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In recent decades many human pathologies have taken a chronic course. Modern biology and medicine have
come to conceptually new therapeutic approaches. The technologies, comprising stem cells and signaling
molecules, are the most promising in this respect. They have a potential of restoring systemic lesions, which
are the basis of chronicity. To develop these approaches, an adequate and realizable model is required. Here we
present an attempt of elaborating such a murine model using CCl4 as an agent, causing systemic lesions.
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In recent decades most human pathologies have tak-
en a chronic course with multiple disorders. Modern
biology and medicine have come to conceptually
new therapeutic approaches. The technologies, com-
prising stem cells and signaling molecules, are the
most promising in this respect. They have a potential
of restoring systemic lesions, which are the basis of
chronicity. To develop these approaches, an adequate
and realizable model is required. The article presents
the analysis of a variant of elaborating such model.
Mice were selected as model animals and CCl, was
used as an agent, causing systemic lesions. The pre-
sented analysis of scientific literature demonstrates
that a common opinion about CCl, as a well- tried
and tested inducer of lesions is far from being true.
Each investigator modifies a scheme, but a generally
accepted model of lesion due to CCl, is the hepatic
cirrhosis induced in rats. The results of studies, per-

formed by the authors, allowed elaborating the
methodology of modeling the systematic lesion in
mice using CCly. The scheme of this methodology is
presented and the selected examples are shown to
demonstrate the occurrence and character of the sys-
temic lesion developed.

Lesions are frequent events of human life.
Depending on the degree, they may be of local (in-
jury, cut, splinter, etc.) or systemic (extensive burns,
serious traumas, chronic poisoning, etc.) character,
involving , although to a different degree, all the or-
gans and functions of an organism. However, ac-
cording to the meaning of the term, lesions are usu-
ally related to disorders, caused by mechanic, ther-
mal, or poisonous impact (venom of snakes, poison
of insects or plants, efc.) or highly toxic chemical
substances like concentrated acids, alkali, chemical
pesticides, efc. It is always harmful and dangerous,
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but it is clearly manifested due to the immediate de-
velopment of different pathological processes. The
treatment of such lesions is well worked out as stan-
dard medical procedures.

However, in reality there are damaging agents, the
effect of which takes some time to declare them-
selves and therefore are invisible. In the air, these are
vehicle motor exhausts, underoxidized combustion
products from electric power stations, volatile prod-
ucts from chemical enterprises, airborne effluents of
household chemicals, efc. In water, these are chlo-
rine-organic compounds, sewage products not
cleaned sufficiently, salts of heavy metals, efc. As for
food, these are numerous “cost-efficient” substitutes,
food additives, nitrates and nitrites, preservatives,
dyes, sweeteners, efc. As a result all these harmful
products gradually destroy organs and tissues of
people, especially of those who are not very healthy,
causing systemic lesions.

This chronic state may be treated though most of-
ten the current methods are not efficient enough to
cure completely. Alongside the progress in science
and technologies, new possibilities arise in medi-
cine, which requires the development of the models
to test the novelties prior to their use in clinical treat-
ment. Since there are no universal models, they are
designed pursuant to a given task according to the
realities of our life and the cause of a definite pathol-
ogy. There is a need of an adequate model to work
out the treatment of chronic pathologies, caused by
the lifestyle, which are typical for people, at least
living in the cities. To be used as a model of the sys-
temic lesions, it should meet a number of require-
ments. The first requirement is the availability of the
model and financial possibility of performing the
work therein, which demands the specific number of
animals, their welfare, and compliance with the spe-
cial rules of work with them. The next requirement is
a systemic character of the model, i.e. the model
agents should harm all systems of an organism
though to different degree like it naturally happens.
The next block of requirements is related to the mo-
del adequacy. And finally, the model should be suit-
able for testing the putative treatment means.
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The level of modern medicine is such that it has
already lost clear distinctions of its methodologies,
which define it as medicine proper. Today the very
names of what medicine is are different according to
both their general sense and the field of activity: bio-
medicine, nanomedicine, non-traditional medicine,
different variants of biotechnologies for humans,
etc. The only permanent thing is the final object of
applying this activity, i.e. a human health. However,
this is only the “final” point. The roads to it are abso-
lutely various even in their concepts. One of the
ways under the most intense development (practi-
cally the change of the very paradigm of treatment)
is the usage of technologies to provide self-healing
of the organism. The tools used by the organism are
stem cells and signaling molecules, which tell the
stem cells where to go and what to do, and which tell
the cells of damaged tissues what to activate, synthe-
size, block and so on.

At the same time signaling molecules prepare the
“field of activity” in the lesion areas for the stem
cells. While therein, they reconstruct, adjust the tis-
sue and organs for the restoration on the basis of
their intracellular possibilities. And all these are di-
rected towards the acceptance of stem cells by the
tissue (organs) to implement their stem functions,
possibilities, and the coordination of the whole self-
treatment process. Just such a complex of processes
should be implemented at systemic lesions on the
model in order to transfer from being treated to the
technology of healing.

