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Lin, Henry C., Xiao-Tuan Zhao, Benjamin Chung,
Yu-Guo Gu, and Janet D. Elashoff. Frequency of gastric
pacesetter potential depends on volume and site of disten-
sion. Am. J. Physiol. 270 (Gastrointest. Liver Physiol. 33):
G470-G475, 1996.—Little is known about the response of the
frequency of gastric pacesetter potential (PP) to luminal
distension. When volume distension occurs as a result of a
meal, gastric emptying may play an important role, since the
site of distension shifts as the meal is displaced from the
stomach to the small bowel. In this study, using dogs equipped
with duodenal fistulas and serosal electrodes on the antrum,
we compared the frequency of gastric PP during the course of
gastric emptying while isolating the volume distension to
either the stomach or the small bowel. We found that 1) the
frequency of gastric PP decreased linearly with greater initial
meal volume when volume distension was isolated to either
the stomach [P < 0.05, analysis of variance (ANOVA)] or
small bowel (P < 0.01, ANOVA), and 2) the frequency of
gastric PP decreased linearly with increased volume remain-
ing in the stomach or increased volume entering the small
intestine. We conclude that the frequency of gastric PP
depends on volume and site of distension.
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ALTHOUGH THE FREQUENCY of gastric pacesetter poten-
tial (PP; also termed slow waves or electrical control
activity) (5, 31) in the fasted state has been reported to
vary between 4.5-5.7 cycles per minute (cpm) in dogs
(6, 24, 27) and 3.5-4.5 cpm in humans (18), the
distending effect of different meal volumes on these
“normal” frequencies is not well known. The available
information is incomplete, conflicting, and without
data on dose response. Distending the canine stomach
with a 500-ml balloon decreased the frequency of
gastric PP by 30%, but a water meal at the same
volume only decreased the frequency by 11% (17).
Although 250 and 350 ml of water instilled into the
stomach in humans slowed the frequency of gastric PP
by ~15% (26), a 250-ml yogurt meal decreased the
frequency of gastric PP (as recorded by cutaneous
electrogastrography) by 23% in the first 10 min (13).
Since volume distension decreases for the stomach
but increases for the small intestine as the meal shifts
its location with gastric emptying, we hypothesized
that the effect of meal distension on the frequency of
gastric PP may depend on both volume and site of
distension. In this study, we used dogs equipped with
duodenal fistulas and antral electrodes to evaluate the
change in the frequency of gastric PP that occurs in the
course of gastric emptying of 150—1,800 ml of pH 7.0
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nonnutrient solutions. Gastric output was diverted
completely at the duodenal fistula to isolate the disten-
sion effect to either the stomach (part 1) or the small
intestine ( part 2).

METHODS

General Experimental Design

Nonnutrient solutions (150-1,800 ml) were used to test for
the effect of volume distension on the frequency of gastric PP.
In part 1 of the study, to isolate distension to the stomach,
gastric output was diverted completely out of the duodenal
fistula of the dog undergoing recording of antral myoelectrical
activity (n = 6 dogs). In part 2 of the study, to isolate
distension to the small intestine, two dogs were used in each
experiment so that the test solution could be instilled into a
dog that was designated as the “donor” while its gastric
output was diverted completely and returned to the small
intestine of a “recipient” dog (n = 6 recipient dogs, 1 donor
dog; Fig. 1). The frequency of gastric PP was then measured
from the recipient dog. By limiting gastric distension to the
donor dog, this paired model allowed the volume entering the
small intestine, and thereby the frequency of gastric PP of the
recipient dog, to follow the pattern of surge and wane that is
characteristic of physiological gastric emptying. Outcome
measures for this study were the frequency of gastric PP and
either the volume remaining in the stomach (part 1) or the
volume entering the small intestine ( part 2).

