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ABSTRACT

Ophidian accidents, mainly by snakes of the Bothrops and Crotalus genera, are an important
public health problem, especially in tropical countries due to the high rate of occurrence and
lethality, being considered as a neglected disease and with challenging treatment. Thus, more
knowledge that can minimize the devastating effects of snakebites is required. This brief review
addressed aspects related to snakebite accidents belonging to the Bothrops and Crotalus genera,
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with regard to their epidemiology, some biochemical characteristics of the respective venoms
and the development of pharmaceutical products from snake venoms for therapeutic and
diagnostic purposes.

Keywords: ophidian accidents, bothrops spp, crotalus spp, snakebite, venoms.

RESUMO

Os acidentes ofidios, principalmente por cobras dos géneros Bothrops e Crotalus, sd&o um
importante problema de satde publica, especialmente em paises tropicais devido a elevada taxa
de ocorréncia e letalidade, sendo considerados como uma doenca negligenciada e com
tratamento desafiante. Assim, é necessario mais conhecimento que possa minimizar os efeitos
devastadores das mordidas de cobra. Esta breve revisdo abordou aspectos relacionados com
acidentes com mordidas de cobra pertencentes aos géneros Bothrops e Crotalus, no que diz
respeito a sua epidemiologia, algumas caracteristicas bioquimicas dos respectivos venenos e 0
desenvolvimento de produtos farmacéuticos a partir de venenos de cobra para fins terapéuticos
e de diagnostico.

Palavras-chave: acidentes ophidian, Bothrops spp, Crotalus spp, mordida de cobra, venenos.

1 HISTORY

Snakes are members of a group of reptiles that first appeared as aquatic forms and later
emerged onto the land 2. There are fossil records suggesting that snakes appeared about 135
million years ago 4. The great movement and human occupation in the different habitats have
caused important changes in ecosystems resulting in an increase in the number of accidents
caused by venomous snakes. Ophidian accidents have been shown to be an important public
health problem, especially in tropical countries due to the high rate of occurrence and lethality
(67).

Effective treatment for patients who have suffered snakebite is a challenge that the man
has long been trying to solve. In 1894, Albert Calmette, Phisalix and Bertrand were able to
demonstrate the possibility of transferring resistance from an immunized animal to another non-
immunized one, thus providing passive protection against venoms “®,

The first epidemiological study of ophidian accidents in Brazil was carried out by Vital
Brazil in 1901, when the number of deaths from this type of accident in the State of Sdo Paulo
was surveyed @9, Later, in the same year, the first vials of antiophidic serum were delivered for
consumption. These vials started to be distributed together with a type of bulletin investigating
the data on the accident that demanded the administration of the antivenom serum ©%, Over the
years, new data collection models have emerged for the notification and identification of these

accidents, but these models still basically follow the same variables established by Vital Brazil
(15)
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Since 1986, the notification of such occurrences became mandatory in Brazil, which has
contributed a lot to a better understanding of its epidemiology. In 2007, given its importance in
assisting victims who suffered an snakebite accident, antiophidic serum was added to the list of
essential drugs ®®. According to Rojas et al. (2007) ), ophidian accidents do not occur in a
specific location and, therefore, cases have been recorded in different geographic areas in our
country. It should be noted that the epidemiology of snakebites accidents in Brazil shows a
profile that has remained unchanged for the past 100 years. These accidents have a constant
profile related to climatic conditions and increased human activity in the countryside. They
occur more frequently in the period from November to April and most of them during the day
affecting the lower limbs (about 75% of cases) of predominantly male individuals aged over 15
years. Such characteristics are explained by the type of work developed by the victims, since
rural workers are the most affected. Snakes of Bothrops genus are responsible for most
accidents followed by Crotalus genus, although other genera can also cause fewer accidents.

According to Gutierrez et al. (2013) “¥, despite the global impact caused by snakebite
accidents, they have not yet received the necessary attention from the community, the
pharmaceutical industry, governments and public health advocacy groups. Thus, snakebite
accident is still considered a neglected disease, although it was already included in the WHO
list of Neglected Tropical Diseases (NTDs) in 2009. Still according to the same authors,
snakebite affects mainly impoverished rural populations with no political voice; therefore,
victims cannot influence regional and national political and administrative decisions. In this
way, their needs remain virtually unknown and politically neglected.

