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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Toxic liver damage due to exposure to
poisons, including those of animal origin, is often associated
with lymphocytic infiltration, and the nature and degree of
inflammation determine the rate of progression and severity
of damage. The mechanisms by which toxic compounds
activate immune-mediated pathways of liver damage are still
being actively studied, however, liver infiltration by effector
lymphocytes is a common phenomenon, leading to the
destruction of hepatocytes and cholangiocytes and a persistent
shift in the structural and functional characteristics of the organ

Aim of study: To determine the features of the effect of scorpion
venom on the immune defense system of the mammalian liver.

Materials and methods: A thorough literature analysis was
conducted on the basis of PubMed, Google Scholar, Web of
Science, and Scopus databases. When processing the search
results, we chose the newest publications up to 5 years old or the
most thorough publications that vividly described the essence of
our topic.

Conclusion: Scorpion venom causes the development of
local, cardiotoxic, neurotoxic effects and effects of autonomic
nervous system. Depending on the predominance of a particular
component in the venom, a wide range of clinical signs and
symptoms can be observed from local reactions (hyperemia,
pain, edema) to serious consequences, including respiratory,
gastrointestinal, cardiac or neurological complications. The
influence of toxic components on the structural and functional
parameters of the mammalian liver is currently at the stage of
comprehensive and thorough study. It has been established that
under the conditions of administration of scorpion venom to
experimental animals, hydropic degeneration and karyorrhexis
of hepatocytes, fibrinoid necrosis, blood stasis in the vessels,
an increase in the level of enzymes - ALT, AST, LDH were
noted. At the same time, activation of the liver's immune
defense mechanisms was observed. Cellular components in this
case played an important role in activating inflammation and
damaging the organ's structures.

Key words. Scorpion, toxins, liver, inflammation, cytokines.

Introduction.

The liver is one of the important organ that provides the
body's immune defense with a high density of myeloid (such
as Kupffer cells, neutrophils or macrophages) and lymphoid
(such as natural killer cells, T cells or B cells) immune cells.
The human liver contains about 1010 resident lymphocytes,
including B cells, T cells and natural killer (NK) cells.
Lymphocyte migration increases in response to the activation of
inflammatory processes, and intrahepatic compartmentalization
of lymphocytes determines the morphological variant of

© GMN

organ damage [1-4]. Toxic liver damage due to exposure to
poisons, including those of animal origin, is often associated
with lymphocytic infiltration, and the nature and degree of
inflammation determine the rate of progression and severity
of damage. The mechanisms by which toxic compounds
activate immune-mediated pathways of liver damage are still
being actively studied, however, liver infiltration by effector
lymphocytes is a common phenomenon, leading to the
destruction of hepatocytes and cholangiocytes and a persistent
shift in the structural and functional characteristics of the organ
[5-9].

The process of inflammatory immune response is induced by
a cascade that includes the activation of organs and systems,
cellular elements of defense and the release of mediators [10,11].
The impact of antigens leads to the production of antibodies
as a result of a series of transformations and intercellular
communication. First, antigen-presenting cells are recognized
by the T-cell antigen receptor, and subsequently B-cells produce
their own antibodies that are able to specifically recognize the
antigen that provoked their formation. T-cells contribute to the
production of immunoglobulins by B-cells by synthesizing
cytokines. Two subpopulations of Th-cells, namely Thl and
Th2, have effector functions that ensure their participation in
the production of cytokines secreted in response to antigenic
stimulation [12-14].

Thl cells are involved in the secretion of mainly interleukin-2
(IL-2), tumor necrosis factor (TNF-a), and interferon-y (IFN-y),
which are responsible for the activation of macrophages and
contribute to the cell-mediated immune response against
pathogens or toxins [15-17]. They also induce the production of
opsonizing IgG2a antibodies. Another subpopulation, Th2 cells,
are required for the production of IgE and IgA and promote the
expression of IL-4, IL-5, and IL-6. Th1l and Th2 cells are also
involved in the production of granulocyte-macrophage colony-
stimulating factor (GM-CSF) and IL-13, but to a lesser extent
[18-20].

