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Summary. Capsaicin-induced stimulation and desen- 
sitization of neuropeptide release from primary afferent 
neurons was investigated in the rat urinary bladder in- 
vitro. The capsaicin (5 min contact time)-evoked release 
of calcitonin gene-related peptide-like immunoreactivity 
(CGRP-IR) was dose-dependent; threshold to produce 
detectable release was 0.1 I~mol/1, the ECs0 was 0.17 
pmol/1. 

Pre-exposure of tissues to capsaicin (0.1 -1 .0  t.tmol/1, 
5 min contact time) caused a dose-dependent reduction 
of the amount of CGRP-IR which was released by a 
second exposure to capsaicin. At 0.1 and 0.3 gmol/1, 
capsaicin was less effective to inhibit the subsequent K +- 
evoked release than that evoked by a second capsaicin 
exposure. Pre-exposure to 1 gmol/1 capsaicin completely 
prevented subsequent K +- or capsaicin-evoked release of 
CGRP-IR. 

Exposure of the preparation to capsaicin (0.3 t,mol/1) 
in a Ca 2 +-free, EDTA-containing medium did not prod- 
uce release of CGRP-IR. A subsequent stimulation with 
capsaicin in a 2.5 mmol/1 Ca2+-containing superfusion 
solution was not less effective to release CGRP-IR than 
in tissues which had not been pre-exposed to capsaicin. 

At 18°C, the capsaicin-evoked release of CGRP-IR 
was reduced to 20% of the value obtained by the same 
dose (0.3 Ilmol/1 for 5 min) of capsaicin at 37 ° C. 

Comparison of the desensitizing effect of 0.3 and 0.1 
btmol/1 capsaicin at 18°C and 37 ° C, respectively, showed 
significant inhibition of desensitization at 18 ° C. Inhi- 
bition of desensitization was also observed when the 
amount of CGRP-IR, which was released during pre- 
exposure to capsaicin (0.3 pmol/1 for 10 min) at 18°C, 
was 3-fold higher than that produced by pre-exposure to 
capsaicin (0.1 gmol/1 for 5 min) at 37 ° C. 

The present results show that in a narrow range of 
concentrations, capsaicin induces "selective" desensitiza- 
tion which is entirely dependent on the presence of exter- 
nal Ca 2 + - and which is attenuated at low temperature. 

Key words: Capsaicin - Primary afferents - De- 
sensitization - Temperature-dependency 

Introduction 

Capsaicin is regarded as a selective stimulant of primary 
afferent C/A-delta fibers (cf. Holzer 1988; Maggi and 
Meli 1988). The mode of action of capsaicin has been 
subject of a number of studies, the results of which indi- 
cate that on afferent neurons, capsaicin acts on a specific 
binding site (Szolcs/myi and J~mcso-G~tbor 1975; James et 
al, 1989; Szallasi and Blumberg 1989 a), activates cation 
conductances (Heyman and Rang 1985; Marsh et al. 
1987; Wood et al. 1988) and thus produces depolarization 
and neuropeptide release. In addition to this acute effect, 
capsaicin also is known to produce "desensitization" of 
primary afferent neurons (cf. Lembeck 1988; SzolcsAnyi 
1985). 

The initial stage of desensitization, which has been 
described as "sensory neuron blocking effect of 
capsaicin", develops immediately after capsaicin ex- 
posure (Szolcsfinyi 1985). In-vitro, this initial stage of 
desensitization has been investigated by, direct or in- 
direct, determination of evoked neuropeptide release 
from peripheral afferent terminals (Dray et al. 1989; 
Hfikanson et al. 1987; Maggi et al. 1989, 1990). 

It has been suggested that capsaiein produces a non- 
selective blockade of neuropeptide release from afferent 
terminals, either by exhaustion of releasable pools 
(Hfikanson et al. 1987), or by accumulation of intracellu- 
lar Ca 2+ (Maggi et al. 1989). On the other hand, recent 
reports suggest that non-selective blockade of afferent 
terminals only occurs when supramaximal concen- 
trations of capsaicin are used (Dray et al. 1989). At lower 
concentrations, desensitization seems to be selective for 
capsaicin-induced stimulation of mediator release (Dray 
et al. 1989). 

