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ABSTRACT 

Immunological methods that objectively reflect the lymphogenetic processes in 

the examined organism are needed to assess the effectiveness of prophylactic or 

therapeutic agents that modulate regenerative processes in the immune system. 

Such requirements are met by the cytomorphometric method of analysis of 

circulating blood lymphocytes, the size (small, medium and large) populations 

of which reflect their proliferative processes in the lymphoid organs. However, 

the cytomorphometric characteristics of lymphocytes have species features that 

have to be determined experimentally. In the model of fecal peritonitis in white 

non-linear sexually mature male laboratory rats, the limits of statistical size 

classes of lymphocytes were determined, which were the same in control and 

experimental animals, namely: small – with a diameter of 8.5 μm and less, 

medium – with a diameter of more than 8.5 μm and less 11.0 μm, large – with a 

diameter of 11.0 μm and more. Acute infectious process significantly changed 

the levels of cytomorphometric classes of lymphocytes according to their 

functional activity in immunogenesis: small, medium and large size of 

lymphocytes as 42.5 to 7.0%, 45.0 to 54.0%, 10.5 to 39.0%, respectively, in the 

control and experimental groups of animals, which demonstrates the 

informativeness of the method. In this case, small and large lymphocytes 

belong to the activated lymphocytes, which determine the state of the immune 

system, while medium lymphocytes mainly make up the pool of memory cells. 

Based on the ratio of these size classes in the peripheral blood, a conclusion 

about the proliferative reaction of lymphocytes in the experiment is made, 

followed by the extrapolation of the results and in clinical practice. 

 

  

 

 

 

 

 

 
 

 INTRODUCTION 

Objectification and personalization of the assessment 

of the state of immunity is a priority paradigm of 

modern laboratory diagnostics, and the development 

of computer technology will help automate and 

accelerate the results of the analysis. In this regard, 

modern advances in molecular cell biology have 

contributed to the progress of fundamental 

developments in the direction of modulation of 

regenerative processes in the immune system by 

natural and synthetic compounds. However, 

immunological methods that objectively reflect the 

lymphogenesis in the examined organism are needed 

to assess the effectiveness of the prophylactic or 

therapeutic agents application. The cytomorphometric 

method of the analysis of circulating blood 

lymphocytes meets such requirements. 

Cytomorphometry, as a method of computer image 

analysis includes analysis of nuclear and cellular 

morphometric parameters (radius, diameter, 

perimeter, area, volume, etc.), is widely used in 

laboratory diagnostics, medicine and veterinary 

medicine [1, 2]. Blood, as a part of the internal 

environment, reflects functional state of the organism 

and morphogenetic function of the immune system to 
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ensure structural and humoral homeostasis during its 

physiological and pathological changes [3, 4, 5]. In this 

case, from all the variety of blood leukocytes, exactly 

lymphocytes as the main cells of the immune system 

clonospecifically respond to all changes in the 

organism and preserve cellular memory of them until 

subsequent immunological reactions. It is possible to 

study the processes of morphogenesis that occur in 

lymphoid organs at physiological and pathological 

(infectious, oncological, autoimmune) regenerative 

processes on circulating blood lymphocytes using a 

cytomorphometric method that takes into account the 

stages of activation, proliferation, differentiation and 

migration of lymphocytes which stereotypically reflect 

the formation of morphofunctional size classes of 

lymphocytes on small, medium and large [5, 6, 7]. 

However, the cytological characteristics of blood 

lymphocytes have species features. Thus, lymphocytes 

of human blood and laboratory rats differ in specific 

density, which is for the first 1.077 – 1.078 g/ml, for the 

second 1.087 – 1.088 g/ml [8, 9, 10]. The specific 

density of lymphocytes depends on the species 

characteristics of their nuclear-cytoplasmic ratio, 

which reflects their other cytomorphometric 

characteristics. Meanwhile, laboratory rats are one of 

the common objects of modeling physiological and 

pathological human conditions [11]. Therefore, 

without determining the cytomorphometric features 

of their lymphocytes, this immunological analysis 

cannot be extrapolated to the dynamics of human 

blood lymphocytes. 

