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DEUVERY SYSTEM FOR DRUG AND CELL THERAPY
FIELD OF THE INVENTION

[0001]1 This application claims benafit of the following U.S.
Provisional Applications Serial Nos. 80/451,245, filled March 4, 2003;
60/467,601 flled May 5, 2003; 60/468,017 filed May 8, 2003; and
60/495,097 flled August 15, 2003, the disclosures of which are
Incorporated by referance hersin in their entirety.

[0o02] The present invention relates generally to blomateriala
development for eystemlic and local delivery of therapeutic agents directly
within or upon body tissues and for tiesue engineering. In particular, the
present invention is directed to the fabrication of biocompatible implants
which contain cells, bioclogically active substances or combinations
thereof and to microparticle matrix materials for delivery of proteins,

peptides and nucleic acids.
BACKGROUND OF THE INVENTION

[0003] The term “blomaterial” has slternately been used to deacribe
material derived from biological sources or to describa material used for
theraples in the human body. The present invention is related to the latter
one. The term “blocompatible” is used herein to mean that the material
by iteelf or in combination with therapeutic agents, Including tiving cells,
doas not produce foreign body reaction or fibrosls.

[0004] Dextrans are high molecular weight polysaccharldes synthesized
* by some micro organlsme or by biochemical methods. Daxtran with
average molecular weight of about 76 kDa has & colloid osmatic preesure
similar to blood plasma, so its equecus solutions are used clinically as

plasma axpanders. Crossdinked dextrans in the form of beads are the
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[0008] A method of lowering blood glucose in @8 mammal Includes
administering orally or by injection or inhalation a therapeutically effective
smount of crystallizad dextran microparticles and insulin to the mammal
to lower blood glucose of the mammal. The composition may be a one
phase or a structured multi-phese composition for controlled release of
insulin or other therapeutic egents

BRIEF DESCRIPTION OF THE DRAWINGS

" [00071 Figure 1 Ils a photograph of crystallized dextran
microparticles spontaneously formed in 56.0% (W/W) squeous solution of
dextran with MW 70.0 kDa.

[0008] Figure 2A is a photograph of a cross-section of crystallized
dextran microparticlea shown In Figure 1.

[0009] Figure 2B is a photograph of & crose-section of =&
microparticle shown in Figure 2A. Microporous structura of the
microparticle can be seen.

[0010] Figure 3 is a photograph of aggragates of crystallized dextran
microparticles.

[0011] Figure 4 is a photograph of a aubcutaneouely injected
implant consisting of crystallized dextran microparticles shown by Figure
3!

[0012] Figure 5 Is & photograph of an intremusculer injected implant
conslsting of crystallized dextran microparticles shown by Figure 3.

{0013} 'Flgures 8A, 6B and 6C are photographs of a cross-section of
mouse muscle with Injected Implant consisting of cryatallized dextran
microparticiea (17, 4%, and 28" day after Injectlon, reapactively).

-3-
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[0014]) Figures 7A and 7B are photographs of a crose-section of
mouse muscle with injected implant conslsting of crystallized dextran
microparticles (180 days after Injection).

[0015]  Figures BA, 8B, 8C, 8D, 8E, BF and 8G are photographs of a
cross-gection of mouse skin with injected Implant consisting of
crystallized dextran microparticles (1* day, 4™ day, 28" day, 180 days,
180 days, 1 year and 1 year after injection, respectively).

[0018] Fl.gura 9 is a photograph of a slow relesse of the
fluorescently labeled macromolecules from the Implant which includes
crystallized dextran microparticles into mouse muacle tissue on the 14*
day efter intermuscular injection.

[0017] .Figure 10 is & photograph of an expression of the reporter
gene In a mouse’s muscle tissue following the plasmid DNA release from
the implant.

[0018] Figure 11 ls a photograph of an emulsion of aqueous solution
of PEG in aqueous solution of dextran (MW 600 kDa) containing
crystallized dextran microparticles shown in Figure 1.

[0019] Figure 12 is a photograph of an emulsion of aqueous solution
of dextran (MW 600 kDa} containing crystallized dextran microparticles
shown In Figure 1 in aqueous solution of PEG.

[0020] Figure 13 ls 2 photograph of an Intramusculer injection of
emulslon of aqueous solution of PEG in aqueous solution of daxtran (MW
500 kDa) contalning crystallized dextran microparticles shown in Figure 1.

[0021] Figure 14 is a photograph of a subcutaneous injection of
smulsion of aqueous solution of PEG in aqueous solution of dextran (MW

B0O0 kDa) contalning crystallized dextran microparticlag shown in Figura 1.

4-
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[0022) Figures 15A and 15C schematically illustrate partition
behavior of differant types of particles and pheses in an agusous two
phase gystern.

[0023] Figure 16B is a photograph of a crosa section of an Implent
structure based on the two phase system.

[0024] Figures 18A, 16B, 16C and 16D are photographs of partition
of Hels cells and crystallized dextran microperticles In & two phass
syetam, '

[002b] Figures 17 and 18 schematically illustrate cell therapy
methods according to embodiments of the present invention.

[00286] Figures 18, 20 and 21 schematically illustrate therapeutic
agent dellvary methods according to embodiments of the present

Invention.

[0027] Figures 22A and 22B are graphs of relative nommalized of
[}
blood giucose concentrations for various insufin containing composition

versuse tima.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A. Microparticle Formation

[0028] The present inventor hee experimentally found that
erystallized dextran microparticles with an average dlameter ranging from
0.6 to 3.6 microns were spontenacusly formad in concentrated aqueous
solutions of dextrana {40 — 85 % W/W) with molecular weights ranging
from 1.0 to 200.0 kDa, at temperature ranging from 20 — 80 °C. Ifitis
desired to form the microparticles at room tempaerature, then 2 to 18 kDa

dextran solutions may be used. Of course, the microparticlas may also be
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formed from 2 to 18 kDa solutions at temperatures above room
temperaturs, If desirad. The microparticlas may he spontaneously formed
from higher malacular weight dextran solutions, such as 20 to 75 kDa
solutions, at higher tamperatures above room temperature, such as about
40 to about 70 °C. The microparticles may have any suitable shape such
a8 a regular or an iregular shape, but ara preferably spherical in shape,
and are preferably 10 microns in diameter or less, such as 0.5 to &
microna.

10029) Transmission Elactron Microscopy revealed the microporous
structure of the crystallized dextran microparticles (see Figures 2A, 2B).
Preferably, the microparticle porosity Is at least 10 percent by voluma,
such as about 10 to about 60 percent, more preferably about 20 to about
40 percent. Thus, the structure comprises microporous microparticles
with areas of macroporosity locsted between the particles.

[0030] Spray drying of squeous suspensions of the crystallized
dextran microparticles has shown the possibility to produce substantially
spherical aggregates of crystallized dextran microparticles with a diameter
ranging from 10.0 to 1650.0 microns (see Figure 3).

[0031]1 A non limiting example of a method of forming the dextran
microparticles Is as follows. 50.0 g of dextran T40 {40 kDa molscular
weight) from Amersham Biosciences Is added to 50.0 g of sterile distilled
water in a 500 mi lab beaker to obtain 50% w/w solution under laminar
flow. The mixture is stirred at 80°C (weter bath) on 8 magnetic stirrer at
60 rpm until the dextren |8 completsly dissolved and & clear solution is
abtained. The solution can be vacuumed to remove all air inclusions. The
clear solution is placed in leb oven &t 80°C under a Tyvek® lid. 3.5 hours
later, B turbid viscous suspsension is developed as s result of formation of
crystallizad dextran microparticles.
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[0032) To eliminate non-crystallized dextran, the microparticles are
washed by centrifugation, for example 3,000 g, 30 min, with 3 x250 m!
of distilled sterile water, or by filtration of diluted suspension of
microparticles, for example one part microparticles and 10 parts water
{3x250 ml of distllled sterile water through sterilization filter}. The
centrifugation/washing is done under laminar flow. The microparticles are
placed in 600 ml lab baeker under a Tyvek?® lid and dried at 60°C in lab
oven for 8 hours* to reach a moisture level of about 5%. The resuling dry
powder consists of particles with a mean diameter of about 2 microns.

B. [mplants based on crystallized dextran microparticies.

[0033] Concentrated suspensions of ths crystellized dextran
microparticles and aggregates thersof were tried as implants in
axperiments with mice to test their blocompatibility following Injaction
into the animal’a body.

[0034] Figures 4 and 6 show the Implant in tissua following
subcutaneous (Figure 4) and intra-muscular (Figure §) injections iIn
experimental animals (mice}. No inflammation reactions were detected in
the animal’s tiesue during 180 days.

[0035] Figures 6A, 8B and 6C show the implant in muscle tissue of a
mouse 1, 4 end 28 daye, respactively, after the iﬁ]aetion. Figures 7A and
7B both show the implant in muscle tissue of a mouse 180 days after the
injection.

[0038) Figures BA, BB and 8C show the implant on the 4th, 11th and
28th day, respectlvely, after the subcutanecus Injection. Figuras 8D and
8E both show the implant 180 days after tha subcutanecus injaction.
Figures BF and 8G both show the implant one year after the
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subcutaneous injection. As shown in Figure 8G, normal tissue rather than °

scar tlesue forms at the implant site.

[0037] The slow release of mecromolecules from implants has been
demonstrated in experiments where macromolecules were dissolved in
aqueous suspensions of crystallized dextran microparticles or their
aggregates befors injections.

[0038] Figures 9 and 10 show the Implant containing fluorescently
labeled macromolecules (FITC-dextran, MW 500 kDa) and slow release of
the mecromolecules from the implant into a mouse muscle tissue on the
14* day efter the intermuscular injection (Figure 9) and expression of the
reporter gene in a mouse’s muscle tissue following the plasmid DNA
release from the implént (Figure 10). Thus, the crystallized dextran
microparticles may be used for timed release of a label, such as a

fluorescent label alone or in combination with a therapeutic agent.
C. Implants based on two-phase systems

[0039] Self assembled structures of implants based on crystallized
dextran microparticles and their aggregates may be formed based on two
phage systems.

[0040] Collocidal aystems such as droplets of oll, liposomes, micro-and
nano-particles can be dispersed in a suspension of crystallized dextran
microparticles and injected to form an implant releasing therapeutic
agent(s) following administration Into the mammal body.

[0041] For example, in the case of oil, a special kind of implant
structure can be formed where the oll core Is surroundsd with a shell
composed of crystalllzed dextran microparticlee or aggregates thereof

dispersed in water or agueous sclutions of organic polymers such as

)
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basis for “Sephadex™ that Is used in the GPC of proteins and for
*Cytodex™ developed by Pharmacia to fulfill the speclal requirements of a
micro-cartier cell culture. For example, U.S. Patent Nos. 6,395,302 and
6,303,148 {Hennink et al.) disclose attaching varlous blomaterials to
crossJinked dextran particles. However, beads based on cross-linked
dextran generally cannot be used for implant manufacturing owing to their
potential toxicity due to the application of cross-inking agents (Blain J.F.,
Maghnl K., Pelletier S. and Sirois P, Inflamm. Res. 48 (1998): 386-392).

[0005] U.S. Patent No. 4,713,249 (Schroder) describas a method of
producing a depot matrix for biologically active subatances. According to
thie patent, the depot matrix allegedly conslets of carbohydrate
microparticles, atabilized by crystallization, which Impliau‘ using non-
covalent bonds. The following process for producing the alleged
crystallized carbohydrate microparticles is described by Schroder. A
solution of a polymeric carbohydrate end a biologically-active substance is
formed In one or more hydrophilic solvents. Then the mixture of the
carbohydrate and the blologically active substance is emuleified in & liquid
hydrophobic medium to form spherical droplets. The emulsion is then
Iintroduced into a crystallizing medium comprising acetone, ethanol or
methanol to form spheres having a non-covalently cross-inked crystalline
polymerlc carbohydrate matrix, said matrix incorporating 0.001-60% by
weight of the blologically-active substance. Thus, the biologically active
substance Is provided intc the solution prior to crystalllzing the spheres.
Schroder doas not describe the microstructure of the microparticlas made
by the multl-step method. Schroder's multi-step method is complex and
uses organic solvents that are potentially toxic to cells and need to be
removed.

BRIEF SUMMARY OF THE INVENTION

\



WO 2004078197 PCT/IB1004/000961

polysaccherides (e.g. dextrans). The etructure described can be
designated as a capsule. It should be noted that the shell may comprise a
roughly spherical shaped shell which results when the capsule is
surrounded by tiasue. However, when the capsule is located near a
barrier, such as a substrate, bone of Intestine wall, the capsule may
comprise a core located between one or more walls of microparticles on
one side and the barrier on the other side. Furthermore, while oil Is used
as an illustrative example, the core may comprise other materials, such as

other polymers, cells, etc.

[0042] To form the capsule structure, two-phase aquecus systems are
applied. When aqueous solutions of different polymers are .mixed above
certain concentrations they frequently form immiscible-liquid two-phase
solutions. Each of the phases usually conslsts of more thian 90% water
and can be buffered and made isotonic. If a cell or particle suspension is
added to such a system, the cells or particles are frequently found to have
partitioned unequally between phases. This preferential partition bshavior
can be used as a basis for separation procedures for differing cell
populations or particles since partition in these systems is determined
directly by cell or particle surface properties. Caells or particles which do
not have identical surface properties exhibit sufficlently different partition
behavior.

[0D43] The competitive adsorption of the two polymer phase depends
on the chemical nature of the polymers. A two-phase polymer method
has been applied to separate or partition cella, protsins, nucleic acide and
minerals {“Partitloning In Aqueous Two-Phase Systems”, 1885, eds., H.
Walter, D. Brooks, and D. Fisher, publs. Acadamic Press).

[0D44] The experiments with the distribution of crystallized dextran

microparticles In phase systema derived from, for instance,

-g-
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dextran/polyethylene glycol (PEG) mixtures, revealed that the dextran
microparticles prefer to be In the dextran phase, while another PEG phase
can be dispersed In this dextran phase to form a W/W amulsion and vice
versa in the case when the volums of the PEG phase s bigger than the

volume of the dextran phase, as shown In Figurea 11 and 12.

[0045] Figure 11 is a photograph of an emulsion of aqueous solution
of PEG in squecus solution of dextran containing crystellized dextran
microparticles. In the structure of Figure 11, the volume of the PEG
phase is less than the volume of the dextran phase. The dextran phase
contains the dextran and the crystallized dextran microparticles. Thus,
- 'the PEG phase forms into one or more sphere shaped cores surrounded by
dextran / dextran microparticle shells {l.e., a closed pors structure).

[0048] Figure 12 is a photograph of an emulsion of aqueous solution
of dexiran contalning crystallized dextran microparticlea in aqueous
solution of PEG, where the volume of the PEG phase is greater than the
volume of the dextran phase. In this case, the dextran phase forms into
one or more sphere shaped corss containing the dextran microparticles
surrounded by a PEG phase {i.e., an open pore structure that is forming in
vivo while PEG dissipates in tissue liquid). As can be seen in Flgure 12,
the smaller voluma {droplet) ‘dextran phase forms into a large epherical
dextran / dextran microparticle core (bottom right of Figure 12) to which
smaller sphereas comprising dextran / dextran microparticles are Joining
and fuse with.

[oo4a7] Thus, when the ratlo of the volume of tha first phase {such
as the PEG phase and its inclusions, such as a therapsutic agent) to the
volume of tha second phase (such as the dextran phase and its inclusions,
such as the dextran microparticies) is less than one, then the capsule

forms by self assembly with a first phase core surrounded by & second

-10-
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phase shell. K the composition contsina a therapeutic agent, such =s
insulln, which prefers to partition into thea PEG phase, and the dextran
microparticles which prefer to partition into the dextran phase, then the
therapeutic agent selectively partitions Into the PEG core while the
microparticles selectlvely partition into and form the shell around the PEG
core by self assembly.

[0048] The smulsion can be prepared by the mixing of separately
prepared dextran and PEG phases and both can be suspensions of
different types of particles that prefer to be in the PEG phaee or in the
dextran phase respectively. The principle is that the partition of
moIeculbs (such as macromolecules,. DNA, plasmids, etc.) or molecular
aggregates {such as microparticies, cells, liposomes, proteins, stc.) into
different polymer phases depends on their surface structure and interfacial
energy of the particles in the polymer solutions.

[0049] Injection of aquecus two phase systems containing
crystallized dextran microparticles into tlasues of experimental animals
revealed the formation of implants with the capsule structure as shown in
Figures 13 and 14. The volume of tha dextran phase is greater than the
volume of the PEG phase in the two-phase system. Both Figures 13 and
14 show that a capsule with a PEG core and a dextran/dextran
microparticie shell forms by self assembly In vivo {l.e., after injection into
mammal tissus}. The shell compriess macroporous regions between
adjacent microparticles as well 88 microporous regions In the

microparticles themsalves.

[0050] A non limiting exampla of & method of forming a capsule
structure frormn a two phasa system is as follows. 10 g of dextran T40
(40 kDa molecular welght) end 2 g of PEG are dissolved In 88 ml of
{(Actrapld®} Insulin solution containing 1,000 Ul to which 26 g of

-11-
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crystaliized dextran microparticles are added. These steps are performed
under laminar flow conditlons, The mixture is stired on a magnetic stirrer
at 100 rpm at room temperature for 30 minutes to form a homogensous
mixture (l.e., a suspanéionl. 1.0 g of the suspenalon containe 8 Ul of
insufin.

[0051] It should be noted that the dextran microparticles may be
prepared from a .different moleculer weight dextran solution than the
dextran solution which is provided in the two phase system. Thus, the
crystallized dextran microparticles may be formed in a lower molecular
welight dextran solution, such as a 2 to 20 kDa solutlon, than the dextran
solution which is provided into the two phase system, which may be a 40
to 500 kDa dextran solution, such as a 40 to 75 kDa solution. This is
advantageous because the higher molecular weight dextran solutions,
such as 40 and 70 kDa solutions, have received wider regulatory approval
and can be used to form a shell of & capsule at lower concentrations. The
lower molecular weight solutione may be used to decrease the
crystallizetion time without the lowar molecular weight dextran solution
actually being provided in vivo. Furthermore, lower molecular weight
microparticles may dissolve easier in vivo.

[0062] The capsule structure formed from a two phase system is
advantageous because it allows for a more even and prolonged release of
the therapeutic agent from the core than from a composition comprising a

single phase containing the microparticles. Furthermore, it is bellevad

that by using the capsule structure, a lower amount of microparticles may -

be needed to achieve the same or better timed release of a therapeutic
agent than If a single phasa system ls used. Furthermars, by controlling
the amount of microparticles in the two phese system, it is believed that
the thickness of the microparticle shell may be controlled. A thicker shell
results from a larger amount of microperticlas in the two phase system.
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Thus, the amount, duration and/or timing of the release of the therapeutic
agent from the capsule core may be controlled by controlling the
thickness of the shell. Therefore, the relaase profile of the therapeutic
agent may be customized for each patiant or groups of patienta.

[0053) It should be noted that while PEG and dextran are used as
examples of the materials of the two phases, any other suitable materials
which show the following partition behavior mey be used instead. Figure
16A schematically Hlustretes partition behavior of different types of
particles in an aqueous two phase system. For example, three types of
molecules or molecular aggregates, which are preferably particles 10, 12
and 14, and two phases 18 and 18 are shown In Figure 15A. Howaver,
theres may be two, or more than three types of particles. The particles
}lmay be microparticles such as microspheres or nanospherea prepared
from organic and/or inorgenic materials, lipopsomes, living cells, viruses
and macromolecules. The first type particles 10 preferentially segregate
into the first phase 18. The second type particles 12 prefsrentlaily
ssgregate to the boundary of the first 18 and second 18 phases. The
third type particlea 14 preferentially segregate into the second phese 18.
Thus, by analogy to the previous non-limiting example, the firet particles
10 may compriee a therapeutic agent, the sacond 12 and/or the third 14
particles may comprise crystalllzed dextran microparticles, the first phaase
16 may comprise a PEG phase and the second phase 18 may comprise a
dextran phese.

[0064]) if a amaller amount of the first phase 18 is provided Into a
larger amount of the second phase 1B, as shown In area 20 of Figure
1BA, then a capsule type structure forms comprising discreet apheres of
the first phase 16 containing a concentration of the first type particles 10,
located in & second phase 18. The sacond type particlas 12 may be
located at the Interface of the phases 18, 18 and act ma a shell of the
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capsule. Particles 14 are dispersed In the second phase 18 and/or form a
shell of the capsule.

[0065] In contrast, if a smaller amount’of the second phase 18 is
provided into a larger amount of the firet phase 18, as shown In area 22
of Figure 16A, then a capsule type structure forms comprising diecreet
spheres of the second phase 18 containing a concentration of the third
type particles 14, located in a firet phase 16. The sacond type particles
12 may be located at the interface of the phasas 16, 18 and act as a
shell of the capsule. Particles 10 are dispersed in the first phase 16
and/or form a shell of the capsule. The two phasa systems 20 and 22
may be used as an implant, such as by being injected, surgically
implanted or orally delivered into a mammal, such as an animal or human.
Thus, the capsule forms a structured, three dimensional implant, with the
core acting as a reservoir or depot for controlled relsase of the therapsutic
agent through the shell. In contrast, an implant with an even distribution
of microparticles is an unetructured implant. It should be noted that the
structure formed for orally delivered two phase systams may be generally
described as a structured suspenslon comprising a dispersed PEG phase
and a continuous dextran phase.

[0056] Furthermore, particles {l.e., molecular aggregates) 10, 12
and 14 may be substituted by a liquid material {e.g. oils) or
macromolecules which ssalectively partition into one of the phases. For
example, a therapeutic agent, such as Insulin, may be partitionad in PEG
phase of the PEG/dextran two phase system. Since insulin selectively
partittons Into the PEG phass, the PEG phase forms an Insulin comntaining
core of a capaule structure. ft shoulid be noted that while certsln particles
and therapeutic agents selectively partition, the term “aslactively
partitioned” does not necaessarlly mean that 100 percent of the particles
or therapeutic egent partition intc ona of the phases. However, a majority
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of the selectively partiioned specie, preferably 80% of the partitioned
specie, partitiona into one of the phases. For example, while 8 majority of
insulln partitions into the PEG phase, a portion of insulln may remain in
the dextran phase.

[00B7] Figure 16B Hlustrates a scanning electron microscope Image
of a cross section of an implant structure based on the two phase system
schematically illustrated in Figure 16A. A two phase aqueocus
composition comprising a firet dextran phase, a second PEG phase and
crystallizad dextran microparticles was injected intc sepharose gel. This
gel’s composition mimica mammal tlesue by stopping crystallized dextran
. microparticles diffusion from the injection side. The image in Figure 16B
illustratea the formation of a core-shell implant structure. The core
comprises regions 30 and 32 surrounded by a shell 34, Region 30 is a
vold thaet is filled with a PEG phase region prior to cutting the gel for cross
sactional SEM imaging. The PEG phase region drips out of the gel when
the gel Is cut during cross sectioning. Reglon 32 is an outer portion of
the core comprising PEG droplets located in the crystallized daxtran
microparticles., Region 34 is the shall comprising the crystallized dextran
microperticles which surrounds and holde in place the PEG containing
core.

[00&8] Without wishing to be bound by a particular theory, the
present inventor believes that the core-shell structure shown In Figure
158 forms by self assembly as shown schematlcally in Figure 16C. While
the first 18 and sescond 18 phases, such as aquecus solutions of
different, incompatible polymsrs, are in a suitable storage contalner 19,
such as in & pglass beaker or vial, ona phage 18 riees above the other
phase 18. When the two phess composition I8 injscted intc a meaterial
which restricts free flow of the phases 16 and 18, such as mammal

tissue or a substrate material, such as a gel which mimics the tissue, the
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compasition aelf assemblas into the cora;shall structure, First, the phase
that is present in the smaller voluma forms into spproximate spherical
shapes, as shown in the middle partion of Figure 15C. Then the spherical
shapes join to form approximately spherical cores of one phase

surrounded by shells of the other phase, a8 shown In the bottom of Figure '

16C. While 2 two phase systam example of a multiphase system has
been illustrated, the multiphase systam may have more than twa phases
if desired.

D. Call Therapy

[00E68] Experiments conducted with mammalian cells hava shown
posaaibilities to use ?he technique just described to deliver into a body the
cells adeorbed by the surface of crystallized daxtran microparticies
aggrogates {see Figures 3 and 12) or ebsorbed by the same surface baing
inside of macro-porous structures (see Figure 11) or capsules (see Figures
13 and 14).

[00860] in general, a self organizing material for therapies based on
spontaneous organization in colioidal systems may contain crystalllzed
dextran microparticles or other particles, such as PLA, PLGA, PMMA,
slginate, cells, etc, for implants. For example, Figuree 16A-18D [llustrate
a partition of Hela cells and crystallizad dexiran microparticies in a
dextran-PEG two phase system. In Figure 16A, a two phase system Is
llustratad. The core comprising the PEG phass containing the cells is
shown in the upper part of the photograph and the dextran / dextran
microparticls {"CDM*] shell is shown in the lowser part. Droplets of the
PEG phass segregating aut of the shell into the cors are shown at the
boundary of the core and shall reglons. Figurs 18B shows partition of
daxtran microparticlas in & PEG/dextran two phass systsm. The PEG
phase 18 ls on top and the dextren phase 18 containing the dextran
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microparticles ls on the bottom, Figures 16C and 18D show Hela cells
on a dextran phase containing crystallized dextran microparticles surface.

foo61] The implants can be “reservoir” type implants and may be
usad for cell replacement therapy. “Reaervoir” type implants can improve
pharmacokinetice (no "buret effects”) and snsure austained release of
biologically active substances. The "core” of the "reservoir® type implant
may contain any type of active substance(s) in addition to the structure of
the implant being "loaded™ with cells. The core can contain therapeutic
peptides and proteins, nucleic acids, vaccines, viruses and cells.

(o062l Figure 17 achematically illustratee an example of oell
replacement therapy based on self organizing material for therapies
principle. For example, closed pore implants based on crystallized dextran
microparticles may ba used for type | diabaetss therapy, cancer therapy,
Parkinson’s therapy and other suitable therapies based on the use of
therapeutic proteins and peptides. In Figure 17, the implant 40 contsine a
crystallized dextran microparticla 12, 14 capsule or shell encapsulating
transplanted cells 42. Any suitable cells may be used, such as insulin
producing bete-celis, K cells, pancreatic cells or stem cells. As shown in
Figure 17, the crystellized dextran microparticles cepsule is porous to
blood glucose 44 {as well as t0 oxygen, nutrlents and other stimuli}, but is
impermeable to immune system celle which are too lerge to enter tha
capsule to attack the Insulln producing celis. The blood glucoss 44
permeates through the crystallized dextran microparticies capsule and
stimulates production of insulin 48 from the insulin producing cells. The
ineulin then diffuses through the crystallized dextran microparticles
capaule Intc the bload 48,

[0063] Thus, crystallized dextran microparticlea encapsulated insulin

producing cells may bs Implanted Into a mammel, such as a human, to
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treat dlabetes. The crystallized dextran microparticles capsule may be
formed In vivo and does not need a surgical operation. Such technique is
known in the art as “Injectable Tissue Engineering”. Furthermare, the
crystallized dextran microparticles capsule does not require the uss of
toxic cross linking chemicals. The implants preferably may be used to
provide a long acting insulin preparation to suppress hepactic giucose
production and maintain near normoglycemla in the fasting state with a
time-action profile without a peak.

[0064] it should be noted that the cell therapy may be used to treat
other diseases. For example, crystaillzed dextran microparticles
encapsulated dopamine producing cells may be used to treat Parkinson’s
disease, as illustrated scheamaticslly in Figure 18. Furtherm.ore, as shown
In Figure 18, the structure of the crystallized dextran microparticles
capsule may be reversed, such that the cells 42 form the shell which
encapsulate the microparticles 12, 14 in the mammal tiseue 50. For
example, patient’'s own cells or stem cells may be located outside the
microparticles. In contrast, cells from a source other than the patient,
such as from a donor, may ba located inside the microparticle shall as
shown In Figure 17 to protect the cells from the patient’s autolmmune
reaction. This opana possibilities for in vivo tlssue engineering for the
treatment of conditions, such as dlabetes and others.

E. Bone greft substitutes

[00865]) Bone graft procedures involve the use of efther autograft
tissue, in which tissue Is harvested from the patient, or allograft tissue,
which ia taken from donors or cadavera. Two basic criteria are used to

judge a succaessful graft - osteoconduction and osteoinduction.

[00B86] Harvesting autograft tissue requires surgery at the donor site

that can result In its own complications, such as inflammation, |nfact|pn,
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and chronic pain. Quentities of bone tissua that can be harvested are also
limited, creating a supply problem as well.

[0087] Allograefts circumvent some of the shortcomings of
autografts by eliminating donor site morbidity and issues of limited
supply. However, allografts present risks as well. Although many methods
cen reduce the risk of dieease transmission, the trestments used to
sterilize the tissue remove proteina and factors, reducing or eliminating
the ostecinductivity of the tissue.

[0088] Furthermore, several alternatives have been developed to
autografts and allografts. Many of these altarnatives use a variety of
materlals, including natural and synthetic polymers, ceramics, and
eorhposil:es. Other alternative methods incorporate factor- and cell-based
strategieas that are used elther alone or in combination with other
materials.

[c089] ' Many bone graft substitutes are natural or synthetic and may
be used alone or In combination with recombinant growth factors such as
transforming growth factor (TGF), platelet-derived growth factor {(PDGPF),
fibroblast growth factor (FGF) and bone morphogenetic protein (BMP).
Cell-based bone graft substitutes use calls to generate new tissue alone or
are seeded onto a support matrix {e.g., messnchymal stem cells).

[0070] With polymer-based bone graft substitutes, both degradable
" and nondegradable polymars are used alone or In combination with other
materials, such es the Cortoss® open porosity poly-lactic acid polymer
{OPLA) from Orthovita, Inc. Dagradable synthetlc polymers, like natural
polymers, are resorbed by the body. The bensfit of having the Implant
resorbed by the body is that the body is able to completaly heal taelf with
no forelgn bodies remaining. To this end, companles have used

degradable polymers such as polylectic acld and poly-lactic-co-glycolic
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acld (PLGA) as stand-slone devices and ag axtenders to autografts and
allografts. For exampls, Bone Tec, Inc, has developed a porous PLGA
foam matrix by using a particulate leaching process to induce porosity.
OsteoBiologics, Inc, has Immix Extenders, a particulate PLGA product
used ae a graft extender.

[0071] In one preferred aspect of this embodiment, the porous
orystallized dextran microparticles described in the pravious embadiment
are used as bone graft substitutes, In combination with a therapeutic
agent which provides bone formation in special sites of said body. Any
suitable therapeutic agent for bone formation may be used, such as a
peptide, stem cell or protein, including but not limited to the above
mentioned mesenchymal stem cells, TGF, PDGF, FGF and BMP. The
therapeutic agent mey be located in the pores of the porous
microparticles. For example, the therapeutic agent may be provided into
the pores of the crystailized dextran microparticles after crystallization.

'10072) In another preferrad aspect of this smbodiment, a method for

in vivo implant formation includes preparing a suspension of
microparticles In a first liquid phese, preparing a suspension of
microparticles in a second liquld phase Immiscible with the first liquid
phase, preparing an emulsion where the first liquid phase ls a continuous
phase and the second liquid phase Is a dispersed phase, and injecting of
the emulsion into a mammal body. Pr;lfarably, the emulsion is used as a
bone greft aubatitute.

[0073] Preferably, tha microparticies in the first and second fiquid
phases are different. For example, the microparticles in the first phase
may be nonpolymer microparticles, such as porous ceramic
microparticles, while the microparticles In the second phase may be
polymer microparticlas, such the above menticned porous cryatallized
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dextran microperticles. If desired, the second liquid phase may contain
the therapeutic agent providing bone formatian in special sites of the
body. The therapeutic agent may be located in the pores of the porous
microparticles.

F. Oral insulin deflvery vehicle

{0074] In another prefarred embodiment of the present invention,
the present Inventor discovered that a composition of porous (i.e.,
microporous) micraparticles may be used as a vehicle for oral delivery of
proteins, such as insulin. The porous microparticles may be any suitable
porous microparticlese which enable oral adminietration of Insulin with a
significant reduction in blood glucose, such as a 30% reduct.ion within 60
minutes of oral administration. Preferably, the microparticles are

bloadheasive particles, such as particles which edhere at least temporarily -

to mammal intestine walls, to allow Insulin dellver through the intestine
wall. Most preferably, the porous microparticles comprise the crystallized
dextran microparticles described above.

[0076] in one preferred embodiment of the present invention shown
in Figure 19, the present inventor has discovered that an aqueous
suspenslon of crystallized dextran microparticles 12, 14 and Insulin 46
orally administered to mammals 53, such as rabbits, was about equelly as
effective in reducing blood glucose levela as an Intramuscular injection of
inaulin alons. Figure 19 schematically illustrates the insulln 48 permeating
through marmmal 53 Intestine 62 waella from the orslly administered
compositlon 54 comprising the microparticles. Since rabbits are a
common modal for humans in drug testing, the presant Inventor belleves
that a liquid or solid composition 54 comprising crystatlized dextran

microparticles and insulln, such as an agquecus suspension, 8 solution, a
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tablet or a capsule, would aleo be effective in reducing blood glucose
levels in human beings when orally administered.

[c0786] The following examples illustrate oral insulln dellvery using
crystallized dextran microparticles. The study involved Chinchilla rabbits
(2.3+0.2 kg) and the observation of their response to orally administered
aqueous suspensions consisting of crystallized dexiran microparticies
prepared according to the method described hersin and human
recombinant Insulin.

[00771 3.0 g of Dextran T20 (Pharmacia, Uppsala, Sweden) was
dissolved in 2.0 g of water and placed In box at temperature 60° C.
Three hours later, crystallized dextran microparticles were washed by
centrifugation at 3,000 g with 3 x6.0 ml of water. Then the crysetallized
dextran milcraparticlas were suspended in 2,0 ml of water and allowed to
dry at room temperature. The resulting dry powder was used to prepare
an Insulin contalning suspension for the oral insulln dellvery experiment.
Insulin containing suspensions were prepared by the mixing of 260 mg of
the microparticles; 0.3 ml {12 Ul) or 0.6 ml (24 Ul} of Insulin
{(NovoNordisk Actrapld HM Penfiil, 40 Ul/ml); and distlled water to reach
a volume of 2.0 ml.

[0078] Samples of the suspension {2.0 ml} were introduced into the
rabbite’ throats with a catheter followed by the inmtroduction of 10.0 ml of
drinking water. Animals were not fad for 3 hours before the suspension’s
introduction. Samples of blood wers taken from the rabbit’s ear vein and
analyzed for glucose concentrations. Blood glucose was measured using
the glucose oxidease method on a “One-touch System Glucose Analyzer”
(Lifescan Johnson & Johnson, Mlipitas, CA, USA)} after proper calibration.
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[0079] Examples 1 to 8 are comparative examplea involving eight
rabbits. Examples 8 to 14 are examples according to -the present
Invention involving five rabbits.

