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SUMMARY

It has been reported that cold-restraint stress 
s ignificantly decreases hepatic and gastric 
glutathione and increases lipid peroxidation levels. In 
the present study, the effect of calcitonin on gastric 
and hepatic glutathione and lipid peroxidation levels 
after cold-restraint stress exposure was investigated 
in rats. Calcitonin pretreatment did not significantly 
influence the gastric glutathione and lipid peroxidation 
levels but significantly increased the hepatic 
glutathione and lipid peroxidation levels. Our results 
suggest that the anti-ulcerogenic effect of calcitonin is 
not related to changes in the gastric lipid peroxidation 
and glutathion levels. The effects of calcitonin on 
hepatic glutathione and lipid peroxidation must be 
further evaluated.
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INTRODUCTION

Growing evidence indicates that specific peptides act 
within the brain to influence the formation of stress- 
induced gastric lesions in rats (1). Most of these 
peptides have been shown to be distributed 
throughout the central nervous system with a high 
representation in brain areas known to influence 
gastric function. Interestingly, all peptides are also 
present in the gastrointestinal tract and distributed 
either in specific endocrine cells or peripheral 
nervous system.

Injection of bombesin, opiod peptides, neurotensin, 
corticotropin releasing factor and calcitonin into the 
cerebrospinal fluid prevented the development of 
gastric ulcers induced by cold-restraint stress (2-5). 
Salmon calcitonin is the most potent centrally acting 
peptide to prevent the development of gastric 
ulceration induced by cold-restaint stress (6).

Disturbance of gastric mucosal microcirculation (7-9), 
alteration in gastric secretion (10), abnormal gastric 
motility (11) and stimulation of gastric lipid

peroxidation (12) are mechanisms that have been 
reported to account for the stress induced mucosal 
lesions.

Glutathione is an important constituent of cellular 
protective mechanism against a number of noxious 
stimuli including 02- derived free radicals (12,13). It 
was previously reported that hepatic and gastric 
glutathione levels decreased following cold-restraint 
stress (12,14,15).

The effect of intracerebroventricular injection of 
calcitonin on acid, pepsin, prostaglandin synthesis 
and gastrointestinal motility were studied as antiulcer 
mechanisms (13,16,17). Since its effect on oxidative 
stress has not yet been investigated, we planned to 
determine the effect of calcitonin on gastric and 
hepatic glutathione and lipid peroxidation levels after 
cold-restraint stress exposure in rat.

MATERIALS AND METHODS

Wistar rats weighing 170-220 g were used. The 
animals were not fed for 48 h, but were allowed free 
access to water. Rats were pretreated with 5 pg calci
tonin (Sandoz) dissolved in saline at a concentration 
of 500 pg/ml or saline alone (n=12). Calcitonin or 
saline was injected into the lateral ventricle via a 
polyethylene cannula (PE50). The cannulas were 
implanted 2 mm posterior to the bregma, 2 mm lateral 
to the sagittal suture and 4 mm below the surface of 
the skull, under light ether anesthesia. Then, animals 
were kept in restraints cages at 4° C for 4h. 48h 
fasted animals were used as control (n -  11). Rats 
were killed with ether at the end of stress application. 
The proper position of the cannulas was checked at 
the autopsy.

The g landu la r stom ach was exam ined 
macroscopically. Ulcer index was determined by 
measuring the longitudinal length of lesions and 
accepting 3 petechia as 1 mm. Gastric and hepatic 
glutathione and lipid peroxidation levels were 
determined as described previously (18). Glutathione 
levels were calculated using an extinction coefficient
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of 13600 M"1 cm'1. Lipid peroxide levels were 
expressed in terms of malondialdehyde (MDA) 
equivalents using an extinction coefficient of 1.56 x 
105 M '1 cm '1.

Data were expressed as "mean ± S.E.M.” Statistical 
analyses were carried out with the aid of an Apple 
Macintosh Plus computer using the program Statview 
512+ and the data were analysed by means of 
Student's t-test.

RESULTS

Macroscopic lesions were observed in 58 % of the 
stomachs of saline pretreated animals after cold- 
restraint stress exposure (Ul=5.0 ± 1.67 mm) (Fig. 1). 
Gastric and hepatic glutathione levels were 
significantly lower in cold-restraint, saline-pretreated 
group compared with values obtained from the 
control group (p<0.01), whereas lipid peroxidation 
levels significantly increased (p<0.05) (Figs. 2 and 3).

Intraventricular injection of 5 pg calcitonin significantly 
prevented gastric lesion formation induced by cold- 
restraint stress (111=0.61 ± 0.33 mm) (Fig. 1). 
Calcitonin did not significantly influence gastric 
glutathione and lipid peroxidation levels but both 
hepatic glutathione and lipid peroxidation levels 
significantly increased in calcitonin-pretreated 
animals (p<0.01) (Figs. 2 and 3).

