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EARLY MANAGEMENT and PREVENTION OF SEPSIS and
SEPSIS-LIKE SYNDROMES

Related Applications

This application claims the benefit of prionty of United States provisional application
serial numbers 62/915,209, filed October 15, 2019, 62/990,020, filed March 16, 2020; and
63/017.,966, filed April 30, 2020, the entire contents of all three applications being

meorporated by reference in their entirety herein.

Field of the Invention

The present invention relates to the early treatment, including pre-diagnosis treatment,
of sepsis and acute inflammatory syndromes such as systemic inflammatory response
syndrome (SIRS) by PLA2 and metalloprotease inhibitors to improve the performance of
antibiotics and outcomes prior to and after confirmation of the diagnosis of sepsis and/or
SIRS 1n a patient or subject. Additional embodiments inchude methods and compositions for
treating wounds and lesions caused by toxins, trauma, or slow wound healing due to
basement membrane or other damage. Further embodiments are directed to compositions,
mcluding phanmaceutical compositions and blood sample compositions. In further
embodiments, the present invention is directed to embodiments which evidence that
LY315920, LY333013 and rclated sPLA?2 mhibitors are particularly cffective COVID-
1%cytokine release syndrome therapeutics-prophylactics. In embodiments, the PLA2
inhibitor is varespladib (1. Y315920), methyl varespladib (.Y333013), AZD2716-R,S
(3-(5'-Benzyl-2'-carbamoylbiphenyl-3-yl}propanoic acid- as a racemic mixture) and
LY 433771 ((9-{{phenyUmethyl}-5-carbamoylcarbazol-4-y1) oxvacetic acid), a
pharmaceutically acceptable salt thereof or a mixture thereof. In embodiments, the
metalloprotease inhibitor is prinomastat, batimastat, marimastat or vorinostat dosed
alone or in combination (prinomastat is often the metalloprotease of choice) with
preferred sPLLAZ2 inhibitors for the treatment of infection, inflammatory and wound
conditions, including those wounds caused by bacterially, virally, venom-induced,
burns and traumatically arising from various causes at macro- and micro-scopic
scales. Methods of accelerated treatment of wounds, acute kidney injury (AKI),
anthrax lethal factor toxin associated complications, ARIDS, neo-natal and pediatric

acute respiratory distress syndrome {(neo-natal/pediatric ARDS), including
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meconium aspiration syndrome are also disclosed with special attention to AZD271
6-B,S (3-(5'-Benzyl-2'-carbamoylbiphenyl-3-ylipropancic acid- as a racemic mixture
or a stereoisomer thercof, often the “R” enantiomer of the racemic mixture alone or
in combination with a metalloprotease inhibitor {¢.g. prinomastat) or as a
composition for accelerating wound healing such as that arising from injury or toxins

affecting connective tissues associated with epithelia.

Background and Overview of the Invention

Preservation and/or accelerated healing of the basement laver membrane, epithelium,
and endothelium is foundational for health in nearly every organ and tissue system of the
body. These layers fonm the basic structure in nearly all tissues and organs. Destruction of
these layers or loss of function leads to pathogensis of immune function, pulmonary system,
gastrotntestinal system, renal system, integumentary system, and circulatory system.
Altogether, these experiments indicate that threush preservation of this critical structure
through both the epithelial and endothelial layers results in significant improvement in
cellular, systemic, and whole organism function that are unexpectedly and uniguely protected
and treated by compositions and kits related to combinations of sPLAZ and metalloprotease

mhibitors individoally and in combinations.

In pre-hospital emergency medical care as well as 1n early goal directed therapy
(EGDT) for sepsis, there has been a recent push to admunister antibiotics earlier and earlier to
a patient or subject with severe burns and/or traumatic injury in order to ameliorate and/or
prevent sepsis and acute inflammatory svndromes. The principal problems with this
approach is that is of debatable benefit and it 1s difficult to de-escalate, but while paramedics
and first responders may be skilled at identifying the signs and/or symptoms associated with
sepsis and SIRS, their proximity to advanced diagnostic and care facilitics limits accuracy
and puts correct laboratory sampling (e.g. blood cultures} and correct antibiotic sclection at
risk. An approach to mitigating the physiological disorder associated with sepsis/SIRS,
would be beneficial for inttial stabilization, treatment and ultimate prognosis for these
patients, particidarly if such an approach could be administered very early in the disease
progression. Further, such an approach would have particularty useful benefit in remote and

low-resource settings as well as theatres of war and in the treatment of military personnel
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who are often severely bumed and/or injured resulting 1 high risk of infection, sepsis and

SIRS.

Injured military personnel are most often at risk of sepsis and/or SIRS pursuant to
Prolonged Field Care (PFC) which is the area of concem for the military dealing with holding
a patient, often an injured patient, in a pre-hospital environment watting for evacuation to a
medical facility appropriate to further treatment of the injured patient. The military benefit of

an effective pre-diagnostic option is substantial.

Military medical systems are arranged in five (8) echelons or roles of care in the
treatment of mnjured patients:
Role 1~ is directed to front line, typically self-aid/buddy care and TCCC (Tactical Combat
Casualty Care). Small unit medics also operate at this level;
Role 2 — is directed to small aid station, advanced trauwma management and emergency
medical treatment including continuation of resuscitation started in Role 1; patient
stabilization;
Role 3 - is directed to Military Treatment Facilitics (MTF s) within the theater of operation
(for example, Kandahar hospital in Afghanistan); staffed and equipped to provide care to all
categorics of patients, to include resuscitation, inifial wound surgery, specialty surgery
{general, orthopedic, urogenital, thoracic, ENT, neurosurgical} and post-operative treatment
Role 4 — Regional US or robust overscas hospital with many specialists {for example
Landstuh! hospital in Germany)

Role 5 - Large US based DoD or VA Hospital

Perhaps unsurprisingly, outcomes from trawma in military/combat settings are heavily
dependent on transport time 1o higher levels of care. Currently, for addressing the treatment
of conventional troops, the military has become very efficient at transport back to Role 3
from Role 1, above, reducing times significantly. This has had the very positive result of
improving outcomes and reducing morbidity/mortality. But even in this best case scenario,
sepsis leading o acute respiratory distress syndrome (ARDS) and other sequalae 18 a high

risk from trauma. Prolonged treatment with specific antibictics is the norm.

However, United States Special Operations Command (USSOCOM) and other units

of medics operate at the Role 1 echelon of care and operate in arcas that are not well
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supported with transport and evacuation times taking up to 72 hours {or much longer) from
time to call to pick up. This prolongs the amount of time that the medic needs to sapport a

batticticld trauma, substantially increasing the risk to the injured patient.

One of the major 1ssues that may occur is infection leading to sepsis, particularty
given the type of injuries that may be sustained. The military has searched for ways to treat
for infoction, but keep coming back to the need for diagnosis prior to treatment, or general
antibiotic therapy that the medic has on hand along with wound cleansing and debrnidement.
There are few or no diagnostics that can be supported by USSOCOM medics in the field and
they carry only broad spectrum antibiotics. most often ineffective against scveral infections

which cause sepsis.

The present invention is directed to the addition of PLAZ/MP inhibitors to a
therapeutic regimen that would support antibiotic adminstration o prevent or mitigate the
effects toxins from mfection and allow a higher level care and/or the front line medic to

support the patient.

The mmventors have, by surprise, enabled a key invention related to the treatment of
mflammatory conditions for particular use in preventing and ameliorating inflammation
assoctated with mfection and attenuating the likelthood of sepsis in patients. There has been a
big push in pre-hospital care to give antibiotics earlier and earlier to the point of amabulance
personnel doing so in the field. This has raised many important treatment timing issues not
just in the pre-hospital setting, but in the receiving factlities, as well. The present imvention
can be used to provide a pre-diagnostic treatment for ameliorating and/or reducing the
fikelihood of catastrophic treatment failure in a patient at risk for sepsis which meets a long-

unmet need.

The present invention relates to the following concepts, among others as described
herein. Early use of sPLA2 mhibitors such as varespladib (LY 315920}, methyl-varespladib
(LY333013) and (AZD2Z716-R, §, a racemic mixiure of R and S isomers or AZD Compound
4 from the same series) and carbazols such as LY433771, among others prevents and
mitigates the rise of sPLAZ, stabilizing the patient sufficiently to improve and simplify pre-

diagnosis care of the patients, promote wound healing, stabilize the patients and prescrve the
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integrity of blood cultures, reduce blood culture contanunation prior to antibiotics and

mmprove the performance of antibiotics.

While much has been written on the need for early recoguition and treatment of sepsis
and related syndromes (e.g. SIRS), the focus has been on early treatment with antimicrobial
agents, especially as it pertains to interventions avatlable to pre-hospital and receiving
emergency department personnel. Unresolved ts the matter of EGDT is not only what
antibiotic 1s best used iitially by personnel in the advance of a diagnosis and consequences
related to:

1. Mususe/overuse and timing of fluids and antibiotics; and
2. Dismuption/adequacy of blood cultures/samples drawn in the pre-hospital setting.

The current invention addresses the limitations of pre-hospital and pre-diagnosis
fluids and antibiotics by safely mitigating the effects of suspected or confirmed sepsis
syndromes in the pre-hospital or carly hospital setting and 1) chmmating the need to
prematurely choose from a panel of available antibiotics while, additionally, mitigating the
consequences of an ncorrect or suboptimal antibiotic choice 2} preserving the integrity of the
blood for colture and testing at the receiving facility 3) preservation of vital signs allowing
greater flexibility in critical areas such as fluid management.

Unmet Needs of the Present Invention

1. Early antibiotics are a kev to outcome 1n mfection, acute inflammation and their
sequelae and:

a. antibiotic choice is difficult in low resource environments and optimal pre-
diagnosis antibiotic or antiviral choice may be difficult or impossible even in
receiving clinic or hospital facilities

b, inappropnate/suboptimal antibiotic or antiviral choice may result in bad
outcomes, overuse or corruption of blood cultures

c. small molecule anti-toxin therapy to assist in treatment of antibiotic resistant
organisms to aid antibiotic treatment and preserve himited antibiotic
availability

d. if pre-hospital personnel and preadmission paticnts had a single drug, drug
mixture or drugs for co-admimstration to mmprove physiological parameters

prior o rise i or to half the progression of the inflammatory response to
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mfection or biological agent then the protocols for treatment could be
stmplified and made safer withouat complicating disease or freatment

prophvlactic use, carly use and pre~antibiotic of sPLA2 and metalloprotease

(21

mhibitor agents could improve the performance of antibiotics, mitigate and
reduce the mmcidence of inappropriate antibiotic use while stabilizing the
patient and also have utility as biodefense agents for civilians and personnel
with occupation risk of exposure such as in warfare and have, by themselves,
therapeutic efficacy {¢.g. varespladib/methyl-varespladibt/AZD2716 and
related compounds for sSPLA2 nhibition and/or for example, prinomastat,
batimastat, marimastat, vorinostat for metalloprotease inhibition)

f. Such agents could be stockpiled for biodefense, be stocked in ambulances at
low cost and in hospitals as part of the cardy response o suspected infections
and SIRS such as those induced in the community by:

i. Pncumonia, hemolvtic uremic syndrome, enterotoxigenic £ colf,
urinary tract infection, wound infection, infection derived toxins such
as anthrax lethal factor, botulism and other types of bacterenua such as
those induced by manne infections {e.g. Vibrio and mycobacterium)
that spread rapidly and are often given mnappropriate antibiotics such as
cephalosporins.

it. Viral infections prior to diagnosis such as ebola

Increase the safety and utility of connective tissue weakening antibiotics such

e

as quinoloines {e.g. ciprofloxacin, levofloxacin)

h. Improve the performance of antibiotics, improve fhuid management and other
elements of EGDT prior to the time sPLAZ is thought to peak in the
progression of inflammatory conditions related to infection or systemic
nflammatory response syndromes.

i.  Improve wound management and healing from burns, trauma, toxin, venons,
and acceptance and healing of skin grafis.

J.  Reduce complications associated with infusion of CAR-T therapies and other
cell-based immunotherapies based on modified immune svstem cells.

k. Be combined with other PLAZ inhibitors {¢.g. cPLAZ, iPLA2, Lp-PLA2) and
metalloprotease inlubitors to reduce unwanted inflanunatory and tissue

degrading responses in a tailored or prophylactic fashion.
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1. Be combined with antibiotics already possessing desirable properties such as
intrinsic sPLAZ or metalloprotease inhibition {(e.g. doxveycline, Prinomastat,
marimastat batimastat) enabling a narrower list of optimal antibiotic choices in
the pre-hospital and early hospital setting for patients at risk of inflammatory
syndromes due to nfection, trauma or as a reselt of inflammation-inducing
treatments for conditions such as blood cancers {e.g. CAR-T therapies).

m. Metalloprotease mhibitors may, unexpectedly have general application in
ARDS and wound healing by themselves as single agents—especially

surprising i ARDS and in combination with sPLA2 inhibitors.

For treatment of ARDS, pulmonary surfactant, produced by Type 2 epithelial cels
(T2C), 1s a key lung protectant and mechanical lubricant containing several classes of lipids,
mcluding phospholipids, tnglveerides, cholesterol, and fatty acids kev to 1ts function. It
serves a cardinal part in lungs” tnnate and adaptive immune response and plays a critical role
in pulmonary function by the reduction of surface tension. Host defense properties of
pulmonary surfactant include direct mteraction of surfactant components with pathogens
(viruses, bacteria} or their products {¢.g. endotoxin, viral glycoproteins): stimulation of
phagocytosis by surfactant components {as an opsonin or active ligand); influence of the
chemotaxis of immune-competent cells; and regulation of cytokine release and reactive
oxygen production by macrophages. The hydrophilic surfactant apoproteins SP-A and SP-D
have distinct functions in the mnate tmmune response to microbial challenge. In addition, the
surfactant hpids suppress a variety of immune cell functions, including activation,
proliferation, and immune response of lvmphocvies, granulocytes, and alveolar macrophages
and can even promote bacterial lysis.  Upon failure of this first line of defense by pulmonary
surfactant, the innate immune system which relies on a series of germ-line encoded pattern
recognition receptors {PRR) that are expressed on epithelial and innate tramune cells, is
activated. Toll-like receptors (TLR) constitutes one of four major classes of PRR, and these
PRR are sensors for pathogen-derived, evolutionarily conserved molecular structures. Most
TLRs are expressed at the cell surface where they mteract with bacterial components and
viral proteins. (47) In lung tissues, sPLA2 is a mediator of the normal inflammatory response
through release of lipid mediators and pulmonary mechanical function through its direct role
m pulmonary surfactant tornover. Palmonary sPLAZ is a critical mediator of hung function
through its metabolism of surfactant and plays a key role in the homeostasis and recycling of

surfactant proteins that reside in these thin, but extraordinarily important fluid planes.
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Crnitically, elevated sPLA2 levels in pulmonary alveoli, results in surfactant catabolism and
even greater release of factors, including TNF-¢, TNF-B and [L-6. These cycles of
nflammation and surfactant destruction act synergistically to the point at which the innate
mmune response to insult becomes lethally maladaptive.

Coronavirus disease 2019 (COVID-19) is an infectious discase caused by severe acute
respiratory syndrome coronavirus 2 {SARS-CoV-2). Coronaviruses are

g, and

primarily spread between people in close proxinuty to each other by coughing, sneezing,
talking. COVID-19 can affect the upper (sinuses, nose, and throat) and lower (trachea and
hungs} respiratory tract. The lungs are the organ most affected by COVID-19 because the
virus accesses host cells via the receptor angiotensin-converting enzyvme 2 {ACE2), which is
abundant in pulmonary alveolar epithelial type H cells (T2C) and 1s expressed heavily in
alveolar capillary endothelial cells. Currently and urgently of interest, pandemic SARS-CoV-
2 infections are resulting in an unvsually high spike in incidence and mortality from acuote
respiratory distress syndrome (ARDS). ARDS s a ternifying, life-threatening and difficult to
treat clinical complex of lung failure from direct or indirect physiological or physical msult.
Patients with severe COVID-19 frequently have signs and symptoms of systemic
mflammation, which may be mediated by Toli-like receptors and driven by dysregulated
feedback loops involving sPLAZ, interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-
o). Svstemic overexpression of SPLAZ may occur with infection that can result in
degradation of surfactant and cytokine overexpression, leading to the onset of ARDS. ARDS
is associated with physical, phvsiclogical and mfectious msults such as those caused by blunt
trauma, barotrauma and, infections, including SARS-CoV-2 mfections. The most common
clinical disorders associated with the development of ARDS are bacterial and viral
pneumonia. When the lung is injured by infection, trauma, or inflammatory conditions,
mnflammatory pathways are activated. During the course of SARS-CoV-2 infection in the
lower respiratory tract, damage to surfactant-producing alveolar epithelial T2C may
exacerbate the overall severity of the resultant COVID-19. The mflammatory response and
the innate immune barrier created by pulmonary surfactant, along with its role in innate and
adaptive inumune response can aid in pathogen clearance, however, excess inflammation can
contribute to alveolar damage, loss of protective surfactant, increased endothelial and
epithelial permeability, which results in pulmonary edema and reduced pulmonary
compliance. At a molecular level, sPLAZ plays a key role 1n the homeostasis of surfactants
and protein levels m the lung. During events that have increased pathophysiological effects,

such as acute respiratory viral infection, elevated sPLA2 result in excess inflammation and
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enzymatic degradation of surfactant phospholipids and associated proteins at a higher rate
than it is formed. This contribuies to loss of protective surfactant layer followed by alveolar
damage, increased endothelial and epithelial permeability, accumulation of debris, reduction
of innate and adaptive pulmonarv immune function, and widespread loss of functioning lung
tissue, foss of lung tissue elasticity, and when severe, ARDS. Elevated sPLAZ levels or
dvsregulated phospholipase activity may result in the development of MOF by directly
mjuring the lung, cither by the cytotoxic effect of elevated sPLAZ on alveolar cells or by the
ability of sSPLA2 to degrade surfactant. sPLAZ may also induce organ injury by producing a
variety of pro-inflammatory molecules {eg, prostacyclin, thromboxane A2, leukotrienes. The
resulting pulmonary edema and reduced pulmonary compliance further damages alveol and
surfactant producing cells required to protect these air sacs. Once edematous fhud
accumulates in the interstitial and air spaces of the hungs, clinical outcomes inchude
hvpoxemia, impaired gas exchange, acid-base imbalances, reduced carbon dioxide excretion,
and ultimately, respiratory falure. Further cycles of inflanumation and lung tissue loss result,
such that there is a cascade of dysfunctional immune responses charactenistic of ARDS. In
addition to the disruption of the lung microvascular and surfactant barriers, increased tissue
permeability can also lead to a new cyele of excessive mflammation such that there is a
cascade of upregulated and dysfunctional immune responses. ARDS is further associated
with coagulation abnormalities due to elevated cvtokines and tissue factor expression. The
rade that sPLA2 plays in this svndrome is likely multifactorial as it can cause inflammation as
well as damage surfactant, the substance that coats the alveolar epithelium, and prevents
alveolar collapse by reducing surface tension.

