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Swmmary. Twenty-five rabbits were submitted to orthostatic collapse, divided into
6 groups and sacrificed about 4, 24 and 48 hours, 8, 15 and 30 days following collapse; two
animals died during collapse and another 72 hours later. Seven animals were used as controls.

Necrotic changes involving small areas of the gastric mucosa in the fundic and body por-
tions were seen in successive stages up to regeneration. Such changes were present in all
animals submitted to collapse, except three with no lesion. The necrosis is related to a nutritive
disturbance of the gastric mucosa, mainly anoxic in nature.

Grossly, the necrotic areas were similar to the acute erosions of the gastric mucosa seen
in man.

Acute changes in gastric mucosa occur in man following shock of different
causes (Woldman, 1952; Fletcher and Harkins, 1954 ; Risholm, 1956; Provana,
1963; Kaem and Kozina, 1965). Similar changes were seen in dogs (Lillehei,
Dixon and Wangensteen, 1948), pigs (Simon, 1969) and rabbits (Harjola and
Sivula, 1966) following hemorrhagic shock, and in guinea pigs (Ludwig and Lip-
kin, 1962) and rats (Brodie and Hanson, 1960; Guth and Hall, 1966; Hubner,
Klein and Eder, 1970) following restraint shock. Parenchymatous changes in the
myocardium as well as in the wall of small arteries were observed by Meessen
(1937, 1939) in rabbits following orthostatic collapse. In the latter, necrosis was
described in the media of arteries (de Faria, 1955, 1958, 1962) and in the liver
(Korb, Miller, Gedigk and Hellwig, 1969).

Material and Methods

The experiment was carried out on 17 adult male rabbits and 15 females, 25 being submitted
to orthostatic collapse and 7 serving as controls. The animals were New Zealand White and
mixed of Chinchilla and New Zealand White, ranging in weight from 2450 g to 5650 g. A
single collapse was induced as previously described (de Faria, 1958). The animals were restrained
on a holder and then put in a vertical position. The collapse appeared about 20 to 30 minutes
later. The signs of collapse were superficial respiration, tachycardia, disappearance of both
corneal reflex and muscle tone in the limbs, cyanosis of ears and lips. The collapse could be
interrupted immediately by putting the animal in the horizontal position. The rabbits were
killed at varying times after collapse: 24 hours (5 animals), 48 up to 72 hours (4 animals),
8 days (4 animals), 15 days (4 animals) and 30 days (5 animals). Two animals died spontaneously
during shock and another about 4 hours afterwards. The remaining rabbits were killed by a
blow on the neck followed by cutting of the neck vessels. Gross examination of the stomach
immediately after killing; then fixation in 20% neutral formalin with 0,7% sodium chloride
(Birge and Tibbits, 1961) and occasionaly in Gendre’s fluid. Staining methods used were
hematoxylin and eosin, Gomori for reticulum, PAS, Mayer’s intestinal mucus stain (Masson,
1968) and Van Gieson for collagen.
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Fig. 1. Control rabbit C-13/70. Normal fundic gastric mucosa seen in its whole thickness:
above is seen the surface epithelium, then a lighter area due to numerous parietal cells.
Hematoxylin and eosin stain. x 100

Results

a) Control Animals

The gastric mucosa in the control animals was pink at the fundus and body,
whitish at the piloric portion and presented conspicuous folds. Microscopically
the mucosa showed glands with zymogenic, parietal and mucous neck cells in the
fundus and body. A few lymphocytes, occasional plasma cells and eosinophil
leukocytes were seen in the superficial part of the mucosa, just below the surface
epithelium. The latter was tall and formed short papilla-like projections (Fig. 1).

b) Test Animals

Group 1, rabbits dying during orthostatic collapse (2 animals) and about
4 hours following collapse (1 animal). Grossly, the gastric mucosa at the fundus
and body presented hyperemia in one animal; hyperemia and small petecchiae in
another, and a third animal, dying in shock, showed three small erosive areas,
the largest one 3 mm in diameter. Microscopically, the mucosa in the fundus and
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Tig. 2. Rabbit C-16/70, 4 hours following collapse. The superficial part of the gastric mucosa
is necrotic. Hematoxylin and eosin stain. X 100

body region presented cell necrosis, characterized by nuclear pyknosis, karyorrhexis,
homogeneous and very acidophilic cytoplasm, as well cellular detritus. Both sur-
face epithelium and glandular cells were necrotic. These changes damaged single
cells or band-like areas in the superficial part of the mucosa (Fig. 2). These areas
were seen in the animal dying 4 hours following collapse, and involved about one
third of the mucosa height. A few neutrophil leukocytes were observed in these
necrotic areas.