Snake accidents are life threatening and bring immeasurable damage to victims, and
may even lead to death. However, venoms extracted from different types of snakes have shown
great utility as a source of raw material for an important range of pharmaceutical products. Such
venoms are complex mixtures of small molecules and peptides / proteins, and most of them
exhibit activities such as neurotoxic, cytotoxic, cardiotoxic and myotoxic, among others ¢,

Given the importance and scarcity of information on the subject, this brief review sought
to address the development of pharmaceutical products from snake venoms for therapeutic and
diagnostic purposes relevant to human medicine. In our view, this review may be of some utility
to professionals and academics seeking quick information about products derived from herpeto
fauna, as well as serving as a stimulus to researchers to search for new products derived from
Brazilian and world biodiversity. The need to seek improvements in the treatment of victims of
snakebites and other illnesses, in addition to launching new diagnostic solutions on the market,
corroborate the idea of a didactic, practical, and motivating review for those who work in
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science, technology and innovation. Undoubtedly, substances derived from snake venom have
great therapeutic and diagnostic potential, deserving further exploration of this still poorly
investigated potential.

2 METHODOLOGY

The articles cited in this review were searched based on Medline, Embase, LILACS,
Web of Science and Scielo, without date limit, in English, Portuguese and Spanish, using as
keywords “snake venoms”, “bothropic venom”, “crotalic venom” associated with

“pharmaceutical products”, “diagnostic products”, “therapeutic products” and “biochemical

characteristics”.

3 EPIDEMIOLOGY OF THE TWO MAIN SPECIES IN BRAZIL: BOTHROPS AND
CROTALUS

According to Azevedo-Marques et al. (2003) ®, in Brazil there are four genera of
venomous snakes, with dozens of recognized sub-species. The Bothrops genus (jararaca,
jararacucu and urutu, among others) and Micrurus (corals) can be found throughout the national
territory, while the Crotalus genus (rattlesnakes) is preferentially distributed in the Southeast
and South of the country, and the Lachesis genus (surucucus), in the Amazon Region.

Among the species present in the Brazilian fauna, snakes belonging to the Bothrops and
Crotalus genera are responsible for the highest frequency of snakebites in our country. There
is a predominance of bothropic accident, which corresponds to approximately 87 % of cases,
followed by crotalic accident with approximately 9 % of cases, and the remaining 4 % occur
by laquetic and elapitic accidents (caused by the genus Micrurus). Although crotalic accidents
are in second place as to their occurrence, they occupy the first place in relation to the lethality
index (& 73:1913) In Brazil, in 2019, 30,482 cases of snakebites were reported. Of this total,
3,309 accidents occurred in the State of Minas Gerais, where the authors of this review live.
Snakes of the Bothrops genus caused 2,080 accidents while snakes of the genus Crotalus caused
599 17,

Bothrops genus (e.g. jararaca, jararacugu, urutu) has more than 60 species found
throughout Brazil and represents the most significant group of venomous snakes, due to the
high occurrence of cases and lethality. They are widely distributed in the country, show
aggressive behavior, and attack their prey silently. This genus of snake occurs, more frequently,
in humid areas, such as rivers and ponds. Bothrops jararaca is the species that predominates in
Brazil and is found mainly in the south of Bahia, and southeast and south regions of the country
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(92; 19; 32)

In Brazil, there is a single species of snake of the Crotalus genus, Crotalus durissus,
which has six subspecies. The Crotalus durissus terrificus subspecies is the most frequently
found and is seen from Rio Grande do Sul (south region) to Minas Gerais (southeastern region),
and is popularly known as rattlesnake, four-wind rattlesnake, boicininga, among other popular
names ("®). Snakes of the Crotalus genus are very rarely found in forests or coastal areas, as they
prefer drier and stony places, and are commonly found in open fields, hillsides, savannahs and

sandy areas in general “%47),

4 MAIN ASPECTS OF SNAKE VENOMS

Snake venoms are complex mixtures of many substances, including small molecules
and peptides / proteins. Most of these substances exhibit bioactivity presenting an action that
can be toxic, enzymatic, activating and inhibiting, with deleterious effects on cells €7 29,
Although several toxins extracted from snake venom can have a fatal effect on living beings,
potential uses as diagnostic tools, therapeutic agents or drugs have been reported. The potential
therapeutic properties, such as antitumor, antimicrobial, anticoagulant and analgesic activities