The aim of our study is to establish the 

cytomorphometric limits of small, medium and large 

blood lymphocytes of laboratory rats and their ratio in 

norm and pathology (acute fecal peritonitis) with 

definition of functional activity in immunogenesis of 

each size class of lymphocytes to further address 

fundamental and applied aspects of experimental and 

clinical immunology by assessment of modulation of 

regeneration processes under the influence of natural 

and synthetic factors. 

 

MATERIALS AND METHODS 

Animals and experimental conditions 

The research was performed on 20 white non-linear 

sexually mature male laboratory rats aged 7 – 8 

months and weighing 180 – 220 g. Animals were 

randomly divided into control/intact (n=10) and 

experimental groups (n=10). An acute diffused 

purulent fecal peritonitis was simulated in 

experimental animals by the method of Lazarenko et 

al. (2008) for the shift of immunological parameters 

due to activation of immunogenesis: injected into the 

abdominal cavity 10% filtered fecal mixture at the rate 

of 0.5 ml per 100 g of body weight [12, 13]. Animals 

were removed from the experiment on the 3rd day 

after injection. All manipulations were carried out in 

accordance with the rules and regulations for the 

handling of laboratory animals [14, 15]. All procedures 

performed were approved by the Bioethics committee 

of Zaporizhzhia National University Biology faculty 

(Protocol No. 1 dated August 28, 2019). 

 

Collection of blood samples and laboratory analysis 

Animals under ether anesthesia (Sorbpolimer-Analitic 

Ltd., Kyiv, Ukraine) were decapitated, arteriovenous 

blood was collected, stabilized by heparin (20 μg/ml, 

Spofa, Prague, Czech Republic) and immediately 

analyzed the number of leukocytes in Goryaevʼs 

chamber (MICROmed TM, Poltava, Ukraine), and in 

blood smears stained by Pappenheim using 

concentrated solution of May-Grünwald dye and 10% 

solution of Romanowsky-Giemza dye (Biomed Ltd., 

Shostka, Ukraine) – leukocyte formula and 

cytomorphometric studies of lymphocytes performed 

in accordance with the methodology [5, 6, 7, 16]. 

Measurements of lymphocytes performed using 

FemtoScan online software v. 2.3.219 (Advanced 

Technologies Center, Moscow, Russian Federation) in 

pixels, which were translated into micrometers based 

on calibration of the values obtained at a given 

magnification using an object micrometer (PZO, 

Warszawa, Poland; value of a point is 0.01 mm or 10 

μm) using an oil immersion system (the objective lens 

100×). Microphotographs were prepared using a 

PrimoStar iLED microscope and an Axio CamERc5s 

camera (Carl Zeiss, Goettingen, Germany). Since the 

gradation of cytomorphometric classes of lymphocytes 

is carried out in the range of 0.5 – 1.0 μm for greater 

accuracy formed a variation series of size classes of 

lymphocytes with an interval of 0.3 μm. Based on 

histograms comparison of lymphocytes 

cytomorphometric groups of control and experimental 

animals distributed the limits of small, medium and 

large cytomorphometric classes of lymphocytes and 

determined the percentage of each grouped class. The 

state of the immune system was evaluated by the ratio 

of small, medium and large lymphocytes [5, 6, 7]. 
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Statistical analysis 

Statistical processing and presentation of experimental 

results were performed using the MicrosoftXP Exel 

2010 (Microsoft Corporation, Redmond, Washington, 

USA) and IBM SPSS Statistics 20.0 application (IBM 

corp., Armonk, NY, USA). The verification of 

quantitative indicators for the normality of 

distribution was performed using the one-sample 

Kolmogorov-Smirnov test, the Shapiro-Wilk test. At 

the nonparametric distribution at least by one 

indicator of data series, used the Mann-Whitney rank 

test to assess the significance of differences between 

independent samples. The values in the tables are 

represented as Me (Q1; Q3), where Me is median, Q1 

and Q3 are the first (25%) and third (75%) quartiles. 

Differences were considered significant at P < 0.05 

[17]. 

