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THE INNERVATION OFTHE RATCERVIX
AND ITS PHARMACOLOGYIn vitroANDIn vivo

M. HOLLINGSWORTH
Department of Pharmacology, Materia Medica and Therapeutics,
University of Manchester, Manchester M13 9PT

1 Contractions of the rat cervix and uterine horns were measured both in vitro and in vivo
as changes in luminal perfusion pressure during perfusion at constant flow.
2 Spontaneous cervical and uterine horn contractions in vitro were reduced from rats
pre-treated with 1701-oestradiol compared to those ovariectomized only or those pre-treated
with 1703-oestradiol plus progesterone.
3 The rat cervix exhibited similar in vitro sensitivities to methacholine, oxytocin, isoprenaline
and phenylephrine as did the uterine horns.
4 Transmural stimulation produced cervical and uterine horn contractions, which were

blocked by hyoscine or tetrodotoxin, suggesting a cholinergic motor innervation. This was

supported by histological findings.
5 In vivo, the injections of propranolol (1.9 x 10-7mol/kg) or pempidine (3.2 or

6.4 x 10-6 mol/kg) were followed by large cervical and smaller uterine horn contractions,
suggesting an adrenergic inhibitory tone mediated by 3-adrenoceptors.
6 The evidence for a cervical sphincter is discussed.

Introduction

There have been many pharmacological studies on
uterine horns of various species but few on the
adjacent cervical region. It has been suggested on
the basis of histological studies in the human
(Danforth, 1947) and stress-strain studies on
isolated rat cervix (Harkness, 1964) that the
mechanical properties of the cervix are determined
mainly by the connective tissue. However, both in
vitro and in vivo, in a variety of species, cervical
tissue can exhibit spontaneous mechanical activity
and will respQnd to drugs with contractions or
relaxations (Adler, Bell & Knox, 1944; Schild,
Fitzpatrick & Nixon, 1951; Schofield, 1952;
Fitzpatrick, 1957, 1958; Najak, Hillier & Karim,
1970).

The purpose of the present experiments was to
investigate drug responses and motor innervation
of the rat cervix in vitro and in vivo and to
compare them with the responses of the uterine
horns. Some of these results have been communi-
cated to the British Pharmacological Society
(Hollingsworth, 1974).

Methods

Histology

Longitudinal and transverse frozen sections of rat
cervix and uterine horns from 1 7,B-oestradiol

pre-treated rats (see later) were studied. Sections
were treated according to the Gomori (1950)
modification of Masson's Trichrome method to
show smooth muscle distribution. Adjacent
sections were treated according to the Spriggs,
Lever, Rees & Graham (1966) modification of the
Falck (1962) fluorescence histochemical technique
to demonstrate catecholamines. The Koelle
thiocholine method, as described by Pearse
(1972), was used to show the presence of
acetylcholinesterase and cholinesterase, for which
inhibitors were BW284C5 1 (1 :5-bis-(4-allyl
dimethylammoniumphenyl pentan-3-one di-
iodide, 10-5 M) and iso-OMPA (tetra-isopropyl-
pyrophosphoramide, 10-5 M) respectively. Sub-
strates used were acetylthiocholine iodide and
butyrylthiocholine iodide. Tissues were incubated
for 4 hours.

In vitro perfusion

One cervical canal was cannulated at the uterine
horn end and the lumen perfused with Krebs
solution at 370 C at a constant flow rate of
1.5 ml/minute. Changes in perfusion pressure were
detected by a pressure transducer attached to a
side-arm of the perfusion apparatus. Uterine horns
were perfused and responses measured in a
similar manner. Spontaneous contractions were
measured as maximum pressure in mmHg
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(1 mmHg; 133 Pa) or contraction frequency
(number/min) or integrated pressure (in
mmHg min; measured planimetrically as the area
under the pressure curve above atmospheric
pressure over 5 min periods). Tissues were
perfused for 1 h before drugs were either injected
into the perfusing fluid (in a constant dose
volume of 0.05 ml at 15 min intervals) or added to
the Krebs reservoir. Drug responses were measured
as either maximum pressure or integrated pressure.

