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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
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
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
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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
by Cyrillic and Latin).

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.

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 LD, . Taurine (1-500
mg/kg) or selected taurine conjugates were injected immediately
after envenomation. Survival rate, mean survival time, and
changes in venom LD, 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 LD, 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, LD, , 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].
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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
Az (PLA>s) 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].

PLA: 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 Ne 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 LD, doses
of either vMLO (5mg/kg or 100pg per mouse in 0.1ml, IP) or
vNNO (3.0 mg/kg or 60pg 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 LD,
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

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

Groups of mice

Group 1 Group IT Group IIT

vMLO 5.0 mg/kg (100.0 pg per mouse)

Taurine

1.0 mg/kg 5.0 mg/kg 50.0 mg/kg

(0.02 mg per mouse) (0.1 mg per mouse) (1.0 mg per mouse)

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

Groups of mice

Group IV

100.0 mg/kg
(2.0 mg per mouse)

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 (LD, )
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 LD,
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 LD, of
vMLO (100 pg per mouse in 0.1ml, IP). In addition to venom,

Group V Group VI

200.0 mg/kg
(4.0 mg per mouse)

500.0 mg/kg
(10 mg per mouse)

Group I Group 11 Group III Group IV Group V

Taurine 100.0 mg/kg (2.0 mg per mouse)

vMLO

1.0 mg/kg 2.0 mg/kg 3.0 mg/kg 4.0 mg/kg 5.0 mg/kg

(20.0 pg per mouse) (40.0 pg per mouse) (60.0 pg per mouse) (80.0 pg per mouse) (100.0 pg per mouse)

Table 3. Experimental groups and doses of Taurine Conjugates with fixed MLO dose.

Groups of mice

Group I Group II
vMLO 5.0 mg/kg (100.0 pg per mouse)
TauC Tauret

430.0 mg/kg (8.6 mg per mouse)

Survival outcomes were recorded for 24 hours.
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0.2 mg/kg (4.0 ug per mouse)

Group III

2.0 mg/kg (40.0 pg per mouse)



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 LD,,
60 pg/mouse) resulted in 100% mortality within 24 hours
(0/6 survivors). In contrast, taurine administered with vMLO
venom (2.5 LD,;, 100 pg/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 vYMLO
(2.5 LDso). 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
(300400 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
(LD,,)) are presented in Figure 2.

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

Group 1 Group 1II Group IIT
Smg/kg Smg/kg
Smg/kg vMLO vMLO
vMLO
. + 1mg/kg + Smg/kg
+ saline . .
Taurine Taurine
Mouse 1 84.0 85.0 111.0
Mouse 2 89.0 100.0 128.0
Mouse 3 102.0 102.0 183.0
Mouse 4 154.0 123.0 184.0
Mouse 5 174.0 174.0 600.0
Mouse 6 177.0 230.0 802.0
Median survival time 128.0 112.5 183.5
Dead/survival, % 100/0 100/0 100/0

Table 5. Survival time of mice (in min) exposed to vMLO after administration of taurine conjugates.

Group I
Sodium taurocholate
Mouse 1 10.0
Mouse 2 14.0
Mouse 3 15.0
Mouse 4 15.0
Mouse 5 75.0
Mouse 6 1440.0
Median survival time 15
Dead/surviving, % 83.3/16.7
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Group IV Group V Group VI Group VII
Smg/kg vMLO Smg/kg vMLO |Smg/kg vMLO Smg/kg vMLO
+ 50mg/kg +100mg/kg +200mg/kg + 500mg/kg
Taurine Taurine Taurine Taurine
95.0 68.0 115.0 85.0
145.0 119.0 128.0 89.0
149.0 124.0 134.0 107.0
166.0 147.0 145.0 128.0
420.0 1440.0 1440.0 140.0
1440.0 1440.0 1440.0 1440
157.5 135.5 139.5 117.0
83.3/16.7 66.6/33.4 66.6/33.4 16.6/83.4

Group II Group III

4 pg tauret 40 pg tauret

108.0 23.0

112.0 38.0

112.0 41.0

122.0 42.0

127.0 45.0

145.0 54.0

117 41.5

100/0 100/0
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According to the Miller—Tainter method [8], the LDso of VMLO
was 1.86 = 0.21 (mean + SE), whereas the LDso 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
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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



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
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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 ug per mouse),
and venom plus tauret at 2 mg/kg (40 pg 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



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 afteringestion [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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