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We have compared the reactivity to spasmogens of longitudinal muscu-
laris mucosae isolated from the human, guinea pig and rat colon in vitro. The
muscularis mucosae isolated from the human distal colon responded with
a sustained contractions to carbachol (10 nM – 30 �M), in a concentration-
-dependent manner, and the maximum contraction was comparable to that
with high potassium concentration (100 mM). Among several spasmogens,
neurokinin A was the most potent with the following order of potency: car-
bachol, prostaglandin F2�

and acetylcholine. Histamine, 5-hydroxytryptami-
ne and bradykinin did not produce a recognizable contraction of this tissue.
The muscularis mucosae isolated from the guinea pig distal colon demon-
strated a concentration-dependent contraction in response to neurokinin A,
carbachol, histamine and acetylcholine, but not to prostaglandin F2�

or 5-hy-
droxytryptamine, and the maximum contraction was obtained with hista-
mine. The muscularis mucosae from the rat distal colon was very sensitive to
neurokinin A and bradykinin, less to carbachol and acetylcholine, and not at
all sensitive to histamine, 5-hydroxytryptamine and prostaglandin F2�

. It is
concluded that the colonic muscularis mucosae respond to pharmacological
agents in a species-different manner.
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INTRODUCTION

The muscularis mucosae, a thin band of smooth
muscle located at the base of the gastrointestinal
mucosa, has received very little attention when
compared with the external muscle layers. How-
ever, the muscularis mucosae might regulate the
absorptive and secretory functions of the gut through
movements of the mucosal surface [10, 12, 19, 21,
24]. The autonomic innervation of this tissue is vir-
tually unknown [1, 2, 5, 8, 9]. Our previous studies
have concentrated on the autonomic innervation
and receptor functions in the muscularis mucosae
of the guinea pig oesophagus. The tissue consists
only of longitudinal smooth muscles, and is inner-
vated chiefly by excitatory cholinergic nerves and
very sparsely by inhibitory adrenergic nerves; there
are no nonadrenergic and noncholinergic nerves
[15]. In this tissue, the receptor populations for
catecholamines, 5-hydroxytryptamine, histamine,
tachykinins and cholinomimetics are qualitatively
different from those in the guinea pig intestine [7,
16–18, 28]. The muscularis mucosae of canine or
guinea pig proximal colon receives a rich peptider-
gic innervation but sparse or absent cholinergic and
adrenergic innervation [1, 13]. Other investigators
have reported that the muscularis mucosae of the
rabbit colon responded to pharmacological agents
in a region-dependent manner, which was signifi-
cantly altered in colitis [22, 23]. To date, there are
no reports demonstrating autonomic innervations
and receptor distributions in the muscularis muco-
sae of the human colon. Our recent paper demon-
strated that responsiveness of the isolated human
pulmonary arteries and portal veins to spasmogens
is significantly different from that of guinea pig tis-
sue [29, 30]. Therefore, it is important to clarify the
species difference in responsiveness of the muscu-
laris mucosae.

The aim of the present study was to examine the
mechanical reactivity to pharmacological agents of
the muscularis mucosae isolated from the human
distal colon, which was compared with those of the
muscularis mucosae isolated from the guinea pig or
rat distal colon.

MATERIALS and METHODS

Preparation of muscularis mucosae

The study was approved by the Dokkyo Univer-
sity School of Medicine Ethics Committee (No.

