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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 1 (370) 2026

Yu.V. Dumanskyi, A.V. Bondar, A.A. Patskov, Ye.A. Stolyarchuk. 
ARM-ICG IN THE PREVENTION OF LYMPHEDEMA AFTER SURGICAL TREATMENT OF BREAST CANCER……………………….6-9

Chuan-Min Liu, Jia-Shu Guo. 
EFFICACY ANALYSIS OF SHENFU INJECTION COMBINED WITH DAPAGLIFLOZIN IN THE TREATMENT OF SEPTIC HEART 
FAILURE……………………………………………......................................…………………………………………………………………10-15

Lilya Parseghyan, Anna Darbinyan, Sona Poghosyan, Armenuhi Moghrovyan, Armen Voskanyan. 
DOSE-DEPENDENT PROTECTIVE EFFECTS OF TAURINE IN EXPERIMENTAL ENVENOMATION BY THE BLUNT-NOSED VIPER 
(MACROVIPERA LEBETINA OBTUSA)…………………...................................................................………………………………………16-23

Yusup A. Bakaev, Mariya E. Makarova, Zurab S. Khabadze, Nikita A. Dolzhikov, Gor G.Avetisian, Dzhandet F.  Rasulova, Anastasya A. Ivina, 
Ekaterina E. Starodubtseva, Daria A. Pervozvanova, Alisa A. Vavilova, Khalid Yu. Halituev, Oleg S. Mordanov, Anastasiya V. Mordanova. 
CLOSED HEALING OF THE PALATE MUCOSA: INDEX ASSESSMENT AND CLINICAL SIGNIFICANCE……..........………………24-29

Mereke Alaidarova, Assem Kazangapova, Ulbossyn Saltabaeva, Gulnar Zhaksylykova, Raushan Baigenzheyeva, Gani Uakkazy, Gudym Yelena, 
Marlan Basharlanova, Amangali Akanov, Joseph Almazan. 
NURSES’ PERCEIVED PROFESSIONAL PERFORMANCE IN PRIMARY HEALTH CARE: A NATIONAL STUDY OF 
ORGANIZATIONAL AND WORKFORCE DETERMINANTS…………….................................……………………………………………30-37

Alaa Mohammed Mahmoud Qasem, Abdelgadir Elamin, Marwan Ismail, Mavlyanova Zilola Farkhadovna, Ahmed L. Osman. 
EVALUATION OF SERUM GALECTIN-3 LEVELS IN PATIENTS WITH HYPOTHYROIDISM AND HYPERTHYROIDISM IN AJMAN, 
UNITED ARAB EMIRATES……………………………………....................................................................................………………………38-44

George Tchumburidze, Lukhum Tchanturia, Irakli Gogokhia. 
ADVANTAGES OF COMPUTER-NAVIGATED KNEE REPLACEMENT: IMPLICATIONS FOR BIOMECHANICS, PAIN MANAGEMENT, 
AND RECOVERY………………………………….............................................................……………………………………………………45-49

Omar Abdul Jabbar Abdul Qader. 
GENOTOXIC AND MOLECULAR STRESS EFFECTS OF DENTAL RESIN MONOMERS ON ORAL EPITHELIAL CELLS……….…50-55

Sinan Arllati, Kreshnik Syka. 
CLINICAL MANAGEMENT OF IMMEDIATE IMPLANT PLACEMENT AND LOADING IN THE ESTHETIC ZONE WITH FINAL 
PROSTHETIC RESTORATION…………………………………..........................................................………………………………………..56-60

Elina (Christian) Manzhalii, Yurii Dekhtiar, Valentyn Bannikov, Galyna Girnyk, Ivan Bavykin. 
ARTIFICIAL INTELLIGENCE IN CLINICAL DIAGNOSTICS FOR EARLY DETECTION OF CHRONIC DISEASES: A SYSTEMATIC 
REVIEW……………………………………………………………….......................................………………………………………………61-73

Yusup A. Bakaev, Mariya E. Makarova, Zurab S. Khabadze, Nikita A. Dolzhikov, Gor G. Avetisian, Dzhandet F. Rasulova, Anastasya A. Ivina, 
Ekaterina E. Starodubtseva, Daria A. Pervozvanova, Alisa A. Vavilova, Khalid Yu. Halituev, Nadejda A. Khachatryan, Oleg S. Mordanov. 
CLINICAL APPLICATION OF THE PALATAL MUCOSAL OPEN HEALING INDEX FOR EVALUATION OF PALATAL DONOR SITE 
HEALING………………………………………………........................................................………………………………………………….74-78

Raushan Aibek, Mairash Baimuratova, Zamanbek Sabanbayev, Alma-Gul Rakhimovna Ryskulova, Mariya Laktionova. 
EPIDEMIOLOGICAL TRENDS OF SALMONELLOSIS IN THE REPUBLIC OF KAZAKHSTAN: ANALYSIS OF NATIONAL DATA 
(2013–2024)………………………………………………………………….................................................……………………………….…79-90

Raghad Albarrak, Ibtihaj Abdulmohsen Almutairi, Shatha Shia Alshumaym, Haifa Saleh Alfouzan, Sadeem Sulaiman Alsenidi, Joud Muneer 
Almotairi, Lamees Fahad Alharbi, Tuqa Rashed Alyahyawi, Rawan Mushwah Alharbi, Ghaida Awadh Alfanoud, Omar saleh almisnid. 
THE PATTERN AND INFLUENCING FACTORS OF OPIOID-PRESCRIBING BEHAVIOR AMONG EMERGENCY PHYSICIANS IN THE 
QASSIM REGION: A CROSS-SECTIONAL STUDY……………...................................................................................................…………..91-95

