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Summary. Substance P and calcitonin gene-related peptide
were immunohistochemically identified in axons innervat-
ing the cornea and the ureter of adult rats and pigeons.
The two neuropeptides were similarly distributed in both
species. Capsaicin pretreatment induced depletion of the
immunoreactivity; this was quantitatively and qualitatively
different in rats and pigeons. Topical application of capsai-
cin (1%) reduced the immunoreactivity in the cornea in
both species by 50%. Systemic capsaicin treatment com-
pletely depleted both peptides from the corneal innervation
of rats but reduced the peptide content only by 50% in
the cornea of pigeons. In the ureter of rats, capsaicin pre-
treatment completely depleted the peptide immunoreactivi-
ty. In pigeons the peptide depletion was only complete in
the outer longitudinal muscle layer. Whereas only a few
immunoreactive fibres were observed in the circular muscle
layer, about 50% of the peptide remained in the inner longi-
tudinal muscle layer. The results demonstrate that pepti-
dergic afferents in the cornea and ureter of pigeons are
sensitive to capsaicin, although birds do not show nocicep-
tive responses to local administration of the drug. The long-
term depletion of substance P and calcitonin gene-related
peptide by capsaicin is discussed with regard to the possibil-
ity that functionally capsaicin receptors may exist in the
axon but not at nerve endings.
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In adult mammals administration of capsaicin causes exci-
tation followed by desensitization, and in some cases, de-
generation of a population of primary afferent neurones
(Nagy 1982; Szolcsanyi 1982; Fitzgerald 1983; Jancso et
al. 1985; Buck and Burks 1986). When applied to cutan-
eously derived tissues (e.g. skin, cornea and lips) it produces
an intense burning sensation in man and elicits a series
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of protective reactions in other mammals (Jancso et al.
1967; Jancsd 1968; Szolcsanyi et al. 1975). In addition,
it causes local vasodilation and extravasation of plasma
proteins at the site of application (Lembeck and Holzer
1979; Saria et al. 1983b). Electrophysiological studies have
shown that capsaicin excites a population of polymodal
nociceptors with unmyelinated or thinly myelinated axons
(Handwerker et al. 1984; Szolcsanyi et al. 1988).

In mammals, many of the actions of capsaicin have been
attributed to the release and/or depletion of neuropeptides
from primary neurones (Nagy 1982; Fitzgerald 1983; Buck
and Burks 1986). A number of neuropeptides have been
observed in cell bodies of primary afferent neurones. These
peptides include substance P, neurokinin A and B, somatos-
tatin, vasoactive intestinal polypeptide, cholecystokinin,
galanin and dynorphin (Hokfelt et al. 1975, 1976; Dals-
gaard et al. 1982; Kawatani et al. 1983; Ch’ng et al. 1985;
Hua et al. 1985; Kuo et al. 1985; Tuchscherer and Seybold
1985; Gibbins et al. 1987). Recently, a newly discovered
peptide, calcitonin gene-related peptide (CGRP; Amara et
al. 1982; Rosenfeld et al. 1983), has been localized in most,
and possibly all, primary afferent neurones containing sub-
stance P; it is also present in a separate population that
does not contain substance P (Gibson et al. 1984; Wiesen-
feld-Hallin et al. 1984 ; Gibbins et al. 1985; Lee et al. 1985;
Skofitsch and Jakobowitz 1985; Gulbenkian et al. 1986).

There is evidence to suggest that substance P and CGRP
are substantially depleted from dorsal root ganglia and the
peripheral and central processes of primary afferents after
systemic capsaicin treatment (Nagy et al. 1982; Fitzgerald
1983; Gibbins et al. 1985; Buck and Burks 1986; Franco-
Cereceda et al. 1987). The actions of capsaicin on other
peptides in afferent neurones are less certain (Buck and
Burks 1986).

