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Abstract

The present study tested whether the topical application of a local anesthetic (Lidocaine) to the
vaginocervical region altered the pattern of paced mating behavior displayed by gonadectomized,
hormone-primed female rats. Both rats receiving Lidocaine and rats receiving vehicle exhibited the
expected lengthening of contact-return latency as the intensity of the mating stimuli increased (mount
<intromission < ejaculation). Although rats given Lidocaine versus vehicle received a greater number
of intromissions, no other group differences were observed. The present study found no evidence for
a change in behavioral responsiveness following the vaginocervical application of Lidocaine.
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1. Introduction

Topically applied local anesthestics, such as Lidocaine and Xylocaine, have been used to
desensitize genital tissues in studies examining the contributions of sensory input to the display
of copulatory behaviors [1-9]. These local anesthetics block voltage-gated sodium channels
thereby inhibiting the stimulation-induced excitability of afferent fibers [10-11]. Vaginal
application of Lidocaine in women is an effective local analgesic [12-13] and can prevent
increases in vaginal wall pressure induced by clitoral stimulation [14]. A well-known
behavioral study conducted in rats measured the effect of vaginal Lidocaine treatment on the
display of an operant response (bar-press) that gave a female rat access to a sexually active
male rat [4]. The latency for the female rat to bar-press to re-gain access to the male following
the receipt of an intromission or ejaculation was shortened after application of Lidocaine [4].
A subsequent study evaluating approach responses to different stimulus animals housed in
three separate compartments observed no effect of the intravaginal application of Lidocaine
on the latency of female rats to approach sexually active male rats [5].

More recently, a number of researchers have adopted the paced mating paradigm to examine
the approach and withdrawal behaviors exhibited by a female rat during a sexual encounter
with a male rat [15]. The display of paced mating behavior varies as a function of the intensity
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of sexual stimulation received from the male, such that the contact-return latency and the
percentage of exits increase after the receipt of more intense stimulations (mount < intromission
< ejaculation) [16]. The transmission of sensory information from the vagina and cervix is
necessary for the normal display of paced mating behavior; rats with pelvic nerve transection
return to the male more quickly following intromissions than rats with sham transection [17].
The present experiment tested the effects of Lidocaine on the approach and withdrawal
behaviors exhibited during paced mating behavior. Contrary to the findings of Bermant and
Westbrook [4], the pattern of approach and withdrawal from the male was not altered in rats
receiving vaginocervical Lidocaine.

2. Methods

Twenty-four virgin female Long-Evans rats weighing approximately 200 g were obtained from
Harlan (Indianapolis, IN). Rats were housed individually in hanging metal cages in a light-
(12:12, lights off at 1000 h) and temperature-controlled vivarium. Commercial rat food pellets
and water were available ad lib. Rats were gonadectomized under ketamine/xylazine anesthesia
(50 mg/kg; Henry Schein, Indianapolis, IN) approximately 7-10 days before the start of
behavioral testing. Sexually experienced male Long-Evans rats, aged 3-4 months, were used
as stimulus rats. Experimental female rats received 10 ug estradiol benzoate (EB, Sigma, St.
Louis, MO) 48 h and 1 mg progesterone (P, Sigma) 4 h prior to mating tests. Hormones were
administered s.c. in a sesame oil vehicle. Vaginocervical application of vehicle (petroleum
jelly, Vaseline, Unilever) or Lidocaine ointment (5%, Henry Schein, Indianapolis, IN) occurred
as described below. Behavioral testing took place under dim red illumination. The Institutional
Animal Care and Use Committee at Dartmouth College approved the use of rats in these studies
and all procedures were conducted in accordance with NIH guidelines.