Shalva Skhirtladze, George Petriashvili, Nana Nikolaishvili, Ana Apulava. 
FOLDABLE CAPSULAR VITREOUS BODY IMPLANTATION IN A PRE-PHTHISICAL EYE: A PRELIMINARY SHORT-TERM CASE 
REPORT…………………………………………………………………………..................................................……………………………..96-99

Rehab K. Mohammed, Nuha Mohammed. 
ENHANCEMENT OF KNOWLEDGE ABOUT DASH DIET AMONG HYPERTENSIVE PATIENTS: DIETARY EDUCATIONAL 
INTERVENTION……………..............................................…………………………………………………………………………………100-103

Mohammed Aga, Mohammad Hendawi, Safa Awad, Fatima Aljenaid, Yazid Aldirawi, Hamza Shriedah, Salih Ibrahem, Zarnain Kazi, Rafea 
Jreidi, Arkan Sam Sayed-Noor. 
CHARACTERISTICS, CLINICAL PRESENTATION AND MANAGEMENT OF PATIENTS WITH SNAKE BITES TREATED AT AL-
DHAID HOSPITAL IN UNITED ARAB EMIRATES: TWELVE YEARS’ EXPERIENCE……………….......……………………………104-109

David Gvarjaladze, Nunu Metreveli. 
QPA AND HIV-INTEGRASE APTAMER IN THE PRESENCE OF LEAD IONS…………................................…………………………110-115

Zhao Luting, Fang Qilin, Zhang Haoxu, Mo Pengli, Yu Xiaoxia. 
OBSERVATION ON THE CURATIVE EFFECT OF FACIAL PNF TECHNOLOGY COMBINED WITH MIRROR THERAPY IN THE 
TREATMENT OF PERIPHERAL FACIAL PARALYSIS………………................................................................…………………………116-122



Ahmed Mohammed Ibrahim, Arwa Riyadh Khalil Albarhawi, Samar Saleh Saadi. 
ASSOCIATION PROPERTIES OF COMPLETE BLOOD COUNT FOR LEVELS OF THYROID STIMULATING HORMONE………123-129

Tuleubayev B.E, Makhatov B.K, Vinokurov V.A, Kamyshanskiy Ye.K, Kossilova Ye.Y. 
OSTEOREGENERATIVE POTENTIAL AND REMODELING OF A COMPOSITE BASED ON NANOFIBRILLATED CELLULOSE, 
XENOGRAFT, AND BUTVAR-PHENOLIC ADHESIVE: A HISTOLOGICAL STUDY UNDER NORMAL AND INFECTED BONE 
WOUND CONDITIONS……………………..............................................................................................................................……………130-143

Zhanat Toxanbayeva, Nyshanbay Konash, Muhabbat Urunova, Zhamila Dustanova, Sveta Nurbayeva, Sabina Seidaliyeva. 
GC–MS PROFILING OF THE LIPOPHILIC FRACTION AND ACUTE SAFETY ASSESSMENT OF THE AQUEOUS EXTRACT OF 
SCUTELLARIA SUBCAESPITOSA…………………............................................................................………………………………………144-152

Karen Martik Hambardzumyan, Rafael Levon Manvelyan. 
CHANGES IN LOWER LIMB FUNCTIONAL ACTIVITY AND TREATMENT OUTCOMES IN PATIENTS WITH PERIPHERAL 
ARTERIAL DISEASE FOLLOWING THE APPLICATION OF STANDARD AND MODIFIED TREATMENT PROTOCOLS. A 
COMPARATIVE ANALYSIS…………………………................................................................................…………………………………153-159

Asmaa Abdulrazaq Al-Sanjary. 
SALINE INFUSION SONOGRAPHY IN EVALUATION OF SUBFERTILE WOMEN AND ITS EFFECT ON REPRODUCTIVE 
OUTCOME…………………………………………………………………………...............................................…………………………160-166

Nino Buadze, Maia Turmanidze, Paata Imnadze, Nata Kazakashvili. 
IMPACT OF THE COVID-19 PANDEMIC ON THE SURVEILLANCE OF INFECTIOUS DISEASES: ASSESSMENT OF THE 
LEPTOSPIROSIS SURVEILLANCE SYSTEM IN THE ADJARA REGION (2020–2024)………………………………………..………167-174

Nurlan Urazbayev, Ruslan Badyrov, Nurkassi Abatov, Alyona Lavrinenko, Yevgeniy Kamyshanskiy, Ilya Azizov. 
EXPERIMENTAL EVALUATION OF TISSUE RESPONSE TO IMPLANT MATERIALS UNDER ESCHERICHIA COLI 
CONTAMINATION…………………......................…………………………………………………………………………………………175-184

Abdulaev M-T.R, Kachikaeva L.T, Murtuzaliev Z.R, Khokhlova M.S, Badalian M.A, Tskaev T.A, Abdulkhalikov A.E, Arutiunian N.A, 
Rustamov M.T, Yakhyaev R.S, Chuenkova T.S, Zolfaghari Yousef. 
THE ROLE OF SURGICAL INTERVENTION IN THE MULTIMODAL TREATMENT OF BREAST CANCER IN OLDER 
WOMEN……………………………………………………………………………………………………………….......................………185-187

