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Understanding of mechanisms of emergence and development of salmonella intoxication, one of the most 
terrible displays of salmonella infection, requires a comprehensive study of the condition of membrane structures 
in tissue. Disturbances in lipid, protein metabolism, neutralization of toxic junctions that take place in tissue of 
mucous membranes of stomach and bowel can be a reason of development of heavy irreversible alterations that can 
lead to chronic pathological processes and even death of patients with salmonella infection [6, 7]. Every year bout 
40000 precedents of salmonella are registered in the USA [9]. And considering the unregistered cases (a weaker 
strain or not-diagnosed intoxication) the index can be several times higher. Salmonella infection is registered in 
average of 15 to 18 precedents per 100000 of people a year in republic Uzbekistan [20]. Among factors that have 
unfavourable impact upon the development of salmonella infection in a patient’s organism a signifi cant part belongs 
to hypoxia [8]. Intensifi cation of processes of peroxide oxidation of lipids (POL), disbalance in activity of ferments 
of antioxidant system (AOS) [3]. Disturbance in balance of ferments of POL-AOS leads to expressed damages 
in structural-functional organization of biologic membranes [4, 5]. An important factor of hypoxia development 
and intensifi cation of POL is an emergence of surplus toxic products of interstitial metabolism, toxins, caused by 
infection in tissue. Markers of endogenous intoxication (EI) can be represented as peptides of low and average 
molecular mass (AMP) [1, 2]. A high biologic activity of AMP is expressed in increase and penetrability of cellular 
membranes, decrease in tone of vessels, disturbance in activity of heart, lungs, it has a direct toxic effect on liver, 
kidney, central nervous system, immune system, blood production. All that makes the disease course and recovery 
even more complicated. 
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As we know, malonicdialdehyde (MDA) is 
one of products of POL. According to the ma-
jority of authors [12, 13], increase in contents 
of MDA in tissue is a result of impact of hy-
drogen peroxide (Н2О2) and other active forms 
of oxygen (AFO), such as О2

–; ОН; NO; NO2; 
NO3; ONOO–, etc.

AFO affect membrane lipids, proteins, fer-
ments, cellular membranes, nucleic acids, etc., 
thus disturbing their structure, metabolic pro-
cesses, and function of cells. Impact of AFO 
increases due to ineffective activity of antioxi-
dant system [14]. Important ferments of AOS 
are superoxide dismutase (SOD) and catalase 
(CT). SOD takes part in dismutation of radi-
cal of superoxide О2

– before hydrogen perox-
ide (Н2О2) forms, and ferment CT metabolizes 
Н2О2to water and oxygen [10]. Besides, sig-
nifi cance of processes POL-AOS in interaction 
with processes EI in pathogenesis of salmonel-
la intoxication is not studied completely, and 
it defi nes the urgency of this problem and the 
necessity to carry out purposeful research on 
this topic. 

The objective of this research is to study 
processes of POL-AOS in dynamics, expres-
sion of EI in tissue of mucous membrane of 
stomach and bowel, and blood serum among 
rats with salmonella infection.

Materials and methods of research
In this work we have used 60 white pedigreeless male 

rats of mass about 100–120 g. The animals were placed in 
terms of free movement, general ratio. All painful proce-
dures were carried out according to Helsinki declaration 
of human attitude towards animals. In order to reproduce 
the model of salmonella infection, we have endogastrical-

ly introduced strain of S. typhimurium of 1 billion micro-
bal bodies per 100 g of an animal mass. The animals were 
slain under R ausch narcosis via method of instantaneous 
decapitation after day 1, 4, 7, 10 after their infection. In 
0,1 ml of blood serum, as well as homogenates of mucous 
membrane and thin bowel in solved 1:5 tissue (grams)/
environment of discharge (HCl 0,05М, KCl 1/15 М, 
рН 7,4), we have defi ned contents of MDA (nmole/ml), 
activity of SOD (Units/min/ml), CT (mcat/min/l) accord-
ing to the method of L.I. Andreeva and co-authors [18], 
E.E. Dubinnina and co-authors [15], M.A. Korolyuk and 
co-authors [19]. Accordingly, in blood serum and in 9000 
g of over-sediment liquid, we have studied concentra-
tion of AMP spectrophotometrically on SF-46 (Russia) 
with waves length of 260 and 286 nm (17). The number 
of products of peptide metabolism was calculated with 
coeffi cients of re-calculating according to the formula of 
Kalkar for the indicated wave length – 1,45 and 0,74 [16]. 
AMP was calculated according to the formula:

AMP = (Е286 1,45 – Е260 10 (g/l)), 
while AMP is a number average molecules in tissue (g/l), 
Е286 and Е260 are values of optical density of solution for 
the indicated wave length. The data was processed with 
variative-statistic method according to the programme 
Statistica V.6 with t-Student criterion and coeffi cient of 
linear correlation (r) of Pirson. Reliability of differences 
were calculated under р < 0,05.

