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Abstract
The role of spinal metabotropic glutamate receptors (mGluRs) in control of lower urinary tract
functions was evaluated in rats using an mGluR antagonist administered via the intrathecal route.
Cystometrograms in combination with external urethral sphincter (EUS) EMG recordings were
performed on 13 decerebrate unanesthetized Sprague-Dawley female rats (n=6 for spinal cord intact
rats; n=7 for spinal cord transected rats). In spinal cord intact rats, a group I/II mGluR antagonist,
(+/−)-alpha-methyl-4-carboxyphenylglycine (MCPG), at doses of 3–30 μg changed neither bladder
nor EUS EMG activity, whereas a larger dose (100 μg) produced a significant facilitation of EUS
EMG activity (41% increase in the peak activity) with little effect on bladder contractions. In
chronically spinal cord transected rats, MCPG (3–100 μg) had no effect on bladder and EUS EMG
activity. The results suggest that group I/II mGluRs are likely to be involved in inhibition of the
excitatory pathway to the EUS but not involved in the control of the bladder. The lack of effect of
MCPG on the EUS EMG activity in chronic SCT rats indicates that mGluR-mediated inhibitory
control of the EUS was eliminated after spinal cord injury.
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Introduction
Glutamatergic receptors in the nervous system consist of two major classes, the ionotropic
receptors which form ligand-gated cation channels [16] and metabotropic receptors (mGluRs)
which are a family of G-protein coupled receptors activating distinct signal transduction
pathways [4]. The former which include N-methyl-D-aspartate (NMDA) receptors and α-
amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) receptors have an essential
role in control of micturition [19,20,21]; however less is known about the function of mGluRs
in micturition.
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The mGluRs consist of eight subtypes (mGluRs1 to 8) that are divided into three groups (groups
I to III) on the basis of sequence homology, transduction mechanisms, and response to various
ligands [4]. Previous studies using trans-(+/−)-1-amino-1,3-cyclopentanedicarboxylic acid
(ACPD), an agonist for groups I (mGluR1 and mGluR5) and II (mGluR2 and mGluR3)
receptors, demonstrated that glutamatergic transmission via the mGluRs was involved in
autonomic functions such as cardiovascular regulation [13,14] and respiration [15]. A recent
study [18] demonstrated that mice lacking mGluR1 exhibited facilitated external urethral
sphincter (EUS) EMG activity during voiding, raising the possibility that mGluR1 receptors
have an inhibitory function in EUS reflex pathways. An immunohistochemical study also
revealed mGluR1 immunoreactivity in the region of the EUS motor nucleus in the spinal cord
[1,2]. Thus, the present study using an antagonist for groups I/II mGluRs was conducted to
determine if these receptors participate in regulation of EUS activity and/or micturition in rats.

Some of the data have been reported previously in an abstract [22].

Materials and Methods
Thirteen female Sprague-Dawley rats (Charles River Laboratories, Boston, MA) weighing
235–283 g (mean=267 ± 4 g) were used in this study. The animals were housed under a 12 h
light/dark cycle with controlled humidity and temperature. Standard pellet diet and water were
available ad libitum. All animal procedures were reviewed and approved by the University of
Pittsburgh Institutional Animal Care and Use Committee and complied with guidelines
outlined in the National Institute of Health Guide for the Care and Use of Laboratory Animals.
The animals were anesthetized with halothane (2 %) in oxygen (flow rate: 1.0 l/min) during
surgery prior to decerebration. The trachea was cannulated with a polyethylene tube (PE-240)
to facilitate respiration. An indwelling i.t. catheter was placed according to the technique of
Yaksh and Rudy [17]. A midline incision on the dorsal side of neck was made with a scalpel
and the occipital crest of the skull was exposed with fine scissors. The atlanto-occipital
membrane was then incised at the midline using the tip of an 18-gauge needle as a cutting edge.
After detecting T13-vertebra at the most caudal rib, the distance between the occipital crest of
the skull and the L1-vertebra where the L6-spinal segment is located was measured on each
rat. A catheter (PE-10) was inserted through the slit and passed caudally to the L6-level of the
spinal cord. At the end of the experiment, a laminectomy was performed to verify the catheter
tip located at L6-segmental level.

Spinalization was performed in 7 rats by sectioning at the T8–9 level under halothane anesthesia.
After the laminectomy, the dura and spinal cord were cut with scissors, and a sterile sponge
(Gelform, The Upjohn Company, Kalamazoo, MI) was placed between the cut ends. The
bladders of spinalized rats were manually expressed two or three times daily by applying
pressure over the lower abdomen to release retained urine, and perigenital stimulation with
cotton swab was performed to encourage reflex bladder emptying [9]. The experiments on
spinalized rats were performed 3 to 4 weeks post-spinalization. In spinalized rats on the day
of cystometric recording the T11–12 spinal vertebrae were removed and the dura mater was
incised using the tip of a 30-gauge needle as a cutting edge to insert an i.t. catheter (PE-10)
caudally to L6-level of the spinal cord.

