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Muscarinic receptor subtypes involved in bethanechol-induced 
water intake in the rat 
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We have recently described a compulsive drinking behaviour 
elicited by bethanechol through activation of central muscarinic 
receptors in the rat (Schiavone et al 1987). The bethanechol- 
induced water intake was specifically inhibited by some antimus- 
carinic drugs, while being insensitive to histaminergic (HI and 
H2), adrenergic (a and 8) and 5-hydroxytryptaminergic antago- 
nists. 

The present report attempts to characterize the drinking 
response to bethanechol in relation to the muscarinic receptor 
subtype involved. 

The method employed was that of Schiavone et al (1987). 
Briefly, water intake was measured for 30 min following 
injection of bethanechol, 10 pg/rat, into the right cerebral 
ventricle through a chronically implanted cannula. The effect of 
antagonists was evaluated after their intraventricular adminis- 
tration, 2 min before bethanechol challenge. 

We used pirenzepine and AF-DX 116 as muscarinic antago- 
nists selective for M I  and M2 (cardiac) receptors, respectively. 
Those compounds have provided the biochemical and functio- 
nal basis for the differentiation of muscarinic receptors into 
subtypes (see reviews by Hirshowitz et al 1984; Levine et al 
1988). 

Results showed that both compounds were able to inhibit 
bethanechol-induced water intake, albeit with different poten- 
cies. The ID50 (and 95% confidence limits), expressed in pmol/ 
rat, were 110 (18-700) and 1800 (610-5400) for pirenzepine and 
AF-DX 116, respectively. 

Thus, when compared with the ID50 of the non-selective drug 
atropine, 6.7 pmol/rat (Schiavone et al 1987), the potencies of 
pirenzepine and AF-DX 116 were 17- and 270-fold lower, 
respectively. The potency of AF-DX 116 in some functional 
responses subserved by the cardiac muscarinic receptor, i.e. the 
subtype recognized as having high affinity for the drug, has been 
shown to be about one order of magnitude lower than that of 
atropine (Giachetti et al 1986; Micheletti et al 1987). The 
potency ratio found in the present study (270) falls in the range 
of magnitude (two to three orders) typical of effects due to 
receptors recognized by AF-DX 116 as having low affinity 
(Micheletti et al 1987). On this evidence, that the receptor 
activated by bethanechol belongs to the M2 (cardiac) subtype 
can be confidently excluded. 

Conversely, pirenzepine was about 1/20th as potent as 
atropine in inhibiting compulsive drinking. Despite the notice- 
able potency of pirenzepine, the receptor stimulated by bethane- 
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chol cannot be unambigously defined as M I  for two main 
reasons: i) the lower lipophilicity of pirenzepine in comparison 
to atropine might increase the apparent efficacy of the former 
drug by slowing its diffusion rate from the active compartment. 
In this context it is worth mentioning that the order of 
lipophilicity is: AF-DX 1 16 >atropine > pirenzepine (log P at 
pH 12-14 being f2.2,  + 1.5, f0.1, respectively; Enge1,personal 
communication); ii) cloning and sequencing of muscarinic 
receptor genes from pig brain (Kubo et al 1986a) and heart 
(Kubo et al 1986b; Peralta et al 1987) and rat brain (Bonner et al 
1987) has demonstrated the existence of four separate receptor 
molecules. Three of these functional genes are expressed in the 
rat cerebral cortex, and are not clearly distinguished by pirenze- 
pine, which binds them with homogeneous high affinity (Bonner 
et al 1987). It is therefore conceivable that anyone of the three 
subtypes is responsible for the bethanechol effect. 

Recently, Hagan et al (1987) speculated that cholinergic 
stimulation of drinking from the lateral hypothalamus was 
mediated by M2 receptors. This conclusion was based on the 
inefficacy of putatively selective M I  agonists (McN-A-343, AHR 
602, AH 6405) in promoting drinking, and on the lack of a 
systematic relationship between antagonist potency and their 
affinity for the M I  receptor. Since McN-A-343 and related 
compounds do  not discriminate among muscarinic subtypes as 
regards affinity, their lack of efficacy as drinking-inducers may 
depend on a small receptor number, presumably inadequate for 
partial agonists (Eglen & Whiting 1986). Interestingly, M I  
receptors represent only a small proportion of the total muscari- 
nic receptors (Cortes & Palacios 1986) in brain regions from 
which a drinking response was elicited by direct intracranial 
injection of carbachol in the rat (Swanson & Sharpe 1973). 

In conclusion, the receptor subtype responsible for muscari- 
nic-induced water intake in the rat cannot presently be clearly 
identified other than as non M2 (cardiac). The advent of more 
selective agents should help to clarify this issue. 
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