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Abstract
Maintenance of the integrity of the plasma membrane is essential for maintenance of cellular
function and prevention of cell death. Since the plasma membrane is frequently exposed to a
variety of mechanical and chemical insults the cell has evolved active processes to defend against
these injuries by resealing disruptions in the plasma membrane. Cell membrane repair is a
conserved process observed in nearly every cell type where intracellular vesicles are recruited to
sites of membrane disruption where they can fuse with themselves or the plasma membrane to
create a repair patch. When disruptions are extensive or there is an underlying pathology that
reduces the membrane repair capacity of a cell this defense mechanism may prove insufficient and
the cell could die due to breakdown of the plasma membrane. Extensive loss of cells can
compromise the integrity and function of tissues and leading to disease. Thus, methods to increase
membrane resealing capacity could have broad utility in a number of disease states. Efforts to find
reagents that can modulate plasma membrane reseal found that specific tri-block copolymers, such
as poloxamer 188 (P188, or Pluronic F68), can increase the structural stability and resealing of the
plasma membrane. Here we review several current patents and patent applications that present
inventions making use of P188 and other copolymers to treat specific disease states such as
muscular dystrophy, heart failure, neurodegenerative disorders and electrical injuries, or to
facilitate biomedical applications such as transplantation. There appears to be promise for the
application of poloxamers in the treatment of various diseases, however there are potential
concerns with toxicity with long term application and bioavailability in some cases.
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Introduction
One goal in the field of regenerative medicine is developing novel therapeutic approaches to
facilitate recovery of injury to various tissues, and particularly to the striated muscles cells
of the heart and skeletal muscles. While there has been significant efforts made in pursuit of
effective therapeutic approaches for these tissues, the limited knowledge of novel repair
mechanisms that constitute key aspects of the response of muscle to injury have prevented
the development of next generation approaches. One approach that could be targeted for
novel therapeutic interventions is cellular plasma membrane resealing process that repairs
disruptions of the membrane following physical trauma or other insults. Plasma membrane
repair is a highly conserved mechanism that appears in nearly every eukaryotic organism,
from single cell amoebas to most cell types in the human body, illustrating that repair of
damage to the plasma membrane is an important aspect of normal cellular physiology [1, 2].
While a lipid bilayer comprised only of polar lipids will automatically reseal disruptions
through thermodynamics, most cells will not be able to reseal larger disruptions of the
membrane without an active process. The cytoskeleton causes the plasma membrane to be
held under some degree of tension and when a bilayer is held under tension even small
disruptions cannot spontaneously reseal [3]. Several previous studies established the cellular
processes involved in this active plasma membrane repair response [4-6]. It is known that
this response involves the translocation of intracellular vesicles [6] to the injury site through
the action of kinesin and myosin motor proteins. Using a process similar to the release of
neurotransmitters from neurons these vesicles then fuse with the plasma membrane in a
Ca2+ dependent manner to form a membrane repair patch [7]. This process depends on the
action of specific proteins, including dysferlin [8-11] and MG53 [12-16]. Disruption of this
process can result in pathophysiology in a number of different tissues, including muscular
dystrophy, heart failure, lung injury and neurodegeneration [8, 17, 18]. Developing reagents
to modulate the resealing of the plasma membrane has great potential for the treatment of
many different disease states.

Poloxamers are synthetic tri-block copolymers composed of a central hydrophobic chain of
polyoxypropylene flanked by two hydrophilic chains of polyoxyethylene with a weight ratio
of 4:2:4. This arrangement results in an amphiphilic surface copolymer whose molecular
size, hydrophilicity and hydrophobicity can by varied by altering the number of central and
side chains of the molecule. Poloxamers are commonly abbreviated with a letter “P” (for
poloxamer) followed by three digits. The first two digits multiplied by 100 give the
approximate molecular mass of the polyoxypropylene core and the last digit multiplied by
10 gives the percentage of polyoxyethylene content. A large family of poloxamers with
different characteristics were generated in the 1950's and made commercially available
through the BASF Corporation carrying the proprietary name, Pluronic® block polymers.
When marketed as a Pluronic®, the poloxamer is given a distinct designation comprising of
a letter that indicates the state of the polymer at room temperature, with a “P” indicating a
powder, “L” for liquid or “F” for flakes, followed by a two or three digit number
corresponding to the molecular weight of the Pluronic®. The first one or two digits
multiplied by 300 gives the molecular weight of the polyoxypropylene in the polymer while
the final number multiplied by 10 gives the percentage of the polymer that is
polyoxyethylene.

Poloxamer 188 (P188) is a nonionic linear copolymer having an average molecular weight
of 8400 Daltons and is also referred to as PLURONIC F68, FLOCOR and RheothRx. The
copolymer was approved by the FDA nearly 50 years ago as a therapeutic reagent to reduce
viscosity in the blood before transfusions. In humans, P188 has a half-life of 18 hours and
been demonstrated to be safe when given for up to 72 hours [19]. It is well tolerated upon
repeated exposure and is commonly used in many over the counter products such as
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toothpaste, laxatives and mouthwash. The surfactant properties of P188 make the copolymer
extremely useful in cosmetic, pharmaceutical and industrial applications. P188 has been
extensively studied since the mid 1980's and has been shown to have biological effects in
vitro and in vivo[20-25]. The most well documented characteristic of P188 is its ability to
repair damaged cell membranes [26] by mechanisms that are not entirely clear, however
P188 may act by increasing the lipid packing density. It is believed that P188 functions by
way of direct incorporation into the phospholipid bilayer, and the process is modulated by
the lipid membrane's surface tension as demonstrated by in vitro lipid monolayer
experiments [27].

Methods and Compositions of a Polymer (Poloxamer) for Repair of
Electrical Injury (Patent #5,605,687/ee/February 25, 1997) [28]

One of the most profound examples of membrane damage is the permeabilization that
occurs following exposure of biological tissues to strong electrical fields. When an electric
current runs through a cell there are multiple transient pores produced throughout the plasma
membrane [26, 29, 30]. These pores alter the permeability of the plasma membrane that
allows passage of the extracellular milieu into the cell and leak of intracellular contents from
the cell. This increased membrane permeability has been adapted for the delivery of DNA
constructs and other macromolecules into cells for therapeutic and research purposes
[29-31]. While controlled application of electrical current can produce electroporation for
the delivery of various agents, accidental exposure to excessive electrical current can result
in extensive traumatic injury to affected patients. Electrical burn injuries tend to produce
increased damage in the skeletal muscles and peripheral nerves of patients due to the
superficial localization of these tissues and the usual path that electricity takes as it courses
through the body. This produces significant electroporation of the muscle cells and
peripheral nerves [32] that causes localized tissue necrosis that can ultimately result in limb
amputation. Limb amputations occur at high frequency following electric exposure and are a
key aspect of the morbidity associated with this trauma [33]. While thermal injury due to
resistance in the affected tissues does contribute to injury following electric exposure
[34-36], a major component of the damage is the electroporation of the muscle and nerve
cells [32]. Thus, targeting electrical injury by increasing the capacity of the cell membrane
to repair membrane permeabilization with co-block polymers is potentially an effective
therapeutic paradigm.