The analysis of current scientific data demon-
strated that all these requirements to the model are
met by a state, known in the literature for a long
time as “cirrhosis”, caused by CCl, — carbon tetra-
chloride. It becomes clear while analyzing patho-
logical processes, occurring during the action of
CCly. The first thing, requiring special attention, is
the mechanism of its action. Being CCl, only, it
does not cause any lesions. Its toxic impact on the
organism is initiated by the very organism [per se]
[171, [2], [3]- This process starts with a cell (Fig. 1),
for which CCl, is an external agent (xenobiotic)
and has to be eliminated.



Modelling of systemic lesion of organism for development of multitarget cellular and cytokine therapy

There is a complex multitarget and multilevel de-
toxification system for the elimination of xenobio-
tics and intermediate products of normal metabolism
in a cell. Cytochromes P450 (CYP) are on its first
line. About a hundred of them are already known.
According to their activity these are enzymes, trans-
ferring different organic compounds into a form of
high reaction capability. After such activation, the
enzymes of the second line of protection may demo-
lish these compounds down to the derivatives, which
are not dangerous for a cell anymore and may be re-
moved out from it and the organism. Each enzyme
reacts with a specific chemical group on the xeno-
biotic molecule. CCl, is mainly recognized by P450
cytochrome classified as 2E1(CYP2E1). Additio-
nally, it is also metabolized by CYP2B1, CYP2B2
and, probably, CYP3A [4]. CCl, itself is of low ac-
tivity, therefore having penetrated into the cell and
being the first step of a lesion, actually it has a very
weak damaging effect. However, the transforma-
tions of CCl, by its monooxidases do not lead to the
desactivation process, just opposite. The first reac-
tion , performed by CYP2E], is the formation of tri-
chloromethyl radical. Afterwards oxygen may come
into action and transfer a trichloromethyl radical into
a considerably into a more reactive trichloromethyl
peroxy radical with a mostly high damaging poten-
tial. Additionally, the third radical is being formed —
chlorine (CIl-) [S5]. These radicals attack “every-
thing”, but first of all the polyunsaturated fatty acids
of membrane phospholipids, which are most suscep-
tible to their impact. The damage of phospholipids
leads to the local destruction of cell membranes,
both cytoplasmic and inner , which results in the dis-
organization of membrane-bound processes. This is
the second, clearly evident level of a lesion, caused
by the secondary toxic effect of free radicals, formed
from the primary agent — CCl,.

The disruption of membranes leads to a double
effect. The enzymes (oxidases, peroxidases, hydro-
lases, etc.), which form the highly reactive groups in
molecules inside the cell, are released from the intra-
cellular compartments, named “microsomes” , such
as lysosomes, peroxisomes, endosomes,etc. More-

overe, the enzymes, degrading macromolecules, nu-
cleases and proteases, are also released from the mi-
crosomes. At the same time because of the disrup-
tions of the cytoplasmic membrane Ca2* enters into
the cell from outside without any control. It activates
CaZ*-dependent proteases, phosphatases, endonucle-
ases, efc., again in an uncontrolled way. All this leads
to the continuous formation of various high-reactive
compounds, which chaotically destroy the macro-
molecules as such and cellular structures, formed by
them. The destruction of membranes by free radi-
cals, formed out of CCl,, leads to the formation of
the third degree of a lesion, conditioned by the ter-
tiary toxic effect due to the products, formed by the
enzymes released from microsomes.

However, there is the powerful defense-in-depth
in the cell from both reactive oxygen intermediates
and lesions, caused by them. The highest effect is
achieved by the glutathione system for the inacti-
vation of reactive intermediates of any nature and
origin and for the reparation —the restoration of the
genome from lesions. It gets activated and decrease
the toxic effect at all the levels of lesions. However,
CCly is continuously coming in. Therefore, the le-
sion factors are formed persistently in large
amounts at all levels and the resulted damage is
growing that leads to the exhaustion of the system
of defense and restoration. Long-term and exces-
sive stimulation always leads to the exhaustion of
repair processes. As the stimulation is associated
with the overpressure it is useful only for a short
while. As for the constant uptake of CCl,, the stim-
ulation effect is permanent and the overpressure
ends with a drop in the activity of the defensive and
restoring systems. Under physiological conditions
these systems mainly exist in the cell for the intra-
cellular provision of the normal metabolism. The
high-reactive intermediate metabolites are formed
practically at all the stages and cycles of the me-
tabolism, except for the final ones. The part of
these products leaves the active centres of enzymes
due to some accidental stochastic deviations. These
high-reactive intermediate products actually are
the main trouble for the systems of defense and res-
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Fig. 1. The scheme of events under the impact of CCl, on the cell

384



Modelling of systemic lesion of organism for development of multitarget cellular and cytokine therapy

toration. Many of these potentially dangerous
products are formed in the cell [6] and with all the
perfection of metabolism, at norm their number is
considerably exceeding the harmful products en-
tering into the cells from outside. The exhaustion
of the defense and restoration systems, which oc-
curs due to eliminating the products of three levels
of lesions under the effect of CCl,, leads to the situ-
ation when the efflux of high-reactive intermediate
products of normal metabolism becomes uncon-
trolled, and they form the fourth, probably the most
powerful, level of the lesions. Having been de-
prived of the required level of the activity of de-
fense systems, the organism destroys itself. There
comes the finale — the cells perish.

