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The patterns of colocalization of neuropeptides, catechol-
amines, and catecholamine-synthesizing enzymes were ex-
amined in principal neurons and nerve terminals in guinea
pig paracervical ganglia using a double-labeling immuno-
histochemical procedure. A small proportion of nerve cell
bodies (<10%) had the characteristics of catecholamine-
synthesizing neurons and presumably were noradrenergic.
Another 50% of the nerve cell bodies contained immuno-
reactivity (IR) to dopamine-g-hydroxylase (DBH), but did not
have any other characteristics of noradrenergic neurons;
they did not contain detectable catecholamines, or IR to dopa
decarboxylase (DDC) or tyrosine (TH) hydroxylase, nor did
they take up exogenous catecholamines. Half of the cate-
cholamine neurons had neuropeptide Y (NPY)-IR, and a small
number (0.5 % total neurons) had somatostatin (Som)-IR. Most
of the non-noradrenergic neurons with DBH-IR (40-50% total
neurons) contained IR for dynorphin (Dyn), NPY, and vaso-
active intestinal peptide (VIP), and about half of them (20-
25% total) also contained Som-IR. Ten to twenty percent of
neurons contained IR to Som, but not to any other antigen
examined here. Nerve terminals with substance P (SP)-IR or
enkephalin (Enk)-IR were prominent in all ganglia. SP-IR fi-
bers formed dense baskets only around those neurons with
DBH/Dyn/NPY/VIP (=Som)-IR, while fibers with very bright
Enk-IR were associated selectively with those neurons with
Som-IR alone. In addition, most TH-IR nerve cell bodies were
surrounded by NPY-IR varicose nerve fibers. In conclusion,
this analysis of combinations of peptides and enzymes con-
tained in principal neurons of the paracervical ganglia allows
us to identify as many as 11 different neuron populations.
The functional significance of the presence of the same
neuropeptide (e.g., NPY) in different neuron populations is
as yet unknown. Some of these classes of neurons are as-
sociated specifically with immunohistochemically distinct
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types of presynaptic nerve fibers, which suggests that dif-
ferent immunohistochemically defined classes of neurons
represent different functional pathways.

The anterior pelvic ganglia contain both noradrenergic and non-
noradrenergic neurons that supply axons to the reproductive
organs, bladder, ureter, and associated blood vessels (see Bell,
1968, 1974; Kanerva, 1972; Costa and Furness, 1973; Owman
et al,, 1983; Mattiasson et al., 1985). In females these ganglia
are associated with the distal segments of the hypogastric nerves
immediately lateral to the junction between the uterine cervix
and the vagina, and are known as paracervical ganglia or Fran-
kenhduser’s ganglia. At least some of these nerve cell bodies
have been shown histochemically to be noradrenergic (Kanerva,
1972; Thorbert et al., 1977), and physiological studies have
shown that paracervical neurons supply a cholinergic vasodi-
lator innervation to the uterine artery (Bell, 1968, 1974). Recent
immunohistochemical studies on rats, cats, and guinea pigs have
demonstrated inmmunoreactivity to vasoactive intestinal pep-
tide (VIP), and neuropeptide Y (NPY) in a subpopulation of
paracervical ganglion neurons (Alm et al., 1980a; Helm et al.,
1981; Schultzberg et al., 1983; Gu et al., 1984; Inyama et al.,
1985). VIP and NPY coexist in a small proportion of these
neurons in rats (Inyamaet al., 1985). These paracervical neurons
are the likely sources of at least some axons with VIP- or NPY-
like immunoreactivity in the female genital tract (Alm et al.,
1980b; Helm et al., 1981; Gu et al., 1984; Papka et al., 1985),
as well as of the non-noradrenergic neurons with immunoreac-
tivity to NPY, VIP and dynorphin (Dyn) in the guinea pig main
uterine artery (Morris et al., 1985).

Increasing evidence has been presented for well-defined pat-
terns of colocalization of several different regulatory peptides
(RPs) and nonpeptide transmitters in neurons of many periph-
eral ganglia (e.g., Lundberg et al., 1982a; Costa and Furness,
1984; Furness et al., 1984; Macrae et al., 1986; Gibbins et al.,
1987a, b). These patterns of colocalization have been correlated
both with the peripheral targets of the neurons and with the
types of presynaptic nerve fibers associated with the postgan-
glionic neurons (Schultzberg et al., 1983; Heym et al., 1984;
Morris et al., 1986b). Because of our interest in the roles of
peptides in neurons supplying the uterine artery and other pelvic
blood vessels, in the present study we have investigated the
neuronal colocalization of peptides, transmitter-synthesizing
enzymes, and catecholamines in the paracervical ganglia in or-
der to define the number and types of neuronal populations in
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Table 1. Primary antibody characteristics

Antigen raised against Antibody code Host species Dilution Supplier
CGRP (rats 28-37) Mac 1 Rabbit 1:2000 Dr. 1. Maclntyre
Calcitonin gene-related peptide (Morris et al., 1984)
DDC (porcine kidney) — Rabbit 1:200 Dr. C. Bell
Dopa decarboxylase (Muller et al., 1984)
DBH (bovine adrenal) 2D4 Rabbit 1:400 Dr. R. A. Rush
Dopamine-g3-hydroxylase (Rush and Geffen, 1980)
2012 Rabbit 1:400 Eugene Tech., NJ
Dyn (1-13) Paul Rabbit 1:100 Dr. A. Goldstein
Dynorphin (Morris et al., 1985)
Leu-Enk NOCl1 Mouse 1:400 Seralab
Enkephalin (monoclonal) (Cuello et al., 1984)
NPY (porcine) E2210 Sheep 1:800 Drs. W. Blessing and J. Oliver
Neuropeptide Y (Blessing et al., 1986)
NPY F1/V1 Rat 1:200 Dr. R. Murphy
(Morris et al., 1986d)
RMJ 263 Rabbit 1:1600 Drs. C. Maccarrone and B. Jarrott
(Maccarrone and Jarrott, 1985;
Morris et al., 1986¢)
Som (1-14) 18] 22 Rabbit 1:2000 Dr. F. Vandesande
Somatostatin S8 Mouse 50ug/ml Dr. A. Buchan
(Buchan et al., 1985)
SP RMSP-1 Rabbit 1:2000 Dr. R. Murphy
Substance P (Morris et al., 1986b)
NCI/34HL Rat (monoclonal) 1:800 Seralab
(Cuello et al., 1979)
TH (bovine adrenal) 1012 Rabbit 1:240 Eugene Tech., NJ
Tyrosine hydroxylase
VIP (porcine) 7913 Rabbit 1:200 Dr. ]J. Walsh
Vasoactive intestinal peptide (Furness et al., 1981)
VIP FI/III Rat 1:400 Dr. R, Murphy

(Morris et al., 1985)

the paracervical ganglia that might innervate the pelvic vas-
culature. We also have examined the immunohistochemistry of
the presynaptic fibers to elucidate the neuronal pathways in-
volved in autonomic control of the pelvic region.