According to their mechanism of action or properties, cytokines
can be classified as pro-inflammatory or anti-inflammatory. Pro-
inflammatory cytokines, such as IL-1, IL-6, and TNF, are mainly
responsible for triggering the immune defense in response
to exogenous pathogens. However, excessive production of
these mediators can contribute to negative consequences and
ultimately lead to shock, multiple organ failure, or even death.
Anti-inflammatory cytokines, including IL-4, IL-5, IL-6, and
IL-10, are crucial for suppressing the inflammatory process and
maintaining homeostasis and proper functioning of vital organs,
but excessive anti-inflammatory responses can also lead to
suppression of the body's immune function [21-24].
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The balance between pro- and anti-inflammatory activities
determines the extent of the inflammatory immune response.
Anti-inflammatory cytokines counteract the effects of pro-
inflammatory cytokines, and therefore the concentration of a
cytokine relative to its inhibitor or antagonist will determine its
ultimate effect. Cytokine imbalance mediates the development
of organ damage and death following infection or trauma [25-
28].

The aim of the study was to determine the features of the
effect of scorpion venom on the immune defense system of the
mammalian liver.

Materials and Methods.

A thorough literature analysis was conducted on the basis of
PubMed, Google Scholar, Web of Science, and Scopus databases.
When searching for information of the general patterns of the
structure of scorpion venom and its effect of scorpion venom on
the immune defense system of the mammalian liver, we used
the following combinations of keywords: “scorpions”, “toxins”,
“liver”, “inflammation”, “cytokines”. When processing the
search results, we chose the newest publications up to 5 years
old or the most thorough publications that vividly described the
essence of our topic. After conducting a detailed review of the
abstracts of the articles and getting acquainted with their full
content, 91 sources were selected that fully corresponded to the
results of the request.

Results and Discussion.

There is evidence that cytokines play a role in the development
of inflammation in the cases of scorpion envenomation [29-
31]. IL-1 is a pro-inflammatory cytokine that exists in two
forms, IL-la and IL-1B, both of which perform similar
functions mediated through the IL-1 receptor (IL-1R). After
binding to IL-1R, IL-1 induces the production of a wide range
of cytokines and chemokines, as well as the expression of
adhesion molecules on endothelial cells, which leads to the
recruitment of inflammatory cells. In addition, IL-1 contributes
to the development of vascular damage by stimulating cell
proliferation and differentiation, and the release of enzymes
that degrade the extracellular matrix [32]. IL-1R antagonist (IL-
1Ra) is a structural homologue of IL-1 that binds to IL-1R but
does not induce any cellular responses and is therefore a natural
inhibitor of IL-1 activity. Both are synthesized as precursor
molecules (pro-IL-1a and pro-IL-1B) by many different cell
types. Pro-IL-1a is biologically active and requires cleavage
by calpain to form the smaller mature protein. In contrast, pro-
IL-1PB is biologically inactive and requires enzymatic cleavage
by caspase-1 to acquire its properties. IL-1a is predominantly
membrane-bound, whereas IL-1B represents the extracellular
form of IL-1. Serum IL-1 levels in humans and experimental
mice injected with the venom of the Brazilian scorpion Tityus
serrulatus tended to increase rapidly. High levels of these
cytokines were observed in the supernatants of macrophages of
mice exposed to the venom of Tityus serrulatus and its major
toxins. Increased IL-1p concentrations were detected in the
plasma of patients with moderate to severe Tityus serrulatus
envenomation [33,34]. High levels of IL-1a and IL-1p were
observed in the serum of mice exposed to the Mexican scorpion
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Centruroides noxius. IL-1, according to the literature, plays an
important role in the pathogenesis of scorpion toxin poisoning
due to its immunostimulatory and proinflammatory activities.
The IL-1 system is represented by IL-1a and IL-1pB, both of
which are produced by various cell types through the initiation
of cyclooxygenase type 2 (COX2), PLA2, and inducible nitric
oxide synthase (iNOS) [35-37].

