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Abstract 
Materials and Methods: 4 groups of 15 white rats: 1st - intact, 2nd - model of diabetes mellitus, 3rd - 
model of intra-abdominal infection, 4th - model of diabetes and intra-abdominal infection. Intra-
abdominal infection was simulated by intraabdominal injection of autofaeces mixture. Diabetes was 
simulated by injection of aloxane solution. Intra-abdominal infection was simulated 3 months after 
diabetes simulation. The small and large intestines, peritoneal exudate microflora was studied. The 
material for examination was taken before simulation of intra-abdominal infection, 6, 12, 24, 48 h after. 
Results: Dysbacteriosis was detected in the 2nd group. In the 3rd group, in 6 h, dysbacteriosis was 
detected, in the 4th group-dysbacteriosis progression. In the 4th group, in 12 h, dysbiosis (candidiasis) 
was detected, which further progressed. During the development of intra-abdominal infection, 
permanent changes in the intestinal microbiocenosis and peritoneal exudate microflora were detected. 
In the 4th group, the changes were more severe. In the 3rd group, in 48 h, microflora’s changes in both 
intestines, in peritoneal exudate indicate slightly regression of pathological processes. In the 4th group, 
in 48 h, progression of pathological processes was detected. 
Conclusion  
1. Intestinal dysbacteriosis was detected in rats 3 months after diabetes mellitus modeling. 
2. Modeling of intra-abdominal infection in intact rats causes intestinal dysbacteriosis, a syndrome of 

excess bacterial colonization of small intestines. 
3. Modeling of intra-abdominal infection in rats with diabetes mellitus models increases intestinal 

dysbacteriosis, causes the syndrome of excess bacterial colonization of small intestines, dysbiosis 
in large intestines. 

4. In intact rats, 48 h after intra-abdominal infection modeling, signs of dysbacteriosis regression and 
a decrease in the number of microorganisms in peritoneal exudate were detected, instead in rats 
with diabetes mellitus models, signs of dysbacteriosis and dysbiosis progression and an increase in 
the number of microorganisms in peritoneal exudate were detected. 
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Introduction 
Prevalence of diabetes mellitus (DM) is growing worldwide [1, 2]. DM is one of the main 
causes of morbidity and mortality [2, 3]. Studies show a negative correlation between DM and 
health status [4]. DM adversely affects the functional state of all organs and systems [1-4]. 
Patients with diabetes are often multimorbidity [5]. 
At the same time, the prevalence of intra-abdominal infection (IAI) is constant [6-8]. 
Therefore, the number of patients with acute IAI associated with DM is constantly growing 
[9]. In general, infectious diseases are more frequent and serious in patients with DM, which 
potentially increases their morbimortality [10, 11]. The greater frequency of infections in DM 
patients is caused by the hyperglycemic environment that favors immune dysfunction, 
angiopathies, neuropathy, gastrointestinal dysmotility, etc. 
The number of postoperative complications increases in patients with diabetes mellitus [7, 8, 

12]. DM is an independent risk factor for mortality in IAI [13-15]. 
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The consequences of IAI significantly depend on the 
functioning of immune mechanisms [15, 16]. At the same time, 
diabetes significantly changes the state of the immune 
system [17, 18]. The association of DM and IAI changes the 
pathogenesis of inflammation [15, 20, 21]. But all the 
mechanisms of the such comorbidity development have not 
yet been clarified [21]. Studies show that with the 
comorbidity of DM and IAI, the microflora (MF) that is the 
cause of IAI changes [22, 23]. But changes in MF have not yet 
been studied comprehensively [10, 11]. 
The importance of such studies is determined by the main 
role of endogenous intestinal MF in the IAI development 
and progression [6]. At the same time, it is well known about 
the gut microbiocenosis disorders in DM [23]. These 
disorders are important for the occurrence and progression 
of the negative consequences of DM and its complications 
[24-26]. 
So, the complex study of MF changes in IAI that develops 
with underlying DM seems to be quite relevant. Such 
studies in patients are problematic, since patients differ 
greatly in age, causes of IAI, state of health, etc. Therefore, 
for the standardization of data, experimental studies are 
needed. 
 
Materials and Methods 
150 white non pedigree female rats. All rats were sexually 
mature (age 6 months). The rats’ mass was from 180 to 200 
g. The rats were in a vivarium before the start of the 
experiment. The conditions of stay and food were the same 
for all rats. After the start of the experiment, the rats were in 
the same conditions and had the same drink. 
The rats were divided into 4 groups: 1st - intact (15), 2nd - 
DM model (15), 3rd - IAI model (60), 4th - DM model and 
IAI model (60). 
IAI was simulated by intraabdominal injection of 10% 
autofaeces mixture in the dose of 10 ml per 100 g of mass. 
DM was simulated by subcutaneous introduction of 1.6% 
aloxane solution on distilled water in the dose of 16 mg per 
100 g of mass. 
The main criterion of simulated DM was the blood plasma 
glucose presence within the range of 5.39±0.25 mmol/l. In 
intact animals, the blood plasma glucose was presence 
within the range of 3.21±0.53 mmol/l (р<0.01). IAI was 
simulated in 3 months after DM had been simulated. The 
small (SI) and large intestines (LI), peritoneal exudate (PE) 
microflora was studied. Before modeling of IAI, as well as 
in 6, 12, 24, 48 h from the moment of its inducement, 
laparotomy was performed and material was taken for 
examination. 5 g of the intestinal contents for 
microbiological examination were taken in the middle part 
of SI and in the middle part of LI. 5 ml of the exudate was 
taken from the area of greatest accumulation. 5 ml of sterile 
0.9% NaCl solution was poured into the abdominal cavity, 
in animals of the 1st and 2nd groups after laparotomy, and 
in 10 min the solution was taken for microbiological 
examination. 
All manipulations were performed under the sevorane 
anesthesia. The animals were taken out of the experiment by 
overdose of sevorane. 
Microbiological examination included the study of the 
quantitative and species composition of the peritoneal

