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Adrenergic, nitrergic and peptidergic innervation
of the urethral muscle in the boar
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Abstract: In this study, the innervation of the urethral muscle in adult male pigs was investigated using combined NADPH-
diaphorase (NADPH-d) histochemistry and immunocytochemistry. Nerve fibres supplying the urethral muscle were found to
show NADPH-d activity and they al so expressed immunoresctivity to catecholamine synthesising enzymesincluding tyrosine
hydoxylase (TH) and dopamine-[3-hydroxylase (D3H) aswell asto: vasoactiveintestinal polypeptide (VIP) and neuropeptide
Y (NPY). Different subpopulations of the nervefibres (NADPH-d positive, TH-, DBH-, VIP- and NPY -immunoreactive (IR),
but also NADPH-d/VIP- and NADPH-d/NPY -IR) were disclosed. These nerve fibres were observed not only to run among
muscle fibres of the urethral muscle, but also within extrinsic nerve trunks. Moreover, in the organ studied, numerous ganglia
were found. Theintramural ganglia, composed of afew to 30 neurons were located in the proximal, middle and distal regions
of the pelvic urethra. In the vicinity of the urethral muscle, there were mainly small gangliacontaining two to several neurons,
but alsolarger gangliaconsi sting of up to tensneuronswere encountered in the connectivetissue surrounding the pelvic urethra.
Inthegangliaobserved inthe neighbourhood of the urethral muscle, different subpopul ationsof nervecellswerefound, namely:
catecholaminergic, nitrergic, VIP-IR, NPY-IR and also NADPH-d/DBH-, NADPH-d/VIP- and NADPH-d/NPY -positive.
Possible sources of the innervation for this muscle were al so discussed.
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Introduction

The innervation of the lower urinary tract has been
studied in some mammalian species including rat [30,
31], cat [3, 24, 29], dog [6, 8, 27], guinea-pig [3, 17, 18,
32, 35], femalepig [11] and humans[10]. In general, the
greatest density of the nervefibres has been observedin
the smooth muscle coat of the distal urethra, followed
by the bladder neck, middle urethra, and proximal ure-
thra. These nerve fibres have been found to contain
different biologically active substances. The urethral
muscle is supplied by nerve fibres immunoreactive to
catecholamine synthesising enzymes [2, 3, 6, 8, 9, 21,
24, 25, 29], NPY [5, 19, 26, 31, 33, 34], VIP[1, 5, 15,
16, 26, 33, 35], enkephalins[4, 5], somatostatin [5, 16],
galanin [33, 34] and aso by nerve fibres showing ace-
tylcholinesterase and acetylcholintransferase activity
[28, 30, 34].
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Studies performed in the pig focused on the innerv-
ation of thefemalelower urinary tract reveal ed that these
organs are innervated by acetylcholinesterase-positive
aswell as catecholamine- and peptide-containing nerve
fibres. The peptides examined included: V1P, substance
P, somatostatin, Met-enkephalinandgastrin[11]. Crowe
and Burnstock [11] described the innervation of the
lower urinary tract in female pigs. In their paper, the
innervation of the lower urinary tract in these animals
was compared to that of the human bladder and urethra
described previously and the authors concluded that the
lower urinary tract in the pig is a good model for some
studies of innervation of the lower urinary tract in hu-
mans. It is very important to find a good model for the
human bladder and urethra innervation because this
parameter often changesafter injuresor other pathol ogi-
cal processes[13, 14, 16].

As adready mentioned, innervation of the urethral
muscle, astriated musclesurrounding the pelvic urethra,
was studied only in female pigs and nothing is known
about thisprobleminmalepigs. Thusit seemstobevery
interesting to know features of the innervation of ure-
thral musclealso in the male animals, becausethepigis
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considered as a good model to study experimentally
evoked pathological changes in the lower urinary tract
and methods of their treatment. These results can be
extrapolated to human patients with autonomic dysre-
flexiaand detrusor-sphincter dyssynergia, whichisoften
observed after operations of the urinary bladder or in
patients with spinal cord injuries.

