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ALIMENTARY TRACT

Human lower oesophageal sphincter relaxation is
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Abstract
Increases in cyclic adenosine monophosphate
and cyclic guanosine monophosphate content
accompany relaxation of isolated strips of
opossum and canine lower oesophageal
sphincter muscle. The aim ofthis investigation
was to characterise these responses in isolated
muscle from the human lower oesophageal
sphincter. Electrical stimulation of enteric
neurons produced a frequency dependent
relaxation of the human lower oesophageal
sphincter that was sensitive to tetrodotoxin.
Furthermore, as previously shown in the
opossum and canine lower oesophageal
sphincter, cyclic guanosine monophosphate
content was significantly raised in muscle
strips frozen during maximum electrical field
stimulation whereas cyclic adenosine mono-
phosphate content was unchanged. In
addition, sodium nitroprusside (EC50=0.1
tM) produced a concentration dependent
relaxation of human lower oesophageal
sphincter, significantly increased cyclic
guanosine monophosphate content, but did
not alter cyclic adenosine monophosphate
content. Zaprinast (M&B 22948) and SK&F
94120, selective inhibitors of cyclic guanosine
monophosphate and cyclic adenosine mono-
phosphate phosphodiesterases, respectively,
both relaxed human lower oesophageal
sphincter with a potency similar to that seen
in the dog or opossum lower oesophageal
sphincter. Finally, the 8-bromo analogues
of both cyclic adenosine monophosphate
(EC50=420 FtM) and cyclic guanosine mono-
phosphate (EC50=100 FM) relaxed the human
lower oesophageal sphincter. These studies
suggest that in the human, as well as the canine
and opossum lower oesophageal sphincter,
increases in cyclic nucleotide content are
associated with relaxation and increases in
cyclic guanosine monophosphate are associ-
ated with the relaxation induced by stimulation
of enteric neurons.

The lower oesophageal sphincter provides a
physiological barrier that prevents reflux of
gastric contents into the oesophagus.' Indeed,
reflux occurs only during transient or prolonged
abolition of this high pressure zone.23 In man,
unlike certain animals, regulation of sphincter
tone is, to a large extent, neurogenic, through
both excitatory and inhibitory inputs from the

vagus nerve.4 The final common pathway for
these inputs is the enteric nervous system.
Electrical stimulation of enteric neurons pro-
duces a relaxation of the lower oesophageal
sphincter in both man and animals.5-7 Although
the inhibitory neurotransmitters released by this
stimulation have not been fully characterised,
there is evidence that vasoactive intestinal poly-
peptide may be one of the substances released by
activation of these inhibitory neurons.8 More
recently, the relaxant response and change in
cyclic nucleotides of isolated lower oesophageal
sphincter smooth muscle to neuronal stimulation
has been characterised. In both the opossum9
and canine'0 lower oesophageal sphincter, activa-
tion of the enteric nervous system by electrical
stimulation produces a relaxation that is
accompanied by a significant increase in cyclic
guanosine monophosphate content but not cyclic
adenosine monophosphate, whereas, at least in
the opossum lower oesophageal sphincter,
addition of vasoactive intestinal polypeptide pro-
duces a relaxation that is associated with an
increase in cyclic adenosine monophosphate.9
These findings suggest that in two animal species
both cyclic adenosine monophosphate and cyclic
guanosine monophosphate may be important
intracellular mediators of relaxation in this
smooth muscle.

Since most ofour current understanding ofthe
biochemistry, physiology, and pharmacology of
this smooth muscle comes from animal studies, it
must be determined if these animal models
mimic the human situation. This is especially
important in the development ofnew treatments
for gastrointestinal disease. Therefore, the
present study was designed to examine the
relaxation response of isolated human lower
oesophageal sphincter to electrical field stimula-
tion and to a number of pharmacological agents
that change cyclic nucleotide content.

