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Topohistology of sympathetic and
parasympathetic nerve fibers in branches of
the pelvic plexus: an immunohistochemical
study using donated elderly cadavers
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Abstract: Although the pelvic autonomic plexus may be considered a mixture of sympathetic and parasympathetic nerves, little
information on its composite fibers is available. Using 10 donated elderly cadavers, we investigated in detail the topohistology of
nerve fibers in the posterior part of the periprostatic region in males and the infero-anterior part of the paracolpium in females.
Neuronal nitric oxide synthase (nNOS) and vasoactive intestinal polypeptide (VIP) were used as parasympathetic nerve
markers, and tyrosine hydroxylase (TH) was used as a marker of sympathetic nerves. In the region examined, nNOS-positive
nerves (containing nNOS-positive fibers) were consistently predominant numerically. All fibers positive for these markers
appeared to be thin, unmyelinated fibers. Accordingly, the pelvic plexus branches were classified into 5 types: triple-positive
mixed nerves (nNOS+, VIP+, TH+, thick myelinated fibers + or —); double-positive mixed nerves (nNOS+, VIP-, TH+, thick
myelinated fibers + or —); nerves in arterial walls (nNOS-, VIP+, TH+, thick myelinated fibers—); non-parasympathetic nerves
(nNOS-, VIP-, TH+, thick myelinated fibers + or —); (although rare) pure sensory nerve candidates (nNOS-, VIP-, TH-,
thick myelinated fibers+). Triple-positive nerves were 5-6 times more numerous in the paracolpium than in the periprostatic
region. Usually, the parasympathetic nerve fibers did not occupy a specific site in a nerve, and were intermingled with
sympathetic fibers. This morphology might be the result of an “incidentally” adopted nerve fiber route, rather than a target-
specific pathway.
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Introduction

Immunohistochemistry has long been applied for research

on pelvic nerves. Immunohistochemical discrimination
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acjp adults [1-6] or fetuses [7, 8]. Butler-Manuel et al. [3, 4]

between the sympathetic and parasympathetic nerves in
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provided particularly elegant photos of the upper part of the
pelvic plexus near the sacral promontory after various types
of immunostaining. However, the use of surgical specimens
does not allow staining of large areas including multiple
organs. Small sections make it difficult to obtain an overall
picture of the topographical anatomy. In contrast, studies
using donated cadavers allow investigation of large areas such

as that extending from the urethra to the rectum, but very
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few such studies have been reported [9-12], possibly because
of difficulties with immunostaining. However, Takenaka
et al. [10] and Imai et al. [11] were concerned mainly with
variations in ganglion cell morphology, and paid no atten-
tion to nerve fibers. Ali et al. [9] demonstrated tyrosine
hydroxylase (TH)-positive sympathetic nerves directed to the
prostate using small sections. To our knowledge, the study by
Hieda et al. [12] using immunohistochemistry for neuronal

Fig. 1. Topohistology of target regions
for the present immunohistochemistry.
Panels (A) and (B) (or C and D) are
adjacent sagittal sections. Panels (A)
and (C) exhibit elastica-Masson stai-
ning, while panels (B) and (D) display
nerve mapping according to immu-
nohistchemistry of $100. Panels (A)
and (B) (a 91-year-old woman) include
the bladder (BL), urethra (U) and
vagina (V), while panels (C) and (D) (an
88-year-old man) includes the urethra,
prostate (P) and rectum (R). We
examined topohistology of sympathetic
and parasympathetic nerve fibers in
the posterior periprostatic region as
well as in the infero-anterior part of the
paracolpium in females (stars in panels
B and D). Panel (B) (or D) contains
385 (or 498) nerves. BP, bulbus penis;
CG, Cowper’s gland. All panels were
prepared at the same magnification.
Scale bar in panel (A)=10 mm (A-D).
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nitric oxide synthase (nNOS) and TH seems to be a rare
example of an attempt to investigate pelvic sympathetic and
parasympathetic nerve fibers using large sections.

