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Description

FIELD OF THE INVENTION

[0001] This invention relates to drug formulations and
is particularly related to methods. More specifically, bind-
ing or adsorbing active agents onto the surface of crys-
talline microparticles is disclosed.

BACKGROUND OF THE INVENTION

[0002] Delivery of therapeutic agents has been a major
problem. Oral administration is one of the most common
and preferred routes of delivery due to ease of adminis-
tration, patient compliance, and decreased cost. Howev-
er, the disadvantages of this route include low or variable
potency and inefficient adsorption of the therapeutic. This
is particularly evidentwhen the compoundto bedelivered
is unstable under conditions encountered in the gastroin-
testinal tract. A variety of coatings and encapsulation
methods have been developed in the art, but only a few
are effective in addressing this issue. Still, there are ther-
apeutic compounds that tend to be less active in the con-
ditions of the gastrointestinal tract and must be adminis-
tered in higher dosages to be adsorbed into the blood-
stream in an effective amount.

[0003] Abroadrange ofdrugformulation systems have
been developed to address the problem of optimal drug
delivery and are based on incorporation of drug Into a
matrix that acts as a carrier. Factors considered in drug
formulation include requirements that the system be non-
toxic and non-reactive with the drug to be delivered, eco-
nomical to manufacture, formed of readily available com-
ponents, and consistent with respect to final composition
and physical characteristics, including stability and re-
lease rate. Itis also preferable that the drug delivery sys-
tem is formed of materials easily removed from the body
by normal physiologic processes.

[0004] Advancements in microparticle technology
have aided in the development of improved drug formu-
lations. However, despite these advances there is still a
need in the art for stable drug formulations having long
term effectiveness and optimal adsorption when admin-
istered as a pharmaceutical, particularly by pulmonary
means. One approach in addressing this deficiency is to
target the structural characteristics/properties of the ac-
tive agent that would promote its adsorption to the mi-
croparticle surface and decrease its tendency to remain
in solution.

SUMMARY OF THE INVENTION

[0005] Methods are provided for binding, coating or ad-
sorbing an active agent onto a crystalline microparticle
surface. In general, microparticles are coated with an ac-
tive agent by modifying the system comprising the mi-
croparticles and the dissolved active agent such that the
active agent has a greater affinity for the microparticle
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surface than for remaining in solution. In particular the
presentinvention seeks to further promote the adsorption
of an active agent to the surface of a microparticle com-
prising a diketopiperazine by modifying/utilizing the prop-
erties of the active agent under a number of conditions
in solution.

[0006] A firstaspectof the invention provides a method
of promoting binding of an active agent to a preformed
crystalline microparticle in suspension, the microparticle
comprising a diketopiperazine, the method comprising
the steps of:

i) modifying the chemical potential of the active agent
with an active agent modifier wherein said modifying
allows for an energetically favorable interaction be-
tween the active agent and microparticle independ-
ent of removal of solvent; and

ii) adsorbing the active agent onto the surface of the
microparticle.

[0007] In particular embodiments of the present inven-
tion, modifying the chemical potential comprises modify-
ing the structure, flexibility, rigidity, solubility or stability
of the active agent, individually or in combination. Mod-
ifying the chemical potential of the active agent compris-
es altering solution conditions. Altering solution condi-
tions comprises adding an active agent modifier to the
solution.

[0008] In particular embodiments, the active agent
modifier is selected from the group consisting of salts,
surfactants, ions, osmolytes, alcohols, chaotropes, kos-
motropes, acids, bases, and organic solvents. Inone em-
bodiment, the salt is sodium chloride.

[0009] In still yet another embodiment of the present
invention, the method further comprises the step of dis-
solving the active agentin the fluid phase of a suspension
of microparticles and changing the pH of the fluid phase.
In one aspect the step of dissolving the active agentin a
fluid phase refers to the dissolving of a solid. In another
aspect the step of dissolving the active agent refers to
the addition of a concentrated solution of the active agent.
[0010] Inanotherembodimentofthe presentinvention,
the active agent modifier improves the structural stability
of the active agent.

[0011] In yet another embodiment of the present in-
vention the active agentis a protein, peptide, polypeptide,
small molecule, or nucleic acid molecule. In another em-
bodiment of the present invention the active agent is se-
lected from the group consisting ofinsulin, ghrelin, growth
hormone, and parathyroid hormone (PTH). The active
agent can comprise an antibody or antibody fragment.
In various aspects of the invention the antibody can rec-
ognize a disease-associated antigen including, without
limitation, a tumor-associated antigen or an infectious
pathogen-related antigen.

[0012] In still yet another embodiment of the present
invention, the small molecule is an ionizable molecule or
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a hydrophobic molecule such as, but not limited to, cy-
closporin A.

[0013] Inanotherembodimentofthe presentinvention,
modifying the chemical potential of the active agent com-
prises modulating one or more energetically favorable
interactions such as, but not limited to, electrostatic in-
teractions, hydrophobic interactions, and/or hydrogen
bonding interactions between the active agent and the
microparticle surface. The microparticle comprises a
diketopiperazine such as, but not limited to, fumaryl dike-
topiperazine.

[0014] In yet another embodiment of the present in-
vention, the method further comprises a step for remov-
ing or exchanging the solvent. Solvent, as used herein,
refers to the fluid medium in which the active agent and
microparticle are "bathed." It should not be interpreted
to require that all components are in solution. Indeed in
many instances it may be used to refer to the liquid me-
dium in which the microparticles are suspended.
[0015] A second aspect of the invention provides a
process for preparing a drug delivery composition com-
prising an active agent and a crystalline microparticle
comprising the steps of:

providing an active agent solution comprising an ac-
tive agent molecule;

modifying the chemical potential of the active agent
with an active agent modifier wherein said modifying
allows for an energetically favorable interaction be-
tween the active agent and microparticle independ-
ent of removal of solvent, which promotes binding of
the active agent to the microparticle;

providing a microparticle in suspension or powder,
wherein the microparticle comprises a diketopiper-
azine;

combining said active agent solution with said mi-
croparticle suspension or powder; and adsorbing the
active agent onto the surface of the microparticle.
The powder can be, for example, filtered but not
dried.

[0016] Inanotherembodimentofthe presentinvention,
the process of modifying the chemical potential of the
active agent allows for interaction between the active
agent and the microparticle. In one embodiment, modi-
fying the chemical potential of the active agent comprises
adding an active agent modifier to the solution. Such an
active agent modifier can selected from the group con-
sisting of salts, surfactants, ions, osmolytes, alcohols,
chaotropes, kosmotropes, acid, base, and organic sol-
vents. In yet another embodiment, the modifier decreas-
es the solubility of the active agent molecule, promotes
association between the active agent and the micropar-
ticle and/or improves the structural stability of the active
agent molecule.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The following drawings form part of the present
specification and are included to further demonstrate cer-
tain aspects of the examples disclosed herein. The in-
vention may be better understood by reference to one or
more of these drawings in combination with the detailed
description of specific embodiments presented herein.
[0018] FIGs. 1A-1C depict the effects of chaotropes
and kosmotropes on loading curves for active agents on-
to fumaryl diketopiperazine (FDKP) microparticles as a
function of pH and 100 mM chaotropic/kosmotropic agent
according to the teachings of the present invention. FIG.
1A depicts the loading of 0.75 mg/mL insulin onto 5
mg/mL FDKP microparticles in the presence of chao-
tropes and kosmotropes at pH 3.0-5.0. FIG. 1B depicts
the loading of 0.25 mg/mL glucagon-like peptide 1 (GLP-
1) onto 5 mg/mL FDKP microparticles in the presence of
chaotropes and kosmotropes at pH 2.0-4.0. FIG. 1C de-
picts the loading of 0.25 mg/mL parathyroid hormone
(PTH) onto 5 mg/mL FDKP microparticles in the pres-
ence of the strong chaotropes, NaSCN and NaClQy,, be-
tween pH 4.0-5.0.

[0019] FIGs. 2A-2C depict the effects of osmolytes on
loading curves for active agents onto FDKP microparti-
cles as a function of pH and osmolytes (100 mM) accord-
ing to the teachings of the present invention. FIG. 2A
depicts the loading of 0.75 mg/mL insulin onto 5 mg/mL
FDKP microparticles in the presence of osmolytes at pH
3.0-5.0. FIG. 2B depicts the loading of 0.25 mg/mL GLP-
1 onto 5 mg/mL FDKP microparticles in the presence of
osmolytes between pH 2.0-4.0. FIG. 2C depicts the load-
ing of 0.10 mg/mL ghrelin peptide onto 5 mg/mL FDKP
microparticles in the presence of strong osmolytes at pH
4.0-5.0.

[0020] FIGs. 3A-3D depict the effects of alcohols on
loading curves for active agents onto FDKP microparti-
cles as a function of pH and alcohols according to the
teachings of the present invention. FIG. 3A depicts the
loading of 0.10 mg/mL ghrelin onto 5 mg/mL FDKP mi-
croparticles in the presence of hexafluoroisopropanol
(HFIP) at 5%, 10%, 15%, and 20% v/v between pH
2.0-4.0. FIG. 3B depicts the loading of 0.10 mg/mL gh-
relin onto 5 mg/mL FDKP microparticles in the presence
of trifluoroethanol (TFE) at 5%, 10%, 15%, and 20% v/v
between pH 2.0-4.0. FIG. 3C and 3D depict the loading
of 0.25 mg/mL GLP-1 onto 5 mg/mL FDKP microparticles
at pH 2.0-5.0 in the presence of HFIP and TFE, respec-
tively.