exudate MF, small and large intestines MF. Microbiological 
research was carried out by bacteriological and mycological 
methods with the isolation and identification of pure 
cultures of the pathogen to the genus and species. Selective 
nutrient media were used to isolate microorganisms (MO). 
The number of aerobic MO was counted after 1-2 days. The 
number of anaerobic MO was counted after 5-7 days of 
cultivation on nutrient media in an anaerostat. The 
concentration of MO was expressed in logarithms (lg) of 
colony-forming units (CFU) in 1 g or 1 ml of the collected 
material - lg CFU/g or lg CFU/ml. 
The isolated microorganisms’ groups and types frequency of 
occurrence (FO) was determined by the formula: 
 
FO = Ni x 100% 

Nt
, 

 
Where: FO is the frequency of occurrence; Ni is the number 
of objects in which the corresponding microorganism was 
isolated; Nt is the number of objects taken for examination. 
After identification of microorganisms’ strains, the 
dominance coefficient (DC) was determined by the formula: 
 
DC = N𝑛𝑛 

Nt
, 

 
Where: DC is the dominance coefficient; Nn is the number 
of this species (genus) microorganisms’ isolated strains; Nt 
is the total number of isolated microorganisms’ strains. 
While carrying out the study the researchers kept to the 
basic guideline of Vancouver Conventions (1979, 1994) 
concerning biomedical experiments, the Council of Europe 
Convention on the Protection of Vertebrate Animals Used in 
Experiments and for Other Scientific Purposes (1986). 
The hypothesis of normal data distribution (Gaussian 
distribution) was tested in samples by Shapiro-Wilk 
criterion. Verification of the hypothesis of average data 
equality was carried out by Wilcoxon and Mann-Whitney-
Wilcoxon criterion. To discover the strength of a link 
between sets of data the Spearman's Rank Correlation 
Coefficient was used. The significance level (alpha) 0.05 
was set in the study. The results of the study were 
statistically processed by the Microsoft® Office Excel 
(Build 11.5612.5703) tables. We have set the level of 
significance 0.05. 
While performing the work, the norms of conducting 
research in the field of biology and medicine were observed: 
the Vancouver Conventions on Biomedical Research (1979, 
1994), the Council of Europe Convention on the Protection 
of Vertebrate Animals Used in Experiments and for Other 
Scientific Purposes (1986). 
 
Results 
In the 1st group, E. coli (FO=100%) and B. fragilis 
(FO=100%), which are saprophytic MO, were found in SI 
(Table 1). Anaerobic MF dominated slightly. DC of 
anaerobic bacteria was 0.54. In the 2nd group Proteus spp. 
(FO=100%) and P. niger (FO=80%) were found, in addition 
to those MO. Anaerobic MF dominated slightly. DC of 
anaerobic bacteria was 0.53. The total number of MO, the 
number of aerobic and anaerobic MO in the 2nd group was 
significantly higher. 
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Table 1: Microflora of the rat’s small intestine 
 

Microorganisms 1st group 2nd group 
E. coli 2.651±0.022 2.540±0.028 

Proteus spp. - 2.263±0.026 
B. fragilis 3.088±0.273 3.772±0.033 
P. niger - 1.651±0.738 

All aerobic 2.651±0.022 4.803±0.002 p<0.01 
All anaerobic 3.088±0.273 5.423±0.705 p<0.05 
Total number 5.676±0.224 10.225±0.707 p<0.01 

 
In the 1st group, E. coli (FO=100%), Proteus spp. 
(FO=100%), B. fragile (FO=100%), P. niger (FO=100%), 
gram-positive diplococci (GPD) (FO=100%) were found in 
LI (Table 2). Aerobic MF dominated (DC was 0.64). In the 
2nd group, LI microflora was depleted. The number of E. 
coli (FO=100%), Proteus spp. (FO=100%), and P. niger 
(FO=100%) was lower. The number of B. fragilis 
(FO=100%) was higher. GPA were not found. Aerobic MF 
slightly dominated (DC was 0.57). The total number of 
aerobic MO and total number of MO was significantly 
lower than in the 1st group. 
 

