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ABSTRACT

The use of hematological leukocytes ratio indices (HLRI), which show the
interrelations between different blood cells, for evaluation the organism state of
laboratory rats is questionable. The aim is to investigate the informativity of
HLRI in laboratory rats on the model of acute infectious process. The study
performed on white nonlinear (7-8 months) male laboratory rats: control
(n=10) and experimental groups (n = 10), which simulated acute purulent fecal
peritonitis. Analyzed the number of leukocytes, blood leukocyte formula,
phagocytic activity of neutrophils, HLRI. Acute infectious process is
accompanied by leukocytosis, neutrophilia with leukocyte blood formula shift
to the left and inhibition of neutrophils absorption capacity. A set of changes of
HLRI in experimental group animals reflects the predominance of cellular
immunity over the humoral, prevalence of granulocytes and their immature
forms, increased activity of the inflammatory process, predominance of the
microphage system, intense non-specific immunity, disturbance of immune
system functional state with a shift of balance towards monokines, formation of
mainly delayed-type hypersensitivity reactions, decreased function of affector
cells and predominance of effector part of immunological process, the
infectious nature of intoxication. Analysis with receiver operating characteristic
(ROC) curves displayed that 8 from 16 applied HLRI, such as blood leukocyte
shift index, neutrophil to lymphocyte, segmented neutrophil to lymphocyte,
banded neutrophil to lymphocyte, eosinophil to lymphocyte, monocyte to
lymphocyte, neutrophil to monocyte and segmented neutrophil to monocyte
count ratio indices have very high levels of sensitivity and specificity and can
be used as diagnostic markers for acute purulent fecal peritonitis.

INTRODUCTION

Acute purulent fecal peritonitis is one of the common
and severe diseases of abdominal surgery, because
most acute surgical diseases and injuries of the
abdominal organs are complicated by peritonitis and
require an immediate surgical intervention [1, 2, 3].
The cause of acute peritonitis is predominantly
autoinfection, less often — an exogenous infection [4].
Although modern medicine is highly developed, there
is still high mortality rate for peritonitis [1, 2, 3, 5],
including in elderly patients [6]. The main cause of

thanatogenesis is the septicemia and infectious-toxic
shock, which contributes to the development of
multiple organ failure [2, 4]. Peritonitis is also a
frequent pathology of veterinary medicine [7, 8],
which indicates research relevance.

Despite the growing number of laboratory capabilities,
the search for available and simple blood tests,
associated with systemic inflammation that allow
monitoring the state of immune system at the time of
examination and predicting the prognosis of disease
remains relevant [9]. Practically all changes in
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mammalian organism are largely related with
quantitative and qualitative changes in blood
leukocyte formula that depends on nature, strength of
external influences and organism reactivity. Different
types of leukocytes perform certain functions, so the
study of their ratio, content of young, immature and
pathological forms is a valuable diagnostic feature
[10].

Consequently, usage of some leukocyte counts and
their ratio as a marker of patients’ outcome is an easy,
cheap and fast method of laboratory diagnostics, so it
can be used in daily clinical practice, especially in
developing countries [11]. However, it remains not
enough whether it
hematological leukocytes ratio indices (HLRI) for
evaluation of organism state of sexually mature
laboratory rats, which, unlike humans, have a

clear is advisable to wuse

lymphoid blood profile. So, the aim of the study is to
investigate the basic parameters of blood leukocytes
and informativity of HLRI in nonlinear sexually
mature laboratory rats on the model of acute
infectious process — diffused purulent fecal peritonitis.

MATERIALS AND METHODS
Animals

The study performed in accordance with the ethical
standards on 20 white nonlinear, sexually mature (7-8
months) male laboratory rats weighing 180-220 g,
which have passed the quarantine and had no external
manifestations of the disease. The rats were housed in
cages under standard laboratory conditions: fixed
temperature and humidity and with natural and
artificial lighting (from 8:00 to 5:00 h). All the animals
had access to fresh water, and they were fed with
balanced food. Animals were randomly divided into
(n=10) groups
(n =10). Manipulations with animals were performed
in compliance with regulated norms and rules for the
treatment of laboratory animals: of
bioethics, legislation and requirements in accordance

control/intact and experimental

principles

with the provisions of the European Convention for
the Protection of Vertebrate Animals Used for
Research and Scientific Purposes (Strasbourg, France,
1986), The Law of Ukraine "On protection of animals
from cruel treatment". All procedures performed were
approved by the Bioethics committee of Zaporizhzhia
National University Biology faculty.

Experimental conditions

Simulated an acute diffuse purulent fecal peritonitis
with 10% fresh filtered autogenic fecal mixture in a
dose of 0.5 ml per 100 g of body weight which injected
into the abdominal cavity and taken out animals from
experiment on day 3 after injection [12]. Fecal mixture
was prepared from 2 g of feces received for each rat
individually, which was dissolved in 20 ml of 0.9%
saline solution, homogenized, filtered through gauze
and used it no later than 20 minutes after preparation.

