
and for the physiological interruption of bleeding in 

cases of vascular injury. Bothrops moojeni snake venom 

is rich in bioactive compounds of pharmacological 

and clinical interest since its protein components 

are capable of interfering with many points of the 

hemostatic process. Here, we present the B. moojeni 
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5HT (Serotonin) that aggregate platelet amplification. Then, there is the conversion of prothrombin to thrombin by intrinsic and extrinsic factors of the coagulation 
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arrows indicate, respectively, the activation and inhibition of various stages of the blood clotting process. TF: tissue factor; vWF: von Willebrand factor.

Central Illustration: Bothrops moojeni proteins acting on the different components of hemostasis. 
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venom proteins that affect hemostasis and discuss 
their pharmacological and clinical potential. This 
systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) protocol. Data were obtained 
from the CAPES Journal Portal database, using the 
terms “Bothrops” AND “hemostasis”, in a search for 
scientific articles made available in the last 20 years. 
Many components isolated from B. moojeni snake 
venom are characterized for their effect on hemostasis 
and possible application in the diagnosis and treatment 
of hemostatic disorders.

Hemostasis

Hemostasis is a complex set of biological processes 
responsible for blood fluidity within normal vessels 
and for the physiological interruption of hemorrhage 
in the case of vascular injury. Preventing coagulation 
in the normal vascular system depends on endothelial 
surface factors such as cell uniformity and the presence 
of glycocalyx-thrombomodulin, and intravascular 
anticoagulants such as protein C, antithrombin III 
and heparin. However, to contain bleeding, when a 
vessel is sectioned or ruptured, hemostasis develops 
through four main events: vascular constriction, 
platelet plug formation, blood coagulation, and fibrous 
organization/clot dissolution1 (Central Illustration).

The first hemostatic event, vascular constriction, is 
the result of local myogenic spasms and nerve reflexes 
in response to local factors released by traumatized 
tissues and by platelets (such as thromboxane A2 — 

TXA2). Simultaneously, the second event is initiated 
when platelets come into contact with an injured area, 
triggering the platelet plug formation mechanism. They 
begin to dilate and emit pseudopods; then, contractile 
proteins (actin, myosin, and thrombostenin) cause 
the release of active compounds such as adenosine 
diphosphate (ADP), serotonin, TXA2, epinephrine, 
fibrinogen and von Willebrand factor (vWF), which 
maintain and amplify the initial platelet response and 
also stimulate the formation of platelet aggregates in 
the injured vessel wall.1–3

The blood clotting mechanism, the third event, can 
be subdivided into three main stages: formation of 
the prothrombin activating complex; conversion of 
prothrombin to thrombin; and conversion of fibrinogen 
to fibrin. Under experimental conditions, the first 
stage can be activated by two distinct pathways: 

the extrinsic pathway, triggered by tissue trauma, 
with consequent release of tissue factor (TF); and the 
intrinsic pathway, which occurs when there is blood 
trauma or blood contact with injured endothelial cells 
or collagen. Both pathways trigger the activation of 
coagulation cascade factors (plasma proteins), specific 
and/or common to both pathways, which culminates 
in the second stage of the coagulation process with 
the formation of the prothrombin activating complex 
and consequent conversion of prothrombin (factor II) 
in thrombin (factor IIa). It is important to emphasize 
the role of vitamin K in the normal activation of 
prothrombin and in the formation of most coagulation 
factors, in addition to the role of calcium ions (Ca2+) in 
the promotion or acceleration of all blood coagulation 
reactions. In the last coagulation step, the formation 
of a fibrin clot occurs. Thrombin removes four low 
molecular weight peptides from fibrinogen, forming 
a fibrin monomer, with the ability to polymerize and 
produce fibrin fibers, establishing a “weak” clot. Under 
biological conditions (in vivo), thrombin also activates 
the fibrin stabilizing factor (factor XIII), present in 
normal plasma globulins and released by platelets 
retained in the clot, promoting the establishment 
of covalent bonds and cross-links that increase the 
strength of the fibrin mesh and produce a dense and 
stable blood clot.1,4

The last event in the hemostatic process can occur in 
two ways: the clot can be invaded by fibroblasts or it 
can be dissolved. Generally, when the clot develops in 
a small orifice of the blood vessel, it can be invaded by 
fibroblasts to form fibrous tissue at the site. However, 
in a major vascular trauma where tissue clots occur, 
enzymes are activated to promote clot dissolution. 
Plasmin is the main component involved in this 
process; it digests fibrin fibers and destroys many 
of the clotting factors. When a clot is formed, large 
amounts of plasminogen and other plasma proteins 
are retained, and, with the slow and gradual release 
of plasminogen activators by injured tissues and 
vascular endothelium, for example, the conversion of 
plasminogen to plasmin and consequent fibrinolysis 
of the clot occurs.1,4

Disturbances in hemostatic balance may arise due 
to genetic, nutritional, or traumatic events. In this 
sense, the clinical manifestation of hemostatic disorders 
can be observed as hemorrhages or thrombogenesis. 
In both cases, they represent a medical concern of 
major importance, as they can lead to death, as in 
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episodes of venous thromboembolism, stroke, acute 
myocardial infarction, pulmonary thromboembolism, 
and hemophilia.5 The prevalence of these phenomena 
in the world population is significant. In Brazil, for 
example, up to 200 cases of venous thromboembolism are 
recorded for every 100,000 inhabitants, with episodes of 
pulmonary thromboembolism in 5 to 15% of untreated 
cases, and more than 100 deaths from acute myocardial 
infarction.6,7 According to the Pan American Health 
Organization, ischemic heart disease and stroke are the 
biggest killers worldwide, accounting for a total of 15.2 
million deaths in 2016.8

Bothrops moojeni proteins acting on hemostasis

Bothrops snakes are responsible for about 85% of 
snakebites registered in Brazil, with more than 20,000 
accidents being notified each year.9 Bothrops moojeni snake 
(Hoge, 1966) (Figure 1A), commonly known as “caiçaca”, 
is a representative venomous snake widespread in South 
America, including Brazil.10,11 This species is considered 
of great clinical importance in the country.12–14 The B. 
moojeni snake venom is rich in bioactive compounds of 
pharmacological and clinical interest. This systematic 
review discourses and discusses proteins isolated from 
B. moojeni snake venom that have been characterized 
for their action on hemostasis using the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) method.15 The bibliographic survey 
was carried out through the CAPES Journal Portal 
(from the Coordination for the Improvement of Higher 
Education Personnel), using the descriptors “Bothrops” 
AND “hemostasis” and searching for scientific articles 
made available from 2001 until 2023. The search was 
conducted in December 2021 and updated in September 
2023, resulting in a total of 125 studies. According to the 
inclusion and exclusion criteria, the authors selected and 
analyzed the titles and abstracts of 93 articles with open 
access and published in English, Spanish, or Portuguese. 
Records not related to the scope of this review were 
excluded and other articles were searched to complement 
the study. Figure 2 summarizes the criteria and results 
of this process. Of the 84 articles included in this review, 
23 were analyzed in detail to summarize the results 
presented in Table 1. This review showed 23 proteins 
isolated from B. moojeni venom already characterized 
regarding their effect on hemostasis and possible 
application in the diagnosis and treatment of hemostatic 
disorders (Central Illustration).