Results of research and their discussion
It has been established that in blood serum 

and in 9000 g of over-sediment liquid of ho-
mogenates of tissue of stomach mucous mem-
brane among animals after a day of intoxica-
tion with salmonella infection high level of 
AMP, compared to the control, is registered 
(Figure). This index grows dynamically in 
the studied probes along with an increase in 
observation time. We can suppose that an in-
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crease in AMP in blood serum is defi ned by 
destructive processes in mucous membranes 
of stomach and bowel due to the developed 
pathogenic processes. An important part in this 
process, obviously, is linked to the destruction 
of membranes, strengthen in their cellular me-
tabolism. It is proved by the data of progress-
ing increase in MDA concentration in blood 
serum and in 9000 g over-sediment liquid of 
stomach and bowel according to the dynam-
ics of observation period (table). Besides, we 
should outline that in 1 and 4 days after the 
experiment we have registered a high activ-
ity of ferments AOS-SOD and CT along with 
expression of MDA level in blood serum and 
in mucous membranes of stomach and bowel. 
After 7 and days of the experiment in blood 
serum, and after 4, 7, and 10 days in mucous 
tissues of stomach and bowel activity of these 
ferments decreased signifi cantly in comparison 
to the control. An increase in activity of fer-
ments AOS-SOD and CT in blood serum after 
1 and 4 days of the experiment we treat as a 
protective mechanism of the organism against 
the introduced infection and presence of MDA 
in the system blood fl ow from the damaged 
organs. Alongwith increase in the experiment 
period potential reserves of ferments AOS – 
SOD and CT wear out due to an increasing 
level of MDA against the development of en-
dogenous toxic products in this tissue. In order 
to testify the suggested concept we have taken 
a correlation analysis between the indexes of 
AMP and levels of MDA, SOD, and CT in tis-
sue, and also between indexes of MDA, SOD, 
and CT. The results have shown that there is a 
clear direct correlation between indexes of ex-
pression in tissue of AMP and MDA that grows 
along with the period of salmonella intoxica-
tion in animals’ organisms. In blood serum in-
dex of correlation (r) between AMP and MDA 
equaled r = 0,73 (Р < 0,05); 0,76 (Р < 0,01); 
0,81, and 0,88 (Р < 0,001) after 1, 4, 7, and 10 
days of experiment, in 9000 g of over-sediment 
liquid, discharged from mucous membranes of 
stomach r = 0,76 (Р < 0,01); 0,82 (Р < 0,01); 
0,86, and 0,90 (Р < 0,001), in 9000g of over-
sediment liquid, discharged from mucous tis-
sue of small bowel r = 0,79 (Р < 0,01); 0,86, 
0,93, and 0,97 (Р < 0,001) correspondingly to 
the terms of observation over animals. While 
estimating correlation between indexes of 
AMP and ferments AOS, we have established 
that increase in level of EI before 4 days of ex-
periment was directly and statistically depend-
ent on increase in activity of ferments SOD and 
CT. After 1 and 4 days of experiment in blood 
serum correlation equaled: between AMP and 
SOD r = 0,77 and 0,79 (Р < 0,01), between 
AMP and CT – r = 0,73 and 0,77 (Р < 0,01); 

in 9000 g of over-sediment liquid of stomach 
r = 0,70 and 0,72 – 0,74 and 0,76 (Р < 0,05); 
in 9000 g of over-sediment of small and large 
bowel r = 0,76 и 0,78 – 0,77 – 0,79 (Р < 0,01) 
correspondingly. After 7 and 10 days of sal-
monella intoxication increase in index of AMP 
correlated clearly with decrease in ferments of 
AOS-SOD and CT in studied tissues. How-
ever, this dependence had an indirect char-
acteristic. After 7 and 10 days of experiment 
between high index of AMP and parameters if 
low activity of SOD in blood serum r = –0,81 
and 0,89 (Р < 0,001), between AMPand CT 
r = –0,88 and 0,91 (Р < 0,001), in 9000 g of 
over-sediment liquid of stomach r = –0,83 
и 0,92–0,87 и 0,95 (Р < 0,001), in 900 g of 
over-sediment liquid of bowel r = –0,87 и 
0,96–0,91 и 0,95 (Р < 0,001) correspondingly. 
Results, similar in values and direction, were 
received while studying this index between 
parameters MDA, SOT, CT. In blood serum, 
9000 g of over-sediment liquid of stomach and 
bowel it had a direct dependence, and after 7 
and 10 days of experiment a strong indirect de-
pendence (Р < 0,001). The signifi cance of the 
relations between indexes of EI and processes 
of POL intensifi cation in mechanisms of de-
crease in potential capacity of AOS ferments is 
testifi ed by data of alteration in coeffi cient (C) 
for correlation EI + POL/AOS. With a steady 
balance of this index it equaled 1,43 ± 0,047 
in blood serum of the control animals. After 
1, 4, 7, abd 10 day of salmonella intoxication 
this index equaled 1,38 ± 0,061 (Р < 0,001), 
2,14 ± 0,081 (Р < 0,001), 9,36 ± 0,440 
(Р < 0,001) and 12,61 ± 0,366 (Р < 0,001). In 
9000 g of over-sediment liquid of stomach mu-
cous membrane (for control – 0,65 ± 0,023) af-
ter 1, 4, 7, and 10 days of experiment it equaled 
0,82 ± 0,025; 1,38 ± 0,057; 2,0 ± 0,078 and 
2,74 ± 0,081 (Р < 0,001) correspondingly. At 
the same time in over-sediment liquid of mu-
cous membrane of small and large bowel in-
dex C equaled 0,61 ± 0,021, and after 1, 4, 7, 
and 10 days correspondingly – 0,57 ± 0,018 
(Р < 0,05), 1,40 ± 0,053; 2,53 ± 0,074 and 
4,58 ± 0,188 (Р < 0,001) among control ani-
mals. Therefore, development of salmonella 
intoxication is characterized bya signifi cant 
disturbance in dynamic balance between sys-
tems EI and POL, and also an intensity of EI, 
POL, and activity of ferments of AOS. Before 
days 1 and 4 of experiment a suppressive fac-
tor of development of EI and intensifi cation of 
POL is represented by activation of AOS fer-
ments – SOD and CT. It is testifi ed by the data 
of decrease in homogenates of mucous mem-
branes of stomach and bowel in blood serum 
and over-sediment liquid. However, expres-
sion of EI and POL show the tension of these 
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processes against a high activity of ferments of 
AOS-SOD and CT in response to an increas-
ing salmonella intoxication. Further, in blood 
serum and in tissue of stomach and bowel de-
crease in index C after 7 and 10 days of ex-
periment testify the prevalence of EI and POL 
over activity of AOS ferments that leads to the 