The invention presented involves the methods and composition associated with the use of a
range of different known and hypothetical triblock copolymers, and in particular the
poloxamer compounds. As presented earlier, poloxamer are chemical polymers that contain
a central core of a polyoxypropylene chain with two polyoxyethylene hydrophilic chains on
either end of the central chain. Such an arrangement of hydrophobic and hydrophilic
moieties provides unique properties to poloxamers and they are widely used in a number of
industrial and healthcare applications. For the purposes of the invention detailed in this
patent, the most important characteristic of the poloxamers is that P188 has been linked to
increased membrane repair capacity in various cells and tissues [22, 37-48]. Given the
multiple modalities of membrane damage where P188 has been proven effective, it seems
likely that this conserved repair response could be applied to the treatment of electroporation
of skeletal muscle fibers. The inventors provided several drawings that show P188 can be
used effectively in this manner to minimize the damage associated with accidental electrical
exposure.

The patent presents multiple lines of evidence illustrating that P188 can be applied
intravenously to increase the capacity of muscle cells to reseal their sarcolemmal
membranes following permeabilization due to electroporation. In some of these
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experiments, a custom experimental apparatus is used to monitor isolated, living muscle
fibers by fluorescence microscopy while an electric field can be applied across the muscle
fiber. This apparatus is primarily used to monitor the escape of a fluorescent dye,
carboxyfluorescein (CF), from the muscle fiber through pores created by electroporation.
The effects of P188 were compared to those of the polysaccharide dextran with the bathing
buffer as a control, which showed that while dextran reduced the release of CF from
electroporated muscle fibers the P188 was more effective than dextran at preventing dye
release. In vivo evidence was provided by using a custom electrode to target the biceps
femoris muscle in living rats where the muscle is exposed by incision to create a skin flap.
This apparatus could also determine the resistivity of the muscle following application of an
electric current to provide a readout of the efficacy of various treatments. Resistivity would
be expected to drop following application of the electric field if the intracellular contents are
lost due to permeabilization of the plasma membrane. Intravenous perfusion of saline of
dextran had little effect on muscle resistivity however there was protection provided by
infusion of p188 if it was perfused either before or after the electric insult. The fact that
intravenous application appears to be effective suggests that the P188 can effectively reach
the sites of membrane injury even when it is provided systemically to the animals. Dose
dependence of the P188 effects was also determined by intravenous injection of various
quantities of P188 into the rat before electroporation. These studies indicate that the
maximal protective effect of P188 in this model falls between 115 and 585 μg/kg. The
protective effects of P188 were further confirmed by examining the histology of
electroporated flexor digitorum brevis (FDB) muscles from rats that are intravenously
injected with P188. Injection of P188 resulted in less edema in the electroporated FDB
muscle, indicating that there was less loss of muscle fiber viability and reduced
inflammation. The drawings presented provide good evidence of the efficacy of P188 in the
minimization of electrical damage in muscle fibers in vivo when the p188 is injected
intravenously. Overall, the data presented support the claims allowed in the patent.

Specific mention is made of methods that could be used to treat human patients with P188 or
other surface active polymers following electrical injury. Daily intravenous of intramuscular
injection would be used to apply a sterilized solution containing P188 or P1107 and a
pharmaceutically acceptable carrier (postulated to be saline or water). Topical application in
other pharmaceutically acceptable carriers is also mentioned for direct application to injury
sites for up to six times daily. Potential addition compositions include the use of ATP,
MgCl2 or phosphocreatine in an effort to replace metabolites lost from cells following
electroporation and thus improve cell survival. These examples of potential protocols for the
treatment of human patients following electrical injury are integrated into the accepted
claims of this patent.

The claims of the patent include methods to treat electrical injury in animals, and in
particular human patients, that use a surface active copolymer with one of two general
formulas presented in the patent, which would include poloxamers, meroxapol, poloxamine
and PLURADOT® polyol, in a pharmaceutically acceptable carrier. The copolymer would
have a molecular weight between 2 and 20 kDa with 45% and 95% of the copolymer being
comprised of hydrophobic groups. This carrier could be formulated for topical application or
for injection by an intramuscular or intravenous injection. The composition of the treatment
would consist of approximately 1% to 10% weight to volume of the copolymer and could
include high-energy phospahate compounds, ATP-MgCl2 or phosphocreatine. The patent
also claims the specific methodology presented for the treatment of human patients
following injury that includes a dosing range from 0.1 to 5 mg/ml of blood volume in a
patient.
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Methods and Compositions for Treatment of Free Radical Injury (Patent
Application: US2006/0121016 A1/ee/June 8, 2006) [49]

The plasma membrane of mammalian cells is made up of a double layer of phospholipids.
The phospholipid bilayers control the movement of various substances into and out of the
cell and are selectively permeable to ions and polar molecules. If the cellular membrane is
damaged and complete repair is not immediate, ion homeostasis cannot be maintained and
cellular death will ultimately follow. Plasma membrane permeabilization is a frequent cause
of cellular necrosis in tissue damage and is exemplified by ionizing radiation (IR) exposure.
The mechanism of radiation damage involves the generation of reactive oxygen
intermediates (ROI) in the cell and extracellular space [50]. The dramatic increase in ROI
and oxidative stress levels leads to lipid peroxidation and the ultimate failure of the plasma
membrane, causing disruption of ion and amino acid balances, depletion of intracellular
energy stores and irreversible necrotic cell death. Results from prior studies indicate that the
poloxamer, P188, helps prevent immediate cellular death following IR treatment by sealing
damaged membranes [50].