Snake venoms are composed of numerous substances, 
such as ions and biomolecules, especially proteins 
(about 90%). In general, the most representative protein 
components in snake venoms are metalloproteases 
(SVMPs), serine proteases (SVSPs), and phospholipases 
A2 (PLA2s).16 B. moojeni venom is mainly composed 
of SVMPs (36.5–39.8%), SVSPs (14.7–19.8%), PLA2 
(11.5–17.1%), L-amino acid oxidases (LAAO) (4.2–5.2%), 
and lectins (2.4–3.1%) (Figure 1B). Among the less 
abundant toxins are vascular endothelial growth factors 
(VEGF), bradykinin-enhancing peptides (BPP), cysteine-
rich secreting protein (CRISP), 5'-nucleotidases and 
hyaluronidases, which together, represent less than 15% 
of total protein in the venom.17–19

SVMPs comprise a broad group of proteins that are 
catalytically dependent on metal ions, especially zinc 
and calcium. They are subdivided into three classes 
according to their domains: P-I, P-II, and P-III. The P-I 
class is compounded of low molecular weight proteins 

Figure 1 – Bothrops moojeni: (A) Snake specimen84; (B) 
Graphic representation of the protein composition from 
Bothrops moojeni venom.
Data were obtained by calculating the mean of the protein values 
described in three works.17–19
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(20–30 kDa) that contain only the proteolytic domain. 
Class P-II contains medium molecular weight (30–60 kDa) 
proteases, with the addition of the disintegrin domain. 
The P-III class comprises proteins with a molecular mass 
of 60–100 kDa, which contain additional domains to the 
proteolytic region, such as disintegrin-like, rich in cysteine 
and lectin-like domains. The presence of additional 
domains in metalloproteases favors the enhancement and 
specificity of the biological effects of these snake venom 
components, especially hemorrhage.20–23 

SVSPs are generally single-chain glycoproteins with 
a large diversity of substrates and have a highly reactive 
serine residue, which is stabilized by the presence of 
histidine and aspartic acid residues in the active site. 
The main classifications of serine proteases consist of 
thrombin-like enzymes, fibrinogenolytic enzymes and 
prothrombin, factors (F) V, VII and X, protein C, platelet 
aggregation, and plasminogen activators.24,25

PLA2s are low molecular weight enzymes (14–18 
kDa) that catalyze the specific hydrolysis of the 2-acyl-
ester bond in the sn-2 position of phospholipids in the 
presence of calcium, promoting the release of fatty acids 
and lysophospholipids, such as arachidonic acid and 
lysophosphatidic acid, respectively. These enzymes are 
classified according to their origin, amino acid sequence, 
catalytic mechanisms, and biochemical, functional, and 
structural characteristics. Bothrops venom PLA2s belong 
to group II. The best-studied group II PLA2s are classified 
according to the amino acid located at position 49. Asp49 
PLA2s show catalytic activity on artificial substrates, 
while Lys49 PLA2s show little or no activity. Fatty acids 
released during cleavage are precursors of bioactive 
lipids and potential inflammatory mediators, pain and 
platelet activation, such as eicosanoids (prostaglandins, 
thromboxanes, prostacyclins, and leukotrienes). 
Therefore, phospholipid hydrolysis is related to 
important PLA2s pharmacological activities, such as 
the effect on platelets, anticoagulant and hypotensive 
activity, edema induction, neurotoxicity, cardiotoxicity, 
and myotoxicity.26–29

LAAOs are flavoproteins, which are proteins that 
contain riboflavin nucleotide derivatives as a prosthetic 
group. Generally, they are homodimeric glycoproteins 
with a molecular mass of about 110–150 kDa, under native 
conditions. These enzymes catalyze the stereospecific 
oxidative deamination of L-amino acids, producing 
an α-keto acid, ammonia, and hydrogen peroxide 
(H2O2). The mechanism of action of the LAAOs is still 
unclear; however, several biological effects attributed 
to the enzymes are related to the H2O2 produced during 
enzymatic catalysis and the resulting oxidative stress, 
such as bactericidal, cytotoxic, antiparasitic, antitumor 
and antiplatelet actions.30–33

Two groups of lectins are found in snake venoms: 
C-type lectins and C-type lectin-like or snaclecs (snake 
C-type lectins). By definition, lectins are non-enzymatic 
proteins that bind to sugars due to the presence of 
a characteristic recognition region (carbohydrate 
recognition domain). C-type lectins are homodimeric 
proteins, with a molecular mass of approximately 
15 kDa that recognize and bind to carbohydrates 
in a Ca2+-dependent manner and are able to induce 
hemagglutination via the recognition of glycoconjugates 
of erythrocyte surface. On the other hand, snaclecs, most 
often found in snake venoms, are not able to specifically 
interact with sugars. Snacles have homologous sequences 
to C-type lectin, but are heterodimeric and their basic 

Figure 2 – PRISMA flow diagram for systematic reviews..
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Table 1 – Bothrops moojeni venom proteins acting on hemostasis.

Proteins* Characteristics
Action on hemostasis

Platelets Coagulation Fibrinolysis

Metalloproteases

BmooFIBMP-I 37
P-I; 22.8 kDa; non-

hemorrhagic; α-fibrinogenase
-- Procoagulant in vitro --

BmooMP-I 41
P-I; 25 kDa; hemorrhagic; 

α-fibrinogenase
--

Coagulation alteration
--

BmooMPα-I 38
P-I; 24.5 kDa; non-

hemorrhagic; α-fibrinogenase
-- Anticoagulant in vivo Fibrinolytic

BmooMPα-II 39
PI; 22.5 kDa; non-

hemorrhagic; α-fibrinogenase
Inhibition of 
aggregation

Fibrinogenolytic
Not pro/anticoagulant

--

BthMP 40
P-I; 23.5 kDa; hemorrhagic; 

α-fibrinogenase
-- Anticoagulant in vivo Fibrinolytic

BmooPAi 42
PIII, 32 kDa, non-proteolytic, 

non-hemorrhagic
Activation of 
aggregation

-- --

Moojenactivase43,44
PIII; 85.7 kDa, non-

hemorrhagic; α-fibrinogenase
Activation of 
aggregation

Procoagulant in vitro 
Activation of factors II and X; 

Non-fibrinolytic

Moojenin 45
PIII; 45 kDa; non-hemorrhagic; 

α-fibrinogenase
--

Procoagulant in vitro 
Anticoagulant in vivo

--

Serine proteases

Batroxobin 
(Defibrase®) 24,61

25.5 kDa; thrombin-like --
Fibrinogenolytic

Procoagulant in vitro 
Anticoagulant in vivo

Fibrinolytic

BmooSP 55

~30 kDa; thrombin-like
Activation of 
aggregation

Fibrinogenolytic
Procoagulant in vitro 
Anticoagulant in vivo

Fibrinolytic

Moojase 56 30.3 kDa; thrombin-like
Activation of 
aggregation

Fibrinogenolytic
Procoagulant in vitro 
Anticoagulant in vivo

Fibrinolytic

MSP 1 50,51 2 chains: 34 and 32.5 kDA
Activation of 
aggregation

αβγ-Fibrinogenolytic Fibrinolytic

MSP 2 50,51 38 kDa
Activation of 
aggregation

αβγ-Fibrinogenolytic Fibrinolytic

BM-IIB32 85 ~32 kDa; thrombin-like --
αβ-Fibrinogenolytic 

Procoagulant in vitro 
--

BM-IIB35 85 ~35 kDa; thrombin-like --
α-Fibrinogenolytic 

Procoagulant in vitro 
--

PLA2s

BmooPLA2
 68 13.6 kDa; Asp49

Inhibition of 
aggregation

-- --

BmooTX-I 67 15 kDa; Asp49
Activation of 
aggregation

-- --
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MjTX-III 69 13.8 kDa; Lys49 -- Extends blood clotting time Neutralizes heparin