The perfused tissues were transmurally stimu-
lated through a pair of parallel stainless steel wire
electrodes, 0.5 cm apart, one of which passed
through the total lumen of each tissue. A Grass S6
stimulator was used to apply 0.2 ms pulses of
supra-maximal voltage (40 V) in 5 s trains every 2
minutes.

In vivo perfusion

Rats were anaesthetized with urethane
(1.4 x 10-2 mol/kg, i.p.) and the tracheae cannu-
lated. The right external jugular vein was
cannulated for the injection of drugs. Arterial
blood pressure was recorded from the right carotid
artery by means of a pressure transducer. The right
cervical canal was cannulated at the uterine horn
end and perfused with Krebs solution at a flow
rate of 1.5 ml/min as in vitro. A tube was placed in
the vagina to carry Krebs to waste. The lumen of a
2 cm length of the left uterine horn was perfused
with Krebs from the ovarian end. The temperature
of the Krebs perfusing the tissues was 33 ± 10C.
This was the body temperature as maintained by
an overhead lamp. Heparin, 2,000 units/kg, was
injected intravenously.

Fifteen min after completion of cannulation,
drugs were injected intravenously in ascending
dose order at 10 min intervals, before and after
injection of a modifying agent (or 0.9% w/v NaCl
solution (saline)). Intra-cervical and intra-uterine
horn perfusion pressures were recorded as in vitro
and responses measured as maximum perfusion
pressure or inhibition of integrated pressure
measured over 5 min periods. Falls in diastolic
blood pressure were expressed as percentages of
the pre-drug diastolic blood pressure.

The Mann Whitney U-test or the Wilcoxon
matched pair signed rank test (according to Siegel,
1956) were used to test the significance of
differences.

Animals

Virgin Wistar rats, 175 to 250 g, were ovariec-
tomized and 2 to 4 weeks later injected
subcutaneously daily for 7 days with the solvent,
arachis oil (0.5 ml/kg; ovariectomized group) or

170-oestradiol (1.8 x 10-8mol/kg; oestradiol
group) or 1 7,B-oestradiol plus progesterone
(1.8 x 1 o-8 mol/kg and 1.6 x 10- moVkg respec-
tively; progesterone group) and killed 22 ± 2 h
after the last dose.

Drugs

The following drugs were used: hyoscine hydro-
bromide (Koch-Light); (+)-isoprenaline hydro-
chloride (Sigma); methacholine chloride (acetyl
3-methylcholine chloride; Koch-Light); nicotine
hydrogen tartrate (BDH); 1 7,B-oestradiol (BDH);
oxytocin (synthetic; Sigma); pempidine tartrate
(May & Baker); (-)-phenylephrine hydrochloride
(Sigma); progesterone (BDH); (+)-propranolol
hydrochloride (ICI); tetrodotoxin (Sankyo);
urethane (BDH).

The Krebs solution composition (mM) was
Na' 143.5, K+ 5.94, Ca++ 2.55, Mg++ 1.19,
CF- 128.4, HCO- 25.0, SO- 1.19, H2PO 1.19,
glucose 1.1.

Results

Histology

The rat cervix contains two cervical canals, each of
which connect the uterine body lumen to the
vagina via an external os. The trichrome-staining
method showed that the cervix and uterine horns
contained outer, predominantly longitudinally
arranged, and inner, predominantly circularly
arranged, smooth muscle layers. The cervix had a
higher connective tissue content than the uterine
horns. There was a virtual absence of smooth
muscle near the external ossa. This is as described
by Harkness & Harkness (1959). However, a
thickening of the circularly arranged smooth
muscle was noted at the junction between the
hard, opaque cervical tissue containing parallel,
narrow lumina, with the wider lumina of the
uterine body.

