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Abstract
Background: This work examines the central nervous system distribution of virus-labeled
neurons from the rat urinary bladder and the prostate simultaneously within the same tissue
sections. Two immunohistochemically distinct pseudorabies virus strains were simultaneously
injected into male Sprague Dawley rats (~280 gm). One virus was injected into the bladder and the
other into the prostate. After incubation intervals of 2.25, 2.5, 2.75, 3 and 4 days, sections from the
spinal cord and brain were processed immunohistochemically to detect cells, within a single
section, which were labeled separately by each virus or were labeled by both viruses.

Results: Each strain of virus labeled a separate population of neurons and some neurons were
labeled by both strains. The majority of neurons labeled by virus from the urinary bladder were
found in the L6-S1 spinal cord segments within the dorsal gray commissure, the intermediolateral
area and the superficial dorsal horn. Neurons labeled by virus from the prostate were mainly found
in the L1-L2 spinal cord segments in the dorsal gray commissure and the intermediolateral areas.
Double-labeled interneurons in L1-L2 were mainly located in the intermediolateral area. In L6-S1
they were divided between the dorsal gray commissure and the intermediolateral area.

Conclusions: Spinal neurons innervating the bladder are clearly separate and different from those
innervating the prostate. This difference also persists in the brain. In disagreement with previous
reports, no direct anatomical evidence of parasympathetic innervation of the prostate was
observed.

Background
The prostate gland is part of the male genitalia and its
function is to secrete fluid that is released with the ejacu-
late during copulation. The prostate surrounds the urethra
just distal to the urinary bladder and proximal to the ex-
ternal urethral sphincter [1] and is composed of smooth
muscle and secretory alveoli. Nervous innervation of the

prostate is believed to be mainly sympathetic [2]. These
nerves descend through the hypogastric nerves and syn-
apse on postganglionic neurons in the pelvic plexus (ma-
jor pelvic ganglion in the rat) from which the prostate
receives direct innervation. The sympathetic nervous in-
nervation is split into two portions: postganglionic adren-
ergic nerves that synapse on blood vessels and the smooth
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muscle that surround the alveoli, and sympathetic cholin-
ergic nerves that innervate the glandular epithelium. Thus
control of prostatic secretion is mediated by a sympathetic
cholinergic pathway. Evidence for parasympathetic inner-
vation of the prostate is present but its function is largely
unknown. Speculation suggests some form of control of
the volume or composition of the secretion [3]. There is
also evidence for the presence of periprostatic ganglia and
capsular ganglia respectively outside and inside the pros-
tatic capsule [4] but not much is known about their phar-
macology or function.

The urinary bladder functions to store and expel urine [5].
It has both sympathetic and parasympathetic innervation.
The parasympathetic innervation arises from preganglion-
ic neurons located in the distal lumbar and proximal sac-
ral spinal cord (segments L6 and S1 in the rat [6,7]) and
whose axons are found in the pelvic nerve and synapse on
postganglionic neurons in the pelvic plexus. Parasympa-
thetic impulses are the main excitatory influence and con-
tract the bladder causing emptying. The sympathetic
innervation is mainly concerned with the storage function
of the bladder [8].

Thus there is major and fundamentally different innerva-
tion of the bladder and the prostate. However in humans
the prostate can affect the micturition function since when
a man ages and the prostate enlarges it constricts the ure-
thral lumen. This condition is commonly known as be-
nign prostatic hypertrophy and seriously affects the
micturition function of the bladder. Although the effect of
prostatic enlargement on the bladder is primarily me-
chanical it is possible that in time it might also alter the
neuronal circuitry that mediates micturition. In view of
the aforementioned considerations and despite prior
knowledge about the separate functions and innervation
of these two organs we thought it worthwhile to examine
the neuroanatomical organization of the bladder and the
prostate simultaneously within a single venue. We under-
took this study to answer questions not previously ad-
dressed by other investigations, namely: (1) Are the
lumbosacral parasympathetic and sympathetic pregangli-
onic neurons that innervate the bladder different from
those that innervate the prostate, or to what extent do they
dually innervate these organs? (2) Are the lumbosacral in-
terneurons that are part of the pathways innervating these
two organs separate groups of interneurons or do they
participate in the innervation of the two organs? (3) Are
the supraspinal areas involved in innervating these organs
separate or do they contribute to the innervation of these
two organs? To do this we have employed the unique
technique of two immunohistochemically distinguisha-
ble pseudorabies viruses, which will simultaneously be in-
jected, one to each organ, as neuroanatomical tracers to

determine each of the central nervous system distribu-
tions [9,10].