This is an authentic cellular level, but the organ-
ism is too complex system to have something “in its
pure form”. Long before the terminal event — the
death of cells, the whole organism is getting involved
into the pathological process after the CCl, introduc-
tion. The developing systemic lesion is the conse-
quence of dependent and related interactions. The
first, mechanism of these interactions operates at the
cellular level, described above, and in one way or
another in all the cells of the organism. The second
one is related to the organism functioning as a sys-
tem. The organism as a system has been studied and
described globally including the specific metabolic
chains, signaling cascades, etc. The detailed schemes
are given in numerous publications and the study is
still in progress. However, the spatial and temporal
dynamics of the cumulative process is absolutely un-
clear. One of its elements belongs to the main mech-
anisms, defining the systematicity of the lesion. It is
related to the system that may be called “housekeep-
ing” by analogy with the intracellular processes.
Speaking about the organism, this term may be used
regarding the processes, occurring only and directly
for the purpose of a total organism functioning. The
term “homeostasis” is the closest to it, but by its ori-
gin and use it does not include the intracellular pro-
cesses, which actually ensure homeostasis, whereas
“housekeeping” envisages everything as a whole at
all levels, from the molecular one to the central ner-

vous system controlling actually all events inside the
organism. At the organism level the “housekeeping”
is a two-sites process. It means providing all the
cells with food substances as the first stage of the
subsequent metabolism and simultaneous removing
of the waste, extracted by the cells, — the products of
metabolism which the cell cannot destroy and re-
utilize, but the constant accumulation of which might
lead to the severe dysfunctions and death.

This provision is organized in such a quasi “sim-
ple” way that it is still impossible to comprehend it
at the level of primary mechanisms. These “simplic-
ity” and incomprehensibility are related to the fact
that both nutrients for cells and wastes from the lat-
ter are evenly distributed in the general system,
which is the blood circulation. Everything from the
intercellular space, all the wastes of all the cells of
the organism enter blood. The inputs of each of cells
are constantly mixed, combined and finally form
lymph which continuously enters the At the same
time the alimentary substances which bypassed in-
testinal cells and liver go into the blood flow as well
and became nutrients for all (!) the cells of the organ-
ism. This mixture of wastes and nutrients is perma-
nently circulating in the whole organism.

De facto, the blood circulatory system is both a
“sewage system” of the organism and its “life ar-
tery” in the same structure simultaneously and joint-
ly. Thus, the blood is an unprecedented dynamic
mixture of essential vital products — oxygen, nutri-
ents of the whole spectrum, water and at the same
time all the kinds of wastes of cellular activity, mo-
lecular trash, thrown out of the cells, residues of de-
caying dead cells, harmful gases and volatile sub-
stances. All this is dissolved in the aqueous phase of
blood and co-exists concurrently in the form of all-
containing mixture under very complex dynamics.

At the same time this mixture gets purified (in a
small percentage for each cycle of “priming”) in
liver mainly. There is only a general idea of how
liver cells distinguish the whole spectrum of “wastes”
which should be removed by elimination from the
whole mixture. There is over a dozen known scaven-
ger receptors, but the exact details about the way of
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selecting the items for detoxification from the whole
composition are unknown. The study of the con-
sumption and selection is still conducted on the indi-
vidual products only, and all the rest is mere extrapo-
lation and generalization. At the same time the whole
spectrum of nutrients, from microelements to com-
plex molecules of “irreplaceable” components like
vitamins , penetrate selectively via the walls of cap-
illaries, getting distributed among all the cells of tis-
sues to maintain the housekeeping of the organism
(Fig. 2). The cells select nutrients, coming out of the
capillaries, from their intercellular space, from the
products they have thrown into it as wastes. In their
turn these wastes gradually migrate to the lymphatic
vessels and enter into the blood .

This process goes on during the whole life at norm
(i.e. at the most favorable conditions). When CCl,
enters the organism, the liver, being the central organ
of detoxification - the “purification plant” of the or-
ganism, takes mostly upon itself its elimination.
Similar to the detoxification of all the wastes, com-
ing into blood from all the cells at norm, this is main-
ly performed by the liver cells. But under the effect
of CCl, the above described cascades of lesions start
and develop and hepatocytes are the most damaged

ones. The efficiency of the purification function of
the liver decreases. The level of constantly incoming
CCl, is increasing in blood along with the level of
insufficiently purified wastes. Cytochromes P450
are present in all cells of the organism. They are re-
quired for the detoxification of multiple high-reac-
tive products of the normal metabolism. CCl,, in-
coming into the organism, is metabolized in all the
cells. With the growth of its content the damaging
impact on the cells, firstly on hepatocytes, is increas-
ing as well as the destruction due to the accumula-
tion of other wastes of organism.

