in order
to penetrate the vagina with the penis. It
consists of fast penetrations, approximately 0.3
seconds in duration and time intervals of 0.5
to | minute. Male rats perform from 8 to 15
intromissions before ejaculation.! 2 After that,
seminal fluid coagulates in the reproductive
female tract and forms a sperm plug that
distends the vagina for a short period. It has
been observed that both intromissions and the
sperm plug are able to increase the number of
uterine contractions (UC) in rats.3

Sperm plug weight around |15 mg has a
conic shape with a height of 12.4] £ 0.13 mm
and 5.31 £ 0.05 mm wide.# 5 Extirpation of the
seminal vesicles and coagulating glands,
prevent plug formation, and has deleterious
effects on fertility and fecundity.¢ According to
studiesé’ sperm plug formation is involved in
different functions including the gradual release
of spermatozoa within the female tract,
prevention of semen leakage and stoppage of
subsequent insemination by other males.

It has been shown that the amount and
pattern of VCS received during copulation can
induce diverse behavioral and neuroendocrine
activity in female rats. For instance, while few
intromissions can reduce the duration of the
estrous cycle (EC),8 facilitate lordosis,” and
induce analgesia,'%!' moderate amounts of
VCS improve transcervical sperm transport,'2-
14 and increase the release of luteinizing
hormones, oxytocin and prolactin in the
serum of female rat.!>'7 In addition, the
number of intromissions received during
copulation can be crucial for successful
reproduction in different species. It has been
demonstrated that the induction of pregnancy
or pseudopregnancy in the golden hamster is
related to the number and rate of
intromissions received by the females.'8
Moreover,  different ~ combinations  of
intromission frequency, as well as the duration
of each insertion, and interval between
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insertions, lead to different percentages of
success to induce pseudopregnancy in mice.!?
In the female rat, the number of intromissions
received during copulation can shorten the
duration of sexual receptivity 20 and facilitates
the implantation of the blastocyst in the
uterus.'? Altogether, it indicates that the
behavioral and neuroendocrine  activity
triggered as consequence of sexual stimulation
depends on the amount and pattern of VCS
received during copulation.

On the other hand, sperm transport is a
critical step for reproduction. To fertilize the
ovules, sperms cells need to overcome
multiple obstacles including acidic pH, immune
responses and oxidative damage in the
reproductive female tract.!2-!4 Evidence
indicates that VCS can facilitate the transport
of sperm toward the oviducts by increasing
uterine mobility.2! It has been showed that
copulation induces a high frequency of strong
peristaltic =~ and  non-peristaltic  circular
myometrial contractions propagating both
cranially and caudally, which facilitate sperm
transport and fertilization.22 In addition,
artificial VCS increase the number of peristalsis
of the uterine tract, but of a lower intensity as
compared to the response elicited by a typical
intromission performed by a male rat during
copulation.22

Evidence indicates that uterine activity can
be affected by several factors including age and
hormonal status of the female.!215.17.23 Using a
nonsurgical catheter technique for
measurement of the uterine intraluminal
pressure changes, it has been observed?* that
multiparous  cyclic  sows  progressively
increased and decreased the amount of UC
according to the phase of the estrous cycle
(EC). Data showed that from a few days
before estrus until estrus, the percentage of
females showing uterine activity increased
from 55 to 100%. Furthermore, the frequency
and amplitude of UC for sows increased from
I5 to 22/h, and from 20 to 40 mmHg on
average. This pattern of uterine activity
increased from proestrus to estrus and
declined during the first days after estrus.
Finally, the authors observed that intrauterine
applications of hormones, such as estrogen
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and cloprostenol, a synthetic analogue of
prostaglandin F2 o, increased uterine activity
in the sows. The study concluded that
spontaneous UC increase around estrus and
sex hormones can directly regulate uterine
mobility during the EC in this species.

Despite the evident importance of uterine
mobility, a limited number of studies have
evaluated the role of sexual stimulation on the
activity of the female reproductive tract. The
present study was designed to determine the
modulatory effects of artificial VCS on the
frequency of UC, during different stages of the
EC in rats.