98001). Written informed consent was obtained
from all subjects before participation. Macroscopi-
cally normal segments of human distal colon, 3 cm
in the longitudinal axis and 5 cm in the circular axis,
were obtained immediately after removal from pa-
tients undergoing resection for sigmoid colon with
malignant tumors (n = 18, 12 male and 6 female pa-
tients with an age ranging 45–79 years and averag-
ing 65.2 ± 3.0 years). All of these patients did not
have any abnormality in endocrine function. The
tissue was pre-washed with saline (0.9% NaCl)
from blood and quickly delivered to the laboratory
[14]. Colonic segment was rinsed with warm Krebs
solution and then pinned on a cork mat. Strips of
muscularis mucosae with mucosa attached were
separated from the external muscle coat by sharp
dissection. The preparation of muscularis mucosae
thus obtained, 3 cm long and 2 mm wide, was tied
in the middle with silk thread and folded, mucosal
surface inwards, so that it was half of the original
length. Then both its free ends, now side by side,
were tied together to form a loop. The strip was
suspended in a 10 ml organ bath filled with Krebs
solution at 37°C and oxygenated with 95% O2 and
5% CO2. The composition (mM) of Krebs bicar-
bonate solution was the following: NaCl 120.0,
KCl 4.7, CaCl2 2.5, MgCl2 1.2, NaHCO3 25.0,
KH2PO4 1.2 and glucose 11.0 (pH 7.4). In experi-
ments where responses of guinea pig or rat colonic
muscularis mucosae were examined, male guinea
pigs of Hartley strain, weighing 250 to 350 g, and
male Wistar rats, weighing 120 to 180 g, were ane-
sthetized with isoflurane. The abdomen was opened
along the linea alba, and the distal 5 cm of colon
was located and removed. This was opened along
the mesenteric border and rinsed in warm Krebs so-
lution to remove residual fecal material. Strips of
longitudinal muscularis mucosae were prepared ac-
cording to the same methods described above for
the human colon, and suspended in a 10 ml organ
bath filled with oxygenated Krebs solution at 37°C.

Isometric tension response

To measure the isometric tension response of
longitudinal muscularis mucosae, the strip was sus-
pended under a 1 g load for human colon and a 0.5 g
load for guinea pig or rat colon, and connected to
an isometric transducer (Nihon Kohden TB-651T)
and a Nihon Kohden polygraph (RJG-4124). Fol-
lowing a 60-min equilibration period, the viability
of each tissue preparation was assessed by measur-
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ing the maximum contraction in response to car-
bachol 10 �M or KCl 100 mM. After washout, the
preparation was allowed to equilibrate for 30 min.
Concentration-response curve for each spasmogen
was constructed in a cumulative manner. Each strip
of muscularis mucosae was exposed to only one
of spasmogens. All contractile responses were ex-
pressed as a percentage of each tissue’s maximum
response to carbachol or KCl and their EC50 and
%Emax values were estimated from each curve.
Data are expressed as the mean ± SE.

Drugs

The following drugs were used: acetylcholine
chloride (Daiichi Pharmaceuticals, Tokyo, Japan),
carbamylcholine chloride (carbachol, Sigma, St
Louis, MO, USA), histamine dihydrochloride (Wako
Pure Chemicals, Osaka, Japan), prostaglandin F2�
(Ono Pharmaceuticals, Osaka, Japan), 5-hydroxy-
tryptamine creatinine sulphate (Nakarai Chemicals,
Kyoto, Japan), neurokinin A and bradykinin (Pep-
tide Institute, Osaka, Japan). All drugs were dis-
solved in and diluted with 0.9% NaCl solution (sa-
line). The molar concentrations of drugs described
in this paper refer to the final bath concentrations.

RESULTS

Response of human colonic muscularis

mucosae

Longitudinal muscularis mucosae isolated from
the human distal colon usually showed neither rest-
ing tone nor spontaneous activity (Fig. 1A). Carba-
chol produced a sustained contraction of muscu-
laris mucosae in a concentration-dependent man-
ner, and the maximum contraction was comparable
with that produced by high potassium concentra-
tion (100 mM) (Figs. 1A, 2, 3). Among several
spasmogens, neurokinin A was the most potent,
with the following order of potency: carbachol,
prostaglandin F2�

and acetylcholine (Fig. 3, Tab. 1).
Histamine, 5-hydroxytryptamine and bradykinin
were much weaker and their Emax values were less
than 20% (Tab. 1).