Results
Major pelvic ganglion
The major pelvic ganglion contains the postganglionic
neurons that innervate both the urinary bladder and the
prostate. Therefore these neurons are the first neurons to
be labeled by virus arriving from either of the injected or-
gans. Figure 1 depicts bladder and prostate neurons in the
major pelvic ganglion three days post infection. The neu-
rons labeled by virus from the prostate were larger than
those that were labeled by virus from the bladder. Also
shown are adrenergic prostate neurons that were stained
by the antiserum to tyrosine hydroxylase as well as pros-
tate neurons that are not adrenergic. A count of these pros-
tate neurons revealed that only 77% were adrenergic.

Spinal cord
The different categories of labeled neurons were: B: neu-
rons labeled by virus injected into the urinary bladder; P:
neurons labeled by virus injected into the prostate; BChAT
(or BCh): neurons labeled by virus injected into the uri-
nary bladder that were also cholinergic; PChAT (or PCh):
neurons labeled by virus injected into the prostate that
were also cholinergic; DBL: neurons labeled by both virus-
es (no double-labeled neurons were also cholinergic). The
areas in which these different categories of neurons were
located are: IML: intermediolateral area; DGC: dorsal gray
commissure; SDH: superficial dorsal horn. Note that all
cholinergic neurons (BChAT and PChAT) were considered
to be preganglionic neurons. Virus-labeled neurons that
were not also cholinergic were, by definition, interneu-
rons.

Virus-labeled neurons in lumbosacral spinal cord first ap-
peared 2.25 days post-infection. Table 1 and Figures 2, 3
and 4 display the means and standard errors of numbers
of labeled neurons found in the L1-L2 and L6-S1 seg-
ments of the spinal cord as a function of incubation time.
The table and figures demonstrate the following points:

1) There were many more neurons labeled by the virus
from the bladder than by the virus from the prostate. Virus
from the bladder labeled a mean total of 3629 neurons.
The majority of these (3507) were found in L6-S1. Virus
from the prostate labeled a total of 368 neurons. The ma-
jority of these (294) were found in L1-L2.

2) There were few double-labeled neurons (57). They
were found after 2.75 days in L1-L2 and L6-S1 with the
majority in L6-S1. They were located in the dorsal gray
commissure (DGC) and the intermediolateral area (IML)
with the majority in DGC. The doubles were exclusively
interneurons. No preganglionic neurons were doubles.
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3) Neurons located in the superficial dorsal horn (475)
were only labeled from injections into the bladder and
were only found in L6-S1 (Figure 5A) and only after 2.75
days.

4) With increasing incubation time more neurons of all
types were labeled (Table 1 and Figures 3 and 4). These in-
creases occurred mainly through the labeling of larger
numbers of interneurons. For example, in L1-L2 the
number of interneurons (prostate + bladder) at 2.25 days
was 2.67. The number of interneurons at 3 days was
172.25, an increase by a factor of about 60. These are to be
compared to the numbers of preganglionic cholinergic
neurons (prostate + bladder) of 14.33 at 2.25 days and 74

Figure 1
Virus-labeled neurons in the major pelvic ganglion A:
Neurons labeled by virus injected into the bladder. B: Neu-
rons labeled by virus injected into the prostate. C: Tyrosine
hydroxylase-labeled neurons. In B and C, prostate neurons
that are adrenergic are marked with arrows; prostate neu-
rons that are not adrenergic are marked with arrowheads.
Note that the prostate neurons are much larger than the
bladder neurons. Bar: 100 µ.

