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ABSTRACT

Background: The slow tendency to decrease in mortality in peritonitis may be due to incomplete
understanding of its pathogenesis.

Objective: To study some indicators of intoxication and leukocyte response in rodent fecal peritonitis.

Material and Methods: The experiments were carried out on male rats (n=74), divided into 2 equal
series, which were injected intraperitoneally with: 1st series (control) - 0,9% sodium chloride, 2nd series
(experimental peritonitis, EP) - 15 % fecal suspension, 0,6 ml/100 g. Studies were made after half a day
(n=6), one day (n=6) and three days (n=6) of EP, lethality of animals also was assessed (n=19). In rats
with fecal peritonitis, some indicators of intoxication were studied by assessing of motor activity, muscle
strength, respiration rate and rectal temperature, and the reaction of blood and peritoneal leukocytes
basing on determining their quantitative composition and phagocytic activity.

Results: In rats with EP, a decrease in motor activity and muscle strength, the development of fever and
tachypnea along with changes in blood and peritoneal fluid in type of leukocytosis, an increase in content
of neutrophils and macrophages, the appearance of metamyelocytes and myelocytes, a decrease in content
of peritoneal formazan-positive neutrophils and blood lymphocytes, absence of eosinophils were found.

Conclusion: The study of changes in rats with acute experimental peritonitis revealed the development
of severe intoxication, neutrophil-macrophage leukocytosis with a hyperregenerative shift to the left and
a decrease in the phagocytic activity of neutrophils along with lymphopenia and absence of eosinophils.
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Introduction

Diffuse peritonitis remains one of the urgent problems of surgery

economic significance of peritonitis. Surgery is an obligatory standard
in the treatment of diffuse peritonitis and is always combined with
antibiotic therapy, which is quite well developed [6]. However, a high

due to the persistent high mortality rate of 27,8-53,4 %, which
reaches 85-90% with the development of septic shock and multiple
organ failure [1-3]. At the same time, the most numerous group of
patients with peritonitis is a working age group [4], and its treatment
requires significant economic expenses, which are much more higher
than the expenses for treatment of diseases not accompanied by
infectious complications [5]. These data indicate the significant socio-

mortality may be due to the inferiority of the pathogenetic therapy of
peritonitis due to insufficient understanding of the mechanisms of its
development. Until now, the mechanisms of the leukocyte’s migration
and regulation of their activity in peritonitis remain incompletely
studied, while the influence on them can improve the prediction in
the pathology. The objective of the study was to study some indicators
of intoxication and leukocyte response in rodent fecal peritonitis.
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Material and Methods

Experiments were carried out on outbred male rats, 230-250 g
(n=74), in accordance with the Helsinki Declaration on the Humane
Treatment of Animals (1964). Rats were divided into 2 equal series,
which were injected intraperitoneally with: 1st series (control) - 0,9%
sodium chloride, 2 series (experimental peritonitis, EP) - 15 % fecal
suspension, 0,6 ml/100 g of body weight, according to the modified
method described by (VA Lazarenko, et al. [7,8]). The suspension
was standardized according to the extinction coefficient and the
number of bacterial cells [8]. In each series, studies on the severity
of intoxication, changes in the quantitative composition of blood
and peritoneal leukocytes and their functional activity were carried
out after half a day (n=6), one day (n=6) and three days (n=6) after
peritonitis modeling along with assessment of rats lethality (n=19).
The rats motor activity was estimated after measuring of the distance
traveled in the «open field» test, muscle strength - by keeping track
of time of animals hold on to the mesh wire [9,10], respiratory rate
- by counting the number of chest excursions per 1 minute, rectal
temperature - measuring with an Omron ETS electronic thermometer
[10]. The study of the quantitative composition of leukocytes
was carried out in the Goryaev chamber and in blood smears and
peritoneal fluid, stained with azure-eosin [11]. Determination of the
ability of peritoneal neutrophils to phagocytosis was carried out on
the basis of the percentage of formazan-positive neutrophils, using the
adapted method of Yul Patsula, VS Vlasenko [12,13]. Statistical data
processing was carried out in Statistica 10.0 program for Windows
(StatSoft Inc., USA) using the nonparametric Kruskal-Wallis test and
post hoc comparisons by Dunn’s test; data are presented as Me (LQ;

UQ), where Me is the median, LQ and UQ are the values of the lower
and upper quartiles, respectively.