Materials and methods

This study was performed on four adult male pigs. Thirty minutes
before the main anaesthetic, pentobarbital (Vetbutal, Biowet, Po-
land; 25 mg/kg b.w.) was given intravenously, all the animals were
pretreated with propionylpromasine (Combelen, Bayer, Germany;
0.4 mg/kg of b.w., i.m). The animals were perfused transcardially
with 4% paraformalehyde dissolved in 0.1 M phospate buffer, pH
7.4 (PB). Then, thetissues (pelvic part of the urethrawith the urinary
bladder neck) were removed and postfixed by immersion for 4 hin
the samefixative. Thetissueswererinsed in PB and transferred into
30% sucrose solution in PB (4°C for 72 h). Serial cryostat sections
12 um thick were put on chrome alum-coated slides and stored in a
freezer (-30°C) until further processing.

After washing with PB (3 x 10 min), the sections were processed
for single-labelling immunohistochemistry using antisera against
TH, DBH, NPY and VIP (Tab. 1) The sections were incubated in a
blocking mixture containing 1% normal goat serum (NGS), 1%
bovine serum abumin (BSA) and 0.5% Triton X100in Trisbuffered
sdline (TBS; 0.1M, pH 7.4). Then, they wererinsed in TBS (3 x 10
min) and incubated with the primary antiserum for 24 h at room
temperature (RT). After rinsing in TBS (3 x 10 min), the sections
were incubated with a secondary antiserum (1 h; RT; Tab. 1). Then
they were rinsed in TBS (3 x 10 min) and next sections incubated
with biotinylated secondary antiserum were incubated with avidin-
peroxidase complex (1 h; RT). After incubation, they were sub-
sequently rinsed in TBS (3 x 10 min), Tris-HCI buffer pH 7.4 (10
min) and in sodium acetate buffer, pH 5.0 (SAB) (10 min). After-
wards, the sections were incubated for 5 min with 3-amino-9-
ethylcarbazole (AEC, reagent for peroxidase enzyme) solution (4 mg
of AEC dissolved in 0.5 ml NN-dimethylformamide and added to
9.5ml 0.05M SAB ; before use 5 pl 30% H,0O,was added).

After the incubation, the sections were rinsed in SAB (10 min),
TrissHCI pH 7.4 (10 min.) and deionised water (10 min). Next, the
sections were stained with NADPH-d method. They were washed
with PB (0.1 M, pH 7.4, 3 x 10 min) and incubated (60 min, 38°C)
in a solution containing 5.0 mg B-NADPH, (Biomol, Hamburg,
Germany), 0.5 mg nitroblue tetrazolium (NBT, Biomol, Hamburg,
Germany), and 15 pl Triton X-100 (Sigma, Deisenhofen, Germany)
in5ml PB (0.1 M pH 7.4). After washing with PB (3 x 10 min), the
sectionswere mounted with Aquamonunt. The stained sectionswere
studied using alight microscope (Nikon FXA Microphot).
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Table 1.Antiseraused in the study

Antigen| Code/Lot Species ‘ DiIution‘ Supplier
Primary antibodies
mouse . .
TH 2/40/15 monoclonal 1:50 Boehringer
rabbit .
DBH | TE103DBH polyclonal 1:1000 | ETI
rabbit .
VIP 20077 polyclonal 1:7000 | Incstar
NPY NT 115 (NPY) | rat polyclona | 1:1000 | ETI
Secondary reagents
Goat anti rat 1gG (H+L) HRP-conjugated | 1:100 | Zymed
Goat anti rabbit 1gG biotinlylated 1:200 | Vector
Goat anti mouse 1gG HRP-conjugated 1:100 | Dakopatts
Rabbit anti rat IgG (H+L) biotinlylated | 1:100 | Vector
Avidin-peroxidase complex 1:200 | Vector

Neurons stained for NADPH-d displayed from blueto navy-blue
colour and those immunoreactive for other substances investigated
werered, and thus, the doubl e-stained perikaryawere purple. All the
neuronal profilesincluding those stained for NADPH-d only, those
immunoreactive for one of the neuropeptides or catecholamine syn-
thesizing enzyme only, and those double-stained were counted in
some sections from the cranial, middle and caudal part of the pelvic
region studied. The distance between the sectionswas at least 60 pm
to avoid the double analysis. Only neuronal profiles with clearly
visiblenuclei wereconsidered. Finally, the percentages of the differ-
ent neuronal subpopulations were cal cul ated.