MjTX-IV 69 13.8 kDa; Lys49 -- Extends blood clotting time Neutralizes heparin

Other classes

Baltetin 82 Snaclec, 25 kDa
Inhibition of 
aggregation

-- --

BmLec 81 Snaclec, 16.3 kDa
Activation of 
aggregation

-- --

BmooAi 83 New toxin, 15.2 kDa
Inhibition of 
aggregation

-- --

BmooLAAO-I 32 LAAO, 64.9 kDa
Activation of 
aggregation

-- --

* Proteins isolated from Bothrops moojeni snake venom that have been characterized for their action on hemostasis. The bibliographic search was carried 
out through the CAPES Journal Portal, using the terms Bothrops and hemostasis and searching for scientific articles made available in the last 20 years. 
PLA2s: Phospholipases A2

structure includes two homologous subunits: the α 
subunit (14 and 15 kDa) and the β subunit (13 and 14 kDa). 
They interact with a multitude of molecules related to 
hemostasis present in endothelial cells, clotting factors, 
and platelet receptors, playing a role in the formation 
of thrombi and inflammation, including anticoagulant 
effects and activation/inhibition of platelet function.34–36 

SVMPs

Several SVMPs isolated from the B. moojeni venom 
have already been characterized for their action on 
hemostasis, such as: BmooFIBMP-I,37 BmooMPα-I,38 
BmooMPα- II,39 BthMP,40 and BmooMP-I41 belonging to 
the P-I class; and BmooPAi,42 Moojenactivase (MooA),43,44 
and Moojenin45 from P-III class (Table 1).

The proteases BmooMP-I, BmooMPα-II, BmooPAi, 
and MooA are capable of affecting platelet function and 
altering the balance of the hemostatic system. SVMP 
P-I BmooMPα-II, for example, causes the inhibition of 
platelet aggregation, probably due to the hydrolysis of the 
𝛼IIb𝛼3 integrin since, because of the absence of additional
domains, the interaction with membrane receptors is 
unlikely.39 Tests performed with the MooA protein, 
on the other hand, showed that pre-incubation with 
prothrombin promoted an 8.3-fold increase in the ability 
of this protein to induce platelet aggregation, suggesting 
that this SVMP acts on platelets directly and indirectly 
through thrombin, due to the activation of prothrombin.44 
BmooPAi is a platelet aggregation inhibiting factor 
derived from SVMP class P-III proteolysis; it has only 

disintegrin-like and cysteine-rich domains and has no 
proteolytic activity. This toxin is a platelet aggregation 
inhibitor that interferes with the interaction of the vWF 
with platelets and could potentially be used as a tool for 
the development of novel antithrombotic agents.42 

All of the analyzed metalloproteases are fibrinogenolytic 
enzymes, which preferentially hydrolyze the Aα chain of 
fibrinogen, being called α-fibrinogenases. Although these 
enzymes primarily cleave the Aα chain of fibrinogen, 
they can also hydrolyze the Bβ chain and rarely affect 
the γ chain of fibrinogen. The α-fibrinogenases produce 
truncated fibrinogen, which is unable to form a stable 
fibrin clot and thus, under biological conditions, inhibit 
blood clotting.20,21 Many SVMPs also have fibrinolytic 
action, being able to cause dissolution of the fibrin clot, 
which also makes the blood incoagulable. However, 
unlike fibrinogen, fibrin has a cross-linked structure 
and is much less susceptible to proteolysis. The SVMP 
BmooMPα-I, for example, hydrolyzes only the β chain 
of fibrin, without affecting the structure of the α chain 
and of the γ dimer.38 Due to their fibrinogenolytic 
properties, these SVMPs may have clinical applications 
in the treatment of occlusive thrombus.23,46

BmooFIBMP-I is an α-fibrinogenase that has 
coagulant action in vitro, but it does not prevent 
coagulation in vivo, as it is inhibited by endogenous 
factors such as α2 macroglobulin; thus, it is not capable 
of causing the depletion of endogenous fibrinogen 
stores. On the other hand, BmooMPα-I, in addition to 
acting on fibrinogen, has fibrinolytic activity and an 
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anticoagulant effect in vivo. Therefore, this protease 
should have greater potential as a therapeutic agent 
in the treatment and prevention of arterial thrombosis 
compared to BmooFIBMP-I.37,38 BthMP and Moojenin 
also showed fibrinogenolytic activity in vitro and, under 
biological conditions, caused coagulation disorders, 
which indicates that these proteases are capable of 
causing the depletion of plasma fibrinogen stores 
in vivo, favoring fluidity and reducing viscosity and 
coagulability of blood.40,45

MooA is also an α-fibrinogenase; however, unlike 
those already mentioned, it cleaves the γ chain after a 
longer incubation period. In addition, it is capable of 
inducing platelet aggregation and plasma coagulation in 
vitro, but has no fibrinolytic action. MooA also induces 
TF expression on the membrane surface of peripheral 
blood mononuclear cells (PBMC), which leads these cells 
to adopt procoagulant characteristics. This SVMP is also 
capable of causing important systemic disorders such as 
intravascular hemolysis and disseminated intravascular 
coagulation, and elevated plasma levels of creatine, 
aspartate transaminase, and urea/creatinine; it can also 
cause morphological changes in the erythrocytes, heart, 
kidney, and lungs associated with thrombosis and 
hemorrhage.43,44

It is interesting to note that some SVMPs have 
hemorrhagic activity; in other words, they are capable 
of producing hemorrhage at the envenomation site. 
It is known that the presence or absence of certain 
domains does not necessarily denote the hemorrhagic 
capacity; however, in terms of potency, class P-III SVMPs 
are the most potent of the three classes in general. 
BthMP and BmooMP-I, for example, are described as 
weakly hemorrhagic.40,41 As they are P-I class enzymes, 
hemorrhage must be due to their proteolytic action on 
the basement membrane components.47

Accordingly, it is noted that SVMPs are possible 
therapeutic agents for thrombotic disorders in a very 
expressive way. Compared to all current antiplatelet 
therapies to treat cardiovascular events, SVMPs have 
remarkable biochemical attributes: they are resistant 
to plasma serine protease inhibitors, have the potential 
to avoid the risk of bleeding, are inactivated by α2-
macroglobulin, which limits their range of action in 
the circulation, and others impair platelet aggregation, 
which represents an important target for therapeutic 
intervention.48

SVSPs

SVSPs are a group of toxins widely studied for their 
action on the hemostatic system. They affect several 
physiological functions, including blood clotting, 
fibrinolysis, blood pressure, and platelet aggregation. 
These enzymes act in the platelet function, in the 
components of the coagulation cascade, in the fibrinolytic 
and kallikrein-quinine systems, and can also cause 
nonspecific proteolytic degradation, triggering an 
imbalance in the hemostatic system. SVSPs with an 
action similar to kallikrein, for example, act by releasing 
bradykinin or its kininogen precursor and are capable 
of degrading angiotensin, thus having a hypotensive 
activity.2,24,49

The action of SVSPs on platelet function can occur 
in different ways. Some cause nonspecific proteolysis, 
and others activate or deactivate specific factors. Among 
the mechanisms of action of this protein class is the 
induction of calcium mobilization in platelets, which 
favors the action of thrombin, and platelet activation 
through interactions with the GPIba receptor, a thrombin 
receptor.2 The serine proteases MSP 1 and MSP 2 
induce platelet aggregation, mainly through the ADP 
modulation mechanism.50,51

