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ABSTRACT — The informational parameters characterizing
the adaptive-compensatory resources of the liver of

Wistar rats in the reproductive period and the period

of pronounced senile changes in norm and pathological
conditions were studied. The same informational
parameters were also determined for some non-oncological
pathologies, for hepatocellular adenoma and for
hepatocellular carcinoma at both ages. It is established

that in ontogenesis there is an increase in the level of real
structural diversity (H) and coefficient of relative entropy
of the system (h). At the same time a decrease of level

of organization of system (S) and coeflicient of relative
organization of system (R) are noted. In the studied periods
of ontogenesis, at similar pathologies and pathological
processes in liver, in reproductive period of ontogenesis the
organ is characterized by fewer devia-tions from the norm
and higher level of adaptation and compensative abilities
than in the period of pronounced senile changes. Changes in
informational condition of liver at hepatitis have the same
direction as ontogenetic changes. They lead to an increase
in the disorder of the system and a decrease in the level

of its integrity, which results in a decrease in the level of
adaptive and compensatory resources. In tumors, a decrease
in H and h was found with a simultaneous increase in S

and R compared to age norms, which are more pronounced
in malignant neoplasms. For all the studied pathologies,
changes in the information state are more prominent in the
liver of rats in the period of pronounced senile changes.
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INTRODUCTION

The morphofunctional changes in pre- and
postnatal ontogenesis are increasingly considered as
phenomena caused by the dynamics of adaptive and
compensatory capabilities of living systems of various
hierarchical levels [2, 18]. The adaptive-compensatory
abilities of biological systems largely determine the
success of maintaining homeostasis through ensuring
the structural and functional unity of the system com-
ponents, both in normal condition and in pathology
(8,13).

Various criteria are used to assess the adaptive-
compensatory resources of these systems, but each of
them is not completely objective and integrative and
does not allow a comprehensive assessment of the po-
tential capabilities of the studied system in the process
of adaptation and/or compensation, reflecting mainly
its functional and/or morphological features.

At the same time, the concept of information has
become one of the key concepts for actively develop-
ing branches of biology. Information parameters can
be considered as diagnostic criteria for pathological
conditions. The use of information parameters as
criteria for assessing the state of various systems and
organs of a mammal is increasingly noted. Among the
systems of information parameters used to characterize
the adaptive and regenerative capabilities of systems,
the concept of entropy is most often used [10-14].

It can be assumed that namely the entropy of
biosystems can be the criterion that comprehensively
characterizes the complex of adaptive-compensatory
capabilities of bio-systems under various functional
states. G.G. Avtandilov put into practice several infor-
mation parameters that are derivatives of entropy that
can be used for the informational characterization of
systems. Our previous studies suggest that the above
informational criteria are quite informative indicators
characterizing the level of adaptive-compensatory
resources of the organism [3-6].

Moreover, it has been reported that it advisable
to calculate the information parameters of organs and
tissues based on variations in the volume of hepato-
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cyte nuclei. The cell nucleus is the most labile and
significant indicator of the morphofunctional state
of the cell. The shape and size of the nucleus are those

indicators by which it is possible to determine the state

of the cell itself; one or another stage of its life cycle.
The change in the average size of the nuclei or the
cells themselves (cross-sectional area or volume) is an
integral derivative of two factors. First, it may be due

to a true functional fluctuation in the size of the nuclei.

Secondly, a change in the average size of cell nuclei

occurs due to a change in the ratio of di- and polyploid

cells (partial polyploidy). Both the first and second
factors are very important for assessing the adaptive
reserves of an organism [9, 15, 16, 17, 20, 21].

In this regard, we considered as the subject of

current interest the study of the informational state of

the liver of white Wistar rats, which characterizes the

level of adaptive and compensatory resources of organ

in norm, at chronic and leptospiral hepatitis, hepato-
cellular adenoma and hepatocellular carcinoma in the
reproductive period and the period of pronounced
senile changes.

MATERIALS AND METHODS

All the experimental protocols were performed
in accordance with ethical guidelines approved by the

Ethics Committee of the Research Center for Biology

of Cells and Applied Biotechnology, Moscow Region
State University, (Moscow, Russia) prior to conduct-
ing the experiments. Experiments were performed as
per “Directive 2010/63/EU of the European Parlia-
ment for animal use for scientific purpose” and “NIH
Guidelines for the Care and Use of Laboratory Ani-
mals” In the description of the neoplasms, the WHO

International Histological Classification of Tumors of

Domestic Animals (AFIP, Washington, DC, 1999.)
was used. Qualitative and quantitative characteristics
of the studied material are presented in Table 1.