[0021] FIGs.4A-4D depict the effects of salton loading
curves for active agents onto FDKP microparticles as a
function of pH and NaCl concentration according to the
teachings of the present invention. FIG. 4A depicts the
loading of 0.75 mg/mL insulin onto 5 mg/mL FDKP mi-
croparticles in the presence of 0-500 mM NaCl at pH
2.0-5.0. FIG. 4B depicts the loading of 0.25 mg/mL GLP-
1 onto 5 mg/mL FDKP microparticles in the presence of
0-500 MM NaClatpH 2.0-5.0. FIG. 4C depicts the loading
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of 0.25 mg/mL PTH peptide onto 5 mg/mL FDKP micro-
particles in the presence of 0-1000 mM NaCl at pH
2.0-5.0. FIG. 4D depicts the secondary structural analy-
sis of PTH at various salt concentrations (20°C). The far-
UV CD of 4.3 mg/mL PTH at pH 5.8 illustrates that as
the concentration of NaClincreases the secondary struc-
ture of the peptide adopts a more helical conformation.
[0022] FIGs.5A-5B depictthe adsorption of hydropho-
bic molecules onto microparticles according to the teach-
ings of the presentinvention. FIG. 5A depicts the binding
of cyclosporin A to FDKP microparticles with increasing
anti-solvent (water) at 60%, 80% and 90% concentration.
FIG. 5B depicts the percent of theoretical maximum load
achieved for cyclosporin A at varying mass ratios of cy-
closporin A/FDKP microparticles in the presence of 90%
anti-solvent.

[0023] FIG. 6 depicts the pharmacokinetics of single
intravenous injection (IV) and pulmonary insufffaltion (IS)
in rats using various mass ratios of cyclosporin A/FDKP
microparticles at 90% anti-solventaccording to the teach-
ings of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Described herein are methods useful for stabi-
lizing pharmaceutical active agents in combination with
crystalline microparticles comprising a diketopiperazine.
The resulting compositions provide stable active agents
coated onto the crystalline microparticle surfaces.
[0025] The substance to be coated or adsorbed onto
the crystalline microparticle is referred to herein as active
agent. Examples of classes of active agent include phar-
maceutical compositions, synthetic compounds, and or-
ganic macromolecules that have therapeutic, prophylac-
tic, and/or diagnostic utility.

[0026] Generally, most active agents can be coated or
adsorbed onto the surface of crystalline microparticles
including, but not limited to, organic macromolecules, nu-
cleic acids, synthetic organic compounds, polypeptides,
peptides, proteins, polysaccharides and other sugars,
and lipids. Peptides, proteins, and polypeptides are all
chains of amino acids linked by peptide bonds. Peptides
are generally considered to be less than 30 amino acid
residues but may include more. Proteins are polymers
that can contain more than 30 amino acid residues. The
term polypeptide as is know in the artand as used herein,
can refer to a peptide, a protein, or any other chain of
amino acids of any length containing multiple peptide
bonds, though generally containing at least 10 amino ac-
ids. The active agents used in the coating formulation
can fall under a variety of biological activity classes, such
as vasoactive agents, neuroactive agents, hormones,
anticoagulants, immunomodulating agents, cytotoxic
agents, antibiotics, antivirals, antigens, and antibodies.
[0027] Examples of active agents that may be em-
ployed in the presentinvention include, in a non-limiting
manner: growth hormone, antibodies and fragments
thereof alkynes, cyclosporins (e.g. cyclosporin A),
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PPACK (D-phenylalanyl-L-prolyl-L-arginine chlorome-
thyl ketone, CMFDA (5-chloromethylfluorescein diace-
tate), Texas Red, clopiogrel, granulocyte macrophage
colony stimulating factor (GM-CSF), glucagon-like pep-
tide 1 (GLP-1), ghrelin, parathyroid hormone (PTH), in-
sulinand insulin analogs (e.g., aspartinsulin and insulin)
and antibodies and fragments thereof, including, but not
limited to: humanized or chimeric antibodies; F(ab),
F(ab)2, or single-chain antibody alone or fused to other
polypeptides; therapeutic or diagnostic monoclonal anti-
bodies to cancer antigens, cytokines, infectious agents,
inflammatory mediators, hormones, and cell surface an-
tigens. Non-limiting examples of antibodies to tumor an-
tigens include anti-SSX-241-49 (synovial sarcoma, X
breakpoint 2), anti-NY-ESO-1 (esophageal tumor asso-
ciated antigen), anti-PRAME (preferentially expressed
antigen of melanoma), anti-PSMA (prostate-specific
membrane antigen), anti-Melan-A (melanoma tumor as-
sociated antigen), anti-tyrosinase (melanoma tumor as-
sociated antigen), and anti-MOPC-21 (myeloma plasma-
cell protein)..

Microparticles

[0028] Essentially, the term "microparticle” refers to a
particle with a diameter of about 0.5-1000 pum, irrespec-
tive of the precise exterior or interior structure. Within the
broad category of microparticles, "microspheres" refers
to microparticles with uniform spherical shape. Crystal-
line microparticles as used herein refers to microparticles
that have the internal structure, though not necessarily
the external form, of a crystal and have aregular arrange-
ment of atoms in a space lattice. lonizable crystalline
surfaces refer to crystalline microparticles that have the
additional capacity to carry an electrical charge. In some
embodiments the microparticle can be a single regularly
shaped crystal. In various preferred embodiments the
microparticle is irregularly shaped, is porous, has dis-
solved active agent-accessible interior surfaces, or com-
prises multiple crystals, in any combination. Such char-
acteristics will generally increase surface area and there-
by loading capacity. Such characteristics can also con-
tribute to advantageous aerodynamic properties, impor-
tant if the active agent is to be delivered by inhalation of
a dry powder comprising the microparticles.

[0029] Preferably, the chemical substance composing
the crystalline microparticle is reversibly reactive with the
active agent to be delivered, non-toxic, as well as non-
metabolized by rodents and humans. The foregoing not-
withstanding, some levels of toxicity are tolerable, de-
pending, for example, on the severity of the condition to
be treated or the amount of the substance to which a
patient is exposed. Similarly, it is not required that the
substance be completely metabolically inert. In addition,
the crystalline structure of preferred microparticles is not
substantially disrupted in the process of coating or bind-
ing with active agent. The composition of the crystalline
microparticle determines what type of chemical interac-
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tions can be manipulated to drive adsorption of an active
agent to the microparticle surface.

[0030] A number of substances can be used to form
crystalline microparticles. Microparticles as such have
surfaces, the properties of which can be manipulated in
the coating process as disclosed in US 2007/0059373.
Representative materials from which crystalline micro-
particles can be formed include, but are not limited to,
aromatic amino acids, or compounds with limited solu-
bility in a defined pH range such as diketopiperazines
and morpholine sulfates. The microparticles for use in
the present invention comprise a diketopiperazine
(DKP).

[0031] As discussed herein, DKP microparticles are
employed to facilitate the adsorption of the active agent.
United States Patent Nos. 5,352,461 and 5,503,852 de-
scribe adrug delivery system based on formation of dike-
topiperazine (DKP) microparticles from diketopiperazine
derivatives such as 3,6-bis[N-fumaryl-N-(n-butyl)amino]
(also referred to as fumaryl diketopiperazine or FDKP;
also termed (E)-3,6-bis[4-(N-carboxy-2-propenyl)amido-
butyl]-2,5-diketopiperazine) that are stable at low pH and
dissolve atthe pH of blood or the smallintestine. A system
based on diketopiperazine structural elements forms mi-
croparticles with desirable size distributions and pH rang-
es as well as good payload tolerance. A wide range of
stable, reproducible characteristics can be generated
with appropriate manipulations of the substituent groups.
These patents disclosed precipitation of the DKP in the
presence of the active agent to form microparticles com-
prising the active agent. Further details for synthesis,
preparation, and use of diketopiperazines and diketopi-
perazine microparticles are disclosed in U.S. Patents
6,071,497, 6,331,318; 6,428,771 and U.S. Patent Publi-
cation Nos. 20060040953 and 20060041133. Composi-
tions comprising diketopiperazine particles are disclosed
inU.S. PatentNo. 6,991,779 and U.S. Patent Publication
No. 20040038865.

[0032] Other diketopiperazines contemplated in the
present invention include 3,6-di(4-aminobutyl)-2,5-dike-
topiperazine; 3,6-di(succinyl-4-aminobuty)-2,5-diketopi-
perazine (succinyl diketopiperazine or SDKP); 3,6-
di(maleyl-4-aminobutyl)-2,5-diketopiperazine; 3,6-di(cit-
raconyl-4-aminobutyl)-2-5-diketopiperazine; 3,6-di(glu-
taryl-4-aminobutyl)-2,5-diketopiperazine;  3,6-di(malo-
nyl-4-aminobutyl)-2,5-diketopiperazine; 3,6-di(oxalyl-4-
aminobutyl)-2,5-diketopiperazine and derivatives there-
from. Diketopiperazine salts may also be utilized in the
presentinvention and may included, for example, a phar-
maceutically acceptable salt such as the Na, K, Li, Mg,
Ca, ammonium, or mono-, di- or tri-alkylammonium (as
derived from triethylamine, butylamine, diethanolamine,
triethanolamine, or pyridines, and the like). The salt may
be a mono-, di-, or mixed salt. Higher order salts are also
contemplated for diketopiperazines in which the R groups
contain more than one acid group. In other aspects of
the invention, a basic form of the agent may be mixed
with the diketopiperazine in order to form a salt linkage
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between the drug and the diketopiperazine, such that the
drug is a counter cation of the diketopiperazine. DKP
salts for drug delivery are disclosed in a further detail in
U.S. Patent Application Publication No. 20060040953.
[0033] United States Patent No. 6,444,226, and
6,652,885, describe preparing and providing microparti-
cles of DKP in agueous suspension to which a solution
of active agent is added, and then the critical step of
lyophilizing the suspension to yield microparticles having
a coating of active agent. The basis for this formulation
is that the coating of microparticle with active agent is
driven by removal of the liquid medium by lyophilization.
(See also United States Patent No. 6,440,463). In con-
trast to teachings in the prior art, the present invention
provides means for adjusting the association of active
agent with the microparticle prior to solvent removal.
Thus, removal of the liquid medium by bulk physical
methods (e.g., filtration or sedimentation) or evaporative
methods (e.g., lyophilization or spray-drying) can result
in comparable loads.