Surfactant dysfunction in neonates and children may play a role as pulmonary
surfactant typically recveled in a highly complex and regulated mechanism becomes
dysregulated. Surfactant turnover is choreographed by Type I cells, macrophages and the
alveolar lining. Alveolar secreted apoprotein-rich, active surfactant aggregates are converted
nto protein-poor, inactive forms by the cyclical changes in the alveolar swrface and are ready
for clearance by Type Il cells and alveolar macrophages. SPs are re-secreted with surfactant
by lamellar bodies, whereas endocviosed phospholipids are recveled and re~secreted by Type
11 cells. This process is slower in newboms (especially those bom prematurely) than in adults
or those with lung mjury. Morbidity and mortality i preterm and term neonates is due to
defective surfactant metabolism secondary to accelerated breakdown of the surfactant

complex by oxidation, proteolvtic degradation, and inhibition.
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Respiratory Distress Syndrome (RDS) in preterm neonates is present shortly after
birth with apnoca, cvanosis, grunting, inspiratory stridor, nasal flaring, poor feeding, and
tachyvpnoea. [t is one of the most common causes of morbidity and it occurs worldwide with
a slight male predomunance Compared to a mature lung, RDS is characterised by low
volume of surfactant contamning a lower percent of di-saturated phosphatidyvicholine species,
phosphatidylglycerol, and surfactant proteins. Histopathological findings in lings of RDS
show alveolar atelectasis, alveolar and interstitial edema and diffuse hyaline membrancs in
distorted small airways. The incidence, severity and mortality associated with RDS are
sigmficantly reduced by prenatal corticostercids and postnatal surfactant replacement
therapy, and surfactant therapy has become the standard of care in management of preterm

mfants with RDS.

Meconium Aspiration Syndrome (MAS) is an important cause of perinatal respiratory
distress with increased morbidity and mortality, and # affects an estimated 25,000 neonates in
the United States each vear. Fetal distress is indicated by meconium staining of the amniotic
fhuid or foetus. Physiologically, fetal respiration is associated with movement of fluid from
the airways out tnto the ammiotic fluid. However, fetal distress mitiates aspiration of amuniotic
fluid and meconium into larger airways leading to gasping in utero. Meconium has been
found to destroy the fibrillary structure of surfactant and decreases its surface adsorption rate.
An inflamamatory response characterized by the presence of clevated cell count and pro-
mflammatory cytokines IL-1p, 1.-6, and IL-8 has been found to be associated with MAS as
carly as in the first 6 hours hours of life.  MAS induced acute hung njury is characterized by
airway obstruction, pneumonitis, pulmonary hypertension, ventilation/perfusion mismatch,
acidosis and hvpoxemia. In vitro studies have demonstrated a meconivm PLAZ mediated
dose-dependent inhibition of surfactant activity through the competitive displacement of
surfactant from the alveolar film. PLA2 is also known to damage the alveolar capillary
membrane and induce intrapulmonary sequestration of neutrophils by free fatty acids and
Ivso-PC released by hyvdrolysis of BDPPC. Bolus or diluted exogenous surfactant replacement
has been shown to reverse hypoxemia, reduce pneumothoraces, decrease duration of oxygen
therapy and mechanical ventillation, reduce duration of hospital stay, and decrease
requirement for extracorporeal membrane oxygenation (ECMO). However, comparison
studics, utilising various treatment regimens: standard, bronchoalveolar lavage (BAL) with
diluted surfactant, or diluted surfactant BAL plus a single early dexamethasone, did not

demonstrate superiority of one form of therapy over another, and may be related to the
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heterogeneous nature of this form of lung jury. Another randomized trial, infants receiving
surfactant lavage has significant improvements in oxygenation, decreases in mean airway
pressure, and arterial-alveolar oxygen tension gradients compared to bolus group. However,
the study showed no significant differences in duration of nitric oxide, assisted ventilation, or

hospitalization.

ARDS is defined as a severe form of acute hing injury (AL and a syndrome of acute
pulmonary intflammation, characterised by sudden onset, impaired gas exchange, decreased
static compliance, and by a non-hydrostatic pulmonary edema. The pediatric ARDS
meidence s higher in high income countries. Children are particalarly vulnerable in the first
vear of life, and infection is the most common cause of ARDS. The group principally at risk
arc premature neonates with chronic lung discase who develop viral pneuraonia, older
children with inunune deficiency svndromes, and those with childhood malignancies. The
hallmark of acute event is the injury to Type I alveolar cells and endothelium with increased
permeability of the alveolar-capillary barrier leading to an influx of protein-rich edema-fluid
into the alveoli, and decreased fluid clearance from the alveoclar space. Host bacterial and
chemotactic factors attract neutrophils into the airways which firther damage the alveolar
epithelial cells through expression of enzymes and cvtokings. Injury to Type I epithelial cell
leads to a decrease in surfactant production, with resultant alveolar collapse. Four clinical
criteria must be met to establish a chinical diagnosis of ARDS: i) acute discase onset, (i1}
bilateral polmonary infiltrates on chest radiograph, (111} pulmonary capillary wedge pressure
< 18 mmHg or absence of clinical evidence of left atrial hypertension, and (iv}, ratio between
arterial oxygen partial pressure (Pa02) and the fraction of inspired oxvgen (Fi02) <200, (62)
In contrast, patients that meet the first three criteria, but exhibit a PaB2/Fi(2 ratio between
200 and 300, are defined as having ALL The mortality from ARDS in the pediatric age
group, despite the introduction of novel treatments, still remains high. Efforts to treat with an
SP-C surfactant were meffective, and the use of calfactant (Infasurf®) in younger children
with AL was effective in reducing ventilator days and increasing survival. The role of
surfactant damage/loss in ARDS patients 1s recognized and surfactant replacoment seems to
improve clinical outcomes in pediatric primary, direct ARDS, as supported by some clinical
trials. The incidence and mortality of neonatal ARDS are very similar to the pediatric one,

according to preliminary data from the neonatal ARDS network.
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Bacillus anthracis, the etiological agent of anthrax, has been developed as a bioweapon by
countries and terrorists largely because of a combination of the spore’s durability and the
lethal toxemia of the vegetative stage. This Gram-positive bacterium forms spores resistant to
adverse environmental conditions and can survive for decades in pastures. If ingested or
mhaled, even 1n small nambers, the spores germinate to establish explosive vegetative growth
and a resulting toxemia that is usually fatal to the host. The primary virulence factoris a
secreted zinc-dependent metalloprotease toxin known as lethal factor (LF), which is lethal to
the host through disruption of signaling pathways, cell destruction, and circulatory shock.
Zinc metatloproteases are classified into five distinet family groups based on the
unique signature within the amino acid sequences around HEXXH motift
thermolysin, astacin, serratia, matrixin, and reprolysin metalloproteases that
mclude snake venom, anthrax and E. coli related enzymes. The latter four families
have an extended zinc binding site, HEXXHXXGXXH, where the third histidine
acts as the third zinc ligand instead of the more distant glutamic acid in thermolysin. Of note,
the key zinc binding motif has the following: The zinc-binding motif, HEXXH (where H=his,
E=¢lu, and x= any amino acid), found in many zine metalloproteases, mncluding anthrax

lethal factor (LF) and rattlesnake venoms.

- General motif for zinc binding metalloproteases

- Conserved zine binding site i anthrax lethal factor

In zinc binding rattlesnake venom metalloproteases

Thus, we used rattlesnake venom as a our model for anthrax LF. The only existing therapeutic
ntervention for naturally acquired or weaponized anthrax is antibiotic treatment that must be
given eardy after infection and at a time when victims may experience only mild flu-like
symptoms. Delay of treatment, even by hours, substantially reduces survival of infected
patients. To date, physicians have antibiotic options to eliminate an anthrax mfection, but
they have no therapeutic options to combat the LF-mediated toxenia and tissue destruction
during an ongoing infection or the residual toxemia that persists even after the bacteria have
been eliminated by antibiotics and previous attempts to investigate hvdroxamate MP
inhibitors have not yielded satisfactory results despite favorable results in cell culture.
Bacillus anthracis, the causative agent of anthrax, manifests its pathogenesis through the
action of two secreted toxins. B. anthracis produces three proteins that make up anthrax lethal

toxin (LT) and edema toxin (ET). The bipartite LT and ET, a combination of three proteins:
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protein protective antigen (PA), lethal factor (LF), and edema factor (EF), are important
virudence factors for this bacteriom. PA is a receptor-binding component common to both
toxins that translocates LF (a protease) or EF (an adenylate cyclase) into cells. Immunization
against PA is sufficient for protection from mfection. Group A secreted phospholipase A2
(sPLAZ-HA) 15 prodoced 1n particular by macrophages and possesses potent antibacterial
activity especially against Gram-postitve bacieria. The investigators proviously showed, i
vitro, that sPLAZ-INA kills bath germinated A anthraciz spores and encapsulated

bacitl. Studies have demonstrated that sPLAZ-HA mght play a major role i host defense
againat anthrax. Conversely, this bacterium s able to disanm the host immune system, at least
ut part, through the inhibition of sPLAZ-TA expression by alveolar macrophages. Thus, the
titerature teaches away from the use of sPLAZ alone and in combination with MP inlubitors
has not been comtemplated in combination for the purpose of treating anthrax toxin effects.
While these long peptide hydroxamates are highly potent LF inhibitors in vitro, their activity
m inhibiting macrophage killing by LeTx is relatively weak, requiring uM concentrations.
There is evidence to suggest that what efficacy is observed in cultured cells may be at least
partly attributable to weak mhibition of furin by the polyArg sequence. Investigation has
found that the hydroxamate group is susceptibie to hvdrolysis by prolonged incubation with
LF, converting it to a weaker LF mhibitor, potentially explaining the low efficacy i

cells. Thus it is surprising that the inventors found that the metalloprotease inhibitor,
prinomastat, was effective in treating, by itself or in combination with AZD2716, mice given
doses of LPS/Oleic Acid (LPS/OA) sutficient to induce severe, acute lung injury and ARDS
with the type of hustological findings and endo/epithelial tvpe findings common in directly
mduced ARDS such as with aspiration syndromes and chemical irritants as well as diseases
such as anthrax all which have complex interplays between metalloprotease and sPLAZ

normal and dysregulated processes.

It is envisaged that, depending on how and when administered, cither an LF mhibitor
(LFT) could block the proteolytic protection provided by LF in the macrophage and allow that
cell to ehiminate spores early i infection (which could be used prophylactically if intentional
release of anthrax were suspected) or, more probably, an LFT would be used to block late
stage effects of LF during an active infection and increase the probability of host survival.

This latter aspect would unquestionably be used in adpunet therapy with an antibiotic.
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Importantly, the potential of SPLA2 mhubitors such as varespladib (LY 315920},
methyl-varespladib (LY333013), AZD2716-R,S (3-(5-Benzyl-2'-carbamoyibiphenyl-3-
vlypropanoic acid- as a racemic mixture or stercoisomer thererof, preferably the “R”
enantiomer of the racemic mixture) and LY 433771 ((S-[{phenvimethvi]-5-
carbamoylcarbazol-4-vi joxvacetic acid} as therapeotic agents are now supporied by the
present rnvention. Metalloproteases are also supported for use in the prosent invention.
Motalloprotease wmhibitors of importance include prinomastat, BB-94 (manmastat), BB-2516
{batimastat), vorinostat, cefixime, doxveycline, but these agents have not been recognized or
realized in the treatment of these life threatening discases, conditions or the timing of their
use alone or in combinations that could prevent, mitigate and reverse conditions whose
treatment could unexpectedly benefit from these compounds alone or in combination.
Examples include ARDS type disease states and/or conditions ranging from neonatal to aduit
and for prevention and/or amelioration of lung and kidney damage from anthrax as well as
for the accelerated healing of wounds and non-healing ulcers and residual toxidromes (e.g.

from snakes) driven by maladaptive host responses or residual toxins.
Brief Summary of the Invention

The present invention 1s directed to the use of an effective amount of at least one
PLAZ mhibitor and/or at least one metalloprotease inhibitor alone or preferably in
combination with at least one antibiotic to reduce the likelthood of an injured patient or
subject at risk of a life threatening mflammatory syndrome becoming mfected such that the
mfection will produce one or more of sepsis, septic shock, an acute mflammatory syndrome
such as systemic inflammatory response svadrome {SIRS) and/or acute respiratory distress
syndrome {ARDS). These compositions and methods are also useful in the treatment of
discase states and conditions which are associated with or have secondary effects of
mflammatory syndrome such as anthrax (Bacillus anthracis) and coronaviras {especially
mchiding Severe Acute Respiratory Syndrome coronavirus {e.g. SARS or SARS-CoV2). In
embodiments, the PLAZ inhibitor is varespladib (1Y 315920}, methyl-varespladib
(L.Y333013), AZD2716-R.S (3-(5'-Benzyl-2'-carbamoylbiphenyl-3-vhpropanoic acid- as a
racemic mixture of a stersoisomer thereof, preferably the “R” enantiomer of the racemic
mixture) and LY 433771 ((9-[{phenvhmethyii-5-carbamoyicarbazol-4-vi}oxvacetic acid), a
phaomaceutically accoptable salt thereof or a muxture thercof. In crobodiments, the

metalloprotease mhubitor 1s prinomastat, BB-94 (marimastat), BB-2516 (batimastat),
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vorinostat, cefixime and doxveveline, a pharmaceutically acceptable salt thereof or a nmuxture

thercof, among others.

In an embodiment, the present invention is directed to a method of reducing the
likelihood that an mjured paticnt or subject at risk of a life-threatening inflammatory
syndrome {especially including from an nfection) will produce one or more of sepsis, septic
shock, an acote inflammatory syndrome {whether iatrogenic or not) or acute respiratory
distress syndrome, comprising administering to said patient or subject an effective amount of
at feast onc PLA?2 inhibitor and/or at least one metalloprotease inhibitor alone or in
combination with at least one antibiotic. The present invention 1s particularly vseful for
treating severe injurics, and infections which can result in mflammatory syndrome, including

anthrax and SARS/SARS-CoV?2 infections.

In an embodiment, the present tnvention is directed to administenng 1o a patient or
subject who has been severelv injured or bumed and places that paticnt or subject at risk for
one or more of sepsis, septic shock, slow or poor wound healing, including skin grafts, acute
mflammatory syndrome, including inflammatory response syndrome {SIRS) and/or acute
respiratory distress syndrome (ARDS), an effective amount of an antibiotic to treat infection
in combination with an effective amount of at least one PLAZ inhibitor and/a metalloprotcase
whibitor. In embodiments, the method comprises administering at least two antibiotics and at
cast onc PLA?Z inhibitor and/or at least one metalloprotease inhibitor. Pursuant to the present
invention, it has been discovered that the co-administration of effective amounts of at least
one antibiotic and at least one PLA?2 inhibitor and/or at least metalloprotease inhibitor will
provide an unexpected mbubition, amelioration or avoidance of sepsis, septic shock, acute
mflammatory syndrome, mchiding mflammatory response syndrome {(SIRS) and/or acute
respiratory distress syadrome (ARDS) in the pationt or subject at risk.  In embodiments, the
PLA2 mhibttor is varespladib (LY 315920), methyl varespladib (LY333013), AZD2716-R.S

3-(5'-Benzyl-2'-carbamoylbiphenyl-3-vhpropanoic acid- (a3 a racemic mixture or a
stercoisomer thercof, preferably the “R” enantiomer of the racemic mixture) and LY 433771
({(&-[(phenvhmethyl]-S-carbamoylcarbazol-d-v} oxyvacetic acid), a pharmaccutically
acceptable salt thercof or a mixtare thercof, In embodiments, the metalloprotease inhibitor s
prinomastat, BB-94 (marimastat}, BB-2516 (batimastat}, vorinostat, cefixime and

doxveyveline, a pharmaccutically acceptable salt thereof or a mixture thereof, among others.
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In an embodiment, the present invention is directed to treating a patient or subject
with suspected sepsis, including early sepsis or other inflammatory syndrome or comprising
administering to said patient or subject in need, an effective amount of at least one antibiotic
and an effective amount of at least one PLA2 inhibitor and/a metalioprotease inhibitor. In
embodiments, the method comprises administering at least two antibiotics and at least one
PLAZ inhibitor and/or at least one metalloprotease inhibitor. Pursuant to the present
invention, it has been discovered that the co-administration of effective amounts of at least
one antibiotic and at least one PLA?Z inhibitor and/or at least metalloprotease inhibitor will
safely provide an unexpected prevention, inhibition, amelioration or avoidance of sepsis,
septic shock, acute inflamumatory syndrome, including inflammatory response syndrome
(SIRS) and/or acute respiratory distress syndrome {ARDS) in the patient or subject at risk.