Ahmed Abdulraheem Ibrahim Dahy, Mohanad Luay Jawhar, Baraa Ahmed Saeed, Noor Yahya Muneer, Anwer Jaber Faisal. 
IMPACT OF GINGER SUPPLEMENTATION ON BLOOD PRESSURE AND GLUCOSE LEVELS IN PATIENTS WITH TYPE 2 DIABETES 
MELLITUS AND CARDIOVASCULAR DISEASE……………………...........................................................................………………….188-192

Marwan Ismail, Mutaz Ibrahim Hassan, Mosab Khalid, Jaborova Mehroba Salomudinovna, Assiya Gherdaoui, Majid Alnaimi, Raghda 
Altamimi, Mahir Khalil Jallo, Iriskulov Bakhtiyar Uktamovich, Shukurov Firuz Abdufattoevich, Shawgi A. Elsiddig, Ramprasad Muthukrishnan, 
Kandakurthi Praveen Kumar, Elryah I Ali, Asaad Babker, Abdelgadir Elamin, Srija Manimaran. 
DIFFERENTIAL ASSOCIATIONS BETWEEN PHYSICAL ACTIVITY AND GLYCEMIC CONTROL ACROSS BODY MASS INDEX IN 
TYPE 2 DIABETES: A COMPARATIVE ANALYSIS OF HBA1C AND FRUCTOSAMINE……...................................................………193-199

Ketevan Tsanava, Malvina Javakhadze, Ekaterine Tcholadze, Lia Trapaidze, Tamar Sokolova, Gvantsa Kvariani. 
SEVERE TOXIC EPIDERMAL NECROLYSIS COMPLICATED BY ACUTE KIDNEY INJURY: DIAGNOSTIC AND THERAPEUTIC 
CONSIDERATIONS……………………............................................……………………………………………………………………….200-204

Torgyn Ibrayeva, Assel Iskakova, Togzhan Algazina, Gulnar Batpenova, Dinara Azanbayeva, Gulnaz Touir, Issa Emir Ardakuly, Aizhan 
Shakhanova. 
ECZEMA AND TRANSEPIDERMAL MOISTURE LOSS: A SYSTEMATIC REVIEW AND META-ANALYSIS (REVIEW)…………205-212

Kalashnik-Vakulenko Yu, Kostrovskyi O, Aleksandruk N, Makaruk O, Kudriavtseva T.O, Lytovska O, Leliuk O, Alekseeva V. 
ANATOMICAL FEATURES OF THE CAROTID ARTERIES, OPHTHALMIC NERVES, MANDIBULAR NERVE AND EXTRAOCULAR 
ARTERY BASED ON MULTISLICE COMPUTED TOMOGRAPHY (MSCT) DATA……………………………………………………213-218

Rigvava Sophio, Kusradze Ia, Karumidze Natia, Kharebava Shorena, Tchgkonia Irina, Tatrishvili Nino, Goderdzishvili Marina. 
PREVALENCE, PHYLOGENETIC DIVERSITY, AND ANTIMICROBIAL RESISTANCE OF UROPATHOGENIC ESCHERICHIA COLI IN 
GEORGIA…………………………….........................................................…………………………………………………………………219-227

Babchuk O.G, Gulbs O.A, Lantukh I.V, Kobets O.V, Ponomarenko V.V, Lytvynova I.L, Lukashevych N.M, Minin M.O, Rogozhan P.Y, Pustova 
N.O. 
PECULIARITIES OF THE DEVELOPMENT OF THE PSYCHOLOGICAL STATE OF MEDICAL STUDENTS AND LAW ENFORCEMENT 
UNIVERSITY CADETS………………………............................................................………………………………………………………228-233

Kirill I. Seurko, Roman A. Sokolov, Alexandr N. Kosenkov, Elena V. Stolarchuk, Kseniya I. Seurko, Elena N. Belykh, Mikhail I. Bokarev, 
Magomed E. Shakhbanov, Alexandr I. Mamykin, Andrew I. Demyanov, Omari V. Kanadashvili. 
LEFT HEMICOLECTOMY IN PATIENTS WITH COLORECTAL CANCER: SURGICAL VIEW ON INFERIOR MESENTERIC ARTERY 
ANATOMY VARIABILITY………………………..............................................................…………………………………………………234-242

Pere Sanz-Gallen, Inmaculada Herrera-Mozo, Beatriz Calvo-Cerrada, Albert Sanz-Ribas, Gabriel Martí-Amengual. 
OCCUPATIONAL ALLERGIC DERMATITIS IN METALWORKERS………………..............................…………………………………243-249

Erkin Pekmezci, Songül Kılıç, Hakan Sevinç, Murat Türkoğlu. 
THE EFFECTS OF ROSMARINUS OFFICINALIS ON VEGF AND IL-1α GENE EXPRESSIONS IN HACAT CELLS: UNRAVELING ITS 
MECHANISM OF ACTION IN WOUND HEALING AND HAIR LOSS………….......................................................................………..250-254



GEORGIAN MEDICAL NEWS
No 1 (370) 2026

© GMN 16

DOSE-DEPENDENT PROTECTIVE EFFECTS OF TAURINE IN EXPERIMENTAL 
ENVENOMATION BY THE BLUNT-NOSED VIPER (MACROVIPERA LEBETINA OBTUSA)

