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Summary________________________.____________________________________________
The effect of chlorpromazine on ulcer formation by indomethacin and on total 
gastric secretion and gastric acid secretion was studied in rats. Secretion and 
ulceration were evaluated under basal conditions and after the administration of 
histamine or insulin, i.e. substances stimulating gastric acid secretion. The 
authors confirmed that chlorpromazine inhibits basal secretion and found that it 
also inhibits histamine- and insulin-stimulated gastric secretion, in correlation to 
the dose. It also strongly inhibits the formation of stomach lesions caused by 
indomethacin under basal conditions and after pretreatment with histamine 
(3 and 10 mg/kg) and insulin (0.3 IU/kg). Chlorpromazine did not inhibit lesions 
formed after combining indomethacin with insulin in a dose of 3 IU/kg. The 
results sb^w that although chlorpromazine inhibits both basal and centrally or 
peripherally stimulated gastric secretion, its effect on stomach lesions caused by 
indomethacin is not uniform. Pretreatment with insulin in a dose of 3 IU/kg 
demonstrates that indomethacin-induced stomach lesions are markedly 
potentiated by this dose of insulin and are not dependent on gastric secretion 
only. The inability of chlorpromazine to inhibit these lesions gives the evidence 
that other -  probably central -  mechanisms play a role in their development.
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Introduction

Gastrointestinal lesions and haemorrhage are a frequent undesirable 
consequence of treatment with non-steroidal anti-inflammatory drugs (Barbour and 
Dickerson 1938, Grossman et aL 1961, Rainsford 1975, Rainsford and Willis 1982). 
Numerous data indicate that various factors (prostaglandins, histamine, serotonin, 
leukotrienes, neuropeptides, endothelin, hypersecretion of gastric acid and others) 
may participate in the development of these lesions.

There are many substances capable of protecting the gastric mucosa from 
experimental lesions caused by ulcerogens. Two types of protection are known. 
Lesions induced by substances which are ulcerogenic only in an acid medium in the 
stomach lumen (e.g. non-steroidal anti-inflammatory drugs) are inhibited by
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substances which depress HCl secretion. Necrotic damage of direct origin 
(e.g. exposure of the mucosa to absolute ethanol), which is not dependent on gastric 
pH, is inhibited by "cytoprotective" substances without gastric secretion being 
affected (Robert et al. 1984). These include (for example) prostaglandins, which 
have a cytoprotective effect in doses which do not inhibit gastric acid secretion 
(Robert 1984).

In a previous paper, we described the protective effect of chlorpromazine on 
ulcer formation by indomethacin (Mirossay et al. 1987). The mechanism of this 
anti-ulcerogenic effect of chlorpromazine has not been unequivocally explained. 
Though its inhibition of gastric acid secretion was described in 1959, it was 
presumed to be mediated by a central mechanism. In the present study we 
investigated the effect of chlorpromazine on ulcer formation by indomethacin in 
relation to centrally and peripherally influenced gastric secretion. We therefore 
used the above substances combined with histamine (peripheral stimulation of 
gastric acid secretion) and insulin (central vagus-mediated stimulation) (Arai et al. 
1985,1987).

Material and Methods

Results

Effect of chlorpromazine on basal and on histamine- and insulin-stimulated gastric 
secretion

In a dose of 5 mg/kg, chlorpromazine mildly reduced gastric juice volume 
compared with the control group. In doses of 10 and 15 mg/kg it inhibited total 
gastric secretion (p<0.01). In a dose of 3 mg/kg, histamine mildly stimulated gastric 
juice production compared with the control group, whereas insulin in a dose of 
03 IU/kg significantly increased total secretion volume. The stimulant effect of
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both substances was significantly inhibited by chlorpromazine in doses of 5, 10 and 
15mg/kg (p<0.01). Larger doses of both histamine (10 mg/kg) and insulin 
(3 IU/kg) raised gastric juice production significantly in the control group, while 
chlorpromazine, in all the given doses, inhibited this stimulant effect (p<0.01)
(Fig- i).

