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Systemic capsaicin treatment impairs the micturition

reflexin the rat
Ulrike Holzer-Petsche & Fred Lembeck

Department of Experimental and Clinical Pharmacology, University of Graz, A-8010 Graz, Austria

1 Filling the urinary bladder via a urethral cannula and preventing its voiding in anaesthetized rats
led to rhythmic contractions of the detrusor muscle, which lasted for more than 1 h. This rhythmic
activity ceased about 30 min after a s.c. injection of 50 mg kg ~! capsaicin. The contractile response of
the detrusor to topically applied capsaicin was lost after systemic administration of the toxin,
whereas no change in the sensitivity to acetylcholine was observed.

2 Urinary bladders of normal rats had a capacity of about 1 ml. Bladders of rats treated with
capsaicin as neonates held a volume of more than 5 ml without contracting. Such bladders were
insensitive to topically applied capsaicin but they contracted to acetylcholine as strongly as the
bladders of control rats.

3 During an observation period of 3 days control rats gained weight at night and lost weight by day.
Rats treated with capsaicin as neonates showed little fluctuation in body weight. Such rats hardly
excreted any urine by day although at night they excreted as much as controls.

4 A water load of 5ml 100 g~! was excreted by control rats within 3 h. Rats treated with capsaicin
as neonates excreted only half as much. In addition, 50% of the water load was excreted far later by
capsaicin treated rats than by controls. Few changes were observed in rats treated with capsaicin as
adults.

§ It is concluded that all primary afferent fibres mediating the sensation of a full bladder are

capsaicin-sensitive. An additional effect of capsaicin on renal mechanisms cannot be excluded.

Introduction

The vanillylamide derivative capsaicin is now widely
used as a toxin for sensory neurones. Acute administ-
ration of capsaicin excites and later desensitizes small
diameter afferent fibres, whereas systemic administ-
ration to newborn rats leads to degeneration of such
neurones. Some of the affected neurones contain
substance P (see Nagy, 1982). Also visceral afferents,
running e.g. in the vagus or splanchnic nerves, com-
prise a population of capsaicin-sensitive fibres (Col-
eridge et al, 1965; Lembeck & Skofitsch, 1982;
Lundberg et al., 1983; Sharkey et al., 1983). It has
been shown that in rats treated with capsaicin as
neonates the substance P content of the urinary
bladder was reduced by 84% (Holzer et al., 1982).
Furthermore about half of the afferent fibres and
practically all substance P-immunoreactive ones
were lost from the bladders of rats after neonatal
capsaicin treatment; in such rats the urine volume in
the bladder and the wet weight of the empty bladders
at autopsy were significantly greater than in controls
(Sharkey et al., 1983).

The aim of the present study was to investigate the

role of capsaicin-sensitive neurones in bladder func-
tion in vivo. In particular, the effect of capsaicin on
the micturition reflex was studied. This was done by
examining the bladder contractions in response to
bladder filling, and also spontaneous diuresis and the
time course of diuresis after water loading in rats
pretreated with capsaicin.

Methods

Animals

Male Sprague-Dawley rats (strain OFA-SD,
Forschungsinstitut fiir Versuchstierzucht, Himberg,
Austria) were used in all experiments. They were

housed under a 12h light-dark cycle and had free
access to laboratory chow and tap water.

Capsaicin treatment

Some of the rats used had been treated with capsaicin
(Sigma; 50 mgkg~! subcutaneously (s.c.); S mgml~!
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in 5% ethanol, 5% Tween 80 in saline) on the 2nd
day of life. Rats treated as adults received
125mgkg! s.c. divided into three doses: 25 and
50 mgkg~! on the 1st and 50 mgkg~! on the 2nd day.
In this instance, a 20 mg ml~! solution was used (with
20% ethanol, 10% Tween 80 in saline). In each case
control rats were injected with the respective sol-
vents. All injections were performed under ether
anaesthesia. Rats treated as neonates were used at an
age of 2-6 months, those treated as adults 4 or 7 days
after the last dose of capsaicin. In order to test for the
effectiveness of the treatment a wiping test was per-
formed before the experiments. A drop of a
100 ugml~! capsaicin solution was instilled into one
eye of the rats and the protective wiping movements
were counted (Gamse et al., 1981).

