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It is known that catecholammes affect the inhibi- 
tory postsynaptic c~-and [3-adrenoreceptors (AR) 
and the presynaptic c~-AR, thereby relaxing the in- 
testinal smoo th  muscles  [4,7]. There are also 
known to be c~-AR, the stimulation of which re- 
sults in a rise of the contractile activity of the bowel 
sphincters [6]. Recent  data obtained in acute and 
in vitro experiments attest to the existence of the 
exciting [3-AR situated on the cholinergic inter- 
neurons of the enteric nervous system [1,2,5]. The 
stimulation of these AR results in increased ace- 
tylcholine release and in enhanced ileum motility. 

The aim of the present investigation was to 
study the possibility of developing exciting [3-AR 
effects under condit ions of a chronic experiment. 

MATERIALS AND METHODS 
Experiments were carried out on 12 male rabbits 
weighing 2.6-3.2 kg. The motili ty of the ileum 
was assessed by its spike activity (SA), recorded 
with silver loop electrodes implanted subserously 
according to a me thod  described elsewhere [3]. 
Tracing was performed on EEcy- 16s encephalograph 
(with a tracing rate of 7.5 mm/sec and time con- 
stant of 0.1). The frequency of the action poten- 
tial bursts, measured every 2 rain, was taken as the 
index of SA. Based on the obtained data, diagrams 
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reflecting the changes of a recorded parameter dur- 
ing the whole experiment were plotted. Isopre- 
naline (isopropyl norepinephrine) stimulation of [3- 
AR was performed via an infusion of the drug in 
the marginal vein of the ear during 14 rain at a 
rate of 0.25 ml/min.  The total dose was 100 gg/  
kg. Blockers of [~-AR (propranolol in a dose of 1 
mg/kg), and of M- and N-cholinoreceptors (atro- 
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Fig.1. Effect of isoprenaline (100 p,g/kg) on ileum SA as a 
function of its initial level. /) reaction to isoprenaline for a 
high initial level of SA. I/) for a low initial level of SA. a) 
background SA; b) reaction to isoprenaline. H/) changes in 
frequency of action potential bursts for isoprenaline infusion 
with an initially low (a) and initially high (b) level of SA. 
Abscissa: time (one point = 2 rain); ordinate: frequency of 
action potential bursts (same scale for a and b). Black plots: 
background SA; white plots: periods of isoprenaline infusion. 
A horizontal line with arrows marks the beginning and end of 
infusion. 
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Fig. 2. Changes in i leum SA effected by isoprenaline (I00 gg/kg) before and after blockade e l  [3-AR by propranolol (1 rag/  
kg). Shaded plots: SA after blockade of [~-AR. For other symbols see Fig. 1. 

pine and benzohexonium in doses of 0.2 and 5 
mg/kg,  respectively) were injected i.v. in boluses. 
The results were processed statistically using the 
Student t test. 

RESULTS 

The experiments showed that the i.v. injection of 
isoprenaline in a dose of 100 gg/kg (n =28) re- 
sulted in a decrease of  SA in 18% of experiments 
under conditions of  a high initial level of SA (Fig. 
1, fb, Ilia). In 50% of the cases isoprenaline 
caused a two-phase change of ileum SA : a decrease 
of the frequency of  action potential bursts which 
was superseded by its enhancement  against the 
background of isoprenaline infusion (Figs. 2 and 3, 
IIa). Reactions of the same type appeared when 
administration of the drug was combined with a 
pronounced  SA. On the other hand, in 22% of 
cases with a low initial level of SA the stimula- 
t ion  of [3-AR resulted in its enhancement  (Fig.l,  
Hc, IIfb), which lasted as long as the isoprenalme 
infusion (14 mm).  In 10% of the cases an initial 
boost of SA against the back~ound of isoprenaline 
infusion gave way to its attenuation (Fig. 3, lib). 
The mean frequency of  action potential bursts in 
a period of inhibitory reactions was 62+6%, and in 
a period ofstimulatory reactions 154_+6% of the ini- 
tial level. Changes of  SA appeared 20-40 sec after 
the beginning of infusion. Clearly, this t ime was 
needed for the isoprenaline injected in the marginal 
vein of the ear to reach the bowel circulatory bed 
and for its concentrat ion to become effective. 