Group 2, 24 hours after collapse (5 animals). Grossly, one animal with mild
shock did not present any change at the gastric mucosa. The remaining animals
showed a few small linear or rounded erosive areas at the mucosa of the fundus
and body, changing between pin-head size and 3 mm in diameter; one animal
presented a larger erosive area, 15 mm long. Two animals revealed a large highly
hyperemic erosive areas (about 2 X1 ecm) at the body mucosa near the pyloric
portion (Fig. 3). Microscopically necrotic changes in the gastric mucosa were found
in all animals, but one animal with mild shock. The necrosis was in areas, moderate
or severe, and involved the superficial portion of the mucosa (about two thirds).
The necrotic area was poorly delineated at the moderate necrosis and sharp at
the severe one, due to a few preserved cells in the former, which failed to be
observed in the latter. The necrotic areas presented nuclear and cytoplasmic
debris. These areas were hyperemic and presented a few neutrophil leukocytes;
hemorrhage was seen in the areas with severe necrosis. The latter were erosive due
to elimination of the necrotic tissue (Fig. 4). A few mitotic figures were seen in the
surface epithelium and glandular cells neighbouring the necrotic areas.

Group 3, 48 up to 72 hours after collapse (4 animals). Grossly and microscopi-
cally the gastric mucosa presented about the same changes as observed in Group 2.
Erosive areas were seen in all animals, but one. The latter with mild shock showed
only hyperemic mucosa. The necrosis involved up to the whole thickness of the
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Fig. 3. Rabbit C-14/70, 24 hours following orthostatic collapse. At left, large erosive highly
hyperemic areas (arrows) near the pyloric portion (to be compared with the normal stomach
of control rabbit, C-13/70, at right)

Fig. 4. Rabbit C-14/70, 24 hours following collapse. More conspicuous (advanced) necrosis

in the gastric mucosa than in Fig. 2, with cellular lysis and sloughing of the necrotic tissues.
Hematoxylin and eosin stain. x 100

mucosa (Fig. 5). There were more neutrophil leukocytes in the necrotic areas,
specially in the rabbit dying 72 hours after collapse. In addition, there was also
a greater number of mitotic figures in the surface epithelium and glandular cells.
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Fig. 5. Rabbit C-6/70, 72 hours following collapse. A necrotic, darkly stained area involving

the whole thickness of the mucosa. (The muscularis mucosae is seen at the bottom.) Hematoxy-
lin and eosin stain. x 100
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Fig. 6. Rabbit C-13/70B, 8 days following collapse. Regenerative changes in the gastric mucosa
at the body region: both immature and mucous glands are to be seen. (The surface epithelium
seen at the left upper corner.) Hematoxylin and eosin stain. x 250
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Fig. 7. Rabbit C-SN/71, 15 days following collapse. Regenerated atrophic mucosa of the body

region with dilated glands. (To be compared with the normal mucosa of the Fig. 1.) Hematoxy-
lin and eosin stain. x 100

