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ABSTRACT  Background: The paracervical ganglia (PG) are compo-
nents of the pelvic plexus that provides sensory and motor innervation to
the reproductive system of the female rat. Several neurotransmitters in-
cluding norepinephrine (NE), acetylcholine (ACh), neuropeptide Y (NPY),
and vasoactive intestinal polypeptide (VIP) are present in neurons of the
adult PG and in axons innervating the adult uterus and uterine cervix. The
current study was undertaken to describe the onset of immunoreactivity of
these neurotransmitters and neuropeptides during development.

Methods: Female rats, ages E18 to P36, were prepared for immunohisto-
chemistry for TH (tyrosine hydroxylase, a marker of noradrenergic neu-
rons), NPY, or VIP as well as the histochemical demonstration of acetyl-
cholinesterase (AChE).

Results: All four markers were detected in neurons of the PG at E18.
Changes in the appearance of these markers from E18 to P36 reflected
previously described growth changes in the PG. Axons containing AChE,
TH, NPY, or VIP were first detected within the cervix at E20. Immunopo-
sitive axons first appeared as thick, unbranched structures at the outer-
most portion of the cervical myometrium. Over time, these axon bundles
ramified to form discrete varicose axons. The ingrowth was similar for
axons containing each of the four markers.

Conclusions: The relative density of each neuronal type in the PG was
reflected in the density of axons containing the same marker in the cervix.
Changes in neurotransmitter/neuropeptide staining of PG neurons or ax-
ons in the cervix were not observed as the animals approached puberty.
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The innervation of the female reproductive system in
the rat is derived from multiple sources including sen-
sory neurons located in the lumbosacral dorsal root
ganglia and sympathetic and parasympathetic neurons
of the sympathetic chain and PG (Baljet and Drukker,
1980; Nadelhaft and Booth, 1984; Nadelhaft and Vera,
1991; Papka and Traurig, 1993). The PG are important
components of the pelvic plexus (Langworthy, 1966;
Mustonen and Teravainen, 1971; Baljet and Drukker,
1980; Sato et al., 1989; Nadelhaft and Vera, 1991).
Both the hypogastric and pelvic nerves project through,
and synapse with, the principal neurons of the PG
which in turn project axons that join the pelvic plexus
(Purinton et al., 1973; Baljet and Drukker, 1980;
Papka et al., 1985; Papka and Traurig, 1993). Func-
tional studies show that uterine innervation plays a
role in the maintenance of pregnancy and partuition.
In the rat, a particular class of uterine cervical sensory
nerves forms the afferent limb of the neuroendocrine
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copulatory luteal response that is obligatory for fertil-
ity (Carlson and DeFeo, 1965; Adler et al., 1970; Trau-
rig et al., 1984; Cunningham et al., 1992).

A number of studies have described the neurochem-
ical anatomy of the adult rat PG and uterine cervix.
Acetylcholine (ACh), norepinephrine (NE), neuropep-
tide Y (NPY), and vasoactive intestinal polypeptide
(VIP) have been reported in principal neurons of the
PG and in axons innervating the uterine cervix (Sha-
banah et al., 1964a,b; Adham and Schenk, 1969; Kan-
erva, 1971; Kanerva 1972a,b; Alm et al., 1980; Allen et
al., 1985; Inyama et al., 1985; Papka et al. 1987). In
addition to principal neurons, the PG also contains
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small intensely fluorescent (SIF) cells (Kanerva,
1972a; Baker et al., 1977; Papka et al., 1987). The SIF
cells of the PG are similar to those described in other
autonomic ganglia and contain a primary catechol-
amine as well as neuropeptides (Dail et al., 1975; Par-
tanen et al., 1980; Papka et al., 1987). Axons contain-
ing NE, ACh, NPY, and VIP have been reported to
innervate the myometrium as well as the blood vessels
supplying the reproductive organs (Hervonen et al,,
1973; Alm et al., 1980; Allen et al., 1985; Papka et al.,
1985; Brauer et al., 1992).