Materials and Methods

Mature virgin female guinea pigs (350-450 gm) were killed by a blow
to the head and rapid bleeding-out. The mesometrium in the angle
between the caudal vesical, vaginal and uterine arteries, and the uterine
cervix, was removed bilaterally, together with the arteries and the distal
portions of the hypogastric nerve trunks (Fig. 14). The mesometrium
and blood vessels were pinned out in a petri dish containing ice-cold
PBS to display the nerve trunks and ganglia in the paracervical region
(Fig. 1B).

Catecholamine fluorescence. Some preparations of the paracervical
ganglia were treated as whole-mounts for glyoxylic acid-induced cate-
cholamine fluorescence (see Furness and Costa, 1975). In other prep-
arations, the ganglia close to the uterine artery (Fig. 1 B) were removed
and fixed for 4-6 hr at 2°C in a phosphate-buffered solution containing
4% formaldehyde, 0.5% glutaraldehyde, 15% saturated picric acid, 2%
glyoxylic acid, and 15% sucrose (Faglupagas; Imai et al., 1982). The
ganglia were rinsed several times and stored in fresh fixative without
picric acid (Faglugas) at 4°C for 1-7 d. Ganglia were frozen and sectioned
at 10-12 um, dried onto chrome-alum-coated slides, incubated in a
drop of Faglugas for 15-20 min, and then heated at 100°C for 4 min.
All preparations were mounted in paraffin oil and viewed with a Leitz
fluorescence microscope fitted with dichroic filter block D.

Amine loading. The paracervical ganglia and associated nerve trunks

and blood vessels were removed from both sides of 2 animals, and were
incubated in Krebs solution containing pargyline hydrochloride (Sigma;
St. Louis, MO), 5 x 107 M, for 15 min at 37°C. The solution was
bubbled with 95% O,:5% CO,. The ganglia were then incubated for 45
min with Krebs solution containing pargyline alone, pargyline +
L-DOPA (L-DOPA methyl ester hydrochloride; Sigma), 2 x 105 M,
pargyline + dopamine hydrochloride (Sigma), 5 x 10-¢ m, or pargy-
line + noradrenaline hydrochloride (Sigma), 5 x 10-¢ M. This was fol-
lowed by a further 30 min incubation in Krebs solution alone. Ganglia
were then fixed in Faglugas and sectioned as described above, or treated
as whole-mounts with glyoxylic acid.

Immunohistochemistry. Ganglia were fixed in phosphate-buffered pic-
ric acid (15% of saturated solution) and formaldehyde (4%) at 4°C for
16-24 hr. Ganglia were then placed in dimethyl sulfoxide for 3 x 10
min, washed in PBS for 3 x 10 min, and stored in PBS containing 30%
sucrose and 0.1% sodium azide. This fixation procedure has been found
by this laboratory to satisfactorily demonstrate all of the peptides ex-
amined here (see Costa et al., 1986), although in some cases it is nec-
essary to elevate peptide levels in the nerve cell bodies with colchicine
treatment prior to fixation (see Discussion). This fixation procedure has
also been used successfully to demonstrate tyrosine hydroxylase (TH)
and dopamine-3-hydroxylase (DBH) immunoreactivity (IR) in all pe-
ripheral neurons showing catecholamine fluorescence (e.g., Costa and
Furness, 1984; Gibbins et al., 1986; Macrae et al., 1986; Morris et al.,
1986a-d).

Cryostat sections were cut at 8 um, and runs of serial sections were
placed on adjacent chrome-alum-gelatin-coated slides. Sections were
incubated for 30 min in PBS containing 10% sheep or human serum,
and then simultaneously incubated with 2 of 16 primary antisera (see



The Journal of Neuroscience, October 1987, 7(10) 3119

Table 2. Colocalization of immunoreactivity to DBH, NPY, TH, and VIP in serial sections

Nerve cell bodies in each ganglion with immunore-

activity to antisera (%)

Total Total

Antiserum A/antiserum B A B A+B Neither A B

NPY E2210/TH 1012 Median 75 3 3 16 78 6
(n = 12 ganglia; 1282 ceils) Range (36-88) (0-23) (0-15) (4-32)

NPY E2210/DBH 2D4 Median 11 12 60.5 12.5 71.5 725
(n = 12 ganglia; 943 cells) Range (0-30) (0-58) (27-749) (0-32)

VIP FI/III/TH 1012 Median 64 8 0 29 64 8
(n = 10 ganglia; 964 cells) Range (25-88) (0-45) 0-3) (13-43)

VIP F1/11I/DBH 2D4 Median  13.5 15.5 48 20.5 61.5 63.5
(n = 10 ganglia; 815 cells) Range (0-50) (0-34) (35-80) (0-30)

NPY E2210/VIP 7913 Median  22.5 35 61 10.5 83.5 64.5
(n = 10 ganglia; 894 cells) Range (4-36) (0-10) (49-89) (0-31)

Table 1 for antiserum characteristics) for 16-20 hr at room temperature.
Twenty-four different combinations of primary antisera were used for
double-labeling: anti-NPY E2210 together with anti-calcitonin gene-
related peptide (CGRP), anti-DBH, anti-dopa decarboxylase (DDC),
anti-Dyn, anti-TH, or anti-VIP 7913; anti-VIP FI/III together with anti-
CGRP, anti-DBH, anti-DDC, anti-Dyn, or anti-TH; anti-SP NCl/34HL
together with anti-Dyn, anti-NPY RMJ 263, anti-VIP 7913, or anti-
TH; anti-Enk NOCI together with anti-Dyn, anti-NPY RMJ 263, anti-
SP RMSP-1, anti-TH, or anti-VIP 7913; anti-Som S8 together with
anti-DBH 2012, anti-NPY RMNJ 263, anti-TH, or anti-VIP 7913.
These antisera were diluted (see Table 1) in hypertonic PBS (1.7% NaCl;
Grube, 1980). A different antiserum combinations was applied to each
of 5-6 serial sections, and the sequence was then repeated across groups
of 5-6 slides.