Group 4, 8 days after collapse (4 animals). Grossly, two animals presented only
hyperemia in the gastric mucosa. Another animal (C-15/69B) presented a con-
spicous granular aspect in the body, near the pyloric portion. A fourth rabbit
(C-13/70B) had a smooth or slightly granular mucosa. Microscopically, the body
gastric mucosa of the latter animal showed thinner regenerated areas with glands
consisting mainly of indifferenciated cells, a few mucous secreting cells similar
to those of the intestine and rare parietal cells (Fig. 6). Rare regenerated glands
presented wide, dilated, lumina. Between the glands there were few inflammatory
cells (lymphocytes and plasma cells) and thin strands of proliferated fibroblasts.
Fibrosis was more severe immediately below the surface epithelium. Frequent
mitotic figures were seen. The changes in the gastric mucosa of the other animal
(C-15/69B) were similar but with thicker strands of proliferated fibrous tissue.
The latter divides the gastric mucosa in areas, corresponding to the granulous
aspect seen grossly. In another rabbit the regenerative changes of the glands were
less conspicuous, and in the remainder animal no changes were observed in the
mucosa.
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Group §, 15 days after collapse (4 animals). Grossly there was a granular
appearance in the gastric mucosa of the body in 3 animals and a smooth aspect
in another one (C-18/70). Microscopically the changes were essentially similar to
those observed in Group 4, with disorganization of the mucosa structure, fibrosis,
immature regenerated glands and new conspicuous mucous glands in the body
mucosa (Fig. 7). These changes were severe in 2 animals, moderate in one and
slight in another animal (C-18/70). The regenerated mucosa in both former animals
did not present the glands peculiar of the body region. In the latter animal the
more conspicuous changes was flattening of the surface epithelium with no papilla-
like projections, as seen in controls, and slight connective tissue proliferation
separating the body glands. In one animal with mucous glands in the mucosa
there were many eosinophil leucocytes.

Group 6, 30 days after collapse (5 animals). Grossly, only two animals presented
a smooth appearance of the gastric mucosa in the body, near the pyloric portion.
The other animals had no changes. Microscopically, a few areas in the body portion
mucosa were thinner, edematous and with more connective tissue between the
glands; such appearance of the mucosa was observed in all animals but one with
a normal mucosa.

Discussion

The acute changes in the gastric mucosa following orthostatic collapse were
similar to those seen in man and animals after shock (see Introduction). The most
conspicuous changes was necrosis involving in general the superficial part of the
mucosa in the body region. The evolutive stages of necrosis were followed up to
regeneration. The latter began at 48 hours following collapse with the presence
of mitotic figures and was complete after 8 days. The sequelae were only hypo-
trophy of the mucosa, seen 30 days after the collapse.

The cause of the necrosis could not be determined. Surely it was due to a
nutritive disturbance, mainly anoxie in nature. The anoxia might be produced by
several mechanisms, such as oligemia (de Faria, 1955; Harjola and Sivula, 1966),
vasoconstrictions of small arteries in the gastric wall (Berg, 1942; Crane, 1954),
venous stasis (Guth and Hall, 1966), ischemia and stasis (Watt, 1959; Hibner
et al., 1970; Klein et al., 1971) or shunt in arteriovenous anastomoses (Sherman
and Newman, 1954; Palmer and Sherman, 1958). All these phenomena could
occur during collapse or shock. Other mechanisms have been invocated to explain
the necrosis of the gastric mucosa, such as liberation of ulcerogenic substances by
the kidney (Aron and Sabassier, 1954}, increase of free acidity (Brodie, Marshall and
Moreno, 1962), histamine action (Watt, 1959; Sing, Sharma and Kar, 1967) or
mechanisms related to the general adaptation syndrome (Selye, 1946).

References

Aron, E., Sabbassier, H.: Recherches sur les résultats expérimentaux récents concernant la
pathogénie vasculaire de 1'ulcere. Arch. Mal. Appar. dig. 48, 11711180 (1954).

Berg, M.: Experimental peptic ulcerations by vasomotor episodes (pitressin episodes) and
autonomic disturbances. Arch. Path. 83, 636-645 (1942).

Birge, W. J., Tibbits, F. D.: The use of sodium containing fixatives in minimizing cellular
distortion in histochemical preparations. J. Histochem. Cytochem. 9, 409414 (1961).

Brodie, D. A., Hanson, H. M.: A study of the factors involved in the production of gastric
ulcers by the restraint technique. Gastroenterology 88, 353-360 (1960).



112 J. Lopes de Faria and M. A. S. Trevisan: Necrosis of Gastric Mucosa

Brodie, D. A., Marshall, R. W., Moreno, O. M.: Effect of restraint on gastric acidity in the
rat. Amer. J. Physiol. 202, 812-814 (1962).

Crane, W. A. J.: Histological and arteriographic studies on pitressin lesions of the rabbit’s
stomach. J. Path. Bact. 67, 379-392 (1954).

Faria, J. L. de: Medionekrose der groBen und mittelgroBen Arterien nach orthostatischem
Kollaps des Kaninchens; zum Problem der Medionekrosis aortae des Menschen und der
spontanen Aortensklerose des Kaninchens. Beitr. path. Anat. 115, 373-404 (1955).