MORPHOLOGY, PHYSIOLOGY,
PATHOLOGY

pathologies in the reproductive period and the period
of pronounced senile changes the pathologic materi-
als from the archives of the cell biology laboratory at
the Research Center for Biology of Cells and Applied
Biotechnology, Moscow Regional State University;
and the laboratory of experimental biology and bio-
technology at the Research and Educational Center,
Moscow Region State University were used.

The liver of animals with leptospiral hepatitis was
obtained from animals infected in-traperitoneally with
aLD50 of five-day culture of Leptospira of following
serological groups — Canicola, Icterohaemorrhagiac,
Grippotyphosa [19].

Chronic hepatitis was induced by subcutane-
ous administration of CCl4 (Adams et al., 2016). For
cuthanasia, a CO, camera equipped with an overhead
gas supply was used. The chamber volume was filled
with gas (100% CO,) at a rate of 20% per minute to
avoid dyspnea and pain in animals. To determine the
informational status at focal lesions of the liver, pieces
of tissue were taken from the least altered areas on the
border of macroscopically visible lesions. In case of
visual homogeneity of organ, the material for research
was taken from random part of it. The criteria for the
inclusion of archival material in the study were the
verified diagnosis and accurate information about the
age of the animal from which the material for study
was obtained. For further research, the histological
preparations stained with hematoxylin-cosin were
prepared by standard methods.

The following informational parameters were
determined: H — maximal structural entropy of the
system (informational morphological capacity), H —
informational morphological entropy (real structural
diversity of the system), S — informational morpho-
logical organization (the indeterminacy, implemented
in the system), h — the relative morphological entropy
(coefhcient of compression of information), R —

Table 1. Qualitative and quantitative characteristics of the material studied to determine the informational condition of the rat liver in the reproductive
period and the period of pronounced senile changes in normal and pathological conditions

. . The number of animals used in the study in the norm and in pathologies and pathological conditions.
Period of ontogenesis . " . " -
Norm Chronic hepatitis | Leptospiral hepatitis | Hepatocellularadenoma | Hepatocellular carcinoma
[ (6—18 months) 20 10 5 8 5
|1 (24—40 months) 20 10 9 10 6

Hereinafter: | — parameters of the organ in the reproductive period of ontogenesis, Il — parameters of the organ in the period of pronounced senile changes

Rat liver in normal condition was obtained from
healthy animals of the corresponding age periods.
In research of the informational state of rat liver at

coefhicient of the relative organization of the system
(or coefhicient of redundancy), e — informational
morphological equivocation (value of system reliabil-
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ity). Since the principles and methods for calculating
of entropy parameters were proposed and developed
in the framework of classical thermodynamics, the
traditional lecter designations of the quantities were
also used. As a unit of information, a bit was used, as
suggested by G.G. Avtandilov [3-5].

For determining the above parameters, a karyo-
metric analysis of histological preparations stained
with hematoxylin-cosin was carried out with a further
disaggregation of the obtained data into classes. For
further analysis, the Hmax is calculated, i.e. the maxi-
mum structural diversity, according to the formula:
H, =log n; where 7 — number of classes. This param-
eter, calculated with use of a real number of classes,
reflects the structural diversity for the organ with an
already embedded account of the individual character-
istics of the organism.

Then the calculation of real structural diversity
of the system (informational morpho-logical entropy)

H is made, which is characterizing the degree of
determinancy of a morphofunctional system in time
and space. Calculation was made by formula: H=-

2P log P; where Y'P, — the sum of the probabilities of
stay of the measured cell parameter in one of the pre-
sented classes; log, P, — the logarithm of the probabil-
ity of presence in one of the possible classes. Moreover,
P is defined as the classical probability. Knowing the
maximum and actual structural diversity, we can calcu-
late the organization of system (S), — the indetermi-
nacy, implemented in the system: §= Hmax-H. Then
the coefficient of relative entropy of system (coefficient of
compression of information) h is defined by formula
h=H/H, .A high level of relative morphological en-
tropy indicates a disordered in system and a significant
decrease in the level of its structural integrity. Coeffr-
cient of the relative organization of the system (coefficient of
redundancy) R is calculated by formula: R=(S/H ) x
100%=(1-h)/100%. Knowing these data, the research-
er is given the opportunity to calculate equivocation of
system (value of system reliability) e: e=H -H ; where
H — real structure diversity in norm, H — real struc-
ture diversity at pathology (Avtandilov, 2006 ).