This invention establishes methods and compositions for the prevention and treatment of
tissue injury associated with plasma membrane damage. The patent makes claim to a novel
therapy that can be utilized to increase mammalian cell viability for a variety of injuries
resulting in a breakdown of the function of the cellular membrane, such as ischemia-
reperfusion injuries, electrical injuries, extreme thermal conditions and radiation exposure.
The proposed therapeutic approach combines a poloxamer with a cofactor consisting of an
antioxidant and a cellular energy source. This concept would employ a membrane sealing
surfactant, such as P188, to patch the plasma membrane resulting in the reestablishment of
cellular membrane integrity, and reduction of cell death. The claim specifies optimal results
with a poloxamer having a molecular weight between 2 to 20 kDa in order to maintain the
appropriate water solubility while minimizing potential toxicity. The addition of a cofactor,
such as adenosine triphosphate (ATP) or phosphocreatine, will supply a cellular high energy
phosphate compound. The inventor suggests the use of ATP-MgCl2 to both restore cellular
ion homeostasis and optimize the cellular conditions for energy dependent cellular processes
to expedite tissue repair. In addition, an antioxidant would be provided to eliminate the
generation of ROI and to boost the metabolism of free radicals in the cellular environment.
It is suggested that the antioxidant can consist of one or more antioxidants, such as vitamin
A, ascorbic acid (vitamin C), tocopherol (vitamin E), β-carotene, mannitol, bioflavonoids or
selenium.

Within the patent application titled “Methods and Compositions for Treatment of Free
Radical Injury” Lee demonstrates the effectiveness of the co-administration of P188 with a
cofactor consisting of an antioxidant (N-acetyl cysteine) and cellular high energy source
(Mg-ATP) in reducing cell death resulting from exposure to ionizing radiation (IR).
Experiments were completed in support of the patent claims to determine the viability of
cells exposed to 40 Gy units of ionizing radiation (IR) resulting in peroxidation of the
cellular membrane. Cell viability involving treatment with P188 was initially determined at
various IR doses (10 Gy, 40 Gy and 80 Gy) and the greatest improvement with P188 versus
no treatment was exhibited by the 40 Gy dose level. Therefore, a radiation dose level of 40
Gy was chosen for the remaining experiments. The viability of flexor digitorum brevis
(FDB) skeletal muscle fibers isolated from 4 week old female rats treated with 1 mM P188
post IR exposure was 20.6% ± 3.3 at 18 hours compared to sham exposed viability of 77.0%
±2.2. Only 3.7% ±1.2 of the cells survived IR with no treatment. Viability of IR-exposed
cells treated with 10mM N-acetyl cysteine (NAC) + 0.1 mM Mg-ATP increased to 48.2% ±
6.0%, approximately seven fold greater than IR exposed cells that did not receive cofactor
treatment (6.9% ± 3.0). The enhanced viability increased to 55.2% ± 2.8 when 0.1 mM P188
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was supplemented with the cofactors compared to 6.8% ±1.7 of FDB fibers that received no
treatment. The viability of cofactor treated FDB fibers with and without P188 was
significantly greater than those treated with 1mM P188 alone. At 48 hours post IR, cells that
received both cofactor and P188 demonstrated statistically significant improved survival rate
(29.0% ± 2.3) versus irradiated cells receiving no treatment (8.6% ± 2.1). IR cells treated
with cofactor alone also showed an increased, albeit lower, survival versus those receiving
no treatment (19.9% vs. 2.9%). At the 48-hour time point, the mean survival of FDB cells
subjected to IR drops dramatically from mean survival at 18 hours. The inventor suggests
that this finding may imply that factors other than increased membrane permeability may
add to cell death after 18 hours, such as the depletion of cofactors over time as the cells
recover from IR.

The drawings presented in this patent suggest the efficacy of the membrane sealant P188 can
be enhanced with the addition of a cofactor consisting of NAC (antioxidant) and Mg-ATP
(cellular energy source). FDB fibers that received co-administration of P188 with the
aforementioned cofactor had statistically significant better mean survival rates than FDB
fibers receiving P188 treatment alone at 18-hours and 48-hours post IR. The inventor
reasons that the antioxidant component supplies a reducing environment through which the
cell may use to diminish ROI and the cellular energy source functions to help replenish the
energy stores lost by the cell while attempting to maintain its ionic gradients. The
therapeutic approach works on two levels. First, it employs a membrane sealant to repair the
damaged cellular membranes caused by lipid peroxidation, preventing the release of
compounds that activate damaging pathways into the surrounding area, thereby limiting the
immune response and subsequent tissue damage. Second, it supplies an antioxidant cofactor
for the reduction of the oxygen free radicals produced, thereby providing a “clean-up”
reagent for the consequences of the initial membrane permeabilization event. The invention
of employing a membrane sealing surfactant with a cofactor would provide an inexpensive
and simple treatment for the reduction of membrane damage brought on by a systemic event,
such as I/R injury, or localized damage, such as frostbite or burn injury.

Compositions and Methods for Treating and Preventing Cardiomyopathy
and Heart Disease (Patent application: US2008/0260681 A1/etzger/October
23, 2008) [51]

Duchenne and Becker muscular dystrophy (DMD/BMD) are inherited, progressive muscle
wasting disorders that lead to compromised muscle structure, decreased muscle function,
loss of independence and death in the second decade of life. DMD/BMD is the most
prevalent form of muscular dystrophy and is a common lethal genetic disorder as
approximately 20,000 children worldwide are born with DMD (one of every 3,600 live male
births). Nearly 10% of these children affected by DMD present with BMD, which is
generally a mild form of the disease that includes a later manifestation of the pathology.
Afflicted individuals usually present with fatigue and muscle weakness as early as infancy
but more frequently by the age of 6 years. Muscle weakness begins in the legs and pelvis but
rapidly progresses until the patient eventually becomes wheelchair bound usually around 12
years of age. Many patients display a pronounced cardiomyopathy as well that is important
for the pathology of the disease as continued muscle wasting and cardiovascular defects
usually leads to death around 25 years of age.

DMD/BMD results from genetic lesions in the dystrophin gene, a massive gene found on the
X chromosome in the human genome. Due to the X-linked nature of the gene, this disease
almost exclusively affects males. The disease generally involves a mutation that results in
the loss of dystrophin protein expression or production of a severely truncated protein
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product. In cases where the genetic mutation results in a protein that is closer to full length
dystrophin that may retain some of the native protein function the symptoms tend to be less
severe, leading to a diagnosis of BMD. The loss of dystrophin expression causes the plasma
membrane (or sarcolemma) of striated muscle fibers to become more susceptible to
mechanical stress and display increased membrane permeability, suggesting that the plasma
membrane in dystrophic muscle are more fragile then those of normal muscle fibers [52-54].