DISCUSSION

Salmon calcitonin is the most potent centrally acting 
peptide to inhibit the occurrence of gastroduodenal 
lesions induced by stress, TRH, aspirin and 
cysteamine (19,20). Specific receptors for salmon 
calcitonin have been characterized in rat and human 
brain (6). High biological activity of calcitonin and the 
presence of brain receptors indicate that calcitonin or 
calcitonin-like peptides may have relevant 
implications in the maintenance of gastroduodenal 
integrity (6).

Studies related to the distribution of 125j salmon
calcitonin after injection into lateral brain ventricles 
have shown that highest amounts of intact peptide 
are retained by the brain, mainly the hypothalamus 
and hind brain and to some extent by kidneys but not 
by the stomach (21). Microinjection studies confirmed 
that the lateral and ventromedial hypothalamus and 
the paraventricular nucleus were among the sites of 
the inhibitory action of calcitonin on gastric acid 
secretion (6). Although calcitonin was found to be 
homologous with CGRP which is a potent inhibitor of 
acid secretion, calcitonin is believed to have distinct 
anti-ulcer mechanism (16). The antiulcerogenic effect 
of calcitonin is not solely related to the potent 
inhibition of gastric acid secretion because when the 
peptide delivered into the ventromedial hypothalamus 
supresses stress ulceration without altering acid
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Fig. 1. Effect of calcitonin (5 pg, icv) on ulcer index induced by cold-restraint stress. ‘ Significantly different 
than saline-pretreated group (fx0.05).
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Fig. 2. Effect of calcitonin (5 pg, icv) on gastric and hepatic glutathione levels. * Significantly different than 
saline-pretreated group (p<0.01). ** Significantly different than control (p<0.05).
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Fig. 3. Effects of calcitonin (5 pg. icv) on gastric and hepatic lipid peroxidation. 'Significantly different than 
saline-pretreated group (p<0.01). "Significantly different than control (p<0.01).
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secretion (16). The antiulcerogenic effect of calcitonin 
microinjected into lateral hypothalamus was dose 
dependent within the doses ranging from 1-100 ng 
and specific since CGRP had no effect even at 1.1 pg 
dose (16).

lev injection of calcitonin at antiulcer doses was 
reported to suppress pepsin secretion (6), inhibit 
gastric emptying of liquid meal and alter 
gastrointestinal motility (17). Prostaglandin 
generation in the gastric mucosa was not modified by 
CSF injection of calcitonin and this peptide inhibited 
gastric ulcer formation in the presence of aspirin (20).

Under hypothermic restaint stress a marked increase 
in blood viscosity with a mirror-image decrease in 
gastric mucosal blood flow has been detected (8). 
Partial arterial occlusion of a segment of cat small 
intestine followed by reperfusion caused histologically 
observable damage to the tissue and increased 
intestinal vascular permeability. Intravenous 
administration of superoxide dismutase (SOD) or oral 
administration of allopurinol (both the inhibitors of the 
enzyme xantine oxidase which leads free radical 
formation in the ischemic tissue) to the animals 
before removal of the arterial occlusion offered 
protection against damage. Allopurinol is also a 
powerful hydroxyl radical scavenger and inhibitor of 
lipid peroxidation (22). Glutathione is an important 
constituent of cellular protective mechanisms against 
O2- derived free radicals (12,13). It has been reported 
that cold-restaint stress significantly decreases 
hepatic and gastric glutathione and increases lipid- 
peroxidation levels (12).

In the present study, we have shown that calcitonin 
prevented stress-induced ulcer development but did 
not alter gastric glutathione and lipid peroxidation 
levels which are thought to be alternative 
mechanisms for ulcerogenesis in this model (12). 
Therefore, gastric glutathione and lipid peroxidation 
system may not play any role in the antiulcer effect of 
calcitonin.

On the other hand, peripheral injection of eel- 
calcitonin was shown to increase calcium content of 
rat liver cells and this increase in calcium was found 
to be associated with the activation of hepatic 
glycogenolysis and gluconeogenesis (23). In this 
study, it has been shown that iev injection of 
calcitonin returned the hepatic glutathione levels to 
control levels. In addition, lipid peroxidation levels 
were also further increased. The physiological cause 
and consequence of these effects needs to be further 
investigated.

REFERENCES

1. Tache Y. Garrick T, Rayboult H. Central nervous 
system action o f peptides to Influence 
gastrointestinal motor functions. Qastroenterology 
1990; 98:517-528.