Preparation of the Dog Model

The procedures used in this study were approved by the
Institutional Animal Care and Use Committees at Cedars-
Sinai Medical Center, Los Angeles, CA, and the Sepulveda
Veterans Affairs Medical Center. Seven mongrel dogs were
each surgically prepared with a chronic duodenal fistula
fitted with a modified Thomas cannula located across from
the pancreatic duct ~10 em from the pylorus (21). With the
flanges of the cannula resting against the inner surface of the
duodenal wall, the cannula was fixed against rotation by
suturing. Just distal to the fistula, a length of Tygon tubing
with a diameter of 2 mm was looped around the intestine and
fixed by suture through the visceral peritoneum to the
intestinal wall. The length of tubing used was individualized
to be as short as possible without a tightening effect on the
lumen. This tubing provided a stent against which an inflated
Foley balloon could be pulled to provide a water-tight seal.
Since gastric myoelectrical activities are best recorded from
bipolar electrodes implanted in the distal stomach (17), three
silver-tipped, bipolar electrodes were implanted 1 cm apart
on the anterior serosal surface of the antrum. These elec-
trodes were placed along the longitudinal axis of the antrum
1, 2, and 3 cm proximal to the pylorus. The proximal ends of
the Teflon-coated wires leading from these electrodes termi-
nated onto an electrical coupler embedded within a cannula.
The cannula, modified from a 20-mm plastic syringe barrel,
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RECIPIENT (recording dog)

Fig. 1. Method of isolating volume distension to the small bowel
(part 2). The gastric output of “donor” dog was diverted completely
and pumped into the small intestine of “recipient” recording dog. This
paired model limited distension of the stomach to the donor.

was brought out through an incision in the abdominal wall.
All dogs were given a recovery period of 4 wk and underwent
testing only after normal feeding behaviors were reestab-
lished postoperatively. This preparation had good survival,
and the seven dogs remained healthy with stable body
weights, unaffected demeanor, and functioning electrode for
>12 mo of observation.

Distension by Liquid Meals

Dogs were deprived of food but not water for an 18-h period
before each experiment. The dogs weighed ~25 kg. They were
fed once a day. The volume of their regular meal was ~1,500
ml. Thirty minutes before each experiment, the duodenal
cannula was uncorked so that a Foley catheter could be
placed into the distal limb of the duodenal fistula, and the
stomach was allowed to drain freely. The catheter balloon was
inflated with 10 ml of water and cinched up against the Tygon
ring (21). At the start of each experiment, 150, 300, 600,
1,200, or 1,800 ml of 300 mosM phosphate buffer (pH 7.0) was
delivered in <2 min into the stomach of the recording dog via
a temporarily placed orogastric tube ( part 1). For part 2 of the
study, 300, 600, 1,200, or 1,800 ml of the same buffer solution
was similarly delivered into the donor dog. The maximal
volume used for this study was 1,800 ml, since this was the
highest volume that was well tolerated by the dogs. The order
of administration followed a randomization schedule. Each
solution was labeled with ~0.05 mCi %"Tc chelated to
diethyltriamine pentaacetic acid (DTPA) (9).

Methods of Limiting Distension to Stomach or
Small Intestine

In part 1, to isolate the effect of volume distension to the
stomach, gastric output was allowed to drain freely and
rapidly out of the duodenal fistula by gravity. Since the first
10 cm of duodenal lumen became continuous with ambient air
once the duodenal cannula was uncorked, the luminal pres-
sure within the postpyloric duodenum could not exceed the
atmospheric pressure (22). Thus the distension effect of the
liquid meals was effectively limited to the stomach of the
recording dog. In part 2 (Fig. 1), to isolate the effect of volume
distension to the small intestine, the gastric output of the
donor dog was diverted and pumped into the small intestine
of the recipient dog via a Foley catheter placed into the distal
limb of its duodenal fistula. Thus, using this paired model, the
stomach of the donor, but not the recipient dog, was dis-
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tended. In contrast, the small bowel beyond the duodenal
fistula was distended in the recipient recording dogs.

Gastric emptying is not a constant event. The volume
entering the duodenum in part 2 and, therefore, the disten-
sion of the small bowel by gastric emptying, is also variable.
This transit-dependent variable distension of the small intes-
tine by gastric output would be most appropriately studied if
the rate of volume entry into the recipient dog were to be
synchronized to the gastric emptying of the donor dog. A
dual-headed pumping system was used for this purpose (21)
(Fig. 1). The output from the duodenal fistula of the donor dog
was diverted into an optical chamber that was attached to the
fistula. An optical sensor (Skanamatic Systems, Elmhurst,
NY), placed around the chamber, was used to detect any rise
in the fluid level as the luminal content drained into it. The
sensor, in turn, triggered a dual-headed peristaltic pump
(Masterflex, Cole-Palmer, Chicago, IL). As the optical cham-
ber fluid level drained down to the baseline, the pump was
turned off until the next surge of flow. Driven by the same
motor, the two pump heads would move fluids to separate
destinations at the same rate. Thus one head was used to
deliver 92% of the solution that had been diverted from the
donor dog into the small intestine of the recipient dog, while
the other smaller head pumped 8% of the diverted solution
into the collection tubes for later radioactivity counting (20).