Another controversial point is the potency of 
capsaicin to desensitize as compared to its potency to 
stimulate afferent neurons. Dray et al. (1989) have shown 
that desensitization to capsaicin in the guinea-pig ureter 
in-vitro only occurs at doses which are considerably 
higher than those necessary to produce neuropeptide re- 
lease. On the other hand, Maggi et al. (1990) who used a 
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Table 1. Evoked release of CGRP-IR in the isolated rat urinary bladder 60 min after a 5-rain exposure to different concentrations of 
capsaicin. Number of experiments given in parenthesis. Mean ,+ SEM; * P < 0.05 compared to vehicle treatment 

Pre-exposure Release of CGRP-IR (±tool/g) induced 60 min later by 

Capsaicin (/.tmol/1) 60 mM K + 

0.03 0.1 0.3 1.0 

Vehicle -5 -+3 .9 (4)  .660 _+ 76(10) 2298 _+220(10) 
0.03 gM capsaicin - 593 ,+ 77 (4) - 
0.1 ~tM capsaicin - 128 ,+ 43 (4)* 1261 ,+ 250 (5)* 
0.3 ~tM capsaicin - 5.3,+ 7.3 (4)* 363 ,+ 31 (6)* 
1.0 gM capsaicin - - -0.8_+ 9.1 (4)* 

2574 _+_+ 157 (13) 602 _ 110 (8) 

- 556 _ 81 (5) 
- 245 + 50(4)* 

17.7,+ 17.3(4)* 10.1+ 5.4(4)* 

s imi lar  expe r imen ta l  p r o t o c o l  as D r a y  et al. (1989) in the 
ra t  u r i n a r y  b ladder ,  r e p o r t  t ha t  a dose  o f  capsaic in ,  which  
c o r r e s p o n d s  to a t h r e sho ld  dose  for  s t imu la t ion  o f  release,  
a l r e ady  p r o d u c e s  s ignif icant  desens i t iza t ion .  In  view o f  
r epor t s  on  the effect o f  t e m p e r a t u r e  on  exc i tab i l i ty  o f  
p r i m a r y  afferents  (Szolcs/myi  1977), a poss ib le  expla-  
na t i on  for  this  d i sc repancy  m a y  be tha t  in the  a b o v e  
m e n t i o n e d  studies  exper imen t s  were  ca r r i ed  ou t  a t  differ-  
en t  t e m p e r a t u r e s  ( D r a y  et al. : 22 ° C _ 2, M a g g i :  > 26 ° C). 

The  a im  o f  the  p resen t  s tudy  was to c o m p a r e  the  
po t e ncy  o f  capsa ic in  to evoke  n e u r o p e p t i d e  release and  
to induce  desens i t iza t ion ,  and  to de t e rmine  which  concen-  
t r a t ions  o f  capsa ic in  p r o d u c e  "select ive" desens i t iza t ion .  
A d d i t i o n a l  exper imen t s  were ca r r i ed  ou t  to eva lua te  the 
Ca z +- a n d  t e m p e r a t u r e - d e p e n d e n c y  o f  capsa i c in - induced  
desens i t iza t ion .  

To de t e rmine  the s t i m u l a t o r y  a n d  desens i t iz ing effect 
o f  capsaic in ,  the  evoked  release o f  C G R P - I R  f rom the 
i so la ted  ra t  u r i n a r y  b l a d d e r  was de te rmined ,  because  in 
this t issue C G R P  is nea r ly  exclusively s to red  in capsa ic in-  
sensit ive af ferent  neu rons  ( S u e t  al. 1986) a n d  is re leased  
by  capsa ic in  in a Ca  2 + -dependen t  m a n n e r  ( A m a n n  et al. 
1990). 

Methods 

Strips (85-100 mg wet weight) of the rat urinary bladder were 
placed in a chamber (1 ml) and super±used (0.6 ml/min) with gassed 
(95% 02, 5% CO2) physiological salt solution (NaC1 118, KC14.6, 
MgSO4 1.17, CaCI2 2.5, NaHzPO4 1./7, NaHCO3 25, glucose 10 
mmol/1) containing 1 mg/ml bovine serum albumin at 37°C or at 
18 ° C. The following experimental protocol was used: 

A) After an equilibration period of 20 min, capsaicin or vehicle 
(NaC1 containing 0.003% DMSO) was added to the super±us±on 
solution for 5 min. 60 min later, stimulation (5 min) was performed 
with capsaicin or K + (60 mmol/1, isotonically replacing NaC1). 
"Desensitization" was determined by comparison of the amount of 
stimulus-evoked CGRP-IR release in preparations which had not 
been exposed to capsaicin, to that evoked in tissues which had been 
exposed to capsaicin (0.03 - 1.0 gmol/t). 

B) For experiments with Ca 2 +-free solution, CaC12 was replaced 
by NaC1 and 1 mmol/1 ethylenediaminotetra-acetic acid (EDTA) 
was added to the solution. After an equilibration period of 20 rain, 
capsaicin was added to the superfusion solution for 5 min. 25 min 

later (30 min before second exposure to capsaicin), the super±us±on 
solution was replaced by a Ca 2 +-containing solution (composition 
see above). In control experiments, no capsaicin was added during 
the Ca 2 +-free super±us±on period. 