were reviewed by Yau Sang Chan et al. (2016) @),

4.1 BOTHROPIC VENOM

The effect on the human body caused by inoculation of snake venom is closely related
to its chemical composition. The venom of snakes of the Bothrops genus basically has
proteolytic, anticoagulant and hemorrhagic actions. However, composition of the venom may
vary between the same species in different geographic regions due to the possible difference
in diet and even in the same animal depending on their age ©°. Its venom has numerous
enzymes with a wide spectrum of actions, such as phospholipase A2 and L-amino acid oxidase.
Metalloproteinases, serinoproteases, phospholipases, disintegrins, myotoxins and neurotoxins
stand out as the main components of this venom. They have an immense variety of biological
effects, such as anticoagulant and myotoxic, which are related to their proteolytic, hemorrhagic
and coagulant properties 23 63),

The metalloproteinases found in snake venoms are proteolytic enzymes that play
important biological functions in living beings and, in snakes, are synthesized in the venom
gland Y. In Bothrops jararaca venom, metalloproteinases occupy the largest percentage of its
composition @®, being one of the best known and most studied of this species, the
metalloproteinase called jararagin ©®). Snake venom metalloproteinases are classified based on
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the organization of their domains, as described in Figure 1.

Figure 1. Classification of metalloproteinases present in Bothrops snake venom (1434
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The main effect of these metalloproteinases is the disturbance of the hemostatic system.
From there, these substances can be classified into coagulating and anticoagulant enzymes.
Therefore, the coagulating enzymes activate factors of the coagulation cascade (prothrombin or
factor Il, factor X) and those anticoagulants present fibrinolytic activities, which makes the
fibrinogen protein non-coagulable . The hemorrhagic, inflammatory and necrotic effects
observed in cases of snakebites of this family are related to the proteolytic activity of these
metalloproteinases found in venoms “3),

The serine proteases found in snake venoms are enzymes that have an effect on the
hemostatic system, as they are able to act on the components of the coagulation cascade and,
consequently, leads to an imbalance of this system ©2),

Another component found in venoms is phospholipases, mainly phospholipase A2.
These are enzymes that act as catalysts for the hydrolysis of ester bonds at the sn2 position of
glycerophospholipids, which have fatty acids and lysophospholipid as products ©®. These
phospholipases can be classified according to their regulation, mechanism, location, amino acid

sequence and structure into 15 groups ©2 22, Those found in snake venoms are part of the
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category of secreted phospholipases A2 and, according to this classification, those of the
Viperidae family, belong to group Il €, which has antiangiogenic properties and the ability to
modulate cell adhesion and proliferation in vitro %150 They are mainly responsible for the
local damage observed in snake accidents of the Bothrops genus ©.

As mentioned, Bothrops venom has in its composition the enzyme L-amino acid
oxidase, a flavoenzyme that belongs to the class of oxidoreductases that catalyze the
deamination of L-amino acids, which leads to the formation of the corresponding alpha-keto
acid, ammonia and peroxide of hydrogen ©®),

The proteolytic properties of bothropic venom result from its cytotoxic action directly
on tissues. Cytotoxins induce the release of histamine and phospholipase A2, which release
arachidonic acid from membrane phospholipids, initiating the synthesis of prostaglandins
(which increase capillary permeability). It is known that the venom contains proteases that can
act in two ways that is, cleaving kininogen releasing kinins, and leading to the production of
nitric oxide and prostaglandins and / or degrading the patient's own tissue proteins ®%. The
hemorrhagic action of the venom is associated with the role of hemorrhagic toxins that act
directly on the capillary and venule endothelium, increasing permeability and causing lesions
in its basement membrane, in addition to being associated with thrombocytopenia and
coagulation changes. Such hemorrhagic toxins have a vasculotoxic action causing damage to
the blood vessel endothelium, which can lead to local and / or systemic bleeding. In this process
factors V and VIII, and platelets are also consumed, in addition to the generation of fibrin
degradation products. Clinically, blood incoagulability can be observed leading to hemorrhage,
local tissue edema and myonecrosis ¢ 8. On the other hand, the coagulant action of bothropic
venom is due to its ability to act directly on the victim's coagulation cascade presenting an
action like thrombin, that is, capable of converting fibrinogen into fibrin. In addition, bothropic

venom also activates factor X and prothrombin contributing to the coagulant effect ©7: &),

