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Eptifibatide is a glycoprotein llb/llla inhibitor that blocks different pathways in platelet activation and aggregation.
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| 1. Introduction

Peptide-based therapies are an emerging class of medications W2, Following the rapid evolution of cutting-edge
production, modification, and analytical technologies, peptide medication development has advanced significantly
in recent years. These technological developments have helped to reduce the inherent limitations of peptides. As a
result, a wide variety of natural and engineered peptides have been created, studied, and used for a range of
medicinal purposes BIABIBIAEIPIILLL2INLA] | the |ast two decades, more than 25 peptide drugs have been

approved for clinical use, and over 150 peptides are in active development today 2!,

Therapeutic peptides are notably utilized in the treatment of cardiovascular diseases, which are the leading cause
of death and morbidity among non-communicable diseases 15, Several important peptide drugs have been
discovered in this field, primarily targeting hypertension, vascular function, and manifestations of coronary artery

disease, such as acute coronary syndromes (ACS) [28IL7][18][19]

| 2. Eptifibatide

Eptifibatide (also known as Integrilin, Intrifiban, SB-1, or Sch-60936; DrugBank accession number: DB00063) is a
heptapeptide derived from a disintegrin protein in the rattlesnake venom. It reversibly inhibits the GPIIb/llla,

preventing platelet aggregation and activation [291(21]122][23]

2.1. Associated Drug Classes

Eptifibatide belongs functionally to the GPIIb/llla inhibitors (GPI) and, with respect to its structure and origin, to the
family of disintegrin proteins [, This section briefly presents the pharmacological basis of eptifibatide

classification.

https://encyclopedia.pub/entry/42909 1/15



Eptifibatide | Encyclopedia.pub

2.1.1. GPllb/llla Inhibitors

Several drugs affect GPIIb/llla, but three GPI are the most prominent, namely eptifibatide (Integrilin®), tirofiban
(Aggrastat®), and abciximab (ReoPro®), which are all administered intravenously. In addition, some active oral
peptide agents targeting GPIIb/llla, such as orbofiban, xemilofiban, sibrafiban, and roxifiban, have been tested.

However, these have not shown encouraging outcomes and have been linked to an increase in mortality,
warranting the termination of many clinical trials [221241(25][26]27][28]29][30]

2.1.2. Snake Venom and Disintegrin Peptide Family

With several derivative drugs in clinical or research use, snake venoms are an attractive natural source for drug
discovery and development 132, They consist of a wide array of molecules, most of which are bioactive and have
toxic effects on muscles, neurons, the heart, or other organ cells. Nevertheless, snake venom has been employed
in medicine since ancient times, notably in traditional Chinese medicine. Moreover, in the 17th century, the Italian
Felice Fontana demonstrated the effect of snake venom on human blood 2. Several toxins are now recognized as
valuable therapeutic agents or diagnostic tools 2231, The United States Food and Drug Administration (FDA) has
already approved numerous snake venom-derived drugs, including Integrilin® (eptifibatide), Captopril® (enalapril),
Aggrastat® (tirofiban), Reptilase® (batroxobin), and Exanta® (ximelagatran). In addition, many medications are now

at the preclinical and clinical stages of testing for therapeutic use 221,

Pharmacologically, snake venom consists of various substances with numerous effects. Some of them are
peptides that mainly target (in an enzymatic or non-enzymatic way) membrane receptors, enzymes, ion channels,

and elements of the hemostatic system [22],

Disintegrins are a class of small cysteine-rich peptides that target integrins and are found in different species of
snake venom. They carry the KTS, MGD, RTS, VGD, KGD, WGD, or RGD amino acid motifs recognized by
integrins. It is important to understand that proper cysteine bridges are essential for protein folding and
conformational exposure of the binding motif, composed of three amino acids. As different motif exposure
translates to different effects on different integrin protein types, these short peptides are involved in several
processes. For example, they take part in the regulation of angiogenesis, platelet aggregation, apoptosis, cell

migration, invasion, adhesion, and proliferation [22](32]

Disintegrins may be classified into four groups [22!:

« Approximately 41-51 amino acid long peptides with four cysteine bridges (echistatin and obtustatin);

« Approximately 70 amino acid long peptides with six cysteine bridges (barbourin, flavoviridin, and atrolysin);

» Approximately 84 amino acid long peptides with seven cysteine bridges (bitistatin);
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» Macromolecular complexes of usually noncovalently bound homodimers or heterodimers, which are 67 amino

acids long and have 10 cysteines incorporated into the structure.