There have been many excellent studies on the gross anato-
my of the pelvic autonomic nerve plexus and its branches
[13-17]. However, in the elegant photos presented, showing
a network of pelvic nerves, it was not possible to differentiate
nerve fibers into sympathetic and parasympathetic types.
Therefore it has remained unclear whether all nerves carry
both sympathetic and parasympathetic nerve fibers, or
whether some nerves carry only a single type. There are
also no details of the topohistology of the sympathetic and
parasympathetic nerve fibers in a single nerve. Both nNOS
and vasoactive intestinal polypeptide (VIP) are known to
be expressed in nerve fibers of the pelvic plexus branches,
and therefore both have been used as parasympathetic nerve
markers [1-4, 18]. However, it is still unclear whether the
parasympathetic fibers are bundled and separated from TH-
positive sympathetic fibers in a nerve, or whether they are
intermingled. There is also limited information about the
distribution of periprostatic ganglion cells [10]: according to
them, VIP-positive neurons occupy one side and TH-positive
neurons the other.

Consequently, to provide a better understanding of pelvic
nerve configuration, the present study was conducted to
investigate the topohistology of three types of pelvic nerve
fibers (nNOS-positive, VIP-positive and TH-positive fibers)
in 1) the posterior part of the periprostatic region, including
nerves between the prostate and rectum in males, and 2) the
infero-anterior part of the paracolpium or paravaginal region
in females. Abundant distal branches of the pelvic plexus run
through both regions, and these are likely to include both the
cavernous nerve and nerves to the urethral sphincters [19-21].

Materials and Methods

The study was performed in accordance with the provi-
sions of the Declaration of Helsinki 1995 (as revised in
Edinburgh 2000). We examined 10 donated human cadavers
(5 men and 5 women) ranging in age from 73 to 95 years, with
a mean age of 85 years. The cause of death had been ischemic
heart failure or intracranial bleeding, and we ensured that
none of the individuals examined had undergone abdominal
surgery during life by examination of medical records
as well as macroscopic observation after opening of the
abdominopelvic cavity. These cadavers had been donated to
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Tokyo Dental College for research and education on human
anatomy, and their use for research had been approved by the
college ethics committee.

The donated cadavers had been fixed by arterial perfusion
of 10% v/v formalin solution and stored in 50% v/v ethanol
solution for more than 3 months. From one cadaver, we
prepared one large tissue block including the bladder,
urethra, prostate, uterus, vagina, rectum, and any connective
tissue around these viscera. Five to seven slices (15 mm
in thickness) were made from one of the hemiblocks after
bisection along the midsagittal line, and the specimens were
subjected to routine procedures for paraffin-embedded
histology. Five to seven large sagittal or frontal slices (70x50
mm) stained with hematoxylin and eosin (H&E) were
prepared at 2-3-mm intervals from each of the macro slices.
After observation of the large sections to find the desired
target regions, we prepared usual-sized sections (50x20 mm)
for immunohistochemistry near the former plane. From one
paraffin block containing a 15-mm-thick slice, we prepared
2-5 large sections and 8-20 usual-sized sections.

Most sections were stained with H&E and some were
used for immunohistochemistry and elastica-Masson
staining (a variation of Masson-Goldner staining) [22, 23].
As reported by Hieda et al. [12], the primary antibodies
used for nerve immunohistochemistry were 1) mouse
monoclonal anti-human S100 protein (1:200, Dako Z0311,
Dako, Glostrup, Denmark), 2) rabbit polyclonal anti-human
nNOS (1:200, Cell Signaling Technology, Beverly, MA, USA),
3) mouse monoclonal anti-human VIP (1:100, sc25347,
Santa Cruz Biotechnology, Santa Cruz, CA, USA), and 4)
rabbit polyclonal anti-human TH (1:500, ab152, Millipore-
Chemicon, Temecula, CA, USA). We attempted in principle
to perform these 4 types of immunohistochemical staining
on adjacent sections, but sometimes it was necessary to use
near (not adjacent) sections in cases where immunostaining
or section preparation was unsuccessful. The secondary
antibody was labeled with horseradish peroxidase (HRP),
and antigen-antibody reactions were detected by the HRP-
catalyzed reaction with diaminobenzidine. Counterstaining
with hematoxylin was performed on the same samples. A
negative control lacking the primary antibody was set up
for each of the specimens. Observations and photography
were usually performed with a Nikon Eclipse 80 (Nikon,
Tokyo, Japan), but photos at ultra-low magnification (with
an objective lens of less than x1) were taken using an Epson
GTX970 (Epson, Tokyo, Japan) high-grade flat scanner with
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Fig. 2. Nerve distribution in the antero-inferior part of the paracol-
pium. $100 immunohistochemistry. Frontal section. A specimen from
an 88-year-old-woman. Composite nerve fibers of the numbered nerves

(nerve-1, -2, -3, -4, -5, -6, -7, -8, and -9) will be shown in Figs. 3—5.