The organism starts destroying itself at many lev-
els. Inside a cell it occurs due to the destruction lev-
els initiated by CCl,. The systemic destruction oc-
curs due to the increase in CCl, concentration in all
the cells, the decrease in its detoxification by the
hepatocytes, which are being destroyed, and via the
blood flow as a result of the increase in the amount
of all the kinds of wastes caused by the same drop in
the activity of hepatocytes. The situation is compli-
cated with the development of the systemic inflam-
mation owing to the activation of pro-inflammatory
cytokines, the increase in the level of pro-inflamma-
tory prostaglandins and so on. This is how the pro-

Fig. 2. The remarkable phe-

nomenon of the organism
“housekeeping” — the shared

circulatory system to deliver

nutrients and to remove meta-

bload caplilary bolic wastes.
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cess of systemic lesion is advancing. In itself, the
degree of susceptibility, sensibility and responsive-
ness is not the same for different tissues and different
organs, therefore, the lesions will be dissimilar in
them and expressed to a different degree. It happens
always that with any systemic lesion of an organism
all systems are injured, but to a varied degree. In this
respect the model under description is rather ade-
quate to the reality of life. The chosen model has
unique “universal advantage” which is related to the
fact that the lesions are not directly caused by CCl,
itself. The lesions of cells, tissues, organs are caused
by the damaging agents of the cascades, which are
realized for all the systemic lesions, usually occur-
ring in life.

Different researchers have extensively used CCl,
in this respect as a model of lesion caused by toxic
xenobiotics [7], [8]. It is related to the fact that xeno-
biotics — dyes, thickening agents, preservatives, fla-
vours, etc., present in our food in a vast amount, as
well as unnatural compounds in water and air, usu-
ally exploit the same mechanism of their effect.
Similar to CCly, they induce the cascades of highly
active products, destroying cells, under the impact of
different members of the cytochromes P450 subpop-
ulation. And it is easy to influence a degree of model
lesion, using CCly. It requires only selecting a proper
scheme of the experiment.

There are a great number of scientific works, de-
dicated to the toxic effects of CCl,. They have been
performed on different objects — from the research
on separate processes in vitro to the extensive ex-
periments on animals. This rather multifold field of
investigations of a long history initiated almost a
universal belief that “everything is already known
here”. It is true that the part related to the sophisti-
cated mechanisms of the lesion emergence has been
studied rather in details though almost exclusively in
vitro. There is no doubt that CCl, is harmful, but al-
ready at the level of model simulation of this effect
in real time of chronic poisoning, everything turned
out to be quite different from the common beliefs.

In summary the situation in this field may be pre-
sented as a quote from the review of the representa-

tive of the Office of Pesticide Programs, U.S.
Environmental Protection Agency, Washington
D.C., USA:” A large number of studies ([150) have
been conducted in mammalian systems after the ad-
ministration of carbon tetrachloride in vivo Most of
these have yielded negative results, with the notable
exceptions indicated below. Negative results were
seen in almost all studies in which genotoxic effects
were evaluated in non-target (i.e, non-hepatic) tis-
sues “[3].

It means that despite the attractiveness and theo-
retical substantiation even the liver lesion was not
always achieved, let alone the systemic lesion of the
organism. The analysis of the works in this field
shows just an endless variety of experimental
schemes, conducted and described in the literature.

The most demonstrative in this respect are the rec-
ommendations how to achieve the experimental cir-
rhosis. Some of them are so meticulous as to indicate
every detail, including the name of the company,
producing the syringes, which are to be used in such
experiments [9]. As for the other works, the authors
use everything in a different way. It seems to happen
only in case if the recommended approaches work
out only for their authors and in their specific set-
tings, although they are recommended as universal
ones. For instance, the review of Marques et al.
(2012) [10] presents the table with a list of experi-
ments on the toxic effect of CCl, in rats (during
2008-2009), which shows that the experiments were
conducted in the time range from 36 h to 18 weeks,
sometimes even without any indication of the time
period. As for the schemes and doses, they were var-
ious. As strange as this situation seems to be, it turns
out that no common, reliable, practically reproduc-
ible and standardized procedure was obtained to
yield reliable results in extensive long-term studies
of the toxic effect of CCl,. It is noteworthy that out
of all the possible lesions, caused by CCl,, the ma-
jority of works studied only the events in the liver. It
is explained by the fact that they emanated from the
fact that CCl, causes cirrhosis and thus is important
mainly (or merely) just as a model of hepatic cirrho-
sis in humans. Soon it became evident that, as cir-
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rhosis, this model is only the development of liver
lesion in rats. And in the experiments conducted in
order to reproduce the expected results this process
was studied in fine detail. Mice do not develop cir-
rhosis in the form, described for humans, under the
effect of CCl, [9]. It gives some grounds, it opens the
door for their use to work out a model of systemic
lesion of the whole organism. This idea is so alluring
that there is a constant research in this direction, al-
though the publications of successful results are
quite rare. Rather successful example may be found
in the publication of Das et al. (2014) [11], which
describes the lesion of both liver and lungs. However,
in this study the liver lesions in mice were induced
not by pure CCly, but by a unique complex — with
preliminary application of phenobarbital for a week
and then during the whole experiment (for 12 weeks).
It stimulates the activity of cytochromes P450 and
thus enhances the effect of CCl,. The authors state
the specificity of the results obtained because of the
fact that peroxidized lipids were not found in the
lungs contrary to the liver. At the same time peroxi-
dized lipids were found in the lungs in the experi-
ments on rats without any phenobarbital. The au-
thors came to the conclusion that as the lung lesion
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under the effect of CCl, in their experiments was not
accompanied with the cascade of peroxidation of
lipids, there is a different mechanism of this lesion.
However, the whole process is changed, since the
central point is removed — the destruction of mem-
branes — from the system of lesion emergence ef-
fects. It may be due to the use of phenobarbital.
However, the very fact of the lesion of both liver and
lungs is very illustrative, although the main criteria
in the cited work were hypertension and changes in
vessels. There is detailed communication about the
terms and effects of the injection of CCly, but it states
that regardless of the effect and scheme there was
self-restoration [9]. There are descriptions of lesions
of kidneys [12] and other organs. Knock-out mice
were used as models as well [13]. However, all this
research was directed to solve some specific tasks.