[00801 in comparative exampies 1 and 2 {control experiment #1
summarized in Table I) an aqueous solution of human recombinant insulin
was introduced intra muscularly into two rabbits at a doas of 12 Ui per
enimal. In comparative examples 3 and 4 (control experiment #2
summarized in Table [l}, the rabbits remained intact {(i.e., no ineulin or
other Injection was provided to the two rabbits). In comparative
examples 6 and B8 {control experiment #3 summarized in Table IH), a
suspension of the crystaliized dextran microparticlés without insulln was

. provided orally to two rabbits. In comparative examples 7 and 8 {(control
experiment #4 summarized in Table [V), a suspension of the commercially
obtainad Sephadex G-160 microparticles with insulin {24 Ul) was provided
orally to two rabbits. According to the Amersham Blosciences websits,
Sephadex® G-160 microparticles are beaded gel microparticlas having a
diameter of 20 to 150 microns, prepared by cross linking dextran with
epichlorohydrin. In examples B-14 according to a preferred embodiment
of the present Invention {summarized in Table V), a suspension of
crystallized dextran microparticles with insulin (24 Ul} was provided orally
to five rabblts. The results are summarized In Tables |-V below.

Tabla |

Rabbit/ | Insulin
Example # dosea

0 min 30 min 60 min [ 90 min { 120 min

mg/dI mg/dl mg/dl mg/dl mg/dl

#1 12 Uli.m. 91 88 58 49 61

#2 12 Uli.m. 87 85 64 b7 68

Table I
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Rabbit/ Insulin Omin | 30min | B0min | 80 min | 120 min
Example # | dose mg/dl | mg/di mg/dl | mg/dl | mg/dl
43 0.0 98 87 87 89 86
24 - 0.0 88 00 91 94 87
Table 1l
Rabbit/ Ineulin Omin | 30min | 60min | 90 min | 120 min
Exemple # | dose mg/dl | mg/dl ‘| mg/dl | mg/dl | mgdl
#5 0.0 92 88 94 95 92
#6 0.0 90 83 o3 83 92
Table IV
Rabbit/ Insulin O min 30min | 60min | 90 min | 120 min
Example # dose mg/dl mg/d! mg/dl mg/dl mg/di
7 24 Ui 85 82 86 81 83
per os
T 24 Ul 84 75 86 76 77
per o8
Table V
Rabbit/ insulin 0 min 30min | B0 min | 80 min | 120 min
Experiment #| dosa mg/dl | mg/dl | mg/idl | mg/dl | mgid
per os
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#10 24U1 | g3 84 62 54 52
per as

#11 24 U\ 78 52 51 49 48
per as

f12 24 Ul 02 64 52 B3 47
per a8

#13 24 Ul 89 53 48 38 49
per 08

#14 24 Ul 97 80 38 54 52
per 08

[0081] The data in Tables |-V show that average reduction of sugar
{i.e., glucose) In the hl_oo'd of mammals is compereble when 12 Ul of
insulin Is administered by intramusculer injection (examples 1-2) and 24 U}
of insulin is adminlstered per os {i.a., orally) with crystsilized dextran
microparticles (examplass 9-14). The maximum glucoss reduction was
about 35 to about 80 percent at 60 min sfter oral administration. The
concentration profila of glucose is practicelly the same in both the
Injection and oral delivery modes. it should be noted that other amounts
of insulin may be _adminiatorod. For example, 30 Ul of insulin may be
adminietered. In general, oral adminlstrstion of two to three times the
insulin compared to the amount of injected insulin produces a similar drop
in blood sugar for up to three hours.

[0082] It i a well known fact that insulin by itself is degraded by
intestinal snzymesa and is not absorbed lﬁmct across the gastrointestinal
mucosa (Amidon GL, Lea HJ, Absorption of peptide and peptidomimetic
drugs, Ann. Rev. Pharmacol. Toxicol. 1994; 34: 321-41). However,
examples 9-14 show that crystallized dextran microparticleas can be used

as a vehicls for oral dslivery of proteins, such as inaulin because the
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hypoglycemia effect received was significant. Without wishing to be
bound by a particular theory or mode of action, the present inventor
believes that the uee of the porous, cryntalllized dextran microparticles as
an insulin delivery mstrix In an aqueous suspension protected the insulin
from significant degradation by intestinal enzymee and allowed the Insulin
to be absorbed intact across the gastrointestinal mucosa. The insulin may
be located in micropores in the microporous mlcropartlcies and/or in
macropores between the microparticles. In contrast, the use of cross-
linked Sephadex G-150 dextran microparticles with Insulin (Table IV,
examples 7-8) did not produce en appreciable reduction in blood glucose
concentration. '

[0083] As provided in examples 9-14, the blood glucose

concentration in the mammal is lowered by at least 5 percent, preferably
at least 30 percent, 80 minutas after adminlstering the composltion
containing the crystallized dextran microparticles and insulin to the
mammal (l.e., the blood glucose value in the mammal at 80 minutes after
adminlstration of the suspension is at least 6 percent, preferably at lsast
30 percant lower than that measured right before administration of the
suspension). Preferably, the blood glucose concentration in the mammal
ls lowgred by at lsast 6 percent, such as at lsast 30 percent, preferably
by about 36 to about 40 percent 30 minutes after administering the
composition to the mammal. Preferably, the blood glucose concentration
in the mammal is lowered by about 35 to about 60 percent, for example
35 to 45 percent 60 minutes after administering the suspension to the
mammal,. More prefarably, the blood glucose concentration in the
mammal Is lowered during the entire period ranging from 30 to 240
minutes, such as 30 to 120 minutes, after administering the composition
to the mammal compared to the blood glucosa concentration right before

adminletration. For axample, the blood glucosa concentretion In the
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mammal ie preferably lowered by at least 10 percent, preferably at least
30 percent, more preferably by at least 35 percent, such as by 35 to 45
percant during a period ranging from 30 to 240 minutes, preferably 30 to
120 minutes after administering the composition to the mammal.

[0084] Thus, a preferrad embodiment of the present invention
provides a method of lowering blood glucose In @ mammal by orally
administering a therspeutically effective amount of & composition
comprised of crystallized dextren microparticles and insulin. A
“therapeutically effective” amount of the compositions can be datermined
by prevention or amelioratlon of adverse conditions or symptoms of
diseases, injuries or disorders being treated. Preferably, the composition
compriees an aqueous suspension of crystallized dextran microparticles
having en average diamater of about 0.5 to about 5 microns and insulin.
Furthermore, the microparticles are preferably porous microparticles which
are crystallized prior to adding the Insulin to the suspension, such that the
Insulin Is located in contact with a surface of the microparticles and/or in
pores of the mlcropartlclﬁa.

[0086] The crystallized microparticles preferably are comprised of
daxtran molecules (l.e., polymer molecules) that are heid tog.ethar by a
plurality of hydrogen bonds, Van Der Waals forces and/or ionic bonds and
having substantially no covalent bonda between the dextran molecules.
Thus, the malecules in the microparticles are preferably not intentionally
cross-linked {l.s., a cross linking step ls not carried out) and the
microparticlas contain no covalent bonds betwasn molecules or less than

10% covalent bonds between rmoleculss.

[0088] While a one phase composhion $4 comprising insulin and
microparticiea [s illustrated in Figure 19, s two phase composition,
described above and illustrated in Figures 13, 14, 16A, 158, 15C and
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16B may also be used. For example, &8 two phase composition comprising
a dextran phase, a PEG phase, crystallized dextran microparticles and
insulln mey be used. In vivo, the composition has a self assembled
cepsule structure comprising a crystallized dextran microparticle
containing wall or shell and a PEG and insulin contalning core.

{00871 Preferably, the mammal receiving the oral adminletration of
insulin comprises a human In need of lowering blood glucose, such as a
human suffering from diabetss. Thus, the preferred embodiment of the
preseent invention provides a method of treating diabetes in a human in
need of the treatment by orally administering the suspension of insulin
and crystalllzed dextran microparticles described above.

[0088] Any therapeuticelly effective amount of insulin may be
administered to the mammal. The amount of insulin may vary based on
the type of mammal (i.e., human or rabbit), the weight of tha mammal,
the composition of the suspension, the amount of desired reduction of
blocd glucose and other factors. One non-limiting example of insulin
content In the suspension ls about 10 Ul to about 2,600 Ul of human
recombinant insulin per one gram of suspenslon, such as about 12 Ul to
about 30 Ul, such as 24 Ul of human recombinant Ineulin. However, this
amount may vary as deelred.

[0089] The prasent invention should not be considarad limited to the
preferred embodiments describad above. Other matrix material may be
used for oral insulin delivery, such as organic or inorganic microporous
particles. Preferably, the particles ars microparticles which enhance
Insulin penstration through gastrointestinal mucose and/or which stabill

the composition. Furthermore, while the suspension preferably containe
only water solvent; s matrix; and an Insulin salution or suspension; the

dellvery system may miso contain sdditional matariais. For example, the
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composlition may contain a second phase such as the PEG phase of a two
phase system. Thus, another preferrad aspect of the present invention
Includes a method of lowering blood glucose in a8 mammal comprising of
orally administering a composition comprising a therapeutically effective
amount of Iinsulin and a matrix material to the mammal to lower blood
glucose of the mammal by at least 30 percent 60 minutes after
administering the suspenaion to the mammal. In enother preferred aspect
of the preeent invention, a method of administering a suspension to a
mammal comprised of orally administering an aqueous suspension of
orystallized dextran microparticles and a therapeutically effective amount
of insulin to the mammal.

[0090] As noted above, the crystallized dextran microparticles used
as 8 matrix material for oral adminlstration of ineulin or other proteln
basad drugs may be meade by any suitable method {(see Figure 1, for
example). Preferably, the microparticles are made by the process of any
of the preferred embodiments descrlbed herein. Preferably, but not
necassarily, the microparticles are formed In an aqueous solution without
ueing an organic solvent. Thus, in a preferred aspect of the prasent
Invention, a therapeutically effective amount of insulin and the crystallized
dextran microparticles ars combined in water after the microparticles have
been crystaeliized to form an aqueous suspension of insulin and erystallized
dextran microparticles. The microparticles may be added to the water
before, at the same time and/or after adding tha inasulln to the water.
Furthermeore, the microparticles may be orally administerad to 8 mammal
in the solvent in which they were formed. Ahtematively, they may be
removed from the solvent in which thay were formed and placed into
water or other aqueous solutions for oral administratlon or dried and

provided In solid form, such as tablet or capsule, for oral administration.
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[0091] The aqueous suspension of crystailized dextran
microparticles and a therapeutically effective amount of inaulin {or other
suitable suspensions of Ineulin and & matrix meaterial, such as a
suspension of Insulin and microporous microparticles) is preferably
provided as a dosed pharmaceutical compasition which is dosed for oral
adminietration to a human. In one prefarred espect of the present
Invention, the composition is located In a vessel In an amount dosed for a
single oral administration to a human. The vessel may comprise any
contalner which may hold a suepension, such ae a plastic or glass bottle,
a tube, a dropper, a spray nozzle, a pouch and/or other suitable veasels.
This vesse! containe an amount of suspension auffi‘cient for a single oral
dose of the composition.

[0092] in another preferred aspect of the present inventlon, the
composltion is located in any sultabie vessel in an amount suitable for
multiple oral adminlstration doses. The vessel contains an instruction for
oral dosage administration to a human. The instruction may be printed on
the vessel, such being as printed directly on the vessel or on an labael
attached to the vessel, or enclosed with the vessel, such being printed on
a shest of paper enclosed with the vessel in a cardboard box or in a
pharmacy envelops. The instructions may describe the amount of the
composition that should be taken with each dose, the frequency that the
dose should b; teken, how to measure the dose of tha composition for
oral administration and/or eny other suitable oral drug Instructions for an
administaring heatth care practitioner and/or 8 patient in need of the drug.
Alternativaly, the inetructiona may comprlae directions for eisctronically or
audibly accessing the dosing and administretion instructions, such as a
link to a wabsita contalning tha instructions or & telephone number or
recording where tha instructicne are provided audibly,
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10093] In another preferred aspect of the present invention, the
aqueous suspension of crystallized dextran microparticlee and a
therapeutically effective amount of insulin locatad in a vessel are provided
in a pharmaceutical composition kit with instructions for oral
administration of the composition to a human in need thereaf. Tha kit
may comprise instructions printed on the vessel or on a label attached to
the vessel or a sheet of paper enclosed with the vessel, such as in a
cardboard box or pharmecy envelops including a bottle (l.e., vesssl} and
the sheet of instructiona.

[0084] it should be noted that the composition for oral
administration may be in the form of an aqueous suspension, but other
delivery forma may be used to lower the blood glucose in a mammal. For
example, tha porous crystallized dextren microparticles and the Inaulin
may be orally administered in the form of a tablet or a capsule.

[0096] To orally adminieter the compogition in solld form to a
mammal, such as a human, the solution of crystallized dextran
microparticleas and Insulin Is first dried, auch as freeze dried, to form a
powder. The powder may then be compressed into a tablet, along with
optional pharmaceutically acceptiable exciplents or placed into a
phermaceutically acceptable capsule,

[0096] In another preferred aspect of the present invention, the
compositlon comprising crystellized dextran microparticleas and 8
therapeutically effective amount of insulin may be administered to a
mammal, such as a human by inhalation. In this cass, the composition is
placed iIntc & vesssl adapted for administering a pharmaceutical
composition to a mammal by inhalation, such as an Inhaler which provides
a metered dose of a composition when aqueezed or pressad. Preferably,
the composition ls provided to 8 mammal through the mouth by spraying
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the composition in solution or suspension form from the inhaler.
Preferably, the composition is delivered to the luhgs of the mammal {i.e.,
pulmonary delivery).

G. Injectable insulln dellvery vehicle

[0097] The present inventor has discovered that a composition of
crystslilzed dextran microparticles and insulin injected into mammals, such
as rats and rabbits, unexpectedly extended the duration of efficacy of the
insulin compared to injections of the same dose of the sama insulin alone.
Figurs 20 schematically illustrates the formation of an implant 40 in a
mammal 63 by Injection of a one phase composition comprising the
microparticles 12, 14 and insulin 48 using a syringe 566. Figurs 21
schamatically illustrates the formation of a structured Implant 40 In &
mammal 53 by injection of a two phase composition comprising a dextran
phase 18 containing selectively partitioned crystallized dextran
microparticles 12, 14 and a PEG phase 16 containing selectively
partitionaed therapeutic egent 10 comprising Insulin. The dextran phase
18 forms a shell around the PEG phase 18 core. Since rate and rabbits
ere a common model for humans in drug testing, the present inventor
believes that the comprising crystallized dextran microparticies and insulin
would also be effective In extending the duration of efflcacy of the insulin
when injected into human adulte and children.

10098] Exampl'aa 15-22 illustrate the adventage of using crystailized
dextran microparticies as an injectable insulin delivary vehicle compared to
Injected Insulin alone. The axperiment involved mice and the observation
was made of thair response to a subcutaneously Injected aqueous
suspengion consisting of crystallized dextran microparticles and human
recombinant Inaulin {NovoNordisk Actrapid HM Penfill®, 40 Ul/ml).
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[0099] The suspension was prepared as follows. 5.0 g of Dextran
T10 (Pharmacla, Uppaala, Sweden) was diesolved in 20.0 g of water.
The solution was fittered through a 0.22 ;m filter (Millipore, Bedford, MA)
. and freeze dried. 3.0 g of the resulting powder was dissolved in 3.0 g of
sterile water and placed in box at temperature 60° C. 6 hours later,
crystallized dextran microparticles were washed by centrifugation at
3,000 g with 3 x 5.0 ml of sterile water. Finally, the produced crystallized
dextran microparticles suspension wae mixed with agueous insulln
solution and used in the experiment with mice. Samples of the suspension
were Introduced into the mica's legs and samples of animal blood were
taken from each mouse’s tall and analyzed for glucose concentrations.
Blood glucose was measured using the glucose oxidase method on a One-
touch system glucose analyzer (Lifescan, Johnson & Johnson, Milpitas,
CA, USA) after proper callbration.

[0100] In comparative axample 15, no insulin was injected into the
mouse. In comparative examples 16, 17 and 21, insulin alone (0.5 Ul)
was injected into the thres mice. In examples 18-20 and 22, insulin (0.5
Ul)} and a crystellized dextran microparticles implant was injected into the
four mice. The results are summarized in Table VI.

Table VI
Owin 16min | 30min | 4bmin | 120min | 210min | Z70min | 390min
ghuones ghoosa | giucose | plucoss | ghucose | gluoose | ghucoss | gluboss
Ex # mmalA mmoiA | mmold | mmold | mmold | mmall | mmold | mmeld
16 Intact 7.9 8.1 8.2. 8.4 - - - -
mouse
18 Insulin 5.9 3.3 2.7 1.8 0.9 3.6 | 3.0 3.2
0.6 Ul
17 Insulin 8.1 3.8 2.8 1.9 0.9 3.7 3.4 3.5
0.6 Ul
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18

Insulin
o5 WU
with
crystal-
llzed
dextiran
micro-
articlas

8.0

4.3

3.2

2.5

0.8

0.8

0.9

0.7

19

Insulin
0.6 Ul
with
crystal-
lized
dextran
micro-
particles

4.1

3.4

1.2

1.8

20

Insulln
o6 WU
with
crystal-
lizad
dextran
micro-

particles

6.9

2.9

1.9

1.2

1.0

1.0

0.7

21

Ineulln
0.6 Ul
{average)

2.8

1.9

0.9

3.6

3.2

3.4

22

Insulin
0.6 Ul
with
crystai-
lized
dextran
micro-
particles
{average)

6.3

4.5

3.4

2.6

1.0

1.0

1.0

1.0

[0101]

The average reduction of sugar in the blood (l.s., blood

glucose) of animals is very different when 0.5 Ul i.m. were applled with
As shown in Tabla VI,
the glucose level In the mica of comparative examples 16, 17 and 21 is

and without crystallized dextran microparticles.
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about the same or lower than the glucose level in mice of examples 18-20
and 22 during the firet 46 minutes after Injection. The glucose level is
about the same in mice of both comparative examples 18, 17 and 21 and
axamples 18-20 and 22 120 minutes after Injection. Howevar, the
giucose lavel in the mice of comparative examples 16, 17 and 21 is about
three timea higher than the glucose level in mice of examples 18-20 and
22 from 210 to 390 minutes after injection. [n fact, the blood glucose
level In mice In examples 18-20 snd 22 did not substantially increase (i.e.,
did not increase by more than 10%, remained the same or decreased)
from 120 minutes to 390 minutss after injection. In contrast, the blood
glucose level It mice In the comparative examples 16, 17 and 21 injected
with the same amount of insulin did substantially increase from 120 to
390 minutes after injection. The crvstallized dextran microperticles/Insulin
injection decreasss blood glucose for a longer time than an injection of
ineulin of the same dose aslons. Thus, the composition contalning

crystallized dextran microparticles and insulin mey be dosed for injection.

[0102] The following experimants on rabbita aleo demonstrate how
the crystallized dextran microparticles/finsulin Injection decresasss blood
glucose and maintains a basal level of blood inaulin for a longer time than
an injoction of the same insulin of the same dose alone. A
subcutaneously Injected composition comprising Actrapid HM® short-
acting insulin and crystallized dextran microparticles was unexpsctedly
found to extend the duration of efficacy of this short-acting insulin to
exceed thet of subcutaneously injected, long-acting insulin Monatard HM®

[0103] The term duration of efficacy means decressing blood
glucose concentration and/or maintaining e basal lsve! of blood Insulin
concentration to desired levals independent of extemal events that cause
spikes in blood glucoss, such as eating. Thus, the term duration of
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efficacy is a relative term comparing the efficacy of the insulin and
microparticla compogsition to that of the same dose of the same insulln
alone. In other words, the duration of ufﬁcai:v is a duration of action or a
duration of pharmacological effect, which may be measursd In a patient in
a fasting state to compare the efficacy of the inaulin and microparticle
composition to that of the same dose of the same insulin alone.

[0104] As shown in Figures 22A and 22B, the composition
comprising the Actrapld HM® short-acting Insulin and crystallized dextran
microparticles prolonged the absorption of Insulin and extendsd the
hypoglycemic effect (l.e., the duration of efflcacy of the insulin} to at
least .twenty four hours, such as about twenty eight to about thirty one
hours, as compared 1o about two to about eight hours for Actrapid HM®
insulin alone (Figure 22B) and about sevenisen to about twenty-four
hours for “Monotard HM*® insulin alone (Figure 22A), Both Actrapid HM?®
and Monotard HM® insuline are products of Novo Nordisk and the
advertised duration of efficacy of these insulin compositions in humans
" obtained from company Information are eight and twenty four hours,
raespectively.

[0106] in Figuree 22A and 22B, the upper line illustrates the control
line for Intact rabbits to which no insulin was administered. The y-axis of
Figuras 22A and 22B [s a reletive normalized scale of blood glucose
concentration for the same 8 Ul dose of insulin. The data in the Figures
was adjusted to be shown in ons plot for sach figure and shows blood

glucose levels in biood of animals following insulin injections.

[0108] The data shown in Figuraa 22A and 22B was obtalned as
follows. Chinchilla rabbfte {2.3+0.3 kg) wersa monitored for thelr
response to Injections of & formulation consisting of cryetallized dextran
microparticles and short-acting insulin Actrapid HM®, Samples of the
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formulation were subcutaneously injected into the rabbits. Long acting
insulin Monotard HM® {40 Ul/ml) and short acting insulin Actrapid HM®
were aubeﬁtaneouclv injected into separate rabbits without the
microparticles and used as controls. Samples of animal blood were taken
from the rabbit’s ear vein and analyzed for glucose concentration. Blood
glucose concentration was measured with 8 glucose analyzer (One-
Touch® Lifescan, Johnson & Johnson, Milpttaa, CA, USA) after proper
celibration.

[0107] In comparative examples 23 and 24, two intact rabbits were
not provided any ineulin. In comparative examplee 25 and 26 an aqueous
solution of long-acting insulin Monotard HM® was introduced
subcutaneously to two rabbits in a dose of B Ul. In examples 27-29, a
suspension of crystallized dextran microparticles with short-acting insulin
Actrapid HM® was introduced subcutaneously to three rabbits in a dose of
8 Ul. The results of the experiments are summarized in Table VIl.

TABLE VII
Ohours| 0.6 1 hour 15 |2hours| 2.6 186 24 N
Ingulin | glucoee | hours | glucose | houra | glucose | hours hours | houra | hours
Ex # | dose | mmol/L | glucose | mmol/L | giucass | mmol/L | glucoss | glucose | glucosa | glucasa
mmol/L mmol/L. mmol/l. | mmolA. | mmol/l | mmol/L
23 0.0 b.4 5.0 6.2 5.2 6.2 5.4 4.7 6.4 5.4
24 0.0 8.0 8.3 8.3 8.3 8.3 8.4 6.7 6.8 6.8
25 sul 6.4 5.8 38 3.2 2.4 2.8 3.8 6.8 N.A
28 sul 6.4 5.0 4.2 2.8 2.5 2.4 4.0 6.1 N.A
27 8 ul 6.8 3.7 1.8 1.8 1.8 2.8 4.1 4.3 4.1
28 8 Ul 8.0 6.7 4.3 3.8 3.7 38 4.8 4.1 3.9
29 8ul 8.2 b.1 3.6 3.2 3.1 2.8 4.2 4.4 4.7
[0108] The above oaxamples 27-22 illustrate that the

compositon of crystallized dextran microparticles with short-acting Insufin
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Actrapld HM® provides a prolonged effect that exceeds the effect of long
acting Insulin Monotard HM® and is believed to be comparable to the
affect of long acting (once daily dosing) insulin glargine Lantus® from
Aventls {(see www.aventis-us.com/Plsflantus_ TXT.html). In addition,
Lantus® insulin must not be diluted or mixed with eny other insulin or
solution. |If Lantus® Insulin Is diiuted or mixed, the pharmacokinetic/
pharmacodynamic profile {e.g., onset of action, time to peek effect) of
Lantus® and/or the mixed insulin may be alersd In an unpredictable
manner. in contrast, the compositon of crystallized dextran
microparticlas with insulin [s not so limited because any suitable insulin,
such as human insulin, may be used. In the composition of crystallized
dextran microparticles and insulin, the ratio of insulin and microparticies
can be varled as desired. Furl:hermore._ any suitable insufin may be used
to custom fit an insulin therapy to an individual patient. Thus, Actrapid
HM® was used in the composition as an flustrative example of a typical

insulin and the compoa'rtlori is not limited to this brand of insulin.

[0109] As shown in examples 23 to 29, the composition containing
the crystallized dextran microparticles and insulin is effective In
maintaining a duration of efficacy of the insulin for at least 30% longer,
such as at least 100% longer, preferably 100 to 400% longer than the
same doss of the same insulin without the microparticles. The
microparticle containing inaulin composition is effectlve in maintaining a
desired basal level of blood Insulin and blood glucose concentration for at
least 30% longer, such as 100% to 400% longer, than the seme dosa of
the same insulin without the microparticles. Thus, the duration of
efflcacy of the microparticle contalning composition is at least 24 hours,
which allows it to be injectad only once daily into the mammal, such as a
human in need theraof, '
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[0110] The long lasting Insulin cryatallized dextran microparticle
compo-artlon le safer than prior art long lasting insulin compositions
bacause It can achleve the long Iasting efficacy without using a higher
dose of Insulin as In the prior art compositions. For example, If a 8 Ul
dose of short acting insulin has been determined medically safe for a
patient without a significant risk of overdose, then the composition
comprising the same short acting Insulin and the crystallized dextran
microparticles can provide longer acting duration efficacy at the same 8
Ul doae of short acting insulin without e significant risk of overdose, even
if all the insulin ls released into the patient at once. Furthermore, this
composition® provides a cost saving compared to ths prior art
compositions because it extends the efficacy without increasing the
amount oi‘ insulin. Current prior art long-acting diebetes therapies are
made with analogs of insulin, such as the Lantus® insulin from Aventis.
In contrast, the crystallized dextran microparticle containing composition
preferably contains human recombinant insulin whose safety profile is
established. Thus, this composition reduces the risk of adverse
reaction{s) and number of injections to diabetics, thersby enhancing the
quality of life of the dlabetics.

[0111] The injactable composition may comprise a single phase
w comprlsing ineulin and microparticles or a two phase system
which forms a PEG and insulin core and e dextran and dextran
microparticle shall for an even greater duration of efficacy. Furthermors,
the composition compriges a flowable one phage or multiphase colloidal
system (i.e., a suspension or an emulsion} which Is relatively easy to
inject Into & mammal.

[0112] The following exampie illustrates the use of an injsctable two
phase composition comprising a dextran phase, a PEG phesas, insulin and
crystallized dextran microparticles. It is believed that when injected into a
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mammal, this composition forme a setructured reservoir type Implant
In the capsule structure,
the microparticles selectively partition into the dextran phase and the
insulin selectively partitions Into the PEG phase.

having a three dimensional capsule atructure.

The dextran phase
conteining the microparticlee forms a shell around a core comprising the
Thia structured implant allows for
controlied release from the core through the shell.

PEG phase containing the insulin.

[0113] in comparstive example 30, 0.6 Ul of Actrapid HM® [nsulin
{100 Ul/ml) is subcutaneously injected into a mouse. In exemple 31, 0.4
g of crystallized dextran microparticles are diepersed in 0.6 ml of 20%
{W/W] aquecus solution of dextran having & molecular weight of 70 kDa
(Phermacia, Sweden) to form a suspension. 10 mg of PEG having a
molecular waight 6 kDa (Fluka) is dissolved in 0.1 mi of Actrapid HM®
Insulin (100 Ul/ml} to form a solution. 0.06 mi of the PEG and insulin
solution is mixed with 0.16 mi of the microparticle and dextran
suspension to form a two phase composition or mixture. 0.02 ml of the
two phasa mixture containing 0.5 Ul of insulin is Injected subcutaneously

Into mouss. The rasults are shown in Table Viil.

Table VIII
Omin | 16 min | 30 min | 45 min | 60 min |120 min
Example # | glucose | glucose | glucoss | glucose | glucose | glucose
mmol/L | mmol/L | mmol/l. | mmol/L | mmol/L | mmol/L
30 7.8 3.7 2.3 1.7 2.8 8.7
31 7.9 5.9 4.3 4.1 4.3 4.0
{0114] As can be seen in Table VI, the two phase composition

duration of efficacy waes longer than that of the

insulin alone.

Furthermore, the two phase composition decreased the blood glucose

concentration more graduelly than insulln alone.
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bound by a particular theory, these effects are belisved dues to the
controlled inaulin release from the core of capsule structure.

[0115] Furthermore, the microparticle containing composition may
be individually tailored for each patiant by adjusting the amount of insulin
and/or microparticles to allow the patient to inject the composition at the
same time every day (i.e., once every 24 hours, once avery 48 hours,
atcetera). Thus, the duration of efficacy of the composition s adjustable
for each patient. For a two phase system, the insulin release profile from
the core of tha capsule may be adjusted by controlling the amount of
mlcroparticles to control the shell thickness of the capsule.

[01186] While the inventor does not wish to be bound by any
particular theory, it is bellsved that the long lasting effact of the same
dose of insulin in mice and rabbits with crystallized dextran microparticles
can be explained by the diffusion of the insulin molecules from the
crystallized dextran microparticlee based implant (i.e., a self controlled
release of insulin). Since mice and rabbits are a common model for
humans in drug testing, the datas shown in the sbove tables VI to VIli
suggests that the use of crystallized dextran microparticles based
implants makes it possible to develop controlled release delivery systems
with Improvad pharmacokinetic and dynamics characteristicse and that
better meet the needs of basal insulin patlents, such as humans.

H. Materials

[0117) The term "insulin® shall be Interpreted to encompass Insulln
analogs, natural extracted human [nsulin, recombinaent produced human
Insulin, ingulin extracted from bovine and/or porcine sources, racombinant
produced porcine and bovine Inaulin and mixtures of any of these insulin
products. The term Ie intended to encompass the polypeptide normally
used In the treatment of dimbetica in a substantlally purified form but
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encompasses the use of the term In it8 commercially evallable
pharmaceutical form, which includes edditionel exclpients. The Insulin is
preferably recombinant praduced and may be dehydrated (completely
dried) or In solution.

[0118] The terms "insulin analog,” "monomeric insulin® and the like
are used interchangeably herein and ere intended to encompass any form
of "inaulin® as defined abave, wherein one or more of the amino acids
within the polypeptide chain has been replaced with an slternative amino
acld and/or whereln one or more of the amino acids has been deleted or
whereln one or more additional amino acids has been added to the
polypeptide chain or amino acld sequences, which ect as insulin in
decreasing blood glucose levels. In general, the term “insulin analoga” of
the prefarred ambodimenta of the present invention include "insulin lispro
analogs,” as disclosed in U.S. Pat. No. 5,547,928, incorporated hereinto
by reference in its entirety; Insulin analogs including LysPro insulin and
humalog insulin, and other “"super insulln analoge™, wherein the ability of
the insulin enalog to affect serum glucoss levels is substantially enhanced
as compared with conventional insulln as well as hepatoselective inaulin
analogs which are more active in the liver than in adipose tissue. Preferred
analogs are monomeric Insulin analogs, which are insulin-like compounds
used for the same general purpose as Insulin, such as Insulin lispro, l.e.,
compounds which are adminlstered to reduce blood glucose levels.

[0119] The term "analog" refers to a molscule, which shares a
common functional activity with the molecules to which it is deemed to ba
comparable and typlcally sharea common structural featuras as well.

{0120] The term “recombinant” refers to any typs of cloned
therapeutic expressed in prokaryotic cella or a genetically engineered
molecule, or combinatorlal library of molecules which may be further
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processed Into anather state to form a second combinatorial library,
especlally molecules that contain protecting groups which enhanca the
physlcochemical, pharmacological, and clinlcal safety of the therapeutic
agent.

[0121] Furthermore, the therapeutic agents described herein are not
limited to insulin. Any other suitable therapeutic agent may be used in
conjunctions with the microparticles for oral delivery, inhalation delivery,
Injection delivery and surgical implantation delivery.

-[0122] For example, a suitable therapeutic agent may compriae 8
peptide, polypeptide, or protein ranging from 0.6 K Dalton to 150 K
Dalton in molecular size. In particular, the peptide, polypeptide, or protein
therapeutic agents include diabetic aids; such as the above mentioned
" insulln  and  insulin analogs; amylin; glucagon; surfactants;
immunomodulating peptidea and proteins such as cytokines, chemokines,
lymphokines; taxol; Interleukins, such as, Interleukin-1, interleukin-2, and
Interferons; erythropoetins; thrombolytice and heparins; antl-proteases,
antitrypeins and amiloride; rhDNase; antiblotics and other anti-Infactives;
hormones and growth factors, such as parathyroid hormones, LH-RH and
GnRH analogs; nuclelc acids; DDAVP; calcitonins; cyclosporine; ribavirin;
enzymes; heparins; hematopoietic factors; cyclosporins; vaccines;
Immunoglobulins; vasoactive peptides; an'ﬂsenu agents; ollgonuclactide,
and nucleotide analogs. Other suttable therepsutic agents include viruses,
cells, genes and other agents having therapeutic properties, such as other

suitable vaccines and malecular therapeutic agents.

[0123] The term "amylin™ includes natural human amylin, bovine,
porcine, rat, rabbit amylin, as well as synthetic, semi-synthetic or
recombinant amylin or amylin analogs Including pramlintide and other
amylin agonists.
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[0124] The term "immunomodulating proteins” include cytokines,
chemokines, lymphokines complement components, growth hormones,
immune system accessory and adhesion molecules and their receptors of
humen or non-human animal specificity. Useful axamplea Iinclude GM-CSF,
G-CSF, IL-2, IL-12, 0OX40, OX40L (gp34), lymphotactin, CD40, CD40L.
Useful examples include interleuking, for example interleukine 1 to 15;
interferons alpha, beta or gamma; tumor necrosle factor, granulocyte-
macrophage colony stimulating factor (GM-CSF), macrophage colony
stimulating factor {(M-CSF), granulocyte colony stimulating factor {G-CSF),
chemokines, such as neutrophil activating protein (NAP); macrophage
chemoasttractant and activating factor (MCAF), RANTES, macrophage
inflammatory peptides MIP-1a and MIP-1b, complement components and
thelr receptors, or an accessory molecule, auch as B7.1, B7.2, ICAM-1, 2
or 3 and cytokine receptors. OX40 and OX40-ligand (gp34) are further
useful examples of immunomodulatory proteins. Immunomodulatory
proteins can for various purposes be of human or non-human animal
specificity and can be represented, for present purposes, as the case may
be and as may be convenient, by extracellular domains and other
fragments with the binding activity of the naturally occurring proteins,
and muteins thersof, and their fusion proteins with other polypeptide
sequences, e.g. with immunogliobulin heavy chain constant domains.
Where. nuclactide sequences encoding more than one immunomodulating
proteln are Inserted, they can, for example, comprise more ﬂmﬁ one
cytokine or a combination of cytokines and accesscry/adhesion

moleculas.

