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Bleeding or rupture of the ovary often accompanies ovarian cysts and causes severe pain and autonomic
responses such as hypotension. It would be expected that ovarian afferents contribute to cardiovascular
responses induced by ovarian failure. The present study examined cardiovascular responses to noxious chemical
stimulation of the ovary by bradykinin, an algesic substance released by tissue damage, and explored the role of
ovarian afferents in the ovarian–cardiovascular responses in anesthetized rats. Non-pregnant adult rats were
anesthetized with pentobarbital and artificially ventilated. The carotid artery was cannulated to monitor blood
pressure and heart rate. Noxious chemical stimulation was achieved by applying a small piece of cotton soaked
with bradykinin to the surface of the ovary for 30 s. Application of bradykinin (10−4 M) to the ovary decreased
heart rate and blood pressure. These cardiovascular responses were not significantly influenced by severance of
the vagal nerves or the superior ovarian nerve, but were abolished by severance of the ovarian nerve plexus
(ONP). Application of bradykinin (10−4 M) to the ovary evoked afferent activity of the ONP both in vivo and
in vitro preparations. These results indicate that the decreases in heart rate and blood pressure following
chemical noxious stimulation of the ovary with bradykinin are reflex responses, whose afferent nerve pathway
is mainly through afferent fibers in the ONP.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Clinically, nociceptive information from visceral organs is conveyed
through the visceral autonomic afferent fibers (Cervero, 1994; Jänig,
2006; Bielefeldt and Gebhart, 2013), and produces pain or discomfort
as well as autonomic responses such as hypotension and nausea
(Procacci et al., 1986; Cavun et al., 2004). Bleeding or rupture of the
ovarian cysts and ovarian cancer causes severe pain or tenderness of
the lower abdomen, as well as autonomic responses such as hypoten-
sion, anorexia, and dyspepsia (Samraj and Curry, 2004; Hammond,
2008; Kruszka and Kruszka, 2010). Therefore, nociceptive information
from the ovary may travel through the autonomic sensory fibers inner-
vating the ovary, andmay evoke pain as well as cardiovascular reflexes.
However, the physiological role of ovarian afferents has not yet been
elucidated.

There have beenmany studies regarding the role of visceral afferents
as an afferent limb of the cardiovascular reflexes evoked by noxious
chemical stimulation of visceral organs, using the algesic substance
bradykinin in anesthetized animals (Gorman et al., 1983; Longhurst
and Ordway, 1983; Niitani et al., 1988). Noxious chemical stimulation
of the heart by bradykinin elicits excitations of both cardiac vagal
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afferent activity (Kaufman et al., 1980; Hisata et al., 2006) and cardiac
spinal afferent activity (Uchida and Murao, 1974; Baker et al., 1980).
However, the afferent limb of the cardiovascular reflex responses
produced by noxious chemical stimulation of the heart has been
shown to be the cardiac spinal afferents but not the vagal afferents,
since vagal denervation does not affect those cardiovascular responses
in anesthetized and artificially ventilated animals (Gorman et al.,
1983; Niitani et al., 1988). Similarly, cardiovascular reflex responses to
bradykinin stimulation of abdominal visceral organs such as gallbladder
are mediated by the splanchnic afferent nerves, but not by the vagal
afferent nerves (Longhurst and Ordway, 1983).

With regard to the female reproductive organs, there have been
studies on the uterine afferents (Berkley et al., 1987, 1988, 1990,
1993; Robbins et al., 1990, 1992; Robbins and Sato, 1991). The uterus
is innervated by afferent fibers in the hypogastric and pelvic nerves
(Baljet and Drukker, 1980; Gabella, 1995). Algesic chemical stimulation
by bradykinin, ormechanical stimulation by uterine distension, particu-
larly in the noxious range, result in an increase in activity of both the
hypogastric and pelvic afferent nerves in rats (Berkley et al., 1987,
1988, 1990, 1993; Robbins et al., 1990). Robbins and Sato (1991)
reported that the afferent limb for the decreases in heart rate and
blood pressure produced by noxious distension of the uterine horn is
the hypogastric nerve but not the pelvic nerve.