In contrast to mammals, capsaicin evokes only weak
behavioural responses in birds and amphibians (Mason and
Maruniak 1983; Szolcsanyi et al. 1986; Sann et al. 1987).
Capsaicin has virtually no effect on thermoregulation or
on chemo-nociception in birds (Mason and Maruniak 1983;
Geisthovel et al. 1986; Sann et al. 1987). In the best-studied
avian species, the pigeon Columba livia, capsaicin fails to
elicit a nocifensive response following instillation into the
eye (Szolcsanyi et al. 1986). It is not known whether the
ineffectiveness of capsaicin in the bird is a result of the
lack of the peptidergic afferent innervation of peripheral
tissues. However, it has been shown that the pigeon con-
tains substance P and CGRP in primary afferent neurones
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and also in the dorsal horn of the spinal cord (Katz and
Karten 1980; Pierau et al. 1987; Réssler et al. 1987). Two
tissues that in mammals are highly sensitive to the effects
of capsaicin are the cornea and ureter. Substance P and
CGRP are both found in capsaicin-sensitive corneal affer-
ents in mammals (Miller et al. 1981; Tervo et al. 1981;
Colin and Kruger 1986; Stone et al. 1986), but it is not
known whether substance P and CGRP are present in the
cornea of the pigeon. In the ureter of the rat and guinea
pig, the vast majority of the substance P and CGRP inner-
vation is sensitive to capsaicin (Wharton et al. 1981; Hua
et al. 1985; Su et al. 1986); it is not known whether the
pigeon ureter has a substance P or CGRP innervation, and
if so, whether it is sensitive to capsaicin.

Hence, in the present study, we examined the substance
P- and CGRP-containing nerves of the cornea and the ure-
ter in the pigeon and compared these findings with those
in the rat. Having established a peptidergic innervation of
the cornea and the ureter, we then examined the action
of capsaicin on these tissues. A preliminary account of this
work has been published (Sharkey et al. 1988).

Materials and methods

(1) Animals

Experiments were performed on 34 adult male Wistar rats
(250-320 g; Zentralinstitut fiir Versuchstierzucht, Han-
nover) and 35 adult pigeons (Columba livia, 310-520 g;
Wagner, Alten Buseck).

The animals were used as follows:

(a) Normal animals. This group was made up of 8§ normal
rats and 8 normal pigeons.

(b) Topical capsaicin treatment. Under halothane (Fluoth-
ane, ICI) anaesthesia 12 rats and 12 pigeons had a solution
of 1% capsaicin (Sigma; dissolved in 10% ethanol, 10%
TWEEN 80, 80% physiological saline) instilled into one
eye (40-50 ul) and the solvent instilled into the other on
five consecutive days. At the end of this protocol, the rats
were tested for insensitivity to capsaicin using the wiping
test (Jancso 1968 ; Szolcsanyi et al. 1975). The animals were
killed 3 days later and the tissues removed (see below).

(¢) Systemic capsaicin treatment. Fourteen rats were anaes-
thetized with halothane and were injected subcutaneously
with 50 mg/kg capsaicin (n=38) or an equal volume of sol-
vent (n=6). The rats were treated on the 4 following consec-
utive days with increasing doses of 100, 200, 200 and
400 mg/kg capsaicin giving a total dose of 950 mg/kg, or
with the appropriate volume of the solvent, according to
Jessel et al. (1978). Three days after the last injection, the
rats were tested for insensitivity to capsaicin using the wip-
ing test and then killed and the tissues removed (see below).

Fifteen pigeons were anaesthetized with halothane and
given an intraperitoneal injection of capsaicin (50 mg/kg;
n=238) or an equal dose of solvent (n=7). Intraperitoneal
injection was used, since the injected solution easily leaks
from subcutaneous depots in pigeons unlike rats. On the
following 4 consecutive days, the pigeons were treated with
increasing doses as were the rats and killed 3 days after
the last injection.