Figure 2
Prostate and bladder neurons in the lumbosacral
cord as a function of incubation time Neurons labeled
from the prostate (PCh+P) are found mainly in L1-L2
whereas neurons labeled from the bladder (BCh+B) are
found mainly in L6-S1. Doubles are located in L1-L2 mainly in
the dorsal gray commissure. Superficial dorsal horn neurons
are found only in L6-S1. Note that: 1) the numbers of both
prostate neurons and bladder neurons increase significantly
at longer incubation times and: 2) the total number of blad-
der neurons is at least a factor of ten greater than the total
number of prostate neurons.
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Figure 3
Types of neurons in the L1-L2 spinal cord segments as a function of incubation time The number of neurons of
each type and at each location in the spinal cord section increases with incubation time. Virus from the prostate (types P,
PChAT and DBL) labels the majority of the neurons. Cholinergic prostate neurons (PChAT) are located in the dorsal gray
commissure and the intermediolateral area. Their number is approximately constant as a function of time. Cholinergic bladder
neurons (BchAT) are found only after three days incubation and these are mainly located in the intermediolateral area. After
three days, large numbers of prostate (P) and bladder (B) non-cholinergic neurons (presumably interneurons) are found in the
dorsal gray commissure and the intermediolateral area. Double-labeled neurons are confined to the dorsal gray commissure.
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Figure 4
Types of neurons in the L6-S1 spinal cord segments as a function of incubation time The number of neurons within
each category and location increases with incubation time. The majority of labeled neurons are bladder (B) neurons; there are
very few neurons labeled by virus from the prostate (P). Cholinergic neurons (BChAT) are restricted to the intermediolateral
area (IML) and their number remains approximately constant. The number of non-cholinergic bladder neurons (B) increases
dramatically at longer incubation times. These are presumably interneurons and are found in the intermediolateral area and the
dorsal gray commissure (DGC) and, after three days, also in the superficial dorsal horn (SDH).
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at 3 days, an increase by a factor of only 5. The mean total
number of interneurons was 263 compared to the mean
number of all labeled neurons of 439.

The corresponding numbers in L6-S1 were 17.17 at 2.25
days, 1623 at 3 days for the interneurons and 4.17 at 2.25
days and 71.75 at 3 days for the preganglionic cholinergic
neurons. The mean total number of interneurons was
2939 compared to a total number of labeled neurons of
3574.

Double-labeled neurons were found in the cord in the
dorsal gray commissure and intermediolateral regions
(DGC>IML). Preganglionic neurons labeled by virus from
the prostate were only found in the L1-L2 cord and were
divided between the DGC and the IML with the larger
fraction in the DGC. No preganglionic neurons innervat-
ing the prostate were found in L6-S1. Preganglionic neu-
rons labeled by virus from the bladder were mainly found
in the L6-S1 cord and mainly IML. Some were located in
L1-L2 in the DGC and IML areas (IML>DGC).

Figure 5 displays maps showing the locations of labeled
neurons in representative sections from the L6-S1 (5A)
and L1-L2 (5B) spinal cord segments three days post infec-
tion. Virus-labeled bladder neurons (red) were mainly lo-
cated in the L6-S1 whereas virus-labeled prostate neurons
(green) were mainly located in L1-L2. Also shown are non
virus-labeled cholinergic neurons (blue) located mainly
in the ventral horn and the intermediolateral areas.

Figure 6 displays photomicrographs of virus-labeled and
cholinergic neurons from the L6-S1 spinal cord in IML (A:
virus-labeled, B: ChAT-labeled). Several neurons (a, b, c)
were both virus-labeled and cholinergic.

Brain
In the brain labeled virus neurons first appeared four days
post-infection. Labeled neurons were found in the raphe
nuclei, gigantocellular reticular nucleus, A5 adrenergic
nucleus, locus coeruleus, sub coeruleus, Barrington's nu-
cleus, periaquaductal gray, red nucleus, paraventricular
nucleus, lateral thalamus, and medial preoptic area. Ap-
proximately equal numbers of bladder and prostate neu-