2. Methods
2.1. Animals

Thirty sexually naive female Wistar rats (250-
300g) were locally bred and housed at the
Instituto de Neuroetologia, Universidad
Veracruzana, in groups of three to five per
cage (50x30x20 cm) containing wood chip
bedding and kept in a room maintained at
24°C = 2°C, on a reversed 12 h light/dark
cycle (lights off at 08:00). Rodent chow 18%
protein (Harlan, Mexico) and drinking water
were available ad libitum. The experimental
protocols in this study were approved by a
committee of the graduate program in
Neuroetologia, Universidad Veracruzana
Mexico, following the Official Mexican Norm
NOM-062-ZO0-1999 (Technical
Specifications for the Production, Care and
Use of Laboratory Animals).

2.2. Estrus cycle determination

To identify the phases of the EC, vaginal
smears were analyzed every day during the
dark phase, two hours after the lights went off
(10:00 h). Vaginal smears consisted in obtain
drops with vaginal cells. The rat was held by
the tail to expose the perianal area and |0
microliters of saline solution (0.9% NaCl) was
dropped into the vagina three times. The last
time the drops were recovered from the
vagina and they were placed on a microscope
slide and observed with a optical microscope
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at 10X. In this way we observed the type of
cells and determined the stage of the estrous
cycle of every rat. EC was divided in early-
proestrus, late-proestrus, early-estrus, late-
estrus (metaestrus) and diestrus, according to
the characteristics and proportion of epithelial
cells, cornified cells and leukocytes, as follows:
Early-Proestrus, consisted in  numerous
leukocytes and flattened epithelial cells but few
cornified cells. During late-proestrus cells
were mostly nucleated epithelial cells and few
cornified cells. Early-estrus was considered
when most of the cells were cornified with
few nucleated epithelial cells.2526 Late-estrus
consisted of numerous detachments of the
cornified cells and few leukocytes. Finally,
during diestrus most common cells were
leukocytes, with few cornified cells and
basophilic cells.26-22 We used this division
considering that the sexual receptivity of the
female rat occurs during late-proestrus, but
not during early-proestrus.

2.3. Surgery

During the third EC, female rats were
anesthetized to receive artificial VCS and
register the number of UC. Anesthesia
consisted of a mixture of ketamine
hydrochloride (50 mg/ml) and Xylazine
hydrochloride (4 mg/ml), injected
intraperitoneally in a volume of | mlkg of
body weight. Rats were placed in the supine
position and received a midline incision from
the xiphoid process to the pubic symphysis.
Intestines were displaced outside of the
abdominal cavity and kept warm and hydrated
with a wet gauze containing a phosphate-
buffered saline solution (37°C). Likewise, the
uterus was continuously dampened. Uterine
contractions were recorded by laparoscopy
with a Sony TRV608Hi8 Handycam digital
videocamera using a 7x (24 squares/sec.) zoom
and analyzed later.

2.4. Artificial vaginocervical stimulation
To generate VCS, we provided a pattern of

artificial manipulation that attempted to mimic
the intromissions and vaginal distention by the
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sperm plug provided by a male rat to the
female during copulation. VCS included
intromissions and the placement of a plug that
distended the vagina. Intromissions were
provided by a 45mm x 95cm glass rod
lubricated with mineral oil introduced 22 mm
into the vaginal orifice of the female.
Stimulation by intromissions consisted of five
I-second insertions of the glass rod,
alternating with 15 seconds of rest, for a total
duration of | minute (see Figure ). Ten
minutes later a silicon plug (4.5 mm diameter,
12 cm height) was introduced into the vagina
of the rats with a tooth stick and remained
there by five minutes. The frequency of UC
was determined in female rats instrumented
during different phases of the EC. As
illustrated in Figure |, frequency of UC was

measured during different epochs: |) before
intromissions (baseline), 2) after intromissions,
3) while the silicon plug was placed in the
vagina, and 4) after the plug was removed.