Lilya Parseghyan¹, Anna Darbinyan*¹, Sona Poghosyan¹, Armenuhi Moghrovyan², Armen Voskanyan¹
¹L. A. Orbeli Institute of Physiology, Yerevan, Armenia

²Yerevan State Medical University after Mkhitar Heratsi, Armenia

Abstract.
Background: Envenomation by viper species remains a 

clinically relevant medical problem in the Caucasus region and is 
frequently associated with systemic toxicity, including vascular 
injury, coagulation disturbances, and inflammatory responses. 
Although antivenom therapy is the standard treatment, 
supportive agents capable of reducing systemic complications 
are of continuing interest. Taurine is a sulfur-containing 
amino sulfonic acid with well-documented cytoprotective and 
vasomodulatory properties.

Objective: The aim of this study was to evaluate the 
protective effect of taurine against systemic toxicity induced by 
Macrovipera lebetina obtusa venom in an experimental mouse 
model.

Methods: Male mice were administered M. lebetina obtusa 
venom intraperitoneally at a dose of 2.5 LD50. Taurine (1–500 
mg/kg) or selected taurine conjugates were injected immediately 
after envenomation. Survival rate, mean survival time, and 
changes in venom LD50 were determined using the Behrens and 
Miller–Tainter methods.

Results: Taurine administration at a dose of 100 mg/kg 
resulted in a partial improvement of survival probability (33%) 
under hemotoxic envenomation conditions and increasing 
the venom LD50 from 1.8 to 2.4 mg/kg. Taurine conjugates, 
including sodium taurocholate and retinylidene taurine, did not 
demonstrate protective effects. 

Conclusion: Taurine demonstrated a dose-dependent 
protective effect against systemic toxicity caused by M. lebetina 
obtusa venom in mice. These findings suggest that taurine may 
be considered as a potential supportive agent alongside standard 
antivenom therapy. Further experimental and clinical studies 
are required to clarify its mechanisms of action and clinical 
relevance.

Key words. Taurine, viper envenomation, systemic toxicity, 
experimental model, LD50, adjunctive therapy.
Introduction.

Taurine (2-aminoethanesulfonic acid) is an abundant 
sulfur-containing amino acid-like compound involved in 
osmoregulation, bile acid conjugation, membrane stabilization, 
and calcium signaling. Although endogenous synthesis occurs 
via cysteine oxidation, it is insufficient under stress conditions, 
making dietary supplementation critical during toxicity or 
metabolic imbalance. Beyond its homeostatic role, taurine has 
been recognized as a potent cytoprotective and antitoxic agent. 
Studies have shown that taurine can attenuate xenobiotic-
induced organ damage, inhibit lipid peroxidation, and modulate 
inflammatory responses, leading to reduced tissue injury in 
models of cardiotoxicity, hepatotoxicity, and neurotoxicity 
[1,2].

Despite this growing body of evidence, the potential of taurine 
to counteract systemic envenomation remains underexplored. 
Snakebite envenomation continues to be a major medical 
problem in many parts of the world, including the Caucasus 
region, where Macrovipera lebetina obtusa (MLO) is 
responsible for most severe viper envenomation. MLO venom 
is a complex mixture of enzymes and bioactive peptides, with 
snake venom metalloproteinases (svMPs) and phospholipases 
A₂ (PLA₂s) as key toxic components. These enzymes mediate 
local hemorrhage, tissue necrosis, and systemic coagulopathy, 
with svMP-I isoform directly degrading vascular basement 
membranes, while svMP-III isoform disrupt endothelial cell–
matrix adhesion [3].

PLA₂ activity generates lysophosphatidylcholine (LPC) and 
arachidonic acid derivatives, which amplify inflammation and 
cytotoxicity. Interestingly, LPC has been reported to inhibit 
taurine uptake in intestinal cells, suggesting that venom-derived 
LPC may lower local taurine availability at sites of injury [4]. 
Computational modeling has indicated that taurine aggregates 
with LPC, potentially reducing its membrane-disruptive effects. 
These observations suggest that taurine could counteract venom 
toxicity by stabilizing membranes, neutralizing toxic lipid 
metabolites, and maintaining vascular integrity [5].

Another rationale for taurine supplementation lies in its high 
physiological concentration in platelets and leukocytes, where 
it contributes to coagulation regulation and immune function. 
Taurine deficiency leads to impaired leukocyte activity and 
weakened immune responses, which may worsen venom-
induced inflammatory cascades. Considering that envenomation 
can reduce taurine levels in blood and tissues, exogenous taurine 
could restore immune competence and modulate the systemic 
inflammatory response [6].

Taken together, these data support the hypothesis that taurine 
administration after envenomation may to reduce mortality by 
mitigating venom-induced circulatory damage, to protect the 
neurovascular unit and renal capillaries from svMP-mediated 
degradation, to stabilize coagulation dynamics by promoting the 
formation of smaller, more easily cleared fibrin clots, and to 
accelerate clearance of cytotoxic phospholipid metabolites [7].

The present study systematically investigated taurine’s 
antitoxic potential in a murine model of MLO envenomation. 
We determined the optimal therapeutic dose range and aimed 
to highlight its possible use as an adjunct therapy in the 
management of viperid envenomation.
Materials and Methods.

