the considerable fluctuations in NA concentration during the recovery period, and the longer
recovery period than for the myocardium. It can be tentatively suggested that the differ-~
ences in the response of the vein to the stressor are due to the fact that the apparatus for
NA resynthesls is weaker in the smooth muscle of the vessels than in the myocardium of the
ventricles and, in particular, of the auricles. It is alsopossible that the smooth muscle of
the vessel has lower resistance than the myocardium to stress.

With all these explanations it seems probable that stress injury to the cardiovascular
system may be more severe in the vascular muscles, where the most profound changes in NA
content after stress were discovered.
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STATE OF THE SMALL INTESTINE IN RABBITS INFECTED WITH Salmonella

M. I. Semashko, E. D. Bobkova, UDC 616.98:579.842.141-~092,9~07:
and N. D. Yushchuk 616.341-008.931,074

KEY WORDS: salmonellosis; small intestine; morphology; enzymes.

The degree of involvement of different parts of the small intestine in salmonellosis
has not yet been adequately studied. Yet the results of such investigations could tell us
more about the mechanism of development of the fundamental functional and morphelogical dis-
turbances in this infection.

The object of this investigation was to study the role of different parts of the small
intestine in rabbits in the genesis of disturbances of digestive function in experimental
salmonellosis. Activity of hydrolytic enzymes (lactase, maltase, alkaline phosphatase) was
accordingly determined in the mucosa of the duodenum, jejunum, and ileum of rabbits infected
with Salmonella typhimurium, with differences in the severity of the morphological changes
in these respective zones. The effect of morphological and biochemical changes in the small
intestine on the development of diarrhea also was studied.

EXPERIMENTAL METHODS

Salmonellosis was produced in 110 male chinchilla rabbits weighing 1000-1200 g. All the
animals had previously been quarantined and tested bacteriologically for salmonellas. After
- starvation for 48 h the rabbits were given 2 ml of 5% soda solution. Next, 84 rabbits were
infected perorally with 5 billion S. typhimurium cells in suspension with milk, and 26 con-
trol rabbits were given milk only. Experimental salmonellosis was confirmed by clinical,
bacteriological, and serological tests. The disease in the rabbits was mild, moderately
severe, or severe. Some of the animals with the severe form of the illness died at various
times after infection. Experimental rabbits were killed by air embolism 1, 3, 5, 7, 9, 14,

Central Research Institute of Epidemiology, Ministry of Health of the USSR, Moscow.
(Presented by Academician of the Academy of Medical Sciences of the USSR K. V. Bunin.)
Translated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 92, No. 12, pp.
674-677, December, 1981.
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17, 21, 27, 33, 40, and 56 days after infection. Several samples were taken from each rab-
bit from the duodenum, jejunum, and ileum. Activity of lactase and maltase [6] and alkaline
phosphatase [8] was determined in homogenates of the mucosa of these parts of the small in-
testine in the 56 killed animals only. Activity of the enzymes was expressed in units/g
protein of the homogenate. Protein was determined by Lowry's method [7]. All the data were
analyzed statistically [2].

Parallel morphological and bacterioscopic investigations were carried out on all ani-

mals (killed and dying). Salmonellas in the tissues were revealed by the indirect Coons'
method [1l, 9].

EXPERIMENTAL RESULTS

On analysis of the morphological changes in the small intestine of the experimental
rabbits infected with S. typhimuriwm three principal states could be distinguished: acute
catarrhal inflammation (25 rabbits), erosive enteritis with ulceration of necrotic lymphoid
follicles of Peyer's patches (37 rabbits), and reparative and immunomorphologic reactions
(22). Each of the above forms corresponded to a particular period of illness of the animal.

Acute catarrhal inflammation of the small intestine was found in the experimental rab-
bits at three periods: the beginning of development (lst-3rd day), the height of the dis~
ease (5th-9th day), and the beginning of decline of the infectious process (llth-2lst day).