Microscopy of histological preparations was car-
ried out on a Nicon Eclipse 80I digital microscope us-
ing a Nicon DL-FI digital camera (Japan). From cach
studied preparation, 10 digital images of randomly
selected fields of vision were made at a magnification
of x400, x1000. For morphometric studies, the Image]
program (USA) was used [7]. Statistical analysis of
the data was performed using GraphPad Prism V6.01
for Windows. The data are presented in the form
M:tm where m is the standard deviation. To assess the
significance of differences, the Student t-test was used.
Changes were considered reliably significant at p<0.05.
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RESULTS

For liver of rats in the reproductive period the
following indicators are characteristic — H_
3.32+0.00 bits, parameter H makes 2. 55240. 014
bits, consequently, S is 0.768+0.014 bits, h —
0.7687+0.0042 bits, R is equal to 23.13+0.42%. In peri-
od of pro-nounced senile changes in liverat H_, equal
to 3.320.00 bits the H increases to 2.732:0.010 bits, S
decreases to 0.588+0.01 bits, h raises to 0.8229+0.0022
bits, but at the same time the decrease in parameter R
to 17.71£0.22% is noted (Fig. 1).

In case of the considered non-tumor pathologies and
tumor pathological processes, we found similar changes in
the studied parameters, relative to age norms (Fig, 2).

In particular, we found an increase in the lev-
els of real structure diversicy (H) and coefhcient of
relative entropy of system (h). At the same time a
decrease in levels of organization of system (S) and
cocthicient of relative organization of system (R) are
noted. The noted changes have different degrees of
severity in the studied periods of ontogenesis. In the
reproductive period, an increase of H and h is on
average 5.71£1.01%, and in the period of pronounced
senile changes, the increase is significantly higher —
9.01+1.03%. Decrease of S and R makes 18.98+4.78%
in first and 41.72+6.98% in second studied period of
ontogenesis. Value of equivocation of system (e) aver-
ages 0.163+0.02 bits and 0.275+0.020 bits respectively.
Thus, with unidirectional changes in information pa-
rameters at pathologies, the level of adaptive resources
of organs is higher in reproductive age (Fig. 3).

Analysis of the informational state of the liver in
neoplasms made it possible to establish a decrease in
values H and h, and, consequently, increase in values of
Sand R (Fig 4.).

The degree of difference between the studied
parameters and the age norm depends on the period of
ontogenesis and the type of pathology. So, in liver with
adenoma the values of H and h are less than the age
norm by 6.3+0.80% and 15.93+1.21% in each of the
studied periods of ontogenesis, but in case of cancer
these differences are 15.7142.21% and 33.93+4.85%
respectively. Similarly, S and R are over the age norm
by 20.96%+3.81 and 72.45%2+8.22 at adenoma, and
by 52.21%5.22 and 157.65+9.84% at carcinoma.
Equivocation makes -0.161+0.013 bits ac adenoma in
reproductive period of ontogenesis, and -0.432+0.01
bits in period of pronounced senile changed, and
at cancer this value makes -0.401+0.013 bits and
-0.927+0.054 bits respectively (Fig. 5).

DISCUSSION

Our study demonstrates that during ontogen-
esis at norm the liver as a biological system tends to
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Fig. 1. Informational parameters characterizing the liver of rats in norm in the re-
productive period of ontogenesis and in the period of pronounced senile changes.

Note: *(P<0,05); **(P<0,005); ***(P<0,0005) — statistical significance of differences
in comparison with parameters in the reproductive period of ontogenesis
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Fig. 2. Changes in informational parameters at chronic and leptospiral hepatitis in
reproductive period of ontogenesis (A) and in period of pronounced senile changes (B)
Note: *(P<0,05); **(P<0,005); ***(P<0,0005) — statistical significance of differ-
ences in comparison with parameters at norm
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destruction, loss of structural integrity and
functional interconnection of elements,
reduction of the reliability of the system,
increased risk of disruption of compensa-
tory processes, and a decrease in adaptive
reserves and system organization degree.

In studied periods of ontogenesis,
at similar pathologies and pathological
processes in liver, in reproductive period of
ontogenesis this organ is characterized by
fewer deviations from the norm and higher
level of adaptation and compensative abili-
ties, then in period of pronounced senile
changes.

Changes of informational condition,
revealed in liver with hepatitis, have the
same direction, as ontogenetic changes,
and testify about increase in disorder in
the system and a decrease in the level of its
integrity, and generally about a decrease
in the level of adaptive and compensatory
resources.