2. Tache Y. Slmard P, Collu R. Prevention by 
bombesin o f cold-restraint stress Induced 
hemorrhagic lesions In rats. Science 1979; 24: 
1719-1726.

3. nemerotf CB, Hernandez DE, Orlando RC. Pronge 
/IS . Cytoprotective effect o f central administration 
of neurotensin on stress-induced gastric ulcers. 
Am J Physiol 1982; 242: 6342-6346.

4. Tache Y. The peptidergic brain gut axis: Influence 
on gastric ulcer formation. Chrobiol Int 1987; 
4:11-17.

5. Ounian MW. Tache Y. Gastric mucosal damage Is 
Inhibited by Intraventromedlal hypothalamic 
corticotropin releasing factor. Soc lieuroscl 1986; 
12:644. abstract.

6. Sabbatlnl P. Pimnel CJ. Pace P. Tobler PH. Hinder 
RA. Blum AL. Pischer JA. Distribution ol 
In traventricu la r salm on calc iton in  and 
suppression of gastric secretion. Digestion 1985; 
32:273-281.

7. Outh PH. Kozbur X. Pathogenesis o f gastric 
microcirculatory and mast cell changes In 
restraint stress. Am J  Dig Dis 1968; 13: 530-535.

8. Kitagawa H, Pujiwara M, Osuml Y. Effect o f water 
Immersion stress on gastric secretion and 
mucosal blood flow In rats. Qastroenterology 
1979; 77: 298-302.

9. Outh PH. Gastric blood flow In restraint stress. Dig 
Dis 1972; 17: 807-813.

10. HemmerJ. Hofmann W. Effect o f cimetldlne upon 
gastric secretion and mucosal blood flow in rat 
stressed by restraint. Res Exp Med 1980; 176: 
207-217.

11. Tache Y. Central nervous system action ol 
neuropeptides to Influence and prevent 
experimental gastroduodenal ulceration. ln:Szabo 
S. Pfeiter CJ. eds. Ulcer disease: Hew aspects ol 
pathogenesis and pharmacology. CRC series on 
gastrointestinal diseases. Boca Raton, PL: CRC 
Press. 1989:179-191.

12. Yeğen B. Dedeoğlu A. Aykaç I. Oktay S. Yalçın AS. 
Effect o f cold-restraint stress on glutathione and 
lipid peroxidation levels In the liver and glandular 
stomach o f rats. Pharmacol Res 1990; 22:45-48.

13. Cotgreave IA. Moldeus P, Orrenius S. Host 
biochem ical defense mechanisms against 
prooxidants. Ann Rev Pharmacol 1988; 28: 182- 
212.

14. Boyd SC. Sasame HA. Boyd MR. High 
concentration o f glutathione In glandular 
stom ach; p o s s ib le  Im p lic a tio n s  fo r 
carcinogenesis. Science 1979; 205: 1010 - 1012.

15. Boyd SC. Sasame HA. Boyd MR. Gastric 
glutathione depletion and acute ulcerogenesis by 
diethylmaleate given subcutaneously to rats. Life 
Scl 1981; 28: 287-292.

16. lshikawa T. Tache Y. Intrahypothalamlc injection 
of SCT prevents stress induced gastric lesions in 
rats. Brain Res Bull 1988.-20: 415-419.

17. Bueno L, Perre JP, Pwromontl J. Honde C. Effect 
o f Intracerebroventricular administration ol 
neurotensin, subtance P and calcitonin on 
gastrointestinal m otility  in norm al and 
vagotomlzed rats. Regl Pept 1983.-6: 197-205.

18. Yeğen B. Alican 1. Yalçın AS. Oktay S. Calcium 
channel blockers prevent stress-induced ulcers in 
rats. Agents Actions 1992.-35: 130-133.

19. Moriey JE. Levine AS, Slluis SE. Intraventricular 
calcitonin Inhibits gastric acid secretion. Science 
1981; 214: 671-673.

20. Tache Y. Koluc E, Hagiwara MM. Kauffman Q. 
Central nervous system action o f calcitonin to 
alter experim ental gastric ulcers In  rats. 
Gastroenterology 1988; 94: 145-150.

21. Morimloto T. Okamato M. Kolda M.Hakamuta H. 
Stahl OL. Orlowskl RC. Intracerebroventricular 
Injection o f 125i salmon calcitonin In rats: fate, 
anorexia and hypocalcemia. Jap J  Pharmacol 
1985; 37: 21-29.

22. Halllwell B.Outteride JMC. The impotence o f free 
radicals and catalytic metal ions In human 
disease. Molec Aspects Med 1985;8:89-193.

23. Henke H. Tobler Rtt, Plsher JA. Localization ol 
SCT binding sites in rat brain by autoradiography. 
Brain Res 1983; 272: 375377 .

9 4