Methods

TISSUE STUDIES
Tissue specimens of human gastroesophageal
junction were obtained from organ donors
through the National Disease Research Inter-
change (NDRI), Philadelphia, PA. Only
samples that arrived less than 14 hours after the
aorta had been clamped were used in these
experiments as those that took longer to arrive
were not viable for study. Upon arrival, these
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iced samples were placed in an oxygenated Krebs
bicarbonate buffer (NaCl, 117-7 mM; KCl, 4-7
mM; CaCl2, 2 5 mM; K2PO4, 1-18mM; MgSO4,
1 18mM; NaCO3, 25 0 mM; glucose, lI1 mM).
The junction was cut open and the demarcation
between gastric and oesophageal mucosa was
marked. The mucosa was then removed by sharp
dissection and strips of circular smooth muscle
(1 0-15 cm by 0 2 cm) were cut from the
gastroesophageal junction.
The tissues were placed in quick release 10 ml

organ baths containing oxygenated Krebs buffer
at 37°C. In a preliminary experiment, a tension
of 1-5 gm provided the largest tissue response
to 10 FM acetylcholine - that is, it was the
optimum initial tension. Therefore, an initial
tension of I 5 g was placed on each muscle strip.
Tissues were allowed to equilibrate for one hour
and were then subjected to an initial maximum
electrical field stimulation (8-0 Hz, 10 msec,
65 v). In preliminary experiments, contractile
and relaxant responses to electrical field stimula-
tion were determined at various levels of the
gastroesophageal junction. In later experiments,
only tissues that gained tone and relaxed to
electrical field stimulation were considered to be
from the lower oesophageal sphincter and were
used for further study. Frequency response
curves were constructed after obtaining a stable
response to the initial maximum test electrical
field stimulation. In other tissues, cumulative
concentration response curves to zaprinast
(M&B 22948), SK&F 94120, and sodium nitro-
prusside were constructed in the presence of
atropine (1 FM), meclofenamic acid (1 RM),
phentolamine (10 FM), and propranolol (1
FM). Relaxation responses were normalised as a
percentage of the initial maximum responses to
electrical field stimulation response. Usually, the
responses of several smooth muscle strips from
each specimen were determined under identical
conditions. These strips served as replicates and
the values obtained were averaged together. For
each study, the number of experiments - that is,
specimens and replicates - from each specimen
are indicated on the Tables and in the Figure
legends.
During maximum electrical field stimulation

or after the addition of the maximum concentra-
tion of test substance, tissues were flash frozen
using precooled modified Wollenburger clamps

Oesophageal body

Lower oesophageal
sphincter

Fundus

Figure 1: Representative responses ofsmooth muscle strips
from the human lower oesophagus, lower oesophageal
sphincter, andfundus to electricalfield stimulation (8-0 Hz,
1 0 msec, 65 v). Time and amplitude scales are indicated at the
right.

and stored at -70°C for subsequent determina-
tion of cyclic nucleotide content.

MEASUREMENT OF CYCLIC NUCLEOTIDE CONTENT
Cyclic nucleotide content was measured by
radioimmunoassay." Individual frozen tissues
(10-15 mg) were homogenised in 1 5 ml of ice
cold 10% trichloroacetic acid containing
approximately 4000-5000 cpm of 3H-cyclic
adenosine monophosphate as a marker of
recovery for both cyclic adenosine monophos-
phate and cyclic guanosine monophosphate.
Precipitated protein was removed by centrifuga-
tion at 3000 g for 10-15 minutes. The trichloro-
acetic acid was removed by four extractions with
water saturated ether (4 5 ml). The amount of
cyclic adenosine monophosphate or cyclic
guanosine monophosphate was determined after
acetylation using commercially available kits
(New England Nuclear, Boston, MA) and
expressed as pmol/mg protein (cyclic adenosine
monophosphate) or fmol/mg protein (cyclic
guanosine monophosphate).

Protein concentrations were determined by
the method of Lowry,') using bovine serum
albumin as a standard.

STATISTICAL ANALYSES
All data are expressed as mean (SEM). Differ-
ences between two means were determined by
Student's t tests with p<0 05 considered
significant.

MATERIALS
Cyclic nucleotide radioimmunoassay kits and
3H-cyclic adenosine monophosphate were
obtained from New England Nuclear. Zaprinast
was generously provided by May and Baker
Ltd. SK&F 94120 was provided by Smith Kline
and French Laboratories, Welwyn Garden City,
UK. Phentolamine was obtained from Ciba-
Geigy and meclofenamic acid from Warner-
Lambert. All other chemicals were purchased
from Sigma Chemical Co.