Control preabsorption of adiluted antiserum with 20 pg/ml of an
appropriate antigen abolished the specific immunoreaction com-
pletely. In addition, experiments were carried out in which the
primary antisera were replaced by non-immune sera, or by PBS, in
order to indicate the specificity of particular immunoreactions.
NADPH-d-staining was not observed when 3-NADPH or NBT were
absent from the incubation medium.

Results

In the organ studied, very numerous nervefibresimmu-
noreactive to DBH were found, whereas TH-IR nerve
fibresweredlightly lessnumerous. The catecholaminer-

Fig. 1. DBH-IR nerve fibres forming dense networks around an extrinsic blood vessel. x 480. Fig. 2. DBH-IR nerve fibres forming dense
networks around an intrinsic blood vessel. x 480. Fig. 3. DBH-IR nervefibres runing among muscle fibres of the porcine urethral muscle. x
480. Fig. 4. NPY-IR nerve fibres innervating an intrinsic blood vessel. x 480. Fig. 5. NPY -IR nerve fibre supplying muscle fibres of the
urethral muscle. Inset shows NPY/NADPH-d positive nervefibre . x 480. Fig. 6. VIP-IR nerve fibre supplying the urethral muscle. x 480.
Fig. 7.NADPH-d positive nerve fibres supplying blood vessel within the urethral muscle. High activity of NADPH-d isaso visiblein the
endothelium of blood vessel. x 280. Fig. 8. NADPH-d positive nerve trunks located in the tissue surrounding the urethral muscle. x 480.
Fig. 9.NADPH-d positive nervefibresrunning among musclefibres. x 480. Fig. 10.A small intramural ganglion containing only NADPH-d
positive neurons. x 480. Fig. 11.Double stained ganglion (DBH/NADPH-d). The main subpopulation are neurons containing immunoreac-
tivity to DPH (red cells). Some cells are only NADPH-d-positive (small arrow) and some neurons show simultaneously immunoreactivity
for DBH and NADPH-d-activity (big arrows). x 480. Fig. 12.Double stained ganglion (NPY/NADPH-d). Numerous cells are NADPH-d-
positive (one of them isindicated with a small arrow), some of them contain simultaneously NPY (big arrow). x 480. Some cells are only
NPY -IR (inset, the smallest arrows, x 280). Fig. 13.Double stained ganglion (VIP/NADPH-d). NADPH-d-positive cellsare blue, somecells
are simultaneously immunoreactive to VIP (big arrow). Some other cellsare VIP-IR only (small arrows). x 480.
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gic nervesformed dense networks especially around the
extrinsic (Fig. 1) and intrinsic (Fig. 2) blood vessels.
They were very often found to form thick trunks, ob-
served in the tissue surrounding the pelvic urethra
Numerous nerve fibres were also found to run among
musclefibresof themuscle studied (Fig. 3). The number
of these fibres gradually decreased towards the caudal
part of the urethral muscle. NPY -IR nerve fibres (Figs.
4, 5) were less numerous than those containing immu-
noreactivity to TH and DBH, while VIP-IR nervefibres
(Fig. 6) were even less numerous than NPY -IR axons.
Morphological features of the peptidergic nerves were
similar to those of the catecholaminergic nervefibres. In
the sectionsstudied, someNADPH-d positivestructures
were found. The high activity of this enzyme was ob-
served not only in sarcolemma of the muscle fibres but
alsointheendothelium of blood vessel sandin numerous
nerve fibres associated with the vessels (Fig. 7). Some
NADPH-d positive nerve fibres formed nerve trunks
(Fig. 8). NADPH-d positivenervefibreswereal sofound
to run among muscle fibres (Fig. 9). Their localisation
wassimilar to that of the catecholaminergic nervefibres.
Somenervefibresdisplayed NADPH-d activity and Sim-
ultaneously immunoreactivity to VIP- or NPY (Fig. 5).