Table 1: Data means and standard errors

L1-L2 L6-S1

2.25d IML DGC IML DGC SDH

PChAT 4.33 (±2.33) 9.33 (±4.33) 0 0.00 0.00
BChAT 0.67 (±0.66) 0.00 3.67 (±3.18) 0.50 (±0.41) 0.00
P 0.00 2.67 (±0.88) 0 0.00 0.00
B 0.00 0.00 15.67 (±14.19) 1.50 (±1.22) 0.00
DBL 0.00 0.00 0 0.00 0.00
2.5d
PChAT 9.60 (±4.30) 20.20 (±6.63) 0.33 (±0.33) 0.00 0.00
BChAT 1.00 (±0.58) 0.00 11.00 (±4.36) 0.00 0.00
P 0.20 (±0.26) 12.40 (±4.66) 1.67 (±0.88) 6.00 (±3.6) 0.00
B 0.60 (±0.77) 0.00 51.67 (±30.35) 7.00 (±4.73) 0.00
DBL 0.00 0.20 (±0.26) 0.00 0.33 (±0.33) 0.00
2.75d
PChAT 9.50 (±4.04) 22.40 (±6.86) 1.33 (±0.88) 0.00 0.00
BChAT 2.75 (±3.68) 1.00 (±0.58) 77.67 (±17.75) 0.00 0.00
P 5.75 (±5.94) 50.60 (±21.64) 5.33 (±3.93) 13.0 (±5.69) 0.00
B 4.00 (±3.71) 14.00 (±4.26) 792 (±125) 421 (±123) 167 (±73)
DBL 0.00 5.20 (±2.69) 2.33 (±2.33) 2.67 (±2.19) 0.00
3.0d
PChAT 17.00 (±5.82) 26.50 (±9.32) 0.25 (±0.25) 0.00 0.00
BChAT 28.50 (±7.55) 2.00 (±0.41) 71.00 (±7.95) 0.50 (±0.50 0.00
P 32.50 (±26.87) 71.50 (±49.44) 9.00 (±5.20) 36.50 (±26.43) 0.00
B 42.50 (±16.98) 25.75 (±4.72) 929 (±174) 648 (±226) 308 (±101)
DBL 2.25 (±1.93) 14.75 (±3.84) 10.50 (±8.23) 19.25 (±12.15) 0.00

Numbers of virus-labeled neurons in the lumbosacral spinal cord Means and standard errors of the different types and locations of neurons in spinal 
cord segments L1-L2 and L6-S1 as a function of incubation time. There were at least three experiments at each incubation time.
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rons were found in all locations except for Barrington's
nucleus and the medial preoptic area. The later two re-
gions contained mainly neurons labeled by virus from the
bladder and only a few labeled by virus from the prostate.
Figure 7 displays examples of virus-labeled bladder and
prostate neurons from five of these areas. Many neurons
labeled from the bladder or prostate were found in the ra-
phe nuclei, the A5 adrenergic nucleus, the locus coeruleus
and the paraventricular nucleus. In each of these areas
there were examples of doubly labeled neurons. In the red
nucleus (not shown) mainly neurons labeled by virus

Figure 5
Neurons labeled from either the bladder or the pros-
tate three days post infection Maps of sections from the
lumbosacral spinal cord showing neurons labeled from either
the bladder or the prostate three days post infection. Neu-
rons labeled by virus that infected the bladder are red ("x" or
"o") and those that are labeled by virus that infected the
prostate are green ("x" or "o"). The "o" means that the neu-
ron is also cholinergic (preganglionic). Blue neurons ("x") are
cholinergic neurons that are not labeled by either virus. A:
Section from the L6-S1 spinal cord. Cholinergic bladder neu-
rons (parasympathetic preganglionic) are restricted to the
intermediolateral area. Bladder neurons that are not cholin-
ergic are found in the IML and DGC (interneurons) and in
SDH. Cholinergic neurons that are not labeled by either
virus (blue "x") are found in the ventral horn (somatic motor
neurons), the intermediolateral area (preganglionic motor
neurons that innervate other visceral organs) and around the
central canal. Note that, in this particular section, there are
no neurons labeled by virus that was injected into the pros-
tate. B: Section from the L1-L2 spinal cord. Note that there
are neurons labelled by virus that infected the bladder as well
as the prostate. There are cholinergic (preganglionic, located
in the intermediolateral and commissural areas) and non-
cholinergic neurons labeled by virus from both organs. Bar: 1
mm.

Figure 6
Virus-labeled bladder neurons and cholinergic neu-
rons in the L6-S1 IML three days after infecting the
bladder A: Virus labeled neurons in IML. B: Cholinergic
neurons in IML. Three of the neurons in A (arrows) are also
cholinergic (arrows in B) and are therefore preganglionic
neurons that innervate bladder-designated postganglionic
neurons in the major pelvic ganglion. Also in A are neurons
that are labeled by bladder virus that are not cholinergic.
These are interneurons. There are cholinergic neurons in B:
that are not bladder neurons. These innervate other visceral
organs (e.g. colon). Up is dorsal and left is medial. LF: lateral
funiculus. Bar: 200 microns.
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from the bladder were observed with only a few labeled by
virus from the prostate.

Discussion
The use of two immunohistochemically distinguishable
viruses allows one to detect central nervous system neu-
rons, within a single tissue section, that were labeled by
both viruses and therefore to examine the possibility of

interactions between the two organs that have been inject-
ed.