3. Statistical analysis

Factorial effect analysis of Variance (ANOVA)
was used to determine differences in the
number of UC during the different patterns of
VCS (Factor A), during the phases of the EC
(factor B), and in the interaction between VCS
and EC (A x B). For all significant main effects,
Tukey HSD posthoc tests were conducted to
assess differences between individual means.
The level of significance for all comparisons
was p<0.05.

Experimental Timeline

Stimulation by
Silicon Plug

Before After Silicon
VCS Intromissions Plug
Start Ir { { i i = End
0 5 10 15 20
l Minutes
Stimulation by Intromissions

15 seconds

Figure |. Experimental timeline. The number of uterine contractions (UC) was compared during the following
periods: Five minutes previous to stimulation by intromissions (Before VCS), five minutes after intromissions,
five minutes while the silicon plug was placed into the vagina, and the following five minutes after the silicon plug
was removed. Stimulation by intromissions consisted of five |-second insertions, alternating with 15 seconds of

rest, for | minute.

4. Results

The ANOVA detected significant differences in
the frequency of UC during the stages of the
EC F (4, 32) = 47.9, p <0.00005. The posthoc
test indicated that the highest number of UC
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occurred during late-proestrus, as compared
with the rest of the phases. Moreover, during
early-estrus females showed more UC than
during late-estrus and diestrus. However, no
differences between early-proestrus and late-
estrus were observed. Finally, the lowest level
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of uterine activity was observed during the
diestrus (Figure 2).

On the other hand significant differences in
the number of UC during VCS were observed
F (3, 32) = 459, p <0.005. The posthoc test
revealed that before VCS less UC were
observed as compared with after stimulation.
Also, the highest number of UC was
consistently observed after intromissions
(Figure 3).

Finally, the statistical analysis detected a
significant effect on the interaction of the VCS
and the phases of the EC on the amount of

UC F (12, 100) = 2.16, p < 0.05. Posthoc test
revealed that during early proestrus the
number of UC increased after intromissions
compared with the rest of periods. Besides
after intromissions and during plug placement
the number of UC increased during late-
proestrus, early estrus and late-estrus, but
failed to increase during diestrus. Finally, the
highest increment of UC was observed after
intromissions  during  late-proestrus  as
compared with the rest of the interactions
(table ).

Frequency of Uterine Contractions
During Estrus Cycle

12 -

10

Uterine contraction number (Mean +/- SEM)

Early-proestrus  Late-proestrus

Early-estrus

Late-estrus Diestrus

Figure 2. Frequency of uterine contractions during the estrus cycle. Variations in the frequency of uterine
contractions during a different period of the estrus cycle in female rats. The frequency of uterine contractions
(UQ) in anesthetized female rats was determined by videography. The bars represent the mean number + SEM
of UC during the different phases of the EC. Different capital letters between bars indicate p<0.05.

5. Discussion

The present study was designed to improve
our understanding about the interactions
between sexual stimulation and the EC on the
uterine activity of female rats. Accordingly, our
results demonstrated that VCS increased the
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frequency of UC during most phases of the
EC, except at diestrus. Since the diestrus is
characterized by a low hormonal activity, it
clearly suggests that the effect of the VCS on
the uterine activity depends on the levels and
activity of hormones associated to EC in the
female rat. On the other hand, the highest
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increment in  the amount of UC as
consequence of intromissions was observed
during late-proestrus. Copulatory behavior is
observed only during late-proestrus in rats.
Consequently, we consider that the particular
increment in the uterine activity during this

period is oriented to facilitate reproductive
processes such as sperm transport and
fertilization. The role of hormones and sexual
stimulation on the uterine activity, as well as
the potential implication in reproductive
processes is discussed as follows.

