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H E N K E, P. (J. Mt,'o.~al ~htma.~,,e ./~,ll,,win,t., ~'lc('tli~ al ~timtdatiot: ~l the antcJior cm~,ulate corte~ am/pretreatment with 
atropim' aml cimetidim'. PHARMACOI_. BIOCHEM BEHAV 19(3) 483-486. 1983.--Bipolar electrical stimulation of a 
restricted area of the anterior cingulate cortex in anesthetized rats produced stomach erosions. Pretreatment with atropine 
sulfate prevented the pathological effects of stimulation. Cimetidine was not effective in preventing the gastric damage. It 
was concluded that the pathological effects of electrical stimulation were cholinergically mediated, whereas, histamine-2 
receptors were not involved. 
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LESIONS and stimulations of various diencephalic and tel- 
encephalic limbic structures have produced gastric 
pathologies in a number of species [13,201. In the hypothal- 
amus. lesions of the anterior area, tuber cinerium, ven- 
tromedial nucleus, and perifornical region have been re- 
ported to produce mucosal erosions and ulcers [10, 21, 28, 
331. Similarly, electrical stimulation of anterior and lateral 
areas in the hypothalamtts markedly increased the gastric 
acidity and also were found to produce gastric erosions and 
hemorrhages 19,30]. Vagotomy preceeding lateral hypotha- 
htmic stimuhttion prevented these pathological effects in the 
stomach 1261. 

Experimental interventions in the telencephalic limbic 
system also influence gastric functions. Bilateral lesions in 
the posterolateral amygdala, the bed nucleus of the stria 
terminalis, the hippocampus, the entorhinal cortex, the pre- 
frontal cortex and the posterior cingulate cortex have been 
found to increase the stomach pathology produced by physi- 
cal restraint 114, 16, 18, 19, 251. (In the other hand, lesions in 
the centromedial amygdala and the anterior cingulate gyrus 
apparently attenuated the incidence and the severity of 
stress-induced erosions in rats 116, 17, 191. Electrical stimu- 
lation of the centromedial areas of the amygdaht also ini- 
tiated the development of stomach ulcers in rats and cats [ 14, 
22. 341. 

The aim of the present studies was to determine whether 
electrical stimulation of the anterior cingulate cortex also 
produces such gastric pathology, l,esions in this region at- 
tenuated the pathological effects of immobilization in rats 
1191 and also altered gastric acid secretions in dogs 1311. 
Electrical stimulation of this area has been shown to produce 

various autonomic effects, e.g., blood pressure changes, 
pyloric peristalsis, and salivation and bladder effects 123,24]. 
An additional objective was to investigate the effects of prior 
treatments with atropine and cimetidine on such 
stimulation-induced gastric effects. 

EXPERIMENT I 

Stomach pathology was measured following electrical 
stimulation in widespread areas of the anterior cingulate cor- 
tex of anesthetized rats. The objective was to localize effec- 
tive stimulating points within this relatively large brain re- 
gion. 

Meth(,d 

After 24 hr of food deprivation, twenty male Wistar rats, 
approximately 140 days old, were titrated to a surgical plane 
of anesthesia, using IP-injections of a mixture of 0.1 g/kg 
chloralose and 1.0 g/kg urethan. Bipolar electrodes were 
lowered into either the right or left anterior cingulate cortex 
(4.(~1.0 mm anterior to bregma, 0.5-1.0 mm lateral to the 
midline, and at various ventral coordinates from dura l  The 
electrodes were constructed from twisted Formvar-insulated 
stainless steel wire I0.25 mm dia.). They were connected to a 
Grass S-88 square-wave stimulator, set at a pulse rate of 
50/see, pulse width of 0.05 msec, and current intensity of 0.2 
mA. Stimulation was applied continuously for 4 hr. Follow- 
ing the stimulation session the stomachs were removed. The 
brains were then extracted after an intra-cardial perfusion 
using 0.9"2~ saline and 10cA formalin. 