The ultrastructural characteristics of the PG as well
as the developmental appearance of norepinephrine
(NE, as studied by catecholamine fluorescence) and
acetylcholine (ACh, as studied by acetylcholinesterase
histochemistry) have been investigated in neurons of
the postnatal, prepubertal rat (Kanerva, 1971), but lit-
tle attention has been directed to the ontogeny of other
neurotransmitter substances in the PG. Also, few de-
velopmental studies concerning the onset of peptider-
gic innervation of female reproductive organs are
available. The present study was undertaken to exam-
ine the pre- and post-natal emergence of tyrosine
hydroxylase-immunoreactivity (TH, a marker of nor-
adrenergic neurons), acetylcholinesterase (AChE, an
indirect marker of cholinergic neurons), and NPY- and
VIP-immunoreactivity within principal neurons of
the PG and in axons innervating a target of the PG, the
uterine cervix. This information will provide a baseline
of the normal developmental progression of these
markers and serve as a basis for further investigations
of the developmental relationship between PG neurons
and their targets and possible effects of the hormonal
environment on this development.

MATERIALS AND METHODS

Adult female Sprague-Dawley rats (Harlan, Madison
WI) were housed in the University of Kentucky Medi-
cal Center Vivarium (PHS assurance A33301) with
free access to food and water and under a 14:10 light:
dark cycle. Rats were mated to provide the fetal and
prepubertal females used in this study. Vaginal lav-
ages were performed each morning to determine if
mating had occurred; the day sperm were observed in
the vaginal lavage was counted as day 1 of pregnancy;
the day of birth was designated as postnatal day 0 (P0).

The uterine cervix and PG were obtained from pre-
natal animals on embryonic days 18 and 20 (E18,E20)
and from postnatal animals ages 0,1,2,5,8,16, and 36
days (P0-P36). Four to ten animals were examined per
time point. Pregnant dams were deeply anesthetized
with ether prior to decapitation. Embryos were quickly
dissected from the uterus and decapitated. Postnatal
animals were also killed by decapitation. As an aid in
locating the developing PG, animals at ages E18 to P5
were transversely sectioned through the pelvic region
including the vertebral column, epaxial musculature,
and gut as well as the cervix and PG. The cervix and
PG were dissected from animals at P8 to P36. Tissue
samples were immersed in Zamboni’s fixative (2%
paraformaldehyde, 0.15% picric acid in phosphate
buffer (Stephanini et al., 1967) at 4°C for 4 hours. After
fixation, tissues were rinsed in several changes of 0.1
M phosphate buffer (pH 7.0) containing 5% sucrose for
cryoprotection.
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Cryostat sections (14 pm) were processed for his-
tochemistry and immunohistochemistry. The sections
were incubated at 22°C for 18 to 24 hours in primary
antisera, rinsed with phosphate buffer and incubated
with FITC conjugated sheep anti-rabbit IgG for 1 hour
at 22°C. Coverslips were mounted with phosphate buff-
ered glycerol (pH 8.6).

Sources and dilutions of antisera used for immuno-
histochemistry are as follows: VIP (1:200 dilution) an-
tiserum 7913, provided by Dr. J.H. Walsh (Furness et
al., 1981); NPY (1:400 dilution) antiserum 102F, pro-
vided by Dr. Lars Terenius (Lundberg et al., 1983); and
TH antisera (1:200 dilution) was obtained from Eugene
Tech, Allendale, NdJ. All antisera were raised in rabbits
and have been previously characterized and used in
studies in this laboratory (Furness et al., 1981; Lund-
berg et al., 1983; Papka et al., 1987; Papka and Trau-
rig, 1988). For control purposes, sections were incu-
bated with preabsorbed antisera (10 pg of peptide per
ml antisera), primary antisera alone, or secondary
antisera alone. In these control studies immunoposi-
tive cells and axons were not observed.

Sections were also processed for the histochemical
demonstration of the enzyme AChE (El-Badawi and
Schenk, 1967). These sections were thaw-mounted onto
slides, rinsed in PBS, and incubated in a medium con-
sisting of acetylthiocholine-iodide (12.5 mg), 0.06 N so-
dium acetate (15.8 ml), 0.1 N acetic acid (0.5 ml), 0.1 M
sodium citrate (1.2 ml), 30.0 mM cupric sulfate (2.5 ml),
4.0 mM iso-OMPA (tetraisopropylpyrophosphoramide)
(0.5 ml), 5.0 mM potassium ferricyanide (2.5 ml), and
distilled water (2.0 ml). This solution was prepared im-
mediately prior to incubation. The sections were im-
mersed in the medium and incubated at 37°C for 180
minutes then rinsed in PBS.