Results and Discussion

The course of acute EP in rats was accompanied by the
development of a pronounced intoxication and was manifested by
severe general state, inhibition of motor activity, decrease in muscle
strength, development of tachypnea and fever and high mortality
(Table 1). In rats with acute fecal EP, a severe general state was noted,
as evidenced by limitation of mobility, refusal to eat, polydipsia,
absence of defecations against the background of an enlarge of the
abdomen and tension of abdominal wall, which persisted until the
death of some of animals. A decrease in motor activity was manifested
as a decrease in the distance traveled by rats with EP in the «open
field» test, after half a day - by 69,0 % (p<0,001), after 1 day - by 80,1
% (p<0,001), after 3 days - by 73,7 % (p<0,001). At the same time, the
distance traveled after 1 day was less than after half a day by 35,9 %
(p<0.05), indicating that the condition of the animals worsened over
time. Along with a decrease in the motor activity of animals, a decrease
in their muscle strength was noted, as indicated by a decrease in the
time they were kept on the mesh wire after 0,5 days, 1 day and 3 days
of EP - by 77,8 % (p<0,001), 87,0 % (p<0.001) and 83,3 % (p<0,001)
respectively. Moreover, the time of rats keeping on the mesh wire after
1 day decreased by 41,5 % (p<0,05), compared with the value after
half a day, confirming the aggravation of the intoxication. Inhibition
of motor activity and decrease in muscle strength in rats with EP may
be due to the high intensity of the inflammatory process and degree
of intoxication, leading to metabolic disorders in muscle tissue and
energy deficiency [14].

Table 1: Manifestations of intoxication in rats with experimental peritonitis (EP), Me (LQ; UQ).

c Length of Path Traveled, Holding Time on The q 7 o
Groups of rats, EP dynamics dm T e, 0 Respiratory Rate/min Rectal Temperature, °C
37,2
Control 29,7(27,0; 33,3) 120 (109; 130) 94 (88; 96)
(36,8; 37,4)
9’2*** 27*** 141** 39,8**
half a day
(7,5;11,3) (20; 30) (137; 146) (39,5;40,1)
5,9***‘P 1 6***‘1—’ 149**‘{’ 40,5**‘}’
EP 1 day
(,5;7,2) (13; 19) (144; 152) (40,1; 40,9)
7’8*** 20*** 129**‘{’
3 days 38,8+ (38,5; 39,1)
(6,4; 8,8) (17; 24) (124; 133)

Note: *significant differences relative to: * - p<0,05, ** - p<0,01, *** - p<0,001 - control group; ¥ - p<0,05 - half a day and A - p<0,05 - 1 day within the

group.

The breath rate in rats with EP increased after half a day - by
50,0 % (p<0.01), after 1 day - by 58,0 % (p<0,01), after 3 days - by
37,2 % (p<0.01), with the most pronounced tachypnea after 1 day of
inflammation, while the respiratory rate was greater than after 0,5
days and 3 days by 5,7 % (p<0,05) and 15,5 % (p<0.05) respectively.
The occurrence of tachypnea in rats with EP is due to the development

of hypoxia and acidosis [15]. The development of fever in rats with EP
was manifested by an increase in rectal temperature after half a day
-by 2,6 (2,6; 2,7) °C, p<0,01, after 1 day - by 3,3 (3,3; 3,5) °C, p<0,01,
after 3 days - by 1,6 (1,6; 1.8) °C, p<0,01, compared with the value
in the «control» group, characterizing the development of pyretic
fever on the first day and febrile - after 3 days of peritonitis. At the
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same time, the rectal temperature in rats after 1 day was higher than
after half a day by 0,7 (0,6; 0,8) °C (p<0,05), and after 3 days - less
than after half a day, by 1,0 (0,9; 1,0) °C (p<0,05) and 1,7 (1,6; 1.8)
°C less than after 1 day (p<0,05). The lethality of animals with EP
was 68,4%, which indicates the severity of the inflammatory process
and intoxication. Thus, the course of acute fecal EP was accompanied
by the development of a pronounced intoxication, to the greatest
extent after 1 day of peritonitis, and was manifested by severe
systemic condition, inhibition of motor activity, decrease in muscle
strength, development of tachypnea and fever and high lethality of
experimental animals. The total count, composition of blood and
peritoneal leukocytes, phagocytic activity of peritoneal neutrophils of
rats with EP were studied.