(2) Tissue preparation

Animals were killed with an overdose of sodium pentobar-
bitone (Nembutal, Ceva) and both corneas and ureters were
removed, washed in phosphate-buffered saline (PBS, pH =
7.4) and pinned out onto balsa wood. The tissues were
fixed by immersion in Zamboni’s fixative (Stefanini et al.
1967) for 48 h at 4° C. They were then dehydrated in an
alcohol series (2 x 50%, 80%, 95%, 100%), cleared in xy-
lene and rehydrated to PBS. Corneas were then prepared
for whole mounts according to the method of Miller et
al. (1981) and processed for immunocytochemistry. The
ureters were washed overnight at 4° C in PBS containing
20% sucrose. Longitudinal frozen sections (32 pm) were
cut on a cryostat (Reichert-Jung), thaw-mounted onto
chrome-alum gelatine-coated slides and processed for im-
munohistochemistry. Two animals (one rat and one pigeon)
were fixed by perfusion with ice-cold Zamboni’s fixative.
Lumbal spinal cord (L3-L6) was dissected and immersed
in the same fixative for 2 h at 4° C. The tissues were washed
in phosphate-buffered sucrose (20%) at 4° C overnight.
Transverse frozen sections (10 pm) were cut on a cryostat,
thaw-mounted onto chrome-alum gelatine-coated slides
and processed for immunohistochemistry.

(3) Immunohistochemistry

Tissues were incubated for indirect immunofluorescence as
follows: The tissues were pre-incubated in wells (whole
mounts) or in a moist chamber (ureter) with 10% foetal
calf serum in PBS for 1 h at room temperature. They were
then incubated at 4° C for 48 h with either an anti-substan-
ce P antiserum (1:2000, antiserum P6/5) or an anti-CGRP
antiserum (1:2000, Cambridge Research Biochemicals:
AB 08, Lot No. 1209). The antiserum P6/5 was raised by
immunization of a rabbit with synthetic substance P
(Sigma) conjugated to thyroglobulin (Sigma) with carbodii-
mide (Merck). The sections were then washed 3 times for
10 min in PBS containing 1% Triton X-100 (Sigma) and
incubated with a fluorescein isothiocyanate conjugated
goat-anti-rabbit 1gG (ICN Biomedicals) diluted 1:40 for
1 h at room temperature. Finally they were washed 3 times
for 10 min in PBS containing 1% Triton X-100 and
mounted in phosphate-buffered glycerol (1+9; pH=7.4).
All preparations were examined using a Zeiss Universal
epi-fluorescence microscope with an excitation wavelength
of 450-490 nm and an emission wavelength of 500-560 nm.
Black and white photographs were taken with Agfachrome
200RS and Ilford FP4 (125 ASA) film, respectively.

The effects of the various capsaicin treatments on the
immunoreactive nerve fibres innervating the cornea were
estimated by counting the major nerve branches. The ratio
of fibers between untreated and capsaicin-treated animals
was used to approximate the effect of the capsaicin treat-
ments.

The immunohistochemical localization of the antisera
was examined on spinal cord sections after preabsorption
with the original haptens (synthetic substance P, Sigma;
synthetic rat CGRP, Cambridge Research Biochemicals)
at 100, 10 and 1 nmol/ml diluted antiserum. Cross-reactivi-
ty was tested by preabsorption with 100 and 10 nmol/m!
diluted antiserum of neurokinin A, neurokinin B, physalae-
min, eledoisin, kassinin, somatostatin, dynorphin, CGRP,
CCK-8, bombesin (all peptides from Cambridge Research
Biochemicals) and substance P (Sigma).

In order to characterize the anti-substance P antiserum
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(P6/5) further Western blots of the peptides (10 pg) were
made from gradient SDS-polyacrylamide gels (10-20%) us-
ing conventional methods (Laemmli 1970). The peptides
were bidirectionally transferred from the gels onto three
layers of nitrocellulose paper (0.45 um mesh) either side
of the gel (Bowen et al. 1980). The transferred peptides
were visualized by Fast-Green staining on one set of nitro-
cellulose blots (Potter 1974). The other set of blots were
then processed with the anti-substance P antiserum as fol-
lows (Avrameas and Guilbert 1971): the nitrocellulose sheet
was incubated with anti-substance P antiserum (P6/5;
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Fig. 1. a Nitrocellulose-
immunoblot of anti-substance P
serum P6/5. The intense-labelled
band corresponds to SP and the
weak one to kassinin (short
arrow). b Western blot after Fast-
Green protein staining. Fast-
Green only weakly labels proteins
lighter than 5 kilodalton; 0
molecular weight standard (Sigma
MW-SDS-17); 7 substance P;

