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Association between sphincter fatigue and urinary incontinence
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This study aimed to investigate the immunohistochemical features of
sympathetic and parasympathetic nerves in the pelvic autonomic plexus branches. The detailed
topohistology of nerve fibers at and around the bladder, seminal vesicle, prostate, and rectum was
examined. Neuronal nitric oxide synthase (nNOS) and vasoactive intestinal polypeptide (VIP) were
used as parasympathetic nerve markers; tyrosine hydroxylase (TH) was used as sympathetic nerve
marker. The nerves of the pelvic plexus branches were clearly classified into nerves around the
bladder and seminal vesicle (VIP-negative) and nerves around the prostate (VIP-positive). Although
nNOS- and VIP-positive nerve fibers are candidate cavernous nerves, cavernous nerve identify cannot
be definitively concluded for these nerves in the periprostatic region.
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Vasoactive Intestinal Polypeptide (VIP) Tyrosine Hydroxylase
(TH) nNOS rabbit polyclonal anti-human nNOS 1:200 dilution,
Cell Signaling Technology, Beverly, MA, USA  VIP mouse monoclonal anti-human
VIP 1:100 dilution, Santa Cruz sc25347; Santa Cruz, CA, USA TH rabbit

polyclonal anti-human TH 1:500 dilution, Millipore-Chemicon ab152; Temecula, CA, USA
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Fig. 1 Topohistology of nerves for immunohistochemistry. Near-horizontal sections of specimens from a 76-year-old man. Panel a (hematoxylin
and eosin staining; scale bar, 10 mm) displays topographical anatomy, including the bladder (BL), seminal vesicle (SV), rectum (REC), and levator
ani muscle (LA). There are five ganglion cell clusters (ggl) in the panel. Panel b (an area between the seminal vesicle and rectum), panel ¢ (an
area between the bladder and seminal vesicle), and panel d (an area between the rectum and levator ani muscle), corresponding to squares b, ¢,
or d within panel a, exhibit immunohistochemistry of $100-labeled nerves that are shown in Figs. 2, 3, 4 and 5. Scale bars in panels b-d are

1 mm. Panels e, f, and g (nearby sections; scale bars, 0.1 mm) depict the colic myenteric plexus in the same specimen as the positive control: the
plexus strongly expresses nNNOS and VIP, whereas TH-positive cells are scarce
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Fig. 2 Immunohistochemistry of nerves in an area between the bladder and seminal vesicle (anterosuperior group of the pelvic plexus branches).
Topographical nerve anatomy is shown in Fig. 1c. Panels a, ¢, e, g, and i exhibit nNOS immunostaining, while panels b, d, f, and i display TH
immunostaining. Panels a and b (or i and j) are adjacent sections, whereas panels ¢ and d (or e and f, g and h) are proximal sections. These
nerves did not contain fibers that were reactive for VIP (not shown). In all of these nerves, nNOS- and TH-positive fibers appear to be
intermingled, without clear localization. However, in panels a and b, triple-negative areas (putative myelinated sensory fiber-dominant areas; stars)
are visible. Panels g and h display nerves in the bladder detrusor, while panels i and j show nerves attaching to the seminal vesicle. Nerves along
the seminal vesicle are characterized by an abundance of TH-positive fibers. In contrast, bladder detrusor nerves contain an abundance of
triple-negative fibers (putative sensory fibers). All panels were prepared at the same magnification (scale bar in panel f, 0.1 mm)
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Fig. 3 Immunohistochemistry of nerves in an area between the rectum and seminal vesicle (middle and superior group of the pelvic plexus
branches). Topographical nerve anatomy is shown in Fig. 1b. Panels a, d, f, and h display nNOS immunostaining, while panels c, e, g, and i
exhibit TH immunostaining. Only panel b displays VIP immunostaining: the other nerves in this figure did not contain VIP-positive fibers (not
shown). Panels a-c (or f and g; h and i) are adjacent sections, whereas panels d and e are proximal sections. Arrows, arrowheads, and stars in
panels a-c indicate ganglion cells corresponding to each panel: two ganglion cells (stars) appear to be negative for all three markers. All VIP-
positive cells (panel b) appear to express nNOS (panel a). All TH-positive cells (panel €) do not express either nNOS or VIP. In all of these nerves,
nNOS- and TH-positive fibers appear to be intermingled and do not exhibit a clear localization. All panels were prepared at the same
magnification (scale bar in panel a, 0.1 mm)
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Fig. 4 Immunohistochemistry of nerves in an area between the rectum and levator ani muscle (posterosuperior group of the pelvic plexus branches).
This area is characterized by the existence of VIP-positive nerves. The topographical relationship of the four nerves is shown in Fig. 1d. Panels a, d, g,
and j display nNOS immunostaining; panels b, e, h, and k exhibit VIP immunostaining; panels ¢, f, i, and I exhibit TH immunostaining. One of the four
nerves (panel e) does not express VIP. In a single nerve, panel d does not correspond to the site shown in panels e and f, as NNOS- (or TH-) positive
nerves are restricted to the upper (or lower) side of the panel. VIP-positive fibers appear to be intermingled with nNOS-positive fibers. In panel i,
TH-positive fibers are restricted to the left-hand side of the nerve. All panels were prepared at the same magnification (scale bar in panel a, 0.1 mm)




Fig. 5 Immunohistochemistry of nerves at and along the posterolateral corner of the prostate (posteroinferior group of the pelvic plexus
branches). Near-sagittal sections of specimens from a 77-year-old man. Panel a (HE staining; scale bar, 10 mm) displays the topographical
anatomy of nerves within the prostate (PR) and rectum (REC). After rotation, a square in panel a is shown in panel b. Panel b displays nNOS
immunostaining in a part of the periprostatic nerves: at this lower magnification (scale bar, 1 mm), strong expression of nNOS can be identified.
Panels ¢, d, and e (adjacent sections), corresponding to a nerve indicated by a circle in panel b, show nNOS, VIP, and TH immunostaining,
respectively (scale bar in panel ¢, 0.1 mm). The periprostatic nerve contains abundant nNOS- and TH-positive fibers, but VIP-positive fibers are rare
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Table 1 Summary of composite nerve fibers of the pelvic
plexus branches

nNOS VIP TH
The anterosuperior group between the bladder and seminal vesicle
nerve-1 ++ — ++
nerve-2 + = ++
nerve-3 +++ = ++
nerve-4 + - +
nerve-5 +++ - +++

The middle and superior group between the seminal vesicle and rectum

nerve-6 4 - 4+
nerve-7 +++ - +++
nerve-8 ot - +++

The posterosuperior group between the rectum and levator ani

nerve-9 ++ + e
nerve-10 + - ++
nerve-11 i o dF 4
nerve-12 ++ + +

The postero-inferior group at and along the posterolateral corner of the
prostate

nerve-13 +++ + +++
Nerves to BL + - +
Nerves to SV + - +++
Nerves to PR and CTs +++ +or+ +

+, > 10 positive nerve fibers were seen in the nerve; ++, positive nerves
occupied 30-70% of a cross-sectional area of the nerve; +++, positive fibers
occupied nearly all parts of the nerve with a high density

BL bladder, CTs cavernous tissues, PR prostate, SV seminal vesicle
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