Measurement of Gastric Emptying

The recovery of 9mTe-DTPA from the output of the duode-
nal fistula was used to calculate either the volume of the meal
remaining in the stomach (part 1) or the volume entering the
small intestine (part 2). After each solution was instilled into
the stomach, the content emptying out of the stomach was
sampled from the drainage of the duodenal fistula every 5
min for 30 min. One-milliliter aliquots of the test solution and
duodenal samples were then counted in a well counter
(Chicago Nuclear, Chicago, IL). All counts were corrected to
time 0.

Fraction emptied = (Vg4 X Cy)/(V, X C,), where Vy is the
volume (in ml) emptied from the duodenal fistula, Cq4 is the
concentration (in counts-min~!-ml-!) of the radioactive
marker in the duodenal output, V|, is the initial meal volume
(in ml), and C, is the concentration of the radicactive marker
in the original solution. The cumulative fraction emptied
equals the sum of the fraction emptied by that time. The
cumulative volume emptied equals the cumulative fraction
emptied multiplied by V..

The volume of the meal left in the stomach was then
calculated as the difference between the original meal volume
and the cumulative volume emptied into the duodenum (part
1). The cumulative volume entering the small intestine of the
recipient dog was the cumulative volume emptied into the
duodenum of the donor dog (part 2).

Mpyoelectrical Recordings

To obtain recordings of gastric myoelectrical activity from
the antral electrodes, a ribbon cable was used to connect the
electrical coupler of the dog to a physiograph (Beckman
Instruments, Anaheim, CA), which was equipped with a chart
recorder that was set for a paper speed of 1 mm/s. At this
speed, the number of slow-wave cycles per 5 min (frequency of
gastric PP) of each 30-min myoelectrical recording was easily
counted by visual inspection. The recording for each experi-
ment began at least 5 min before instillation of the test
solution that occurred during phase II of interdigestive
myoelectrical complex. For uniformity, one of us (H. C. Lin),
blinded to the conditions of the experiment, counted all of the
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recordings at the completion of the full experimental sched-
ule. Before his reading, the recordings were grouped by dog
and randomly mixed within each group. Readings were
initially obtained in each dog (in the first 3 experiments
analyzed) by determining the frequency of gastric PP in all
three antral channels. Since the results of the three channels
only confirmed one another, we completed the analysis by
reading the distal-most antral channel (17). After the fre-
quency of gastric PP was determined for each 5-min time
period, this value was converted to cpm.

Statistical Analysis

Gastric emptying was represented as the volume of meal
remaining in the stomach ( part 1) or the volume entering the
small intestine (part 2). Since these volumes varied smoothly
over the 30-min recording period with similar shapes for each
of the liquid meal volumes, analysis concentrated on compar-
ing results at 5 min across the meal volumes (early response)
and at 30 min across the meal volumes (late response).
Results for each of these two outcomes were analyzed using
repeated measures of analysis of variance (ANOVA; BMDP
2V) (11) in which the repeated measures factor was meal
volume (5 levels in part 1 and 4 levels in part 2). In each case,
a planned linear contrast across meal volumes and contrasts
directed at detecting evidence of nonlinearity were tested,
since this provides more power for the hypothesis of interest
than following a significant ANOVA with multiple-comparison
t-tests.

The frequency of gastric PP was analyzed using a repeated
measures ANOVA with two repeated measures factors, time
and meal volume. For both paris I and 2, a planned linear
contrast across times from 5 to 30 min, a planned linear
contrast across meal volumes, and their interaction were
tested; contrasts directed at detecting evidence of nonlinear-
ity were also tested. In addition, since there was some
crossover in time curves, separate analyses concentrated on
comparing results at 5 min across the meal volumes (early
response) and at 30 min across the meal volumes (late
response). As for gastric emptying, results for each of these
two time points were analyzed using a repeated measure
ANOVA in which the repeated measures factor was meal
volume, and a planned linear contrast across meal volumes
and contrasts directed at detecting evidence of nonlinearity
were tested.