2 neurokinin A; 3 neurokinin B;
4 somatostatin; 5 CGRP;

6 dynorphin; 7 kassinin;

8 physalaemin; 9 eledoisin;

10 cholecystokinin; /1 bombesin;
long arrows direction of SDS-
electrophoresis

1:100) for 48 h at 4° C. The sheets were then washed 5
times for 5 min in PBS containing 0.5% Triton X-100, 0.5%
BSA (bovine serum albumin) and 0.1% SDS. They were
then incubated with goat-anti-rabbit IgG conjugated with
horseradish peroxidase (HRP) for 2 h at room temperature.
After this, they were washed 5 times for 5 min in PBS con-
taining 0.5% Triton X-100, 0.5% BSA and 0.1% SDS and
the HRP was visualized by incubation in tris-buffered meth-
anol (20% v/v; pH=7.6) containing chloronaphthol
(0.06% ; Sigma) and hydrogen peroxide (0.003%) for 5 min
at 0° C. The blots were dried and then photographed.
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Results

Immunohistochemical controls and antibody specificity

The immunohistochemical localization of substance P and
CGRP was tested by liquid-phase pre-absorption of the
diluted antisera on frozen sections of the lumbar spinal
cord of rats and pigeons with neurokinin A, neurokinin B,
physalaemin, eledoisin, kassinin, somatostatin, dynorphin,
CCK-8 and bombesin. In all cases, no apparent change
was observed in the quality of the staining pattern for either
of the two antisera. There was no observable effect on the
staining pattern when the substance P antiserum was preab-
sorbed with CGRP or when the CGRP antiserum was pre-
absorbed with substance P. Preabsorption of the antisera
with their respective haptens (synthetic substance P and
synthetic rat CGRP) completely abolished the staining at
all dilutions tested (100, 10 and 1 nmol/ml diluted antisera).

The substance P antiserum (P6/5) was characterized fur-
ther by testing cross-reactivity of the structurally related
and unrelated peptides mentioned above on Western blots.
Two bands of immunoreactive staining were seen on these
blots, a heavily stained band which corresponded to reactiv-
ity with substance P and a lightly stained band, which corre-
sponded to cross-reactivity with the non-mammalian ta-
chykinin kassinin (Fig. 1).

Although these tests show that both antisera are rela-
tively specific for their haptens, cross-reactivity with pep-
tides not tested could contribute to staining and the terms
‘“substance P-/calcitonin gene-related peptide-like immuno-
reactivity” (SP-LI/CGRP-LI) will be used throughout.

Behavioural controls

In order to test whether rats react to capsaicin after topical
or systemic pretreatment with the drug, a drop of 1% cap-
saicin was instilled into one eye. No wiping reactions were
observed after these treatments in any of the rats, indicating
complete desensitization. The control eyes of the topically
treated group were not tested with capsaicin to avoid histo-
chemical changes of the corneal afferents.

Immunohistochemical localization of substance P-LI and
CGRP-LI in the cornea and the effects of capsaicin treatment

Substance P-like immunoreactivity (SP-LI) and CGRP-like
immunoreactivity (CGRP-LI) were found in a sparse plexus
of nerves innervating the cornea of rat and pigeon (Fig. 2a,
b). It was apparent that the pigeon contained fewer immu-
noreactive fibres for both peptides (see Table 1). In both
rat and pigeon, the distribution of immunoreactive fibres
was similar, with the majority of fibres localized in the sub-
epithelial layers underneath the outer stratified epithelium.
These fibres radiated in from the edge of the tissue towards
the center where they split up. Occasionally, some branches
were seen in the outer stratified epithelium.

Topical application of capsaicin into the eye reduced
the number of SP-LI and CGRP-LI nerve fibres by about
50% as compared with the solvent treated contralateral
eye in rats and pigeons (Fig. 2¢, d; see Table 1). After sys-
temic treatment, no SP-LI or CGRP-LI was observed in
the cornea in rats, whereas in pigeons the numbers of sub-
stance P- and CGRP-immunoreactive fibres were only re-
duced by about 50% (Fig. 2e, f; Table 1).