Response of guinea pig colonic muscularis

mucosae

Longitudinal muscularis mucosae isolated from
the guinea pig distal colon usually showed sponta-
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Fig. 1. Typical tracing of high potassium- and carbachol-induced
contractions of the human (A), guinea pig (B) and rat (C) colo-
nic muscularis mucosae. Carbachol was applied to the tissue at
each arrow with the cumulative dose regimen. Vertical calibra-
tions show 0.5 g tension development of the tissue. Horizontal
calibration shows 5 min

Table 1. Contractile responsiveness of longitudinal muscularis
mucosae isolated from the human distal colon

Spasmogens n pEC50 Emax (%)

Acetylcholine 8 3.52 ± 0.27 69.8 ± 8.4

Carbachol 7 5.40 ± 0.19 82.2 ± 9.5

Histamine 7 < 3.50 18.0 ± 5.8

Prostaglandin F2� 7 4.74 ± 0.06 47.5 ± 8.3

5-Hydroxytryptamine 6 – –

Neurokinin A 8 6.16 ± 0.36 61.8 ± 9.8

Bradykinin 3 < 5.00 19.1 ± 12.6

Each value represents mean ± SE. pEC50 values show negative
logarithm of the concentration effective in evoking contractile
response equal to 50% of the maximum contraction. Emax values
show the maximum amplitude of contraction as a percentage of
that induced by 100 mM KCl. 5-Hydroxytryptamine did not
produce any response of this tissue at the concentration ranges
tested (1–300 �M)



neous motility (Fig. 1B). High potassium concen-
tration (100 mM) produced a phasic contraction
with great amplitude (Figs. 1B, 2). Neurokinin A,
carbachol, histamine and acetylcholine caused
a concentration-dependent contraction of the mus-
cularis mucosae but the responses to 5-hydroxy-
tryptamine, prostaglandin F2�

and bradykinin were
negligible (Fig. 3, Tab. 2). The maximum contrac-
tion of this tissue was obtained with histamine.

Table 2. Contractile responsiveness of longitudinal muscularis
mucosae isolated from the guinea-pig distal colon

Spasmogens n pEC50 Emax (%)

Acetylcholine 8 3.90 ± 0.29 57.1 ± 11.4

Carbachol 7 5.25 ± 0.19 65.3 ± 13.0

Histamine 7 4.59 ± 0.12 92.5 ± 3.4

Prostaglandin F2� 9 < 4.50 10.2 ± 5.0

5-Hydroxytryptamine 9 < 3.50 14.3 ± 15.7

Neurokinin A 8 6.72 ± 0.44 68.8 ± 10.0

Bradykinin 7 < 5.00 26.6 ± 9.4

Each value represents mean ± SE. pEC50 values show negative
logarithm of the concentration effective in evoking contractile
response equal to 50% of the maximum contraction. Emax values
show the maximum amplitude of contraction as a percentage of
that induced by 100 mM KCl

Response of rat colonic muscularis

mucosae

Longitudinal muscularis mucosae isolated from
the rat distal colon usually showed neither resting
tone nor spontaneous activity (Fig. 1C). High po-
tassium concentration (100 mM) and carbachol (10
�M) produced a tonic contraction which was not
sustained and gradually declined (Fig. 1C). Brady-
kinin, neurokinin A, carbachol and acetylcholine
produced a concentration-dependent contraction of
the muscularis mucosae but the responses to hista-
mine, 5-hydroxytryptamine and prostaglandin F2�

were negligible (Fig. 3, Tab. 3). The maximum
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Fig. 2. Maximum contractile amplitudes for carbachol (10 �M,
open columns) and high potassium concentration (100 mM,
black columns) observed in colonic muscularis mucosae iso-
lated from the human, guinea pig and rat. Each number in paren-
thesis shows observation numbers. Each bar represents SE of
the mean

Fig. 3. Cumulative concentration-response curves for contractions in response to acetylcholine (�), carbachol (�), histamine (�),
neurokinin A (�), 5-hydroxytryptamine (�) and prostaglandin F2� (�) of the muscularis mucosae isolated from the human (A),
guinea-pig (B) and rat (C) colon. The ordinate scales show the amplitude of contraction as a percentage of the maximum contraction
induced by high potassium concentration. Each point represents mean ± SE. Numbers of observations are shown in Tables 1–3



contraction of this tissue was obtained with neu-
rokinin A.