RESULTS
Part 1. Distension of the Stomach

Gastric emptying: milliliters left in stomach. Gastric
emptying of the liquid meals followed a time course
that appeared exponential in shape (Fig. 2). At 5 min,
the volume of the meal remaining in the stomach
showed a linear increase with increasing initial vol-
umes. Emptying was nearly complete by 30 min irre-
spective of the initial volume. In the first 5—10 min, the
volume distension of the stomach was proportionally
greater with meals of larger starting volumes.

Frequency of gastric PP. At 5 min, the frequency of
gastric PP (in cpm) is lower for higher meal volumes,
with a significant linear contrast across meal volumes
(P < 0.05), whereas, at 30 min, significant differences
between the meal volumes do not show a monotone
tendency for higher volumes to have lower frequencies
of gastric PP (Fig. 3). When the data from 5 to 30 min
were all included in the same analysis, the frequency of
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Fig. 2. Part 1. gastric emptying of 150- to 1,800-ml solutions as
represented by volume remaining in stomach over 30 min (data are
mean values, n = 6). SE values ranged from 5 for small volumes
remaining to 160 for large volumes remaining.

gastric PP showed a significant linear trend toward
lower average values for higher meal volumes (P < 0.05,
ANOVA). An interaction of the linear time and linear
volume components reflected a volume effect on the
frequency of gastric PP in the early periods.

Part 2. Distension of Small Bowel

Gastric emptying: milliliters entering small bowel. As
expected, we see a significant pattern of increase over
time in the amount entering the small bowel. The
amount at any given time depends on the initial meal
volume (Fig. 4).

Frequency of gastric PP. When the data from 5 to 30
min were all included in the same analysis, slopes of
frequency of gastric PP over time showed a significant
difference between meal volumes (P < 0.01, ANOVA).
Figure 5 shows that the steepest slope was seen for the
1,800-ml solution. Detailed examination of plots of the
relationship between frequency of gastric PP and cumu-
lative volume entering the small bowel showed a linear
decline in frequency of gastric PP as the volume
entering the small bowel increased from 352 ml at 5
min to 1,106 ml at 20 min and a leveling off beyond
1,106 ml.

When part 1 of the study was compared with part 2,
two major differences were apparent. 1) The maximal
decline of the frequency of gastric PP was immediate
with gastric distension (maximum reached by 5 min)
but delayed with intestinal distension (maximum
reached by 20 min). 2) The volume required to achieve
the suppressive effect on the frequency of gastric PP
was greater with intestinal than with gastric disten-
sion.

DISCUSSION

By isolating the distending effect of solutions of
varying volumes to the stomach or the small bowel, we
found that the frequency of gastric PP decreased lin-
early with increasing starting volumes. This study
extended previous observations (17, 26) by showing
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that 1) the frequency of gastric PP is decreased by meal
distension in a volume-dependent fashion, whether
volume distension is isolated to the stomach or small
bowel; 2) although maximal decline in the frequency of
gastric PP occurred immediately when distension was
1solated to the stomach, the effect was delayed (by ~20
min) when distension was isolated to the small bowel,;
and 3) the frequency of gastric PP decreased linearly
with increased volume remaining in the stomach or
increased volume entering the small intestine. Thus
the frequency of gastric PP is determined by the rate of
gastric emptying and the effect of emptying in shifting
the site of volume distension from the stomach to the
small bowel.

Volume distension by a meal is not constant. During
the course of gastric emptying, distension of the stom-
ach decreases as distension of the small bowel in-
creases. Previously, using fixed volume balloon (17) or
the ingestion of 250- to 350-ml liquid meals (13, 26) as
the distending stimulus, only distension of the stomach
was known to decrease the frequency of gastric PP. The
relationship between the frequency of gastric PP and
gastric emptying was, however, unknown. In this study,
we were able to describe this relationship by separating
the effect of gastric from intestinal distension using a
fistulated dog model that allowed for the complete
diversion of the gastric output. In single and paired
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(donor and recipient) animal experiments, we were able
to preserve the dynamic effects of gastric emptying on
volume distension of the stomach and small bowel,
respectively. Since this study was focused on the re-
sponse to volume distension, we also eliminated the
potential confounding effect of chemo-specific intestinal
feedback (25) by using a nonnutrient solution as the
distending volume. Specifically, a 300 mosM phosphate
buffer (pH 7.0) was used to nullify the potential effect of
inhibitory feedback generated by acidity (20), nutrient
load (21), or osmolarity (22).

