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A novel nanoparticle drug composition and method of use
thereof is presented herein. The nanoparticle drug compo-
sition is comprised of at least one nanoparticle carrier,
formed from the conjugation of PLGA and PEG, which
encapsulates a drug such as afobazole and its derivatives, in
a pharmaceutically acceptable carrier. The nanoparticle drug
composition may be used to treat various diseases of the
central nervous system involving excessive neuronal activ-
ity and inflammation such as stroke, Alzheimer’s disease
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1
AFOBAZOLE NANOPARTICLES
FORMULATION FOR ENHANCED
THERAPEUTICS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority to
International Patent Application No. PCT/US2015/053537,
entitled “Afobazole Nanoparticles Formulation For
Enhanced Therapeutics”, filed Oct. 1, 2015 by the same
inventors, which claims priority to U.S. Provisional Patent
Application No. 62/058,405, entitled “Afobazole Nanopar-
ticles Formulation For Enhanced Therapeutics”, filed Oct. 1,
2014, and U.S. Provisional Patent Application No. 62/067,
718, entitled “Afobazole Nanoparticles Formulation For
Enhanced Therapeutics™, filed Oct. 23, 2014, the entire
contents of each of which is herein incorporated into this
disclosure.

FIELD OF INVENTION

This invention relates to drug formulations. Specifically,
the invention describes a novel nanoparticle formulation of
afobazole.

BACKGROUND OF THE INVENTION

The use of biodegradable polymeric nanoparticles is one
way to reduce drug toxicity and degradation, while enhanc-
ing the residence time and drug concentration at the desired
site of action. Biodegradability is an important attribute of a
nanoparticle carrier for several reasons, including the ability
to control the release of the bound molecule in a sustained,
programmable way, and to provide the means for the final
removal of the carrier from the body in an innocuous form.
(K. S. Soppimath, T. M. Aminabhavi, A. R. Kulkarni, W. E.
Rudzinski, Biodegradable polymeric nanoparticles as drug
delivery devices, J. Control. Release 70 (1-2) (2001) 1-20;
J. Panyam, V. Labhasetwar, Biodegradable nanoparticles for
drug and gene delivery to cells and tissue, Adv. Drug Deliv.
Rev. 55 (3) (2003) 329-347; A. Kumari, S. K. Yadav, S. C.
Yadav, Biodegradable polymeric nanoparticles based drug
delivery systems, Colloids Surf. B: Biointerfaces 75 (1)
(2010) 1-18).

Biodegradable materials may be natural or synthetic and
are degraded hi vivo, either enzymatically or non-enzymati-
cally or both, to produce biocompatible, toxicologically safe
by-products which are further eliminated by the normal
metabolic pathways. Biomaterials used in drug delivery can
be broadly classified as (1) synthetic biodegradable poly-
mers, which includes relatively hydrophobic materials such
as the a-hydroxy acids (a family that includes poly lactic-
co-glycolic acid, PLGA), polyanhydrides, and others, and
(2) naturally occurring polymers, such as complex sugars
(hyaluronan, chitosan) and inorganics (hydroxyapatite).
(Makadia H. K., et al.,, Poly Lactic-co-Glycolic Acid
(PLGA) as Biodegradable Controlled Drug Delivery Car-
rier, Polymers (Basel), 2011, 3(3): 1377-1397).

Polyester PLGA is a copolymer of poly lactic acid (PLA)
and poly glycolic acid (PGA). Poly lactic acid contains an
asymmetric a-carbon which is typically described as the D
or L form in classical stereochemical terms and sometimes
as R and S form, respectively. The enantiomeric forms of the
polymer PLLA are poly D-lactic acid (PDLA) and poly
L-lactic acid (PLLA). PLGA is generally an acronym for
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2
poly D.L-lactic-co-glycolic acid where D- and L-lactic acid
forms are in equal ratio. (Makadia et al, 2011)

PLGA can be processed into almost any shape and size,
and can encapsulate molecules of virtually any size. It is
soluble in wide range of common solvents including chlo-
rinated solvents, tetrahydofuran, acetone or ethyl acetate. In
water, PLGA biodegrades by hydrolysis of its ester linkages.
Due to the hydrolysis of PLGA, parameters that are typically
considered invariant in a solid formulation can change with
time, such as the glass transition temperature (Tg), moisture
content and molecular weight. The change in PLGA prop-
erties during polymer biodegradation influences the release
and degradation rates of incorporated drug molecules.
PLGA physical properties themselves depend upon multiple
factors, including the initial molecular weight, the ratio of
lactide to glycolide, the size of the device, exposure to water
(surface shape) and storage temperature. Mechanical
strength of the PL.GA is affected by physical properties such
as molecular weight and polydispersity index. These prop-
erties also affect the ability to be formulated as a drug
delivery device and may control the device degradation rate
and hydrolysis. The type of drug may also play a role in
setting the release rate. Mechanical strength, swelling
behavior, capacity to undergo hydrolysis and subsequently
biodegradation rate of the polymer are directly influenced by
the degree of crystallinity of the PLGA, which is further
dependent on the type and molar ratio of the individual
monomer components in the copolymer chain. Crystalline
PGA, when co-polymerized with PLA, reduces the degree of
crystallinity of PLGA and as a result increase the rate of
hydration and hydrolysis. As a rule, higher content of PGA
leads to quicker rates of degradation with an exception of
50:50 ratio of PLA/PGA, which exhibits the fastest degra-
dation, with higher PGA content leading to increased deg-
radation interval below 50%. Degree of crystallinity and
melting point of the polymers are directly related to the
molecular weight of the polymer. The Tg (glass transition
temperature) of the PLGA. copolymers are reported to be
above the physiological temperature of 37° C. and hence are
glassy in nature, thus exhibiting fairly rigid chain structure.
The Tg of PLGAs decrease with a decrease of lactide
content in the copolymer composition and with a decrease in
molecular weight. (Makadia et al. 2011)

