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ABSTRACT Studies were performed in anesthetized
opossums to investigate the influence of successive va-
gal stimuli on esophageal contractions. Mechanical
activity was recorded manometrically 5 cm above the
lower esophageal sphincter. Contractions in the esoph-
agus were evoked by electrical stimuli of 2.5 mA, and
1-ms pulse duration applied to the cervical vagi, at
various train durations and frequencies. Paired or
multiple stimuli of 1-s train length were also tested at
different interstimulus intervals (ISI). Paired stimuli
at an ISI of <3 s and at a frequency of <10 Hz showed
refractoriness, i.e., the contractions to the first stimulus
inhibited the contraction to the second stimulus. A fre-
quency of 50 Hz showed initial inhibition, i.e., the
second stimulus inhibited the contraction to the first
stimulus. Repetitive stimuli applied at a rate of 8/min
(ISI 6.5 s) evoked contractions to each stimulus. At 15/
min, every second or third contraction was inhibited.
With stimuli applied at 30/min, contractions occurred
only in response to the first and/or the last stimulus;
depending upon the frequency of vagal stimulation.
The intervening stimuli did not evoke any contrac-
tions. A long train stimulus produced an initial, a ter-
minal, or both contractions depending on the stimu-
lation value. These studies show that (a) vagal efferent
stimulation causes initial inhibition and refractoriness
in the esophageal smooth muscle; (b) the degree of
initial inhibition increases with increasing frequency
of stimulation; (c) the occurrence of contractions only
at the onset and the end of a long train stimulus may
be due to the influence of initial inhibition and re-
fractoriness.
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INTRODUCTION

Swallowing or vagal efferent stimulation with <1-s
train are followed by a wave of contraction in the
esophageal body (1-5). Repetitive swallowing at short
intervals, as occurs during drinking of liquids, pro-
duces an esophageal response characterized by qui-
escence until the last of the swallows, which is then
followed by an esophageal contraction (6-8). Meyer
et al. (7) have also shown that two or more swallows
taken in rapid succession may markedly influence the
response to the preceding swallows.

In experimental animals, vagal efferent stimulations
with long train durations show an intriguing pattern
of esophageal response. Dodds et al. (4) reported that
stimulation with long trains (e.g., 8 s) evoked esoph-
ageal contractions that occurred either after the be-
ginning (A-contraction) or the end (B-contraction) of
the stimulus train. At low frequencies of stimulation
it occurred only at the beginning of the stimulus
whereas at high frequencies of vagal stimulation, the
contraction was seen only at the end of the stimulus
train. Interestingly, the esophagus remained relatively
quiescent during the intervening period despite on-
going vagal stimulation. This interesting phenomenon
remains unexplained.

The purpose of this study was to investigate the in-
fluence of two or more closely applied vagal stimuli
on esophageal responses. Qur studies show that esoph-
ageal contractions evoked by vagal stimulation are
bordered by two inhibitory phenomena: initial inhi-
bition and refractoriness. These findings explain the
esophageal responses to repetitive swallowing and con-
tractions occurring only at the onset and the end of
long train vagal stimulation.