With the Falck technique, a virtual absence of
fluorescent fibre-like structures was noted in both
the cervix and the uterine horns, except around
small blood vessels (n = 14). Occasional fluore-
scent fibre-like structures were seen in a small
inner longitudinal smooth muscle layer running
towards the epithelium. Intensely fluorescent cell
bodies were seen in the periphery of the cervix
near the cervical-vaginal junction which probably
correspond to ganglion cells and 'small-intensely
fluorescent' cells described by Hervonen, Kanerva
& Lietzen (1973). Fluorescence was absent from
control sections heated without paraformalde-
hyde.
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Fig. 1 Transverse section of the uterine body end
of a rat cervix, stained by the Koelle method. A fairly
dense network of acetylcholinesterase-staining fibres
(A), typical of cholinergic nerves, can be seen running
in the circular cervical smooth muscle. The outer
longitudinal smooth muscle stained for cholinesterase
(C). The tissue was mounted in skeletal muscle (SM).

A dense network of acetylcholinesterase-
staining fibre-like structures was seen running in
the longitudinal and circular smooth muscle layers
of the cervix and uterine horns (n = 8, Figure 1).
This staining appeared denser in the cervix than in
the uterine horns and greatest at the uterine
body-cervical junction. Acetylcholinesterase-
staining fibres were also seen running in the
connective tissue towards the external ossa.
Cholinesterase-staining followed a similar distribu-
tion, although the outer longitudinal smooth
muscle stained relatively much more intensely

(Figure 1). Specific staining was absent from
sections incubated without substrates.

In vitro perfusion

Spontaneous contractions On commencing
luminal perfusion there was a large temporary
pressure rise (52 ± 14 mmHg; n = 9) in the cervix
only. Thereafter, both tissues exhibited low resting
perfusion pressures (< 10 mmHg; Figure 2).
Spontaneous cervical and uterine horn contrac-
tions, after 1 h perfusion, from the 1 7,B-oestradiol
pretreated rats were significantly (P < 0.01) less
than from either the ovariectomized or the
progesterone pre-treated groups (Table 1). There-
fore a11 subsequent experiments were performed
on tissues from 1 70j-oestradiol pre-treated rats.

Drug responses Injected methacholine and
oxytocin induced phasic cervical and uterine horn
contractions (Figure 2). Although methacholine
and oxytocin produced greater increases in
intra-cervical than intra-uterine horn integrated
pressures, the drugs were approximately equi-
potent on the two tissues (Figure 3).

Oxytocin (1 x 10-2 iu/ml) added to the Krebs
reservoir produced regular contractions of the two
tissues which could be inhibited by isoprenaline
(ED50 = 6.3 x 10-11 mol, cervix; = 5.6 x 10-11 mol,
uterine horn) and phenylephrine
(ED50= 1.1 x 10-7mol, cervix;= 4.0 x 10-8mol,
uterine horn). The two tissues were equally
sensitive to the sympathomimetic amines. Iso-
prenaline was approximately 1700 and 700 times
more potent than phenylephrine on the cervix and
uterine horns respectively. Phenylephrine (up to

Table 1 Comparison of spontaneous contractions of the rat cervix and uterine horns in vitro

Ovariectomized
(n = 12)

Pre-treatment
17p-oestradiol 17p-oestradiol + progesterone

(n = 7) (n = 6)

Frequency of pressure increases (n/min)
Cervix 0.92 ± 0.08 0.37 ± 0.13 0.80 ± 0.10
Uterine horn 1.40 ± 0.14 0.43 ± 0.12 1.00 ± 0.07

Maximum pressure (mmHg)
Cervix 63.5 ± 4.2 20.7 ± 9.6 64.7 ± 7.5
Uterine horn 47.0 ± 7.0 18.7 ± 5.6 37.2 ± 2.7

Integrated pressure (mmHg/min)
Cervix 98.7 ± 12.2 7.4 ± 5.0 58.4 ± 10.3
Uterine horn 59.6 ± 4.3 2.0 ± 2.0 42.0 ± 7.5