Various types of block copolymers of polyesters with poly
ethylene glycol (PEG) have been developed in response to
the need for better delivery formulations to incorporate a
variety of drugs and methods of administration. PL-GA/
PEG block copolymers can be processed as a diblock
(PLGA-PEG) or tri-block (PLGA-PEG-PLGA) molecules.
In diblock types, PEG chains orient themselves towards the
external aqueous phase in micelles, thus surrounding the
encapsulated species. This layer of PEG acts as a barrier and
reduces the interactions with foreign molecules by steric and
hydrated repulsion, giving enhanced shelf stability. (Maka-
dia et al, 2011)

PLGA copolymer undergoes degradation by hydrolysis or
biodegradation through cleavage of its backbone ester link-
ages into oligomers and, finally monomers. The degradation
process for these polymers is mainly through uniform bulk
degradation of the matrix where the water penetration into
the matrix is higher than the rate of polymer degradation.
Furthermore, the increase of carboxylic end groups as a
result of biodegradation autocatalyses the process. The deg-
radation of PLGA copolymer is the collective process of
bulk diffusion, surface diffusion, bulk erosion and surface
erosion. Since there are many variables that influence the
degradation process, the release rate pattern is often unpre-
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dictable. The biodegradation rate of the PLGA copolymers
are dependent on the molar ratio of the lactic and glycolic
acids in the polymer chain, molecular weight of the polymer,
the degree of crystallinity, and the Tg of the polymer. The
release of drug from the homogeneously degrading matrix is
more complicated. In general, the initial burst of drug
release is related to drug type, drug concentration and
polymer hydrophobicity. Drug on the surface, in contact
with the medium, is released as a function of solubility as
well as penetration of water into polymer matrix. Random
scission of PLGA decreases molecular weight of polymer
significantly, but no appreciable weight loss and no soluble
monomer product are formed in this phase. In the second
phase, drug is released progressively through the thicker
drug depleted layer. The water inside the matrix hydrolyzes
the polymer into soluble oligomeric and monomeric prod-
ucts. This creates a passage for drug to be released by
diffusion and erosion until complete polymer solubilization.
Drug type also plays an important role here in attracting the
aqueous phase into the matrix. (Makadia et al. 2011)

Several factors can affect degradation of PLGA nanopar-
ticles including: polymer composition; crystallinity; weight
average molecular weight of the polymer; type of drug; ratio
of surface area to volume of the polymer; pH; and drug
loading, In general, the PLGA degradation and the drug
release rate can be accelerated by greater hydrophilicity,
increase in chemical interactions among the hydrolytic
groups, less crystallinity and larger volume to surface ratio
of the device, (Makadi a et al. 2011)

Previous studies suggest that both blood clearance and
uptake by the mononuclear phagocyte system (MPS) may
depend on dose and composition of PLGA carrier systems.
(Panagi Z., et al., Effect of dose on the biodistribution and
pharmacokinetics of PLGA and PLGA-mPEG nanopar-
ticles. Int J Pharm., 2001 Jun. 19; 221(1-2): 143-52). The
degradation of the PLGA carriers is quick on the initial stage
(around 30%) and slows eventually to be cleared by respi-
ration in the lung. (Bazile D V, et al., Body distribution of
fully biodegradable [14C]-poly(lactic acid) nanoparticles
coated with albumin after parenteral administration to rats.
Biomaterials, 1992; 13(15): 1093-102). Surface modifica-
tion via incorporation of surface modifying agents can
significantly increase blood circulation half-life. (Makadia et
al. 2011)

Glutathione (GSH) is a tripeptide antioxidant that protects
tissues from reactive oxidative species (ROS) as well as
other types of oxidative damage. GSH interacts with trans-
membrane proteins located in the brain that are involved in
the active transport of certain substances across the blood
brain barrier (BBB). The BBB is a physical interface in the
central nervous system (CNS) between the blood and ner-
vous tissue which greatly limits the availability of drugs to
the brain. Coating drug-encapsulating nanoparticles with
glutathione facilitates the nanoparticles crossing the BBB
which allows for targeted therapies of brain-related disor-
ders. (Grover A., et al., Blood-Brain Barrier Permeation of
Glautathione-Coated Nanoparticle, SOJ Pharm PharmSci,
2014, 1(1):4)

Afobazole  (5-ethoxy-2[2-(morpholine)-ethylthio]benz-
imidazole), a drug currently used in Russia to treat anxiety
and panic disorders, was recently shown to be both a o-1 and
0-2 receptor agonist, and provides neuroprotection in an in
vitro ischemia model (Cuevas et al., 2011a; Cuevas et al.,
2011b). Unlike ANAVEX2-73, afobazole does not interact
with muscarinic receptors (Seredenin et al., 2009).