METHODS

Experimental procedure. Studies were performed in 17
adult opossums (Didelphis virginiana) of either sex weighing
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from 2.2 to 4.6 kg. The animals were fasted for 14-16 h
before they were anesthetized with a 40 mg/kg i.p. injection
of pentobarbital sodium. The anesthesia was maintained as
needed with 5 mg/kg of pentobarbital administered intra-
venously through a cannula in the brachial vein. The animals
were strapped supine on an animal board. Respiration was
supported with a mechanical respirator (Harvard Apparatus,
Co., Inc., S. Natick, MA) that pumped room air at 20 strokes/
min. The body temperature was maintained at 37°C with
a heating pad placed beneath the animal. Intraluminal
esophageal pressures were monitored at 5 cm above the
lower esophageal sphincter (LES)' with a water-filled and
continuously perfused catheter assembly as described pre-
viously (9) and recorded on a Beckman Dynograph recorder
(R411, Beckman Instruments, Inc., Fullerton, CA) using Sta-
tham pressure transducers (model P23db, Statham Instru-
ments, Inc., Oxnard, CA). The catheter assembly was intro-
duced transorally into the stomach and then withdrawn
gradually at 2-mm intervals to scan the high pressure zone
of the LES. The assembly was then positioned so that the
most distal hole was in the middle of the LES. The assembly
was then anchored by inserting a pin through the esophageal
wall and the central core tubing of the catheter assembly as
described previously (9). The vagi were identified in the
neck and sectioned. The cut peripheral end of one of the
vagi was stimulated with square wave pulses of 2.5-mA cur-
rent intensity and 1-ms pulse duration. In six animals vagal
efferents were stimulated with continuous trains stimuli of
1-60-s duration at 5, 10, and 50 Hz. In 11 animals, one of
the vagi was stimulated with paired and multiple repetitive
stimuli of 1-s duration. Paired 1-s trains were separated by
varying the time interval between two trains from 0.1 to 10
s. The time interval between two train stimuli is called in-
terstimulus interval (ISI). The multiple repetitive trains were
given at a rate of 8, 10, 12, 15, 30, or 60/min. The 60/min
was a continuous 1-min train stimulus. In 3 out of 11 animals
stimulus frequencies of 5, 10, and 50 Hz were also tested at
each ISI or stimulus rate. At the end of each experiment the
animal was killed with a lethal dose of the anesthetic.

Data analysis. Pressure waves evoked by vagal efferent
stimulation were analyzed for amplitude (mmHg) and la-
tency (seconds) of response. Response latency was measured
from the onset of the stimulus to the onset of the pressure
wave. When a second contraction was evoked with long train
stimuli, its latency was measured from the onset as well as
from the termination of the stimulus. The latency data were
used to determine the relationship between the stimulus and
response. For example, when a paired stimulus train at a
short.ISI (=2 s) evoked only one response, the latency of this
response from the onset of the first and second stimulus was
determined and compared with the latency of response when
only one stimulus was given. If the response belonged to the
first stimulus in the pair then its latency was similar to that
obtained with one stimulus. For averaging multiple abol-
ished responses were considered to be of 0 mmHg amplitude.
Data were analyzed using analysis of variance (10). Signif-
icance of difference was determined using the Duncan test.
Significance of difference between the A and B—response
latency and amplitude was determined using the unpaired
t test. Significance of difference between the number of A
and B responses evoked by various train durations was de-
termined by chi? test (10).

! Abbreviations used in this paper: 1S, interstimulus in-
terval; LES, lower esophageal sphincter.
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RESULTS

Esophageal contractions to stimulation of vagal
efferents at different train lengths. Vagal efferent
stimulation with 2.5-mA current intensity, 1-ms pulse
duration, and a frequency of 10 Hz evoked either one
or two contractions to each stimulus train of 1s or
longer duration, as shown in Fig. 1. Whether one or
two contractions were evoked depended on the du-
ration of the train length. Short trains, e.g., 1 or 2.5
s evoked only one contraction. Train durations of 5 s
or longer evoked a second contraction that occurred
after a latency from the offset of the stimulus. When
two contractions were present, the first contraction
resembled in latency and other characteristics, to the
only response that occurred at short stimulus trains
(Table I).

Table II shows the influence of train duration on the
occurrence and amplitude of contractions. The data
show that a train duration of 4 s or less evoked only
one contraction. This response was evoked by >80%
of stimuli at all train durations. The second contraction
at 5- and 8-s train duration was present 41 and 66%
of the time, respectively. Both contractions were pres-
ent >75% of the time, when stimulus train duration
was 10 s or longer.

The amplitude of the first (A) contraction was not
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FIGURE 1 Influence of stimulus train duration on esophageal
contraction at 5 cm above LES. Note that short trains of 1
and 2.5s produce only one contraction. However, longer
trains of 5 and 10s produce two contractions (A and B).
Other stimulus parameters: 2.5 mA, 1 ms, and 10 Hz.