One consideration that must be addressed concerns the
rates of infection along the routes traveled by the two vi-
ruses used in these experiments. Although precise experi-
ments designed to address this question have not been
published, preliminary results in our laboratory demon-

Figure 7
Prostate- and bladder-labeled neurons in the brain Neurons in selected brain nuclei, arranged in caudal to rostral order
labeled by virus from the bladder and virus from the prostate. A: Raphe and gigantocellular reticular nuclei. Double-labeled
neurons are common. B: The A5 adrenergic nucleus. Note that there are numerous double-labeled neurons. C: The locus
coeruleus. Several neurons are double-labeled. D: Barrington's nucleus (the pontine micturition center). Bladder virus labels
the overwhelming number of neurons. Only a few neurons contain prostate virus. E: The paraventricular nucleus. Approxi-
mately equal numbers of bladder and prostate neurons. Some are double-labeled. F: The medial preoptic nucleus. Only blad-
der neurons are found.
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strate that the two viruses infect the same neurons at
about the same rate. Therefore, until more precise data is
available, we shall assume that these rates are the same
and that therefore numbers of neurons in a particular lo-
cation infected by the viruses can be compared.

A second question concerns whether both viruses can si-
multaneously infect a single neuron. This point has not
been directly addressed in specific experiments, but previ-
ously published works ([9,10]) have demonstrated exam-
ples of double labeled neurons in brain and spinal cord.
We shall therefore assume that there is some proof that re-
sponds to this point.

In general neurons that are associated with the prostate or
the bladder were found in those areas (intermediolateral
and dorsal gray commissure) known to be associated with
autonomic function.

The first neurons to be labeled from either the bladder or
the prostate were located in the major pelvic ganglion.
There were no pelvic ganglion neurons infected by both
viruses. Seventy seven percent of those that were associat-
ed with the prostate were also adrenergic as would be ex-
pected since the prostate is under sympathetic control.
This compares to 68% reported by Keast [3] in her study
of fluorogold-labeled rat prostate neurons. The remaining
22% could also receive their innervation from the hy-
pogastric nerve but, in addition, could be cholinergic thus
representing a sympathetic-cholinergic pathway that
might be related to the production of prostatic fluid [2].
However there is evidence for cholinergic fibers [11] and
muscarinic receptors on the epithelial tissue surrounding
the alveolar lumens [12] supporting this concept.

The main finding in this experiment is that the CNS distri-
bution of bladder is different from the prostate. In the spi-
nal cord the L1-L2 segments cells were mainly labeled by
virus from the prostate. As shown in Table 1, there were
few prostate preganglionic neurons located in the L6-S1
segments at any time points. This is understandable since
the prostate is mainly under sympathetic control. The re-
port by Keast [3] of prostate neurons in the major pelvic
ganglion contacted by fibers running in the pelvic nerve
suggests, though only indirectly, that these come from
preganglionic neurons in the intermediolateral region of
the L6-S1 spinal cord and that therefore more such neu-
rons labeled by the virus injected into the prostate should
have been found. We do not have an explanation of why
we did not see more prostate preganglionic neurons in L6-
S1. However, a recent report [13], demonstrated the exist-
ence of afferent fibers that contacted the postganglionic
neurons in the major pelvic ganglion. Therefore there is
evidence that fibers other than those from sacral pregan-

glionic neurons contact these neurons and additional in-
vestigation is needed to completely resolve the question.

The bladder receives its major innervation from the L6-S1
segments and that is where most of the preganglionic neu-
rons labeled by virus from the bladder were found. There
were only a relatively small number of double-labeled in-
terneurons. The majority of these were found in the L6-S1
segments. In the brain, all areas examined except for two
contained cells labeled by the bladder virus or the prostate
virus and there were always a few that were labeled by
both viruses. There was no area that was specifically la-
beled by the virus that was injected into the prostate. Bar-
rington's nucleus contained mainly cells infected by
bladder virus. These neurons directly innervate the pre-
ganglionic neurons in the sacral parasympathetic nucleus
that supply the excitatory impulses to the bladder and are
among the first neurons in the brain to be labeled from
the spinal cord. Our present findings do not agree with
previous published results [14,15] which demonstrate la-
beling of Barrington's nucleus by virus from the prostate.
In those studies the virus used was the Bartha strain of
pseudorabies virus that is more virulent than the viruses
used in the current work [16]. It is possible that the Bartha
strain results in a much more extensive labeling of central
structures and demonstrates that, if a long enough time
elapses from the initial infection to the time of observa-
tion, many brain structures will be labeled. For example
pseudorabies virus injected into the trachea [17] labeled
neurons in Barrington's nucleus after an incubation time
of six to seven days and pseudorabies virus injected into
the pancreas [18] labeled neurons in Barrington's nucleus
after an incubation time of six days. This demonstrates the
importance of following the spread of virus as a function
of time carefully to find those areas that are labeled first.
The second area that did not receive any virus from the
prostate is the medial preoptic area. This area is directly
and reciprocally connected to Barrington's nucleus (i.e.
the pontine micturition center) [19] and will therefore
have neurons that are infected with the bladder virus but
not with the prostate virus.

