
Introduction

The gastric antrum is the most active part of the
stomach and its motility is closely related to the small
intestine, i.e. also to the migrating myoelectric complex
(MMC), the principal motility pattern in this area (1). In
ruminants, the abomasal antrum is also the most active
part of the stomach and its motility is correlated with
duodenal function, at least in part, but phase 3 MMC
seems to be absent in this region (2). There is increasing
evidence that the modulatory influences of controlling
mechanisms may vary during different phases of the
MMC cycle, also in sheep (3,4). Thus, antral motility
should be studied along with the recording of duodenal
motility to be aware of the duodenal MMC phase. The
abomasal motility undergoes cholinergic control in sheep
(5) although the effect of some cholinergic antagonists is
controversial. The results obtained by Ruckebusch et al.
(6) suggested that hexamethonium can inhibit antral
motility completely while other studies did not confirm
this finding (7). It was recently shown that the responses
to food and anticholinergic drugs given during phases 1-

2a MMC can be different from those given during phase
2b MMC (7). Thus, it was decided to assess whether any
difference could be detected in the antral myoelectric
response to various feeding conditions and to
anticholinergic drugs given during phase 1 in comparison
to phase 2a MMC in conscious adult sheep.

Materials and Methods

Eight rams of the Polish Merino breed weighing 38-
45 kg each were used. They were fasted for 24 h and
underwent surgery to implant bipolar platinum electrodes
into the antrum and small intestine for MMC recognition.
The procedure was similar to that described elsewhere
(7). In brief, lateral laparotomy was performed under
general and local anesthesia for electrode implantation.
Marked electrode wires were exteriorized, soldered to a
plug and connected with the recorder. At least 7 days
were allowed for recovery. During this period feeding
gradually returned to normal, preoperative rates.
Drinking water was not limited except during the
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experiments. A total of 624 experiments were
performed, including 312 control experiments
(performed on 48 h fasted or, separately, on non-fasted
animals) during which the animals were not fed, and 312
experiments with feeding or drug administration during
phase 1 MMC. In separate experiments, food or drugs
were given during phase 2a MMC (in 48 h fasted or non-
fasted animals). During these experiments, 250 g of the
grain mixture was given in the course of the feeding
procedure. 0.15 M NaCl at a rate of 2.0 ml/min was
injected during control experiments. Anticholinergic drugs
were administered into the jugular vein through the
indwelling thin polyethylene catheter over 1-5 min:
atropine sulfate (At, Polfa) 0.002, 0.02 or 0.1 mg/kg of
body weight, pirenzepine dihydrochloride (Pi, Sigma)
0.02, 0.1 or 0.5 mg/kg bw, hexamethonium bromide
(Hx, Sigma) 2.0 (moderate dose) or 5.0 mg/kg bw (high
dose). The drug combinations used were as follows: At
0.1 + Hx 1.0, At 0.1 + Hx 2.0, Pi 0.1 + Hx 1.0 and Pi
0.1 + Hx 2.0 mg/kg bw. The gastrointestinal myoelectric
activity was recorded continuously throughout the
experiments, lasting 2-3 h each. The multichannel
electroencephalograph (Reega Duplex TR XVI, Alvar
Electronic, Montreuil, France) with a time constant 0.01
s and a speed of paper 2.5 mm/s was used for
electromyography. During control experiments at least 1
full normal MMC cycle or 2 consecutive phases 3 MMC
were recorded. The experiments were randomized as far
as the drug administration and the dose applied were
concerned. The anticholinergics were given only once
daily and there was at least a 2 day interval between 2
consecutive experiments where the drugs were used (and
at least 3 days after the highest dose of Hx). The
recordings were visually analyzed and the MMC phases
were identified in the small intestine according to the
criteria proposed by Code and Marlett (8) with the
cleavage of duodenal phase 2 MMC into phase 2a and 2b
(9,10) for more precise saline or drug administration.
The mean spike burst amplitude was measured for every
individual spike burst during the considered periods (2
min – control period and 1 min period during feeding or
following drug administration) on the recordings of
individual experiments and expressed in µV. Then the
median amplitudes of the measured average amplitudes
of all spike bursts within these periods were calculated.
Thus, one reference median (maximal) value for the
control experiment and one median value for an
experiment with feeding or drug administration were

obtained. Finally, the mean values of the aforementioned
medians of spike burst amplitudes were calculated and
presented as the percentages of the maximal (during
phase 2b MMC) spike burst median amplitudes in the
given control group, treated as 100%. Other details
concerning the calculation of data were similar to those in
the previous report (7) and included the calculation of
percentage of slow waves with spikes and duration of
spike bursts. The results underwent statistical analysis
and were expressed in means ± S.D. Student’s t-test for
paired values was used (11). The minimal probability (P)
level at which compared data were considered significant
was 5%. 