TABLE I
Influence of Stimulus Train Duration on the Number of Contractions and Their
Relation to the Onset and Offset of the Stimulus

A (on) response

B (off ) response

Latency of response from

Latency of response from stimulus

stimulus
Train No. of No. of
duration observations contractions Onset Offset Onset Offset

1 14 1 2.1+0.1 1.1+0.4 Not present

2.5 13 1 2.0+0.08 None Not present

4.0 12 1 2.1+0.1 None Not present

5.0 12 2 2.1+0.08 None 6.8+0.08 1.8+0.08

8.0 12 2 2.0+0.06 None 10.0+0.1 2.0+0.1
10.0 12 2 2.1+0.1 None 11.3+0.1 1.3+0.1°¢
20.0 12 2 2.0+0.1 None 21.2+0.08 1.2+0.08°
30.0 11 2 1.9+0.08 None 31.1+0.1 1.1+0.1°
60.0 12 2 2.0+0.1 None 61.3+0.1 1.3+0.1°

Values are mean+SE. Vagal efferents were stimulated with 2.5 mA, 1-ms pulse, and 10 Hz; contractions

were observed at 5 cm above the LES.

* Significantly different from the onset of A-response (P < 0.01).

§ Significantly different from the B-response latency of 8-s train duration (P < 0.01).

Note that with the stimulus parameters used, the responses observed with 1-4 s were A-contraction, as
their latencies, when calculated from the onset of the stimulus were similar to responses observed with

longer train stimulations.

significantly influenced by train duration (P > 0.05).
However, the amplitude of the second contraction (B)
progressively increased with an increase in train du-

TABLE II
Occurrence and Amplitude of Contractions Produced at 5 cm
Above LES by Vagal Efferent Stimulation at
Different Train Durations

Responses evoked
Number Amplitude
Train No. of
duration observation A B A B

s mmHg

1 14 13 0 83.4+2.6 0°t

25 13 12 0 89.4+2.1 0°t

4.0 12 10 0 82.6+3.8 0°t

5.0 12 11 5 79.6+4.4 32.0+2.6°%

8.0 12 11 8 81.4+2.8 58.6+3.6°
10.0 12 11 9 86.5+3.6 84.8+2.2%
20.0 12 11 12 90.0+2.4 92.6+2.4
30.0 11 11 11 89.1+2.6 96.8+3.3
60.0 12 10§ 12§  86.4+49  91.2+24

Values are mean+SE. Other stimulus parameters 2.5 mA, 1-ms
pulse duration, and 10 Hz.

* Significantly different from the amplitude of A-response (P
< 0.01).

t Significantly different from train duration of 20s or more
(P < 0.01).

§ Values in column A are significantly different from those in col-
umn B (P < 0.01; determined by chi?® test).

Inhibition and Refractoriness in the Esophagus

ration from 5 to 20 s. Trains of 20 s or longer failed
to increase the amplitude of this contraction signifi-
cantly (P > 0.05).

Esophageal contractions to 10-s train stimuli at
different frequencies. Train durations of 10s (2.5
mA, 1 ms) at 10 Hz produced two contractions, each
appearing after a certain latency from the onset (A or
on) and offset (B or off) of the stimulus (Fig. 2). Table
III shows that the occurrence and the amplitude of
these two contractions at 10 Hz was not significantly
different (P > 0.05). A decrease in the frequency of
stimulation to 5 Hz evoked only one A-contraction and
failed to evoke a B-contraction at the end of the stim-
ulus. An increase in frequency to 50 Hz inhibited the
first A-contraction significantly or completely abol-
ished it (P < 0.01).