Table 2: Microflora of the rat’s large intestine (lg КУО/мл) 
 

Microorganisms 1st group 2nd group 
E. coli 7.161±0.141 6.801±0.046 

Proteus spp. 2.424±0.098 2.263±0.026 
GPD 3.151±1.409 - 

B. fragile 4.500±0.089 4.690±0.095 
P. niger 2.540±0.028 2.239±1.001 

All aerobic 12.735±1.649 9.064±0.019 p<0.05 
All anaerobic 7.040±0.117 6.929±0.906 
Total number 19.775±1.765 15.993±0.925 p<0.05 

 
Abdominal lavages were sterile in all rats. 
In 6 h after IAI simulation in the 3rd group, the number of 
E. coli (FO=100%) and B. fragilis (FO=100%) in the SI 
significantly increased (Table 3). At the same time, Proteus 
spp. (FO=80%) and P. niger (FO=46.67%) were found. The 
number of aerobes and the total number of MO increased 
significantly. Aerobes dominated (DC was 0.64). In the 4th 
group, the number of E. coli (FO=100%), B. fragilis 
(FO=100%), and P. niger (FO=100%) in SI significantly 
increased. At the same time, lactose-negative enterobacteria 
(LNE), which is a gram-negative conditionally pathogenic 
MF, were found. FO of LNE was 80%. The number of 
aerobes, anaerobes and the total number of MO increased 
significantly. But aerobes dominated (DC was 0.54). The 
number of aerobes, anaerobes and the total number of MO 
in the 4th group was significantly higher. 
 

Table 3: Microflora of the rat’s small intestine in 6 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 4.778±0.079 ** 3.772±0.033 p<0.05,* 

Proteus spp. 2.643±0.021 2.322±0.201 
LNE - 3.389±0.039 

B. fragilis 3.724±0.169* 4.661±0.082 p<0.05,* 
P. niger 0.423±0.189 3.301±0.009 p<0.01,** 

All aerobic 7.422±0.079 ** 9.483±0.007 p<0.01,** 
All anaerobic 3.746±0.358 7.962±0.082 p<0.01,* 
Total number 11.168±0.279 ** 17.445±0.089 p<0.01,** 

Note: *- validity coefficient between the output data < 0,05, ** - < 
0,01 (only statistically significant differences are given). 
 

In the 3rd group, the number of Proteus spp. (FO=100%) 
and B. fragilis (FO=100%) in LI significantly increased 
(Table 4). At the same time, gram-positive spore-forming 
anaerobes (GPSFA) were found (FO=53.33%). The number 
of aerobes, anaerobes and the total number of MO did not 
change significantly. DC of aerobes decreased to 0.56. In 
the 4th group, the number of E. coli (FO=80%) significantly 
decreased, the number of B. fragilis (FO=100%) and P. 
niger (FO=100%) significantly increased. At the same time, 
LNE (FO=80%) were found. The number of aerobes, 
anaerobes and the total number of MO increased 
significantly. Aerobic MF slightly dominated (DC was 
0.57). The number of anaerobes in the 4th group was 
significantly higher. The total number of MO in the 4th 
group was higher. 
 

Table 4: Microflora of the rat’s large intestine in 6 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 7.929±0.011 4.900±0.024 p<0.01,* 

Proteus spp. 3.246±0.185 * 2.643±0.052 p<0.05 
LNE - 4.389±0.039 * 

B. fragilis 5.040±0.117 * 5.588±0.050 p<0.05,* 
P. niger 2.651±0.022 4.588±0.050 p<0.05, * 
GPSFA 1.151±0.515 - 

All aerobic 11.174±0.173 11.932±0.015 * 
All anaerobic 8.841±0.653 10.176±0.009 p<0.05, * 
Total number 20.015±0.826 22.108±0.015 ** 

Note: *- validity coefficient between the output data < 0,05, ** - < 
0,01 (only statistically significant differences are given). 
 
In the 3rd group, E. coli (FO=100%) and B. fragilis 
(FO=80%) were found in PE (Table 5). Anaerobic MF 
slightly dominated (DC was 0.54). In the 4th group, E. coli 
(FO=100%), B. fragilis (FO=86.67%), LNE (FO=60%) 
were found in PE. Anaerobic MF dominated (DC was 0.59). 
The number of B. fragilis in the 4th group was significantly 
higher. The total number of MO and the number of aerobic 
MO in the 4th group was significantly higher. 
 

Table 5: Microflora of peritoneal exudate in 6 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 0.452±0.028 0.423±0.189 
LNE - 0.699±0.125 

B. fragilis 0.540±0.107 0.772±0.033 p<0.05 
All aerobic 0.452±0.067 1.122±0.189 p<0.05 

All anaerobic 0.540±0.107 0.772±0.033 
Total number 0.991±0.039 1.894±0.156 p<0.01 

 
The total number of MO in PE in the 3rd group was directly 
and closely correlated with the total number of MO in both 
the small and large intestines (Table 6). In the 4th group, the 
correlation coefficient with the number of large intestines 
MO was insignificant. The number of aerobic MO in PE in 
the 3rd group was directly correlated with the number of 
MO in both the small and large intestines (Table 7). In the 
4th group, the correlation coefficient with the number of 
large intestines MO was insignificant. The number of 
anaerobic MO in PE in both groups was directly correlated 
with the number of MO in both the small and large 
intestines (Table 8). But the correlation coefficient with 
large intestines MO was significantly higher. 
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Table 6: Correlations between the total number of peritoneal 
exudate microflora and gut microflora in 6 h after IAI modelling 

 

Group r p Localization 
3rd  0.94 <0.05 Small intestine 4th  0.71 <0.01 
3rd  0.90 <0.05 Large intestine 4th  0.03 <0.05 