1
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Table 1
Incidence of gastric lesions and gastric bleeding

Chlorpromazine Pretreatment No. of rats with
mg/kg mg/kgorIU/kg lesions /  % gastric bleeding

Control
5.0

15.0

8/100 1
5/ 63 0
2 /2 5  0
4/ 50 0

Control

10.0
15.0

Histamine 3.0 8/100
Histamine 3.0 5/ 63
Histamine 3.0 2/ 25
Histamine 3.0 4/ 50

Histamine 10.0 8/100
Histamine 10.0 8/100
Histamine 10.0 5 /63
Histamine 10.0 4/ 50

0
0
0
0

Insulin 0.3 
Insulin 0.3 
Insulin 0.3 
Insulin 0.3

8/100 
8/100 
5/ 63 
8/100

Control
5.0

10.0
15.0

Insulin 3.0 
Insulin 3.0 
Insulin 3.0 
Insulin 3.0

8/100 8
8/100 8
8/100 0
8/100 8

Fig. 3
Effect of i.p. injection of chlorpromazine (CPZ -  5,10 and 15 mg/kg) on gastric acid secretion and pH 
control (saline injected s.c.) and after s.c. stimulation by insulin (0.3 and 3 IU/kg). The values are 
expressed as means ± S.E.M. of 8 experiments (xx p<0.01).
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Fig. 5
Total length of gastric lesions expressed as a mean per rat for chlorpromazine-treated rats (CPZ, i.p.) 
after s.c. administration of saline, histamine and insulin in combination with indomethacin (20 mg/kg). 
The significance of the change is shown as x ds<0.05 or xx di <0.01 (non-parametric Wilcoxon’s test).

After histamine and insulin pretreatment, total gastric acid secretion also 
rose significantly compared with the values in the control rats. After chlorpromazine 
doses of 10 and 15 mg/kg this was significantly inhibited. A significant decrease in 
acid secretion after all three doses of chlorpromazine was also observed in the 
groups pretreated with histamine (in doses of 3 and 10 mg/kg) and insulin (0.3 and 
3IU/kg) (p<0.05 and p<0.01 respectively). Compared with the control group, 
pH rose after all three doses of chlorpromazine (Fig. 2 and 3).
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Effect o f chlorpromazine on the formation o f stomach lesions induced by indomethacin 
in rats pretreated with 0.9% NaCl solution, histamine and insulin

The incidence of stomach lesions after administration of the above 
mentioned test substances combined with indomethacin (20 mg/kg) is shown in 
Tab. 1 and Fig. 4 and 5. The results show a significant decrease in the number and 
size of lesions in the glandular part of the stomach after the administration of 
chlorpromazine in doses of 5, 10 and 15 mg/kg compared with the control group 
(d!<0.01).

Pretreatment with histamine in a dose of 3 mg/kg did not influence the 
number of rats with stomach damage, but mildly reduced the number and size of the 
lesions compared with the control group (Tab. 1, Fig. 4 and 5). The larger dose of 
histamine (10 mg/kg) raised the number and length of the stomach lesions 
(d1 <0.01). The simultaneous administration of chlorpromazine and histamine 
inhibited the formation of stomach lesions (d5<0.05, d1<0.01) in every case except 
in the combination 5 mg chlorpromazine/kg and 3 mg histamine/kg.

The most striking damage to the gastric mucosa, among all experimental 
animals, was observed after combining insulin with indomethacin. Ulceration after 
indomethacin with insulin pretreatment (0.3 IU/kg) was inhibited, in regards to 
both the number and length of lesions, by all three doses of chlorpromazine 
(d1 <0.01). Inhibition of lesion formation after the larger dose of insulin (3 IU/kg) 
was weaker. In this case, chlorpromazine in doses of 5, 10 and 15 mg/kg did not 
influence the number and extent of stomach lesions. At the same time, massive 
haemorrhage into the lumen of the stomach was present in this group (Tab. 1).