Spontaneous contractions of luminally perfused rat cervix and uterine horns in vitro measured over a 5 min
period 1 h after starting perfusion. Results are means with s.e. mean. All parameters of spontaneous contractions
from the 1 7,-oestradiol pretreated group were significantly (P < 0.01) less than the corresponding parameter
from either the ovariectomized or the progesterone pre-treated group (Mann Whitney U-test).
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Fig. 2 Isolated perfused uterine horn (a) and cervix
(b) of the rat. Single doses of methacholine (Meth;
4.5 x 10O' mol) and oxytocin (Ox; 1.4 x 10-2 iu)
induced phasic increases in perfusion pressure.
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2.7 x 107mol; n = 6) did not produce contrac-
tions in tissues perfused with oxytocin-free Krebs.

Transmural stimulation Transmural stimulation
with a single pulse occasionally produced a
monophasic contraction of the perfused tissues,
contractions were more consistently obtained with
pulse trains. Cervical contractions were slower in
onset, longer in duration and significantly greater
(P < 0.01) in maximum pressure (97 ± 10 mmHg;
n = 10) than those of the uterine horns
(52 ± 6 mmHg; n = 10). No inhibitory responses to
transmural stimulation were seen, possibly because
of the absence of resting perfusion pressure. Both
tissues exhibited a similar relationship between
frequency and response (Figure 4).

After obtaining a frequency-response curve to
transmural stimulation, responses were obtained to
single doses of methacholine (4.5 x 1 0-8 mol) and
oxytocin (4 x 10-2 iu) which produced maximum
pressure rises of a similar order to those produced
by transmural stimulation. Drug responses and the
maximum response to transmural stimulation were
defined as 100%. The three were repeated 15 min
after starting perfusion with Krebs containing
hyoscine (2.5 x 10-8 M). Hyoscine abolished
methacholine responses but had no significant
effect (P> 0.05) on responses to oxytocin.
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Fig. 3 Isolated perfused cervix (m) and uterine horns (0) of the rat. Log dose-effect curves to methacholine
(n = 8) and oxytocin (n = 5). Results are means; vertical lines indicate s.e. mean.
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Fig. 4 Isolated perfused cervix (U) and uterine horns (e) of rat. Effects of (a) hyoscine (2.5 x 1i0' M) and
(b) tetrodotoxin (3.1 x 10-7 M) on responses to transmural stimulation. Closed symbols, control responses; Open
symbols, responses obtained in the presence of the modifying agent. Values are means; vertical lines indicate see.
mean, n = 6.

Cervical responses to transmural stimulation were
markedly reduced by hyoscine and those of the
uterine horn were abolished (Figure 4).

The same experimental design was adopted
substituting tetrodotoxin (3.1 x 1 0-7M) for
hyoscine. Tetrodotoxin had no significant effect
(P> 0.05) on responses to methacholine or

oxytocin but markedly reduced cervical and
uterine horn responses to transmural stimulation
(Figure 4).

Control experiments showed that repeated
cervical (n = 6) and uterine horn (n = 12) re-
sponses to transmural stimulation, methacholine
and oxytocin were not significantly different
(P> 0.05) from initial responses.

In vivo perfusion

As in vitro, on starting cervical perfusion there was
a large pressure rise, which in vivo usually
exceeded 100 mmHg. After 1 to 2 min perfusion,
resting perfusion pressures were generally less than
10 mmHg and spontaneous contractions were
infrequent.

Methacholine (1.6 x 10-8 to 1.3 x 107mol/kg)
produced a fall in blood pressure, single or

biphasic cervical contractions but only small
uterine hom contractions (n = 10, Figures 5 and
6). Control experiments (n = 3) showed that these

methacholine responses were reproducible.
Hyoscine (3.3 x 10-8 mol/kg) had no effect on

resting perfusion pressures. Hyoscine produced a
6.4-fold shift to the right of the vasodepressor
dose-effect curve for methacholine but about a
20-fold shift of the cervical constrictor dose-effect
curve for methacholine (n = 4; Figure 6). Oxytocin
(0.5 to 2 x 10-2 iu/kg) produced cervical and small
uterine horn contractions with no change in blood
pressure (n = 2). These responses were unaffected
by hyoscine (3.3 x 10-8 mol/kg).