Scale bar=1 mm.
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translucent illumination.

Results

In 3 of the 10 cadavers (2 men and 1 woman), in entire

sectional areas larger than the posterior periprostatic region

or the lower paravaginal region (Fig. 1), we counted “nerves

containing nNOS-positive fibers” (hereafter referred to as

“nNOS-positive nerves”). In the woman (aged 91 years), the

section contained 385 nerves and more than half of them

(205 nerves) expressed nNOS. Likewise, nNOS-positive

nerves were numerically predominant in the infero-anterior

part of the paracolpium (Fig. 2). In the 2 men (aged 88 and

95 years), they contained 498 and 520 nerves, among which

364 and 385 were nNOS-positive, respectively. Although we

did not perform a count, nNOS-positive nerves were a major

population among pelvic plexus branches in sections from the
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Fig. 3. Sympathetic and parasympathe-
tic nerve fibers in the paravaginal nerves-I.
Topographical relation among the nerves-1, -2,
-3 was shown in Fig. 2. The parasympathetic
nerve markers are neuronal nitric oxide syn-
thase (nNOS) and vasoactive intestinal
polypeptide (VIP), while the sympathetic
marker is tyrosine hydroxylase (TH). The left-
hand side column displays immunohistoche-
mistry of nNOS, the middle column shows
that of VIP and the right-hand side column
exhibits that of TH. (A-C) Nerve-1 is rich in
nNOS- and VIP-positive nerve fibers: the area
of the latter fibers (VIP) appears not to contain
TH-positive fibers (encircled by dotted line
in panels B and C). (D-F) Nerve-2 is negative
for VIP. (G-I) Nerve-3 contains a few VIP-
positive nerve fibers (arrows in panel H). These
results are summarized in Table 1. All panels
were prepared at the same magnification. Scale
bar in panel (G)=0.1 mm (A-T).
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other 2 male cadavers. All of the NOS-, VIP- and TH-positive ~ double-positive (nNOS+, VIP—, TH+). Two of the nine
fibers were thin and appeared to be unmyelinated. However, = nerves contained abundant VIP-positive fibers. Thus, the
among these nNOS-positive nerves, the features of nerve fiber ~ paravaginal region appeared to be rich in nNOS-positive
morphology, such as their number and location in the nerve,  nerves. In general, the triple-positive nerves accounted for
differed (see below). 15-28% of all examined nerves in the lower paracolpium.

Notably, nearby nerves, even those located adjacently, did  However, in the posterior periprostatic region, such nerves
not invariably have a similar composition of sympathetic  accounted for less than 5%. Thus, the branches in the female
and parasympathetic nerve fibers. The fiber composition  pelvic plexus were characterized by a high content of VIP-
of a nerve did not appear to be related to nerve thickness.  positive nerves. Although situated at the medial margin of
As an example, Figs. 3-5 demonstrate the composite fibers  the regions examined, nerves in the rhabdosphincter area
of nine nerves in an area of about 2x4 mm in the infero-  exhibited a double-positive pattern (nNOS+, VIP-, TH+)
anterior part of the paracolpium: six of the nine nerves (Fig. 6B-D). In both genders, nerves without nNOS-positive
were triple-positive (nNOS+, VIP+, TH+) and three were  fibers were seen in two limited areas: 1) thick arterial walls
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(Fig. 6E-G) and 2) in and along the levator ani muscle (Fig.
7). With the exception of arterial walls, most of these nerves
contained thick myelinated fibers, i.e., likely sensory nerve
fibers. Similarly, with a few exceptions in and along the levator
ani (Fig. 7G), most of the nerves contained TH-positive
sympathetic nerve fibers, irrespective nerve thickness. In
addition, although the pudendal nerve was composed of
abundant TH-positive fibers and thick myelinated fibers, it
did not express either nNOS-positive or VIP-positive fibers
in the ischiorectal fossa (VIP, not shown) (Fig. 7K, L). These
results are summarized in Table 1.