Eptifibatide is a disintegrin type of peptide that mimics a portion of barbourin, a toxic peptide found in the venom of
the Southeastern pygmy rattlesnake (Sistrurus miliarius barbouri) B2, Barbourin is selective for GPIIb/llla, despite
other disintegrins having nonspecific affinities for different integrins. This nonspecific binding of other disintegrins is
mediated by the RGD motif, whereas barbourin derives its favorable selectivity from the unique KGD motif in which
lysine is replaced by arginine. In eptifibatide, the KGD maotif is preserved but modified B4, In the Protein Data Bank

(PDB), there are currently three models of the GPIIb/llla complexes with eptifibatide (PDB ID: 7THO, 2VDN, and
7U60) 133136171,

2.2. Biochemical Structure

Eptifibatide is a cyclic peptide derived from the disintegrin family protein, barbourin 22!, Its molecular formula is
C35H49N1109S2, and its molecular mass is 832.0 g/mol [28l, Both the structure and the amino acids sequence are

presented in Figure 1.
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Figure 1. The eptifibatide’s structure and amino acid sequence. (A) Eptifibatide structure; (B) Eptifibatide amino

acids sequence.

It was derived by determining the minimum active sequence (MAS) of this component of snake venom. A minimum

active sequence (MAS) is the shortest amino acid sequence derived from an endogenous peptide, still retaining its
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potency or binding affinity to its target [21l. The process of truncation is used to remove biologically redundant
amino acid residues from the protein. The endogenous peptides are “trimmed” in such a way as to reach a more
economical protein size that can be widely synthesized without compromising its effect on biological targets. The
cys-rich endogenous disintegrin protein from snake venom contains 73 amino acids (UniProt code: P22827), and a
length of seven amino acids was achieved for eptifibatide by the process of truncation 2UB4B39 The small size of
the peptide explains its low immunogenicity, which is an essential factor in repetitive administration and the use of

the drug on patients with an unknown history B4,

Moreover, in developing eptifibatide, researchers had to overcome the drawbacks of peptide drugs, especially their
low in vivo stability and membrane impermeability Bl. Since the direct action of eptifibatide is thought to be limited
only to the extracellular domain of GPIlIb/llla on platelets, the drawback of membrane impermeability was
eliminated. To increase the stability of eptifibatide, the peptide was cyclized using a disulfide bridge between the
captopropionyl residue (des-amino-cysteinyl) and the cysteine. The cyclic structure increases the bioavailability of
the drug and its resistance to plasma proteases 34, Besides these modifications, the peptide undergoes
guanylation at the Lys side chain and deamination at the N-terminus (among other modifications), giving it a highly

potent therapeutic value (211149

2.3. Pharmacodynamics

Eptifibatide competes in a dose-dependent manner with fibrinogen for the GPIIb/llla. It is a specific inhibitor of the
GPlIb/llla receptor, which limits the pharmacological effect of platelets and their precursors B4, The treatment
objective is to achieve 80% inhibition of platelet aggregation depending on the dose and concentration of
medication. This proposition has been demonstrated ex vivo with adenosine diphosphate (ADP) and other agonists
that induce platelet aggregation. The immediate effect of eptifibatide can be observed after an intravenous
injection; when a continuous infusion is subsequently administered, this treatment can successfully inhibit more
than 80% of ADP-induced platelet aggregation ex vivo with normal calcium levels in the majority of patients 41,
Furthermore, the eptifibatide effect can be quickly stopped, since the drug rapidly dissociates from GPIIb/llla, and

after 4 h, platelet functions return to baseline and are swiftly cleared from plasma 24!,