Serine proteases classified as thrombin-like are a 
pominent group for their action on hemostasis, as 
they have coagulant activity that is similar to plasma 
thrombin, but are not inhibited by heparin and do not 
activate coagulation factor XIII. They are capable of 
cleaving fibrinogen Aα and/or Bβ chains, which triggers 
the formation of a “loose” clot that is rapidly degraded in 
vivo by fibrinolysis. This action promotes the depletion 
of endogenous fibrinogen stores and allows the use of 
SVSPs as antithrombotic and anticoagulant agents.52 
Some SVSPs also activate platelet aggregation through 
a mechanism similar to thrombin; that is, they can 
hydrolyze protease-activated receptors (PARs), especially 
PAR1 and PAR4, which are found in human platelets. 
Two other thrombin activities that are mimicked by some 
SVSPs are the activation of factor V and protein C, which 
trigger an anticoagulant effect.2,24,53,54

BmooSP, Batroxobin and Moojase are thrombin-like 
serine proteases that have fibrinogenolytic activity and, 
characteristically, have coagulant effects in vitro and 
anticoagulant effects in vivo. These three enzymes have 
high potential for use, or are already commercially used 
in the treatment and prevention of cardiovascular disease. 
In experimental studies on BmooSP activities, it was 
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observed that it decreases blood viscosity and improves 
blood circulation. In addition, it induces the formation 
of a stable fibrin clot for more than 10 days, which can 
be used as an alternative for the production of natural 
surgical sealants (biodegradable fibrin glue).55 Moojase, 
on the other hand, is characterized as a potent acidic 
coagulating enzyme. Its sequencing indicates that it is 
an isoform of Batroxobin. Moojase has shown to be able 
to clot platelet-poor plasma and fibrinogen solutions in 
a dose-dependent manner, indicating its thrombin-like 
properties. This SVSP also induces fibrinolysis of fibrin 
clots formed in vitro and induces platelet aggregation. 
This enzyme also has significant amidolytic activity on 
substrates for thrombin, plasma kallikrein, factor XIa 
and factor XIIa.56 The SVSPs MSP1 and MSP2 also have 
fibrinogenolytic activity; however, they have only traces 
of blood coagulation. It is noteworthy that these enzymes 
are able to cleave all fibrinogen chains.50,51

Batroxobin is a thrombin-like SVSP and, like BmooSP, 
is associated with reduced plasma fibrinogen levels and 
increased anticoagulation and fibrinolysis. This protein 
strongly converts fibrinogen to fibrin by specific cleavage 
of the Arg16-Gly17 bond in the α chain of fibrinogen 
releasing fibrinopeptide A. Importantly, it can be 
isolated from Bothrops atrox snake venom and from B. 
moojeni, since its cDNA was considered found in both 
species.57 Defibrase® (Batroxobin) is already used to 
treat a number of diseases, including stroke, pulmonary 
embolism, deep vein thrombosis, myocardial infarction, 
and perioperative bleeding.54

Batroxobin is used as a defibrinogenating agent as 
it forms fibrin I from fibrinogen and releases tissue 
plasminogen activator (t-PA) from the endothelium, 
leading to a dose-dependent decrease in plasma 
fibrinogen concentration and a reduction in blood 
viscosity and coagulability. The absolute highlight of 
Batroxobin, however, was the development of Vivostat®, 
a medical device that allows the pre- or intraoperative 
manufacture of an autologous fibrin sealant from 
the patient's blood. The Vivostat® system depends 
entirely on fibrinogen and thrombin from the patient's 
own blood, and Batroxobin is only needed to start the 
clotting process, causing the activation of the patient's 
fibrinogen. It is very useful in maintaining hemostasis 
in various surgeries, such as liver, neurological, cardiac, 
plastic, head and neck, skin grafts, etc. Batroxobin is 
also used for diagnostic purposes as an alternative to the 
thrombin time test (because it is insensitive to heparin) 
to determine plasma fibrinogen levels, to investigate 

dysfibrinogenemias, and to test the platelet contractile 
system (clot retraction - Reptilase® Test).58,59 There are 
clinical studies that demonstrate these properties of this 
protease. Chowta et al. demonstrated the safety and 
efficacy of Bothropase, an enzyme preparation with 
Batroxobin, in effectively reducing clotting and bleeding 
time in healthy human volunteers.60 In the study by Zhang 
et al., 15 patients with deep vein thrombosis succeeded in 
limb salvage after administration of Batroxobin 61 Hu et al. 
also demonstrated that the prophylactic use of Batroxobin 
provided an effective and cheap method to reduce blood 
loss during or after operations, as patients undergoing 
spinal surgery had the total amount of perioperative 
blood loss reduced.62 

PLA2

PLA2s have a wide variety of pharmacological 
activities, including hemolytic and anticoagulant 
activities, as well as effects on platelet aggregation and 
hypotension.26,63,64 Those that affect platelet function can 
be divided into three groups at least: the ones capable 
of inducing platelet aggregation, the enzymes that 
inhibit platelet aggregation, and those with a biphasic 
response, which may initiate platelet aggregation at low 
concentrations or after a short incubation period, but 
may also inhibit aggregation at high concentrations or 
after prolonged incubation. This interference on platelets 
occurs through different mechanisms: the activation of 
platelet aggregation by the cleavage of phospholipids 
present in the membrane, thus releasing arachidonic 
acid and its metabolites such as TXA2; the inhibition of 
platelet aggregation by the separation of arachidonic 
acid by-products; or via mechanisms that are partially 
independent of catalysis, for example, inducing relevant 
morphological changes in the platelet cytoskeleton.2,65,66

BmooTX-I and BmooPLA2 are phospholipases 
classified as Asp49 PLA2, due to the presence of the 
aspartate residue at position 49 of the polypeptide chain; 
characteristically, they are catalytically active, that is, 
they have phospholipase activity. These two enzymes are 
capable of causing the inhibition of platelet aggregation 
induced by collagen or ADP in a concentration-dependent 
manner. BmooPLA2 can also decrease blood pressure in 
a dose- and time-dependent manner, with a pronounced 
effect in the first 15 minutes.67,68

Phospholipases MjTX-III and MjTX-IV, on the other 
hand, are classified as class II Lys49 PLA2 and, therefore, 
have no catalytic action. They can interact with heparin 
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and neutralize its anticoagulant effects; in tests, they were 
able to neutralize the anti-FXa activity of heparin to the 
same extent as protamine C hydrochloride, the current 
antidote used. These PLA2 also prolong blood clotting 
time in normal plasma by binding to a prothrombinase 
complex component; and tests have suggested that they 
may compete with FVa for binding to FXa. Thus, they 
have great therapeutic potential because it is possible 
to use the PLA2 binding domain to prevent excessive 
bleeding during treatment with heparin.69