The ovary is innervated by autonomic nerves. Histological studies
have demonstrated the presence and distribution of sympathetic
dykinin-induced cardiovascular reflexes from the ovary in rats, Auton.
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(splanchnic) and parasympathetic (vagal) nerves in the rat ovary
(Burden, 1985; Papka and Traurig, 1993; Gerendai et al., 1998, 2000).
These autonomic nerves reach the ovary via two routes: the ovarian
nerve plexus (ONP) along the ovarian artery and the superior ovarian
nerve (SON) in the suspensory ligament (Baljet and Drukker, 1979;
Lawrence and Burden, 1980). These ovarian innervations include both
afferent and efferent fibers. Burden et al. (1983) reported the existence
of sensory innervation of the ovary by histological studies that showed
that injections of horseradish peroxidase (HRP) into the right or left
ovary of the rat produced labeling of perikarya in both nodose ganglia
and ipsilateral dorsal root ganglia (DRGs) from T10 to L2. Klein and
Burden (1988) reported that both the SON and theONP contain afferent
fibers, observing labeled afferent perikarya located in lower thoracic–
upper lumbar DRG following direct application of true blue to either
the SON or the ONP. These histological studies suggest that ovarian
afferents may carry noxious sensory information from the ovary and
trigger cardiovascular responses. However, no study has investigated
the physiological role of ovarian afferents.

The present study examined cardiovascular responses to chemical
noxious afferent stimulation of the ovary in anesthetized, non-
pregnant adult rats. Noxious chemical stimulation was applied using
bradykinin, an algesic substance, produced by tissue damage. We
further examined the involvement of the vagal nerve, the SON and the
ONP in the afferent limb of the cardiovascular response to ovarian
stimulation.
2. Materials and methods

2.1. Animals

Adult virgin female Wistar rats (3–7 months old; 155–210 g body
weight) were maintained in a 12 h:12 h light–dark schedule. Rat
chow andwaterwere provided ad libitum. Fourteen animalswith a reg-
ular 5-day estrous cycle, established by examining daily vaginal smears,
were used on the day of estrus. All procedures were approved by the
Animal Committee of the Tokyo Metropolitan Institute of Gerontology.

Eleven rats were used for measuring cardiovascular response. ONP
afferent activity was recorded in the in vivo preparation in one of 11
rats and in three other rats. In another 4 of the 11 rats used for
cardiovascular response, ONP afferent activity was recorded in the
in vitro preparation.
2.2. Surgical procedures

Animals were anesthetized initially with pentobarbital (60 mg/kg
i.p.), maintained using a continuous infusion of pentobarbital in saline
(10 mg pentobarbital/ml saline infused via a jugular venous catheter
at 0.2–0.4ml/h; 11–26mg/kg/h), in amanner similar to the previous re-
ports (Klein et al., 2014; Premilovac et al., 2013; Uchida et al., 2008).
Whenever heart rate and blood pressure were unstable during the
experiment, additional doses (about 5 mg/kg) of pentobarbital were
administered by bolus i.v. injection. The animals were artificially
ventilated using a Harvard rodent ventilator (model 683, Harvard,
Massachusetts, USA): and end-tidal CO2 concentrations measured
using a gas monitor (Microcap, Oridion Medical, Jerusalem, Israel)
were kept at about 3.0% by controlling respiratory rate and tidal volume.
Body temperature, monitored by a probe in the rectum,wasmaintained
at approximately 37.5 °C using a body temperature control system
consisting of a thermostatically-regulated DC current heating pad and
an infrared lamp (ATB-1100, Nihon Kohden, Tokyo, Japan). Systemic
blood pressure was continuously recorded from a cannula inserted
into the common carotid artery. Heart rate was measured with a pulse
rate tachometer (AT-601G, Nihon Kohden, Tokyo), whichwas triggered
by systolic blood pressure waves.
Please cite this article as: Uchida, S., et al., Afferent fibers involved in the bra
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2.3. Chemical stimulation of the ovary by bradykinin