Results
Since the lower oesophageal sphincter is not an
anatomical sphincter but is defined functionally,
the response of human smooth muscle from
various levels of the gastroesophageal junction to
electrical field stimulation was characterised.
Typical responses are shown in Figure 1. Muscle
strips obtained from the oesophageal body
exhibited a characteristic contraction, produced
after the stimulation was terminated, whereas
electrical stimulation of the lower oesophageal
sphincter region produced a concomitant relaxa-
tion. Tissues obtained from the fundic region
contracted during maximum electrical field
stimulation.
To determine if the relaxation elicited by

electrical field stimulation of the human lower
oesophageal sphincter was neuronally mediated,
the ability of tetrodotoxin to inhibit stimulation
induced relaxation was examined. An initial
response to a maximal electrical field stimula-
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TABLE I Mean (SEM) cyclic nucleotide content ofisolated
human lower oesophageal sphincter

Cyclic guanosine Cyclic adenosine
monophosphate monophosphate

Treatment (fmol/mg protein) (pmollmg protein)

Control 112-4 (26 8) (n=6)t 4-2 (0 4) (n=6)t
8-0 Hz 219-7 (17-4) (n=6) 4-5 (0 4) (n=6)
Control 198-4 (93 0) (n=3)f 3-3 (0-4) (n=3)t
Sodium nitroprusside

(300 tM) 1492-8 (52 0) (n=3)* 3-1 (0 4) (n=3)

n-=number of experiments.
tIn this study, 1-6 strips from each section were frozen and
assayed for cyclic nucleotide content.
tIn this study, 1 strip from each specimen was frozen either in the
absence or presence of sodium nitroprusside.
*p<0.05, Student's t test.

tion (8 0 Hz) was obtained and then tissues were
treated with tetrodotoxin (10 FtM) for 10
minutes and the response to electrical field
stimulation was repeated. In these studies tetro-
dotoxin produced a significant inhibition of the
relaxation elicited by electrical stimulation (Fig
2). These findings showed that the relaxation
produced by electrical stimulation of isolated
strips of human lower oesophageal sphincter is
neuronally mediated and indicate that the
human lower oesophageal sphincter exhibits a
tetrodotoxin sensitivity similar to that observed
for isolated strips of opossum and canine lower
oesophageal sphincter.9 13

In isolated strips of both opossum and canine
lower oesophageal sphincter, electrical stimula-
tion produced a frequency dependent relaxation
that was accompanied by an increase in cyclic
guanosine monophosphate but not cyclic
adenosine monophosphate. As shown in Figure
3, electrical stimulation relaxed isolated human
lower oesophageal sphincter in a frequency
dependent manner. Furthermore, in tissues
frozen during maximum stimulation - that is 8
Hz - cyclic guanosine monophosphate content
was significantly increased whereas cyclic adeno-
sine monophosphate content was unchanged
(Table I).
For comparison with our previous studies in

other species, the ability of several drugs that
have been reported to alter cyclic nucleotide
content in other tissues were examined in the
isolated human lower oesophageal sphincter.
Cumulative addition of sodium nitroprusside, a
nitrovasodilator and an activator of the soluble
form of guanylate cyclase,'4 to muscle strips of
human lower oesophageal sphincter produced a
concentration dependent relaxation of this tissue
(Fig 4). Furthermore, in tissues frozen after
the addition of 300 [tM sodium nitroprusside,
cyclic guanosine monophosphate content was
increased approximately sevenfold without an
increase in cyclic adenosine monophosphate
values (Table I).
To further characterise the human lower

oesophageal sphincter, the ability oftwo isozyme
selective inhibitors of cyclic nucleotide phospho-
diesterase to relax the sphincter was examined.
Zaprinast, an inhibitor of cyclic guanosine
monophosphate selective isozyme produced a
concentration dependent relaxation of human
tissue (Fig 5). Although cyclic guanosine mono-
phosphate content was increased in all tissues
treated with 300 ,uM zaprinast, this increase was
not statistically significant, probably because of
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Figure 3: Electricalfield stimulation produces afrequency
related relaxation ofhuman lower oesophageal sphincter. The
data are expressed as percentage ofthe response to an initial
8-0 Hz stimulation (4-1 (04) g). The values are the mean
(SEM) ofthree experiments. In this study, electrical
stimulation induced relaxation was determined in two tofour
strips oflower oesophageal sphincterfrom each specimen.

the small sample size and the variation among the
samples (Table II). In contrast to zaprinast,
SK&F 94120, an inhibitor of the phosphodie-
sterase III isozyme that is a cyclic adenosine
monophosphate selective phosphodiesterase,'5
produced a concentration dependent relaxation
(Fig 5) that was accompanied by a significant
increase in cyclic adenosine monophosphate con-
tent without a change in cyclic guanosine mono-
phosphate (Table II).