In both considered types of neoplasms,
the information parameters of the organ
characterize the systems as aimed at a pro-
gressive increase in the number of structural
elements of the system. Thus, with tumors,
a simplification of the informational
system of the liver occurs and, as a result,
an increase in its reliability, ordering, and
the system itself is aimed for growth. In all
cases considered by us, in tumor pathologies
there is a change in the existing struc-
tural diversity, i.c. there is a decrease in the
number of system components, its simplifi-
cation. Such a system is aimed at maintain-
ing functional activity, but at the same time
weakly responds to influences from the
external and internal environment.
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Fig. 3. Changes in some information parameters of rat liver in comparison with the age

norm at non-tumor pathologies and pathological processes
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Fig. 4. Changes in informational parameters at hepatocellular adenoma and

hepatocellular carcinoma in reproductive period of ontogenesis (A) and in period of

pronounced senile changes (B)

Note: *(P<0,05); **(P<0,005); ***(P<0,0005) — statistical significance of differ-

ences in comparison with parameters at norm
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lines approved by the Research and Ethics
Committee of the Moscow State Regional
University. Experiments were performed as
per “Directive 2010/63/EU of the European
Parliament for animal use for scientific pur-
pose” and “NIH Guidelines for the Care and
Use of Laboratory Animals”. In the descrip-
tion of the neoplasms, the WHO Interna-
tional Histological Classification of Tumors
of Domestic Animals (AFIP, Washington,
DC, 1999.) was used.

REFERENCES

1. Apams T, DAUBEL S, KEMMER D,
STOTERS W, Bosio A, PoGGeL C. 2016.
A Novel Tissue Perfusion Tool to Simplify
and Standardize Liver Dissociation. ] Hepa-
tol 64(2), $705—5706. doi: 10.1016/S0168-
8278(16)01354-4.

2. AMmrut FR, GHAZI A. Influences of
ermline cells on organismal lifespan and
Eealthspan. In: Olsen A, Gill MS (eds.)
Ageing: Lessons from C. elegans. Springer,
Cham 2017: 109-135. doi: 10.1007/978-3-
319-44703-2_6.

3. ARESHIDZE DA, TIMCHENKO LD,
KozrLova MA. 2013. Information Condi-
tion of Dog’s Liver at Pathologies. Glob
Vet 11(3): 357-361. doi: 10.5829/idosi.
gv.2013.11.3.75184.

4. ARESHIDZE DA, TIMCHENKO LD,
KozrLova MA. 2016. Use of information
param-eters as criterion for determination
of biological activity of hepatoprotective
preparations. ] Pharm Nuer Sci. 6(2): 61-71.
doi: 10.6000/1927-5951.2016.06.02 4.

5. AVTANDILOV GG, GUNDOROVA LV.
Change in the ploidy of prostatic epithe-
liocyte nuclei cﬁlring carcinogenesis. Bull
Exp Biol Med. 2005 Jan;139(1):91-3. doi:
10.1007/510517-005-0222-5 ,

6. AvtanpILov GG. 2006. Diagnostic
medical ploidometry (in russian). Medicine,
Moscow 2006: 192.

7. BROEKE]J, PEREZ JMM, PascAU J. Image
processing with Image]. Packe Pub-lishing
Ltd, Birmingham 2015: 231.

8. EsTEBANFJ, GALADI JA, LANGAJA,
PorTILLO JR, SOLER-TOscaNoO F. Infor-
mational structures: A dynamical system
approach for integrated information. PLoS
Comput Biol. 2018 Sep 13;14(9):¢1006154.
doi: 10.1371/journal pcbi.1006154.

9. Huck I, McGREAL SR, DALALK,
MENTA B, GUNEWARDENA S, O'NEIL M,
SLAawsoN C. 2019. O-GlcNAcylation: The

Switch between Termination of Regenera-



58

200
150

100

¥

50

-50

| archiv euromedica | 2020 | vol. 10 | num. 3 |

Sl Sand R

BAdenomal WAdenomall WCancerl »Cancerll

Fig. 5. Changes in some informational parameters of rat liver with tumor pathologies
relative to the age norm

10.

11.

12.

13.

14.

15.

tion and Initiation of Hepatic Dysplasia. The FASEB Journal,
33(1_supplement): 369-10. doi: 10.1096/fascbj.2019.33.1_sup-
plement.369.10.