The above analysis of the scientific data was used
by us to plan the experiments for obtaining a model
of systemic lesion in mice.

The series of experiments was aimed at working
out the systemic lesion of different stages of devel-
opment. It was necessary to find the stages of the
process , when both self-restoration and return to the
relative norm are still possible, or when it becomes
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Fig. 3. The change in the weight of organs of experimental animals compared to aver-
age normal weight of the corresponding organs of healthy animals in the basic
10-13-week-long experiment. 4 — control (healthy animals), B — mice after 10-week-
long injections of CCl,, C — mice after added 3-week-long of CCl, injections, D — mice

4 after 3-week-long self-restoration following 10-week-long injections of CCly.
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irreversible. First of all, systemic lesions trigger the
implementation of genetically predetermined ‘“he-
reditary predispositions”. The vascular and oncolo-
gy predispositions are most common for humans,
determining two main reasons of mortality. The vas-
cular lesions after the injection of CCl, were previ-
ously described in literature [11]. As for the oncolo-
gy predispositions, they were excluded in the previ-
ous studies due to the use of the mice without oncol-
ogy predisposition. Therefore, to approximate the
model to the “original”, a highly cancerous line of
mice, ICR, was used in the experiment. A wide range
of CCl, doses, the frequencies of its injection and
experiment duration were studied to search for the

Fig. 5. General view of the liver. 4 — control mouse, B — mouse after 12 weeks of CCl4
injections. There are signs of granular and fatty degeneration of hepatocytes, liver is
evenly colored, areas with severe degenerative changes are gray-whitish or grayish-
yellow color, many areas of dry necrosis, liver blood vessels are dilated, full of blood

(acute venous congestion).

optimal scheme of obtaining the systemic lesion.
There were over ten independent experiments. The
most effective dose of CCl, was 30 % solution with
olive oil in 1.5 pul per 1 g of the animal bodyweight ,
twice a week, abdominally, in the course of 814
weeks of constant unceasing injections. After that
some animals were removed from the experiment,
and some were left for 3-8 weeks longer to control
their self-restoration. The higher the degree of the
lesion was, the broader range of different indices
was observed at the self-restoration stage, which
demonstrated considerable differences in their sensi-
tivity regarding carbon tetrachloride. (Fig. 3)

The analysis of white blood cells demonstrates
that the pathological process, registered by the num-
ber of leukocytes, is going on even when carbon tet-
rachloride is no longer introduced. The process of
lesion of organs may be brought up to any level via
either continuous use of CCl, or the termination of
this procedure. However, only 10—12 weeks later the
process of systemic lesion develops up to its critical
stage — irreversibility (Fig. 4).

A noteworthy moment is the fact that CCl, inhib-
its the defensive function of the organism, blocking
the increase in the number of leukocytes (Fig. 4, a).
It is reflected in the fact that while introducing CCl,
the number of leukocytes does not increase com-
pared to the control (healthy animals). But when

Fig. 6. Microphotograph of the murine
liver after 12-week-long injection of
CCl,. Arrows indicate enlarged nuclei.
Haematoxylin-eosin staining. Ob. 40, Oc.
10. (Zoom x400)
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A
Fig. 7. General view of the lungs. 4 —
control mouse, B — mouse after 12 weeks
of CCl4 injections.
CCl, is no longer effective, the restoring defensive Liver is damaged the most (Fig. 5). It seems to be
reaction of the organism leads to a rapid increase in  absolutely obvious due to the hepatic function and
the number of white blood cells (Fig. 4, ¢). the above described mechanism of CCl, action. The

same was noted by other researchers.