Numerous ganglia were found in the organ studied.
Theintramural ganglia, composed of afew to 30 neurons
(Fig. 10), werelocated in the proximal, middleand distal
regions of the pelvic urethra. In the vicinity of the
urethral muscle, just between muscle and surrounding
tissue, there were mainly small ganglia containing from
two to several neurons, but also larger ganglia contain-
ing up to tens neurons were encountered in the connec-
tivetissuesurrounding theurethra. Withintheseganglia,
the main subpopulation of neurons were those contain-
ing catechoal mine-synthesising enzymes. Doubl e-stain-
ing for these enzymes and NADPH-d revealed mostly
the neurons stained for one studied substance only, but
occasional neurons showed simultaneously immunore-
activity for DBH and NADPH-d (Fig. 11). Intheganglia
studied, numerous cells exhibited NADPH-d activity.
Some of them were simultaneously immunoreactive to
NPY (Fig. 12) and, especialy, VIP (Fig. 13), but also
solely NPY - or VIP-positive neurons were found (Figs.
12, 13). Among VIP-IR nerve cell bodies, about 50%
displayed simultaneously NADPH-d activity, while
only approximately 20% of NPY-IR neurons were
stained for NADPH-d.

Discussion

This paper describesfor the first time the innervation of
the urethral muscle in the male pig. As already men-
tioned, theinnervation of thisorgan wasstudiedin many
mammalian species including female pigs. Crowe and
Burnstock [11] reported the presence and | ocalisation of
different biologically active substances in the lower
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urinary tract of sows. The greatest number of the nerve
fibres was found among muscle fibres of the distal
urethra, followed by the bladder neck, middle urethra,
and proximal urethra, with the smallest onein the detru-
sor muscle. The greatest number nervefibresstained for
acetylcholinesterase (A ChE) followed by those contain-
ing vasoactive intestinal polypeptide- and catecho-
lamine-containing fibres. The present study revealed
that the nerve fibresimmunoreactive to catecholamine-
synthesising enzymes, especially to DH, werethe most
numerous, while VIP-IR nerve fibres were much less
abundant. In male guinea-pigs, catecholamine-contain-
ing nerves were observed among striated muscle fibres
only inthejunctional zonebetweentheinner layer of the
muscle and an outer layer of the striated muscle cells
[18]. Inthis study, catecholaminergic nerve fibres were
found not only in the junctional zones but also between
the striated musclefibres. Similar distribution pattern of
the catecholaminergic nerves was described previously
in male humans [20]. In women, noradrenergic nerve
fibres supplying the bladder neck and proximal urethra
arerarely observed. In contrast, the male human proxi-
mal urethraisrichly supplied with noradrenergic nerves,
what indicates that this region is under direct sympath-
etic control and its muscle coat contracts to prevent
reflux of sementotheurinary bladder [22]. Thefeatures
of thecatecholaminergicinnervation of themaleporcine
pelvic urethradescribed in this paper are very similar to
those of the human male urethral muscle.

The present study revealed that the porcine male
urethrais also supplied by VIP-IR nerve fibres. In fe-
male pigs, these nerveswere numerous[11], whereasin
the males, VIP-positive nerve fibres were sparsely dis-
tributed in the muscle. In humans, immunoreactivity to
VIP was observed to occur only occasionaly in fine
nerve fibres [33]. Similar results were obtained in the
bovine male, female guinea-pig and rat muscul ar tissue
of the urogenital apparatus[5, 31, 35].