On the basis of the present observations, at least in the
posterior part of the periprostatic region and the infero-
anterior part of the paracolpium, the pelvic plexus branches

Nobuyuki Hinata, et al

were classifiable into 5 types according to their composite
fibers (Table 2): 1) triple-positive mixed nerves (nNOS+,
VIP+, TH+, thick myelinated fibers + or —); 2) double-positive
mixed nerves (NNOS+, VIP—, TH+, thick myelinated fibers +
or —); 3) nerves in arterial walls (nNOS-, VIP+, TH+, thick
myelinated fibers—); 4) non-parasympathetic nerves (nNOS-,
VIP-, TH+, thick myelinated fibers + or —); and 5) (albeit rare)
pure sensory nerve candidates (nNOS-, VIP-, TH-, thick
myelinated fibers+). The pudendal nerve in the ischiorectal
fossa was a typical example of a non-parasympathetic nerve.
Although a fiber type-specific distribution was sometimes
observed in some nerves (Figs. 3B, C, 5B-E), sympathetic
and parasympathetic fibers were usually intermingled.
Consequently, TH-positive sympathetic nerve fibers as well as

o nerve-7 ke

Fig. 5. Sympathetic and parasym-
pathetic nerve fibers in the paravaginal
nerves-III. Topographical relation
among the nerves-7, -8, -9 was shown
in Fig. 2. The left-hand side column
displays immunohistochcmistry of
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neuronal nitric oxide synthase (nNOS),
the middle column shows that of
vasoactive intestinal polypeptide (VIP)
and the right-hand side column exhibits
that of tyrosine hydroxylase (TH). (A—
C) In nerve-7, the area of VIP-positive
nerve fibers appears not to contain TH-
positive fibers (encircled by dotted line
in panels B and C). (D-F) In nerve-8,
the area of nNOS-positive nerve fibers

a
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Fig. 6. Sympathetic and parasympathe-
tic nerve fibers in the aortic wall. Fron-
tal section. A specimen from an 88-year-
old-woman (the specimen same as in
Figs. 2-5). In the anterolateral part of
the paracolpium. Panel (A) displays
S$100 immunohistochemistry: this re-
gion contains thick branches of the
internal pudendal artery (artery) and
a part of the rhabdosphincter. Scale
bar=1 mm (A). The striated muscle
fibers show false positive reaction with
neuronal nitric oxide synthase (nNOS)
antibody. Note abundant S100-positive
fibers in the arterial wall (arrowheads
in panel A). Panels (B), (C), and (D)
exhibit a nerve in a square with B, C,
D in panel (A). Nerve-10 contains
no vasoactive intestinal polypeptide

(VIP)-positive fibers. Panels (E), (F),

\ ¥ ST and (G) show nerve fibers in a square
b A o v v ' RS B with E, F, G in panel (A). The arterial
. ” . L S T - b \"h_* . - .. .
SNy Ny | . e T o S 4 wall contains nNOS-positive fibers
\ ‘.‘ Yo he g . " 3. % 1"’ Y e, ¢ " SN as well as tyrosine hydroxylase (TH)-
il ol =4 s og s ositive fibers (arrows in panel F and G).
. ; z p p
K 2 o / u‘ !\. 3' 3 : ': S e These results are summarized in Table
g ._" S v : LI ' "i‘—? VA 1. Panels (B—G) were prepared at the
E G F o,.: - ‘r? 8| G we . ‘ RGP same magnification. Scale bar in panel
7 A TER Y - R (E)=0.1 mm (B-G).

thick myelinated sensory fibers appeared to be dominant in
the pelvic plexus branches. In contrast to the wide distribution
of nNOS-positive parasympathetic fibers, VIP-positive
parasympathetic nerve fibers appeared to be restricted to the
area near the vagina.