IL-6 is a multifunctional cytokine that regulates various
aspects of the immune response, acute phase response, and
hematopoiesis. IL-6 synthesis is driven by IL-1, and therefore
serum levels are often a reflection of IL-1 activity in vivo.
Unlike other cytokines, IL-6 is a pleiotropic cytokine that exerts
its proinflammatory activity by being produced by a variety of
cells, including B and T lymphocytes, monocytes, fibroblasts,
keratinocytes, endothelial cells, mesenchymal cells, and certain
tumor cell types. High levels of IL-6 have been observed in
the serum of mice exposed to the venoms of the scorpions
Centruroides noxius and Tityus serrulatus. IL-6 is often used
in clinical practice as a marker of systemic activation of
proinflammatory cytokines. It downregulates the expression of
IL-1 and TNF-q, and also inhibits the production of GM-CSF,
IFN-y, and MIP-2 [38].

Systemic Effects of Venom.

Scorpion venom toxins are capable of stimulating
neuroendocrine and immune responses, accompanied by the
release of catecholamines, corticosteroids, prostaglandins.
It has now been proven that excessive production of certain
cytokines, such as IL-1 and IL-6, correlates with the severity of
envenomation due to scorpion bites. In particular, an increase in
the level of IL-6 in the blood serum of 8 out of 10 children who
had severe envenomation by scorpions Leiurus quinquestriatus
and Buthotus judaicus has been proven. The level of cytokines
under these conditions was measured upon admission to the
hospital and 1-3 hours after the bite. It should be noted that
the concentration of IL-6 in the blood plasma returned to
normal values after 12 and 24 hours, but remained higher than
control levels. Similar results were obtained in related studies
that described increased cytokine production after the bite of
Tityus serrulatus scorpions. In experimental animals, high
levels of cytokines were found in the serum of mice injected
with Centruroides noxius and Tityus serrulatus venom (Figure
1) [39].

IL-8 is a mediator of cerebral reperfusion and is elevated in
brain tissue, and neutralizing anti-IL-8 antibodies significantly
reduced brain edema and infarct prevalence. Increased IL-8
levels were observed in the serum of patients with varying
degrees of envenomation caused by the stings of the scorpions
Tityus serrulatus and Leiurus quinquestriatus [40,41].

TNF-a is a pleiotropic cytokine that exerts potent pro-
inflammatory effects. TNF-a is produced predominantly by
monocytes and macrophages. Lymphocytes and macrophages,
which are involved in the inflammatory process, mainly regulate
it by activating the production of TNF-q, which in turn induces
the expression of IL-1f, IL-6, adhesion molecules, proliferation
of fibroblasts and procoagulant factors, as well as the initiation
of cytotoxic, apoptotic and acute phase responses. TNF-a is
a major inflammatory cytokine due to its ability to stimulate
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Figure 1. Systemic effects of scorpion venom.

the synthesis of nitric oxide (NO) and other inflammatory
mediators, which cause a chronic delayed hypersensitivity
reaction [42-44].

IFN-y is expressed in high concentrations in the case of
scorpion stings by various cell types, including monocytes,
macrophages, Thl cells, and natural killer (NK) cells. Increased
levels of IFN-y have been observed in humans and experimental
animals following envenomation by the scorpions Centruroides
noxius and Tityus serrulatus [45,46].

IL-4 is an anti-inflammatory cytokine and is able to influence
on Th cell differentiation, and its early secretion leads to Th cell
polarization and differentiation towards Th2-like cells. Th2 cells
secrete their own IL-4, and subsequent autocrine production of
IL-4 supports cell proliferation. Secretion of IL-4 and IL-10 by
Th2 cells leads to suppression of the expression and release of
inflammatory mediators. IL-4 is believed to be able to block
or suppress monocyte-derived cytokines, including IL-1, IL-6,
IL-8, TNF-a, and macrophage inflammatory protein 1 alpha.
Experimental studies show that in mice deficient in the a chain
of the T cell receptor (TCR-/-), which were injected with
monoclonal antibodies to IL-4, a decrease in the production of
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mRNA for these cytokines in Th2 cells and an increase in the
expression of I[FN-y were observed. Increased IL-4 production
was recorded in the serum of rats exposed to the scorpion
Androctonus australis hector [47].