Animals: Male outbred albino mice (20 ± 2 g) were used 
throughout the experiments and sourced from the animal 
breeding facility of the L. A. Orbeli Institute of Physiology 
of National Academy of Sciences of the Republic of Armenia 
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(OIPH). The study was conducted according to the "Principles 
of Laboratory Animal Care" and complied with the European 
Communities Council Directive 2010/63/EU of September 22, 
2010. Experimental procedures were approved by the IACUC 
of the OIPH, protocol № 05.06.2025/1). The total of 90 mice 
were used in this study.

Reagents: taurine, sodium taurocholate, retinylidene taurine 
(tauret)

Venoms: Venoms from Macrovipera lebetina obtusa (vMLO) 
and Naja naja oxiana (vNNO), were used in this study. The 
venoms were obtained from the snakes of OIPH animal breeding 
facility and Yerevan State Zoological Garden. 

Preparation of Injectable Solutions: The injected venoms 
and reagents were dissolved in saline. The injection solutions 
were prepared so that the required doses were in 0.1 ml aliquots. 
All injections were provided intraperitoneally (IP).
Assessment of taurine’s antitoxic activity against vMLO and 
vNNO:

Two groups of mice (n=6 per group) received 2.5 LD50 doses 
of either vMLO (5mg/kg or 100μg per mouse in 0.1ml, IP) or 
vNNO (3.0 mg/kg or 60μg per mouse in 0.1ml, IP). Immediately 
after venoms injection, the taurine at 100 mg/kg (2mg per 
mouse in 0.1ml, IP) dose was injected contralaterally. Survival 
was assessed after 24 hours.

The taurine antitoxic effective dose determination against 
vMLO toxicity:

Six groups of mice (n=6 in each) were administered 2.5 LD50 
of vMLO [8]. Each group then received the following different 
taurine doses (in 0.1 ml, IP), except control group where the 
saline was injected (Control group, not included in table 1). 
This experimental group results are available from previous 
experiments [8]. Control group data were derived from 

experiments conducted under identical experimental conditions 
(same animal strain, age, weight range, venom batch, injection 
route, and laboratory environment). No protocol deviations 
occurred between experiments. This approach was applied 
strictly in accordance with the 3R principle to minimize animal 
use.

Time of death was recorded for each animal within a 24-
hour observation window. Two approaches were used for data 
analysis:

1.	 a qualitative analysis based on survival percentages 
and 

2.	 a quantitative analysis using survival time (in minutes), 
with 1440 minutes assigned to animals that survived the full 24 
hours (according to established methods, such as the Behrens 
method, an animal that survives 24 hours after venom injection 
is considered to have overcome). 
The protective effects of taurine against vMLO toxicity (LD50) 
in mice:

 5 groups of mice (n = 6 per group) were conducted. In both 
experimental series, mice were injected intraperitoneally 
with 5 different doses of vMLO. Immediately after the vMLO 
injection, mice in the treatment groups received a contralateral 
intraperitoneal injection of taurine. Taurine was administered 
at a dose of 100 mg/kg (2 mg per mouse in 0.1 ml) (Table 2). 
Mortality was estimated 24 hours after injection, and the LD50 
was calculated using the methods of Behrens and Miller-Tainter 
to determine any change in venom toxicity under the influence 
of taurine.

Antitoxic potential of taurine conjugates:
To explore the protective potential of taurine conjugates, three 

groups of mice (n=6 in each) were injected with 2.5 LD50 of 
vMLO (100 μg per mouse in 0.1ml, IP). In addition to venom, 

Groups of mice
Group I Group II Group III Group IV Group V Group VI
vMLO 5.0 mg/kg (100.0 μg per mouse)
Taurine
1.0 mg/kg
(0.02 mg per mouse)

5.0 mg/kg
(0.1 mg per mouse)

50.0 mg/kg
(1.0 mg per mouse)

100.0 mg/kg
(2.0 mg per mouse)

200.0 mg/kg
(4.0 mg per mouse)

500.0 mg/kg
(10 mg per mouse)

Table 1. Experimental groups and doses of Taurine with fixed MLO dose.

Groups of mice
Group I Group II Group III Group IV Group V
Taurine 100.0 mg/kg (2.0 mg per mouse) 
vMLO
1.0 mg/kg
(20.0 μg per mouse) 

2.0 mg/kg
(40.0 μg per mouse) 

3.0 mg/kg
(60.0 μg per mouse) 

4.0 mg/kg
(80.0 μg per mouse) 

5.0 mg/kg
(100.0 μg per mouse) 

Table 2. Experimental groups and doses of MLO with fixed Taurine dose.

Groups of mice
Group I Group II Group III
vMLO 5.0 mg/kg (100.0 μg per mouse) 
TauC 
430.0 mg/kg (8.6 mg per mouse) 

Tauret
0.2 mg/kg (4.0 μg per mouse) 2.0 mg/kg (40.0 μg per mouse) 

Survival outcomes were recorded for 24 hours.