Activation of o-1 receptors by afobazole results in a
decrease in ischemia-induced Ca®* overload, which is due in
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part to inhibition of NMDA channel activation (Katnik et al.,
2006; Cuevas et al., 2011a). Previous studies have suggested
other mechanisms for the neuroprotective properties of
afobazole, including decreased caspase-3 activation and
reduced oxidative stress (Zenina et al., 2005; Antipova et al.,
2010).

Afobazole currently has a short half-life in vivo and has
limited brain penetration. This drug is currently used in once
a day dosing for the treatment of anxiety in Europe and is
being studied for the treatment of other diseases such as
stroke, multiple sclerosis and Alzheimer’s disease.

Given the obstacles of treatment with afobazole as
described above, what is needed is a drug formulation which
can readily cross the blood brain barrier (BBB) and enhance
the residence time and drug concentration at the targeted
site.

SUMMARY OF INVENTION

The current invention involves the use of nanoparticle
technology to improve pharmacokinetics and pharmacody-
namics of afobazole.

In an embodiment, a nanoparticle drug composition is
presented comprising: at least one nanoparticle carrier com-
prising a polylactic-co-glycolic acid) biocornpatible poly-
mer conjugated to an amphiphilic polyol; a pharmaceutically
active agent encapsulated within the at least one nanopar-
ticle carrier wherein the pharmaceutically active agent is
afobazole or its derivatives; and a pharmaceutically accept-
able carrier.

The composition can further comprise a hydrophilic anti-
oxidant coated on the nanoparticle carrier wherein the
hydrophilic antioxidant is glutathione. The amphiphilic
polyol can be polyethylene glycol. The nanoparticle may
have a mean particle size of between about 100 nm and
about 250 nm.

In a further embodiment, a method of treating a central
nervous system disorder in a patient in need thereof is
presented comprising: administering a therapeutically effec-
tive amount of a nanoparticle drug composition wherein the
nanoparticle drug composition comprises: at least one nano-
particle carrier comprising a poly(lactic-co-glycolic acid)
biocompatible polymer conjugated to an amphiphilic polyol;
a pharmaceutically active agent encapsulated within the at
least one nanoparticle carrier wherein the pharmaceutically
active agent is afobazole or its derivatives; and a pharma-
ceutically acceptable carrier.

The composition can further comprise a hydrophilic anti-
oxidant coated on the nanoparticle carrier wherein the
hydrophilic antioxidant is glutathione. The amphiphilic
polyol can be polyethylene glycol. The nanoparticle may
have a mean particle size of between about 100 nm and
about 250 nm. The central nervous system disorder can be
characterized by excessive neuronal activity or inflamma-
tion such as in ischemic, Alzheimer’s disease, multiple
sclerosis and anxiety.

In another embodiment, a method of generating a nano-
particle suspension is presented comprising: nanoprecipita-
tion of a polymer, further comprising: dissolving or diluting
poly(lactic-co-glycolic acid) conjugated with polyethylene
glycol (PLGA-PEG) in acetone to form a solution; dissolv-
ing a predetermined quantity of a drug such as afobazole in
ethanol to form a drug solution; adding the drug solution to
the PLGA-PEG solution to form an organic phase solution;
adding the organic phase solution to deionized water to form
a mixture; stirring the mixture; evaporating the acetone from
the mixture wherein upon evaporation of the acetone a
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suspension of nanoparticles is generated; and coating the
suspension of nanoparticles with a hydrophilic antioxidant
such as glutathione. In some cases the acetone is evaporated
overnight at room temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken
in connection with the accompanying drawings, in which:

FIG. 1 is a transmission electron microscopy (TEM)
image depicting the morphology of a nanoparticle (not
loaded with drug). As shown in the image, the nanoparticle
is spherical in shape and is smaller than 200 nm.

FIG. 2 is a graph depicting the rate of drug release by the
nanoparticle formulations. 2 samples were studied, Afo NPs,
and GSH-Afo NPs over 14 days. Both NPs formulations
showed an initial burst release of the drug (due to any
unencapsulated drug on the surface of NP) followed by a
sustained release of the drug from the NPs polymer. Samples
were read in triplicate (n=3) and reported as mean percent
drug release +SD.

FIG. 3 is a graph depicting the blood-brain barrier per-
meability of afobazole nanoparticles and glutathione-coated
afobazole nanoparticles. The samples were analyzed using
UV spectroscopy at a wavelength of 298 nm (Amax).

FIG. 4 is a graph depicting the trans-BBB permeability
potential of equivalent concentrations of NP formulations as
compared to aqueous drug solution over the first 8 hr period
showed that both NP formulations have significantly greater
permeability than the aqueous afobazole (*). Furthermore,
the afobazole GSH NP formulation had greater permeability
than the afobazole NP preparation (#) from 4 to 8 hrs
(p<0.001 and n=4 for all).

FIG. 5 is a series of images depicting that the NP
formulation of afobazole was found to inhibit multiple
phases of the calcium overload produced by ischemia+
acidosis. Relative to conventional afobazole, the NP formu-
lation yielded superior results, with peak calcium, rebound
calcium (reperfusion-associated) and net calcium (area)
decreased to a greater extent by the NP formulation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof and within which are shown
by way of illustration specific embodiments by which the
invention may be practiced. It is to be understood that other
embodiments by which the invention may be practiced. It is
to be understood that other embodiments may be utilized
and structural changes may be made without departing from
the scope of the invention.