Faria, J. L. de: Medianecrosis aortae after collapse in rabbits. Schweiz. Z. Path. 21, 103-114
(1958).

Faria, J. L. de: Histopathological changes in the coronary arteries of rabbits after orthostatic
collapse with arteriosclerotic features. Path. Microbiol. 25, 1-12 (1962).

Fletcher, D. G., Harkins, H. N.: Acute peptic ulcers as a complication of major surgery,
stress or trauma. Surgery 36, 212-226 (1954).

Guth, P. H., Hall, P.: Microcirculatory and mast cell changes in restraint induced gastric
ulcer. Gastroenterology 50, 562~570 (1966).

Harjola, P. T., Sivula, A.: Gastric ulceration following experimentally induced hypoxia and
hemorrhagic shock: in vivo study of pathogenesis in rabbits. Ann. Surg. 163, 21-28 (1966).

Hiibner, G., Klein, H. J., Eder, M.: Feinstrukturelle Untersuchungen am Rattenmagen
wiahrend eines akuten durch Zwangshaltung ausgeldsten Stress. Verh. dtsch. Ges. Path.
34, 386-393 (1970).

Kaem, R. 1., Kozina, A. V.: Ulcers of the gastrointestinal tract in burns. Arch. Path. 27,
32-37 (1965).

Klein, H. J., Gheorghiu, Th., Hitbner, G., Eder, M.: Zur Pathogenese stressbedingter Magen-
ulcer. (Morphologische und pathophysiologische Untersuchungen an Ratten in Zwangs-
haltung.) Virchows Arch. Abt. A 352, 195-208 (1971).

Korb, G., Miller, R., Gedik, P., Hellwig, K.: Uber die Entstehung und Abheilung von Leber-
nekrosen nach einem einmaligen Schock. Virchows Arch. Abt. A 348, 374-393 (1969).

Lillehei, C. W., Dixon, J. L., Wangesteen, O. H.: Relation of anemia and hemorrhagic shock
to experimental ulcer production. Proc. Soc. exp. Biol. (N. Y.) 68, 125-131 (1948).

Ludwig, W. M., Lipkin, M.: Biochemical and cytological alteration in gastric mucosa of
guinea pigs under restraint stress. Gastroenterology 56, 895-902 (1969).

Magson, P.: Tumeurs humaines. Paris: Librairie Maloine S. A. 1968.

Meessen, H.: Uber Coronarinsuffizienz nach Histaminkollaps und orthostatischem Kollaps.
Beitr. path. Anat. 99, 329-350 (1937).

Meessen, H.: Experimentelle Untersuchungen zum Kollapsproblem. Beitr. path. Anat. 102,
191-267 (1939).

Palmer, E. D., Sherman, J. L., Jr.: Hypoxia of abnormal physiologic origin as the final common
pathway in the gastroduodenal ulcer genesis. Arch. intern. Med. 101, 1106-1117 (1958).

Provana, A.: Le ulcere acute gastro-duodenali in corso di gravi traumatismi. Minerva med.-leg.
83, 175-184 (1963).

Risholm, L.: Acute upper alimentary ulceration and hemorrhage following surgery or trau-
matic lesions. Acta chir. scand. 110, 275-283 (1956).

Selye, H.: The general adaptation syndrome and diseases of adaptation. J. clin, Endocr. 6,
117-230 (1946).

Sherman, J. L., Jr., Newman, S.: Functioning arteriovenous anastomoses in the stomach and
duodenum. Amer. J. Physiol. 179, 279-281 (1954).

Singh, G. B., Sharma, J. N., Kar, K.: Pathogenesis of gastric ulceration produced under
stress. J. Path. Bact. 94, 375-380 (1967).

Watt, J.: The mechanism of histamine ulceration in the guinea pig. Gastroenterology 37,
741-759 (1959).

Woldman, E. E.: Acute ulcers of upper gastrointestinal tract. J. Amer. med. Ass. 149, 984-987
(1952).

Prof. Dr. J. Lopes de Faria
Department of Pathology
Faculdade de Ciéncias Médicas
Caixa Postal 1170

Campinas, S&o Paulo

Brasil