Promoting Adsorption of Active Agents

[0034] Adsorbing active agent to the surface of a crys-
talline microparticle can involve altering the properties of
the active agent in a solution or fluid suspension under
various solution conditions, thereby promoting adsorp-
tion to the microparticle surface and reducing the amount
of active agent remaining in solution. Alteration or mod-
ifications to the active agent may occur with the use of
modifiers such as, but not limited to, chaotropes and ko-
smotropes, salts, organics such as, but not limited to,
alcohols, osmolytes, and surfactants. These modifiers
can act on the active agent to alter its chemical potential
and thereby its structure, flexibility, rigidity or stability,
without chemically altering the agent itself. The term
"chemical potential” is well known to one of ordinary skill.
In embodiments of the present invention, "chemical po-
tential" refers to the free energy necessary to drive a
chemical reaction such as, for example, interaction be-
tween an active agent and a solvent or the adsorption of
active agent onto a microparticle. The term "energetically
favorable" as used herein refers to the lowering of the
free energy levels of the absorbed states of the active
agent onto the microparticle in relation to the free energy
level of uncoated microparticle, or unbound active agent
and/or the insoluble forms (including aggregation or pre-
cipation) of the active agent. The term "structure" as used
herein refers to the secondary structure of the active
agent molecule and includes the alpha-helical formation,
beta sheets, or random coil (unordered) of the active
agent molecule, such as a protein. Additionally, the term
structure may also include teritary and quaternary struc-
tures of the molecule but is not limited to such and may
also refer to the self association, aggregation, multimer-
ization, dimerization, and the like, of a molecule. The term
"stability" as used herein refers to the stabilization or
destabilization of the structure of the active agent in the
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presence of the modifier.

[0035] In addition, altering the properties of the active
agent in a solution or fluid suspension are likely to affect
the interactions due to hydrophobic properties, hydrogen
bonding properties, and electrostatic properties of the
active agent and/or microparticle.

[0036] Hydrophobic interactions are associations of
non-polar groups with each other in aqueous solutions
because of their insolubility in water. Hydrophobic inter-
actions can affect a number of molecular processes in-
cluding, but not limited to, structure stabilization (of single
molecules, complexes of two or three molecules, or larg-
er assemblies) and dynamics, and make important con-
tributions to protein-protein and protein-ligand binding
processes. These interactions are also known to play a
role in early events of protein folding, and are involved
in complex assembly and self-assembly phenomena
(e.g., formation of membranes).

[0037] Hydrogen bonding interactions are especially
strong dipole-dipole forces between molecules; a hydro-
gen atom in a polar bond (e.g., H-F, H-O or H-N) can
experience an attractive force with a neighboring elec-
tronegative molecule or ion, which has an unshared pair
of electrons (typically an F, O, or N atom on another mol-
ecule). Hydrogen bonds are responsible for the unique
properties of water and are very important in the organ-
ization of biological molecules, especially in influencing
the structure of proteins and DNA.

[0038] Electrostatic interactions are attractions be-
tween opposite charges or repulsions between like
charges that grow stronger as the charges come closer
to each other. Electrostatic interactions constitute a key
component in understanding interactions between
charged bodies in ionic solutions. For example, the sta-
bility of colloidal particles dispersed in a solvent can be
explained by considering the competition between repul-
sive electrostatic interactions and the attractive van der
Waals interactions. Electrostatic interactions are also of
importance when considering interaction and adhesion
between particles.

Salts

[0039] Insome embodiments of the present invention,
the properties of the active agent are altered using a salt
such as, but not limited to, sodium chloride. Active
agents, for example, PTH and GLP-1, undergo noticea-
ble structural changes in the presence of salt. As shown
in Example 5 (FIG. 4D), the presence of salt increases
the secondary structure of PTH by promoting a more hel-
ical conformation of the peptide. Salt has also been
shown to affectthe structure of GLP-1. Furthermore, salts
and other ionic compounds are capable of either stabi-
lizing or destabilizing proteins and peptides, especially
when the difference between the pH of the solution and
the pl of the protein or peptide becomes greater, by bind-
ing to specifically charged residues (Antosiewiez J, et al.,
J. Mol. Biol. 238:415-436, 1994).
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Chaotropes

[0040] Chaotropes, as are well known in the art, are
ions that exhibit weak interactions with water and there-
fore destabilize molecules such as proteins or peptides.
These compounds break down the hydrogen-bonded
network of water and decrease its surface tension, thus
promoting more structural freedom and denaturation of
proteins and peptides. Examples of chaotropes include,
but are not limited to, NaSCN, (CH3)3N-HCI, NayNO3,
and NaClO, and cesium chloride (CsCl).

[0041] Kosmotropes or lyotropes, on the other hand,
are ions that display strong interactions with water and
generally stabilize macromolecules such as proteins and
peptides. This stabilization effect is brought about by in-
creasing the order of water and increasing its surface
tension. Examples of kosmotropes include, but are not
limited to, sodium citrate (Na Citrate), and sodium sulfate
(Nay,SOy).

Alcohols

[0042] Another class of modifier of active agent em-
ployed in the present invention is alcohols. Alcohols are
able to disrupt the native structure of proteins and pep-
tides and are also able to stabilize and induce o-helical
conformations in macromolecules, most notably within
unstructured proteins and polypeptides. Such alcohols
may include, but are not limited to, methanol (MeOH),
ethanol (EtOH), trifluoroethanol (TFE), and hexafluoroi-
sopropanol (HFIP). Of those, TFE and HFIP are two of
the most potent alcohols for inducing helical transitions
in peptides and proteins (Hirota et al., Protein Sci.,
6:416-421; 1997, incorporated herein by reference for all
it contains regarding helical transitions in peptides and
proteins). These alcohols may affect the structure of pro-
teins and peptides through their ability to disrupt the hy-
drogen-bonding properties of the solvent (see Eggers
and Valentine, Protein Sci., 10:250-261; 2001, incorpo-
rated herein by reference for all it contains regarding the
effect of alcohols on the structure of proteins).

Osmolytes

[0043] Another class of modifier that affects the active
agent affinity for the microparticle is osmolytes. Osmo-
lytes, as are well known to the skilled artisan, are small
compounds that are produced by the cells of most or-
ganismes in high stress situations (such as extreme tem-
perature fluctuations, high salt environments, efc.) to sta-
bilize their macromolecules. They do not interact with the
macromolecule directly but act by altering the solvent
properties in the cellular environment and so their pres-
ence indirectly modifies the stability of proteins. These
compounds include various polyols, sugars, polysaccha-
rides, organic solvents, and various amino acids and their
derivatives. Although the mechanism of osmolytes are
yet to be elucidated, it is speculated that these com-



11 EP 1 928 423 B1 12

pounds likely act by raising the chemical potential of the
denatured state relative to the native state, thereby in-
creasing the (positive) Gibbs energy difference (AG) be-
tween the native and denatured ensembles (Arakawa
and Timasheff, Biochemistry 29:1914-1923,1990).
[0044] Osmolytes as contemplated in the present in-
vention, include in a non-limiting manner, hexylene-gly-
col (Hex-Gly), trehalose, glycine, polyethylene glycol
(PEG), trimethylamine N-oxide (TMAO), mannitol, and
proline.

General Description of the Method

[0045] In the methods of the present invention, at least
three components are combined in a liquid medium: at
least one active agent, (preformed) microparticles com-
prising a diketopiperazine, and at least one active agent
modifier as described above. The components of this
system may be combined in any order. In some embod-
iments the modifier and active agent are combined with
each other prior to that mixture being combined with a
suspension of microparticles. In other embodiments the
agent and microparticles are first combined and then the
modifier is added. In some embodiments the active agent
or modifier is provided and combined with another com-
ponent, or components, as a solution. In other embodi-
ments any of the components can be provided in solid
form and dissolved, or in the case of the microparticles,
suspended, in the liquid medium containing another of
the components. Further variations will be apparent to
one of skill in the art.

[0046] The microparticles are formed prior to being
combined with the other components of the system, and
as such are present as a suspension. Nonetheless the
liquid medium in which the microparticles are suspended
is at times referred to herein as a solvent. The liquid me-
dium utilized in the method is most often aqueous. How-
ever in some instances the liquid medium can comprise
more of an organic compound, for example an alcohol
used as a modifier, than it does water.

[0047] Upon assembly of all components of the sys-
tem, the active agent will adsorb to the surface of the
microparticle. In increasingly preferred embodiments of
the present invention, at least 50, 60, 70, 80, 90, 95%,
or substantially all, of the active agent in the system will
adsorb to the microparticles, up to 100%. In some em-
bodiments of the present invention, the accessible sur-
face area of the microparticles with be sufficient for all of
the adsorbed active agent to be in direct contact with the
microparticle surface, that is, the coating is a monolayer.
However itis to be understood that additional interactions
can be present. In some instances, for example, self-
association of the active agent can also be energetically
favored so that multiple layers of active agent coat the
particle. Itis notrequired that any of these layers be com-
plete or that the thickness of the coating be uniform. Two
forms of self-association can be recognized: multimeri-
zation and aggregation. Multimerization is characterized
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by specific intermolecular interactions and fixed stoichi-
ometry. Aggregation is characterized by unspecific inter-
molecular interactions and undefined stoichiometry. It
should be understood that multimeric active agents can
be adsorbed in the multimeric state, or dissociated into
monomers, or lower order multimers, and adsorbed to
the surface in that state. In either case aggregation can
mediate layering of the active agent onto the microparti-
cle.

[0048] The loaded microparticles constitute a drug de-
livery composition that can be utilized in a variety of
forms. The particles can be used as powders, in solid
dosage forms such as tablets or contained in capsules,
or suspended in aliquid carrier. Generally this will require
exchange and/or removal of the liquid medium in which
the loading took place. This can be accomplished by any
of a variety of means including physical methods such
as, but notlimited to, sedimentation or filtration, and evap-
orative methods such as, but not limited to, lyophilization
or spray-drying. These techniques are known to those
skilled in the art. In one embodiment of the present in-
vention, solvent is removed by spray-drying. Methods of
spray-drying diketopiperazine microparticles are dis-
closed in, for example, U.S. Provisional Patent Applica-
tion No. 60/776,605 filed on February 22, 2006.

[0049] If loading is not substantially complete, embod-
iments of the invention, using physical methods of solvent
removal will typically loose the unadsorbed active agent,
but for example can be useful to ensure that coating does
not progress beyond a monolayer. Conversely, embod-
iments using evaporative drying for solvent removal can
in some cases deposit additional active agenton the par-
ticle and thereby avoid its loss, but the adsorptive inter-
actions involved can differ from those established by the
molecules bound in the earlier steps of the method. In
other embodiments evaporative solvent removal does
not result in significant further deposition of active agent,
including the case in which substantially all of the active
agent was already adsorbed to the particle.