2.4. Pharmacokinetics

Intravenous administration of therapeutic peptides has the advantage of avoiding pre-systemic metabolism by the
liver and gastrointestinal enzymes, resulting in complete systemic availability. For bolus doses of 90 to 250 pg/kg
and infusion rates of 0.5 to 3.0 pg/min, the pharmacokinetics of eptifibatide are linear and proportional to the dose.
When infused at 2.0 pg/kg/min, the mean steady-state plasma concentration of eptifibatide in patients with
coronary artery disease is 1.5 to 2.2 pg/mL. Plasma concentrations in this range can be attained rapidly if a bolus
of 180 pg/kg is used prior to the infusion . The onset of action is rapid, with inhibition of platelet aggregation

occurring 15 min after a bolus. The binding proportion of eptifibatide to human plasma proteins is approximately
250 41l
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The pharmacokinetics of peptides are characterized by their typically short half-life in the bloodstream, which
results from cleavage by proteases and peptidases. A short elimination half-life for endogenous peptides is
desirable for regulating their concentrations and function. The eptifibatide plasma elimination half-life is 2.5 h 2.
Peptides have a molecular weight between 1 and 10 kDa; therefore, the primary absorption process is diffusion-
driven uptake into blood. On the other hand, eptifibatide has a molecular weight of 800 D. The volume of
distribution for eptifibatide is 0.2 to 0.3 L/kg.

Eptifibatide is not known to be metabolized by uridine-5-diphosphate glucuronosyltransferase enzymes or
cytochrome P450 (CYP) but is deaminated by metabolic enzymes. Furthermore, kidney clearance accounts for
approximately 50% of total body clearance; therefore, deaminated eptifibatide and polar metabolites are excreted
in the urine B, Hepatic metabolism is not the primary route of elimination for most peptides, but it can play an

essential role in the metabolism of some peptide drugs 2.

2.5. Clinical Applications

Eptifibatide is an antiplatelet agent; therefore, it is used in diseases in which thrombus formation is a critical part of
pathogenesis or complications. As with any antithrombotic treatment, consideration should be given to the trade-off
between the risk of ischemic injury and bleeding when administering eptifibatide 42, The FDA indicates its use for
the treatment of ACS and in percutaneous coronary intervention (PCI) 43l However, research over the past decade

has also sought to evaluate the role of eptifibatide in ischemic stroke, stenting of carotid and intracranial
aneurysms, and septic shock 43][441[45][46][47][48]

2.5.1. Acute Coronary Syndromes: Angina Pectoris, STEMI, and NSTEMI

ACS is a manifestation of coronary heart disease associated with an abrupt reduction in the blood supply to the
heart. Underlying factors contributing to the disease are smoking, hyperlipidemia, obesity, diabetes, etc. The
syndromes comprise different clinical presentations, including unstable angina pectoris, non-ST elevation
myocardial infarction (NSTEMI), and ST-elevation myocardial infarction (STEMI). Despite different presentations,
all syndromes usually present with chest discomfort at rest 423051 |n most cases, the pathophysiological basis of
these diseases is the rupture of an atherosclerotic plaque in a cardiac vessel causing platelet aggregation and

thrombus formation, which in turn restricts the blood flow to the heart tissue, resulting in cardiac ischemia 4259,

Angina Pectoris and non-ST Elevation Myocardial Infarction

Eptifibatide is indicated for the prevention of myocardial infarction in unstable angina and NSTEMI in both drug-
treated and PCI patients 4332l The PURSUIT trial (1998) showed a reduction in endpoint mortality and a
beneficial effect in preventing nonfatal myocardial infarction in these patients 2. In NSTEMI, a combination of
loading dose by aspirin and maintenance treatment by eptifibatide could be used 2. Aspirin inhibits thromboxane
A2 production and therefore prevents platelet aggregation. Although both drugs affect the platelets, their

mechanisms of work are different, potentiating their effect.
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ST-Elevated Myocardial Infarction

