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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



GEORGIAN MEDICAL NEWS
No 6 (363) 2025

N. Nachkebia, Kh. Bezhanishvili, N. Maglakelidze, N. Rogava, E. Chkhartishvili, M. Babilodze, M. Shavgulidze, N. Pipia, O. Mchedlidze, V. 
Tsomaia, I. Khachidze, E. Chijavadze. 
INCIDENCE AND CHARACTER OF SUBJECTIVE SLEEP DISORDERS IN THE GEORGIAN POPULATION OF CHILDREN AND 
ADOLESCENTS WITH AUTISM SPECTRUM DISORDER (ASD)……………….............................................................………………….6-11

Vu Nguyen, Tan Minh Hoang. 
SPINAL CANAL SIZE IMPROVEMENT AFTER XLIF FOR LUMBAR SPINAL STENOSIS………..................................………………12-17

Bi-Yun Sun, Wei Peng. 
APPLICATION OF SHELL TECHNIQUE IN C-TIRADS COMBINED WITH STE IN DIAGNOSIS OF C-TIRADS GRADE 4-5 
NODULES……………………………………………………………………………………………................................……………………18-22

Talgar Abilov, Irina Ismailova, Zhangeldy Shaimbetov, Nauryzbay Imanbayev, Yerbolat Iztleuov. 
IMPACT OF VITAMIN D METABOLISM DISORDERS ON THE DEVELOPMENT OF AUTOIMMUNE KIDNEY DISEASES: A 
SYSTEMATIC REVIEW…………………………………………………………….......................................…………………………………23-30

Abdullayev Anar Sardar. 
COMPARISON OF AGE-RELATED CHARACTERISTICS OF CEPHALOMETRIC INDICATORS: BIORBITAL BREADTH (EC–EC) 
AND INTERORBITAL BREADTH (D–D) IN ARTIFICIALLY DEFORMED AND NORMAL SKULLS………....………………………31-36

Olena Babkina, Svitlana Danylchenko, Ihor Korobko, Oleksandr Yanchevskyi, Artem Kravchenko. 
FEATURES OF DIAGNOSTICS OF FATAL KIDNEY INJURY IN MEDICAL PRACTICE…….................................……………………37-45

Uday Mahajan, MERAJ AKHTAR, Arnab Sain, Ariz Raza, Mohammad Yousaf, Asif Afridi, Bilal Ahmad, Mohamed Kabary, Ahmed Sham 
Nasir, Musab Mohamed, Hoosai Manyar, Holly Hathaway, Vivek Deshmukh. 
INTRA-OPERATIVE ASSESSMENT OF TIBIAL PLATEAU FRACTURE REDUCTION IN LOW-RESOURCE SETTINGS………..…46-48

Ardiana Dragobuzhda Ismaili, Adelina Ismaili Murati. 
THE ASSOCIATION BETWEEN QUALITY OF TEACHING AND STUDENT’S SUCCESS AT THE FACULTY OF MEDICINE IN 
KOSOVO………………………………………………......................................………………………………………………………………49-53

Yurevych N, Pokotylo P, Podoliuk M, Seleznova R, Voinytska O, Vdovichenko V, Sukhonosov R, Alekseeva V. 
ANATOMICAL VARIABILITY OF THE ETHMOID AND SPHENOID SINUSES………................................……………………………54-58

Premtim Rashiti, Bujar Shabani, Jeton Shatri, Leotrim Berisha, Ardita Kafexholli, Dijon Musliu. 
TYPE A INTERCONDYLAR FOSSA CONFIGURATION SIGNIFICANTLY INCREASES ACL RUPTURE RISK: A MORPHOMETRIC 
MRI STUDY…………………………………………………………………………….................................................………………………59-64

Amrit Goyal, Vivek Mittal, K.S. Dinkar, Mayur Gupta, Amit Agarwal, Hari Singh. 
FEMOROACETABULAR IMPINGEMENT: PREVALENCE OF RADIOGRAPHIC MORPHOLOGY IN INDIAN POPULATION, 
ETIOLOGY AND CLINICAL MANAGEMENT……………………………........................................................…………………………….65-75