After ventral exposure of the ovary at the left or right side with a
wide abdominal wall opening, the bursa around the ovary was peeled.
Bradykinin acetate (Sigma, St. Louis, USA) dissolved in saline (10−8–
10−4 M) was applied topically to the surface of the ovary with a thin
piece of cotton (7 × 7mm square) soakedwith the solution. After appli-
cation for 30 s, the cotton was removed. Each of the stimuli was deliv-
ered to the animal after observing stabilization of heart rate and mean
arterial pressure. We waited more than 10 min between stimulations
to avoid development of tachyphylaxis of bradykinin (Mizumura et al.,
2009). Usually, the ovary was stimulated unilaterally in each rat. How-
ever, in some rats, each side of the ovary (left and right) was stimulated
in the same animal to record cardiovascular responses (n = 1) or ONP
afferent activities (n = 2).

2.4. Denervation of the vagus nerve

Infive rats, the cardiovascular responseswere tested in the intact rat,
and the vagus nerves were then cut bilaterally at the level of cervix to
examine the contribution of the vagal afferent nerve from the ovary
on the ovarian–cardiovascular reflex. In one rat, the vagi were cut
bilaterally at the beginning of the experiment.

2.5. Denervation of the SON and the ONP

To examine the contribution of the afferent nerves in the SON and
ONP to the ovarian–cardiovascular reflex, either the SON or the ONP
ipsilateral to the ovary that was used for bradykinin application was
cut. After the cardiovascular responses to bradykinin application were
measured in rats with intact nerves or vagal denervation, denervation
of the SON was performed by cutting the suspensory ligament and the
accompanying blood vessels in five rats. In another four rats, denerva-
tion of the ONP was performed by transection of the ONP together
with the ovarian vessels after ligation, or by topical application of the
local anesthetic procaine (1.0%) to the ovarian artery.

2.6. Recording of afferent nerve activity from the ONP during in vivo
preparation

The left or right ONP running along the ovarian arterywas cut in four
rats approximately 20 mm from the ovary and covered with warm liq-
uid paraffin. Mass action potentials were amplified (S-0476, Nihon
Kohden, 0.001 s time constant), audibly monitored through a connec-
tion to a speaker, visually displayed on a digital oscilloscope (DS-5312,
Iwatsu, Tokyo), and digitized (Micro1401, Cambridge Electronic Design,
UK). Nerve discharges were counted in 5-s intervals using software
(Spike 2 software, Cambridge Electronic Design, UK). Activity of the
ONP afferent nerve was recorded from both sides of the ovaries in two
rats, and recorded unilaterally from the ovary another two rats.

2.7. Recording of afferent nerve activity from the ONP during in vitro
preparation

In four rats, recording of afferent nerve activity from the ONP was
also performed during in vitro organ preparation of the ovary. After
completion of the experiment to measure cardiovascular responses
to bradykinin application in vivo, the right side of the ovary, together
with the ONP, ovarian vessels, abdominal vein, and cannulated ab-
dominal aorta was dissected from the surrounding tissues. Immedi-
ately, before removing the dissected tissue from the abdominal
cavity, the rat was killed with an overdose of anesthetic. Then, the
ovary, together with the dissected tissue, was placed in a warm min-
eral oil bath and perfused with oxygenated Krebs solution (pH 7.4) at
a constant flow rate of 0.5 ml/min through the abdominal aorta and
ovarian artery (Berkley et al., 1988). Multiunit or single unit afferent
dykinin-induced cardiovascular reflexes from the ovary in rats, Auton.
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activity was recorded from dissected strands of the ONP using the
same recording procedures as in the in vivo experiments. Nerve
discharges were counted in 1-s intervals using software (Spike 2
software, Cambridge Electronic Design, UK). Fig. 4B illustrates the
preparation.