Effect Of Vaginocervical Stimulation
On The Frequency Of Uterine Contractions

10 -

Uterine contraction number (Mean +/- SEM)

Before VCS  After Intromissions

During Plug After Plug

Figure 3. The frequency of UC was determined before vaginocervical stimulation (VCS), after intromissions,
during the time the silicon plug was placed into the vagina and after it was removed. VCS increased the amount
of UC, but fewer contractions were observed during plug placement, and after plug removal. The bars
represent the mean number = SEM of UC during 5-minute periods. Different capital letters between bars

indicate p<0.05.

Hormones and Estrous Cycle

EC is defined as the time from the onset of
one period of sexual receptivity to the next
and includes changes in the activity of ovaries??
and brain areas related to sexual motivation.3°
EC is mainly orchestrated by the action of
ovarian hormones regulated by gonadotropins
from the anterior pituitary.2?332  During
proestrus, FSH secretion stimulates
maturation of the follicles and both estrogen
and LH levels increase as follicles mature.
Estrogen released by ovarian follicles also
increases the production of LH in the pituitary
gland that during estrus stimulates ovulation
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and the ovarian follicles ruptures. Whereas
estradiol decreases at late-proestrus,
progesterone, FSH and LH remain elevated
until late-estrus. Contrary to the rest of the
stages of the EC, diestrus is characterized by a
significant reduction in the levels of sexual
hormones and by the lack of sexual motivation
in females.293233 On the other hand, evidence
indicates an interesting interaction between
non-ovarian hormones and the EC on the
uterine activity of different animals. For
instance, in a study, drug-induced uterine
activity was recorded via uterine-implanted
catheter-tip pressure transducers in bitches
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during proestrus and estrus, as well as during
early and late diestrus. UC was registered in
unanesthetized bitches during the EC. Results
indicated that uterine activity was greatest
during estrus, moderate during proestrus, and
low during early and late diestrus. While
intravenous injections of prostaglandin F2
alpha (5 micrograms/kg of body weight)
induced intrauterine pressures of 107 mm of
Hg during proestrus and |15 during estrus.
Intravenous injections of oxytocin (0.05 USP
units/kg,) induced pressures of 106 during
proestrus and |16 mm of Hg during estrus. In
contrast, the intrauterine pressure values
induced by same hormones during early and
late diestrus were 61 and 58 mm of Hg,
respectively, and for oxytocin, were 61 and 51
mm of Hg, respectively. Authors concluded
that in the bitch, drug-induced uterine activity
are decreased during early and late diestrus.34
In addition, it has been observed that oxytocin

levels change in serum during the estrous
cycle, for example in the female sheep plasma
concentrations of oxytocin increase during the
luteal phase (proestrus) but decreased during
estrus.3> Accordingly, our results indicated that
the frequency of baseline UC increased during
late-proestrus, decreasing progressively until
diestrus. We believe the fluctuations in the
levels of ovarian and non-ovarian hormones
from proestrus to estrus facilitate the uterine
activity and modify the threshold of reflex
contractions when the female rat receives
sexual stimulation. Since VCS failed in inducing
UC during diestrus, it indicates that the
increment in the amount of uterine activity as
consequence of artificial VCS depends on the
action and levels of hormones in the female
rat. Nevertheless, future studies must be
aimed at exploring the role of every single
hormone on the effect of VCS on the uterine
activity of females.

Before VCS After intromissions During Plug After Plug

Early Proestrus 4+/-0.6a 7+/-1b 6+/-03a 4+/-0.6a
Late Proestrus 5+/-0.7a 11+/-1c¢ 9+/-1Db 9.2 +/-1.2b
Early Estrus 2+/-0.2a 8 +/-0.7b 7.2+/-0.8a 7.4+/-04a
Late Estrus 3.8+/-03a 6+/-0.7b 53+/-0.2a 51+/-02a

Diestrus 22+/-03a 4+/-09a 22+/-05a 2+/-0.7a

Table |. Effect of vaginocervical stimulation on the frequency of uterine contractions during the estrus cycle.
After intromissions and during plug the number of uterine contractions (UC) increased compared with the
periods before vaginocervical stimulation (VCS) and after plug the different phases of the EC, except at diestrus.
The highest increment of UC was observed after intromissions during late-proestrus as compared with the rest
of the EC. Table shows the mean number *+ SEM of UC by the different patterns of artificial VCS during the
stages of the EC. Different capital letters indicates significant differences in the interaction of VCS and the

phases of the EC p<0.05.

