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The effect of hexamethonium on the secretion induced by sodium deoxycholate in the rat jejunum ~ 
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Summary. The i.v. administration of hexamethonium reduces or abolishes net water secretion induced by sodium deoxy- 
cholate in the denervated rat jejunum. The findings suggest that a local nervous reflex may be involved in bile salt-induced 
intestinal secretion. 

The mucosa of the gastrointestinal tract is heavily innervat- 
ed by the 'enteric nervous system '2, but little is known 
about its functional importance for the control of intestinal 
fluid transport. Vasoactive intestinal polypeptide, consid- 
ered by most authors to be localized only in nervous tissue 
in the gut 3 and thus probably a transmitter of the enteric 
nervous system 3, has been found in the stools of cholera 
patients 4. Furthermore, Cassuto et al. 5 recently provided 
experimental evidence for the proposal that cholera toxin 
induces intestinal secretion in part via intramural nervous 
reflexes. One of the drugs used by Cassuto and co-workers 
was hexamethonium, a cholinergic ganglionic blocking 
agent, which proved to be very efficient in inhibiting 
choleraic secretion in rats. It was, therefore, considered to 
be of interest to study if the well-known bile salt-induced 
intestinal secretion might also be influenced by the admin- 
istration of hexamethonium. 
Methods. Male Sprague-Dawley rats, weighing 250-350 g, 
were used. Anesthesia was induced with nembutal 50 mg/ 
kg i.p. and maintained by repeated small i,v, injections 
(5 mg every 2 h). Arterial blood pressure was recorded from 
the right femoral artery by a pressure transducer (Statham 
P 23DC). The nerves surrounding the superior mesenteric 
artery were divided. In all experiments a 10 cm segment of 
the proximal jejunum with an intact vascular supply was 
perfused in a recirculating system with a modified Krebs- 
Henseleit solution containing per 1 30 mmoles mannitol 
and 8 mmoles Na-deoxycholate. The perfusion rate was 

0.2 ml/min. Net intestinal transport of fluid was contin- 
uously recorded in 4 experiments with the method de- 
scribed by Jodal et al. 7 for the cat, adapted for rats. In the 
remaining experiments a weight method was used, contin- 
uously monitoring weight changes of the intestinal seg- 
ment. This method made it possible to measure net fluid 
transport rates in the face of intestinal peristaltic move- 
ments 5,8'9. All recordings were made on a Grass polygraph. 
Hexamethonium (20 mg/kg) was given i.v. after 30 min of 
constant intestinal secretion. This hexamethonium dose has 
in other experiments been shown to abolish the vagal 
influence on heart rate 9. 
Results. During bile salt perfusion, there was a net intesti- 
nal secretion in all experiments (n=  8). After giving hexa- 
methonium, the secretion was reduced to about 16% of the 
initial value (see table). In one experiment the secretion 
turned into absorption and in 3 other experiments the 
secretion was totally abolished. The effect lasted for 15- 
50 min after which secretion gradually returned. A repre- 
sentative experiment is illustrated in the figure. 
Discussion. The results of this study indicate a possible 
nervous reflex involvement in bile acid-induced intestinal 
secretion by showing that hexamethonium, a cholinergic 
ganglionic receptor blocker, markedly inhibited the intesti- 
nal secretion produced by sodium deoxycholate. The ner- 
vous reflex is probably confined to the intestinal wall since 
the extrinsic nerves of the intestine, surrounding the 
superior mesenteric artery, had been sectioned in all ex- 

The effect of hexamethonium on blood 
pressure and sodium deoxycholate in- 
duced intestinal secretion�9 Secretion was 
deduced from the continuous recording 
of the intestinal weight. 
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Arterial blood pressure and net fluid secretion in the small intestine of rats before and after giving hexamethonium, 20 mgxkg  -1 
b.wt i.v. Fluid secretion was induced by perfusing the intestinal lumen with an isotonic electrolyte solution containing 8 mmoles 
sodium deoxycholate. Mean_+ SE, n = 8 

Before hexamethonium After hexamethonium 
0-15 min 15-30 min 30-45 min 45-60 min 

Arterial blood pressure; 
mm Hg 105.0_+ 5.0 74.3_+ 4.6 82.1 _+ 5.4 85.7_+ 5.4 89.3_+ 5.2 
Net fluid secretion, 
~tlx min -I  x 100 cm -2 
serosal surface - 186.8_+ 30.6 - 30.6_+ 16.9" - 26.0_+ 19.5" - 39.6 _+ 17.8" - 77.1 _+ 33.2* 

* Statistically significant from control (p < 0.05, Wilcoxon non-parametric test). 

per iments .  Several  studies indicate  that  bile salts induce  
intest inal  secret ion by  acting directly on  the enterocyte via 
the cell m e m b r a n e - b o u n d  adenylate  cyclase system l~ 
However,  o ther  studies have  not  conf i rmed this hypothe-  
sis ~, and  there may  well  be  several  dif ferent  mechan i sms  
involved in the regula t ion  of  intest inal  fluid t ransport .  
It has recently b e e n  shown that  bile salts enhance  colonic 
moti l i ty via a nervous  reflex ~2, implying that  bile salts m a y  
in some way s t imulate  enteric  nerves. In this context,  it is 
interest ing to note  tha t  bile has  been  repor ted  to release 
mot i l in  in m a n  13. Since mot i l in  has been  c la imed to be 
located in the en t e roch romaf f in  (EC) 14 cells o f  the gut, one 
may  propose  a func t iona l  in terplay  be tween  the bile acids, 
the EC cells and  the enter ic  nervous  system in the regula-  
t ion of  intest inal  f luid t ransport .  Such a m e c h a n i s m  has  
a l ready b e e n  proposed  for cholera  toxin- induced  secret ion 

by Cassuto et al. 5. According to tha t  s tudy cholera  toxin 
triggers the release o f  5-HT f rom the EC cells which in tu rn  
activates nervous  reflex(es) via the adjacent  dendr i t ic  nerve  
endings  in the mucosa.  The  net  effect on  the intes t inal  
ep i the l ium of  this nervous  act ivat ion is a secret ion of  f luid 
into the intest inal  lumen.  It is p roposed  that  bile salt 
produces  this secret ion in par t  via a s imilar  mechan ism.  
Ne t  fluid secret ion in the colon has been  c la imed to be  
caused by the cathar t ic  effects of  bile salts on  the colonic 
mucosa  in bile salt ma labso rp t ion  as seen in pat ients  af ter  
e.g. ileal resection. Since EC cells and  enteric  nerves  are 
present  t h roughou t  the gastro- intest inal  tract the nervous  
mechan i sm out l ined  above  for  the small  intest ine may  also 
be funct ioning  in the colon. This  is suppor ted  by  prel imi-  
nary  exper iments  in  which h e x a m e t h o n i u m  was shown to 
inhib i t  the bile sa l t - induced secret ion in the colon also. 
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