Nino Totadze. 
THE IMPORTANCE OF PROMOTING BREASTFEEDING-MATERNAL NUTRITION DURING LACTATION…………..……………76-83

Asmaa Yousuf Thanoon Al-Nuaimy, Faehaa Azher Al-Mashhadane. 
THE IMPACT OF HYALURONIC ACID ON GINGIVITIS AND PERIODONTAL HEALTH……................................………………….84-88

Gulnara Svyatova, Galina Berezina, Alexandra Murtazaliyeva, Yergali Miyerbekov, Ualikhan Imammyrzayev. 
GENETIC ASPECTS OF WARFARIN DOSING ALGORITHMS IN CARDIAC SURGERY PATIENTS WHO HAVE UNDERGONE 
HEART SURGERY: SYSTEMATIC REVIEW………………………….................................................……………………………………89-104

Dauren Zhumatayev, Abylai Baimakhanov, Aidar Raimkhanov, Danyiar Toksanbayev, Alibek Smagulov, Giedrius Barauskas, Nazarbek 
Omarov. 
ONE-STEP TACTICS OF SURGICAL TREATMENT OF ACUTE CHOLECYSTITIS IN COMBINATION WITH 
CHOLEDOCHOLITHIASIS…………………………………………............………………………………………………………………105-111

Manana Machitidze, Nato Durglishvili, Maia Gogashvili, Vazha Nebieridze, Jaana Sepp. 
EFFECTIVENESS OF EDUCATIONAL INTERVENTIONS TO DEVELOP PATIENT SAFETY KNOWLEDGE, SKILLS, BEHAVIORS, 
AND ATTITUDES IN NURSING STUDENTS – INTERNATIONAL STUDY………...............……………………………………….…112-117

Zahraa Alkhafaje, Ahmed Mohamed Kmkm, Rawnaq Jamal Madhloom, Nuha Mohammed Abdulkhaleq, Doaa Mohsin Farhan, Sura Sagban 
Abid Ali, Hany Akeel Al-hussaniy, Abdul-Salam Harfash, Abdulwahhab Hameed Rashid, Usama S. Altimari. 
CORRELATION OF FETAL MEASUREMENTS WITH GESTATIONAL AGE IN 144 ABORTED FETUSES: A CROSS-SECTIONAL 
HOSPITAL-BASED OBSERVATIONAL STUDY…………...............................................................……………………………………..118-124

Tchernev G, Broshtilova V, Tchernev KG Jr, Krastev DS, Krastev NS, Kordeva S. 
POSTTRAUMATIC SUBUNGUAL ACRAL NODULAR MELANOMA WITH BONE INFILTRATION TREATED VIA AMPUTATION OF 
THE DISTAL AND MIDDLE PHALANX: DESCRIPTION OF A CASE AND UPDATE ON THE TOPIC……….............…………….125-130

Madina Khalmirzaeva, Almagul Kurmanova, Damilya Salimbayeva, Gulfairuz Urazbayeva, Gaukhar Kurmanova, Zhanar Kypshakbayeva, 
Gaukhar Koshkimbayeva. 
MOLECULAR MECHANISMS OF OBSTETRIC APS……………………….....................………………………………………………131-144



Huseynov Fuad Rafig Ogli. 
COMPARISON QUALITY OF LIFE BETWEEN THORACOSCOPIC SURGERY AND TRADITIONAL SURGERY IN THE TREATMENT 
OF CONGENITAL DIPHRAGMAL HERNIA IN NEWBORNS………...........................................................................…………………145-149

Diyas Myrzakozha, Tolkyn Issabekova, Nurgali Rakhymbayev, Elmira Karlova, Elena Nechepurenko. 
COMPARATIVE STUDY OF ANTIBACTERIAL EFFECTS OF MODIFIED PREPARATIONS CONTAINING METAL 
NANOPARTICLES………………………………………………………………………………………..........................…………………150-157