In embodiments, the PLAZ inhibitor is varespladib (LY 315920}, methy! varcspladib
(LY333013), AZD2716-R.S (3-(5'-Benzyl-2'-catbamoylbiphenyl-3-yhpropanoic acid- {(as a
racemic mixture or as a stereoisomer thercof, preferably as the “R” enantiomer of the racemic
maxture} and LY 433771 ((O-[{phenvlmethvi]-S-carbamovicarbazol-4-vl}oxvacetic acid), a
pharmaceutically acceptable salt thereof or a mixtose thereof. In embodiments, the
metalloprotease inbibitor s prinomastat, BB-94 (marimastat), BB-2516 (batimastat),
vorinostat, cefixime and doxyeveline, a pharmaceutically acceptable salt thereof or a mixture

thereof, among others.

In an embodiment, the present invention is directed to treating a patient with an
anthrax or severe acute respiratory syndrome coronavirus (SARS and SARS-CoV2) infection
comprising administering to said patient or subiect in need, an effective amount of at feast
one PLA2 inlubstor and/a metalloprotease inhibitor, optionally in combination with at least
one antibiotic or other therapeutic agent to reduce the likelihood of and/or ameliorate or
inhibit the impact of any one or more of sepsis, septic shock, acute inflammatory syndrome,
mcluding inflanwmatory response syndrome (SIRS) and/or acute respiratory distress

syndrome {ARDS) in the patient or subject in need.

In embodiments, the present invention is also directed to a method for preserving a
blood sample(s) taken from a patient or subject who has imjuries or burns which place the
paticnt or subject at risk for one or more of sepsis, septic shock, acute inflammatory
syndrome, including inflaramatory response syndrome (SIRS) and/or acute respiratory

distress syndrome (ARDS), the method comprising combining in said blood sample with an



WO 2021/076712 PCT/US2020/055709

17

effective amount of at least one PLAZ2 mhibitor and/or at least one metalloprotease each
alone, together or in combination with an effective amount of at least one antibiotic. In
embodiments, the PLA2 inhibitor is varespladib (LY315920), methyl varespladib
(1.Y333013), AZD2716-R,S (3-(5'-Benzyl-2'-carbamoylbiphenyl-3-vhpropanoic acid- (as a
racemic mixture of a stersoisomer thereof, preferably the “R” enantiomer of the racemic
mixture) and LY 433771 ((9-I{phenvhrnethyii-5-carbamoyicarbazol-4-viloxvacetic acid), a
phaomaceutically acceptable salt or mixture thereof. Tn embodunenis, the retalloprotease
muhibitor is prinomastat, BB-94 (marimastat), BB-2516 (batimastat}, vorinostat, cefixime and

doxveycline, a pharmaceustically acceptable salt or mixture thereof, among others.

In embodiments, the present invention is directed to a pharmaceutical composition for
ameliorating, inhibiting or reducing the likelihood of one or more of sepsis, septic shoek,
acute inflammatory syndrome, including inflammatory response syndrome {SIRS), hemolytic
gremic syndrome (HUS), and/or acute respiratory distress syndrome (ARDS) in a patient or
subject in need, the composition comprising an effective amournt of at least one antibictic in
combination with at least one PLAZ inhibitor and/or at feast one metalloprotease inhibitor. In
embodiments, the PLA2 mhibitor is varespladib (LY315920), methyl varcsplacib
(LY333013), AZD2716-R.S (3-(5'-Benzyl-2'-carbamoyibiphenyl-3-yDpropanoic acid- (as a
racemic mixture of a stercoisomer thereof, preferably the “R” enantiomer of the racemic
mixture) and LY 433771 ((O-I{phenvipnethvii-S-carbamovicarbazol-4-vi}oxvacetic acid), a
phammaceutically acceptable salt, a sterotsomer thereof or a naxture thereof. In
embodiments, the metalloprotease inhibiior s prinomastat, BB-94 (marimastat}, BB-2516
{(batimastat), vorinostat, cefixime and doxvevcline, a pharmaceutically acceptable salt or
mixture thereof, among others.  In cases associated with anthrax, the antibtotic is
ciprofloxacin, levofloxacin, moxifloxacin, penicillin g, doxycycline, chloramphenicol,

ofloxacin and mixtures thereof.

In embodiments, the present invention is also directed to a composition comprising a
blood sample(s) taken from a patient or subject who has injuries or burns which place the
patient or subject at risk for one or more of sepsis, septic shock, acute inflammatory
syndrome, including inflammatory response syndrome {(SIRS} and/or acute respiratory
distress syndrome {ARDS) in combination with an effective amount of at least one PLA2
inhibitor and/or at least one metalloprotease cach alone, together or in combination with an

effective amount of at least one antibiotic. In embodiments, the PLA2 mhibitor g
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varespladib (LY315920), methyl varespladib (LY 333013}, AZD2716-R.S (3-(5'-Benzyl-2'-
carbamoylbiphenyl-3-yDpropanoic acid- (as a racemic mixture, or a stercoisomer thereof]
preferably as the “R” enantiomer of the racemic nuxture), and LY 433771 ((9-
{(phenvhmethyl]-S-carbamovicarbazol-d-vloxvaceic acid), a pharmaceutically acceptable
salt, stereoisomer or mixture thereof. In embodiments, the metalloprotease inhibitor is
prinomastat, BB-94 {marimastat), BB-2516 (batimastat), vorinostat, cefixime and

doxycvcline, a pharmaceutically acceptable salt or mixture thereof, among others.

The present tnvention mects a long-telt need in the art, inasmuch as the methods and
compositions may be used to treat patients or subjects with severe burns or injuries (without
further diagnosis) in order to substantially ameliorate, inhibit or reduce the likelihood of one
or more of sepsis, septic shock, acute mflammatory syndrome, including inflammatory
response syndrome (SIRS) and/or acute respiratory distress syndrome (ARDS) in a patient or

subject in need.

n additional embodiments, the present invention also relates to the treatment of
neonatal ARDS, incloding meconium aspiration syndrome {MAS) which i3 a life-threatening
type of neonatal ARDS with high rates of mortality and no approved treatments. moconium
aspiration syndrome {(MAS) s known to damage surfactant. It is known that surfactant
function 1s damaged and correlates with lung acration and as consequence of these changes,
surfactant nanostructure is also damaged. Neonatal ARDS has some shared traits with other
forms of adult and pediatric ARDS and support the development of new surfactant protection
and anti~mfammatory strategies such as combinations of surfactant (porcine and synthetic)
or pretreatment of the patient with IV sPLAZ inhibitors such as EY315620, AZD2716 (as a
racemic mixture or stereoisomer thereof, preferably the “R” enantiomer of the racemic
mixture) or nuxtures thereof. Alternatively, in preferred embodiments, these drugs could be
given mtratracheally or via orogastric tube (LY 333013, AZD2716 (as a racemic mixture or
stereoisomer thereof, preferably the “R” enantiomer of the racemic mixtare), see “Compound
9” in Giordanctio et al., Med. Chem. Letr. 2016, 7, 884—889, which is incorporated by
reference herein. Off target effects may be nunimized by chiral separation of LY3135920 or
LY333013. The unique features of this strategy mclude the combination of reduced cytokine
production and preservation of surfactant. No other drug strategy can simultaneously produce

these key clinical effects in MAS or neonatal ARDS.
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In addition to neonatal and pediatric application of this strategy, including dosage,
forms, carriers (eg surfactant carrving sSPLAZ inlubitors), all routes of delivery, timing and
weight based dosing can be applied to adult patients with ARDS from any cause and in
combination with antiviral, antibiotic and anticoagulants such as heparin, low-molecular
weight heparin or steroids. Unlike biological response modifiers based on antibodies,
synthetic small molecule inhibitors have superior tissue penctration and prevent neutrophil

stiffening.

In preferred embodiments, LY315920, AZD2716, as a stereoisomer or racemic
mixture are combined. Altematively, in preferred embodiments, these drugs could be given
miratracheally or via orogastric tube (LY 333013, AZD2716 (as a racemic mixture or
stereoisomer thereof, preferably the “R” enantiomer of the racemic mixture}, see “Compound
9” in Giordanetto ¢t al, Med. Chem. Lett. 2016, 7, 884889, provide this superior tissue
penctration and shorter half-life such that risk of reactivation of tuberculosis or hepatitis is
fower risk than with long half-life antibody therapies putting patients and large populations at

risk for pulmonary and systemic discases of mediom term and chromic impumne suppression.

In preferred embodiments, LY315920, AZD2716 (as a racemic mixture or
stercoisomer thereof) combined. Alternatively, in preferred embodiments, these drags could
be given intratracheally or via orogastric tube (LY333013, AZD2716 (as a racemic mixture
or stereoisomer thereof, preferably as the “R” enantiomer of the racemic mixture),
“Compound 9”7 in Giordanetto et al and have the unigue feature of being a treatment for
several diseases at once that affect poor populations, far forward military and expedition
operations with purely military, scientific or combinations of military, scientific and civilian

service in fow and middle income countries.

The present imvention advances the state of the art with respect to at least six
concems:
1} Timing—especially use prior to dysregulated or exogenous sPLAZ and MP activity in
patients ot subject for beneficial effect
2) Enhancing antibiotic effect
3) Improving flexibility of antibiotic choice/performance and fluid management

4} Prevention of CAR-T (and other ccli~based therapy) inflanunatory events
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5} Prevention of cellular injury by endogenous and exogenous toxins such as anthrax
Tethal factor

6} Improvement in wound healing

The present invention is described in further detail in the sections which are presented

herein below.

Brief Description of the Figures

Figure 1, Table 1 Shows ARDS features and sconng system modeled to compare mouse
fung injury based on American Thoracic Society (ATS) workshop report (Aeffner et al. Tox
Parh, 43:1074-1092, 2015). Excemplary shides showing features of the ATS criteria from

Table 1 are presented as Figures | and 2.

Figure 1A Shows the features of alveolar pathology as summarized in Table 1 in a mouse

with ARDS induced by a combination of LPS/OA.

Figure 1B Shows the features of normal alveoli and alveolar pathology as summarized in

Table 1 in a mouse with ARDS induced by a combination of LPS/OA

Figure 2 Shows that intranasal AZD2716 protects and reduces alveolar damage from
mtranasally applied LPS/OA at 24 and 48 hours. Intranasal AZD2716 protects and reduces
alveolar damage from intranasally applicd LPS/OA at A) 24 (N=3 nuce/group) and B} 48
hours (N=2 mice/group); runimom 25 High Power Fields (HPF) per analysis. *denotes p
<0.05. Based on the ATS workshop scoring system (Table 1), Intranasal AZD2716 protected
Black-6 mice from combined LPS/OA-induced lung injury and ARDS. Treated amimals were
bright, alert and responsive compared to lethargic, tachypneic controls at 24 and 48 hours.
Aundio recordings of the mice at 24 hours clearly demonstrates the reduction in hung surface
tension and increased lung compliance indicating preservation of tung surfactant {sce below,

Figure 3).

Figure 3 Shows the composite lung audiograms of mice demonstrating protection from
ARDS by intranasally dosed AZD2716 demonstrate ~10dB difference between treated

{quicter) and untreated (fouder) mice. The fhuid buildup in the mice also makes the lungs
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heavy and stiff, which decreases the hungs' ability to expand and causes crackling sounds
when the alveoli suddenly expand with increased work of breathing. This resolts from
prevention of degradation or restoration of surfactant via Type I epithelial cells responsible
for production of surfactant. Measurement of the audiofiles showed roughly a 10db
difference between untreated and treated populations of mice exposed to IN LPS/OA
mixtures: ~38.5 db {treated, quicter) from maximuom and -29.7db {control, fouder) from

maximum between control and treated arimals.

Figure 4, Table 2 Shows that prinomastat was superior in potency to anthrax lethal factor
inhibitor. 1Cs0s reported as micromolar (M) concentrations and selected as test article for
subsequent studics despite good to excellent performance of marimastat and batimastat in
same assays as measured by potency. Prinomastat was more potent than other hydroxamate
metalloprotease inhibitors, including anthrax lethal factor inhibitor. Several venoms can
cause ARDS and kidney damage with similarity in cellular changes seen in pulmonary and
systemic anthrax. Zinc metalloproteases are classified into five distinet family groups based on the
unique signature within the amino acid sequences around HEXXH motif: thermolysin, astacin,
serratia, mairixin, and reprolvsin metatioproteases. The latier four families kave an extended zinc
binding site, HEXXHXXGXXH, where the third histidine acts as the third zinc ligand instead of the
more distant glhitamic acid in thermolysin, Further, we emphasize;

General motif for zinc binding metalloproteases

- Conserved zine binding stte in anthrax lethal factor

In zinc binding rattlesnake venom metalloproteases
Prinomastat was chosen for mouse lung-tnjury and ARDS study as welk as in subsequent
ECIS studies for this reason and to be combined with an sPLAZ inhibitor. There is no known
explanation for why Prinomastat is more potent than these other inhibitors for these
embodiments and it has not been conteruplated as a therapeutic to combat toxin damage as
seen caused by anthrax lethal factor, a toxic metalloprotease. Prinomastat has not been
previously reported to be more potent than anthrax Iethal factor inhibitor, but demonstrably
more potent as seen in Table 2. Sistrurus venor was used as surrogate for anthrax lethal
factor mhibitor because of the lethal factor inhibitor’s high potency against Sisfrurus venom
metalloprotease activity (Table 2} which is similar to that of native anthrax lethal factor,

which has also been termed “zincin™ class metalloproteases (Figures 6, 8).
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Figure 5 Shows that both oral prinomastat and oral AZD2716 rescue and reduce damage
from LPS/OA indoced ARDS in mice at 48 hours. Unexpectedly, prinomastat treated mice
were clinically the most bright, alert and responsive which has significant implications for the
treatment of both ARDS and diseases such as anthrax. These results show the capacity of
both AZD2716 and Prinomastat to improve clinical and histopathological findings when
rescuing mice from LPS/OA induced ARDS. Prinomastat treated mice were, surprisingly,
clinically better than AZD2716 treated mice (Prinomastat > AZD2716 =Prinomastat +
AZD2T16 Controls) and indicates particular potential 1n the treatment of anthrax and other
syncytia forming viral and bactertal pathogens and their elaborated toxins {e.g. anthrax lethal
factor, a metalloprotease). The combination of the two drugs significantly improved the
outcomes in two key components of ARDS (intra-alveolar infiltrates and protein depositions
related to pulmonary edema) demonstrating the potential for these drugs alone and in
combination to treat deadly conditions such as SARS-CoV-2 associated ARDS and SIRS as
well as ARDS caused by anthrax bacterium, for example, that depend on both
metalloproteases and sPLAZ to invade tung tissues and cause widespread inflammation
(SIRS). Significant prevention of pulmonary capillary leak, inflammation, hemorrhage

mplies preservation of both endo- and epithelial-cell layers.

Figure 6 Shows that venom toxins produce cellular injury and detachment quantifiable by
ECIS (Figures 7-12) that are comparable to that found in epithelial sorfaces throughout the

body including kidney, lung and skin.

Figure 7 Shows that rescue of epithelial cell from a balanced metalloprotease/sPLA2

containing venom {Toxin: Whole 4. conroririx laficinctus venom)

Figure 8 Shows the rescue of eprthelial cell from a balanced metalloprotease/serine protease,
but low sPLAZ content venom (Toxin: Whole Sistrurus venom). Sistrurus venom is used as

surrogate for anthrax [cthal factor and prinomastat as comparator hydroxamate inhibitor.