Collection of blood samples and laboratory analysis

The animals decapitated under ethereal anesthesia
(Sorbpolimer-Analitic Ltd., Ukraine), the
arteriovenous blood was collected, stabilized with
heparin (20 mg/ml, Spofa, Prague, Czech Republic)
and immediately analyzed. The research carried out at

Kyiv,

the same time of day. The number of leukocytes
analyzed in Goryaev’'s chamber (MICROmed TM,
Poltava, Ukraine) [13]. In order to perform this,
0.38 ml of 3% acetic acid solution (System Optimum
Ltd., Lviv, Ukraine) was added to the well of the
serological plate and 0.02 ml of test blood was added.
The mixture was mixed thoroughly with a pipette and
left for 1-2 minutes till complete lysis of erythrocytes,
after which it was again thoroughly mixed and
injected at Goryaev’s chamber. It was left in a
horizontal position for 1 minute with subsequent
counting of leukocytes in 100 large squares and
further multiplication of the obtained number by 50.
Blood smears stained by Pappenheim using a solution
of eosin methylene blue dye according to May-
Griinwald (Biomed Ltd., Shostka, Ukraine) and 10%
solution of Romanowsky-Giemza dye (Biomed Ltd.,
Shostka, Ukraine). Blood leukocyte formula was
evaluated according to corresponding morphological
signs of leukocytes by Pappenheim staining (not only
typical signs were taken into account, but the features
of cytoplasmic membrane, signs of cell nucleus
activation, presence of atypical nucleus, signs of
apoptosis pyknosis,
karyolysis, the presence of cytoplasmic vacuolation,

such as karyorrhexis and
immature and/or toxic granules, Dohle bodies and
others) [10, 14] and further calculation of relative and
of different leukocytes’ types:
eosinophils, basophils, neutrophils, monocytes and
lymphocytes (the percentage of pathological forms in
each cell type was not -calculated separately).

Cytological preparations were analyzed using a Primo

absolute ratio
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Star iLED microscope with an AxioCam ERc5s camera
(Carl Zeiss, Goettingen, Germany).

Phagocytic activity of neutrophils (PAN) evaluated in
test with Saccharomyces cerevisiae Meyen ex EC Hansen,
1883 by standard method: 0.05 ml of whole blood
stabilized with heparin and 0.05 ml of 1% yeast
suspension were introduced into the well of the
serological plate for serological tests, the suspension
was prepared on RPMI-1640 culture medium (PanEco,
Moscow, Russian Federation); thoroughly mixed by
pipetting. Incubated in a thermostat for 30 minutes at
a temperature of 37°C, with periodic shaking every 10
minutes, after which smears were prepared; fixed and
stained by Pappenheim. The following indicators of
PAN were studied: phagocytic index (PI)
percentage of neutrophils that are involved in
phagocytosis; phagocytic number (PN) as average

as

number of microorganisms absorbed by one
neutrophil; number of active phagocytes (NAP,
x10°/L) as absolute number of phagocytotic

neutrophils in 1 L of blood, which was determined
based on the absolute number of neutrophils (N) in
the blood smear and the percentage of phagocytosis
(PI):

NAP = (PI/100) x N, (1)
phagocytic blood volume (PBV, x10°/L) as count of
microbes that can absorb phagocytes of 1 L of blood
[15]:

PBV =PN x N. )

The following HLRI were determined based on blood
leukocyte formula:

1. Leukocyte index (LI), or adaptation index, or stress
index, or total index of nonspecific reactivity Garkavi
et al., or coefficient of resistance:

LI=LYM/sN. 3)
2. Lymphocytic index (LYMI):
LYMI=LYM/ (sN + bN + Ml + metaMl). 4)

3. Blood leukocyte shift index (BLSI), or blood cell
index, or granulocyte-agranulocytic index:
BLSI =

(E + B +sN +bN + MI + metaMl) / (LYM + Mono). ®)
4. Lymphocyte to granulocyte index (LGI):
LGI=10 x LYM / (Ml + metaMl + bN + sN + E + B). ©)

5. Neutrophil to lymphocyte count ratio (NLCR) or
Krebs index:

NLCR = (bN +sN) / LYM. (7)
6. Lymphocyte to eosinophil count ratio (LECR):
LECR=LYM/E. (8)

7. Neutrophil to monocyte count ratio (NMCR):

NMCR = (bN + sN) / Mono. )
8. Lymphocyte to monocyte count ratio (LMCR):
LMCR =LYM / Mono. (10)

9. Segmented neutrophil to lymphocyte count ratio
(sSNLCR):

sNLCR =sN /LYM. (11)
10. Immunoreactivity index (IRI):
IRI = (LYM + E) / Mono. (12)
11. Eosinophil to lymphocyte count ratio (ELCR):
ELCR=E/LYM. (13)
12. Monocyte to lymphocyte count ratio (MLCR):
MLCR = Mono / LYM. (14)

13. Segmented neutrophil to monocyte count ratio
(SNMCR):

sNMCR = sN / Mono. (15)
14. Banded neutrophil to lymphocyte count ratio
(bNLCR):

bNLCR =bN /LYM. (16)
15. Segmented neutrophil to banded neutrophil count
ratio (sSNbNCR):

sNbNCR = sN /bN. (17)
16. Modified leukocyte index of intoxication (MLII):
MLII = WBC count / (WBC count — LYM count),  (18)
where all indicators are measured in x109/L.