Results

The means of reference values used for subsequent
calculations are listed in Table 1.

In fasted sheep, administration of food during phase
1 or 2a MMC increased antral spike burst amplitude
significantly (Figure, upper panel, Tables 2 and 3). Values
before and after feeding obtained in this group during
phase 1 and compared with phase 2a MMC were
significantly different (P < 0.001 and P < 0.01,
respectively). In non-fasted animals, these results
obtained during phase 2a MMC were similar, whereas
when food was given during phase 1 MMC the results
were inconsistent and not significant while the increasing
tendency was observed (Table 3).

Injection of Hx at moderate dose decreased antral
spike burst amplitude significantly only in non-fasted
sheep (Table 2). In fasted animals, however, clear
decreasing tendency was observed (Table 3). The effect
of high dose of Hx administered during phase 1 or 2a
MMC in non-fasted sheep on antral spike burst amplitude,
expressed as percentage of maximal control values
indicated in Table 1, was also significant (Table 2) as was
the effect of high dose of Hx in fasted animals (Table 3).
Administration of the lowest dose of At (0.002 mg/kg)
during phase 1 or 2a MMC exerted insignificant effects in
non-fasted sheep (Table 2). Both higher doses of At
evoked a significant response in non-fasted sheep, while
in fasted animals a significant effect was observed only
when the drug was injected during phase 2a MMC
(Figure, lower panel, Tables 2 and 3). In non-fasted
animals the highest dose of At (0.1 mg/kg) evoked
significantly stronger response during phase 2b than
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Figure. Antral myoelectric activity in sheep. 0 – time in seconds. Upper panel: 1 – control recording during duodenal phase 2a, 15 min after end
of duodenal phase 3 MMC, 2 – antral myoelectrical recording 2 min after the feeding onset; feeding was started during phase 2a of the
same MMC cycle in non-fasted sheep. Lower panel: 3 – control recording during phase 2a MMC, 20 min after end of duodenal phase 3
MMC, 4 – termination of slow At injection at the dose 0.1 mg/kg during the same phase 2a MMC in fasted sheep indicated with arrow, c
– calibration 100 µV.

Table 1. The original mean values (in µV) of maximal average of ovine antral spike burst amplitudes measured during the duodenal phase 2b MMC
of the control period of the consecutive experimental groups served as reference values for percentage calculations. 

Food Hx 2.0 Hx 5.0 At 0.002 At 0.02 At 0.1 Pi 0.02 Pi 0.1 Pi 0.5 Hx 1.0 Hx 2.0 Hx 1.0 Hx 2.0 
+At 0.1 +At 0.1 +Pi 0.1 +Pi 0.1 

FASTED:
- phase 1 84 65 84 78 69 62 58 86 93 71 84 59 72 

±17 ±31 ±25 ±18 ±23 ±18 ±27 ±21 ±28 ±31 ±26 ±27 ±21 

- phase 2a 79 74 96 84 75 76 89 103 90 84 86 68 83 
±14 ±13 ±17 ±19 ±17 ±14 ±18 ±27 ±13 ±16 ±21 ±28 ±19 

NOT FASTED: 
- phase 1 93 81 75 81 73 69 73 68 84 108 66 89 67 

±15 ±28 ±18 ±18 ±19 ±24 ±32 ±19 ±24 ±41 ±23 ±22 ±31 

- phase 2a 88 88 87 94 77 87 84 87 98 79 104 80 101
±10 ±16 ±11 ±23 ±17 ±19 ±16 ±18 ±18 ±25 ±38 ±24 ±33 

Values in means ± S.D., n = 6. Abbreviations: Hx – hexamethonium bromide, At – atropine sulfate, Pi – pirenzepine dihydrochloride, doses in mg/kg.
Other explanations are in the Materials and Methods.
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Table 3. Spike bursts amplitudes before (control) and after feeding or anticholinergic drug administration (treatment) in fasted sheep.