Table 1. Numbers of immunoreactive fibres of the main nerve
branches innervating the cornea of rats and pigeons in untreated,
solvent-treated and capsaicin-treated animals

Rat Pigeon

Number of immunoreactive fibres (mean + SEM)
SP CGRP SP CGRP

Untreated 17.8+0.7 14.5+1.1 10.840.6

(n=6)
Solvent-
treated

(n=6)
Systemic 0 0

treated
(n=6)
Topical
treated
(n=5)
Topical
capsaicin
(n=5)

8.84+0.4

18.8+1.0 15.54+1.0 10.5+40.6 83+04

5340.4 4.8+0.4

16.4+0.8 13.840.6 10.4+0.6 8.6+0.6

7.2+0.6 6.2+0.7 54+04 4.6+0.3

Localization of substance P-LI and CGRP-LI in the ureter
and the effects of capsaicin treatment

Substance P-LI and CGRP-LI nerves were observed
throughout all three muscle layers of the ureter. It appeared
that substance P-LI was denser than CGRP-LI in both spe-
cies. In longitudinal sections, immunoreactive nerve fibres
ran parallel to the muscle fibres of the outer and inner
longitudinal muscle layers. The nerve fibres visualized in
the outer longitudinal muscle layer appeared slightly larger
than those innervating the inner longitudinal muscle layer.
In the circular muscle layer, where the muscle fibres were
cut transversely, immunoreactive dots and occasionally
short sections of immunoreactive nerve fibres were observed
(Fig. 3a—d). Immunoreactive fibers were never seen in the
submucosal connective tissue (Su et al. 1986).

No SP-LI and CGRP-LI was observed in any of the
three muscle layers of the ureter in rats after systemic cap-
saicin treatment. In pigeons, systemic capsaicin treatment
completely depleted SP-LI (Fig. 3e) and CGRP-LI (Fig. 3f)
in the outer longitudinal muscle layer (ol). A few immunore-
active fibres were usually still detectable in the circular mus-
cle layer (cm). In the inner longitudinal muscle layer (il),
the immunoreactivity to both neuropeptides was reduced
by about 50% (Fig. 3).

Discussion

Using immunohistochemical techniques, we have shown
that SP-LI and CGRP-LI are present in the cornea and
the ureter of the pigeon. Furthermore, this immunoreactivi-
ty is sensitive to the actions of capsaicin but the resulting
depletion differs in some respects from the effect of capsai-
cin upon the immunoreactivity localized in the same tissues
in the rat. These observations extend previous immunohis-
tochemical studies on the distribution of these peptides in
avian species (Katz and Karten 1980; Pierau et al. 1985;
Harti et al. 1987; Rossler et al. 1987).



Fig. 2a—f. Nerve fibres in the cornea of pigeons (a—c¢, e, f) and frequently observed in the outer portion of the cornea (d, ). Bar=
rats (d) containing SP-LI (a, ¢, ¢) or CGRP-LI (b, d, f). Controls 20 um; x 325
before capsaicin treatment (950 mg/kg; e, f). Branching axons are
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Table 2. Amino-acid sequences of tachykinins that were tested for cross-reactivity

Number of Peptide Amino-acid sequence
identical
amino acids

Substance P ARG — PRO - LYS - PRO — GLN — GLN — PHE — PHE — GLY — LEU — MET-NH,
7 Kassinin ASP — VAL — PRO — LYS — SER ~ ASP - GLN — PHE — VAL — GLY — TLEU - MET-NH,
5 Neurokinin A« HIS - LYS — THE - ASP - SER — PHE — VAL - GLY - LEU - MET-NH,
4 Neurokinin B ASP - MET HIS - ASP — PHE - PHE - VAL — GLY — TLEU MET-NH,
5 Eledoisin GLU — PRO — SER — LYS — ASP — ALA — PHE — ILE - GLY - LEU — MET-NH,
5 Physalaemin GLU - ATA — ASP — PRO — ASN - LYS — PHE — TYR — GLY — LEU — MET-NH,
Antibody specificity The functions of substance P and CGRP in the cornea

In this study, we used antisera of relatively high specificity
for the peptides we examined. On tissue sections, no appar-
ent cross-reactivity between the substance P antiserum and
any of the tested peptides was observed; however, at low
dilutions, we observed a small degree of cross-reactivity
with kassinin on immuno-blots. This suggests that the anti-
serum P6/5 recognizes a long C-terminal fragment of the
substance P molecule since kassinin and substance P show
a higher degree of homology in their C-terminal hexapep-
tide sequence than any of the other tachykinins (see Ta-
ble 2). The CGRP antiserum was bought from a commer-
cial supplier and showed no cross-reactivity with the ta-
chykinins or other structurally unrelated peptides.