Figure 9 Shows that AZD2716, like varespladib preserves cellular fumction and cell-cell
janction integrity in the presence of high SPLA?2 content venom toxins as measured by

resistance (Toxin: C. scutulatus whole venom)
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Figure 10 Shows that varespladib, like AZD2716 in previous figure 9 recovers and stabilizes
eptthehal cells across venom genera and geography (Toxins: C. sceutulatus and Daboia
russelli-Pakistan). Varespladib, ke AZD2716 1 previous figure 9 recovers and stabilizes
epithelial cells across venom genera and geography. As a result varespladib is shown to
preserve and restore kidney function or comparable structures in other organ systems such as
tung, skin, or gastrointestinal tract from insults such as viral infection, organisms like anthrax
as well as venom.  Top Row: Raw data shown as function of resistance and then capacitance
(left to right). Bottom Row: Cumulative data showing varespladib recovers and stabilizes
mter-celhilar attachments (resistance) and cell viability (capacitance) left to nght. C.
scutulatus venom {North America), 4 doses, N=2 cach; I, russe/li {(Pakistan variant) 2 dosc
concentrations, N=2 each) Varespladib : 0.05mg/ml and 0.01 mg/mL no significant
difference i response between the two doses the response was thus combined. Negative

controls: N=2 kidney epithelial {(vero) cells in media only.

Figure 11 Shows that low dose prinomastat + varespladib prevents damage and accelerates
wound healing in presence of rattlesnake venom containing similar enzymes responsible for
chronic wounds and non-healing ulcers. Low dose prinomastat + varespladib prevents
damage and accelerates wound healing in presence of rattlesnake venom containing similar
enzymes responsible for chronic wounds and non-healing ulcers. Wounds produced by
electrical current across all wells. +Control cells (top line): Instability of healing
demonstrated by large standard deviations and increasing capacitance indicative of cell death
and detachment from the basement membrane. Cells treated with lower doses of varespladib
and prinomastat than normally used with either one alone produced anexpected wound
healing comparable to uninjured control cells {middle and bottom, respectively). B, In
presence of rapidly toxic doses of Echis ocellatus venora, both prinomastat and a
combination of low dose prinomastat plus varespladib increase cellular junction tightness
even in the ongoing presence of venom that will be useful for acute toxieity and wound
healing from fchis species and in general healing of cellular injury. In both studies, drugs
were applied following exposure to venom. Similar changes to epithelial cells are seen in
ARDS and renal and pulmonary effects of nfections such as those caused by anthrax via

metalloprotease and/or sSPLA2 mediated pathways.
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Figure 12 Shows that low dose varespladib + prinomastat accelerate rates of wound healing
even in presence of toxins (Toxin: Sistrurus miliarius barbouri, whole venom acquired from
the National Natural Toxins Rescarch Group) even with addition of clectrical wounding
following exposure to venom. Cells treated with lower doses of varespladib and prinomastat
than normally used with either one alone produced unexpected synergistic wound healing
rates. In presence of rapidly toxic doses of . miliarius venom, both prinomastat and a
combination of low dose prinomastat plus varespladib increase cellular junction tightness
even 1n the ongoing presence of venom that is a surrogate system for acute toxicity and
wound healing. Similar changes to epithelial cells are scen in ARDS and renal and pulmonary
cifects of infections such as those caused by anthrax via metalloprotease and/or sPLAZ
mediated pathways. Rates of wound healing were unexpectedly fast as demonstrated by the

combination of varespladib and Prinomastat that produced A) accelerated return of cell-cell
Junctional tightness (resistance) as well as B) return of coliular viahility. {3 = Prinomastat.

This has broad, unexpected significance for a multitude of wound healing therapeutics.
Betailed Description of the Invention

The following terms shall be used throughout the specification to describe the present
mvention. Where aterm is not specifically defined herein, that term shall be understood to be

used in a manner consistent with its use by those of ordinary skill in the art.

Where a range of values is provided, it is understood that each intervening value, to
the tenth of the umt of the lower linut unless the context clearly dictates otherwise,
between the upper and lower Hmit of that range and any other stated or intervening value in
that stated range is encompassed within the invention. The upper and fower limits of these
smaller ranges may independently be included 1 the smalier ranges 1s also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where the
stated range tnclades one or both of the himits, ranges excluding either both of those included
limits are also included in the invention. In instances where a substituent is a possibility in
one or more Markush groups, it is understood that only those substituents which form stable

bonds are to be used.
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Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the

preferred methods and materials are now described.

It must be noted that as used herein and in the appended claims, the singular forms

a," "and"” and "the" include plural references unless the context clearly dictates otherwise.

Furthermore, the following terms shall bave the definitions set out below.

The term “patient” or “subject” 15 used throughout the specification within context to
describe an amimal, generally a mammal, especially mcluding a domesticated amimal and
preferably a human, to whom a treatment, including prophylactic treatment (prophylaxis) is
provided. For treatment of those infections, conditions or disease states which are specific
for a specific animal such as a human patient, the term patient refers to that specific animal.

In most instances, the patient or subject is a human patient of either or both genders.

The term “compound” is used herein to deseribe any specific compound or bioactive
agent disclosed herein, including any and all sterecisomers {including diastereomers),
mdividual optical 1somers (enantiomers, including with respect to compound AZD2716} or
racemic mixtures, pharmaceutically acceptable salts and prodrug forms. The term compound
herein refers to stable compounds. Within its use in context, the term compound may refer to

a single compound or a mixture of compounds as otherwise described herein.

The term “effective” is used herein, unless otherwise mdicated, to describe an
amount of a compound or component which, when ased within the context of its use,
produces or effects an intended result, whether that result relates to the prophylaxis and/or
therapy of an infection and/or discase state or as otherwise described herein. The torm
effective subsumes all other effective amount or effective concentration terms (including the
term “therapeutically effective”) which are otherwise described or used in the present

application.
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The term “pharmaceutically acceptable” as used herein means that the compound,
composition, including a salt form, 15 suitable for administration to a subject to achieve the
treatments described herein, without unduly deleterious side effects in light of the severity of

the disease and necessity of the treatment.

The terms “treat”, “treating”, and “treatment”, eic., as used herein within context, also
refers to any action providing a bepefit to a patient at risk for any of the discase states or
conditions {which can be treated pursuant to the present invention (e.g., ameliorate, inhibit,
reduce the severity, cure, etc.}. Treatment, as used herein, principally encompasses
therapeutic treatment, but may also encompass both prophylactic and therapeutic treatment,
depending on the context of the treatment. The term “prophvlactic” when used in context,
means to reduce the likelihood of an occurrence or in some cases, reduce the severity of an
oocurrence within the context of the treatment of a disease state or condition otherwise

described herein.

The term “coadministration” shall mean that at least two compounds or compositions
are administered to the patient at the same time, such that effective amounts or concentrations
of cach of the two or more compounds mav be found in the patient at a given point in time.
Although compounds according o the present invention may be co-administered o a patient
at the same time, the term embraces both adounistration of two or more agents at the same
time or at different times, provided that cffective concentrations of all coadministered
compounds or compositions are found in the subject at a given time. Compounds according
to the present invention may be administered with one or more additional bioactive agents to

address specific disease conditions in a treated patient or subject.

The term “prevention” is used within context to mean “reducing the likelihood” of a
condition or disease state from occurring as a consequence of administration or concurrent
adnunistration of onc or more compounds or compositions according to the present
invention, alone or in combination with another agent. Thus, the term prevention s used
within the context of a qualitative measure and 1t is understood that the use of a compound
according to the present invention to reduce the likelihood of an occurrence of a condition or
disease state as ctherwise described berein will not be absolute, but will reflect the ability of
the compound to reduce the likelihood of the occurrence within a population of patients or

subjects in need of such prevention.
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¢ term “sepsis” i1s used to describe a clinical syndrome that complicates infection.
It is characterized by signs of inflammation (vasodilation, leukocyte accumulation, increased
microvascular permeability) cocurring in tissues that are remote from the infection. Systemic
mflammatory response syndrome (SIRS) s also a clinical syndrome that complicates a
nomnfectious msult {e.g., acute pancreatitis, pulmonarv contusion}. Theories about the onset
and progression of sepsis and SIRS are focused on dysregulation of the inflammatory
response, including the possibility that a massive and vncontrolled release of
proinflammatory mediators initiates a chain of events that lead to widespread tissue injury.
This response can lead to multiple organ dysfunction syndrome (MODS), which is the cause

of the high mortality associated with these syndromes.

Sepsis is typically associated with a bacterial infection and is characterized by a
whole-body inflammatory state (SIRS) and the presence of a known or suspected mfection.
The body may develop this inflammatory response by the immune system to bacteria
presence in the blood, urine, lungs, skin, or other tissues. Sepsis is also referred to as “blood
poisoning” or septicemia. Severe sepsis is the svstemic mflammatory response, plus
infection, phus the presence of at least one organ dysfunction. Septicemia (also sometimes
referred to as bacteremia) refers to the presence of pathogenic organisms in the bloodstream,

leading to sepsis.

Sepsis is a life-threatening condition in which the body 1s fighting a severe infection
that bas spread via the bloodstream. If a patient becomes "septic,” he or she will likely have
low blood pressure leading to poor circalation and lack of blood perfusion of vital tissues and
organs, resulting in shock. This condition of shock is often referred to as septic shock when
an infection is the cause of shock to distinguish it from shock due to blood loss or from other
causes. Sepsis and septic shock can develop cither as a result of the body's own defense
system or from toxic substances made by the infecting agent. Survival rates for sepsis depend
on the patient's underlving medical conditions, how quickly the diagnosis is made, the

organism that causes the infection, and the patient's age.

In the United States, sepsis is the second-leading cause of death in non-coronary ICU
patients, and the tenth-most-common cause of death overall according to data from the

Centers for Disease Control and Prevention (the first being heart discase). Sepsis is common
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and also more dangerous in elderly, immunocompromised, and critically il patients. B occurs
i 1-2% of all hospitalizations and accounts for as much as 25% of itensive-care unit {ICU}
bed utilization. It is a major cause of death in intensive-care units worldwide, with mortality

rates that range from 20% for sepsis to 40% for severe sepsis to >60% for septic shock.

Septic shock is a medical emergency caused by decreased tissue perfusion and oxyvgen
delivery as a result of severe infection and sepsis, though the microbe may be systemic or
localized to a particular stte. It can cause multiple organ dystunction syndrome (formerly
known as multiple organ fatlure) and death. Its most common victims are children,
immunocompromised individuals, and the elderly, as their immune systeras cannot deal with
the mfection as effectively as those of healthy adults. Frequently, patients suffering from
septic shock are cared for in intensive care units. The mortality rate from septic shock is
approximately 25%-50% (See United States Patent Application Document No.
20140162978). Many details of optimal EGDT remam unresolved and controversial. The
current invention resolves or mitigates several key clements of EGDT timing and protocol
flexibility making a novel and critical advance to patient care for this long-unmet need of

complex and critically ill and injured patients.

Adequate management of septic patients is often complicated by delay in
administering therapy after sepsis has been recognized. Every hour delay in the
adounistration of appropriate antibiotic therapy there is associated with a significant risc in

mortality.

“Sepsis” as used herein and within context inclhudes all of the aforementioned septic
states, conditions and clinical symptoms, ¢.g. “sepsis” mcludes but is not lonited to systemic

mflammatory response syndrome (SIRS), septicemia and septic shock.

The term “carly sepsis” is used to describe the initial stages of sepsis before a full
septic state occurs. It is important to recognize the signs of carly sepsis and immediately seek
treatment if treatment has not yet been mitiated because the infection can spread rapidly --
often in a matter of hours. Sepsis occurs when an infection in the body enters the
bloodstream and spreads throughout the body; this can lead to septic shoek, a potentially fatal
condition. Some of the carliest signs of sepsis include a high fever, a feeling of fatigue, an

mereased heart rate, rapid breathing or breathing difficulty. Experts generally look for at least
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two symiptoms 1o suspect and diagnose sepsis. A diagnosed infection is also one of these

symptoms.

It the original source of the infection is on the surface of the body, one of the best
mdicators of carly sepsis is the presence of red streaks coming off the area and moving up the
mfected Timb. Not all infections are superficial however, which is why the other signs of

carly sepsis are also important to recognize.

Infections will often present with a fever that steadily increases, but may not be
evident without core temperature measurements. As the fever increases, muscle pain and
weakness may become present, and some people may experience pain in the jomts as well.
This fever may also cause chills, and some people notice that they become dizzy and shaky,

with a corresponding drop in blood pressure.

Accompanied by the chills and fever, the signs of early sepsis also often inchude a
rapid heartbeat and quick breathing. People may find that they cannot slow the breathing or
the heart rate down no matter how much they try to relax and take deep breaths. These
symptoms will also worsen as the infection progresses through the body. The signs of early
sepsis typically only fast for a short time; if they are not addressed with emergency treatment

with antibiotics, other, more serious svmptoms will quickly become apparent.

Some individuals will develop a rash on the skin in addition to the red streaks. This
rash can show up anywhere on the body. In addition, urine output will generally decrease
significantly, which is a symptom that the organs are slowing function, which is extremely
dangerous. Mental state may change as well; some people become confused and agitated.
Rather than wait and see if these carly symptoms of sepsis get better, it is tmportant to receive
cmergency treatment as soon as possible, in this case at least one antibiotic in combination
with at least one PLA2 inhibitor and/or metalloprotease inhibitor. This is another reason to be
certain to care for any imjuries or infections in the body, to clean cuts and scrapes well, and to
take an entire course of antibiotics when prescribed, to be sure all infections are killed before

they can spread.

The term “likelihood of sepsis™ is used to describe a patient or subject who has

extensive bumns and/or a severe injury including an injury associated with an infection which
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hikely will result in sepsis and includes any patient or subject with a several burn and/or

mjary which will likely resuli in an infection.

The term “severe bums™ or “extensive burns” is used to describe a patient or subject
who will likely have an infection or will result in an infection which can cause sepsis or an
acute inflamumatory syndromes such as systemic inflammatorv response syndrome (SIRS) or
related mflammatory syndrome. The severity of a bumn, along with the type of bum, is
mmportant to assess before planning a burn treatment regimen and providing treatment
pursuant to the present invention. Burn severity often indicates the recovery time needed and
whether or not the bumn patient will experience permanent effects, such as scarring or an
mterference or change in physiological function. More importantly, the severity of a burn
may indicate that the patient or subject will become infected, thus substantially mcreasing the
likelihood of sepsis or an acute inflammatory syndromes such as systemic inflammatory
response syndrome {SIRS}. Severe bums are typically classified by measuring the total body
surface area (TBSA} of the burn mjury. This system measures the percentage of burned skin
in comparison to the rest of the vietim’s body. A bum injury of the same size will resultin a
higher TBSA for a child than for an adult, due to the child’s smaller body size. The
American Bum Association has set forth guidelines for measuring TBSA and diagnosing

severe bums.

Burn injuries are typically placed into three major categories. In adults, bums with a
TBSA of 10 percent or less are classified as minor bums. In children, minor burns measure
five percent TBSA or less. Moderate burns may cover roughly ten-to-twenty percent of
adults. In children, moderate bums cover roughly five-to-10 percent. Minor and moderate
burns often do not produce infection consistent with eventual sepsis and/or acute
nflammatory syndrome, but the patient or subject must be monitored carcfully and treated
pursuant to the present invention when there 1s evidence for nisk of infection. Major, or
severe burns, measure more than 20 percent TBSA in adults and more than 10 percent in
children. Major or severe burns in a patient or subject are a prima facie indication that the

paticnt or subject should be treated pursuant to the present invention.

Severe burns may be caused by a number of sources, including, but not limited to
thermal, ¢.g. hot liquids or gases, open flames and hot surfaces; chemical, ¢.g. strong acids or

bases, such as sulfuric acid and bleach; electrical: high voltage exposure, electric arcs, and



WO 2021/076712 PCT/US2020/055709

31

highting; radiation: ultraviolet light, microwaves, ionizing radiation such as from x-rays or
nuclear fallout. Severe burns may be accidental or intentional {especially with children

and/or clders).

The term “traumatic myjury” or “wound” 1s used to describe any mjury of a severe or
sufficient nature that has an identifiable risk of becoming infected or fail to heal for other
reasons. Traumatic injury may refer to physical injuries of sudden onset and severity which
require immediate medical attention. Initially small insolts {e.g. a scratch or abrasion} as well
as immediate and severe insults (¢.2. motor vehicle collision or blast injury) may cause
systernic shock called “shock trawma” and may require resuscitation and mterventions 1o save
life and limb. Traumatic mjuries are the result of a wide variety of bhunt, penetrating and bumn
mechanisms. They include motor vehicle collisions, sports injuries, falls, natural disasters and
a multitude of other physical injuries which can occur at home, on the street, or while at

work. Microscopic injurics may lead to serious injury or illness if not treated {c.g. tctanus)

With respect to major trauma, many accidents resulting in traumatic mjury can be
treated appropriately in hospital emergency departments. More severe and multiple traumatic
mjurics may be triaged by emergency responders as a Trauma Alert. A Level One Trauma
Alert is a determination based on a rapid physical assessment of the victim’s iomediate
medical needs. Based on trawma alert criteria, first responders deliver the patient to the most

appropriate hospital.

Trauma guidelines in the U.S. were first established in 1976, and an efficient
sophisticated trauma network now serves us all wherever we live, work or travel. Hospitals
are accredited and designated as Level 1, T, I or TV Trauma Centers based on the care they
are able to provide, as well as the volumes they serve, urban and rural. The trauma system is
designed to accommodate mass casualties and disaster situations. Level { Centers provide the
highest level of care with optimal resources and capabilities, staff and specialtics around-the-
clock, and are continuously monitored to assure that they meet or exceed national standards.
Trauma centers work closely with their respective EMS systems so that care begins pre-

hospital.