After primary antiserum incubation, the sections were washed with
PBS and exposed to appropriate mixtures of fluorescein- and rhoda-
mine-labeled secondary antibodies for 1 hr at room temperature. When
the primary antiserum mixture was anti-NPY E2210 raised in a sheep,
with one of the antisera raised in rabbits, the secondary antibody mixture
consisted of fluorescein isothiocyanate (FITC)-labeled swine anti-goat
gamma globulin (Tago, Burlingame, CA, batch 010604) together with
tetramethylrhodamine isothiocyanate (TRITC)-labeled swine anti-rab-
bit gamma globulin (Dako, Copenhagen, Denmark, batch 034A), each
diluted 1:80 with hypertonic PBS. When anti-VIP FI/IIT or anti-SP
NCI/34HL raised in rats was used in conjunction with an antiserum
raised in a rabbit, the secondary antibodies were TRITC-labeled goat
anti-rat gamma globulin (Cappel Lab, Cochranville, PA, batch 21275
diluted 1:80 in PBS) and FITC-labeled sheep anti-rabbit gamma glob-
ulin (Wellcome Diagnostics, Roseberry, Australia, batch K890510 di-
luted 1:80). When anti-Enk NOCI or anti-Som S8 raised in mice was
used with a rabbit primary antiserum, FITC-labeled goat anti-mouse
gamma globulin (Tago, batch 504304) and TRITC-labeled goat anti-
rabbit gamma globulin (Cappel, batch 22141) were used at a dilution
of 1:160. Control tests indicated that with these batches of secondary
antibodies there was no inappropriate binding of secondary antibodies
to one another or to the inappropriate primary antiserum (see Costa et
al., 1986).

Some sections were incubated simultaneously with 3 primary antisera
raised in rabbits: anti-DBH 2012, anti-NPY RMJ 263, and anti-Som
18J22. After incubation for 16 hr, sections were washed in PBS (3 x
10 min) and exposed to FITC-labeled sheep anti-rabbit gamma globulin
(Wellcome, batch K889820, diluted 1:100 in PBS) for 1 hr.

Sections were washed in PBS for 3 x 10 min, mounted in carbonate-
buffered glycerol (pH 8.6), and viewed with a Leitz fluorescence micro-
scope fitted with L3 and N2 dichroic filter blocks, which allow selective
viewing of fluorescein and rhodamine fluorescence, respectively.

Colchicine treatment. Paracervical ganglia and associated nerve trunks
were pinned to strips of autoclaved balsa wood and incubated for 8-24
hr at 37°C in N2 defined culture medium (Bottenstein and Sato, 1979)
containing 10+ M colchicine (Sigma) and bubbled with medical grade
air containing 5% CO,. Ganglia were rinsed several times in PBS, and
fixed and processed for immunohistochemistry as described above.

Absorption tests. Absorption tests were carried out on colchicine-
treated ganglia incubated with one of the 5 double-labeling combinations
of antisera listed in Table 2. The mixtures of anti-NPY E2210 with
anti-DBH, anti-TH, or anti-VIP 7913 were preincubated with NPY
(Peninsula, Belmont, CA), 10-10-¢ M, and mixtures of anti-VIP FI/
III with anti-DBH or anti-TH, and of anti-VIP 7913 with anti-NPY
2210 were preincubated with VIP (Peninsula), 10-4~10-¢ m, for 24 hr at
4°C before application to sections for 16-20 hr, as above. All NPY-IR
was abolished after preincubation of the primary antiserum mixtures
with NPY, 10-¢ M, while IR to DBH, TH, or VIP was unaffected. VIP-
IR was reduced after preincubation of primary antisera with 10-¢ M,
and was abolished by 10-* M VIP, while DBH-, NPY-, and TH-IR were
unaffected.

Absorption tests for Dyn-, Enk-, Som-, and SP-like immunoreactiv-
ities were carried out on sections single-labeled with primary antiserum
that had been equilibrated at 4°C for 24 hr with a range of concentrations
of synthetic peptides. Dyn-IR was abolished after preincubation of anti-
Dyn Paul with Dyn 1-13 (Peninsula) at 10-¢ M, but was unaffected after
preincubation of anti-Dyn Paul with Leu-Enk (Sigma) at 10~ M. Enk-
IR was reduced in intensity after preincubation of anti-Enk NOCI with
Leu- or Met-Enk (Sigma) at 10 M, and was abolished after preincu-
bation with Leu- or Met-Enk at 102 M (see also Cuello et al., 1984).
Som-IR, demonstrated by anti-Som S8 or anti-Som 18)22, was abol-
ished after preincubation of each antiserum with Som 1-14 (Peninsula)
at 10-¢ m. All SP-IR was abolished after preincubation of anti-SP NCl/
34HL with SP (Sigma) at 10-¢ m.

Results

General arrangement of paracervical ganglia

The paracervical ganglia lay bilaterally at the caudal ends of the
hypogastric nerve trunks, in the mesometrium between the uter-
ine, vaginal, and caudal vesical arteries at the level of the junc-
tion between the uterine cervix and vagina (Fig. 1). Dissection
ofthis region unilaterally and removal of the associated fat under
a dissecting microscope revealed between 6 and 10 ganglia of
varying sizes among a plexus of nerve trunks (cf. Thorbert et
al., 1977). Small nerve trunks leaving some of the ganglia were
observed traveling in both directions along the uterine artery
and along the vaginal arteries (Fig. 1B). Larger nerve trunks
followed the caudal vesicle artery and then traveled caudally
along the lateral margin of the vagina to connect the paracervical
ganglia with the posterior pelvic ganglia.

Although the absolute number and position of the paracervi-
cal ganglia varied between animals and even between sides of
the same animal, it was usually possible to distinguish 5 or 6
main ganglia, close to the uterine artery, that could supply axons
to the nerve trunks coursing to the artery (Figs. 1B, 2). The
present study was restricted to these 5 or 6 ganglia: the ganglia
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Figure I. A, Diagram showing location of left paracervical ganglia (in boxed area) at distal end of hypogastric nerve trunk (HN), in the region of
the caudal vesical artery (CVA) and the vaginal arteries (VA). RA, renal artery; OA, ovarian artery; IMA, inferior mesenteric artery; IMG, inferior
mesenteric ganglia; Ud4, uterine artery; EIA, external iliac artery; II4, internal iliac artery; CrVA, cranial vesicle artery. B, Diagram showing
arrangement of left paracervical ganglia after lateral and caudal reflection of the uterine artery. Ganglia numbered I-5 were examined in this study.
Arrows designate nerve trunks that connect with the posterior pelvic ganglia.

that lay along the main hypogastric nerve trunk, and more dis-
tally along the nerve trunks connecting with the posterior pelvic
ganglia, have not been examined here. It is interesting to note
that the paracervical ganglia in cats, rabbits, and humans are
also arranged in diffuse clusters (Owman and Sj6berg, 1966;
Owman et al., 1967; Rosengren and Sjoberg, 1967), and hence
the existence bilaterally of a discrete paracervical (Frankenhiu-
ser’s) ganglion in rats (e.g., Kanerva, 1972) seems to be unusual.