Table 3. Experimental groups and doses of Taurine Conjugates with fixed MLO dose.
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each group received one of the following substances (Sodium 
taurocholate (TauC) and Tauret in 0.1 ml, IP. Saline data of 
previous groups was used. TauC was administered at a dose 
equimolar to 100 mg/kg taurine (Table 3).
Statistical Analysis

The long-rank Kaplan–Meier survival test was used to compare 
the survival distribution of the different doses and treatment 
groups. Differences between groups were evaluated using the 
log-rank (Mantel–Cox) test. Animals surviving the 24-hour 
observation period were treated as censored observations. The 
p value less than 0.05 was considered statistically significant. 
Graph Pad Prism® (GraphPad Software, USA) version 8.0.1 
software was used for all statistical analysis. 
Results.
Evaluation of taurine’s antitoxic activity against vMLO and 
vNNO venoms:

In the preliminary assessment of taurine protective effects 
against the lethality of two snake venom (vMLO as hemotropic 
and vNNO as neurotropic) with differing biological actions, 
distinct survival outcomes were observed. Administration of 
taurine at a dose of 100 mg/kg with vNNO venom (2.5 LD50, 
60 μg/mouse) resulted in 100% mortality within 24 hours 
(0/6 survivors). In contrast, taurine administered with vMLO 
venom (2.5 LD50, 100 μg/mouse) yielded a 33% survival rate 
(2/6 animals survived at 24 hours), indicating visible protective 
efficacy against this venom type.
Preliminary dose determination in experiments of taurine 
antitoxic effect:

To further explore the dose-dependent antitoxic potential of 

taurine, two doses were tested against a fixed dose of vMLO 
(2.5 LD₅₀). After 24 hours, survival rates were 33% (2 out of 6) 
in the 100 mg/kg taurine group and 17% (1 out of 6) in the 500 
mg/kg group. 

The taurine antitoxic effect dose optimization against vMLO:
To determine the optimal protective dose of taurine against 

vMLO, the survival times for each animal within a 24-hour 
observation period were recorded and analyzed using both 
qualitative and quantitative methods. The survival time of all 
mice after injections in minutes, the average survival time of 
animals in the groups (assessment of the trend of increasing 
survival time), and the percentage of non-surviving/surviving 
animals in groups are given in Table 4.

The data obtained show that mortality in the first three groups 
was 100%. Starting from the fourth group, which received 50 
mg/kg of taurine, mortality decreased to 83.3%. In the groups 
receiving 100 mg/kg and 200 mg/kg of taurine, mortality was 
66.6%, corresponding to a survival rate of 33.3%. Higher doses 
(300–400 mg/kg) were not tested, as previous data indicated 
that 500 mg/kg had no beneficial effect and in case of 200 mg/
kg there was not obtained better result compared to 100 mg/kg. 
Since 100 mg/kg and 200 mg/kg produced comparable results, 
the use of higher doses was deemed unnecessary. The survival 
curves in each group are shown in Figure 1.

Kaplan–Meier analysis demonstrated a trend toward increased 
survival in the taurine-treated groups compared to control; 
however, the difference did not reach statistical significance in 
all groups.
Comparative data on the probability of mouse mortality 
(LD50) are presented in Figure 2.

Group I Group II Group III Group IV Group V Group VI Group VII

5mg/kg 
vMLO
+ saline

5mg/kg 
vMLO
+ 1mg/kg 
Taurine

5mg/kg 
vMLO
+ 5mg/kg 
Taurine

5mg/kg vMLO
+ 50mg/kg 
Taurine

5mg/kg vMLO
+ 100mg/kg 
Taurine

5mg/kg vMLO
+ 200mg/kg 
Taurine

5mg/kg vMLO
+ 500mg/kg 
Taurine

Mouse 1 84.0 85.0 111.0 95.0 68.0 115.0 85.0
Mouse 2 89.0 100.0 128.0 145.0 119.0 128.0 89.0
Mouse 3 102.0 102.0 183.0 149.0 124.0 134.0 107.0
Mouse 4 154.0 123.0 184.0 166.0 147.0 145.0 128.0
Mouse 5 174.0 174.0 600.0 420.0 1440.0 1440.0 140.0
Mouse 6 177.0 230.0 802.0 1440.0 1440.0 1440.0 1440
Median survival time 128.0 112.5 183.5 157.5 135.5 139.5 117.0
Dead/survival, % 100/0 100/0 100/0 83.3/16.7 66.6/33.4 66.6/33.4 16.6/83.4

Table 4. Survival time of mice exposed to vMLO after administration of taurine (in min).

Group I Group II Group III
Sodium taurocholate 4 μg tauret 40 μg tauret

Mouse 1 10.0 108.0 23.0
Mouse 2 14.0 112.0 38.0
Mouse 3 15.0 112.0 41.0
Mouse 4 15.0 122.0 42.0
Mouse 5 75.0 127.0 45.0
Mouse 6 1440.0 145.0 54.0
Median survival time 15 117 41.5
Dead/surviving, % 83.3/16.7 100/0 100/0

Table 5. Survival time of mice (in min) exposed to vMLO after administration of taurine conjugates.
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Figure 2. LD50 of group of mice, where vMLO only was injected and in group additionally treated with Taurine 100mg/kg.
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Figure 1. Survival of mice with a fixed dose of vMLO and different doses of Taurine.
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According to the Miller–Tainter method [8], the LD₅₀ of vMLO 
was 1.86 ± 0.21 (mean ± SE), whereas the LD₅₀ of vMLO + 
taurine (100 mg/kg) was 2.39 ± 0.16.
The determination of antitoxic effect of taurine conjugates: 

The results of studies on the possible antitoxic effect of taurine 
in the conjugated state are presented in the table 5, and the 
comparative survival curves are shown in Figure 3.