IL-101s produced by several cell types, including CD4+, CD8+,
T lymphocytes, macrophages, monocytes, B lymphocytes,
dendritic and epithelial cells. As an anti-inflammatory cytokine,
it exerts potent inhibitory effects on IFN-y, TNF-a, IL-1p, IL-2,
IL-6, IL-8 and IL-12. IL-10 properties include inhibition of free
radical synthesis and macrophage nitric oxide activity, as well
as prostaglandin production. IL-10 levels varied significantly in
the serum of patients bitten by the scorpion Tityus serrulatus
and in experimental animals injected with the venom of
Androctonus australis hector, Centruroides noxius and Tityus
serrulatus [48,49].

Special Features of the Liver.

The liver has a unique blood supply system, which largely

determines the mechanisms of the development of inflammatory

processes under the influence of damaging factors. The
inflammatory immune response to infectious agents and



damage is characterized by increased binding of lymphocytes
to endothelial cells of sinusoidal capillaries and their enhanced
migration. Vital experimental studies show that although
leukocytes are capable of adhesion and migration through
different parts of the liver microcirculation, the majority enter
the parenchyma precisely through the hepatic sinusoids [50-52].
Sinusoidal endothelial cells of the liver demonstrate differences
in the expression of adhesion molecules compared with other
endothelial cells, in particular, they do not express P-selectin
and have a significantly reduced expression of E-selectin. At
the same time, selectins are expressed by the endothelium of
portal vessels under inflammatory conditions, emphasizing the
functional heterogeneity of the liver microcirculation [53,54].

Studies have confirmed that lymphocyte recruitment to
the liver sinusoids occurs in a selectin-independent manner.
Lymphocytes have also been shown to interact with the
endothelium of the sinusoidal capillaries through adhesion
receptors, including intercellular adhesion molecule-1 (ICAM-
1), which is constitutively expressed by the epithelial cells
of these vessels. Experimental mice deficient in ICAM-1
demonstrate a reduced degree of leukocyte adhesion to the liver
sinusoids. In vitro studies using endothelial cells of the human
liver sinusoidal capillaries show that lymphocyte adhesion is
inhibited by blocking vascular adhesion molecule-1 (VCAM-
1) and ICAM-1. In addition, VCAM-1 mediates lymphocyte
capture and adhesion through o4 integrins in vivo [55-57].

Liver sinusoids also express other adhesion receptors,
including vascular adhesion protein-1 (VAP-1), which
mediates lymphocyte recruitment to the liver upon activation of
inflammatory mechanisms. VAP-1 is a 170-kDa homodimeric
glycoprotein that has semicarbazide (carbamic acid hydrazide)-
sensitive monoamine oxidase activity. VAP-1 mediates
lymphocyte adhesion to the endothelium of liver sinusoidal
capillaries in vitro and in vivo. In addition, the enzymatic
activity of VAP-1 may modulate the function of other adhesion
molecules, as the presence of a substrate for VAP-1 on liver
endothelial cells leads to nuclear factor k-f-dependent activation
of VCAM-1 and ICAM-1. Another adhesion molecule that
plays a specific role in the liver is CD44, which has been shown
to cause neutrophil sequestration in the liver by increasing
the deposition of serum hyaluronan-associated protein on the
epithelial lining of the sinusoids [58].

Chemokines and Cell Types.