Precollicular decerebration was performed according to a published method [11] that included
ligating both carotid arteries followed by a removal of the forebrain using a blunt spatula.
Halothane was then discontinued. Cotton and Avitene (MedChem Products Inc., Woburn, MA)
were placed in the intracranial cavity and covered with agar. Experiments were started 2 h after
the decerebration and conducted under unanesthetized conditions [21].
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The urethral orifice was gently lifted with forceps and a bladder catheter (PE-50) was inserted
transurethrally. The bladder catheter was connected to a pressure transducer to record the
bladder pressure during cystometrograms (CMGs) when the bladder was filled with a constant
infusion of physiological saline and allowed to empty around the catheter. Continuous infusion
CMGs were performed using a constant, rapid infusion (0.21 ml/min) of saline into the bladder
to elicit repetitive voidings, which allowed collection of data for a large number of voiding
cycles [8]. The cystometric parameters measured were: bladder contraction amplitude (BCA),
which is calculated by subtracting the lowest intraluminal pressure after the micturition from
a peak micturition pressure; pressure threshold (PT), which is the intraluminal pressure to
induce a voiding contraction; intercontraction interval (ICI), which is the time lag between two
voiding cycles; bladder contraction duration (BCD), which is the interval between the
beginning and end of a voiding contraction [8].

In all experiments, epoxy-coated stainless steel wire (50 μm, M.T Giken Co., Ltd., Tokyo,
Japan) EMG electrodes were placed percutaneously in the external urethral sphincter (EUS)
to examine synergy between bladder and EUS. This was performed using a 30-gauge needle
with a hooked EMG electrode positioned at the tip. The needle was inserted into the sphincter
approximately 5 mm lateral to the urethra and then withdrawn leaving the EMG wires
embedded in the muscle [7]. The EMG activity was passed through a discriminator/ratemeter,
and the output was recorded on a chart recorder. The peak activity (in pulses per second) during
each micturition contraction was measured.

The effects of drugs on bladder contraction amplitude and duration, pressure threshold for
inducing voiding, intercontraction interval [8], and EUS EMG activity were evaluated during
a continuous CMG. Graded doses of a drug were given in each animal at 30–50 min intervals,
depending on recovery time from the previous dose, to examine dose-response relationships.
The effects of the drug on bladder and EUS EMG activity were evaluated by comparing values
for 15 min between, before and after the administration. To obtain dose-response curves, the
percentage changes between ‘before’ and ‘after’ drug injections were calculated and averaged
for each dose. All values are expressed as mean ± S.E.M. Repeated measures analysis of
variance (ANOVA) and paired t- test were used for statistical analysis and p<0.05 was
considered significant.

Drugs used include: halothane (Ayerst Lab. Inc., Philadelphia, PA) and (+/−)-alpha-methyl-4-
carboxyphenylglycine (MCPG, a group I/II mGluR antagonist). MCPG was dissolved in
phosphate buffered saline, to make 1 μg/μl and 10 μg/μl concentration solutions. Single doses
of the drug were administered in volumes of 3 to 10 μl followed by 7.5 μl flush with artificial
CSF [6].

Results
In spinal cord intact rats, graded doses (3–100 μg) of MCPG were injected intrathecally (i.t.)
at the L6 spinal segmental level. The 3 to 30 μg doses did not change EUS EMG activity
(p=0.69 for 3 μg; p=0.19 for 10 μg; p=0.09 for 30 μg, paired t-test), whereas the 100 μg dose
significantly increased the activity (p=0.02, paired t-test; p=0.02, repeated measures ANOVA)
(Figs. 1 and 2, and Table 1). The facilitatory effect induced by 100 μg appeared within 3 min
after the injection and persisted for 20–60 min (Fig. 1C). MCPG in 3–100 μg doses did not
change any parameter of bladder activity (Figs. 1 and 2, and Table 1).

Baseline values of bladder and EUS EMG activity in spinal cord transected rats during
continuous infusion CMGs before drug administrations were: 31.0 ± 3.3 cm H2O for BCA;
11.3 ± 2.1 cm H2O for PT; 31 ± 20 s for ICI; 46 ± 7 s for BCD; 151 ± 56 pps for EUS EMG).
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MCPG (3–100 μg i.t.) did not change any parameter of bladder or EUS EMG activity (data
not shown).

Discussion
A previous immunocytochemical study of the rat lumbosacral spinal cord revealed mGluR5
immunoreactivity in parasympathetic preganglionic neurons and mGluR1 immunoreactivity
in the external urethral sphincter (EUS) motor nucleus (i.e., Onuf’s nucleus) [1,2], raising the
possibility that group I mGluRs (i.e., mGluR1 and mGluR5) are involved in the regulation of
lower urinary tract function. Tanaka et al. reported that intrathecal administration of trans-(+/
−)-1-amino-1,3-cyclopentanedicarboxylic acid (ACPD), a group I/II mGluR agonist,
suppressed bladder contraction amplitude, intra-urethral pressure and EUS EMG activity in
the rat, suggesting that spinal metabotropic glutamatergic mechanisms participate in an
inhibitory control of bladder and EUS activity [12]. The present studies in rats with an intact
spinal cord demonstrated that pharmacological blockade of mGluRs in the EUS motor nucleus
and parasympathetic preganglionic neurons by MCPG facilitated EUS muscle activity during
micturition with little effect on bladder contractions. On the other hand, in chronically spinal
cord transected rats, MCPG did not alter activity of either the EUS EMG or the bladder. These
results suggest that EUS EMG activity is tonically inhibited by reflex mechanisms involving
spinal mGluRs and that the inhibition is dependent upon supraspinal pathways.