Finally, the ability of the membrane perme-
able analogues of cyclic nucleotides to elicit
relaxation was determined. As shown previously
in the opossum lower oesophageal sphincter,
8-Br-cyclic adenosine monophosphate produced
a concentration dependent relaxation of the
human sphincter (Fig 6). Furthermore,
although less potent than 8-Br-cyclic guanosine
monophosphate, 8-Br-cyclic adenosine mono-
phosphate also produced a concentration
dependent relaxation of this tissue (Fig 6).

Discussion
Before characterising the biochemical changes
that occur during relaxation of isolated strips of
human lower oesophageal sphincter, it was
important to determine if this tissue behaved
similarly in the muscle bath as did the isolated
opossum or canine sphincter. The initial studies
were designed to examine the functional
response ofisolated strips ofsmooth muscle from
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Figure 4: The human lower oesophageal sphincter is relaxed
by the cumulative addition ofsodium nitroprusside. The data
are expressed as percentages ofmaximal electrical stimulation
induced relaxation and are the mean (SEM) ofthree
experiments. Electrical stimulation produced a 4-3 (0 9) g
relaxation. In this study, sodium nitroprusside was added to
only one stripfrom each specimen.
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Figure 2: Tetrodotoxin
(TTX; 10 .M) produces an
inhibition ofthe maximum
electricalfield stimulation
(8-0 Hz) induced relaxation
ofthe human lower
oesophageal sphincter. The
results are the mean (SEM)
ofsix experiments - that is,
specimens - and are
expressed as relaxation in g.
In these experiments,
electrical stimulation
induced relaxation was
examined in the two to eight
strips oflower oesophageal
sphincter smooth musclefrom
each specimen and after the
addition oftetrodotoxin.
*Indicates p<0 05.
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TABLE II Mean (SEM) alterations in cyclic nucleotide
content by selective phosphodiesterase inhibitors

Cyclic guanosine Cyclic adenosine
monophosphate monophosphate

Treatment (fmollmg protein) (pmol/mg protein)

Control 114-1 (32 0) (n=3)t 2-4 (0-1) (n=3)t
Zaprinast (300 ,M) 569 5 (200 8) (n=3) 3-7 (0 5) (n=3)
SK&F 94120(300 tM) 134-5 (35-4) (n=3) 4-1 (0-3) (n=3)*

75-
n=number of experiments.
fIn this study, 1 strip from each specimen was frozen in the
absence or presence of the phosphodiesterase inhibitor.
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o -Log (Zaprinast)
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Figure 5: Relaxation ofhuman lower oesophagec
produced by cumulative addition ofisozyme selec,
phosphodiesterase inhibitors, xaprinast andSK2
The data are expressed as the percentage ofmaxim
electricalfield stimulation induced relaxation and
means (SEM) ofthree experiments. In these stud
stimnulation produced a 4-9 (1 2) g relaxation for
treated tissues and a 5 2 (1 -2) g relaxation forSR
treated muscle strips. The effect ofcumulative adt
phosphodiesterase inhibitors was determined in ot
each specimen.

the human gastroesophageal junction
In these experiments, electrical field st
produced a contraction that occurr4
cessation of the stimulus in muscle sti
1-2 cm above the demarcation of ti
mucosa. This response is characteristic
from the oesophageal body. 16 In
electrical stimulation produced a rela
muscle strips taken from the oe
mucosal junction extending toward t
area for about 2 cm. Finally, in mu,

of

6 5 4

-Log (8-Br-cNMP)

Figure 6: Relaxation ofthe human lower oesophc
sphincter produced by cumulative addition of8-B
guanidine monophosphate (GMP) (-P-) or 8-Bi
adenosine monophosphate (AMP) (-4-). The de
expressed as the percentage ofmaximum electrica
stimulation induced relaxation and are the mean (
four experiments - that is, specimens. In this stud
cumulative addition of8-Br-cyclicAMP or 8-Br-
was examined in three tofour strips oflower oesol
sphincter smooth musclefrom each specimen.
cNMP=cyclic nucleotide monophosphate.

4 3 *p<0.05, compared with control, Student's t test.

obtained from 3 to 5 cm below the demarcation -
that is, fundic smooth muscle - electrical
stimulation produced a contraction during the
duration of the stimulation. These findings sug-
gested that muscle strips taken from the human
gastroesophageal junction behave in a similar
manner to those obtained from animals.