Chemokines produced by liver cells also promote lymphocyte
migration and colonization. The CC chemokine receptor
(CCR)5 ligands and the CC chemokine (CCL)3-5 ligands are
expressed in the endothelium of portal vessels, where they
mediate lymphocyte recruitment in a number of inflammatory
diseases. One of the critical events in the progression of liver
damage is the infiltration of the hepatic parenchyma into the
periportal tracts. Progressive liver damage is associated with
high expression of the CXC chemokine receptor (CXCR)3
ligands CXCL9-11 on the endothelium of sinusoidal capillaries.
These chemokines are also produced by cholangiocytes and
stellate cells during inflammation. The process of transcytosis
allows chemokines produced by stellate cells or subordinate
hepatocytes in the local microenvironment to be transported
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from the basolateral surface of the endothelium to the lumen of
the vessel, and chemokines secreted by cholangiocytes can be
captured by retaining them in the proteoglycan-rich endothelial
glycocalyx [59].

Selective recruitment at the endothelial level and subsequent
compartmentalization in the liver determine the intrahepatic
distribution of specific lymphocyte populations. For example,
regulatory T cells (Treg) are important for controlling
autoreactive T cells and resolving inflammation. They maintain
stable chronic inflammation and prevent fulminant tissue
destruction [60,61].

CXCL16 is an unusual chemokine that has a transmembrane
domain. The CXCL16 receptor is expressed on T cells infiltrating
the liver parenchyma. The unique structure of CXCL16 supports
cell adhesion and also acts to promote the activation of B1
integrins, thereby enhancing binding to VCAM-1. Thus, signals
mediated through chemokine receptors allow different cells
to respond to a complex network of signals mediated by local
interactions between the endothelium, stromal and parenchymal
cells, and infiltrating leukocytes. The balance between the
recruitment and survival of regulatory and effector T cells in
the liver may determine the severity of organ damage [62,63].

Studies of lymphocyte migration have focused on the
interaction between endothelial cells and the cells that surround
them. For example, Kupffer cells surround the sinusoids and
phagocytize foreign particles, and produce proinflammatory
cytokines that promote leukocyte adhesion. They are also able
to capture leukocytes from the sinusoidal lumen. Activated liver
parenchymal fibroblasts are the main cells that form the matrix
in response to injury and play a direct role in the inflammatory
process. They secrete chemokines and express cell adhesion
molecules such as ICAM-1 and VCAM-1. Fibroblasts and
Kupffer cells can be activated by oxidative stress (OS) and innate
immune signals, thereby contributing to immune-mediated liver
injury. The role of resident liver macrophages in the production
of pro-inflammatory cytokines and mediators, including TNF-a,
IL-1pB, and NO, has been proven [64-66].

The largest population of macrophages is represented in the
liver as resident Kupffer cells. They constitute approximately
35% of nonparenchymal liver cells and 90% of all tissue
macrophages. These intravascular cells fill the sinusoidal lumens.
Kupffer cells have an incredible ability to distinguish between
millions of red blood cells, platelets, and immune cells [67,68].
This property is possible in part due to opsonins that mark
the pathogen as foreign; these opsonins include complement
components, namely C3b and inactivated C3b. Complement
receptors such as CR1, CR2, CR3, and CR4, although capable
of capturing foreign agents, are completely incapable of
binding to their ligands. Kupffer cell receptors that bind C3b
and iC3b belong to the complement receptor immunoglobulin
superfamily (CRIg), are unique and are not found in most other
cells. In the liver, CRIg is critical for the capture and clearance
of labeled C3b and iC3b targets [69]. In addition to expressing
CRlIg, Kupffer cells express a number of scavenger receptors,
TLRs, complement receptors, and antibody receptors, all of
which are molecules that allow Kupffer cells to detect, bind,
and internalize pathogens and their associated molecules. In
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addition, these receptors, in part, drive Kupffer cell activation,
which leads to the production of cytokines and chemokines, and
allow this cell type to function as sentinels of the liver immune
system, alerting other components of the immune system to the
presence of harmful pathogens (Figure 2) [70,71].