Chekhovska G.S, Pustova N.O, Chaplyk-Chyzho I.O, Kachailo I.A, Sypalo A.O, Gradil G.I, Lytvynenko M.V, Lobashova K.G, Piriatinska N.E, 
Kudriavtseva T.O, Gargin V.V. 
CONCEPTUAL AND THEORETICAL EXPLORATION OF TREATMENT OF PATIENTS WITH ONYCHOMYCOSIS…….………158-166

Yesset Muratov, Ruslan Irmekbayev, Yerbolat Iztleuov, Nauryzbay Imanbayev, Nurgul Kereyeva, Maiya Taushanova. 
TOXIC EFFECTS OF CHEMOTHERAPY ON THE VISUAL ORGAN IN MALIGNANT NEOPLASMS: A SYSTEMATIC 
REVIEW…………………………………………………………………………………………………………….......................................167-174

Niyazi Burhan Aldin Mohammad, Omeed Darweesh, Marwan M. Merkhan. 
THE IMPACT OF DISEASE-MODIFYING MEDICATIONS ON THE LIPID PROFILE OF PATIENTS WITH ISCHEMIC HEART 
DISEASE………………………………………….................................................……………………………………………………….…175-178

Arta Veseli, Dashnor Alidema, Kaltrina Veseli, Edona Breznica, Enis Veseli, Denis Behluli, Argjira Veseli, Agon Hoti. 
THE IMPACT OF SYSTEMIC DRUGS ON THE ORAL AND GUT MICROBIOME: A NARRATIVE REVIEW………...……………179-183

Altynay Dosbayeva, Askar Serikbayev, Alua Sharapiyeva, Kuralay Amrenova, Ainur Krykpayeva, Ynkar Kairkhanova, Altay Dyussupov, 
Assanali Seitkabylov, Zhanar Zhumanbayeva. 
POST-COVID-19 SYNDROME: INCIDENCE, BIOMARKERS, AND CLINICAL PATTERNS IN KAZAKHSTAN…………..………184-192

Aisha Ibrayeva, Botagoz Turdaliyeva, Gulshara Aimbetova, Darina Menlayakova, Dalal Gizat, Alfiya Shamsutdinova, Ildar Fakhradiyev. 
POST-TRAUMATIC STRESS DISORDER AMONG EMERGENCY RESPONDERS AND VICTIMS OF DISASTERS IN KAZAKHSTAN: 
PREVALENCE, RISK FACTORS, AND REHABILITATION NEEDS……............................................................................................…193-197

Samal Myktybayeva, Kuralbay Kurakbayev, Zhanar Buribayeva, Madamin Karataev, Aizhan Turekhanova, Zhanar Kypshakbayeva, Madina 
Khalmirzaeva. 
REPRODUCTIVE HEALTH OF WOMEN IN PENITENTIARY INSTITUTIONS: A CASE STUDY IN KAZAKHSTAN…..…………198-204

Adil Khalaf Altwairgi, Faisal Awadh Al-Harbi, Abdullah S. Alayed, Albaraa Nasser Almoshigeh, Emad Khalid Aloadah, Raghad Alkhalifah, 
Badr Alharbi. 
KNOWLEDGE, ATTITUDE, AND PRACTICE TOWARD PROSTATE CANCER AND ITS SCREENING METHODS IN QASSIM 
REGION………………………………………………............................................................………………………………………………205-211

Olena Haidai, Inha Samborska, Oleksandr Maievskyi. 
FEATURES OF THE EFFECT OF SCORPION VENOM ON THE IMMUNE DEFENSE SYSTEM OF THE MAMMALIAN LIVER 
(REVIEW)…………………………………….........................................................…………………………………………………………212-220



GEORGIAN MEDICAL NEWS
No 6 (363) 2025

© GMN 212

FEATURES OF THE EFFECT OF SCORPION VENOM ON THE IMMUNE DEFENSE 
SYSTEM OF THE MAMMALIAN LIVER (REVIEW)

Olena Haidai1, Inha Samborska2, Oleksandr Maievskyi3.
1Department of Descriptive and Clinical Anatomy, Bogomolets National Medical University, Kyiv, Ukraine.