The abbreviation in the presented formulas: WBC —
white blood cel, Ml - myelocytes; metaMl -
metamyelocytes; bN — banded neutrophils; sN -
segmented neutrophils; LYM — lymphocytes; Mono —
monocytes; E — eosinophils; B — basophils in the
leukocyte formula of peripheral blood [16, 17, 18].

Statistical analysis

Statistical analysis and presentation of experimental
results were performed using IBM SPSS Statistics
version 20 (IBM corp., Armonk, NY, USA). Normality
of quantitative indicators’ distribution was checked by
Kolmogorov-Smirnov single-sample test. Two-sample
Student t-tests for independent samples with normal
distribution was used. The values in the tables are
presented in form X +m, where X is the arithmetic
mean, m is the standard error of the mean. P-values
less than 0.05 (*P < 0.05) were considered statistically
significant [19].

Receiver operating characteristic (ROC) curves were
constructed to evaluate the sensitivity and specificity
of HLRI in predicting acute purulent fecal peritonitis.
ROC curves displayed sensitivity versus specificity
such that the area under the curve (AUC) varied from
0.5 to 1.0, with higher values indicating increased
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discriminatory ability. Confidence intervals on the
AUC were calculated using nonparametric
assumptions [20].

RESULTS
Disease symptoms

Fecal peritonitis modeled in laboratory rats for
shifting leukocyte indices due to activation of
immunogenesis during acute infection. Observation of
animals’ behavior, which simulated fecal peritonitis,
showed that in rats already on day 3 after injection of
10% filtered fecal suspension, a severe clinical picture
of acute purulent peritonitis observed (without death
of animals). The rats were adynamic, lethargic with
lacklustre eyes, the animals refused water and food.
Also ruffled fur, rapid breathing, shortness of breath,
bloating, lack of stool were observed.

Laboratory findings of blood cells

Acute purulent peritonitis is one of the manifestations
of the acute inflammatory reaction of whole organism,
therefore, corresponding changes are also observed in
peripheral blood (Table 1, Table 2). The volume of
arteriovenous blood obtained after decapitation of
animals in the group of healthy (control) laboratory
rats was 26.95 + 1.361 ml/kg, and in the experimental
group with fecal peritonitis — 15.83 + 1.016 ml/kg,
which is lower than the control one by 41.26%.

Acute diffuse purulent fecal peritonitis
accompanied by leukocytosis (an
leukocytes count by 1.85 times compared with the
control group at P < 0.05 level, Table 1). Neutrophilia
was observed with a shift to the left: an increase in
relative and absolute neutrophils count by 2.5 and 4.67
times (P < 0.05); an increase in absolute banded
neutrophils count by 9.25 times and an increase in
absolute segmented neutrophils count by 4.26 times (P
< 0.05); a twofold decrease in relative lymphocytes (P <
0.05) count was also found too in leukocyte blood
formula.

was

increase in

'Z

P S

Figure 1. Morphology of blood cells of healthy laboratory rats and
during fecal peritonitis: (A) small lymphocyte; (B) middle
lymphocyte; (C) large lymphocyte with a synthetically active
nucleus; (D) broad plasma lymphocyte with vacuolation of the
cytoplasm (top), middle lymphocyte (bottom); (E) lymphocyte with
synthetically active nucleus and basophilic cytoplasm, nucleus with
indentation; (F) middle lymphocyte with cytoplasmic basophilia
and azurophilic granules; (G) large lymphocyte with cytoplasmic
basophilia, erythrocytes with spines (echinocytes); (H) atypical bi-
nucleated lymphocyte; (I) atypical lymphocyte with cytoplasmic
blebbing; (J) atypical lymphocyte, on the right rouleaux of
erythrocytes; (K) atypical reactive lymphocyte; (L) monocyte with a
bean-shaped nucleus; (M) monocyte with bean-shaped nucleus and
vacuolation of cytoplasm; (N) monocyte with atypical (irregularly
shaped) nucleus and vacuolation of cytoplasm (left), segmented
neutrophil (right); (O) monocyte with an atypical nucleus (top),
lymphocyte (bottom); (P) orthochromatic erythroblast; (Q, R)
banded eosinophil; (S) banded eosinophil, echinocytes; (T)
degranulation of the cytoplasm of banded eosinophil (x1000,
Pappenheim stain).

o

Figure 2. Morphology of blood neutrophils in healthy laboratory
rats and in fecal peritonitis: (A, B, C) myelocyte; (D) young
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neutrophil; (E) myelocyte (top), segmented neutrophil (bottom); (F-
L) banded neutrophil; (G, H) Dohle bodies in the cytoplasm can be
differentiated near the cell membrane; (M) segmented neutrophil;
(N) segmented neutrophil (right), lymphocyte (left), echinocyte,
rouleaux of erythrocytes; (O) vacuolation of the cytoplasm of
banded neutrophil; (P, Q) toxic granularity of neutrophil cytoplasm;
(R) segmented neutrophil (left), vacuolation of the cytoplasm of
banded neutrophil (right); (S) signs of karyorrhexis of the
segmented neutrophil nucleus, rouleaux of erythrocytes,
echinocytes are found; (T) signs of karyorrhexis of the segmented
neutrophil nucleus, slight eosinophilia of the cytoplasm (x1000,
Pappenheim stain).