Moderate in number NPY -IR nerve fibres were ob-
served in the muscle studied and their distribution pat-
tern was similar to that of catecholaminergic and
VIP-positive nerve fibres. In the human [26, 33] and rat
[31] urethral muscle, NPY -IR nerves were found to run
paralel to individual muscle fibres. They were quite
numerous between the striated muscle bundles, espe-
cidly in the intrinsic external urethral sphincter. Our
observations in the male were in accordance with these
findings.

NADPH-d positive nerve fibres formed thick bund-
lesfoundinaclosevicinity of theurethral muscle. Some
of such trunksand sparsely distributed nervefibreswere
also observed among the muscle fibres. In the female
rabbit urethra, numerous NADPH-d-positive, fine vari-
cosenervefibreswere observed both around arteriesand
in association with muscle bundles [36]. In the human
urethral muscle, immunoreactivity to NOS and
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NADPH-d activity were detected in the sarcolemma of
the intramural striated muscle fibres. NOS-IR nerve
trunksand fine nervefibres, few of which terminated on
musclefibres, werepresent inthe striated sphincter [23].
I'n both humansand guineapigs, varicose NOS-IR nerve
fibres provided a moderate innervation to the detrusor
muscle of the bladder body, and a denser innervation to
the urethral muscle. The immunoreactive nerves also
projected to the subepithelium and supplied blood ves-
sels, but they wererarely observed encirclingintramural
ganglia[32]. Our results corroborate all these observa-
tions.

In the present study, autonomic ganglia were aso
observed. Thesegangliawerefound closeto theurethral
muscle. Small gangliacontaining afew to approximate-
ly 20 cellswerelocated in aclose vicinity to the muscle
fibres. Larger ganglia, consisting of to tens of neurons
were present mainly in the connective tissue surround-
ing the organ studied. These observations arein accord-
ance with findings obtained by other authorsin pigsand
guinea-pigs [11, 35]. In the human urethra, autonomic
ganglia, containing from two to 20 nerve cell bodies,
were found in the smooth and striated muscle layers of
the urethral sphincter; they were rarely observed in the
distal urethraand were absent from the prostatic urethra
[12].

The neurons observed in our study were mainly
catecholaminergic. TH or DBH-IR neurons were found
mostly in larger ganglia distributed in the connective
tissue surrounding the urethral muscle. Single catecho-
laminergic neurons contained simultaneously NADPH-
d activity. Only a few catecholaminergic nerve cells
were observed in ganglia bordering the organ studied.
Thelast observation isin agreement with previousfind-
ings reported by Werkstrom and co-workers [35].
Numerous ganglionic nerve cells displayed NADPH-d
activity only. These cells were found mainly in ganglia
located close to the organ studied but also in ganglia
distributed in the connective tissue. Similar findings
have been obtained in humans and guineapigs[32, 35].
Some of NADPH-d-positive neurons displayed immu-
noreactivity to V1P, but also moderatein number, solely
VIP-positive neuronswere encountered. In guinea-pigs,
about 70% of the ganglionic cell bodies were nitrergic,
whereasaminor part was VIP-IR [35]. Neuropeptide Y
immunoreactivity was observed in some nerve cell
bodies dispersed throughout all the ganglia. Morpho-
logical features and localisation of these cellswas simi-
lar to that described previously in humans[12].

The present study revealed different subpopulations
of thenerve cellsin gangliadistributed in the neighbour-
hood of urethral muscle, namely: catecholaminergic,
nitrergic, VIP-IR, NPY-IR and also NADPH-d/DBH-,
NADPH-d/VIP- and NADPH-d/NPY -positive. In the
urethral muscle, corresponding subpopul ations of nerve
fibres were found which suggests that neurons located
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inthegangliaarethe most probable source of theinnerv-
ation for this muscle.

Similaritiesin the pattern of theinnervation between
the porcine and human mal e urethra suggest that the pig
can be a very good model to study experimentally
evoked changes in this organ and methods of treatment
of human lower urinary tract disorders.