Influence of two successive stimuli on esophageal
contractions. As shown in Fig. 3A (top row) paired
1-s train stimuli of 2.5 mA, 1 ms, 10 Hz at an ISI of
4 s evoked a contraction (R, R,) to each stimulus in
the pair (S;, Sz). As shown in Table 1V, the amplitude
of both contractions (R; and R,) at an ISI of 4s or
longer was not significantly different (P > 0.05). How-
ever, at shorter ISI the response to the first stimulus
(R;) influenced the response (R;) to the second stim-
ulus. For example, at an ISI of 2-3 s (R;) was signif-
icantly inhibited (P < 0.01). At an ISI of 1 s or less (R,)
was completely abolished. :

When stimuli of higher frequency were used, e.g.,
50 Hz, then at an ISI of 4 s or longer each train in the
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FiGURE 2 Influence of stimulation frequency on A and B
contraction. Train duration, current intensity, and pulse du-
ration were held constant at 10s, 2.5 mA, and 1 ms, re-
spectively. Note that the 5-Hz stimulus evoked only A-con-
traction whereas 50-Hz stimulus evoked only a B-contrac-
tion.

pair evoked contraction (Fig. 3 B and Table V). The
amplitude of both contractions (R,, Ry) was not sig-
nificantly different (P > 0.05). At short ISI, e.g., ISI
of 3 s or less, the response (R)) to the first stimulus was
either significantly inhibited (P < 0.01) or completely
abolished (i.e., at an ISI of 0.1 s). This inhibition was
not identified at stimulus frequencies of 10 Hz or less.

TasLE 111
Occurrence and Amplitude of A (On) and/or B (Off)
Contraction at 5 cm Above LES Due To 10-s
Trains of Vagal Efferent Stimulation
at Different Frequencies

Responses evoked

Number Amplitude
Vagal No. of
stimulation observations A B A B
Hs mmlig
5 12 10 0 68.4+2.3 0°§
10 11 11 9 86.5+£3.6 74.8+2.2
50 12 3 12 6.5+1.81 92.6+3.8°

Values are mean+SE. Other stimulus parameters 2.5 mA, 1-ms
pulse duration.

° Significantly different from A-response (P < 0.01).

{ Significantly different from responses at 5 and 10 Hz (P < 0.01).
§ Significantly different from responses at 10 and 50 Hz (P < 0.01).
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FIGURE 3 Esophageal responses at 5 cm above the LES to
two successive vagal efferent stimulations at 10 Hz and 50
Hz for different ISI. Other stimulus parameters, e.g., current
intensity, pulse and train duration, were kept constant at 2.5
mA, 1 ms, and 1 s, respectively. S,, S; stimulus 1 and stimulus
2, respectively. VS, vagal stimulation. Note that decreasing
the time interval between two stimuli (ISI) inhibited and
then abolished the second response (R,) at 10 Hz. However,
at a higher stimulus frequency, 50 Hz, decreasing the ISI
inhibited and then abolished the first response (R)).

Esophageal responses to repetitive stimulation of
vagal efferents. Fig. 4 shows contractions evoked by
repetitive 1-s train stimuli of 2.5 mA, 1-ms pulse du-
ration and a frequency of 10 Hz. The successive stimuli
were applied for 1 min at different train rates. When
the train rate was 8/min, each train stimulus evoked
a contraction. As shown in Table VI, the amplitude of
these contractions was not significantly different (P
> 0.05). However, when the stimulus rate was in-
creased to 12/min, the successive responses were sig-
nificantly reduced in amplitude (P < 0.01). At a train
rate of 15/min (ISI = 3 s) alternate responses were sig-



TABLE IV
Influence of Response to the First Stimulus (R;) on the
Occurrence and Amplitude of Response to the
Second Stimulus (R,) at Different 1SI

Responses evoked

Number Amplitude
No. of
181 observations R, Re R, Re
s mmHg
0.1 43 43 0 96.8+3.9 0°
1.0 42 42 0 81.9+2.2 0°
2.0 42 40 5 100.5+4.3 14.7x1.8°¢
3.0 42 42 15 96.7+3.9 32.2+2.1°%
4.0 42 41 38 98.9+1.8 94.3+1.2¢
5.0 42 41 37 96.2+2.8 93.8+2.2
6.0 42 42 42 101.4+2.9 100.5+3.1%
70 42 42§ 42§ 103.3+£3.1 103.2+2.9

Values are mean=SE. Each individual stimulus was of 1-s train,
2.5 mA, 1-ms pulse duration, and 10 Hz.