[0125] The term “interferon” or "IFN" as used herain means the
family of highly homologous species-specific proteins that inhilbit viral
replication and celluler pro[iferaltion and modulate immune response,
Interferons are grouped into three classes based on thsir cellular origin
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and entigenicity, namely, alphe-interferon (leukocytes), beta-interferon
{(fibroblasts) and gamma-interferon  ({immunocompetent  cells).
Recombinant forms and analoge of each group have been developad and
are commercially avallable. Subtypes in each group are besed on
antigenic/structural characteristica. At least 24 interferon alphas (grouped
into subtypes A through H) having distinct amino acid sequences have
been Identified by Isolating and sequencing DNA enceding these peptides.
‘The terms “alpha-interferon”, “alpha Interferon®, "Interferon alpha”,
"human leukocyte Interferon™ and "IFN" are used interchangeably herein
to describe members of this group. Human leukocyte interferon prepared
In this manner containg 8 mixture of human leukocyte interferons having

different amino acld sequences.

[0126] The term “erythropoietin® applles to synthetlc, semi-
synthetic, recombinant, natural, human, monkey, or other animal or
microbiological isolated polypeptide products having part or all of the
primary structural conformation (i.e., continuous sequence of amino acid
residues} and one or more of the biological properties (e.g., immunological
properties and in vivo and in vitro biological activity) of naturally-occurring
erythropoletin, Including allelic variants thereof. These polypeptides are
also uniquely characterized by being the product of procaryotic or
sucaryotic host expression (e.g., by bacterial, yeast and mammallan cells
in culture) of exogenous DNA sequences obtained by genomic or cDNA
cloning or by gene synthesis. Products of microbial expression In
vertebrate {e.g., mammalian and avian} cells may be further characterized
by freedom from association with human proteins or other contaminants
which may be associated with erythropoietin In s natural mammalian
cellular environment or in extracellular fluids such as pleama or urine. The
products of typical yeast (a.g., Saccaromycea cerevisiaa} or procaryote

(e.g., E. coll) host cells are free of assoclation with any mammalian
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protelna. Depending upon the host employed, polypeptides of the
Invention may be glycosylated with mammallan or other eucaryotic
carbohydretes or may ba nonglycosylated. Polypeptides may also include
an Inltial methionine amino acld residue (at position -1). Novsl
glycoprotein products of the Iinvention -includa those having a primary
" structural conformation sufficlently duplicatlve of that of a naturally-
occurring (e.g., human) erythropoletin to ellow poasseasion of one or more
of the biological propertiss thereof and having an average carbohydrate
_ composition which differs from that of naturelly-occurring {e.g., human)

erythropoietin.

[0127] The terms “"heparins” end "thrombolytics® include anti-
clotting factors such as heparin, low molecular weight heparin, tissue
plasminogen activator (TPA), urokinase (Abbokinase) and other factors
usad 1o control clots.

[0128] The terms “"antl-ptoteases™ and “protease-Inhibitore™ are
used interchangeably and apply to synthetic, seml-synthetic, recombinant,
naturally-occurring or non-naturally occurring, soluble or immobilized
agents reactive with receptors, or act as antibodles, enzymes or nucleic
aclde. These include receptors which modulate a humoral immune
response, raeceptors which modulate a cellular immune response (e.g., T-
cell receptors) and receptors which modulate a neurological response
(e.g.. glutamate receptor, glycine receptor, gamma-amino butyric acid
(GABA) receptor). These Include the cytokine receptors (implicated In
arthritls, septic shock, transplant rsjection, autoimmune disease and
inflammatory diseasas), the major histocompatibility {(MHC) Cleas | and 1l
receptors associated with presenting antigen to cytotoxic T-cell receptors
and/or T-helper call receptors (implicated in autolmmune diseasss) and the
thrombin receptor (implicated in coagulation, cardiovascular disease). Also

included are antibodies which recognize self-antigens, such as those

-4 8-

So



WO 2004078197 PCT/IB2004/000961

sntibodies implicated in autoimmune disorders and antibodies which
recognize viral (e.g., HIV, herpes simplex virus) and/or microbis! antigens,

[0129] The terms “"hormones” and "growu'l‘ factors® include
hormone releasing hormones such as growth hormone, thyroid hormone,
thyrold releasing hormone (TRH), gonadotropin-releasing hormone (GnRH),
leutsininzing hormone, leutsininzing hormone-releasing hormone {LHRH,
including the superagonists and antagonists, such as leuprolide, deitirelix,
gosoralin, nafarelin, danazol, etec.) sourced from natural, human, pl;rcine,
bovine, ovine, synthetic, seml-synthetic, or recombinant sources. Thess
aleo Include somatostatin analogs such as octreotide (Sandostatin). Other
agents in thie category of biotherapeutics include medicaments for uterina
contraction (e.g., oxytocin), dluresis {e.g., vasopreasin), neutropenia (e.g.,
GCSF), medicaments for respiratary disorders ({e.g., superoxide
dismutase), RDS (e.g., surfactants, optionally including apoproteins), and
the like.

[0130] The tarm “enzymes” Include recombinant deoxyribonuclease
such as DNAses {Genentsch) proteases (e.g., serine proteases such as
trypsin and thrombin), polymerasea {e.g., RNA polymerases, DNA
polymerases), reverse transcriptases and kinases, enzymes implicated in
arthritis, osteoporosis, inflammatory diseases, diabetes, allergies, organ
tranaplant rejection, oncogene activation {s.g., dihydrofolate reductase),
signal transducton, self-cycle regulation, transcription, DNA replication
and repair.

[0131] The term "nucleic acids” includas any segmant of DNA or
RNA contsining naturael or non-naturally occurring nucleosides, or other
protelnoid agents capable of specifically binding to other nucieic acida or
oligonucleotides via complementary hydrogen-bonding and also are
capable of binding to non-nucleic acid ligands.
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[0132) The term "vaccines” refers to therapeutic compositions for
stimulating humoral and cellular immune responses, elther isolated, or
through an antigen presenting cell, such as an: activated dendritic csll,
that is sble t0 activate T-cells to produce a multivalent cellular immune
response against a selected antigen. The potent antigen presenting cell is
stimulated by exposing the cell in vitro to a polypeptide complex. The
polypeptide complex may comprise a dendrltic cell-binding proteln and &
polypeptide antigen, but preferably, the polypeptide antigen is either a
tissue-specific tumor antigen or an oncogene gens product. Howaever, it Is
appreciated that other antigens, such as viral antigens can be used In
such combination to produce immunostimulatory reasponses. ln another
preferred embodiment, the dendritic cell-binding protein that forms part of
the Immunostimulatory polypeptide complex is GM-CSF. In e further
preferred embodiment, the polypeptide antigen that forms part of the
complex Is the tumor-aspecific antigen prostatic acid phosphatase. In still
. other preferred embodiments, the polypeptide antigen may be any one of
the oncogene product peptide antigens. The polypeptide complex may
also contain, between the dendritic cell-binding protein and the
polypeptide antigen, a linker peptide. The polypeptide complex may
comi:risa a dendritlc cell-binding protein covalently linked to a polypeptide
antigen, such polypeptide complax being preferably formed from a
dendritic cell binding protein, preferably GM-CSF, and a polypeptide
antigen. Tha polypeptide antigen is preferably a tissue-aspacific tumeor
antigen such as prostatic acld phosphatase (PAP}, or an oncogene
product, such as Her2, p21RAS, and pb3; howevar, other embodiments,

such aa virel antigens, are also within tha scopa of the Invention.

[0133] The term “immunoglobulins™ encompasses palypeptide
oligonucleotides involved in host defense mechanisms, such as coding

and encoding by one or more gene vectors, conjugating various binding
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moisties of nucleic acids in host defense cells, or coupling expressed
vectors to aid in the trestment of a human or animal subject. The
medicaments included in this class of polypeptides include IgG, IgE, IgM,
IgD, either individually or in a combination with one another.

[0134) Other suitable therapeutic agents include adrenocorticotropic
hormone, epldermal growth factor, platelat-derived growth factor {(PDGF),
prolactin, Iullberin, Iutsinizing hormone releasing hormone (LHRH)
agonists, LHRH antagonists, gastrin, tetragastrin, pentagastrin,
urogastrone, secretin, enkepheline, endorphins, angiotensins, tumor
necrosis factor (TNF), nerve growth factor (NGF), heparinase, bone
morphogenic protein (BMP}, hANP, glucagon-ike peptide (GLP-1),
interlaukinilﬂ (IL-11), VEG-F, recombinant hepatitis B surface
antigen{rHBsAg), renin, bradykinin, bacitracine, polymyxins, colistins,
tyrocidine, gramicidins, and synthetic analoguss, modifications and
pharmacologically active fragments thereof, anzymes, cytokines,
antibodies and vaccines.

[01356] The term dextran microparticles Includes unsubstituted
dextran microparticles and substituted dextran microparticles. For
axample, substituted dextran microparticles include dextran substituted
with a suitable group, such as a methyl group, up to a dagr.ee which does
not hamper crystallization of the dextran microparticles, such as up to 3.6
or less percent branching. The average microparticle diameter is
preferably ebout 0.5 to about 5 microns, more preferably about 1 to
about 2 microns.

[0138] Furthermore, whila porous non crosa-linked dextran
microperticles, such as crystallized microparticles, are preferably used
with the therapeutic agent, other suitable organic or inorganic
microparticles may be used Instead, such as other polymer microparticles
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including polysaccharides, PLA, PLGA, PMMA, polyimides, polyesters,
acryletes, acrylamides, vinyl acetate or other polymeric materials,
blomaterial particles such as elginate and cells, or inorganic particles, such
as gilica, glass or calclum phosphates. Preferably the microparticles are
biodegradable. Preferably, porous microparticles are used. Moat
preferably, the microparticles have sufficlent porosity to contain the
therapeutic agent within the pores and to provide a timed release of the
therapeutic agent from the pores. In other words, the therapseutic agent
Is releagsed over time from the pores, such as in over 5 minutes, preferably
in over 30 minutes, most preferably in over one hour, such as in several
hours to seversl days, rather than all et once. Thus, the particle material,
pore size and pore volume can be selscted based on the type of
therapeutic agent used, the volume of therapeutic agent nesded for
delivery, the duration of the delivery of the therapeutic agent, the
environment wheare the therapeutic agent will be dellvered and other
factors.

[0137]) Thus, in a preferred aspect of the present invention, the
therapautic agent ls located at least partially in the pores of the porous
microparticles. Preferably, the therapeutic agent ls not encapsulated in
the microparticle (l.e., the microparticle doss not act as a shell with a
therapeutic agent core inside the shell) and is not attached to the surface
of the microparticle. However, if desired, a portion of the therapeutic
agent may slso ba encapsulated In a microparticle shell and/or is attached
to the surface of the microparticle In additlon to being located in the pores
of the microparticle. Tha location of the therapeutlc agent in the pores
provides an optimum timed release of tha therapeutic agent. In contrast,
the therapeutic agent attached to the surface of tha microparticle Is often
released too quickly, while the tharapeutic agent esncapsulatad in the

microparticle is often not released soon enocugh and Is then releaaed all at
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once as the microparticle shell disintegrates. In a two phase system, at
least 80% of the therapeutic agent [s preferably located in a core
surmounded by a wall or shell compriaing the microparticles.

I Moethods of Making

[0138] The microparticles may be formed by any sultable method.
Preferably, the microparticles are combined with the therapeutic agent
after the microparticles are formed. Thus, the microparticles, such as the
crystallized dextran microperticles are formed by eny suitable method and
then the therapeutic agent and the microparticles are combined by any
suitable method. In contrest, in some prior art methods, the therspeutic
agent Is encapsulated Into a microparticle shell by providing the particle
precursor material and the therapeutic agent into a solution and then
crystallizing or cross-linking the pracursor material, such as a monomer or
oligomer material, to encapsulate a therapeutic agent core into a
microparticle ahell.

[0139] " Preferably, the therapeutic agent Is provided into the pores of
the porous microparticles after the microparticles are formed. Thus, the
porous microparticles are firet formed and then the therapeutic agent Is
provided Into a solution containing the microparticlsa to allow the
therapeutic agent to permeate into the pores of the microparticles. Of
course, aome of the therapeutic agent may also become attached to the

surface of the microparticls In this procssa.

[0140]  Thus, 8 method to menufacture non crossdinked, porous
crystallized dextran microperticles Includes preparation of a dextran
solution, such as an aqueous dextran solution, conducting & crystallization
procees to form crystallized porous dextran microparticies, and if desired,
isolating crystallized porous dextran microparticles from the solution. A
therapeutic agent Is then psrmeated Into the poras of the microparticlea
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by providing the therapeutic egent into the crystallization solution
containing the microparticles or by providing the isolated microparticles
and the therapeutic agent into a second solution, such as a second
aqueous solution. For example, crystallized dextran microparticles may be
formed in a first, low molecular weight dextran aqueous solution, such as
a 2 to 20 kDa dextran solution. The microparticles are then removed
from the first solution and then placed into a second dextran aqueous
solution having a higher molecular weight dextran, such as 40 to 600 kDa
solution, for example a 40 to 75 kDa solution. The second solution may
comprise a firet phase of a two phase system, which is then combined
with a second phase, such as a PEG phase containing a therapeutic
agent. A similar method may be used with other porous microparticles,
where a therapeutic agent is then permeated Into the pores of the
microparticles after the porous microparticles are formed by any suitable
microparticle formation method, Including, but not limited to
crystallization. " The components of the composition such as insulin,
microparticles and one or more aqueous phases may be combined in any

suitable order saquenﬂaliy or simultaneously.

[0141] Preferably, the microparticles are formed by self assambly
from a solution that does not contain organic solvents and organic
reaction promotera which leave an organic residue in the microparticles.
Thus, for example, the dextran microparticilas are preferably formed by
self assembly from an equeous dextran solution. However, if desired,
organic solvants and/or organic reaction promoters may also be used. In
this case, the microparticles may be purlfied prior to subsequent use to
remove the hermful organic residua.

[0142] As described above, the capsuls structure having a first
phase core and a second phase wall or shell may be formed In vivo or In
vitro from a two phase composition. The compoalttion may be a drled
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powder, such as freeze dried and stored as 8 powder or porous cake.
When the composition ls ready to be administered to a mammal, It is
hydrated and administered to a mammal orally or by injection.

[0143] Preferably, the composition which includes the microparticles
and the therapeutic agent ls a flowable colloidal system when the
composition is dosed for injection. Examples of flowable colloidal
systems include emulsions and suspensions which may be Injected Into a
mamma! using a common gage syringe or neadle without undue difficulty.
In contrast, some prior art compositions include a therapeutic agent in a
dextran hydrogel or in a crossdinked dextran matrix. A dextran hydrogel
and a crose-linked dextran matrix are not flowable compositions if not
specifically prepared.

[0144] In another preferrad aspect of the present invention, the
microparticles comprise microparticles which are adhesive to mammalian
mucosa. Preferebly the adhseslve microparticles are porous microparticles
described above. This further improves the effective delivery of the
therapeutic agent.

[0145] In another preferred aspect of the present invention, the
microparticles comprise microparticles whose surfgca has been speclally
modified to enhance the adhesion of the therapeutic agent to the
microparticle surface and to optimize the delivery of the therapeutic
agent. The microparticle surface may contain eny sultable modification
that would increase tha adhasion of the tharapeutic agent,

[0148] The foregoing description of the inventlon has besen
presented for purposses of illustration and description. 1t ia not intended to
be exhauative or to limit the Invention to the precias form disciosad, and
modifications and variations are possible In light of the above taachings o'r
may be acquired from practice of the inventlon. The drawings and
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description were chosen in order to explsin the principles of the invention
and its practical application. [t Is intended that the scope of the invention
be deflned by the claims appended hereta, and their equlvalents.

[0147] All of the publications end patent applications and patents
cited In this specification are herein incorporated In their entirety by
referance.
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I clalm:

1. A pharmaceutical flowable composition comprising
biodegradable and blocompatible companents for being provided within or
upon a mammal body and adapted for forming a biodegradable,
biocompatible, three dimensional structured object, the composition
comprising a multiphase, flowable colloidal system and therapeutic
agent(s) to provide local or systemic therapeutic sffact(s) In or upon sald

body. |

2. A pharmaceutical compaosition for being provided within or upon

an mammal body, comprising:

a firgt phase;

a second phase; .

first molecules or molecular aggregates which are adapted to
preferentially partition into the first phase; and

second molecules or molecular aggregatea which are
adapted to preferentielly partition into the second phase;

wheraln the second molecufes or molecular aggregates self
assemble a wall adjacent the first molecules or molecular aggregates

when the composition is provided into sald mammal body.

3. The composition of claim 1, wherein the colloidal system is a
liquid suspension or emulsion containing microparticles.

4. The ‘compoahlon of claim 2, whareln:

the first molecules or molecular aggregates comprise a therapeutic
agent;

tha second moleculee or molecular eggregates comprise
microparticles;

the wall comprises a microparticle shell around a therapeutic agent

containing core.
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5. The composition of claims 3 or 4, wherein the microparticles are
porous microparticles and wherein the compaosition Is provided by
Injection into the mammal body.

8. The composition of claim 5, whereln the porous microparticlias
are polymer microparticles.

7. The composition of claim 6, whereln porous microparticies are
crystallized daxtran microparticles having an average diameter ranging
from 0.5 to 6.0 microns.

8. The compaosition of any claims 1 to 7, wherein the composition
is a liquid two-phase system containing a mixture of microparticles.

9. The composition of claim 8, wherein the two-phase system
forms a capsule structure when provided in vivo, the capsule structure
comprising a first phase core and a second phase shell surrounding the

core.

10. The composition of claim 9, whereln the therapetrtic agent
selectively partitions into the core liquid phase and the microparticles
selectively partition into the shell liquid phase.

11. The composition of any claims 8 to 10, whersin the
therapeutic agent (s selected from a group consisting of a paptide, a

protein, a nucleic acid, a virus, a cell and a combination thereof.

12. The composition of any claims § to 11, wherein the care
comprises 8 PEG agueous phase and selactlvely partitioned insulin and the
shell comprises a daxtran aguecus phase and salactively partitioned
crysteliized dextran microparticles.

13. The composition of claim 2, wherein:
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the compoeition comprises a flowable composition or a dried
composition which may be rendered flowable by hydration;

the first molecules or molecular aggregates are selected from a
group consisting of microparticles, macromolecules, cells, liposomes,
DNA, plasmids and proteins; and

the second molecules or molecular aggregates are selected from a
group consisting of microparticlea, macromolacules, cells, liposomes,
DNA, plasmids and proteins.

14. A method of in vive formation of a biocompatible Implant
comprising:

farming a pharmaceutical flowable composition comprising a
multiphase colloidal system and a therapeutic sgent;

injecting tha pharmaceutical flowable composition into an mammal
body; and

forming a biodegradable and biocdmpatible structured implant by
self sasembly in the mammal body.

16. A method of providing a pharmaceutical composition within
or upon an mammal body, comprising:
providing the pharmaceutical composition comprising:
a first phase;
a sacond phase;
first molecules or molecular aggragates which are
adapted to preferentially partiion Into the firet phase; and
second molecules or molecular aggregates which are
adapted to praferentially partition into the secand phasa; and
providing ths pharmacsutical composition into or upon the mammal

body wherein the second molacules or meolecular aggregates self
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assemble a wall adjacent the first molecules or molecular aggregates
when the composition le provided into or upon sald mammal body.

18. The mathod of claim 14, wherein the colloidal system is a
liquid suspension or emulslon contalning microparticies.

17. The method of claim 15, wherein:

the first molecules or molecular aggregatss comprise a therapsutic
agent;

the second molecules or molecular aggregates comprise
microparticles;

the wall comprises a microparticie shell around a therapeutic agent
containing core.

18. The mathod of claime 18 or 17, wherein microparticles are
polymer microparticles and the mammal body comprises a human or an
animal body.

19. The method of claim 18, whereln the polymer microparticles
are porous microparticles.

20.. The method of claim 18, wherein porous microparticles are
crystallized dextran microparticles having an average diameter ranging
from 0.5 to 5.0 microns.

21. The method of any claslms 14 to 20, whereln the composktion
is a two-phase s{stem containing microparticles.

22. The method of claim 21, wherein the two-phasa aystem
forms a capsule structurs when provided In vivo, the capsule atructure
comprising a first phasa core and a second phess shell surrounding the

core,
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23. The method of cleim 22, wherein the therapeutic agent is
selectlvely partitioned in the core and the microparticles are selectively
partitioned In the shell.

24. The method of any claime 21 to 23, wherein the therapeutic
agent is selected from a group consisting of a peptide, a protein, a nucleic
acid, a virus, and a cell. '

26. The method of any claims 22 to 24, wherein the core
comprises a PEG aqueous phase and selectively partitioned insulin end the
shell comprises a dextran aqueous phasa and selectively partitloned
crystallized dextran microparticles.

26. The method of claim 15, wherein:

the composition comprises a flowabls composition or a dried
composition which is rendered flowable by hydration prior to being
provided into the mammal body;

the first molecules or molecular aggregates ara selected from a
group consisting of microparticles, macromolecules, cells, liposomes,
DNA, plasmids and proteins; and

the second molecules or molecular aggregates are selacted from a
group consisting of microparticles, macromolecules, cells, liposomes,
DNA, plesmids and proteins.

.27. A flowable composition, compriging a colloidel suspansion or
emulsion of biocompatible and biodegradable microparticlas and a label In
a fluld.

28. The compoasition of clalm 27, whersin:
the microparticlas comprise crystallized dextran microparticles;
the lebel comprises a fluorescent macromolecule which controllably

releases from the composition when it is located in 8 mammal body.
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28. The composition of claim 27, whersin the colloidal
suspension comprises a capsule having a first phase shell comprising
selectively pertitioned label and a second phase cores comprising
selectively partitionsd microparticles.

30. A method of In vivo formation of a biocompatible implant,
comprising:

providing a composition comprising a colloidal suspension or
emulsion of biocompatible and biodegradable microparticles and a label in
a fiuld; and

Introducing the pharmaceutical composition Into a mammal body.

31. The method of cleim 30, wherein:

the microparticles comprise crystallized dextran microparticles;

the crystallized dextran microparticles are biocompatible with the
mammal body and are blodegradable within the mammal body; and

the label comprises a fluorescent macromolecula.

32. The method of claim .30, whaerein the colloidal suspenslon
self sssembies Into a capsule having a first phase core comprising
selectively partitioned label and a second phase shell comprising
selactively partitioned microparticies when the suspension is introduced
into the mammal body. .

33. A cell therapy msthod compriging providing cells enclosed in
or contacting an outer surface of & capsula of crystallized dextran

microparticles into a mammal in need therecf.

34. The method of claim 33, wherein:

the cells are enclosed in the capsule such that the cells comprice a
core of the capsule and the micropsrticiea comprise a shell enciosing the
core; and
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the shell Is porous to oxygen and nutrlents but impermeable to
immune eyetem calls.

35. The method of claim 34, wherein the cells comprise inaulin
producing Icalls which generate and releass Insulin through the capsule
into blood of a mammal to lower blood glucose In response to blood
glucose permution Into the capsule.

36. The method of claim 34, wherein the cells comprise the cells
that are not from the mammal to which the composition Is belng
administered to.

37. The method of claim 33, wherein:

the cells contact the outer surface of the capsule; and

the cells comprise the cells from the mammal to which the
composttion is being administered to.

38. A bone graft substitute comprising porous crystallized
dextran microparticles.

39. The bone graft substitute of claim 38, further comprising a
therapeutic agent located In pores of the microparticles which provides
bone formation in special sites of a bady.

40. A method of forming a bone graft substitute, comprising
providing porous crystallized dextran microparticles to a bone graft site in
a mammal body and forming a bone graft substitute comprising the
porous crystallized dextran microparticles.

41. The method of claim 40, further comprising:
preparing a suspension of porous crystallized daxtran microparticles
In a first liquid phase;
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preparing a suspension of second mleroparticla;; In a second liquld
phase immiscible with the first liquid phase;
preparing an emuision where the second liquid phase la a
" continuous phase and the first liquid phase is a dispersed phase; and
injacting of the emulgion Into a mammal body.

42, Ttie method of claim 41, wherein:

the second microparticles comprise ceramic microperticles; and

a therapeutic agent which provides bone formation in special sites
of the bo&y is located in pores of the porous crystallized daxtran
microparticies.

43. A methad, comprising:

providing crystallizead dextran microparticles; and

combining a therapeutically sffective amount of insulin and the
crystallized dextran microparticles In a solution after the microparticies
have been crystallized to form a suspension of insulln and crystallized
dextran microparticies.

44, The method of claim 43, further comprising administering the
suspension to a8 mammal.

45. The method of claim 44, wherein:

the crystallized dextran microparticlea comprise microparticles
having an average dlameter of 0.5 to 5 microns;

the step of providing the microparticles comprises forming the
microparticies In a non organic solvent;

the scolutlon compriaas Bn aqueous solution; and

the mammal comprisea a8 human.
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48. The method of claim 44, further comprising drying the
suspension to provide a composttion comprising the crystallized dextran
microparticies and the Insulin.

47. A method of manufacturing non cross-linked crystallized

porous dextran microparticles, comprising:

(a) preparing an aqueous dextran solution that lacks an organic

solvent;

(b} conducting a crystallization process to form the dextran

microparticles at a temperature above room temperature; and

{c) isolating the non cross-linked crystellized porous crystallized

dextran microparticles from the solution.

48. The method of claim 47, wherein:

the dextran solution comprises dextran having a molecular weight
of 2 to 200 kDa; and

the crystalllzation process Is conducted at a temperature of 40 to
99 °C.

49. The method of claim 48, wherein:

the microparticles are spontaneously formed from the solution;

the dextran solution comprises dextran having a molecular waight
of 20 to 75 kDs; and

the crystallization process is conducted at a temperature of 40 to
70 °C.

B0. The method of claim 47, further comprising combining the
microparticles with insulln.

B1. A method of making porous crystallized dextran
microparticies containing a therapsutic agent In microparticle pores,

comprising:
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providing a suspension comprising formed porous crystallized
dextran microparticles; and

providing the therapeutic agent into the suspansion such that the
therapeutic agent permeatss Into poras of the porous microparticles.

62. The method of claim b1, wherein the step of providing a
suspension compriaes:

preparing aqueous daxtran solution;

conducting 8 crystallization process to form porous crystallized
dextran microparticles;

‘isolating the microparticles from the solution; and .

providing the microparticles Into a colloidal syetemn comprising the
therapeutic agent.

53. The method of claim 52, wherein:

the therapeutic agent comprises insulin; and

the colloidal syetem compriees a suspension comprising insulin and
the microparticles.

54. A composition, comprising:
insulin; and
porous crystallized dextran microparticles;
wherein the microparticles are formed prior to combination of
the insulln and the microparticies in the compoaition.

86. The compositlon of claim 64, wharsin the compoaition
comprises & flowable colloidal compesition and the microparticles

comprise microparticles having an averaga dlameter of 0.5 to & microns.

58. The composition of claim 54, wharein the insulin is located in
porea of the crystallized dextran microparticles but is not encapsulated

inslde sach microparticle.
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67. The composition of claim 54, whereln the insulin is
selectively partitioned In a first polymer phase end the microparticies are
selactively partitioned in a sacond polymer phase, such that the
composition forms a structured Implant upon Introduction into 8 mammal
body.

68. A composition, compriaing:
nsulin;
a first polymer;
a second polymer which Is incompatible with the first
polymer; and

microparticles.

69. The composltion of claim 68, wherein the compoasltion
comprises a flowable colloidal composition and the microparticies
comprise crystallized dextran microparticles having an everage diameter of
0.6 to b microns.

680. The compoasition of claim 69, whereln the first polymer
comprises a dextran and the second polymer comprises PEG.

81. The composition of claim 80, whereln the insulin s
selectlvely partitioned in a PEG phase and the microparticies are
selectively partitioned in a daxiran phase, such that the compoaltion
forms a structured implant comprising a PEG phase core and a daxtran

phase shell upon Introduction intc a mammal body.

82. A method of lowaring blood glucose in a mammal,
comprising provlding a therapeutically effective emount of a composition
comprising crystallized dextran microparticles and inaulin to the mammal

to lower blood glucoes of the memmal, wheareln the microparticles are

-85-
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formed prior to combination of the insulin and the microparticies in the
composition.

63. Tha mathod of claim 62, wherein the composition comprises
a flowabls colloidal composition and the microparticles comprise
crystallized dextran microparticles having an average diameter of 0.6 to 5

64. The method of clalm 683, wherein:

the composition comprises a two phase composition comprising a
dextran phase and a PEG phase;

the insulin is selectively partitioned in the PEG phase and the
microparticles are selectively partitioned in the dextiran phase; and

the composition forms a structured implant comprising a PEG phase
core end a dextran phase shell after introduction into a mammal body.

66. The method of claim 84, further comprising controlling a
thickness of the shell based on the body of the memmal receiving the
composition to control release of insulin from the implant.

686. The method of claim 62, wherein the composition is provided
to a human suffering from diabetea to lower the blood glucose
concentration in the human.

67. An inhalator, comprising:

a vessal adapted for administering a dose of a pharmacsutical
composition to 8 mammal by inhelation; and

a pharmacseutical composition comprising crystallized dextran
microparticles and s therapeuticelly effective amount of insulin located in
the vessel.

-66-
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68. A method of lowering blood glucose in a mammal,
comprising administering by inhalation a therapeutically effective amount
of a composition comprieing crystallized dextran microparticies and Insulin
to the mammal to lower blood glucose of the mammal.

-87-
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SISTEMA DE SUMINISTRO PARA DROGA Y

TERAPIA CELULAR

CAMPO DE LA INVENCION

[0001] Solicitud revindica el beneficioc de las siguientes
Solicitudes Provisionales U.S. Serie namero 60/451,245,
presentada en marzo 4, 2003; 60/467,601, presentada en mayo
5, 2003; 60/469,017 presentada en mayo 9, 2003; y 60/495,097
presentada en agosto 15, 2003, cuya descripciones se

incorporan como referencia aqui en su totalidad.

[0002] la presente invencién se relaciona de manera
general con el desarrollo de bicmateriales para el suministro
sistémico y local de agente terapéuticos directamente dentro
o en los tejidos del cuerpo y para ingenieria de tejido. En
particular, 1la ©presente invencién esta dirigida a la
fabricacién de implantes biocompatibles y contienen células,
sustancias biolégicamente activas o combinaciones de estas y
con materi.ales de matriz de microparticula para suministro de

proteinas, péptidos de acidos nucleicos.
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ANTECEDENTES DE LA INVENCION

[0003] El termino “biomaterial” ha sido utilizado
alternativamente para describir el material derivado de
fuentes bioldégicas o para describir el material utilizado
para terapias en el cuerpo humano. lLa presente invencién estéd
relacionada con el Gltimo. El termino “biocompatible” se
utiliza aqui para significar que el material en si mismo o
una combinacién con agentes terapéuticos, que incluyen
células vivas, no produce reaccién de cuerpo extrafio o

fibrosis.

[0004] Los dextranos son polisacaridos de alto peso
molecular sintletizados por algunos microorganismos o por
métodos bioquimicos. El1 dextrdn con un peso molecular
promedio de aproximadamente 75 kDa tiene una presién osmética
coloide similar al plasma sanguineo, asi que sus soluciones
acuosas son utilizadas gquimicamente como éxpandidores de
plasma. Los dextranos reticulados en la forma de glébulos son
el o la base para "“Sephadex®” que se utiliza en GPC de
proteinas y para "“Citodex®” desarrcllado por farmacia para
llenar los requisitos especiales de un cultivo de célula
microportadora. Por ejemplo, la patente U.S. nimeros
6,395,302 y 6,303,148 (Inc. Et al.) describe unir varios

biomateriales a particulas de dextrdn reticuladas. Sin

%_—
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embargo, los glébulos basados en dextran reticulado
generalmente no pueden ser utilizados para elaborar implante
debido a su potencial toxicidad debido a la aplicacién de
agente reticulantes (Blain J.F., Maghni K., Pelletier S. and

Sirois P. Inflamm. Res. 48 (1999): 386-392).

[0005] La Patente U.S. nomero 4,713,249 (Schroder}
describe un método de producir una matriz de deposito para
sustanclias biolégicamente activas. De acuerdo a esta patente,
la matriz de depésito consiste de acuerdo con lo que se dice
de microparticulas de carbohidrato, estabilizadas por
cristalizacidén, que implican utilizar uniones no covalentes.
El siguiente proceso para producir las microparticulas de
carbohidrato cristalizadas de acuerde con 1lo dicho se
describe por Schroder. Una solucién de un carbohidrato
polimérico y una sustancia biolégicamente activa se forman en
uno o mids sSclventes hidrofilicos. Entonces 1la mezcla de
carbohidrato en la sustancia biolégicamente activa se
emulsifica en un medio hidréfobe o liquido para formar gotas
esféricas. La emulsién es luego introducida en un medio
cristalizante que comprende acetona, etanol o metanol para
formar esferas que tienen matriz de carbohidratc polimérico
cristalino no covalentemente reticulado, dicha matriz
incorpora 0.001-50% en peso de la sustancia biolédgicamente

activa. Asi, la sustancia biolbégicamente activa se suministra

%6
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en la solucién antes de cristalizar las esferas. Schroder no
describe la microestructura de las microparticulas hechas por
el método multietapa. El1 método multietapa de Schroder es
complejo y utiliza solventes organicos que son potencialmente

téxicos a las células y necesitan ser removidos.

BREVE RESUMEN DE LA INVENCION

[0006] Un método para distribuir la glucosa de la sangre
en un mamifero incluye administrar oralmente o mediante
inyeccién o inhalacién una cantidad terapéuticamente efectiva
de microparticula de dextran cristalizadas e insulina al
mamifero para disminuir la glucosa de la sangre del mamifero.
La composicidén puede ser una composiclién de una fase o
multifase estructurada para 1la 1liberacién controlada de

insulina u otres agentes terapéuticos.

BREVE DESCRIPCION DE LOS DIBUJOS

[0007) La fiqura 1 es una fotografia de microparticulas de
dextrdn cristalizadas esponténeamente formadas en una

solucién acuosa al 55% (P/P) de dextran con PM 70.0 kDa.

A
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[0008] La figura 2A es una fotografia de una seccién
transversal de microparticulas de dextran cristalizadas

mostradas en la figura 1.

[0009] La figura 2B es una fotografia de 1la seccién
transversal de una microparticula mostrada en la figura 2A.

La estructura microporosa de microparticulas se pueden ver.

[0010] La figura 3 es una fotografia de agregados de

microparticulas de dextrén cristalizadas.

{0011} La figura 4 es una fotografia de un implante
subcuténeamente inyectado que consiste de microparticulas de

dextrdn cristalizado mostradas por la figura 3.

[0012] La figura 5 es una fotografia de un implante
inyectado intramuscular gque consiste de microparticulas de

dextrdn cristalizadas mostradas en la figura 3.