Micturition reflex

Rats weighing 300-400g were anaesthetized with
urethane (1.2gkg™! i.p.). The right carotid artery
was cannulated for blood pressure monitoring. The
abdomen was opened by a midline incision and a
polyethylene catheter (i.d.: 1.4 mm, o.d.: 1.9 mm)
inserted into the urinary bladder via the urethra as
described by Maggi & Meli (1982). By means of a
Y-shaped adapter the catheter was connected to a
syringe and to a Statham pressure transducer. The
whole system was filled with 0.9% w/v NaCl solution
(saline) kept at 37°C. The abdomen was covered with
cotton wool swabs soaked in warm saline.

After astabilizing period of 10 min the bladder was
rapidly filled with 0.5 ml saline. In the experiments
designed to evaluate the total capacity of the bladder
the volume was increased by 0.5 ml every 10 min up
to a total volume of 2.5 ml in controls and 5 ml in rats
treated with capsaicin as neonates (6 ml in one rat).
Pressure changes due to isometric contractions of the
detrusor muscle were recorded by a Watanabe
Linearcorder. At the end of each experiment the
actual volume contained in the bladder was meas-
ured. Then the bladders were excised, blotted and
weighed.

In another set of experiments with untreated rats
the bladders were filled with 0.5ml of saline and
observed for 10 min. If by then no rhythmic contrac-
tions of the detrusor had developed, the volume was
increased in steps of 0.25ml up to a maximum of
1ml. Under these conditions regular contractions
were observed in 78% of bladders. At the lowest
filling volume at which rhythmic activity with an
amplitude of more than 1 kPa occurred the bladders
were left to equilibrate for 15 min. Then, 50 mgkg~!
capsaicin or the corresponding volume of solvent was
injected s.c. The activity of the bladder was moni-
tored for a further 60 min. Then the bladders were
challenged with 400ul topically applied ACh

(acetylcholine-Cl, Sigma, 100 pgml~') or capsaicin
(150 ugml~?, 1:133 diluted from the solution used
for the s.c. injection). This method (see Maggi &
Meli, 1982) yielded reproducible bladder contrac-
tions to ACh without having any appreciable sys-
temic effects. In each preparation capsaicin was ap-
plied only once in order to avoid desensitization. In 3
such experiments propranolol (propranolol-HCI,
ICI, 0.3mgkg™!) was administered intravenously
10 min after capsaicin.

As it often took up to 5 min until stable rhythmic
contractions of the detrusor muscle developed on
filling the bladder, frequency and amplitude of con-
tractions were evaluated between 5 and 10 min after
increasing the bladder volume; in the experiments in
which acute s.c. capsaicin was administered, control
values were taken from the last 5 min before injec-
tion, i.e. 10-15min after increasing the bladder
volume.

Diuresis

Spontaneous diuresis To test spontaneous urine ex-
cretion, 6 solvent-treated rats and 6 rats treated with
capsaicin as neonates were put into metabolism cages
after having established the effectiveness of the cap-
saicin treatment by the wiping test (Gamse et al.,
1981). The weight of the rats, their water and food
intake as well as urine excretion and defaecation
were observed for 3 days divided into periods from
19h00min-06 h00Omin  (night) and from
07 h 00 min—18 h 00 min (day). Every 12thh was al-
lowed for weighing the rats and measuring their
intake and excretion. For each rat the 3 values of the
night and day periods were averaged and the mean
for each group calculated.

Diuresis after water loading The diuresis test was
based on the method described by Dicker & Gins-
burg (1950). Rats weighing 180-220 g were fasted
for 18 h and deprived of water during the last hour
before the experiment. The rats were made to empty
their bladders by stressing them by means of abrupt
handling and by manual pressure on the abdomen.
Under ether anaesthesia the rats were fed warm tap
water (5ml1100g~! body weight) by stomach tube
and put into metabolism cages. These experiments
always started at approximately 09h00 min. The
urine was collected in graded cylinders and the vol-
ume recorded at 15 min intervals for 3h. At the end
of the experiment the bladders were emptied again
and the total amount of urine produced was expres-
sed as % of water administered. As the rats treated
with capsaicin as neonates did not completely empty
their bladders, they were killed after the experiment
by a blow on the neck. The volume of the residual
urine was measured and included in the volume of
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Figure 1 Recording of blood pressure (a) and bladder contractions (b) from 40 to 61 min after an injection of
capsaicin 50mgkg~" s.c. Bladder contractions become irregular and cease simultaneously with a rise in blood

pressure.

urine produced. In addition, the time point at which a
volume of urine corresponding to 50% of the water
had been excreted (i.e. expelled by the bladder) was
calculated.

Statistics

Values are expressed as x*s.e.mean. Statistical
evaluation was performed using Student’s ¢ test.