EXAMPLES

[0050] The following examples are included to demon-
strate preferred embodiments of the present invention.
It should be appreciated by those of skill in the art that
the techniques disclosed in the examples which follow
represent techniques discovered by the inventor to func-
tion well in the practice of the invention, and thus can be
considered to constitute preferred modes for its practice.
While discussion may focus on a particular mechanism
it should be understood that some modifiers can have
multiple effect on the agent, or indeed on the particle
surface as well, each of which can contribute to promoting
adsorption of the agent to the particle. However, those
of skill in the art, in light of the present disclosure, will
appreciate that many changes can be made in the spe-
cific embodiments which are disclosed and still obtain a
like or similar result.



13 EP 1 928 423 B1 14

EXAMPLE 1

Experimental Procedure: Active Agent/FDKP Micropar-
ticle Adsorption Studies

[0051] The active agents insulin, PTH, ghrelin and
GLP-1 were either purchased from American Peptide
(Sunnyvale, CA) or AnaSpec (San Jose, CA), or pre-
pared in house (MannKind Corporation, Valencia, CA).
Aqueous samples at varying pH and at 20°C (unless oth-
erwise noted) were analyzed. Samples were generally
prepared fresh and were mixed with the particular addi-
tive (e.g., salt, pH buffer, etc., if any), prior to the addition
of FDKP microparticles.

[0052] The association of active agent with diketopi-
perazine (DKP) particles in suspension was evaluated
by conducting adsorption studies. The parameters inves-
tigated in the adsorption studies explored the effects of
electrostatic interactions, hydrogen bonding, water struc-
ture, protein flexibility, and specific salt-pairing interac-
tions on the active agent/fumaryl diketopiperazine (FD-
KP) microparticle interaction. In addition, several com-
mon protein stabilizers were tested for interference with
active agent adsorption to FDKP microparticle surfaces.
[0053] Varying conditions promoting adsorption of ac-
tive agent onto the surfaces of preformed FDKP particles
were studied. A 15 mg/mL FDKP microparticle suspen-
sion was combined with 3X pH buffer and 3X solution of
an additive or excipient. The final solution contained a
FDKP microparticle concentration of 5 mg/mL and a
GLP-1 concentration of 0.25 mg/mL (5% w/w), or a PTH
concentration of 0.25 mg/mL (5% w/w), or an insulin con-
centration of 0.75 mg/mL (15% w/w) or aghrelin concen-
tration of 0.10 mg/mL (2% w/w). Unbound active agent
in the supernatant was filtered off the suspension. The
FDKP particles with the associated active agent were
dissolved (reconstituted) in 100 mM ammonium bicarbo-
nate and filtered to separate out any aggregated active
agent molecules. The amount of active agent in both the
supernatant and reconstituted fractions was quantitated
by HPLC. A series of experiments were conducted in
which conditions employed included use of additives
such as salts, osmolytes, chaotropes and kosmotropes,
and alcohols. The results from these studies are de-
scribed below.

EXAMPLE 2

Effect of Chaotropes and Kosmotropes on Adsorption of
Active Agent onto FDKP Particles

[0054] lonic species that affect the structure of water
and proteins (chaotropes and kosmotropes) were stud-
ied to investigate the adsorption of active agent onto a
FDKP microparticle surface by a hydrophobic mecha-
nism (at low pH). Loading of the active-agent onto FDKP
particles was performed at 5 mg/mL microparticles and
a GLP-1 concentration of 0.25 mg/mL (5% w/w), or a
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PTH concentration of 0.25 mg/mL (5% w/w), or an insulin
concentration of 0.75 mg/mL (15% w/w). The concentra-
tion of the chaotrope or kosmotrope in the samples was
held constant at 100 mM and the pH varied from 2.0 to
5.0. Chaotropes or kosmotropes were selected from the
following: NaSCN, CsCl, Na,SO4, (CH3)3N-HCI,
Na,NO,, Na Citrate, and NaClO,. The control indicates
no chaotrope or kosmotrope were added.

[0055] FIGs. 1A-1C depict the loading curves for insu-
lin, GLP-1 and PTH respectively, onto the FDKP micro-
particle surface as a function of pH in the presence of
the various chaotropes or kosmotropes. At low pH (3.0)
all chaotropes and kosmotropes analyzed improved the
affinity of insulin for the microparticle surface and showed
significant loading compared to the control. At pH 4, this
effect was not observed (FIG. 1A). At higher pH (5.0),
the chaotropes and kosmotropes interfered with the ad-
sorption of insulin to the microparticle surface, as com-
pared to control, by precipitating the insulin protein. Thus
these agents promoted binding of insulin to the FDKP
particles at lower pH, but have little or even a detrimental
effect at the higher pH conditions.

[0056] GLP-1, in the presence of chaotropes and ko-
smotropes, showed an improved affinity for the FDKP
microparticles at pH 2.0-4.0 with a greater effect at lower
pH (FIG. 1B). Similar observations were disclosed in U.S.
Provisional Application Serial No. 60/744,882. There it
was noted, that approximately 0.02-0.04 mg/mL of the
GLP-1 peptide (which corresponds to mass ratios of
0.004 to 0.008) was detected in the reconstituted micro-
particle-free control samples in the presence of NaSCN,
NaClOy4, Na,SO4, NaNOj and Na citrate, indicating that
a small proportion of the GLP-1 precipitated rather than
adsorbing to the particle.

[0057] The affinity of PTH for the FDKP microparticle
surface was greater at pH of 4.0 to about 4.5 in the pres-
ence of strong chaotropes NaSCN and NaClO, (FIG.
1C).

[0058] The data supports that chaotropic and kosmo-
tropic agents play a role in promoting adsorption of the
active agent to FDKP microparticle surfaces, most nota-
bly at low pH. Since these modifiers have a greater effect
at low pH, where the microparticle surface is less ionic,
it is likely that adsorption results from a hydrophobic
mechanism. The decrease in adsorption observed at
higher pH may result from the more highly charged sur-
face of the particle in combination with effects chaotropic
and kosmotropic agents have on increasing the hydro-
phobicity of the active agents. Additionally, as ionic spe-
cies, these agents may compete with the active agent
for binding to the microparticle, or disrupt the electrostatic
interactions between the active agent and the micropar-
ticle. Finally it is also noted that Debye shielding can con-
tribute to the decrease in adsorption to the more highly
charged surface.
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EXAMPLE 3

Effect of Osmolytes on Adsorption of Active Agent to FD-
KP Particles

[0059] To assess the importance of active agent sta-
bility on adsorption, the effect of osmolytes on the binding
of active agent to FDKP particles was examined by HPLC
analysis. FIGs. 2A-2C show the loading curves forinsulin
(FIG. 2A), GLP-1 (FIG. 2B) and ghrelin (FIG. 2C) onto
FDKP particles as a function of pH in the presence of
common stabilizers (osmolytes). Loading of the active
agent onto FDKP microparticles was performed at 5
mg/mL of microparticles and an insulin concentration of
0.75 mg/mL (15% w/w), or a GLP-1 concentration of 0.25
mg/mL (5% w/w) ora ghrelin concentrationof 0.10 mg/mL
(2% w/w). The concentration of the osmolyte (stabilizer)
in the samples was held constant at 100 mM and the pH
varied from about 2.0 to about 5.0. The osmolytes were
selected from hexylene-glycol (Hex-Gly), trehalose, gly-
cine, PEG, TMAO, mannitol and proline; the control in-
dicates no osmolyte.

[0060] Ofthe active agents studied, insulin showed sig-
nificantly improved affinity for the FDKP particle surface
in the presence of osmolytes (PEG, glycine, trehalose,
mannitol and Hex-Gly) over a pH range of 3.0to 5.0 (FIG.
2A). Ofthe osmolytes studied, PEG and proline improved
the affinity for adsorption of the GLP-1 onto FDKP particle
surface over a pH range from 2.0 to 4.0. The osmolyte
TMAO was more effective than PEG or proline at binding
GLP-1 onto the FDKP microparticle surface at low pH
(2.0) but was modestly detrimental at pH 3.0 and above
(FIG. 2B). Ghrelin however, showed greater affinity for
the microparticle surface inthe presence of 100 mM man-
nitol, PEG, glycine, Hex-Gly, and trehalose when com-
pared to the control over the pH range of about4.0t0 5.0
(FIG. 2C).

[0061] Theseloadingcurvessuggestedthatosmolytes
are capable of enhancing the adsorption of the active
agent to FDKP microparticle surface. It is likely that this
effect resulted from the modifiers ability to stabilize the
active agent, which enabled adsorption to be more en-
ergetically favorable.

EXAMPLE 4

Effect of Alcohols on Affinity of Active Agent to FDKP
Particles

[0062] Inassessing the effect of modifiers on the active
agent that allows for adsorption to the microparticle sur-
face by a hydrophobic mechanism, the effect of alcohols
were examined. Alcohols known to induce helical con-
formation in unstructured peptides and proteins by in-
creasing hydrogen-bonding strength were evaluated to
determine the role that helical confirmation plays in ad-
sorption of active agent to FDKP particles surface. Active
agents such as GLP-1 and ghrelin were analyzed. Load-
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ing of the active agent on FDKP particles was performed
at 5mg/mL of microparticles and a GLP-1 concentration
of 0.25 mg/mL (5% w/w) or a ghrelin concentration of
0.10 mg/mL (2% wi/w). The effect of each alcohol was
observed over a pH range of 2.0 to 5.0. The alcohols
used were trifluoroethanol (TFE) and hexafluoroisopro-
panol (HFIP). Each alcoholwas evaluated atvarying con-
centrations which include 5%, 10%, 15%, or 20% v/v.
[0063] FIGs. 3A-3D show the loading curves for active
agent onto FDKP microparticles as a function of pH for
each alcoholand each active agent. At pH 2.0-4.0, ghrelin
showed greatly improved affinity for the microparticle sur-
face in the presence of HFIP and TFE at all concentra-
tions tested (5%, 10%, 15% and 20%), as demonstrated
by the mass ratio of ghrelin to FDKP particles (FIGs. 3A-
3B).