Conclusions
Unlike the distributions observed for bladder and external
urethral sphincter [10] where there was considerable over-
lap as well as a large number of double-labeled neurons,
the results for bladder and prostate in this work are quite
different. There is very little overlap of the two distribu-
tions and very few double-labeled neurons. This result im-
plies that there is little mutual interactive control of these
two pelvic visceral organs and their functions are clearly
separate and independent.
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Materials and Methods
Surgery
All procedures involving rats were performed in compli-
ance with the USDA Animal Welfare Act and amendments
thereto and the revised Guide for the Care and Use of Lab-
oratory Animals DHEW (NIH) and were approved by the
Animal Studies Subcommittee of the Bay-Pine Veterans
Administration Medical Center. Animals used in these ex-
periments were male Sprague-Dawley rats (260–300 gm).
The rat was anesthetized with Halothane initially at 4% in
95% O2 + 5% CO2 in a plastic box and, when the animal
had succumbed, via a plastic nose cone at a maintenance
level of 1.5%. An abdominal incision was made to expose
both the urinary bladder and the prostate.

Pseudorabies double labeling procedure
The unique design of these experiments is the use of two
immunohistochemically distinguishable pseudorabies vi-
ruses. This enables the investigator to examine the neuro-
nal distribution of two possibly functionally related
organs within a single spinal cord section and to suggest
putative interactions between them. The two pseudora-
bies viruses used in these experiments were PRV-Bartha
Blu and PRV-152 and were donated by Dr. L.W. Enquist.
PRV-Bartha Blu (Ba-Blu) is a modified Bartha virus that
contains a gene expressing β-galactosidase and can be de-
tected with an appropriate antiserum. PRV-152 (PRV-
GFP) is a Bartha virus modified to contain the green fluo-
rescent protein (GFP) and can be visualized with the ap-
propriate excitation wavelength or with a polyclonal
antiserum against GFP. Each virus had a titer of about 108

plaque-forming units per ml. The PRV-GFP virus was in-
jected into the ventral wall of the urinary bladder detrusor
and the Ba-Blu virus was injected into the ventral lobes of
the prostate. In some experiments the order of viruses was
reversed with Ba-Blu injected into the urinary bladder and
PRV-GFP injected into the prostate. Results were not de-
pendent upon which virus was injected into the organ. In-
jections were made with a 0.3 ml insulin syringe with a
28-gauge tapered needle (Becton-Dickinson Co.). Two in-
jections of 5 µl each were made into each organ under vis-
ual control with the operating microscope. In order to
avoid the possibility of spread of virus between the two
organs, the injection to the bladder was confined to the
bladder body and was not near the prostate. The injec-
tions were observed to be confined to the tissue injected.
To further reduce the possibility of spread to nearby tis-
sues other than those injected, the areas were washed with
saline and the liquid blotted after each injection. Five
groups each comprising at least three animals were infect-
ed and allowed to survive for 2.25, 2.5, 2.75, 3 and 4 days
post infection. One animal in each group had the viruses
reversed. At the end of these periods animals were anes-
thetized with pentobarbital (80 mg/kg i.p.) and perfused
transcardially with 200 ml of cold Krebs ringer followed

with 200 ml of cold 4% paraformaldehyde in phosphate
buffer (pH 7.4). Major pelvic ganglia, spinal cord and
brain were removed and stored in cold fixative until ready
for sectioning. Twenty-four hours prior to sectioning, the
tissue was exposed to a solution of phosphate buffer con-
taining 20% sucrose.