Neurons with catecholamine fluorescence

After treatment of whole-mounts of the paracervical ganglia and
associated nerve trunks with glyoxylic acid, it was apparent that
many of the macroscopically identifiable ganglia were composed
of accumulations of several microganglia containing neurons,
extraadrenal chromaffin cells, and axon bundles with catechol-
amine fluorescence. Most, but not all, ganglia contained nerve
cell bodies with catecholamine fluorescence (Fig. 2). The number
of fluorescent neurons varied between ganglia, and often they
were clumped eccentrically within individual ganglia. Clusters
of small (5-10-um-diameter), intensely fluorescent extraadrenal

chromaffin cells (SIF cells) were prominent along the nerve trunks,
and were often associated with ganglia (Fig. 2). Some of these
chromaffin cells had processes that could be followed for up to
200 pum. Fluorescent axons were present in the branches of the
hypogastric nerve and in most nerve trunks passing between the
paracervical ganglia. Several bundles of fluorescent axons coursed
from the ganglia to the uterine artery.

Sections through ganglia treated with Faglupagas confirmed
that the proportion of nerve cell bodies with catecholamine
fluorescence was highly variable between ganglia, and that the
fluorescent neurons were often clumped together. The fluores-
cent nerve cell bodies were irregular in shape, with many short
processes, and were approximately 30-40 um long and 20-25
um wide. Clusters of extraadrenal chromaffin cells were often
prominent near the periphery of the ganglia (Figs. 3, 4). Non-
varicose fluorescent axons and processes were seen in the vi-
cinity of fluorescent nerve cells and chromaffin cells, but no
varicose fluorescent axons were present in the ganglia (cf. Yokota
and Burnstock, 1983).

Seven ganglia were sectioned serially, and the total number
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Figures 2-4. Figure 2, Photomontage of whole-mount of paracervical ganglia and uterine artery treated with glyoxylic acid for demonstration of
catecholamine fluorescence. Asterisk marks origin of caudal vesical artery and vaginal arteries, which have been reflected laterally. Five main ganglia
are present (cf. Fig. 1B) at the distal ends of branches of the hypogastric nerve trunks (HN, HN’, HN"), some of which can be seen microscopically
to be composed of several small ganglia (ganglion 2, 4). Some ganglia (2¢, 3) do not contain fluorescent nerve cell bodies. Clusters of small, intensely
fluorescent chromaffin cells are apparent near some ganglia and along some nerve trunks. Arrow designates nerve trunk that connects with posterior
pelvic ganglia. Scale bar, 500 um. Figures 3 and 4, Sections through paracervical ganglia treated with Faglupagas for demonstration of catecholamines.
A small proportion of neurons show catecholamine fluorescence. Groups of intensely fluorescent chromaffin cells (arrows) are prominent within

(Fig. 3), or adjacent to (Fig. 4), the ganglia. Scale bars, 50 upm.

of neurons with and without catecholamine fluorescence was
determined in alternate sections throughout the ganglia (n =
1219 cells). The percentage of total neurons per ganglion show-
ing catecholamine fluorescence ranged from 2 to 18%, the me-
dian value being 6%.

Paracervical ganglia incubated with pargyline alone, or with
pargyline and L-DOPA, dopamine, or noradrenaline before Fa-
glupagas fixation, were sectioned, and the proportion of total
neurons with catecholamine fluorescence was estimated. Al-
though the background fluorescence of the connective tissue was
higher in all incubated ganglia than in unincubated ganglia, the
number of neurons showing catecholamine fluorescence did not
seem to be increased by incubation with any of the amines. No
ganglia appeared to contain more than 20% fluorescent neurons,
and in most ganglia the percentage was estimated to be less than
10%. No fluorescent varicose axons were detected in the incu-
bated ganglia.

Immunohistochemistry of nerve cell bodies

Nerve cell bodies with immunoreactivity (IR) to TH, DBH,
NPY, VIP, or Som were detected in most paracervical ganglia.
The neurons were predominantly ovoid, 30-40 pm long and
15-20 um wide, often with many short processes. Many nerve
cell profiles were binucleate (cf. Yokota and Burnstock, 1983;
Figs. 6, 9). The intensity of the TH-IR was consistently strong,
but the IR to the peptides was variable, and was usually en-
hanced by colchicine treatment. Ganglia from some animals
contained cell bodies with moderate to dim Dyn-IR, while no
Dyn-IR was detected in ganglia from other animals. Dyn-IR
cell bodies were always detected in colchicine-treated ganglia,
although the intensity of the IR was still variable. No nerve cell
bodies with IR to SP, Enk, or CGRP were detected in untreated
or colchicine-treated ganglia.

All extraadrenal chromaffin cells (5-10 ym diameter) within
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Figures 5-8. Figure 5, Section of ganglion double-labeled to demonstrate NPY-IR (4) and TH-IR (B). Most neurons with NPY-IR do not show
TH-IR (cells I, 2). One neuron with TH-IR (cell 3) does not show NPY-IR, although it is surrounded by varicose axons with NPY-IR. Figure 6,
Section adjacent to that shown in Figure 5, double-labeled to show NPY-IR (4) and DBH-IR (B). Of the 3 cells visible in both Figure 5 and Figure
6, cells I and 2 have NPY-IR and DBH-IR without TH-IR, and cell 3 has DBH-IR and TH-IR without NPY-IR. Scale bar, 50 yum. Figure 7,
Section through small ganglion double-labeled to show VIP-IR (4) and TH-IR (B). No neurons with VIP-IR have TH-IR. Axons with intense TH-

the ganglia showed TH-IR and DBH-IR, and some also had
NPY-IR or Dyn-IR.

