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Snake venom-derived platelet aggregation inhibitors can be promising antiplatelet medications that
can allow to avoid the risk of bleeding and treatment resistance, particularly in aspirin-resistant patients.
Our study aimed to assess the effectiveness of a platelet aggregation inhibitor derived from Echis multi-
squamatis snake venom in various settings, including in vitro, in vivo, and ex vivo.

Methods. We examined a polypeptide from Echis multisquamatis venom, purified using a recently
developed chromatography protocol, across multiple models. This polypeptide was introduced into plate-
let-rich blood plasma and administered intravenously to rats. The effects on platelet aggregation were
assessed using aggregometry, focusing on ADP-induced aggregation.

Results and Discussion. Our findings revealed that a concentration of 0.040 mg/ml significantly
reduced platelet aggregation in vitro. Remarkably, this dosage also proved effective when administered
intravenously in laboratory animals, reaffirming its potential as a robust antiplatelet agent. In the final
phase of our study, the polypeptide demonstrated its ability to inhibit platelet aggregation in blood
plasma of pregnant woman with aspirin resistance, presenting a promising avenue for innovative treat-
ment approaches in such cases.

Conclusion. This study underscores the potential of the Echis multisquamatis venom-derived poly-
peptide as a promising antiplatelet agent, effective in diverse scenarios, including aspirin resistance.
Further research and clinical trials are imperative to fully harness its therapeutic potential.
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tion; animal model.

The pursuit of new platelet aggregation
inhibitors is an urgent issue, as today’s World
possesses new challenges: the emergence of
patient resistance to antithrombotic agents[1,
2], increased risk of blood loss [3], and genetic
resistance to existing drugs [4, 5].

Platelet aggregation inhibitors from
snake venoms are small proteins that bind
to receptors on platelets surface with high
affinity [6, 7]. Due to their specificity, these
proteins don’t interfering with coagulation
factors, which means that platelet aggregation
inhibitors from snake venoms have a lower
risk of causing excessive bleeding [8, 9]. Also,
because they are acting by targeting platelets

receptors it helps to avoid the development of
treatment resistance [10, 11]. For example,
aspirin cannot be successfully applied for
the treatment of patients with resistance to
aspirin [12] that can be found at least in 20%
of population [13].

So, study of novel antiplatelet agents, in
particular polypeptides from the venom of
snakes, is a promising task for the development
of potential drugs with antithrombotic action.
Previously platelet aggregation inhibitor
was found in the venom of snake Echis
multisquamatis [14]. The aim of our study was
to approbate platelet aggregation inhibitor
from Echis multisquamatis snake venom in
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vitro, in vivo and ex vivo. In particular our
goal was to study the effect of this polypeptide
on platelet aggregation after intravenous
injection into rat’s bloodstream and also to
find out whether it can suppress platelet
aggregation in platelet rich blood plasma of
pregnant women with resistance to aspirin.

Materials and Methods

Polypeptide that effectively inhibited
platelet aggregation was purified from the
venom of Echis multisquamatis by ion-
exchange and size-exclusion chromatography
and analyzed by SDS-PAGE as it was reported
earlier [14].

Male Wistar rats (8 weeks old) with body
weight = 200 g were individually housed in
separate cages and had ad libitum access
to standard food and water. The drug was
administered by injection into the tail vein
using a 0.3 ml syringe and a needle of diameter
30 g. Rats were anesthetized by sodium
thiopental. The procedures were conducted
in accordance with the requirements of the
European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, 1986)
and the Law of Ukraine On the Protection of
Animals from Cruelty No. 3447 of 21.02.2006.
Samples of animal blood were collected by heart
puncture. 3.8% sodium citrate was added to
blood immediately after collection.

Somatically healthy woman with single
spontaneous pregnancy with diagnosed
aspirin-resistance was enrolled in the study.
Blood sample was kindly provided by the Kyiv
Perinatal Center and analyzed immediately.
Venous blood sampling for testing was
collected from a peripheral vein using vacuum
systems into sterile plastic 4 ml tubes,
containing 3.8% sodium citrate solution.
Written informed consent to be included in the
study was accepted.

Platelet rich plasma (PRP) for the
aggregometry study was obtained from whole
blood by centrifuging at 160 g for 30 min at
25°C[15].

Platelet aggregation was studied by
aggregometry using Solar AP2110. PRP was
added to the cuvette of the aggregometer
and constantly stirred by the magnet mixer.
In in vitro and ex vivo studies the solution
of platelet aggregation inhibitor was added
to the cuvette (final concentration was
0.04 mg/ml). Platelets were activated by
ADP (final concentration 12.5 nM) and CaCl,
(1 mM). Change of the light transmission was
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monitored. The speed and the rate of platelet
inhibitors were measured [16].