Fig. 8. H1stologlcal 1nvest1gat10n of the normal (A) and the dam— Fig. 9. The histological study of the normal (A) and the damaged
aged (B) lungs. Haematoxylin-eosin staining. Zoom x100. (B) renal parenchyma. Haematoxylin-eosin staining. Zoom x200
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The histological picture of the liver is characteri-
zed by obvious changes in the general structure
with the micronodular reconstruction of the tissue
and insignificantly expressed fibrotic changes in
stroma such as increased number of collagen fibers
in the zone of portal areas. There is disassembling
of hepatic tubules within the alteration zones, hepa-
tocytes are enlarged due to edema and lose their
polygonal form. The cytoplasm of hepatocytes is
inconsiderably lighter due to small vacuoles, main-
ly in the central areas of liver acini which testifies
to moderately expressed hydropic degeneration and
hepatic steatosis. The nuclei of liver cells are en-
larged due to edema, they look lighter, the total
number of nuclei is reduced. Central veins and triad
vessels are varicose and full-blooded. The sinuses
between tubules are irregular, with zones of nar-
rowing and dilatation, there is hyperplasia of
Kuffper cells. The expressed diffuse disseminated
segmented leukocytic infiltration of hepatic paren-
chyma is found (Fig. 6).

The lungs are damaged almost as much although
somewhat later (Fig. 7). There are considerable
changes in the spleen. Closer to the terminal stage
there is lesion of pancreas.

The normal lung parenchyma is characterized by
alveolar histoarchitectonics, the acinus structure is
preserved. There is sufficient visualizable alveoli lu-
men, interalveolar septa are not enlarged. Alveolo-
cytes of types I and II are clearly differentiated. The
lumen of terminal bronchioles is preserved, the epi-
thelium, lining them, and Clara cells are clearly de-
termined. The blood content of vessels is even, with
no observed dilatation or narrowing.

The CCl, damaged lung parenchyma is character-
ized by the loss of normal alveolar histoarchitecton-
ics with degenerative changes in alveolar septi and
bronchioles. There is a decrease in alveoli with the
narrowing of their lumen, interalveolar septi are en-
larged via cellular infiltration and sclerosis (Fig. 8-1).
Alveolocytes of type [ and II are not clearly differen-
tiated. The epithelium of terminal bronchioles is dis-
organized, with places of ruptures, Clara cells are of
irregular form, their number is reduced. The lumen

of terminal bronchioles is reduced. There are areas
of aggregation of fibroblasts with enhanced collagen
formation along the whole tissue of the lung
(Fig. 8-2). The blood content of vessels is not even,
there are aggregates of blood corpuscles in the lu-
men of blood vessels (Fig. 8-3). There is diffuse seg-
mented leukocytic infiltration.

Normal renal parenchyma is presented with renal
cortex and medullary substance. The structure of re-
nal corpuscles (glomeruli) is preserved. Bowmen’s
space is not dilated. The epithelium of renal tubules
is clearly visualized, the nuclei are preserved. The
lumen of renal tubules is preserved. There is incon-
siderable interstitial edema. The blood content of
vessels is even, with no observed areas of dilatation
or narrowing.

The CCl, damages renal parenchyma is character-
ized by alterative-degenerative changes in both renal
cortex and medullary substance. There is an alterna-
tion of areas of capillary plethora with erythrocytic
stases and areas of low blood content with oblitera-
tion of vascular lumen, the expressed interstitial
edema with areas of sclerosis and fibrosis (Fig. 9-1),
diffuse leukocytic infiltration of renal cortex and
medullary substance. There is predominant atrophy
of renal glomeruli (Fig. 9-2) with areas of dilated
Bowmen'’s space and rare zones of necrosis and scle-
rosis of glomeruli. The epithelium of renal tubules is
in the state of dystrophy and necrosis (Fig. 9-3), the
boundaries between epitheliocytes are not defined,
the nuclei are reduced in size. The lumen of renal
tubules is dilated, in some places it is filled with de-
tached epitheliocytes.

There are no observed significant disorders in the
heart at all. However, this picture is “static”. As for
individual susceptibility and the character of lesions
of organs, it may differ considerably for different
animals.

Regardless of all the significance of usual and
common methods of estimating the state of exper-
imental animals (ALT, AST, the weight of organs
and their statistical processing to obtain reliable
average values, efc.), they do not provide for the
adequate picture, as the averaging in terms of in-
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dividual susceptibility does not correspond to the
reality.

At the first glance this individuality of reaction
may be quite strange for different mice of the same
line. However, the analysis of the linearity of ani-
mals demonstrates that it cannot be any other way.
The linearity of animals and the corresponding se-
lection for linearity are performed by a limited num-
ber of markers. These are genetic and thus pheno-
typic identities by the features, which characterize
the line as well as periodic control tests in the iden-
tity of animals of this line according to the accept-
ability of transplanted skin of one animal for another
one. In addition, the very reproduction is inside the
line, which prevents including the foreign genetic
material and promotes unification of the population
genome. However, as for genetically determined
processes, involved in the cascades of systemic le-
sion development, this selection for linearity was not
carried out. At the same time it involves a consider-
able number of individual molecular, biochemical
and complex systemic processes. These processes
are determined by both individual and interrelated
events, wherein the products of a considerable num-
ber of genes from the whole genome take part. This
is evident in the cascades of cell destruction devel-
opment in Fig. 1. The subsequent systemic lesion of
the whole organism is even more complicated and
multifold.