RESULTS 

Disease symptoms, the total number of leukocytes 

and leukocyte blood count 

On 3rd day after modeling of acute purulent 

peritonitis in laboratory rats a pronounced clinical 

picture of the disease was observed. Acute purulent 

peritonitis is one of the forms of inflammatory reaction 

of the whole organism (sepsis), therefore, 

corresponding changes were detected in peripheral 

blood (Table 1) increase in the number of leukocytes 

by 86.7%, the relative number of neutrophils by 2.5 

times, including banded 4.5 times, segmented nuclei 

2.3 times, two-fold decrease in the relative number of 

lymphocytes at almost equal their absolute values, 

compared with the control. 

Figure 1. Histogram of the blood lymphocytes' average diameter of sexually mature rats in normal (control, n=10) and pathological (fecal 

peritonitis, n=10) states. The results are presented as х̅ ± m, where х̅ is the average value of the attribute, m is the average error of the 

arithmetic mean. The arrows marked the dips by which we separated the small, medium and large cytomorphometric classes of lymphocytes. 

 

Cytomorphometric parameters of lymphocytes 

The results of cytomorphometric analysis of 

peripheral blood lymphocytes in intact laboratory rats 

and with systemic inflammation are presented on the 

histogram (Figure 1). Thus, cytomorphometric 

lymphocytes' indices of healthy adult rats and with 

fecal peritonitis varied widely: in healthy animals – 

from 5.4 to 13.8 μm, and with fecal peritonitis – from 

7.8 to 15.0 μm. Comparison of frequency distribution 

histograms of individual lymphocytes' classes of intact 

and experimental animals in the presence of gaps in  

 

their dynamics (at the level of 8.4 and 10.8 μm) clearly 

separated the following cytomorphometric classes of 

lymphocytes (LC): small – with a diameter of 8.5 μm 

and less (LC ≤ 8.5 μm); medium – with a diameter of 

more than 8.5 μm and less than 11.0 μm (LC > 8.5 – 

< 11.0 μm) and large – with a diameter of 11.0 μm and 

more (LC ≥ 11.0 μm). 

Using these cytomorphometric limits of lymphocytes 

classes in intact laboratory rats the following results 

were obtained (Table 2) the relative proportion of 

small lymphocytes is 42.50 (31.50; 59.75)%, medium – 
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45.00 (31.75; 56.50)%, large – 10.50 (7.50; 12.50)%, 

which corresponds to the physiological state of 

immune system in animals. Generalized infectious 

process (sepsis) in the experimental group of rats led 

to a redistribution of frequencies in cytomorphometric 

classes of lymphocytes in the peripheral blood: the 

number of small lymphocytes sharply decreased to 

7.00 (6.00; 8.00)%, the number of medium lymphocytes 

increased to 54.00 (53.75; 56.50)% and large to 39.00 

(36.50; 40.00)%. Wherein, a part of large lymphocytes 

was especially polymorphic (there were cells up to 

15.0 μm), intermediate classes can be additionally 

distinguished in each cytomorphometric class of 

lymphocytes. 

 

Table 1. The leukocyte blood formula of intact 

sexually mature laboratory rats (control) and in 

generalized infectious process (fecal peritonitis), Me 

(Q1; Q3). 
Indicators, units of 

measure 
Groups of laboratory rats 

Control, n = 10 Fecal peritonitis, n = 10 
Leukocytes count, ×109/L 6.83 (5.95; 7.75) 12.75 (11.86; 13.06) * 
Eosinophils count, % 2.75 (1.88; 3.63) 3.50 (2.88; 4.13) 
Neutrophils count, % 23.50 (22.00; 25.00) 57.75 (56.38; 61.50) * 
Banded neutrophils 

count, % 2.00 (1.38; 2.00) 9.00 (8.50; 9.13) * 

Segmented neutrophils 

count, % 21.00 (20.38; 23.00) 48.75 (47.38; 52.75) * 

Monocytes count, % 3.50 (2.38; 3.63) 4.00 (3.50; 4.63) * 
Lymphocytes count, % 70.25 (69.00; 72.38) 34.00 (31.50; 36.50) * 
Lymphocytes count, 

×109/L 4.75 (4.17; 5.66) 4.16 (4.04; 4.81) 

 
 

Table 2. Grouped cytomorphometric classes of 

lymphocytes in normal (control) and pathological 

(fecal peritonitis) states of sexually mature laboratory 

rats, Ме (Q1; Q3). 
Cytomorphometric 

classes of lymphocytes 
Groups of laboratory rats 

Control, n = 10 Fecal peritonitis, n = 10 
Small (≤ 8.5 μm), % 42.50 (31.50; 59.75) 7.00 (6.00; 8.00) * 
Medium (> 8.5 – < 11.0 