A meta-analysis by Karathanos et al. in 2019 showed that routine use of GPIs in patients with STEMI was
associated with reduced mortality, which was probably the consequence of a reduction in recurrent ischemic
events. Despite the promising result, it should be noted that these results are largely based on studies before dual
antiplatelet therapy with prasugrel/ticagrelor was routinely used, as is the case today 231, Although less convincing,
eptifibatide can also improve myocardial perfusion in STEMI, as shown in the TITAN-TIMI 34 trial [43](54]
Nevertheless, more recent studies have shown that prehospital administration of GPI in STEMI has not shown
benefits and even increases the bleeding risk compared to routine use in a catheterization laboratory [B2I56157],
Although eptifibatide has not been tested in a randomized trial, the European Society of Cardiology guidelines
(ESC) suggest it as bail-out therapy in high-risk patients (slow flow or no flow with occlusion of the stent, high

thrombus burden, etc.) but not as a routine drug for primary PCI B2,

A meta-analysis by Saleiro et al. in 2020 has shown that the use of GPIs as an adjunct to standard therapy may be
beneficial in myocardial infarction that results in cardiogenic shock. In this study, the use of GPIs was associated
with better outcomes, namely short-term and long-term survival. Moreover, it did not increase the risk of bleeding in

the treated patients 28, Other newer studies have shown similar results [B8I5260]

2.5.2. Percutaneous Coronary Intervention

PCl is a non-surgical but invasive procedure in which a catheter is used to insert a stent into narrowed or occluded
coronary arteries, improving the blood supply. It is the preferred method of treatment for ACS B8 As the
pretreatment in patients undergoing PCI, the ESC guidelines propose using a combination of eptifibatide and
unfractionated heparin, as both anticoagulation and platelet inhibition are important in the pathogenesis-based
therapy of NSTEMI “2. Guidelines from the American College of Cardiology (ACC) and the American Heart
Association (AHA) similarly suggest the use of eptifibatide as an initial antiplatelet therapy in patients with high-risk

features [63]. Heparin dosages of 50—70 1U/kg i.v. should be used if administered in this combination 22!,

Although the FDA has approved using eptifibatide for patients undergoing PCI (including stenting), data for using
eptifibatide in the periinterventional treatment of NSTEMI are limited and partially outdated. A major trial that has
shown the benefits of eptifibatide use in PCI was the IMPACT-II trial, published in 1997 43164l Most research on
the use of eptifibatide in PCI pretreatment predates routine dual antiplatelet treatment (DAPT) (63681671 |n
periinterventional antiplatelet treatment, oral P2Y12 receptor inhibitors were found to be as effective as GPI and
are recommended for routine use [4243I[651661[67] Therefore, little to no evidence exists to support the use of
eptifibatide in patients who will undergo coronary angiography and are receiving DAPT [63[66l67] On the other
hand, eptifibatide may be considered when facing high-risk PCI patients (slow flow or no-flow with the closure of
the stent, high thrombus burden, etc.), patients who did not receive pretreatment with P2Y12 receptor inhibitors,
and patients with thrombotic complications [228768] The intracoronary administration of the drug is comparable to

intravenous use 6270,

2.5.3. Bridging Strategy for Patients Undergoing Surgery after Coronary Stent Insertion
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Postoperative bleeding prevention after cardiac surgery is crucial to decreasing morbidity and mortality. Since i.v.
antiplatelet medications, such as eptifibatide, are quickly cleared from the system and their antiplatelet effect can
be quickly reversed, they are used before cardiac and noncardiac surgery as a substitution for oral P2Y12
inhibitors 21, A 2022 meta-analysis by Wu et al. showed that eptifibatide might be safe and effective when used as
a bridging strategy for patients undergoing coronary stent implantation requiring surgery. The GPI might be used
without an increased bleeding risk when temporarily discontinuing DAPT. Nevertheless, further randomized studies
are needed to substantiate this claim 23] |n a 2019 study by Van Tuyl et al., eptifibatide was shown to be an