The invention presented in this application involves compositions and methods for the
treatment of cardiac abnormalities associated with reduced expression of dystrophin. The
compositions center on the chronic intravenous application of poloxamers (specifically
P188) while the methods presented focus on treatment of human patients to minimize the
myocyte death associated with the loss of dystrophin and issues related to the resulting
pathology, including calcium overload in the cells and ischemic damage to the tissues. Thus,
the invention would provide methods to protect against cardiomyopathy and heart failure
when applied either therapeutically (to correct cardiac function) or prophylactically (to
prevent the development of cardiac defects). The specific mechanism of P188 intervention
in this case may involve returning left ventricular diastolic volume to normal levels,
decreasing elevated intracellular calcium levels and/or increasing plasma membrane
stabilization and repair. Furthermore, the application states that the present invention would
not be limited to a particular type of heart failure (although the data presented only addresses
cardiac defects associated with the absence of dystrophin). Specific examples of cardiac
defects include cardiomyopathy produced by environmental and genetic causes as well as
congestive heart failure.

While specific evidence is provided on the activity of P188 in treatment of dystrophic
cardiac defects, the invention would not be limited to a particular poloxamers as the
invention attempts to encompass other poloxamer compounds, including but not limited to,
P138, P237, P288, P124, P338 and P407. Specific evidence of the efficacy of these
additional poloxamers is not provided in the application. The composition would include
such poloxamers as well as pharmaceutically acceptable carriers, including several types of
commercially available buffers. Preferred embodiments also include methods of treatment
where poloxamers are applied by multiple injection routes one or more times per day for
several days for a period of up to or more than a year. The poloxamer dosing under this
approach would be either in the range of 100 to 2000 mg/kg or higher or lower than this
range. It is envisioned by the inventors that P188 could be co-applied with a number of
established agents currently used for a number of different cardiac pathologies, including
diuretics, angiotensin-converting-enzyme (ACE) inhibitors, calcium channels blockers, beta
adrenergic receptor antagonists, statins and other broad classes of pharmaceuticals used to
treat cardiovascular disease.

The use of poloxamers is said to have advantages over other therapeutic approaches under
consideration, including gene or cell based therapies [55-59] that may have to be applied
locally while it appears that poloxamers can be applied systemically via various injection
routes. Toxicology concerns are minimized as some studies and recent clinical trials suggest
the use of poloxamers in human may be safe[19]. However, there are other reports that
infusion of poloxamers may produce some adverse effects in patients [60-67].

Several lines of evidence are presented to support the claims made by the inventors.
Micromanipulators coupled with microcarbon fibers were used to stretch cardiomyocytes to
the length one would expect in normal physiologic function and record both the passive and
active tension that is produced by isolated cardiomyocytes from normal and dystrophic
(mdx) mice. It is also possible to load these cardiomyocytes with a calcium indicator dye,
Fura2, to monitor the intracellular calcium levels in the cell by fluorescence microscopy.
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These studies show that stretching mdx cardiomyocytes results in increased permeability of
the plasma membrane, entry of excessive extracellular calcium into the cell and resulting
hypercontraction of the cardiomyocytes that leads to death of the cell. Addition of P188
(0.15 mM) to the bathing solution minimizes the increased passive tension produced with
stretching in mdx cardiomyocytes, restoring this response to the levels seen in normal mice.
Cardiomyocytes from mdx mice also show a compromised force generation after stretching
that can be partially rescued through the application of P188. In another model of DMD, this
time in dystrophic golden retriever dogs, similar results on the passive tension-extension
relationship and force production are observed in isolated cardiomyocytes and can be
effectively treated by the addition of P188. The application of P188 can also prevent
increased intracellular calcium levels in the mdx muscle fibers following stretching.
Intravenous perfusion of P188 can improve the left ventricular end-diastolic volume from
mdx animals and increase survival following infusion of a β1 receptor agonist, dobutamine,
in mdx mice. These result show that both in vitro and in vivo the application of P188 can
protect dystrophic cardiomyocytes from stretch and contraction induced damage that occurs
due to the absence of dystrophin, suggesting that P188 could be an effective agent from the
treatment of cardiac abnormalities in dystrophic patients.

The specific claims in this application include a method of treating a dystrophic human
subject, and specifically one with DMD, that improves compromised diastolic cardiac
function and prevents acute heart failure by application of a composition containing a
poloxamer such as P188 and potentially co-administered drugs with other cardioprotective
effects. This could involve improving left ventricular function, decreasing intracellular
calcium levels, preventing remodeling of cardiac tissue, decreasing cardiomyocyte
hypercontracture, or minimizing cardiomyocyte death. Additional method claims are similar
to those presented above that improve compromised diastolic function, however these
additional claims represent a method to increase left ventricular diastolic volume in DMD
patients. More explicit claims also extend the focus on the use of poloxamers to decrease
intracellular calcium levels to decease the death of cardiomyocytes. A final set of broader
claims for compositions that treat heart disease which include poloxamers, including P188,
P138, P237, P288, P124, P338 and P407, perhaps paired with various classes of drugs
currently used to treat heart diseases. Other compositions could also involve poloxamers that
come in contact with a cardiomyocyte during treatment efforts.

Treatment of Chronic Progressive Heart Failure (Patent application:
US2009/0246162 A1/Markham/October 1, 2009) [68]

Cardiovascular disease is a broad category of defects in the heart and circulatory system that
represent one of the most important burdens on public health in the world. This is particular
true in more developed countries where a significant portion of healthcare efforts are
focused on cardiovascular diseases, with over 8,795,000 total hospital visits in the USA
during 2008 with a primary diagnosis of cardiovascular disease. The total inpatient hospital
cost for cardiovascular disease was $71.2 billion, approximately one fourth of the total cost
of inpatient hospital care in the USA. While cardiovascular disease in general is of obvious
importance in biomedicine, much of the morbidity and mortality associated with
cardiovascular disease results from the development of congestive heart failure. Heart
failure is a state where the heart cannot pump sufficient oxygenated blood to the body. It can
result acutely due to various insults, however the majority of patients develop heart failure
following a myocardial infarct (MI).The loss of cardiomyocytes following a MI means that
there are less contractile cells for the heart to use to pump blood. This loss of myocardial
mass, along with remodeling of the heart structure, results in decreased ejection fraction and
resulting deficiencies throughout the body. There were approximately 5 million heart failure
patients and the disease resulted in more than 285,000 deaths in the USA in 2006 [69], and
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the incidence of heart failure continues to climb [70]. While there are numerous
pharmaceutical classes available for the treatment of heart failure the mortality associated
with this disease clearly shows there is room for improved approaches to treat the disease.