References

[ 1] Abdel-Hakim A, Hassouna M, Rioux F, St-Pierre S, Abdel-
Rahman M, Galeano C, Elhilai M (1983) Response of urethral
smooth musclesto pharmacological agents. 11. Noncholinergic,
nonadrenergic agonists and antagonists. JUrol 130: 988-991

[ 2] Adebanjo AO, Ambache N (1978) Adrenergic contribution to
the motor transmission in the dog vas deferens. Arch Int Phar-
macodyn Ther 233: 261-269

[ 3] AlZ,Goding JA, Dixon JS(1975) Observationsonthestructure
and autonomic innervation of the guinea-pig semina vesicle
and ductus deferens. J Anat 120: 81-93

[ 4 Alm P, Alumets J, Hakanson R, Owman C, Sjoberg NO,
Stjerngvist M, Sundler F (1981) Enkephalin-immunoreactive
nerve fibers in the feline genito-urinary tract. Histochemistry
72: 351-355

[ 5] Arrighi S, Domeneghini C (1998) Immunolocalization of regu-
latory peptides and 5-HT in bovine male urogenital apparatus.
Histol Histopathol 13: 1049-1059

[ 6] Awad SA, DownieJW (1977) The adrenergic component inthe
proximal urethra. Urol Int 32: 192-197

[ 7] Awad SA, Downie JW, Lywood DW, Young RA, Jarzylo SV
(1976) Sympathetic activity in the proximal urethrain patients
with urinary obstruction. JUrol 115: 545-547

[ 8] Benson GS, Jacobowitz D, Raezer DM, Corriere JN, Wein AJ
(1976) Adrenergic innervation and stimulation of canine ure-
thra. Urology 7: 337-340

[ 9] Creed KE (1979) The role of the hypogastric nerve in bladder
and urethral activity of the dog. Br J Pharmacol 65: 367-375

[10] Creed KE (1991) Theinnervation and properties of the urethral
striated muscle. Scand JUrol Nephrol, Suppl 8: 11

[11] Crowe R, Burnstock G (1989) A histochemical and immuno-
histochemical study of the autonomic innervation of the lower
urinary tract of the female pig. Is the pig a good model for the
human bladder and urethra? JUrol 141: 414-422

[12] Crowe R, Burnstock G, Light JK (1988a) Intramural gangliain
the human urethra. JUrol 140: 183-187

[13] Crowe R, Burnstock G, Light JK (1988b) Spinal cord lesionsat
different levels affect either the adrenergic or vasoactive intes-
tinal polypeptide-immunoreactive nervesin the human urethra.
JUrol 140: 1412-1414

[14] CroweR, Burnstock G, Light JK (1989) Adrenergicinnervation
of the striated muscle of theintrinsic external urethral sphincter
from patients with lower motor spinal cord lesion. JUrol 141:
47-49

[15] CroweR, Light JK, Chilton CP, Burnstock G (1985) V asoactive
intestinal polypeptide (VIP)-immunoreactive nervefibres asso-
ciated with the striated muscle of the human external urethral
sphincter. Lancet 1: 47-48

[16] Crowe R, Light K, Chilton CP, Burnstock G (1986) V asoactive
intestinal polypeptide-, somatostatin- and substance P-immu-
noreactive nerves in the smooth and striated muscle of the
intrinsic external urethral sphincter of patientswith spinal cord
injury. JUrol 136: 487-491

[17] Dixon JS, Goding JA (1976) The morphology and innervation
of subepithelial "striated" muscle cells in the male guinea-pig
urethra. Cell Tissue Res 174: 281-288



94

[18] Dixon JS, Goding JA (1977) Light and electron microscopic
observations on noradrenergic nerves and striated muscle cells
of the guineapig urethra. Am J Anat 149: 121-126

[19] Dixon JS, Jen PY, Godling JA (1998) Structure and autonomic
innervation of the human vas deferens: areview. Microsc Res
Tech 42: 423-432