Food Hx 2.0 Hx 5.0 At 0.02 At 0.1 Pi 0.02 Pi 0.1 Pi 0.5 Hx 2.0 + Hx 2.0 + 
At 0.1 Pi 0.1

Phase 1 Ct mean 41.3 50.8 55.1 45.2 40.5 42.1 46.6 37.2 47.4 42.2
MMC ±S.D. ±6.8 ±7.4 ±7.3 ±7.4 ±7.1 ±5.0 ±5.4 ±6.5 ±7.9 ±6.3 

Tr mean 80.2d 38.8 40.3a 30.3 39.0 34.9 39.9 24.0a 32.1a 30.5
±S.D. ±9.6 ±10.3 ±8.6 ±12.7 ±9.9 ±7.5 ±7.0 ±7.1 ±7.9 ±10.7

Phase 2a Ct mean 77.6z 52.0 62.4 52.8 53.8x 49.4 47.8 42.2 49.3 50.1
MMC ±S.D. ±4.3 ±7.3 ±13.3 ±4.0 ±5.8 ±7.2 ±8.0 ±7.7 ±8.2 ±6.3 

Tr mean 104.3d,y 38.2 34.1a 37.0a 24.6c 32.1a 29.9a 20.9b 27.4b 30.7b

±S.D. ±6.3 ±12.8 ±12.9 ±12.6 ±13.1 ±7.4 ±7.3 ±5.2 ±6.5 ±6.0

Explanations as in Table 2

during phase 1 MMC (P < 0.05). Administration of both
lower doses of Pi (0.02 and 0.1 mg/kg) during phase 1
in fasted animals exerted an insignificant response, while
in the remaining groups the effects were statistically
significant. The highest dose of the drug decreased
significantly antral spike burst amplitude in all the
experimental groups studied compared with the relevant
control value, i.e. also when Pi was given during phase 1
MMC in fasted animals (Tables 2 and 3). Drug
combinations involving the moderate dose of Hx were
also effective. Its combination with At was effective when
the drugs were applied in fasted animals during phase 2a
unlike during phase 1 MMC (Tables 2 and 3). In non-
fasted sheep, combinations of Hx 2.0 mg/kg with At or Pi
were equally effective (Tables 2 and 3). Drug
combinations with the lowest Hx dose (1.0 mg/kg) were

also effective and the results in non-fasted animals (data
presented below) were similar to those in fasted animals
(data not shown). The values of antral spike burst
amplitude before (control values) and after drug
combinations expressed as percentage of maximal control
values indicated in Table 1 and comprising the lowest
dose of Hx (1.0 mg/kg) plus At (0.1 mg/kg) given during
phase 1 or 2a MMC were significantly lower (Table 2).
The values of antral spike burst amplitude before and
after combinations comprising the Hx (1.0 mg/kg) plus Pi
(0.1 mg/kg) given during phase 2a MMC, unlike during
phase 1 MMC, were significantly lower (Table 2).

The results consistent of the percentage of slow
waves with spikes, and duration of the spike bursts
remained roughly insignificant and was excluded from
this chapter.
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Table 2. Spike burst amplitudes before (control) and after feeding or anticholinergic drug administration (treatment) in non-fasted sheep.

Food Hx 2.0 Hx 5.0 At 0.002 At 0.02 At 0.1 Pi 0.02 Pi 0.1 Pi 0.5 Hx 1.0+ Hx 2.0 + Hx 1.0+ Hx 2.0 + 
At 0.1 At 0.1 Pi 0.1 Pi 0.1 

Phase 1 Ct mean 55.7 62.9 53.5 46.3 63.0§ 64.0# 52.2 47.2 60.0§ 49.3 60.0§ 45.3 59.5§

MMC ±S.D. ±12.9 ±10.7 ±6.2 ±12.1 ±12.2 ±9.1 ±11.8 ±11.6 ±15.9 ±7.9 ±8.6 ±9.0 ±10.1

Tr mean 79.9a 41.9a 39.4a 45.3 33.2b 43.7a 35.9a 22.1b,§ 26.3b 32.0a 38.8b 31.5 34.2b

±S.D. ±13.4 ±10.2 ±9.2 ±12.0 ±8.2 ±12.7 ±8.6 ±8.8 ±11.1 ±8.5 ±7.6 ±9.6 ±8.2

Phase 2a Ct mean 57.3# 61.5 69.1 57.6 67.7§ 60.1 53.5 66.4x,§ 62.4§ 55.9 56.9 61.3 64.1
MMC ±9.4 ±11.7 ±19.8 ±10.3 ±10.4 ±12.6 ±13.2 ±12.1 ±10.4 ±6.1 ±10.7 ±9.8 ±11.6