Typically, critically injured patients deemed a Trauma Alest are deliveredto a
resuscitation area which may look more like an operating room than a traditional emergency

department. In this environment, a highly-skilled professional trauma team is ready to
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provide immediate life-saving procedures in state-of-the-art trauma bays. Research shows
that getting o the nght place at the right time, commonly known as the “Golden Hour” or
within the first 60 minutes after the occurrence of a major multi-system trauma, is critical.
Adult and pediatric trauma surgeons, trauma staff and resources are readv and dedicated 24/7
to provide this anigue level of response so that critically injured patients will have the best

possible chance of survival and the least residual disability from their injuries.

Following care in the trauma resuscitation arca at a Level Oune facility, patients may
proceed to surgery, an intensive care unit or the trauma nursing floor, with all the resource
and services of the hospital available in a true milti-disciplinary fashion. Patients brought to
Level HI-IV centers may remain at that hospital or be transferred to a higher fevel of care as

appropriate.

Some common types of traumatic injurics include, but are not limited to traumatic
brain injury, spinal cord injury, spinal fractures, amaputations, facial trauma, acoustic trauma,
concussions, crush injuries, broken bone injury, broken jaw, skull fracture, cuts, puncture
wounds, lacerations, collapsed lung, burns, myocardial contusions, electnical injuries,

hypovolenic shock, subarachnowd hemorrhage and subdural hematoma, among others.

The Injury Severity Score (IS8} is an established medical score to assess trawma
severity. It corrclates with mortality, morbidity and hospitalization time affer trauma. Tt 1s
used to define the term major trauma. The ISS classifies cach mjury in every body region
according to its relative severity on a six point ordinal scale, ¢.g. minor, moderate, serious,
severe, critical, Maximal in six body regions, ¢.g. head/meck, face, thorax, abdomen/pelvis,

external.

The term “systemic inflammatory response syndrome™ or “SIRS” is used to describe
an inflammatory syndrome which is caused by systemic response of the body duc to severe
mflammation or infection. This is characterized with lugh fever and rapid heartbeat and
abnormal level of white blood cells in blood. The symptoms of SIRS vary widely depending
on the triggering factor for the response and the victim’s underlying predispositions. Somie of
the common signs include high fever, chills and Iocalized pain based on mflammation. Some

of the criteria for diagnosing SIRS including the following:
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s Very high or very low level of white blood cells m blood. It may go up to 12,000 per
liter or below 4,000 also.

s High fever and chills. The temperature may shoot up to 100.4 F or can go below 96 F
also.

¢ Rapid heartbeat and

o Fast respiratory rate.

SERS can be caused by severe infection, ischemia or after effects of surgery. Infection
can occur due to bacteria, virus and other microorganisms (fungi or parasites). It can be
anything ranging from sepsis, cellulitis to diabetic foot infection. SIRS can develop due to
non-imnfectious conditions like dehvdration, burns, cirrhosis, autoimmune disorders, immune
therapies, acute ischemia, and myocardial infarction and due to hemorrhagic shock. In rare
cases, SIRS can cause potential complications like hemolytic uremic syndrome (HUS),

anemia, repal failure, respiratory failure, gastritis and abnormal levels of electrolytes.

The method of treatrment for SIRS is based on symptoms and health condition of the
patient. Some patients may show signs of sepsis due to severe rate of infection without
having any sign of SIRS. In casc of myocardial mfarction or respiratory fatlure emergency

treatment may be given on ICU, if available.

Blood pressure of the patient may be restored to normal by injecting vasopressor or
similar drugs intravenously. I SIRS has developed due to surgical conditions like
cholecystitis or ruptured appendix suitable surgical measures are initiated. Antibiotics are
given if the root cause of infection 15 bacteria. Similarly antiviral medications are injected
through vein if the doctor confirms the cause is viral infection. In the present invention, these
agents are combined with PLAZ and/or metalloprotease inhibitors in treating SIRS. Blood
glucose level is monitored carefolly and if required, insulin therapy is given to stabilize the

level of blood glucose.

In the present invention, the administration of at Jeast one antibiotic in combination
with at least one PLAZ inhibitor and/or at least one metalloprotease inhibitor is used to
reduce the likelihood that a patient suffering a severe injury or burn will contract an infection

which will develop into sepsis, septic shock, acute inflammatory syndrome, including
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systemic mflammatory response syndrome {(SIRS) and/or acute respiratory distress syndrome

{ARDS), as described herein.

Antibiotics which may be used in the present invention include, for example, broad-
spectrum antibiotics such as a broad spectrum P-lactam antibiotic or a broad-spectrum
carbapenem, or a mixture thereof, which can be used alone or combined with
fluoroguinolones, macrolides, or amimoglycosides. In general, a combination of antibiotics
may not be recommended for the treatment of sepsis but without shock and
mmunocompromised persons unless the combination is used to broaden the anti-bacterial
activity. The chotce of antibiotics is important in controlling infection, sepsis and ultimately
determining the survival of the patient. It is often recomumended that antibiotics are
commenced within about an hour of making the diagnosis {¢.g. within 10 mimutes, 13
minutes, 20 minutes, 30 munutes, 40 muinutes, 43 minutes, 530 minutes, 60 minutes, 75 minutes
or 90 minutes), although the times can be slightly longer. In some embodiments, antibiotics
and PLAZ inhibitors and/or metalloprotease inhibitors are initiated imamediately or as soon as

the severity of a bum or injury is assessed in a patient or subject.

For severe sepsis and septic shock a broad spectrum antibiotic {often two such
antibiotics) are administered imtravenously or intravenously and orally to the patient or
subject in combination with the PLAZ mhibitor and/or metalloprotease at the first indication
that the patient or subject has sepsis, including early sepsis. The antibiotics may include, for
example a B-lactam antibiotic with broad coverage such as broad spectrum penicillin
derivatives {penams) amoxicillin and ampieillin, carboxvlpenicillins {e.g carbenicillin and
ticarcilling, cephalosporins {cephems) such as cefixime, doxyeycling, cefotaxime,
cetpodoxime, ceftazidime, ceftriaxone, cefdinir, ceftaroline fosnir all of which are broad
spectrum, monobactams {¢.g. aztreonam, tigemonam, carumonam and nocardicin A) and
carbapenems (e.g. doripenem, faropenem, imipenem, meropenen, ertapenem, panipenim,
razupenem, tebipenem, thienamycin or cilastatin/imipenem), a flucroquaoline {(e.g.
ciprofloxacin, levofloxacin, fleroxacin, lomefloxacin, nadifloxacin, norfloxacin, ofloxacin,
perfloxacin, rufloxacin, balofloxacin, grepafloxacin, pazufloxacin, sparfloxacin,
temafloxacin, garenoxacin, gatifloxacin, gemifloxacm, moxifloxacin, clinafloxacin,
sitafloxacin, prulifloxacin, besifloxacin, delafloxacin and ozenoxacin, among others), a
macrolide (e.g. {c.g., azithromven, clarthromycin, ervthromyein, fiaxomyein, telithromyvein,

carbomycin A, josamycin A, kitasamycin, midecamycm/midecamycin acetate, oleandomycin,
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solithromycin, spiramycin, troleandomycin and roxithromycin, related ketolides nclouding
telithromycin, cethromyein and solithromyein), cach of which may be used alone or in

combination.

In the case of anthrax, preferred antibiotics include ciprofloxacin, levofloxacin,

moxifloxacin, penicillin G, doxyeveline, chloramphenicol, ofloxacin and mixtures thereof.

“PLAZ Inhibitors™ which term includes secretory Phospholipase A2 inhibitors and
Phospholipase A2 (PLA2) inhibitors are inhibitors of lipase enzymes that catalyze the
hydrolvsis of phospholipids at the sn-2 posttion viclding a free fatty acid and 2
lysophospholipid. PLAz contributes towards release and/or formation of at least three
important lipid mediators from membrane-arachidonic acid, platelet activating factor and
Ivsophosphatidic acid. The release of arachidonic acid from membrane phospholipids by
PLA is believed to be a key step in the control of eicosanoid production within the cell. PLA:
enzymes are usually grouped into cytosolic PLA2 (¢PLA), secretory PLA: (sPLA2) and
calcium independent PLA2 (iPLA2). Venom {e.g, snake venom) PLA2 are secreted (e,
sPLA2g). Classification 1s based on molecular weight, calcium requirerment, structural
featares, substrate specificity and fonctional rofe. See Ray, er o/, “Phospholipase Az in
Airway Disease: Target for Drug Discovery,” Journal of Drug Discovery and Therapeutics 1

(8) 2013, 28-490.

Inhibitors of PLA2 have been identified tn various sources and have been investigated
as potential therapeutic agents for treatment of inflammatory diseases. See, Magrioti,
Victoria, and George Kokotos. "Phospholipasc AZ mnhibitors as potential therapeutic agents
for the treatment of mflammatory discases." Expert opinion on therapeutic patents 20.1
(2010} 1-18}, and Denmis, Edward A, ¢t al. "Phospholipase A2 enzymes: physical structure,
biclogical function, disease implication, chemical inhibition, and therapeutic intervention."
sPLA?2 inhibitors which can be used in the invention include, but are not limited to,
LY315920 and 55920 (varespladib), LY333013 and S-3013, AZD2716-R.S (3-(5"-Benzyl-2'-
carbamovibiphenyl-3-vljpropanocic acid- as a racemic mixture) and LY433771 ((9-
H{phenvhmethyii-5-carbamovlcarbazol-4-vi joxvacetic acid), LY 311727, BMS 181162, YM
26567, Variabilin, SB 203347, 8§-2474 {(methyl indoxam} and Indoxam. In some

embodiments the PLA, inhibitor(s) is varespladib and/or methylvarespladib.
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(Other PLA2 mhibitors, such as but not hmited to other |H-indole-3~glvoxylamides,
are also useful in treatment of envenoming. One of ordinary skill in the art guided by the
present disclosure will be able to identify PLAZ inhubitors and therapeutic combinations
effective against a broad spectrum of venoms and/or tatlored to a particular subset of venoms

{eg.

=0

particular species of snake, or venoms from particular types of invertebrates, for

example).

Additional preferred sPLAZ inhibitors include those described in United States patent
no. 5,654,326 (which is incorporated by reference 1n its entirety herein)— represented by

compounds according to the chemical structure:

where X is O or §, preferably O;

Ri 15 $o-Coo alkyl, Cr~Cro atkenyl, C7-Cao alkynvl, a carbocyclic radical (preferably a benzyl

or ethylphenyl group) or a heterocyclic radical;
Rz is hydrogen, halo (F, Cl, Br, ), Ci-Cs alkyl {preferably ethyl} or Cs-Ca cycloalkyl;

Rais H or an ~O-(CHo)w-C(OYORY group, where m 1s 1-3 {preferably 1} and Rv is Hora Ci-
3 alkyl group, preferably CHs; and

Rs, Rsand Ryare H, or
a pharmmaceutically acceptable salt, solvate or polymorph thereof.

Certain preferred sPLA2 inhibitor compounds (varespladib and methvivarespladib)

for use in the present invention are represented by the chemical structure:
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where Rv is H (varespladib} or methyl (methylvarespladib), or their pharmaceutically
acceptable salts.  The above compounds alse may be used as prodrug forms O:-Ce alkyl
eaters, Co-C7 acylonyalkyl esters, or Ua-Co alkvioxvearbonylonyvalkyl esters {cach formed at
Ra). These and other related compounds for use in the present wvention are descnibed in
United States patent number 5,654,326 to Bach, et al., which is incorporated by reference in

its entirety herein.

Additional PLA: inhubitors include for example: Varcspladib Mofetid, N-Acatyl
Cysteine, LY 329722 {sodium [3-ammooxyalyl-1-benzyi-2~¢thyl-6-methyl-1H-ndol-4-
viexyf-acctic acid}, ochnaflavone {a naturally occurring biflavonoid), BPPA {5-(4-
benzyloxyphenyl}-45-{7-phenythepatonoviamine) pentancic acid, and p-
bromophenacytbromide (p-BPR) and other benzophenone oximes derivatized with syndone.
In certain embodunents, sPLAZ mhibitors for use in the current invenhion are selected from
the group consisting oft {9-{{phenyhmethyi}-S-carbamovicarbazol-4-vitoxvacetic acid; 8-
benzyl-0l-dimethoxy-S-tetrahydrocarbazole-carboxylic actd hvdrazide; 9-benzyl-3,7-
dimethoxy-1.2,3 d-tetrahvdrocarbazole-4-carboxamide; |9 benzyl-4-carbarnovi-T-methoxy-1
,2,3 A-etrahydrocarbazol-S-vijoxyacetic acid; [9- benzvl-4-carbamoyl-T-methoxvearbazol-5-
vljoxyacetic acid; methyl [9-benzyl-4- carbamoyt-7-methoxyearbazol-S-vijoxvacetic acid; S-
benzyl-7-methoxy-5~ cyanomethyloxy-S-etrahydrocarbazole-carboxamde; Y-benzyi-7-
methoxy-5- (1 Heetrazol-S~vlmethvhoxvi-1 2.3 d-tetrashvdrocarbazole-d-carboxamide; {9-
{{phenvimethyvi]-S-carbamoyl-2-methvl-carbazol-4-yl} oxvyacetic acid; {9-{(3~
fluorophenyiimethvl]-S-carbamoyl-Z-methylcarbazol-4-vioxyacetic acid; {#-{(3-
methviphenvhimethyl]-5-carbamovl-2-methvicarbazol-4-vi} oxvacetic acid; {9-
f{phenyDmethyi]-3-carbamovl-2-{d-trifluoromethylphenvi-carbazol-4d-v} oxyacetic acid; -
benzyl-3-2-methanesolfonamidojethvioxy-T-methoxy-1 2.3, 4-tetrahvdrocarbazole-4-
carboxamide; 9-benzyl-4-(2-methanesulfonamidolethyiony-2-methoxyearbazole-3-

carboxamide; 9-benzyl-4-(C-trifluoromethaneselfonamidoethvioxy-2-methoxyearbazole- 3-
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carboxamide; 9-benzyvl-S-methanesulfonamidovimethvloxy-7-methoxy-1 |, 2,3 4~
tetrahvdrocarbazole-4-carboxamide; S-benzyl-d-methanesuifonamidovimethyloxy-
carbazole-S~carbaxamide; | S-carhamovi-2-peotvl-O-{phenvimethylicarbazol-4- vijoxyacetic
acid; [S-carbamovl-2-{1 -methylethv-9-(phenvimethvljcarbazol-4-~ vioxvacetic acid; [5-
carbamoyl-S-(phenvimethyli-2-{¢nd-1 - methvlethyllsibyGoxymethyllcarbazol “vlloxyacetic
acid; | S-carbamoyl-2-phenvi-9- {phenvimethvljcarbazol-4-vijoxvacetic acid; {S-carbamoyl-Z-
{4~chiorophonyl}-9- (phenyimethyhicarbazol-d-vljoxvacetic acid; [S~carbamoyvl-2-(3-forviy-9-
{phenvimethyearbazol-d-vljoxvacetic acid; {S-carbamoyl-D-{phenvimethyl}-2-[{gnd-1 -
methvicthylisily QoxymethylicarbazolyHoxyacetic acid; {9-{(2-Fluorophenvimethyl}-5-
carbarmovicarbazol-4-vi foxvacetic acid; {9-{{Z-triflvoromethyiphenymethyl}-5-
carbamovicarbazolb-4-yl joxvacetie acid; {9-[(2-benzyiphenyiimethyl]-3~ carbamoylcarbazol-
devioxyacetic acid; {9-{{1 -naphthvlimethyll-G-carbamoyicarbazol™ vl oxyacetic aad; {9-
{{2-cvanophenyDmethyl|-S-carbamovicarbazoh-4-viboxyacetic acid; {9-{{3-
cvanopbenyDmethvi}-S-carbamovicarbazol-4-vi}oxyacetic acid; {9-[(3.5~
dimethyiphenvhnnethvl]-S-carbannovicarbazol-d-v1} oxyacetic acid; {8-{(3~
isdophenylmethyl]-3-carbannovicarbazol-4d-vi}oxvacetic acid; {9-1{(2-
Chiorophenyhimethyii-3-carbannoylearbazol-4-vlioxyacetic acid; {9-{{2,3~
diffuorophenyhmethvli-3~carbasnovicarbazol-d-vlloxnyacetic acid; {9-[(2.6-
diftuorophenvhimethyli-5-carbannoyvicarbazol-d-vi}oxyacetic acid;, {9-[(2,6-
dichlorophenymethvii-S-carbagnovicarbazol-4-yl}oxyacetic acid; {9-[{(2- biphenvijmethyil-
S-carbamovlcarbazol-4-vloxyacetic actd; {9-[(2-Bipbenyothvli-3- carbamoylearbazol-4-
vijoxyvacetic acid methyl ester; [9-Benzyl-d-catbamoyl-1 2,3 4- tetrahydrocarbazol-5-
vijoxvacetic acid: {8-{(2-Pyridybhmethyl]-S-carbamovicarbazol-4- v onyacetic acid; {9-{(3-
Pyridviionethvi]-S-carbannovicarbazol-4-yi} oxyacetic acid; [9- benzyl-4-carbamoyt-8-
noethyi-1 2.3 d-tetrahydrocarbazol-S~yHoxyacetic acid; [9-bouzyi~ S-carbamovi-i -
methylearbazol-d-vlioxvacetic acid; [9-benzyi-4-carbamoyi-8-fluore- 1 2,3 4-
tetrahydrocarbazol-3-vljoxyacetic acid; {9-benzyl-4-carbamoyl-8-chlora-1 2.3 4-
tetrahydrocarbazol-5-vloxvacetic acid; {S-carbamov!-9-{phenyinnethvl-2-{{{propen-3-
vhoxyhoethvlicarbazol-4-ylloxyacetic acid; [S-carbamovi-9-{phenvimethyiz-2-
Hpropvloxyimethyvllearbazolylloxyacetic acid; 9-benzyvi-7T-methoxy-3-
{{carboxanudonnethyioxy-ietraliydrocarbazole-carboxanmide; 9-beonzyl-7- methoxy-S-
cvanonnethyloxy-carbazole-carboranmde; Y-benzvl-7-methoxy-5-((1 H- tetrazol-5-yi-
methyloxy carbazole-4-carboxannide; 9-benzyl-T-methoxy-5- {carboxamidomethyDoxy -