C) Temperature-dependency of desensitization was determined by 
comparing the amount of CGRP-IR released by the first exposure 
to capsaicin (37°C: 0.1 gmol/l; 18°C: 0.3 ~tmol/1) to that which was 
produced 60 min later by a second exposure to the same concen- 
tration of capsaicin. 

The perfusate was collected in 5-min fractions, the samples 
were lyophilized and then assayed for CGRP-IR using antiserum 
RAS 6009 N (Peninsula) raised against human CGRP. The 
crossreactivities are: rat-CGRP: 100%, rat calcitonin C-terminal 
adjacent peptide: <0.001%, calcitonin <0.001%, katacalcin: 
<0.001%, Arg-vasopressin: 0, oxytocin 0. (2-(1 125) iodohistidyl 
10) CGRP, human (Amersham, UK) was used as radioligand and 
synthetic human alpha-CGRP (Peninsula, Merseyside, UK) as stan- 
dard. Release was expressed as fmol CGRP-IR/g tissue released 
during a 5-min fraction. Total evoked release was calculated by 
subtracting basal value from the total release occurring in response 
to stimulation. The detection limit of the assay was 1.3 fmol/tube 
corresponding to 13-15 fmol/g tissue per 5-min fraction. 

For high pressure liquid chromatography (HPLC) analysis, 
samples were injected on a reversed-phase nucleosil C18 column 
(Waters). Elution was performed by a 85-rain gradient from 20% 
to 60% acetonitrile at a flow rate of 1.5 ml/min. The fractions were 
lyophilized and assayed for CGRP-1R as described above. 

Tissue content of CGRP-IR was determined in a separate set 
of experiments. Strips of the rat urinary bladder were super±used as 
described above. 60 rain after a 5-rain exposure to vehicle or 
capsaicin, bladder strips were homogenized in 2 N acetic acid. After 
centrifugation, the supernatant was lyophilized and assayed as de- 
scribed above. 

Materials and statistics. Capsaicin was obtained from Sigma (St. 
Louis, MO, USA). Stock solutions (30 mmol/1) were prepared in 
dimethylsulfoxide (DMSO) and diluted in physiological salt solu- 
tion to final concentrations. Values are expressed as mean ___ SEM. 
Unless stated otherwise, statistical significance was evaluated using 
one way analysis of variance and Newman-Keul's test. 

Results 

In  the super fusa te  o f  the  ra t  u r i n a r y  b ladder ,  basa l  efflux 
o f  C G R P - I R  (17 - -45  f m o l / g x  5-min) in con t ro l  p rep-  
a ra t ions  was close to  the  de tec t ion  l imit  o f  the assay.  This  
value  was no t  s ignif icant ly  c ha nge d  in a Ca  2 ÷-free, E D T A  
(1 mmol /1) -con ta in ing  super fus ion  so lu t ion ,  a t  18 ° C, n o r  
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Fig. 1. Efflux of CGRP-IR from the isolated rat urinary bladder. 
HPLC separation of CGRP-IR which was released by capsaicin. 
Detection limit of the assay indicated by horizontal arrow. Position 
of synthetic rat-CGRP (r-CGRP) as indicated 
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Fig. 2. Percent inhibition of the capsaicin (0.1 gmol/1) - or K + (60 
mmol/1)-evoked release of CGRP-IR 60 rain after exposure of the 
urinary bladder to different concentrations of capsaicin (given on 
the abscissa). In vehicle pre-exposed preparations, capsaicin 
(0.1 gmol/1) and K + (60 mmol/1) evoked the release of 660 +_ 76 
and 602 +_ 110 fmol/g, respectively (see Table 1). Mean _+ SEM; n 
as indicated in Table 1; * P < 0.05 as compared to corresponding 
inhibition of the capsaicin-evoked release 

Table 2. Tissue content (pmol/g) of CGRP-IR in the rat urinary 
bladder. Bladder strips were superfused according to protocol A, B 
and C (see methods), and CGRP-IR was determined 60 rain after 
exposure to vehicle (0.003% DMSO) or capsaicin. Mean _+ SEM; 
number of experiments in parenthesis 

Pre-exposure protocol CGRP-IR content 
(pmol/g) 

A (37°C) + vehicle 64.9 +4.9 (6) 
B (Ca 2 +-free) + vehicle 72.9 _+ 8.0 (5) 
C (18°C) + vehicle 63.9_+4.6 (4) 
A (37°C) + capsaicin (0.3 gmol/1) 56.8_+ 6.0 (4) 
A (37°C) + capsaicin (1.0 ttmol/1) 59.7_+ 6.7 (6) 

after different pre-exposure protocols. Therefore basal 
efflux of  C G R P - I R  is not likely to be caused by an active 
release process. 