Data obtained from animal studies both in
vitro and in vivo have shown that relaxation of
the lower oesophageal sphincter is neuronally

4 3 mediated.7 1718 Although the neurotoxin tetrodo-
toxin does not always change resting pressure, it

zl sphincter blocks the relaxation produced by activation of
ttive the enteric nervous system.7 18 In this study and
9F 94120. in two earlier reports, tetrodotoxin pretreatment
num of isolated smooth muscle from the lower
Iesealectrical oesophageal sphincter inhibited the relaxation
zaprinast produced by electrical stimulation.'6 These
c&F 94120 results indicate that the human lower oeso-
destnp from phageal sphincter responds in a manner similar

to that of the isolated canine and opossum
tissue.9 13

In isolated strips of opossum lower oeso-

Lal region. phageal sphincter, electrical stimulation pro-
dmulation duces a frequency and time dependent increase
ed at the in cyclic guanosine monophosphate content that
rips taken correlates with relaxation.9 1019 Furthermore,
fe gastric activators of both soluble guanylate cyclase and
:ofmuscle particulate guanylate cyclase increase cyclic
contrast, guanosine monophosphate content and relax

ixation m isolated strips of opossum sphincter,9 suggesting
sophageal that cyclic guanosine monophosphate is an intra-
he fundic cellular mediator of relaxation in this tissue.
scle strips Results obtained in the present study show that

cyclic guanosine monophosphate is also raised by
electrical field stimulation in muscle strips
obtained from the human sphincter. It is
important to note that in the present study
increases in cyclic guanosine monophosphate
occurred during electrical stimulation, either if
the data were expressed on an absolute basis (see
Table I) or in terms of a percentage change from
control values (increased 180 (78)%). Cyclic

"I adenosine monophosphate, however, did not
change during electrical stimulation on an
absolute basis (see Table I) or in terms of

3 a percentage change from control values
(increased 9 (7)%). Although both cyclic nucleo-
tides seem to regulate relaxation of the opossumageal

fr-cyclic and canine lower oesophageal sphincter,9 10 13 the
r-cyclic present experiments provide the first demonstra-
ata are tion of this phenomenon in the human sphincter
(SEM)of and suggest that, as in the dog and opossum,
,y, the cyclic guanosine monophosphate is also an intra-
-cyclicGMP cellular mediator of neuronally induced relaxa-phageal tion of the human lower oesophageal sphincter.

Neuronally mediated relaxation of the bovine
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retractor penis muscle is also associated with an
increase in cyclic guanosine monophosphate2"
also suggesting that the relaxation of some
smooth muscles are regulated by this cyclic
nucleotide.

Before concluding that cyclic guanosine
monophosphate is an intracellular mediator of
relaxation in human lower oesophageal sphincter,
it should be shown that electrical stimulation
produces a frequency and time dependent
increase in cyclic guanosine monophosphate
content that is consistent with relaxation. In
preliminary studies, increasing the frequency of
electrical stimulation produced a trend toward
increasing cyclic guanosine monophosphate with
no change in cyclic adenosine monophosphate.
The scarcity ofhuman tissue, however, resulted
in a sample size that was small. In addition,
tissue scarcity also made it difficult to examine
the time dependence of the electrical stimulation
induced increase in cyclic guanosine mono-
phosphate content. Although we have been
unable to address these questions in detail using
human tissues, earlier reports have clearly shown
that electrical stimulation produces a frequency
dependent increase in cyclic guanosine mono-
phosphate content with no change in cyclic
adenosine monophosphate9 and that this increase
in cyclic guanosine monophosphate content
precedes the relaxation.'9 Also, blocking
neuronal activity with tetrodotoxin antagonises
the ability of electrical field stimulation to pro-
duce relaxation and to increase cyclic guanosine
monophosphate in the canine'3 and opossum9
lower oesophageal sphincter. If cyclic guanosine
monophosphate is an intracellular mediator of
relaxation, then activators of the particulate or
soluble forms of guanylate cyclase should pro-
duce relaxation and increase cyclic guanosine
monophosphate. Cumulative addition of sodium
nitroprusside produces a concentration depend-
ent relaxation of the human sphincter. At the
maximum concentration tested, sodium nitro-
prusside increased cyclic guanosine monophos-
phate content seven fold. Future studies should
examine the concentration dependent relation
of this response. In the opossum sphincter,
cumulative addition of atriopeptin II, a peptide
known to activate the particulate form of
guanylate cyclase, produces a concentration
dependent relaxation and increases cyclic guano-
sine monophosphate content.9'0 Additionally, it
should be shown that inhibitors of cyclic
guanosine monophosphate hydrolysis mimic the
response to electrical field stimulation. In this
study, addition of zaprinast, a selective inhibitor
of the type I forms of phosphodiesterase pro-
duced a concentration dependent relaxation of
the human sphincter. Although in these experi-
ments zaprinast clearly increased cyclic
guanosine monophosphate content in all tissues
examined, this increase did not reach statistical
significance due to the small number of tissues
(n=3) that we tested under these conditions.
Also, because of the difficulty in obtaining
human tissue, it has not been possible to deter-
mine if selective phosphodiesterase inhibitors
will potentiate the relaxation and increase in
cyclic guanosine monophosphate content
elicited by electrical stimulation. Further