Statistical analysis. All measurements were
performed in triplicate.

Results and Discussion

Previously, a polypeptide was obtained
from the venom of the Echis multisquamatis
snake, and it was found to be an effective
inhibitor of platelet aggregation. It was
demonstrated that this polypeptide acts as
a disintegrin or an antagonist of integrin
receptors. This means that when it interacts
with integrin receptors, it hinders the
receptors’ binding to the fibrinogen molecule,
thus complicating the process of platelet
aggregation and the formation of a fibrin-
platelet thrombus. The researchers suggested
a dosage that reduces the degree of platelet
aggregation by 50% (IC50), which was
0.040 mg/ml.

In the initial phase of the study, the effect
of this dosage of disintegrin was assessed
in vitro, meaning it was added to a test tube
containing platelet rich blood plasma from
a control rat. Specifically, 0.01 ml of the
disintegrin solution (1.2 mg/ml) was added
to 0.24 ml of platelet rich blood plasma and
incubated in the aggregometer cuvette,
with constant automatic stirring achieved
by a rotating magnet. After 3 minutes,
platelet aggregation was triggered by adding
0.025 ml of CaCl, (0.025 M) and 0.025 ml of
ADP (0.12 mM). In the control sample, an
equivalent volume of physiological saline was
added instead of the disintegrin solution. This
allowed the determination of ADP-induced
platelet aggregation, where platelets activated
by ADP aggregated and formed microclots.
The device measured the increase in the
transparency of the tested suspension. In the
case of inhibition of platelet aggregation, this
process was delayed, resulting in reduced final
transparency of the suspension.

Here we confirmed that the selected dosage
effectively inhibited the platelet aggregation
in vitro (Fig. 1).

The next stage of the research was to
determine its effectiveness when administered
intravenously (in vivo), i.e., to assess
whether its efficacy would be maintained.
It is confirmed that the blood volume of a
rat is approximately 50 ml per kilogram of
body weight [17]. Therefore, it is possible
to calculate the amount of the polypeptide
solution (1.2 mg/ml) needed to be injected
into the bloodstream of a 200 g rat to achieve
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Fig. 1. ADP-induced aggregation of platelets of a control rat in the presence of disintegrin from the venom
of the Echis multisquamatis snake (blue line) or an equivalent volume of physiological saline (orange line)
All measurements performed in triplicate; typical curves are presented
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Fig. 2. ADP-induced aggregation of platelets of a rat after the intravenous administration of disintegrin
from the venom of the Echis multisquamatis snake (blue line) or an equivalent volume of physiological
saline (orange line)

All measurements performed in triplicate; typical curves are presented

an effective polypeptide concentration in the
bloodstream of 0.04 mg/ml.

The volume of rat blood was 10 ml. The
initial concentration of the polypeptide
solution was 1.2 mg/ml, and the desired
final concentration in the bloodstream was
0.04 mg/ml. Achieving this required diluting
the original solution by a factor of 30.
Consequently, for 10 ml of blood, 0.33 ml of
the solution needed to be injected.

The polypeptide solution was administered
through injection into the lateral tail vein of
the rats using an insulin syringe. Control rats
were injected with 0.33 ml of a physiological
saline solution. Blood samples were collected
by heart puncture 30 minutes after the
injection.

The resulting aggregation shows that the
introduction of the polypeptide significantly
reduces both the speed and the degree of ADP-
induced aggregation of platelets (Fig. 2).

The experiment’s results demonstrate that
the studied polypeptide from the venom of
the Echis multisquamatis snake effectively
inhibits platelet aggregation even under
conditions of intravascular administration.
The data obtained suggest promising potential
for the use of the investigated disintegrin in
future antithrombotic therapy.

As a final step of examinations, we
approbated the inhibitory actions of the
studied polypeptide ex vivo on the platelet rich
blood plasma donated by pregnant woman with
diagnosed aspirin-resistance.
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Fig. 3. ADP-induced aggregation of platelets of a pregnant woman with diagnosed aspirin-resistance after
the addition of disintegrin from the venom of the Echis multisquamatis snake (blue line) or an equivalent
volume of physiological saline (orange line)

All measurements performed in triplicate; typical curves are presented

We demonstrated that being the
antagonist of integrin receptors the studied
polypeptide can be effective for aspirin-
resistant patients.