Morphological features of laboratory rats” blood cells
stained by Pappenheim are presented in Figures 1 and
2. There are rouleaux of erythrocytes, echinocytes,
polychromatophiles  and orthochromatic
erythroblasts in blood smears during fecal peritonitis
(Figure 1 G, ], P, S; Figure 2 N, S).

rarely

In blood smears of rats with fecal peritonitis there are
large lymphocytes with signs of activation, which
have rounded or bean-shaped nuclei, loose chromatin,
where nucleoli can be distinguished, and basophilic
cytoplasm (Figure 1 C, D, E, G) in addition to typical
small and medium lymphocytes with a dense compact
nucleus, narrow rim of basophilic cytoplasm, fine
azurophilic granules (Figure 1 A, B, D, F). There are
reactive and atypical lymphocytes with different
morphological forms of the nucleus, in particular,
nuclei with notches, bi-nucleated lymphocytes and
ones with signs of apoptosis, in particular with
cytoplasmic blebbing (Figure 1 H-K).

Monocytes in most common morphology are with
bean-shaped, horseshoe-shaped or irregularly shaped
nucleus and gray-blue cytoplasm (Figure 1 L-O), there
is vacuolation of the cytoplasm in blood smears
during fecal peritonitis (Figure 1 M, N). In laboratory

rats, both banded and segmented eosinophils are
normally found, but often band-shaped
eosinophils (Figure 1 Q-T). In fecal peritonitis,
eosinophils with cytoplasmic degranulation are found
(Figure 1 T).

more

Laboratory rats are normally characterized by band-
shaped, mostly a ring-shaped nucleus (Figure 2 F-L)
and segmented neutrophils (Figure 2 M, N). With fecal
peritonitis, the number of
neutrophils increases rare myelocytes, which are
characterized by immature granulation (Figure 2 A, B,
C, E), there are young forms of neutrophils (Figure 2
D), the number of banded neutrophils increases.
Dohle bodies (Figure 2 G, H) are found in individual
neutrophils, which cannot always be distinguished by
light microscopy. Among neutrophils there are

immature forms of

segmental cells with toxic granularity in the cytoplasm
(Figure 2 P, Q),
vacuolation (Figure 2 O, R), nuclear karyorrhexis

neutrophils with cytoplasmic

(signs of nuclear fragmentation are observed) and
slight eosinophilia of the cytoplasm (Figure 2 S, T).

Phagocytic activity of blood neutrophils

Evaluation of PAN (Table 1) in young sexually mature
rats with fecal peritonitis compared to control group
detected inhibition of neutrophils absorption capacity
(reduction of PI in 1,56 and PN in 1,41 times at P <
0.05) and an increase of PBV in 3.29 and NAP in 2.97
times (P < 0.05) due to an increase in neutrophils
count.

Table 1. Some leukocyte blood indices of intact young, mature laboratory rats (control group) and rats with purulent fecal

peritonitis (experimental group), X + m.

Indicators, units of measure

Control group,

Experimental group, Direction and

P-value

n=10 n=10 multiplicity of changes?
Leukocytes count, x10°/L 6.77 £ 0.357 12.55+0.212" 11.85 0.000
Eosinophils count % 2.75 +0.309 3.50 +0.289 11.27 0.093
§ x10%/L 0.18 £ 0.023 0.43 +0.031" 12.39 0.000
Neutrophils count % 23.20 = 0.554 58.05 +1.401" 12.50 0.000
! x10°/L 1.56 +0.079 7.29 +0.245" 14.67 0.000
Banded neutrophils count % 1.75+0.214 8.85 +0.150" 15.06 0.000
/ x10°L 0.12+0.014 1.11 £ 0.026" 19.25 0.000
Segmented neutrophils count % 21.45 + 0.508 49.20+1.511" 12.29 0.000
" x10%/L 1.45+0.077 6.18 +0.240" 14.26 0.000
Monocytes count % 3.30 +£0.327 4.05+0.203 11.23 0.067
/ x10%/L 0.23 £0.029 0.51 +£0.028" 12.22 0.000
Lvmphocytes count % 70.75 + 0.651 34.40 + 1.333" 12.06 0.000
ymphocy ’ x10°/L 479 +0.262 431+0.156 1111 0.133
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Phagocytic index, % 71.50 £1.220 45.85 + 0.675" 11.56 0.000

Phagocytic number 4.46 +0.103 3.15+0.022 11.41 0.000
Phagocytic blood volume, x10°/L 6.99 +0.453 22.98 +0.752" 13.29 0.000
Number of active phagocytes, x10%/L 1.12 +0.058 3.33 +0.083" 12.97 0.000

"Differences compared to control group are significant at P < 0.05. * Indicates direction of indicators changes of experimental
animal’s group (increase or decrease, number of times) in comparison with control group.