In vehicle pre-exposed preparat ions (protocol A), ad- 
dition (5 min) of  capsaicin to the superfusion solution 
caused a dose-dependent release of  C G R P - I R  (Table 1). 
The threshold concentrat ion to produce significant re- 
lease of  C G R P - I R  was 0.1 gmol/1 capsaicin; the ECso 
was 0.17 gmol/1 (0 .056-0 .417 gmol/1, 95% confidence 
interval). A maximal  effect was reached at 1.0 gmol/1 
capsaicin. HPLC analysis showed that more than 80% of  
the C G R P - I R  which was released by capsaicin eluted at 
the position of  synthetic r a t - C G R P  (Fig. 1). 

Determinat ion of  the tissue content of  C G R P - I R  
(Table 2) showed that the amount  of  C G R P - I R  which 
was released by 1 gmol/1 capsaicin (about  4% of  content), 
was not sufficient to cause detectable depletion of CGRP-  
IR  (n = 6). 

Concentration-dependency o f  capsaicin-induced 
desensitization 

Pre-exposure (5 min, 60 min before) of  the tissues to 
0.03 gmol/1 capsaicin did not  reduce the amount  of  

C G R P - I R  which was released by a subsequent stimu- 
lation (5 min) with 0.1 gmol/1 capsaicin. Pre-exposure to 
higher concentrations of  capsaicin ( 0 . 1 - 1 . 0  gmol/1) 
dose-dependently at tenuated the capsaicin-evoked re- 
lease of  C G R P - I R  (Table 1). 

Superfusion of bladder strips with a solution contain- 
ing 60 mmol/1 K+ released about  the same amount  of  
C G R P - I R  (602 _+ 110 fmol/g, n = 8) as 0.1 ~tmol/1 
capsaicin (660 _+ 76 fmol/g, n = 10; Table 1). 

Figure 2 shows the comparison of  the effect of  
capsaicin pre-exposure on capsaicin (0.1 gmol/1)- and 
K+-st imulated release. Pre-exposure to low concen- 
trations of  capsaicin attenuated the K+-evoked  release 
significantly less than that evoked by capsaicin. 

Influence o f  external Ca 2 + on capsaicin-induced 
desensitization 

Further  experiments were performed to determine the 
CaZ+-dependency of  desensitization to 0.3 gmol/1 
capsaicin. Superfusion of  the bladder strips with a Ca 2 +- 
free, EDTA (1 mmol/1)-containing solution completely 
prevented the capsaicin (0.3 Bmol/1)-evoked release of  
C G R P - I R  (n = 6, data not shown). 

In one group of  experiments (n = 6), tissues were 
exposed to 0.3 gmol/1 capsaicin (5 min) during the Ca 2 +- 
free superfusion period, while in control experiments (n = 
4) vehicle was used instead of  capsaicin. Thereafter, the 
Ca 2 + concentration in the superfusion solution was ad- 
justed to 2.5 mmol/1, and the capsaicin (0.3 gmol/1) 
evoked release of  C G R P - I R  determined. The amount  
of  C G R P - I R  which was released was not significantly 
affected by pre-exposure to capsaicin during Ca 2 +-free 
superfusion period (control: 2315 _+ 409 fmol/g, n = 4; 
capsaicin preexposed: 2254 __ 276 fmol/g, n = 6). 

Control  experiments showed that this protocol  (rein- 
troduction of Ca 2 + after Ca 2 +-free superfusion) did not 
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Fig. 3. Time-course of the capsaicin-evoked release of CGRP-IR 
from the isolated rat urinary bladder at 37 ° C (solid line, n = 4) and 
at 18°C (broken line, n = 10). Stimulation (5 rain) with capsaicin 
(0.1 ~tmol/1 at 37°C, 0.3 ~tmol/1 at 18°C, indicated by bars) was 
repeated after a 60 rain-interval. Values are mean _+ SEM of CGRP- 
IR (fmol/g) released during a 5-rain collection period 

significantly alter CGRP- IR  content of  the preparation 
(Table 2). 

In f luence  o f  t empera tu re  on capsaic in- induced  
desens i t i za t ion  

In these set of  experiments, "desensitization" was evalu- 
ated by comparison of  the amount  of  CGRP-IR  which 
was released by two consecutive (60 rain interval) stimu- 
lations with capsaicin. The time-course of  the evoked 
CGRP- IR  release is shown in Fig. 3. 

At 37 °, 0.1 gmol/1 capsaicin caused pronounced des- 
ensitization (Table 3), which is in agreement with the 
results of  experiments described above (Table 1). 

Superfusion of  bladder strips at 18°C did not signifi- 
cantly change tissue content of  CGRP- IR  (Table 2). 
However, at this temperature, K + (60 mmol/1, 5 rain) 
failed to evoke significant release of  CGRP-IR  (n = 4, 
data not shown). At 18 ° C, stimulation with capsaicin (0.3 
gmol/1, 5 rain) evoked the release of  499 + 69 fmol/g 
(n = 10), only about  20% of  the value obtained by the 
same dose of  capsaicin at 37°C (Table 1). 