carbazole-d-carboxamde; {9-Benzyl-4-catbamoyl-1 2,34~ tetrahydrocarbazole-5-
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vioxvacetic acid: {9-[{phenybmethyl}-S-carbannoyvl-Z-nuethyi- carbazol-d-v1}oxvacetic
acid; {9-[(3-floorophenybmethvi]-S-carbannovi-2-mnethvicarbazol- 4-vioxyacetic acid: {9-
iG-mcthyiphenyhonethyl]-5-carbannovi-2-oncthyvicarbarol-4- vijoxyvacetic acid; {9~
i(phenvimethyi]-S-carbamoyl-2-{(4-trifluoromethyiphenyi}-carbazol- 4-vi}oxvacetic acid; 9-
benzyvi-S-2-methanesutfonamidokthyloxy-7-methoxy-1 2,3 4~ tetrahydrocarbazole-4-
carboxamide; 9-benzyi-4-(Z-methancsulonamidojethyloxy-2- methoxyearbazole-5-
carboxanude; 9-beneyvl-4-(2-trifluoromethanesulfonamidajethvioxy- 2-methoxyearbazole-3-
carboxanide; 9-benzyl-S-methanesulfonanudovimethyloxy-7- methoxy-1 23 4~
tetrahvdrocarbazole-4-carboxamide; 9-benzyl-4- methanesulfonamidoyimathyloxy-
carbarole-5~carhoxamide; {5-carbamovi-2-peutvl-9- {phenvimethyijcarbazol-4-ylloxyacetic
acid; [S-carbamoyh-2-(1 -methyvlethyvl}-9- {phenvimethylearbazol-4-vioxvacetic acid,; [5-
carbamoyi-S-(phenvimethyl-2-{{tn~ 1 ~ methylethyvlsibvOoxymethyvllcarbazolyloxyacetic
acid; [ S-carbamovi-Z-pheayl-8- {phenyimethyvlearbazol-4-vijoxvacetic acid; {S-carbamoyl-2-
{4~chiorophouvl}-9- {phenyimethylicarhazol-d-vljoxvacetic acid; [S~carbamovi-2-(3-forvi}-9~
{phenvimethyiearbazol-d-vljoxvacetic acid; [S-carbamovl-O-{phenvimethyl}-2-[{End-1 -
methyvicthylisilyQoxymethyltcarbazol-viloxyvacetic acid; {8-{G-fhuwrophenyimethyl}-3-
carbarnoyicarbazol-4-vitoxvacetic acid: {9-{(3-chlorophenvlimethyii-5- carbamovicarbazol-
d-vitonvacetio acid; {9-[(3-phenoxyphenylimethyl]-5- carbamovicarbazol-4-yiioxvacetic
acid; {9-{{2-Fluorophenylmethvi]-5- carbamovicarbazol-4-yi} oxyacetic acid; {9-[{2-
triflooromethylphenyvimethyil-5- carbamovicarbazol-4-yl}oxyacetic acid; {9-[{(2-
benzyiphenvimethyl]-5- carbamoylcarbazob-d-vitoxyacetic acd; {9-{(3-
irifluoromethyiphenyhmethyl]-3- carbamovicarbazol-d-v}oxyacetic acid; {3-H1 -
aaphithvippethvib-dcarbamovicarbazol vitoxvacetic acid; {9-{{2-cvanopbenviimethyi}-5-
carbamovicarbazol-4-vitoxvacetic acid; {9-{(3~cvanophenybmethyli-3-carbamoyicarbazol-4-
vitoxvacete acid; {9-H{2- methyiphenvhouethyii-5~carbanvovicarbazol-4-vitoxvacctic acid;
{9-1{3- methyiphenyhuonethyl-5~carbannovicarbazol-d-voxvacetic acid; {9-{(3,5-
dimethvipheoylnocthyl]-3-carbannovicarbazol-d-vitoxvacetic acid: {9-{{3~
iodophenylymethyi}-5-carbannovicarbazol-4-vioxvacetic acid; {9-{(2-
Chiorophenyhmethyii-5~carbannoyicarbazol-d-vioxyacetic acid:, {9-{{2,3-
diftuorophenyhmethyvii-S-carbannovicarbazol-d-yl}oxyacetic acid; {9-[(2,6-
diffecraphenymethvii-S-carbannovicarbazel-4-yll oxyacetic acid; {9-[(2,6-
dichloropbenymethvl}-S-carbannovlcarbazol-4-vioxvacetic acid; {9-[(3-
trifluoromethoxyphenylnnethyli-3~carbannoyicarbazol-4-yijoxvacetic acid; {9-{(2-

bphenyhimethyli-3-casbannoyicarbazol-d-vioxyacetic acid; {9-[{Z-BiphooyDmethyii-5-
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carbamoylearbazol-d-vijoxvacetic acid methyl cster; [9-Benzyl-d-carbamoyi-1 2,3 .4~
tetrahvdrocarbazole-3-vloxyacetic acidy {9-{(2-PyridyDmethvi-S-carbamovicarbazol-4-
vitoxvacete acid; {9-{(3-Pyndvhuncthyi-3-cathannovicarbazol-4-vltoxyacetic acid; {9~
benzyl-d-carbamoyi-8-nncthyl-1 2,3 d-tetrshvdrocarbazol-S-yHoxyacetic acd; [9-benayl- 5-
carbamoyl-1 -methylcarbazol-d-yioxyacetic acid; {8-benzyl ~carbamoyi-&-fluore-1,2,3 4~
ctrahydrocarbazol-3-vijoxyacetic actd; [6-benzyi-S-carbannovi-l -fluorocarbazol- 4-
vijoxvacetic acid: [9-hbenzyi-4~carbamovi-8-chloro~-1 2,3 4-tetrahvdrocarbazol-5-
vHoxvacetic acid; [9-benzyl-S~carbamovl-t ~chlorocarbazol-4-vloxyacetic acid; {9-
HCyelohexybBmethvi]-S-carbannovicarbazol-4-vljoxyacetic acid: {8-[{Cyvelopentyipmethyl]-
3-carbamoyicarbazol-4-vlloxyacetic acid; {$-carbaraoyl-U-{phenyvimethyh-2-(2-
thienyljcarbazol-d-viloxvacetic acid; [S-catbamoyl-3-{phenyvinnethyh)-2-{{{propen-3-
vhoxy jmethyljcarbazol-d-viloxvacetic acid; [S-carbamoyl-9-{phenyinnethyl)-2~
i{propyioxyimethylicarbazol-viHoxyacetic acid; 9-benzvl-7-methoxy-5-
{{carboxamdomethylony-tetrahyvdrocarbazole-carboxamide; 9-benzvi-7- mothoxy~5-
cvanomethvloxy-~-carbazole~carboxamide; 9-benzyl-T-methoxy-5-{{1 H- tetrazol-5-v1-

methvijoxy pcarbazole-4-carboxamide; 9-benzyl-7-methoxy-5- {{carboxamidomethyljoxy)-
carbazole-d-carboxamide; {9-Benzyl-d-carbamovt-1 2,3 4~ tetrahydrocarbazole-5-
vioxyasetic acid; (R.S}-(9-benzvi-4-carbamsovi-{-oxo-3-thia- | 2,3 d-tetrabvdrocarbazol-3-
vhoxvacetic acid; (R.53-{%-benzvi-d-carbamoyi-3-thia- 1 23 d-tetrabydrocarbazol-3-
yhoxyacetic acid; 2-{$-oxo-S-carboxamido-9-benzyl-9/+/- pyrido{3, 4-ibhndoiviacetic acid
chlonde; {N-benzyl-1 ~cathamoyi-f-aza-1 2,3 4~ tetralydrocarbazol-8~-yioxyacetic acid; 4~
methoxy-G-methoxyearbonyi-H0-phenvimethyvi- 6,78 S-tetrahydropyridef] 2-alindole: (4-
carboxamdo-$-phenyimethyi-4,5- dihydrothiopyrano 3, 4-blindol-3-voxyacetic acid; 3,4~
dihwydro-d-carboxamidol-5- methoxy-9-phenyimethvipyranof 3 4-iblindole:; 2-{{2,9 bis-
benayl-d-carbaraovi-i 2,3 4~ tetrahydro-betacarbolin-S-vloxylacstic acd; 2-[4-0ox0~5-
carboxamido-2-(2- methvibenzy}-9/-/~pynido[3 4-ibjindolytacetic acid; 2-{4-ox0-5~
carboxamido-9-03- methyibenzyi}-9/-/~pyrido{3 d-iblmdolyljacetic acid; 2-{4-0x0-5-
carboxanudoe-9-{4- methvibenzyi}-%/~/-pyrido[3 4-tbhmdolviiacetic acid; 2-{4-ox0-~5-
carboxamdo-9-{4-teri- butylbenzyl-9//~pyndo]3 4-blindolyljacetic acid; 2-[4-0ox0-5~
carboxamdo-8- pentathuorobenzyl-8/-/-pyrido{3,4-iblindolvijacetic acid; 2-{4-ox0-5-
carboxamido-9-(2- fluorcbenzy}-9/-/-pyvrido| 3, 4-ibjindolyliacetic acid; 2-[4-oxo-3-
carboxamido-9-(3- tluorohenzyl}-9/-/-pyride]3,4-ibjindolylacctic acid; 2-[4-oxo-3-
carboxamido-2-(4- fluorobenzy}-9/-/-pynidof3,4-iblndolvljacenc acid; 2-f4-ox0-5-

carboxamido-9-(2 6~ difluorobenzy}-0//-pyndo]3 4-blmdolyliacetic acid: 2-{4-ox0-3-
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carboxamido-9-(3 4~ diftuorchenzyl-9/~/-pyrido[3 4-iblmdoivijacetic acd; 2-{d-ox0-5-
carboxammdo-9-(2,5- diftuorcbenzyl-9/-/-pyrido]3, 4-ibhndolvijacetic acid; 2-{4-ox0-5-
carboxamido-9-(3,5~ difluorohenzyl)-9/-/-pyrdoi3 4-bjindobvljacetic acid; Z-f4~oxo-3-
carboxamido-9-(2, 4~ diffuorobenzyty-8/+/-pynido3 4-blindolyijacetic acid; 2-{4-0x0-5-
carboxamido-9-(2 3~ diftuorobenzy-8/+/-pynido]3 4-ibjmdolyifacetic acid: 2-{4-oxo-5-
carboxamido-9-12- {tnfluoromethyBbeneyii-9/~/-pyndo]3 4-ibjindolyliacetic acud; 2-{4-0xo-
S~carboxamido-b- [2-{tnfluoromethyibenzy! |-9/-~pynido[3,4-ibjindoivijacetic acid; 2-j4-
oxo-S-carboxamido~ 9-[3-(rifluoromethyDbenay -9/~ pvrido] 3 4-iblindolviacetic acid; 2-
{4-oxo-3- carboxamido-9-[4-{triflecromethylbenzyl |-9/-/-pyrido]3 4-ibhndolytacetic acid;
2-[4-0x0- S-carboxamido-9-{3,5-bis(tvifluoromethyhbenzyi-9/~/-pyndo| 3, 4-thimdolvliacetic
acid; 2- [4-oxo-S-carboxanido-9-[2 4-bisinflusromethyhbenzy1]-9/-/-pyrido{3 4-
ibiindobviacetic acid; 2-[4-oxo-5-carboxamido-9-(a-methyinaphthyl -9/ -/ pyrido{3 4~
ibjindolyviacetic acid; 2-f4-oxo-3-carboxamido-9-{b-methyloaphthyl)-9/-/-pyridoi3 4~
ibjindolvijacetic acid; 2-[4~ ono~-S-carbovamido-9-(3 S-dimethyibenzy}-9/~/~pyridof 3.4~
ibhindolvljacetic acid; 2-f4-ox0- S~carboxamido-9-(2 d-dimethyibenzyv}-9/~/-pyridof 3 4~
ibhndolvilacetic acid; 2-f4-oxo-5- carboxamido-9-2-phenytbenzyi}-9/-/-pyridof 3 4-
ihjindolvijacetic acid; 2-f4-ox0-5- carboxamido-9-{3-phenythenzyi}-9/~/-pyvridof 3.4~
ib}indolytlacetic acid; 2-[4-ox0~3~ carboxanudo-9-(4-phenyibenzyi}-9/-/-pvridof 3,4~
iblindolvifacetic acid; 2-[4-ox0-3- carboxamido-9-(1 -fhuorenvhmethy}-9/-/~pyndof3 4~
ibjindolyiacetic acid; 2-{4-oxo-3- carboxamido-9-{2-flooro-3-mathylbenzy }-9/-/~pyrido]3.4-
ibjndolvifacetic acid; 2-{4-oxo-3- carboxarido-9-(3-benzoyibenzyl}-9/-/-pyridof3 4-
ibhindolvljacetic acid; 2-[4-ox0-5- carboxamido-9-{2-phenoxybenzyl-¢/-/pyrido]3 4~
ibhndolvljacetic acid; 2-[4-0x0-5- carboxamido-9-(3-phenoxybepzyl}- 9/ pyrido]3 4~
ihjindolvijacetic acid; 2-f4-ox0-5- carboxamido-9-{4-phenoxybenzyl}-9/-/-pyridof3,4-
iblindolvilacetic acid; 2-{4-oxo~5~ carboxannido-9-[3-{ 2-(fluorophenoxyibenzy i} -9/~
pvrdo]3 4-blindolvliacetic acid; 2-[4- oxo-5-carboxamido-9-[3-[4-(fluocrophenoxyibenzyi}~
S/-f-pyrido]3,4-1blindolviiacetic acid; 2-{4~axo-S-carboxamido-9-{ 2 -fluoro-3~
{rifluoronnethylibenzyl -9/ -/~pyrdoi3 4~ £>mdolvliacetic acid; 2-[4-oxo-5-carboxamido-9-
[2-flworo-d-{trifluoronnethyDbenzvl}-9/-/- pyvrido3 d-ibhndolyilacetic acid; 2-[4-ox0-3-
carboxammdo-9-{2-fluore-3- {triflucromethylbenzyl|-SH-pyrido| 3 4-dbimdolviiacetic acid; 2-
f4-oxo-3-carboxamido-9- | 3-fluoro-S-{tnflucromethy Dbeney-9/~/-pyrido{3.4-
iblindolvtlacetic acid; 2-[4-0%0~3~ carboxamido-9-{4-fluoro-2-(irfiuoronnethylbenzyi]-9/-/-
pyvrido[3,4-blindohvllacetic acid; 2~ {4~-oxg-S-carboxamido-9-[4-fluore-3-

{triffooronnethyhibenzyi-S/-/pvridof3,4- iblindolyliacetic acid, 2-{4-0oxo-5-carboxamido-9-