Chemical stimulation with bradykinin was delivered via pulse
injections through the abdominal aorta and ovarian artery. Bradykinin
at a dose of 10−4 M in Krebs solution was injected in a 0.3 ml bolus,
and the ovary was flushed with 0.3 ml of Krebs solution immediately
after the injection of the bradykinin. To confirm that the bradykinin
was perfusing the tissue adequately, a bolus of Evans Blue dye was
injected before and/or after injecting the bradykinin. All of the prepara-
tions for which data are reported here were adequately perused.

2.8. Statistics

Data were expressed as the mean ± standard error of the mean
(SEM). Statistical comparisons were carried out by means of one-way
factorial ANOVA or repeated-measures ANOVA followed by a Dunnett's
multiple comparison test, two-way repeated-measures ANOVA follow-
ed by a Bonferroni correction, or paired t-test. A p-value of b 0.05 was
considered to be statistically significant.

3. Results

3.1. Cardiovascular responses to bradykinin stimulation of the ovary

The resting heart rate and mean arterial pressure, measured at
the beginning of an experiment, before any nervemanipulation or stim-
ulation, were 399 ± 10 beats/min and 139 ± 3 mm Hg, respectively
(n = 10 rats). Fig. 1A shows sample recordings of heart rate and mean
arterial pressure in a single rat, and Fig. 1B summarizes the time course
of those cardiovascular responses measured every 30 s in 11 ovaries in
10 rats. Application of 10−4 M bradykinin to the ovary produced signif-
icant decreases in heart rate and mean arterial pressure. However, the
magnitudes and time courses of these decreases varied in each stim-
ulation trial. Both the heart rate and the mean arterial pressure
started to decrease at around 10 s after the onset of bradykinin appli-
cation (Fig. 1A). Themaximum reduction of heart rate was 13.7± 2.3
beats/min at 60 s after the end of stimulation, and that of mean arte-
rial pressure was 13.2 ± 3.5 mm Hg at 30 s after the end of stimula-
tion (Fig. 1B). The significant decreases in heart rate and mean
Fig. 1. Cardiovascular responses to bradykinin stimulation of the ovary. A: Sample record-
ings of heart rate and mean arterial pressure. B: Summary of heart rate and mean arterial
pressure responses. Changes in heart rate and mean arterial pressure compared with the
prestimulus basal values (at 0min)were plotted every 30 s. The heavy bar on the abscissa
indicates the period of topical bradykinin application (10−4 M) to the ovary (30 s). Each
point and vertical bar represents a mean ± SEM (n = 11). For each ovary, averaged
data obtained from 1 to 2 trials were summarized. *p b 0.05; **p b 0.01; statistically signif-
icant differences from the prestimulus basal values using one-way repeated ANOVA
followed by Dunnett's multiple comparison test.
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arterial pressure lasted until 2–2.5 min after the end of stimulation
before returning to the basal level. Application of saline to the ovary pro-
duced no changes in heart rate or mean arterial pressure (n = 7 ovaries
in 7 rats).
3.2. Cardiovascular responses after denervation of autonomic nerves to the
ovary

We explored the afferent limb of the reflex decreases in heart rate
and mean arterial pressure by lesioning the vagal nerve, the SON, or
the ONP. In vagotomized animals, application of 10−4 M bradykinin to
the ovary produced bradycardia and hypotension (Fig. 2B) similar to
the responses evoked when vagal innervation was intact (Fig. 2A).
There were no significant differences in magnitudes and time courses
of the heart rate and blood pressure responses between conditions of
intact nerves and vagal denervation (tested by two-way repeated
ANOVA with Bonferroni correction).