Twelve experiments den t  with the changes of 
ileum SA induced by isoprenaline before and after 
the blockade of  [3-AR by propranolol (1 mg/kg). 
The changes of SA noted in the control were not 
found under blockade of [3-AR (Fig. 2), testifying 
to a connect ion between the changes found and 
stimulation of the [3-AR. 

On the basis of what is now known about the 
existence of inhibitory and excitatory [3-AR in the 
bowel contractile apparatus, we may deduce that the 
weakening of ileum SA induced by isoprenaline 
may be related to stimulation of the inhibitory [3- 
AR, while the enhancement  of SA by this drug is 
mediated by the excitatory [3-AR. 

Two series of experiments where the stimula- 
tion of [3-AR was under  N- and M-cholinorecep- 
tor blockade were performed to pinpoint the in- 
hibitory and excitatory [3-AR . 

The effects of atropine (0.2 mg/kg) and ben- 
zohexonium (5 mg/kg) on the spontaneous ileum 
SA were studied in the control series. The find- 
ings showed that the blockade both of the M- 
(rz =18) and of the N-cholmoreceptors (n =15) re- 
sulted in a weakening of ileum SA (Fig. 3, Ia, b). 
The frequency of action potential bursts in the 
first 14 rain after administration of the drug was 
82_+13% and 25_+7.7% of the initial level, respec- 
tively, for the series with M- and N-cholinore-  
ceptor blockade. Isoprenaline (100 gg/kg) infusion 
before the cholinoreceptor blockade resulted in two- 
phase reactions of the ileum, which were defined 
as an alternating waning and waxing of SA (Fig.3, 
Ha, b). An infusion of  isoprenaime (100 gg/kg) 
during 14 min after administration of atropine or 
benzohexon ium unde r  condi t ions  of bo th  M- 
(n = 11) and N-cholinoreceptor (rz = 15) blockade re- 
sulted only in a weakening of i leum SA (Fig. 3, 
JIa, b). The frequency of action potential bursts 
was 27.5+5.7% and 6.9_+2.6% of the initial level, 
respectively,  for the  blockade of  M- and N- 
cholinoreceptors, which is s i ~ c a n t l y  lower than 
the values of this index in the control series, in 
which the effects of atropine and benzohexonium 
on the spontaneous i leum SA were studied. 

It may be assumed that the weakening of il- 
eum SA for isoprenaline administration under con- 
ditions of M- and N-cholinoreceptor  blockade is 
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Fig. 3. Effect of M -  (a) and N - c h o l i n o r e c e p t o r  (b) blockade on changes of ileum SA induced by isoprenaline (100 gg/kg)  

/) frequency of action potential bursts before and after blockade of M-cho l ino recep to r s  (a) by atropine (0.2 mg/kg) and N -  
cholinoreceptors (b) by benzohexonium (5 mg/kg). I/) changes of SA in response to isoprenaline infusion before and after blockade 
of M - c h o l i n o r e c e p t o r s  by atropine (a) and N-cho l ino recep to r s  by benzohexonium (b). Scales for fragments I and II are the 
same. The shaded plots signify SA after the blockade of M -  (a) and N - c h o l i n o r e c e p t o r s  (b). The single arrow shows the 
moment of atropine or benzohexonium administration. A horizontal line with arrows marks the beginning and end of isoprenaline 
infusion. For other symbols see Fig. 1. 

mediated by the inhibitory ~-AR situated directly 
on the ileum smooth muscles. The abolition of the 
exciting effects of isoprenaline for blockade of the 
M- and N-cholinoreceptors  testifies that the in- 
crease of  i leum SA for stimulation of [3-AR is 
mediated by the excitatory ~-AR situated on the 
cholinergic interneurons of  the enteric nervous sys- 
tem. Thus, the findings obtained in the chronic 
experiment corroborate the previous conclusion, 
based on the results of acute experiments [1,2], 
about the existence of excitatory AR of the indi- 
cated type in the gastrointestinal tract. 
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