RESULTS
PG

At E18 the PG was clearly distinguished from the
surrounding muscle and connective tissue. Immature
principal neurons contained euchromatic nuclei with
one or more nucleoli. Principal neurons were also char-
acterized by an irregular outline suggestive of process
outgrowth. SIF cells were comparable in size to the
immature neurons but could be distinguished by their
round shape and distribution as tight clusters. Satellite
cells were also observed in the E18 PG. These cells
contained heterochromatic nuclei and relatively little
cytoplasm.

AChE

AChE reaction product formed a thin, dark rim
around an unstained nucleus in neurons of the E18/
E20 PG (Fig. 1A). The amount of reaction product var-
ied among neurons from a moderate amount of AChE
to no reaction product. At P5, AChE reaction product
often formed a “cap” occupying one side of the neuron
(Fig 1B). Dense granules of AChE reaction product
were associated with a subset of principal neurons (Fig.
1C). It was not clear if these granules represented cho-
linergic synaptic contacts or subcellular compartmen-
talization of the enzyme within the endoplasmic retic-
ulum. The relative number of dense granules of AChE
associated with the neurons increased by P8 and P16.
At P36, the principal neurons of the PG were more
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mature as evidenced by increased neurite outgrowth;
however, AChE reaction product was similar to previ-
ous ages (Fig. 1D).

TH

At E18/E20 and PO, two cell types contain TH-im-
munoreactivity (ir), the principal neurons and the SIF
cells (Fig. 2A). TH-ir principal neurons and SIF cells
were similar in size but could be distinguished from
one another by the intensity of their fluorescence and
distributions within the PG. The TH-ir of the principal
neurons was moderate and confined to a narrow rim
surrounding a non-fluorescent nucleus, while TH-ir of
the SIF cells was more intense and in many cases ob-
scured the morphology of the cell. Also, principal neu-
rons were scattered as individual neurons or in small
groups throughout the PG, while SIF cells occurred in
clusters. From P5, TH-ir neurons and SIF cells could be
distinguished on the basis of size as principal neurons
were comparatively larger than SIF cells (Fig. 2B).
Varicose TH-ir axons were detected within the PG at
P5 and some TH-ir axons could be traced to their cell
body of origin (Fig. 2B). As PG development pro-
gressed, the number of TH-ir neurons per section var-
ied suggesting a compartmentalization of the TH-ir
neurons within the PG. By P36, TH-ir neurons were
occasionally observed in groups, more often, TH-ir neu-
rons were few and appeared to comprise a small per-
centage of the total number of PG neurons at all devel-
opmental ages examined (Fig. 2C). TH-ir SIF cells were
also detected within the PG on P36 and were similar to
those previously described.

NPY/VIP

The immunostaining of NPY and VIP within PG
neurons was quite similar. At E18/E20, NPY-/VIP-ir
neurons contained a conspicuous non-fluorescent nu-
cleus surrounded by a narrow rim of fluorescent cyto-
plasm (Fig. 2D). From P1 to P36, two types of NPY-/
VIP-ir neurons were observed: 1) neurons with a
homogeneous, fluorescent halo of immunoreactivity
around a dark, non-fluorescent nucleus and 2) neurons
with a perinuclear ring of granular fluorescence (Fig
2E). At P5, VIP-ir formed a perinuclear “cap” similar to
that observed for AChE at the same age (Fig. 2F). At
all ages examined, a large proportion of principal neu-
rons contained some NPY-/VIP-ir.