Definitions

Unless otherwise defined, 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 be used
in the practice or testing of the present invention, some
potential and preferred methods and materials are described
herein. All publications mentioned herein are incorporated
herein by reference in their entirety to disclose and describe
the methods and/or materials in connection with which the
publications are cited. It is understood that the present
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6

disclosure supersedes any disclosure of an incorporated
publication to the extent there is a contradiction.

All numerical designations, such as pH, temperature,
time, concentration, and molecular weight, including ranges,
are approximations which are varied up or down by incre-
ments of 1.0 or 0.1, as appropriate. It is to be understood,
even if it is not always explicitly stated that all numerical
designations are preceded by the term “about”. It is also to
be understood, even if it is not always explicitly stated, that
the reagents described herein are merely exemplary and that
equivalents of such are known in the art and can be substi-
tuted for the reagents explicitly stated herein.

The term “about” or “approximately” as used herein
refers to being within an acceptable error range for the
particular value as determined by one of ordinary skill in the
art, which will depend in part on how the value is measured
or determined, i.e. the limitations of the measurement sys-
tem, i.e. the degree of precision required for a particular
purpose, such as a pharmaceutical formulation. For
example, “about” can mean within 1 or more than 1 standard
deviation, per the practice in the art. Alternatively, “about”
can mean a range of up to 20%, preferably up to 10%, more
preferably up to 5% and more preferably still up to 1% of a
given value. Alternatively, particularly with respect to bio-
logical systems or processes, the term can mean within an
order of magnitude, preferably within 5-fold, and more
preferably within 2-fold, of a value. Where particular values
are described in the application and claims, unless otherwise
stated, the term “about” meaning within an acceptable error
range for the particular value should be assumed.

Concentrations, amounts, solubilities, and other numeri-
cal data may be expressed or presented herein in a range
format. It is to be understood that such a range format is used
merely for convenience and brevity and thus should be
interpreted flexibly to include not only the numerical values
explicitly recited as the limits of the range, but also to
include all the individual numerical values or sub-ranges
encompassed within that range as if each numerical value
and sub-range is explicitly recited. As an illustration, a
numerical range of “about 1 to about 5” should be inter-
preted to include not only the explicitly recited values of
about 1 to about 5, but also include the individual values and
sub-ranges within the indicated range. Thus, included in this
numerical range are individual values such as 2, 3, and 4 and
sub-ranges such as from 1-3, from 2-4 and from 3-5, etc.
This same principle applies to ranges reciting only one
numerical value. Furthermore, such an interpretation should
apply regardless of the range or the characteristics being
described.

As used in the specification and claims, the singular form
a”, “an” and “the” include plural references unless the
context clearly dictates otherwise.

“Patient” is used to describe an animal, preferably a
human, to whom treatment is administered, including pro-
phylactic treatment with the compositions of the present
invention.

The “therapeutically effective amount” for purposes
herein is thus determined by such considerations as are
known in the art. A therapeutically effective amount of the
compositions or any combination thereof is that amount
necessary to provide a therapeutically effective result in vivo
or in vitro, including, but not limited to, total prevention of
(e.g., protection against) and to improved survival rate or
more rapid recovery, or improvement or elimination of
symptoms associated with neurodegenerative disorders, or
other indicators as are selected as appropriate measures by
those skilled in the art. In accordance with the present
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invention, a suitable single dose size is a dose that is capable
of preventing or alleviating (reducing or eliminating) a
symptom in a patient when administered one or more times
over a suitable time period. One of skill in the art can readily
determine appropriate single dose sizes for systemic admin-
istration based on the size of a mammal and the route of
administration.

“Administration” or “administering” is used to describe
the process by which the compounds of the present inven-
tion, or any combination thereof, are delivered to a patient.
The composition may be administered in various ways
including parenteral (referring to intravenous and intraarte-
rial and other appropriate parenteral routes), intratheceal,
intraventricular, intracisternal, intranigral, oral, transder-
mally, subcutaneously, and other routes that allow the com-
position to contact neurons. The compositions of the inven-
tion may be administered independently or in combination
with other compounds. Administration will often depend on
the disease and level of progression in the afflicted brain.

The terms “‘pharmaceutical compositions”, “drugs”,
“agents” and “compounds” are used interchangeably herein
to refer to a molecule, a group of molecules, a complex or
substance containing an active agent that is administered to
a subject for diagnostic, therapeutic, preventative, medical,
or veterinary purposes. Included are externally and inter-
nally administered topical, localized and systemic human
and animal pharmaceuticals, treatments, remedies, nutraceu-
ticals, biologicals, and diagnostics, including preparations
useful in clinical and veterinary screening, prevention, pro-
phylaxis, healing, wellness, detection, imaging, diagnosis,
therapy, surgery, monitoring, and the like.

The pharmaceutical compositions of the subject invention
can be formulated according to known methods for prepar-
ing pharmaceutically useful compositions. Furthermore, as
used herein, the phrase “pharmaceutically acceptable car-
rier” means any of the standard pharmaceutically acceptable
carriers. The pharmaceutically acceptable carrier can
include diluents, adjuvants, and vehicles, as well as implant
carriers, and inert, non-toxic solid or liquid fillers, diluents,
or encapsulating material that does not react with the active
ingredients of the invention. Examples include, but are not
limited to, phosphate buffered saline, physiological saline,
water, and emulsions, such as oil/water emulsions. The
carrier can be a solvent or dispersing medium containing, for
example, ethanol, polyol (for example, glycerol, propylene
glycol, liquid polyethylene glycol, and the like), suitable
mixtures thereof, and vegetable oils. Formulations are
described in a number of sources that are well known and
readily available to those skilled in the art. For example,
Remington’s Pharmaceutical Sciences (Martin E W [1995]
Easton Pennsylvania, Mack Publishing Company, 19% ed.)
describes formulations which can be used in connection with
the subject invention.