WO 2021/076712 PCT/US2020/055709

42

[2-fluoro-6-{triflugronnethyDbenzvi}-3/-/- pyvridol3 d-ibHodolhyllacstic acid; 2-[4-ox0-3-
carboxamido-9-(2,3 6-trifluorobenzy}-8/-/+ pyridof3,4-iblndolvljacetic acid; 2-[4-ox0-5-
carboxamido-9-(2,3 S<rifluorcbenzyh-9/-/~ pyridoi 3, 4-thindolvilacetic acid; 2-f4-0x0-3~
carboxamido-9-(2, 4, S-irifluorchenzyly-9/-/- pyndoi3 4-iblmdolvljacetic acid; 2-f4-ox0-5-
carboxamideo-9-(2 4, 6-triflaorobenzyl)-9/-/- pyridoi3 4-blindobvlacetic acid: 2-[4-ox0-5-
carboxamido-9-(2,3 4-triflacrobenzyi)-9/-/- pyridoi3,4-iblindolviiacetic acid: 2-[4-oxa-5-
carboxanido-9-(3.4, 5~-trifluorabenzyl}-9/+/- pyridol3,4~blindolvljacenic acid; 2-[4-oxa-5-
carboxamido-9-3-{influoronnethoxylibenzyll- 9/-/Apyrido[3,4-bhndolvijacetic acad; 2-{4-
oxg-S-carboxamido-2-{4- {rifluorommethoxylibenayvi]-9%/-/-pyrido|3 4-ibjindobvljacetic acid;
2-[4-oxo-5~carboxanudo-9- {4~methoxvitetrafluoro jbenzyl -4/ ~/-pyridol 3 4-blindolytiacetic
acid; 2-{4-ox0-~5- carboxamido-9-(Z-nnethoxybenzvi}-9/~/pyrido] 3, 4-ibiimdolvacetic acid;
2-{4-0x0-5- carboxamido-9- S-mmethoxybenzy}8/+/~pyrido] 3. 4-ib lindolyljacetic acid, 2-[4-
oxo-3- carboxarnido-9-(4-nnethoxybenzyi}-9/-/~pyrido| 3, 4-ibjindolyliacetic acid; 2-{4-oxo-3-
carboxannido~-9-{4-cthylbenzyip-9/-/~pyadol 3 d-ibjndolvijacetic acid; 2-[4~oxo-5-
carboxando-9-(4-isopropvibenzyh-9/~/pyridol 3 4-ibindelyljacetic acid; 2-{4-0ox0-5-
carboxamido-9-(3.4, 5-rinnethoxybenzyl )-9/-/~pyridei3 4-ibjindolvljacetic acid; 2-[4-ox0-5-
carboxamido-9-(3 4-nncthylencdionybenzyviy-9/-/-pyrido] 3 4-iblindolvijacetic acid; 2-{4-
oxo~S~carboxarido-Y-{4-nnethoxy-3-nnethythonzy -9/ -/-pyrdo{3 4-ibhndolvijacetic amd; 2-
{4-oxo-S-carboxamido-9-(3, 3-dinnethoxybenzvi}-9/-/-pyvrdof3,4-ib jindolyljacetic acid; 2-{4-
oxo-3-carboxamido-9-(2 S-dmnethoxvbenzy-9/-/-pyado{3 4-iblindolvijacetic acid; 2-{4-
oxo-3-carboxanido-9-{(4d-cthoxyhenzyl}-0/-/-pyrida| 3, 4-iblindolyvijacetic acid; 2-{4-ox0-5~
carboxamido-8-{eyclohexylnnethyly-9/-/-pyvrido[3,4-bndolvliacetic acid; 2-[4-ox0-5-
carboxamdo-9-{cyclopentylnncthy}-8/-/~pynido} 3 4-iblindolvljacetic acid; 2-{4-0x0-5-
carboxamido-9-athyl-9/-/-pyrido]3 4-blindolyijacetic acid; 2-[4-oxo-5-carboxamido-9-(1 -
propyi-9/-/~pyridof 3, 4~ibhndolyiacetic asid; 2-{4~oxo-S-carboxamido-9-(2-propyi}-9/-/-
pyvridof3,4-iblindolylacetic acid; 2-[4-oxo-5-carboxamido-9-(1 -butyi}-9H-pyndoef3,4-
hndolyijacetic acid; 2-{4-oxo-S~carboxamido-9-(2-butvi}-%/-/~pyridof 3. 4-iblindsivijacetic
acid; 2-[4-oxo-5-carboxanudo-9-isobutyl-9/-/~pyrido[3,4~bhndoiviiacetic acid; 2-{4-ox0-5-
carboxamido-9-[2-(1 -phenviethy -9/ ~pyndo] 3 4-iblindolyljacetic acid; 2-[4-ox0-5-~
carboxamido-9-i3-(1 -phenvipropvii-9/-/-pyiido|3,4-ibhindolviiacetic acd; 2-{4-ox0-3-
carboxamido-9-{4-{ 1 ~phenvibutyl}}-9/-/-pyridof3.4-iblindolvijacetic acid; 2-{4-ox0-5-
carboxamido-9-(1 -pentyl}-9/-/-pynidof3,4-ibjindolvtiacetic acid; 2-{4-oxo-3-carboxanido-9-
{1 -hexyl}-9/-/~pyndof3 4-iblindolyljacetic acid; 4-[(9-benzyi-d-carbamoyl-1 2 3,4~

tetrahvdrocarbazol-6-vljoxy fbutvric acid; 3-{{(9-benzyi-decarbamoyi-1 2,3 4~
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tetrahvdrocarbazob-0-vOoxyipropyiphosphonic acid; 2-[(9-benzyl-4-cathamoyl-1 |23 ,4~
tetrahvdrocarbazol-6-yhoxy jmethylbenzoie acid; 3-[(U-benzyt-d-carbamoyl-7-n-octyl- 1

2,3 d-tetrabyvdrocarbazol-6-y1oxy jpropyiphosphonic acd; 4-{{%-benzyvi-d-cathamoyi-7-
sthvl-1 2.3 4-tetrahydrocarbazol-6-vhioxyibatyric acid; 3-{(%-benzyl-4-carbamoyi-T-athyl~ |
2.3 d-tetrabydrocarbazol-6-yDoxyipropyliphosphonic aad; 3-{(9-benzyl-d-carbamoyl-7-
ethvi-1 2.3 4-tetrabydrocarbazol-6-vioxyipropyiphosphonic acid; {83(+)-4-{{9-benzyl-4-
carbamovl-7-ethyl-1 2,3 d-tetrabydrocarbazol-6-vioxyibutynic acid; 4-[9-bonzyvi-4-
carbamovl-6-{Z-cyanoethyl}-1 2.3 d-tetrabvdrocarbazol-6-yHoxybutyric acd; 4-[9-benzyl- 4-
carboxamido-7-(Z-phenviethyi}-1 2.3 d-teirabvdrocarbazol-6-vHoxybutyrne acid; 4-f9-
benzyl-4-carboxamidocarbazoi-6-vlioxvbutyric acid; methvi 2-{{9-benzyi-4-carbamoyl- 1
2,3, d-tetrabvdrocarbazol-6-yoxy methyibenzoate; 4-[9-benzyl-d-carbamoyl-7-(2-
cyanoethyli-1 2,3 d-tetrahydrocarbazol-6-v1oxybutyric acid; $-benzyb-T-methoxy-S-
cyanomethyioxy-tetrahydrocarbazole-carboxamide; [9-benzyi-4-carbamoyi-8- methyi-
carbazole-S-viloxyacetic acid; and [8-henzyM-carbamovl-carbazole-S-vijoxyacetic acid, or
phammaceuntically acceptable salts, solvates, prodrog denvatives, racemates, fautomers, or

optical isomers thereof.

Direct and ndirect PLA» inhibitors also nclude N N-dimethylcarbamoyimethyl 4-4-
guanidinobenzovloxy-phenylacetate {Camostat, camostate) or cthyl-p{6-
guanidinchexanoyloxy]-benzoate methansulfonate {gabexate) and levukotriene synthesis
inhibitor selected from the group consisting of methyl arachidonyl fluorophosphonate
(MAFP), pyrroxyphene, ONO-RS-082, 1-[3-{(4-octylphenoxy}-2-oxopropvijindole-5-
carboxylic acid, 1-[3-(4-octylphenoxy)-2-oxopropyllindole-6-carboxylic acid, arachidonyl
trifluoromethyl ketone, D609, 4-{3-{5-chloro-2~2-{(|(3,4-
dichlorobenzylsulfonvljamino jethvl)-I-(diphenyimethyl)-1H~ndol-3~yljpropyl }benzoic
acid (WAY-196025), c¢fipladib, 4-{2-[5-chloro-2-¢2-3{(3,4-dichlorobenzylisuifonyljamino} -
ethyl)-1-(diphenylmethyl)- 1H-indol-3-vlethoxy} benzoic acid, Ecopladib, (E)-N-[{25 4R)-4-
IN-(biphenyl-Z-ylmethyl}-N-2-methylpropylamino}-1-{2-(2,- 4~
diftuorobenzovibenzovljpyrrohdin-2-ylimethyl-3-[4-(2.4-dioxothiazolidi- n-5-
vhidenemethyl} phenyliacrviamide (RSC-3388), berberine, glutamine, darapladib ora

pharmaceutically acceptable salt thereof.

“Metalloprotease inhibitors™ include, but are not imited to, prinomastat, BB-94

{marimastat), BB-2516 (batimastat}, vorinostat, cefixime and doxveveline. QGther
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metalloprotease mhbitors that may be used n the mvention include but are not lnnited to,
TAPE-2, TAPI-1, EGTA, EDTA, phosphoramadon, TAPI-0, Luteolin, alendronate,
tanomastat, ilomastat, prinomastat, nafamostat, collagenase inhibitor 1, Ro-32-35335,
lactobionic acid, o-phenantroline, ecotin, 4-epi-chlortetracyclhine, teracychine, doxvevehne or
related antibiotic with additional, salutary antimicrobial effect, n-dansyl-d-phenylalanine,
20{R]ginsenosideRhZ, pro-leu-gly-hydroxymate, gm6001, actinonin, arp-100, MMPY
inhibitor I, MMP2 inhibitor I, SB-3CT. Thiorphan (DL), 4-cpi-demeclocycline, zinc
methacrylate, funalenone, and thewr analogs, derivatives, pharmaceutically acceptable salts,

enantiomers, diastereomers, solvates and polymorphs and mixtures thereof.

Unexpectedly, use of at least one PLA2 inhibitor and/or a metalloprotease inhibitor as
described herein in combination with one or more antibiotics as described herein has been
found to be particolarly effective to ameliorate, nhibit and/or reduce the likelihood of an
mjured patient or subject at risk of becoming infected or who has become infected such that
the mfection will produce one or more of sepsis, septic shock, an acute inflammatory
syndrome such as systemic mflammatory response syndrome (SIRS) and/or acute respiratory

distress syndrome (ARDS).

The term “neo-natal ARDS” is used to describe a common clinical critical disease and
is one of the mamn causes of death and disability in neonates. The etiology and pathogenesis
of neonatal ARDS are complicated. I is an acate pulmonary inflanmumatory disease cansed by
the lack of pulmonary surfactant (PS) related to various pathological factors. It is often
difficult to distinguish nconatal ARDS from other discases. Prior to the present invention,
there was no specific treatment method for this disecase, although respiratory support, PS
replacement, extracorporeal membrane oxygenation, nutrition support and hiquid
management are main treatment strategies. The term “meconium aspiration syadrome” or
MAS 1s a Iife-threatening type of neonatal ARDS with high rates of mortality and no
approved treatments. meconium aspiration syadrome {(MAS) is known to damage sorfactant.
it is known that surfactant function is damaged and correlates with lung acration and as
consequence of these changes, surfactant nanostructure is also damaged. Meconium is the
first feces, or stool, of the newbom. mecomum aspiration syndrome occurs when a newbom
breathes a mixture of mecomum and ammniotic fhud into the hings around the time of delivery.
meconium aspiration syndrome, 2 leading cause of severe illness and death in the newborn,

occurs in about 5 percent to 10 percent of births. It typically occurs when the fetus 1s stressed
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during labor, especially when the infant is past its due date. Until the present imvention, there

was no known effective therapeutic method for mecontum aspiration syndrome or MAS.

Phammaceutical compositions comprising combinations of an effective amount of an
antibistic as disclosed herein, often according to the present invention inchuding one or
additional PLAZ inhubitor and/or metalloprotease inhibitor as otherwise described herein, all in
effective amounts, in combination with a pharmaceutically effective amount of a carrier,
additive or excipient, represent a further aspect of the present invention.  These may be used in
combination with at least one additional, optional bicactive agent, especially agents which can

be used to address additional symptoms of the patient or subject to be treated.

The compositions of the present invention may be formulated in a conventional manner
using one or more pharmacewtically acceptable carners and may also be administered in
controlled-release formulations. Pharmaceutically acceptable carriers that may be used in
these pharmaceutical compositions include, but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, serum proteins, such as human serum albumin, buffer substances
such as phosphates, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or electrolytes, such as prolamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium chloride, zine salts, colloidal
silica, magnesium trisilicate, polyvinyl pyrrolidone, celhulose-based substances, polyethylene
glveol, sodium carboxymethylcellulose, polvacryviates, waxes, polyethylene-polvoxypropylene-

block polvmers, polvethviene glycol and wool fat.

The compositions of the present invention may be administered orally, intratracheally,
parcunterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an
mplanted reservoir, among others. The term "parenteral” as used herein includes
subcutancous, intravenous, intramuscular, intra-articular, intra-synovial, mtrastemal,
mtrathecal, intrabepatic, intralesional and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally (ncluding via intubation through the

mouth or nose mto the stomach), intraperitoneally or intravenously.

Sterile injectable forms of the compositions of this invention may be aqueous, a
stabilized hiquid or oleaginous suspension. These suspensions may be formulated according to

techniques known in the art using suitable dispersing or wetting agents and suspending agents.
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The sterile injectable preparation may also be a sterile injectable solution or suspension in a
non-toxic parenteraily-acceptable diluent or solvent, for example as a sohution in 1, 3-
butanediol. Among the acceptable vehicles and solvents that may be emploved arc water,
Ringer's solution and isotonic sodium chloride solution. Tn addition, sterile, fixed oils are
conventionally emploved as a solvent or suspending medium. For this purpose, any bland fixed
oil may be emploved mchuding synthetic mono- or di-glveerides. Fatty acids, such as oleic acid
and its glvceride derivatives are useful in the preparation of injectables, as are natural
phamaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solations or suspensions may also contain a long-chain

alcohol diluent or dispersant, such as Ph. Helv or similar alcohol.

The pharmaceutical compositions of this invention may be orally administered in any
orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous
suspensions or solutions. In the case of tablets for oral use, carriers which are commonly used
imclude lactose and com starch. Lubricating agents, such as magnesium stearate, are also
typically added. For oral admunistration in a capsule form, useful difuents inclode lactose and
dried corn starch. When aqueous suspensions are required for oral use, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring or

coloring agents may also be added.

Alternatively, the pharmaceutical compositions of this invention may be administered
in the form of suppositories for rectal admunistration. These can be prepared by mixing the
agent with a suitable non-irritating excipient which is solid at room temperatare but liquid at
rectal temperature and therefore will melt in the rectum to release the drug. Such materials

include cocoa butter, beeswax and polyethylene glycols.

The pharmaceutical compositions of this invention may also be administered topically,
especially to treat skin bacterial infections or other discases which occur in or on the skin.
Suitable topical formulations are readily prepared for cach of these areas or organs. Topical
application for the lower iniestinal tract can be effected in a rectal suppository formalation (see
above) or in a suitable enema formulation. Topicallv-acceptable transdermal patches may also

be used.
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For topical applications, the pharmaceutical compositions may be formulated in a
suitable omtment containing the active component suspended or dissolved in one or more
carriers or administered by microncedle patch. Carriers for topical administration of the
compounds of this invention include, but are not limited to, mineral oil, liguid petrolatum,
white petrolatum, propylens glveol, polvoxyethvlene, polvoxypropylene compound,

emulsifying wax and water.

Alternatively, the pharmaceuntical compositions can be formulated 1 a suitable lotion or
cream containing the active components suspended or dissolved in one or more
pharmaceutically acceptable carriers. Suitable carriers mclude, but are not limited to, mineral
oil, sorbitan monostearate, polysorbate 60, cety] esters wax, cetearvi aleohol, 2-octyldodecanol,

benzyl aleohol and water.

For ophthalmic use, the pharmaceutical compositions may be formulated as micronized
suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in isotonic, pH
adjosted sterile saling, either with our without a preservative such as benzylalkontam chloride.
Alternatively, for ophthalmic uses, the pharmaceutical compositions may be formulated in an

ointment such as petrolatum.,

The pharmaceutical compositions of this invention may also be administered by nasal
acrosol or inbalation. Such compositions are prepared according to techniques well-known in
the art of pharmaceutical formulation and may be prepared as solutions in saline, employing
benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability,

fluorocarbons, and/or other conventional solubilizing or dispersing agents.

The amount of compound in a pharmaceutical composition of the instant invention that
may be combined with the carrier materials to produce a single dosage form will vary
depending upon the host and disease treated, the particular mode of administration. Preferably,
the compositions should be formulated to contain between about 0.05 mitligram to about 750
milligrams or more, more preferably about 1 milligram to about 600 milligrams, and even
more preferably about 10 milligrams to about 500 milligrams of active ingredient, alone or in
combination with at least one additional compound which may be used to treat a pathogen,
especially a bacterial {often a gram-negative bactenialy infection or a secondary effect or

condition thereof.
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Methods of treating patients or subjects i need for a particular disease state or
condition as otherwise described herein, especially a pathogen, especially a bacterial
mfection, 1n particular, a gram-negative bacterial infection, comprise administration of an
effective amount of a pharmaceutical composition comprising therapeutic amounts of one or
more of the novel compounds described herein and optionally at least one additional
hicactive {¢.g. additional antibiotic) agent according to the present invention. The amount of
active ingredient(s) used in the methods of treatment of the instant invention that may be
combined with the carrier materials to produce a single dosage form will vary depending
upon the host treated. the particular mode of administration. For example, the compasitions
could be formulated so that a therapeutically effective dose of between about 0.01, 0.1, 1, §,
10, 15, 20, 25,30 , 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90 or 100 mg/kg of patient/day
or in some embodiments, greater than 100, 110, 120, 130, 140, 150, 160, 170, 180, 190 or
200 250 mg/kg of the novel compounds can be administered to a patient receiving these

CoOMpositions.

it should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the activity of the specific
compound emploved, the age, body weight, general health, sex, diet, time of adnunistration,
rate of excretion, drug combination, and the judgment of the treating phyvsician and the severity

of the particular disease or condition being treated.