 
Table 7: Correlations between the number of peritoneal exudate 

aerobic microflora and gut aerobic microflora in 6 h after IAI 
modelling 

 

Group r p Localization 
3rd  0.77 <0.05 Small intestine 4th  0.65 <0.05 
3rd  0.65 <0.05 Large intestine 4th  0.03 <0.05 

 
Table 8: Correlations between the number of peritoneal exudate 

anaerobic microflora and gut anaerobic microflora in 6 h after IAI 
modelling 

 

Group r p Localization 
3rd  0.94 <0.05 Small intestine 4th  0.65 <0.01 
3rd  0.93 <0.05 Large intestine 4th  0.97 <0.01 

 
In 12 h after IAI simulation, in the 3rd group, the number of 
E. coli in the SI significantly increased, and the number of 
B. fragilis significantly decreased (Table 9). The number of 
aerobes, anaerobes and the total number of MO has hardly 
changed. Aerobes dominated (DC=0.67). In the 4th group, 
the number of all MO increased. The number of P. niger 
increased significantly. The number of aerobes and 
anaerobes was almost the same (DC of aerobes was 0.51). 
The total number of MO and the number of anaerobic MO 
was significantly higher. 
 

Table 9: Microflora of the rat’s small intestine in 12 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 6.301±0.178 ** 3.812±0.015 p<0.01 

Proteus spp. 2.263±0.026 2.377±0.024 
LNE - 3.602±0.135 

B. fragilis 2.772±0.033 * 4.772±0.033 p<0.01 
P. niger 0.540±0.107 4.540±0.028 p<0.01,* 

All aerobic 8.564±0.204 9.790±0.144 
All anaerobic 3.312±0.074 9.312±0.005 p<0.01,* 
Total number 11.876±0.130 19.102±0.149 p<0.01,* 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0,01 (only statistically significant 
differences are given). 
 
In the 3rd group, the number of E. coli in LI almost did not 
change (Table 10). Hemolytic strains of E. coli were found 
(FO=40%). The number of B. fragilis and Proteus spp. 
significantly decreased. The number of P. niger has 
increased significantly. At the same time, LNE (FO=80%) 
and Staphylococcus spp. were found. (FO=60%). The 
number of aerobic MO increased significantly and aerobes 
dominated (DC=0.61). The total number of MO has slightly 
increased. In the 4rd group, the number of E. coli and B. 
fragilis significantly increased. At the same time, GPD 
(FO=100%), GPSFA (FO=80%) were found. The number of 
aerobes, anaerobes and the total number of bacteria 

increased significantly. Aerobic MO dominated, but DC 
(0.59) was smaller than in the 3rd group. The total number 
of bacteria, the number of aerobes and anaerobes was 
significantly higher. In addition, Candida fungi were found 
(FO=60%). 
 

Table 10: Microflora of the rat’s large intestine in 12 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli including 
hemolytic strains 

7.866±0.039 7.841±0.028 ** 
0.151±0.067 - 

Proteus spp. 2.738±0.042 * 2.643±0.125 
LNE 2.151±0.962 4.739±0.018 p<0.01 
GPD - 6.588±0.050 

Staphylococcus spp. 1.239±0.554 3.389±0.039 p<0.01 
B. fragilis 4.327±0.167 * 6.661±0.082 p<0.01, * 
P. niger 3.239±0.206 * 4.540±0.107 p<0.05 
GPSFA 1.239±0.554 5.874±0.013 p<0.01 

All aerobic 13.993±0.362 * 25.200±0.035 p<0.01, ** 
All anaerobic 8.804±0.515 17.075±0.202 p<0.05, * 
Total number 22.797±0.188 42.275±0.237 p<0.01, ** 
Candida fungi - 2.151±0.962 

Note: *- validity coefficient between the previous term of 
observation < 0,05, ** - < 0,01 (only statistically significant 
differences are given). 
 
In the 3rd group, the number of E. coli and B. fragilis 
significantly increased in PE (Table 11). In addition, 
Proteus spp. were detected. (FO=100%) and P. niger. 
(FO=60%). Microbial contamination of PE has increased 
significantly. Aerobes dominated (DC=0.79). In the 4th 
group, the number of E. coli, LNE, and B. fragilis 
significantly increased. GPSFAs were found. The total 
number of MO was almost no different from the 3rd group. 
The number of aerobes was significantly lower, at the same 
time the number of anaerobes was significantly higher. 
Anaerobic MO dominated (DC=0.56). 
 

Table 11: Microflora of peritoneal exudate in 12 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 2.588±0.050 ** 1.349±0.604 p<0.05,** 

Proteus spp. 2.204±0.048 1.102±0.493 
LNE - 1.661±0.365 ** 

B. fragilis 0.841±0.028 * 2.588±0.050 p<0.01,** 
P. niger 0.423±0.189 - 
GPSFA - 0.903±0.021 

All aerobic 4.903±0.000 ** 2.763±0.858 p<0.05,* 
All anaerobic 1.263±0.217 ** 3.491±0.050 p<0.01,** 
Total number 6.166±0.217 ** 6.254±0.808 ** 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0, 01 (Only statistically significant 
differences are given). 
 