The variety of individual features may be differ-
ent in different lines, but it is inevitable as a phenom-
enon. Still, it is not discussed in the literature. It may
be explained by the fact that firstly, the main works
in CCl, effect were carried out using rats whereas
there were rare ones with mice. Liver was the object
of research in almost all of them. As cirrhosis in
mice is not induced by carbon tetrachloride, there
have been no studies, going beyond the statement of
this fact and mere estimation of liver lesions, result-
ing in the death of the animals. There are some works
on the mechanism of CCl, action, but they have been
limited to early stages.

Independent settings of the experiments also
differ in absolute values. It may be assumed that
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this is related to the fact that animals differ in their
physiological, biochemical and other features in
different seasons and with sharp weather changes.
As the reproduction cycles of mice are rather short,
young animals of different broods will not be iden-
tical in physiological quantitative indices. The
analyses of the organs of healthy animals confirm
this assumption. The absence of identity of ani-
mals from time-wise different broods cannot but
impact the absolute values of indices in the experi-
mental variants. But with all these differences, the
general direction of the lesion processes, caused
by CCl,, has the same character inthe experimental
groups.

When analyzing the main results of the experi-
ments performed, the following conclusions may be
formulated
* The elaborated scheme of developing the sys-

temic lesion in mice due to the long-term injec-

tion of carbon tetrachloride provides the well-
reproducible results according to the general
direction of the process. However, their repro-
ducibility requires a precise fulfillment of the
experimental scheme. It should be taken into
consideration that mice of different lines may
differ in their susceptibility to CCly. There can-
not be a single quantity-wise scheme (dose, in-
terval, cycle) for all the lines. Only some basic
format may be provided and it is reasonable to
check previously the susceptibility of the select-
ed line. This could be achieved using the sug-
gested scheme with the variants of a higher and

a lower dose of CCl, as a basis while the entire

duration of introducing CCl, should correspond

to the specific task.

* There is some nonuniformity in the response to
the lesion emergence, induced by CCl,, even
among linear animals. This may lead to consid-
erable differences in the absolute values of in-
dices for the lesions of different organs of indi-
vidual animals in experimental groups. This
fact should be taken into consideration.
However, regardless of such individual differ-
ences, the statistical direction and character of



Modelling of systemic lesion of organism for development of multitarget cellular and cytokine therapy

the systemic lesion, induced by CCl,, are pre-
served.

* The absence of identity of absolute values of sys-
temic lesion indices in different independent ex-
periments requires using the data of each specific
experiment for the comparative analysis of the
effects. It is possible to conduct the quantitative
analysis of the results only among the groups in-
side the specific setting. The quantitative com-
parison of different independent experiments
may result in inaccurate conclusions.

» If the lesion has not developed in proper time
(small doses, insufficient duration, rare injec-
tions), the individual differences may bring to the
results, which lead to misrepresentation of the
whole picture of lesions and , therefore, to the in-
adequate conclusions.

* Due to the effect of CCl,, the animals with the
genetic predisposition to tumor formation de-
velop tumors at the terminal stage of the lesion.
However, the tumors are rarely registered at the
intermediate stages. As the experiment involved
the young mice (and the possibility of carcino-
genesis development is usually realized by the
age of one year), it allows the assumption that
the availability of genetic predisposition does
not have a considerable impact on its realiza-
tion in the case of systemic lesion with xenobi-
otics, at least within the time range of common
observations.
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MopaeJib CHCTEMHOI0 YPa:KeHHSI OPTraHi3My ISl pO3pOOKH
OaraTouniiboBUIi KJIITHHHO-UUTOKHHOBOI Tepanii.

B. A. Kopmrowm, 0. b.Yaiikosckuii, 1. M. Iponos,
M. B. [parymsn, T. I1. T'yasko, I1. B. Byuek, A. B. Kopcak,
A. B. HeBepoBcbKuid.

B ocraHHI necATUIITTS OCHOBHI TATONOTIi JIFOAWHA MPUHHSIIH, Y
CBOIii OUTBIIOCTI, XPOHIYHUI XapaKTep 3 MHOKUHHUMH MOPYIICH-
Hamu. ChOroiHi OI0NIOTist 1 MEAMIIMHA BUHIIIIM HA TPUHIUIIOBO
HOBI MOXJIMBOCTI JIiKyBaHHs. HalOLIbII IIEpCIIEKTUBHUMH B I1bO-
My IUIaHi € TEXHOJIOT I, [0 BUKOPHCTOBYIOTH CTOBOYPOBI KIIITHHH 1
CHTHAJIbHI MOJIEKYJIM. BOHM TOTEHIIIHHO MOXXYTh BiHOBHTH Ti
CHCTEMHI ypa)KeHHSI OpraHi3My, sIKi JIeKaTh B OCHOBI XpOHIKH. [I71st
LIbOTO HEOOXiHA aAeKBaTHA 1 MPAKTUYHO PEATBHO MPAKTHYHO J10-
CATHYTA MOJIeNIb. Y CTaTTi aHAJi3y€eThCs O/IMH 3 BapiaHTIB CTBOPEH-
HsI Takoi Mozeni. SIk MozmenbHI TBapHH OOpaHi MU, a B SIKOCTI
areHra, 10 BUKJIMKAE CHCTEMHI YpayKeHHsI OpPraHi3My BHKOPHCTO-
Byethest CCl4. HaBenenuii smiTeparypHuil aHami3 TIOKa3ye, 10, He-
3B)KAIOYH HA IIMPOKO MOLIUPEHY TMKY IIPO Te, 110 YPaXKeHHS 3a
paxynok CCl4 nobpe BiamparipoBaHoO, Iie JajaeKo BiJ AiHCHOCTI.
KoxkeH DOCHiTHUK 3MIHIOE CXEMH, a 3aralIbHONPUHHSATOI0 MOZIEN-
o ypaxkenHs CCl4 € tnpo3 nedinkd i TUTbKH y mypis. PesyasraTn
MPOBEJICHUX ABTOPAMH JIOCIIDKEHb-HUM TO3BOJIMUIM PO3POOHTH
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METOJIMKY CHCTEMHOTO YP)KCHHs OpPraHi3My MHILEH 3 BHUKOPHC-
tanus CCl4. HaBeneHo cxeMy Takoi METOAMKH, JiaHi 1l TpaHH4HI
YMOBH 1 IpUBe/IeHI BUOIPKOBI IIPUKIIA/IN, IO TIOKa3yIOTh HASIBHICTD
i XapakTep CUCTEMHOTO YPa)KeHHL.

