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The writers previously suggested that the protective action of vagotomy against ulcer 
formation in rats is due mainly to its ability to correct hemodynamic disturbances in the 
stomach wall, which are accompanied by ischemia of areas of mucosa, making them readily 
accessible for peptic ulceration [8]. The role of serotoninergic structures in the develop- 
ment of neurogenic dystrophies of the stomach and, in particular, of their hemorrhagic~com- 
ponent, has been established [1-3, I0, 15]. Investigations have shown that vagotomy depresses 
the serotonin level in tissues of the gastrointestinal tract [9, 14, 17]. Preliminary vagot- 
omy on animals with immobilization stress prevents ulceration of the mucosa in rats and 
disturbance of its blood supply and also prevents elevation of the serotonin concentration 
in the gastric tissues [15]. Meanwhile there is evidence that vagotomy does not affect sero ~ 
tonin release from the tissue depots of the gastrointestinal tract [4], although electrical 
stimulation of the vagus nerve is known to be accompanied by a marked increase in the discharge 
of serotonin from enterochromaffin cells and to elevation of its level in the gastric juice 
[5, 13]. 

These contradictory data led us to undertake a comparative study of the ulcerogenic 
effect of serotonin and stress in vagotomized rats. 

EXPERIMENTAL METHOD 

Experiments were carried out on 60 noninbred male and female albino rats weighing 150- 
200 g, 15 of which were subjected to bilateral trunk vagotomy, together with the use of two 
models of ulcerogenesis: serotonin (intraperitoneal injection of serotonin adipinate, i0 
mg/kg), and a "social stress" model, developed in the writers' laboratory [7]. The animals 
were deprived of food for 24 h before the experiment but were allowed free access to water. 
After the end of stress and 3 h after injection of serotonin (in the case of serotonin ulcero- 
genesis) the rats were killed, their stomach removed and divided along the lesser curvature~ 
and after thorough washing, the state of the mucosa was investigated macroscopically with 
the aid of a magnifying glass and a transillumination gastroscope, designed in the writers' 
laboratory. The lesions were differentiated in accordance with the principle elaborated 
previously [7] into erosions and massive and punctate hemorrhages. The lesions were counted 
and measured in each animal and the number of animals with each type of lesion determined. 
The numerical data were subjected to statistical analysis on a BZ-21 microcalculator, using 
specially developed programs [12]. 

EXPERIMENTAL RESULTS 

The experiments showed that bilateral trunk vagotomy reduced the intensity of the hemor- 
rhagic lesions of the gastric mucosa following both intraperitoneal injection of serotonin 
and stress (Table i). The protective effect of vagotomy was more marked in the case of stress- 
induced hemorrhages (the area of the hemorrhages was reduced by 16.5 times in the case of 
stress and by 9.2 times in the case of serotonin injection). Incidentally, under the influ- 
ence of exogenous serotonin massive hemorrhages were observed in all the experimental animals, 
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TABLE i. State of Gastric Mucosa after Expo- 
sure to "Social Stress" and Injection of 
Serotonin in Intact and Vagotomized Rats 
(M • m) 

Types of 
lesions 

Serotonin 
model Stress model 

control } vagO-tomy 

n~80 [ n=6  

Erosions : 

number of 
lesions in 
one animal 0,2+__0,2 

size of 
lesions in one 
animal, mm 1,720,2 

~ercentage of  
~nimals with 
l e s ions  53,3 

Massive hemor- 
rhages: 

number of 
lesions in one 
animal 2,7-4-0,3 

s i ze  of l e s ion  
in one animal, 
mm 2 74,4=h31,7 
percentage of 
animals with 
lesions 90,0 

Punetate hemor- 
rhages : 
percentage of 
animals with 
lesions 100 

L e g e n d .  n )  Number  o f  a n i m a l s .  

control vago- 
tomy 

n~6 n,=,9 

1 ,6+0 ,6  

5,9+2,8 

55,0 

O,l:hO, 1 

0,2+..+_.0,2 

11,0 

77,7 

whereas in the case~of:stress-induced ulceration, the frequency of massive hemorrhages was 
reduced by 3.4 times compared with the control. 

The protective effect of vagotomy on the stomach was more marked in the case of punc- 
tate hemorrhages in the stress model: the number of animals with petechiae was reduced 
by 22.3% in the "social stress" model and by 16.7% under the influence of exogenous serotonin. 

Under the influence of vagotomy, the severity of erosion of the gastric mucosa was 
reduced only in the case of stress: the length of the erosions, calculated per animal, was 
25.3% less and the frequency of their occurrence was 36.5% less in the vagotomized rats 
than in the control animals with intact vagus nerves. Preservation of a certain level of 
erosion of the mucosa in the vagotomized rats, exposed to stress, can be taken as evidence 
of alternative ways of action of stress on the stomach wall, namely the sympathetic nervous 
systemand the hypothalamic-hypophyseal-adrenocortical system. 

By contrast with this, vagotomy more than doubled the intensity of the effect of exogen- 
ous serotonin on erosion development; the number of animals with erosions in the vagotomized 
group was 25.1% greater than in animals with intact vagus nerves. Intensification of erosion: 
of the gastric mucosa observed in this case was evidently connected with the fact that vagot- 
omy, by sharply reducing the serotonin level in the stomach tissue~ [9], increases its sensi- 
tivity to this amine. As an activator of proteolytic enzyme formation by the chief cells 
[6, ii], exogenous serotonin intensifies the proteolytic activity of the gastric mucosa, 
and as a result the adhesiveness of its epithelium is reduced, which leads to disturbances 
of the barrier function of the epithelium, and this is the main factor in erosion development. 

Evidence in support of the role of serotonin in ulcerogenesis is given by the effect 
of the serotonin blocker peritol on stress-induced ulcerogenesis in rats with intact and 
divided vagus nerves, which is consistent in direction but differs in its strength. In 
bothcases peritol completely abolished the formation of hemorrhages, did not affect the 
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Fig. i. Effect of peritol on intensity of 
erosion of gastric mucosa of rats exposed 
to stress. I) Intact animals; II) vagoto- 
mized animals. Unshaded columns - size of 
erosions (in mm, calculated for one ani- 
mal) in control experiments, shaded coLumns 
- the same after injection of peritol. 

appearance of petechiae, and reduced the degree of erosion of the gastric mucosa, the last 
effect being most marked in the vago/omized animals: intraperitoneal injection of peritol 
in a dose of 5.0 mg/kg reduced the size of the erosions by 4.3 times in rats with intact 
vagus nerves and by 6.3 times in vagotomized rats (Fig. i). This difference in strength 
of the protective effect of peritol against erosions in intact and vagotomized animals is 
evidently linked with the fact that in the first case the vagus nerves also are involved 
in the development of erosions, and peritol, which possesses weak anticholinergic activity, 
has a weaker action on their response than on serotonin receptors of the gastric mucosa 
[16], whereas the effect of the vagus nerves on the dystrophic process in vagotomized rats 
is abolished by division of the nerves, and the observed decrease in the severity of the 
erosions is the result of blocking of the serotonin component of this response. 

The antiulcerogenic action of vagotomy in stress is thus largely determined bylits 
ability to reduce the tissue serotonin level in the gastric mucosa of rats. Potentiation 
of the ulcerogenic effect of exogenous serotonin in vagotomized animals compared with the 
intact is evidently due to increased sensitivity of the mucosa to this amine, developing 
as a result of vagotomy. 
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