Comparison of  the amount  of  CGRP- IR  which was 
released by first and second stimulation at 18°C showed 
that desensitization was significantly reduced as com- 
pared to 37°C (Table 3). When the duration of  stimu- 
lation periods was increased to 10 rain, the amount  of  
CGRP- IR  which was released by the first exposure to 
capsaicin (0.3 gmol/1) was about  3-fold higher as that 
released by 0.1 gmol/1 (5 min) at 37 ° C. But nevertheless, 
desensitization was less pronounced than at 37°C 
(Table 3). 

Discuss ion 

"Desensitization" of  primary afferent neurons by 
capsaicin has recently attracted increased interest es- 

Table 3. Desensitization of capsaicin-evoked CGRP-IR release at 
37°C and at 18°C. Amount of CGRP-IR which was released by 
capsaicin (concentration and exposure time as indicated) by first 
and by a second stimulation which were separated by a 60-min 
interval. The difference of the amount which was released by first 
and second stimulation was calculated for each experiment as % of 
the amount released during first stimulation. "Desensitization" is 
expressed as mean -+ SEM of % reduction. The reduction was 
significant (P < 0.05) in all groups (t-test for paired data) 

Stimulation 
by capsaicin 

Total evoked release of CGRP-IR (fmol/g) 

1st stimu- 2nd stimu- % reduction 
lation lation 

0.1 ~tmol/1, 
5 rain, 37°C 548 _+ 102 

0.3 ~tmol/1, 
5min, 18°C 499_+ 69 

0.3 gmol/1, 
10 rain, 18°C 1701 -+ 202* 

119_+ 39** -74.8_+11.3(4) 

380_+ 65 -25.8_+ 5.1"(10) 

916_+ 163"** --46.3 _+ 8.4* (4) 

* P < 0.05 as compared to corresponding value at 37°C 
** P < 0.05 as compared to first stimulation 

pecially because of  its possible therapeutic value (cf. Lynn 
1990). The term desensitization has been used to describe 
a number of  changes in neuronal function and mor- 
phology which time-dependently develop after appli- 
cation of  capsaicin (Szolcsfinyi 1985). 

Studies in rodents demonstrate that immediately after 
capsaicin exposure primary afferents show a reduced sen- 
sitivity to further application of  capsaicin (Heyman and 
Rang 1985; Hayes et al. 1984; Lembeck and Donnerer  
1981 ; Maggi et al. 1987). Capsaicin-induced C-fiber con- 
duction block which develops in rats already at 
micromolar concentrations of  capsaicin (Baranowski et 
al. 1986; Waddell and Lawson 1989) may contribute to 
this initial blockade of  afferent neuron function. Ap- 
proximately 4 h after capsaicin administration, tissue 
levels of neuropeptides decline (Maggi et al. 1987) and 
ultrastructural changes are visible (Hoyes and Barber 
1979; Marsh et al. 1987). This degenerative effect of  
capsaicin seems related to intraneuronal accumulation of 
Ca 2+ (Jancs6 et al. 1984; Marsh et al. 1987). In vivo, 
capsaicin-induced degeneration of  primary afferent C- 
fibers was reduced by administration of  nerve growth 
factor (Otten et al. 1983), which suggests that multiple 
factors contribute to the long-lasting effects of  capsaicin 
in-vivo. 

In the present study the initial stage of capsaicin- 
induced desensitization of  evoked CGRP-IR  release was 
investigated in the rat urinary bladder. Upon  first 
administration of capsaicin, CGRP-IR  release was dose- 
dependent. The ECs0 (0.17 gmol/1) is in the range of  the 
value given by Wood et al. (1988) for capsaicin-induced 
Ca 2 + uptake in dorsal root  ganglion cells. 

To determine capsaicin-induced "desensitization" of  
CGRP-IR  release, the preparations were pre-exposed to 
different concentrations of  capsaicin 60 rain before the 
evoked release of  CGRP-IR  was determined. The results 
(Table 1) indicate that the threshold dose of  capsaicin to 
stimulate neuropeptide release (0.1 gmol/l) already prod- 
uces desensitization. 
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Pre-exposure to 1 gmol/1 capsaicin already caused 
complete and non-selective blockade of evoked CGRP- 
IR release. In preparations which had been pre-exposed 
to lower concentrations of capsaicin, K + (60 mmol/1)- 
stimulated release was significantly less attenuated than 
that which was produced by stimulation with capsaicin 
(0.1 lamol/1, Fig. 2). In control preparations, this concen- 
tration of capsaicin was equally effective as 60 mmol/1 
K + to stimulate CGRP-IR release (Table 1). These results 
are in agreement with Dray et al. (1989), who have dem- 
onstrated "selective" desensitization to capsaicin in the 
guinea-pig ureter. 