ROC Curve
1.0
Source of the Curve
- Leukocyte ndex
— BGlood leukecyte shift index
Lymphocyte to
granulocyte index
0,84 . Neutrophi to tymphocyte
count ratio
Lymphocytic index
| Lymghocyte to eosinophil
count ratio
Heutrophi to monocyte
064 count ratio
K-l Lymphocyte to monacyte
s count ratio
] Segmented neutrophil to
‘@ lymphocyte count ratio
= —— Immunoreactivity ndex
v Eosinophil to lymphocyte
0.4 count ratio
Monocyte to lymphocyte
coun ratio
| Segmented neutrophil to
monecyte count rato
Banded neutrophi to
tymphocyte count ratio
0,27 Segmened neutrophil 1o
= banded neutrophi count
ratio
__ Modified leukocyte ndex
of intoxication
— Reference Line
00 T T 3 )
00 02 04 06 08 1.0
1 - Specificity
Area under the curve (AUC)
Test result variable(s) Area Std. Asymptotic Asymptotic 95%
error sig. confidence interval
Lower Upper
bound bound
Leukocyte index 0.00 0.00 0.00 0.00 0.00
Blood leukocyte shift index 1.00 0.00 0.00 1.00 1.00
Lymphocyte to granulocyte index 0.00 0.00 0.00 0.00 0.00
Neutrophil to lymphocyte count ratio 1.00 0.00 0.00 1.00 1.00
Lymphocytic index 0.00 0.00 0.00 0.00 0.00
Lymphocyte to eosinophil count ratio 0.02 0.03 0.00 0.00 0.07
Neutrophil to monocyte count ratio 0.96 0.04 0.01 0.88 1.00
Lymphocyte to monocyte count ratio 0.02 0.03 0.00 0.00 0.07
Segmented neutrophil to lymphocyte count ratio 1.00 0.00 0.00 1.00 1.00
Immunoreactivity index 0.02 0.03 0.00 0.00 0.07
Eosinophil to lymphocyte count ratio 0.98 0.03 0.00 0.93 1.00
Monocyte to lymphocyte count ratio 0.98 0.03 0.00 0.93 1.00
Segmented neutrophil to monocyte count ratio 0.95 0.05 0.00 0.86 1.00
Banded neutrophil to lymphocyte count ratio 1.00 0.00 0.00 1.00 1.00
Segmented neutrophil to banded neutrophil count ratio 0.01 0.02 0.00 0.00 0.04
Modified leukocyte index of intoxication 0.00 0.00 0.00 0.00 0.00
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Null hypothesis: true area = 0.5

Figure 3. Receiver operating characteristic curves of HLRI for differentiating acute purulent fecal peritonitis from healthy state. The value of
AUC ranges from 0 to 1. An AUC value of 0.50 indicates that HLRI did not perform better than random markers for differentiating acute
purulent fecal peritonitis from healthy state, whereas a value of 1.0 indicates that HLRI can be used as predictors of acute purulent fecal

peritonitis in nonlinear laboratory rats.

Hematological leukocytes ratio indices

A comprehensive assessment of experimental animals’
organism status carried out using some HLRI (Table 2)
represented by intoxication indices (BLSI, MLII),
indices of nonspecific reactivity (LI, LYMI, IRI, NLCR,
NMCR, LECR, ELCR, LMCR, sNLCR, MLCR,
sNMCR, bNLCR, sNbNCR) and inflammation activity
indices (LGI). A statistically significant (P < 0.05)
increase, among the analyzed indices in laboratory
rats with acute diffuse purulent fecal peritonitis,
compared with the control group, observed in BLSI of
4.63, NLCR of 5.21, NMCR of 1.90, sNLCR of 4.87,
ELCR of 2.61, MLCR of 2.55, sNMCR of 1.74, bNLCR
of 13.0 times and decrease in LI of 4.68, LGI of 4.86,
LYMI of 5.12, LECR of 2.80, LMCR of 2.68, IRI of 2.53,

sNbNCR of 2.72 and MLII of 2.24 times were detected
(Table 2).

ROC curves of the 16 HLRI for differentiating acute
diffuse purulent fecal peritonitis from healthy state are
presented in Figure 3. The highest AUC was 1.00 for
the following indices: BLSI, NLCR, sNLCR, bNLCR.
The AUC of 0.98 (confidence interval = 0.93 to 1.00)
was determined in ELCR and MLCR. NMCR and
sNMCR had the AUC of 0.96 (confidence interval =
0.88 to 1.00) and 0.95 (confidence interval = 0.86 to
1.00), respectively. All remaining indices (LI, LGI,
LYMI, LECR, LMCR, IRI, sNbNCR and MLII) showed
very low levels of specificity and sensitivity.

Table 2. Hematological leukocytes ratio indices of intact young, mature laboratory rats (control group) and rats

with purulent fecal peritonitis (experimental group), X + m.