The invention presented in this application relates to a method of treating acute or chronic
heart failure caused by any source other than the loss of dystrophin where the methods
involve administering a therapeutic amount of a poloxamer, particularly using P188 or P407.
Administering the poloxamer would: a) improve the structure of cardiomyocytes plasma
membrane to prevent the membrane from tearing or leaking, b) restore the integrity of the
membrane c) restore the levels of intracellular calcium in cardiomyocytes back to normal
levels, d) remodel the structure of the heart itself, e) lower the left ventricular end-diastolic
pressure and increase the left ventricular ejection fraction of a patient. Additional methods
would apply poloxamers to treat skeletal muscle defects associated with the loss of
dystrophin expression, such as those associated with DMD. The poloxamer would be dosed
at between 0.15 to 480 mg/kg and could be applied over any period of 1 to 26, or for as long
as necessary to treat the particular disease. It could also be applied in combination with a
number of different classes of pharmaceuticals currently used in the treatment of heart
failure. Furthermore, the invention also includes methods to determine the effectiveness of
cell membrane resealing by monitoring 2 to 10 fold changes in the leak of protein following
application of the resealing agent.

There is some supporting evidence provided in the application for this invention. This
application draws on figures similar to those shown in US Patent 5,605,687 that suggest that
P188 has protective effects against the cardiac defects associated with the absence of
dystrophin expression in mdx mice. These findings show that in dystrophic mice there are
alterations to the passive tension produced by individual cardiomyocytes and an elevated
intracellular calcium level that appears to be linked to the creation of microtears in the
membrane as opposed to increased activity of the L-type calcium channels. These defects in
dystrophic skeletal muscle could be recovered using P188 treatment, which has been shown
in previous peer-reviewed scientific literature as well as previous US patents. Additional
novel results are presented that indicate P188 could have therapeutic effects in cardiac
muscle that does not harbor a disease-causing mutation in dystrophin. A rat model of
myocardial infarction where the left anterior descending coronary artery is occluded using a
ligature and then the rat is allowed to recover until it develops heart failure. At 8 weeks post
surgery the rats were dosed with P188 (460 mg/kg) and improved hemodynamics were
observed in the rat hearts, including a 45% increase in left ventricle ejection fraction. A
lower dose of P188 (4.6 mg/kg) had some effects on cardiac hemodynamics but did not
increase the left ventricle ejection fraction in rats with heart failure These findings suggest
higher doses of P188 are necessary to increase cardiac output while the compliance of the
left ventricle could be boosted using a significantly lower dose. Several other studies to
resolve mechanistic aspects of the function of P188 are outlined in the application, however
no data is provided on these studies in the application.

The specific claims center on the treatment of heart failure resulting from ischemic or
chronic heart failure with a 0.15 to 480 mg/kg poloxamer (specifically P188) for a period of
1 to 26 weeks, with a dose being applied at weekly intervals or once every 2 or 12 weeks.
The treatment could act by increasing levels of dystrophin expression, modulating the
intracellular calcium levels in the target cardiomyocytes and/or increasing the resealing of
cardiomyocyte cell membranes. Treatment with the poloxamer could lower the left
ventricular end-diastolic pressure and increase the left ventricular ejection fraction. The
patent application also claims methods for modulating one of these cardiac characteristics
while not affecting the other. Finally, method claims are made for an approach to measure
the effectiveness of a membrane sealant, such as a poloxamer in general and P188 or P407
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in particular, in a subject by comparing the extent that a protein leaks from the subject
before and after application of the sealant. This would specifically apply to testing the
resealing of cardiomyocytes in a subject through the assessment of multiple biomarkers
known to be increased following cell membrane breakdown during myocardial infarct.

Cell Transplantation (Patent application: US2010/0104542 A1/Austen/April
29, 2010) [71]

Cell transplant and grafting are increasingly important aspects of regenerative medicine and
reconstructive surgery. Autologous transplant of fat cells (adiopocytes) within the same
patient is widely used in such surgeries, however these grafts produce inconsistent results in
some cases, perhaps due to mechanical damage to the adiopocytes and ischemic damage
associated with the initial loss of vascular supply and difficulties reestablishing proper blood
supply at the transplant site. As there is increasing need for the transplant of adiopocytes,
and stem cells derived from fat tissue, for reconstructive and cosmetic surgery there is
demand for methods to increase the effectiveness of these grafting approaches. Since there
has only been minimal success in improving grafting thought efforts to increase
vascularization of the fat tissue graft it is possible that the mechanical damage associated
with harvesting adiopocytes for transplant may significantly contribute to the poor outcomes
in grafts of these tissues. Thus, examining the efficacy of poloxamers in improving
adipocyte survival may show promise for the increasing the quality of adipocyte cell
transplantation.

The invention centers on methods and compositions to improve the survival of adiopocytes
during grafting minimizing cell membrane damage that occurs to the cells during cell
transplant, including the harvesting, preparation and grafting of fat tissues. These fat tissues
would principally be composed of adipocytes, however the invention would also address
other cell types in the fat tissue, including fibroblasts, endothelial cells, stromal cells,
epithelial cells, stem cells and other cell types in the tissue. These methods would involve
the use of poloxamers, and specifically P188, to stabilize the cell membrane and allow for
effective, long term grafting of fat tissues. Such a poloxamer should be biocompatible,
biodegradable and not produce additional lysis of cells. They would include several other
poloxamers currently available, including P108, P184, P401, P402, P407, P408, and other
such poloxamers with a polyethylene glycol content equal to or reduced below the levels in
the listed examples. Such compositions could also include additional agents thought to
contribute to the survival of isolated adipocyte cells that would include several broad
spectrums of agents (vitamins, antioxidants, lipids, peptides, pharmaceuticals, etc.). The
poloxamer composition would be provided as early as possible to the isolated adipocytes at
a concentration between 1 and 20 mg per ml of cells treated, leading to a concentration of
the poloxamer in the cell suspension in the millimolar range. Such methods could be
incorporated into a kit to provide the reagents and information necessary for harvesting and
transplanting target cells. While the mechanism(s) of how such poloxamers alter membrane
repair have not yet been clearly resolved, the application hypothesizes that P188 associated
with membrane disruptions and forms a repair patch with the hydrophobic region of the
poloxamer associated with the hydrophobic core of the cell membrane bilayer while the
hydrophilic head of the poloxamer would face outwards toward the hydrophilic extracellular
environment.