[0013] Las figuras 6A, 6B y 6C son fotografias de una
seccién transversal de musculo de ratdn con un implante
inyectado que <consiste de microparticulas de dextrén
cristalizadas (el dia 1, 4, y 28 después de inyeccién,

respectivamente).
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[0014] Las figura 7A y 7B son fotograffias de una seccién
transversal de misculo de raté4n con implante inyectado que
consiste con microparticulas de dextridn cristalizado (180

dias después de inyeccién).

[0015] Las fiquras 8A, 8B, 8C, 8D, BE, BF y 8G son
fotografias de una seccién transversal de una piel de ratén
con un implante inyectado y consiste de microparticulas de
dextrédn cristalizadas (primer dia, cuarto dia, veintiochoavo
dia, 180 dias, 180 dias, un afio y un afic después de

inyeccién, respectivamente).

[0016] La figura 9 es una fotografia de una liberacién
lenta de macromoléculas fluorescentemente marcadas con el
implante que incluye microparticulas de dextrédn cristalizadas
en el tejido de misculo de ratén en el catorceavo dia después

de la inyeccién intramuscular.

[0017] La figura 10 es una fotocgrafia de una expresién de
un gen reportero en un tejido muscular de ratén sequido por

la liberacién de ADN de plésmido de implante.

[0018] La figura 11 es una fotografia de una emulsién de

una solucién acuosa de PEG en solucidn acuosa de dextran (WM

4
79



WO 2004/078197 7 PCT/IB2004/000961

500 kDa) que contiene. microparticulas de dextran

cristalizadas mostradas en la figura 1.

[0019] La figura 12 es una fotografia de una emulsién de
una solucién acuosa de dextran (WM 500 kDa) que contiene
microparticulas de dextrdn cristalizadas mostradas en 1la

figura 1 en solucién acuosa de PEG.

[0020] La figura 13 es una fotografia de una inyeccién
intramuscular de emulsién de solucién acuosa de PEG en
solucién acuosa de dextran (WM 500 kDa) que contiene
microparticulas de dextrdn cristalizadas mostradas en 1la

figura 1.

[0021) La figura 14 es una fotografia de una inyeccién
subcutdnea de emulsién de solucién acuosa de PEG en solucién
acuosa de dextran (WM 500 kDa) que contienen microparticulas

de dextrén cristalizadas mostradas en la fiqura 1.

[0022] Las fiquras 15A y 15C ilustra esquemdticamente el
comportamiento de particién de diferentes tipos de particulas

y fases en un sistema de dos fase acuoso.

\60
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[0023] La figura 15B es un fotografia de una seccién
transversal de una estructura de implante basada en el

sistema de dos fases.

[0024] Las figuras 16A, 16B, 16C y 16D son fotografias de
particién de células HelLa y microparticulas de dextran

cristalizado en un sistema de dos fases.

[0025] Las figuras 17 y 18 ilustran esquemdticamente
métodos de terapia celular de acuerdo con modalidades de la

presente invencién.

[00261 Las figura 19, 20 y 21 ilustran esquemidticamente
métodos de suministro de agente terapéutico de acuerdo con la

modalidad de la presente invencién.

[0027] Las figuras 228 Y 22B 3on graficas de
concentraciones normalizadas relativas de glucosa de 1la
sangre para varias composicicones gque contienen insulina

versus tiempo.

[o]
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o2

L

DESCRIPCION DETALLADA DE LAS MODALIDADES PREFERIDAS

A. Formaciédn de Microparticula

[0028] La presente invencién ha encontrado
experimentalmente las microparticulas cristalizadas de
dextrdn con un didmetro promedio gue varia desde 0.5 a 3.5
micrémetros fueron espontaneamente formadas en soluciones
acuosas concentradas con dextranos (40 - 65% P/P) con pesos
moleculares que varian desde 1.0 a 200.0 kDa, la temperatura
que varia de 20 - 90°C. Si es el deseo formar las
microparticulas a temperatura ambiente entonces se pueden
utilizar 2 a 18 kDa de soluciones de dextri&n. Por supuesto,
las microparticulas se pueden formar con soluciones de 2 a 18
kDa a temperaturas por encima de la temperatura ambiente del
cuarto, 8i se desea. Las microparticulas pueden ser
esponténeamente formadas de scluciones de dextrdn de peso
molecular mayor, tal como soluciones de 20 a 79 kDa, a
temperaturas mayores por encima de la temperatura ambiente de
cuarto, tal como aproximadamente 40 a aproximadamente 70°C.
Las microparticulas pueden tener cualquier forma adecuada tal
como forma regular o irregular, pero son preferiblemente
esféricas de forma y son preferiblemente de 10 micrémetros de

didmetro a dos menos, tal como 0.5 a 5 micrémetros.
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[0029] La Microscopia del Electrén de transmisién revelo
la estructura micro porosa de las microparticulas de dextran
cristalizado (ver figuras DA, BAB). Preferiblemente, la
porosidad de la micro particula es al menos 10% en volumen,
tal como aproximadamente 10 a aproximadamente 50%, mis
preferiblemente aproximadamente 20 a aproximadamente 40%.
Asi, la estructura comprende microparticulas microporosas con

dreas de macroporosidad localizadas entre las particulas.

[0030] El secado por rociado de las suspensiones acuosas
de las microparticulas de dextrén cristalizadas a mostrado la
posibilidad de producir agregados sustancialmente esféricos
de microparticulas de dextrdn cristalizado con un didmetro

que varia desde 10.0 a 150.0 micrémetros (ver figura 3).

{0031} Un ejemplo no limitante de un método para formar
las microparticulas de dextran es como sigue. 50.0 g de
dextrdn T40 (peso molecular 40 kDa) de Rmersham Biosciences
se agrega a 50.0 g de agua destilada estéril en un beaker de
laboratorio de 500 ml para obtener una soiucién 50% P/P bajo
flujo laminar. La mezcla se agita a 60°C (bafic de agua) con
un agitador magnético a 50 rpm hasta que el dextrdn es
completamente disuelto y se obtiene la solucién clara. La
solucién se le puede poner vacio para remover todas las

inclusiones de aire. La solucién clara se ubica en el horno
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de laboratorio a 60°C bajo una tapa Tyvek®. 3.5 horas mis
tarde se desarrolla wuna suspensién viscosa turbia como
resultado de la formacién de microparticulas de dextran

cristalizado.

[0C32} Para eliminar el estado no cristalizado, 1las
microparticulas son lavadas mediante centrifugacién, por
ejemplo 3,000 g, 30 min, con 3 X 250 ml de agua estéril
destilada, o mediante filtraci6én de suspensién diluida de
microparticulas, por ejemplo una parte de microparticulas y
10 partes de agua (3 X 250 ml de agua estéril destilada a
través de filtro de esterilizacién). La centrifugacién/lavado
es hecho bajo flujo laminal. Las microparticulas son ubicadas
en un beaker de laboratorio de 500 ml bajo una tapa Tyvek®
secada a 60°C en un horno de laboratorio durante 8 horas para
alcanzar un nivel de humedad de aproximadamente 5%. El polvo
seco resultante consiste en particulas con un didmetro medio

de aproximadamente 2 micrémetros.

B. Implantes basados en microparticulaa da dextrén

aristalizado.

{0033] Las suspensiones concentradas de las
microparticulas de dextrédn cristalizadas y los agregados de

estos fueron ensayados como de implantes en experimentos con

o4
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ratones para ‘ensayar su biocompatibilidad luego de inyeccién

en el cuerpo del animal.

[0034] Figuras 4 y 5 muestran el implante en el tejido
seguido por inyecciones subcutdneas {(figura 4) intramuscular
(figura 5) el animal es experimental (ratones). No se
detectaron reacciones de inflamacién en le tejido del animal

durante 180 dias.

[0035] Figuras 6A, 6B y 6C muestran el implante en el
tejido muscular de un ratén 1,4 y 28 dias, respectivamente,
después de la inyeccién. Las figuras 7A y 7B muestran ambas
el implante en el tejido muscular de un ratén 180 dias

después de la inyeccién.

[0036] Las fiquras B8A, 8B y 8C muestran el implante en el
cuarto, onceavc y ventiochoavo dia, respectivamente, después
de la inyeccién subcutdnea. Las figquras 8D y 8E muestran
ambas el implante de 180 dias después de inyeccién
subcutdnea. Las fiquras 8F y BG muestran ambas el implante un
afio después de la inyeccidn subcutédnea. Como se muestra en la
fiqura 8G, el tejido normal de las formas de tejido

cicatrizados en forma en el sitio del implante.

\OoS
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[0037) la liberacién lenta de macromoleculas de implantes
se ha demostradoe en experimentos donde las macromoléculas
fueron disueltas en suspensiones acuosas de microparticulas
de <dextrdn <cristalizadas o© sus agregados antes de

inyecciones.

[0038] Las fiquras 9 y 10 muestran el implante que
contienen macromoléculas fluorescentemente marcadas (FITC-
dextrdan, WM 500 Ada) y 1liberacién lenta de macromoléculas
provenientes de implantes en un tejido muscular de ratén al
catorceavo dia después de la inyeccidédn intramuscular (figura
9) y la expresidédn del gen reportero en un tejido muscular de
ratén luego de la liberacién de ADN de plasmido proveniente
del implante (figura 10). Asi, las microparticulas de dextréan
cristalizados se pueden utilizadas para liberacién
temporizada un marcadeor, tal como un marcadeor fluorescente

solo o en combinacién con un agente terapéutico.

C. Los implantes basados en el sistema de dos fases

[0039] Las estructuras autoensambladas de implantes
basados en microparticulas de dextrdn cristalizado o sus

agregados se pueden formar basadas en dos sistemas de fase.

(06
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[0040] Los sistemas coloidales tales como cuotas de
aceite, 1liposomas, micro y nano-particulas se pueden
dispersar en una suspensién de microparticulas de dextran
cristalizadas e inyectadas para formar un implante que libera
los agentes terapéuticos luego de la administracién en el

cuerpo del mamifero.

[0041] Por ejemplo, en el caso de aceite, se puede formar
una clase de estructura de implante donde el ndicleo de aceite
esta circundado con una concha compuesta de microparticulas
de dextrén cristalizado o agregados de estos dispersados en
agua o soluciones acuosas en polimeros organicos tales como
polisacdridos (por ejemplo dextrano). La estructura descrita
se puede diseflar como una cépsula. Se debe notar que la
concha puede comprender una concha de forma aproximadamente
esférica que resulta cuando la capsula estd circundada por
tejido. Sin embargc, cuandc la cépsula estd localizada cerca
de una barrera, tal como un sustrato, hueso o pared de
intestino, la cédpsula puede comprender un nucleo localizado
entre una o més paredes de microparticulas a un lado de la
barrera o al otro lado. Adicionalmente, aungque se utiliza
aceite como un ejemplo ilustrativo, el nlGcleo puede
comprender otros materiales, tal como otros polimeros,

células, etcétera.

\0?
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[0042] Transformar la estructura de céApsula, son aplicados
los sistemas acuosos de dos fases. Cuando las soluciones
acuosas de diferentes polimeros son mezcladas por encima de
ciertas concentraciones ellas frecuentemente forman
soluciones de dos fases no miscibles en liquido. Cada una de
las fases usualmente consiste de més de 90% de agqua y se
puede amortiguar y hacer isoténicas. Si una célula o
suspensién de particulas se agrega a tal sistema, las células
de la particula se encuentran frecuentemente que han sido
particionadas no igualmente entre fases. El comportamiento de
particién preferencial se puede utilizar como una base para
los procedimientos de separacién para diferentes poblaciones
de células o particulas de manera que la particién en estos
sistemas se determina directamente mediante propiedades de
célula o de superficie de particula. Las células de las
particulas que no tienen propiedades de superficie idénticas
exhiben un comportamiento de particién suficientemente

diferente.

[0043] La solucidén competitiva de la fase de dos polimeros
depende de la naturaleza quimica de los polimercs. Un método
de polimero de dos fases se ha aplicado para separar o
particionar células, proteinas, A&cidos nucleicos y minerales
(“Partitioning in Aqueous Two-Phase Systems”, 1985, eds., H.

Walter, D. Brooks, and D. Fisher, publs. Academic Press).

(o3
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[0044] Los experimentos con la distribucién de
microparticulas de dextré&n cristalizadas en los sistemas de
fase privados de, por ejemplo, mezclas de dextran/polietileno
glicol (PEG) revelaron que las microparticulas de dextran
prefieren estar en la fase de dextran, aunque otra fase PEG
puede ser dispersada en la fase de dextrdn para formar una
emulsién P/P y viceversa en el caso de que el volumen de la
fase PEG sea mayor que el volumen de la fase de dextradn, como

se muestra en las figuras 11 y 12,

[0045] La figura 11 es una fotografia de una emulsién de
una 8olucién acuosa PEG en solucién acuosa de dextridn que
contiene microparticulas de dextrdn cristalizadas. En la
estructura de la figura 11, el volumen de la fase de PEG es
menor que el volumen de la fase de dextran. La fase de
dextran contiene el dextran y las microparticulas de dextran
cristalizadas. Asi, la fase PEG se forma en uno o mas nlicleos
con forma de esfera <circundada por dextran/conchas de
microparticulas de dextradn {(es decir una estructura de poros

cerrada).

[0046] La figura 12 es una fotografia de una emulsién de
una solucibén acuosa de dextridn gue contiene microparticulas

de dextrdn cristalizadas en solucién acuosa de PEG, donde el

|01
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volumen de la fase de PEG es mayor que el volumen de la fase
de dextrédn. En este caso, la fase de dextridn se forma en uno
o mias nicleos con forma de esfera gque contienen las
microparticulas de dextran circundadas por fase PEG (es
decir una estructura de poro abierta que esta formando en
vivo mientras el PEG se disipa en el liquido del tejido). La
figura 12 es una fotografia de una emulsién de una solucién
acuosa de dextran que contiene microparticulas de dextran
cristalizado de una solucién acuosa de PEG, donde el volumen
de la fase de PEG es mayor gque el volumen de la fase de
dextrdn. En este caso, la fase de dextridn forma en uno o mis
nucleos con forma de esfera en este caso, la fase de dextran
se forma en uno o mas nbcleos con forma de esfera que
contienen microparticulas de dextrén secundadas por una fase
PEG (es decir una estructura de poro abierta que se forma en
vivo mientras el PEG se disipa en liquido de tejido). Como se
puede ver en la figura 12, la fase de dextridn de volumen mas
pequeflo (gota) se forma en un nuclec de dextrdn esférico
grande/microparticula de dextridn ({derecha inferior de 1la
figura 12) al cual esferas mas pequellas que comprenden
dextrdn/microparticulas de dextrdn estadn unidas y fundidas

con las que estan unidas y fundidas.

[0047] Asi, cuando la proporcién del volumen de la primer

fase (tal como la fase PEG y sus inclusiones, tal como en un

\\O
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agente terapéutico) al volumen de la segunda fase (tal como
la fase de dextran y sus inclusiones, tal como las
microparticulas de dextrdn) es menor de uno entonces la
cdpsula se forma por autoensamble con el primer niicleo de
fase circundado por una segunda concha de fase. Si 1la
composicién contiene un agente terapéutico, tal como
insulina, que prefiere particionarse en la fase PEG, y las
microparticulas de dextrian que prefieren particionarse en 1la
fase de dextrin, entonces el agente terapéutico se particiona
selectivamente en el niGclec de PEG mientras que las
microparticulas se particionan selectivamente y forman 1la

concha alrededor del niicleo de PEG por autoensamblaje.

[(0048] La emulsién se puede preparar al mezclar
separadamente el dextrin preparado y fases PEG y ambas pueden
ser suspensiones de diferentes tipos de particulas que
prefieren estar en la fase PEG © en la fase dextran
regpectivamente. El principic es que la particién de las
moléculas (tal como macromoléculas, ADN, plasmido, etcétera)
en diferentes fases de polimero depende de su estructura de
superficie y de la energia interfacial de las particulas en

las soluciones de polimero.

[0049] La inyeccién de los sistemas acuosos de dos fases

que contienen microparticulas de dextrédn cristalizadas en
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tejidos de animales experimentales revelé la formacién de
implantes con la estructura de cdpsula mostradas en las
figuras 13 y 14. El volumen de la fase de dextrén es mayor
gue el volumen de la fase PEG en el sistema bifase o de dos
fases. Ambas figuras 13 y 14 muestran que una cépsula con un
nicleo PEG y una microparticula de dextrdn y una concha de
dextrdn/microparticula de dextran formada por autoensamblaje
in vivo (es decir, después de inyeccién en tejido de
mamifero). La concha comprende regiones microporosas entre
microparticulas adyacentes asi, también regiones microporosas

en las microparticulas mismas.

[0050] Un ejemplo no limitante de un método para formar la
estructura de capsula proveniente de un sistema de dos fases
es como sigue. 10 g de dextrdn T40 (peso molecular 40 kDa) y
2 g de PEG son disueltos en 88 ml de solucién de insulina
(Actrapid®) que contienen 1,000 UL a los cuales 25 g de las
microparticulas de dextrdn cristalizadas se agrega. Estas
etapas son desarrolladas bajo condiciones de flujo laminar.
La mezcla es agitada sobre un agitador magnético a 100 rpm a
temperatura ambiente durante 30 minuteos para formar una
mezcla homogénea (es decir, una suspensién). 1.0 g de

suspensién contiene 8 Ul de insulina.
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[0051] Se debe notar que las microparticulas de dextran se
pueden preparar de una solucidén de dextran con diferente peso
molecular que la solucién de dextran que se suministra en el
sistema de dos fases. Asi, las microparticulas de dextrén
cristalizadas se pueden formar en una solucidén de dextréan de
peso molecular mas bajo, tal como una solucién de 2 a 20 kbDa,
que la solucidn de dextrédn que se suministra en el sistema de
dos fases, que puede ser una solucién de dextrin de 40 a 500
kDa, tal como una solucién de 40 a 75 kDa. Esto es ventajoso
porque las soluciones de dextrdn de peso molecular mayor tal
como Soluciones de 40 y 70 kDa, han recibido aprobacién
regulatoria mas antes se pueden utilizar para formar una
concha de una cdpsula a concentraciones inferiores. Las
soluciones de peso molecular mas bajo se pueden utilizar para
disminuir el tiempo de cristalizacién sin 1la solucién de
dextridn de pesc molecular mas bajo que esta suministrando de
hecho in vivo. Adicionalmente, las microparticulas de peso

molecular mas bajo pueden disolverse mas facil in vivo.

[0052] La estructura de la cdpsula formada de un sistema
de dos fases en ventajosa porque esta permite una liberacidén
mas homogénea y prolcongada del agente terapéutico proveniente
del nGcleo que de la composicién que comprende una fase
simple que contiene las microparticulas. Adicionalmente, se

cree que al utilizar la estructura de la capsula, una
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cantidad inferior de microparticulas se puede necesitar para
lograr la misma o mejor liberacidén temporizada de un agente
terapéutico que s8i se utilizara un sistema de fase simple.
Adicionalmente, "al controlar la cantidad de microparticulas
en el sistema de dos fases, se cree que el grosor de la
concha de microparticulas se puede controlar. Una concha mas
gruesa da como resultado una mayor cantidad de

microparticulas en el sistema de dos fases.

Asi, la cantidad, duracién y/o temporizacién de 1la
liberacién del agente terapéutico proveniente del nicleo de
la cépsula se puede controlar al controlar el grosor de la
concha. Por lo tanto, el perfil de liberacién del agente
terapéutico se puede acondicionar para cada paciente o grupos

de pacientes.

[0053] Se debe notar que aungque el PEG y los dextranos son
utilizados como ejemplos de los materiales de las dos fases,
cualquiera otros materiales adecuados que muestran el
siguiente comportamiento de particidédn pueden ser utilizados
en 8u lugar. La figura 15A 1ilustra esquemAticamente el
comportamiento de particién de diferentes tipos de particulas
en un sistema acuoso de dos fases. Por ejemplo, tres tipos de
moléculas o agregados de moléculas, que son preferiblemente

particulas 10, 12 y 14, y dos fases 16 y 18 son mostradas en

W
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la figura 15A. Sin embargo, puede haber dos, o mas de tres
tipos particulas. Las particulas pueden ser microparticulas
tales como microesferas y nanoesferas preparadas de
materiales organicos y/o inorganicos, liposomas, células
vivas, virus y macromoléculas. El primer tipo de particulas
10 preferiblemente se segrega en la primer fase 16. E1
sequndo tipo de particulas 12 se segrega preferiblemente al
limite de la primera 16 y segunda fases. El tercer tipo de
particulas 14 se segrega preferencialmente en la segunda fase
18. Asi, por analogia con el ejemplo no limitante previo, las
primeras particulas 10 pueden comprender un agente
terapéutico, el segundo 12 y/o las terceras particulas 14
pueden comprender microparticulas de dextradn cristalizado, la
primer fase 16 puede comprender una fase PEG y la segunda

fase 18 puede comprender una fase de dextrén.

[0054] Si una cantidad miAs pequefla de la primer fase 16 se
suministra en una cantidad mayor de la segunda fase 18, como
se muestra en el area 20 de la figura 15A, entonces se forma
una estructura tipo capsula que comprende esferas discretas
de la primer fase 16 que contiene una concentracién del
primer tipo de particulas 10, localizado en una segunda fase
18. El segundo tipo de particulas 12 se puede localizar en la

interfaz de las fases 16, 18 y activa como una concha de la
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cépsula. Las particulas 14 son dispersadas en la segunda fase

18 y/o forman una concha de la cépsula.

[0055] Como contraste, si una cantidad mAs pequefla de la
sequnda fase 18 se suministra en una cantidad mayor de la
primer fase 16, como se muestra en el &rea 22 de la figura
15A, entonces se forma la estructura tipo céapsula que
comprende esferas discretas de las segunda fase 18 que
contiene una concentracién del tercer tipo de particulas 14,
localizado en una primer fase 16. El1 sequndo tipo de
particulas 12 se puede localizar en la interfaz de las fases
16, 18 y actia como una concha de la capsula. Las particulas
10 esatédn dispersas en la primer fase 16 y/o forman una concha
de cédpsula. Los dos sistemas de fase 20 y 22 pueden ser
utilizados como un implante, al ser inyectados, implantados
quiriirgicamente o suministrados oralmente a un mamifero, tal
como un animal o humanoc. Asi, la cépsula forma un implante
tridimensional estructurado, con el nuclec actuando como un
reservorio o© deposito para liberacién controlada del agente
terapéutico a través de la concha. Comc contraste, un
implante con una distribucién homogénea de microparticulas es
un implante no estructurado. Se debe notar que la estructura
formada por los sistemas de dos fases oralmente suministrados

pueden ser generalmente descritos como una suspensién

lle
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estructurada que comprende una fase PEG dispersada y una fase

de dextrdn continda.

[0056] Adicionalmente, 1las particulas (es decir, los
agregados moleculares) 10, 12 y 14 se pueden sustituir por un
material liquido (por ejemplo aceite) o macromoléculas que se
particiconan selectivamente en una de las dos fases. Por
ejemple, un agente terapéutico, tal como insulina, se puede
particionar en la fase PEG del sistema de dos fases
PEG/dextrdn. En razébn a que la insulina se particiona
selectivamente en la fase PEG, a la fase PEG forma una
insulina que contiene un nicleo de una estructura de cdapsula.
Se debe notar que mientras que ciertas particulas son agentes
terapéuticos selectivamente particionados, al termino
“particionado selectivamente” no necesariamente significa que
el 100 por cientc de las particulas o la particién de agente
terapéutico o el agente terapéutico se particione en una de
las dos fases. Sin embargo, la mayoria de la especie
selectivamente particionada, preferiblemente el 80% de las
especie particicnada, se particiona en una de las dos fases.
Por ejemplo, aungque la mayoria de la insulina se particiona
en la fase PEG, una porcién de la insulina puede permanecer

en la fase de dextran.

[0058] Sin desear estar ligado por una teoria particular,

el presente inventor considera que la estructura de ndcleo de
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[0057] La figura 15B ilustra una imagen por microscopia
electrénica de exploracidén de una seccién transversal de una
estructura de implante con base en un sistema de dos fases
esquematicamente ilustrado en la figura 15A. Una composicién
acuosa de dos fases gque comprende una primera fase de
dextran, una segunda fase PEG y microparticulas de dextrén
cristalizadas se inyectaron en el gel sefarosa. Esta
composicién de gel se semeja al tejido de mamifero al detener
la difusién de microparticulas de dextrdn cristalizado
proveniente del lade de la inyeccidn. La imagen de la figura
158 ilustra la formacién de una estructura de implante de
concha-nicleo o de nilicleo de concha. El nicleo comprende
regiones 30 y 32 circundadas por una concha 34. La reqgién 30
es un vacio que es llenado con la regién de fase PEG antes de
cortar el gel con imAgenes SEM en seccién transversal. La
regién de PEG vierte fuera el gel cuando el gel es cortado
durante el seccionamiento transversal. La regidtn 32 es una
porcién exterior del nicleo que comprende gotas PEG
localizadas en las microparticulas de dextran cristalizado.
La regiétn 34 es la cconcha gue comprende las microparticulas
de dextrdn cristalizadas que circundan y mantienen en su

lugar el ndcleo gque contiene PEG.

(00581 Sin desear estar ligado por una teoria particular,

el presente inventor considera que la estructura de nicleo de
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concha mostrada en la figura 15B se forma mediante
autoensamblaje como se muestra esquemdticamente en la figura
15C. Aunque la primera 16 y segunda 18 fases, tal como las
soluciones acuosas de diferentes polimeros incompatibles,
estidn en un recipiente de almacenamiento adecuado 19,tal como
un beaker de vidrio o frasco, una fase 16 surge por encima de
la otra fase 18. Cuando la composicién de dos fases se
inyecta en un material que restringe el flujo libre de las
fases 16 y 18, tal como un tejido de mamifero o un material
de sustrato, tal comoc un gel que se semeja al tejido, 1la
composicién se autoensambla en la estructura con nicleo de
concha. Primerc, la fase que esta presente en el volumen mis
pequefic se forma con las formas aproximadamente esféricas,
como se muestra en la porcién medida de la figura 15C.
Entonces las formas esféricas se unen para formar nicleos
aproximadamente esféricos de una fase circundados por conchas
de la fase exterior, como se muestra en el fondo de la figura
15C. Aunque los dos ejemplos de sistema de fase de un sistema
multifase han sido ilustrados, el sistema multifase puede

tener mis de dos fases 3i se desea.

D. Terapia de célula

[0059] Los experimentos conducidos con células de

mamiferos han mostrado posibilidades para utilizar la técnica

g
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ya descrita al cuerpo 1las células absorbidas por 1la
superficie de los agregados de microparticulas de dextrén
cristalizadas (ver figuras 3 y 12) o absorbidas por la misma
superficie estando dentro de estructuras macroporosas (ver

figura 11) o cépsula (ver figuras 13 y 14).

[0060] En general, un material auto organizante para
terapias con base en la organizacién espontdnea de sistemas
coloidales puede contener microparticulas de dextrén
cristalizadas u otras particulas, tal comoc PLA, PLGA, PMMA,
alginato, células, etcétera, para implantes. Por ejemplo, las
figuras 16A-16D ilustran una particién de células Hela y
microparticulas de dextridn cristalizadas en un sistema de dos
fases dextradn -PEG. La figura 16A, se hizo un sistema de dos
fases. El niicleo que comprende la fase PEG que contiene las
células es mostrado en la parte superior de la fotografia y
el dextran/concha de microparticula de dextr&n (“CDM”) se
muestra en la parte infericr. Las gotas de la fase PEG que se
segregan hacia fuera de la concha en el nucleo como se
muestra en el limite del nlicleo en las regiones de nicleo y
concha. La figqura 16B muestra la particién de 1las
microparticulas de dextrdn en un sistema de dos fases
PEG/dextré&n. La fase PEG 16 esta en la parte superior y la
fase de dextrdn 18 que contiene 1las microparticulas de

dextrdn esta en la parte inferior. Las figura 18C y 16D
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muestran las células HelLa sobre la fase de dextridn que
contiene la superficie de microparticulas de dextrén

cristalizadas.

foo6l] Los implantes pueden ser implantes tipo
“reservorios” y pueden utilizados para terapia de reemplazo
de célula. Los implantes tipo “Reservorio” pueden mejorar las
farmacocinéticas (sin “efectos rafaga”) y aseguran la
liberacién sostenida de sus fases biolégicamente activas. El
“nicleo” del implante tipo ™“reservorio” puede contener
cualquier tipo de sustancia o sustanclas activas ademis de la
estructura del implante que esta siendo “cargado” con
células. El1l nicleo puede contener péptidos terapéuticos vy

proteinas, Acidos nucleicos, vacunas, virus y células.

[0062] la figura 17 ilustra esquematicamente un ejemplo de
terapia de de reemplazo de célula con base en material auto
organizante para principioc de terapias. Por ejemplo, los
implantes de porc cerrade basados en microparticula de
dextrdn cristalizadas se pueden utilizar para la terapia de
diabetes tipo 1, terapia de céncer, terapia de parkinson y
otras terapias adecuadas basadas en el uso de las proteinas y
péptidos terapéuticos. En la figura 17, el implante 40
contiene una microparticula de dextr4n cristalizada 12, 14

cdpsula o concha que encapsula las células transplantadas 42.

Fa
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Se pueden utilizar cualquier célula adecuada, tal como una
insulina que produce beta-células, células K, células
pancredticas o células madre. Como se muestra en la figura
17, la cépsula de microparticulas de dextrén cristalizadas
es porosa a la glucosa sanguinea 44 (asi como también al
oxigeno, 1los nutrientes y otros estimulos), pero son
impermeables a las células del sistema inmune que son
demasiado grandes para ingresar a la capsula para atacar las
células que producen insulina. La glucosa sanguinea 44 permea
a través de la capsula de microparticulas de dextran
cristalizada y estimula la produccién de insulina 46
proveniente de las células que producen insulina. La insulina
entonces se difunde a través de la cédpsula de microparticulas

de dextrdn cristalizada hacia la sangre 48.

[0063] Asi, las células que producen insulina encapsulada
o de microparticulas de dextrdn cristalizadas se pueden
implantar a un mamiferc, tal como un humano, para tratar de
diabetes. La c.apsula de microparticulas de dextrén
cristalizada se puede formar in vivo y no necesita una
operaciébn quirtrgica. Tal técnica es conocida en el arte como
“Ingenieria de Tejido Inyectabe”. Adicionalmente, la capsula
de microparticulas de dextran cristalizada no requiere el uso
de qguimicos reticulados toxicos. Los implantes

preferiblemente se pueden utilizar para suministrar una
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preparacién de insulina de larga accién para suprimir 1la
produccién de glucosa hepatica y mantener cerca la
normoglicemia en el estado de ayuno con un perfil con tiempo

de accién sin un pico.

[0064)] se debe notar que la terapia de célula se puede
utilizar para tratar otras enfermedades. Por ejgmplo, las
células que producen dopamida encapsulada de microparticulas
de dextridn cristalizada se pueden utilizar para tratar
enfermedad de Parkinson como se ilustro esquemdticamente en
la figura 18. Adicionalmente, como se muestra en la figura
18, la estructura de la cépsula de microparticulas de dextréan
cristalizada se puede reversar, de tal forma que las células
42 se forman en la concha que encapsula las microparticulas
12, 14 en el tejido de mamifero 50. Por ejemplo, las células
propias del paciente o las células madre se pueden localizar
por fuera de las microparticulas. Comoc contraste, las células
provenlentes de una fuente diferente del paciente, tal como
de un donador, se pueden localizar dentro de la concha de
microparticula como se muestra en la figura 17 para proteger
las células de la reaccién autoinmune del paciente, Esto abre
la posibilidad para ingenieria de tejido in vive para el

tratamiento de condiciones, tal como diabetes y otras.
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A

E. Sustitutos de injerto de hueso

[0065] Los procedimientos de injerto de hueso involucran
el uso de tejido de autoinjerto, en el cual el tejido es
cosechado en el paciente, o tejido de aloinjerto, que es
tomado de donadores o cadaveres. Los dos criterios basicos
son utilizados para Jjuzgar 1la osteoconduccién y 1la

osteoinduccién de un injerto exitoso.

[0066] Cosechar el tejido de autoinjerto requiere cirugia
en el sitio del donador que pueda dar como resultado sus
propias complicaciones, tal como inflamacién, infeccidén, y
dolor crénico. Las cantidades de tejide de hueso que se
pueden cosechar también son limitados, creando un problema de

suministro también.

[0067] Los aloinjertos enredan algunos de los
inconvenientes de autoinjertos al eliminar la morbilidad del
sitio de donador y los temas de suministro limitado. Sin
embargo, los alcinjertos presentan también riesgos. Aungque
muchos métodos pueden reducir el riesgo de transmisién de
enfermedad, el tratamiento suele esterilizar las proteinas y
los factores removidos de tejido, reduciendo o eliminando la

osteoinductividad del tejido.
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[0068) Adicionalmente, varias alternativas se han
desarrollado para autoinjertos y aloinjertos. Muchas de estas
alternativas utilizan una variedad de materiales, que
incluyen polimeros naturales y sintéticos, cerémicas, vy
compuesto. Otros métodos alternativos incorporan estrategias
basadas en factor y célula que son utilizadas bien sea solas

o en combinacién con otros materiales.

[0069] Muchos sustitutos de injerto de hueso son naturales
o sintéticos se pueden utilizar solos o en combinacién con
factor de crecimiento recombinante tal como el factor de
crecimiento transformante (TGF), factor de crecimiento
derivado de plaqueta (PDGF), factor de crecimiento de
fibroblasto (FGF) y proteina morfogenética de hueso (BMP). El
injerto de hueso basado en célula sustituye el usoc de células
para generar nueve tejido solo o scon sembrados sobre una

matriz de soporte (por ejemplo, células madre mesenguimales).

[0070] Con los sustitutos de injerto de hueso basados en
polimero, tanto los polimeros degradables como los no
degradables son utilizados sclos o en combinacién con otros
materiales, tal como el polimero de A4cido polildctico de
porosidad abierta de Cortoss® (OPLA) de Orthovita, Inc. Los
polimeros sintéticos degradables, como los polimeros

naturales, son reabsorbidos por el cuerpo. El beneficio de

\fU(
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tener el implante reabsorbido es que el cuerpo es capaz de
sanar completamente por si mismo sin ningunos cuerpos
extrafios restantes. Para este fin, las compafiias han
utilizado polimercs degradables tal como acido poliléctico y
dcido poli-léctico-co-glycdlico (PLGA) como dispositivos que
permanecen so0los y como expendedores para autoinjertos vy
aloinjertos. Por ejemplo, Bone Tec, Inc, ha desarrollado un
matriz de espuma de PLGA porosa al utilizar un proceso
direccionado de particula para inducir ©porosidad. La
OsteoBiologics, Inc, tiene entendedores Immix, un producto

PLGA en particula utilizado como un entendedor de injerto.