At the beginning of development of the infection alkaline phosphatase activity in the duodenum
and lactase activity in the jejunum fell (Table 1). At the height of the infectious process,
small hemorrhages appeared in the mucosa of different parts of the small intestine and a
deficiency of maltase and alkaline phosphatase was found. At the beginning of decline of

the infectious process activity of the enzymes in the duodenum returned to normal. In the
jejunum maltase and alkaline phosphatase activity remained sharply reduced, whereas in the
ileum a deficiency of all three enzymes was observed,

Erosive enteritis and ulceration of necrotic lymphoid follicles of Peyer's patcheswere
found in the small intestine at the height of the disease (5th-9th day) and at the beginning
of its decline (11th-2lst day). Activity of the various enzymes was sharply reduced at the
height of the disease in the duodenum and jejunum. In the ileum there was a marked deficiency
of maltase and alkaline phosphatase activity (Table 1). At the beginning of decline of the
infectious process necrotic lymphoid follicles were found, but only in the ileum. The epi-
thelial cells were loosely arranged, but basically unchanged, and only maltase activity was
reduced in this region.

Reparative and immunomorphologic reactions in the small intestine of the experimental
rabbits occurred at the beginning of the decline (1l1lth-~2lst day) and completion of the in-
fectious process (27th-56th day). At the beginning of decline of the infectious process
there was still a tendency for the maltase and alkaline phosphatase levels in all parts of
the small intestine to fall, except in the ileum, in which alkaline phosphatase activity
reached normal. Lactase activity also returned to normal in the small intestine. During
the period of completion of the infectious process lactase activity was sharply increased in
the jejunum and lactase and alkaline phosphatase activity in the ileum, Activity of the re-
maining hydrolytic enzymes in the small intestine was restored to normal (Table 1).

In the period from the 4th to the 1lth day after infection diarrhea with mucus was ob-
served in some of the experimental rabbits. An attempt was made to compare the morphological
state and enzyme activity of different parts of the small intestine in experimental rabbits
with and without diarrhea. Small hemorrhages were observed in the mucosa of the small in-
testine of the rabbits with diarrhea, and in addition, erosive enteritis with involvement
of the lymphoid follicles of Peyer's patches was found in the jejunum and ileum. A de-
ficiency of all three enzymes was found in these animals in the jejunum and a deficiency of
maltase and alkaline phosphatase in the ileum (Table 2).

Acute catarrhal inflammation was found in the mucosa of the small intestine of experi-~
mental rabbits with formed stools, and necrotic single follicles could be seen in the Peyer's
patches of the jejunum and ileum of three animals. Alkaline phosphatase activity in the
duodenum and maltase and alkaline phosphatase activity in the ileum were sharply reduced.
Enzyme activity in the jejunum was normal. The diarrhea in these rabbits was evidently as-
sociated mainly with the enzymopathy of the jejunum.
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In salmonellosis of rabbits all parts of the small intestine were thus involved in the
pathological process. The enzymopathy developed in the presence of acute catarrhal inflamma-
tion and it was more severe still in animals with erosive enteritis with ulceration of the
necrotic lymphoid follicles of Peyer's patches in the small intestine, most frequently at
the height of the disease, and it lasted until the 21st day of investigation. These findings
indicate significant disturbances of membrane digestion in the small intestine for a long
period of time, both in acute catarrhal inflammation and in erosive enteritis. Pathological
changes appeared in the proximal zones, as was found in our experiments and observations on
patients with acute intestinal infections [5], but also to a far greater degree in the distal
zones of the small intestine, i.e., the morphological and biochemical changes had a proximal-
distal orientation. A similar orientation of changes in different parameters also was demon-
strated by other workers in disturbances of the functional state of the small intestine [3].

It has recently been established [4] that defects of membrane digestion accompany the
development of intestinal dysfunction and are one cause of diarrhea. In fact, in the present
investigation morphological changes in different parts of the small intestine and the enzyme
deficiency in the experimental animals were more marked when clinical manifestations of di-
gestive disorder were present. According to our observations, definite morphological changes
combined with disturbances of the enzyme-forming function in the jejunum played the decisive
role in the development of diarrhea in the experimental rabbits.

In the present experiments the maximal activity of all enzymes studied in healthy rab-
bits was found to be in the jejunum. At the beginning of development of the disease and at
the height of the infectious process, this state of affairs also remained true in the ex-
perimental rabbits. At the end of the disease, at the period of culmination of the infectious
process, maximal lactase and alkaline phosphatase activity (above normal) had shifted to the
ileum. 1In all probability these facts reflect disturbances of the systemic mechanisms of
regulation of the intestine in animals exposed to infection with salmonella.
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