Other classes

After snake envenomation, LAAOs (SV-LAAOs) 
are responsible for important physiological changes, 
including the induction or inhibition of platelet 
aggregation, hemorrhage and anticoagulant activities.30 
LAAOs induce vascular endothelial apoptosis and 
inhibit angiogenesis; these activities can be inhibited 
by the addition of catalase and other H2O2 eliminators. 
LAAOs bind directly to the cell surface and the released 
H2O2 is then accumulated in the localized area at 
a relatively higher concentration, and apoptosis is 
triggered by membrane oxidative stress.70 LAAOs also 
show significant effects on platelet aggregation, as some 
inhibit platelet aggregation, while others induce this 
aggregation. H2O2 is also considered an important factor 
responsible for this function because its platelet activities 
can be equally reduced or abolished by catalase.71 The 
inhibitory activity is due to interference of H2O2 in the 
interaction between the integrin GPIIb/IIIa expressed in 
activated platelets and fibrinogen or, in the reduction of 
the binding of ADP to platelets.72 On the other hand, the 
H2O2 production can promote the greater synthesis of 
TXA2 to induce platelet aggregation and is also related 
to the hemolytic action of some LAAOs.33 BmooLAAO-I 
is capable of inducing platelet aggregation in a dose-
dependent manner. Therefore, its biological activities 
are of therapeutic interest in diseases that cause 
hemorrhage and it can also be a therapeutic agent for 
diseases in which the induction of H2O2 production can 
be beneficial, such as chronic inflammatory diseases 
(asthma, atherosclerosis).32

Snaclecs also have several activities in hemostasis, 
including anticoagulant effects and the activation/
inhibition of platelet aggregation.73,74 GPIb and GPVI 
receptors, α2β1 integrin, as well as the C-type lectin-
like receptor (CLEC-2) are the main receptors present 
on the platelet membrane to which the snaclecs bind.75 

Enzymes with anticoagulant properties, in the presence 
of calcium, recognize the Gla domain of factor X and IX, 
inhibiting their actions. On the other hand, procoagulant 
snaclecs activate factor X and prothrombin, also via Gla 
recognition. These venom proteins are even capable 
of binding directly to GPVI receptors, GPIb and vWF, 
inducing platelet aggregation; most of them act by 
inducing vWF to bind to GPIb in platelets, causing 
agglutination. Snaclecs capable of inhibiting platelet 
aggregation act mainly through α2β1 and GPIb 
receptors; most of them interact directly with GPIb 
and inhibit the binding of vWF to GPIb.76–79 It should 
be noted that CLEC-2 is strongly expressed in platelets/
megakaryocytes; this receptor triggers strong platelet 
activation through tyrosine kinase-dependent pathways 
and, thus, snaclecs can bind to this receptor, inhibiting 
or activating it.80 Baltetin and BmLec are snaclecs 
capable of inhibiting and inducing platelet aggregation, 
respectively.81,82

BmooAi is a protein that inhibits platelet aggregation, 
but its class has not yet been determined. It showed a very 
specific inhibitory effect on platelet aggregation induced 
by collagen, ADP, or epinephrine in human platelet-rich 
plasma in a dose-dependent manner, whereas it had 
little or no effect on platelet aggregation induced by 
ristocetin. Therefore, it seems that this toxin acts on the 
αIIbβ3 integrin, and the lack of inhibition in the activity 
induced by ristocetin suggests that this enzyme does not 
interfere with vWF. Thus, BmooAi could be a new tool of 
medical interest for the development of new therapeutic 
agents for the prevention and treatment of thrombotic.83

Final considerations

Hemostasis is a complex process that involves 
interactions between different components such as 
platelets, blood proteins, and endothelial cells. The action 
of snake venom proteins on this process is very relevant 
in the medical field. Despite the number of proteins 
from Bothrops moojeni, already known to interfere in 
the various events of hemostasis, little is known about 
their mechanisms of action and there are still several 
less-known protein classes in which few proteins have 
been characterized. In this context, a more detailed 
investigation of the pharmacologically active compounds 
present in this venom can contribute as a valuable 
research tool for future clinical use in the diagnosis and 
treatment of various hemostatic disorders, but mainly 
thrombotic disorders.

Int J Cardiovasc Sci. 2024; 37:e20220075Silva et al.

Bothrops moojeni proteins in hemostasis Review Article



10

Author Contributions

Conception and design of the research, acquisition of 
data and analysis and interpretation of the data: Silva 
NB, Mamede CCN; writing of the manuscript: Silva NB, 
Dias EHV, Costa JO, Mamede CCN; critical revision of 
the manuscript for intellectual content: Dias EHV, Costa 
JO, Mamede CCN.

Potential Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.

Sources of Funding
There were no external funding sources for this study. 

Study Association
This study is not associated with any thesis or 

dissertation work. 

 
Ethics Approval and Consent to Participate
This article does not contain any studies with 

human participants or animals performed by any of 
the authors.

1.  Hall JE. Hemostasia e Coagulação sanguínea: Eventos na Hemostasia. In: 
Hall JE. Tratado de Fisiologia Médica. 13th ed. Rio de Janeiro: Elsevier; 
2017. p. 483-94. 

2.  Queiroz MR, Sousa BB, Pereira DFC, Mamede CCN, Matias MS, Morais 
NCG, et al. The Role of Platelets in Hemostasis and the Effects of Snake 
Venom Toxins on Platelet Function. Toxicon. 2017;133:33-47. doi: 
10.1016/j.toxicon.2017.04.013. 

3.  Jurk K, Kehrel BE. Platelets: Physiology and Biochemistry. Semin Thromb 
Hemost. 2005;31(4):381-92. doi: 10.1055/s-2005-916671. 

4.  Rogers HJ, Nakashima MO, Kottke-Marchant K. Hemostasis and 
Thrombosis. In: Hsi ED. Hematopathology: A Volume in the Series: 
Foundations in Diagnostic Pathology. New York: Elsevier; 2018. p. 57-105. 

5.  LaPelusa A, Dave HD. Physiology, Hemostasis. 2023 May 1. In: StatPearls. 
Treasure Island: StatPearls Publishing; 2023. 

6.  Ohki AV, van Bellen B. A Incidência Regional do Tromboembolismo 
Venoso no Brasil. J Vasc Bras. 2017;16(3):227-31. doi: 10.1590/1677-
5449.000517. 

7.  Santos JD, Meira KC, Camacho AR, Salvador PTCO, Guimarães RM, 
Pierin ÂMG, et al. Mortality Due to Acute Myocardial Infarction in 
Brazil and its Geographical Regions: Analyzing the Effect of Age-
Period-Cohort. Cien Saude Colet. 2018;23(5):1621-34. doi: 10.1590/1413-
81232018235.16092016. 

8.  World Health Organization. The top 10 Causes of Death [Internet]. 
Geneva: World Health Organization; 2020 [cited 2021 Jan 18]. Available 
from: https://www.who.int/news-room/fact-sheets/detail/the-top-10-
causes-of-death.

9.  Brasil. Sistema de Informação de Agravos de Notificação - Sinan Net 
[Internet]. Brasília: Ministério da Saúde; 2020 [cited 2021 Apr 12]. 
Available from: http://portalsinan.saude.gov.br/acidente-por-animais-
peconhentos.

10.  Costa HC, Bérnils RS. Répteis do Brasil e suas Unidades Federativas: 
Lista de Espécies. Herpetologia Brasileira. 2018;7(1):60:11-50. 

11.  Warrell DA. Snake Bite. Lancet. 2010;375(9708):77-88. doi: 10.1016/S0140-
6736(09)61754-2. 

12.  Nogueira C, Sawaya RJ, Martins M. Ecology of the Pitviper, Bothrops 
moojeni, in the Brazilian Cerrado. J Herpetol. 2003;37:653-9. 

13.  Silva CJ, Jorge MT, Ribeiro LA. Epidemiology of Snakebite in a 
Central Region of Brazil. Toxicon. 2003;41(2):251-5. doi: 10.1016/s0041-
0101(02)00287-8. 