Kaplan–Meier analysis demonstrated a trend toward increased 
survival in the taurine conjugates-treated groups compared to 
control; the difference did not reach statistical significance in all 
groups (log-rank test).
Discussion.

It is well established that snake venoms exert their toxic action 
predominantly through two major physiological systems: the 
circulatory and the nervous, and are therefore generally classified 
as hemotropic or neurotropic, respectively [9]. Guided by this 
distinction, we conducted preliminary experiments employing 
the venom of the blunt-nosed viper (Macrovipera lebetina 
obtusa) and the Central Asian cobra (Naja naja oxiana) in order 
to evaluate the potential antitoxic activity of taurine and to 
delineate the system-specific direction of its protective effects.

Our findings demonstrated a marked difference in the 
outcomes of taurine administration depending on the type of 
envenomation. In the cobra venom–treated group, mortality 
reached 100%, whereas in the vMLO–treated group the 
mortality was reduced to 66.6%. The clear divergence in 
taurine’s efficacy between the two models provided a rationale 

for selecting hemotoxic venoms for subsequent investigations. 
Specifically, the protective influence of taurine against viperid 
venom, in contrast to its negligible effect against elapid venom, 
suggests that taurine exerts a modulatory role on the vascular 
and hematological disturbances characteristic of hemotoxic 
envenomation.

Taken together, these results support the hypothesis that taurine 
may function as a vasculoprotective or hemoprotective agent, 
attenuating the microvascular damage induced by viper venoms, 
while lacking efficacy against neurotoxic mechanisms typical 
of elapid venoms. This system-specific activity highlights the 
importance of considering the toxicodynamic profile of different 
snake venoms when evaluating candidate antitoxic agents.

As previously reported, the optimal physiological dose of 
taurine for rats ranges between 100–500 mg/kg body weight 
[10]. In the present study, we attempted to delineate the effective 
range of taurine capable of exerting antitoxic activity against 
vMLO. Our results indicate that taurine at 100 mg/kg provided a 
measurable protective effect and may be considered a potential 
adjunct therapy.

This finding is in agreement with earlier toxicological and 
pharmacological studies, which have also documented beneficial 
actions of taurine at comparable dosing levels [11,12]. 
Dose-dependent effects of taurine.

It was therefore essential to establish the optimal dose of taurine 
capable of providing maximal protection against the toxic effects 
of vMLO venom and to clarify the nature of this protective 
action. In our study, mean survival time in the untreated control 
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Figure 3. Survival with a fixed dose of vMLO (2.5LD50) and taurine conjugates.
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group was 130 ± 17.8 minutes. In our experimental groups, 
mortality in the first three cohorts was 100%. A notable shift 
was observed beginning with the group that received 50 mg/
kg of taurine, in which mortality decreased to 83.3%. Further 
reduction was observed in the 100 mg/kg and 200 mg/kg 
taurine groups, where mortality reached 66.6%, corresponding 
to a survival rate of 33.3%. These findings indicate a dose-
related protective trend, with 100 mg/kg representing the most 
consistent beneficial effect. Doses exceeding 200 mg/kg were 
not tested, as preliminary data and previous reports suggested 
that 500 mg/kg lacks therapeutic efficacy and may even exert 
adverse effects. Thus, administration of higher doses (≥300 mg/
kg) was considered unnecessary, given that 100–200 mg/kg 
demonstrated comparable protective outcomes.
Mechanistic considerations.

Given the pleiotropic functions of taurine in the organism 
[13], defining a single mechanism responsible for its antivenom 
activity against vMLO is inherently challenging. This 
complexity is further underscored by the fact that several known 
antidotes contain sulfur or sulfosulfate moieties. Additionally, 
many highly sulfonated polyanionic glycans, such as heparin 
and heparan sulfate, which are abundant in the extracellular 
matrix, are known substrates for enzymatic degradation by 
snake venom components [14]. Interestingly, heparin itself has 
been reported to suppress the activity of certain venom enzymes, 
including hyaluronidases from both snake and scorpion venoms 
[15]. However, the anticoagulant activity of heparin is strictly 
dependent on its sulfate groups, and even partial desulfation 
results in a loss of activity [16]. Although structurally distinct, 
heparin and taurine share a notable chemical feature: both 
contain sulfonated groups that are critical for their biological 
effects. Heparin is a large macromolecular polymer integrated 
into vascular walls, whereas taurine is a small, free sulfonamino 
acid. From this perspective, it is plausible to hypothesize that 
taurine could act as a donor of sulfonate groups, providing 
negatively charged moieties that might substitute or complement 
the role of polyanions during venom-induced vascular injury. 
Taken together, these findings indicate that the protective 
effect of taurine cannot be solely attributed to the presence of a 
sulfonate group. The observed protective effects may plausibly 
be related to taurine’s well-documented antioxidant capacity 
[12], membrane-stabilizing properties [5], calcium homeostasis 
modulation, and sulfate donor function, all of which have been 
shown in independent models to attenuate venom-induced 
systemic injury.

Microvascular and biochemical protective role of taurine.
Taurine is a multifunctional amino acid involved in lipid 

metabolism, energy regulation, and the formation of bile 
acid conjugates [17]. Within hepatocyte microsomes, taurine 
participates in the formation of numerous taurine conjugates 
through the action of acyl-CoA:amino acid N-acyltransferase 
(ACNAT), an enzyme involved in bile acid conjugation 
and xenobiotic detoxification pathways. The amino group 
of taurine serves as an anchoring site for conjugation with 
a variety of bioactive molecules, while its sulfonic group 
remains fully ionized at physiological pH (≈7.4), conferring 
high hydrophilicity and chemical stability to taurine and its 

conjugates [18]. Consequently, under physiological conditions, 
taurine predominantly exists as a zwitterion, with nearly 
complete ionization of both its amino and sulfonic groups.