The number of MO in the PE did not correlate with the 
number of MO in SI in both groups. There was a direct 
close correlation with the number of MO in LI in both 
groups (Table 12). In the 3rd group, the number of aerobic 
MO in PE was directly correlated with the number of MO in 
SI and LI (Table 13). In the 4th group, the number of 
aerobic MO in PE was inversely correlated with the number 
of MO in the SI, while it was directly correlated with the 
number of MO in LI. The number of anaerobic MO in PE in 
the 3rd group was directly correlated with the number of 
MO in SI and LI (Table 14). At the same time, in the 4th 

https://www.diabetesjournal.in/


 

~ 16 ~ 

International Journal of Diabetes Research https://www.diabetesjournal.in 
 
 

group, there was a direct correlation with the number of MO 
in SI, and an inverse correlation was with the number of MO 
in LI. 
 

Table 12: Correlations between the total number of peritoneal 
exudate microflora and large intestine microflora in 12 h after IAI 

modelling 
 

Group r p 
3rd 0.94 <0.05 
4th 0.83 <0.05 

 
Table 13: Correlations between the number of peritoneal exudate 

aerobic microflora and gut aerobic microflora in 12 h after IAI 
modelling 

 

Group r p Localization 
3rd  0.66 <0.05 Small intestine 4th  -0.66 <0.05 
3rd  0.66 <0.05 Large intestine 4th  0.83 <0.05 

 
Table 14: Correlations between the number of peritoneal exudate 

anaerobic microflora and gut anaerobic microflora in 12 h after IAI 
modelling 

 

Group r p Localization 
3rd  0.94 <0.05 Small intestine 4th  0.90 <0.05 
3rd  0.98 <0.05 Large intestine 4th  -0.66 <0.05 

 
In 24 h after IAI simulation, in the 3rd group, the number of 
all MO in SI significantly increased (Table 15). But the 
number of anaerobes increased more significantly. DC of 
aerobes decreased to 0.62. In the 4th group, the number of 
E. coli and Proteus spp. significantly increased. At the same 
time, GPSFA were found (FO=80%). The number of 
aerobes, anaerobes and the total number of MO increased 
significantly. There were slightly more aerobes than 
anaerobes. But the DC of aerobes (0.52) was insignificant. 
The total number of MO, the number of aerobes and 
anaerobes was significantly higher. 
 

Table 15: Microflora of the rat’s small intestine in 24 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 6.874±0.013 * 4.500±0.089 p<0.01,* 

Proteus spp. 2.734±0.052 * 2.838±0.044 * 
B. fragilis 4.190±0.263 ** 4.778±0.144 
P. niger 1.588±0.398 * 4.389±0.039 p<0.01 
GPSFA - 4.500±0.089 p<0.01 

All aerobic 9.612±0.055 14.627±0.305 p<0.05,* 
All anaerobic 5.778±0.135 * 13.667±0.050 p<0.01,* 
Total number 15.390±0.190 * 28.294±0.256 p<0.01,* 

Note: *- validity coefficient between the previous term of 
observation < 0,05, ** - < 0,01 (only statistically significant 
differences are given). 
 
In the 3rd group, the number of MO in LI increased 
significantly, with the exception of Staphylococcus spp. 
(Table 16). DC of aerobes decreased to 0.57. Instead, in the 
4th group there were both quantitative and qualitative 
changes of MO. Hemolytic E. coli strains were found 
(FO=60%), GPD and LNE were not found. The total 
number of bacteria decreased. DC of aerobes also decreased 
to 0.57. The total number of MO, the number of aerobes and 

anaerobes did not differ significantly. At the same time, the 
number of Candida increased significantly (FO=100%). 
 

Table 16: Microflora of the rat’s large intestine in 24 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli including 
hemolytic strains 

9.724±0.054 * 6.272±0.191 p<0.01 
0.239±0.107 * 0.452±0.067 p<0.05 

Proteus spp. 3.246±0.185 * 10.852±0.408 p<0.05, ** 
LNE 4.239±1.896 ** - 

Staphylococcus spp. 1.239±0.554 4.452±0.067 p<0.01 
B. fragilis 7.073±0.102 * 5.278±0.224 p<0.05, * 
P. niger 5.040±0.196 * 4.588±0.050 p<0.5 
GPSFA 1.349±0.604 5.161±0.141 p<0.05 

All aerobic 17.913±2.818 * 20.325±0.632 * 
All anaerobic 13.462±0.306 ** 15.027±0.415 * 
Total number 31.375±3.124 ** 35.352±1.047 * 
Candida fungi - 4.588±0.050 * 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0, 01 (only statistically significant 
differences are given). 
 
In the 3rd group, the number of E. coli, B. fragilis, and P. 
niger significantly increased in PE (Table 17). In addition, 
Staphylococcus spp. (FO=80%) and hemolytic strains of E. 
coli (FO=33.33%) were founded. The total number of MO, 
the number of aerobes and anaerobes increased 
significantly. DC of aerobes decreased to 0.66. In the 4th 
group, the number of Proteus spp. significantly increased. 
Staphylococcus spp. were found (FO=60%). E. coli and 
LNE were not found. The total number of MO and the 
number of aerobes increased significantly. DC of aerobes 
increased to 0.82. The total number of MO and the number 
of aerobes was significantly higher. 
 