Serial sections of both untreated and colchicine-treated gan-
glia were double-labeled with one of 5 combinations of antisera
(see Table 2) to examine the relationships between nerve cell
bodies with IR to catecholamine-synthesizing enzymes and cell
bodies with IR to NPY or VIP. All nerve cell bodies in each
profile were scored for the presence of IR to one, both, or neither
antigen. Ganglia not treated with colchicine that showed dim
IR were not included in this analysis. The percentages of total

neurons per ganglion with IR to each of these antigens were
quite variable between ganglia, but as the ranges of percentages
of these cells were similar in untreated and colchicine-treated
ganglia, the values from all ganglia were pooled.

Six to nine percent (median values) of all neurons were TH-
IR, yet 57-73% of neurons showed DBH-IR when either anti-
serum 2D4 or 2012 was used (Tables 2, 3). In serial sections it
could be seen that all TH-IR nerve cell bodies were DBH-IR,
while many cells contained DBH-IR but not TH-IR (Figs. 5-
8). Therefore, we examined 3 ganglia for the presence of IR to

Table 3. Colocalization of immunoreactivity to DBH, NPY, Som, TH, and VIP in serial sections

Nerve cell bodies in each ganglion with immunore-
activity to antisera (%)

Total Total
Antiserum A/antiserum B A B A+B Neither A B
Som S8/TH 1012 Median 48 8.5 0.5 38.5 48.5 9
(n = 12 ganglia; 1278 cells) Range (17-64) (1-28) (0-5) (8-61)
Som S8/DBH 2012 Median 33 37 20 14.5 53 57
(n = 12 ganglia; 1272 cells) Range (0-45) (25-56) (11-31)  (3-26)
Som S8/NPY RMJ 263 Median 19.5 39 33 8.5 52.5 72
(n = 12 ganglia; 1752 cells) Range (1-31)  (29-64) (11-61)  (3-22)
Som S8/VIP 7913 Median 21 45 32 11 53 77
(n = 12 ganglia; 1483 cells) Range (3-34) (30-75) (8-56) (0-22)




The Journal of Neuroscience, October 1987, 7(10) 3123

IR, but not VIP-IR, course through the ganglion. Figure 8, Section adjacent to that in Figure 7, double-labeled to demonstrate VIP-IR (4) and
DBH-IR (B). Many cells have both VIP-IR and DBH-IR (cells /, 2), but do not have TH-IR. Scale bar, 50 ym.

another catecholamine-synthesizing enzyme, DDC (aromatic
amino acid decarboxylase). A small proportion of neurons, es-
timated at less than 10%, were DDC-IR. Examination of serial
sections demonstrated that DDC-IR was associated only with
neurons showing both TH- and DBH-IR, and was not associated
with those DBH-IR neurons lacking TH-IR.

Between 72 and 84% (median values) of neurons showed
NPY-IR, while 62-65% of neurons were VIP-IR. Double-la-
beling demonstrated that 61% of all neurons contained both
NPY- and VIP-IR (Table 2; Fig. 9). Three percent of neurons
had both NPY-IR and TH-IR, while only 2 out of 964 TH-IR
neurons showed VIP-IR. In 9 out of 10 ganglia analyzed, no
TH-IR nerve cell bodies were VIP-IR (Table 2; Fig. 7). There-
fore, neurons containing both NPY- and VIP-IR did not have
TH-IR. However, 48% of all neurons had both DBH- and VIP-
IR (Fig. 8), and 60% of neurons had both DBH- and NPY-IR
(Fig. 6); thus there was a large number of neurons containing
DBH-, NPY-, and VIP-IR without TH-IR. In addition, some
DBH-IR neurons did not show NPY-IR (12% total neurons),
or VIP-IR (16% total neurons).

About 50% of all nerve cell bodies showed Som-IR when
either antiserum 18J22 or S8 was used (Figs. 10A, 11A, 12A).
Serial sections double-labeled with anti-Som S8 together with
anti-TH, anti-DBH 2012, anti-NPY RM]J 263, oranti-VIP 7913
revealed a complex pattern of coexistence of Som-IR with the
other antigens. In 6 of 12 ganglia examined, a small proportion
(1-5%) of neurons had both Som-IR and TH-IR. In the other
ganglia Som-IR and TH-IR were not found in the same neurons

(Fig. 12; see Table 3). Twenty percent of neurons had both Som-
IR and DBH-IR (Fig. 10), 33% had both Som-IR and NPY-IR
(Fig. 10), and 32% had both Som-IR and VIP-IR (Table 3).
Examination of the same neurons in serial sections indicated
that probably all neurons with both Som-IR and NPY-IR also
contained VIP-IR, while all neurons with both Som-IR and
DBH-IR probably contained NPY-IR and VIP-IR. About 20%
of all nerve cell bodies contained Som-IR, but did not show
DBH-IR, NPY-IR, TH-IR, or VIP-IR.

Attempts to quantify the relationships between neurons with
Dyn-IR and those with TH-, DBH-, NPY-, Som-, and VIP-IR
were hampered by the great variation in intensity of the Dyn-
IR, even in colchicine-treated ganglia. Only a small sample of
the total neurons labeled could be reliably scored for the pres-
ence or absence of Dyn-IR, so the number of neurons with Dyn-
IR in 3 ganglia was expressed as a percentage of the total number
of neurons in the ganglia. About 45% of all neurons had Dyn-
IR. Examination of doubled-labeled serial sections indicated
that nearly all Dyn-IR neurons had NPY-IR (Fig. 13) and VIP-
IR, and about half of the Dyn-IR neurons also had Som-IR
(Fig. 14; Table 4). Although the appropriate primary antisera
were not available to directly visualize the colocalization of
Dyn-IR with IR to catecholamine-synthesizing enzymes, serial
sections indicated that most neurons with Dyn-IR also had
DBH-IR, while apparently none had TH-IR.

Combining the above information derived from double-la-
beling of serial sections, and the quantitative data from cate-
cholamine histochemistry, one could distinguish as many as 11
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Figures 9-14. Sections double-labeled to demonstrate coexistence of IR to pairs of antigens in nerve cell bodies. Scale bars, 20 pm. Figure 9, All
neurons but one (asterisk) in this ganglion have both NPY-IR and VIP-IR. Figure 10, Some neurons have both Som-IR and NPY-IR (cell 3),
while some have only Som (cell /) or NPY-IR (cell 2). Figure 11, Some neurons with both Som-IR and DBH-IR (cell 2), and some with Som-IR
alone (cell 3) or DBH-IR alone (cell I). Figure 12, No neurons in this ganglion have both Som-IR and TH-IR. Figure I3, Some NPY-IR neurons
have Dyn-IR (cells 3, 4) and some do not (cells /, 2). One NPY-IR neuron (cell 2) has associated Dyn-IR nerve terminals. Figure 14, Dyn-IR and
Som-IR coexist in one neuron (cell 3), while another has Dyn-IR alone (cell 2), and another Som-IR alone (cell 7).

classes of neurons in the paracervical ganglia (Table 5). Six to
ten percent of all neurons contained noradrenaline, as well as
the catecholamine-synthesizing enzymes TH and DBH (and
DDC): Half of these neurons (3-5%) contained NPY-IR, while
the other half did not have immunoreactivity to any of the
peptides examined here. As the number of nerve cell bodies
with both TH-IR and Som-IR was so small (median value,

0.5%), it could not be determined from serial-section analysis
whether or not these neurons also had NPY-IR.