2Histology Department of the Pathomorphology Laboratory of the Dila ML, Kyiv, Ukraine.
3Clinical Medicine Department, Educational and Scientific center “Institute of Biology and Medicine” of Taras Shevchenko National University 

of Kyiv, Kyiv, Ukraine.

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 

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 Th1 and 
Th2, have effector functions that ensure their participation in 
the production of cytokines secreted in response to antigenic 
stimulation [12-14].

Th1 cells are involved in the secretion of mainly interleukin-2 
(IL-2), tumor necrosis factor (TNF-α), and interferon-γ (IFN-γ), 
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. Th1 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-1α and IL-1β, 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-1α and pro-IL-1β) by many different cell 
types. Pro-IL-1α is biologically active and requires cleavage 
by calpain to form the smaller mature protein. In contrast, pro-
IL-1β is biologically inactive and requires enzymatic cleavage 
by caspase-1 to acquire its properties. IL-1α is predominantly 
membrane-bound, whereas IL-1β 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-1β concentrations were detected in the 
plasma of patients with moderate to severe Tityus serrulatus 
envenomation [33,34]. High levels of IL-1α and IL-1β were 
observed in the serum of mice exposed to the Mexican scorpion 

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-1α and IL-1β, 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-α, and also inhibits the production of GM-CSF, 
IFN-γ, 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-α is a pleiotropic cytokine that exerts potent pro-
inflammatory effects. TNF-α 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-α, which in turn induces 
the expression of IL-1β, IL-6, adhesion molecules, proliferation 
of fibroblasts and procoagulant factors, as well as the initiation 
of cytotoxic, apoptotic and acute phase responses. TNF-α is 
a major inflammatory cytokine due to its ability to stimulate 
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the synthesis of nitric oxide (NO) and other inflammatory 
mediators, which cause a chronic delayed hypersensitivity 
reaction [42-44].

IFN-γ is expressed in high concentrations in the case of 
scorpion stings by various cell types, including monocytes, 
macrophages, Th1 cells, and natural killer (NK) cells. Increased 
levels of IFN-γ 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-α, and macrophage inflammatory protein 1 alpha. 
Experimental studies show that in mice deficient in the α chain 
of the T cell receptor (TCR-/-), which were injected with 
monoclonal antibodies to IL-4, a decrease in the production of 

mRNA for these cytokines in Th2 cells and an increase in the 
expression of IFN-γ were observed. Increased IL-4 production 
was recorded in the serum of rats exposed to the scorpion 
Androctonus australis hector [47].

IL-10 is 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-γ, TNF-α, IL-1β, 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 

Figure 1. Systemic effects of scorpion venom.
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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 α4 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 κ-β-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 

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 β1 
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-α, 
IL-1β, 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 
CRIg, 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 TLR9 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 CD1d, 
which is highly expressed on Kupffer 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 (CXCL8). NK is the main producer of IFN-γ, which 
activates the fragmentation of the antigen phagocytosed by 

the macrophage. NK produce a large number of cytokines: 
chemotactic factors; tumor necrosis factors TNF-α and TNF-β; 
GM-CSF; serotonin; adrenaline; prostaglandins; β-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, 
NK1.1, 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-γ, 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 Th1-
type cytokines (interferon-γ (IFNγ) and TNFα) 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-α, proliferation and cytotoxic activity 
of NK cells. Despite the fact that liver dendritic cells are less 

Figure 2. Activation of liver immune cells.
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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-1β, chemokines 
(CXCL1, CXCL9, CXCL10, CXCL11, CCL2, CCL5), growth 
factors (G-CSF, GM-CSF) and adhesion molecules (ICAM-1, 
VCAM-1) [85]. 

HMGB1 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-1β. 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-α 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-α prior to venom injection can prevent 
the biological abnormalities induced by the venom [88].

It has been demonstrated that the activation of the inflammatory 

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 H2O2 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, а 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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