14.  Nishioka SA, Silveira PV. A Clinical and Epidemiologic Study of 292 
Cases of Lance-Headed Viper Bite in a Brazilian Teaching Hospital. Am 
J Trop Med Hyg. 1992;47(6):805-10. doi: 10.4269/ajtmh.1992.47.805. 

15.  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. The PRISMA 2020 Statement: An Updated Guideline for 
Reporting Systematic Reviews. BMJ. 2021;372:n71. doi: 10.1136/bmj.n71. 

16.  Tasoulis T, Isbister GK. A Review and Database of Snake Venom 
Proteomes. Toxins. 2017;9(9):290. doi: 10.3390/toxins9090290.  

17.  Gren ECK, Kitano ES, Andrade-Silva D, Iwai LK, Reis MS, Menezes MC, 
et al. Comparative Analysis of the High Molecular Mass Subproteomes of 
Eight Bothrops Snake Venoms. Comp Biochem Physiol Part D Genomics 
Proteomics. 2019;30:113-21. doi: 10.1016/j.cbd.2019.01.012. 

18.  Aguiar WDS, Galizio NDC, Serino-Silva C, Sant'Anna SS, Grego KF, 
Tashima AK, et al. Comparative Compositional and Functional Analyses 
of Bothrops Moojeni Specimens Reveal Several Individual Variations. 
PLoS One. 2019;14(9):e0222206. doi: 10.1371/journal.pone.0222206. 

19.  Amorim FG, Costa TR, Baiwir D, De Pauw E, Quinton L, Sampaio SV. 
Proteopeptidomic, Functional and Immunoreactivity Characterization 
of Bothrops Moojeni Snake Venom: Influence of Snake Gender on 
Venom Composition. Toxins (Basel). 2018;10(5):177. doi: 10.3390/
toxins10050177. 

20.  Fox JW, Serrano SM. Insights into and Speculations About Snake 
Venom Metalloproteinase (SVMP) Synthesis, Folding and Disulfide 
Bond Formation and their Contribution to Venom Complexity. FEBS J. 
2008;275(12):3016-30. doi: 10.1111/j.1742-4658.2008.06466.x. 

21.  Fox JW, Serrano SM. Timeline of Key Events in Snake Venom 
Metalloproteinase Research. J Proteomics. 2009;72(2):200-9. doi: 10.1016/j.
jprot.2009.01.015. 

22.  Olaoba OT, Santos PK, Araujo HSS, Souza DHF. Snake Venom 
Metalloproteinases (SVMPs): A Structure-Function Update. Toxicon X. 
2020;7:100052. doi: 10.1016/j.toxcx.2020.100052. 

23.  Kini RM, Koh CY. Metalloproteases Affecting Blood Coagulation, 
Fibrinolysis and Platelet Aggregation from Snake Venoms: Definition and 
Nomenclature of Interaction Sites. Toxins. 2016;8(10):284. doi: 10.3390/
toxins8100284. 

24.  Serrano SM. The Long Road of Research on Snake Venom Serine 
Proteinases. Toxicon. 2013;62:19-26. doi: 10.1016/j.toxicon.2012.09.003. 

25.  McCleary RJ, Kini RM. Snake Bites and Hemostasis/Thrombosis. Thromb 
Res. 2013;132(6):642-6. doi: 10.1016/j.thromres.2013.09.031. 

26.  Dennis EA, Cao J, Hsu YH, Magrioti V, Kokotos G. Phospholipase A2 
Enzymes: Physical Structure, Biological Function, Disease Implication, 
Chemical Inhibition, and Therapeutic Intervention. Chem Rev. 
2011;111(10):6130-85. doi: 10.1021/cr200085w. 

27.  Gutiérrez JM, Lomonte B. Phospholipases A2: Unveiling the Secrets 
of a Functionally Versatile Group of Snake Venom Toxins. Toxicon. 
2013;62:27-39. doi: 10.1016/j.toxicon.2012.09.006. 

References

Int J Cardiovasc Sci. 2024; 37:e20220075 Silva et al.

Bothrops moojeni proteins in hemostasisReview Article



11

28.  Xiao H, Pan H, Liao K, Yang M, Huang C. Snake Venom PLA2, a 
Promising Target for Broad-Spectrum Antivenom Drug Development. 
Biomed Res Int. 2017;2017:6592820. doi: 10.1155/2017/6592820. 

29.  Hiu JJ, Yap MKK. Cytotoxicity of Snake Venom Enzymatic Toxins: 
Phospholipase A2 and l-Amino Acid Oxidase. Biochem Soc Trans. 
2020;48(2):719-31. doi: 10.1042/BST20200110. 

30.  Ullah A. Structure-Function Studies and Mechanism of Action of Snake 
Venom L-Amino Acid Oxidases. Front Pharmacol. 2020;11:110. doi: 
10.3389/fphar.2020.00110. 

31.  Fox JW. A Brief Review of the Scientific History of Several Lesser-
Known Snake Venom Proteins: l-Amino Acid Oxidases, Hyaluronidases 
and Phosphodiesterases. Toxicon. 2013;62:75-82. doi: 10.1016/j.
toxicon.2012.09.009. 

32.  Stábeli RG, Sant'Ana CD, Ribeiro PH, Costa TR, Ticli FK, Pires MG, et al. 
Cytotoxic L-Amino Acid Oxidase from Bothrops Moojeni: Biochemical 
and Functional Characterization. Int J Biol Macromol. 2007;41(2):132-40. 
doi: 10.1016/j.ijbiomac.2007.01.006. 

33.  Guo C, Liu S, Yao Y, Zhang Q, Sun MZ. Past Decade Study of Snake 
Venom L-Amino Acid Oxidase. Toxicon. 2012;60(3):302-11. doi: 10.1016/j.
toxicon.2012.05.001. 

34.  Arlinghaus FT, Eble JA. C-Type Lectin-Like Proteins from Snake Venoms. 
Toxicon. 2012;60(4):512-9. doi: 10.1016/j.toxicon.2012.03.001. 

35.  Kilpatrick DC. Animal Lectins: A Historical Introduction and Overview. 
Biochim Biophys Acta. 2002;1572(2-3):187-97. doi: 10.1016/s0304-
4165(02)00308-2. 

36.  Castanheira LE, Nunes DC, Cardoso TM, Santos Pde S, Goulart LR, 
Rodrigues RS, et al. Biochemical and Functional Characterization of a 
C-Type Lectin (BpLec) from Bothrops Pauloensis Snake Venom. Int J 
Biol Macromol. 2013;54:57-64. doi: 10.1016/j.ijbiomac.2012.11.018. 

37.  Torres FS, Rates B, Gomes MT, Salas CE, Pimenta AM, Oliveira F, et 
al. Bmoo FIBMP-I: A New Fibrinogenolytic Metalloproteinase from 
Bothrops moojeni Snake Venom. ISRN Toxicol. 2012;2012:673941. doi: 
10.5402/2012/673941. 

38.  Bernardes CP, Santos-Filho NA, Costa TR, Gomes MS, Torres FS, Costa 
J, et al. Isolation and Structural Characterization of a New Fibrin(ogen)
olytic Metalloproteinase from Bothrops Moojeni Snake Venom. Toxicon. 
2008;51(4):574-84. doi: 10.1016/j.toxicon.2007.11.017. 

39.  Queiroz MR, Mamede CC, Fonseca KC, Morais NC, Sousa BB, Santos-
Filho NA, et al. Rapid Purification of a New P-I Class Metalloproteinase 
from Bothrops Moojeni Venom with Antiplatelet Activity. Biomed Res 
Int. 2014;2014:352420. doi: 10.1155/2014/352420. 