A patient or subject {e.g. a human) suffering from a bacterial infection can be treated by
administering to the patient (subject) an effective amount of a compound according to the
present invention including pharmaceutically acceptable salts, solvates or polymorphs, thereof
optionally in a pharmaceutically acceptable carrier or diluent, either alone, or m combination
with other known antibiotic or pharmaceutical agents, preferably agents which can assist in
treating the bacterial infection or ameliorate the secondary effects and conditions associated
with the mfection. This treatient can also be administered in conjunction with other

conventional therapies known in the art.

The present compounds, alone or in combination with other agents as descnibed herein,
can be administered by any appropriate route, for example, orally, parenterally, intravenously,

intradermally, subcutaneously, or topically, in liquid, cream, gel, or solid form, or by aerosol
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form.

The active compound is included in the pharmaceutically acceptable carrier or dituent
n an amount sufficient to deliver to a patient a therapeutically effective amount for the desired
mdication, without causing serious toxic effects in the patient treated. A preferred dose of the
active compound for all of the herein-mentioned conditions is in the range from abowt 10 ng/kg
to 300 mg/kg, preferably 0.1 to 100 mg/kg per day, more generally 0.5 to about 25 mg per
kilogram body weight of the recipient/patient per day. A typical topical dosage will range from

about 0.01-3% wit/wt in a suitable carner.

The compound is conveniently admunistered 1n any suitable unit dosage form, including
but not himited to one containing less than Img, 1 mg to 3000 mg, preferably 5 to 500 mg of
active ingredient per unit dosage form. An oral dosage of about 25-250 mg is often

convenient.

The active igredient is preferably admmistered o achieve peak plasma
concentrations of the active compound of about 0.00001-30 mM, preferably about 0.1-30
udM. This may be achieved, for example, by the intravenous injection of a solution or
formulation of the active ingredient, optionally in saline, or an agueous medium or
admuinistered as a bolus of the active ingredient. Oral administration is also appropriate to

generate cffective plasma concentrations of active agent.

The concentration of active compound in the drug composition will depend on
absorption, distribution, inactivation, and excretion rates of the drog as well as other factors
known to those of skill inthe art. Tt is to be noted that dosage values will also vary with the
severity of the condition to be alleviated. It is to be further understood that for any particular
subject, specific dosage regimens should be adjusted over time according to the individual
need and the professional judgment of the person administering or supervising the
adounistration of the compositions, and that the concentration ranges set forth herein are
exemplary only and are not intended to himit the scope or practice of the claimed
composition. The active ingredient may be administered at once, or may be divided into a

number of smaller doses to be administered at varving intervals of time.

Oral compositions will generally inchude an inert diluent or an edible carrier. They
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may be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound or its prodrug dervative can be incorporated
with excipients and used in the form of tablets, troches, or capsules. Pharmaceutically
compatible binding agents, and/or adjuvant materials can be included as part of the

composition.

The tablets, pills, capsules, troches, sachets and the like can contain any of the
following ingredients, or compounds of a similar nature: a binder such as microcrystalline
cellulose, gum tragacanth or gelating an excipient such as starch or lactose, a dispersing agent
such as algmic acid, Primogel, or corn starch; a lubricant such as magnesiom stcarate or
Sterotes; a ghdant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring.
‘When the dosage unit form is a capsule, it can contain, in addition to material of the above
type, a liquid carrier such as a fatty oil. In addition, dosage unit forms can contain various
other materials which modify the physical form of the dosage unit, for example, coatings of

sugar, sheliac, or enteric agents.

The active compound or pharmaccutically acceptable salt thereof can be adminstered
as a component of an elixir, suspension, syrup, wafer, chewing gum or the like. A syrup may
contain, in addition to the active compounds, sucrose as a sweetening agent and certain

preservatives, dyes and colorings and flavors.

The active compound or pharmaceutically acceptable salts thereof can also be mixed
with other active matertals that do not impair the desired action, or with materials that
supplement the desired action, such as other anticancer agents, antibiotics, antifungals, anti-
mflammatories, or antiviral compounds. In certain preferred aspects of the invention, one or
more chimeric antibody-recruiting compound according to the present invention is co-
administered with another anticancer agent and/or another bioactive agent, as otherwise

described herein.

Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application can include the following components: a sterile diluent such as water for
mjection, saline sohution, fixed otils, polvethylene glveols, glveerine, propyvlene glveol or

other synthetic solvents; antibacterial agents such as benzyl alcchol or methyl parabeas;
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antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
cthylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents
for the adjustment of tonicity such as sodium chloride or dextrose. The parental preparation
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or

plastic.

If administercd mntravenously, preferred carriers are physiological saline or phosphate

buffered saline (PBS).

in onc embodiment, the active compounds arc prepared with carriers that will protect
the compound against rapid elimination from the body, such as a controlled and/or sustained
release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers ¢an be used, such as ethylene vinyl acetate,
polvanbydndes, polvglveolic acid, collagen, polvarthoesters, and polylactic acid. Methods for

preparation of such formulations will be apparent to those skilied in the art.

Liposomal suspeunsions or cholestosomes may also be pharmaceutically acceptable
carriers. These may be prepared according to methods known to those skilled in the art, for
example, as described in U.S. Pat. No. 4,522 811 {which is incorporated herein by reference
in its entirety). For example, Hposome formulations may be prepared by dissclving
appropriate lipid(s) (such as stearoyl phosphatidyl cthanolamine, stearovl phosphatidyi
choline, arachadoyi phosphatidyi choline, and cholesterol) in an morganic solvent that 1s then
evaporated, leaving behind a thin film of dried lipid on the surface of the container. An
agqueous solution of the active compound are then introduced into the container. The
container is then swirled by hand to free lipid material from the sides of the container and to

disperse lipd aggregates, thereby formung the liposomal suspension.
P SETC b £

EXAMPLES

Unbeknownst to the investigators, juventle pigs m a herd shipped for rescarch were
not prophylaxed for Streprococcus suis (S. suisy a bacteriurm that is lethal to pigs and can also
cause lethality in humans when exposed to sick or colonized animals. One juvenile pig (Sus
domesticus) became weak after becoming febrile 12 hours after major resuscitation and was

cuthanized. The pathologist noted an unusually high bacterial load inunediately, which was
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visibly apparent on nucroscopy. Tissues and catheter tip were cultured, confirming S suis
mfection. The medication itself was cultured and no bacterial contamination was detected. A
sccond juventle pig which was being treated with LY 315920 alone and a single antibiotic
dose given to the surviving members of the heard for experimental envenoming survived for
>100 hours until euthanized as scheduled at the end of the study period with an non-curative
dose of antibiotics. On autopsy it was noted that the pig had significant evidence of . suis
mfection, but the animal had only received antibiotics following realization that a first animal

had died of septicenia rather than as a result of experimental envenoming by taipan venom.

Further Examples: Viruses and Bacteria Including COVID-19 and Anthrax

In severe cases of infection such as those caused by coronaviruses (e.g. SARS,
MERS, COVID-19, bacteria such as anthrax, fungt, or co- and secondary infections), the
mmune system may overreact and start attacking lung cells, noural tissues with
accompanying or preceding endothelial damage all resulting in maladaptive elevations of MP
and sPLAZ activity as well as other inflammatory species of phospholipase and cytokines.
The lungs become obstructed with fhuid and dying cells, making it difficult to breathe,
neurological complications occur and a substantial percentage of infections can lead to ARDS
and death {such as seen with severe coronaviras syndromes such as SARS, MERS and

COVID-19 or influenza with or without secondary bacterial puneumonias).

Coronaviruses SARS-CoV and MERS-CoV have, for example, age dependent
mortality that has been linked to sPLAZ that was as high as 6% in the 25-44 age group and
15% in the 45-64 year-old age and up to more than 50% case fatality rates in older age
groups.” The mventors have unexpectedly realized that early administration of these drugs
alone or i combination would abort and/or substantially inhibit the sPLA2 and
metalloprotease clevations that heralding severe outcomes resulting from acute pulmonary
mflammation and cellular injury that can result in long-term pulmonary compromise in
survivors. When possible, sPLA2 and MP mhubitors should be adminstered orally before
mfection or resulting inflammatory, pulmonary, vascalar, nearological and renal sequclae

become severe. The following examples are relevant to this analysis.
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Example 1:

A healthcare worker or field workers encounter a paticnts with an vadefined respiratory
itlness or newly dentified outbreak of a lugh fatality rate coronavirus or anthrax bacterium in
the out of hospital or in hospital setting and suspect an mfectious agent. Because of the high-
risk occupational environment and risk of transmission from patient to health care worker, an
orally bicavailable MP and/or PLA2 inhibitor is administered with or without an antiviral
with or without a metalloprotease-suppressing antibiotic medication such as azithromycin
(antibiotic) for prophylaxis or to abrogate carly symptoms or signs of infection heralding
more life-threatening consequences of virally-induced inflammatory responses. Therapy
could be mnstituted prior to onset of severe signs or symptoms or prophylactically resulting in
less severe consequences of infection, avording intensive care and ventilatory support. This
patient or healthcare can be maintained on entirely oral medications for the duration of

disease or high nisk occupational/high risk contact exposure.

Example 2.

A patient has a virally- or bactenially-mediated inflaromatory response requiring intravenous
medications and intensive care. The patient might or might not have ARDS, neurclogical
sequelac but is sufficiently il that intravenous infusion of medications are required.
Intravenous infusions of an MP and/or PLAZ inhibitor decrease the acuity and dependence on
mitensive resources because of the suppression of maladaptive MP and/or PLA2-related
mflammatory and cytotoxic responses. Once stabilized, this patient can be transitioned to an
oral formulation of a MP and/or PLA2 inhibitor, reducing risk of relapse and long-term

pulmonary, vascular or neurological damage.

Example 3 Systematic study of forty-cne cases of documented inhalational anthrax from
the Sverdlovsk epidemic of 1979 traced to release of acrosols of Bacillus anthracis were
carried out. Respiratory function was compromised by mediastinal expansion, large pleural
effusions, and hematogenous and retrograde tymphatic vessel spread of B. anthracis to the
lung with consequent pneumonia. These pathologic findings are constistent with previous
experimental studies showing transport of inhaled spores to mediastinal lymph nodes, where
germination and growth lead to local lesions and systemic spread, with resulting edema and

cell death, owing to the effects of edema toxin and lethal toxin. An inhaled, intratracheally
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applied, IV or oral combination or single agent approach using MP or sPLAZ mhibitors is
both prophylactic and therapeutic in human and non-human species. Vero {African green
monkey) cell culture exposed to toxic metalloproteases “zincins” and related toxin
metalloproteases and phospholipases demonstrates the efficacy of sPLA2 and

metalloprotease mhbition to protect cell junction integrity.

Further Examples

Methods

Mouse Studies: C37BL/6 mice weighing approximately 20grams wers anesthetized using
propyviene glveol/isoflurans with standand nose-cone procedure. Protection study: Controls
{Figures 1A, 1B and Figare 2} 30pL mixture of 111 LBES (055 BS 1 Okic Aad
(A PES Ethanol was mstilled iotranasally (IN} under angsthesia and the mice recovered for
ohservation. Treated andmals roceived 50ul, 1111 LPS (035 B8y Oleic Acid

(OAY AZD2T716: Ethanol by the same method. Fmal dose of AZD2T16 adminsterad was
approximately Smg/ke. Audio recordings of lung sounds were made using iPhone 10 and
then transferred for amplitude analysis in terms of dB distance from peak (Figare 3}, Rescue
studies: {Figure %) were conducied sinularly but drugs were admumistered orally alone or in
combination mixed in 8% gum Arabic at [0my/ke (Prinomastat and/or AZD2T16) at 10mlbkg
vodume via recurved, staiidess steel gavage noedle five minutes after IN foxin instiflation

{75ul, IN) under angsthesia as described, above.

Histology and Interpretation: After 24 or 48 hours, mice were cuthanized vnder deep
anesthesia using propylene glyvcoVisoflurane followed by cervical dislocation and rapid
dissection of lungs and kidneys. The lungs inflated with 10% noutral buffered formalin and
the kidney placed directly into 1095 neutral buffered formalin afier nicking the capsule.
Tissues were sent to IDEXX Laboratories for mounting and staining with hematoxylin and
eosin. Microscopic examination of stained lung sections was conducted and scores were
assigned to cach section of lung based upon ATS criteria as described by Aeffuer et al. Tox
Parh, 43:1074-1092, 2015. A mindimum of 25 high power fields were examined by ortenting
the slide 1D tag to the left of the left lung and alternating fields using the fine control outside
the atelectatic tissues. Statistics: Scores were averaged and Students t-test applied (two tails,

type 2, p<0.05 considered significant).
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Enzymatic Assays: Viper, clapid and colubnd venom MP enzymatic activitics were
optimized Experiments to determine MP activity ased validated substrate for MP (DG
Gelatin) and assay run per EnzChek gelatinase assay manufacturer’s mstructions. These kits
were stored as specified 1f stored at -20°C. PBS is the buffer in the case of MP assays, and
absorbance 1s measured at 495nm. Substrate for MP 1s BQ Gelatin and the assay 1s run per
EnzChek gelatinase assay manufacturer’s mstructions. Dose response curves were
constructed by comparing absorbance with different doses of serially diluted mhibitors and
compared to controls to determine the ICse for each venom-drug pair and for direct

comparison of drugs for their effect on MP activity for each venom (Figure 4, Table 2).

Cell culture and Electric Cell-Substrate Impedance Sensing (ECIS) studies:

Figures 6-12: For cell culture and ECIS studies, vero epithehial cells (CCL-81) were cultured
m Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 5% EquaFETAL (EF)
(Atlas Biologicals, Fort Collins, USA) (EF-DMEM) and 100 Units/mL of pemcillin and 100
pg/mL of streptomycin (Pen-Strep, see Maghalaes, et al., Insect Biochem. Mol. Biol., 2019,
111, 103169) and plated out on regular 8 or 96 well plates and ECIS plates (96 welly with or
without wounding capability. In some studies venom and drug were pre-mixed to assess the
ability of the drugs to protect celis from detachment. In others, venom was applied first,
followed by drogs in order to assess the ability of the drugs to rescue cells from venom
effects § to 15 minutes following exposure of vero eells to venom., Typically, samples were
run in duplicate at varyving concentrations of venom, drug, drag combinations with negative
controls {cells grown in media}. Cellular wounding protocols were based on manuafacturers
pre-set recommendations for the specific plate models being used. Venoms and drugs were
weighed and diluted to 10mg/ml stocks in PBS (venoms) or 2.5 or Img/mL stocks in sterile
water {drugs) before mixing with cell media at 2x the final concentrations to be used in the

wells with final volumes of either 2mi. or 250pi..

The ECIS-Z8 15 an in vitro system that monitors real-time celtular behaviors and
movements via gold film electrodes. cell membranes essentially act as insulators.
Consequently current flows unrestrained in the absence of cells and constrained once a cell
manolayer s cstablished. Changes in the current flow are measured as impedance (£}, which
gives insight into two aspects of cellular behaviors and movements at different frequencies.

At low frequencies (<10,000 Hz}, the cell bodies force the current to flow basolaterally or
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through the intercellular space between the cell borders. Therefore, reststance (R) 1s measured
at fow frequencies and provides mformation on the barrier integrity. Conversely, the
opposition created by the cell membrane is relatively small at high frequencies (10,000 Hz),
so current flows capacitively through the cell bodies. Capacitance (C) 1s a measure of the
electrode coverage by the cells and is indicative of cell migration, as well as cell monolayer
disruption following injuries. ECIS can also produce reproducible wounding models by
mechanically disrupting a cell monolayer. The ECIS set up can be used to wound a cell
monolayer using high current pulse produced via the electrodes. The severity of injury is
dependent on the level of current and the duration of the application. The injured or dead
cells then detach from the electrode surface which is measured as a rapid increase in the
clectrode capacitance and a reduction in the resistance. The system then retums to s normal
operation and monitors the subsequent recovery as neighboring cells migrate to fil the
exposed electrode and re-establish a cell monolayer, see Gu, et al ,Biosensors, (Basel), 2018,

Oct. 11, 8(4), 90,

Methods and compositions for achieving accelerated treatment of wounds and burns,
anthrax metalloprotease toxin (lethal factor) driven complications, ARDS, neo-natal
and pediatric acute respiratory distress syndrome (neo-natal/pediatric ARDS),
including meconium aspiration syndrome are described based on the experimentals
described herein above. Thus, the experimentals described above evidence the following

observations, among others:

1. Oral pnnomastat alone unexpectedly cutperformed all inhibitors to treat LPS-Oleic
Acid induced ARDS but there were additional benefits from combinations of sPLA2
and metalloprotease mhibition;

2. Locally {(respiratory tract) applied of AZD2716 alone prevented and rescued voung
{~19-20g) mice from LPS-Oleic Acid induced ARDS, most notably from pulmonary
edema. This has significant implications for treatment of neonatal and pediatric
ARDS.

3. Low dose Prinomastat + varespladib potentiated both rescue of cultured tissue and

accelerated wound healing of experimentally injured tissues in cell culture.
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