Several mechanisms may contribute to the des- 
ensitizing effect of low concentrations of capsaicin. 

a) It has been shown that capsaicin causes "des- 
ensitization" of neuropeptide release by depletion of re- 
leasable pools (H~tkanson et al. 1987). The present obser- 
vation that capsaicin did not cause detectable depletion 
of tissue content of CGRP-IR (Table 3) is in agreement 
with previous studies (Dray et al. 1989; Maggi et al. 
1987). But certainly these results do not exclude the possi- 
bility that depletion of releasable stores, the size of which 
may be small as compared to total content, had occurred. 
The observation that a Ca2+-free, EDTA-containing 
superfusion solution which prevented capsaicin-evoked 
release also prevented desensitization, seems in good 
agreement with the "depletion" theory. 

On the other hand, the selective inhibition of 
capsaicin- but not of K +-stimulated release by pre-ex- 
posure to submaximal concentrations of capsaicin 
(Fig. 2) is difficult to explain by capsaicin-induced de- 
pletion of releasable CGRP-IR. One had to assume a 
pool which is accessible to a depolarizing K + stimulus, 
but which is resistant to low concentrations of capsaicin. 
Additional indication, that depletion of releasable 
CGRP-IR is not the only mechanism by which des- 
ensitization to capsaicin is produced, was provided by 
the results of experiments at 18 ° C. Desensitization was 
significantly attenuated at 18°C, although the initial ex- 
posure to capsaicin released more CGRP-IR than at 37 ° C 
(Table 3), 

b) Capsaicin-induced C a  2+ influx into afferent 
neurons seems closely related to its desensitizing effect. 
Exposure of dorsal root ganglion cells (DRG) of the rat 
to 1 gmol/1 capsaicin for 5 to 10 min caused already a 
maximal Ca 2+ uptake (Wood et al. 1988). This massive 
accumulation of C a  2+ (about 12 mmol/1) is likely to 
exhaust intracellular buffering capacity and thus leads to 
morphological signs of degeneration (Marsh et al. 1987). 
It seems reasonable to assume that these "capsaicin- 
poisoned" (Marsh et al. 1987) neurons fail to secrete 
neuropeptides in response to stimulation. This mechan- 
ism is likely to explain complete blockade of evoked 
neuropeptide release after high concentrations of 
capsaicin (Maggi et al. 1989), but not partial and selective 
desensitization which is produced by low concentrations 
of capsaicin (Dray et al. 1989; present results). In this 
context it seems important that the dose-response curve 
for capsaicin-induced C a  2+ uptake in DRG has been 
reported to be very steep, thus 0.1 gmol/1 capsaicin prod- 

uced only about 15% of the maximal response (Wood et 
al. 1988). 

The present observation that desensitization by low 
concentrations of capsaicin was completely prevented in 
a Ca z +-free, EDTA-containing solution confirms the im- 
portance of external C a  2 + in desensitization and suggests 
that capsaicin-induced Ca 2+ entry is essential for the 
development of desensitization. 

Recently it has been suggested that in rat DRG, 
capsaicin induced Ca 2 + entry causes a long-lasting inacti- 
vation, of voltage-gated C a  2+ channels (Bevan and 
Szolcsfinyi 1990). Since C a  2 + entry constitutes an essen- 
tial link in excitation-secretion coupling (Katz and Miledi 
1967), this effect of capsaicin can explain capsaicin-in- 
duced desensitization of evoked release. 

Several studies have indicated that capsaicin-induced 
C a  2 + influx in afferent neurons is not primarily mediated 
by voltage-gated channels (Donnerer and Amann 1990; 
Maggi et al. 1988; Marsh et al. 1987; Wood et al. 1988). 
Therefore, "selective" desensitization could be explained 
by the assumption that capsaicin-activated Ca 2 + chan- 
nels are more susceptible to inactivation than voltage- 
g a t e d  Ca 2 + channels. 

c) The effect of low temperatures on primary afferents 
has been reported by Szolcsfinyi (1977), who observed 
that cooling the receptive field to about 20°C prevents 
capsaicin-induced excitation. The present results demon- 
strate that low temperature also attenuates the stimulus- 
evoked neuropeptide release from peripheral afferent ter- 
minals. At the same time, low temperature inhibited 
capsaicin-induced desensitizing of CGRP-IR release 
(Table 3). This observation seems to resolve the apparent 
discrepancy (see introduction) between the results of 
Dray et al. (1989) and Maggi et al. (1990). 

Dray et al. (1989) have suggested that, under appro- 
priate conditions, low concentrations of capsaicin which 
produced submaximal release of neuropeptides, were not 
sufficient to induce desensitization. The present data indi- 
cate that the low temperature (20 _+ 2 ° C) at which exper- 
iments were carried out in the study of Dray et al. (1989), 
was considerably influencing the stimulating as well as 
the desensitizing effect of capsaicin. 