Table 17: Microflora of peritoneal exudate in 24 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli including 
hemolytic strains 

4.040±0.117 ** - 
0.151±0.067 - 

Proteus spp. 2.204±0.125 10.830±0.042 p<0.01, ** 
Staphylococcus spp. 1.151±0.515 0.772±0.033 p<0.01 

B. fragilis 2.500±0.089 ** 1.628±0.380 p<0.01, * 
P. niger 1.423±0.636 ** - 
GPSFA - 0.874±0.874 

All aerobic 7.627±0.324 * 11.510±0.075 p<0.05, ** 
All anaerobic 3.923±0.547 * 2.502±0.393 
Total number 11.549±0.224 ** 14.012±0.318 p<0.05, ** 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0, 01 (only statistically 
significant differences are given). 
 
In the 3rd group, the total number of MO in the PE was 
directly correlated with the number of MO in SI and LI 
(Table 18). At the same time, in the 4th group, there was a 
correlation only with the number of MO in SI. In the 3rd 
group, the number of aerobic MO in PE was directly 
correlated with the number of MO in SI and inversely 
correlated with the number of MO in LI (Table 19). In the 
4th group, the number of aerobic MO in PE correlated only 
with the number of MO in SI. In the 3rd group, the number 
of anaerobic MO in PE was directly correlated with the 
number of MO in the SI and LI (Table 20). In the 4th group, 
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the number of anaerobic MO in PE directly and closely 
correlated with the number of MO in LI. 
 

Table 18: Correlations between the total number of peritoneal 
exudate microflora and gut microflora in 24 h after IAI modelling 

 

Group r p Localization 
3rd  0.94 <0.05 Small intestine 4th  0.89 <0.01 
3rd  0.94 <0.05 Large intestine 4th  0.20 <0.05 

 
Table 19: Correlations between the number of peritoneal exudate 

aerobic microflora and gut aerobic microflora in 24 h after IAI 
modelling 

 

Group r p Localization 
3rd  0.60 <0.01 Small intestine 4th  0.94 <0.05 
3rd  -0.60 <0.05 Large intestine 4th  0.20 >0.05 

 
Table 20: Correlations between the number of peritoneal exudate 

anaerobic microflora and gut anaerobic microflora in 24 h after IAI 
modelling 

 

Group r p Localization 
3rd  0.66 <0.05 Small intestine 4th  -0.14 >0.05 
3rd  0.66 <0.01 Large intestine 

 
In 48 h after IAI simulation, in the 3rd group, the number of 
E. coli, Proteus spp., B. fragilis in SI significantly decreased 
(Table 21). P. niger was not found. GPD were found 
(FO=80%). The number of aerobes, anaerobes and the total 
number of MO significantly decreased. DC of aerobes 
almost did not change (0.65). In the 4th group, the number of 
E. coli, Proteus spp., B. fragilis, P. niger in SI decreased. 
The number of GPSFA increased. A large number of LNE 
was found (FO=100%). The number of aerobes, anaerobes 
and the total number of MO significantly decreased. 
Anaerobes dominated (DC=0.57). The number of aerobes, 
anaerobes and the total number of MO was significantly 
higher. 
 

Table 21: Microflora of the rat’s small intestine in 48 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 2.812±0.015 ** 3.628±0.067 

Proteus spp. 2.424±0.098 2.424±0.098 
GPD 1.151±0.515 - 
LNE - 3.452±0.067 

B. fragilis 3.452±0.067 * 3.000±0.313 * 
P. niger - 3.724±0.054 * 
GPSFA - 4.739±0.018 

All aerobic 6.386±0.598 * 9.503±0.233 p<0.05, * 
All anaerobic 3.452±0.067 * 11.462±0.385 p<0.05, * 
Total number 9.837±0.530 * 20.965±0.152 p<0.01, * 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0, 01 (only statistically significant 
differences are given). 
 
In the 3rd group, the number of LNE, Staphylococcus spp., 
and E. coli in LI significantly decreased (Table 22). GPD 
were found (FO=100%). The total number of MO, the 
number of aerobes and anaerobes decreased significantly. 
DC of aerobes did not change (0.57). In the 4th group, the 
number of E. coli and Proteus spp. significantly increased. 

LNEs were found (FO=100%). The number of P. niger and 
GPSFA increased significantly. The total number of MO, 
the number of aerobes and anaerobes increased 
significantly. Aerobes dominated (DC=0.64). The number 
of Candida fungi slightly increased. The number of aerobes, 
anaerobes and the total number of MO was significantly 
higher. 
 

Table 22: Microflora of the rat’s large intestine in 48 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli including 
hemolytic strains 

6.801±0.046 ** 7.540±0.107 * 
- 0.651±0.022 * 

Proteus spp. 2.204±0.105 * 11.746±0.185 * 
LNE - 6.040±0.117 
GPD 3.239±1.448 - 

Staphylococcus spp. - 4.739±0.118 
B. fragilis 4.661±0.082 ** 4.889±0.184 
P. niger 4.301±0.037 * 7.540±0.107 p<0.01, ** 
GPSFA 0.349±0.156 ** 6.588±0.050 p<0.01* 

All aerobic 12.244±1.403 * 30.063±0.436 p<0.01,** 
All anaerobic 9.312±0.074 * 19.017±0.028 p<0.01, * 
Total number 21.555±1.477 ** 49.080±0.464 p<0.01, * 
Candida fungi - 4.628±0.067 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0,01 (only statistically significant 
differences are given). 
 