40.  Gomes MS, Mendes MM, Oliveira F, Andrade RM, Bernardes 
CP, Hamaguchi A, et al. BthMP: A New Weakly Hemorrhagic 
Metalloproteinase from Bothrops Moojeni Snake Venom. Toxicon. 
2009;53(1):24-32. doi: 10.1016/j.toxicon.2008.10.007. 

41.  Salvador GHM, Borges RJ, Eulálio MMC, Dos Santos LD, Fontes MRM. 
Biochemical, Pharmacological and Structural Characterization of 
BmooMP-I, a New P-I Metalloproteinase from Bothrops Moojeni Venom. 
Biochimie. 2020;179:54-64. doi: 10.1016/j.biochi.2020.09.001. 

42.  Sousa BB, Mamede CCN, Matias MS, Pereira DFDC, Queiroz MR, Dias 
EHV, et al. A New Platelet-Aggregation-Inhibiting Factor Isolated from 
Bothrops Moojeni Snake Venom. Biomed Res Int. 2017;2017:4315832. doi: 
10.1155/2017/4315832. 

43.  Sartim MA, Cezarette GN, Jacob-Ferreira AL, Frantz FG, Faccioli 
LH, Sampaio SV. Disseminated Intravascular Coagulation Caused by 
Moojenactivase, a Procoagulant Snake Venom Metalloprotease. Int J Biol 
Macromol. 2017;103:1077-86. doi: 10.1016/j.ijbiomac.2017.05.146. 

44.  Sartim MA, Costa TR, Laure HJ, Espíndola MS, Frantz FG, Sorgi CA, 
et al. Moojenactivase, a Novel Pro-Coagulant PIIId Metalloprotease 
Isolated from Bothrops Moojeni Snake Venom, Activates Coagulation 
Factors II and X and Induces Tissue Factor Up-Regulation in 
Leukocytes. Arch Toxicol. 2016;90(5):1261-78. doi: 10.1007/s00204-
015-1533-6. 

45.  Morais NC, Mamede CCN, Fonseca KC, Queiroz MR, Gomes-Filho SA, 
Santos-Filho NA, et al. Isolation and Characterization of Moojenin, an 
Acid-Active, Anticoagulant Metalloproteinase from Bothrops Moojeni 
Venom. Toxicon. 2012;60(7):1251-8. doi: 10.1016/j.toxicon.2012.08.017. 

46.  Kamiguti AS. Platelets as Targets of Snake Venom Metalloproteinases. 
Toxicon. 2005;45(8):1041-9. doi: 10.1016/j.toxicon.2005.02.026. 

47.  Fox JW, Serrano SM. Structural Considerations of the Snake Venom 
Metalloproteinases, Key Members of the M12 Reprolysin Family 
of Metalloproteinases. Toxicon. 2005;45(8):969-85. doi: 10.1016/j.
toxicon.2005.02.012. 

48.  Sanchez EF, Flores-Ortiz RJ, Alvarenga VG, Eble JA. Direct Fibrinolytic 
Snake Venom Metalloproteinases Affecting Hemostasis: Structural, 
Biochemical Features and Therapeutic Potential. Toxins (Basel). 
2017;9(12):392. doi: 10.3390/toxins9120392. 

49.  Burin SM, Menaldo DL, Sampaio SV, Frantz FG, Castro FA. An Overview of 
the Immune Modulating Effects of Enzymatic Toxins from Snake Venoms. 
Int J Biol Macromol. 2018;109:664-71. doi: 10.1016/j.ijbiomac.2017.12.101. 

50.  Demler C, Bühler B, Menin L, Stöcklin R, Wilmer M, Ernst B, et al. 
Platelet-Active Substances in the Venom of Bothrops Moojeni Snake-a 
Novel Evaluation Method Using Whole Blood Aggregometry. Platelets. 
2010;21(1):20-8. doi: 10.3109/09537100903360015. 

51.  Serrano SM, Sampaio CA, Mandelbaum FR. Basic Proteinases from 
Bothrops Moojeni (Caissaca) Venom--II. Isolation of the Metalloproteinase 
MPB. Comparison of the Proteolytic Activity on Natural Substrates by 
MPB, MSP 1 and MSP 2. Toxicon. 1993;31(4):483-92. doi: 10.1016/0041-
0101(93)90183-j. 

52.  Markland FS Jr. Snake Venom Fibrinogenolytic and Fibrinolytic Enzymes: 
An Updated Inventory. Registry of Exogenous Hemostatic Factors of the 
Scientific and Standardization Committee of the International Society 
on Thrombosis and Haemostasis. Thromb Haemost. 1998;79(3):668-74. 

53.  Serrano SM, Maroun RC. Snake Venom Serine Proteinases: Sequence 
Homology vs. Substrate Specificity, a Paradox to be Solved. Toxicon. 
2005;45(8):1115-32. doi: 10.1016/j.toxicon.2005.02.020. 

54.  Abd El-Aziz TA, Soares AG, Stockand JD. Snake Venoms in Drug 
Discovery: Valuable Therapeutic Tools for Life Saving. Toxins (Basel). 
2019;11(10):564. doi: 10.3390/toxins11100564. 

55.  de Oliveira F, de Sousa BB, Mamede CC, Morais NC, Queiroz MR, Pereira 
DFC, et al. Biochemical and Functional Characterization of BmooSP, a 
New Serine Protease from Bothrops Moojeni Snake Venom. Toxicon. 
2016;111:130-8. doi: 10.1016/j.toxicon.2016.01.055. 

56.  Amorim FG, Menaldo DL, Carone SEI, Silva TA, Sartim MA, De Pauw 
E, et al. New Insights on Moojase, a Thrombin-Like Serine Protease from 
Bothrops moojeni Snake Venom. Toxins. 2018;10(12):500. doi: 10.3390/
toxins10120500. 

57.  Itoh N, Tanaka N, Mihashi S, Yamashina I. Molecular Cloning and 
Sequence Analysis of cDNA for Batroxobin, a Thrombin-Like Snake 
Venom Enzyme. J Biol Chem. 1987;262(7):3132-5. 

58.  Munawar A, Ali SA, Akrem A, Betzel C. Snake Venom Peptides: Tools 
of Biodiscovery. Toxins. 2018;10(11):474. doi: 10.3390/toxins10110474. 

59.  Waheed H, Moin SF, Choudhary MI. Snake Venom: From Deadly Toxins 
to Life-saving Therapeutics. Curr Med Chem. 2017;24(17):1874-91. doi: 
10.2174/0929867324666170605091546. 

60.  Shenoy AK, Ramesh KV, Chowta MN, Adhikari PM, Rathnakar UP. 
Effects of Botropase on Clotting Factors in Healthy Human Volunteers. 
Perspect Clin Res. 2014;5(2):71-4. doi: 10.4103/2229-3485.128024. 

61.  Zhang L, Lu SH, Li L, Tao YG, Wan YL, Senga H, et al. Batroxobin 
Mobilizes Circulating Endothelial Progenitor Cells in Patients with 
Deep Vein Thrombosis. Clin Appl Thromb Hemost. 2011;17(1):75-9. doi: 
10.1177/1076029609347903. 

62.  Hu HM, Chen L, Frary CE, Chang CC, Hui H, Zhang HP, et al. The Beneficial 
Effect of Batroxobin on Blood Loss Reduction in Spinal Fusion Surgery: A 
Prospective, Randomized, Double-Blind, Placebo-Controlled Study. Arch 
Orthop Trauma Surg. 2015;135(4):491-7. doi: 10.1007/s00402-015-2183-0. 