4.2 CROTALIC VENOM

The venom of the Crotalus genus presents greater toxicity in relation to the Bothrops
genus, being composed of a variety of peptides and proteins with enzymatic activity, among
which is mentioned the crotoxin, a neurotoxin of pre-synaptic action, the main substance
responsible for its neurotoxic and lethal effect . Crotoxin corresponds to 50 % of crotalic
venom and is formed by two fractions. A fraction, called crotoxin B, has phospholipase A2
activity; and the other fraction, crotoxin A, has no enzymatic activity, the first being basic and

the second acidic, respectively %8, This interaction between these two fractions is responsible
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for the high toxicity of the Crotalus genus venom ©. The phospholipases A2 present in the
crotoxin B fraction of the venom, are already well described in the literature, as they are mainly
responsible for the myotoxic, cytotoxic and neurotoxic actions of the venom. As already
mentioned, they are enzymes that are part of type 11 secreted phospholipases A2 that, with their
action, release fatty acids, mainly arachidonic acid and lysophospholipids. This free arachidonic
acid, together with prostaglandins, are important mediators related to neuronal effects @9,

As previously mentioned, the neurotoxic effect of the venom of the Crotalus genus is
due to the crotoxin that acts, basically, by inhibiting the release of acetylcholine in the nerve
endings. This inhibition leads to a neuromuscular block responsible for the locomotion
disorders observed in patients, and may lead to respiratory paralysis in more severe cases 19,
In addition, other substances are also present in the venom, such as crotamine, gyroxin and
convulxin, among other thrombin-like enzymes, which can cause respiratory paralysis, severe
hypotension, coagulation disorders, myotoxicity and acute kidney failure “®. Serinoproteases,
hyaluronidases, L-amino acid oxidases, peptides, carbohydrates, serotonin, calcium,
magnesium, copper, iron, as well as enzyme inhibitors are also found in this venom 2. Thus,
it is possible to infer that the venom of snakes of the Crotalus genus has mainly neurotoxic,
myotoxic and coagulant actions ).

The crotamine present in Crotalus venom is nothing more than a 42 amino acid
polypeptide that can be considered a myotoxin . Studies show that this toxin may be
responsible for inducing the depolarization of the skeletal muscle membrane by increasing its
permeability to Na*, leading to the occurrence of short contractions in the muscles and their
prolonged relaxation. These effects on muscle fibers can be explained by the action of
crotamine on them through the sodium channels ©2,

Gyroxin is a glycoprotein that can be considered similar to thrombin and has esterasic
activities M. This similarity to thrombin makes it responsible for the coagulating action of
Crotalus venom ®%, Studies in rats have shown a behavioral activity caused by this toxin, such
as rotation of the body in the longitudinal axis, hypoactivity, opistotonia, immobility and a
phenomenon called gyroxin syndrome, characterized by interspersed periods of prostration 7).,

First, it was believed that convulxin was responsible for the seizures observed in the
victims of snakebites caused by snakes of the genus Crotalus. However, studies have reported
that this toxin does not have such convulsive activity ®°. It has also been described that
convulxin is a potent blood platelet activator capable of leading to platelet aggregation ©®),

The myotoxic effect of this venom occurs due to damage to skeletal muscle fibers
(rhabdomyolysis). As a result of this generalized muscle destruction, myoglobin is released
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and, consequently, there is myoglobinuria that gives urine a dark color. This condition can
evolve to acute renal failure in more severe cases % 59, The coagulant effect is due to the
presence in the venom of enzymes like thrombin, which convert fibrinogen into fibrin.
Excessive consumption of fibrinogen can lead to coagulation disorders, such as blood
incoagulability, at the same time that changes in prothrombin time (PT) and activated partial

thromboplastin time (aPTT) confirm the existence of disorders of coagulant activity * 189,

5 DEVELOPMENT OF PHARMACEUTICAL PRODUCTS FROM SNAKE VENOMS
FOR THERAPEUTIC AND DIAGNOSTIC PURPOSES

As already mentioned, thousands of cases of snakebites are reported annually in Brazil
and worldwide. Therefore, several studies have been developed in order to understand the
mechanism of action of venoms, as well as their therapeutic potential. It is encouraging that
several studies have emerged, bringing innovations and improvements not only in the modality
of treatment, but also an expansion in the range of diagnostic possibilities.