In the 3rd group, the number of all MO in PE significantly 
decreased (Table 23). Staphylococcus spp. and P. niger 
were not found. DC of aerobes increased to 0.78. At the 
same time, in the 4th group, the total number of MO 
increased significantly. E. coli was found (FO=60), 
including hemolytic strains (FO=40%). LNE (FO=60%) and 
P. niger (FO=40%) were found. The number of GPSFA 
increased significantly. DC of aerobes decreased to 0.7. The 
number of aerobes, anaerobes and the total number of MO 
was significantly higher. In addition, a small number of 
Candida was found (FO=26.67%). 
 

Table 23: Microflora of peritoneal exudate in 48 h after IAI 
modelling 

 

Microorganisms 3rd group 4th group 
E. coli 

including hemolytic strains 
0.690±0.039 ** 0.812±0.015 

- 0.301±0.041 
Proteus spp. 2.225±0.180 9.350±0.227 p<0.05 

LNE - 0.588±0.050 
Staphylococcus spp. - 0.540±0.107 

B. fragilis 0.801±0.046 ** 2.540±0.028 p<0.01, * 
P. niger - 0.349±0.156 
GPSFA - 2.389±0.039 ** 

All aerobic 2.894±0.039 ** 12.590±0.379 p<0.01 
All anaerobic 0.801±0.046 ** 5.278±0.224 p<0.01, * 
Total number 3.695±0.085 ** 17.869±0.602 p<0.01, * 
Candida fungi - 0.195±0.032 

Note: *- validity coefficient between the previous term of 
observation < 0, 05, ** - < 0, 01 (only statistically significant 
differences are given). 
 
In the 3rd group, the total number of MO in PE was inversely 
correlated with the number of MO in SI, directly correlated 
with the number of MO in LI (Table 18). At the same time, 
in the 4th group, the number of MO in PE was directly 
correlated with the number of MO in SI and LI. In the 3rd 
group, the number of aerobic MO in PE was inversely 
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correlated with the number of MO in SI and directly 
correlated with the number of MO in LI (Table 19). In the 
4th group, the number of aerobic MO in PE was inversely 
correlated only with the number of MO in LI. In the 3rd 
group, the number of anaerobic MO in PE was inversely 
correlated with the number of MO in SI and directly 
correlated with the number of MO in LI (Table 20). The 4th 
group had the same changes, but the correlation coefficient 
with the number of MO in LI was significantly higher. 
 

Table 24: Correlations between the total number of peritoneal 
exudate microflora and gut microflora in 48 h after IAI modelling 

 

Group r p Localization 
3rd  -0.77 <0.05 Small intestine 4th  0.54 <0.05 
3rd  0.83 <0.01 Large intestine 4th  0.67 <0.01 

 
Table 25: Correlations between the number of peritoneal exudate 

aerobic microflora and gut aerobic microflora in 48 h after IAI 
modelling 

 

Group r p Localization 
3rd  -0.77 <0.05 Small intestine 4th  0.09 >0.05 
3rd  0.71 <0.05 Large intestine 4th  -0.63 <0.05 

 
Table 26: Correlations between the number of peritoneal exudate 

anaerobic microflora and gut anaerobic microflora in 48 h after IAI 
modelling 

 

Group r p Localization 
3rd -0.66 <0.05 Small intestine 4th -0.66 <0.05 
3rd 0.54 <0.05 Large intestine 

 
Discussion 
The above shows that there are dysbacteriotic changes in 
2nd group, which confirms known data [23]. In SI, anaerobic 
MO were found, which in intact animals were found only in 
LI. In LI of the 2nd group animals, the number of E. coli 
was reduced, there was no GPD, which was in intact 
animals. Among the reasons for such changes, we can 
mention immune disorders characteristic of DM [17-20], a 
decrease of the intestinal mucosa colonization resistance, 
which is one of the important mechanisms of the immune 
dysfunction development [16, 27, 28]. 
In 6 hours after IAI modeling, signs of dysbacteriosis were 
detected in the 3rd group. It was the appearance of Proteus 
spp. and P. niger in SI, appearance of GPSFA in LI. At the 
same time, the total number of MO increased against the 
background of some saprophytic MO disappearance. In the 
4th group, intestinal microbiocenosis disorders progressed, 
in particular, LNE were detected in both the small and large 
intestines. This indicates more significant violations of the 
colonization resistance of the intestinal mucosa. 
Dysbacteriosis is a well-known phenomenon that occurs 
with IAI [29]. At the same time, in the 4th group, the signs of 
dysbacteriosis are more severe. The basis of these changes is 
apparently dysbacteriosis caused by DM. The values of the 
correlation coefficients indicate that in this period the 
microbial promoters of IAI are the MF of different intestine 
parts. But in the 4th group, the main source of MF is LI. 
In 12 h after IAI modeling, in the 3rd group, the composition 
of the microbiocenosis did not change significantly in SI. 