Using the median values from Table 2, it can be argued that,
as 57% of neurons had both NPY- and DBH-IR, but not TH-
IR, 48% had VIP- and DBH-IR, but not TH-IR, and 61% had
both NPY- and VIP-IR, then about 50% of all neurons con-
tained NPY-, VIP-, and DBH-IR, but were not noradrenergic.
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Table 4. Colocalization of immunoreactivity to Dyn, NPY, Som, and VIP

Total nerve cell bodies in 3 ganglia with immunore-

activity to antisera (%)

Total Total

Antiserum A/antiserum B A B A+B Neither A B
Dyn Paul/NPY E2210

(n = 3 gangla; 371 cells) 2 30 47 21 49 77
Dyn Paul/VIP F1/111

(n = 3 ganglia; 439 cells) 1 21 42 37 43 63
Dyn Paul/Som S8

(n = 3 ganglia; 406 cells) 15 31 24 30 39 55

Probably most of these neurons also had Dyn-IR (Table 4), and
half of them (20-25%) also had Som-IR (Table 3). Data from
Tables 3 and 4 indicate that, as 33% of neurons had Som-IR
and NPY-IR, 32% had Som-IR and VIP-IR, 20% had Som-IR
and DBH-IR, and 24% had Som-IR and Dyn-IR, then about
10% of neurons had NPY-/SOM-/VIP-IR without the other
antigens. Combining this with the data in Table 2, it seems that
small populations of neurons (5% total neurons) with DBH/
NPY or NPY alone probably exist.

In order to determine whether or not all nerve cell bodies
have been labeled by the antiscra used in this study, sections
from 3 ganglia were labeled simultaneously with antisera to
DBH, NPY, and Som and visualized with a single fluorophore,
which should label the major neuron populations (see Table 5).
Of 1080 nerve cell bodies examined, only 5% were not labeled
by any of these antisera. It is possible that this 5% of neurons
may correspond to small numbers of neurons with VIP-IR alone
(3.5%; see Table 2) or with Dyn-IR alone (1-2%; see Table 4),
which are indicated by the median values. However, attempts
to apply more than 3 primary antisera simultaneously did not
produce immunoreactivity of sufficient intensity to clarify this
issue. Thus, it can only be concluded that at least 95%, and
possibly all of paracervical neurons were labeled by the antigens
used in this study.

It is apparent from examining the total median percentages
of neurons with immunoreactivity to a particular antigen that,
in general, the number of neurons labeled with different antisera
combinations is quite consistent. The only major discrepancy

Table 5. Classes of nerve cell bodies in paracervical ganglia, deduced
from median values in Tables 2-4

Total ncurons

(%)
DBH/TH 3-5
DBH/TH/NPY 3-5
DBH/TH/Som/+NPY 0.5
DBH/Dyn/NPY/VIP 20-25
DBH/Dyn/NPY/Som/VIP 20-25
NPY/Som/VIP 10
DBH/NPY 5
Dyn alone 1-2
NPY alone 5
Som alone 10-20
VIP alone 3.5

arising from using median values of labeled neurons to deter-
minc neuron populations is that Tables 3 and 4 indicate that
about 20% of neurons have Som-IR alone, while Table 2 in-
dicates that only 10-12% do not have NPY-IR or VIP-IR. Con-
sidering that the ganglia analyzed in Tables 2-4 were different,
and that the range of values between ganglia was great, it seems
likely that the percentage of neurons with Som-IR alone lies
between 10 and 20%.

Immunohistochemistry of nerve terminals

Varicose nerve fibers with immunoreactivity to CGRP, Dyn,
Enk, NPY, Som, SP, or VIP were detected in the paracervical
ganglia. The nerve terminals were divided into at least 6 classes,
based on the type of association between the terminals and nerve
cell bodies within the ganglia, the coexistence of neuropeptides
within the terminals, and the immunohistochemical markers
within the nerve cell bodies with which the terminals were as-
sociated (sce Fig. 23).

A small proportion of nerve cell bodies in most ganglia was
surrounded by varicose fibers with NPY-IR alone. These cells
always had DBH- (Fig. 6), TH- (Fig. 5) or DDC-IR, and some-
times had NPY-IR. In fact, almost every cell with TH-IR was
surrounded by terminals with NPY-IR. Occasionally, varicose
fibers with both NPY- and VIP-IR, or NPY- and Som-IR were
seen. These were always associated, respectively, with cell bod-
1cs containing both NPY- and VIP-IR (Fig. 15), or NPY- and
Som-IR.

Nerve terminals with SP-IR were prominent in all ganglia.
Some of these were varicose, with very intense SP-IR, and passed
through the ganglia without making close associations with nerve
cell bodies. These processes contained CGRP-IR (Fig. 16), and
were often restricted to regions of the ganglia containing NPY-
or VIP-IR nerve cell bodies. The majority of nerve terminals
with SP-IR did not contain CGRP-IR (Fig. 16), or any other
antigen studied here. These varicose fibers formed dense baskets
around most nerve cell bodies with Dyn-, NPY-, or VIP-IR
(Fig. 17), and some, but not all, neurons with Som-IR (Fig. 19).
The dense SP-IR baskets were never associated with TH-IR
neurons (Fig. 18).