After lesioning the SON ipsilateral to the ovary used for bradykinin
stimulation (keeping the ONP intact), application of 10−4 M bradykinin
to the ovary produced bradycardia and hypotension (Fig. 2C) as
observed with intact nerves (Fig. 2A). There were no significant
differences in magnitudes and time courses of the heart rate and
blood pressure responses between conditions of intact nerves and
SON denervation (tested by two-way repeated ANOVAwith Bonferroni
correction).

In contrast, after lesioning the ONP ipsilateral to the ovary used
for bradykinin stimulation (keeping the SON intact), application of
10−4 M bradykinin to the ovary produced no changes in heart rate
and mean arterial pressure (Fig. 2D). The basal heart rate and mean
arterial pressure before bradykinin stimulation were not significantly
influenced by any nerve manipulation (tested by one-way factorial
ANOVA with Dunnett's multiple comparison test).
3.3. Response of ONP afferent fibers to bradykinin application to the ovary

We made direct recordings of ONP afferent nerves to clarify that a
significant increase in ONP afferent activity was the neural basis for
the afferent limb of the reflex bradycardia and hypotension produced
by bradykinin application to the ovary. When ONP afferent activity
was recorded during in vivo preparation (Fig. 3A), application of
10−4 M bradykinin to the ovary produced a significant increase in
ONP afferent activity (Fig. 3B). In general, ONP afferent activity started
to increase at 5–10 s after the onset of bradykinin stimulation and
reached its maximum during the 30-s stimulation period. After 2 min
or later after the end of stimulation, the elevated level of ONP afferent
activity gradually returned to the control level before stimulation. The
peak (maximum) responses of ONP afferent nerve activity after the
application of different doses of bradykinin or saline to the ovary are
summarized in Fig. 3C. ONP afferent activity was increased by bradyki-
nin application to the ovary in a dose-dependentmanner. The threshold
dose of bradykinin to produce a significant increase in ONP afferent
activity was 10−7 M.

In addition, mass or multiunit responses of ONP afferent fibers to
bradykinin stimulation of the ovary were obtained in four in vitro prep-
arations to confirm the existence of ovarian receptors responsive to bra-
dykinin (Fig. 4). As shown in Fig. 4B, bradykinin was delivered directly
to the ovary via intra-arterial injection through the ovarian artery.
Fig. 4A shows that single unit activity responded an injection of
10−4 M bradykinin. A single unit was identified by height and shape.
This single unit showed no spontaneous activity, but was excited by
injection of 10−4 M bradykinin but not by injection of Krebs solution.
Similar excitation of ONP afferent fibers following injection of 10−4 M
bradykinin was observed in another single unit and in another three
mass recordings that were tested.
dykinin-induced cardiovascular reflexes from the ovary in rats, Auton.
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Fig. 2. Effects of denervation of autonomic nerves to the ovary on the cardiovascular responses to bradykinin stimulation of the ovary. A: Nerve intact [vagi, superior ovarian nerve (SON)
and ovarian nerve plexus (ONP) intact], B: Vagi cut (SON and ONP intact), C: SON cut (ONP intact, vagi is either intact or cut), D: ONP cut (SON intact, vagi is either intact or cut). a: Rep-
resentation of the experimental conditions of denervation. b, c: Sample recordings of heart rate and mean arterial pressure, respectively. d, e: Summary of heart rate and mean arterial
pressure responses, respectively, for each condition. The maximum changes in heart rate and mean arterial pressure within 2 min after the end of stimulation are compared with the
prestimulus basal values. Each column and vertical bar represent a mean ± SEM (A: n = 11, B: n = 6, C: n = 5, D: n = 4). *p b 0.05; **p b 0.01; statistically significant differences
from prestimulus basal values using paired-t tests.
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4. Discussion