Peptidergic innervation of the cornea

It is now well established that substance P is present in
the mammalian cornea and that it originates from primary
afferent neurones in the trigeminal ganglion (Miller et al.
1981; Tervo et al. 1981; Keen ct al. 1982; Lethosalo 1984;
Lee et al. 1985; Colin and Kruger 1986). Recently, CGRP-
LI nerves have been demonstrated in the mammalian cor-
nea; these also originate from the trigeminal ganglion (Lee
et al. 1985; Terenghi et al. 1985; Colin and Kruger 1986;
Gulbenkian et al. 1986). By analogy with other sytems it
is likely that some trigeminal ganglion neurones innervating
the cornea contain both substance P and CGRP (Lee et
al. 1985; Gulbenkian et al. 1986). We have shown that
the pigeon cornea contains substance P-LI and CGRP-LI
nerves; qualitatively this appears similar to the situation
found in the rat, although there are apparently fewer immu-
noreactive fibres than in the rat cornea.

The effect of capsaicin, in the cornea of rats, was to
cause a substantial reduction in substance P- and CGRP-
immunoreactivity upon topical treatment and a complete
depletion of the peptides after systemical treatment. In the
pigeon, substance P- and CGRP-immunoreactivity was re-
duced by capsaicin treatment; however, no complete deple-
tion was observed after systemic application.

Fig. 3a—f. Nerve fibres in the ureter of rats (a, b) and pigeons
(c~f), containing SP-LJ (a, ¢, ¢) or CGRP-2J (b, d, f). Controls
before capsaicin treatment (a—d); after systemic application of cap-
saicin (950 mg/kg; e, f). In pigeons capsaicin depleted both peptides
in the outer longitudinal muscle layer (of); only a few IR-spots
were left in the circular muscle (¢m); about 50% of the immuno-
reactivity remained in the inner longitudinal muscle layer (if).
Bar=200 um; x 325

are not clear. The substance P content of the tissue is not
correlated with corneal sensitivity (Keen et al. 1982; Lem-
beck and Donnerer 1981), neither are animals pretreated
with capsaicin insensitive to mechanical stimuli (Camras
and Bito 1980; Bynke et al. 1984). However, the neurogenic
component of chemical injury to the cornea induced by
nitrogen mustard or capsaicin is reduced by pretreatment
with capsaicin (Szolcsanyi et al. 1975; Camras and Bito
1980; Lembeck and Donnerer 1981).

Ocular injury is characterized by (i) miosis, (ii) vasodila-
tion, (iil) increased intraocular pressure, (iv) a breakdown
of the blood-aqueous barrier resulting in leakage of protein
into the anterior chamber, and (v) lachrymation. Substance
P of primary afferent origin has been strongly implicated
in the miosis produced by injury (Stjernschantz 1985; Hak-
anson et al. 1985). However, substance P has no effect on
intraocular pressure or on blood flow, and causes only a
small disruption of the blood-aqueous barrier (Stjern-
schantz 1985). In contrast, CGRP has no effect on pupillary
muscle in vitro or in vivo but causes an intense aqueous
flare reaction (breakdown of the blood-aqueous barrier)
and an increase in intra-ocular pressure (Unger et al. 1985;
Wahlestedt 1985). It remains to be established whether
CGRP increases blood flow in the eye, although it is a
potent vasodilator (Brain et al. 1985).