Multiple drawings present studies that support the invention. The fat cells used for transplant
were human adipocyte preparations produced by liposuction. Providing P188 (10 mg/ml)
would allow for a 67% decrease in the reabsorption of fat xenografts in
immunocompromised nude mice while treatment with dextran had no significant effects.
Several other polymer regents were tested for their protective effects using this xenograft
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model at a 50 μM concentration, including multiple poloxamers (P188, F38, F108, F127,
L64, T1107, and P31), polyethylene glycols (PEG8000, PEG3350, PEG600), Tween 80 (a
non-ionic surfactant), phosphatidylcholine (zwitterionic lipid), cationic surfactants, anionic
surfactants and non surfactant compounds (vitamin C, resveratrol, etc) . P188 could reduce
apoptosis in human fat grafts while the other agents tested showed either little effect on
apoptosis levels or resulted in increased levels of apoptosis above that seen with saline
control treatment. Additionally, treatment with P188 could increase mass of the fat
transplant, thus preventing reabsorption better than the other agents tested. Similar effects
were seen when the cell viability of these transplants was tested with P188 providing
elevated levels of cell viability compared to the other agents tested. P188 treatment also
improved the DNA content (as surrogate for cell number) and the histological composition
of the fat transplants. These results provide compelling evidence that P188 is significantly
more effective than many other similar surfactant reagents at protecting adipocytes during
the fat transplant process.

The application claims methods comprising the use of a copolymer to transplant fat-derived
cells into humans where the polymer seals or stabilizes the cell membrane. These fat-derived
cells include adipocytes, fat-derived stem cells and autologous cells. This would prevent the
reabsorption of the fat transplant by increasing membrane resealing in, and the resulting
death of, the transplanted cells. Several broad claims are made that cover copolymers with
different chemical configurations, and P188, P108 and P1107 are specifically addressed.
The copolymer could be nonionic and would have a molecular weight between 1,000 and
10,000 g/mol. There would be 1 to 20 mg of the copolymer provided per ml of transplanted
cells at a purity of at least 95% to 99% and could be used in combination with lipoic acid.
Further composition claims are made for a mixture of P188 and fat-derived cells, including
adipocytes and stem cells in different proportions. Final method claims are made for the use
of an assay to determine if a given polymer might improve the efficacy of fat
transplantation.

Compositions and Methods Related to Poloxamer Membrane Sealant
(Patent application: US2010/0316590 A1/Kayed/December 16, 2010) [72]

Amyloid is a general term used to describe the extracellular and/or intracellular deposition
of insoluble fiberous protein aggregates. The accumulation of misfolded proteins in the form
of fibrillar aggregates, also referred to as amyloid fibrils, is a central neuropathological
hallmark common to several clinically and pathologically distinct amyloid-related
neurodegenerative diseases which include Alzheimer's disease, Huntington's disease and
Parkinson's disease. Even though there is a significant amount of biochemical and
pathological data linking misfolded protein aggregates to neurodegenerative diseases, the
mechanisms leading to cellular damage and dysfunction are still not fully understood.
However, an increasing amount of data suggests that plasma membrane damage by amyloid
oligomers is the origin of pathogenesis in amyloid-related degenerative diseases [73-76].
Numerous studies employing amyloid oligomers have been shown to induce membrane
damage through permeabilization [77-80] which results in a loss of cellular Ca2+

homeostasis, and if not promptly reestablished, can lead to cellular death. Amyloid
aggregates have been demonstrated to increase intracellular Ca2+[81] and elevated
cytoplasmic Ca2+ levels have been observed in amyloid-associated diseases [82, 83]. As a
result, maintaining plasma membrane integrity in the presence of amyloid oligomers is vital
for cellular homeostasis and viability.

This patent introduces methods and compositions describing the employment of a
copolymer based membrane sealant as a therapeutic reagent for the treatment of
degenerative diseases caused by the interaction of misfolded proteins with cell membranes,
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such as Alzheimer's disease. The invention suggests that amyloid oligomer toxicity and
membrane damage can be reversed using a membrane sealant, such as P188, since the
amyloid oligomer-induced toxicity is caused by defects in the cellular membrane. The
utilization of a sealant would “plug” the membrane puncture wounds, thereby halting
uninhibited flow of ions and molecules into and out of the cell, allowing for the restoration
of cellular homeostasis and minimization of cell death. P188 is referred to as the potential
therapeutic reagent since it is non-toxic and has already been FDA approved for human
application.

Within the patent application titled “Compositions and Methods Related to Poloxamer
Membrane Sealant” Kayed demonstrates the effectiveness of P188 as a treatment against
amyloid-related toxicity in various cell types and its ability to enhance cell survival. P188
treated human neuroblastoma cell line, SH-SY5Y, exhibited increased survival following
incubation with Aβ42 oligomers and cell survival was shown to be dependent upon the
timing of P188 treatment. When applied at 15 minutes, 20 ng/μl of P188 resulted in a 16%
increase in cell survival compared to cells treated 90 minutes after oligomer exposure as
determined by AlamarBlue fluorescence. The AlamarBlue assay measures metabolic
reduction of the AlamarBlue reagent resazurin, indicating cell viability. The results were
confirmed for oligomers of other amyloid proteins, as well. Addition of 20 ng/μl of P188
after 15 minutes increased SH-SY5Y cell survival by 34% (α-synuclein), 64% (prion
106-126), 69% (IAPP) and 59% (Aβ40), versus oligomer treatment in the absence of P188.
Additionally, introduction of P188 to primary rat hippocampal neurons treated with Aβ42
oligomers increased neuronal survival by nearly two fold. The protective effect of P188 in
the Aβ42 oligomer exposed SH-SY5Y cell line was concentration dependent. A titration
range of P188 from 8.5 ng/μl to 42 ng/μl was tested and cell viability was dramatically
improved at a concentration of 25.5 ng/ul compared to oligomer-alone treated controls. P188
was determined to be most effective at 42 ng/ul.