μm), % 45.00 (31.75; 56.50) 54.00 (53.75; 56.50) 

Large (≥ 11.0 μm), % 10.50 (7.50; 12.50) 39.00 (36.50; 40.00) * 

 

Morphology of lymphocytes 

In addition to dimensional characteristics, small, 

medium and large lymphocytes also differ in 

morphology (Figure 2). Small lymphocytes are 

erythrocyte-sized, have round or oval compact 

nucleus, which occupies most of the cell, dense 

condensed granular or deep chromatin, almost 

without cytoplasm or with a narrow rim of cytoplasm 

with moderate basophilia (Figure 2, A). In medium 

lymphocytes, the nucleus is round, compact, 

dominates over cytoplasm, coarse-grained chromatin, 

no nucleoli, sometimes there are remnants of nucleoli, 

cytoplasm with reduced basophilia (Figure 2, B, C). 

Large lymphocytes (immunoblasts, Figure 2, D, E, F) 

have an active nucleus with fine-grained chromatin, 

1 – 2 nucleoli can be distinguished in the nucleus, a 

broad basophilic cytoplasm due to the deployment of 

a protein-synthetic system, the main component of 

which are ribosomes. 

 
Figure 2. Morphology of small (A), medium (B, C) and large (D, E, 

F) lymphocytes in laboratory rats. Light microscope (objective lens 

100×), Pappenheim staine. Scale bar: 10 μm. 

 

DISCUSSION 

In the study of leukocytes count and leukocyte blood 

formula in intact adult rats, the indicators 

corresponded to the reference values for this age [18, 

19, 20] and had a lymphoid profile (predominance of 

lymphocytes over neutrophils) which coincides with 

the data of literature [21, 22, 23]. It is known that white 

blood in laboratory rats is quite labile, therefore, to 

shift the immune parameters due to activation of 

immunogenesis for infection animals simulated with 

fecal peritonitis, as one of the options for development 

of systemic inflammatory reaction, which in terms of 

force evens out individual physiological fluctuations. 
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In the simulation of fecal peritonitis in all 

experimental animals, the development of a septic 

condition was observed. It sharply shifted all 

indicators of the leukocyte formula: significant 

leukocytosis and granulocytosis were detected, 

especially neutrophilia with shift of the blood formula 

to the left, quantitative and qualitative shifts of 

lymphocytes. Detailed morphological characteristics 

of blood cells and their ratio in normal laboratory rats 

and the ones with fecal peritonitis are presented in our 

previous research [24]. These changes in rats’ blood 

coincided with those obtained by other authors [25] 

and corresponded to our goals – to shift the 

homeostatic fluctuations of blood leukocytes to 

contrast them in control and experimental animals. 

The proposed methodological approach to the 

analysis of morphofunctional features of circulating 

lymphocytes allowed us to address the following 

issues. Firstly, the boundaries of small, medium and 

large cytomorphometric classes of lymphocytes in 

outbred rats were clearly separated. Secondly, their 

species features in comparison with human 

lymphocytes are established. Thirdly, conceptually 

determined their formation at the stages of 

lymphogenesis. Fourthly, confirmed the justification 

of the functional activity in immunogenesis for each of 

cytomorphometric classes of lymphocytes previously 

formulated by Frolov et al. [5, 6, 7, 26]. 

Thus, according to the analysis of dips and peaks in 

histograms of control and experimental rats (Figure 1), 

the limits of small, medium and large 

cytomorphometric classes of lymphocytes coincided 

with each other. However, the development of 

peritonitis in experimental rats was noted by 

differences in the amplitude of these peaks and their 

uniformity (Figure 1), which depended on their 

functional significance. Thus, such histological feature 

as the specific density of lymphocytes and their size 

should be of a species character, which must be taken 

into account in this methodological direction, but 

other researchers, for the most part, do not observed 

this. The universality of grouping of circulating blood 

lymphocytes into cytomorphetric classes (small, 

medium and large) is due to the stereotype of their 

lymphogenesis (formation in the central and 

peripheral lymphoid organs and subsequent 

migration into tissues and organs of all vertebrates). 