Immunohistochemical processing
Cryostat sections (14 microns) from the major pelvic gan-
glia were cut and thaw-mounted on gelatinized slides.
Major pelvic ganglia sections from experiments where the
prostate was infected with the Ba-Blu virus were processed
with antiserum against β-galactosidase (see below) and
also with an antiserum against tyrosine hydroxylase to
identify those neurons that were adrenergic. Cryostat sec-
tions (20 microns) from spinal cord and brain were cut
and stored in phosphate buffer. Spinal cord sections were
collected sequentially in individual bins each containing
six sections. The brain was cut in half and both portions
mounted on a block. Brain sections were collected se-
quentially in individual bins each containing two cuts
each consisting of one section from each brain portion.
Slides were prepared containing a complete series of sec-
tions representing either the spinal cord segments or the
brain. In the case of the spinal cord one section of the six
in each bin was mounted. In the case of the brain, one sec-
tion from each pair was mounted thus representing a
complete profile of the brain. The slides were processed
immunohistochemically with antisera against β-galactos-
idase (5 Prime → 3 Prime, Inc.) to visualize neurons la-
beled by Ba-Blu and choline acetyl transferase (ChAT,
Chemicon, Inc.) to visualize cholinergic neurons. Free
floating sections were incubated in a combination of rab-
bit anti β-galactosidase at a dilution of 1/1 k and goat anti
ChAT at a dilution of 1/100, overnight at 4°C followed by
a combination of donkey anti rabbit tagged with tetrame-
thyl rhodamine isothiocyanate (TRITC) and donkey anti
goat tagged with aminomethylcoumarin acetate (AMCA)
each at a dilution of 1/50, at room temperature for 60
minutes. The sections were mounted on gelatinized slides
and coverslipped. Neurons labeled with β-galactosidase
appeared red under epifluorescent illumination. If they
were also cholinergic they appeared blue under epifluo-
rescent illumination. Neurons labeled by PRV-GFP were
detectable because they were autofluorescent. Neurons
were divided into three categories: Ba-Blu positive, PRV-
GFP positive, or both Ba-Blu and PRV-GFP positive. Neu-
rons that were cholinergic were also noted. All these types
of neuron could be detected within a single section using
epifluorescent illumination with appropriate filters.
Counts of each type of neuron were made from each sec-
tion of a complete spinal cord series. The counts were
combined for all the animals in each group, averaged and
a standard error computed. Maps showing the location
and character of the different types of labeled neurons
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were made with the MDPLOT software (Minnesota Data-
metrics). Photomicrographs were made of interesting por-
tions of the sections to illustrate particular results and
processed using Adobe Photoshop software (Adobe Sys-
tems Inc).

Authors' contributions
IN and PLV participated in the design of this work. IN con-
ducted the experiments and the data analysis and drafted
the manuscript. AMS participated in some of the experi-
ments.

Acknowledgements
Professor Lynn Enquist provided the viruses and the antisera to the viruses. 
Gary A. Smith, Jr. provided technical assistance. This work was supported 
by a Merit Review Award from the Veterans Administration (IN, PLV) and 
by the Paralyzed Veterans Association (AMS).

References
1. Myers RP: Male urethral sphincteric anatomy and radical

prostatectomy. Urol Clin of N Amer 1991, 18:211-227
2. Dail WG: Autonomic innervation of male reproductive geni-

talia. In: Nervous control of the urogenital system  (Edited by: CA Mag-
gi)1993, 69-101

3. Kepper M, Keast J: Immunohistochemical properties and spi-
nal connections of pelvic autonomic neurons that innervate
the rat prostate gland. Cell Tissue Res 1995, 281:522-542

4. Sakamoto N, Hasegawa Y, Hirofumi K, Kotoh S, Kuroiwa K, Naito S:
Presence of ganglia within the prostatic capsule: Ganglion in-
volvement in prostatic cancer. Prostate 1999, 40:167-17

5. Yoshimura N, de Groat WC: Neural control of the lower uri-
nary tract. Int J Urol 1997, 4:111-125

6. Nadelhaft I, Booth AM: The Location and Morphology of Pre-
ganglionic Neurons and the Distribution of Visceral Affer-
ents from the Rat Pelvic Nerve: A Horseradish Peroxidase
Study. J Comp Neurol 1984, 226:238-245

7. Nadelhaft I, Vera PL, Card JP, Miselis RR: Central nervous system
neurons labeled following the injection of pseudorabies virus
into the rat urinary bladder. Neurosci Lett 1992, 143:271-274

8. de Groat WC: Nervous Control of the Urinary Bladder of the
Cat. Brain Res 1975, 87:201-211