The rescue of oligomer-induced damaged cells by P188 was specific and not a general
nonspecific effect imparted by the poloxamer. SH-SY5Y cells co-treated with Aβ42
oligomers and 20 ng/μl of the nonspecific poloxamer 407 (P407) did not show any
significant improvement in cell survival as determined by AlamarBlue fluorescence
compared to untreated controls. To demonstrate that the rescue of oligomer toxicity
observed in cells by P188 was due to the repair of membrane damage, leakage of Ethidium
homodimer-1 (EthD-1) into cells treated with Aβ42 oligomers was measured after the
addition of 20 ng/μl of P188. EthD1 emits a fluorescent red signal upon entering the nuclei
of damaged cells and is excluded from intact membranes allowing for the determination of
membrane integrity. After the addition of Aβ42 oligomers, cells that were not treated with
P188 exhibited membranes that readily took up EthD-1 compared to cells that were
supplemented with P188.

It is estimated that diseases resulting from the toxicity of amyloid-related neurodegenerative
disorders currently affect more than 50 million people in the industrialized world and the
prevalence of these diseases is expected to double by 2030 because of the aging population.
The drawings presented in this patent reveal a novel therapeutic approach for amyloid-
related neurodegenerative diseases, such as Alzheimer's disease. The inventor successfully
illustrates the significant reversal of neuronal cell death via P188 treatment against
membrane damage resulting from amyloid oligomer-induced toxicity. It can be argued,
however, that therapies designed to target steps that follow the aggregation process are less
likely to be successful because they would not prevent the underlying cause of disease. An
ideal alternative therapeutic strategy would be to prevent and/or treat the disease by
inhibiting the aggregation process before the progression of the disease manifests. As with
many complex human diseases, however, there can be multiple mechanisms that contribute
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to the pathogenic nature of the disorder complicating therapeutic intervention. The
identification and treatment of membrane pearmeabilization in protein misfolding disorders
provides at least an additional therapeutic option against these debilitating diseases.

Polymer Therapy for the Treatment of Chronic Microvascular Diseases
(Patent application: US2011/0212047 A1/Hunter et al./September 1, 2011)
[84]

Microvascular disease, or microangiopathy, is a process through which the small branches
of arteries throughout the body become damaged. Injury to these blood vessels results in
occlusion of the vessels and impairment of blood flow. Classically, the most frequent
symptoms of microvascular disease are pain and discoloration of the hands and feet, but
serious complications can result in damage to vital organs, such as the brain, kidneys and
heart. The inflammation response is believed to be the principal mechanism linking
microvascular dysfunction with common diseases, such as age-related macular degeneration
(AMD). AMD is a common eye disorder among people age 50 and older and is a leading
cause of vision loss in older adults in the industrialized world. It is a chronic and progressive
disease that gradually destroys the macula, the region of the eye that provides sharp, central
vision needed for seeing objects clearly. The cause of AMD is thought to be multifactoral,
resulting from a combination of genetic and environmental factors. Approximately 15
million people in the United States suffer from AMD[85] and the number is expected to
dramatically increase with the aging population.

The invention introduces the utilization of polyoxyethylene/polyoxypropylene copolymers
for treating and/or preventing progression of chronic microvascular diseases, such as
macular degeneration, diabetic retinopathy and congestive heart failure. The patent
emphasizes a copolymer, such as P188, in which the hydrophobic moiety of the compound
is 1.2 to 3.5 kDa and the hydrophilic portion is within the range of 5 to 15 kDa, totaling a
preferential molecular weight of approximately 8.4 kDa. To attain optimal and sustained
results, the inventors suggest a single administration followed by repeated weekly doses of
the poloxamer. The concept of utilizing P188 as a therapeutic for chronic microvascular
disease is based on several of its unique properties. First, it allows for cell membrane repair,
thereby limiting the access of cell damaging factors involved in the inflammatory response
into the cell. Second, P188 prevents hydrophobic adhesive interactions in the blood [19]
which inhibits aggregation and avoids worsening of the condition. Third, P188 has been
demonstrated to increase blood flow [19], thereby supplying a therapeutic measure to the
chronic nature of the microvascular diseases.

Within this patent application titled “Polymer Therapy for the Treatment of Chronic
Microvascular Diseases” Hunter et al. provide several clinical examples supporting P188 as
a potential treatment for chronic microvascular diseases, with a primary focus on AMD.
They include: (a) A 70 year old woman with category 4 AMD was treated with an
intravenous infusion of P188 at a concentration of 100 mg/kg body weight. Treatment was
repeated three times a week for 10 weeks and vision of the patient was sustained for over
several months. The result was significant since rapid deterioration of vision is expected in a
person diagnosed with category 4 AMD. (b) A 77 year old man with AMD and multiple
large drusen (accumulations of extracellular material that build up in Bruch's membrane of
the eye) was treated with an intravenous infusion of P188 at a total dose of 800 mg/kg body
weight over a 24-hour period. The patient's edema improved within 3 days of P188
treatment which was determined by the reduction of mean retinal thickness measured by
optical coherence tomography. (c) A 81 year old man diagnosed with AMD having vision
loss and increasing levels of fluid in the retina of both eyes was treated with an intravenous
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infusion of P188 at a constant rate of 100 mg/kg/hour over a 4-hour duration. The infusions
were repeated twice on the first week and weekly thereafter for four weeks. Fundus (anterior
surface of the eye which includes the retina) examination revealed the abatement of
subretinal fluid in both eyes and vision improvement occurred within one week post
treatment and remains stable for one year. Additional clinical examples are provided that are
not reviewed in full here.

The claims presented within this patent suggest that poloxamers, and in particular P188, can
be employed for the treatment of chronic microvascular diseases, such as AMD. The clinical
examples provided in multiple patents do provide some support for P188 as a therapeutic
agent for AMD and other chronic microvascular diseases. Further long term studies need to
be completed to test the copolymer's efficacy for treatment of diseases such as congestive
heart failure and diabetic retinopathy. The inventors note the surprisingly prolonged effect of
P188 in the patients. The effects can persist from several weeks to years depending on the
conditions, i.e. disease severity and patient profile, and may be achieved with administration
of a single dose or a series of treatments.

Compositions and Methods for Treating and Preventing Skeletal Muscle
Deficiencies (Patent application: US2011/0033412 A1/Ng et al./Feb 10, 2011)
[86]

Myopathy is simply defined as any disease that affects muscle tissue and can develop either
through inheritance, congenital or genetic, or is acquired. Muscular dystrophies, a class of
myopathy, are skeletal muscle disorders typically characterized by progressive muscle
degeneration leading to eventual death. As previously discussed, DMD is the most common
muscular dystrophy. Approximately 1 in every 3,500 males is affected with DMD and
approximately 20,000 children worldwide are born with the disease annually. DMD is the
result of mutations in a gene located on the X chromosome which encodes for the structural
protein dystrophin [87]. Dystrophin is a large membrane protein that is involved in cellular
organization in muscle cells and is essential for sarcolemma (muscle membrane) stability
[88].