Peptidergic innervation of the ureter

In mammals, substance P- and CGRP-immunoreactivity
has been described in the ureter (Alm et al. 1978; Sikri
et al. 1981; Wharton et al. 1981; Gibbins et al. 1985; Hua
et al. 1985; Su et al. 1986). Recently, it has been demon-
strated that these peptides occur in the same nerve endings
(Franco-Cereceda et al. 1987). In the mammalian ureter,
both peptides are localized in capsaicin-sensitive primary
afferent fibres (Hoyes and Barber 1981; Saria et al. 1983a;
Gibbins et al. 1985; Su et al. 1986; Franco-Cereceda et
al. 1987). In the present study, we have found substance
P- and CGRP-immunoreactivity in capsaicin-sensitive
nerves of the ureter in rat and pigeon. In the pigeon ureter,
it appears that capsaicin is less effective in depleting sub-
stance P- and CGRP-immunoreactivity from the inner lon-
gitudinal muscle layer than in the rat. This might be attrib-
uted to a less optimal circulation of the inner muscle layer.
The probability of capsaicin diffusion from the blood ves-
sels to the nerve axons may also be less, since capsaicin
does not produce plasma extravasation in pigeons (Pierau
et al. 1987); this certainly causes capsaicin leakage into
the vicinity of vessels in mammals.
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Capsaicin-sensitive nerves of the mammalian ureter are
likely to be involved in the control of contractility and vas-
cular permeability (Saria et al. 1983a; Hua and Lundberg
1986; Maggi et al. 1987). Thus substance P (and neurokin-
in A) causes contraction of the ureteric smooth muscle and
an increase in vascular permeability, whilst CGRP relaxes
the ureter and potentiates the action of substance P in en-
hancing vascular permeability (Saria et al. 1983a; Gamse
and Saria 1985; Hua and Lundberg 1986; Maggi et al.
1987).

Action of capsaicin in the pigeon

Capsaicin has two sites of action on primary afferent neu-
rones: the axon and the nerve terminal (Szolcsanyi 1982).
These actions can be distinguished by their time course
(Lembeck and Donnerer 1981), by the route of administra-
tion of capsaicin (Jancsé 1981), and by the dose of capsaicin
administered. Acute behavioural responses and the release
of neuropeptides from the central and peripheral terminals
of primary afferent fibres can be attributed to an action
of capsaicin at nerve terminals (Gamse et al. 1986). Axonal
actions, such as blockade of axonal transport and the deple-
tion of neuropeptides are of a longer time course and, in
mammals, occur after the action on nerve terminals (Burks
et al. 1985).

In the pigeon, an apparent paradox exists; on the one
hand, large doses of capsaicin produce only weak behav-
ioural responses, whereas on the other, peptides localized
in the somata of primary afferent neurones are depleted
after topical application of capsaicin to the peripheral axons
(Pierau et al. 1987). This can be resolved if it is postulated
that the pigeon possesses functional capsaicin receptors on
the axon, but not on the nerve terminals, of primary affer-
ent neurones. This notion is consistent with the observation
that capsaicin releases SP-LI from spinal cord slices of rats
in vitro, but not from those of pigeons (Pierau et al. 1987).
To date, although a capsaicin receptor has been proposed
(Szolcsanyi 1982), no studies have been performed to iden-
tify its cellular localization.

Another paradox is that, in rats, topical capsaicin appli-
cation to the peripheral axons depletes SP-LI from the af-
ferent terminals in the dorsal horn, whereas in pigeons,
similar application results in an accumulation of SP-LI in
the dorsal horn (Pierau et al. 1987). It may be assumed
that in rats capsaicin first excites the peptidergic axons,
and this in turn leads to a release of peptides from central
afferent terminals; the axonal transport is probably im-
paired by a longer time course. In pigeons, axonal excitation
might not precede the impairment of the axonal transport,
so that the release of SP from central terminals is not stimu-
lated.

In conclusion, we have demonstrated substance P-LI
and CGRP-LI in nerve fibres in the cornea and the ureter
of the pigeon. In both tissues, this innervation is sensitive
to systemic administration of capsaicin although it was in
some respects different to the effects seen in the rat. These
results suggest that the behavioural insensitivity of the pi-
geon to capsaicin is not a result of the absence of neuropep-
tide-containing capsaicin-sensitive nerves in peripheral tis-
sues of this species.
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