The present study is the first to demonstrate the functional role of
ovarian afferents in the cardiovascular responses to noxious chemical
Fig. 3. Activity of ovarian afferents in the ovarian nerve plexus (ONP) in response to
bradykinin stimulation of the ovary. A: Illustration showing the recording (rec.) of afferent
activity of the ONP. B: Sample histogram ofmass activity of ovarian afferents in the ONP in
response to topical 10−4Mbradykinin application to the ovary. C: Sensitivity of ONP affer-
ents to different doses of bradykinin and saline. The maximum changes in spike rate
(Δ imp/5 s) of ONP afferents activity are plotted at each dose of bradykinin and saline.
The data has been normalized: the change in spike rate recorded at 10−4 M is taken as
100%. Each point and vertical bar represents a mean ± SEM (n = 6). *p b 0.05;
**p b 0.01; statistically significant differences from the saline control values using one-way
repeated ANOVA followed by Dunnett's multiple comparison test.

Please cite this article as: Uchida, S., et al., Afferent fibers involved in the bra
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stimulation of the ovary in anesthetized animals. The results of the
nerve transection and recording experiments indicate that the afferent
Fig. 4.Activity of ovarian nerve plexus (ONP) afferentfibers in the isolated perfused ovary.
A: Sample histogram of single unit activity in ONP afferent fibers following intra-arterial
injection of bradykinin. B: Diagram illustrating the in vitro preparation.

dykinin-induced cardiovascular reflexes from the ovary in rats, Auton.
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limb of the cardiovascular reflex, whichwas induced by the stimulation
of the ovary by the bradykinin, is the ONP, but not the vagus or the SON.

Bradykinin is a potent algesic substance released by damaged tissue.
From the present results, ONP afferents may transmit nociceptive infor-
mation to the central nervous system from the ovary, such as pain
during ovulation, or pathological ovarian pain associated with an ovar-
ian cyst, ovarian cancer, etc. Clinically, ovarian failure, such as bleeding
or rupture of the ovary, is known to cause severe pain and autonomic
dysfunction such as hypotension (Samraj and Curry, 2004; Hammond,
2008; Kruszka and Kruzka, 2010). The present findings of the functional
role of ovarian afferents in the ovarian–cardiovascular reflexmay be in-
volved in the neural mechanism of cardiovascular responses clinically
reported during ovarian failure.

Noxious stimulation of visceral organs anddeep somatic tissues such
as skeletal muscle is known to produce reflex responses in heart rate
and blood pressure, which are either excitatory or inhibitory. These re-
sponse patterns are considered to be dependent on the type of algesic
substances used for stimulation, the species of animal, and the type
and depth of anesthesia. Sato et al. (1982) showed that changes in
heart rate and blood pressure upon stimulation of skeletal muscle by
algesic agents in anesthetized cats depend on the type of algesic
chemicals used. Potassium ions always increase heart rate and blood
pressure, while bradykinin induces increase and decrease in both
heart rate and blood pressure. Gorman et al. (1983, 1984) showed
that changes in heart rate and blood pressure upon epicardial bradyki-
nin stimulation are dependent on the species of animal, with an
excitatory response in cats, an insignificant response in dogs, and an in-
hibitory response in monkeys. Ness and Gebhart (1988) reported that
cardiovascular responses to noxious colorectal stimulation are affected
by the type of anesthetic used or depth of anesthesia. In the present
study, to mimic the hypotensive response clinically shown in ovarian
failure, we used pentobarbital anesthesia, which is known to produce
stable inhibitory cardiovascular responses to noxious colorectal stimu-
lation in rats (Ness and Gebhart, 1988; Li et al., 2006; Li and Suzuki,
2006). Under pentobarbital anesthesia, the present study showed that
bradykinin stimulation of the ovary significantly reduced heart rate
and blood pressure.