It has been well documented that peak EUS EMG activity in chronically-spinalized as well as
spinal cord intact rats was markedly suppressed by i.t. administration of NMDA or AMPA
receptor antagonists, suggesting that glutamatergic synaptic transmission via NMDA and
AMPA receptors in the spinal cord plays an essential role in the excitatory control of EUS
activity [21]. Thus, it is tempting to speculate that the spinal metabotropic glutamatergic
mechanism is involved in the inhibitory modulation of the glutamatergic excitatory input to
the EUS via the AMPA and/or NMDA receptors in spinal cord intact rats. On the other hand,
the lack of effect of MCPG on EUS EMG activity in chronically-spinalized rats suggests that
an mGluR-mediated inhibitory control of the EUS was eliminated after spinal cord transection,
raising the possibility that removal of the inhibitory mechanism may contribute to
uncoordinated activity of bladder and EUS (ie, detrusor-sphincter dyssynergia, DSD) that
occurs after spinal cord injury.

More detailed analysis of EUS EMG recordings in rodents has revealed complex patterns
during bladder filling and voiding. Tonic EUS EMG activity which occurs prior to micturition
is switched to a bursting pattern (6–8 Hz) during voiding and then back to a tonic pattern at
the end of voiding [7,10]. In rats the EUS EMG bursting activity creates a pumping action in
the urethra that is essential for efficient voiding [10]. This pattern contrasts with the complete
inhibition of EUS activity that occurs during micturition in humans. A recent study in mice
lacking mGluR1 revealed that the EUS EMG activity during voiding exhibited a prominent
tonic component superimposed on bursting activity during voiding [18]. These mice also
exhibited a small decrease in voiding efficiency compared to voiding in wild type mice that
had only bursting EUS EMG activity. A similar emergence of tonic EUS EMG activity and a
reduction in the efficiency of voiding have been detected in anesthetized chronic spinal cord
injured rats [3]. Although the pattern of EUS EMG activity was not analyzed in the present
experiments it is possible that a similar emergence of tonic activity accounts for the increased
peak EUS firing after treatment with MCPG. These studies suggest that a spinal mGluR1
mechanism in the sphincter motor nucleus plays an inhibitory role in the regulation of EUS
activity during micturition and is necessary for efficient voiding.

In the present study, i.t. injections of MCPG did not alter the bladder activity in the storage
phase (i.e., intercontraction interval) or the voiding phase (i.e., pressure threshold or bladder
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contraction amplitude and duration), suggesting that spinal mGluRs are not involved in sensory
processing in the micturition reflex pathway and that mGluR in the parasympathetic
preganglionic neurons (i.e., mGluR5) do not have a significant functional role at least in the
rat model used in our experiments. On the contrary, a recent study using a whole-cell patch
recording technique in a spinal slice preparation revealed that firing characteristics of
lumbosacral parasympathetic preganglionic neurons were under mGluR modulatory control
[5]. Furthermore, it has been reported that ACPD injected via an i.t. route suppressed the
amplitude of bladder contractions [12]. However, our results imply that the spinal metabotropic
glutamatergic mechanisms in bladder reflex pathways are ‘silent’ under physiological
conditions.

The present data taken together with the results of previous studies, suggest that the spinal
mGluRs (presumably, at least, mGluR1) are involved in inhibitory modulation of excitatory
inputs (e.g., glutamatergic pathways via AMPA and/or NMDA receptors [21]) to the EUS.
Thus, the mGluRs in the lumbosacral spinal cord may be a useful target for agonist and
antagonist drugs to alleviate the lower urinary tract dysfunction.
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Fig 1.
The effects of MCPG (30 and 100 μg i.t.) on the reflex bladder contractions and EMG activity
of the external urethral sphincter (EUS) muscle during a continuous filling (0.21 ml/min) CMG
in a spinal cord intact rat. Note that low dose (30 μg i.t.) of MCPG had no or a little effect on
bladder and EUS EMG activity (panel A), whereas the drug at dose of 100 μg i.t. (panel B)
markedly facilitated the EUS EMG activity during voiding but produced little change in the
amplitude of bladder contractions. The facilitation in EUS EMG activity persisted for
approximately 60 min in this rat (panel C). IVP, intravesical pressure; pps, pulses per second.
Asterisks indicated the peak activity of EUS EMG evaluated for analysis.
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Fig 2.
Dose-response curves showing the effects of MCPG (3, 10, 30 and 100 μg i.t.) on the bladder
contraction amplitude (BCA) and peak external urethral sphincter electromyogram (EUS
EMG) activity during continuous infusion CMGs in spinal intact rats. Data are presented as
percent of control values (100 %) before drug administrations. All values are expressed as
mean ± S.E.M. (n=6).
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