For reasons outlined above, it seems not likely that 
reduced depletion of releasable CGRP-IR at low tem- 
perature was responsible for inhibition of desensitization 
at 18 ° C. Capsaicin-induced Ca 2 +-entry is also not likely 
to be reduced at low temperature (Wood et al. 1988). 
Thus, it seems conceivable that low temperature inter- 
fered with another step in the capsaicin-induced des- 
ensitization process. In this respect it seems interesting to 
note that desensitization of the muscarinic acetylcholine 
receptor in intact mouse neuroblastoma cells showed 
marked temperature-dependency between 20°C and 
37°C. This phenomenon has been ascribed to reduced 
membrane phospholipid fluidity at low temperature (E1- 
Fakahany and Richelson 1980). 

In conclusion, the present results suggest that low 
concentrations of capsaicin which stimulate primary af- 
ferent terminals, at the same time also cause selective 
desensitization of the capsaicin-evoked release of CGRP- 
IR by a C a  2 +- and temperature-dependent mechanism. 
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In  theory, it should therefore be possible to use "selec- 
tive" desensi t iza t ion to de termine  to which extent  other  
sensory n e u r o n  s t imulants  activate a similar  mechan i sm 
as capsaicin.  However,  the range of  concen t ra t ions  of  
capsaicin,  for which this selectivity can  be demons t r a t ed  
was very na r row thus l imit ing this approach.  It  remains  
to be invest igated to which extent  capsaicin analogues,  
such as olvanil  (Campbel l  et al. 1989; Dray  et al. 1990) 
or resiniferatoxin (Szallasi and  Blumberg  1989 b) provide 
a bet ter  tool  to produce  selective desensi t izat ion.  

Acknowledgements. I am indebted to Mrs. M. Eder for expert techni- 
cal assistance. This study was supported by the Austrian Scientific 
Research Funds (7676) and the Pain Research Commission of the 
Austrian Academy of Sciences. 

References 

Amann R, Maggi CA, Giuliani S, Donnerer J, Lembeck F (1990) 
Effects of carbonyl cyanide p-trichloromethoxy-phenylhydra- 
zone (CCCP) and of Ruthenium Red (RR) on capsaicin-induced 
neuropeptide release from peripheral terminals of primary affer- 
ent neurones. Naunyn-Schmiedeberg's Arch Pharmacol 341: 
534- 537 

Baranowski R, Lynn B, Pint A (1986) The effects of locally applied 
capsaicin on conduction in cutaneous nerves in four mammalian 
species. Br J Pharmacol 89:267-276 

Bevan S, Szolcsfinyi J (1990) Sensory neuron-specific actions of 
capsaicin: mechanisms and applications. Trends Pharmacol Sci 
11:330-333 

Campbell EA, Dray A, Perkins MN (1989) Comparison ofcapsaicin 
and olvanil as antinociceptive agents in vivo and in vitro. Br J 
Pharmacol 98 : 907P 

Donnerer J, Amann R (1990) Capsaicin-evoked neuropeptide re- 
lease is not dependent on membrane potential changes. Neurosci 
Lett (in press) 

Dray A, Bettaney J, Rueff A, Walpole C, Wrigglesworth R (1990) 
NE-19550 and NE-21610, antinociceptive capsaicin analogues: 
studies on nociceptive fibres of the neonatal rat tail in vitro. Eur 
J Pharmacol 181:289-293 

Dray A, Hankins MW, Yeats JC (1989) Desensitization and 
capsaicin-induced release of substance P-like immunoreactivity 
from guinea-pig ureter in vitro. Neuroscience 31 : 479-  483 

E1-Fakahany E, Richelson E (1980) Temperature dependence of 
muscarinic acetylcholine receptor activation, desensitization, 
and resensitization. J Neurochem 34:1288-1295 

H~kanson R, Beding E, Ekman R, Heilig M, Wahlestedt C, Sundler 
F (1987) Multiple tachykinin pools in sensory nerve fibres in 
the rabbit iris. Neuroscience 21 : 943 - 950 

Hayes AG, Oxford A, Reynolds M, Shingler AH, Skingle M, Smith 
C, Tyers MB (1984) The effects of a series of capsaicin analogues 
on nociception and body temperature in the rat. Life Sci 
34:1241 - 1248 

Heyman I, Rang HP (1985) Depolarizing responses to capsaicin in 
a subpopulation of dorsal root ganglion cells. Neurosci Lett 
56:69-75 

Holzer P (1988) Local effector function of capsaicin-sensitive sen- 
sory nerve endings: Involvement of tachykinins, calcitonin gene- 
related peptide and other neuropeptides. Neuroscience 
24: 739 - 768 

Hoyes AD, Barber P (1979) In vitro effect of capsaicine on the axons 
in the subepithelial nerves of the rat ureter. J Anat 128:438- 
439 

