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Summary of thesis contents

Micturition - the periodic evacuation of urine from the bladder - generally occurs
voluntarily in adults but involuntarily in early childhood. The neuronal circuits of
micturition show developmental plasticity particularly in terms of cortical voluntary
control; however the essential component of the neuronal circuit is a
spino-bulbospinal micturition reflex circuit. This reflex is initiated by excitation of
pelvic afferents (considered to be a group of small myelinated Ad afferents) which
sense urinary bladder fullness by acting as stretch and tension receptors. This
information is then relayed via the spinal cord to the pontine micturition center. The
descending signals have to coordinate parasympathetic limbs of the autonomic
outflow and the voluntary muscle of the urinary sphincter to produce a successful void.
It is still unknown, however, how spinal parasympathetic outflow induces for
micturition.
The urinary bladder is densely innervated by small, unmyelinated afferents: a group of
slowly conducting C afferents that are associated with nociceptive signaling. In
contrast to the role of Ad fibers in normal micturition, the urinary bladder C afferents
are considered to be involved in pathological states of micturition such as
hyper-activity and urinary bladder pain, or as a bladder volume sensor for urine
storage. Recent studies have shown that the transient receptor potential vanilloid
subfamily V member 1, TRPV1, is expressed on urinary bladder C afferents and
urothelial cells. This capsaicin-activated cation channel has been proposed to play
an important role in urinary bladder pain and urothelial signaling. However,
relatively little is known about the role of synaptic inputs from urinary bladder C
afferents on the spinal components of the micturition reflex circuit. The pontine

micturition center, activated by urinary bladder afferent excitation through the spinal
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dorsal horn, excites parasympathetic preganglionic (PG) neurons in the lumbosacral
spinal parasympathetic nucleus (SPN) located in the intermediolateral grey matter of
the spinal cord. PG neurons directly activate parasympathetic postganglionic
neurons located near the urinary bladder to induce micturition. Therefore, PG
neurons are the key spinal regulator for micturition.

To elucidate how spinal synaptic inputs from urinary bladder afferents control the
parasympathetic outflows for micturition, | first identified the location of the SPN in
the intermediolateral area of the sacral spinal cord in rats by c-fos expression in
response to micturition. | then developed in vivo patch-clamp (or extracellular)
recording technique from the SPN including PG neurons of urethane-anesthetized rats
with simultaneous monitoring of intravesical pressure (IVP) and urethral perfusion
pressure (UPP). Neuronal firing within the SPN, including PG neurons, induced
micturition with an increase in I\VP. Subthreshold oscillatory membrane
depolarisations were essential for PG neuron excitation and were highly synchronized
with urethra activity. Stable excitatory postsynaptic currents (EPSCs) could be also
recorded from SPN neurons under voltage-clamp conditions. In vivo analysis in
combination with spinal cord slice patch-clamp analysis revealed that SPN neurons
showing tonic and phasic firing properties are likely to be PG neurons, which receive
direct glutamatergic synaptic (monosynaptic) inputs mainly from C afferents,
including capsaicin sensitive (TRPV1-expressing) afferents. Capsaicin also
increased the frequency of miniature EPSCs (recorded in the presence of tetrodotoxin)
in SPN neurons retrogradely labeled with Dil (a neurotracer) injected near the bladder.
These results indicate the existence of a local spinal reflex circuit for micturition.
Spinal application of capsaicin inhibited dorsal root stimulation evoked EPSCs in SPN
neurons through one of the groups of C afferents, and decreased the inter-contraction

interval of micturition with an increase in the VP threshold for micturition,
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suggesting that capsaicin-sensitive C afferent spinal synaptic inputs play an important
role in setting the threshold for the normal micturition reflex. Furthermore, frequent
urination induced by inflammation could be inhibited by spinal blockade of afferent
signaling through capsaicin-sensitive afferents. In summary, | present newly
developed in vivo approaches which allow a detailed characterization of the
subthreshold integrative mechanisms of spinal PG neuronal excitation during the
micturition cycle. In addition, this work proposes capsaicin treatment for the
blockage of spinal synaptic inputs from TRPV1-expressing C afferents as an attractive
target for the treatment of pathological urinary bladder function and also for its

anti-nociceptive action on urinary bladder pain.
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