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Abstract Neuropeptide Y (NPY) is known to be asso-
ciated with the adrenergic system. The relationship
among the late micturition disorders following acute
urinary distension, the adrenergic system and NPY was
investigated. A total of 90 rats were included in the study
of which 30 acted as the control group. Acute urinary
distension was created in 60 rats. The NPY concentra-
tion within their bladders was assessed by the use of
radioimmunoassay (RIA) at 3 h after distension and
subsequently on days 2, 7 and 21, then the third and
sixth months. The NPY concentrations assessed in the
third and sixth months were compared with the control
group in the same age group. By means of the RIA
method, a substantial decline of NPY concentration was
observed at 2 days after distension, while the concen-
tration started to increase after day 7 (P=0.003). This
increase continued until the twenty first day (P=0.004).
However, a significant decline was maintained when
compared to the concentration before distension. In the
third and sixth months, a significant decline were ob-
served in the NPY concentration in comparison to the
control group (P=0.004 and P=0.005, respectively).
Early and late micturition disorders experienced after
acute urinary distension may be the result of adrenergic
denervation which may be related to NPY.
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Introduction

Early micturition disorders following urinary distension
have been attributed to an increased muscarinic receptor
response to humoral stimulation, due to denervation
caused by distension. Neurotransmitters such as neuro-
peptide Y (NPY) may play an important role in this
process. In addition, NPY concentration changes in se-
vere bladder dysfunction pathologies [13, 19, 27].

Recent studies have indicated that NPY, as part of the
peptidergic system, which is also apart of the nonadren-
ergic noncholinergic nervous system, can be intensively
observed within the bladder by use of immunohisto-
chemical methods [14, 31]. NPY was found localized
around the adrenergic receptors and shown to produce its
effect on the adrenergic receptors [10, 21, 23, 24].

NPY has also been observed in the human prostate,
urethra, seminal vesicles and vas deferens [5, 16, 18].
However, its function in the suburogenital system is not
yet clear, and there are contradictory findings in the
studies carried out recently on this subject [1, 4, 7, 8, 32].

Following an acute distension period, early micturi-
tion disorders are usually observed. Despite the fact that
NPY is basically related to early symptoms, an abnor-
mal concentration 3 weeks after distension implies that
it may also play a role in the occurrence of late symp-
toms. In this study, NPY concentration at the early and
late periods following bladder distension was determined
and its association with the micturition disorders
investigated.

Materials and methods

During the study, 12-week-old female Sprague-Dawley
rats weighting 200–250 g were used. Nine separate cages
were prepared and ten rats were put into each cage. All
ten rats put into the first seven cages survived over the
planned period. However, due to the known high risk of
mortality over longer periods, 20 rats were included in
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both the 3 and 6 month groups. Fifteen of the rats in the
third month and twelve in the sixth month survived. Ten
rats from both of these groups were selected to be used
in the study, giving equal group sizes throughout. The
rats were provided with standard milk, fodder pellet and
tap water. Rats were kept under a 12-h light 12-h dark
cycle. They were randomly divided into the nine groups.

Ketamine anesthesia (35 mg/kg) was applied through
intra-peritoneal injection. The bladder was catheterized
with a Fogarty embolectomy catheter (3 F), the balloon
filled with 0.05 ml water and then pulled into the bladder
neck. The rats were given furosemide, 12 mg/kg body
weight intramuscularly, and 4 ml Ringer solution
intraperitoneally to induce maximum bladder distension
for 3 h. Infection prophylaxis was achieved with an
injection of cefuroxime, 30 mg/kg per body weight.
After distension for 3 h, the bladders were emptied and
the rats were allowed to recover. Buprenorfine was given
subcutaneously at 0.1 mg/kg body weight when the
animals appeared to be in pain. They were then watched
carefully to check bladder emptying.

The rats were killed after 3 h, on days 2, 7 or 27, or at
the third and sixth months after distension. A further 30
adult female rats matched in age and weight with those
subjected to bladder distension were used as controls
to avoid the possible differences in innervation due to
maturation and environmental factors. There were no
age or weight differences between the 12-week-old,
healthy rats and the rats in the experimental groups.
Thus, 12-week-old rats were used as the control group
for these groups (control 1). However, for the rats which
were evaluated in the third and the sixth months, two
different control groups were formed with matched age
and weight (control 2, control 3).

Whole-thickness biopsies (including all layers of the
bladder) were taken from the wall of the dome and ante-
rior body. These were then examined by radioimmuno-
assay (RIA). Tissue for RIA was extracted by boiling in
0.5 M acetic acid (10% weight/volume) for 10 min.
Aliquots (10 ll and 1 ll) of these extracts were then as-
sayed in duplicate for NPY using antiserum YN 1. NPY-
immunoreactivitywas characterised by reserve phase high
performance liquid chromatography (HPLC) using a
C-18 l Bondapak Column (Waters Associates) eluted
with acetonitrile in water containing 0.2% trifluoroacatic
acid. A linear gradient from 35 to 45% acetonitrile over

10 minwas employed at aflow rate of 2 ml/min. Fractions
of 1 ml were collected and subsequently assayed.