Paced mating behavior was measured as described previously [18]. Briefly, tests were
conducted in a clear Plexiglas arena divided into three equally sized compartments using two
clear partitions with a 5-cm hole in each bottom corner. Opaque Plexiglas partitions adjacent
to the clear partition separated the experimental female rat from the male rats prior to the start
of behavioral testing. Two tests for paced mating were conducted approximately 1 week apart;
a baseline test followed by a treatment test. The treatments (vehicle or Lidocaine) were
administered according to the procedures outlined in Bermant and Westbrook [4]. Specifically,
a 1 ml syringe containing 0.15 ml of the treatment (vehicle or Lidocaine) was introduced into
the vagina until contact was made with the cervix; the treatment was then delivered into the
vagina and a cotton swab was used to distribute the vehicle or Lidocaine over the vaginal walls
and cervix for a 1 min-period. Following the initial treatment the rat was situated in a holding
chamber for 1 min and then the treatment was repeated. At the conclusion of the second
treatment, the rats were acclimated to the paced mating arena for 5 min before the start of the
paced mating test.

Tests for paced mating behavior began when the opaque partition was removed allowing the
female rat access to the male compartment; during the test, the female rat had access to only
one male rat at a time. When ejaculations were received, the experimental rat was allowed to
leave the male rat’s compartment and subsequently return, at which point the test timer was
stopped, the opaque partition was replaced and the experimental rat was once again confined
to the center compartment. The test was resumed immediately upon removal of the other
opaque partition, allowing the experimental rat access to a different male rat. The test was
concluded when the female had received 5 ejaculations, or 60 min elapsed, whichever came
first [4].

The following measures were recorded by experimenters: number and timing of mounts,
intromissions, and ejaculations as well as sexual receptivity (lordosis quotient (LQ) defined as
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the number of lordosis responses of 2 or 3 divided by the number of mounts x 100, and lordosis
response (LR) defined as the sum of lordosis responses divided by the number of mounts), test
duration, activity, defined as the rate of entries/exits per minute from the stimulus animal
compartments and the rate per minute of proceptive (hops, darts and ear wiggling) and rejection
(kicks and defensive postures) behaviors [16,19-21]. The contact-return latency was defined
as the length of time the female withdrew from the male compartment following each type of
sexual stimulation and the percentage of exits was defined as the rate of withdrawal from the
male following each type of sexual stimulation [16].

Data from the baseline test were used to match statistically the treatment groups on all
behavioral measures: therefore, neither the data nor statistical analyses (F values) are reported
for the baseline. A treatment x type of sexual stimulation (mount, intromission, ejaculation)
analysis of variance (ANOVA) was conducted collapsing the data across the 5 ejaculatory
series. Contact-return latencies and percentage of exits were analyzed separately. A second
analysis examined the effect of treatment on the display of mating behaviors across the 5
ejaculatory series using a treatment x type of sexual stimulation (intromission and ejaculation;
no rat received a mount without either intromission or ejaculation on all five ejaculatory series)
ANOVA with repeated measures on ejaculatory series. One-way ANOVAs were conducted
on lordosis quotients and lordosis responses, rate of proceptive and rejection behaviors, number
of mating stimulations (mounts, intromissions and ejaculations), test duration, and activity.
Rats were excluded from the analysis if they did not receive 5 ejaculations within the time
limits of the test (n = 2) or if they differed by more than 2 standard deviations from the mean
on baseline measures of paced mating behavior (n = 3) resulting in final group assignments of
vehicle, n = 8 and Lidocaine, n = 11. The alpha level was set at 0.05.

Rats in both treatment groups exhibited maximal levels of receptivity and there were no effects
of treatment on receptivity. The pattern of contact-return latencies and percentage of exits did
not differ as a function of treatment group (Figure 1). There was a significant effect of type of
stimulation for contact-return latencies (F(2,48) = 30.3), and for percentage of exits (F(2,51)
= 46.9) in the absence of a treatment effect or type of stimulation x treatment interaction. The
second analysis, examining contract-return latencies across the five ejaculatory series, showed
that contact-return latencies were longer following ejaculations than intromissions and
lengthened following ejaculations over the course of the five ejaculatory series, consistent with
published reports [21-24] (Figure 2). There was a significant overall effect of type of
stimulation (F(1,30) = 22.8) and ejaculatory series (F(4,120) = 2.96) on contact-return latency
but no effect of treatment or interactions. Follow-up analyses showed that the effect of
ejaculatory series was significant for contact-return latencies following ejaculations (F(4,68)
=3.4).