The normal frequency of gastric PP in dogs has been
reported to range from 4.5 to 5.7 cpm (6, 24, 27). In this
study, we showed that the frequency of gastric PP may
vary widely depending on the magnitude of volume
distension. Across the range of meal volumes commonly
found in the postprandial stomach (e.g., volume of
intake of 1-2 liters is common when an athlete drinks
fluids after a workout, a college student binges on
alcohol (33), or a diner eats a meal at a buffet), we found
that the frequency of gastric PP ranged between 2.6
and 5.1 cpm over the 30-min recording period. In
corroboration with earlier reports in dogs and humans
when lower volumes were tested (17, 26), we found that
the decrease in the frequency of gastric PP was 11% for
the 300-ml meal and 23% for the 600-ml meal when
distension was isolated to the stomach. However, we

1800 ml

1200 mi
600 mi

300 mi

Fig. 4. Part 2: gastric emptying of 300- to 1,800-ml
solutions as represented by volume entering small
bowel of recipient ‘dog over 30 min (data are mean
values, n = 6). SE values ranged from 17 for small
volumes to 150 for large volumes.
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found that the potential range of the frequency re-
sponse was much greater than reported, since the
maximal frequency change for the 1,800 ml was 46% in
the first 5 min,

The capacity of the dog stomach has been reported to
be 100 ml/kg (for our dogs that averaged 25 kg, the
capacity would be 2,500 ml) (12). The capacity of the
stomach in humans and dogs is comparable. In hu-
mans, the capacity is 1,000-6,000 ml (32) and intragas-
tric pressure increases significantly only after a volume
of 1,600 ml has been reached (7). Thus distending the
stomach by a volume of 1,800 ml is both physiologically
and commonly encountered.

Gastric emptying of a nonnutrient-containing liquid
solution follows first-order kinetics (23). Accordingly,
the rate of gastric emptying of the buffer solution (pH
7.0) depended on the starting volume. This meal size-
dependent acceleration of the rate of gastric emptying
rapidly reduced gastric distension to minimal volumes
by 30 min regardless of the initial volume (Fig. 2).
Correspondingly, the frequency of gastric PP recovered
by the end of each experiment to nearly baseline levels
(Fig. 3) so that the frequency of gastric PP recovered to
4.5 cpm by 30 min even after the 1,800-ml solution.

The dynamics of gastric emptying also determined
the volume of intestinal distension and its effect on the
frequency of gastric PP. The rapid gastric emptying
associated with the higher gastric distending volumes
rapidly displaced large volumes from the stomach to
the small bowel. Accordingly, when 1,106 ml had shifted
to the small bowel by 20 min (Fig. 4), the frequency of
gastric PP decreased from 4.5 to 3.5 cpm for the
1,800-ml experiment (Fig. 5).

The timing and magnitude of maximal suppression of
the frequency of gastric PP depended on the site of
distension. Although the stomach was distended maxi-
mally, immediately on the instillation of each solution,
similar magnitude of distension for the small bowel
required progressive accumulation of emptied volume
over time. Correspondingly, the nadir of the frequency
response was reached immediately when distension
was isolated to the stomach but was delayed (by ~20
min) when distension was isolated to the small bowel.
In contrast to volume distension of the stomach, higher

T T 1 T 1
5 10 15 20 25 30

MINUTES

meal volumes were required to demonstrate a signifi-
cant slowing effect of intestinal distension on the
frequency of gastric PP. The weaker effect of intestinal
volume distension may be related to the greater capac-
ity of the small intestine. The sensitivity of the mecha-
noreceptive neural pathways in these two regions of the
gut may also be important to the difference in the
magnitude of the frequency response to volume disten-
sion (Fig. 3 and 5).

The frequency of gastric PP as recorded from the
distal antrum directly mirrors the activity of the pace-
maker of the stomach. Along the greater curvature, in
the corpus of the stomach, cells with the highest
intrinsic oscillator frequency dominate as the pace-
maker of the organ and entrain the distal two-thirds of
the stomach (31). Although the antrum lags slightly
behind the pacemaker in the timing of its depolariza-
tion (to permit a proximal to distal pattern of depolariza-
tion), the frequency of the pacesetter potential, as
recorded from the antrum, is the same as the firing
frequency of the gastric pacemaker.