[0064] At pH 2.0-5.0, GLP-1 showed improved affinity
for the microparticle surface in the presence of HFIP and
TFE at the concentrations shown (5% and 10%) (FIGs.
3C-3D). The effect of TFE was less pronounced, and at
the lower pHs tested was detrimental. It was noted that
a substantial amount of GLP-1 peptide (0.13-0.19
mg/mL, which corresponds to mass ratios of 0.026 to
0.038) was detected in the reconstituted microparticle-
free control samples in the presence of 10% HFIP and
TFE at pH 4.0, indicating that some of the GLP-1 had
precipitated. However, at lower pH (2.0-3.0), the amount
of GLP-1 peptide detected in the reconstitued micropar-
ticle-free control in the presence of 10% HFIP or TFE
was significantly decreased. At pH 3.0, GLP-1 peptide
at 0 to 0.02 mg/mL, (which corresponding to a mass ratio
of 0 to 0.004) was detected, whereas no GLP-1 was de-
tected for the control samples at pH 2.0. The mass ratios
in FIGs. 3C-D reflect both adsorbed and precipitated ac-
tive agent although precipitation is an increasingly minor
component as the pH decreased toward 3.0..

[0065] The data indicated that alcohols are able to im-
prove the adsorption of the active agent onto FDKP mi-
croparticles. This increase in adsorption likely resulted
from enhanced hydrophobicinteractions between the ac-
tive agent and surface ofthe microparticle in the presence
of alcohols.

EXAMPLE 5

Effect of Salt on Adsorption of Active Agent to FDKP Par-
ticles

[0066] To further address the hydrophobic mechanism
of binding, the effects of salt on adsorption of active agent
to FDKP microparticles were observed by HPLC analy-
sis.

[0067] Loading of the active agent onto FDKP micro-
particles was performed at 5mg/mL of microparticles and
an insulin concentration of 0.75 mg/mL (15% w/w), or a
GLP-1 concentration of 0.25 mg/mL (5% w/w) or a PTH
concentration of 0.25 mg/mL (5% w/w) in the presence
of 0, 25, 50, 100, 250, and 500 mM NaCl (FIGs. 4A-4C).
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Loading of PTH onto FDKP particles was also assessed
at 1000 mM NaCl. The amount of active agent detected
in reconstituted microparticle-free control samples as a
function of pH and NaCl concentration was assessed.
The pH was controlled with a 20 mM potassium phos-
phate/20 mM potassium acetate mixture.)

[0068] As observedin FIG. 4A, increased binding (ad-
sorption) of insulin onto FDKP particles was evident at
high salt concentrations of 100-500 mM at pH from about
2.5 to about 3.5. At a pH from about 4.0 to about 5.0, for
all salt concentrations tested, a reduction in the adsorp-
tion of insulin to the FDKP particle was observed.
[0069] Ata pH from about 2.0 to about 3.5 enhanced
binding (adsorption) of GLP-1 to FDKP particles was ev-
ident at all the salt concentrations tested (FIG. 4B). At
pH 4.0 and above, a reduction in binding was also noted.
[0070] Similar studies using PTH as the active agent
showed enhanced binding of PTH to the FDKP particles
at high salt concentrations of 250 to 1000 mM at pH from
about 2.0 to about 3.5 (FIG. 4C). At pH from about 3.5
to about 5.0 binding of PTH to the microparticle de-
creased in the presence of salt.

[0071] At low pH, where adsorption is not favorable,
the addition of salt was able to modify the chemical po-
tential of the active agent so as to increase its affinity for
the microparticle surface. Such enhancement of binding
likely resulted from a hydrophobic mechanism. Further-
more, the data indicated that as the pH was raised, ad-
sorption decreased with increased salt concentration. As
the microparticle surface became more charged with in-
creasing pH, the hypothesized hydrophobic mechanism
can be expected to be less effective at promoting the
adsorption of the active agent. This reduction may also
have resulted from salt competing for the binding sites
on the surface of the microparticle. It is noted that Debye
shielding may also contribute to the reduced adsorption
observed

[0072] The data also showed that salt is capable of
altering the structure of active agents. For example, cir-
cular dichroism measurements with PTH showed that as
the salt concentration increased the secondary structure
of the peptide adopted a more helical conformation (FIG.
4D). This suggests that change in the structure of PTH
may promote its binding to the microparticle surface at
low pH.

[0073] Inanaqueous solution, the presence of saltwas
also shown to partition the dye Texas Red onto the sur-
face of the microparticle.

EXAMPLE 6

Effects on Cyclosporin A Adsorption to FDKP Particles

[0074] The effects on the adsorption of small hydro-
phobic molecules onto FDKP particles was investigated
both in vitro and in vivo using cyclosporin A as the active
agent. Adsorption was promoted by altering the solubility
of the active agent.
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[0075] Cyclosporin A, a lipophilic cyclic polypeptide,
was studied in order to show how a hydrophobic molecule
can be made to adsorb to microparticles. In addition, the
size of cyclosporin A (1202.61 MW) was utilized to dem-
onstrate the loading capacities of microparticles for
smaller compounds.

[0076] To accomplish loading, a solvent/anti-solvent
method was employed. The basic principle of this meth-
odology is to dissolve the compound in a solvent (meth-
anol) and then use anti-solvent (water) to drive the com-
pound out of solution and onto the surface of the micro-
particles. Utilizing this solvent/anti-solvent approach, cy-
closporin A was successfully loaded onto the surface of
microparticles.

[0077] - Inapreliminary experimentto determine a sol-
ubility profile, cyclosporin A was dissolved to 10 mg/mL
in methanol and its solubility at 1 mg/mL with varying
concentrations of anti-solvent (10-90% H,O in 10% in-
crements) was analyzed by HPLC. The cyclosporin A
peak areas were compared against the sample contain-
ing methanol alone, to determine the percent loss to pre-
cipitation. It was observed that solubility was largely re-
tained below 60% H,O. At 70% H,0, a significant ma-
jority of the agent was insoluble and at 80-90% H,O less
than 5% solubility remained.

[0078] To assess particle loading, FDKP microparti-
cles were suspended in methanol solutions of cy-
closporin A. Water was then added in a stepwise fashion
to final concentrations of 60, 80, and 90%. Half of the
sample was pelleted and the other half lyophilized. Each
half was then redissolved such that the final percentages
were 20% FDKP microparticles/cyclosporin A, 20% 0.5
M ammonium bicarbonate (AmBicarb), and 60% meth-
anol (the concentrations necessary for the dissolution of
both microparticle and cyclosporin A). The cyclosporin A
content of each was analyzed by HPLC and compared
to determine the proportion that had become adsorbed
to the particle. The results are presented in FIG. 5A. At
60% H,O it was observed that about 20% of the cy-
closporin A had bound to the particle. At 80% and 20%
H,0O the loads were about 90% and 95%, respectively,
indicating the strong binding of cyclosporin A to FDKP
microparticles.

[0079] The loading capacity of the microparticles for
cyclosporin A was analyzed at the 90% anti-solvent level
by varying the input of cyclosporin A so that the final
content of the recovered solids would be from 2% to 20%,
assuming all of the cyclosporin A became adsorbed. It
was observed that as the input increased over this range
the percent of available cyclosporin A bound to the mi-
croparticle increased from 50% to 95% of the input (FIG.
5B). It is to be noted that, taking into account that the
solubility of cyclosporin A is 0.05 mg/mL at 90% H,0,
these results indicated that substantially all of the insol-
uble cyclosporin A became adsorbed to the particlesrath-
er than precipitating out.
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EXAMPLE 7

Pulmonary insufflation of cyclosporin A/DKP particles

[0080] To examine the pharmacokinetics of cy-
closporin A/FDKP microparticles, plasma concentrations
of cyclosporin A were evaluated in female Sprague Daw-
ley rats administered various formulations of cyclosporin
A/FDKP microparticles via pulmonary insufflation or in-
travenous injection. These studies were conducted using
cyclosporin A/FDKP microparticles made at 90% anti-
solvent and a theoretical maximum mass ratio of 0.05,
0.10 or 0.20 as described in the example above. These
are referred to as the 5%, 10% and 20% loads.

[0081] A single dose of 2.5 mg cyclosporin A/FDKP
microparticles was delivered to eight groups of rats via
pulmonary insufflation or intravenous injection. Blood
samples were taken on the day of dosing for each group
at pre-dose (time 0), and at 5, 20, 40, 60, 240, 480 min-
utes and at 24 hrs post dose. At each time point, approx-
imately 100 pL whole blood was collected from the lateral
tailvein into a cryovial, inverted and stored on ice. Blood
samples were centrifuged at 4000 rpm and approximate-
ly 40 pL plasma was pipetted into 96-well plates which
were stored at -80°C until analyzed.

[0082] As shown in FIG. 6, administration of 2.5 mg
FDKP microparticles/cyclosporin A via pulmonary insuf-
flation resulted in maximal serum cyclosporin levels 24
hours postdose infemale Sprague Dawley rats. The 10%
load achieved a Cmax of 32.4 ng/mL at that time point.
Animals administered 2.5 mg of FDKP microparticles/cy-
closporin A in 0.1 mL via intravenous injection showed
minimal levels of cyclosporin out to 24 hours post dose.
It was observed that FDKP microparticle levels peaked
at 20 minutes post dose and returned to baseline levels
in 4 hours for both the intravenous and pulmonary insuf-
flation groups.

[0083] Overall, the data shows the bioavailability of cy-
closporin A/FDKP microparticle. Itis noted that the single
peak at 240 minutes is an anomaly. For all animals treat-
ed, the pathology as determined by gross and microscop-
ic observation was normal.

[0084] Unless otherwise indicated, all nhumbers ex-
pressing quantities of ingredients, properties such as mo-
lecular weight, reaction conditions, and so forth used in
the specification and claims are to be understood as be-
ing modified in all instances by the term "about.” Accord-
ingly, unless indicated to the contrary, the numerical pa-
rameters set forth in the following specification and at-
tached claims are approximations that may vary depend-
ing upon the desired properties sought to be obtained by
the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical param-
eter should at least be construed in light of the number
of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical
ranges and parameters setting forth the broad scope of
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the invention are approximations, the numerical values
set forth in the specific examples are reported as pre-
cisely as possible. Any numerical value, however, inher-
ently contains certain errors necessarily resulting from
the standard deviation found in their respective testing
measurements.