HvEEM TS, KLEPPE A, VLATKOVIC L, ERSVER E, WZAHRE
H, NIeLSEN B, Kj£R MA, PRADHAN M, SYVERTSEN RA,
NESHEIM JA, LIESTOL K, ALBREGTSEN F, DANIELSEN HE.
Chromatin changes predict recurrence after radical prostatec-
tomy. Br J Cancer. 2016 May 24;114(11):1243-50. doi: 10.1038/
bjc.2016.96.

Kayser K, GaBrus HJ. The application of thermodynamic
principles to histo-chemical and morphometric tissue research:
principles and practical outline with focus on the glycosciences.
Cell Tissue Res. 1999 Jun;296(3):443-55. doi: 10.1007/
s004410051305,.

KAYSER K, BORKENFELD S, CARVALHO R, KAYSER G. 2016.
Contribution of Measurement to morphologic Diagnostics.
Diagnostic Pathol 2(1). doi: heep://dx.doi.org/10.17629/www.
diagnosticpathology.cu-2016-2:105.

KocHANK, Kus E, SZAFRANIEC E, WiSLOCKA A, CHLOP-
IcKI S, BARANSKA M. Changes induced by non-alcoholic fatty
liver discase in liver sinusoidal endothelial cells and hepatocytes:
spectroscopic imaging of single live cells at the subcellular level.
Analyst. 2017 Oct 9;142(20):3948-3958. doi: 10.1039/c7a-
n00865a.

MicHEL-TODO L, RECHE PA, Bi1GEY P, PINaZ0 MJ, GASCON
J, ALOoNsO-PapiILLA J. In silico Design of an Epitope-Based Vac-
cine Ensemble for Chagas Disease [published correction appears
in Front Immunol. 2020 Jan 29;10:3124]. Front Immunol. 2019;
10:2698. Published 2019 Nov 22. doi: 10.3389/fimmu.2019.02698

PriGGE JR, Corro L, MARTIN SS, OGaTa F, MILLER CG,
BrRuSCHWEIN MD, ORLICKY DJ, SHEARN CT, KUNDERT JA,
LyrcHIER ], HERR AE, MATTSSON A, TAYLOR MP, GUSTAFS-
SON TN, ARNER ESJ, HOLMGREN A, SCHMIDT EE. Hepato-
cyte Hyperproliferation upon Liver-Specific Co-disruption of
Thioredoxin-1, Thioredoxin Reductase-1, and Glutathione Re-
ductase. Cell Rep. 2017 Jun 27;19(13):2771-2781. doi: 10.1016/j.
celrep.2017.06.019.

16.

17.

18.

19.

20.

21.

MORPHOLOGY, PHYSIOLOGY,

PATHOLOGY

RODRIGUES FM, ADELIO JI, SANTANA
VO, DE MARCO ORNELAS E, DE Souza
RR, CaArRDOSO CG, pA VEIGA GL,
Fonseca FLA, MAIFRINO LBM. Physi-
cal exercise alters hepatic morphology of
low-density lipoprotein receptor knockout
ovariectomized mice. Med Mol Morphol.
2019 Mar;52(1):15-22. Epub 2018 Jun 22.
doi: 10.1007/500795-018-0198-7.

SiMEONOV R. Nuclear morphometry in 36
canine spontaneous perianal gland tumours.
Vet Iral. 2019 Dec 31;55(4):307-310. doi:
10.12834/Vetlt.1031.5489.2.

SKOWRONSKI AA, LEDuc CA, Foo KS,
GOFFER Y, BURNETT LC, EGLI D, LEIBEL
RL. Physiological consequences of transient
hyperleptinemia during discrete develop-
mental periods on body weight in mice. Sci
Transl Med. 2020 Jan 1;12(524):caax6629.
doi: 10.1126/scitranslmed.aax6629.

SURMILO AP. 1999. Gyperimmune serum
against leptospirosis in dogs: abstract of Ph.
D. thesis in vet. medicine. Moscow: 15.

TorcHiy E, CirsTEA M, KONG HJ,
Boyp JH, WANG Y, RUSSELL JA, WALLEY
KR. Lipopolysaccharide Is Cleared from
the Circulation by Hepatocytes via the Low
Density Lipoprotein Recepror. PLoS One.
2016 May 12;11(5):e0155030. Erratum

in: PLoS One. 2016;11(7):¢0160326. doi:
10.1371/journal pone.0155030, PMID:
27171436.

WHYTE JL, SMiTH AA, HELMS JA.

Wht signaling and injury repair. Cold
Spring Harb Perspect Biol. 2012 Aug
1;4(8):a008078. doi: 10.1101/cshperspect.
2008078, PMID: 22723493