A very curious question would be how can the deadly power of snake venom be
converted into medicine? Since the beginning, many healers, sorcerers, physicians, and
scientists have sought in venoms the remedy to cure diseases. As an example, the physician
Vital Brazil can be cited who developed the antiophidic serum from the snake venom to cure
the evils caused by it @, The venoms are also a source of greed for their potential to generate
wealth, as they serve as a model for new drugs and pesticides.

It has been reported for many years that venoms from snake families such as Elapidae,
Crotalidae and Viperidae had satisfactory effects on Yoshida sarcoma cells 9, highlighting
the Crotalus durissus terrificus venom for threugh its direct action on tumor cells ®. In a
broader context, the therapeutic effects of venoms have also been described in diseases such as
arterial hypertension, melanoma, leishmaniasis, as well as antimicrobial, antiviral and
antitumor activities. A few years after the discovery of the angiotensin-converting enzyme
(ACE), responsible for the formation of angiotensin Il which causes arterial hypertension, the
Brazilian scientist Sergio Ferreira described a potentiating factor for bradykinin present in the
Bothrops jararaca venom. This discovery led the scientists David Cushman, Miguel Ondetti
and their collaborators to produce the first oral ACE-inhibiting drug, called captopril %4, In
2002, Correa " reported that a hemorrhagic metalloproteinase taken from Bothrops jararaca
venom, jararagin, showed encouraging results in melanoma cell cultures by altering cell
morphology and biological activity, which led to a decrease in the number of metastases.

Castilhos (2011) ¥ developed a study focusing on the effects of bothropic venom on
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promastigote forms of Leishmania sp, and reported a decrease in the infectivity of parasites by
the action of the venom and its protein fractions.

Numerous studies using raw venoms of C. durissus subspecies, or their isolated
fractions; have been reported with several pharmacological actions, such as antifungal,
antileishmania, antiplasmodic, antiviral, antibacterial and antitumor activities (2 85 9 56: 71; 90 &
58).

The first studies related to antibacterial activity in snake venoms were carried out in
1948 and 1968 ©% 2, Since then, several other studies have been carried out along this same
line. Diz Filho and collaborators (2009) @ reported that the phospholipase A2 present in the
venoms of Crotalus durissus ruruima had a great antibacterial (Xanthomonas axonopodis pv
passiflorae) and antifungal (Candida albicans) activity.

Due to its structural similarity to 3-defensins, crotamine present in crotalic venoms has
also been identified in studies of antimicrobial activity. Oguiura et al. (2011) ©2 observed that
crotamine (Crotalus durissus terrificus) had an antibacterial activity (Escherichia coli), whose
action occurs through permeabilization of the membrane. In addition, Maluf et al. (2016) GV
reported in their study a dose-dependent antiparasitic activity (Plasmodium falciparum) for
crotamine.

Another study showed that Crotalus durissus terrificus crude venom was able to confer
resistance to infections of Vero EG6 cells by dengue or yellow fever viruses. It is noteworthy that
the cells treated with crotoxin showed greater protection against viral infections ©8),

According to Sajevic et al. (2011) 7® and El-Aziz et al. 2019 ®%, as an example of
approved drugs from snake venoms that target coagulation disorders, fibrinolysis and platelet
function can be cited Tirofiban / Aggrastat®, Epitibatide / Integrilin® (acute coronary
syndrome, prevention of thromboembolic complications after angioplasty, stenting);
Batroxobin / Defibrase® (stroke, unstable angina), and Haemocoagulase / Pentapharm®
(prevention and treatment of bleeding).

Snake venoms toxins can initiate or inhibit various stages of the coagulation, and
fibrinolysis pathways or platelet aggregation. Thus, such components of venoms that influence
hemostasis can also be used as tools in the diagnosis of coagulopathies. Some uses are
exemplified below and include:

a) monitoring of anticoagulation during treatment with hirudin by adding Ecarin,

which is derived from the venom of the snake Echis carinatus ©%; Ecarin is also used

in combination with textarin, also a component of snake venom, as a highly sensitive

test for lupus anticoagulants ®9;
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b) dosage of the levels of the natural anticoagulation proteins C and S, by adding
to the plasma ACC-C / Protac® (Pentapharm), a serinoproteinase extracted from the
venom of the snake Agkistrodon contortrix ©®; and

C) evaluation of fibrinogen levels in plasma containing heparin, fibrin degradation

products and defects in fibrin polymerization, using Batroxobin / Reptilase®, an enzyme

that is a component of Bothrops jararaca venom and acts in a similar way to thrombin