Discussion

Although only limited regions were examined in the
present study, we found several patterns of composite fibers in
the branches of the pelvic plexus. Using three markers (nNOS,
VIP, and TH), the potential combinations of autonomic
nerve fibers in the plexus were limited to 4, [nNOS+, VIP+,
TH+], [+, —, +], [-, =, +] and [-, —, —], and not 8, which
would logically be the largest number (i.e., 2x2x2). The [-,

+, +] pattern was not seen in the plexus branches, but only in
arterial walls. Neuropeptides including VIP are considered
to play a role in secretion from the vaginal wall [24-26]. In
particular, VIP-dominant nerve supply to the vagina has been
described [1, 25]. The VIP-positive fibers in the female pelvic
floor are likely to include sensory fibers [27, 28]. Moreover,
it is established that VIP not only acts as a neurotransmitter
but also plays a part in neuroprotein, growth regulation and
functions as an anti-inflammatory agent [29]. Thus, rich VIP
in paravaginal nerves may play a role in nerve repair after
mucosal injury of the female genital tract.

Because VIP-positive nerves were much fewer in number
than nNOS-positive nerves, we examined the distribution in
order to consider the division of nerve branches in the female
pelvic plexus. In fact, the branches of the female pelvic plexus
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were characterized by their high content of VIP-positive
nerves. However, in spite of this network, the adjacent nerves
seemed to comprise both VIP-positive and VIP-negative
types, suggesting an uneven division of VIP-fibers, perhaps as
a result of incidental distribution. Therefore, the intermixing
of sympathetic and parasympathetic nerve fibers did not
appear to be simple. Nevertheless, most of the plexus branches
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Fig. 7. Sympathetic and parasympathe-
tic nerve fibers along the levator ani
muscle. Frontal section. A specimen
from an 88-year-old-woman (the
specimen same as in Figs. 2-6). Along
the levator ani muscle (LAM) in the
lateral part of the paracolpium, panel
(A) displays nerve distribution using
$100 immunohistochemistry. Scale
bar=0.5 mm (A). Panels (B), (C), and
(D) exhibit nerve-11 in panel (A). This
nerve contains a few tyrosine hydroxy-
lase (TH)-positive fibers (arrows).
Panels (E), (F), and (G) show nerve-12,
a pure sensory nerve candidate. Panels
(H), (I), and (J) display TH-single
positive nerve-13. In panel (H), brown
dots (arrows) appear to be false positive.
Panels (K) and (L) exhibit one of
multiple nerve bundles of the pudendal
nerve in the outside of panel (A). These
results are summarized in Table 1.
Panels (B-J) (or panels K and L) were
prepared at the same magnification.
Scale bar in panels (E) and (K)=0.1 mm
(B-J), 0.1 mm (K, L). nNOS, neuronal
nitric oxide synthase; VIP, vasoactive
intestinal polypeptide.

were double-positive (nNOS+, TH+) and both nNOS-
positive and TH-positive fibers seemed to be evenly divided
and distributed to all branches. In addition, thick myelinated
fibers (candidate sensory nerves) were usually contained in
the pelvic plexus branches, although previous studies had
reported that their number was limited [30, 31].

There has been no information on the mode of division
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of autonomic nerves during fetal development, in contrast to
knowledge about somatic nerve branching such as that in the
chick lumbar plexus [32-35]. In the developing lumbar nerve
plexus, the segmental spinal nerve fibers are distributed to
the plexus branches according to strict rules in order to reach
their specific skin or muscle target. The pathways chosen by
nerve fibers also depend on the route to the flexor or extensor
side, as well as the proximal and distal sides of the extremity.
Thus, the target-dependent organization of nerve fibers is
established so that a bundle of A-muscle nerve fibers occupies
one part, whereas a bundle of B-muscle nerve fibers is
restricted to another part. Therefore, adjacent nerve branches
are most likely to differ in their segmental origin, as well as
their targets. However, in many pelvic plexus branches, we
were unable to find any fiber type-dependent organization
in a nerve, and different types of fibers seemed to be