Discussion

The results indicate that under basal conditions chlorpromazine inhibits 
gastric secretion and total acid formation in rats, thereby raising the pH of the 
stomach contents. It also has the same effect after peripheral stimulation of 
secretion by histamine or after central stimulation by insulin. This inhibitory effect 
of chlorpromazine on gastric secretion was compared with its effects on the 
ulcerogenic activity of indomethacin. In the control groups pretreated with 0.9 % 
NaCl solution, the ulcerogenic activity of indomethacin fell as the dose of 
chlorpromazine rose, i.e. correlated directly with inhibition of gastric secretion. This 
finding supports the theory that substances which do not irritate the gastric mucosa 
directly (as is evident mainly after the s.c. administration of indomethacin), but 
lower its defense, require an acid environment in the gastric lumen to be able to 
induce mucosal lesions (Guth et al 1979, Robert 1984).

Similar results were obtained after administering chlorpromazine to animals 
pretreated with histamine. The mild decrease which occurred in lesion formation 
after the administration of histamine in a dose of 3 mg/kg and which does not fit 
into the anticipated pattern, can be attributed to "adaptive cytoprotection". This is 
a phenomenon in which weak irritants or mild stress situations raise the resistance 
of the gastric mucosa to subsequently administered strongly aggressive stimuli 
(Glavin et aL 1987, Takeuchi et al 1987a). A different effect was observed after 
administering indomethacin with histamine in a dose of 10 mg/kg, when the extent 
of damage to the gastric mucosa was significantly greater. Similar results were
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obtained by Hansen et aL (1980), who found that histamine pretreatment (i.v.) 
worsened gastric lesions induced in cats by the intravenous infusion of aspirin. In the 
combination of indomethacin with histamine chlorpromazine also significantly 
inhibited the formation of lesions.

Insulin-stimulated secretion was inhibited by chlorpromazine in correlation 
to the dose, but indomethacin-induced gastric lesions were inhibited only in the case 
of the smaller dose of insulin (0.3 IU/kg). The combination with the larger dose of 
insulin is at variance with the theory of the need for an acid environment in the 
stomach for ulcer formation after indomethacin.

It is known from the literature that large doses (5 IU/kg) of insulin alone 
induce stomach lesions in rats (Axelson et al 1987). Since the formation of gastric 
lesions after insulin was inhibited by antrectomy and vagotomy, and also after the 
administration of omeprazole and ranitidin, the authors considered that an acid 
environment in the stomach was necessary for the formation of ulcers. On the other 
hand, they demonstrated that this dose of insulin -  as distinct from lower doses -  
inhibited acid secretion. At the end, they therefore attributed the formation of 
lesions to a combination of acid with activity of the vagus and of circulating gastrin 
(Axelson et al. 1987). As far as the protective effect of chlorpromazine is concerned, 
it can be concluded from the results that this may be mediated by inhibition of acid 
secretion. Chlorpromazine, however, belongs to a group of drugs with a very wide 
range of action on the structure of membranes and the function of cells. It inhibits 
the flow of calcium ions across cell membranes, the activity of both membrane- 
bound and intracellular enzyme systems (Farber et al 1977) and calmodulin 
(Cheung . 980) and influences the stabilization of cell membranes (Rabkin 1987). 
Many of these properties are considered to participate in the protective effect of 
chlorpromazine on liver cells (Farber et al 1977, Chien et al. 1977) and myocardial 
cells (Rabkin 1987) and of trifluoperazine on the survival of dog kidneys conserved 
for transplantation (Asari et al. 1987). All these protective effects on different 
organs were described in vivo and in vitro.