For ease of administration, the subject compounds may be
formulated into various pharmaceutical forms. As appropri-
ate compositions there may be cited all compositions usually
employed for systemically or topically administering drugs.
To prepare the pharmaceutical compositions of this inven-
tion, the active ingredient is combined in intimate admixture
with a pharmaceutically acceptable carrier, which may take
a wide variety of forms depending on the form of prepara-
tion desired for administration. These pharmaceutical com-
positions are desirably in unitary dosage form suitable,
preferably, for administration orally, vaginally, percutane-
ously, or by parenteral injection. For example, in preparing
the compositions in oral dosage form, any of the usual
pharmaceutical media may be employed, such as, for
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example, water, glycols, oils, alcohols and the like in the
case of oral liquid preparations such as suspensions, syrups,
elixirs and solutions; or solid carriers such as starches,
sugars, kaolin, lubricants, binders, disintegrating agents and
the like in the case of powders, pills, capsules and tablets.
Because of their ease in administration, tablets and capsules
often represent the most advantageous oral dosage unit
form, in which case solid pharmaceutical carriers are obvi-
ously employed. For parenteral compositions, the carrier
will usually comprise sterile water, at least in large part,
though other ingredients, for example, to aid solubility, may
be included. Injectable solutions, for example, may be
prepared in which the carrier comprises saline solution,
glucose solution or a mixture of saline and glucose solution.
In the compositions suitable for percutaneous administra-
tion, the carrier optionally comprises a penetration enhanc-
ing agent and/or a suitable wettable agent, optionally com-
bined with suitable additives of any nature in minor
proportions, which additives do not cause any significant
deleterious effects on the skin. Said additives may facilitate
the administration to the skin and/or may be helpful for
preparing the desired compositions. These compositions
may be administered in various ways, e.g. as a transdermal
patch, as a spot-on or as an ointment.

The amount of the compound in the drug composition will
depend on absorption, distribution, metabolism, and excre-
tion rates of the drug as well as other factors known to those
of skill in the art. Dosage values may also vary with the
severity of the condition to be alleviated. The compounds
may be administered once, or may be divided and admin-
istered over intervals of time. It is to be understood that
administration may be adjusted according to individual need
and professional judgment of a person administrating or
supervising the administration of the compounds used in the
present invention.

The dose of the compounds administered to a subject may
vary with the particular composition, the method of admin-
istration, and the particular disorder being treated. The dose
should be sufficient to affect a desirable response, such as a
therapeutic or prophylactic response against a particular
disorder or condition. A preferred dose can be adjusted
downward to establish a minimum dosage in vivo and can be
adjusted upwards to establish a maximum dosage in vivo for
the present invention as is known by those of skill in the art.

The compounds used in the present invention may be
administered individually, or in combination with or con-
currently/concomitantly with one or more other compounds
used in other embodiments of the present invention.

The term “composition” as used herein encompasses a
product comprising the specified ingredients in the specified
amounts, as well as any product which results, directly or
indirectly, from combination of the specified ingredients in
the specified amounts.

The term “nanoparticle” as used herein refers to a particle
or structure which is biocompatible with and sufficiently
resistant to chemical and/or physical destruction by the
environment of such use so that a sufficient number of the
nanoparticles remain substantially intact after delivery to the
site of application or treatment and whose size is in the
nanometer range. For the purposes of the present invention,
a nanoparticle typically ranges between about 1 nm to about
1000 nm, preferably between about 50 nm and about 500
nm, more preferably between about 50 nm and about 350
nm, more preferably between about 100 nm and about 250
nm. The terms “nanoparticle” and “nanostructure” are used
interchangeably herein.



US 10,172,867 B2

9

The term “nanoprecipitation” as used herein refers to the
process of forming nanoparticles through solvent displace-
ment. In nanoprecipitation, pre-formed polymers are con-
verted into nanoparticles by dissolving the polymer in a
water-miscible organic solvent and adding this solution to
water. Generally, here, poly(lactic-co-glycolic acid) (PLGA)
conjugated with polyethylene glycol (PEG) (PLGA-PEG)
was dissolved in acetone to form a PLGA solution. 3 mg of
Afobazole was dissolved in 280 of ethanol and subsequently
added in 20 [l increments to the PLGA solution. This
resulting solution (organic phase) was added dropwise to 8
ml of deionized H20 spinning at 600 rpm overnight to
allow the full evaporation of the organic phase and the
formation of the NP suspension. The NPs were separated by
centrifugation at 5,000 rpm for 30 minutes and resuspended
in 10 ml of fresh deionized H2O.

The term “drug” as used herein refers to a chemical entity
of varying molecular size, small and large, naturally occur-
ring or synthetic, that exhibits a therapeutic effect in animals
and humans. A drug may include, but is not limited to, a
therapeutic protein, peptide, antigen, or other biomolecule.
A drug useful with the nanoparticle composition described
herein is afobazole and its derivatives.