Thus, according to the cytomorphogenetic concept of 

Frolov et al., lymphocyte, after antigenic or mitogenic 

stimulation stereotypically undergoes the following 

stages of lymphogenesis: recognition of the stimulus; 

cell activation; blast transformation; proliferation; 

differentiation; migration; immune response during 

which the nuclear-cytoplasmic ratio changes, which is 

reflected in cell size [5, 6, 7]. 

As we consider, in majority, lymphocytes of the 

medium cytomorphometric classes as their tissue 

characteristics for a specific type of organism, begin 

immunogenesis. Activation and blasttransformation 

are accompanied by the deployment of a protein-

synthetic system, which leads to increasing cell size 

(3 – 5 times), which becomes maximum before a series 

of sequential (3 – 5 – 10 or more) mitoses depending 

on the specific immunological situation. Rapid 

sequential division of large blast-transformed cells 

leads to reduction of their offspring size to a 

functionally minimal value for lymphocytes of a 

particular species, which is one of the hallmarks of 

successful subsequent migration. During proliferation, 

lymphocytes undergo certain stages of differentiation 

inherent in each subpopulation of lymphocytes.  

Migrating to the internal environment, these 

postproliferative lymphocytes form a pool of small 

activated lymphocytes with high migration capacity, 

which are deposited in organs, performing an inherent 

(committed) homeostatic function, after which they 

are mostly utilized by apoptosis. It is known that 

lymphocytes are special cells that have certain features 

of stem cells: they have the ability to proceed from the 

mitotic cycle of productive histogenesis to the final 

differentiation, returning to the G0 stage, replenishing 

the pool of source populations of T- and B-

lymphocytes clonally receptor-committed to this 

antigen/structure (for example, СD2, CD3, CD4, CD8, 

CD19, CD20, CD22, CD25). Cellular memory before 

previous immunogenesis is based on this property. 

Thus, the part of the small lymphocytes comes from 

the subsequent committed immunogenesis, becoming 

memory cells, circulating in the organism for a long 

time (months, years, decades). Metabolic processes in 

this part of cells lead to the restoration of the average 

genetically determined nuclear-cytoplasmic ratio 

specific for medium cytomorphometric class of 

lymphocytes. A smaller part of them are activated as a 

transient cytomorphometric form of large 

immunoblast lymphocytes, which prematurely left the 

immune organs for migration. However, most 

medium lymphocytes are temporarily 

immunologically intact as memory cells. They have 

been activated long ago (during which their nuclear-

cytoplasmic ratio has been restored) and retain 

potencies for future immunogenesis upon appropriate 
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encounter with antigen/structure or under the 

influence of mitogenic signals through common 

activation markers (for example, CD25, CD28, CD69, 

CD71, CD95, CD127). 

All stages of immunogenesis are influenced by 

positive and negative regulatory factors that keep the 

immunological response within physiological 

homeostatic limits. In the case of increased needs for 

immunocompetent cells, for example, in the case of 

infection or disruption of the structure of another 

genesis, leukocytes that have not passed all the 

relevant stages of differentiation enter the peripheral 

circulation. In hematology, this condition of 

leukopoiesis is called "shift of cells to the left". Among 

granulocytes, this group of "immature" cells are young, 

banded, such as neutrophils [27, 28]. However, we 

determine that this condition is also characteristic of 

lymphogenesis. In the case of load on immune system, 

immunoblasts enter the circulation at different stages 

of blast transformation prior to the beginning of 

proliferation [29, 30]. As a rule, in such cases, medium, 

rarely large immunoblasts enter the circulation from 

the lymphoid organs. These activated lymphocytes 

with signs of blast transformation constitute the 

cytomorphometric class of large lymphocytes, which 

in the future, like small lymphocytes, migrate to 

tissues, organs and after performing the appropriate 

immunological function undergo apoptosis. Large 

lymphocytes also include a population of natural 

killers (CD16+) and a group of T-lymphocytes (T-

helpers – CD4+, T-killers/suppressors – CD8+), which 

contain red-violet granules in the cytoplasm, which 

are also utilized in the relevant organs after 

immunological reactions. 