Results
Micturition reflex

These experiments were carried out with rats that
exhibited a regular contractile activity of the bladder
on filling with 0.5-1 ml saline. In 6 rats injected with
solvent these rhythmic bladder contractions were
observed up to at least 60 min, except in one where
they ceased after 54 min. The blood pressure re-
mained stable throughout the experiments. The con-

tractile activity was, however, abolished 33+ S min
(n = 8) after a s.c. injection of 50 mgkg~! capsaicin
(Figure 1, Table 1). In 6 of the 8 rats the activity
became irregular before it eventually stopped. The
cessation of rhythmic contractions coincided with a
slow rise in blood pressure by 7.4+ 0.9kPa. Ad-
ministration of propranolol 10 min after capsaicin
(n = 3) did not change this pattern.

Sixty min after the s.c. injection of capsaicin or
solvent both sets of rats responded equally well to the
topical application of ACh (100 pgml~'). This con-
centration evoked contractions 75% of the maximal
response to ACh. Topical application of capsaicin
(150 pg ml~1), which in controls elicited contractions
almost as high as did ACh (100 ugml~!) (Tables 1
and 2), led to a slight contraction of 1 kPa only in one
of the capsaicin-injected rats (Table 1).

The bladders of the 8 solvent-treated control rats
had a capacity of 1.2+ 0.1 ml. Every additional vol-
ume of saline injected through the urethral cannula
was expelled alongside the catheter. In contrast,
bladders of rats treated with capsaicin as neonates

Table1 Effect of an injection of capsaicin (50 mg kg~ ! s.c.) or solvent on rhythmic bladder contractions induced by

filling with 0.5—1 ml saline

Control period:

Amplitude (kPa)

Frequency (contractions min— ')
Duration of rhythmic bladder activity
(min after injection)

Contraction to topical ACh (kPa)
Contraction to topical capsaicin (kPa)

*P<0.01, **P<0.002, vs. controls.

Controls Capsaicin
(n=6) (n=28)
3.0+0.6 3.6+0.6
1.3+0.2 2.1+0.4
>59 33+ 5%
3.2%0.5 3.0+0.3
2.0+0.6 0.13+0.13*
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Table 2 Characteristics of bladders in rats treated with capsaicin as neonates compared with controls

Bladder weight (mg)

Total capacity (ml)

Maximal amplitude of bladder
contraction (kPa)

Contraction to topical ACh (kPa)

Contraction to topical capsaicin (kPa)

*P<0.02, **P<<0.001, vs. controls.

held a volume of at least 5ml without contracting
(Table 2). Only one of 7 rats showed bladder contrac-
tions of 1.5 kPa at a volume of 5 ml. In addition, an
increased wet weight of the bladders was observed in
the capsaicin-treated rats (Table 2).

The bladders of capsaicin-treated rats were hardly
affected by topical application of capsaicin (Table 2),
whereas they were equally sensitive, as the bladders
of controls to topically applied ACh.

Diuresis

Spontaneous diuresis The two groups of rats used in
this experiment were of the same age and initial
weight, i.e. the 6 control rats weighed 377+ 11 g, the
6 capsaicin-treated rats 377+9g. The capsaicin
treatment was shown to have been effective, as the
treated rats wiped S £ 2 times compared with a value
of 19+ 2 in controls (P<0.01).

Controls Capsaicin
(n=8) (n=7)
80+3 221+24**
1.2+0.1 >5.0**
3.0+04 0.2+0.2**
3.2+04 3.0+0.6
(n=6)

2.7%£0.6 <0.5*
(n=4)

Control rats markedly gained weight during the
night and lost weight during the day (Figure 2). Only
minor fluctuations were observed in capsaicin-
treated rats. Water and food intake were higher at
night, the period of higher activity, than during the
day and did not differ between capsaicin-treated and
control rats. Whereas in controls the same volume of
urine was excreted by day as at night, capsaicin-
treated rats excreted significantly less urine than
controls by day although at night there was only a
small, non-significant difference (Figure 2). No dif-
ferences were observed in defaecation.