The term “degradation” as used herein refers to the
surface and bulk erosion of the polymer.

The term “pharmaceutically active agent” as used herein
refers to a molecule, a group of molecules, a complex or
substance that is administered to a subject for diagnostic,
therapeutic, preventative, medical, or veterinary purposes
and includes drugs and vaccines. Included are externally and
internally administered topical, localized and systemic
human and animal pharmaceuticals, treatments, remedies,
nutraceuticals, cosmeceuticals, biologicals, and diagnostics,
including preparations useful in clinical and veterinary
screening, prevention, prophylaxis, healing, wellness, detec-
tion, imaging, diagnosis, therapy, surgery, monitoring, cos-
metics, forensics, and the like.

The term “polymer” as used herein refers to a relatively
high molecular weight organic compound, natural or syn-
thetic, whose structure can be represented by a repeated
small unit, the monomer. Synthetic polymers are typically
formed by addition or condensation polymerization of
monomers. The polymers used or produced in the present
invention are biodegradable. The polymer is suitable for use
in the body of a subject, i.e. is biologically inert and
physiologically acceptable, non-toxic, and is biodegradable
in the environment of use, i.e. can be resorbed by the body.
Examples of synthetic polymers include, but are not limited
to, poly-lactic acid (PLA); polycaprolactone (PCL); poly-
styrene (PS); polyacrylamide; polyacrylate; poly (alkyl cya-
noacrylates); poly (isobutyl cyanoacrylates); poly (butylcya-
noacrylates); poly methyl (methcyanoacrylates); and
combinations thereof.

The term “copolymer” as used herein refers to a polymer
formed from two or more different repeating units (mono-
mer residues). A “block copolymer” is a polymer formed
from multiple sequences or blocks of the same monomer
alternating in series with different monomer blocks. Block
copolymers are classified according to the number of blocks
they contain and how the blocks are arranged.

The term “polyol” as used herein refers to an alcohol that
contains multiple hydroxyl groups. Examples of polyols
include, but are not limited to, polyethylene glycol, poly-
propylene glycol, glycerin, and combinations thereof.

The term “amphiphilic” as used herein refers to a com-
pound having both hydrophilic and hydrophobic (lipophilic)
groups.
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The term “antioxidant” as used herein refers to a molecule
that is capable of slowing or preventing the oxidation of
other molecules. Hydrophilic antioxidants include gluta-
thione, uric acid, ascorbic acid, thiols, proteoglycans, and
hyaluronic acid. Examples of antioxidants that may be used
to coat the nanoparticles of the instant invention include, but
are not limited to, glutathione and thiamine.

The inventors have identified a new formulation of a drug
using nanoparticle technology. This drug may be used to
treat various diseases of the central nervous system involv-
ing excessive neuronal activity and inflammation. In vitro
experiments show that the nanoparticle formulation of the
drug enhances the effectiveness of this drug for protecting
neurons from ischemic injury.

Poly(lactic-co-glycolic acid) (PLGA) conjugated with
polyethylene glycol (PEG) (PLGA-PEG) (5050 DLG,
mPEG 5000, 5wt % PEG) was purchased from Lakeshore
Biomaterials (Birmingham, Ala.). Glutathione (GSH) (re-
duced) was purchased from Fisher Bioreagents. Phosphate
buffered saline (PBS) solution was purchased from Cellgro
(Corning Inc., NY). Thiazolyl blue tetrazolium bromide
(MTT reagent), acetone and methanol were both purchased
from Sigma-Aldrich. All other chemicals used in the study
were of analytical grade and were used without any further
purification unless specified.

Afobazole NPs were prepared using a nanoprecipitation
method. Briefly, 120 mg PLGA-PEG were dissolved in 4 ml
acetone. 3 mg of Afobazole was dissolved in 280 [l of
ethanol and then added in 20 [l increments to the PLGA
solution. This resulting solution (organic phase) was added
dropwise to 8 mL of deionized H20 spinning at 600 rpm
overnight to allow the full evaporation of the organic phase
and the formation of the NP suspension. The NPs were
separated by centrifugation at 5,000 rpm for 30 minutes and
resuspended in 10 ml of fresh deionized H20O.

For the GSH-coated afobazole nanoparticles (GSH-Afo
NP), the nanoparticles described above were subsequently
coated with glutathione (GSH) by adding reduced GSH (10
mg) to 1 ml of NP solution to result in a 1% w/v final
concentration. This novel coating method was used in order
to enhance the blood-brain barrier (BBB) permeation of the
nanoparticles via GSH-transporters present on the BBB.
Statistical Analysis:

Assessed using paired student’s t-test with significance
(p<0.05). All experiments were performed in three replicates
for statistical significance and all the values are represented
as mean of three separate measurements +SD.

NPs Characterization:

The NP parameters were studied by measuring the particle
size and polydispersity index (PDI). The effect of a 1% GSH
coating on the NP was studied by comparing Afobazole
nanoparticles (Afo NPs) to the glutathione-coated Afobazole
nanoparticles (GSH-Afo NPs). The particle size and poly-
dispersity index was measured using DynamicPro plate
reader. Wyatt Technology, CA, USA. The NPs samples were
diluted 1:100 in deionized water to fit instrument specifica-
tions.