* Significantly different from R, (P < 0.01).

1 Significantly different from R, at next lower ISI (P < 0.01).

§ Values in column R, are significantly different from those in
column R, (P < 0.01; determined by chi? test). At short ISI, when
only one response was observed it was based upon the similarity
of its temporal relationship to the first or second stimulus (Fig. 3A).

nificantly inhibited (P < 0.01) or abolished (Fig. 4 and
Table VI). An increase in stimulus rate to 30/min (ISI
= 1) evoked contraction only to the first and last stim-
ulus. The intervening stimuli either failed to evoke a
response or occasionally produced significantly small
amplitude responses (Table VI). A stimulus rate of 60/
min, which is a continuous 1-min train stimulus,
evoked A and B responses similar to responses to first
and the last stimuli applied at a rate of 30/min.

As shown in Fig. 5 and Table VII, repetitive 1-s
stimuli at 50 Hz, produced near normal contractions
with each stimulus when the stimulus rate was 8/min.
However, at a train rate of 12/min the succeeding
responses were inhibited. In some instances there were
two responses of equal amplitude and the third re-
sponse was absent. At other times alternate responses
were abolished and the remaining responses were in-
hibited. When the stimulus rate was increased to 15/
min or more (Table VII) there was no response to the
first or any subsequent stimuli except the last one.
Rarely, small amplitude responses to the intermediate
stimuli were also observed. With a continuous 1-min
stimulation at a stimulus rate of 30/min, only a B-
response at the end of the stimulus was observed. This
B-response was similar to the response to the last stim-
ulus when stimuli were applied at a rate of 15 or 30/
min. Quantitative data on the amplitude of the first,
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last, and intermediate six contractions are shown in
Table VII.

DISCUSSION

These studies show that an esophageal contraction in
response to vagal stimulation is bordered by two in-
hibitory phenomena: initial inhibition and refracto-
riness. Experimental circumstances that reveal these
two inhibitory phenomena are, however, different.

The phenomenon of initial inhibition refers to in-
hibition of any activity in the esophagus that may be
occurring at the time of vagal stimulation. The degree
of initial inhibition increases with increasing fre-
quency of stimulation. Therefore, this phenomenon is
best demonstrated when two short train stimuli of high
frequency are applied closely together. The genesis of
initial inhibition is not well defined, however, it may
be related to hyperpolarization of smooth muscle
membrane that precedes its depolarization and spike
burst (3).

The phenomenon of refractoriness refers to inhibi-
tion of any evoked contraction that may tend to occur
during and soon after the ongoing esophageal response
to a previous stimulus. This phenomenon can be dem-
onstrated only at low frequencies of stimulation when
the initial inhibition is not marked. Experimentally it
is shown when the response to a preceding stimulus
is normal but the response to a following stimulus is

TABLE V
Influence of Second Stimulus (S;) on the Inhibition of Response
to the First Stimulus (R,) at Different ISI at 5 cm Above LES

Responses evoked
Number Amplitude
Interstimulus No. of
interval (I1S1) observations R, Re R, Re
s mmHg
0.1 14 0 14 0 92.8+3.9°
1.0 14 3 14 6.1+0.61 96.2+4.8°
2.0 14 3 14 4.2+0.6 94.9+2.6°
3.0 14 4 14 6.7+0.9 89.4+4.8°
4.0 12 10 12 88.3+3.8f 92.3+3.4
5.0 14 13§ 14§ 98.8+2.21 96.8+4.4

Values are mean+SE. Each individual stimulus was of 1-s train,
2.5 mA, 1-ms pulse duration, and 50 Hz.