support for the hypothesis that cyclic guanosine
monophosphate is an intracellular mediator of
relaxation is the finding that a membrane perme-
able analogue, 8-Br-cyclic guanosine monopho-
sphate, produced a concentration dependent
relaxation in the human sphincter. Earlier
reports have shown that both cyclic adenosine
monophosphate and cyclic guanosine monopho-
sphate dependent protein kinases are present in
the human lower oesophageal sphincter.2'
Future experiments should evaluate the ability
of electrical stimulation to alter the activation
state of these enzymes. The transmitter released
by electrical stimulation that increases cyclic
guanosine monophosphate is currently
unknown, but it has been shown recently that
atrial natriuretic peptide is found in gastro-
intestinal tissues,22 and that atriopeptin II will
increase cyclic guanosine monophosphate con-
tent of gastrointestinal tissue.923 Our results
confirm our earlier observations in the lower
oesophageal sphincter of the opossum and dog,
but, more importantly, show that in human
tissue an increase in cyclic guanosine monophos-
phate content is associated with relaxation and
that the electrical stimulation produces an
increase in cyclic guanosine monophosphate
content.
The results obtained from this study support a

role for cyclic guanosine monophosphate in
mediating relaxation in the human lower oeso-
phageal sphincter. Also, certain therapeutic
approaches for the treatment of hypermotility
diseases of the upper gut are suggested. For
example, administration of nitrovasodilators
might prove beneficial in the treatment of
achalasia. Indeed, Wong et al have shown that in
people with achalasia, sublingual nitroglycerin
produced a significant reduction in sphincter
pressure and an improvement in oesophageal
emptying.24

It has recently become increasingly apparent
that there exist several different isozymes of
phosphodiesterase within smooth muscle.25 26
Each isozyme can be characterised by its distinct
kinetic characteristics and substrate specificities,
and by its sensitivity to different activators.
More importantly, there now exist several
selective inhibitors of these different isozymes of
phosphodiesterase that can be used as tools to
show the functional role of cyclic nucleotide
accumulation. Zaprinast is a selective inhibitor
of the type I forms of phosphodiesterase.27 These
isozymes generally display a high affinity for
cyclic guanosine monophosphate, although they
differ in their affinities for cyclic adenosine
monophosphate.28 In the present study, the
cumulative addition of zaprinast to isolated
strips of human lower oesophageal sphincter
produced a concentration dependent relaxation.
In addition, the present study also showed that
cumulative addition of SK&F 94120, a selective
inhibitor of the type III (high affinity for cyclic
adenosine monophosphate) phosphodiesterase
isozyme,"' produced a significant relaxation of
the human sphincter and a significant increase in
cyclic adenosine monophosphate content. In a
similar fashion to the opossum9 and canine lower
oesophageal sphincter,'" addition of a drug that
increases cyclic adenosine monophosphate con-
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tent also relaxes isolated strips of the human
sphincter. Our findings suggest that compounds
that increase cyclic adenosine or guanosine
monophosphate content will relax the human
lower oesophageal sphincter and may provide
therapeutic benefit in the treatment of achalasia.

In conclusion, the present study shows that
the isolated human lower oesophageal sphincter
responds in a manner similar to that of the
opossum and dog. These findings validate the
use of these species as models for the human. Of
special interest was the finding that electrical
field stimulation induced relaxation in human
lower oesophageal sphincter smooth muscle
strips is also associated with an increase in cyclic
guanosine monophosphate, but not cyclic
adenosine monophosphate. This result is in
agreement with our previous observations in
both the opossum and canine lower oesophageal
sphincter and supports the hypothesis that cyclic
guanosine monophosphate is an intracellular
mediator of neuronally induced relaxation.
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