Control group,

Experimental Direction and multiplicity P-va

e n=10 group, n=10 of changes lue
Leukocyte index 3.32+0.103 0.71 +0.054" 14.68 0.000
Blood leukocytes shift index 0.35+0.011 1.62 +0.082" 14.63 0.000
Lymphocyte to granulocyte index 27.49 +1.009 5.65 £ 0.353" 14.86 0.000
Neutrophil to lymphocyte count ratio 0.33 £0.010 1.72+0.099 15.21 0.000
Lymphocytic index 3.07 £0.102 0.60 + 0.040" 15.12 0.000
Lymphocyte to eosinophil count ratio 29.36 +£3.711 10.48 +1.075" 12.80 0.000
Neutrophil to monocyte count ratio 7.71£0.850 14.63 £ 0.743" 11.90 0.000
Lymphocyte to monocyte count ratio 23.43 +2.373 8.73 £ 0.699" 12.68 0.000
Segmented neutrophil to lymphocyte count ratio  0.30 + 0.009 1.46 +0.094" 14.87 0.000
Immunoreactivity index 24.37 +2.483 9.64 +0.741" 1253 0.000
Eosinophil to lymphocyte count ratio 0.039+0.0045  0.102+0.0078  12.61 0.000
Monocyte to lymphocyte count ratio 0.047 +0.0048  0.120 +0.008" 12.55 0.000
Segmented neutrophil to monocyte count ratio 7.13 +£0.783 12.39 + 0.645" 11.74 0.000
Banded neutrophil to lymphocyte count ratio 0.02 £0.003 0.26 + 0.006 113.0 0.000
Segmented to banded neutrophil count ratio 15.22 + 3.058 5.59 £ 0.249" 1272 0.006
Modified leukocyte index of intoxication 3.43 £0.080 1.53 +0.033" 1224 0.000

“Differences compared to control group are significant at P < 0.05; 2indicates direction of indicators changes of experimental

animal’s group (increase or decrease, number of times) in comparison with control group.

DISCUSSION

The identified physiological symptoms and laboratory
indicators of blood confirm the formation of acute
fecal peritonitis in the experimental group of animals.
The decrease in the volume of arteriovenous blood
obtained after decapitation in experimental animals,
compared with the control, indicates the presence of a

deficit in the volume of circulating blood [4].
According to the recent published data, peritonitis
also causes an imbalance of electrolytes in the blood
[21, 22]. According to Mokhber Dezfouli et al. (2012)
the concentration of phosphorus increases and the
concentration of calcium, magnesium, sodium,
potassium and chlorides decreases in animals with
peritonitis [21]. During cecal ligation and puncture

(CLP) induced sepsis model occurs, multiorgan failure
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syndrome, metabolic acidosis, electrolyte imbalance
and death [22].

The indices of leukocytes count and leukocyte blood
formula in healthy young adult laboratory rats
corresponded to the normal values for this age. Thus,
the normal leukocyte blood formula of nonlinear
(outbred) rats has a lymphoid profile: the prevalence
of lymphocytes over neutrophils, which is consistent
with the literature data [23]. Acute infectious process
in experimental group of animals is accompanied by
leukocytosis with corresponding changes in leukocyte
blood formula (neutrophilia with leukocyte blood
formula shift to the left, relative lymphopenia) and
inhibition of neutrophils absorption capacity. Such
changes could be caused by mixed aerobic-anaerobic
infections [4, 6]. It is well known that count and
functional activity changes of blood leukocytes have
phase character and reflects the reactions of the entire
blood system during inflammation: events in the
inflammation focus, bone marrow and peripheral
blood, the ratio between leukocyte emigration to the
site of inflammation and their entry from the bone
marrow into the blood, inflammation persistence [24].
An increase in banded neutrophils count apparently
indicates an intensification of
mechanisms responsible for inactivation of toxins. It is

compensatory

known that segmentation of neutrophils’ nucleus
occurs during maturation, so an increase in the
number of ring-shaped nuclei in laboratory rats
indicates  accelerated [10].
However, young forms of neutrophils are not able to

granulocytopoiesis

fully perform their functions: they migrate from
vessels more slowly because they have fewer
chemotaxis receptors, produce less adhesins, their
nuclei are more rigid, such cells contain fewer specific
[25]. of
immature forms of neutrophils contributes to a
decrease in the efficiency of phagocytosis and
chronization of inflammation [15]. A significant
decrease probably a
manifestation of a stress-induced situation and

granules Therefore, the predominance

in lymphocytes’” count is
indicates a suppression of immune system functioning
and their deposit in the focus of infectious process (in
parenchymal organs, where the infectious source
accumulates). It is noteworthy that a decrease in PAN

indicators is an unfavorable prognostic factor that

indicates existence of serious infections and
decompensation of anti-infective protection [15].
We found not only quantitative but also

morphological changes in blood cells in laboratory
rats with fecal peritonitis, compared with controls.

When analyzing the morphology of erythrocytes in
acute diffuse purulent fecal peritonitis, rouleaux,
echinocytes are identified, erythroblasts are rarely
found in the blood smear (Figure 1, 2). It is shown that
such changes, namely: the presence of echinocytes,
erythrocyte aggregates and abnormal erythrocytes
from spherostomatocytes to spheroechinocytes, where
the erythrocyte damaged
characteristic of sepsis [26].

membranes are are

Leukocytes also differed by morphological features
compared to control, there were blast-transformed and
atypical/reactive ~ lymphocytes,  vacuolation  of
monocyte cytoplasm, degranulation of eosinophils,
immature forms of neutrophils (myelocytes, young
neutrophils), Dohle bodies, signs of neutrophil
nucleus karyorrhexis, etc. (Figure 1, 2). Such changes
indicate the presence of a pathological process (for
example, sepsis), which result from the activation of

increased cytokines during bacterial infection [14, 27].

The revealed changes in HLRI in acute infectious
process can be explained by the following arguments.
LI reflects the relationship between humoral and
cellular components of immune system [18]. A
decrease in LI during inflammation is a negative
factor, since in this case formed a tendency of
incomplete immune response [16]. According to
Garkavi et al. (1990), the LI is a universal indicator
characterizing the type of adaptation reaction to any
external intervention in the body. Thus, the well-
known "stressful" type of adaptation reaction, where a
decrease in LI (less than 0.25 in humans) is present. It
reflected relative and/or absolute lymphopenia [28].