° Significantly different from R, (P < 0.01).

t Significantly different from the response at lower ISI (P < 0.01).
§ Values in column R, are significantly different from those in
column R; (P < 0.01; determined by chi? test). At short ISI when
only one response was observed it was designated as R, or R, based
upon the similarity of its temporal relationship to the first or the
second stimulus (Fig. 3B).
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FIGURE 4 Influence of repetitive vagal efferent stimulation with 10 Hz on esophageal con-
tractions. Other stimulus parameters (2.5 mA, 1 ms, 1-s train). Note that at stimulus rates of
8/min each stimulus evoked a response. However, at higher stimulus rates (12/min) the sub-
sequent contractions were partially inhibited or the alternate responses disappeared (at 15/
min), and then all responses between the first and last were abolished (30/min or more).
Continuous stimulation (or 60/min) produced only the first and the last response.

inhibited. The electrophysiological basis of refracto-
riness is not known.

Initial inhibition and refractoriness may explain
esophageal responses to long train and repetitive vagal
stimulations or swallows. The occurrence of contrac-
tions only at the onset or the end of a long train stim-
ulus is explained by these studies as follows: A long
train stimulus can be assumed as individual short trains
applied successively at very short intervals. The A-con-
traction at the onset represents response to the hypo-
thetical first stimulus, whereas the B-contraction at the
end represents response to the last stimulus. This hy-
pothesis is supported by the similarities of responses
to a continuous long stimulation and multiple repeti-
tive stimuli applied at 1 s apart. When the trains are
of low frequency, esophageal contraction occurs to the
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hypothetical first short train stimulus and the responses
to all the succeeding trains are inhibited because of
the refractoriness. Therefore, at low frequency vagal
stimulation contraction is observed only at the onset
of the long train stimulus. On the other hand, when
the trains are of high frequency of stimulation, the
initial inhibition predominates. Therefore, responses
to all the preceding stimuli are inhibited by the fol-
lowing stimuli. The response then occurs only to the
last of the “hypothetical” 1-s stimulus train. With in-
termediate frequencies of stimulation contractions oc-
cur both at the onset and the end of the stimulus train.
According to this formulation, therefore, the esopha-
geal quiescence after the A- and before the B-con-
traction represent active inhibition and/or refracto-
riness of the esophagus.



TABLE VI
Influence of Successive 1-s Train Duration (2.5 mA, 1-ms Pulse Duration, at 10 Hz) Stimuli on Esophageal Contractions
at 5 cm Above LES, at Different Stimulus Rates

Amplitude of different contractions (mmHg)

Intermediate
Stimulus rate No. of
per minute observations First 2 3 4 5 6 Last
8 12 119.6+3.8 114.2+2.2 115.6+2.3 112.3+2.4 111.8+3.9 112.6+2.4 112.8+3.2
(ISI, 6.5 s)
10 15 116.4+3.6 113.8+2.1 108.5+2.1°f 100.8+3.6°f 102.6*+2.4°} 98.8+2.1°¢ 104.2+2.9°%
(ISL, 5 5)
12 12 111.6+2.11 101.2+1.4°% 91.2+2.2°¢ 92.6+1.9°¢ 86.2+1.7°¢ 76.3+2.8°¢ 77.8+3.2°%
(ISL, 4 s)
15 12 110.8+1.2¢ 22.6+2.1° 81.2+29°% 15.4*1.2°¢ 83.6+2.2°% 19.8+1.2°¢ 91.2+2.8°¢
(IS1, 8 s)
30 12 105.2+2.8% 1.3+20.7°¢ 2.8+0.6°¢ 0+0°% 3.2+0.8°¢ 1.2+0.09°% 98.6+1.41
(ISL, 1 s)
60 15 104.8+2.8% 1.8+0.6°¢ 0+0°t 0+0°¢ 1.9+0.2°% 0+0°¢ 96.8+2.2¢
(Continuous)

Values are mean=SE. Successive stimuli were applied for 1 min. Amplitude of contractions to the first, last, and the intermediate six
stimuli are shown.