James IF, Walpole CSJ, Coote PR, Wood JN (1989) Immuno- 
chemical detection of photoaffinity-labelled capsaicin binding 

proteins from sensory neurons. Abstract to the International 
Workshop on Sensory Neuropeptides, Florence 

Jancs6 G, Karcsfl S, Kir/dy E, Szebeni A, T6th L, Bficsy E, Jo6 F, 
Pfirducz A (1984) Neurotoxin induced nerve cell degeneration: 
Possible involvement of calcium. Brain Res 295 : 211 - 216 

Katz B, Miledi R (1967) A study of synaptic transmission in the 
absence of nerve impulses. J Physiol (Lond) 192:407-436 

Lembeck F (1988) The 1988 Ulfvon Euler Lecture - Substance P: 
From extract to excitement. Acta Physiol Scand 133:435-454 

Lembeck F, Donnerer J (1981) Time course of capsaicin-induced 
functional impairements in comparison with changes in 
neuronal substance P content. Naunyn-Schmiedeberg's Arch 
Pharmacol 316 : 240-  243 

Lynn B (1990) Capsaicin: actions on nociceptive C-fibres and thera- 
peutic potential. Pain 41:61 - 69  

Maggi CA, Melt A (1988) The sensory-efferent function of capsaicin- 
sensitive sensory neurons. General Pharmacol 19 : 1 - 43 

Maggi CA, Astolfi M, Donnerer J, Amann R (1990) Which mechan- 
isms account for the sensory neuron blocking action ofcapsaicin 
on primary afferents in the rat urinary bladder. Neurosci Lett 
110: 267 - 272 

Maggi CA, Patacchini R, Giuliani S, Santicioli P, Melt A (1988) 
Evidence for two independent modes of activation of the "effer- 
ent" function of capsaicin-sensitive nerves. Eur J Pharmacol 
156: 367-  373 

Maggi CA, Santicioli P, Geppetti P, Giuliani S, Patacchini R, Frilli 
S, Grassi J, Melt A (1987) Involvement of a peripheral site of 
action in the early phase of neuropeptide depletion following 
capsaicin desensitization. Brain Res 436: 402-  406 

Maggi CA, Santicioli P, Geppetti P, Parlani M, Astolfi M, 
DelBianco E, Patacchini R, Giuliani S, Melt A (1989) The 
effect of calcium free medium and nifedipine on the release of 
substance P-like immunoreactivity and contractions induced by 
capsaicin in the isolated guinea-pig bladder. Gen Pharmacol 
40:445- 456 

Marsh S J, Stansfield CE, Brown DA, Davey R, McCarthy D (1987) 
The mechanism of action of capsaicin on sensory C-type 
neurons and their axons in vitro. Neuroscience 23:275-289 

Otten U, Lorez HP, Businger F (1983) Nerve growth factor 
antagonizes the neurotoxic action of capsaicin on primary affer- 
ent sensory neurones. Nature 301:515- 517 

Su HC, Wharton J, Polak JM, Mulderry PK, Ghatei MA, Gibson 
SJ, Terenghi G, Morrison JFB, Ballesta J, Bloom SR (1986) 
Calcitonin gene-related peptide immunoreactivity in afferent 
neurons supplying the urinary tract: Combined retrograde 
tracing and immunohistochemistry. Neuroscience 18 : 727 - 747 

Szallasi A, Blumberg PM (1989 a) Specific binding of resiniferatoxin, 
an ultrapotent capsaicin analog, to dorsal root ganglia mem- 
branes. Pharmacologist 31 : 353 

Szallasi A, Blumberg PM (1989 b) Resiniferatoxin, a phorbol-related 
diterpene, acts as an ultrapotent analog ofcapsaicin, the irritant 
constituent in red pepper. Neuroscience 30:515-520 

Szolcsfinyi J (1977) A pharmacological approach to elucidation of 
the role of different nerve fibres and receptor endings in me- 
diation of pain. J Physiol (Paris) 73:251- 259 

Szolcs~myi J (1985) Sensory receptors and the antinociceptive effects 
of capsaicin. In: Hakanson R, Sundler F (eds) Tachykinin an- 
tagonists. Elsevier, pp 45 - 54 

Szolcs/myi J, Jancs6-Gab6r A (1975) Sensory effects of capsaicin 
congeners. Drug Res 25 : 1877 -- 1881 

Waddell P J, Lawson SN (1989) The C-fibre conduction block caused 
by capSaicin on rat vagus nerve in vitro. Pain 39:237-242 

Wood JN, Winter J, James JF, Rang HP, Yeats J, Bevan S (1988) 
Capsaicin-induced ion fluxes in dorsal root ganglionic cells in 
culture. J Neurosci 8 : 3208 - 3220 