Another possible mechanism of protection of the gastric mucosa is the ability 
of large doses of chlorpromazine to raise the blood sugar level (Ginestet et al. 1989). 
It has been demonstrated that diabetics have a lower incidence of duodenal ulcers 
(Dotewall 1959) and that hyperglycaemia protects animals from stress- and aspirin- 
induced gastric ulcers (MacDonald 1977). A correlation between the motility of the 
stomach, the blood sugar level and raised ulcerogenicity of indomethacin has 
likewise been described and it may be modified by chlorpromazine (Takeuchi et aL 
1986, 1987b). It is also considered that the antihistaminic effect of chlorpromazine 
should be taken into account; this effect is particularly manifest after large doses 
and could thus serve as evidence for the peripheral action of chlorpromazine. 
Promethazine, another phenothiazine derivative with an antihistaminic effect, 
inhibits phenylbutazone-induced stomach ulcers (Kohüt and Nicâk 1972).

The inability of chlorpromazine to prevent the formation of ulcers after the 
administration of indomethacin together with a large dose of insulin is indicative of 
a multifactorial aetiology. The ulcerogenicity of indomethacin (due to its effect on 
motility and prostaglandin synthesis, for instance) is multiplied by further effects of 
insulin, such as its catabolically proteolytic effect in the tissues of fasting rats and the 
lack of sources of energy and glucose (Takeuchi et al. 1989). Potentiation of the
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effect of indomethacin by these factors could be responsible for the ineffectiveness 
of chlorpromazine despite inhibition of acid secretion.

We can conclude that chlorpromazine influences indomethacin-induced 
lesions by both a peripheral and a central route.

Acknowledgments
The authors wish to thank.Mrs. L. Čepková and Mr. Hovan for technical assistance and Mrs. I. Novická 
for preparing the manuscript.

References

ARAI I., HIROSE H., MURAMATSU M., AIHARA H.: Effects of restraint and water-immersion 
stress and insulin on gastric acid secretion in rats. Physiol. Behavior 49:357 -  361,1987.

ARAI I , HIROSE H., MURAMATSU M., OKUYAMA S., AIHARA H.: Possible involvement of 
non-steroidal anti-inflammatory drugs in vagal-mediated gastric acid secretion in rats. 
Jpn J. Pharmacol. 37:91-99,1985.

ASARI H., SATO K., SONODA K., UCHIDA H., ISHIHARA A., ANAISE D„ RAPAPORT F.T.: 
Protective effects of calmodulin inhibitor in canine kidney preservation. Transplant. Proc. 
19:1363-1364,1987.

ASSOULINE G., DANON A.: Gastric cytoprotection by hyperosmotic solutions in the rat: role of 
endogenous prostaglandins. Melfl. Find. Exp. Clin. Pharmacol. 7:125-128,1985.

AXELSON J., HAKANSON R , HEDENBRO J.L.: Insulin-induced gastric ulcers in the rat. 
cand. J. Gastroenterol. 22:737-742,1987.

BARBOUR H.G., DICKERSON V.C.: Gastric ulceration produced in rats by oral and subcutaneous 
aspirin. Arch. Int. Pharmacodyn. 58:78-87,1938.

CHEUNG W.Y.: Calmodulin plays a pivotal role in cellular regulation. Science 207:19- 27,1980. 
CHIEN K.R., ABRAMS J., SERRONI A., MARTIN J.T., FARBER J.L.: Prevention by 

chlorpromazine of ischemic liver cell death. Am. J. Pathol. 88:539 -  558,1977.
DOTEWALL G.: Incidence of peptic ulcer in diabetes mellitus. Acta Med. Scand. 164:463-477,1959. 
FARBER J.L., MARTIN J.T., CHIEN K.R.: Irreversible ischemic cell injury. Am. J. Pathol. 

92:713 -  721,1977.
GINESTET D., KAPSAMBELIS V., BRION N.: Neuroleptiques. In: Pharmacologie Clinique -  Bases 

de la Thérapeutique. J.P. GIROUD, G. MATHE, G. MEYNIEL (eds), Expansion Scientifique 
Française, Paris, 1989, pp. 1209-1233.

GLAVIN G.B.: Zinc sulphate reduces activity-stress gastric lesions in rats. Gen. Pharmacol. 
16:291-292,1985.