Hormones and female sexual behavior

Female rat sexual behavior includes
proceptivity  and receptivity.36  While
proceptivity refers to behaviors aimed to bring
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the attention of the male rat (e.g. solicitation,
hopping and darting), receptivity relates to the
lordosis reflex (arching of the back, elevation
of the rump, dorsiflexion of the tail, and
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extension of the neck) that is a stereotyped
posture of the female, required for successful
copulation.3¢ In the rat, both receptivity and
proceptivity are observed during late-
proestrus. Evidence indicates that estrogen
and progesterone initiate sexual receptivity in
the female rat. While estrogens allow the
female to express lordosis, progesterone can
intensify the expression of this behavior.3!:36
However, if the amount of estrogen is
sufficiently large in the rat, progesterone is not
required for lordosis to occur.3” Accordingly,
in our study, the highest increment in the
number of UC as consequence of VCS
occurred during late-proestrus. Thus, we
believe that estrogen and progesterone are
responsible for the facilitation of the effects of
VCS on UC during late-proestrus. In addition,
since rat sexual behavior occurs during late-
proestrus, we believe the increment in the
uterine activity could be oriented to facilitate
reproductive processes such as transport of
sperm, blastocysts and embryo implantation.
The possible role and interaction of
progesterone and estrogen on the uterine
activity of female rats, though, still need to be
examined in closer detail in future studies.
Effect of vaginocervical stimulation on
reproductive processes

During copulation, sexual stimulation can
trigger cascades of neuroendocrine
activity810.1215.1730 that participate in different
reproductive processes in animals.'2183839 |t
has been observed that the induction of
pregnancy or pseudopregnancy in the female
rat depends on the number of intromissions
received by the female during copulation.!? In
addition, different combinations in the number
of intromissions, the duration and the interval
between insertions  produce different
percentages of pseudopregnancy in mice."?
Likewise, evidence indicates that the vaginal
distention produced by the sperm plug after
copula, extend the VCS beyond the distension
caused by ejaculation alone, and it seems to
affect reproductive processes such as sperm
transport, sperm competition and
fertilization.367.24 Vaginal distension activates a
vagino-uterine reflex that induces UC, but it
disappears if such distension is achieved for
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too long.# A similar reflex in rats that aids
sperm transport from the vagina to the uterus
has been proposed.? In our study, more
uterine activity was observed during the
periods related to vaginal distention by a
silicon plug as compared with the baseline.
However, vaginal distention decreased the
amount of UC as compared with that
observed after intromissions. Consequently,
we believe that VCS in the female rat occurred
for too long which reduced the capacity of the
vagino-uterine  reflex to induce UC.
Nevertheless, we must consider that in our
study the silicon plug was placed ten minutes
after intromissions. Thus, it is not possible to
determine if the reduction in the UC observed
during the periods related to the plug (during
plug and after plug) are consequence of vaginal
distension achieved for too long, or if it is
consequence of the elapsed time. In the future,
different animals should be used to compare
the effect of intromissions and vaginal
distention on the UC of the rats.

6. Conclusions

The results observed in our experiment
indicate that both VCS and hormonal status
are important regulators of uterine mobility in
rats. Since VCS was unable to increase UC
during diestrus, we conclude that the effect of
sexual stimulation on uterine activity strongly
depends on the hormonal status of the female
rat. Thus, the highest VCS-induced increment
in UC occurred during late-proestrus. We
suggest that myometrial activity is more
responsive to sexual stimulation during the
period where copula and reproductive
processes can occur. Finally, we conclude that
the uterine functionality of the female rat
depends on both endogenous and exogenous
stimuli. Future studies should evaluate the
effects of VCS on reproductive processes such
as sperm transport and fertilization, as well as
on the release of gonadotropin and ovarian
hormones.
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