effective choice for these patients and was even preferred over abciximab 4,

Another drug that is often compared to eptifibatide in bridging strategies is cangrelor. Cangrelor is a reversible
P2Y12 receptor inhibitor that prevents ADP-induced platelet aggregation and activation. It should be considered in
patients with renal insufficiency, as clearance of eptifibatide is influenced by renal function 4. Moreover, a study
by Yun et al. from 2019 showed that cangrelor and eptifibatide were similar in terms of overall bleeding events and

major inpatient cardiac adverse events /4],

2.5.4. Ischemic Stroke and Carotid and Intracranial Aneurysm Stenting

The CLEAR trial from 2008 showed that eptifibatide is beneficial in preventing intracerebral hemorrhage in patients
with acute ischemic stroke if administered with TPA 434311441 Nevertheless, a 2022 meta-analysis by Liu et al.
showed that adding eptifibatide to routine thrombolysis or thrombectomy treatment did not improve functional
outcomes, favorable outcomes, or the National Institutes of Health Stroke Scale (NIHSS) score. Moreover, it might
be associated with an increase in fatal ICH three months after AIS 3], Another meta-analysis by Zhu et al. in 2020
showed that eptifibatide might be promising when used at a reduced dose (a low dose was also used in the
CLEAR study); thus, more randomized trials with different doses are needed to evaluate the role of eptifibatide in
the treatment of acute ischemic stroke 481441451 A newer retrospective case-control study by Luo et al. (2022)
compared routine therapy and treatment with an additional low dose of eptifibatide. Although the study reported no
significant differences in NIHSS or adverse events, an analysis of the subgroups showed that eptifibatide is a safe
and effective treatment when small artery occlusion is involved 8. Similarly, a trial by Rana et al. from 2022
showed that using eptifibatide during endovascular therapy in large vessel occlusion is associated with a higher
rate of hemorrhages and no benefits to the NIHSS or 90-day mortality [Z8]. On the other hand, a matched-control
analysis by Ma et al. in 2022 showed that the use of eptifibatide was safe and effective in patients undergoing
mechanical thrombectomy after ischemic stroke, because the rate of successful recanalization was significantly
higher in the intervention group (91.3% versus 81.5%; p = 0.043) and the 3-month outcome on the modified Rankin
Scale showed good results (53.1% versus 33.3%; p = 0.016) [LZ. As shown, the existing evidence in this research
area is not yet conclusive, and further studies are needed to evaluate the use of eptifibatide in the treatment of

ischemic stroke.

Antiplatelet agents are administered to prevent one of the most critical complications of stenting, namely stent
thrombosis. In a study by Osteraas et al., the use of eptifibatide (as a bolus followed by infusion for 24 h after stent

placement) was shown to be associated with a lower risk of symptomatic intracranial hemorrhage after carotid
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stenting 8. Another study by Horev et al. from 2021 similarly reported a reduced number of complications when

using eptifibatide immediately after carotid stenting 22!,

Eptifibatide has also been explored as a potential antiplatelet therapy in the stenting of intracranial aneurysms. A
2022 study by Aouni et al. compared three antiplatelet agents (ticagrelor, eptifibatide, and cangrelor) in the stent-
assisted endovascular treatment of unruptured intracranial aneurysms and found no significant differences
between them 48],

2.5.5. Septic Shock

One of the main mechanisms in septic shock is the activation of the endothelium and platelets. This activation
subsequently leads to generalized microvascular damage, microthrombi, capillary leaks, and coagulopathy caused
by widespread consumption of coagulation factors 4489 |t is noteworthy that research on the use of eptifibatide in
septic shock is extremely limited, as to our knowledge, only one study has been performed. The 2019 randomized
and placebo-controlled double-blind trial by Berthelsen et al. showed the benefits in improving Sequential Organ
Failure Assessment (SOFA) and reducing platelet consumption, fibrinolytic biomarkers, and endothelial damage
when a combination of the synthetic analogs of prostacyclin, iloprost, and eptifibatide was used in patients with

septic shock 47, Further research in this area is needed to elucidate the role of eptifibatide.
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