Dense baskets of varicose nerve fibers with intense Enk-IR
were also prominent in all ganglia. These baskets were never
found around cells that had SP-IR baskets, and were not as-
sociated with neurons with Dyn-, NPY-, VIP-, or TH-IR (Fig.
21); they were associated exclusively with Som-IR neurons (Fig.
22), although only about half of the Som-IR cells had associated
Enk-IR baskets. Varicose fibers with dim Enk-IR were occa-
sionally seen associated with neurons that were also surrounded



Figures 15-22. Sections double-labeled to show relationships between nerve fibers and nerve cell bodies. Scale bars, 20 um. Figure 15, A small
proportion of neurons with both NPY-IR and VIP-IR are surrounded by varicose fibers with NPY-IR and VIP-IR (cell ). Figure 16, Some varicose
axons have both SP-IR and CGRP-IR (arrows). Many nerve cell bodies (I-3) are surrounded by dense baskets of nerve terminals with SP-IR, but
not CGRP-IR. Figure 17, SP-IR fibers surround neurons with VIP-IR (cell 2), but not neurons without VIP-IR (cell I). Figure 18, Neurons with
TH-IR (cell 1) do not have associated fibers with SP-IR. Figure 19, Some neurons surrounded by SP-IR baskets do not have Som-IR (cell I), and
some Som-IR neurons (cell 2) have associated SP-IR axons. Figure 20, Some neurons (cell I) are surrounded by nerve fibers with SP-IR, as well
as nerve fibers with Dyn-IR. Some varicosities appear to contain both SP-IR and Dyn-IR (arrows). Other cells receive fibers with SP-IR alone (cell
2) or Dyn-IR alone (cell 3). Figure 21, Varicose fibers with Enk-IR are associated with cells without TH-IR (cells 2, 3). Figure 22, Enk-IR nerve
fibers are associated only with Som-IR cells (cell 1), but some Som-IR cells (cell 2) do not have associated Enk-IR fibers.




by NPY-IR varicosities. In a few varicosities, Enk-IR appeared
to coexist with NPY-IR.

Varicose nerve fibers with Dyn-IR were detected in most
ganglia, and were associated with some of the neurons with
NPY-IR (Fig. 13) or VIP-IR. Consequently, some neurons were
surrounded by SP-IR baskets, as well as by Dyn-IR processes.
Most of these SP- or Dyn-IR varicosities were separate, although
a few varicosities appeared to contain both SP- and Dyn-IR
(Fig. 20). Other neurons were supplied by only SP-IR or Dyn-
IR processes (Fig. 20). Varicosities with dim Dyn-IR were some-
times associated with neurons that were also surrounded by
NPY-IR processes. These neurons did not contain VIP-IR, but
sometimes contained NPY-IR.

These findings demonstrate that at least 3 of the immuno-
histochemically distinct classes of nerve cell bodies in the para-
cervical ganglia were supplied by different immunohistochem-
ical classes of nerve terminals (Fig. 23): (1) Almost all
noradrenergic nerve cell bodies appeared to be surrounded by
terminals with NPY-IR. A small proportion of these terminals
contained Dyn-IR or Enk-IR, and some cells were surrounded
by terminals with dim Dyn-IR or Enk-IR, which were separate
from the NPY-IR terminals. (2) Most of the DBH/Dyn/NPY/
VIP/(+Som) neurons were surrounded by dense baskets of var-
icose nerve fibers with SP-IR, and a subpopulation of these
neurons (or neurons with NPY/VIP/(xSom)) had associated
terminals with Dyn-IR. (3) Dense baskets of terminals with
bright Enk-IR seemed selectively to surround neurons that con-
tained Som-IR alone. It is also likely that the rare fibers with
NPY/Som/VIP supplied nerve cell bodies with NPY/Som/VIP,
although the possibility cannot be excluded that these cell bodies
may also have contained DBH- or Dyn-IR.

Discussion

Noradrenergic neurons

This study has demonstrated that only a small proportion of
neurons in the guinea pig paracervical ganglia has the charac-
teristics of noradrenergic neurons: less than 10% (median values)
of nerve cell bodies showed catecholamine fluorescence and
contained immunoreactivity to the catecholamine-synthesizing
enzymes tyrosine hydroxylase (TH), dopa decarboxylase (DDC),
and dopamine-B-hydroxylase (DBH). This proportion of norad-
renergic neurons is somewhat less than that reported in paracer-
vical ganglia of other species (e.g., rabbit, cat, human: Sjdberg,
1967; rat: Kanerva, 1972), where up to one-third of the nerve
cell bodies showed catecholamine fluorescence. It is also inter-
esting that in the much larger anterior pelvic ganglia of male
guinea pigs, between one- and two-thirds of the nerve cell bodies
are noradrenergic (Costa and Furness, 1973; Yokota and Bumn-
stock, 1983; and M. Costa and J. B. Furness, personal com-
munication).

Non-noradrenergic neurons with DBH-IR

About half of the nerve cell bodies in the paracervical ganglia
had DBH-IR, but no other characteristics of noradrenergic neu-
rons: They did not show native catecholamine fluorescence with
the very sensitive glyoxylic acid technique (Howe et al., 1981;
cf. Malmfors, 1965; Furness et al., 1986), did not take up ex-
ogenous catecholamines, did not have detectable TH- or DDC-
IR, and did not produce and retain dopamine when supplied
with the substrate for DDC, L-DOPA.

In the present study, it has not been determined whether the
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Figure 23. Summary diagram showing the main associations between
immunohistochemically defined classes of nerve cell bodies and nerve
fibers in paracervical ganglia. Dashed lines represent nerve fibers with
dim IR that supply only a small proportion of neurons within each class.

DBH-IR in non-noradrenergic neurons represents the presence
of the active enzyme. However, the DBH-IR was detected with
2 polyclonal antisera raised in different laboratories (see Table
1), one of which (2012) shows only an immunoreactive band
corresponding to a subunit of DBH on an immunoblot against
rat adrenal gland (characterized by Eugene Tech., NJ). Therefore,
the antiserum recognizes authentic DBH, which presumably
produces the DBH-IR in noradrenergic paracervical neurons,
but it may also recognize a different substance in non-norad-
renergic neurons that has an antigenic site or sites similar to
DBH.

There have been many previous reports, from both functional
and immunohistochemical studies, of catecholamine-synthesiz-
ing enzymes in neurons that do not normally synthesize cate-
cholamines (e.g., Ehinger and Falck, 1970; Costa et al., 1976;
Furness and Costa, 1978; Grzanna and Coyle, 1978; Ross et al.,
1984; Bjorklund et al., 1985; Klemm et al., 1985; Teitelman et
al., 1985; Park et al., 1986). Some of these neurons also have
amine uptake and storage mechanisms, and the capability of
turning on catecholamine synthesis in response to an appro-
priate stimulus (see Jonakait et al., 1984; Coulombe and Bron-
ner-Fraser, 1986). Whether the DBH-IR paracervical ganglion
cells might assume other properties of catecholamine neurons
given the appropriate stimulus remains to be determined. On
the other hand, it is possible that the neurons express the norad-
renergic phenotype transiently during development, as occurs
for some other neurons (Johnson et al., 1976; Patterson, 1978;
Teitelman et al., 1978, 1981; Landis and Keefe, 1983; Potter
et al., 1986), but subsequently lose all noradrenergic character-
istics except DBH-IR.