A decrease in LYMI that characterizes the lymphocyte
to neutrophil count ratio and reflects the relationship
between the humoral and cellular components of
immune system [18], in laboratory rats with purulent
fecal peritonitis indicates predominance of cellular
immunity over humoral. As known, IL-1, IL-2, IL-4,
IL-6, IL-8, IL-10, IL-12, MCP-1, macrophage migration
inhibition factor (MIF), LIF, G-CSF, IFNy and TNF-a
are involved in the pathogenesis of sepsis and septic
shock, which intense  systemic
inflammatory response syndrome (SIRS). The
evolution of SIRS may have resulted from an
imbalance in the endogenous production of cytokines.

represent an

The production of proinflammatory cytokines at the
infection site is important to the recruitment and
activation of leukocytes, which mediate local host
defenses. high levels of the same
proinflammatory cytokines in the circulation result in

However,
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systemic inflammatory response syndrome [29]. IL-1,
IL-2, IL -6, IL-10, and TNF-a cytokines are shown to
regulate early responses in inflammation linked sepsis
[30, 31, 32]. The levels of these cytokines later
decrease, but they remain high. A similar dynamic
trend is observed in the plasma chemokines, including
MIP-1a, MIP-1b, and MIP-2 [31]. Some researchers
believe that anti-inflammatory factors (such as IL-4,
IL-10, IL-1 receptor antagonist (IL-1RA), and others)
are representing a compensatory, anti-inflammatory
response, although this is debatable [33].

BLSI reflects the ratio of granulocytopoietic cells to
agranulocytes and it is a marker of the body’s
reactivity in acute inflammatory process. Its increase
indicates the presence of an active inflammatory
process and immune reactivity disorders [18].
Increased BLSI indicates of
granulocytes role at this stage of immune response
with some delay of lymphocyte-monocyte cells part,
which is the central to implementation of immune
response to infectious agents. Such a lag in response to

the predominance

entry of the microorganism by monocytes and
lymphocytes leads delay of phagocytosis
completion stage to late activation of
lymphocytes, as an effector component of immune

to
and
conditions for an extra

response. In this case,

damaging effect on the tissue due to active
granulocytes degranulation the
inflammation center. Prognostically can expect a
protracted illness [16]. A simultaneous increase in

BLSI and/or a decrease in LI in acute inflammation are

are created in

unfavorable changes in the overall reactivity, which
may show an insufficient resource of macroorganism
adaptation = mechanisms. LI  considers  more
informative, since lymphocytes are the main part of
adaptation reactions. BLSI considers characterizing the
adequacy and timeliness of the immune response of
blood cells, and the LI reflects its balance [16].

LGI is a marker of the degree of leukocyte formula
shift, which allows identifying the predominant
component of intoxication (autoimmune or infectious)
[18]. The decrease of this index in experimental group
of animals also indicates the predominance of
granulocytes’ role at the time of examination and
indicates the infectious nature of intoxication.

NLCR is a simplified biomarker of intoxication, which
reflects the ratio of cells of non-specific and specific
protection [18]. Some studies have reported that an
increased NLCR is associated with inflammatory
conditions [34] and might be used as an indicator of

the subclinical inflammation [35]. Systemic
inflammation leads to neutrophilia and lymphopenia
that result in increased NLCR [36]. If we consider that
neutrophils have a short lifespan and die during
phagocytosis, this limits the duration of non-specific
immune protection [24]. So, an increase of NLCR in
rats with purulent fecal peritonitis indicates the
predominance of non-specific defense cells. This is
also confirmed by the increase of sNLCR [18].
Generally, a higher NLCR is associated with poor
prognosis [37] and high mortality [9]. It has been
established that increased NLCR is a sign of infection
and could predict the diagnosis and severity of sepsis.
Absolute eosinophil count and NLCR came out as
better independent biomarker of sepsis compared to
C-reactive protein in critically ill patients with
[38]. It that
lymphocytopenia and NLCR are better predictors of
bacteremia than such routine parameters as C-reactive
protein, leukocytes and neutrophils count [20]. Also
reported that NLCR is a more reliable marker than C-
reactive protein and erythrocyte sedimentation rate

infection was  investigated

for evaluating activity of rheumatoid arthritis [39].

bNLCR is used to assess the state of non-specific
resistance of the organism [18]. In experimental group
of animals bNLCR is increased significantly, that
immature forms of

indicates predominance of

granulocytes.

NMCR allows to check the ratio of components of
microphages and macrophages systems [18]; its
increase in experimental group of animals indicates
predominance of the microphagal system activity over
the macrophages. sSNMCR also increased.

LECR reflects the ratio of processes of immediate and
delayed type hypersensitivity [18]. The detected
decrease in this index in laboratory rats with acute
purulent fecal peritonitis shows the formation of
hypersensitivity reactions predominantly of delayed
type due to changes in leukocyte blood formula
(decreasing lymphocytes and increasing eosinophils
count). This is also confirmed by increase in ELCR,
which is a marker of allergization degree.