[0071] En un aspecto preferido de esta modalidad, las
microparticulas de dextran cristalizadas porosas descritas en
la modalidad previa a ser utilizadas como sustitutos de
injerto de hueso, en combinacién con un agente terapéutico
que suministra formacién de huesc en sitics especiales de
dicho cuerpo. Cualquier agente terapéutico adecuado para
formacién de hueso se puede utilizar, tal comoc un péptido,
célula madre de o proteina, que incluye perc no esta limitada
a las células madre mesenquimales mencionadas anteriormente,
TGF, PDGF, FGF y BMP. El agente terapéutico puede estar
localizado en los poros de las microparticulas porosas. Por

ejemplo, el agente terapéutico se puede suministrar en los
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poros de las microparticulas de dextran cristalizadas después

de cristalizacién.

[0072] En otro aspecto preferido de esta invencién, un
método para formacién de implante in vivo incluye preparar la
suspensién de microparticulas segin la primer fase liquida,
prepararon una suspensién de microparticulas en una segunda
fase liquida inmiscible con la primer fase liquida, preparar
una emulsién donde la primer fase liquida, es una fase
continua y la segunda fase liquida es una fase dispersada, e
inyectar la emulsidén en el cuerpo del mamifero.
Preferiblemente, la emulsidén es utilizada como un sustituto

de injerto de hueso.

[0073] Preferiblemente, las microparticulas en la primera
y segunda fases liquidas son diferentes. Por ejemplo, las
microparticulas en la primer fase pueden ser microparticulas
no poliméricas, tal como microparticulas cer&micas porosas,
aunque las microparticulas en la segunda fase pueden ser
microparticulas de polimero, tal como las microparticulas de
dextran cristalizadas porosas anteriormente mencionadas. Si
se desea, la segunda fase liquida puede contener el agente
terapéutico que suministra la formacién de hueso en sitios
especiales del cuerpo. El1 agente terapéutico puede estar

localizado en los poros de las microparticulas porosas.
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F. vehiculo de suministro de insulina oral

[0074] En otra modalidad preferida de 1la presente
invencién, el presente inventor descubrié que una composicién
de microparticulas porosas (es decir, microporos) se puede
utilizar como un vehiculo para el suministro oral de
proteinas tal como insulina. Las microparticulas porosas
pueden ser microparticulas porosas adecuadas 1las cuales
posibiliten la administracién oral de insulina c¢on una
reduccién significativa en la glucosa de la sangre, tal como
una reduccién del 30% dentro de los 60 minutos de 1la
administracién oral. Preferiblemente, las microparticulas son
particulas biocadhesivas, tal como particulas que se adhieren
al menos temporalmente a las paredes del intestino del
mamifero, para permitirle suministro de insulina a través de
la pared del intestino. Mas preferiblemente, las
microparticulas porosas comprenden las microparticulas de

dextridn cristalizada descrita anteriormente.

[0075] En una modalidad preferida de la presente invencién
mostrada en la figura 19, el presente inventor ha descubierto
en una suspensién acuosa de microparticulas de dextréan
cristalizadas 12 ,14 e insulina 46 oralmente administradas a

los mamiferos 53, tal como los conejos fue aproximadamente

B
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igual de efectiva para reducir los millones de glucosa de la
sangre que una inyeccién intramuscular de insulina sola. La
figura 19 ilustra esquemidticamente la insulina 46 que permea
a través de las paredes 52 del intestino 53 del mamifero
proveniente de la composicidén oralmente administrada 54 que
comprende las microparticulas. En razén a gque los conejos son
in modulo comin para humanos en ensayos de droga, el presente
inventor cree que una composicién liquida o sélida 54 que
comprende microparticulas de dextridn <cristalizadas e
insulina, tal como una suspensién acuosa, una solucién, una
tableta o una céapsula, seria también efectiva para reducir
los niveles de glucosa de la sangre en seres humanos cuando

se administra oralmente.

[0076] Los siguientes ejemplos ilustran el suministro oral
de insulina utilizando microparticulas de dextran
cristalizadas. El estudio involucro conejes Chinchilla

(2.320.2 Kg) y la observacidén de su respuesta a las
suspensiones acuosas oralmente administradas que consisten de
microparticulas de dextrdn <cristalizadas preparadas de
acuerdo con el método descrito agui e insulina recombinante

humana.

[0077] 3.0 g de dextran T20 (Pharmacia, Uppsala, Suecia)

se disolvieron en 2.0 g de agua y se ubicaron en una éaja a

(29
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temperatura de 60° C. Tres horas méas tarde, las
microparticulas de dextrdn cristalizadas fueron lavadas
mediante centrifugacién a 3,000 g con 3 X 5.0 ml de agua.
Luego las microparticulas de dextrdn cristalizadas fueron
suspendidas en 2.0 ml de agua y se les permitid secarse a
temperatura ambiente. El polvo seco resultante fue utilizado
para preparar una insulina que contiene suspensién para el
experimento de suministro de insulina oral. Las suspensiones
que contienen insulina fueron preparadas al mezclar 250 mg de
las microparticulas; 0.3 ml (12 Ul) 0 0.6 ml (24 Ul) de
insulina (NovoNordisk Actrapid HM Penfill, 40 UI/ml) y agua

destilada para alcanzar un volumen de 2.0 ml.

[0078] Las muestras de 1la suspensiétn (2.0 ml) fueron
introducidas en las gargantas de los conejos con un catéter
seguido por la introduccién de 10.0 ml de agua para beber.
Los animales no fueron alimentados durante 3 horas antes de
la introduccién de la suspensién. Las muestras de sangre
fueron tomadas de la vena de la oreja del conejo y analizada
su concentracién de glucosa. La glucocsa de la sangre fue
medida utilizando el método de glucosa oxidasa sobre un
“Analizador de Glucosa con Sistema de Un togque” (Lifescan
Johnson &, Milpitas, CA, USA) después de calibracién

adecuada.
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[0079] Los ejemplos 1 a 8 son ejemplos comparativos que
involucran 8 conejos. Los ejemplos 9 a 14 son ejemplos de
acuerdo con la presente invencién gque involucran cinco

conejos.

[0080] En los ejemplos comparativos 1 y 2 (experimento de
control #1 resumido en la tabla I) se introdujo una solucién
acuosa de insulina recombinante humana intramuscularmente en
dos conejos a una dosis de 12 Ul por animal. En los ejemplos
comparativos 3 y 4 (el experimento de control #2 resumidos en
la tabla II), los conejos permanecieron intactos (es decir,
no les fue suministrada ni insulina ni otra inyeccién a los
dos conejos). En los ejemplo comparativos 5 y 6 (el
experimento de control #3 resumidos en la tabla III), una
suspensidén de las microparticulas de dextran sin insulina fue
suministrada oralmente a los dos conejos. En los ejemplos
comparativos 7 y 8 (el experimento de control #4 resumido en
la tabla IV), una suspensién de las microparticulas Sephadex
G-150 obtenidas comercialmente con insulina (24 Ul) se
suministro oralmente a los dos conejos. De acuerdo con el
sitio Amersham Biosciences, las particulas de Sephadex® G-150
son microparticulas de gel en forma de gldébulec gque tiene un
didmetro de 20 a 150 micrémetros, preparadas por dextran
reticulado con epilclorohidrina. En los ejemplos 9-14 de

acuerdo a una modalidad preferida de la presente invencién

(3l
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(resumido en la tabla V),

de dextran

suministrada oralmente a cinco conejos.

cristalizadas
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una suspensién de microparticulas

con

insulina

resumidos en las tablas I-V de adelante.

(24

Ul) fue

Los resultados son

Tabla I
Conejo/ Dosis de | 0 min | 30 min { 60 min { 80 min [ 120 min
insulina
Ejemplo # Mg/dl | Mg/dl Mg/dl Mg/dl Mg/dl
#1 12 Ul 91 68 58 49 51
i.m
$ 2 12 Ul 87 65 64 57 58
i.m
Tabla II
Conejo/ Dosis de | 0 min | 30 min | 60 min | 90 min | 120 min
Ejemplo # | U1 | Mg/dl | Mg/dl Mg/dl Mg/dl | Mg/dl
# 3 0.0 a8 87 B7 86 86
$ 4 0.0 98 90 91 94 87
Tabla ITI
Conejo/ Dosis de | 0 min | 30 min | 60 min | 90 min | 120 min
Ejemplo # | 1M | mgsd1 | Mg/dl | Mgsdl | Mgsdl | Mgrdl

15T
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# 5 0.0 92 99 94 95 92
# 6 0.0 90 93 93 93 92
Tabla IV
Conejo/ Dosis de | 0 min | 30 min | 60 min | 90 min | 120 min
Ejemplo # insulina Mg/dl | Mg/dl Mg/dl Mg/dl Mg/dl
# 7 24 Ul 85 82 86 81 B3
por os
# 8 24 Ul 84 15 86 76 11
por os
Tabla V
Conejo/ Dosis de |0 min |30 min |60 min |90 min |120 min
Ejemplo # |91 |mMg/dl |Mg/dl  [Mg/dl  |Mg/dl  |Mg/dl
$#9 24 Ul | 94 68 59 58 57
por os
# 10 24 Ul |93 64 52 54 52
por os
$ 11 24 Ul |78 52 51 49 48
por os
# 12 24 Ul |92 64 52 53 47
por os

\(3?
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# 13 24 Ul} 89 53 48 38 49

por os
# 14 24 Ul |97 60 38 54 52

por os

[0081] Los

datos en las tablas

I-V muestran que la
reduccién promedio de azlGcar (es decir glucosa) en la sangre
de los mamiferos es comparable cuando 12 Ul de insulina se
administran mediante inyeccién intramuscular {(ejemplos 1-2) y
24 Ul de insulina se administran por os (es decir, oralmente)
con microparticulas de dextran cristalizadas (ejemplo 9-14},.
En la reducciédn maxima de glucosa fue aproximadamente 35 a
aproximadamente 60 por ciento a los 60 minutos después de la
administracién oral. El perfil de concentracién de glucosa es
modos de

practicamente el mismo en los

inyeccién como
suministro oral. Se debe notar que fueron administradas otras
cantidades de insulina. Por ejempleo, 30 Ul de insulina puede
ser administrada. En general, la administracién ocral de 2 a 3

veces la insulina insulina

comparada con la cantidad de
inyectada produce una caida similar en el azlcar de la sangre

durante hasta las tres horas.

[0082] También conocido el hecho de que la insulina en si

misma se degrada por las enzimas del intestino y no se

ﬁﬁ
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absorben intacta a través de la mucosa gastrointestinal
(Amidon GL, lee HJ, Absorption of peptide and Peptidomimetic
drugs, Ann. Rev, Pharmacol. Toxicol. 1994; 34: 321-41). Sin
embargo, los ejemplos 9-14 muestran que las microparticulas
de dextrdn cristalizadas se pueden utilizar como un wvehiculo
para el suministro oral de proteinas, tal como insulina
porque el efecto de hipoglucemia recibido fue significativo.
Sin desear estar ligado por ninguna teoria o modo particular
de accién, el presente inventor considera que el uso de las
microparticulas de de dextrdn porosas, cristalizadas como una
matriz de suministro de insulina en una suspensién acuosa
protegieron la insulina de degradacidén significativa por las
enzimas del intestino y le permitieron a la insulina ser
absorbidas intactas a través de la mucosa gastro intestinal.
La insulina puede estar localizada en microporos en las
microparticulas microporosas y/o en los macroporos entre las
microparticulas. Como contraste, el uso de microparticulas de
dextrdn Sephadex G-150 reticuladas con insulina (Tabla IV
Ejemplo 7-8) no produjo una reduccién apreciable en la

concentracién de glucosa.

[0083] Como se suministra en los ejemplos 9-14, 1la
concentracién de glucosa en la sangre en el mamifero se
disminuye al menos 5 por ciento, preferiblemente al menos 30

por ciento, 60 minutos después de la administracién de la

| 5=
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composicién que contiene las micro particulas de extremo
cristalizadas y la insulina al mamifero (es decir el valor de
glucosa en la sangre en el mamifero a los 60 minutos después
de la administracién de la suspensién es al menos 5 por
ciento, preferiblemente al menos 30 por ciento inferior que
aquella medida precisamente antes de la administracién de la
suspensién). Preferiblemente, la concentracién de glucosa en
la sangre en el mamifero es disminuida por al menos 5 por
ciento, tal como al menos 30 por ciento, preferiblemente por
aproximadamente 35 por ciento a aproximadamente 40 por ciento
30 minutos después de administrar la composicién al mamifero.
Preferiblemente, la concentracién de glucosa en la sangre en
el mamifero se disminuye por aproximadamente 35 a
aproximadamente 60 por ciento, por ejemplo 35 a 45 por ciento
60 minutos después de administrar la suspensién al mamifero.
Mas preferiblemente, la concentracién de glucosa en la sangre
en el mamifero se disminuye durante el periocdo completo que
habia de 30 a 240 minutos, tal como 30 a 120 minutos, después
de la administracién de la composicién al mamifero comparada
con la concentracién de glucosa en la sangre precisamente
antes de la administracién. Por ejemplo, la ceoncentracién de
glucosa en 1la sangre en el mamifero es preferiblemente
disminuida por al menocs 10 por ciento, preferiblemente al
menos 30 por ciento, mas preferiblemente por al menos 35 por

ciento, tal como pro 35 a 45 por ciento durante un periodo
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que varia de 30 a 240 minutos, preferiblemente 30 a 120
minutos después de la administracién de la composicién al

mamifero.

[0084] Asi, una modalidad preferida de 1la presente
invencién suministra un método para disminuir la glucosa de
la sangre en un mamifero al administrar oralmente una
cantidad terapéuticamente efectiva de wuna composicién
comprendida de micro particulas de extremo cristalizadas e
insulina. Una cantidad “terapéuticamente efectiva” de las
composiciones se puede determinar mediante la prevencién o
mejoramiento de las condiciones adversas o los sintomas de
las enfermedades, dafios o desordenes que estidn siendo
tratados, Preferiblemente, 1la composicién comprende una
suspensién acuosa de micro particulas de dextran
cristalizadas gue tienen un diametro - promedio de
aproximadamente 0.5 a aproximadamente 5 micrémetros e
insulina. Adicionalmente, las microparticulas son
preferiblemente microparticulas porosas que son cristalizadas
antes de agregar la insulina a la suspensidn, de tal forma
que la insulina se localiza en contacto con una superficie de

las microparticulas y/o en los poros de las microparticulas.

[085] Las microparticulas cristalizadas preferiblemente

estdn comprendidas de moléculas de dextrdn (es decir

13%
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moléculas de polimero).que son mantenidas juntas por una
pluralidad de enlaces de hidrégeno, fuerzas de Van Der Waals
y/o enlaces iénicos y que no tienen sustancialmente enlaces
covalentes entre las moléculas de dextran. Asi, las moléculas
en las microparticulas son preferiblemente no
intencionalmente reticuladas {es decir no se lleva a cabo una
etapa de reticulacién) y las microparticulas no contienen
enlaces covalentes entre las moléculas o menos del 10 por

ciento de enlaces covalentes entre las moléculas.

foose] Aunque una composicidén de una fase 54 que comprende
insulina en microparticulas se ilustra en la figura 19, una
composicién de dos fases, descrita anteriormente e ilustrada
en las figuras 13, 14, 15A, 18B, 15C y 16B puede ser
utilizada. Por ejemplo, una composicién de dos fases que
comprende una fase de dextran, una fase PEG, microparticulas
de dextrdn cristalizadas e insulina puede ser utilizada. In
vivo, la composicién tiene una estructura de capsula
autoensamblada que comprende una pared o concha que contiene
microparticula de dextrdn «cristalizada o un nidcleo que

contiene PEG e insulina.

[0087] Preferiblemente, el mamifero que recibe 1la
administracién oral de 1la insulina comprende un humano

necesitado de disminuir la glucosa de la sangre, tal como un
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humano que sufre de diabetes. Asi, la modalidad preferida de
la presente invencién suministra un método para tratar
diabetes en un humano necesitado del tratamiento al

administrar oralmente 1la suspensién de insulina y las

microparticulas de dextréan cristalizado descritas
anteriormente.
[0088] Cualquier cantidad terapéuticamente efectiva de

insulina se puede administrar al mamifero. La cantidad de
insulina puede variar con base en el tipc de mamifero (es
decir humano o conejo), el peso del mamifero, la composicién
de la suspensién, la cantidad de la reducciédn deseada de la
glucosa en la sangre y otros factores. Un ejemplo muy
limitante del contenido de insulina en suspensidén es
aproximadamente 10 Ul a aproximadamente 2500 Ul de insulina
recombinante humana por un gramo de suspensién, tal,
aproximadamente 12 Ul a aproximadamente 30 UI, tal como 24 Ul
de insulina recombinante humana, sin embargo, esta cantidad

puede variar segun se desee.

[0089] La presente invencién nc se debe considerar como
limitada a las modalidades preferidas descritas
anteriormente. Otro material de matriz se puede utilizar para
el suministro de insulina oral, tal como particulas

microporosas organicas o inorgdnicas. Preferiblemente, las
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particulas son microparticulas que mejoran la penetracién de
la insulina a través de la mucosa gastrointestinal y/o que
estabilizan la composicién. Adicionalmente, aunque la
suspensién preferiblemente contiene solamente solvente de
agua; una matriz; y una solucién o suspensidédn de insulina; el
gistema de suministro puede también contener materiales
adicionales. Por ejemplo, la composicién puede contener una
sequnda fase tal como las fases PEG de un sistema de dos
fases. Asi, otro aspecto preferido de la presente invencién
incluye un méteodo para disminuir la glucosa de la sangre en
un mamifero que comprende administrar oralmente una
composicién que comprende una cantidad terapéuticamente
efectiva de insulina y un material de matriz al mamifero para
disminuir la glucosa de la sangre del mamifero en al menos
30% 60 minutos después de administrar la suspensién al
mamifero. En otro aspecto preferido de la presente invencién,
un método para suministrar una suspensién a un mamifero
comprendido de administrar cralmente la suspensién acuosa de
microparticulas de dextrdn cristalizada y wuna cantidad

terapéuticamente efectiva de insulina al mamifero.

[0090] Como se anotd anteriormente, las microparticulas de
dextran cristalizadas utilizadas como un material de matriz
para la administracién de insulina u otras drogas basadas en

proteina pueden ser hechas por cualquier método adecuado (ver

W
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figura 1, por ejemplo). Preferiblemente, las microparticulas
son hechas mediante el proceso de cualquiera de las
modalidades preferidas descritas aqui. Preferiblemente, pero
no necesariamente, las microparticulas son formadas en una
solucién acuosa sin utilizar un solvente orgénico. Asi, en un
aspecto preferido de la presente invencién, una cantidad
terapéuticamente efectiva de insulina y microparticulas de
dextrédn son combinadas en agua después de que las
microparticulas han sido cristalizadas para formar una
suspensidén acuosa de insulina y microparticulas de dextrén
cristalizadas. Las microparticulas se pueden agregar al agqua
antes, en el mismo momento y/o después de agregar la insulina
al agua. Adicionalmente, 1las microparticulas pueden ser
oralmente administradas a un mamifero en el solvente en el
cual ellas fueron formadas. Alternativamente, ellas pueden
ser removidas del sclvente en el cual ellas fueron formadas y
ubicadas dentro de agua u otra solucibén acuosa para
administracién oral o secadas y suministradas en forma

sélida, tal como tableta o cédpsula, para administracién oral.

[0091] La suspensién acucsa de las microparticulas de
dextrén cristalizadas y una <cantidad terapéuticamente
efectiva de insulina (u otras suspensiocnes adecuadas de
insulina y un material de matriz, tal como una suspensién de

insulina y microparticulas microporosas) se suministra

14
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preferiblemente como una composicién farmaceutita dosificada
que es dosificada para administracién oral a un humano. En un
aspecto preferido de la presente invencién, la composicién
estd localizada en un recipiente en una cantidad dosificada
para una administracién oral simple a un humano. El
recipiente puede comprender cualquier recipiente que puede
mantener una suspensién, tal como una botella de pléastico o
vidrio, un tubo, un gotero, una bogquilla rociadora, una
bolsita y/o otras vasijas adecuadas. Las vasijas contienen
una cantidad de suspensién suficiente para una dosis oral

simple de la composicién.

[0092] En otro aspecto preferido de la presente invencién,
la composicién estd localizada en cualquier vasija adecuada
en una cantidad adecuada para las decsis maltiple de
administracién oral. La vasija contiene una instruccidén para
la administracién de dosis oral a un humano. La instruccién
puede ser impresa sobre la vasija, tal como ser impresa
directamente a la vasija o sobre una etiqueta unida a 1la
vasija, o incluida dentro de la vasija, tal como ser impresa
sobre una lamina de papee incluida dentro del a vasija en una
caja de cartém o en un sobre de farmacia. Las instrucciones
pueden describir la cantidad de la composicién que debe ser
tomada con cada dosis, la frecuencia con que debe ser tomada

la dosis, como medir la dosis de 1la composicién para
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administracién oral y/o cualquier otra instruccién adecuada
para droga oral para un practicante de cuidados de salud
administrante y/o un paciente necesitado de 1la droga.
Alternativamente, las instrucciones pueden comprender
direcciones para acceder electrénica o audiblemente la dosis
y las instrucciones de administracién, tal como un enlace a
una red que contiene las instrucciones o nimero telefénico o
regrabar donde son suministradas las instrucciones

audiblemente.

[0093] En otro aspecto preferido de la presente invencién,
la suspensién acucsa de microparticulas de dextrén
crist':alizadas y una cantidad terapéuticamente efectiva de
insulina localizada en una vasija son suministradas en un kit
de composicién farmacéutico con instrucciones para
administracién oral de la composicién a un humano necesitados
de esto. El kit puede comprender instrucciones impresas sobre
el recipiente o sobre una etiqueta adherida a la vasija o una
hoja de papel incluida dentro de la vasija, tal como en una
caja de cartédn o sobre de farmacia que incluye una botella

(es decir vasija) y la ladmina de instrucciones.

[0094] Se debe notar que la composicién para
administracién oral puede estar en la forma de una suspensién

acuosa, pero otras formas de suministro se pueden utilizar

\WO
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para disminuir la glucosa de la sangre en un mamifero. Por
ejemplo, las microparticulas de dextrdn cristalizado porosas
y la insulina pueden ser oralmente administradas en la forma

de una tableta o una cépsula.

[0095] Para administrar oralmente la composicién en forma
sdlida o un mamifero, tal como un humano, la solucién de
microparticulas de dextridn cristalizadas e insulina es secada
primero, tal como secada por congelamiento, para formar un
polvo. El polvo puede ser comprendido en una tableta, junto
con exciplentes opcionales farmacéuticamente aceptables

ubicados en una capsula farmacéuticamente aceptable.

[0096] En otro aspecto preferido de la presente invencién,
la composicién que comprende microparticulas de dextrén
cristalizadas y una cantidad terapéuticamente efectiva de
insulina puede ser administrada a un mamifero, tal como un
humano por inhalacién. En este caso, la composicién estéa
ubicada en una vasija adaptada para administrar una
composicibén farmacéutica a un mamiferoc con inhalacién, tal
como un inhalador que suministra una dosis medida de una
composicién cuandc se oprime © se presiona. Preferiblemente,
la composicién se suministra a un mamifero a través de la
boca al rociar la composicién en forma de solucién o

suspensién de un inhalador. Preferiblemente, la composicién
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se suministra a los pulmones del mamifero (es decir

suministro pulmonar).
G Vehiculo de Suministro de Insulina inyectable.

[0097] El presente inventor ha descubierto que una
composicién de microparticulas de dextrdn cristalizadas en
insulina inyectada a mamiferos, tal como ratas y conejos,
inesperadamente extendida la duracién de la eficacia de la
insulina comparada con las inyecciones de la misma dosis de
la misma insulina sola. La figura 20 ilustra esquemidticamente
la formaciétn de un implante 40 en un mamifero 53 por la
inyeccién de una composicién de una fase que comprende las
microparticulas 12, 14 y la insulina 46 que utiliza una
jeringa 56. La figqura 21 ilustra esquemdticamente la
formacién de un implante estructurado 40 en un mamifero 53
mediante la invencién de una composicién de dos fases que
comprende una fase de dextridn 18 que contiene particionar
selectivamente microparticulas de dextrdn cristalizado 12, 14
y una fase de PEG 16 gque contiene un agente terapéutico
selectivamente particionado 10 que comprende insulina. La
fase de dextradn 18 forma una concha alrededor de un ncleo de
fase PEG 16. En razén a que las ratas y los conejos son un
modelo comin para humanos en ensayo de drogas, el presente

inventor en que las comprendidas microparticulas de dextrén
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cristalizadas y la insulina serian también efectivas para
extender la duracién de la eficacia de la insulina cuando se

inyectan a adultos y nifios humanos.

[0098] Los ejemplos 15-22 ilustran la ventaja de utilizar
microparticulas de dextradn cristalizadas como un vehiculo de
suministro de 1insulina inyectable comparado con la insulina
inyectada sola. El1 experimento involucré ratones .y 1la
observaciétn se hizo de su respuesta a una suspensién acuosa
inyectada subcutidneamente que consiste de microparticulas de
dextrdn cristalizadas e 1insulina recombinante humana

(NovoNordisk Actrapid HM Penfill®, 40 UI/ml).

[0099] La suspensién fue preparada como sigue. 5.0 g de
Dextran T10 (Pharmacia, Uppsala, Suecia, se disolvié en 20.0
g de agua. La solucién se filtrdé a través de un filtro de
0.22 ym (Millipore, Bedford, MA) y se secd por congelamiento.
3.0 g del polvo resultante se discolvieron en 3.0 g de agua
estéril y se ubicaron en una caja a una temperatura de 60° C.
6 horas mids tarde, las microparticulas de dextran
cristalizadas fuero lavadas mediante centrifugacién a 3000 g
con 3 x 5.0 ml de agua estéril. Finalmente, la suspensién de
microparticulas de dextran cristalizadas producidas se
mezclaron con solucién de insulina acuosa y utilizada en el

experimento con ratones. Las muestras de las suspensiones
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fueron introducidas en 1las patas de los ratones y las
muestras de la sangre del animal fueron tomadas de cada una
de las colas de los ratones y analizada su concentracién de
glucosa. La glucosa de la sangre se midié wutilizando el
método de glucosa oxidasa sobre un analizador de glucosa con
sistema de un toque (Lifescan, Johnson, Milpitas, CA, USA)

después de la calibraciétn adecuada.

[00100] En el ejemplo comparativo 15, no se inyecto
insulina al ratén En los ejemplos comparatives 16, 17 y 21,
la insulina sola (0.5 Ul) se inyectd en los tres ratones. Los
ejemplos 18-20 y 22, la insulina, 0.5 Ul) y el implante de
microparticulas de dextrdn cristalizadas se inyecté6 a 1los

cuatro ratones. Los resultados son resumidos en la Tabla VI.

Tabla IV
Ej Gluco | Gluco | Gluco | Gluco | Gluco | Gluco | Gluco | Gluco
% B8a sa sa sa sa aa sa sa
Omin 15 30 45 120 210 270 390.m
Mmol/ | min min min min min min in
1 Mmocl/ | Mmol/ | Mmol/ | rmmol/ | Mmol/ | Mmol/ | mmol/
1 1 1 1 1 1 1
15 Ratén 7.9 8.1 B.2 8.4 - - - -

Intacto

16 |Insulina 5.9 3.3 2.7 1.8 0.9 3.5 3,0 3.2
0.5 UI

17 |Insulina |8.1 3.8 2.8 1.9 0.9 3.7 3.4 3.5
0.5 U1

18 | Insulina 6.0 4.3 3.2 2.5 0.8 0.8 0.9 0.7
0.5 Ul

con
micropart

(41
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iculas de
dextran
cristaliz
adas

19 | Insulina 6.9 5.6 4.1 3.4 - 1.2 - 1.6
0.5 Ul

con
micropart
iculas de
dextran
cristaliz
adas

20 | Insulina 5.9 3.5 2.9 1.9 1.2 1.0 1.0 0.7
0.5 ul

con
micropart
iculas de
dextran
cristaliz
adas

21 |Insulina |7 3.6 2.8 1.9 0.9 3.6 3.2 3.4
0.5 Ul

{promedio

)

22 |Insulina 6.3 4.5 3.4 2.6 1.0 1.0 1.0 1.0
0.5 Ul

con
micropart
iculas de
dextran
cristaliz
adas
{promedio

)

[0101] ﬂa reduccién promedic de azGcar en la sangre (es
decir glucosa en la sangre) de animales es muy diferente
cuando fueron aplicadas 0.5 Ul i.m. con y sin microparticulas
de dextrdn cristalizadas. Como se muestra en la Tabla IV, el
nivel de glucosa de los ratones de los ejemplos comparativos
16, 17 y 21 es aproximadamente igualo menos que el nivel de
glucosa en ratones de los ejemplos 18-20 y 22 durante los

primeros 45 minutos después de inyeccién. El nivel de glucosa

Wt
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es aproximadamente el mismo en ratones de ambos ejemplos
comparativos 16, 17 y 21 y ejemplos 18-20 y 22, 120 minutos
después de inyeccién. Sin embargo, el nivel de glucosa en los
ratones de 1los ejemplos comparativos 16, 17 y 21 es
aproximadamente 3 veces mayor que el nivel de glucosa en los
ratones de los ejemplos 187?0 Yy 22 de 210 a 390 minutos
después de la inyeccién. De hecho, el nivel de glucosa de la
sangre en los ratones en los ejemplos 18-20 y 22 no se
incrementa sustancialmente (es decir no se incrementa en mds
del 10%, permaneciendo lo mismo o disminuido) de 120 minutos
a 390 minutos después de la inyeccién. Como contraste, el
nivel de glucosa en la sangre en los ratones en los ejemplos
comparativos 16,17 y 21 inyectados con la misma cantidad de
insulina no se incrementd sustancialmente desde 120 a 390
minutos después de la inyeccién. La inyeccién de
microparticulas de dextrdn cristalizado/insulina disminuyo la
glucosa de 1la sangre durante un periocdo mayor que una
inyeccién de insulina de la misma dosis scla. Asi, 1la
composicién que contiene microparticulas de dextrén
cristalizadas e insulina pueden ser dosificadas para

inyeccién.

[0102] Los siguientes experimentos sobre conejos también
demuestran como la inyeccién de microparticulas de dextrén

cristalizadas/insulina disminuye la glucosa de la sangre y

3%
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mantiene un nivel basal de insulina en la sangre durante un
periodo de tiempo mayor que una inyeccién de la misma
insulina de la misma dosis sola. Una composicién
subcutdneamente inyectada que comprende insulina de corta
accién Actrapid BM® Y microparticulas de dextréan
cristalizadas fue encontrada inesperadamente que extiende la
duracién de la eficacia de esta insulina de corta accién para
exceder aquella de la insulina de larga accién inyectada

subcutidneamente Monotard HM® sola.

[0103] El término duracién de eficacia significa
disminucién de la concentracidén de glucosa de la sangre y/o
mantener un nivel basal de concentracién de insulina en la
sangre a niveles deseados independientes de los eventos
externos que originan los picos en la glucosa de la sangre,
tal como al comer. Asi, el término duracién de la eficacia es
un término relativo gue compara la eficacia de la insulina Y
composicién de microparticulas de tal forma que la misma
dosis de la misma insulina scla. En otras palabras, la
duracidén de la eficacia es una duracidén de accié4n o una
duraciédn de efecto farmacoldgico, que puede ser medido de un
paciente en estado de ayunoc para comparar la eficacia de
insulina y la composicién de microparticula con aquella de la

misma dosis de la misma insulina sola.

N\
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[0104] Como se muestra en las figuras 22A y 22B, la
composicién gque comprende insulina de corta accién Actrapid
HM® y microparticulas de dextrén cristalizadas prolongo la
absorcién de insulina y extendidé el efecto hipoglisémico (es
decir, la duracidén de la eficacia de la insulina al menos 24
horas, tal como aproximadamente 28 a aproximadamente 31
horas, comparada con aproximadamente 2 a aproximadamente 8
horas para la insulina sola Actrapid HM® (figura 22B) vy
aproximadamente 17 a aproximadamente 24 horas para la
insulina sola “Monotard HM®” figura 22A) Ambas insulinas
Actrapid HM® y Monotard HM® son productos de Novo Nordisk y
la duracién anunciada de eficacia de estas composiciones de
insulina en humanos obtenida de informacién de la compailia

son de 8 y 24 horas respectivamente.

[0105] En las figuras 22A y 22B, la linea superior ilustra
la linea de control para conejos intactos a los cuales no se
administro insulina. El eje Y de la figqura 22A y 22B es una
escala normalizada relativa de concentracién de glucosa en la
sangre para las mismas 8 Ul de dosis de insulina. Los datos
en las figuras fueron ajustados para mostrarse en una grafica
para cada figura y mostrar los niveles de glucosa en 1la

sangre de animales que luego de inyecciones de insulina.
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[0106] Los datos mostrados en las figurqs 22A y 22B se
obtuvieron como sigue. Conejo Chinchilla (2.31+0.3 Kg) fueron
monitoreados para sSu respuesta a inyecciones de una
formulacién que consiste de microparticulas de dextran
cristalizadas e insulina de corta accién Actrapid®. Las
muestras de las formulaciones fueron subcuténeamente
inyectadas a los conejos. La insulina de larga accién
Monotard HM® (40 UI/ml) e insulina de corta accién Actrapid
HM® fueron subcutaneamente inyectadas en conejos separados
sin las microparticulas y utilizadas como controles. Las
muestras de sangres de animales fueron tomadas de la vela de
la oreja de los conejos y analizada su concentracién de
glucosa. La concentracidén de glucosa en la sangre se midiéd
con un analizador de glucosa {One Touch® Lifescan, Johnson &

Johnson, Milpitas, CA, USA) después de calibracién adecuada.