Results are expressed as pmol/g wet weight and val-
ues represent means±SD. Statistical analyses were
performed by determining the significance of the differ-
ence among the periods by means of the matched-pairs
t-test, when one-way analysis of variance with repeated
measures for each variable and the difference between
periods were found to be significant.

This study was approved by the local ethics com-
mittee.

Results

No significant difference between NPY concentrations
was observed in the wall of the dome and anterior body
in the total study period (P=0.789).

At 3 h after distension, the NPY concentration did
not manifest any significant difference when compared
to the control 1 group (P=0.598). A clear decline was
observed in the concentration 2 days later (P=0.001).

At 7 days after distension, the decline in the NPY
concentration was significant compared to control 1
(P=0.003). A decline in the concentration was also
significant compared to control 1on day 21 (P=0.004).

NPY concentration was lower when compared to
control 2 and control 3 in the third and sixth months
(P=0.004, P=0.005, respectively). All values are sum-
marized in Table 1.

There were significant declines in comparison with
control 1 on days 2, 7 and 21 following distension. NPY
concentration evidently declined 2 days after distension
and increased from day 7 to day 21 following distension.
However, the concentration observed on day 21 was rel-
atively lower when compared to control 1. NPY concen-
trations observed in the third and sixth months were close
to that of day 21, and there was no significant difference.
However, the significant decline in the concentrations
when compared to the control group was still present.

Discussion

Clinical observations have provided some information
on the late stage of bladder distension in general. It has

Table 1 Mean value of NPY
concentration on the wall of the
dome and anterior body

The wall of dome Anterior body P
Mean±SD (pmol/g) Mean±SD) (pmol/g)

Control 1 21.83±2.24 20.56±2.18
3 h after obstruction 21.34±2.08 20.27±2.09 0.598
2 days after obstruction 12.01±1.29 11.98±1.32 0.001
7 days after obstruction 14.27±1.34 14.00±1.30 0.003
21 days after obstruction 14.98±1.22 14.57±1.28 0.004
Control 2 22.04±2.31 21.95±2.30
3 months after obstruction 15.33±1.27 15.27±1.25 0.004
Control 3 21.96±2.32 21.75±2.27
6 months after obstruction 16.01±1.13 15.89±1.10 0.005
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also been possible to conduct research on the physio-
logical and morphological changes taking place as from
the early period of distension using animal models [3, 20,
30]. The situation defined in animal models probably
develops as a slower and longer process in humans.
Research was carried out to define whether the changes
occurring after the elimination of distension relapse or
not. A prominent functional consequence of the bladder
response to distension is over-activity. It is still contro-
versial whether detrusor over-activity is a response of
smooth muscle to distension or a result of the altered
viscoelastic characteristics of the bladder wall. In vari-
ous studies, it is stated that the over-activity develops
due to the increased response of muscarinic receptors to
the humoral stimulation because of partial denervation
[14, 25, 30]. Such an increased stimulation may be re-
lated to cholinergic or adrenergic agents such as NPY,
somatostatin, vasoactive intestinal polypeptide (VIP) or
substance P (SP) [9, 11, 19]. In fact, this situation is a
result of denervation supersensitivity. Elimination of
over-activity by surgery applied to the bladder outlet is
an important finding.

The existence of NPY, one of the peptides comprising
the peptidergic component of the autonomous nervous
system, in the human urethra, bladder, prostate, seminal
vesicles and peripheral nerve fibers innervating the vas
deferens, was determined using immunohistochemical
methods [5, 16, 18].

NPY is comprised of 36 amino acids and is regarded
as a cotransmitter of the sympathetic nervous system. It
is unlikely that NPY functions as a neuromuscular
transmitter in the urinary bladder [12]. In the rat blad-
der, it does have an excitatory action, causing an in-
crease in the amplitude of irregular phasic contractions
and increasing the tone; whether or not this represents a
physiological process remains to be determined [2, 15].
More probably, NPY functions as a neuromodulator. In
the rat detrusor, NPY inhibits cholinergic excitation, but
in the rat urethra it inhibits adrenergic excitation [28,
29]. In the detrusor muscle of the guinea-pig’s urinary
bladder, it causes a prejunctional inhibition of puriner-
gic transmission, and in the rabbit urethra it causes a
prejunctional inhibitor of cholinergic transmission [22].

In human organs, NPY binding sites have been
localized autoradiographically on smooth muscle cells of
the bladder neck and urethra, and in both of these re-
gions there is a dense NPY innervation, but a physio-
logical role is yet to be determined [17].