For investigation of the effects of isoprenaline
(1.2 x 10-9 to 1.9 x 10-8mol/kg) in vivo, the
cervix and uterine horns were perfused with Krebs
solution containing oxytocin (1 x 102 iu/ml)
(Figure 5). The potencies of isoprenaline in
reducing oxytocin-induced contractions of the two
tissues appeared similar but were difficult to
measure as oxytocin did not produce the same
regularity of contractions as in vitro. Isoprenaline
did not reduce resting perfusion pressures.
Propranolol (1.9 x 10-7 mol/kg) produced a
7.9-fold shift to the right of the vasodepressor
dose-effect curve for isoprenaline and antagonized
the inhibitory action of isoprenaline on the cervix
and uterine horns (n = 8).

Nicotine (6.1 x 10-8 to 2.5 x 107mol/kg)
produced dose-related increases in blood pressure
without inducing cervical and uterine horn
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Fig. 5 In vivo rat cervical (a) and uterine horn (b)
perfusion pressures and arterial blood pressure (c).
Effect of methacholine (3.2 x 10-8 mol/kg, i.v.) and
isoprenaline (4.8 x 10-9 mol/kg, i.v.). Tissues were
luminally perfused with Krebs (plus oxytocin,
1 x 10-' iu/ml, in the experiment with isoprenaline).
Results from 2 rats. Time marks at 1 min intervals.
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contractions (n = 6). Pempidine (3.2 or
6.4 x 10-6 mol/kg) produced an immediate fall in
blood pressure (44 ± 6%) and abolished the pressor
effect of nicotine.

It was observed that the injection of
propranolol or pempidine was followed, within 2
to 3 min, by the onset of large cervical and smaller
uterine horn contractions which were maintained
for at least 20 min (Fig. 7); thereafter the tissues
remained quiescent. These effects of propranolol
and pempidine were not related to previous
administrations of isoprenaline or nicotine respeo-
tively as they were seen in rats given saline in place
of the agonists (n = 3).
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Fig. 6 In vivo rat cervical (m) and uterine horn (-)
perfusion pressures and % fall in diastolic blood
pressure (-). Log dose-effect curves for methacholine
alone (closed symbols; n = 6) and repeated after
hyoscine (3.3 x 10-8 mol/kg; open symbols; n = 4).
Values are means; vertical lines indicate s.e. for % fall
in diastolic blood pressure.

Discussion

The present results clearly show that a portion of
the rat cervix exhibits spontaneous mechanical
activity and can respond to drugs in vitro and in
vivo. This suggests that the smooth muscle of the
rat cervix may possess functional roles in the
non-pregnant amimal and possibly during preg-
nancy and needs to be recognized in interpreting
drug effects on total uterine motility. The
histological findings suggest that the pressure
changes were a function of smooth muscle
contractions of the region at the uterine
body-cervical junction rather than near the
external ossa where the smooth muscle content

was much less. This may also apply to cervical
contractions recorded by others (see introductory
section) as cervical smooth muscle distribution is
similar between species although gross anatomy
varies (Hafez, 1973).

The ability of tetrodotoxin and hyoscine to
antagonize contractions induced by transmural
stimulation at low pulse width suggests that the rat
cervix and uterine horns receive a cholinergic
motor innervation. This suggestion is supported by
the histochemical demonstration of dense acetyl-
cholinesterase-staining in the present study and by
other workers (Adham & Schenk, 1969; Hervonen
et aL, 1973). Nakanishi & Wood (1971) have
described a human uterine motor innervation as
cholinergic, although responses were little affected

1
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Fig. 7 Onset of large cervical (a) and smaller uterine horn (b) contractions after intravenous injections of
propranolol hydrochloride (1.9 x 10-7 mol/kg) or pempidine tartrate (2 x 3.2 x 10-6 mol/kg) in 2 rats. Arterial
blood pressure (c) was also measured. Time marks at 1 min intervals.