An association among infection and lymphocyte and
monocyte counts was found, as well as specific
associations between these two counts [20]. LMCR
together with NLCR can be used as factors of the
prognosis determination of patients in various clinical
situations. However, many differences exist in these
markers depending on race, sex, and age [9]. LMCR
reflects the relationship between the affector and
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effector components of immunological process [18]; its
decrease in experimental group of animals compared
to control group indicates the predominance of
effector component of immunological process and the
suppression function of affector cells of immunity.
LMCR have been reported to measure the degree of
systemic inflammation and indicate prognosis in
critically ill patients [40].

Increasing MLCR [18] in experimental group of
animals is characteristic for the initiation phases of
SIRS and immune toxicosis, immune distress. Its
reduction to subnormal levels can mean both
elimination of the source of aggression and failure of
phagocytic mononuclear cells system or "immune

paralysis" [41].

IRI in general clinical practice is a marker of
hyperergic reactivity; it is the ratio of blood cells that
synthesize cytokines. In this case, the relative content
of cytokine-producing cells reflects a shift in balance
towards lymphokines or monokines [42]. Under the
action of IL-5 and IL-13, that produced by T-
lymphocyte-helper type 2 [43],
produce other cytokines (for example, IL-1, IL-3, IL-5,
IL-6, IL-8, colony-stimulating factors, adhesion
molecules, etc.), which affects the overall cytokine
profile and the spectrum of secondary inflammatory
mediators [44]. Sukalo et al. (2013) established that IRI
increases with hyperergic reaction [45]. The decrease
of IRl in experimental group of laboratory rats
indicates an imbalance in functional state of immune
system with a shift towards monokines due to

eosinophils can

decrease of lymphokines’ producers count. It is known
that a decrease in IRI is due to a decrease in the
relative lymphocytes count and an increase in
monocytes count, indicating a lack of inflammatory
blockers, and so also a detoxification part in the
spectrum of mediators and means an unfavorable
dynamic of immune reactions [46]. Furthermore, the
hypoergic variant of sepsis, which is characterized by
a sharp decrease in IRI, reflects a deficiency of
of lymphocytic
adaptation reserves, while the hyperergic variant (a
significant IRI) indicates cytokine
hyperproduction and mediators” imbalance ("mediator
storm") [42].

cytokines origin and limited

increase in

Revealed a decrease of sNDNCR in experimental
group of animals indicates the predominance of
immature granulocytes forms the time of
examination. Decrease in MLII [18] indicates existence
of infectious intoxication.

at

Thus, a set of changes of analyzed HLRI in laboratory
rats with acute diffuse purulent fecal peritonitis,
compared with the control group, reflects next
immune system disorders: the predominance of
cellular immunity over the humoral (decrease in LI
and LYMI), granulocytes prevail and increased
activity of the inflammatory process (increase in BLSI
and sNLCR), predominance of the microphage system
over the macrophage system (increase in NLCR,
NMCR, sNMCR), intense non-specific immunity
(increase in NLCR and MLCR, decrease in LGI and
LMCR), granulocytes and their immature forms
prevail (increase in bNLCR, decrease in sNbNCR), the
infectious nature of intoxication (decrease in LGI and
MLII), disturbance of immune system functional state
with a shift of balance towards monokines by
reducing lymphokines’ producers count (decrease in
IRI), formation of hypersensitivity reactions mainly of
delayed-type (decrease in LECR, increase in ELCR),
decrease function of affector cells and predominance
of effector part of immunological process (decrease in
LMCR, increase in MLCR).

AUC for BLSI, NLCR, sNLCR, bNLCR, ELCR, MLCR,
NMCR and sNMCR is in range 0.95-1.00 means that
these indices have very high levels of sensitivity and
specificity and can be used as diagnostic markers for
acute purulent fecal peritonitis.

Prospects for further research are to clarify HLRI
informativity in comparison with other methods for
assessing reactivity in laboratory rats of different ages
in normal and pathological conditions. It is interesting
also to analyze correlation of HLRI with laboratory
parameters of blood and urine.

CONCLUSIONS

To sum up, acute infectious process in experimental
group of animals is accompanies by leukocytosis with
corresponding changes in leukocyte blood formula
(neutrophilia with leukocyte blood formula shift to the
left, lymphopenia) of
neutrophils absorption capacity. A set of changes of
analyzed HLRI in laboratory rats with acute diffuse
purulent fecal peritonitis reflects such immune system
disorders: the
humoral, increased activity of the inflammatory
process, microphages system prevail, intense non-
specific immunity, granulocytes and their immature

relative and inhibition

cellular immunity prevails over

forms prevail, the infectious nature of intoxication,
disturbance of immune system functional state with a
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shift of balance towards monokines, formation of
hypersensitivity reactions mainly of delayed-type,
predominance of effector part of immunological
process. Analysis of ROC showed that BLSI, NLCR,
sNLCR, bNLCR, ELCR, MLCR, NMCR and sNMCR
can be used as predictors of acute purulent fecal
peritonitis in nonlinear laboratory rats.

Thus, HLRI give additional information about the
state of macroorganism at the time of examination
without using additional laboratory tests and can be
an informative indicator for early diagnosis,
assessment of disease dynamics and the effectiveness
of treatment of acute infectious diseases in humans

and animals.
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