After experimental and logical structural and 

functional determination of each cytomorphometric 

population of small, medium and large lymphocytes, 

it becomes timely to explain the species differences of 

these classes in rats and humans on one side and in 

intact and experimental rats on other. As might be 

expected, the average values of cytomorphometric 

classes of rats’ lymphocytes and their statistical 

fluctuations significantly exceeded those observed in 

humans. Thus, the higher specific density of 

lymphocytes in rats coincided with the larger size of 

these cells and an increase in the average size and 

their boundaries among the cytomorphometric classes 

of lymphocytes (small, medium and large) blood 

(Table 3). For example, the average size of small 

lymphocytes in the laboratory rats were higher by 

30.8%, and large – by 15.8%, compared with those in 

humans (Table 3). These dimensional features of 

lymphocytes were not taken into account by other 

authors in similar cytomorphometric studies [31]. 

Therefore, the use of gradation of human blood 

lymphocyte size is not acceptable for similar 

cytomorphometric analysis of cells in other species. 

In addition, species histograms differ in quantitative 

indicators of lymphocyte size classes. Thus, in a 

healthy middle-aged humans and intact rats 7 – 8 

months of age (corresponding to the middle age 

category) they differ in the number of small 

lymphocytes, which include newly formed 

postproliferative highly migratory activated fractions 

of circulating lymphocytes, which mainly reflect the 

state of the immune system at the time of testing. 

According to the literature, the reference values of the 

proportion of small lymphocytes in middle-aged 

people are 15 – 20% [5, 6, 7], whereas according to our 

data in adult middle-aged rats it is 42.50 (31.50; 

59.75)% (Table 3). We attribute these significant 

quantitative differences to the average individuals 

lifespan of these species and their body temperature. 

Thus, the average life expectancy in rats is 2 – 3.5 years 

(average 3 years) at a body temperature of + 38.5 – 39.5 

˚С, and humans – 80 years, at a body temperature of 

37.0 ˚С [18, 32]. This assumption emphasizes the 

conditionality of the primacy of the morphogenetic 

function of immunity in the control and maintenance 

of structural histological homeostasis of the organism 

[4, 7, 33-37]. Thus, according to modern data, it is 

unequivocally proved that all clones of T- and B-

lymphocytes during formation in the central 

lymphoid organs are sensitized (committed) to the 

autostructures of cells and their derivatives [3, 4, 33, 

35], but without cytotoxic function, whereas allergic 

and autoallergic reactions develop with local or 

systemic dysregulation in the immune system. 

Homeostatic helpers/suppressors, autosensitized 

clones of T- and B-lymphocytes provide control and 

regulation of histogenetic reactions of all tissues at the 

stages of their morphogenesis from stem to completely 

differentiated cells. 

This fact was convincingly proved by the example of 

blocking the regeneration of liver cells with chemical 

cytostatic in rats having surgery on this organ. During 

transfer of T- and B-lymphocytes from them to intact 

animals, the latest stimulated cell regeneration at that 

stage at which regeneration was stopped by a 

cytostatic in the experimental group of animals [34]. 

Other experiments have shown that it is the RNA 

extracted from lymphocytes from patients with 
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polycythemia vera stimulate hematopoiesis in rats [33]. 

The regulatory function of autosensitized T- and B-

lymphocytes explains the presence of autoantibodies 

without cytotoxic action to all without exception cell 

structures and their derivatives [4, 35, 38]. 

This has been confirmed by many authors since the 

early 20th century. From these positions it is possible 

to explain lymphoid type of leukocytes of blood in rats 

and mainly neutrophilic type in human. Thus, rats 

have accelerated structural and functional 

physiological processes that occur at +38,5 – 39,5 ˚С 

[18] according to various sources. Physiological and 

reparative processes are provided by proliferative 

reactions at histogenesis which level is regulated as it 

is specified above by lymphoid system. However, it 

has already been conclusively proven that the 

proliferative potencies of tissue differon stem cells are 

limited by the Hayflick-Olovnikov phenomenon, a 

reduction in the daughter chain in DNA reduplication 

from the 5'-end [39, 40]. Losing potency to cell 

proliferation occurs when the final telomeres of 

chromosomes are exhausted by replicative cycles: 

deletions, mutations are already exposed to structural 

or regulatory genes, as a result of which the cell 

activates (starts) the apoptosis program [39]. It has 

been experimentally shown that human somatic cells 

have potencies up to 40 – 60 mitoses [39, 41, 42], which 

provide the maximum biological age up to 100 – 110 

years, while the ones of laboratory mice and rats have 

potencies for 10 – 15 divisions with a maximum 

lifespan of 3.5 years [43, 44, 45]. 