To elucidate whether conjugated forms of taurine possess 
antitoxic properties akin to free taurine, we tested taurine in 
combination with lipophilic compounds such as bile acids or 
retinal (taurates). Taurets, for example, play an established 
antitoxic role in the retina [19]. Our experimental results 
indicate that taurine conjugates do not replicate the protective 
effects observed with free taurine. Mortality in groups receiving 
venom alone, venom plus tauret at 0.2 mg/kg (4 μg per mouse), 
and venom plus tauret at 2 mg/kg (40 μg per mouse) was 100%, 
while survival time was only modestly increased in the 2 mg/
kg taurret group. Conversely, sodium taurocholate and tauret at 
2 mg/kg appeared to potentiate vMLO venom toxicity, whereas 
tauret at 0.2 mg/kg showed only a marginal, non-significant 
attenuation.

Collectively, these findings indicate that the antitoxic efficacy 
of taurine is specific to its free form, and conjugation with 
bile acids or other lipophilic molecules does not enhance, 
and may even reduce, its protective action against hemotoxic 
envenomation. This underscores the importance of taurine’s 
unbound biochemical state in mediating vascular and systemic 
protective effects during viper envenomation.
Limitations, mechanistic interpretation, and optimal dose 
considerations.

The cumulative data from this study indicate that taurine, in 
its free zwitterionic form, exerts a markedly more favorable 
antitoxic effect against vMLO than its bound conjugates, 
which, although physiologically important as lipid signaling 
molecules, are ineffective in the context of viper envenomation. 
Our results suggest that vMLO venom rapidly depletes taurine 
reserves within leukocytes and platelets, implying that taurine 
is consumed in neutralizing reactive derivatives generated by 
venom activity.

Specifically, hemolysis of erythrocytes induced by viper 
venom produces arachidonic acid and lysolecithin. Taurine 
conjugates with arachidonic acid to form arachidonoyl taurine, 
a water-soluble compound that can be efficiently cleared via 
blood and lymphatic flow [20]. Concurrently, taurine aggregates 
with free lysolecithin molecules, mitigating their membrane-
damaging effects Additionally, exposure to vMLO venom 
induces disseminated intravascular coagulation, increasing 
vitamin K activity. Since taurine is essential for vitamin K–
dependent processes, its consumption is further amplified 
[21]. These mechanisms collectively contribute to endogenous 
taurine depletion during envenomation.

Our experiments demonstrate that exogenous taurine 
supplementation can restore systemic taurine levels, thereby 
supporting these protective processes. In contrast, taurine 
conjugates are ineffective because they cannot participate in 
these critical neutralization and aggregation pathways, and in 
some cases, may even facilitate venom dissemination. Similar 
to bile and other surface-active substances, high concentrations 
of conjugates can increase vascular and tissue permeability, 
promoting toxin spread [22]. Consequently, administration of 
excessive taurine doses can paradoxically invert the antitoxic 
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effect, likely due to overproduction of conjugates and enhanced 
venom distribution.

Taken together, these findings confirm that the optimal antitoxic 
dose of taurine against vMLO venom lies between 100–200 mg/
kg. Doses below this range are insufficient to achieve significant 
protection, whereas doses above this range may exacerbate 
venom toxicity through the mechanisms outlined above. This 
underscores the critical importance of precise dose selection in 
developing taurine-based therapeutic strategies for hemotoxic 
envenomation. 

From the Elapidae family, the Central Asian cobra (Naja naja 
oxiana) was included as a representative neurotoxic venom, 
since our experiments confirmed that taurine shows little 
protective effect in the context of neurotoxicity.

This design allowed us to evaluate whether taurine’s 
vasoprotective effect is specific to hemorrhagic and hemolytic 
mechanisms, or if it could also attenuate the broader range of 
pathological actions associated with other venom types. Studies 
have demonstrated that even following oral administration 
of taurine, peak plasma taurine concentrations are reached 
approximately 1.5 hours after ingestion [23]. The toxicodynamics 
of MLO venom demonstrate that systemic toxicity generally 
develops within 30–60 minutes, as venom components enter 
the circulation. Peak systemic and inflammatory effects occur 
approximately 1.5–3 hours after the bite [24]. This indicates that, 
if taurine is taken immediately after a snakebite, it should attain 
systemic levels rapidly enough to exert its potential antitoxic 
effects. Therefore, taurine should not be regarded as a substitute 
for antivenom therapy, but rather as a potential early adjunctive 
measure that could be administered immediately after a blunt-
nosed viper bite, pending definitive medical treatment; however, 
its efficacy under delayed post-envenomation conditions 
remains to be established and requires further investigation.
Conclusion.

Taurine demonstrated a dose-dependent protective effect 
against systemic toxicity caused by M. lebetina obtusa venom 
in mice. These findings suggest that taurine may be considered 
as a potential supportive agent alongside standard antivenom 
therapy. Further experimental and clinical studies are required 
to clarify its mechanisms of action and clinical relevance.
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