° Significantly different when compared to the first response (P < 0.01).

t Significantly different from the response at 8/min (P < 0.01).

TABLE VII
Influence of Successive 1-s Train Duration (2.5 mA, 1-ms Pulse, at 50 Hz) Stimulus on Esophageal Contractions
at 5 cm Above LES at Different Rates (Different ISI)

Amplitude of different contractions (mmHg)

Intermediate
Stimulus rate No. of
per minute observations First 2 3 4 5 6 Last
8 6 96.2+2.8 98.4+4.6 88.6+3.2 84.2+3.8 85.2+2.2 86.8+2.9 88.4+2.3
(181, 6.5 s)
10 6 98.4+2.8 93.2+3.2 85.6+2.8° 88.4+1.4° 76.2+2.8° 78.4+3.4°% 68.0+2.6°
(IS1, 5°s) .
12 9 94.2+2.4 86.8+3.81 12.4+1.6°¢ 52.3+2.2°¢ 24.6+1.8°¢ 4.8+0.8°% 22.4+3.6°¢
(ISL, 4 s)
15 8 0% 0°t 2.8+0.6°¢ 0°t 1.6+0.4°% 0°t 86.4+2.2°
(ISL, 8 5)
30 8 0% 0°t 0°t 0°t 0°t 0°t 92.3+3.8°
(ISL, 1 s)
60 6 0% 0°t 0°t 0°t 0°t 0°} 88.4+2.9°
(Continuous)

Values are mean=*SE. Successive stimuli were applied for 1 min. Amplitude of contractions to the first, last, and intermediate six stimuli

are shown.
° Significantly different from first response (P < 0.01).
{ Significantly different from the responses seen with 8/min stimulation (P < 0.01).

Inhibition and Refractoriness in the Esophagus 1101
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FIGURE 5 Influence of repetitive vagal efferent stimulation with 50 Hz on esophageal responses.
(Other stimulus parameters—2.5 mA, 1 ms, 1-s train). Each stimulus train was 1 s. Note that
at a rate of 8/min, each stimulus evoked a response. However, at a rate of 12/min only 50%
of the stimuli evoked a response. At stimulus rate of 15-60/min contraction to all preceding
stimuli were inhibited and the response occurred only at the end of the last stimulus.

These findings may be of considerable physiological
importance. For example, it is not known whether A-
or B-contraction represents the physiological swallow-
induced peristalsis. The B-contractions are associated
with more prominent initial inhibition than the A-con-
tractions. Observations in the literature suggest that
swallows like B-contractions are associated with prom-
inent initial inhibition (7). Myers et al. (7) have shown
in humans that when two swallows are made 5 s apart,
the second swallow inhibits the response to this first
swallow. Moreover, during repetitive swallowing at
short intervals (2 s), the esophagus remains quiescent
until the last of the swallows that is followed by esoph-
ageal contraction (8). Repetitive swallows at 5-s or lon-
ger interval produce an alternate inhibited contraction
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or more complex pattern of inhibited responses (7).
These observations support the view that B- rather
than A-contractions represent normal swallowing (2-
4). These studies, moreover, support the notion that
interpretation of clinical motility records in which the
patient is swallowing at close intervals should take into
account these inhibitory phenomena.

It is known that swallowing is associated with de-
scending or deglutitive inhibition. This phenomenon
involves both skeletal and smooth muscle segments of
the esophagus. In the skeletal muscle, deglutitive in-
hibition is most likely due to inhibition of vagal motor
neurons in the central nervous system (1, 3, 11). Our
studies suggest that vagal efferent stimulation causes
initial inhibition at the peripheral level in the smooth



muscle. Initial inhibition may represent a mechanism
of deglutitive inhibition in the smooth muscle segment
of the esophagus.

The importance of refractoriness under normal
physiological circumstances is not clear at the present
time. However, abnormalities in the initial inhibition
and refractoriness may underlie abnormal esophageal
contractions that occur in patients with diffuse esoph-
ageal spasm and related esophageal motor disorders.
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