GLAVIN G.B., LOCKHART L.K., ROCKMAN G.E., HALL A.M., HERMAN K.M.: Evidence of 
"cross-stressor"-induced adaptive gastric cytoprotection. Life Sci. 41:2223-2227,1987. 

GROSSMANN M.I., MATSUMOTO K.K., LICHTER RJ.: Fecal blood loss produced by oral and 
intravenous administration of various salicylates. Gastroenterology 40:383 -  388,1961.

GUTH P.H., AURES D., PAULSEN G.: Topical aspirin plus HC1 gastric lesions in the rat: 
cytoprotective effect of prostaglandin, cimetidine and probanthine. Gastroenterology 
76:88-93,1979.

HANSEN D., AURES D., GROSSMAN M.I.: Comparison of intravenous and intragastric aspirin in 
production of antral gastric ulcers in cats. Proc. Soc. Exp. Biol. Med. 164:589-592,1980. 

KOHÚT A., NICÁK A.: Gastric ulcer induced by phenylbutazone and its influencing in adult rats. 
Bratisl. lek. listy 37:312-316,1972. (in Slovak)

Macdonald  A., DEKANSKI J i . ,  GOTTFRIED S., PARKE D.V., SACRA P.: Effect of blood 
glucose levels on aspirin-induced gastric mucosal damage. Dig. Dis. Sci. 22:909-914,1977. 

MIROSSAY L., KOHÚT A., NICÁK A.: Relationship between the action of chlorpromazine and 
some ulcerogenic substances in rats. Čs. gastroenterol. 41:331-336,1987 (in Slovak). 

OHTSUKI H., TAKEUCHI K., OKABE S.: Role of gastric acid and bile acids in the pathogenesis of 
compound 48/80-induced gastric lesions in rats. Jpn J. Pharmacol. 38:253 -  257,1985.



1991 Effect of Chlorpromazine on Ulcerogenity of Indomethacin 541

RABKIN S.W.: Effect of chlorpromazine on myocardial damage in the calcium paradox. }. Cardiovasc. 
Pharmacol. 9:486 -  492,1987.

RAINSFORD K.D.: The biochemical pathology of aspirin-induced gastric damage. Agents Actions 
5:326 -  344,1975.

RAINSFORD K.D., WILLIS C.: Relationship of gastric mucosal damage induced in pigs by 
antiinflammatory drugs to their effects on prostaglandin production. Dig. Dis. Sci. 
27:624 -  635,1982.

ROBERT A.: Cytoprotection gastro-intestinale par les prostaglandins. Gastroenterol. Clin. Biol. 
8:819 -  827,1984.

ROBERT A., LANCASTER C, DAVIS J.P., FIELD S.O., NEZAMIS J.E.: Distinction between 
antiulcer effect and cytoprotection. Scand. J. Gastroenterol. 19 (Suppl. 101): 69 -  72,1984.

TAKEUCHI K., NISHIWAKI H., FURUKAWA O., OKABE S.: Cytoprotective action of histamine 
against 0.6 N HCl-induced gastric mucosal injury in rats: comparative study with adaptive 
cytoprotection induced by exogenous acid. Japan J. Pharmacol. 44:335 -  344,1987a.

TAKEUCHI K., NISHIWAKI H., ISHIHARA Y., OKABE S.: Roles of gastric motility changes in 
cytoprotection induced by acetazolamide and cysteamine in rats. Jpn J. Pharmacol. 
44: 269-281,1987b.

TAKEUCHI K., NISHIWAKI H., OKADA M., NIIDA H., OKABE S.: Bilateral adrenalectomy 
worsens gastric mucosal lesions induced by indomethacin in the rat. Gastroenterology 
97: 284 -  293, 1989.

TAKEUCHI K., UEKI S., OKABE S.: Importance of gastric motility in the pathogenesis of 
indomethacin-induced gastric lesions in rats. Dig. Dis. Sci. 31:1114-1122,1986.

Reprint requests
Dr. L. Miross, y, Department of Pharmacology, Faculty of Medicine, Šafárik University, CS -  040 66 
Košice, Tr. SNP 1.