From the standpoint of homeostatic morphogenetic 

function of immunity, it is also possible to explain 

leukocyte and cytomorphometric shifts in the blood of 

experimental rats, which simulated acute fecal 

peritonitis. The development of a generalized 

infectious process (sepsis) was accompanied by an 

acute inflammatory reaction of the whole organism, in 

which all parts of the immune system of animals were 

activated, first of all, cells of innate immunity. 

Therefore, the burst of neutrophilia and its sharp shift 

to the left is fully explained as they perform the main 

clearance function from pathogens and cellular 

detritus, synthesize a network of various cytokines 

[46]. In parallel, innate immune cells activate 

homeostatic responses of acquired adaptive immunity, 

which through clonospecific and protective T- and B-

lymphocytes regulate morphogenetic and protective 

cytotoxic responses to pathogens. 

A significant contribution to understanding the rapid 

development of immunological responses to disorders 

of genetic-structural homeostasis was the discovery 

and subsequent study of the functional features of a 

new group of immunocompetent cells – innate 

lymphoid cells (ILC) [47-53]. They differ from well-

studied T- and B-lymphocytes by the absence of 

clonospecific receptors for ligands, but have a wide 

variety of receptors that test the homeostatic state of 

the tissue microenvironment and react by synthesizing 

various inflammatory cytokines, rapidly involving 

innate and adaptive (T- and B-lymphocytes) cells in 

the inflammatory response. They are also relatively 

tissue-resident cells. As an analogue of T-helper 

lymphocytes, they are involved in a number of 

immunological reactions in the sequence ILC – 

Dendritic cell – Т-lymphocyte. At the last stage, ILC 

[47, 51] together with other auxiliary cells of the 

microenvironment [54] provide a dichotomy of 

activated committed T- and B-lymphocytes circulation: 

either in MALT (mucosa-associated lymphoid tissue) 

and/or in SALT (skin-associated lymphoid tissue). 

If taking into account that the immune system of 

mucous membranes (MALT) is more than 70% of the 

mass of lymphoid organs, then in the case of acute 

inflammatory process, which occurs in a group of 

experimental animals, activated lymphocytes from the 

small cytomorphometric classes migrated and 

deposited mainly to these organs performing their 

immunological functions, after which they mostly 

undergo apoptotosis [55]. It becomes clear why the 

part of the small lymphocytes classes in the blood of 

these animals decreased to 7.00 (6.00; 8.00)%, with 

42.50 (31.50; 59.75)% in control animals, i.e. by 83.5%. 

In addition, according to the literature [49, 51, 53], ILC 

provides rapid mobilization of metabolic 

morphogenetic responses, including in histogenesis of 

cells of myeloid and lymphoid tissues. These 

circumstances can explain the expressive and sharp 

shift to the left to differentiate granulocytes (the 

emergence of banded neutrophils) and lymphocytes 

(the presence of small and large blasts). Also with 

regard to lymphocytes, this phenomenon was 

manifested by the splitting (two-humped) of the 

medium cytomorphometric class of lymphocytes 

(intermediate immunoblast), and a sharp increase in 

the number of large lymphocytes (immunoblasts). The 

appearance of a significantly large proportion of 

immature forms among neutrophils and lymphocytes 

indicates an extreme degree of stress in the immune 
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system, aimed at elimination of the acute 

inflammatory reaction to the infectious process. 

Thus, thanks to modern discoveries in cellular 

immunology, the cytomorphometric method of 

analyzing the state of immune system acquires 

additional objectivity and informativeness. 