The ratio between MO changed. In the 4th group, the 
microbiocenosis also changed only quantitatively. But a 
large number of MO indicates the development of the 
syndrome of excess bacterial colonization of SI and high 
contamination with anaerobic MF. In LI in both groups, 
changes in the microbiocenosis are significantly greater. At 
the same time, dysbiosis (Candidiasis) was detected in the 
4th group. In both groups, PE is contaminated with 
microbial associations that differ in their characteristics. In 
the 3rd group there is more aerobic MF. In the 4th group 
there is more anaerobic MF. It is important that there were 
GPSFA in PE. GPSFA produce exotoxins that have a severe 
proteolytic and hemolytic effect [15, 27, 29]. The result of such 
action is the destruction of the tissues. This burdens the 
development of IAI. The values of the correlation 
coefficients indicate that MF of LI is more important for the 
progression of IAI during this period. But in the 4th group, 
the aerobic MO in PE are more influenced by the MO of SI. 
In 24 h after IAI modeling, in the 3rd group, the microbial 
biotope of SI was transformed only quantitatively. At the 
same time, GPSFA was detected in the 4th group, which 
indicates severe dysbacteriosis. In the 3rd group, the 
microbial biotope of LI was transformed, mostly 
quantitatively, although GPD disappeared. In the 4th group, 
changes in the microbial biotope were more severe. GPD 
and LNE are gone. A significant increase the number of 
Candida indicates the progression of dysbiosis. It is possible 
that the decrease in the amount of bacterial MF was a 
consequence of the antagonistic effect of Candida fungi on 
bacteria [30, 31]. The quantitative and species composition of 
MO in PE in both groups changed. Aerobes dominated in 
both groups. But in the 4th group in PE there were GPSFA, 
which are very aggressive MO. The values of the correlation 
coefficients indicate that in the 3rd group, changes in the MO 
in PE are associated with changes in the MO in SI and LI. In 
the 4th group, changes of aerobic MO in PE are more 
influenced by MO of SI, and changes of anaerobic MO are 
more influenced by MO of LI. 
In 48 h after IAI modeling, changes in intestinal 
microbiocenosis continued in both groups. During this 
period, species changes of MF in SI were first detected in 
the 3rd group. At the same time, dysbacteriosis in SI 
persisted in the 4th group. The number of MF in LI 
significantly increased, the number of anaerobic MO 
increased, the number of Candida increased. In the 3rd 
group, the number of MO in PE decreased, some strains of 
MO disappeared. It is possible that this was a consequence 
of the activation of immune defense mechanisms, which is 
also indicated by changes in the intestinal MF [15, 16, 20, 29]. At 
the same time, in the 4th group, negative changes of MF in 
PE progressed. New MO were detected in PE, the number of 
highly aggressive GPSFA increased. Candida fungi were 
detected, indicating severe immune disorders [32]. The values 
of the correlation coefficients indicate that in the 3rd group, 
the changes of MO in PE are more related to the changes of 
MO in SI and LI. In the 4th group, the changes of MO in PE 
are more related to changes of MO in LI. 
Therefore, it can be summarized that the simulation of DM 
causes dysbacteriosis in SI and LI. After modeling of IAI, 
dysbacteriosis occurs in intact rats, dysbacteriosis 
progresses in rats with DM models. Dysbiosis occurs 12 h 
after IAI modeling in rats with DM models. During the 
development of IAI, permanent changes in the intestinal 
microbiocenosis and microbial associations in PE are 
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observed. Changes are more substantial in rats with DM 
models. 
Changes of MF in SI, LI and PE in intact rats 48 h after IAI 
simulation indicate the activation of protective immune 
mechanisms. Instead, changes of MF in SI, LI and PE in rats 
with DM models indicate the progression of pathological 
processes. At later times, experiments were not carried out, 
because all rats with models of DM and IAI died. 
The presented study has a number of limitations. The study 
used small samples (15 rats each). It is necessary to conduct 
additional experiments on a larger number of animals to 
confirm the data. Female rats were used in the previous 
study. Therefore, male rats should be used to confirm the 
data in future studies. Material for microbiological 
examination were taken in the middle part of SI and in the 
middle part of LI. It is advisable to study other parts of the 
intestines for better results. The previous study used rats. To 
confirm the data, it is advisable to conduct experiments with 
other species of animals. Specific data from other studies 
regarding the types of microorganisms, their number, etc., 
may differ. Such data are affected by various factors: the 
type of animals, feeding characteristics, living conditions, 
characteristics of applied simulating ways, etc. But, taking 
into account the known physiological and pathological 
regularities common to all warm-blooded mammals, these 
limitations will not have a significant affect the 
generalizability of the findings. It can be expected that the 
basic regularities will be confirmed, but some indicators 
may change slightly. 
 
Conclusion 
1. Intestinal dysbacteriosis was detected in rats 3 months 

after diabetes mellitus modeling. 
2. Modeling of intra-abdominal infection in intact rats 

causes intestinal dysbacteriosis, a syndrome of excess 
bacterial colonization of small intestines. 

3. Modeling of intra-abdominal infection in rats with 
diabetes mellitus models increases intestinal 
dysbacteriosis, causes the syndrome of excess bacterial 
colonization of small intestines, dysbiosis in large 
intestines. 

4. In intact rats, 48 h after intra-abdominal infection 
modeling, signs of dysbacteriosis regression and a 
decrease in the number of microorganisms in peritoneal 
exudate were detected, instead in rats with diabetes 
mellitus models, signs of dysbacteriosis and dysbiosis 
progression and an increase in the number of 
microorganisms in peritoneal exudate were detected. 
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