The quantitative composition of blood and peritoneal leukocytes
of rats in the control group was characterized by a predominance
of lymphocytes, a less numerous population was represented
by segmented neutrophils and monocytes/macrophages, while
eosinophils, basophils/mast cells were found in smaller quantity

BLOOD

PERITONEAL FLUID

[ myelocytes

1] segmented neutrophils Deosinophils

[ monocytes

Il metamyelocytes

(Figure 1). When assessing the content of neutrophils in all the
studied periods, an increase in the number of segmented and band
neutrophils was noted along with the appearance of metamyelocytes.
In addition, after one day and three days, myelocytes were found in
the blood and peritoneal fluid of rats with EP, which characterizes
the transformation of the regenerative shift of leukocyte differential
count to the left into hyperregenerative one (Table 2). Along with a
change in quantitative composition of neutrophils, a decrease in their
ability to phagocytosis was noted. This was evidenced by a decrease
in the percentage of formazan-positive neutrophils in the peritoneal
fluid in half a day - up to 44 (42; 46) %, or by 13 % (p<0,05), one
day - up to 35 (33; 38) %, or by 22 % (p<0,05), three days - up to 44
(41; 45) %, or by 13 % (p<0,05), (Figure 2). The study of the content
of basophils/mast cells and eosinophils showed an increase in their
number in the peritoneal fluid in all the studied periods, while in the
blood in 0,5 days and 1 day of EP, basophils and eosinophils were not
detected. At the same time, the reaction from both macrophages and
lymphocytes of the peritoneal fluid was manifested as an increase in
their content.
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Figure 1: The leukocyte differential count (%) in blood and peritoneal fluid of rats with experimental peritonitis (EP), Me (LQ; UQ).

Copyright@ : E V Husakouskaya | Biomed ] Sci & Tech Res | BJSTR. MS.ID.008012.

42057


https://dx.doi.org/10.26717/BJSTR.2023.50.008012

Volume 50- Issue 5 DOI: 10.26717/BJSTR.2023.50.008012

Table 2: The content of various types of leukocytes (x 106/1) in blood and peritoneal fluid of rats with experimental peritonitis (EP), Me (LQ;
UQ).

Content of various types of leukocytes, x 10°/1
Groups of rats, Leuko
metamyelo- segmented eosino- - lympho-
EP day cytes, x 10°/1 | myelocytes cytes band forms neutrophils phils basophils monocytes cytes
0 0 133 581 110 62 153 5390
Control 6,5 (4,7,7,6)
(0,0) ©0; 0) (0;152) (474;672) (0;180) | (0;126) (70304) | (4089;6308)
05 136" 0 952" 1800 7077 0 0 1119 2464"
day | (11,6;14,5) (0,0) (7701160) | (19952240) | 5830.7700) (0,0) 0,0) (660;1508) | (1972;2584)
E
m - “ - - .
o | 1day 16,1 - 907 3217 6218 0 0 2979 2011
(145178 | (©321068) | (7281160) | n414.4186) | (5576;6478) (0,0) (0,0) (2136,3160) | (1780;2296)
146" 11217 690" 2578 5085 0 0 2943 2311
3 day
(1341161) | (710;1328) | (664;780) | (22542656) | (4970;5513) | (0;149) | (07142) | (2144;3124) | (1988;2737)
41 0 0 40 344 71 134 203 2817
Control
2,5;5,4) (0,0) (0,0) (0;56) 2755275) | (42:108) | (75:162) (168,312) | (1950:4509)
. 05 371" 0 2040 4875 22410° 397" 384 2078" 5311
g )
= day | (34,841,9) (0,0) (1380:2544) | (4037,5866) | (21045:23464) | (348:424) | (0:424) | (14683352) | (5138;6264)
Q
S
2y 47,9 3640 416477 95427 18296" 5217 401 55087 5478
- 1da
~ y
(45,0,51,8) | (3138;4050) | (4050,4440) | (8368,9842) | (17822,21238) | (488;888) | (450;523) | (4500,6322) | (4662;5753)
434" 3340"" 2499 7203 14949"% 474" 440 7531 6569
3 day .
(@1547,1) | (3087:4710) | (1884;3264) | (6201,7536) | (14112;15741) | (427:682) | (0A477) | (6832;8379) | (3978:7065)

Note: significant differences relative to: * - p<0,05, ** - p<0,01, *** - p<0,001 - control group, ¥ - p<0.05 - half a day and A - p<0.05 - 1 day within the
group.