Int J Cardiovasc Sci. 2024; 37:e20220075Silva et al.

Bothrops moojeni proteins in hemostasis Review Article



12

63.  Kini RM. Excitement Ahead: Structure, Function and Mechanism of 
Snake Venom Phospholipase A2 Enzymes. Toxicon. 2003;42(8):827-40. 
doi: 10.1016/j.toxicon.2003.11.002. 

64.  de Paula RC, Castro HC, Rodrigues CR, Melo PA, Fuly AL. Structural 
and Pharmacological Features of Phospholipases A2 from Snake Venoms. 
Protein Pept Lett. 2009;16(8):899-907. doi: 10.2174/092986609788923365. 

65.  Markland FS. Snake Venoms and the Hemostatic System. Toxicon. 
1998;36(12):1749-800. doi: 10.1016/s0041-0101(98)00126-3. 

66.  Kini RM, Evans HJ. Effects of Snake Venom Proteins on Blood Platelets. 
Toxicon. 1990;28(12):1387-422. doi: 10.1016/0041-0101(90)90155-z. 

67.  Santos-Filho NA, Silveira LB, Oliveira CZ, Bernardes CP, Menaldo DL, 
Fuly AL, et al. A New Acidic Myotoxic, Anti-Platelet and Prostaglandin 
I2 Inductor Phospholipase A2 Isolated from Bothrops Moojeni Snake 
Venom. Toxicon. 2008;52(8):908-17. doi: 10.1016/j.toxicon.2008.08.020. 

68.  Silveira LB, Marchi-Salvador DP, Santos-Filho NA, Silva FP Jr, Marcussi 
S, Fuly AL, et al. Isolation and Expression of a Hypotensive and Anti-
Platelet Acidic Phospholipase A2 from Bothrops Moojeni Snake Venom. 
J Pharm Biomed Anal. 2013;73:35-43. doi: 10.1016/j.jpba.2012.04.008. 

69.  Perchuc AM, Menin L, Favreau P, Bühler B, Bulet P, Schöni R, et al. 
Isolation and Characterization of Two New Lys49 PLA2s with Heparin 
Neutralizing Properties from Bothrops Moojeni Snake Venom. Toxicon. 
2010;55(6):1080-92. doi: 10.1016/j.toxicon.2009.12.007. 

70.  Samel M, Vija H, Rönnholm G, Siigur J, Kalkkinen N, Siigur E. Isolation 
and Characterization of an Apoptotic and Platelet Aggregation Inhibiting 
L-Amino Acid Oxidase from Vipera Berus Berus (Common Viper) 
Venom. Biochim Biophys Acta. 2006;1764(4):707-14. doi: 10.1016/j.
bbapap.2006.01.021. 

71.  Du XY, Clemetson KJ. Snake Venom L-Amino Acid Oxidases. Toxicon. 
2002;40(6):659-65. doi: 10.1016/s0041-0101(02)00102-2. 

72.  Belisario MA, Tafuri S, Di Domenico C, Squillacioti C, Della Morte R, 
Lucisano A, et al. H(2)O(2) Activity on Platelet Adhesion to Fibrinogen 
and Protein Tyrosine Phosphorylation. Biochim Biophys Acta. 
2000;1495(2):183-93. doi: 10.1016/s0167-4889(99)00160-3. 

73.  Sartim MA, Sampaio SV. Snake Venom Galactoside-Binding Lectins: A 
Structural and Functional Overview. J Venom Anim Toxins Incl Trop 
Dis. 2015;21:35. doi: 10.1186/s40409-015-0038-3. 

74.  Ogawa T, Chijiwa T, Oda-Ueda N, Ohno M. Molecular Diversity and 
Accelerated Evolution of C-Type Lectin-Like Proteins from Snake Venom. 
Toxicon. 2005;45(1):1-14. doi: 10.1016/j.toxicon.2004.07.028. 

75.  Clemetson KJ. Snaclecs (Snake C-Type Lectins) that Inhibit or Activate 
Platelets by Binding to Receptors. Toxicon. 2010;56(7):1236-46. doi: 
10.1016/j.toxicon.2010.03.011. 

76.  Morita T. Structures and Functions of Snake Venom CLPs (C-Type 
Lectin-Like Proteins) with Anticoagulant-, Procoagulant-, and Platelet-
Modulating Activities. Toxicon. 2005;45(8):1099-114. doi: 10.1016/j.
toxicon.2005.02.021. 

77.  Lu Q, Clemetson JM, Clemetson KJ. Snake Venoms and Hemostasis. J 
Thromb Haemost. 2005;3(8):1791-9. doi: 10.1111/j.1538-7836.2005.01358.x. 

78.  Clemetson KJ, Navdaev A, Dörmann D, Du XY, Clemetson JM. 
Multifunctional Snake C-Type Lectins Affecting Platelets. Haemostasis. 
2001;31(3-6):148-54. doi: 10.1159/000048058. 

79.  Clemetson KJ, Lu Q, Clemetson JM. Snake C-Type Lectin-Like Proteins 
and Platelet Receptors. Pathophysiol Haemost Thromb. 2005;34(4-5):150-
5. doi: 10.1159/000092414. 

80.  Suzuki-Inoue K, Fuller GL, García A, Eble JA, Pöhlmann S, Inoue O, 
et al. A Novel Syk-Dependent Mechanism of Platelet Activation by the 
C-Type Lectin Receptor CLEC-2. Blood. 2006;107(2):542-9. doi: 10.1182/
blood-2005-05-1994. 

81.  Barbosa P, Martins A, Toyama M, Joazeiro P, Beriam L, Fonteles M, et 
al. Purification and Biological Effects of a C-type Lectin Isolated from 
Bothrops Moojeni. J Venom Anim Toxins Incl Trop Dis. 2010;16:493-504. 

82.  Pereira DFDC, Ribeiro MSM, Simamoto BBS, Dias EHV, Costa JO, 
Santos-Filho NA, et al. Baltetin: A New C-Type Lectin-Like Isolated 
from Bothrops Alternatus Snake Venom Which Act as a Platelet 
Aggregation Inhibiting. J Chromatogr B Analyt Technol Biomed Life 
Sci. 2021;1173:122695. doi: 10.1016/j.jchromb.2021.122695. 

83.  de Queiroz MR, Mamede CC, de Morais NC, Fonseca KC, de Sousa BB, 
Migliorini TM, et al. Purification and Characterization of BmooAi: A 
New Toxin from Bothrops Moojeni Snake Venom that Inhibits Platelet 
Aggregation. Biomed Res Int. 2014;2014:920942. doi: 10.1155/2014/920942. 

84.  Fundação Jardim Zoológico de Brasília. Jararaca-caiçaca (Bothrops 
moojeni) [Internet]. Brasília: Fundação Jardim Zoológico de Brasília; 
2020 [cited 2021 Apr 12]. Available from: http://www.zoo.df.gov.br/
jararaca-caicaca/.

85.  Oliveira LMF, Ullah A, Masood R, Zelanis A, Spencer PJ, Serrano SM, 
et al. Rapid Purification of Serine Proteinases from Bothrops Alternatus 
and Bothrops Moojeni Venoms. Toxicon. 2013;76:282-90. doi: 10.1016/j.
toxicon.2013.10.016.

Int J Cardiovasc Sci. 2024; 37:e20220075 Silva et al.

Bothrops moojeni proteins in hemostasisReview Article

This is an open-access article distributed under the terms of the Creative Commons Attribution License