[0107] En los ejempleos comparativos 23 y 24, a dos conejos
intactos no les fue suministrada ninguna insulina. En los
ejemplos comparativos 25 y 26 una solucién acuosa de larga
accién de insulina Monotard HM@ se introdujo subcutidneamente
a dos conejos en una dosis de 8 UI. En los ejemplos 27-29,
una suspensidn de microparticulas de dextridn cristalizada con
ingsulina de corta accién Actrapid HM® se introdujo

subcutaneamente a tres conejos en una dosis de 8 UI. Los

S
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resultados de los experimentos fueron resumidos en la tabla

VII.
TABLA VII
EX§ | Dosis de | O horas 0.5 1 hora 1.5 2 horaa 2.5 16 24 31
Inaulina | glucosa horas glucosa horaa glucoaa horas horas horas horaa
mmol/L | glucosa | mmol/L | glucosa | mmol/L | glucosa | glucosa | glucosa | glucoaa
mmol /L mol /L mnol/L | smol/L | mmol/L | zmol/L
23 0.0 5.4 5.0 5.2 5.2 5.2 5.4 4.7 5.4 5.4
24 c.0 6.0 6.3 6.3 6.1 6.3 6.4 5.7 5.6 5.8
25 8 U1 5.4 5.8 3.8 3.2 3.2 2.6 3.9 5.6 M.A
26 8 UI 5.4 5.0 4.2 2.9 2.5 2.4 4.0 5.1 N.A
27 8 ux 5.8 3.7 1.9 1.9 1.9 2.8 4.1 4.3 4.1
20 8 ur 6.6 5.7 4.3 3.9 3.7 3.9 4.6 4.1 3.9
29 8 UI 6.2 5.1 3.6 3.2 3.1 2.9 4.2 4.4 4.7
[0108] Los ejemplos anteriores 27-29 ilustran que la

composicibébn de microparticulas de dextrdn cristalizadas con
insulina de corta accidén Acrapid HM® suministra un efecto
prolongado que excede el efecto de la insulina de larga
duracién Monotard HM® y se cree que es comparable con el
efecto de la insulina de larga accién (dosificada una vez
diariamente) glargine Lantus® de Aventis (ver www.aventis-
us.com/Pls/lantus_TXT.html). En adicién, la insulina Lantus

no debe ser diluida o mezclada con ninguna otra insulina o
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solucién. Si la insulina Lantus® se diluye o se mezcla, el
perfil farmacocinética/farmacodindmico (por ejemplo el efecto
de accién, tiempo para el efecto pico) del Lantus® y/o de la
insulina mezclada se puede alterar de una manera no
predecible. Como contraste, la composicibn de las
microparticulas de dextrdn cristalizadas con insulina no esta
asi limitada porque ninguna insulina adecuada, tal como la
insulina humana, se puede utilizar. En la composicién de
microparticulas de dextran cristalizadas en insulina, la
proporciétn de insulina y microparticulas puede variar segun
se desee, Adicionalmente, ninguna insulina adecuada puede ser
utilizada para ajustar una terapia de insulina a un paciente
individual. Asi, el Actrapid HM® fue utilizado en la
composiciébn como un ejemplo ilustrativo de uvna insulina

tipica y la composicién no esta limitada a esta marca de

insulina.

[0109] Como se muestra en los ejemplos 23 a 29, 1la
composicién que contiene la microparticulas de dextran
cristalizadas y la insulina es efectiva para mantener una
duracién de eficacia de la insulina durante al menos 30% més,
tal como al menos 100% mas, preferiblemente 100 a 400% mas
que la misma dosis de la misma insulina sin las
microparticulas. La microparticula que contiene la

composicién de insulina es efectiva para mantener un nivel
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bastante deseado en la sangre y una concentracién de glucosa
en la sangre durante al menos 30% mis, tal como 100% a 400%
mis, que la misma dosis de la misma insulina sin las
microparticulas. Asi, la duracién de la eficacia de 1la
composicién que contiene microparticula es al menos 24 horas,
lo cual le permite ser inyectada solamente una vez
diariamente al mamifero, tal como un humano necesitado de

esto.

[0110] La composiclién de microparticula con insulina de
larga duracién es més segura que las composiciones de
insulina de larga duracién de la técnica anterior porque
estas pueden lograr la eficacia de larga duracién sin
utilizar una dosis mayor de insulina como las composiciones
de la técnica anterior. Por ejemplo, si una dosis de 8 Ul de
insulina de corta accién se ha determinado como médicamente
sequra para un paciente s8in un riesgo significativo de
sobredosis, entonces la composicidén que comprende la misma
insulina de corta accién y las microparticula de dextran
cristalizadas puede suministrar una eficacia de duracién de
mas larga accién con las mismas 8 Ul dosis de insulina de
corta accién sin un riesgo significativo de sobredosis, aun
81 toda la insulina es liberada al paciente de una vez.
Adicionalmente, esta composicién suministra un ahorro de

costos comparado con las composiciones de la técnica anterior
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porque esta extiende la eficacia sin incrementar la cantidad
de insulina. Las terapias para diabetes de larga accién de 1la
técnica anterior son hechas con andlogos de insulina tales
como Lantus® de Aventis. Como contraste, la composicién que
contiene microparticulas de dextran cristalizadas
preferiblemente contiene insulina recombinante humana cuyo
perfil de sequridad esta establecido. Asi, esta composicién
reduce el riesgo de reaccién o reacciones adversas y niumero
de inyecciones a diabéticos, mejorando de esta manera 1la

calidad de la vida de los diabéticos.

(0111} La composicién inyectable puede comprender wun
sistema de fase simple gque comprende insuiina de
microparticulas o un sistema de dos fases que forma un PEG y
un nacleo de insulina y una concha de dextrdn o de
microparticula de dextrdn para una mayor duracién de
eficacia. Adicionalmente, la composicién comprende un sistema
coloidal de una fase o multifase (es decir, una suspensién o
una emulsidén) que es relativamente fé&cil de inyectar al

mamiferc.

[0112] El siguiente ejemplo ilustra el wuso de una
composicién inyectable de dos fases gque comprende una fase de
dextrdn, una fase PEG, insulina microparticulas de dextrén

cristalizadas. Se cree que cuando se inyecta a un mamifero,
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esta composicién forma un implante tipo reservorio
estructurado que tiene una estructura de cédpsula
tridimensional. La estructura de cépsula, las microparticulas
se particionan selectivamente en la fase de dextrdn y la
insulina se particiona selectivamente en la fase PEG. La fase
dextrdn que contiene las microparticulas forma una concha
alrededor del nicleo que comprende la fase PEG que contiene
la insulina. Este implante estructurado permite la liberacién

controlada del nGcleo a través de la concha.

[0113] En el ejemplo comparativo 30, 0.5 Ul de insulina
Actrapid HM® (100 UI/ml) es subcuti&neamente inyectada a un
ratén. En ele ejemplo 31, 0.40 g de microparticulas de
dextrédn cristalizadas son dispersadas en 0.6 ml de una
solucién acuosa 20% (P/P) de dextrdn que tiene un peso
molecular de 70 kDa (farmacia, Suecia) para formar una
suspensién. 10 mg de PEG que tienen un peso molecular de 6
kDa (Fluka) se disuelve en 0.1 ml de insulina Actrapid HM®
(100 UI/ml) para formar una solucién. 0.05 ml de PEG y de
solucién de insulina se mezclan con 0.15 ml de 1la
microparticula y la suspensién de dextrdn para formar una
composicién o una mezcla de dos fases., 0.02 ml de la mezcla
de dos fases que contiene 0.05 Ul de insulina se inyecta
subcutédneamente al ratén. Los resultados son mostrados en la

Tabla VIII.

S
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Tabla VIII

0 min|15 min|30 min|45 min|60 min|120 min
Ejemplo # |glucosa | glucosa | glucosa | glucosa | glucosa | glucosa

mmol/L |mmol/L |mmol/L |mmol/L |mmol/L |mmol/L

30 7.8 3.7 2.3 1.7 2.9 6.7

31 7.9 5.9 4.3 4.1 4.3 4.0

{0114] Como se puede ver en la Tabla VIII, la duracién de
la eficacia de la composicidén de dos fases fue mayor que
aquella de la insulina sola. Adicionalmente, la composicién
de dos fases disminuyo la concentracién de glucosa en la
sangre mas gradualmente que la insulina sola. Sin desear
estar ligado con ninguna teoria particular, estos efectos se
creen que se deben a la duracién controlada de la insulina

del nicleo de la estructura de la cépsula.

[0115] Adicionalmente, la composicién que contiene
microparticula puede ser individualmente ajustada par; cada
paciente al ajustar la cantidad de  insulina y/o
microparticulas para permitirle al paciente inyectarse la
composicién al mismo tiempo cada dia (es decir, una vez cada
24 horas, una vez cada 48 horas, etcétera). Asi, la duracién
de la eficacia de la composicién es ajustable para paciente.

Para un sistema de dos fases, el perfil de liberacién de



WO 2004/078197 66 PCT/IB2004/000961

insulina del nilicleo de 1la capsula se puede ajustar al
controlar la cantidad de microparticulas para controlar el

grosor de la concha de la cdpsula.

[0116] Aunque el inventor no desea estar ligado con
ninguna teoria particular, se cree que el efecto de larga
duracién de la misma dosis de insulina en los ratones vy
conejos con microparticulas de dextridn cristalizadas se puede
explicar por la difusién de las moléculas de insulina desde
el implante basado en microparticulas de dextran
cristalizadas (es decir wuna liberacién autocontrolada de
insulina). En razén a que los ratones y los conejos son un
modelo comin para humanos en ensayos de drogas, los datos
mostrados en las tablas anteriores VI a VIII sugieren que el
uso de los implantes basados en, microparticulas de dextran
cristalizadas hacen posible desarrollar sistemas de
suministro de liberacién controlada con caracteristicas
farmacocinéticas y dinadmicas mejoradas y que cumplen mejor
las necesidades de pacientes con insulina basal, tal como

humanos.

H. Materiales
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[0117] El termino ™“insulina” debe ser interpretado por
comprender andlogos de insulina, insulina humana extraida
natural, insulina humana producida recombinante, insulina
extraida de fuentes bovina y/o porcina, insulinas y mezclas
de cualquiera de estos productos de insulina porcina y bovina
producida recombinante. El1 término pretende comprender el
polipéptido normalmente wutilizado en el tratamiento de
aiabéticos en una forma sustancialmente purificada pero
comprende el uso del término en su forma farmacéutica
comercialmente disponible, que incluye excipientes
adicionales. La insulina es preferiblemente producida
recombinante y puede ser deshidratada {completamente secada)

o en solucidn.

[0118] los términos ™“andloge de insulina”, “insulina
monomérica” y similares son utilizados intercambiablemente
aqui y pretenden comprender cualquier forma de "“insulina”
como se definié anteriormente, en donde uno © mas de los
aminodcidos dentro de la cadena de polipéptidos han sido
reemplazado con un amincdcido alternativo y/o en donde uno o
mas de los amincAcidos a sido suprimido o en donde uno © mas
aminodcidos adicicnales ha sido agregado a la cadena de
polipéptido o la secuencias de aminodcido, que actian como
insulina en los niveles de glucosa de sangre decrecientes. En

general, el termino “andlogc de insulina” de las modalidades
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preferidas de la presente invencién incluyen “andlogos lispro
de insulina”, como se describié en la Patente U.S. numero
5,547,929 incorporada aqui como referencia en su totalidad;
los andlogos de insulina incluyen insulina LysPro y la
insulina humalog, y otros “andlogos de super insulina”, en
donde la capacidad de la insulina a la andloga para afectar
los niveles de glucosa de la sangre se mejoran
sustancialmente comparada con la insulina convencional asi
como también los andlogos de insulina de hepatoselectiva que
son mas activos en el higazo que en el tejido adiposo. Los
andlogos preferidos son los andlogos de insulina monoméricas,
que son compuestos similares a insulina utilizados para el
mismo propésito general gque la insulina, tal como insulina
lispro, es decir, compuestos que son administrados para

reducir los niveles de glucosa de la sangre.

{0119] El termino “andlogo” se refiere a una molécula, que
comparte una actividad funcional comin con la molécula que es
considerada como comparable y tipicamente comparte las

caracteristicas estructurales comunes también.

[0120] El termino “recombinante” se refiere a cualquier
tipo de terapéutica clonada expresada en células
procariéticas o una molécula genéticamente trabajada con

ingenieria, o una libreria combinatoria de moléculas que
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puede ser adicionalmente procesada en otro estado para formar
una segunda libreria combinatoria, las moléculas especiales

que contiene los grupos protectores que mejoran la seguridad

fisicoquimica, farmacolégica, Yy clinica del agente
terapéutico.
[0121] Adicionalmente, los agentes terapéuticos descritos

aqui no estédn limitados a la insulina. Ningin otro agente
terapéutico puede ser wutilizado en conjunto con las
microparticulas para suministro oral, suministro de
inhalacién, suministro de inyeccién suministro de implante

quirdrgico.

[0122] Por ejemplc, un agente terapéutico adecuado puede
comprender un péptido, polipéptido, una proteina que varia de
0.05 K Dalton a 150 K Dalton en tamado molecular. En
particular el péptido, polipéptido, o agentes terapéuticos de
proteina incluyen ayudas para diabéticos; tal como la
insulina antericrmente mencionada y los andlogos de insulina;
1a_ amilina; el glucagon; los tensoactivos; los péptidos
inmunomodulantes y las proteinas tales como citokinas, las
quimioquinas, las linfoquinas; el taxol; las interleucinas,
tales comc interleucinas-l1l, interleucina-2, e interferones;
las eritroprecetinas; los tromboliticos y las heparinas; las

anti-proteasas, la antitripsinas y el amilcride; la rhDNase;
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los antibiéticos y otros anti-infecciosos; las hormonas y los
factores de crecimiento tales como las hormonas paratiroides,
los andlogos HL-RH y GnRH; los Aacidos nucleicos, el DDAVP;
calcitoninas; la ciclosporina, la ribavirina; las enzimas;
las heparinas; los factores hematopoyéticos; las
ciclosporinas; las vacunas; las inmunoglobulinas; 1los
péptidos vasoactivos; los agentes contrasentido; los
oligonucleétidos, y los andlogos de nuclebédtido. Otros agentes
terapéuticos adecuados incluyen virus, células, genes y otros
agentes que tienen propiedades terapéuticas, tales como otras

vacunas adecuadas y agentes terapéuticas moleculares.

[0123] El termino ™“amilina” incluye amilina humana
natural, bovina, porcina, de rata, de conejo, asi como
también sintética, amilina semisintética o recombinante y
andlogos de amilina que incluyen pramlintida y otros

agonistas de amilina.

[0124] El termino “proteinas inmunomodulantes” incluyen
citocinas, quimioquinas, componentes complemento de
linfoquinas, hormonas de crecimiento, accesorics a sistema
inmune y moléculas de adhesidén y sus receptores de
especificidad humana y no humana. Ejemplos 1dtiles incluyen
GM-CSF, G-CSF, IL-2, IL-12, OX40, OX40L (gp34), limfotactina,

CD40, CD40OL. ejemplos uGtiles incluyen interleucinas, por
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ejemplo interleucinas 1 a 15; interferones alfa, beta o
gamma; factor de necrosis tumoral, factor estimulante de 1la
colonia de granulocito-macréfago (GM-CSF),factor estimulante
de la colonia macréfago (M-CSF) factor estimulante de la
colonia granulosito (G-CSF), quimioquinas, tal como proteina
activante de neutrofilo (NAP); quimioactrayentes de macréfago
y factor activantes {(MCAF), RANTES, péptidos inflamatorios de
macréfago MIP-la y MPI-1b, componentes de complemento y sus
receptores, a una molécula accesible, tal como B7.1, B7.2,
ICAM-1,2 o 3 receptores de citoguina. 0X40 y el ligando OXA40
(gp34) son ejemplos adicionales Gtiles de proteinas
inmunomodulatorias. Las proteinas inmunomodulatorias pueden
para varios propésitos ser de especificidad humana o animal
no humana y puede estar representados, para los presentes
propésitos, como puede ser el caso y puede ser conveniente,
por dominios extracelulares y otros fragmentos con la
actividad de unién de proteina de ocurrencia natural, ¥y
muteinas de esta, y sus proteinas de fusién y otras
secuencias de ©polipéptides, por ejemplo, con dominios
constantes de cadena pesada de 1nmunoglobulina. Donde 1las
secuencias de nucledtidos que codifican mas de una proteina
Inmunomodulante son insertados, ellos pueden, por ejemplo,
comprender mas de wuna citogquina o© una combinacién de

citoquinas y moléculas accesorias/de adhesién.

et
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[0125] El termino “interferén” o "“IFN” como se utiliza
aqui significa la familia de proteina especifica de especies
altamente homologa que inhibe 1la replicacién viral y 1la
proliferacién celular y modula la respuesta inmune. Los
interferones estidn agrupados en tres clases basados en el
origen celular y la antigenicidad, a saber, interferén alfa
(leucocitos), interferé4n beta (fibroblastos) y interferén
gamma (células inmunocompetentes). Las formas recombinantes y
los andlogos de cada grupo han sido desarrollados y estéan
comercialmente disponibles. Los subtipos en cada grupo estén
basados en caracteristicas antigénicas/estructurales. Al
menos 24 interfer6n alfa (agrupados en subtipos A a H) que
tienen diferentes o distintas secuencias de aminoacido han
sido identificados por aislar y secuenciar ADN que codifica
estos péptidos. Los términos “alfa-interferén”, “alfa
interferdén”, “interferén alfa”, Tinterferén de leucocito
humano” Y “IFN” son utilizados intercambiablemente aqui para
describir los miembros de este gqrupo. El interferdén de
leucocito humano preparado de esta manera contiene una mezcla
de interferones de leucocito humano que tienen diferentes

secuencias de aminoacido.

[0126] El termino “Yeritropoietina” se aplica a
polipéptidos aislados sintéticos, semisintéticos,

recombinantes, naturales, humanos, de mono, u otro animal o
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producto de polipéptido aislado microbiolégico que tienen
parte de toda la informaciédn estructural primaria (es decir,
la secuencia continua de residuos de aminoacido) y una o mas
de las propiedades biloldgicas (por ejemplo propiedades
inmunolégicas y actividad biolégica in vivo e in Vitro) de
eritropoyetina de ocurrencia natural, que incluye variantes
alélicas de esta. Estos polipéptidos son también dnicamente
caracterizados por ser el producto de expresién de huésped
procaridtico o eucariético (por ejemplo por células
bacteriales, de levadura de mamifero en cultivo) de
secuencias de ADN exégenos obtenidas mediante clonacién
genomita o de cADN o por sintesis de gen. Los productos de
expresién microbiana en células de vertebrados (por ejemplo
mamiferos y aves) se puede caracterizar a&icionalmente por la
libertad de asociacién con proteinas humanas y otros
contaminantes gque se pueden asociar con eritropoyetina en su
ambiente celular de mamifero natural o en sus fluidos
extracelulares tal como plasma u orina. Los productos de
levadura tipicos (por ejemple Saccaromyces cerevisiae) o
células huésped de procariote (por ejemplo E. coli) estén
libres de asocio con cualquiera proteinas de mamifero.
Dependiendo del huésped empleado, los polipéptidos de la
invencién pueden ser glicosilados con carbohidratos de
mamifero u otros eucariotes o pueden ser no glicosilados. Los

polipéptidos también pueden incluir un residuo de aminoacido
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metionina inicial (la posicién -1). Los productos de
glicoproteina novedosa de la invencién incluyen aquellos que
tienen unas conformaciones estructural primaria
suficientemente duplicadora de aquella de la eritropoietina
de ocurrencia natural para permitir la posesiédn de unc o mas
de las propiedades biolégicas de esta y que tiene una
composicién de carbohidratos promedioc que difiere de aquella
de la eritropoietina de ocurrencia natural (por ejemplo de

humano) .

[0127] Los términos “heparina” y “tromboliticos” incluyen
factores antitaponamiento tales como heparina, heparina de
bajo peso molecular, activador de plasminégeno de tejido
(TPA), urokinasa (Abokinasa)y otros factores utilizados para

controlar tapones.

[0128] Los términos “anti-proteasas” y “inhibidores de
proteasa” son utilizados intercambiablemente y aplican a
agentes sintéticos, semisintéticos, recombinantes de
ocurrencia natural o de ocurrencia no natural, solubles o
inmovilizados reactivos con receptores, o actdan como
anticuerpos, de enzimas o© 4&cidos nucleicos. Estos incluyen
receptores que modulan wuna respuesta inmune humoral
receptores que modulan la respuesta inmune celular (por

ejemplo receptores de cedula T) y receptores que modulan una
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respuesta neurolégica (por ejemplo, el receptor glutamato, el
receptor glicina, el receptor gamma-amino butirico (GABA)).
Estos incluyen los receptores de citosina (implicados en
artritis, choque séptico, rechazo de transplante, enfermedad
autoinmune y enfermedad inflamatorias), y mayor
histocompatibilidad (MHC) receptores clase I y clase II
asociados con presentar antigeno a receptores de célula T
citotédxica y/o receptores de célula T ayudante (implicados en
enfermedades autoinmunes) y el receptor de trombina
{implicado en coagulacién, enfermedad cardiovascular).
También estAdn incluidos los anticuerpos cuyos autcantigenos
que reconocen autoantigenos, tales como aquellos anticuerpos
implicados en desordenes autoinmunes y anticuerpos que
reconocen antigenos virales (por ejemplo HIV, virus de herpes

simple) y/o microbiales.

[0129] Los términos “hormonas” y “factores del
crecimiento” incluyen hormonas de liberacién de hormona tal
como hormona de crecimiente, hormona tircides, hormona de
liberacién de tiroides ({(TRH), hormona de liberacién de
gonadotropina (GnRH), hormona leuteininzante, hormona de
liberacién de liberacién leuteininzante (LHRH, que incluye
los super agonistas y 1los antagonistas, tales como
leuprolide, deltirelix, gosorelina, nafarelina, danazol,

etcétera) provenientes de fuentes naturales, humanas, de
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porcino, bovino, ovino, sintéticos, gsemisintéticas o
recombinantes. Estas también incluyen anilogos de
somatostatina tales como octreotide (sandostatina). Otros
agentes en esta categoria de Dbioterapeuticos incluyen
medicamentos para contraccidn uterina (por ejemplo
oxitocina), diuresis (por ejemplo vasopresina), neutropenia
{por ejemplo GCSF), medicamentos para desordenes
respiratorios (por ejemplo dismutasa superdéxidc), RDS (por
ejemplo tensoactivos, que incluyen opcionalmente

apoproteinas), y similares.

[0130] El termino “enzimas” incluye deoxiribonucleasa
recombinante tal como ADNsa (Genentech) proteasas (por
ejemplo proteasa serina tal como tripsina y trombina),
polimerasas (por ejemplo; ARN polimerasas, ADN polimerasas),
transcriptasas y kinasas inversa, enzimas implicadas en 1la
artritis, osteoporosis, enfermedades inflamatorias, diabetes,
alergias, rechazote transplante de érganc, activacién de
oncogen (por ejemplo dihidrofolato reductasa), transduccién
de seflal, regulacién de autociclo, trascripcién, replicacién

de ADN y reparacidn.

[0131] El terminc “acidos nucleicos” incluyen cualquier
segmento de ADN o ARN que contiene nucleésidos de ocurrencia

natural o no natural, otros agentes proteinoides capaces de
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unirse especificamente a otros acidos nucleicos u
oligonucleétidos por via complementaria de unién de hidrogeno
y también son capaces de unirse a ligandos de acido no

nucleico.

[0132] El termino “vacunas” se refiere a composiciones
terapéuticas para respuestas humoral estimulante e inmune
celular, bien sea aisladas o a través de una célula que
presenta antigeno, tal como una célula dendritica activada
que es capaz de activar células T para producir una respuesta
inmune celular multivalente contra un antigeno seleccionado.
La célula que presenta antigeno potente es estimulada al
exponer la célula in vitro a un complejo de polipéptido. E1
complejo de polipéptido puede comprender una proteina de
unién celular dendritica y un antigeno polipéptido, pero
preferiblemente, el antigeno polipéptido es un antigeno de
tumor especifico de tejidoc o un producte de gen o oncogen.
Sin embargo, se aprecia que otros antigenes, tales como los
antigenes virales se pueden utilizar enr tal combinacién para
producir respuestas inmunoestimulatorias. En otra modalidad
preferida, la proteina de unién celular dendritica que forma
parte del complejo de polipéptido inmuncestimulatorio es GM-
CSF. En una modalidad preferida adicional, el antigeno de
polipéptido que forma parte del complejo es la fosfatasa de

acido prostatico de antigeno de tumor especifica. En las
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otras modalidades preferidas, el antigeno de polipéptido
puede ser cualquiera de los antigenos de péptido de producto
de oncogen. El1 complejo de polipéptido también puede
contener, entre la proteina de unién celular dendritica y el
antigeno de polipéptido, un péptido ligador. El complejo de
polipéptido puede comprender una proteina de unién celular
dendritica covalentemente ligada a un antigeno de
polipéptido, tal como el complejo polipéptido que es
preferiblemente formado de una proteina de unién celular
dendritica, preferiblemente GM-CSF, y un antigeno
polipéptido. El1l antigeno polipéptido es preferiblemente un
antigeno tumoral especifico de tejido tal como fosfatasa de
acido prostatico (PAP), o un producto de oncogen, tal como
her2, p2l1RAS, y p53; sin embargo, otras modalidades, tal como
agentes antivirales, también estidn dentro del alcance de la

invencién.

[0133] El termino “inmunoglobulina” comprende
oligonucleétidos de polipéptido involucrados en mecanismos de
defensa de huésped, tal como codificar y decodificar por uno
0 mas vectores de gen, conjugar varias porciones de unién de
aclido nucleicos en células de defensa de huésped, o acoplar
vectores expresados para ayudar en el tratamiento de sujetos

humanos o animales. Los medicamentos incluidos en esta clase
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de polipéptidos incluyen IgG, IgE, IgM, IgD, bien sea

individualmente o en combinacién con otro.

[0134] Otros agentes terapéuticos adecuados incluyen
hormona adrenocorticotropica, factor de crecimiento
epidérmico, factor de crecimiento derivado de plaqueta
(PDGF), prolactina, luliberina, agonistas de hormona de
liberacién de hormona luteinizante (LHRH), antagonistas LHRH,
gastrina, tetragastrina, pentagastrina, urogastrina,
secretina, encefalinas, endorfinas, angiotensinas, factor de
necrosis tumoral (TNF), factor de crecimiento de nervio
(NGF), heparinasa, proteina morfogénica de hueso (BMP), hANP,
péptido similar al glucagon (GLP-1), interleucina-11 (IL-11),
VEG-F, antigeno de superficie de hepatitis B recombinante
(rHBsAg), renina, bradikinina, bacitracinas, polimixinas,
colistinas, tirocidina, gramicidinas, y andlogos sintéticos,
modificaciones y fragmentos farmacolégicamente acgtivos de

estos, enzimas, citokinas, anticuerpos y vacunas.

[0135] El terminc microparticulas de dextran incluye
microparticulas de dextran no sustituidas y microparticulas
de dextrdn sustituidas. Por ejemplo, las microparticulas de
dextrdn sustituidas incluyen dextran sustituido con un grupo
adecuado, tal como el grupe metilo, hasta un grado que no

enrede la cristalizacién de las microparticulas de dextrén,
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tal como hasta 3.5 o menos por ciento de ramificacién. E1
didmetro de microparticula promedio es preferiblemente
aproximadamente 0.50 a aproximadamente 5 micrémetros, mas
preferiblemente aproximadamente 1 a aproximadamente 2

micrémetros.

[0136] Ademids, mientras microparticulas de dextrdn poroso
no reticuladas, tal como las microparticulas cristalizadas,
son preferiblemente utilizadas con el agente terapéutico,
otras microparticulas orgdnicas e inorgdnicas adecuadas
pueden ser utilizadas en su lugar, tal como otras
microparticulas de polimero que incluyen polisacaridos, PLA,
PLGA, PMMA, poliimidas, poliésteres, acrilatos, archilamidas,
vinil acetato y otros materiales poliméricos, particulas de
biomaterial tal como alginato y células, o partuelas
inorgdnicas tales como silica, lirio o fosfato de calcio.
Preferiblemente las microparticulas son bicdegradables.
Preferiblemente, son utilizadas microparticulas porosas. Mas
preferiblemente, las .microparticulas tienen suficiente
porosidad para contener el agente terapéuticc dentro de los
poros y suministrar una liberacién temporizada del agente
terapéutico proveniente de los pores. En otras palabras, el
agente terapéutico es liberado durante el tiempo desde los
poros tal como en mas de 5 minutos, preferiblemente en mas de

30 minutos, mAs preferiblemente en mas de una hora, tal como
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en varias horas a varios dias, en lugar de todo en uno. Asi,
el material de particula, el tamafic de poro y el volumen de
poro se pueden seleccionar con base en el tipo de agente
terapéutico usado, el volumen de agente terapéutico
necesitado para suministro, la duracién del suministro del
agente terapéutico, el ambiente donde la gente terapéutico

serd suministrado y otros factores.

[0137] Asi, en un aspecto preferido de 1la presente
invencidén, el agente terapéutico esta localizado al menos
parcialmente en los poros de las microparticulas porosas.
Preferiblemente, el agente terapéutico no esta encapsulado en
las microparticula (es decir, la microparticula no actia como
una concha con un niiclec de agente terapéutico dentro de la
concha) y no esta unido a la superficie de la microparticula.
Sin embargo, s8i se desea, una porcién del agente terapéutico
también se puede encapsular en una concha de microparticula
y/o esta unido a la superficie de la microparticula ademis de
estar localizadeo en 1los poros de la microparticula. La
localizacién del agente terapéutico en los poros suministra
una liberacién temporizada ©6ptima del agente terapéutico.
Como contraste, el agente terapéutico unide a la superficie
de la microparticula es a menudo liberado demasiada
rdpidamente, aunque el agente terapéutico encapsulado de la

microparticula es a menudo no liberado suficientemente pronto
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y es entonces liberado todo de una en la medida en que la
concha de microparticulas se desintegra. En un sistema de dos
fases, al menos el B80% del agente terapéutico esta
preferiblemente localizado en un nicleo circundado por una

pared o concha que comprende las microparticulas.

I. Métodos de elaboracién

[0138] Las microparticulas pueden ser formadas por
cualquier método adecuado. Prefe;iblemente, las
microparticulas- son combinadas con el agente terapéutico
después de que son formadas las microparticulas. Asi, las
microparticulas, tal como las microparticulas de dextréin
cristalizadas son formadas por cualquier método adecuado y
luego el agente terapéutico las microparticulas son
combinadas por cualquier método adecuado. Como contraste, en
algunos métodos de la técnica anterior, el agente terapéutico
es encapsulado en una concha de microparticula al suministrar
el material ©precursor de microparticula y el agente
terapéutico en una solucidén y lueqgo cristalizar o reticular
el material precursor, tal como un monémero o material
oligbmero para encapsular un nlcleo de agente terapéutico en

una concha de microparticula.

|#s
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[0139] Preferiblemente, el agente terapéutico es
suministrado en los poros de las microparticulas porosas
después de que se forman 1las microparticulas. Asi, las
microparticulas porosas son primero formadas y luego se
suministra el agente terapéutico en una solucibén que contiene
las microparticulas para permitir el agente terapéutico
pernear hacia los poros de las microparticulas. Por supuesto,
algunos de los agente terapéuticos también se pueden unir a

la superficie de la microparticula en este proceso.

[0140] Asi, un método para elaborar microparticulas de
dextrdn cristalizado poroso no reticulado incluye 1la
preparacidén de una solucién de dextran, tal como una solucién
de dextrdn acuoso, que conduce un proceso de cristalizacién
para formar microparticulas de dextran poroso cristalizado, y
si se desea, aislar microparticulas de dextrdn poroso
cristalizado de la solucién. Un agente terapéutico es
entonces permeadoc hacia los poros de las microparticuias al
suministrar el agente terapéutico en la solucién de
cristalizacién gque contiene las microparticulas o al
suministrar las microparticulas aisladas y el agente
terapéutico en una segunda solucién, tal como una segunda
solucién acuosa. Por ejemplo, las microparticulas de dextran
cristalizadas se pueden formar en una primera solucién acuosa

de dextran de bajo peso molecular, tal como una solucién de

[#¢
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dextrdn de 2 a 20 kDa. Las microparticulas son entonces
removidas de la primera solucién y luego ubicadas en una
segunda solucién acuosa de dextrdn que tiene un dextrdn de
peso molecular mayor, tal como una socluciédn de 40 a 500 kDa,
por ejemplo una solucién de 40 a 75 kDa. La segunda solucién
puede comprender un sistema de primera fase o de segqunda
fase, que es luego combinada con una segunda fase, tal como
una fase PEG que contiene un agente terapéutico. Un método
similar puede ser wutilizado con otras microparticulas
porosas, donde un agente terapéutico es entonces perneado en
los poros de las microparticulas después de que las
microparticulas porosas son formadas por cualquier método de
formacién de microparticula adecuado, incluyendo, pero no
limitado la cristalizacién. Los componentes de la composicién
tal como insulina, microparticulas y uno o mas fases acuosas
se pueden combinar en cualquier orden adecuado

secuencialmente o simultaneamente.

[0141] Preferiblemente, las microparticulas son formadas
mediante autcensamble de una solucién gque no contiene
solventes organicos y promotores de reaccidn organicos que
dejan un residuo orgédnico de las microparticulas. Asi, por
ejemplo, las microparticulas de dextran son preferiblemente
formadas mediante autoensamble de una solucién de dextran

acuoso. Sin embargo, si se desea, los solventes organicos y/o
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los promotores de reacciébn orgdnica también se pueden
utilizar. En este caso, 1las microparticulas se pueden
purificar antes del uso subsecuente para remover el residuo

orgénico dailino.

[0142] Como se describidé anteriormente, la estructura de
cidpsula que tiene el primer nicleo de fase en la segunda
pared o concha de fase se pueden formar in vivo o in vitro de
una composicién de dos fases. La composicién puede ser un
polvo seco, tal como secado por congelamiento y almacenado
como un polvo o una torta porosa. Cuando la composicibébn esta
lista para ser administrada al mamifero, se hidrata y se

administra la mamifero oralmente o mediante inyeccién.

[0143)] Preferiblemente, la composicién que incluye las
microparticulas vy el agente terapéutico es un sistema
coloidal fluible cuando la composicién es dosificada para
inyeccién. Ejemplos de un sistema coloidal fluible incluye
emulsiones y suspensicnes gque pueden ser inyectadas a un
mamifero que utiliza una jeringa o aguja de calibre comin sin
dificultad indebida. Como contraste, algunas composiciones de
la técnica anterior incluyen un agente terapéutico en un
hidrogel de dextrian o en una matriz de dextrdn reticulada. Un

hidrogel de dextrén y una matriz de dextrédn reticulada no son
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composiciones fluibles si no estan especificamente

preparadas.

[0144] En otro aspecto preferido de la invenciédn, las
microparticulas comprenden un microparticulas que son
adhesivas a la mucosa de los mamiferos. Preferiblemente, las
microparticulas adhesivas son mias microparticulas porosas
descritas anteriormente. Esto mejora adicionalmente el

suministro efectivo del agente terapéutico.

[0145] En otro aspecto preferido de la presente invencién,
las microparticulas comprenden microparticulas cuya
superficie ha sido especialmente modificada para mejorar la
adhesién del agente terapéutico a la superficie de 1la
microparticula para optimizar el suministro del agente
terapéutico. la superficie de microparticula puede contener
cualquier modificacién adecuada que incrementaria la adhesién

del agente terapéutico.

[0146] La descripcidén anterior de la invencién ha sido
presentada para propdsitos de ilustraciédn y descripciédn. No
se pretende ser exhaustivo o limitar la invencién a la forma
precisa descrita, y las modificaciones y variaciones son
posibles a la luz de las enseflanzas anteriores o se pueden

adquirir de la practica de la invencién. Los dibujos y la
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descripcién fueron escogidas con el fin de explicar los
principios de 1la invencién y su aplicacién practica. Se
pretende que el alcance de la invencién sea definido por las

reivindicaciones anexas a este, y sus equivalentes.