The brains were embedded in paraffin, cut at 9 pt, and 
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FIG. I. Effective ¢open circles) and ineffective (closed circles) 
stimulation points to induce gastric erosions. Abbreviations: IR 
(with various subdivisions)=area infraradiata" PC = area precentralis 
agranularis; RSG-area retrosplenialis granularis (after Domesick 
[SD. 

every  tenth section was stained with thionin. The s tomachs  
were opened  along the greater  curvature ,  washed in cold 
water ,  and examined  microscopical ly .  Areas  containing 
eros ions  were  fixed, dehydrated,  and embedded  in paraffin. 
Sect ions  were  cut at 9 # and stained with haematoxyl in  and 
eosin. 

Result,~ and  DiscusMon 

Histological  examinat ion  of  the brains showed that the 
stimulating e lec t rodes  had been placed into the anterior  mid- 
line cor tex.  Figure 1 indicates that the most effect ive stimu- 
lation points,  in terms of  s tomach pathology,  were in the 
anter ior  cingulate cor tex,  immediate ly  dorsal to the corpus 
cal losum. According  to the cy toarchi tec tonic  studies of  Rose 
132] in the mouse,  ex tended to the rat brain by Domesick  [8], 
the most effect ive stimulating points were  primarily located 

H E N K E  

T A B L E  I 

GASTRIC PATHOLOGY AF,'IER STIMUI,ATION IN THE 
ANTERIOR CINGULATE CORTEX 

Number of 
Subject Stimulation Site* Erosion'~ 

I ESAC I Rc¢:~ 0 
2 IRe<* 0 
3 IRes* l} 
4 IRe/3 {I 
5 IRb/3 3 
6 IRb~ 5 
7 PREC o 
8 P R E C 0 
9 1Ra 0 

I0 IRa 0 
I I I R b ~  4 
12 IRb~ 4 
13 IRb/3 3 
14 IRb/3 6 
15 IRe/3 0 

16 IRb~, l ( I  
17 IRb~ 7 
18 [Rb~ 13 
19 IRb/3 9 
20 IRb/3 2 

*Abbreviations: IR (with various subdivisions)= area inflaradiata; 
PREC-area precentralis agranularis (after Domesick [SIL 

in areas inf ra radia ta - -b  c~,/3. Most of  the effect ive e lectrodes  
were near  the indusium griseum, and the stria Iongitudinalis 
medialis and lateralis. The e lect rodes  that were located in the 
areas inf raradia ta- -c  ~, /3 and the area precentral is  ag- 
ranularis,  however ,  produced no significant pathological ef- 
fects in the s tomachs.  Table 1 summarizes  the pathology 
data. Figure 2 shows a photomicrograph of  a representat ive  
s tomach erosion,  found in the present study, q'he mucosal  
erosions were  generally shallow and did not extend to the 
muscularis  layer. All the pathological  effects of  the stimula- 
tion were  seen in the glandular port ion of  the s tomachs.  Most 
of  the erosions were associated with hemorrhaging in the 
freshly excised s tomachs.  

The present  results show that gastric pathology can be 
induced by stimulation o f  a rather restricted zone in the 
anter ior  cingulate cor tex.  Many of  the effect ive stimulation 
sites were near the induseum griseum and adjacent to the 
fibers of  the stria Iongitudinalis medialis and lateralis. How- 
ever ,  on the basis o f  the present data it is not possible to 
determine to what extent  these areas and pathways might be 
involved in the observed  effects in the s tomachs.  The next 
study investigated the effects  of  atropine and cimetidine on 
the s t imulat ion-induced pathology.  

EXPERIMt'NI- 2 

Cholinergic blocking agents and histamine-2 receptor  
blockers  have been used extensively  in the treatment of  
s tomach ulcers in man, as well as, for the alleviation of  
s t ress- induced s tomach erosions in exper imental  animals [2, 
3, 4, I1, 12, 291. In the present  study, atropine sulfate (a 
cholinergic blocker) and cimetidine (a histamine-2 receptor  
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FIG. 2. Photomicrograph of mucosal erosion. 

blocker) were administered prior to the elctrical stimulation 
in the anterior cingulate cortex of rats. 