Rats treated with Lidocaine received significantly more intromissions than rats receiving
vehicle (Mean = SEM, vehicle, 29.1 + 1.64; Lidocaine, 35.7 £ 1.71, F(1,17) = 7.3). The greater
number of intromissions received by the Lidocaine group may have occurred because the
Lidocaine-treated rats received slightly, but not significantly, more intromissions per visit to
the male rat (data not shown). The rate of proceptive or rejection behaviors, activity or test
duration (approximately 20 mins) did not differ between the groups (data not shown).

4. Discussion

The normal “stair-step” pattern of responses to varied intensities of mating stimuli in tests of
paced mating behavior was exhibited by rats treated with vehicle and Lidocaine. In addition,
latencies to return to the male following mating stimulations were comparable in both treatment
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groups. Contact-return latencies after ejaculations lengthened across the five ejaculatory series,
in agreement with previous reports [22-25]. We observed that rats treated with Lidocaine
received significantly more intromissions compared to rats treated with vehicle. Taken together
the evidence from the present experiment indicates that the vaginocervical application of
Lidocaine does not disrupt the signals required to execute paced mating behavior.

Afferent fibers innervating the vagina and cervix are responsive to various types of mechanical
stimulation from light touch to intense pressure [26-27]. Our working hypothesis was that
Lidocaine treatment would diminish the activation of vaginocervical targets in response to
mating stimulation leading to the abbreviation of contact-return latencies as reported by
Bermant and Westbrook [4]. Other studies from our laboratory have shown that information
conveyed via the pelvic nerve, which innervates the vagina and cervix [28], modulates the
display of paced mating behavior [17; see also 29]. Shorter contact-return latencies are
observed in female rats with pelvic nerve transection compared to intact rats, presumably due
to a dampening in vaginocervical sensitivity [17]. We were surprised that Lidocaine treatment
did not alter the display of paced mating behavior. However, the present data join several other
studies in failing to find an effect of Lidocaine or Xylocaine treatment on the display of rodent
female sexual behavior [5,8] in contrast to the effect of pelvic neurectomy which has a
pronounced effect on the pattern of paced mating behavior [17,29]. Lidocaine may attenuate,
but not eliminate, the relay of somatosensory information received during mating [7]. The
residual sensory stimulation appears to be sufficient for the display of paced mating behavior
in female rats.

The number of intromissions received during a paced mating test was influenced by Lidocaine
treatment, consistent with the report of a trend towards increased number of intromissions and
ejaculations received by female rats treated with Xylocaine [5]. Further analysis revealed that
rats treated with Lidocaine received slightly more intromissions per visit to the male rat than
vehicle-treated rats. It is known that the number of intromissions that male rats require to reach
ejaculation is reduced when the inter-intromission interval is shorter rather than longer [30].
Therefore, because the male rats mated with Lidocaine-treated female rats could receive
intromissions close to each other in time, they achieved more intromissions prior to ejaculation.

In conclusion, although the sensory cues required for paced mating behaviors are relayed via
the genitosensory nerves, vaginocervical treatment with a local anesthetic is not sufficient to
disrupt the pattern of paced mating behavior.
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Fig. 1.

Mean + SEM contact-return latencies (top) and percentage of exits (bottom) for mounts,
intromissions and ejaculations in rats tested for paced mating behavior observed following
vaginocervical application of vehicle (white bars, n = 8) or Lidocaine (black bars, n = 11). No
group differences were observed.
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Fig. 2.

Mean + SEM contact-return latencies following ejaculations across five ejaculatory series are
shown for female rats treated with vehicle (open circles, n = 8) or Lidocaine (closed squares,
n =11). Arrow with asterisk indicates that for both groups contact-return latencies following
ejaculations increased significantly across the five ejaculatory series.
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