Table 3. Contractile responsiveness of longitudinal muscularis
mucosae isolated from the rat distal colon

Spasmogens n pEC50 Emax (%)

Acetylcholine 6 3.42 ± 0.40 58.6 ± 10.9

Carbachol 9 4.94 ± 0.34 62.5 ± 9.3

Histamine 7 < 3.50 1.8 ± 2.1

Prostaglandin F2� 7 < 4.50 19.5 ± 7.1

5-Hydroxytryptamine 6 < 3.50 5.4 ± 3.1

Neurokinin A 8 6.52 ± 0.13 99.8 ± 0.3

Bradykinin 3 6.57 ± 0.35 58.3 ± 11.4

Each value represents mean ± SE. pEC50 values show negative
logarithm of the concentration effective in evoking contractile
response equal to 50% of the maximum contraction. Emax values
show the maximum amplitude of contraction as a percentage of
that induced by 100 mM KCl

DISCUSSION

All strips of longitudinal muscularis mucosae
isolated from the human, guinea pig and rat colon
responded with concentration-dependent contrac-
tions to the application of several spasmogens, but
their affinity (EC50) and efficacy (Emax) differed
from species to species. In the human muscularis
mucosae, neurokinin A was most potent, followed
by carbachol, prostaglandin F2�

and acetylcholine.
Histamine, 5-hydroxytryptamine and bradykinin
produced a negligible response. In the guinea pig
muscularis mucosae, neurokinin A was most po-
tent, followed by carbachol, histamine and acetyl-
choline. Prostaglandin F2�

, 5-hydroxytryptamine
and bradykinin produced a negligible response. In
the rat muscularis mucosae, bradykinin and neu-
rokinin A were most potent, followed by carbachol
and acetylcholine, but histamine, prostaglandin F2�

and 5-hydroxytryptamine produced a negligible re-
sponse. The contractile amplitude induced by high
potassium concentration was the greatest in the
guinea pig tissue and the weakest in the human tis-
sue. The results of the present study clearly indicate
that the colonic muscularis mucosae exhibit dis-
tinct behavior and pharmacological properties in
different species. Recent evidence has suggested
that in inflammatory bowel disease, there are sig-
nificant elevations in colonic mucosal levels of in-
flammatory mediators, particularly prostaglandins

[11, 20]. The muscularis mucosae is important for
colonic function because it causes the mucosa to
move, thus controlling surface area of the lumen [3,
10, 21, 24]. Pathological conditions involving the
muscularis mucosae include achalasia, peptic ulcer,
cancer invasion, vomiting, constipation, diarrhea,
irritable bowel syndrome and Crohn’s disease [6, 22,
25–27]. Alterations in muscularis mucosae func-
tion may be an important first stage in the patho-
physiology of inflammatory bowel disease, because
many neuro-immune mediators can elicit a re-
sponse of submucosal structures [4, 22, 25]. As the
therapeutic target in these diseases, much attention
should be attracted to the human muscularis muco-
sae [27]. In regard to pharmacological profiles, the
guinea pig or rat muscularis mucosae are not suit-
able animal model for screening the therapeutic
drugs, because their muscularis mucosae differ-
ently responded to inflammatory chemical media-
tors such as histamine, 5-hydroxytryptamine, pro-
staglandin F2�

or bradykinin, compared with those
of the human muscularis mucosae. At present, ex-
act autonomic innervation and receptor distribution
in intestinal muscularis mucosae are almost un-
known [1, 2, 5, 8, 9]. Further study will be required
to clarify the pathophysiological role of muscularis
mucosae in inflammatory bowel disease.

In conclusion, longitudinal muscularis mucosae
isolated from the human, guinea pig and rat distal
colon responded with a concentration-dependent
contraction to several spasmogens, but the respon-
siveness was different among species.
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