Method 

Bipolar stimulating electrodes were lowered into the cin- 
gulate region of anesthetized, male Wistar rats. using the 
procedures describe in Experiment 1. Atropine sulfate (1 
mg/kg) and cimetidine (20 mg/kg or 100 mg/kg) were injected 
subcutaneously using a volume of 5 ml/kg of body weight 
(n=8). Atropine sulfate was dissolved in 0.9c~ saline and 
cimetidine in 0.5 M HCI. (pH =6.0 with 1 M NaOH) in 0.9e/~ 
saline. Drug administration occurred 30 rain prior to brain 
stimulation. An additional group of rats (n =8) was injected with 
an equal volume of 0.9c?~ saline prior to stimulation. The stimu- 
lation parameters and histological methods were the same as 
described in Experiment 1. 

Re.sults and Discussion 

Inspection of the brains showed that the stimulating elec- 
trodes were in the anterior cingulate cortex. Most of  the 
electrodes were appropriately placed in areas infraradiata--b 
~r,/3, but in two rats of the saline-group and in one rat of the 
IO0 mg/kg cimetidine-group the electrodes were found out- 
side of areas infraradiata--b o~,/3. These animals were elimi- 
nated from the data analysis. 

Table 2 presents the data on the stomach pathology in the 
four groups of rats. It indicates that only cholinergic block- 

TABI.E 2 

MUCOSAL DAMAGE FOI,I.OWING STIMUI_.ATION OF THE 
ANTERIOR CINGUI_.ATE CORTEX AND PRETREATMENT WITH 

ATROPINE AND CIME'IIDINE 

Treatment n 

Mean 
Frequency, of 

Erosions 

Atropine 8 O* 

Cimetidine ~20 mg.kg) 8 6.3 
Cimetidine I I00 mg,'kg) 7 5.9 
Saline Control 6 6.8 

*p. 0.01. relative to control  (Mann-Whitney.  two-tailed). 

ade prevented the pathological effects of electrical stimula- 
tion in the cingulate cortex. Cimetidine administration, at 
dosages of 20 mg/kg or 100 mg/kg, however, produced simi- 
lar effects as those seen after saline injections. All the 
cimetidine-injected and saline-injected rats showed some de- 
gree of stomach pathology, with the number of erosions 
ranging from 2-14. These findings suggest that the pathologi- 
cal effects of electrical stimulation of the anterior cingulate 
cortex, i.e., areas infraradiata---b a,  /3, are cholinergically 
transmitted. Apparently, these effects on the stomach do not 
involve the histamine-2 receptors. 
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GENERAL DISCUSSION 

The present  s tudies  indicate  that bipolar  electrical  stimu- 
lation o f  a ra ther  res t r ic ted  area  of  the anter ior  cingulate 
cor tex  o f  ch lora lose-ure than ized  rats p roduced  mucosal  ero- 
sions.  These  pathological  effects  could be b locked with the 
cholinergic antagonis t  a t ropine ,  but they seemed  unaffected 
by administrat ions of  the histamine-2 receptor  blocker  
c imet idine .  These  findings suggest  that the pathology 
p roduced  by st imulat ion in the cingulate cor tex  involves 
chol inergic  vagal mechan i sms ,  but not the his tamine-2 recep-  
tor. 

Electrical s t imulat ion o f  the cingulate cor tex  has been 

repor ted  to p roduce  a number  of  au tonomic  changes  in sev- 
eral species .  The most  p ronounced  effects  of  st imulation in- 
cluded blood pressure  and heart rate reduct ions ,  as well as, 
respira tory  changes ,  and eating au tomat i sms  I I, 7 .23,  24.27, 
35]. Recent ly ,  lesions of  the anter ior  cingulate cor tex have 
been found 1o a t tenuate  res t ra in t - induced s tomach  eros ions  
in rats,  whereas ,  pos ter ior  lesions produced  oppos i te  effects  
[191. Earlier s tudies had also shown that mass ive  cingulatc 
damage in dogs al tered the acid and pepsin activi ty,  some- 
t imes producing increases  and o ther  t imes dec reases  [311. 
Similarly. clinical data  have indicated that surgical lesions in 
the anter ior  midline cor tex may alleviate ulcers and colitis in 
human pat ients  [5,6]. 
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