by atropine. Also, electrical stimulation of the
pre-ganglionic sacral parasympathetic nerves in the
rabbit in vivo only occasionally produced cervical
or uterine horn contractions (Schofield, 1952) and
did not induce action potentials in uterine nerves
(Bower, 1966). Therefore, to date, there has been
little evidence for a cholinergic motor uterine
innervation. However, it is interesting that division
of the sacral parasympathetic nerves prolongs
parturition in the rat (Carlson & De Feo, 1965)
and dog (Shabanah, Toth & Maughan, 1964),
although this may result from factors other than
removal of a motor innervation.

There have been many studies of uterine
noradrenergic innervation (Marshall, 1970). Hypo-
gastric nerve stimulation can produce inhibition or
contraction of rat uterine horns depending on the
hormonal state of the animal (Butterworth &
Randall, 1970). The effect of any released
noradrenaline from electrical stimulation of
noradrenergic nerves would produce inhibition in
the present experiments, as did isoprenaline and
phenylephrine. The large increase in cervical (and
smaller uterine horn) contractions after pro-
pranolol or pempidine in vivo suggests the
presence of an adrenergic inhibitory tonic
influence on these organs. The doses of pro-
pranolol and pempidine used produced significant
antagonism at vascular 3-adrenoceptors and
nicotinic receptors respectively. This tone could
derive from local noradrenergic nerves or alter-
natively, might involve the adrenal medulla.
Spriggs (1965) has described a high adrenaline
output from the adrenal medullae of rats
anaesthetized with urethane.

A sphincter function has been ascribed to the
rat cervix in regulating uterine fluid discharge into
the vagina (Blandau, 1945; Armstrong, 1968) and
to the human isthmus in regulating the isthmal
canal diameter (Asplund, 1952; Mann, McLaren &
Hayt, 1961). Three further criteria can be applied
to define a sphincter region.

The first criterion is a thicker layer of circular
smooth muscle in the sphincter region compared
to the adjoining non-sphincter region. This was
seen here at the uterine body-cervical junction and
with an associated dense cholinergic innervation.

The second criterion is the presence of a
nervous or hormonal tone to the smooth muscle in
vivo producing contraction. There was no marked
resting perfusion pressure of the rat cervix in vivo
although this is seen in the rabbit isthmus (Levy &
Lindner, 1972) which is described as a sphincter
(Brundin, 1969). Sphincter tone may not have
been observed in the present in vivo studies due to
the use of an anaesthetic. Also, the extent of
cervical constriction in non-anaesthetized rats, as
measured by the uterine retention of dye
solutions, is proportionately related to the
quantity of uterine luminal fluid present (Blandau,
1945), the latter being small in the animals used
here. There was no evidence for any cholinergic
constrictor tone in vivo as hyoscine, in doses
which antagonized methacholine responses, did not
reduce cervical perfusion pressure or alter
contractions.

The third criterion has been the presence of
ca-adrenoceptors mediating sphincter contraction
but inhibition of the adjacent non-sphincter
smooth muscle, such as has been described for the
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choledochoduodenal junction (Persson, 1971).
However, a-adrenoceptors mediate uterine horn
contractions (Marshall, 1970). There have been
suggestions as to differences in cervical drug
sensitivities compared to the uterine horns (Adler
et al., 1944; Newton, 1937; Schild et al., 1951),
although only Fitzpatrick (1957) attempted to
compare dose-effect curves. In the rat, in vitro,
there was no evidence here for marked differences
in drug potencies between the two tissues. The
greater intra-cervical compared to intra-uterine

horn pressures, whether spontaneous, drug-
induced or electrically-induced, were probably a
reflection of the initial difference in their
respective internal diameters. Under other hor-
monal states, or in pregnancy, differences in
cervical and uterine horn drug sensitivities may be
apparent.

There is therefore some functional and
histological evidence but little pharmacological
evidence for a cervical sphincter.
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