KawuoBi caosa: CCl4, croBOYpOBi KITHHH, CHCTEMHOIO
YPaKEHHs, MOIEIBHHUI OpraHi3M, K THHHO-LIATOKWHOBAs Tepalis.

Moaesb CHCTEMHOTO MOPaKeHusl OpraHu3Ma aJst
Pa3paGoTKH MHOTOLE/IEeBOI KI€TOYHO-IMTOKUHOBOM
Tepanuu.

B. A. Kopmrowm, 1O. b.Yaiikosckuii, I. M. ponos,
M. B. [parynss, T. I1. T'yneko, I1. B. Byuek, A. B. Kopcak,
A. B. HeBepoBckuii.

B nmocnename necATHIETHS OCHOBHBIE ITATOIOTHH YEIOBEKA IIPHHS-
JIH, B CBOEM OOJIBIINH-CTBE, XPOHUIECKUH XapaKTep C MHOKECTBEH-
HbIMU HapyiieHnssMU. Ceroist OMOJIOrust U MEe-1IMHA BBIIIUIA HA
NPHUHIMINAIBEHO HOBBIE BO3MOKHOCTH JieueHHs.. HanGonee mep-
CIEKTUBHBIMU B 3TOM ILIaHE SIBJIOTCSA TEXHOJIOIUH, UCIIONIb3YO-
IIIFe CTBOJIOBBIC KJIETKU M CUTHAJIGHEIE MOJIEKY-JIbl. OHH ITOTEHIIU-
AIIbHO MOTYT BOCCTAHOBHTB T€ CHCTEMHBIC TOPAXKEHHS OPraHI3Ma,
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KOTO-pBI€ JIEXAT B OCHOBE XPOHWKH. JIJ1s1 3TOr0 HeoOXomma aJiek-
BaTHAs ¥ TIPAKTHYECKH PEabHO NPAKTHYECKH JOCTHTHYTas MO-
Jienb. B cratbe aHanmM3upyeTcst OIMH U3 BAPUAHTOB CO3/IaHUST TAKOM
MozienH. B kauecTBe MOJENBHBIX KUBOTHBIX BBIOPAHBI MBIILIH, B
KaueCTBE areHTa, BBI3BIBAIOLIETO CHCTEMHBIE TIOPAYKEHHsI OpraHn3-
Ma ucnion3yercsi CCl4. [IpuBeieHHbIH THTe-paTypHbINA aHAITH3 110~
Ka3bIBACT, YTO, HECMOTPS Ha MIMPOKO PACIPOCTPAHEHHOE MHEHHE O
TOM, 9TO TIopakeHust 3a caet CCl4 xoporo oTpaboTaHo, 3TO Tajeko
OT AeiicTBUTENbHO-CTH. Kakplil MccieoBaTeslb MEHSAET CXEMBL, a
obrenpuHsATOl Moaenbio nopaxkerus CCl4 sBrsieTcst uppo3 mede-
HH U TOJIBKO Y KpBIC. Pe3yJIbTaThl IpOBEICHHBIX aBTOPaMH UCCIIe-
JI0Ba-HUH MO3BOJIMIIN pa3paboTaTh METOIHKY CHCTEMHOIO HOpasKe-
HUSl OpraHm3Ma MbIrel ¢ ucronb-30BanneM CCH4 . TlpuBenena
CXeMa TaKkoW METOIWKH, JaHbI €¢ TPAHNIHBIC YCIOBUS U TPUBE-
Jie-HbI BBIOOPOYHBIE TIPUMEPBI, MOKA3BIBAIOIINE HATHYNE U XapaK-
Tep CHCTEMHOTO OPaKESHHSL.

Kawuesbie ciaoBa: CCl4, cTBOIOBBIC KJICTKH, CHCTEMHOIO
TOPaKEHUS, MOJAETBHBIA OpPTaHW3M, KJIETOYHO-IIUTOKWHOBAS
Tepanus.
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