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Muscarinic involvement in vascular and adrenal medullary responses to splanchnic nerve 
stimulation in conscious calves 
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Abstract. Stimulation of the peripheral end of the right splanchnic nerve (4 Hz for 10 min) in the presence of 
hexamethonium caused a small but significant rise in mean aortic blood pressure which was subsequently abolished 
by atropine. There were also small but significant increases in the outputs of catecholamines, [MetS]-enkephalins 
and corticotrophin releasing factor (CRF) from the right adrenal gland. The catecholamine response was roughly 
halved after atropine while the outputs of enkephalins and CRF were unaffected. It is concluded that splanchnic 
sympathetic postganglionic neurones supplying the vasculature are completely blocked by cholinergic blockade 
whereas adrenal medullary responses persist in an attenuated form. 
Key words. Sympathetic; adrenal medulla; nicotinic; muscarinic; catecholamines; enkephalins; corticotrophin 
releasing factor (CRF). 

Adrenal medullary responses to electrical stimulation of 
the splanchnic sympathetic innervation are due mainly 
to activation of nicotinic receptors and so are greatly 
reduced following ganglionic blockade I-4. However, a 
minor involvement of muscarinic receptors was recog- 
nised at an early stage ~ and recent studies in the con- 
scious calf have shown that both secretion of cortisol 
from the adrenal cortex and the output of cate- 
cholamines, enkephalines and corticotrophin releasing 
factor (CRF) from the adrenal medulla are potently 
stimulated by exogenous acetylcholine acting mainly via 
muscarinic receptors ~, 6. Even so, atropine has no effect 
on the adrenal steroidogenic response to splanchnic 
nerve stimulation, which occurs in the presence of 
ACTH, and relatively little effect on the adrenal 
medullary responses 4. This situation favours the sugges- 
tion that the nicotinic receptors are situated mainly at 
synapses on chromaffin cell membranes while muscarinic 
receptors are located elsewhere on the surface of the 
chromaffin cells 7. Potentiation of steroidogenesis in the 
adrenal cortex, during splanchnic nerve stimulation, is 
thought to be due to activation of vasoactive intestinal 
peptide (VIP)-containing fibres both in conscious calves 
and perfused pig adrenal glands 8, 9. VIP is released from 
the adrenal gland during stimulation of the splanchnic 
nerves ~~ and intra-aortic infusions of a low dose of VIP 
cause a small but significant increase in catecholamine 
output in this species 1 ~. Furthermore, VIP has been re- 
ported to act as a transmitter in the adrenal medulla of 
the rat ~2, where it is reportedly blocked by naloxone 13. 
The present study was undertaken to investigate non- 
nicotinic adrenal medullary responses to splanchnic 
nerve stimulation in conscious calves, pretreated with 

hexamethonium, by assessing the effects of naloxone and 
atropine. 

Materials and methods 

The effects of electrical stimulation of the peripheral 
end of the right splanchnic nerve (4 Hz continuously 
for 10 rain) were investigated in five conscious pedigree 
Jersey calves (15-37 days old; 26.0-34.4 kgb. wt). A 
standard 20-30 V square wave stimulus (pulse width 
0.5 msec) was employed and was invariably below be- 
havioural threshold. Each animal had previously been 
fitted with an adrenal clamp, intravascular catheters 
and a fluid electrode had been attached to the periph- 
eral end of the right splanchnic nerve 14,1s under gen- 
eral halothane anaesthesia. Experiments were carried 
out 3-4  h after surgery, during which time the animals 
had made a full recovery from anaesthesia. Aortic 
blood pressure and heart rate were monitored continu- 
ously by means of a Devices M19 recorder. Right 
adrenal blood flow was estimated gravimetrically and 
adrenal vascular resistance estimated by dividing the 
perfusion pressure (mean aortic blood pressure) by 
right adrenal blood flow. Animals were pretreated with 
hexamethonium (Hexamethonium bromide, Sigma, 
25.0 pmol.kg -z i.v. and then 12.5 pmol.kg ~ at 30 min 
intervals) and also given naloxone (Naloxone hy- 
drochloride, Sigma, 5.5 nmol.kg -1 i.v. at 30 rain inter- 
vals as required) and atropine (atropine methyl nitrate, 
Sigma, 0.35 gmol.kg -~ i.v.). Samples of arterial blood 
were collected at intervals into heparinized tubes con- 
taining phenylmethylsuphonyl fluoride (PMSF, final 
concentration 0.1 raM, Sigma) for haematocrit and 
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glucose estimations and samples of  adrenal venous 
effluent blood collected in the same way for [MetSJ- 
enkephalin and CRF estimations and into tubes 
containing ca 10/~mol ethylenediamintetraacetic acid 
(EDTA, Sigma) for catecholamine estimations. Cardio- 
vascular responses to i.v. infusions of  exogenous 
adrenaline and noradrenaline were determined in a 
separate group of  6 conscious calves in which intravas- 
cular catheters had previously been implanted under 
general halothane anaesthesia. 
Epinephrine and norepinephrine were measured by 
HPLC with electrochemical detection 16. CRF was de- 
termined by radioimmunoassay, essentially as de- 
scribed by Vale and colleagues 17 and [MetS]-enkephalin 
was measured by a specific radioimmunoassay as de- 
scribed previously ls'19. Results are expressed as mean 
+SEM.  Statistical significance was assessed by Stu- 
dent's t test except where otherwise stated. 