[0085] The terms "a" and "an" and "the" and similar
referents used in the context of describing the invention
(especially in the context of the following claims) are to
be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted
by context. Recitation of ranges of values hereinis merely
intended to serve as a shorthand method of referring in-
dividually to each separate value falling within the range.
Unless otherwise indicated herein, each individual value
is incorporated into the specification as if it were individ-
ually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicat-
ed herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language
(e.g. "such as") provided herein is intended merely to
better illuminate the invention and does not pose a limi-
tation on the scope of the invention otherwise claimed.
No language in the specification should be construed as
indicating any non-claimed element essential to the prac-
tice of the invention.

[0086] The use of the term "or" in the claims is used to
mean "and/or" unless explicitly indicated to refer to alter-
natives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers
to only alternatives and "and/or."

[0087] Groupings of alternative elements or embodi-
ments of the invention disclosed herein are not to be con-
strued as limitations. Each group member may be re-
ferred to and claimed individually or in any combination
with other members of the group or other elements found
herein. It is anticipated that one or more members of a
group may be included in, or deleted from, a group for
reasons of convenience and/or patentability. When any
such inclusion or deletion occurs, the specification is
herein deemed to contain the group as modified thus
fulfilling the written description of all Markush groups
used in the appended claims.

[0088] Preferred embodiments of thisinvention are de-
scribed herein, including the best mode known to the
inventors for carrying out the invention. Of course, vari-
ations on those preferred embodiments will become ap-
parent to those of ordinary skill in the art upon reading
the foregoing description. The inventor expects skilled
artisans to employ such variations as appropriate, and
the Inventors intend for the invention to be practiced oth-
erwise than specifically described herein. Accordingly,
this invention includes all modifications and equivalents
of the subject matterrecited in the claims appended here-
to as permitted by applicable law. Moreover, any combi-
nation of the above-described elements in all possible
variations thereof is encompassed by the invention un-
less otherwise indicated herein or otherwise clearly con-
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tradicted by context.

[0089] Furthermore, numerous references have been
made to patents and printed publications throughout this
specification. Each of the above cited references and
printed publications are herein individually incorporated
by reference in their entirety.

[0090] Further, it is to be understood that the embod-
iments of the invention disclosed herein are illustrative
of the principles of the present invention.

Claims

1. A method of promoting binding of an active agent to
a preformed crystalline microparticle in suspension,
the microparticle comprising a diketopiperazine, the
method comprising the steps of:

i) modifying the chemical potential of the active
agent with an active agent modifier wherein said
modifying allows for an energetically favorable
interaction between the active agent and micro-
particle independent of removal of solvent; and
ii) adsorbing the active agent onto the surface
of the microparticle.

2. The method of claim 1 wherein modifying the chem-
ical potential comprises modifying the structure, flex-
ibility, rigidity, solubility or stability of the active agent.

3. The method of claim 2 wherein modifying the chem-
ical potential of the active agent comprises altering
solution conditions.

4. The method of claim 3 wherein altering solution con-
ditions comprises adding an active agent modifier to
the solution.

5. The method of claim 4 wherein the active agent mod-
ifier is selected from the group consisting of salts,
surfactants, ions, osmolytes, alcohols, chaotropes,
kosmotropes, acid, base, and organic solvents.

6. The method of claim 5 wherein said salt is sodium
chloride.

7. The method of claim 1 further comprising a step of
dissolving the active agent in a fluid phase of the
suspension of microparticles and changing the pH
of the fluid phase.

8. The method of claim 7 wherein the pH is changed
prior to the addition of active agent.

9. The method of claim 7 wherein the pH is changed
subsequent to the addition of active agent.

10. The method of claim 5wherein the active agentmod-
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1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

22

ifier improves the structural stability or pharmacody-
namics of the active agent.

The method of claim 1 wherein the active agent is a
protein, peptide, polypeptide, small molecule, or nu-
cleic acid molecule.

The method of claim 11 wherein the active agent is
selected from the group consisting of insulin, ghrelin,
growth hormone, and parathyroid hormone (PTH).

The method of claim 11 wherein the active agent
comprises an antibody or antibody fragment.

The method of claim 11 wherein the small molecule
is a hydrophobic molecule.

The method of claim 14 wherein the small molecule
is cyclosporin A.

The method of claim 11 wherein the small molecule
is an ionizable molecule.

The method of claim 2 wherein modifying the chem-
ical potential of the active agent comprises modulat-
ing one or more energetically favorable interactions
with the microparticle surface.

The method of claim 17 wherein the one or more
energetically favorable interactions between the ac-
tive agent and microparticle comprises an electro-
static interaction.

The method of claim 17 wherein the one or more
energetically favorable interactions between the ac-
tive agent and microparticle comprises a hydropho-
bic interaction.

The method of claim 17 wherein the one or more
energetically favorable interactions between the ac-
tive agent and microparticle comprises a hydrogen
bonding interaction.

The method of any preceding claim wherein the dike-
topiperazine is fumaryl diketopiperazine.

The method of any preceding claim further compris-
ing a step for removing the solvent.

A process for preparing a drug delivery composition
comprising an active agent and a crystalline micro-
particle comprising the steps of:

providing an active agent solution comprising an
active agent molecule;

modifying the chemical potential of the active
agentwith an active agent modifier wherein said
modifying allows for an energetically favorable
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interaction between the active agent and micro-
particle independent of removal of solvent,
which promotes binding of the active agent to
the microparticle;

providing a microparticle in suspension or pow-
der, wherein the microparticle comprises adike-
topiperazine;

combining said active agent solution with said
microparticle suspension or powder; and
adsorbing the active agent onto the surface of
the microparticle.

The process of claim 23 wherein modifying the
chemical potential of the active agent comprises
adding an active agent modifier to the solution.

The process of claim 24 wherein the active agent
modifier is selected from the group consisting of
salts, surfactants, ions, osmolytes, alcohols, chao-
tropes, kosmotropes, acid, base, and organic sol-
vents.

The process of claim 25 wherein the active agent
modifier decreases the solubility of the active agent
molecule.

The process of claim 25 wherein the active agent
modifier improves the structural stability of the active
agent molecule.

The process of any of claims 23 to 27 wherein the
diketopiperazine is fumaryl diketopiperazine.

The method of any one of claims 1 to 22 or the proc-
ess of any one of claims 23 to 28 wherein the active
agent or the active agent molecule is insulin or an
insulin analog.

The method of claim 1, wherein the active agent is
insulin or an insulin analog and wherein the method
comprises the steps of:

(i) obtaining a crystalline diketopiperazine mi-
croparticle wherein the crystalline diketopipera-
zine microparticle_comprises fumaryl diketopi-
perazine;

(i) forming a suspension comprising the crystal-
line diketopiperazine microparticle and an aque-
ous solvent;

(iii) dissolving the insulin or insulin analog in the
fluid phase of the suspension;

(iv) increasing the pH of the fluid phase to be-
tween 4.0 and 5.0;

(v) adsorbing the insulin or insulin analog onto
a surface of the diketopiperazine microparticle
to provide a coating of the insulin or insulin an-
alog on the crystalline diketopiperazine micro-
particle; and
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(vi) removing or exchanging the solvent after
step (v).

Patentanspriiche

1.

10.

Verfahrenzum Beglinstigen der Bindung eines Wirk-
stoffs an ein vorgebildetes kristallines Mikropartikel
in Suspension, wobei das Mikropartikel ein Diketo-
piperazin umfasst, wobei das Verfahren die folgen-
den Schritte umfasst:

i) Modifizieren des chemischen Potentials des
Wirkstoffs mit einem Wirkstoff-Modifizierungs-
mittel, wobei dieses Modifizieren eine energe-
tisch gunstige Wechselwirkung zwischen dem
Wirkstoff und dem Mikropartikel unabhangig
vom Entfernen des Lésungsmittels erlaubt, und
ii) Adsorbieren des Wirkstoffs auf der Oberfla-
che des Mikropartikels.

Verfahren nach Anspruch 1, wobei das Modifizieren
des chemischen Potentials das Modifizieren von
Struktur, Flexibilitat, Steifigkeit, Loslichkeit oder Sta-
bilitat des Wirkstoffs umfasst.

Verfahren nach Anspruch 2, wobei das Modifizieren
des chemischen Potentials des Wirkstoffs das Ver-
andern der Lésungsbedingungen umfasst.

Verfahren nach Anspruch 3, wobei das Verdndern
der Lésungsbedingungen das Zugeben eines Wirk-
stoff-Modifizierungsmittels zu der Lésung umfasst.

Verfahren nach Anspruch 4, wobei das Modjifizie-
rungsmittel fir den Wirkstoff aus der Gruppe beste-
hend aus Salzen, Tensiden, lonen, Osmolyten, Al-
koholen, chaotropen Verbindungen, kosmotropen
Verbindungen, Sauren, Basen und organischen L&-
sungsmitteln ausgewahlt ist.

Verfahren nach Anspruch 5, wobei dieses Salz Na-
triumchlorid ist.

Verfahren nach Anspruch 1, des Weiteren umfas-
send einen Schritt des Auflosens des Wirkstoffs in
einer fluiden Phase der Mikropartikelsuspension und
Verandern des pH-Werts der fluiden Phase.

Verfahren nach Anspruch 7, wobei der pH-Wert vor
der Zugabe des Wirkstoffs verandert wird.

Verfahren nach Anspruch 7, wobei der pH-Wert im
Anschluss an die Zugabe des Wirkstoffs verandert
wird.

Verfahren nach Anspruch 5, wobei das Wirkstoff-
Modifizierungsmittel die strukturelle Stabilitat oder
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23.

25
Pharmakodynamik des Wirkstoffs verbessert.

Verfahren nach Anspruch 1, wobei der Wirkstoff ein
Protein, ein Peptid, ein Polypeptid, ein kleines Mo-
lekll oder ein Nukleinsduremolekil ist.

Verfahren nach Anspruch 11, wobei der Wirkstoff
aus der Gruppe bestehend aus Insulin, Ghrelin,
Wachstumshormon und Parathormon (PTH) ausge-
wahlt ist.

Verfahren nach Anspruch 11, wobei der Wirkstoff
einen Antikorper oder ein Antikorperfragment um-
fasst.

Verfahren nach Anspruch 11, wobei das kleine Mo-
lekul ein hydrophobes Molekdl ist.

Verfahren nach Anspruch 14, wobei das kleine Mo-
lekll Cyclosporin A ist.