9. Billig I, Foris JM, Enquist LW, Card JP, Yates BJ: Definition of neu-
ronal circuitry controlling the activity of phrenic and abdom-
inal motoneurons in the ferret using recombinant strains of
pseudorabies virus. J Neurosci 2000, 20:7446-7454

10. Nadelhaft I, Vera PL: Separate urinary bladder and external
urethral sphincter neurons in the central nervous system of
the rat: simultaneous labeling with two immunohistochemi-
cally distinguishable pseudorabies viruses. Brain Res 2001,
903:33-44

11. Dixon JS, Jen PYP, Gosling JA: The distribution of vesicular ace-
tylcholine transporter in human male genitourinary organs
and its co-localization with heuropeptide Y and nitric oxide
synthase. Neurourol and Urodyn 2000, 19:185-194

12. Pennefather JN, Lau WAK, Mitchelson F, Ventura S: The autonomic
and sensory innervation of the smooth muscle of the pros-
tate gland: A review of pharmacological and histological
studies. J Autonomic Pharmacol 2000, 20:193-206

13. Papka RE, McNeill DL: Light- and electron-microscopic study of
synaptic connections in the paracervical ganglion of the fe-
male rat: specific reference to calcitonin gene-related pep-
tide-, galanin- and tachykinin (substance P and neurokinin
A)-immunoreactive nerve fibers and terminals. Cell Tissue Res
1993, 271:417-428

14. Orr R, Marson L: Identification of CNS neurons innervating
the rat prostate: A transneuronal tracing study using pseu-
dorabies virus. J Auton Nerv Sys 1998, 72:4-15

15. Zermann DH, Ishigooka M, Doggweiler R, Schmidt RA: Central au-
tonomic innervation of the lower urinary tract – a neuro-
anatomy study. World J Urol 1998, 16:417-422

16. Kim JS, Enquist LW, Card JP: Circuit-Specific coinfection of neu-
rons in the rat central nervous system with two pseudora-
bies virus recombinants. J Virol 1999, 73:9521-9531

17. Haxhiu MA, Jansen ASP, Cherniack NS, Loewy AD: CNS innerva-
tion of airway-related parasympathetic preganglionic neu-
rons: a transneuronal labeling study using pseudorabies
virus, Brain Research 1993, 618:115-134

18. Loewy AD, Haxhiu MA: CNS cell groups projecting to pancre-
atic parasympathetic preganglionic neurons Brain Research
1993, 620:323-330

19. Valentino RJ, Page ME, Luppi PH, Zhu Y, Van Bockstaele E, Aston-
Jones G: Evidence for widespread afferents to Barrington's
nucleus: A brainstem region rich in corticotropin-releasing
hormone neurons. Neuroscience 1994, 62:125-143

Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMedcentral will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Paul Nurse, Director-General, Imperial Cancer Research Fund

Publish with BMC and your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours - you keep the copyright

editorial@biomedcentral.com
Submit your manuscript here:
http://www.biomedcentral.com/manuscript/

BioMedcentral.com
Page 11 of 11
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2017805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2017805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2017805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7553772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7553772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7553772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7553772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(19990801)40:3<167::AID-PROS4>3.3.CO;2-J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10398278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10398278
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(19990801)40:3<167::AID-PROS4>3.3.CO;2-J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(19990801)40:3<167::AID-PROS4>3.3.CO;2-J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(19990801)40:3<167::AID-PROS4>3.3.CO;2-J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/(SICI)1097-0045(19990801)40:3<167::AID-PROS4>3.3.CO;2-J
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6736301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6736301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6736301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6736301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1331903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1331903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1331903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1331903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1125771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1125771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1125771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11007904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11007904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11007904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11007904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11382385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10679835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10679835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10679835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10679835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11260358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11260358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11260358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11260358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7682477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7682477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7682477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7682477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9870292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s003450050094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10516061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=112987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8402166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8402166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8402166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8402166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7690304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7690304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7690304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7816195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7816195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7816195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7816195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7816195
http://www.biomedcentral.com/
http://www.biomedcentral.com/manuscript/
http://www.biomedcentral.com/manuscript/
http://www.ncbi.nlm.nih.gov/PubMed/
http://www.pubmedcentral.nih.gov/

	Separate urinary bladder and prostate neurons in the central nervous system of the rat: simultane...
	Abstract
	Background
	Results
	Discussion
	Conclusions
	Materials and Methods
	Authors' contributions
	Acknowledgements
	References