Kupffer cells are important antigen-presenting cells (APCs)
that express MHC-I, MHC-II, and costimulatory molecules
required for T-cell activation. However, under normal
conditions, they are weak activators of the adaptive immune
response. The presence of other pathogen-associated molecules
(TLR3 and TLRY ligands) or inflammatory cytokines can
modulate Kupffer cells, transforming these normally tolerant
cells into potent APCs capable of activating T cells. In addition,
Kupffer cells are extremely efficient in activating natural killer
T cells (iNKTs) that patrol the hepatic sinusoids. Indeed, after
capture, antigens can be presented to iNKT cells via CDId,
which is highly expressed on Kupfter cells [72,73].

A key role is played by natural killer cells of the liver (pit cells
or NK), which have lytic activity and carry out immunological
surveillance of the organ. Interacting with Kupffer cells, these
cells regulate the functional activity of the latter by participating
in the development of inflammation and in the regulation of
cellular functions [74]. Thus, when activated, NK stimulate
hematopoiesis (GM-CSF), IL-5 activity, and the inflammatory
response (CXCLS8). NK is the main producer of IFN-y, which
activates the fragmentation of the antigen phagocytosed by
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the macrophage. NK produce a large number of cytokines:
chemotactic factors; tumor necrosis factors TNF-a and TNF-f3;
GM-CSF; serotonin; adrenaline; prostaglandins; B-endorphin
and other factors [75,76]. In addition, it has been experimentally
proven that, as components of innate immunity, these cells are
able to adapt throughout the development of the organism.
Under the influence of exogenous factors, NK cells acquire
antigen-specific receptors, undergoing clonal expansion and
producing “memory cells”. The functional activity of liver NKT
cells is due to their high immunoregulatory potential, which is
manifested in the expression of T-cell receptors (TCR), CD161c,
NKI1.1, NKR-P1 [77,78]. It has been proven that NKTs account
for 20-30% of the total number of lymphocytes in the human
liver. The functional ability of NKT cells is mainly mediated
by the production of various cytokines (IFN-y, IL-1, IL-6, IL-
8, IL-9, IL-12), which play an important role in the regulation
of immunological processes. It has been experimentally proven
that in vivo, individual NKT cells simultaneously produce Thl-
type cytokines (interferon-y (IFNy) and TNFa) and Th2-type
cytokines (IL-4, IL-10 and IL-13). It has also been established
that the marker for NKT cells is CD56, which has cytotoxic
activity [79,80].

A key role in the formation of the immune response in the liver
is played by liver dendritic cells (liver DCs), which stimulate
the production of IFN-q, proliferation and cytotoxic activity
of NK cells. Despite the fact that liver dendritic cells are less



immunogenic compared to those in the spleen or other tissues,
they produce significantly higher amounts of cytokines and
have a greater phagocytic ability. The low immunogenicity of
liver DCs is due to differences in the subtype composition of
the liver and spleen, which reflects the insufficient expression
of constitutive costimulatory molecules. Thus, the liver is
characterized by the presence of specific surface markers of
subpopulations: lymphoid; plasmacytoid; myeloid; myeloid and
plasmacytoid combination and DC-like natural killers [81,82].
Thanks to these markers, dendritic cells control disorders of
innate and adaptive immunity [83,84].

Gaps and Future Challenges.

Alarmins or so-called damage-associated molecular patterns
(DAMPs) are target structures that are released or induced
after tissue damage. They stimulate the production of pro-
inflammatory mediators in liver cells, leading to increased levels
of inflammatory cytokines; for example, IL-1p, chemokines
(CXCLI, CXCL9, CXCL10, CXCL11, CCL2, CCLS), growth
factors (G-CSF, GM-CSF) and adhesion molecules (ICAM-1,
VCAM-1) [85].