Verfahren nach Anspruch 11, wobei das kleine Mo-
lekul ein ionisierbares Molekdl ist.

Verfahren nach Anspruch 2, wobei das Modifizieren
des chemischen Potentials des Wirkstoffs das Mo-
dulieren von einer oder mehreren energetisch glins-
tigen Wechselwirkungen mit der Mikropartikelober-
flache umfasst.

Verfahren nach Anspruch 17, wobei die eine oder
die mehreren energetisch gunstigen Wechselwir-
kungen zwischen dem Wirkstoff und dem Mikropar-
tikel eine elektrostatische Wechselwirkung umfas-
sen.

Verfahren nach Anspruch 17, wobei die eine oder
die mehreren energetisch ginstigen Wechselwir-
kungen zwischen dem Wirkstoff und dem Mikropar-
tikel eine hydrophobe Wechselwirkung umfassen.

Verfahren nach Anspruch 17, wobei die eine oder
die mehreren energetisch gunstigen Wechselwir-
kungen zwischen dem Wirkstoff und dem Mikropar-
tikel eine Wasserstoffbindungswechselwirkung um-
fassen.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei das Diketopiperazin Fumaryldiketopipe-
razin ist.

Verfahren nach einem der vorhergehenden Anspri-
che, des Weiteren umfassend einen Schrittzum Ent-
fernen des Lésungsmittels.

Verfahren zum Herstellen einer Wirkstofftransport-
zusammensetzung, umfassend einen Wirkstoff und
ein kristallines Mikropartikel, umfassend die folgen-
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25,
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27.

28.

29.

30.

26
den Schritte:

Bereitstellen einer Wirkstofflosung, umfassend
ein Wirkstoffmolekll,

Modifizieren des chemischen Potentials des
Wirkstoffs mit einem Wirkstoff-Modifizierungs-
mittel, wobei dieses Modifizieren eine energe-
tisch gunstige Wechselwirkung zwischen dem
Wirkstoff und dem Mikropartikel unabhangig
vom Entfernen des Losungsmittels erlaubt, was
die Bindung des Wirkstoffs an das Mikropartikel
begunstigt,

Bereitstellen eines Mikropartikels in Suspension
oder als Pulver, wobei das Mikropartikel ein Di-
ketopiperazin umfasst,

Kombinieren dieser Wirkstofflosung mit dieser
Mikropartikelsuspension oder dem Pulver, und
Adsorbieren des Wirkstoffs auf der Oberflache
des Mikropartikels.

Verfahren nach Anspruch 23, wobei das Modifizie-
ren des chemischen Potentials des Wirkstoffs das
Zugeben eines Wirkstoff-Modifizierungsmittels zu
der Losung umfasst.

Verfahren nach Anspruch 24, wobei das Wirkstoff-
Modifizierungsmittel aus der Gruppe bestehend aus
Salzen, Tensiden, lonen, Osmolyten, Alkoholen,
chaotropen Verbindungen, kosmotropen Verbin-
dungen, Sauren, Basen und organischen Lésungs-
mitteln ausgewahlt ist.

Verfahren nach Anspruch 25, wobei das Modifizie-
rungsmittel fir den Wirkstoff die Léslichkeit des Wirk-
stoffmolekiils verringert.

Verfahren nach Anspruch 25, wobei das Modifizie-
rungsmittel fiir den Wirkstoff die strukturelle Stabilitat
des Wirkstoffmolekiils verbessert.

Verfahren nach einem der Anspriiche 23 bis 27, wo-
bei das Diketopiperazin Fumaryldiketopiperazin ist.

Verfahren nach einem der Anspriiche 1 bis 22 oder
Verfahren nach einem der Anspriiche 23 bis 28, wo-
bei der Wirkstoff oder das Wirkstoffmolekl Insulin
oder ein Insulinanalogon ist.

Verfahren nach Anspruch 1, wobei der Wirkstoff In-
sulin oder ein Insulinanalogon ist und wobeidas Ver-
fahren die folgenden Schritte umfasst:

(i) Erhalten eines kristallinen Diketopiperazin-
Mikropartikels, wobei das kristalline Diketopipe-
razin-Mikropartikel Fumaryldiketopiperazin um-
fasst,

(i) Bilden einer Suspension, umfassend das
kristalline Diketopiperazin-Mikropartikel und ein
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wassriges Losungsmittel,

(iii) Losen von Insulin oder einem Insulinanalo-
gon in der fluiden Phase der Suspension,

(iv) Erhdhen des pH-Werts der fluiden Phase
auf einen Wert zwischen 4,0 und 5,0,

(v) Adsorbieren des Insulins oder des Insulina-
nalogons auf einer Oberflache des Diketopipe-
razin-Mikropartikels, um eine Beschichtung des
Insulins oderdes Insulinanalogons aufdem kris-
tallinen Diketopiperazin-Mikropartikel zu erge-
ben, und

(vi) Entfernen oder Austauschen des Lésungs-
mittels nach Schritt (v).

Revendications

Procédé permettant de favoriser la liaison d’un prin-
cipe actif a une microparticule cristalline préformée
en suspension, la microparticule comprenant une di-
cétopipérazine, le procédé comprenant les étapes
consistanta :

i) modifier le potentiel chimique du principe actif
avec un agent modificateur de principe actif, la-
dite modification permettant d’obtenir une inte-
raction énergétiquement favorable entre le prin-
cipe actif et la microparticule indépendamment
de 'élimination du solvant ; et

i) adsorber le principe actif sur la surface de la
microparticule.

Procédé selon larevendication 1, dans lequel la mo-
dification du potentiel chimique comprend la modifi-
cation de la structure, de la flexibilité, de la rigidité,
de la solubilité ou de la stabilité du principe actif.

Procédé selon larevendication 2, dans lequel la mo-
dification du potentiel chimique du principe actif com-
prend l'altération des conditions de la solution.

Procédé selon la revendication 3, dans lequel l'alté-
ration des conditions de la solution comprend I'ad-
dition d’un agent modificateur de principe actif a la
solution.

Procédé selon larevendication 4, dans lequel 'agent
modificateur de principe actif est sélectionné dans
le groupe constitué par les sels, les agents tensioac-
tifs, les ions, les osmolytes, les alcools, les agents
chaotropiques, les agents cosmotropiques, I'acide,
la base et les solvants organiques.

Procédé selon la revendication 5, dans lequel ledit
sel est du chlorure de sodium.

Procédé selon la revendication 1 comprenant en
outre une étape de dissolution du principe actif dans
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20.

28

une phasefluide de la suspension de microparticules
et le changement du pH de la phase fluide.

Procédé selon la revendication 7, dans lequel le pH
est changé avant 'addition du principe actif.

Procédé selon la revendication 7, dans lequel le pH
est changé aprés I'addition du principe actif.

Procédé selon larevendication 5, dans lequel 'agent
modificateur de principe actif améliore la stabilité
structurelle ou la pharmacodynamique du principe
actif.

Procédé selon larevendication 1,danslequelle prin-
cipe actif est une protéine, un peptide, un polypep-
tide, une petite molécule ou une molécule d’acide
nucléique.

Procédé selon la revendication 11, dans lequel le
principe actif est sélectionné dans le groupe consti-
tué par I'insuline, la ghréline, ’hormone de croissan-
ce et la parathormone (PTH).

Procédé selon la revendication 11, dans lequel le
principe actif comprend un anticorps ou un fragment
d’anticorps.

Procédé selon la revendication 11, dans lequel la
petite molécule est une molécule hydrophobe.

Procédé selon la revendication 14, dans lequel la
petite molécule est la cyclosporine A.

Procédé selon la revendication 11, dans lequel la
petite molécule est une molécule ionisable.

Procédé selon larevendication 2, dans lequel la mo-
dification du potentiel chimique du principe actif com-
prend la modulation d’une ou de plusieurs interac-
tions énergétiquement favorables avec la surface de
la microparticule.

Procédé selon la revendication 17, dans lequel une
ou plusieurs interactions énergétiquement favora-
ble(s) entre le principe actif et la microparticule com-
prend/comprennent une interaction électrostatique.

Procédé selon la revendication 17, dans lequel une
ou plusieurs interactions énergétiquement favora-
ble(s) entre le principe actif et la microparticule com-
prend/comprennent une interaction hydrophobe.

Procédé selon la revendication 17, dans lequel une
ou plusieurs interactions énergétiquement favora-
ble(s) entre le principe actif et la microparticule com-
prend/comprennent une interaction de liaison a I’hy-
drogéne.
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Procédé selon 'une quelconque des revendications
précédentes, danslequelladicétopipérazine estune
dicétopipérazine de fumaryle.

Procédé selon 'une quelconque des revendications
précédentes, comprenant en outre une étape d’éli-
mination du solvant.

Procédé de préparation d’'une composition de relar-
gage de médicament comportant un principe actif et
une microparticule cristalline comprenant les étapes
consistant a :

fournir une solution de principe actif comportant
une molécule de principe actif ;

modifier le potentiel chimique du principe actif
avec un agent modificateur de principe actif, la-
dite modification permettant d’obtenir une inte-
raction énergétiquement favorable entre le prin-
cipe actif et la microparticule indépendamment
de I'élimination du solvant, favorisant ainsi la
liaison du principe actif a la microparticule ;
fournir une microparticule en suspension ou en
poudre, la microparticule comportant une
dicétopipérazine ;

combiner ladite solution de principe actif a ladite
suspension de microparticules ou a la poudre ;
et

adsorber le principe actif sur la surface de la
microparticule.

Procédé selon la revendication 23, dans lequel la
modification du potentiel du principe actif comprend
I'addition d’un agent modificateur de principe actif a
la solution.

Procédé selon la revendication 24, dans lequel
'agent modificateur de principe actif est sélectionné
dans le groupe constitué par les sels, les agents ten-
sioactifs, les ions, les osmolytes, les alcools, les
agents chaotropiques, les agents cosmotropiques,
'acide, la base et les solvants organiques.

Procédé selon la revendication 25, dans lequel
'agent modificateur de principe actif diminue la so-
lubilité de la molécule de principe actif.

Procédé selon la revendication 25, dans lequel
I'agent modificateur de principe actif améliore la sta-
bilité structurelle de la molécule de principe actif.

Procédé selon 'une quelconque des revendications
23 a 27, dans lequel la dicétopipérazine est une di-
cétopipérazine de fumaryle.