Cervix

The pattern of axonal growth into the cervix was the
same for axons containing AChE, TH, NPY, or VIP.
Labeled nerve fibers were not observed in the E18 cer-
vix. Labeled structures were first noted in the most
peripheral portion of the cervix on E20. These “struc-
tures” were relatively thick and unbranched when
compared to immunopositive axons at later develop-
mental stages. As development progressed, the pre-
sumptive nerve trunks ramified and gave rise to
smaller nerve bundles and finally to individual vari-
cose axons. Nerve fibers were associated with smooth
muscle fascicles of the myometrium as well as the blood
vessels supplying the cervix.
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AChE/TH/NPY/VIP

Axons were not observed in the cervix on E18; how-
ever, on E20, presumptive axons were detected in the
perimetrium. At PO, axon bundles appeared as thick,
unbranched nerve trunks in the cervical perimetrium
and outermost portion of the cervical myometrium
(Fig. 3A). By P5, axons were more widely distributed
within the cervical myometrium (Fig. 3B). Smaller
nerve bundles were seen to branch from the larger
nerve trunks; therefore, axon bundles of varying sizes
were present on P5 and P8. By P16, axons had ramified
further and thus appeared thinner. Also at this time,
axons were detected throughout the cervical myo-
metrium and near the endocervix. Individual varicose
axons could be distinguished by P36 and were widely
distributed throughout the cervix (Fig. 3C). Through-
out development, axons were observed in close associ-
ation with fascicles of smooth muscle and blood vessels
(Fig. 3D). Axonal ingrowth paralleled, but was not con-
fined to, the growth of blood vessels.

At the early developmental stages, E18-P5, AChE-
positive, TH-, NPY-, and VIP-ir axons were about
equally represented. At P16, fewer TH-ir nerve fibers
were present per section of cervix than at earlier de-
velopmental stages. By P36, AChE-positive axons were
in the majority followed by numerous NPY- and VIP-ir
axons (Fig. 4A,B). TH-ir axons were relatively few and
were most often associated with blood vessels rather
than the myometrial smooth muscle (Fig. 4C). The rel-
ative number of AChE-positive and TH-, NPY-, and
VIP-ir axons reflected the number of neurons labeled
for these markers in the PG.

DISCUSSION

The present study provides the first description of
the development of neurons containing NPY or VIP
within the PG of prenatal and prepubertal rats. Immu-
noreactivity for these two peptides was evident in PG
neurons at E18. The fluorescent immunostaining for
these peptides ranged from moderate to intense and by
P5/P8 often appeared granular. The granular character
of NPY- or VIP-immunoreactivity coincides with the
increase in neuronal size and suggests compartmental-
ization of these peptides within the Golgi complex
and/or secretory granules (Gainer et al., 1977; Steiner
et al., 1984).

The findings in this study concerning early neuronal
morphology and subsequent maturation of PG neurons
and SIF cells are in agreement with earlier reports
regarding the PG (Kanerva, 1971, 1972a). As the PG
matured, principal neurons increased in size, cytoplas-
mic volume and number of organelles and the neurons
extended neurites (Kanerva, 1971, 1972a). While neu-
ronal size was not measured in this study, an apparent
increase was noted as well as an increase in the overall
volume of the PG over time. Neurite extension was
observed early in development, at E18, with varicose
axons appearing at P8 and increasing in number up to
P36.

The appearance of histochemical markers for neuro-
transmitter agents changed over time. AChE staining
first appeared at E18 as a thin rim of light-brown pre-
cipitate around the nucleus. This staining became
more intense with the increasing age of the animals, up



Fig. 1. A: AChE reaction product fills the cytoplasm of many PG
neurons (thin arrows) at E20. Neurite outgrowth is apparent in some
neurons (thick arrow). B: At P5, AChE staining ranges from intense
(thick arrow) to moderate (thin arrows). In several PG neurons, AChE
reaction product forms a perinuclear “cap” (open arrows). C: Dense

granules of AChE reaction product are often associated with PG neu-
rons (arrows). D: At P36, AChE reaction product ranges from intense
(thick arrow) to moderate (thin arrow). Dense granules of AChE re-
action product are detected in some principal neurons (open arrow). A)
scale bar, 25 pm; B-D) scale bar, 50 pm.



Fig. 2. A: Two cell types, principal neurons (arrow) and SIF cells
(arrowhead) contain TH-ir at E18. B: By P5, TH-ir principal neurons
(arrows) appear larger than the TH-ir SIF cells (arrowheads). C: In the
PG at P36, TH-ir principal neurons are often observed in groups (ar-
rows). TH-ir SIF cells (solid arrowhead) and TH-ir axons (open arrow-
heads) are also noted. D: At E20, a large proportion of PG neurons

contain NPY-ir (arrows). E: NPY-ir appears as a granular perinuclear
ring (arrows) in some neurons or homogenous fluorescence (arrow-
head). F: VIP-ir ranges from moderate (solid arrowhead) to intense
(arrow) and forms a perinuclear “cap” (open arrowheads) in some
neurons. Scale bars, 50 um.