The response of the frequency of gastric PP to volume
distension, as observed in this study, was likely the
result of the triggering of a mechanoreceptive neural
reflex (3, 10, 16, 28) to the gastric pacemaker. Afferent
fibers sensitive to luminal distension (mechanorecep-
tors) are located in the mucosa, the muscularis, the
serosa, and the mesentery of the entire gastrointestinal
tract. These fibers are part of vagal (primarily from
mucosa and muscularis) and splanchnic (from serosa
and mesentery) pathways (14).

The mechanoreceptors located in the stomach and
the duodenum have been well studied. In the stomach,
these mechanoreceptors provide a monitoring function
during filling of the stomach and are essential for the
accommodation reflex (2) and for the coordination of the
corpus and antrum (30). In the small intestine, these
mechanoreceptors determine perception and reflex re-
laxation of the stomach (4).

By developing a response that is proportional to the
magnitude of distension, these afferent pathways pro-
vide detailed information on meal volume so that the
response is appropriate for the luminal content. The
information is precise enough to regulate food intake
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(29) and control effector responses such as volume-
dependent inhibition of gastric motility (1, 8, 19). These
inhibitory responses are primarily vagovagal in cir-
cuitry and are triggered by both gastrogastric (1) and
intestinogastric reflexes (8, 19). Although the neural
mechanism for the reflex response of the gastric PP to
volume distension has not been studied, the linear
response of the frequency of gastric PP to volume
distension described in this study suggests the contribu-
tion of similar, highly precise reflex mechanisms.

This study was supported, in part, by Ross Laboratories.
Address for reprint requests: H. C. Lin, Cedars-Sinai Medical
Center, 8700 Beverly Blvd., Los Angeles, CA 90048-1869.

Received 4 August 1994; accepted in final form 25 September 1995.

REFERENCES

1. Abrahamsson, H., and G. Jansson. Vago-vagal gastro-gastric
relaxation in the cat. Acta Physiol. Scand. 88: 289-295, 1973.

2. Andrew, P. L. R., D. Grundy, and T. Scratcherd. Vagal
afferent discharge from mechanoreceptors in different regions of
the ferret stomach. J. Physiol. Lond. 289: 513-524, 1980.

3. Andrew, P. L. R., D. Grundy, and T. Scratcherd. Reflex
excitation of antral motility induced by gastric distension in the
ferret. J. Physiol. Lond. 298: 79--84, 1980.

4. Azpiroz, F., and J.-R. Malagelada. Isobaric intestinal disten-
sion in humans: sensorial relay and reflex gastric relaxation. Am.
dJ. Physiol. 258 (Gastrointest. Liver Physiol. 21): G202-G207,
1990.

5. Bozler, E. The activity of the pacemaker previous to the
discharge of a muscular impulse. Am. J. Physiol. 136: 543-552,
1942,

6. Carlson, H. C,, C. F. Code, and R. A. Nelson. Motor action of
the canine gastroduodenal junction: a cineradiographic, pres-
sure, and electric study. Am. J. Dig. Dis. 11: 155-172, 1966.

7. Davenport, H. W. Physiology of the Digestive Tract (5th ed.).
Chicago, IL: Year Book Medical Publishers, 1982, p. 54—56.

8. De Ponti, F., F. Azpiroz, and J.-R. Malagelada. Reflex gastric
relaxation in response to distension of the duodenum. Am. J.
Physiol. 252 (Gastrointest. Liver Physiol. 15): G595-G601, 1987.

9. Delin, A., B. Axelsson, C. Johansson, and B. Popper. Com-
parison of gamma camera and withdrawal methods for the
measurement of gastric emptying. Scand. J. Gastroenterol. 13:
867--872, 1978.

10. Deloof, S., and J. P. Rousseau. Neural control of electrical
gastrie activity in response to inflation of the antrum in the
rabbit. J. Physiol. Lond. 367: 13—25, 1985.

11. Dixon, W. J. BMDP Statistical Software Manual. Berkeley, CA:
University of California Press, 1990.

12. Evans, H. E., and G. C. Christensen (Editors). The digestive
apparatus and abdomen. In: Miller’s Anatomy of the Dog (2nd
ed.). Philadelphia, PA: Saunders, 1979, p. 193-196.

13. Geldorf, H. E., J. Van der Schee, M. Van Blankenstein, and
dJ. L. Grashuis. Electrogastrographic study of gastric myoelectri-
cal activity in patients with unexplained nausea and vomiting.
Gut 27: 799808, 1986.