Diuresis after water loading Rats treated with cap-
saicin as neonates or as adults 7 days before the
experiment were completely desensitized to acute
application of capsaicin as indicated by the wiping
test (Table 3). The 7 rats which had been treated as
adults 4 days before the experiment wiped 42

Changes in Water intake  Food intake Urine Faeces
body weight ~ ml g ml g
[
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Figure 2 Metabolism of 6 solvent-treated rats (open columns) and 6 rats treated with capsaicin as neonates
(hatched columns) during an observation period of 3 days. Vertical lines show s.e.mean. N: 11 hour night period; D:
11 hour day period (for details see Methods). *P<<0.01, **P<<0.001, vs. controls.
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Table 3 Extent of desensitization and urine excretion in capsaicin-treated and control rats after water loading

Controls
(n=14)
Total urine produced within 3 h 100+2
(% of water fed)
Time (min) after which 8313
50% of the water was excreted
spontaneously
Number of wipings 23+2

Capsaicin as Capsaicin as Capsaicin as
neonates adults (4 days) adults (7 days)
(n=5) (n=7) (n=6)
57+8%** 93+3* 92+4
>170*** 92+3* 105+ 6**
(>180in4
rats, 131 in
1rat)
0t0*** 420 0.3+£0.2%**

4 days and 7 days, number of days after treatment before experiment.

*P<0.05,**P<<0.002, ***P<<0.001 vs. controls.

times, but this value was also significantly
(P<<0.001) different from that of the controls.

Control rats (solvent-treated as neonates or as
adults) excreted 50% of the water load fed by
stomach tube within 83 + 3 min (n = 14); the volume
of urine produced by 3 h corresponded to 100 +2%
of the water fed (Table 3). In rats treated with
capsaicin as neonates the volume of urine corres-
ponded to 57+ 8% (n =5) of the water intake, and
only one rat had excreted 50% of the water spon-
taneously before the 3h period had elapsed (at
131 min).

Only minor changes in urine excretion were ob-
served in rats treated with capsaicin (125 mgkg™!
s.c.) as adults 4 or 7 days before the experiment
(Table 3).

Discussion
Micturition reflex

Barrington (1931) described six reflexes as constitut-
ing the act of micturition, the most important of
which is a contraction of the detrusor muscle evoked
by distending the bladder. It is a polysynaptic reflex,
the afferents and efferents running in the pelvic
nerves, the centre lying in the pons (Kuru, 1965). The
other five reflexes involve the urethra and are there-
fore not relevant in the present experimental setup.
Increasing the bladder volume stimulates tension
receptors in the bladder wall (Iggo, 1955). If voiding
of the bladder is prevented, rhythmic bladder con-
tractions develop, a discharge of parasympathetic
neurones in the pelvic nerves preceding each contrac-
tion (de Groat & Ryall, 1969).

In the rat dorsal root ganglion cells labelled by
injection of horseradish peroxidase into the bladder
wall are small ganglion cells (Applebaum et al.,
1980). Therefore, most bladder afferents must have
small myelinated or unmyelinated axons. Tento 16%

of the dorsal root ganglion cells labelled by True Blue
injection into the bladder wall also stained for sub-
stance P immunoreactivity (Sharkey et al.,, 1983).
The target neurones of capsaicin’s toxicity belong to
this class of ganglion cells (Jancs6 et al., 1977; Nagy et
al., 1981). Therefore, capsaicin probably damages
the first afferent neurone of the micturition reflex.
The completeness of the blockade would also imply
that all fibres arising from tension receptors in the
bladder wall are capsaicin-sensitive.

Systemic injection of capsaicin completely
abolished the rhythmic contractions constituting the
efferent part of the micturition reflex after a mean
time of 33 min. Capsaicin is well absorbed after s.c.
administration, the peak concentration in nervous
tissue being reached approximately 30 min afteras.c.
injection of 50 mgkg~! (Saria et al., 1982). The
finding that cutaneous plasma extravasation induced
by local application of mustard oil was almost
abolished 30 min after s.c. capsaicin injection (Lem-
beck & Donnerer, 1981) also corresponds with the
latency of capsaicin’s action observed in the present
experiments.

If the rise in blood pressure observed while the
bladder contractions were ceasing reflected an in-
creased sympathetic activity, this might inhibit blad-
der contractions by stimulation of B-adrenoceptors
(deGroat & Saum, 1972). This could, however, be
excluded, as the injection of propranolol neither
influenced the rise in blood pressure nor prevented
the cessation of rhythmic bladder contractions.
Moreover, the pressor effects of capsaicin have al-
ready been shown to be mediated by neither sym-
pathetic nor parasympathetic mechanisms but to be
caused by a direct action of capsaicin on peripheral
blood vessels (Toda et al., 1972; Donnerer & Lem-
beck, 1982).