This invention introduces compositions and methods for the treatment of skeletal muscle
disorders, such as DMD and related disorders, through the employment of membrane sealant
poloxamers. The invention describes that poloxamers, such as but not limited to P188,
displayed efficacy in reducing skeletal muscle deficiencies which included dystrophin-
deficient skeletal muscle, skeletal muscle exhibiting a calcium imbalance, skeletal muscle
having a contraction force deficit and the resealing of microtears in skeletal muscle. The
methodology relied on the mdx mouse model established in the 1980s [89]. The mdx mouse
lacks dystrophin and is the most commonly used model for investigating the effects of
dystrophin deficiency. Studies conducted over the past several decades involving dystrophin
deficiency have revealed muscle that is vulnerable to contraction-induced force deficits [90]
and sarcolemma that is more permeable to extracellular ions and membrane impermeable
dyes [91, 92]. The current paradigm suggests that deficiencies in dystrophic muscle fibers
result from faulty ion channels and/or membrane tears that cannot be properly repaired.

The patent provides several lines of evidence to support their claims. Within the patent
application titled “Compositions and Methods for Treating and Preventing Skeletal Muscle
Deficiencies” Ng et al. showed the effectiveness of P188 in reducing contraction-induced
force deficit in mdx skeletal muscle. Isolated lumbrical (LMB) muscles of C57bl/10 male
mdx mice 2-3 months of age and C57bl/10 male wild type mice 2-5 months of age were
examined. The experimental protocol used to generate the force deficiency consisted of 20
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isometric contractions lasting one second and each separated by one minute. The maximal
isometric force of LMB muscles isolated from wild type untreated mice (14.8±0.9 mN, n=6)
was more than 40% greater than that of mdx untreated mice (10.8±0.4 mN, n=8). After 20
isometric contractions, wild type muscles exhibited no force deficit compared to an
approximate 70% force reduction in mdx muscle. The value was unchanged after a 10
minute rest period suggesting that fatigue was not a contributing factor. In addition, the
inventors showed that P188 was equally effective in limiting the contraction-induced force
deficit as streptomycin. Streptomycin, a blocker of stretch-activated channels, has been
previously shown to reduce the degree of contraction-induced injury in dystrophic muscle
[91]. Compared with untreated mdx muscles, mdx muscles treated with either 200 μM
streptomycin or 1 mM P188 displayed an enhanced ability to generate force after 20
isometric contractions, with an increase from 69% to 84% and 85% of maximal isometric
force respectively. When tested in combination, P188 and streptomycin exhibited a slight
synergistic effect. Histological exams of mdx muscle revealed fibers that were enlarged and
contained regions of irreversible hypercontracture. A histology comparison between
untreated and P188 treated mdx muscle was not presented.

To determine if the influx of extracellular calcium is a major contributing factor for the
decrease in maximal isometric force observed in mdx muscle, experiments were completed
in the absence of calcium. For calcium free experiments, the absolute maximal isometric
force of both wild type and mdx muscles decreased by approximately a third to 10.8 ± 0.5
mN (n=3) and 7.2 ±1.3 mN (n=4), respectively. The decrease in the absolute maximal
isometric force was believed to be due to the non-physiological calcium free environment.
When normalized to wild type muscles in calcium free solutions, mdx LMB muscles
generated forces that were approximately 90% of maximal isometric force, similar to that of
LMB muscles treated with P188 and/or streptomycin. The results suggest that the influx of
extracellular calcium occurs through both membrane tears and stretch-activated channels,
and both are contributing factors to the observed force deficit observed in mdx muscles. The
inventors conclude that the substantial influx of extracellular calcium into mdx muscle fibers
cause sustained regional activation that eventually leads to hypercontraction and the ultimate
destruction of muscle fibers.

The drawings presented in this patent provide some credible evidence that P188 is a
potentially suitable reagent for the treatment of skeletal muscle disorders, such as DMD or
BMD. By treating mdx muscles with P188 and/or streptomycin, a statistically significant
reduction in the force deficit compared with untreated mdx muscles was observed.
Additionally, P188 was shown to be effective in reducing extracellular calcium entry into
dystrophic-deficient fibers when administered during an isometric contraction protocol in-
vitro. Decreasing susceptibility of skeletal muscle to calcium overload is pertinent since
elevated calcium is damaging to muscle structure and function[93]. The inventors do not
limit the membrane sealant poloxamer to P188, but also suggest P124, P138, P237, P288,
P338 and P407 as other potential candidates. The concept of using a membrane sealing
poloxamer would be a simple and cost effective chemical alternative to clinical strategies
such as gene therapy as a therapeutic for the treatment of skeletal muscle disorders.

Current & Future Developments
An increasing body of literature suggests that P188 may have some medical utility in the
treatment of various disorders. This is reflected by the increasing number of patents and
patent applications that pertain to methods intended to treat specific indications with
compositions comprised of P188 and potentially others of the triblock copolymers. The
efficacy shown in a number of applications suggests that there are broad uses for P188 in
biomedicine. In general, the triblock copolymers are widely available, show minimal
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toxicity with short term application [60] and are easy to manufacture under current good
manufacturing procedure (cGMP) conditions. However, some potential caveats about the
use of these in the treatment of disease appear in the scientific literature. Studies have found
that elevated doses of P188 that fall into the range required to produce some of the effects
presented in the reviewed patents can lead to adverse reactions in humans [60-67], thus
potentially complicating the treatment of certain disease types, particularly chronic diseases
that would require long term dosing of the patient. In addition, recent studies show that there
could be bioavailability concerns associated with the use of P188 in some tissue types [46].
One final caveat is based on the patent status of the P188 molecule itself. Since P188 has
been available for many years it has exceeded its patent lifetime for composition of matter
claims on the molecule itself, a fact that becomes clear from the prevalence of method
patents reviewed here. Such a situation could potentially complicate future
commercialization of competing products in different indications with similar, if not
identical, active pharmaceutical ingredients. Given the promise of P188 in multiple disease
states and the limited investigation of other triblock copolymers in biomedical studies, a
potential route of future investigation into other triblock copolymers that could have
superior pharmaceutical characteristics could prove to be beneficial. Such studies could
produce a new series of bioactive copolymers that could be inventions with significant
medical utility.
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