[20] Ek A (1978) Adrenergic innervation and adrenergic mechan-
isms. A study of the human urethra. Acta Pharmacol Toxicol
(Copenh) 43, Suppl 2: 35-40

[21] Garcia S, Costa G, Labadia A (1985) Sympathetic innervation
of the urethral muscle in cattle. Zentralbl Veterinarmed A 32:
185-189

[22] Goding JA, Dixon JS, Lendon RG (1977) The autonomic
innervation of the human male and female bladder neck and
proximal urethra. JUrol 118: 302-305

[23] HOKM, McMurray G, Brading AF, Noble JG, Ny L, Andersson
KE (1998) Nitric oxide synthase in the heterogeneous popul a-
tion of intramural striated musclefibres of the human membran-
ous urethral sphincter. JUrol 159: 1091-1096

[24] Kakizaki H, Koyanagi T, Kato M (1991) Sympathetic innerv-
ation of the malefeline urethral rhabdosphincter. Neurosci Lett
129: 165-167

[25] Larsen 3], Nordling J, Christensen B (1978) Sympathetic in-
nervation of the urinary bladder and urethral musclein the pig.
ActaPhysiol Scand 104: 485-490

[26] Milner P, CroweR, Burnstock G, Light K (1987) Neuropeptide
Y- and vasoactive intestinal polypeptide-containing nerves in
theintrinsic external urethral sphincter in the areflexic bladder
compared to detrusor-sphincter dyssynergia in patients with
spinal cord injury. JUrol 138: 888-892

[27] MoritaT, NishizavaO, Noto H, Tsuchida S (1984) Pelvic nerve
innervation of the external sphincter of urethraas suggested by
urodynamic and horse-radish peroxidase studies. J Urol 131:
591-595

[28] Nielsen KK, Andersen CB, Kromann A, Nordling J (1995)
Length density and total length of acetylcholinesterase positive

W. Sienkiewiczet al.

nervesrelated to cystometry andin vitro studies of musclestrips
in mini-pig urinary bladder after chronic outflow obstruction
and recovery from obstruction. Neurourol Urodyn 14: 379-395

[29] Norlen L, Dahlstrom A, Sundin T, Svedmyr N (1976) The
adrenergic innervation and adrenergic receptor activity of the
feline urinary bladder and urethrain the normal state and after
hypogastric and/or parasympathetic denervation. Scand J Urol
Nephrol 10: 177-184

[30] Persson K, Alm P, Uvelius B, Andersson KE (1998) Nitrergic
and cholinergic innervation of the rat lower urinary tract after
pelvic ganglionectomy. Am J Physiol 274: R389-R397

[31] Radziszewski P, Ekblad E, Sundler F, Mattiasson A (1996)
Distribution of neuropeptide-, tyrosine hydroxylase- and nitric
oxide synthase-containing nerve fibers in the external urethral
sphincter of therat. Scand J Urol Nephrol, Suppl 179: 81-85

[32] Smet PJ, Jonavicius J, Marshal VR, de V (1996) Distribution
of nitric oxide synthase-immunoreactive nerves and identifica-
tion of the cellular targets of nitric oxide in guinea-pig and
human urinary bladder by cGM P immunohi stochemistry. Neu-
roscience 71: 337-348

[33] Tainio H (1993) Neuropeptidergic innervation of the human
maledistal urethraandintrinsic external urethral sphincter. Acta
Histochem 94: 197-201

[34] Von Heyden, Jordan U, Hertle L (1998) Neurotransmitters in
the human urethral sphincter in the absence of voiding dysfunc-
tion. Urol Res 26: 299-310

[35] Werkstrom V, Alm P, Persson K, Andersson KE (1998) Inhibi-
tory innervation of the guinea-pig urethra; roles of CO, NO and
VIP. JAuton Nerv Syst 74: 33-42

[36] Zygmunt PK, Persson K, Alm P, Larsson B, Andersson KE
(1993) TheL -arginine/nitric oxidepathway intherabbit urethral
lamina propria. Acta Physiol Scand 148: 431-439

Accepted November 7, 2003