The irregular bladder contractions preceding the
complete cessation are not yet understood. They
might represent the efferent response to a desyn-
chronization of the afferent input which may be
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caused by different fibres not being blocked at exact-
ly the same time. On the other hand they might be the
direct consequence of a transmitter release, probably
of substance P, from the peripheral endings. This
latter proposal would be in accord with the action of
capsaicin on the gut (Barth6 et al., 1982). The re-
leased substance P is able to contract directly the
detrusor muscle (Sjogren et al., 1982). This mechan-
ism may also be responsible for the bladder contrac-
tions seen after topical application of capsaicin.

It is unlikely, however, that capsaicin-sensitive
neurones are involved in the efferent part of the
micturition reflex or are responsible for the atropine-
resistant bladder contractions, as Sharkey et al
(1983) demonstrated that the bladders of capsaicin-
treated and control rats responded equally well to
electrical field stimulation in the presence of at-
ropine. The systemic injection of capsaicin did not
affect the contractility of the detrusor muscle, as it
contracted to topically applied ACh as well as in
controls (Tables 1 and 2).

After neonatal capsaicin treatment of rats more
than half of the bladder afferents degenerate, among
which are all the substance P-containing fibres (Shar-
key et al., 1983). In rats so pretreated the pattern of
bladder disturbance resembles the clinical syndrome
of an atonic neurogenic bladder (Herbut, 1952),
which can be observed in neurological diseases af-
fecting sensory nerves (as e.g. tabes dorsalis). Cys-
tometric investigations in patients yielded no con-
tractions of the bladder either during filling or when
the bladder was full to capacity (Herbut, 1952). After
sectioning of the sacral dorsal roots in cats a pro-
longed overdistension of the bladder occurs due to a
lack of sensation, followed by atony with great vol-
umes of residual urine and overflow (Barrington,
1914).

Diuresis

The pattern of spontaneous urine excretion in
capsaicin-treated rats corresponds with their inability
to sense the fullness of the bladder. It has not been
investigated what stimuli remain to elicit a contrac-
tion of the detrusor, but probably psychic stimuli as
well as external pressure on the abdomen still lead to
emptying of the bladder. These stimuli may occur
more often during the night, the activity period of the
rat, than during the day. Therefore, a sufficient emp-
tying of the bladder may be obtained at night, but not
in the daytime, when the rat is quiet and asleep most
of the time. The observation that, by day, capsaicin-
treated rats lose less weight than controls corres-
ponds with the observed pattern of urine excretion, if
this fact is interpreted as simple retention of urine.
As, however, the intake of water and food and the
weight of the faeces do not differ significantly be-

tween the two groups of rats, the difference in weight
gain at night cannot satisfactorily be explained.

Fifty % of a water load was excreted far later in rats
treated with capsaicin as neonates than in controls.
This may be taken as an additional indication of the
atony and increased capacity of their bladders. How-
ever, it was also noted that a smaller amount of urine
was produced in such rats during the experimental
period. This cannot be attributed to the impairment
of micturition but, seems to reflect a disturbance of
renal function. In the light of these findings the
reduced volume of urine passed spontaneously dur-
ing the day could also be caused by a decrease in urine
production by the kidney.

In the guinea-pig kidney a few substance P-
immunoreactive fibres were demonstrated close to
tubuli (Alm et al,, 1978) and along blood vessels
(Hokfelt et al,, 1978). Although in the rat similar
observations have not yet been made, in this species
too substance P has been found to be a very potent
natriuretic and diuretic agent (Arendshorst et al.,
1976; Kramer et al., 1983). It is tempting to speculate
that capsaicin-sensitive substance P fibres in the kid-
ney might play a physiological role in influencing
renal plasma flow and tubular function.

In rats treated with capsaicin as adults the effect of
the toxin on diuresis after a water load was only
minor. Compared with the deficiencies occurring
after neonatal capsaicin treatment, other sensory
functions are less noticeably impaired and/or re-
cover within a few days after treatment of adults, as
e.g. the reaction times in the tail withdrawal and hot
plate tests (Gamse, 1982). This correlates with the
observation of only slight morphological changes in
afferent neurones of rats treated with capsaicin as
adults (Jo6 et al., 1969), whereas after neonatal
treatment up to 95% of the unmyelinated primary
afferent fibres from lumbar dorsal roots degenerate
(Nagy et al., 1981). It, therefore, seems as if an
almost complete degeneration of peptidergic small
diameter afferents is necessary for disturbances in
urinary excretion to become manifest.

The authors thank Mr W. Schluet for preparing the draw-
ings and Ms 1. Freiberger for typing the manuscript. The
work was supported by the Austrian Scientific Research
Funds and the Austrian Academy of Sciences.
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