Changes in the concentration and spread of NPY
have been investigated in clinical and experimental
studies. When an increase in NPY concentration was
observed in bladder neck dyssynergia in the smooth
muscle and the bladder base, there was a small decline in
NPY concentration in the sub-motor lesions [6]. There
was an increase in NPY concentration accompanying
the increase in bladder sympathetic activation in inter-
stitial cystitis [13]. It has also been reported that there
was a decline in the total level and spread, together with
VIP, calcitonine gene related peptide and SP, as regards

obstructed bladders. Since NPYs close relationship with
the adrenergic system has been identified, the relation-
ship between early micturition disorders resulting from
distension and this peptide has been widely studied [19.

Catecholamine depletion observed after distension
starts at the tenth hour and reaches its maximum level
on the second day. Keeping its high level until days 5–6,
it returns to a normal level on day 21. NPY spread at
bladder after distension declines on the second day and
turns back to basic levels on day 21. Such a decline
probably depends on temporary adrenergic hypoinner-
vation [4, 14]

Some patients experience micturition disorders fol-
lowing distension even at the late period. This implies
that such problems may also be associated with the
adrenergic system and NPY [19]. To understand the
period required for adrenergic denervation, it is neces-
sary to carry out studies on NPY at the later stages after
distension. In our study, NPY concentrations were
determined in adult female rat bladder after distension
on days 2, 7, 21 and in the third and sixth months. NPY
concentration showed a decline on day 2 and started to
increase on day 7. This increase continued until day 21.
However, it never reached basal levels. No change of
NPY concentration was observed in the third and sixth
months when compared to day 21, i.e. the concentration
had not reached the level of pre-distension by the sixth
month. This implies that adrenergic denervation still
exists.

We concluded that micturition disorders continuing
at the later stages following acute urinary distension
may be associated with NPY and thus with the adren-
ergic system.

References

1. Allen JM, Rodrigo J, Kerle DJ, Darey K, Williams G, Polak
JM, Bloom SR (1990) Neuropeptide Y (NPY)-containing
nerves in mammalian ureter. Urology 35: 81

2. Allen JM, Yeats JC, BlankMA,McGregorGP, Gu J, Polak JM,
Bloom SR (1985) Effect of 6-hydroxydopamine on neuropep-
tides in the rat female genitourinary tract. Peptides 6: 1213

3. Andersson KE (1999) Changes in bladder tone during filling:
pharmacological aspect. Scand J Urol Nephrol Suppl 201: 67

4. Chapple CR, Milner P, Moss HE, Burnstock G (1992) Loss of
neuropeptides in the obstructed human bladder. Br J Urol 70:
373

5. CroweR, Chapple CR, BurnstockG (1991) The human prostate
gland: a histochemical and immunohistochemical study of neu-
ropeptides, serotonine, dopamine b-hydroxilase and acetlycho-
linesterase in autonomic nerves and ganglia. Br J Urol 68: 53

6. Crowe R, Noble J, Robson T, Soediono P, Milroy EJG,
Burnstock G (1995) An increase of neuropeptide Y but not
nitric oxide synthase-immunoreactive nerves in the bladder
neck from male patients with bladder neck dyssynergia. J Urol
154: 1231

7. Davis B, Boepel M, Bein S, Chess-Williams R, Chapple CR,
Michel MC (2000) Lack of neuropeptide Y receptor detection
in human bladder and prostate. Br J Urol 85: 918

8. Dixon JS, Jen PYP, Gosling JA (1997) A double-label immu-
nohistochemical study of intramural ganglia from the human
male urinary bladder neck. J Anat 190: 125

59



9. Edyvane KA, Smet PJ, Jonavicius J, Marshall VR (1995)
Regional differences in the innervation of the human uretero-
vesical junction by tyrosine hydroxylase-, vasoactive intestinal
peptide- and neuropeptide Y-like immunoreactive nerves.
J Urol 154: 262

10. EkbladE, EdvinssonL,Wahlestedt C,UddmanR,HakansonR,
Sundler F (1984) Neuropeptide Y co-exists and co-operates with
noradrenaline in perivascular nevre fibers. Regul Pept 8: 215

11. Erol K, Ulak G, Donmez T, Cingi MI, Alpan RS, Ozdemir M
(1992) Effects of vasoactive intestinal polypeptide on isolated
rat urinary bladder smooth muscle. Urol Int 49: 151

12. Gu J, Blank MA, Huang WM, Islam KN, McGregor GP,
Christofides N, Allen JM, Bloom SR, Polak JM (1984) Peptide-
containing nerves in urinary bladder. Urology 24: 353

13. HohenfellnerM, Nunes L, Schmidt RA, Lampel A, Thüroff JW,
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