TABLE 1
Size PDI
Afobazole NPs 233.83 = 6.137 0.045 = 0.030
GSH-Afobazole NPs 142.63 + 8.949 0.01 = 0.003

Afo NPs have an average size of 233.83 nm and the
GSH-Afo NPs have an average particle size of 142.63 nm.
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The smaller size of the GSH-Afo NPs as compared to the
Afo NPs may be attributed to (1) the GSH coating of the NPs
which may induce a more compact shape due to the elec-
trostatic interactions of the GSH, NPs coat, and encapsulated
drug molecules; and (2) displacement of any Afo existing on
the surface of the NPs by GSH The sizes of NPs in each
formulation were normally distributed as suggested by PDI
data.

NPs Morphology:

Examination of nanoparticles morphology, size and
shape, was conducted via transmission electron microscopy
(TEM) using a JEOL 100S TEM (JEOL Ltd, Tokyo, Japan).
Following particle sizing, sample was diluted 100 times and
10 uL of the NP solution was carefully placed onto a copper
grid coated in a nitrocellulose membrane. The diluted nano-
particle preparation was placed on the nitrocellulose mem-
brane to allow for optimal viewing of the nanoparticle size
and morphology.

In Vitro Release:

The rate of afobazolle release from the nanoparticles was
measured by an in vitro release assay. Dialysis membranes
(MWCO 10,000 Da, Spectrum Laboratories, CA, USA)
were soaked in DI water overnight. The nanoparticles were
sonnicated briefly. 1 ml of the NP suspension was added to
dialysis membrane tubing which was placed in 100 mL of
phosphate buffered saline (PBS); solution was covered and
spun at 100 rpm at 37° C. 1.5 mL aliquots were removed at
predetermined intervals and replaced with fresh PBS solu-
tion. Aliquots were analyzed using UV spectroscopy at a
wavelength of 298 nm (Amax) and compared to analyzed
standard dilutions to determine the percentage of drug
released over 14 days for both Afo NPs, and GSH-Afo NPs.

Both NP formulations showed an initial burst release of
the drug (due to any unencapsulated drug on the surface of
NP) followed by a sustained release of the drug from the
NPs polymer. Samples were read in triplicate (n=3) and
reported as mean percent drug release +SD. (FIG. 2)

Drug release from NPs polymers occurs mainly through
diffusion and swelling-induced lysing of the NPs matrix. In
addition, the long chains of the PEG-PLGA polymer induce
the attraction of water molecules to the NPs matrix to enter
the NPs and release drug through hydration. The rapid
release of drug from the GSH-Afo NPs may be induced by
greater attraction of water by the hydrophilic GSH-coated
surface of the GSH-Afo NPs. This attraction leads to greater
hydration and release of drug from the NPs matrix.
Blood-Brain Barrier:

A Transwell™ model was established to investigate the
trans-BBB permeability potential of equivalent concentra-
tions of NP formulations (Afo-NPs and GSH-Afo NPs) as
compared to aqueous drug solution over a 48 hour study
period (FIG. 3). Transwell™ permeable supports with 0.4
um porous membrane (Corning Inc., NY) were purchased
and both sides were coated with 0.1% rat tail collagen I (BD
Biosciences™). Inserts were seeded with RBE4 rat brain
endothelial cells and C6 rat glioma cells. Drug solution,
Afo-NPs, and GSH-Afo NPs were added to the apical side
of'the insert and 100 uL. samples were collected and replaced
with fresh medium from the lower chamber at predeter-
mined time intervals. The samples were analyzed by UV
spectroscopy at a wavelength of 298 nm (Amax) (FIG. 3).

The permeation profiles of the drug solution and both NP
preparations were relatively similar for the first 24 hours of
the study. Focusing on the trans-BBB permeability potential
of equivalent concentrations of NP formulations as com-
pared to aqueous drug solution over the first 8 hr period
showed that both NP formulations have significantly greater

25

30

40

45

12

permeability than the aqueous afobazole (*). Furthermore,
the GSH-Afo NPs formulation had greater permeability than
the Afo NPs (#) from 4 to 8 hrs (p<0.001 and n=4 for all).
(FIG. 4) At the end of the 48 hour study period, the GSH-Afo
NPs showed the greatest permeation through the BBB
model. The greater rate of GSH-Afo NP permeation is likely
due to the presence of GSH receptors on the BBB that allow
for increased endocytosis by the endothelial cells to allow
passage through the BBB.

The enhanced BBB permeability, and thus more favorable
pharmacokinetics, of the nanoparticle formulations can
improve in vivo efficacy of this drug for the treatment of
CNS disorders such as anxiety, stroke and Alzheimer’s
disease.

In Vitro Ischemia

Experiments were conducted to determine if the NP
formulation of afobazole affected. ischemia+acidosis
induced elevation in neuronal calcium, which have been
linked to ischemic death. Fluorometric Ca** imaging using
fura-2 was carried out in isolated cortical neurons from
embryonic day 18 rats as previously reported (Mari Y,
Katnik C and Cuevas J (2010) ASIC la channels are
activated by endogenous protons during ischemia and con-
tribute to synergistic potentiation of intracellular Ca(2+)
overload during ischemia and acidosis. Cell calcium 48:70-
82). Neurons were cultured for 10-18 days and bathed in a
physiological saline solution (PSS) containing (in mM): 140
NaCl, 3 KCI, 1.4 CaCl,, 1.0 MgCl,, 7.7 glucose, and 10
HEPES (pH to 7.4 with NaOH). Ischemia+acidosis was
evoked by applying PSS at pH 6.5 with no glucose and 4
mM sodium azide.