Taken together, these studies emphasize that great caution
must be used when applying antisera directed against one of the
catecholamine-synthesizing enzymes as a specific marker for
catecholaminergic neurons. It is essential that other techniques,
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such as direct histochemical demonstration of catecholamines,
or functional tests, be used in conjunction with immunohisto-
chemistry of catecholamine-synthesizing enzymes (see also
Grzanna and Coyle, 1978; Bjorklund et al., 1985; Klemm et al.,
1985).

Cholinergic neurons

There is functional evidence that at least some of the non-
noradrenergic neurons in guinea pig paracervical ganglia pro-
vide cholinergic vasodilator innervation to the uterine artery
(Bell, 1968, 1974). Although immunoreactivity to choline ace-
tyltransferase has been used successfully in the central nervous
system as a specific marker of cholinergic neurons, this meth-
odology has not been successfully applied to peripheral auto-
nomic neurons on a routine basis. Therefore, in the present study
it was not possible to determine the percentage of paracervical
neurons that were cholinergic.

Colocalization of peptides in nerve cell bodies

The present study has demonstrated that 90-95% of paracervi-
cal nerve cell bodies contain one or more neuropeptides. Fur-
thermore, the quantification of labeled neurons using multiple
combinations of primary antisera has allowed us to demonstrate
up to 3 populations of noradrenergic neurons and 8 populations
of non-noradrenergic neurons containing different single pep-
tides, or different peptide combinations (Table 5). Such a clas-
sification of neurons would not have been possible with single-
labeling immunofluorescence techniques. The demonstration of
populations of non-noradrenergic neurons that have 2 or 3 neu-
ropeptides in common, but that differ by one or 2 other antigens
(e.g., DBH/Dyn/NPY/VIP; DBH/Dyn/NPY/Som/VIP; NPY/
Som/VIP), raises the question as to whether these neurons be-
long to a single population in which each peptide may vary in
concentration and thus may fall below the level of histochemical
detection. The intensity of immunoreactivity, particularly to
dynorphin, varied greatly between ganglia obtained from dif-
ferent animals, which may well represent a real variation in
peptide levels. However, the proportions of neurons with IR to
neuropeptides other than dynorphin did not differ significantly
between untreated ganglia and ganglia incubated for up to 24
hr in culture medium containing colchicine. Therefore, the neu-
rons distinguished here by different combinations of peptides
are likely to represent separate populations of neurons. It is
possible that long-term factors, such as hormonal influences,
may alter the proportions of these populations by inducing
changes in peptide synthesis, cleavage from precursors, or stor-
age.

The functional significance of multiple peptides’ being present
in the same neurons, and of the same peptide’s (e.g., NPY)
occurring in several different classes of neurons is not at all
clear. The roles of single neuropeptides in peripheral autonomic
neurotransmission are being delineated gradually. It appears
that VIP and NPY contained in perivascular axons, for example,
interact with the nonpeptide transmitters acetylcholine and nor-
adrenaline, respectively, to affect vascular tone (Lundberg, 1981,
Lundberg et al., 1981, 1982a, b, 1984, 1985). If ail of the pep-
tides contained in a single neuron are released from its peripheral
end, the interactions between these peptides, and between pep-
tides and any nonpeptide transmitters, will be complex indeed.
Thus, the actions of a particular peptide when released from
different classes of neurons may be different, depending upon
the types and amounts of coreleased substances.

Connectivity of neuronal populations

The subclassification of both noradrenergic and non-noradren-
ergic paracervical neurons on the basis of immunoreactivity to
particular combinations of neuropeptides and enzymes is likely
to relate to the distributions of their axons to peripheral target
tissues. This type of neuronal coding has been described pre-
viously in submucous ganglia (Furness et al., 1984; Furness and
Costa, 1987), coeliac ganglion (Costa and Furness, 1984; Lindh
etal., 1986; Macrae et al., 1986) and dorsal root ganglia (Gibbins
et al., 1987a) of guinea pigs. We have not yet identified the
peripheral targets of all the paracervical neurons, although some’
of the non-noradrenergic neurons with IR to DBH/Dyn/NPY/
VIP(+Som) project to the uterine artery (Morris et al., 1985,
19864a, and J. Morris, unpublished observations). On the other
hand, neurons with Som-IR alone or Som/TH-IR do not project
to the uterine artery, but have been found in the musculature
of the uterine horn (J. Morris and I. Gibbins, unpublished ob-
servations). Therefore, some target specificity of paracervical
neurons has been demonstrated, but the occurrence of at least
2 classes of non-noradrenergic axons in the uterine artery (DBH/
Dyn/NPY/VIP and DBH/Dyn/NPY/Som/VIP) indicates that
there is not necessarily a one-to-one relationship between each
class of neurons and each target tissue.

Within the guinea pig paracervical ganglia there are consistent
associations between immunohistochemically identified nerve
terminals and populations of postganglionic nerve cell bodies
(see Fig. 23). For example, we now know that the previously
described nerve terminals containing Enk-IR (see Alm et al.,
1981; Schultzberg et al., 1983) selectively surround those nerve
cell bodies containing Som-IR alone, and that the dense baskets
of SP-IR fibers (¢.g., Dalsgaard et al., 1983) supply the DBH/
Dyn/NPY/VIP(+Som)nerve cell bodies. It should be noted that
these SP-IR fibers, which do not contain CGRP-IR, are resistant
to capsaicin treatment (Dalsgaard et al., 1983; Gibbins et al.,
1987a), and are unlikely to be sensory. Similar close associations
between populations of immunohistochemically identified classes
of neurons have been described previously in guinea pig coeliac
ganglion (Schultzberg et al., 1983; Lindh et al., 1986; Macrae
et al., 1986), cat prevertebral and paravertebral sympathetic
ganglia (Heym et al., 1984), and paravertebral sympathetic gan-
glia of toads (Morris et al., 1986b) and humans (Gibbins et al.,
1986).

Taken together, these specific associations between immu-
nohistochemically defined populations of neurons and their tar-
get tissues, and between pre- and postganglionic neurons, in-
dicate that immunohistochemical coding of neuronal pathways
is likely to be correlated with the function of each pathway in
the autonomic control of peripheral tissues (see also Lindh et
al., 1986; Furness et al., 1987).
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