Tr mean 86.6d,# 34.2b 35.8a 49.2 26.9d 23.4d,x 31.4b 29.5c 20.3d 37.7a 31.4c 38.9b 36.3c

±S.D. ±6.9 ±12.8 ±16.1 ±7.2 ±7.1 ±4.1 ±7.2 ±6.4 ±6.6 ±9.6 ±7.0 ±8.6 ±6.4

Ct – control, Tr – treatment. At – atropine sulfate, Hx – hexamethonium bromide, Pi – pirenzepine dihydrochloride. Doses in mg/kg, n = 6. Statistical significance: aP <
0.05; bP < 0.01; cP < 0.001; dP < 0.0001 vs. relevant value obtained during Ct period. xP < 0.05; yP < 0.01; zP < 0.001 vs. relevant value obtained during phase 1
MMC. §P < 0.05; #P < 0.01 vs. relevant value obtained in fasted animals. Other explanations as in the Materials and Methods.



Discussion

The results indicate that there are some significant
differences in antral myoelectric response to food given in
fasted or non-fasted animals during the less active phases
of MMC. Antral motility in sheep is somehow different
than that in monogastric animals and the lack of
identifable phase 3 MMC is one of the main differences
(2,12). However, the efficient antroduodenal
coordination related to MMC can be observed as in
monogastric animals (1,13). The response to feeding
during the duodenal phase 1 was only slightly different
than when food was given during phase 2a MMC
identified in this region. Both phases are of a rather non-
migratory nature and phase 1 is also more strictly linked
with phase 3 MMC in dogs (14). The absolute refractory
period in the canine small intestine occurs mainly during
phase 1 while during phase 2a MMC relative refraction
occurs (15). This is apparently true also for the stomach
(16). The refractory period has not been defined in
sheep, however. The differences of the effects of feeding
in fasted and non-fasted animals were of similar
magnitude. The effect of feeding in all the groups studied
was in most cases highly significant (possibly attenuating
the refractory state) but the spike burst amplitude was
not as high as it was suggested previously, i.e. up to 600
µV (12). There were at least 2 reasons for this. Firstly,
the study was performed during phase 1 or 2a MMC
when the antral spiking activity is less intense. Secondly,
feeding is usually a very effective stimulus for antral
motility but the type of food is important. When
roughage food is given, antral myoelectric activity is
stronger than when the animals are fed with concentrate
(17). 

The effects of anticholinergic drugs were also efficient
and in this respect the antral motility in ruminants is
similar to that in monogastric species (18,19). However,
Hx, the nicotinic receptor blocking drug, was not very
effective, especially in fasted animals, and its effect did
not exhibit a dose-response character. Hx can be expected
to be highly effective in the inhibition of gastrointestinal
motility (6,20) but the results of other studies remain
contrary to this view (7,21). The reported effect of At,
the muscarinic blocker, is also controversial (7,22-24). In
the present study, At exerted a clear and dose-response
effect although it did not inhibit spike bursts entirely.
Alternatively, the effect of Pi did not occur in an evident
dose-response manner and was also dependent on
feeding conditions and MMC phase, similarly to the
effects of the other drugs. Pi is a more selective
muscarinic blocker with the decreasing affinity to
M1>M4>M3>M2~M5 cholinergic muscarinic receptors (25)
and is often called an M1-receptor antagonist (26). This
different affinity to various muscarinic receptor subtypes
probably results in different motor responses to this drug
(10,27,28). It is possible that Pi might block not only the
postsynaptic muscarinic receptors but also the
autoreceptors, enhancing acetylcholine release (26).
Acetylcholine evokes a stimulatory motor response and/or
attenuates inhibition. Therefore, the effect of Pi on M1

cholinergic receptors can be malformed by its meaningful
affinity to other cholinergic muscarinic receptor subtypes,
especially when the higher Pi dose is applied.

It is concluded that feeding and anticholinergic drug
administration affect ovine antral spike burst amplitude
depending on the initial degree of excitation, which can be
related, at least in part, to the intensity of the
refractoriness properties of antral smooth muscle during
less active MMC phases.

K. W. ROMAŃSKI
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