FPN,%  half a day FPN, % 1day FPN, % 3 day
Control ‘ | A Control Control
T
50 50 | | I I 50 | | | !
"

40 40 | ! ! ! ! ! ”V. 00— L 1 | ‘j:j_
== e

30 30 | I | I EP of—o— L

2 20 20

Differences with control: "~ p<0,05, **- p<0,01, ***-p<0,001; with EP: # —p<0,05, *# — p<0,01,
#4# _ p<0,001; in half a day: ¥ — p<0,05; in one day: 2 — p<0,05
T 25%-75%

Figure 2: The content of formazan-positive neutrophils (FPN) in peritoneal fluid of rats with experimental peritonitis (EP), %.
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Thus, changes in the quantitative composition of blood and
peritoneal leukocytes in rats with acute EP were characterized
by the development of lymphopenia, absence of eosinophils and
pronounced neutrophilic leukocytosis with a hyper regenerative
shift of leukocyte differential count to the left and decrease in the
ability of neutrophils to carry out phagocytosis. Thus, the studies of
changes in rats with EP revealed the presence of significant disorders,
which were expressed in a decrease in motor activity and muscle
strength, the occurrence of tachypnea and fever, the development of
neutrophilic-macrophage leukocytosis with a hyperregenerative shift
of the leukocyte differential count to the left in blood and peritoneal
fluid with a decrease in the ability of neutrophils to phagocytosis,
lymphopenia and absence of esinophilis. Obtained data are valuable
because they describe assessment of the intoxication activity and state
of immune system. In addition, there are conflicting literature data on
the functional activity of phagocytes, according to which its decrease
or increase is noted [16]. The revealed decrease in motor activity and
muscle strength in rats with EP may be due to high intensity of the
inflammatory process in abdominal cavity and degree of intoxication,
leading to muscle protein catabolism, energy deficiency, acidosis with
an increase in membrane permeability, swelling of myocytes and a
decrease in their contractility [16]. The occurrence of tachypnea
may be a consequence of the hypoxia and acidosis, while violation
of thermoregulation in the form of pyretic fever is associated with
the production of secondary pyrogens (cytokines) and the PgE2
formation with a shift of the hypothalamic temperature set point [17].

The severity ofinflammatory process and intoxication is evidenced
by the high lethality of rats. A significant increase in the content of
leukocytes in peritoneal fluid and less pronounced - in blood can
reflect the activation of their exit from the «depot» and leukocytes
migration into abdominal cavity. The development of neutrophilic
leukocytosis indicates the active participation of neutrophils in the
implementation of protective reactions in abdominal cavity, and the
hyperregenerative shift of the leukocyte differential count to the
left indicates a significant intensity of the infectious-inflammatory
process [17]. The change in the functioning of immunocompetent
cells was expressed in a decrease in the ability of neutrophils to
phagocytosis, which may be due to the cytotoxic effect of reactive
oxygen and nitrogen species on peritoneal microphages. An increase
in the number of eosinophils and mast cells in the peritoneal fluid
may be due to an increase in the transition of eosinophils and
basophils from the bloodstream into abdominal cavity, where mast
cells release biologically active substances, leading to an increase
in vascular permeability, and eosinophils inhibit excessive mast
cell degranulation. An increase in the content of macrophages and
lymphocytes in the peritoneal fluid may be explained as a result of
their migration from the bloodstream into abdominal cavity and is
associated with the performed functions: phagocytosis - carried out
by macrophages along with regulation of the immune response by
lymphocytes [16].

Conclusion

The conducted results on the study of experimental peritonitis
allow for a comprehensive assessment of changes in the body of rats
and make a significant contribution to clarifying the mechanisms
of pathology development. The obtained data indicate an obvious
disruption in the functioning of immunocompetent cells and
microcirculation system. The results of experiments can serve as a
fundamental basis for further research, including practical medicine,
in order to find effective approaches to correct the inflammatory
process in abdominal cavity.
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