R e s u l t s  and  d i s c u s s i o n  

Stimulation of  the peripheral end of  the right splanchnic 
nerve at 4 Hz for 10 rain produced a small but signifi- 
cant rise in mean aortic blood pressure in 5 conscious 
calves pretreated with hexamethonium (25.0 gmol.kg -j 
i.v.; fig. 1). This amounted to a rise from 71 _+ 5 mm Hg 
at time = 0 to a peak value of  83 + 3 mm Hg at 2.5 min 
(p < 0.001; paired t test). Following the additional ad-  
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ministration of  naloxone (5.5 nmol.kg-~ i.v.) the hyper- 
tensive response to splanchnic nerve stimulation was 
slightly greater with the mean pressure rising from 
73 + 4 to 88_+ 1 mm Hg (p < 0.01) over the same pe- 
riod. It was then abolished by subsequent additional 
administration o f  atropine (0.35 nmol.kg -~ i.v.; fig. 1). 
In contrast there was no significant change in mean 
heart rate in response to splanchnic nerve stimulation 
following hexamethonium, with or without naloxone 
and atropine. 
Stimulation of  the peripheral end of  the splanchnic nerve 
(4 Hz for 10 min) also produced small but significant 
increases in right adrenal catecholamine, [MetS] - 
enkephalin and CRF  output (figs 2-4).  Unlike the 
response to splanchnic nerve stimulation in the absence 
ofhexamethonium]~ the mean peak output of  epinephrine 
at 2.5 min (45 + 5 pmol.min-~.kg -~ was significantly 
greater than that of  norepinephrine (29 + 4 pmol.min-L 
kg-~; p < 0.05). Neither response was affected by nalox- 
one and the output of  both was roughly halved after 
atropine (to 29_+ 4 and 18 + 2 pmol .min-Lkg -~ at 
2.5 min respectively; p < 0.25). In contrast, neither the 
[MetS]-enkephalin nor the CRF  responses to splanchnic 
nerve stimulation were significantly reduced by either 
naloxone or atropine (figs 3 and 4). 
The extent to which the release of  catecholamines from 
the adrenal gland could have contributed to the hyper- 
tensive response was investigated in a separate group of  
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Figure 1. Changes in mean heart rate and aortic blood pressure in 5 conscious calves in response to stimulation of the peripheral end 
of the right splanchnic nerve (4 Hz for 10 rain) in the presence of hexamethonium, with and without naloxone and atropine. Mean 
values • 

Figure 3. Changes in mean right adrenal [MetS]-enkepha lin output in 5 conscious calves in response to stimulation of the peripheral 
end of the right splanchnic nerve (4 Hz for 10 rain) in the presence of hexamethonium, with and without naloxone and atropine. Mean 
values +_SEM. 
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Figure 2. Changes in mean right adrenal catecholamine output in 5 conscious calves in response to stimulation of the peripheral end 
of the right splanchnic nerve (4 Hz for 10 rain) in the presence of hexamethonium, with and without naloxone and atropine. Mean 
values _+ SEM. 
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Figure 4. Changes in mean right adrenal CRF output in 5 conscious calves in response to stimulation of the peripheral end of the right 
splanchnic nerve (4 Hz for 10 min) in the presence of hexamethonium, with and without naloxone and atropine. Mean values • 
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Figure 5. Changes in mean aortic blood pressure and heart rate in 4 conscious calves in response to infusions of catecholamiens in the 
presence of hexamethonium (25 _>/amol.kg ~). Mean values _+ SEM. 

4 conscious calves which were pretreated with hexam- 
ethonium and then given i.v. infusions of  epinephrine 
and norepinephrine for the same period as with splanch- 
nic nerve stimulation. A dose of  45 pmol.min-~.kg -] 
epinephrine and 30pmol .min  Lkg ~ norepinephrine,  
which precisely reproduced the maximum mean output  
of  catecholamines during splanchnic nerve stimulation in 
the presence of  hexamethonium (fig. 2), had no signifi- 
cant effect on mean aortic b lood pressure. Increasing the 
amounts  of  the catecholamines fourfold produced a 
small but  significant rise in mean aortic blood pressure. 

Thus the mean average value during the infusion 
(76 + 1 mm Hg) then signficantly exceeded the mean 
average value before and after the infusion 
(71 + 1 mm Hg). 
After  hexamethonium the blood pressure could not  
have been affected by the release of  catecholamines 
from the adrenal  medulla. The total  amounts secreted 
were too small and, in any case, almost all the adrenal 
effluent blood was collected for analyses during the 
period of  splanchnic nerve stimulation and so prevented 
from entering the circulation. It follows that the hyper- 
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tensive response to stimulation of  the sympathetic in- 
nervation in the calf can be completely eliminated by 
combined nicotinic and muscarinic blockade. This indi- 
cates that, whereas ganglionic transmission is largely 
achieved by activation of nicotinic receptors, muscarinic 
receptors also contribute, but no other transmitter  or 
receptor type is involved. In contrast,  the adrenal 
medullary responses cannot  be accounted for solely by 
activation of  cholinergic receptors. The residual non- 
nicotinic catecholamine response was further signifi- 
cantly reduced after atropine whereas the residual 
non-nicotinic increase in the output  of  enkephalins and 
C R F  were not  significantly affected thereby. This is 
suggestive of  different sites of  release and could be 
explained if the C R F  and the enkephalins, which are 
released during splanchnic nerve stimulation after hex- 
amethonium, originate from nerve terminals within the 
gland whereas the catecholamines are released from the 
chromaffin cells. This would be consistent with the 
finding that  enkephalins are present both  in splanchnic 
nerve terminals and chromaffin cells 2~ and with the fact 
that C R F  is a well-recognised neuropeptide in widely 
spread nerve tracts in the brain 2~. In the calf, the 
amounts  of  C R F  released in response to splanchnic 
nerve stimulation, assessed by the rise in the concentra- 
tion in the arterial plasma, far exceed that  released from 
the adrenal gland, which strongly suggests that  it is 
indeed released from sympathetic nerve terminals 22. 
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