[0147] Todas las publicaciones y solicitudes de patente y
patentes citadas en esta especificacién se incorporan aqui en

su totalidad como referencia.
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REIVINDICACIONES
1. Una composicién fluible farmacéutica que comprende

componentes biodegradables y biocompatibles para ser
suministrados dentro © a un cuerpo de mamifero y
adaptado para formar un objeto estructurado
biodegradable, biocompatible, tridimensional, la
composicién comprende un sistema coloidal multifase,
fluible y agente o agentes terapéuticos para
suministrar efecto o efectos terapéuticos locales o

sistémicos en o al dicho cuerpo.

Una composicién farmacéutica para ser suministrada

dentro o al cuerpo del animal, que comprende:

una primer fase;

una segunda fase;

primeras moléculas o agregados moleculares que son

adaptados para particién preferencialmente de 1la

primer fase; y

3L+
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segundas moléculas o agregados de moléculas que son
adaptados para particién preferencialmente de 1la

segunda fase;

en donde las segundas moléculas o los agregados
moleculares autoensamblan una pared adyacente a las
primeras moléculas o a los agregados moleculares
cuando la composicién se suministra a dicho cuerpo de

manifero.

La composicién de la reivindicacién 1, en donde el
sistema coloidal es un liquido de suspensién o

microparticulas que ‘contienen emulsién.

4, La composicidén de la reivindicacién 2, en donde:

las primeras moléculas o los agregadocs moleculares

comprenden un agente terapéutico:

las segundas moléculas o los agregades moleculares

comprenden microparticulas;

la pared comprende una concha de microparticula
alrededor de un nGcleo que contiene agente

terapéutico.

Loe
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5. La composicién de las reivindicaciones 3 o 4, en donde
las microparticulas son microparticulas porosas y en
donde la composicién suministra mediante inyeccién

hacia el cuerpo del mamifero.

6. La composicién de la reivindicacién 5, en donde las

microparticulas porosas son microparticulas de

polimero.

7. La composicién de la reivindicacién 6, en donde las
microparticulas porosas son microparticulas de
dextrén cristalizadas que tienen un didmetro promedio

que varia de 0.50 a 5.0 micrémetros.

B. La composicién de cualquiera de las reivindicaciones 1
a 7, en donde la composicién es un sistema de dos
fases liguido gue contiene una mezcla de

microparticulas.

9. La composicién de la reivindicacién 8, en donde el
sistema de dos fases forma una estructura de cépsula
cuando se suministra in vivo, 1la estructura de
cépsula comprende un nacleo de primera fase y una

concha de segunda fase que circunda el nicleo.
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10.

11.

12.

13.

La composicidén de la reivindicacién 9, en donde el
agente terapéutico se particiona selectivamente en la
fase 1liquida de nidcleo y 1las microparticulas se
particionan selectivamente en la fase 1liquida de

concha.

La composicién de cualquiera de las reivindicaciones
8 a 10, en donde el agente terapéutico se selecciona
de un grupo que consiste de u péptido, una proteina,
un acido nucleico, un virus, una célula o© una

combinacidén de estos.

La composicién de cualquiera de las reivindicaciones
9 a 11, en donde el nidcleo comprende una fase acuosa
PEG y insulina selectivamente particionada y 1la
concha comprende wuna fase acuosa de dextran vy
selectivamente microparticulas de dextrén

particionadas cristalizadas.

La composicién de la reivindicacién 2, en donde:

la composicién comprende una composicién fluible a
una composicién seca que se puede hacer fluible

mediante hidratacidn,

)
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14.

las primeras moléculas o agregados moleculares son
seleccionados del grupo que consiste de
microparticulas, macromoléculas, células, liposomas,

ADN, plasmados y proteinas; y

las segundas moléculas o agregados moleculares son
seleccionados de un grupo que consiste en
microparticulas, macromoléculas, células, liposomas,

ADN, plasmido y proteinas.

Un método de formacién in vivo de un implante

biocompatible que comprende:

formar wuna composicidén fluible farmacéutica que
comprende un sistema colcoidal multifase y un agente

terapéutico;

inyectar la composicién fluible farmacéutica en un

cuerpo de mamifero; y

formar un implante biodegradable vy biocompatible
estructurado mediante autoensamblaje en el cuerpo del

mamifero.

LB
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15.

Un método para suministrar una composicién
farmacéutica dentro o hacia un cuerpo de mamifero,

que comprende:

una primera fase;

una segunda fase;

primeras moléculas o agregados moleculares que se han
adaptado para particionarse preferencialmente de la

primer fase; y

segundas moléculas o agregados moleculares que estan
adaptados para particionarse preferencialmente en la

segunda fase; y

suministrar la composicién farmacéutica en o hacia el
cuerpo del mamiferoc en donde la segundas moléculas o
los agregados moleculares se autoensamblan a una
pared adyacente de las primeras moléculas o agregados
moleculares cuando la composicién se suministra en o

hacia dicho cuerpo de mamifero.
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l6.

17.

18.

19.

El método de 1la reivindicacién 14, en donde el
gsistema coloidal es una suspensién liquida o wuna

emulsién que contiene microparticulas.

El método de la reivindicacién 15, en donde:

las primeras mecléculas © los agregados moleculares

comprenden una agente terapéutico;

las segundas moléculas o los agregados moleculares

comprenden microparticulas;

la pared comprende una concha de microparticulas
alrededor de un nicleo que contiene agente

terapéutico.

El método de las reivindicacicnes 16 o 17, en donde
las microparticulas son microparticulas de polimero y
el cuerpo del mamifero comprende un cuerpo de humano

© un animal.

El método de la reivindicacidén 18, en donde las
microparticulas de polimeros son microparticulas

porosas.

[ 37
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20.

21.

22.

23.

24.

El método de la reivindicacién 19, en donde las
microparticulas porosa son microparticulas de dextran
cristalizadas que tienen un didmetro promedio que

varian desde 0.50 a 5.0 micrémetros.

El método de cualquiera de las reivindicaciones 14 a
20, en donde la composicién es un sistema de dos

fases que contiene microparticulas.

El método de la reivindicacién 21, en donde el
sistema de dos fases forma una estructura de céapsula
cuando se suministra in wvivo, 1la estructura de
cdpsula comprende un nicleo de primer fase y una

concha de segunda fase que circunda el nicleo.

El método de la reivindicacién 22, en donde el agente
terapéutico es particionado selectivamente en el
nicleo vy las microparticulas son ©particionadas

selectivamente en la concha.

El método de cualquiera de las reivindicaciones 21 a
23, en donde el agente terapéuticc es seleccionado de
un grupo que consiste de un péptido, una proteina, un

acido nucleico, un virus, y una célula.

(%
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25.

26.

El método de cualquiera de las reivindicaciones 22 a
24, en donde el nicleo comprende una fase acuosa PEG
Y insulina selectivamente particionada y la concha
comprende una fase acuosa de dextran Yy
microparticulas de dextrén selectivamente

particionadas cristalizadas.

El método de la reivindicacién 15, en donde:

la composicién comprende una composicién fluible a
una composicién seca que se hace fluible mediante
hidratacién antes de ser suministrada al cuerpo del

mami fero;

la primeras moléculas o agregados moleculares son
seleccionados de un agrupo que consigte en
microparticulas, macromoléculas, células, liposomas,

ADN, plasmados y proteinas; y

la segundas moléculas o agregados moleculares son
seleccionados del grupo que consiste de
microparticulas, macromoléculas, células, liposomas,

ADN, plasmados y proteinas.

(87



WO 2004/078197 97 PCT/1IB2004/000961

27.

28.

29.

30.

Una composicién fluible, que comprende una suspensién
coloidal a una emulsién de microparticulas
biocompatibles y biodegradables y una etiqueta en un

fluido.

La composicién de la reivindicacién 27, en donde:

las microparticulas comprenden microparticulas de

dextran cristalizadas:;

el marcador comprende una macromolécula fluorescente
gque se libera controlablemente de la composicién

cuando esta se localiza en un cuerpo de mamifero.

La composicién de la reivindicacién 27, en donde la
suspensién coloidal comprende una capsula que tiene
una concha de primer fase gque comprende un marcador
selectivamente particionade y un niucleo de segunda
fase que comprende microparticulas selectivamente

particionadas.

Un método para formacién in vivo de un implante

biocompatible, que comprende:
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31.

32.

suministrar una composicién que comprende una
suspensién coloidal o una emulsién de microparticulas

biocompatible y biodegradables en un fluido; y

introducir una composicién farmacéutica en un cuerpo

de mamifero.

El método de la reivindicacién 30, en donde:

las microparticulas comprenden microparticulas de

dextrdn cristalizadas;

las microparticulas de dextrdn cristalizadas son
biocompatibles con el cuerpo del mamifero son

biodegradables dentro del cuerpo del mamifero; y

el marcador comprende una macromolécula fluorescente.

El método de 1la reivindicacién 30, en donde 1la
suspensién coloidal se autcensambla en una capsula
que tiene un nicleo de primera fase que comprende un
marcador selectivamente particionado y una concha de
sequnda fase que comprende microparticulas
selectivamente particionadas cuando la suspensién se

introduce en el cuerpo del mamifero.
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33.

34.

35.

Un método de terapia celular que comprende
suministrar células incluidas o puestas en contacto
con una superficlie exterior de una capsula de
microparticulas de dextridn cristalizadas en un

mamifero necesitado de esto.

El método de la reivindicacién 33, en donde:

la células estén incluidas en la cépsula de tal forma
gque las células comprenden un nicleo de la capsula y
las microparticulas comprenden una concha que incluye

el nacleo; y

la concha es porosa al oxigeno y a los nutrientes

pero impermeable a las células del sistema inmune.

El método de la reivindicacién 34, en donde la
células comprenden células gque producen insulina que
generan y liberan insulina a través de la cépsula
hacia la sangre de un mamifero para disminuir 1la
glucosa de la sangre en respuesta a la permeacién de

la glucosa de la sangre dentro de la cépsula.

\e=
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36. el métode de 1la reivindicacién 34, en donde 1las
células comprenden células que no son del mamifero al

cual la composicién esta siendo administrada.
37. El método de la reivindicacién 33, en donde:

las células ponen en contacto la superficie exterior

de la céapsula; y

las células comprenden las células provenientes del
mamifero al cual 1la composicidén esta siendo

administrada.

38. Un sustituto de injerto de hueso gque comprende

microparticulas de dextrén cristalizadas.

39. Un sustituto de injerto de hueso de la reivindicacién
38, aque comprende ademas un agente terapéutico
localizadc en poros de las microparticulas que
suministran formacién de huesoc en sitios especiales

de un cuerpo.

40. Un método para formar un sustituto de injerto de
hueso, que comprende suministrar microparticulas de

dextrdn cristalizadas porosas un sitio de injerto de
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41.

42.

hueso en un cuerpo de mamifero y formar un sustituto
de injerto de huesoc que comprende las microparticulas

de dextran cristalizadas porosas.

El método de la reivindicacién 40, gue comprende

ademéas:

preparar una suspensién den las microparticulas de
dextran cristalizadas porosas en una primer fase

liquida;

preparar una suspensidén de segqundas microparticulas
en una segunda fase liquida inmiscible con la primer
fase liquida;

preparar una emulsidén donde la segunda fase 1liquida
es una fase continua y la primer fase ligquida es una
fase dispersa; vy

inyectar la emulsidén al cuerpo del mamifero.

El método de la reivindicacién 41, en donde:

las segundas microparticulas comprenden

microparticulas cerdmicas; y
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43.

44,

45.

3=
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un agente terapéutica que suministra formacién de
hueso en sitios especiales del cuerpo es localizado
en poros de las microparticulas de dextran

cristalizadas porosas.
El método, gque comprende:

suministrar microparticulas de dextr&n cristalizadas;

Y

combinar una cantidad terapéuticamente efectiva de
insulina y las microparticulas de dextran
cristalizadas en una solucién después de que las
microparticulas han sido cristalizadas para formar un
suspensién de insulina y microparticulas de dextran

cristalizadas.

El métcdo de la reivindicacién 43, que comprende

ademds administrar la suspensidén a un animal.

El método de la reivindicacién 44, en donde:
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46'

47.

(a)

(b)

la microparticulas de dextran cristalizadas
comprenden microparticulas que tienen un didmetro

promedio de 0.5 a 5 micrémetros;

la etapa de suministrar las microparticulas comprende
formar las microparticulas en un solvente no

organico;

la soluciédn comprende una solucién acuosa; y

el mamifero comprende un humano.

El método de 1la reivindicacién 44, que comprende
ademds secar la suspensién para suministrar la

composicién que comprende las microparticulas de

dextrédn cristalizadas y la insulina.

el método para elaborar microparticulas de dextran

poroso cristalizado no reticulado, gque comprende:

preparar una solucién de dextrdn acucsc a la que le
falta un solvente orgénico;

conducir un proceso de cristalizacién para formar las
microparticulas de dextrdn a wuna temperatura por

encima de la temperatura ambiente de cuarto; y

[t
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(c)

48.

49.

50.

aislar las microparticulas de dextradn cristalizado no

reticulado de la solucidn.
El método de la reivindicacidén 47, en donde:

la soluciébn de dextran comprende dextran que tiene un

peso molecular de 2 a 200 kDa; y

el proceso de cristalizacién es conducido a una

temperatura de 40 a 99°C.
El método de la reivindicacién 48, en donde:

las microparticulas son espontaneamente formadas de

la solucidn;

la solucién de dextrdn comprende dextrdn que tiene un

peso molecular de 20 a 75 kDa; y

el proceso de «cristalizaclidn es conducido a la

temperatura de 40 a 70°C

El método de la reivindicacién 47, que comprende

ademids combinar las microparticulas con insulina.

¢
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51.

52.

(73

un método para elaborar microparticulas de dextran
cristalizado poroso que contienen un agente
terapéutico en poros de microparticula, que

comprende:

suministrar una suspensién que comprende
microparticulas de dextran cristalizadas porosas
formadas; y

suministrar el agente terapéutico a la suspensidédn de
tal forma que el agente terapéutico se permea hacia

los poros de las microparticulas porosas.

El método de la reivindicacién 51, en donde la etapa

de suministrar una suspensidén comprende:
preparar una solucién de dextrdn acuoso;

conducir un procesc de cristalizaciédn para formar

microparticulas de dextrdn cristalizado poroso;
aislar las microparticulas de la solucidén; y

suministrar las microparticulas en un sistema

coloidal que comprende el agente terapéutico.
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53. El método de la reivindicacidn 52, en donde:

o4.

55.

el agente terapéutico comprende insulina; y

el sistema coloidal comprende una suspensién que

comprende insulina y las microparticulas.

Una composicién, que comprende:

insulina; vy

microparticulas de dextran cristalizada poroso:

en donde las microparticulas estdn formadas antes de
la combinacién de la insulina y las microparticulas

en la composicién.

la cémposicién de la reivindicacién 54, en donde la
composicién comprende una compeosicién coloidal
fluible y las microparticulas comprenden
microparticulas que tienen un di&metro promedio de

0.5 a 5 micrémetros.

L4t
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56.

57.

58.

La composicidén de la reivindicacién 54, en donde 1la
insulina esta localizada en poros de las
microparticulas de dextrdan cristalizado pero no estéan

encapsuladas dentro de cada microparticula.

La composicién de la reivindicacién 54, en donde la
insulina selectivamente particionada en una primer
fase de polimero y las microparticulas son
selectivamente particionadas en una segunda fase de
polimero, de tal forma que la composicién forma un
implante estructurado luego de la introduccién en el

cuerpo del mamifero.

Una composicién, que comprende:

insulina;

un primer polimero;

un segundo poliedro que es compatible con el primer

polimero; vy

microparticulas.
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59.

60.

61.

62.

La composiciédn de la reivindicacién 58, en donde la
composicién comprende una composicién coloidal
fluible y las microparticulas comprenden
microparticulas de dextrdn cristalizado que tienen un

diametro promedio de 0.5 a 5 micrémetros.

La composicién de la reivindicacién 59, en donde el
primer polimerc comprende un dextrdn y el segqundo

polimero comprende’PEG. _

La composicién de la reivindicacién 60, en donde la
insulina selectivamente particionada en una fase PEG
de microparticulas son selectivamente particionadas
en un fase de dextran, de tal forma que la
composicién forma un implante estructurado que
comprende un nicleo de fase PEG y una concha de fase
de dextran luego de la introduccién en un cuerpo de

mamifero.

Un método para disminuir la glucosa de la sangre en
un mamifero, que comprende suministrar una cantidad
terapéuticamente efectiva de una composicién que
comprende microparticulas de dextrdn cristalizado e
insulina para disminuir la glucosa de la sangre del

mamifero, en donde las microp&rticulas son formadas

22/
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63.

antes de la combinacién de 1la i1nsulina y las

microparticulas en la composicién.

El método de 1la reivindicacién 62, en donde 1la
composicién comprende una composicién coloidal
fluible de las microparticulas comprenden
microparticulas de dextradn cristalizadas que tienen

un didmetro promedio de 0.5 a 5 nicrémetros.

64. Fl método de la reivindicacién 63 en donde:

65.

la composicién comprende una composicidén de dos fases

que comprende una fase de dextridn y una fase PEG;

la insulina selectivamente particionada en la fase
PEG Y las microparticulas scn selectivamente

partcionadas en la fase de dextrdn; y

la composicién forma un implante estructurado que
comprende un nucleoc de fase PEG y una concha de fase
de dextri&n después de la introduccidédn en un cuerpo de

mamifero.

El método de la reivindicacién 64, comprende ademas

controlar un grosor de la concha con base en el cuerpo

202
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66.

67.

68.

del mamifero que recibe la composicién para controlar

la liberacién de insulina desde el implante.

El método de la reivindicacién 62, en donde 1la
composicién se suministra a un humano que sufre de
diabetes para disminuir la concentraciédn de glucosa de

la sangre en el humano.
Un inhalador, que comprende:

una vasija adaptada para administrar una dosis de
composicién farmacéutica a un mamifero mediante

inhalacién; y

una composicién farmacéutica que comprende
microparticulas de dextrén cristalizadas y una cantidad
terapéuticamente efectiva de insulina localizada en la

vasija.

Un método para disminuir la glucosa de la sangre en un
mamifero, que comprende administrar mediante inhalacién
una cantidad terapéuticamente efectiva de una
composicién que comprende microparticulas- de dextran
cristalizadas e insulina al mamifero para disminuir la

glucosa de la sangre del mamifero.
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g applicant and inventor
SABETSKY, Viadimir
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Russia Applicant's registration No. with the Office
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name af country )
KAMINSKI, Michael D, —
FOLEY & LARDNER LLP Facsimile No.
Washington Harbour (202) 672-5399
3000 “K" Street, N.W., Suite500 Teleprinter No.
Washington, D.C. 20007-5101
UNITED STATES OF AMERICA Ageat’s regisiration No. with the Office
32,904
D Address for correspondence: Mark thia check-box where no agent or common representative is/has been appointed and the space
above is used instead to indicate a special address to which correspondence should be sent.

-
[]
]

002.1181120.1




t.a

Sheet No. 2

ZZ3 a3

Supplementn] Box

If the Supplemental Box s not used, this sheet should not be included in the request.

1. i in any of the Boxss, except Baxes Noa, VIR to (V) for which &

special contimuation bax is providad, the spece Is insyffictent to furnish all

the information: in such case, wrile “Continuction of Bax Ne. ... " findicaw
the rumber of the Box) and furnisk the information in the same merner ax
required according to the captions of the Bax in which the space war
inpfficient, in parvicular:

(0 ' more than twe perseny are invelved s spplicunty and/er invawiors
and no "contimuation sheet® is gvailable: in nch cars, write
"Contimuation of Box No. [II* end indicate for sach additional persan
the sams lypw of information az repdred in Box No. IIl. The country
of the axidresy indicaied in this Baz i She applicant's Ssase (thag is,
country} of residence {f 80 Sices of rexidence &y indicated bulow;

() i in Bax No. T or in sny of the ndy-boxey of Box No. II7, the indication
"tha Stxtes indicaied in the Supplemestal Bex” [s chacked: in suck
care, writs “Contixuation of Box Ne. iT* or "Continuation of Bax No.
II” ar “Continuation of Boxex No. I and No. ITI™ {ax the case may be),
indiicate the name of the applicarufs) bevolved end, xax: to {eack) such
rams, the Staze(s) (and/for, where opplicobls, ARIPO, Burazian,
Europaar or GAPI paieni) for the purpares of which the namad person
ir applicant;

@) ¥ in Bax No. U or i any of the mib-bazes of Bax No. ITI, the invanter
or the Invexter/applcant is net invemter for the purpesss of sl
dexignaind Sistes or for the purpesss of the Unitad Stutes of
Amarics: in such cars, write "Continustion of Box No. II” or
“Continuation of Box No. [T or "Condmuation of Baxes No. II and
No. III” (ax the case may be), indicass the naowe of ths inventor(s) and,
next (o (sock) such nome, the Skatafs) (and/or, whare applicable,
ARIPO, BEurasian, Eurvpean or OAP! paseny) for the purposes of
which the named parson ig invenior:

(v If, in addition 1o the apent(s) indicated in Bax No. IV, thars are further
agunts: in such care, write "Contimuniion of Bax No. IV™ and indicats
ﬁ#ﬂkwhmwd’uﬁrmamﬂhh

) I in Bax No. VI, thare are mevy than thres saviler spplicetions whess
priariiy is claimadt In such covs, write "Continugtion of Box No. VI*
ond indicate for eoch additional earlier applicasion the same Dpe of
Information as required in Baz No. VI:

2 [ftha applicant intends to maks an indieation of the wish that the
international applicetion be treated, in cerialn designated Staies, os an
application for a pamnt of addirion, cartificas of addition, irventor s
certificate of adidition or utilily certificats of addition: in such & care,
writa the nams or iwo-lstter cods of each devignated State cancerned
and the indication “patent of addition, "certificate of addifion,
“Inverdor's certificety of adilition " or "wtillly cartlficeds of
addition, ” the samber of the parent application or parent patent or
other patant grant and the dats of growt of the parent patent or other
pasn grant or che das of filing of tke paren: applicetion (Ruley
4.1 (a)(ii]) ond 498&s. I (o) or (B).

3. [ gpplicos inendy io maks sx indicorion of the with that tha
international application be trectel, in tha Unioed Sisten of America,
& @ contimuation or contlmstion-in-part of cn egriler spplicadon: in
such ogse, wrile "contiznstion” or "contisuation-in-purt” and the
mumber and the filing date of the paren opplication (Rades 4.1 1 (aj{tv)
and 49bix. 1{d)).
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Bex No. ¥V DESIGNATIONS

The filing of this request constitutes under Rule 4.9(2), the designation of all Contracting States bound by the PCT on the international
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional-and national patents.

However,
I:I DE Germany Iy not designated for any kind of national protection
[} KR Republic of Kores s not desiguated for any kind of national protection

[[] RU Russian Federation Ia not designated for any kind of national protection

(Tha check-bores above may be wped to axchule firrmvocably) the desigxstions concerned in order to avoid the cearing of the affect, under the national
law, qf ex earlier aational application from which priority is claimed. Ses the Noias 0 Bax No. V ax to the conraquences of nick netianal law
provisiors in ihese and certain other States )

Box Ne. VI PRIORITY CLAIM
“The priority of the following earlier epplication(s) is hereby claimed:

Filing date Number Where earlier application is:
of earlier application of earlier application national application: regional spplication=® | iniemational applicstion:
(day/month/year} country or Member of WTO regiona] Office receiving Office
itern (1) 04 March 2003 60/451,245 Us
(04/03/2003)
item (2) 05 May 2003 60/467,601 Us
(05/05/2003)
item (3) 09 May 2003 60/469,017 us
(09/05/2003)

<] |. Further priority claims are indicated in the Supplemental Box.

The receiving Office is requested to prepare and transmit to the International Burean a cettified copy of the earlier application{s) (oaly if
tha earliar application mﬂHMﬁt%Mﬁrﬁtmaf&hMdeﬂmﬂm ir the recelving Office)

identified above ax:
P allitems [Jite(ny [Jiem@) [Jiem® [ tem®) [ item(s) ;:’;i:ﬂm Box
mmmmnuaummuuuauummmuhmmpmmqm

MWdehMMWﬁMMWMHﬁHM(JW e et e s et e e

Box No. VIl INTERNATIONAL SEARCHING AUTHORITY

Cholece of International Searching Authority (ISA) (if iwo or more International Searching Authorities are compatent 1o carry out the
internavional search, indicale the Authorily chasen; the two-letter cods may be ured):

ISA/EP
Request to use resulty of earller search; reference to that search ({f ax swiisr senrch Aar been carvied out by or rupasted from the
International Searching Authority):
Date (day/month/year) Number Country (or regional Office)
Box No. VIII DECLARATIONS
The following declarations are coatnined in Boxes Noa, VIII (i) to (v) (mark the applicabie Number of
check-bozes below and indicats in tAe right cotumn the number of sach type of declaration): declarationa
D Box No. VI Dexlizration as to the identity of the imventor :
D Bax No. VII(i) Decluranion s to the applicant's eatitiemnant, as i the mernazionnl filing duie, to 3
xpply for and be granted a patent '
D Box No. VIU(ii) Declarstion =i t the applicait's atitlerncrt, & at the interaational fillng date, to 3
claim the priarity of the earller rppication
D Bax No. VII(iv) Decharation of avemarahip (only far the purpases of the dasignation of the
. United States of America)
D Bax Na. VIIKY) Declaration as to non-prejudicial disclosurcs or exceptions to lack of novelty :
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SUPPLEMENTAL BOX

Continuation of Box No. VI _PRIORITY CLAIM
‘The priority of the following earlier application(s) is hereby claimed:

Filing date Number Where earlier application i
of eartier application of earlier application natioml spplhication regional application:* | intomational application:
(day/month/yuar) .| contry or Member of WTO regional Office receiving Office
itern (4) 15 August 2003 60/493,097 Us
(15/0872003)

itern (5)
item (6)
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Box No. IX CHECK LIST; LANGUAGE OF FILING

. . . . Mnmunmllpplmummdbyhﬂlom Numtber
This internatioal appiicion contalas: ) (mar the pplicale chck e blow i i of itern
In paper form, the following number of sheets: | right column the number of each ltew):
tl) . foemy 1. |8 fee calculation sheet 3|
rqlr.l;(hzludinldnhllim : 8 2.1 original scparate power of atomey .
L . 3.0 original general power of atterney
description (exchading : 5
qmlu(tm’lﬂcllbh 4.0 copy of general powsr of atiarney; reference munber,
related theretn) ifany
clxime: : 13 7.[J statesment explaining lack of signature
o —— : 1 6. [ priority document(s) identified in Bax No. V1 as
trawi . 18 L () O
Sub-tetal number of shests - 7.00 mhﬂm):ufmmnlllpliﬂﬂnm
Sequence Hstings : 3. indications ing devosited mi .
tables refated theretn : 5 or other biological material
(ar doth, actual xumber of 9. [J] soquence listings in computer reasdable fwrm
aheets if filad in papar form, (indicate type and mumber of carrisrs)
whether or not also flied in @ [ copy submitted for the purposes of int=mational search under
compuler reodable form; see Rule 13ser only (and not as part of the internationa! spplication) :
(c) below) . (@) O fonly whers check-bax (B)(D or (¢)(l) it marked in it column)
Total nuutber of sheets 9l additional copies including, where applicable, the copy far the
m] mlyhm:udlbhhm . purposes of intemational sesrch under Rule 13ter :
[b) (Scction 801 (a)(D) . (@ O my_ﬂuw_wlﬂuel:nntll@l_mtnml.hidu.lﬁwﬁumpyw
o O - ) mmﬁhmhﬂnpmnudm_ld_tnlm :
sequence listings 10. [J ables in computer readable form related to sequence listing
(i) [ obies relsed thevw Mgumwmqm
. @ copy submitted for the purposes of international sssrch under
[ aim in compuar rendubia fovm Scction 802(b-quarter) only (snd not us part of the imteruational
(Section 801(a))) Application) :
® [ sequence fistings . (i) [ (only whers check-bax (D)(il} or (G)(3) is marked tn it column)
@) [0 wmbles reisted theretn additionsl copics including, where applicable, the copy fir the
Typs and sumber of earviers (diskete, CD- . purposes of intemational search under Section 802(b-quarter)
ROM, CD-R or other) on which are contained (iii) [ together with relovant sttement as 1o the idemtity of the copy or
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O T 11. [ other (specify): Transminsl Letter, Postcard & Check 3
[0 bl related theretn
(additional copica to be indicated vader {eers
(i) and/or 10(ii), in right colunn):
Figare of the drawings which Langunge of filing of the
should accompany the shstract: 1 international spplication: English
Box No.IX SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Naxt to ench indicate she nome of the il the i wiich the mach i mot oinioy [ ]

MLKL—A'

Micharl D. Kamimki, Agent for Applicants

For International Buresu use only

1. Date of actual receipt of the purported
ntermtional sowlicati

3. Corected date of actual receipt duc to later but
mﬂymevdmwhmmm
the purported internaticnal spplication:

4. Date of timely receipt of the requirad
corrections under PCT Article 11(Z)

5. International Sesrching Authority .
trwoa e monpamsy’  [SA/ | & L o of st copy actoyed
For International Buresat use only
Date of reczipt of the record copy
by the Intemationa) Buresu:
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International search to be cxrried out by EP |
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of the Authority which is chosen to carry ouf the inisrnational
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The international application conmins 91 sheets.
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Feever sheet
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DELIVERY SYSTEM FOR DRUG AND CELL THERAPY
v

FIELD OF THE INVENTION

{0001] This application claims benefit of the following U.S.
Provisional Applications Serial Nos. 60/451,245, filed March 4, 2003;
60/467,601 filed May 5, 2003; 60/469,017 filed May 9, 2003; and
60/495,097 filed August 15, 2003, the disclosures of which are

incorporated by reference herein in their entirety.

[0002] The present invention relates generally to biomaterials
development for systemic and local delivery of therapeutic agents directly
within or upon body tissues and for tissue engineering. In particular, the
present invention is directed to the fabrication of biocompatible implants
which contain cellg, biologically active substances or combinations
thereof and to microparticle matrix materials for delivery of proteins,

peptides and nucleic acids.

BACKGROUND OF THE INVENTION

-
[0003] The term “biomaterial” has alternately been used to describe

material derived from biological sources or to describe materiel used for
therapies in the human body. The present invention is related to the latter
one. The term “biocompatible” is used herain to mean that the material
by itself or in combination with therapeutic agents, including living cells,

does not produce foreign body reaction or fibrosis.

[0004] Dextrans are high molecular weight polysaccharides synthesized
" by some micro organisms or by biochemical methods. Dextran with
average molecular weight of about 75 kDa has a colloid osmotic pressure
similar to blood plasma, so its agqueous solutions are used clinically as

plasma expanders. Cross-inked dextrans in the form of beads are the-
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basis for “Sephadex™ that is used in the GPC of proteins and for
“Cytodex™ developed by Pharmacia to fulfill the special requirements of a
micro-carrier cell culture. For example, U.S. Patent Nos. 6,395,302 and
68,303,148 (Hennink et al.} disclose attaching various biomaterials to
cross-linked dextran particles. However, beads based on cross-linked
dextran generally cannot be used for implant manufacturing owing to their
potential toxicity due to the application of cross-linking agenu'(Blain J.F.,
Maghni K., Pelletier S. and Sirois P. inflamm. Res. 48 (1889): 386-392).

[0005]  U.S. Patent No. 4,713,249 (Schroder) describes a method of
producing a depot matrix for biologically active substances. According to
this patent, the depot matrix allegedly consists of carbohydrate
microparticles, stabilized by crystallization, which implies using non-
covalent bonds. The following process for producing the alleged
crystallized carbohydrate microparticles is described by Schroder. A
solution of a polymeric carbohydrate and a biclogically-active substance is
formed in one or more hydrophilic solvents. Then the mixture of the
carbohydrate and the biologically active substance is emulsified in a liquid
hydrophobic medium to form spherical droplets. The emuision is then
introduced into a crystallizing medium comprising acetona, ethanol or
methanol to form spheres having a non-covalently cross-linked crystalline
polymeric carbohydrate matrix, said matrix incorporating 0.001-60% by
weight of the biologically-active substance. Thus, the biologically active
substance is provided into the solution prior to crystallizing the spheres.
Schroder does not describe the microstructure of the microparticles made
by the multi-step method. Schroder’s muiti-step method is complex and
uses organic solvents that are potentially toxic to celis and need to be

removed.

BRIEF SUMMARY OF THE INVENTION
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[0008) A method of lowering blood glucose in a mammal includes
administering orally or by injection or inhalation a therapeutically effective
amount of crystallized dextran microparticles and insulin to the mammai
to lower blood glucose of the mammal. The composition may be a one
phase or a structured multi-phase composition for controlied release of

insulin or other therapeutic agents
BRIEF DESCRIPTION OF'THE DRAWINGS

{0007] Figure 1 is a photodraph of crystallized dextran
microparticies spontaneously formed in 55.0% (W/W) aquecus solution of
dextran with MW 70.0 kDa.

{0008] Figure 2A is a photograph of & cross-section of crystallized
dextran microparticles shown in Figure 1.

[0009] Figure 2B is a photograph of a cross-section of a
microparticla shown in Figure 2A, WMicroporous structure of the

microparticle can be seen,

[0010] Figure 3 is a photograph of aggregates of crystallized dextran
microparticles.
10011] Figure 4 is a photograph of & subcutaneously injected

implant consisting of crystallized dextran microparticles shown by Figure
3-

[0012] Figure & is a photograph of an intramuscular injected implant

consisting of crystallized dextran microparticles shown by Figure 3.

[0013] Figures 6A, BB and 8C are photographs of a cross-section of
mouse muscle with injected implant consisting of crystallized dextran

microparticles (1%, 4™, and 28™ day after injection, respectively).

-3-
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[0014] Figures 7A and 7B are photographs of a cross-section of
mouse muscle with injected implant consisting of crystallized dextran
microparticles (180 days after injection).

[0015] Figures 8A, 8B, 8C, 8D, 8E, 8F and 8G are photographs of a
cross-section of mouse skin with injected implant consisting of
crystallized dextran microparticles (1™ day, 4™ day, 28" day, 180 days,
180 days, 1 year and 1 year after injection, respectively).

{oo18] Figure 9 is & photograph of a slow release of the
fluorescently labeled macromolecules from the implant which includes
crystallized dextran microparticles into mouse muscle tissue on the 14™

dey after intermuscular injection.

[0017] Figure 10 is a photograph of an expression of the reporter
gene in a mouse’s muscle tissue following the plasmid DNA release from

the implant.

[0018] Figure 11 is a photograph of an emulsion of aqueous solution
of PEG in aqueous solution of dextran (MW 500 kDa) containing
crystallized dextran microparticles shown in Figure 1.

[0019] Figure 12 is @ photograph of an emulsion of aqueous solution
of dextran (MW BEQOC kDa) containing crystallized dextran microparticles

shown in Figure 1 in aqueous solution of PEG.

[0020] Figure 13 is a photograph of an intramuscular injection of
emulsion of aqueous solution of PEG in aqueous solution of dextran (MW

500 kDa) containing crystallized dextran microparticles shown in Figure 1.