Fig. 3. A series of photomicrographs demonstrating AChE positive  (arrows). C: AChE-positive axons are widely distributed throughout
axonal growth into the uterine cervix. e, epithelium; L, lumen. A: At  the cervix at P36. D: AChE-positive axons (arrows) are associated
PO, axons are first detected in the outermost portion of the cervix  with the smooth muscle of the cervix (arrows) and with blood vessels
(arrows). B: By P5, axons have distributed further into the cervix  (open arrows). A,B,D) scale bar, 50 um; C) scale bar, 200 pm.



ONTOGENY OF THE FEMALE RAT PG 383

Fig. 4. The pattern of axonal ingrowth for both VIP-ir (A, arrows),  throughout the cervix in close association with smooth muscle fasci-
NPY-ir (B, arrows), and TH-ir (C, arrowheads) axons is similar to  cles (A,B, arrows) while TH-ir axons (C, arrowheads) are most often
that described for AChE. At P36, VIP- and NPY-ir axons are found observed innervating blood vessels (asterisk). Scale bar, 50 pm.
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to P36. Dense granules of AChE reaction product were
associated with PG neurons by P5. These granules of
reaction product were most often observed at the pe-
riphery of the principal neurons and possibly represent
synaptic contacts from preganglionic cholinergic neu-
rons. Synapses appear in the PG at P4 and their num-
ber increases over time (Kanerva, 1972b). Also, a “cho-
linergic nerve net” has been reported in the developing
PG (Kanerva, 1972b) and nerve terminals with ultra-
structural characteristics of cholinergic terminals
(Mustonen and Teravainen, 1971; Kanerva and Tera-
vainen, 1972; Papka and McNeill, 1992b) and contain-
ing AChE (Kanerva, 1971; Papka et al., 1987) are
present in the adult PG.

TH-ir in two cell types of the developing PG ranged
from intense to moderate, with TH-ir cells occurring
singly or in groups of 2—4 cells. On the basis of on the
findings of Kanerva (1971) and the pattern of TH ex-
pression in the adult (Papka et al., 1987), it is likely
that the more intensely TH-ir cells occurring in clus-
ters are SIF cells and the more moderately TH-ir cells
in small groups or found singly are principal neurons.
It has been postulated that cells in fetal ganglia dem-
onstrating catecholaminergic traits are precursors for
both neurons and SIF cells (Papka, 1972, 1976; Mo-
lenaar et al., 1990; Hall and Landis, 1991a,b). By P5,
the principal neurons have increased in size and at-
tained distinguishing neuronal characteristics allow-
ing their differentiation from TH-ir SIF cells.

AChE-positive neurons appeared to be the most nu-
merous; in fact, the majority of PG neurons contained
this marker at all developmental stages. In addition,
NPY-ir neurons comprised over one-half of the neu-
ronal population per section at each developmental
stage whereas, approximately one third of the neurons
were VIP-ir. TH-ir neurons were few throughout devel-
opment. The relative numbers of AChE-positive, NPY-
ir, VIP-ir, or TH-ir neurons in the developing PG coin-
cide with the distribution of neuronal markers in the
adult PG (Papka et al.,, 1987; Papka and Traurig,
1993). Recent preliminary cell counts indicate that
more than 90% of the PG neurons are AChE-positive,
about 60% are NPY-ir, 42% are VIP-ir, and approxi-
mately 6% are TH-ir (Papka and Traurig, 1993). This is
of special interest since the sum of these percentages
totals over 100%. Such data would indicate that some,
if not all, PG neurons contain more than one neuro-
transmitter/neuropeptide. Presently, there is ample ev-
idence to indicate that most, if not all, neurons contain
more than one type of neurotransmitter or neuropep-
tide (Lundberg et al., 1982a,b; Heym et al., 1984; Bless-
ing et al., 1986; Gibbins et al., 1987; Morris and Gib-
bins, 1987; Papka and Traurig, 1988; Keast, 1992;
Papka and McNeill 1992). With regard to the PG, dou-
ble immunostaining has indicated coexistence of mark-
ers for NPY/VIP, NPY/AChE, and VIP/AChE (Papka
and Traurig, 1993) but cell counts of each neuronal
phenotype will be required to establish patterns of co-
existence of transmitter substances.