HMGBI is an alarmin secreted by activated macrophages and
monocytes. It is a nuclear nonhistone protein and is released
during cell death by necrosis. HMGB1 binds to TLR2, TLR4 and
AGER (advanced glycosylation end-product specific receptor).
Experimental data suggest that the release of HMGB1 from
necrotic hepatocytes upon exposure to toxic venom components
is critical for neutrophil recruitment, increased injury and
ultimately lethality [86].

IL-33 is an alarmin and IL of the IL-1 family, structurally
similar to IL-18 and IL-1. It is expressed by many cells, and its
level correlates with the severity of the inflammatory process.
IL-33 is synthesized as a precursor and activated by caspase-1.
It induces cytokines such as IL-4, IL-13, IL-5 and IL-10. During
liver injury, IL-33 plays a protective, rather than immunogenic role.
By activating Th2, IL-33 enhances fibrogenesis in the liver [87].

Histological analysis of the liver parenchyma of Zahida Taibi-
Djennah and Fatima Laraba-Djebari after administration of
Androctonus australis hector venom to mice at a dose of 0.5 mg/
kg body weight showed the presence of structural changes, and
biochemical studies revealed a significant increase in AST and
ALT activity. The increase in transaminase and amylase activity
can be explained by the release of cholinergic and adrenergic
neurotransmitters from sympathetic and parasympathetic nerve
endings induced by the venom. Indeed, it has been proven that
these agents cause changes in immune cells and the release of
cytokines such as TNF-a and IL-6. Excessive generation of
pro-inflammatory signals provokes tissue damage and multiple
organ failure due to products produced by inflammatory cells
(macrophages, neutrophils, NK cells, T cells and B cells).
Taken together, these data indicate that Androctonus australis
hector venom induces an inflammatory response, accompanied
by insulin resistance, impaired carbohydrate metabolism,
hyperlipidemia, and changes in liver structure and function. The
results support this hypothesis, as pretreatment of animals with
anti-IL-6 and anti-TNF-a prior to venom injection can prevent
the biological abnormalities induced by the venom [88].

It has been demonstrated that the activation of the inflammatory
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process, characterized by an increase in the concentration of
inflammatory cytokines after envenomation with scorpion
toxins, promotes the formation of free radicals and reduces the
activity of the antioxidant system. These data correlate with a
significant decrease in the level of GSH and CAT activity in
envenomed animals. Free radicals can react with polyunsaturated
fatty acids and lead to lipid peroxidation, and also react with NO
to promote the synthesis of peroxynitrites, which explains the
significant increase in the levels of malondialdehyde and nitrite
[89].

In addition, glucose metabolism pathways (glycolysis and the
pentose phosphate pathway) are altered, leading to activation
of the polyol pathway and hexosamine flux. The consequences
of this activation are the accumulation of H202 and a decrease
in the NADPH+/NADP+ ratio, which leads to a decrease in the
activity of the antioxidant system and the formation of ROS.
Thus, venom-induced hyperglycemia likely contributes to the
OS observed in animals after scorpion stings [90,91].

Therefore, a future research requirements, such as Kupffer
cell analysis in human tissue specimens, clinical cytokine
monitoring, and the fractionation of toxin components along
with their corresponding immunological effects, are very
relevant and promising areas of development in medical science.

Conclusion.

Scorpion venom causes the development of local, cardiotoxic,
neurotoxic effects and effects of autonomic nervous system.
Depending on the predominance of a particular component in
the venom, a wide range of clinical signs and symptoms can
be observed from local reactions (hyperemia, pain, edema) to
serious consequences, including respiratory, gastrointestinal,
cardiac or neurological complications. The influence of toxic
components on the structural and functional parameters of the
mammalian liver is currently at the stage of comprehensive and
thorough study. It has been established that under the conditions
of administration of scorpion venom to experimental animals,
hydropic degeneration and karyorrhexis of hepatocytes,
fibrinoid necrosis, blood stasis in the vessels, an increase in the
level of enzymes - ALT, AST, LDH were noted. At the same
time, activation of the liver's immune defense mechanisms was
observed. Cellular components in this case played an important
role in activating inflammation and damaging the organ's
structures.
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