(37)_

Finally, it should be noted that the continuous study of toxins present in snake venoms
has led to the discovery of new substances that, extracted from the venom, can be used as
important tools for the development of new types of diagnostic procedures and Kits for various
laboratory tests. Some examples of kits already on the market in which compounds derived
from snake venoms play an essential role are: Pefakit®, Reptilase® Time, PICT® and Pefakit®
APC-R Factor V Leiden. Such kits rely on one or more compounds extracted from snake
venoms as primary reagents % %),

Given the above, it is possible to understand the importance of continuous research
development addressing the components of the Brazilian herpeto-fauna, an inexhaustible source
of resources and inputs of scientific interest. Such pharmaceutical products, including those for
therapeutic and diagnostic uses, developed from the knowledge about the properties of different
types of snake venom, motivate the search for new discoveries improving the quality of life of
human beings. The continuous evolution of Science, making use of different types of snake
venoms and their fractions, will allow an expansion of the range of benefits to the medical clinic
now offered. An important suggestion within the list of diagnostic application would be the
development and/or improvement of existing kits for use in the quick and reliable identification
of the species or genus of snake causing the ophidian accident. This identification will allow
the immediate administration of monovalent antivenom specific for the venom ensuring greater
efficacy of this therapy and minimization of adverse effects "%, This is of great value, since an
early and correct treatment is related to a better outcome of victims of snakebites “& ) In
addition, the use of this kind of diagnostic kits can contribute to the improvement of services
provided in emergency care units with poor infrastructure, since their results can quickly guide
the treatment decision by less experienced medical teams, favorably impacting treatment and
outcome of victims of snakebites ®? . A study carried out in Sri Lanka has reported the
importance of improving diagnostic kits, given that delays in the administration of antivenom
are directly related to the absence of methods for the early diagnosis of envenoming 2.

In view of the above, the crude venom and the isolated fractions of snake venoms have a
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high biotechnological potential. Thus, the clinical application of proteins extracted from snake
venoms with an impact on hemostasis assumes enormous importance and has aroused the

interest of many researchers.

6 CONCLUDING REMARKS

Considering the number of cases reported annually, snakebite can be considered a public
health problem, often neglected. This fact can be confirmed by the scarce number of recent
national studies on this topic. Therefore, there is a lack of information on the various clinical,
laboratory and therapeutic aspects, a fact that may negatively impact the performance of health
professionals, who are often poorly trained to provide proper clinical care to victims of
snakebites. The realization of this gap should motivate strategies that promote greater
knowledge on this subject, aiming at better patient care and, thus, minimize the chances of
clinical complications resulting from snakebites.

Therefore, the need for and importance of national studies to reduce the impact of
accidents by snakebites should be emphasized, as an initiative coordinated by the World Health
Organization to ensure safe and effective treatments. In this context, new therapeutic options
are being explored, including recombinant antibodies and natural and synthetic toxin inhibitors,
in addition to the conventional treatment that consists of administering antivenoms of animal
origin®?. Another alternative that deserves greater effort, especially from Brazilian scientists,
is the development of ethnobotanical studies, since these have been able to identify medicinal
plants and active compounds that inhibit the action of snake venom “9. The great biodiversity
of Brazil undoubtedly deserves to be better explored in the search for biotechnological
innovations that can contribute to the solution of a wide range of health problems. Due to the
relevance of the theme, the need for revisions with a brief approach is highlighted dedicated to
professionals and students working in this area. It is also emphasized the need for efforts in the
development of diagnostic methods for the rapid identification of the snake responsible for the
accident, as well as for the early detection of complications in patients who are victims of such
accidents. Strategies that can optimize the management of patients, mainly impacting on
reducing the time elapsed between the patient's entry into emergency service and the
administration of treatment, especially in cases where it was not possible to capture the snake,
are highly desirable. It is widely known that a long time between the accident and the
administration of treatment can be responsible for a more severe clinical picture or even death.
Finally, efforts aimed at the development of pharmaceutical products from snake venoms for

therapeutic and diagnostic purposes should be strongly encouraged due to the potential for
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clinical application of components from the rich Brazilian herpetofauna.
This study has some limitations, considering that it is a literature review based on few

recent studies on the subject, due to its scarcity or inappropriateness for the topic addressed.
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