destruction of membrane structures in mucous 
membranes of stomach and bowel, penetra-
tion of toxic products into system blood fl ow. 
Thesefactorsdefi ne the degree of increasing EI 
and complication of clinic disease, disturbance 
of mucous membranes of stomach and bowel, 
development of pathologic process in them.

N o t e : * – P < 0,05 compared to the control.
Dynamics in AMP contents in blood plasm and 9000 g of over-sediment liquid of homogenates in mucous 

membranes of stomach and bowel among rats under salmonella intoxication

Dynamics of indexes of system AOS-POL in blood serum, 9000 g 
of over-sediment liquid (n/o) of homogenates in stomach and bowel among animals 

with salmonella intoxication, М ± m 

Group 
and 

terms

Blood serum 9000 g in the stomach 9000 g in the intestine
MDA,

Nmole/ml
SOD, 

Units/min/ml
CT,

Mcat/ml
MDA,

Nmole/ml
SOD, 

Units/min/ml
CT,

Mcat/ml
MDA,

Nmole/ml
SOD, 

Units/min/ml
CT,

Mcat/ml
Control 
(intact) 0,87 ± 0,051 2,21 ± 0,120 19,45 ± 0,841 2,08 ± 0,062 5,20 ± 0,213 35,74 ± 1,501 1,07 ± 0,034 7,23 ± 0,297 44,03 ± 1,564

Day 1 1,41 ± 0,072 * 3,28 ± 0,161* 32,73 ± 1,276* 2,46 ± 0,085* 6,43 ± 0,226* 43,59 ± 1,775* 1,51 ± 0,108* 9,56 ± 0,249* 58,15 ± 2,022*
Day 4 1,88 ± 0,112 * 2,60 ± 0,144* 22,84 ± 0,798* 3,41 ± 0,092* 4,37 ± 0,214* 39,61 ± 1,657* 2,45 ± 0,179* 5,69 ± 0,295* 36,43 ± 2,539*
Day 7 3,29 ± 0,151* 0,91 ± 0,043* 10,87 ± 0,442* 4,23 ± 0,101* 3,76 ± 0,205* 30,27 ± 0,926* 3,81 ± 0,178* 4,25 ± 0,180* 31,24 ± 1,56*
Day 10 3,77 ± 0,142 * 0,86 ± 0,051* 9,83 ± 0,491* 5,15 ± 0,113* 3,13 ± 0,174* 27,49 ± 1,209* 4,34 ± 0,149* 3,11 ± 0,208* 26,24 ± 1,077*

N o t e :  * – Р < 0,05 compared to the control.

Thus, we can claim that clinical signifi -
cance of EI in mechanisms of disturbance in 
balance between POL and AOS and impor-
tance of evaluating these systems to predict 
development of salmonella infection is obvi-
ous. We suppose that pathogenetic impact of 
EI and POL is mainly expressed in cell mem-
branes and mucous membranes of stomach 
and bowel, and their impact of suppressing ac-
tivity of AOS ferments aggravates the severity 

of endogenous intoxication and provides for a 
progress of salmonella intoxication. Accord-
ing to the received correlation analysis and 
index of correlation between EI + POL/AOS 
that alter in dynamics of salmonella intoxi-
cation, we can conclude that these processed 
are interrelated, mutually-dependent and are 
important links in development of patho-
genesis of salmonella infection in a patient’s 
organism. 
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