Procédé selon I'une des revendications 1 a 22 ou
procédé selon 'une quelconque des revendications
23 a 28, dans lequel le principe actif ou la molécule
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30.
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de principe actif est I'insuline ou un analogue de l'in-
suline.

Procédé selon larevendication 1, dans lequelle prin-
cipe actif est I'insuline ou un analogue de l'insuline,
lequel procédé comprend les étapes consistant a :

(i) obtenir une microparticule de dicétopipérazi-
ne cristalline, laquelle microparticule de dicéto-
pipérazine cristalline comporte de la dicétopipé-
razine de fumaryle ;

(ii) former une suspension comportant une mi-
croparticule de dicétopipérazine cristalline etun
solvant aqueux ;

(iii) dissoudre linsuline ou un analogue de I'in-
suline dans la phase fluide de la suspension ;
(iv) augmenter le pH de la phase fluide entre 4,0
et50;

(v) adsorber I'insuline ou 'analogue de I'insuline
sur une surface de la microparticule de dicéto-
pipérazine afin de fournir un enrobage de l'insu-
line ou de I'analogue de I'insuline sur la micro-
particule de dicétopipérazine cristalline ; et

(vi) éliminer ou remplacer le solvant apres 'éta-

pe (V).
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FIGS. 3A-3D
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FIG. 4A
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FIG. 4C
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Mean Residue Ellipticity (deg * cm? / dmol)
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FIG. 5B
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FIG. 6,

Pharmokinetic Study with Cyclosporin/FDKP adminstered via a single pulmonary
Insufflation or intravenous injection in female Spragug Dawley rats.
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Hatdanyag-formulalasi eljards, amely az aktly hatdanyag kristalyos mikro-
részecskék feliiletéher t6riénd kitddsssre vonatkozd affinitisénak nbvelésén
alaputl

1. Elidrds oy aktiv hatdanvag slére kislaldtod mikeordsrecskehez Orténd kitlidésének
eldsegitdéedre szusrpenzidhan, mely clidrds magdban foglalia a kivetkesd idpéseket:

1) a2 aktiv hatdanyag kémial potencigljsnek modositdsa aktiv hatdanyag-raddositd szerrel,
ahol az emlitett mddositis enerpeiikailag kedverd Interakeidt tese lehetdve ax alitly hatdanyag
&5 a mikrordszecske kosttt, Mgeetontl az olddszer eltdvolitésiial; &s

it} ax akifv hatdanyag adszorbediiss a mikrordszecske felitletén.

2. Az 1. igénvpont seerint elidrds, shol a kémial potencidl mddositisa magdban foglalia

az aktiv hatdanyag szerkesetének, Hexibilitdsdnak, merevadpdnek, oldhatdsdgdnak vagy stabi-

Higsdnak mbddositasa,

3. A& 2. iggnypont srerintl eljdrds, shol az akifv hatdanyag kémial potencidlidnak made-

sitdsa magaban foglalia az oldatban uratkods felictelek megvilicztatasdl.

£y

& A 3. igénypont srerint elidrds, abol ar oldathan walkodd feltfielek megvalioztutiss

magdban foglalja egy aktiv hatcamfag,«mcmsm szer oldathoz Wrténd hozziaddsat,

. A 4. igénypont szexinti eljards, ahol az skifv hatdanyag-midosité szer a kovetkendkhil
Allé cooporthal van kivalassiva: sék, feluletaktlv anvagok, fonck, ormotibumok, alkeholok,

Kaordp anvagoek, kozmotrdp anyagok, say, hazis &s szerves olddszerek.
6. Az S. igduypont szerint elidrds, ghol az coalitett 56 & ndirium-kionid.

7. Az 1. igéuypont seevinti elidras, amely tovabbi Kpdeként magaban foglalia ax skify

hatdanyag felolddsdt & mikrorészecske-srusapersid folyadekfizizdban o a folvadékies pH-

janak megvaltoxtalasdt.

R, AT, igdnypont awsrinti clideas, ahol g pH-t ax skt hatdanyay hozzdsdasy ¢l véltoz-

tatjuk mweg.



% A 7. igénypont seerinti eljdrds, shol a pH<t ax akdy mwem»ag. hozsdaddsa utdn

viltozistdk meg.

v

10 Az 5. lgénypont szerint eljgrds, ahol ax aktiv hatdanyag-mddositd szer Javitia az aktly

hatdanyag szerkezett stabilitdsdt vagy Sumakodinamikdst,

o]

11, Az 1. igdnypont szerintl elidrds, ahol av akifv hatbanyag egy protein, pepiid,

polipeptid, kisméretd moleknla vagy nukleinsav-molekula,

12, A 11, igéaypont szevintl eliérds, shol a2 slofy hatdenyag a kdvetkezskbdl &l

ssoportbé! van kivalasatva: inzudin, grelin, ntvekeddst hormon és parathormon (FTH)
13, A 1L igénypont sserintl oljards, ahol az aktiv hardanyag tartalmar egy antitestel vagy
antitest-fragmenst.

o

14, A 11, igénypont sporingi eljdrds, ahol @ kisméreth molekula egy hidroftb molelada,

i

5. A 14, igénypont szerintt eljidrds, abol a Msodretl molekula 2 cildosporin-A.

16. 4 11, igdnyvpont seerintl eljdrds, ahol o kisméretit molekul egy tonizalhatd molekula

b

7. A 2. ipSnypont szerinti oljdrds, shel ax aktfv hatdanyag kémdal potencidlidnak

e

wmddositdse magdban foglalla & mikeordsrecske feltletdvel kialekuld egy vagy wbb

pod

energoetikatlag kedvezd kdlosSuhatds modositdadt.

z

8. A 17, igénypont szerinti elideds, abol az akifv hatdanyag ¢ a mikrorészeoske k&bt

o

Yossits

gy tobh energetikailag kedverd kdlesinhatds eleltrosntatikus kélostnhatast foglal
2 P

L

ma g;%ba:&

19, & 17. igénypont serintl eljdrds, abol az akifv hatdanyag £5 2 mikrordszeoske kit

sy vagy tobb ensrpetikailag kedvezd klostinhatds hidrofoh kélostinhatdst foglal magdban,

z

20, A 17, igdnvpont seerint olfdrds, ahol az aktlv hatdanyag &s @ mikrorésrecske kit
sgy vapy 19bb encrpetikeilag hedvezd kolesdohatés hidrogénkdtss klesBnhatdst foglal

wagabary

21, Az oléet iodnypontok bdrmelyike szerinti oljdeds, shol a diketopiperazin » fumanid

diketopiperazin.



23, Ax oléed igdaypontok barmelyike szerint elifrds, amely magdban foglal tovibhs egy

o

aldaszer eltgvalitisl lépéat.

23, Flideas akifv hatdanyapot s keistilyos mikrorészecsket tantalmand hatdanyag-sedllité
késnitmény eldallitdsdra, mely elifnds magaban fogladja a kovetkezd Iepéseket:

aktiyv hatdanvag-rolehul & tartalmasd akefy hatdanyay oldat batositiss;

az akdv hatdanyag kémial potencidlidnak médositase egy aktiv hatdanyag-médosiio
seerrel, ahol ay emiitett madositas energetikailag kedverd buterakeitt tesz lehetdve ax alaly
hatdanyag és a mikrordszecshe kéztu, fMggetlont! g olddszer sltdvolitasatd], ami elbsegiti az
aktfv hatdenyag mikrordszeoskéher 10ridnd kintdddast;

mikosdsronske bixtositdsa szosepenzidhan vagy por alakban, abol a mikrordszecske
tartalmaz diketopiperazing

ay  emifterr  shifv  hetdanvag-oldat  Osaekeverdse az  omiftett  mikrovdssecske-
szpuszpenzidval vagy poral; €8

ax skitv hatdanyag adseorbedidsa a mikvorészeoske feltleten

24, A& 23, igénypont szerintl olifeds, ahwl az aktiv hatdanyag kémial potencidijanak

modositdss magdban foglalia ey akilv  batdanyagemddositd szer oldathor {6riend

250 A& 24, igénypont seerinti offdrds, shol ar akthv hatdanyag-mddositd sy &
kovetkezdkbdl &lld  csoporthd! van kivdlasstva: sk, Felilataltiv  anysgek,  ionok,
prmotkemok, slkoholok, kaotrdp auyagok, kormotrdp anyagok, sav, bizis &5 sserves

olddszerek.

28, A 25, igdnypont szexint eljdrds, shol ax aktiv hatdanyag-middositd szer cadikenti g2

akifv hatdanyag-molekula oldhatdsipit.

27. A 25, ipduypont szerintl oljdrds, shol ap altly hatdanyag-modositd seer Javita az aktly

hatdanyvag-molekula szerkeseti stabilitdsat

28, A 2327 igéypontok birmelyike szerintd eljdrds, ahol o diketopiperazin a fumesih-

diketopperazin,

29, Az 1-32. igdnvponiok bdrmelyike scerintt ofifeds vagy 8 23-28. igénypontek
barmelvike sseciuti eljdrds, shol ax akdy hatdanyag vagy az aktly heldanyag-melekula ax

nzulin vagy egy uulinanaldg.



30, Az 1. igénypont sverinii elifrds, abol sx aktiv hatdenyag az inadin vagy egy

immiinmaiég, és ahol ax clptrds magdban foglalja a kbvetkezé Wpdseket:

i\

{1} kristilyos diketopiperasin mikeovészeceke elbkésziiése, amely keistalyos diketo-
piperazin mikrorssrecsie fartalmaz fumaril-diketopiperazing;

(i) 2 heistdlyvos diketopiperazin mikrordszecskét €3 egy vizes olddszert tarialmard
szusepenzit készitdse;

{1} aw i zmi“nxagx inzalinarldy felolddsa a spusepenzié folyadek fizisdbang

v} a folyadsk fizls pH-janak ntveldse 4,0 s 5.0 kbadtli drickre;

() az iozulin vagy inzelinasaldy adszorbedlésa a diketopiperaxin mikrorészeoske
feliletén, a keistalyos diketopipersdin mikrordszecskén inzulin- vagy tnzulinasaldg-bevonat
idirehozdsa celjdbal; &5

{eiy az olddsrer elthyolitdsa vagy cserdje az {v} lopds wan,
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