14. Grundy, D. Vagal afferent mechanisms of mechano- and chemo-
reception. In: Neuroanatomy and Physiology of Vagal Afferents,

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

G475

edited by S. Ritter, R. C. Ritter, and C. D. Barnes. Boca Raton,
FL: CRC, 1992, p. 181-191.

Grundy, D., and T. Scratcherd. Sensory afferents from the
gastrointestinal tract. In: Handbook of Physiology. The Gastroin-
testinal System. Motility and Circulation. Bethesda, MD: Am.
Physiol. Soc., 1989, sect. 6, vol. I, pt. 1, p. 593-620.

Grundy, D., D. Hutson, and T. Scratcherd. A permissive role
for the vagus nerves in the genesis of antro-antral reflexes in the
anaesthetized ferret. J. Physiol. Lond. 381: 377-384, 1986.
Kelly, K. A,, C.F. Code, and L. R. Elvebach. Patterns of canine
gastric electrical activity. Am. J. Physiol. 217: 461-470, 1969.
Kohatsu, S, Human electrogastrography. Jpn. J. Smooth Muscle
Res. 6: 129132, 1970.

Lalich, J., W. J. Meek, and R. C. Herrin. Reflex pathways
concerned in inhibition of hunger contractions by intestinal
distention. Am. J. Physiol. 115: 410-414, 1936.

Lin, H. C., J. E. Doty, T. J. Reedy, and J. H. Meyer. Inhibition
of gastric emptying by acids depends on pH, the titrateable
acidity, and the length of intestine exposed to acid. Am. J.
Physiol. 259 (Gastrointest. Liver Physiol. 22): G1025-G1030,
1990.

Lin, H.C,, J. E. Doty, T. J. Reedy, and J. H. Meyer. Inhibition
of gastric emptying by glucose depends on the length of the
intestine exposed to the nutrient. Am. J. Physiol. 256 (Gastro-
intest. Liver Physiol. 19): G404-G411, 1989.

Lin, H. C,, J. D. Elashoff, Y. G. Gu, and J. H. Meyer. Nutrient
feedback inhibition of gastric emptying plays a larger role than
osmotically dependent duodenal resistance. Am. J. Physiol. 265
(Gastrointest. Liver Physiol. 28): G672-G673, 1993.

Lin, H. C., J. D. Elashoff, Y. G. Gu, and J. H. Meyer. Effect of
meal volume on gastric emptying. J. Gastrointest. Motil. 4:
157-163, 1992.

McCoy, E. J., and P. Bass. Chronic electrical activity of
gastroduodenal area: effects of food and certain catecholamines.
Am. J. Physiol. 205: 439445, 1963.

Meyer, J. H. Motility of the stomach and gastroduodenal
junction. In: Physiology of the Gastrointestinal Tract, edited by
L. R. Johnson. New York: Raven, 1987, p. 613-629.

Monges, H., and J. Salduceci. Variations of the gastric electri-
cal activity in man produced by administration of pentagastrin
and by introduction of water or liquid nutritive substance into
the stomach. Dig. Dis. Sci. 17: 333-338, 1972.

Nelson, T. S., E. H. Eigenbrodt, L. A. Keoshian, C. Bunker,
and L. Johnson. Alterations in muscular and electrical activity
of the stomach following vagotomy. Arch. Surg. 94: 821835,
1967.

Paintal, A. S. Vagal sensory receptors and their reflex effects.
Physiol. Rev. 53: 159227, 1973.

Pappas, T. N., R. L. Melendez, and H. T. Debas. Gastric
distension is a physiological satiety signal in the dog. Dig. Dis.
Sei. 34: 1489-1493, 1989.

Rudge, L., D. Grundy, D. Hutson, T. Scratcherd, and D.
Kerrigan. Reflex coordination of corporal and antral contrac-
tions in the conscious dog. Exp. Physiol. 75: 801-809, 1976.
Sarna, S. K., E. E. Daniel, and Y. J. Kingma. Stimulation of
the electrical-control activity of the stomach by an array of
relaxation oscillators. Am. J. Dig. Dis. 17: 299301, 1972.
Spiro, H. M. Clinical Gastroenterology (3rd ed.). New York:
Macmillan, 1983, p. 193.

Wechsler, H., A. Davenport, G. Dowdall, B. Moeykens, and
S. Castillo. Health and behavioral consequences of binge drink-
ing in college: a national survey of students at 140 campuses. J.
Am. Med. Assoc. 272: 1672-1677, 1994.