Considering the rapid dynamic processes of new 

formation and the relative dichotomy of the direction 

of predominant migration of activated lymphocytes in 

MALT (mucosa-associated lymphoid tissue) and/or 

SALT (skin-associated lymphoid tissue) [7, 47-50, 54], 

which puts this method in a number of objective 

methods of primary immunological level together 

with the general blood test: tests immunity intension 

on amplitude of activated lymphocytes (small and 

large) and localization of disturbance of structural 

homeostasis of tissues – by migratory dynamics of 

increase or decrease of the content of certain 

cytomorphometric classes of lymphocytes from their 

reference values. 

Modern development of laboratory equipment (flow 

hemometers, cytometers) can make this method as 

operational as other methods of general analysis of the 

immune system at the time of blood collection for 

analysis. Assessment of the intensity of lymphogenic 

reactions in the organism of the subject gives the 

cytomorphometric method an advantage over other 

methods of cytological analysis, and its efficiency, 

objectivity and informativeness can be successfully 

used to address fundamental and applied aspects of 

experimental and clinical immunology to assess the 

modulation of physiological or reparative 

regeneration processes under the influence of natural 

and synthetic factors in preventive and curative 

measures. 

The perspective of further research is to determine the 

density of CD structures on small, medium and large 

lymphocytes on the histogram of the lymphocyte 

suspension obtained using flow cytometers. Also the 

analysis of the percentage of small, medium and large 

cytomorphometric classes of blood lymphocytes of 

laboratory rats and other model animals (mice, guinea 

pigs) of different ages and their shift in various 

pathologies of infectious and non-infectious genesis 

with parallel analysis of humoral immunity factors 

including cytokines is of clinical interest. 

 

Table 3. Comparative characteristics of 

cytomorphometric features of blood lymphocytes of 

laboratory rats and donors* of middle age. 
Biological 

species 
Specific 

density, 

g/ml 

Cytomorphometric classes of lymphocytes 

Small Medium Large 

Laboratory 

rats 
1.087– 

1.088 
≤ 8.5 μm > 8.5 – <11.0 μm ≥ 11.0 μm 

  42.50 (31.50; 

59.75)% 
45.00 (31.75; 

56.50)% 
10.50 (7.50; 

12.50)% 
Donors* 1.077– 

1.078 
≤ 6.5 μm > 6.5 – < 9.5 μm ≥ 9.5 μm 

  14.4±1.60% 72.0±4.80% 13.6±1.90% 

The numerator indicates the cytomorphometric limits of small, medium and large 

lymphocytes in μm, and the denominator indicates their percentage of the total 

number of lymphocytes. * The results quoted from paper [5]. 

 

CONCLUSIONS 

The limits of variation of small, medium and large 

cytomorphometric classes of blood lymphocytes are 

species-specific and are due to the nuclear-cytoplasmic 

ratio of cells, which is tested for specific density in 

gradient solutions by centrifugation. Therefore, in 

each case it is necessary to make a cytomorphometric 

histogram of samples of whole blood lymphocytes, 

based on which separate the boundaries and average 

values of cytomorphometric classes of lymphocytes of 

a particular mammalian species. 

Established division of circulating blood lymphocytes 

of laboratory rats into small (average cell size 

≤ 8.5 μm), medium (average cell size > 8.5 – < 11.0 μm) 

and large (average cell size ≥ 11.0 μm) 

cytomorphometric classes is an objective reflection of 

their histogenetic events in the lymphoid organs of the 

body. 

Normally, the proportion of small lymphocytes in 

laboratory rats is 42.50 (31.50; 59.75)%, medium – 45.00 

(31.75; 56.50)%, large – 10.50 (7.50; 12.50)%, and in the 

case of generalized infectious process (sepsis) varies 

according to their functional value: the part of small 

lymphocytes, which include actively migrating 

postproliferative committed lymphocytes, decreases to 

7.00 (6.00; 8.00)%; the part of medium lymphocytes 

includes memory cells, that are long-circulating, rarely 

transient cytomorphometric forms of large 

lymphocytes is 54.00 (53.75; 56.50)%, and the part of 

large lymphocytes that are immunoblasts, activated T-

lymphocytes and NK increases to 39.00 (36.50; 40.00)%. 

Based on the ratio of these size classes in the 

peripheral blood, a conclusion about the proliferative 

reaction of lymphocytes in the experiment is made, 

followed by the extrapolation of the results and in 

clinical practice. 
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