Application of ischemia evoked a rapid, transient rise in
intracellular Ca*>*([Ca®*],), that was followed by a slow
increase in [Ca®*],. Upon addition of normal PSS (reperfu-
sion) there was a transient elevation in [Ca®*],. The Afo-NPs
was found to inhibit multiple phases of the calcium overload
produced by ischemia +acidosis. Relative to conventional
afobazole, the Afo-NP formulation yielded superior results,
with peak calcium, rebound. calcium (reperfusion-associ-
ated) and net calcium (area) decreased to a greater extent by
the NP formulation. (FIG. 5) While the GSH-Afo NPs were
not specifically tested in vitro, they are predicted to show
benefit due to their ability to cross the BBB and target the
brain. These two factors are not limiting in the in vitro model
since the drug is being directly applied to the neurons.

It is important to note that the initial transient peak
increase in [Ca®*], is due to the activation of ASIC 1a and
resulting membrane depolarization (Mari Y, Katnik C and
Cuevas J (2010) ASICla channels are activated by endog-
enous protons during ischemia and contribute to synergistic
potentiation of intracellular Ca.(2+) overload during isch-
emic and acidosis. Cell calcium 48:70-82). inhibition of
ASICla has been shown to decrease anxiety and provide
neuroprotection following ischemic stroke ((Coryell M W,
Ziemann A E, Westmoreland P J, Haenfler ] M, Kurjakovic
Z, Zha X M, Price M, Schnizler M K and Wemmie J A
(2007) Targeting ASICla reduces innate fear and alters
neuronal activity in the fear circuit. Biological psychiatry
62:1140-1148; Xiong 7Z G, Zhu X M, Chu X P, Minami M,
Hey J, Wei W L, MacDonald J F, Wemmie J A, Price M P,
Welsh M J and Simon R P (2004) Neuroprotection in
ischemia: blocking calcium-permeable acid-sensing ion
channels. Cel/ 118:687-698.) Thus, the increased efficacy of
the NP formulation is predicted to improve outcomes in
multiple disease states in which afobazole is beneficial.

In conclusion, the inventors have developed a new nano-
particle composition and its associated method of use using
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the drug afobazole and its derivatives encapsulated within a
PLGA-PEG nanoparticle that may be coated with gluta-
thione to increase permeability through the blood-brain
barrier. It was found that encapsulation of the drug within
nanoparticles greatly enhanced the half-life of the drug
which is beneficial in targeted drug therapies for patients
having diseases of the central nervous system.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of
the invention herein described, and all statements of the
scope of the invention which, as a matter of language, might
be said to fall there between. Now that the invention has
been described.

What is claimed is:
1. A nanoparticle drug composition comprising:
at least one nanoparticle carrier comprising a poly(lactic-
co-glycolic acid) polymer conjugated to polyethylene
glycol wherein the nanoparticle carrier is coated with
glutathione; and
apharmaceutically active agent encapsulated within the at
least one nanoparticle carrier wherein the pharmaceu-
tically active agent is afobazole;
wherein the nanoparticle drug composition is generated
by the process consisting essentially of:
dissolving or diluting the poly(lactic-co-glycolic acid)
conjugated to the amphiphilic polyol in acetone to
form a polymer solution;
dissolving a predetermined quantity of the afobazole in
ethanol to form a drug solution;
adding the drug solution to the polymer solution to
form an organic phase solution;
adding the organic phase solution to deionized water to
form a mixture;
stirring the mixture;
evaporating the acetone from the mixture wherein upon
evaporation of the acetone a suspension of nanopar-
ticles is generated; and
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coating the suspension of nanoparticles with the glu-
tathione.

2. The composition of claim 1, wherein the nanoparticle
carrier has a mean particle size of between about 100 nm and
about 250 nm.

3. A method of treating a central nervous system disorder
in a patient in need thereof comprising: administering a
therapeutically effective amount of a nanoparticle drug
composition according to claim 1.

4. The method of claim 3, wherein the central nervous
system disorder is characterized by excessive neuronal
activity or inflammation.

5. The method of claim 3, wherein the central nervous
system disorder is selected from the group consisting of
ischemia, Alzheimer’s disease, multiple sclerosis and anxi-
ety.

6. The method of claim 3, wherein the nanoparticle carrier
has a mean particle size of between about 100 nm and about
250 nm.

7. A method of generating a nanoparticle suspension
comprising: nanoprecipitation of a polymer, further com-
prising dissolving or diluting poly(lactic-co-glycolic acid)
conjugated with polyethylene glycol (PLGA-PEG) in
acetone to form a polymer solution; dissolving a predeter-
mined quantity of afobazole in ethanol to form a drug
solution; adding the drug solution to the polymer solution to
form an organic phase solution; adding the organic phase
solution to deionized water to form a mixture; stirring the
mixture; evaporating the acetone from the mixture wherein
upon evaporation of the acetone a suspension of nanopar-
ticles is generated; and coating the suspension of nanopar-
ticles with a hydrophilic antioxidant.

8. The method of claim 7, wherein the hydrophilic anti-
oxidant is glutathione.

9. The method of claim 7, wherein the acetone is evapo-
rated overnight at room temperature.
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