As a result, it can be concluded that the
polypeptide derived from the venom of the
Echis multisquamatis snake effectively
reduces the aggregation ability of platelets
in vitro. Moreover, this antiplatelet effect of
the polypeptide remains unaffected under
the conditions of intravenous administration
to laboratory animals. Notably, it also
demonstrated the ability to inhibit platelet
aggregation ex vivo in patients with aspirin
resistance.

In summary, the polypeptide from the
venom of the Echis multisquamatis snake
has the potential to serve as a prototype for
an effective antithrombotic agent, capable of
inhibiting platelet aggregation.
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AITPOBAIIIA IHTIBITOPA ATPETAIIIL TPOMBOIIUTIB 3 OTPYTH
Echis multisquamatis in vitro, in vivo TA ex vivo
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IaribiTopu arperamii TpomMOOIIHTIiB,

oTpuUMaHi

3 OTPYyTHU B3Mili, € NepcHeKTUBHUMU

AHTUTPOMOOTUYHUMY 3ac00aMu, AKi BOJHOUYAC 3MEHIITYIOTh PU3UK KPOBOTEUi Ta J03BOJIAIOTh YHUKHYTHU
PEe3UCTEHTHOCTi, AK, HAIIPUKJIAM, V HaIli€eHTiB, CTIHKUX no acuipuny. Harmre gocirig:keHHA MaJyio Ha
MeTi oIiHuTU edeKTuUBHIicTh iHribiTopa arperairii TpoMOOIIUTIB, OTPUMAHOTrO 3 OTPYTU 3Mii Echis
multisquamatis, y pi3HUX yMOBaX, BKJIOYAIOYN in vitro, in vivo Ta ex vivo.

Memodu. Hocrimxeno mominenTusy 3 orpyTu Echis multisquamatis, ounuIeHui 3a JOIIOMOTOIO
po3po0JIeHOTO HMPOTOKOJY XpomaTorpadii, Ha KinbKoX mMomenax. lleil mosimenTuna nomaBam o
36araueHoi TpoMOOIIMTAMY IIJIa3MU KPOBi a60 BBOAUJIN BHYTPIiIITHHOBEHHO IIypaM. BIIIMB Ha arperaiiiio

59



BIOTECHNOLOGIA ACTA, V. 16, No 5, 2023

TPOMOOIIUTIB OI[iHIOBAJIM 3a AOIIOMOTOI0 arperaromerpii, socepem:kyounch Ha imgykoBauiii ADP
arperartii.

Pesyavmamu ma 062080pernHs. Pe3ynbraTu mokasaau, 1o KoHmeHTpaiia mopainentuny 0,040 mr/
MJI 3BHAUHO 3HUKYBaJja arperaiiro Tpomboruris in vitro. IIpumiTHo, 1110 IS 1034 TaKOK BUABUJIACS
e(PeKTUBHOI TPW BHYTPINMIHBOBEHHOMY BBeJEeHHi J1abOpaTOPHUM TBapmWHAM, IiATBEPIKYIOUUN
MOTeHIiaJ HMoJinmenTuAy AK HaAiHOTO aHTHArperaHTHOTO areHTta. Ha 3aBepriaJbHOMY eTami
IOCJiIKeHHA MOJiNnenTH ] IPOJAeMOHCTPYBAB CBOIO 3aTHICTh IPUTHIUYyBATH arperaiiio TpoMOOIIUTiB
y IJIa3Mi KPoBi BariTHOI iKiHKM 3 Pe3HUCTEHTHICTIO 40 acIlipuHYy, 1110 € 6araToobiA0UYnNM I/ CTBOPEHHS
iHHOBANiMHMX MiAXOAiB IO JIIKYBAHHA B TAKUX BUIIAJKAX.

Bucnosok. 1le mociimsKeHHA IigKPECJIOE IIOTEHIIiaJ MOJINenTUAYy, OTPUMAHOTO 3 OTPYTH
Echis multisquamatis, AK TePCIEKTUBHOTO aHTUATPETAaHTHOTO areHTa, e()eKTUBHOTO, 30KpeMa, i
3a PE3UCTEHTHOCTI A0 acmipuHy. /i MOBHOTO BUKOPUCTAHHA MOT0O TepPaleBTUUYHOTO MOTEHIiaTy
HOTPEeOYIOThCA IMOAJIBII JOCTIMKeHH Ta KIiHIUHI BUIpoOyBaHHA.

Knwuosi cnoea: nesinTerpuu; maasMa KpoBi; TpombGomuTu; Tpom0603; 3cimamHS KpPOBi; arperarisa
TPOMOOITUTIB; MOJeJbh HAa TBAPUHAX.

60





