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Catecholamine secretion by perfused bovine adrenal medulla in response to 
nicotinic activation is inhibited by muscarinic receptors 

(Received 10 June 1983; accepted 18 August 1983) 

Increased labelling of phosphatidylinositol and phospha- 
tidic acid with s2P is seen as a response to activation of 
various cell surface receptors. In the bovine adrenal med- 
ulla these phospholipid changes are associated with mus- 
carinic but not nicotinic cholinergic receptors [l, 21. It is 
generally agreed that in the bovine medulla catecholamine 
secretion is mediated by nicotinic receptors but there are 
conflicting views on the function of the muscarinic recep- 
tors. Wilson and Kirshner [3] claimed that the acetylcholine 
receptors of bovine adrenal medulla are entirely nicotinic. 
In their hands, the muscarinic drug pilocarpine at concen- 
trations between 10m5 and 3 x 10m3 M did not stimulate 
catecholamine secretion by the perfused gland. Gothert et 
al. [4], on the other hand, obtained a secretory effect 
dependent upon Ca*+ with 1.4 x 10m3 M pilocarpine in sim- 
ilar experiments. 

Binding studies show the presence of muscarinic recep- 
tors in the bovine gland [5] and studies with isolated chro- 
maffin cells suggest that activation of these receptors 
inhibits the nicotinic secretion of catecholamine, possibly 
by increasing c-GMP concentration [6]. Using cultured 
bovine chromaffin cells, Fisher et al. [2] showed that mus- 
carinic receptors do not enhance catecholamine secretion. 

It seemed likely then that in the bovine adrenal medulla 
nicotinic activation promotes catecholamine release while 
muscarinic activation inhibits this release. The experiments 

reported below were designed to test this hypothesis using 
the perfused gland. 

Bovine adrenals were removed within 15 min of death 
and transported to the laboratory on ice. Connective tissue 
and fat were removed and two incisions made in the cortical 
tissue without damaging the medulla, so that the perfusion 
fluid could flow out. Glands were cannulated and perfused 
in a retrograde manner via the central vein opening at a 
flow rate of 4 ml/min. The Locke’s solution used had the 
following composition: 154mM NaCl, 5.6mM KCl, 
2.2mM Cat&, l.OmM MgClr, 6.0mM NaHCOs and 
10.0 mM glucose. The perfusion fluid temperature was kept 
at 35” and flow was maintained by a Watson-Marlow 
MC/10 peristaltic metering pump. The fluid was continu- 
ouslv gassed with OrCOz (95:5). The uerfusion svstem -\ 1 , 

con&d of two glands, each with its own reservoir. 
After perfusion for 20 min in this way, the perfusate was 

collected in 2 min samples (i.e. from time 0 in Figs. 1 and 
2) and these were stored at 4” for analysis. Catecholamines 
in the perfusate were estimated as described previously 
[7]. To stimulate secretion, a total of 4ml 3 X lo-“M 
nicotine was injected 1.0 ml at a time into the tube carrying 
perfusion fluid just before it entered the gland. There was 
an interval of 30 set between injections. A further identical 
nicotine injection was given later as shown in the figures. 
Both glands received the injections, the first gland being 
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Fig. 1. Catecholamine secretion in response to nicotine. Fig. 2. Catecholamine secretion in response to nicotine 
The nicotine (4 ml of 3 x 10mJ M) was injected at 8 and injected (4 ml of 3 x lo1 M) at 8 and 18 min. H, Perfusion 
18min. n , Perfusion with normal Locke’s solution; 0, with normal Locke’s solution; 0, perfusion with Locke’s 
perfusion with Locke’s solution containing 10eJ M pilocar- solution containing lo-” M methacholine. Each point is the 
pine. Each point is the mean of results from three perfusion mean of results from three perfusion experiments. Vertical 
experiments. Vertical bars indicate S.D. bars indicate S.D. 

Table 1. Effect of muscarinic drugs on catecholamine secretion by the bovine adrenal 
medulla 

Treatment 
Catecholamine secretion* 

@mole/g medulla) 
Inhibition 

(S) 

Nicotine; perfusion with 
Locke’s solution 

Nicotine; perfusion with 
Locke’s solution containing 
10 ’ M pilocarpine 

Nicotine; Locke’s solution 
Nicotine: Locke’s solution 

containing 1O-J M methacholine 

1.11 2 0.07 

0.64 + 0.02 42.4 

1.43 2 0.08 

0.80 ? 0.04 43.8 

* The catecholamine secretion figures represent the total increased secretion in the 8 min 
period after one nicotine administration (mean of results from three glands in each 
case + S.D.). The nicotine dosage was 4 ml of 3 X lo-” M solution. By Student’s t-test, the 
inhibitions were statistically significant at P < 0.001. 

perfused with the usual Locke’s solution, the second with 
Locke’s solution containing 10ml M pilocarpine (Fig. 1) or 
methacholine (Fig. 2). 

As shown in Table 1. both these muscarinic drugs sig- 
nificantly reduced nicotinic stimulation of catecholamine 
secretion. This confirms the presence of muscarinic recep- 
tors in the bovine adrenal medulla. Their inhibitory effect 
is in keeping with the results of Derome et al. [6] and Fisher 
et al. (2). 

Phosphatidylinositol changes accompany activation of 
this inhibitory muscarinic receptor just as they accompany 
activation of stimulatory muscarinic receptors such as those 
of the parotid [8]. It is difficult to reconcile these obser- 
vations with the theory of Michell that hydrolysis of phos- 
phatidylinositol [9] or its phosphorylated derivatives [lo] 
controls entry of calcium into cells responding to muscarinic 
stimuli. 

While muscarinic receptors appear to be inhibitory in 
the bovine adrenal medulla. they may stimulate catechol- 
amine secretion in other species such as the cat 1111 and 
the chicken [12]. 
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