The findings of the present study concerning the de-
velopment of the innervation of the uterine cervical
myometrium, are consistent with a previous report of
the development of NE axons in the rat uterus (Brauer
et al.,; 1992) as well as other smooth-muscle containing
tissues (Anderson and McLachlan, 1991; Hill et al.,
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1991; Wadhwas et al.,, 1993). Structures containing
AChE, TH, NPY, and VIP were first observed in the
outermost portion of the cervical myometrium on PO,
These “structures,” even though rather large and
poorly demarcated, are presumed to be growing axons.
With increasing neonatal age, such “structures” ap-
peared to ramify and give rise to the fine, discrete,
varicose axons and terminals which innervate the cer-
vical myometrium and blood vessels. The identification
of these immunofluorescent “structures” as growing
nerve fibers is further supported by the presence of
GAP-43-immunoreactivity and synapsin I-immunore-
activity at the periphery of the uterine cervix on E20
(Papka, unpublished observations).

As development progresses, axons continued to ram-
ify and distribute further within cervical myometrium.
By P36, axons are of a similar morphology and distri-
bution as those described in the adult cervix (Kanerva,
1972b; Alm et al., 1980; Ottesen et al., 1981; Stjern-
quist et al., 1983; Stjernquist et al., 1985; Gu et al.,
1984; Stjernquist et al., 1984; Allen et al., 1985; Papka
et al. 1985; Papka and Traurig, 1988). The relative
densities of each axonal marker in the cervix reflects
the abundance of that marker in the PG, i.e., AChE-
positive axons are the most abundant followed by NPY-
ir, VIP-ir, and TH-ir axons.

Neurons of the PG are immunopositive for neuro-
transmitters and neuropeptides on E18 as compared to
PO, when these substances can be visualized within
axons innervating the uterine cervix. It is possible that
the cervix is innervated prior to PO but the terminals
contain insufficient concentrations of neurotransmit-
ters and neuropeptides for detection by immunohisto-
chemistry. The beginning of functional innervation of
the cervix is as yet unknown. With regard to the my-
ometrium, the physiological effects of neurotransmit-
ters and neuropeptides have yet to be demonstrated in
prepubertal animals. It would be of great interest to
determine at what developmental stage all components
necessary for neurally evoked muscle contractions are
in place, e.g., nerve terminals containing neurotrans-
mitters, receptors for neurotransmitters on the smooth
muscle cells, and any effects the hormonal environ-
ment might have on this maturation. As previously
stated, structures that appear to be axons containing
neurotransmitters and neuropeptides are present in
the cervix on PO; however, it is not yet known when
receptors for these substances appear.

The adult PG of several species are reportedly re-
sponsive to the changing hormonal environment. For
example, a subset of principal neurons, the vacuolated
neurons, increase as a result of pregnancy, age and
hormone treatment and are rarely seen in prepubertal
animals (Takahashi 1960; Takahashi and Shimai,
1961; Partanen and Hervonen, 1979). Also, the PG and
its equivalent ganglion in the male, the major pelvic
ganglion (MPQ), are sexually dimorphic with regard to
cell number (Greenwood and Coggeshall 1985) and
neurotransmitter type (Nadelhaft and Vera, 1991).
While the hormonal environment of the female rat
changes dramatically from birth to puberty (Weisz and
Gonsalus, 1973; Dohler and Wuttke, 1975; Ojeda et al.,
1975), changes in neurotransmitter appearance in the
present study did not correlate with any known hor-
monal changes.
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In summary, neurons of the PG express neurotrans-
mitters and neuropeptides early in development.
Changes in the appearance of these substances reflect
the developmental i.e., growth changes occurring in
the ganglia. Axons containing these markers are not
detected within their target until slightly later. Both
the PG and the uterine cervix have reached an adult
appearance by P36.
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