Table 1. Summary of nerve fiber types in nerves shown in the present figures

nNOS VIP TH Myelinated fibers
Nerve-1 ++ + + +
Nerve-2 ++ - ++ +
Nerve-3 ++ + ++ +
Nerve-4 ++ +or-— + +
Nerve-5 ++ - ++ +
Nerve-6 ++ = ++ +
Nerve-7 ++ ++ + +
Nerve-8 + + ++ +
Nerve-9 ++ + ++ +
Nerve-10 ++ = et 4+
Nerve-11 - - + T+
Nerve-12 - - = T+
Nerve-13 +or- - ++ +
Arterial wall* - + & _
Pudendal nerve' - - ++ ++

The nerves-1, -2, and -3 are shown in Fig. 3; the nerves-4, -5, and -6 in Fig. 4;
the nerves-7, -8, and -9 in Fig. 5; the nerve-10 and “arterial wall” in Fig. 6; and
nerves-11, -12, and -13 in Fig. 7. ++, almost 50% or more of all nerve fibers in
the nerve; +, a few fibers. nNOS, neuronal nitric oxide synthase; VIP, vasoactive
intestinal polypeptide; TH, tyrosine hydroxylase. *Arterial wall shown in Fig. 6.
"Pudendal nerve shown in Fig. 7.
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intermingled. The morphology of the pelvic plexus might be
a result of “incidental” adoption of a nerve fiber route, rather
than a target-specific pathway.

In human fetuses, immunoreactivity for nNOS has been
used for identification of the cavernous nerve since the study
of Yucel et al. [36]. Using nNOS immunohistochemistry,
Alsaid et al. [7] and Moszkowicz et al. [8] provided elegant 3D
reconstructions of the fetal cavernous nerves. Their relatively
simple reconstructions suggested that the amounts of adult
periprostatic nNOS-positive nerves are likely to be under-
developed. Because of the wide distribution of nNOS-positive
nerves along and around the prostate, some researchers have
considered that the cavernous nerve in males should form
a network along the prostatic surface rather than within a
neurovascular bundle [6, 37, 38]. Because these researchers
only stained nerves along the prostate, this seemed to
facilitate easy identification of the cavernous nerves or their
network. Would they have been able to identify cavernous
nerves among the number of nNOS-positive nerves identified
in the present study? Here we found that nNOS expression
was a general characteristic in the pelvic plexus branches,
rather than being specific to the cavernous nerve. Although
Takenaka et al. [19] demonstrated multiple routes of the
cavernous nerves, they did not postulate a network theory.
According to them, the cavernous nerve is likely to adopt
route “1” among the possible 3 routes. We consider the
network theory to be an imagination by urologists who are
unaware of the limitations of nNOS as a specific marker of the

cavernous nerve.

Study limitation

As Hieda et al. [12] reported, nNOS immunohistoche-
mistry is difficult in cadaveric specimens after long
preservation. Also, completely quantitative evaluation, such
as the percentages of each nerve type, was difficult because of
variations in the quality (strong or weak immunoreactions)

Table 2. Basic patterns of combinations of immunoreactivity in pelvic plexus branches

nNOS-fiber VIP-fiber TH-fiber Myelinated fiber
Triple positive mixed nerves* Present Present Present Present or absent
Double positive mixed nerves' Present Absent Present Present or absent
Nerves in arterial walls* Absent Present Present Absent
Non-parasympathetic nerves’® Absent Absent Present Present or absent
Pure sensory nerve candidates’ Absent Absent Absent Present

nNOS, neuronal nitric oxide synthase; VIP, vasoactive intestinal polypeptide; TH, tyrosine hydroxylase. *Typically seen in nerves-1, -4, -7, and -8 (Figs. 3A—C, 4A—
C, and 5A-F). "Typically seen in nerves-2, -5, -6, and -10 (Figs. 3D~F, 4D-1, and 6B-D). *An example shown in Fig. 6E-G. *Typically seen in nerve-13 (Fig. 7H-J).

Seen in nerve-12 (Fig. 7E-G).

http://dx.doi.org/10.5115/acb.2014.47.1.55
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of nNOS immunohistochemistry. Although we attempted
quantitative estimation, we were unable to rule out the
possibility of false negativity in at least 3 cadavers (2 men and

1 woman).
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