Burden et al. (1983) clarified sensory innervation of the ovarywith a
histological study that showed that retrograde labeling from the ovary
could be traced to both nodose ganglia and ipsilateral dorsal root
ganglia from T10 to L2. However, the function of ovarian afferents has
remained unresolved. The present study demonstrated that chemical
stimulation of the ovary by bradykinin, an algesic substance released
by tissue damage, produced decreases in heart rate and blood pressure
in anesthetized rats. Furthermore, we explored the afferent pathway for
this ovarian–cardiovascular reflex by lesioning vagal nerves, the SON, or
the ONP. The decreased heart rate and blood pressure induced by ovar-
ian bradykinin stimulation was not affected by severing the bilateral
Fig. 5. Schematic diagramof the reflexpathway for cardiovascular responses to bradykinin
stimulation of the ovary.

Please cite this article as: Uchida, S., et al., Afferent fibers involved in the bra
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vagal nerves or the SON, but was abolished by severing the ONP.
Furthermore, application of bradykinin to the ovary stimulated afferent
activity of the ONP. Therefore, the ONP is themain afferent pathway for
the ovarian–cardiovascular reflexes (Fig. 5).

In the present study, the vagal nervewas not involved in the afferent
pathway of the ovarian–cardiovascular reflexes. This result is in accord
with other reports that showed that bilateral vagotomy does not affect
cardiovascular responses induced by bradykinin application to the
heart (Gorman et al., 1983; Gorman and Zucker, 1984; Niitani et al.,
1988; Veelken et al., 1996) or abdominal visceral organ such as
the gallbladder (Longhurst and Ordway, 1983). In contrast bradykinin
applied to the heart is known to stimulate cardiac vagal afferents
(Kaufman et al., 1980; Hisata et al., 2006). It has been suggested that
vagal afferents mediate symptoms of nausea and discomfort related to
visceral pain, rather than cardiovascular responses (Beyak and
Grundy, 2005; Babic and Browning, 2014).

Klein and Burden (1988) reported that both the SON and the ONP
contain afferent neurons, after observing labeled afferent perikarya lo-
cated in lower thoracic–upper lumber DRG following application of
true blue, an antidromic marker, directly to either the SON or the ONP.
However, in the present study, the afferent pathway of the ovarian–
cardiovascular reflex response was mainly afferent fibers in the ONP
but not in the SON. Afferent fibers in the SONmay transmit information
about noxious mechanical stimulation, such as torsion of the ovary,
rather than noxious chemical stimulation by bradykinin.

The present study demonstrated that afferent activity of the ONP is
stimulated by bradykinin application to the ovary. There have been
few studies on pain from female reproductive organs. Responsiveness
of afferent fibers in the pelvic and hypogastric nerves innervating the
uterus to algesic substances, including bradykinin, has been demon-
strated in rats (Berkley et al., 1987, 1988, 1990, 1993). The present
study is the first to demonstrate that the ONP afferents convey chemical
nociceptive information from the ovary in response to bradykinin. In
this study, the threshold dose of bradykinin to produce a significant in-
crease in ONP afferent activity was 10−7 M, which is in accord with the
threshold dose to produce a significant increase in afferent activity from
the testis (Kumazawa andMizumura, 1980). Bradykinin is known to in-
crease the activity of both A and C afferentfibers in the splanchnic nerve
innervating abdominal visceral organs, such as the stomach, duodenum,
and gallbladder (Longhurst et al., 1984). Therefore, both A andC afferent
fibers are suggested to be responsible for the reflex cardiovascular re-
sponses caused by bradykinin stimulation to abdominal visceral organs
(Longhurst et al., 1984). In contrast, our previous electrophysiological
study showed an evoked potential of primarily unmyelinated C fibers
in the ONP (Kagitani et al., 2008; Hanada et al., 2011; Uchida, 2015).
From this evidence, unmyelinated C fibers in the ONP may be the
main afferents in the cardiovascular responses produced by bradykinin
stimulation of the ovary shown in the present study.

In conclusion, this study showed for the first time the functional role
of ovarian afferents in cardiovascular reflexes evoked by noxious chem-
ical stimulation of the ovary by bradykinin in anesthetized rats. These
findings will help to expand our knowledge regarding the functional
role of ovarian autonomic innervation in both physiological and
pathological conditions.
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