[0021] Figure 14 is a photograph of a subcutaneous injection of
emulsion of aqueous solution of PEG in agueous solution of dextran (MW

b00 kDa) containing crystallized dextran microparticles shown in Figure 1.

4-
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[0022] Figures 15A and 15C schematically illustrate partition
behavior of different types of particles and phases in an aqueous two

phase system.

[0023] Figure 15B is a photograph of a cross section of an implant

structure based on the two phase system.

[0024] Figures 16A, 16B, 16C and 16D are photographs of partition
of Hela cells and crystallized dextran microparticles in a two phase

system.

[0025] Figures 17 and 18 schematically illustrate cell therapy

methods according to embodimente of the present invention.

[0026] Figures 19, 20 and 21 schematically illustrate therapeutic
agent delivary methods eccording to embodiments of the present

invention.

[0027] Figures 22A and 22B are graphs of relative normalized of
biood glucose concentrations for various insulin containing composition

versus time.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A. Microparticle Formatlon

[0028] The present inventor has experimentally found that
crystallized dextran microparticles with an average diameter ranging from
0.5 to 3.5 microns were spontansaously formed in concentrated agueous
solutions of dextrans {40 - 65 % W/W) with molecular weights ranging
from 1.0 to 200.0 kDa, at temperature ranging from 20 - 90 °C. if it is
desired to form the microparticles at room temperature, then 2 to 18 kDa

dextran solutions may be used. Of course, the microparticles may also be



formed from 2 to 18 kDe solutions at temperatures above room
temperature, if desired. The microparticles may be spontaneously formed
from higher molecular weight dextran solutions, such as 20 to 75 kDa
solutions, at higher temperatures above room temperature, such as about
40 to about 70 °C. The microparticles may have any suitable shape such
as a regular or an irregular shape, but are preferably spherical in shape,
and are preferably 10 microns in diameter or less, such as 0.5 to 5

microns.

[0028] Transmission Electron Microscopy revealed the microporous
structure of the crystailized dextran micropsarticles (see Figures 2A, 2B}.
Preferably, the microparticle porosity ia at least 10 percent by volume,
such as about 10 to about 50 percent, more preferably about 20 to about
40 percent. Thus, the structure comprises microporous microparticles

with areas of macroporosity located between the particles.

[0030] Spray drying of aqueous suspensions of the crystallized
dextran microparticles has shown the possibility to produce substantially
spherical aggregates of crystallized dextran microparticles with a diameter

ranging from 10.0 to 150.0 microns (see Figure 3).

[0031] A non limiting example of a method of forming the dextran
microparticles is as follows. 50.0 g of dextran T40 (40 kDa molecular
weight) from Amersham Biosciences is added to 50.0 g of sterile distilled
water in a 500 mi [ab beaker to obtain 50% w/w solution under iaminar
flow. The mixturs is stirred at 80°C (water bath) on a magnstic stirrer at
50 rpm until the dextran is complately dissolved and a clear solution is
obtained. The solution can be vacuumed to remove all air inclusions. The
clear solution is placed in lab oven at 60°C under a Tyvek® lid. 3.5 hours
later, a turbid viscous suspension is developed as a result of formation of

crystallized dextran microparticles.
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[0032] To eliminate non-crystallized dextran, tha microparticles are
washed by centrifugation, for example 3,000 g, 30 min, with 3 x 250 ml
of distilled sterile water, or by filtration of diluted suspension of
microparticles, for example one part microparticles and 10 parts water
{3x250 ml of distilled sterile water through sterilization filter). The
centrifugation/washing is done under laminar flow. The microparticles are
placed in 500 ml lab beaker under a Tyvek® lid and dried at 60°C in lab
oven for 8 hours to reach a moisture ievel of about 5%. The resulting dry

powder consists of particles with a mean diameter of about 2 microns.
B. implants based on crystallized dextran microparticies.

[0033] Concentrated suspensions of the crystallized dextran
microparticles and aggregates thereof were tried as implants in
expeariments with mice to test their biocompatibility following injection
into the animal’s body.

[0034] Figures 4 and 5 show the implant in tissue following
subcutaneous (Figure 4) and intra-muscular (Figure 5) injections in
experimenta! animals (mice). No inflammation reactions were detected in

the animal’s tissue during 180 days.

[0035) Figures 6A, 6B and 6C show the implant in muscle tissue of a
mouse 1, 4 and 28 days, respactively, after the injection. Figures 7A and
7B both show the implant in muscle tissue of a mouse 180 days after the

injection.

[0036] Figures BA, 8B and 8C show the implant on the 4th, 11th and
28th day, respectively, after the subcutansous injection. Figures BD and
8E both show the implant 180 days after the subcutaneous injection.

Figures 8F and 8G both show the implant one year after the



subcutaneous injection. As shown in Figure 8G, normal tissue rather than

scar tissue forms at the implant site.

[0037]) The slow release of macromolecules from implants has been
demonstrated in experiments where macromolecules were dissolved in
aqueous suspensions of crystallized dextran microparticles or their

aggregates before injections.

[0038] Figures 9 and 10 show the implant containing fluorescently
labeled macromoiecules (FITC-dextran, MW 5600 kDa) and siow release of
the macromoliecules from the implant into a mouse muscle tissue on the
14" day after the intermuscular injection (Figure 9) and expression of the
reporter gene in a mouse’s muscle tissue following the plasmid DNA
release from the implant (Figure 10). Thus, the crystallized dextran
microparticles mey be used for timed release of s label, such as a

fluorescent label alone or in combination with a therapeutic agent.
C. Implants based on two-phase systems

[0039] Self assembled structures of implants based on crystallized
dextran microparticles and their aggregates may be formed based on two

phase systems.

[0040] Colloidal systems such as droplets of oil, liposomes, micro-and
nano-particies can be dispersed in & suspension of crystallized dextran
microparticles and injected to form an implant releasing therapeutic

agent(s) following administration into the mammal body.

[0041] For example, in the case of oil, a special kind of implant
structure can be formed where the oil core is surrounded with a shell
composed of crystallized dextran microparticles or aggregates thereof

dispersed in water or aqueous solutions of organic polymers such as



polysaccharides (e.g. dextrans). The structure described can be
designated as a capsule. It should be noted that the shell may comprise a
roughly spherical shaped shell which resuits when the capsule is
surrounded by tissue. However, when the capsule is located near a
barrier, such as a substrate, bone or intestine wall, the capsule may
comprise a cors located between one or more walls of microparticles on
one side and the barrier on_the other side. Furthermore, while oil is used
as an illustrative example, the core may comprise other materials, such as

other polymers, calls, etc.

[0042] To form the capsule structure, two-phase aqueous systems are
applied. When squeous solutions of different polymers are mixed above
certain concentrations they frequently form immiscible-liquid two-phase
solutions. Each of the phases usually consists of more than 90% water
and can be buffered and made isotonic. If a cell or particle suspension is
added to such a system, the cells or particles are frequently found to have
partitioned unequally between phases. This preferential partition bshavior
can be used as a basis for separation procedures for differing cell
populations or particles since partition in these systems is determined
directly by cell or particle surface properties. Cells or particles which do
not have identical surface properties exhibit sufficiently different partition

behavior.

[0043] The competitive adsorption of the two pclymer phase depends
on the chemical nature of the polymers. A two-phase polymer method
has been applied to separate or partition cells, proteins, nucieic acids and
minerals {“Partitioning in Aqueous Two-Phase Systems”, 1985, eds., H.
Walter, D. Brooks, and D. Fisher, pubis. Academic Press).

{0044] The experiments with the distribution of crystallized dextran

microparticles in phase systems derived from, for instance,
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dextran/polysthylene glycol (PEG) mixtures, revealed that the dextran
microparticles prefer to be in the dextran phase, while another PEG phase
can be dispersed in this dextran phase to form a W/W emulsion and vice
versa in the case when the volume of the PEG phase is bigger than the

volume of the dextran phase, as shown in Figures 11 and 12.

[0045] Figure 11 is a photograph of an emulsion of aqueous solution
of PEG in aqueous solution of dextran containing crystallized dextran
microparticles. In the structure of Figure 11, the volume of the PEG
phase is iess than the volume of the dextran phase. The dextran phase
contains the dextran and the crystallized dextran microparticlas. Thus,
the PEG phase forms into one or more sphere shaped cores surrounded by

dextran / dextran microparticle shells (i.e., a closed pore structure).

[0048] Figure 12 is a photograph of an emulsion of aqueous solution
of dextran containing crystallized dextran microparticles in aqueous
solution of PEG, where the volume of the PEG phase is greater than the
volume of the dextran phase. In this case, the dextran phase forms into
one or more sphere shaped cores containing the dextran microparticles
surrounded by a PEG phase (i.e., an open pore structure that is forming in
vivo while PEG dissipates in tissue liquid). As can be seen in Figure 12,
the smaller volume {droplet} dextran phase forms into a large spherical
dextran / dextran microparticle cors {bottom right of Figure 12} to which
smaller spheres comprising dextran / dextran microparticles are joining

and fuse with,

[0047] Thus, when the ratio of the volume of the first phase {such
as the PEG phase and its inclusions, such as a therapeutic agent) to the
volume of the second phase (such as the dextran phase and its inclusions,
such as the dextran microparticles) is less than cone, then the capsule

forms by self assembly with a first phase core surrounded by a second

-10-
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phase shell. If the composition containe a therapeutic agent, such as
insulin, which prefers to partition into the PEG phase, and the dextran
microparticles which prefer to partition into the dextran phase, then the
therapeutic agent selectively partitions into the PEG core while the
microparticies salectively partition into and form the shell around the PEG
core by self assembly.

[0048] The emulsion can be prepared by the mixing of separately
prepared dextran and PEG phases and both can be suspensions of
different types of particles that prefer to be in the PEG phase or in the
dextran phase respectively. The principle is that the partition of
molecules (such as macromolecules, DNA, plasmida, etc.) or molecular
aggregates (such as microparticles, cells, liposomes, proteins, etc.} into
different polymer phases depends on their surface structure and interfacial

energy of the particles in the polymer solutions.

[0049] Injection of aqueous two phase :iystams " containing
crystallized dextran microparticles into tissues of experimental animals
revealed the formation of implants with the capsule structure as shown in
Figures 13 and 14. The volume of the dextran phase is greater than the
volume of the PEG phase in the two-phase system. Both Figures 13 and
14 show that a capsule with a PEG core and a dextran/dextran
microparticle shell forms by self assembly in vivo {(i.e., after injection into
mammal tissue). The shell comprises macroporous regions between
adjacent microparticles as well &8s microporous regions in the

microparticles themselves.

[0050] A non limiting example of a method of forming a capsule
structure from a two phase system is as follows. 10 g of dextran T40
(40 kDa molecular weight) and 2 g of PEG are dissolved in 88 mi of
(Actrapid®) insulin solution containing 1,000 Ul to which 25 g of

-1%-



crystallized dextran microparticles are added. These steps are performed
under laminar flow conditions. The mixture is stirred on a magnetic stirrer
at 100 rpm at room temperature for 30 minutes to form a homogeneous
mixture (i.e., & suspension). 1.0 g of the suspension contains 8 Ul of
insulin.

[00B61] It should be noted that the dextran microparticles may be
prepared from a different molecular weight dextran solution than the
dextran solution which is provided in the two phase system. Thus, the
crystallizod' dextran microparticles may be formed in a lower molecular
weight dextran solution, such as a 2 to 20 kDa solution, than the dextran
solution which is provided into the two phase system, which may be a 40
to 500 kDa dextran solution, such as a 40 to 75 kDa solution. This is
advantageous because the higher molecular weight dextran solutions,
such as 40 and 70 kDa solutions, have raeceived wider regulatory approval
and can be used to form a shell of a capsule at lower concentrations. The
lower molecular weight solutions may be used to decrease the
crystallization time without the lower molecular weight dextran solution
actually being provided in vive. Furthermore, lower molecular weight

microparticles may dissolve easier in vivo.

[0052] The capsule structure formed from & two phase system is
advantageous becauss it allows for a more aven and prolonged release of
the therapeutic agent from the core than from a composition comprising a
single phase contaeining the microparticles. Furthermore, it is believed
that by using the capsuie structure, a lower amount of microparticles may
be needed to achieve the same or better timed release of a therapeutic
agent than if a single phase system is used. Furthermore, by controliing
the amount of microparticles in the two phase system, it is believed that
the thickness of the microparticle shell may be controlled. A thicker shell

results from a larger amount of microparticles in the two phase system,

-12-
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Thus, the amount, duration and/or timing of the release of the therapeutic
agent from the capsule core may be controlled by controlling the
thickness of the shell. Therefore, the release profile of the therapeutic

agent may be customized for each patient or groups of patients.

[0053) It should be noted that while PEG and dextran are used as
examples of the materials of the two phases, any other suitable materials
which show the following partition behavior may be used instead. Figure
15A schematically illustrates partition behavior of different types of
perticles in an aqueous two phase system. For example, three types of
molecules or molecular aggregates, which are preferably particles 10, 12
and 14, and two phases 16 and 18 are shown in Figure 15A. However,
there may be two, or more than three types of particies. The particies
may be microparticles such as microspheres or nanospheres prepared
from organic and/or inorganic materials, liposomes, living cells, viruses
and macromolecules. The first type particles 10 preferentially segregate
into the first phase 18. The second type particles 12 preferentially
segregate to the boundary of the first 168 and second 18 phases. The
third type perticles 14 preferantially segregate into the second phase 18.
Thus, by analogy to the previous non-limiting example, the first particles
10 may comprise e therapeutic agent, the second 12 and/or the third 14
particles may comprise crystallized dextran microparticles, the first phase
16 may comprise a PEG phase and the second phase 18 may comprise a
dextran phase. -

[0054]) If @ smaller amount of the first phase 18 is provided into a
largar amount of the second phase 18, as shown in area 20 of Figure
15A, then a capsule type structure forms compriging discreet spheres of
the first phase 16 containing a concentration of the first type particles 10,
located in a second phase 18. Tha second type particles 12 may be
located at the interface of the phases 16, 18 and act as a shell of the

-13-

24



capsule. Particles 14 are dispersed in the second phase 18 and/or form a

shell of the capsule.

[0056] In contrast, if a smaller amount of the second phase 18 is
provided into a larger amount of the first phase 168, as shown in area 22
of Figure 15A, then a capsule type structure forms comprising discreet
spheres of the second phase 18 containing a concentration of the third
type particles 14, located in a firet phase 16. The second type particles
12 may be located at the interface of the phases 16, 18 and act as a
shell of the capsule. Particles 10 are dispersed in the first phase 16
and/or form a shell of the capsule. The two phase systems 20 and 22
may be used as an implant, such as by being injected, surgicaily
implanted or orally delivered into 8 mammal, such as an animal or human.
Thus, the capsule forms a structured, three dimensional implant, with the
core acting as a reservoir or depot for controlled release of the therapeutic
agent through the shell. in contrast, an implant with an even distribution
of microparticles is an unstructured implant. It should be noted that the
structure formed for orally delivered two phase systems may be generally
described as a structured suspension comprising a dispersed PEG phase

and a continuous dextran phase.

[0058] Furthermore, particles (i.e., molecular aggregates) 10, 12
and 14 may be substituted by & liquid material {e.g. oils) or
macromolecules which selectively partition into one of the phases. For
example, a therapeutic agent, such as insulin, may be partitioned in PEG
phase of the PEG/dextran two phase system. Since insulin selectively
partitions into the PEG phase, the PEG phase forms an insulin containing
core of a capsule structure. It should be noted that while certain particles
and therapeutic sagents salectively partition, the term “selaectively
partitioned” does not nacessarily mean that 100 percent of the particles

or therapeutic agent partition into one of the phases. However, a majority

-14-



e

of the selectively partitioned specie, prefersbly 80% of the partitioned
specie, partitions into one of the phases. For example, while a majority of
insulin partitions into the PEG phase, a portion of insulin may remain in

the dextran phase.

[00567] Figure 15B illustrates a scanning electron microscope image
_of a cross section of an implant structure based on the two phase system
schematically illustrated in Figure 15A. A two phase aqueous
composition comprising a first dextran phase, a second PEG phase and
crystallized dextran micropartic_les was injected into sepharose gel. This
gel’s composition mimics mammeal tissue by stopping crystallized dextran
microparticles diffusion from the injection side. The image in Figure 16B
illustrates the formation of a core-shell implant structure. The core
comprises regions 30 and 32 surrounded by a shell 34. Region 30 is a
void that is filled with a PEG phase region prior to cutting ﬂﬁ gel for cross
sectional SEM imaging. The PEG phase region drips out of the gel when
the gel is cut during cross sactioning. Region 32 is an outer portion of
the core comprising PEG droplets located in the crystallized .dextran
microparticles. Region 34 is the shell comprising the crystallized dextran
microparticles which surrounds and holds in place the PEG containing

core.

[0058] Without wishing to be bound by a particular theory, the
present inventor believes that the core-shell structure shown in Figure
15B forms by self assembly as shown schematically in Figure 15C. While
the first 18 and second 18 phases, such as aqueous solutions of
different, incompsatible polymers, are in a suitable storage container 19,
such as in a glass beaker or vial, one phase 16 risas above the other
phase 18. When the two phase composition is injected into a material
which restricts free flow of the phases 16 and 18, such as mammal

tissue or a substrate material, such as a gel which mimics the tissue, the

-15-
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composition self assembles into the core-shell structure. First, the phase
that is present in the smaller volume forms into approximate spherical
shapes, as shown in the middle portion of Figure 15C. Then the spherical
shapes join to form approximately spherical cores of one phase
surrounded by shells of the other phase, as shown in the bottom of Figure
16C. While a two phase system example of a multiphase system has
been illustrated, the muitiphase system may have more than fwo phases
if desired.

D. Cell Therapy

[0059] Experiments conducted with mammalian cells have shown
possibilities to use the technique just described to deliver into a body the
cells adsorbed by the surface of crystallized dextran microparticles
aggregates (see Figures 3 and 12) or absorbed by the same surface being
inside of macro-porous structures (see Figure 11) or capsules (see Figures
13 and 14).

[0060] In general, a self organizing material for therapies based on
spontaneous organization in colloidal systems may contain crystallized
dextran microparticles or other particles, such as PLA, PLGA, PMMA,
alginate, cells, etc, for implants. For example, Figures 18A-16D illustrate
a partition of Hels cells and crystallized dextran microparticles in a
dextran-PEG two phase system. In Figure 16A, a two phase system is
ilustrated. The core comprising the PEG phase containing the cells is
shown in the upper part of the photograph and the dextran / dextran
microparticle {“CDM”) shell is shown in the lower part. Droplets of the
PEG phase ssgregating out of the shell into the core are shown at the
boundary of the core and shell regions. Figure 18B shows partition of
dextran microparticles in a PEG/dextran two phase system. The PEG
phase 18 is on top and the dextran phase 18 containing the dextran

-18-
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microparticles is on the bottom. Figures 16C and 16D show HelLe cells

on a dextran phase containing crystallized dextran microparticles surface.

[0081] The implants can be “reservoir” type implants and may be
used for cell replacement therapy. “Reservoir” type implants can improve
pharmacokinetics (no "burst effects™) and ensure sustained release of
biologically active substances. The "core™ of the "reservoir” type implant
may contain any type of active substance(s) in addition to the structure of
the implant being “loaded” with cells. The core can contain therapeutic

peptides and proteins, nucleic acids, vaccines, viruses and cells.

[0062] Figure 17 schematically illustrates an example of cell
replacement therapy based on self organizing material for therapies
principle. For example, closed pore implants based on crystallized dextran
microparticles may be used for type | diasbetes therapy, cancer therapy,
Parkinson’s therapy and other suitable therapies based on the use of
therapeutic proteins and peptides. In Figure 17, the implant 40 contains a
crystallized dextran microparticle 12, 14 capsule or shell encapsulating
transplanted cells 42. Any suitable cells may be used, such as insulin
producing beta-cells, K cells, pancreatic cells or stem cells. As shown in
Figure 17, the crystallized dextran microparticles capsule is porous to
blood glucose 44 (as well as to oxygen, nutriants and othar stimuli), but is
impermeable to immune system cells which are too large to enter the
capsule to attack the insulin producing cells. The blood glucose 44
permeates through the crystsllized dextran microparticles cepsule and
stimulates production of insulin 46 from the insulin producing cells. The
insulin then diffuses through the crystallized dextran microparticles
capsule into the blood 48.

[0083] Thus, crystallized dextran microparticles eancapsulated insulin

producing celis may be implanted into a mammal, such as a human, to
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treat diabstes. The crystallized dextran microparticles capsule may be
formed in vivo and does not nesd a surgical operation. Such tschnique is
known in the art as “Injectable Tissue Engineering”. Furthermore, the
crystallized dextran microparticles capsule does not require the use of
toxic cross linking chemicals. The implants preferably may be used to
provide a long acting insulin preparation to suppress hepactic glucose
production and maintain near normoglycemia in the fasting si:ato with a

time-action profile without a peak.

[0064] It should be noted that the cell therapy may be used to treat
other diseases. For example, crystallized dextran microparticles
encapsulated dopamine producing celis may be used to treat Parkinson’s
disease, as illustrated schematically in Figure 18. Furthermore, as shown
in Figure 18, the structure of the crystallized dextran microparticles
capsule may be reversed, such that the cells 42 form the shell which
encapsuiate the microparticles 12, 14 in the mammal tissue 50. For
example, patient’s own cells or stem cells may be located outside the
microparticles. In contrast, cells from a source other than the patient,
such as from a donor, may be located inside ;he microparticie shell as
shown in Figure 17 to protect the celis from the patient’s autoimmune
reaction. This opens possibilities for in vivo tissue engineering for the

treatment of conditions, such as diabetes and othars.
E. Bone graft substitutes

[0065] Bone graft procedures involve the use of either autograft
tissue, in which tissue is harvested from the patient, or allograft tissue,
which is taken from donors or cadavers. Two basic criteria are used to

judge a successful graft - osteoconduction and ostecinduction.

[0068] Harvesting autograft tissue requires surgery at the donor site

that can result in its own complications, such as inflammation, infection,
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and chronic pain. Quantities of bone tissue that can be harvested are also

limited, creating a supply problem as well.

[0087] Allografts circumvent some of the shortcomings of
autografts by eliminating donor site morbidity and issues of limited
supply. However, allografts present risks as well. Alithough many methods
can reduce the risk of disease transmission, the treatments used to
sterilize the tissue remove proteins and factors, reducing or eliminating
the ostecinductivity of the tissue.

{0068} Furthermore, several alternatives have been developed to
autografts and allografts. Many of these alternatives use a variety of
materials, including natural and synthetic polymers, ceramics, and
composites. Other alternative methods incorporate factor- and celi-based
strategies that are used either alone or in combination with other

materials.

[0069] Many bone graft substitutes are natural or synthetic and may
be used alone or in combination with recombinant growth factors such as
transforming growth factor (TGF), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF) and bone morphogenetic protein (BMP).
Cell-based bone graft substitutes use cells to generate new tissue alone or

are seeded onto a support matrix {e.g., mesenchymai stem celis).

[0070] With polymer-based bone graft substitutes, both degradable
and nondegradable polymers are used alone or in combination with other
materials, such as the Cortoss® open porosity poly-lactic acid polymer
(OPLA) from Orthovita, Inc. Degradable synthetic polymers, like natural
polymers, are resorbed by the body. The benefit of having the implant
resorbed by the body is that the body is able to completely heal itself with
no foreign bodies remaining. To this end, companies have used

degradable polymers such as polylactic acid and poly-actic-co-glycolic
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acid (PLGA) as stand-alone devices and as extenders to autografts and
allografts. For example, Bone Tec, Inc, has developed a porous PLGA
foam matrix by using a particulate leaching process to induce porosity.
OsteoBiologics, Inc, has Immix Extenders, a particulate PLGA product

used as a graft extender.

[0071] In one preferred aspect of this embodiment, the porous
crystallized dextran microparticles described in the previous embodiment
are used as bone graft substitutes, in combination with a therapeutic
agent which provides bone formation in special sites of said body. Any
suitable therapeutic agent for bone formation may be used, such as a
peptide, stem cell or .protein, including but not limited to the above
mentioned mesenchymal stem cells, TGF, PDGF, FGF and BMP. The
therapeutic agent may be located in the pores of the porous
microparticles. For example, the therapeutic agent may be provided into

the pores of the crystallized dextran microparticies after crystallization.

[0072] In another preferred aspect of this embodiment, a method for
in vivo implant formation includes preparing a suspension of
microparticles in a first liguid phase, preparing a suspension of
microparticles in a second liquid phase immiscible with the first liquid
phase, preparing an emulsion whare the first liquid phase is a continuous
phase and the second liquid phase is a dispersed phase, and injecting of
the emulsion into a mammal body. Preferably, the emulsion is used as a

bone graft substitute.

[0073] Preferably, the microparticies in the first and second liquid
phases are different. For example, the microparticles in the first phase
mey be non-polymer microparticles, such as porous ceramic
microparticles, while the microparticles in the sacond phase may be

polymer microparticles, such as the above mentioned porous crystallized
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dextran microparticles. If desired, the second liquid phase may contain
the therapeutic agent providing bone formation in special sites of the
body. The therapeutic agent may be located in the pores of the porous

microparticles.
F. Oral insulin dellvery vehicle

[0074]) In enother preferred embodiment of the present invention,
the present inventor discovered that a composition of porous (i.e.,
microporous) microparticles may be used as a vehicle for oral delivery of
proteins, such as insulin. The porous microparticles may be any suitable
porous microparticles which enable oral administration of insulin with a
significant reduction in blood glucose, such as a 30% reduction within 60
minutes of oral administration. Preferably, the microparticles are
bioadhesive particles, such as particles which adhere at least temporarily
to mammal intestine walls, to allow insulin deliver through the intestine
wall. Most preferably, the porous microparticles comprise the crystallized

dextran microparticles described above.

[0075] In one preferred embodiment of the present invention shown
in Figure 19, the present inventor has discovered that an aqueous
suspension of crystallized dextran microparticles 12, 14 and insulin 46
orally administered to mammals 53, such as rabbits, was about equally as
effective in reducing blood glucose levels as an intramuscular injection of
insulin alone. Figure 19 schematically illustrates the insulin 46 permeating
through mammal 53 intestine 52 walls from the orally administered
composition 54 comprising the microparticles. Since rabbits are a
common model for humans in drug testing, the present inventor believes
that a-liquid or solid composition 54 comprising crystallized dextran

microparticles and insulin, such as an aqueous suspension, a solution, a
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tablet or a capsule, would also be effective in reducing blood glucose

levels in human beings when orally administered.

[0076] The following examples illustrate oral insulin delivery using
crystallized dextran microparticies. The study involved Chinchilla rabbits
(2.3+0.2 kg) and the ohservation of their response to orally administered
aqueous suspensions consisting of crystallized dextran microparticles
prepared according to the method described herein and human

recombinant insulin.

[00771] 3.0 g of Dextran T20 (Pharmacia, Uppsela, Sweden} was
dissolved in 2.0 g of water and placed in box at temperature 80° C.
Thres hours iater, crystallized dextran microparticles were washed by
centrifugation at 3,000 g with 3 x5.0 ml of water. Then the crystallized
dextran microparticles were suspended in 2.0 ml of water and allowed to
dry at room temperature. The resulting dry powder was used to prepare
an insulin containing suspension for the oral insulin delivery experiment.
Insulin containing suspensions were prepared by the mixing of 250 mg of
the microparticles; 0.3 ml {12 Ul) or 0.6 ml (24 Ul) of insulin
(NovoNordisk Actrapid HM Penfill, 40 Ul/ml); and distilled water to reach

a volume of 2.0 ml.

[0078] Samples of the suspension (2.0 ml} were introduced into the
rabbits' throats with a catheter followed by the introduction of 10.0 ml of
drinking water. Animals were not fed for 3 hours before the suspension's
introduction. Samples of blood were taken from the rabbit's ear vein and
analyzed for glucose concentrations. Blood glucose was measured using
the glucose oxidase method on a “One-touch System Glucose Analyzer”

({Lifescan Johnson & Johnson, Milpitas, CA, USA) after proper calibration.
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[0079] Examples 1 to 8 are comparative examples involving eight
rabbits. Examples 9 to 14 are examples according to the present

invention involving five rabbits.

[0080] In comparative examples 1 and 2 (control- experiment #1
summarized in Table 1) an aqueous solution of human recombinant insulin
was introduced intra muscularly into two rabbits at a dose of 12 Ul per
animal. In comperative examples 3 and 4 (control experiment #2
summarized in Table 1), the rabbits remained intact {i.e., no insulin or
other injection was provided to the two rabbits). In comparative
examples 6 and 6 (control experiment #3 summarized in Table lil), a
suspension of the crystallized dextran microparticles without insulin was
provided orally to two rabbits. In comparative examples 7 and 8 {control
experiment #4 summarized in Table IV), a suspension of the commercially
obtained Sephadex G-150 microparticles with insulin (24 Ul) waes provided
orally to two rabbits. According to the Amersham Biosciences website,
Sephadex’ G-150 microparticles are beaded gel microparticles having a
diameter of 20 to 150 microns, prepared by cross linking dextran with
epichlorohydrin. In examples 9-14 according to a preferred embodiment
of the present invention (summarized in Table V), a suspension of
crystallized dextran microparticles with insulin (24 Ul) was provided orally

to five rabbits. The resuits are summarized in Tables I-V below.

25<

Table |
Rabbit/ Insulin Omin | 30min | B0 min | 90 min | 120 min
Exemple # | dose mg/di mg/dl mg/d mg/di mg/d
#1 12 Ulim.| 91 68 58 49 51
#2 12Uli.m.| 87 65 64 57 58

Table Il
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Rabbit/ Insulin. | omin | 30 min | 60 min | 90 min | 120 min
Example # dose ma/d mg/dl mg/di mg/di mg/di
#3 0.0 98 87 87 89 86
#a 0.0 88 90 91 94 87
Table III
Rabbit/ Insulin | Omin | 30min | B0 min | 90 min | 120 min
Example # dose mg/dl mg/dl mg/dl mg/dl mg/dl
#5 0.0 92 99 94 95 92
#6 0.0 90 93 93 93 92
Table IV
Rabbit/ insulin | omin [ 30 min | 60min | 90 min | 120 min
Example # dose mg/d| mg/di mg/d} mg/d| mg/di
#7 24 Ul 85 82 86 81 83
per 08
a8 24 Ul 84 75 86 76 77
per os
Table V
Rabbit/ Insulin | 9 min | 30min | 60 min | 90 min | 120 min
Experiment #| dose mg/idl | mg/dl | mg/dl | mg/di | mg/d
#9 24 U| 94 68 59 58 b7
per os
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#10 24 Ul 93 84 52 54 52
per os

#11 24 Ul 78 52 51 48 48
per 08

#12 24 Ul 92 64 52 b3 47
per os

#13 24 Ul 89 53 48 38 49
per o6

#14 24 Ul 97 60 38 54 52
per o8

[0081) The dats in Tables |-V show that average reduction of sugar
(i.e., glucose) in the blood of mammals is comparable when 12 Ul of
insulin is administered by intramuscular injection {examples 1-2) and 24 Ul
of insulin is administered per os (i.e., orally) with crystallized dextran
microparticles (examples 9-14). The maximum glucose reduction was
about 35 to about 60 percent at 60 min after oral administration. The
concentration profile of glucose is practically the same in both the
injection and oral delivery modes. It should be noted that other amounts
of insulin may be administered. For example, 30 Ul of insulin may be
administered. In general, oral administration of two to three times the
insulin compared to the amount of injected insulin produces a similar drop

in blood sugar for up to three hours.

[0082) It is a well known fact that insulin by itself is degraded by
intestinal enzymes and is not absorbed intact across the gastrointestinal
mucosa {(Amidon GL, Lee HJ, Absorption of peptide snd peptidomimetic
drugs, Ann. Rev. Pharmacol. Toxicol. 1994; 34: 321-41}. Howaever,
examples 9-14 show that crystallized dextran microparticles can be used

as a vehicle for oral delivery of proteins, such as insulin because thae
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hypoglycemia effect received was significant. Without wishing to be
bound by a particular theory or mode of action, the present inventor
believes that the use of the porous, crystallized dextran microparticles as
an insulin delivery matrix in an aqueous suspension protected the insulin
from significant degradation by intestinal enzymes and allowed the insulin
to be absorbed intact across the gastrointestinal mucosa. The insulin may
be located in micropores in the microporous microparticles and/or in
macropores between the microparticles. In contrast, the use of cross-
linked Sephadex G-150 dextran microparticles with insulin (Table IV,
examples 7-8} did not produce an appraciable reduction in blood gluccse

concentration.

[0083] As provided in examples 9-14, the blood glucose
concentration in the mammal is lowered by at least 5 percent, preferably
at least 30 percent, 60 minutes after administering the composition
containing the crystallized dexiren microparticles and insulin to the
mammal (i.e., the blood glucose value in the mammal at 860 minutes after
administration of the suspension is at least b percent, preferably at least
30 percaent lower than that measured right before administration of the
suspension). Preferably, the blood glucose concentration in the mammal
is lowered by at least 5 percent, such as at least 30 percent, preferably
by about 35 to about 40 percent 30 minutes after administering the
composition to the mammal. Preferably, the blood glucose concentration
in the mammal is lowered by about 35 to about 80 psercent, far example
35 to 46 percent B0 minutes after administering the suspension to the
mammal. More preferably, the blood glucose concentration in the
mammal is lowered during the entire period ranging from 30 to 240
minutes, such as 30 to 120 minutes, after administering the composition
to the mammal compared to the blood glucose concentration right before

administration. For example, the blood glucose concentration in the
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mammal is preferably loweraed by at least 10 percent, preferably at least
30 percent, more preferably by at least 35 percent, such as by 35 to 45
percent during a period ranging from 30 to 240 minutes, preferably 30 to
120 minutes after administering the composition to the mammal.

{0084] Thus, a preferred embodiment of the present invention
provides a method of lowering blood glucose in a mammal by orally
administering a therapeutically effective amount of a composition
comprised of crysteliized dextran microparticles and insulin. A
“therapeutically effective” amount of the compositions can be determined
by prevention or amelioration of adverse conditions or symptoms of
diseases, injuries or disorders being treated. Preferably, the composition
comprises an aqueous suspension of crystallized dextran microparticles
having an average diameter of about 0.5 to about 5 microns and insulin.
Furthermore, the microparticles are preferably porous microparticles which
are crystallized prior to adding the insulin to the suspension, such that the
insulin is located in contact with a surface of the microparticles and/or in

pores of the microparticlés.

[0085] The crystallized microparticles preferably are comprised of
dextran molecules (i.e., polymer molecules) that are held together by a
plurality of hydrogen bonds, Van Der Waals forces and/or ionic bonds and
having substantially no covalent bonds between the dextran molecules.
Thus, the molaecules in the microparticles are preferably not intentionally
cross-linked (i.e., a cross linking step is not carried out) and the
microparticlas contsin no covalent bonds betwean molecules or less than

10% covalent bonds betwesn moleculss.

[0086] While & one phase composition 54 comprising insulin and
microparticles is illustrated in Figure 19, a two phase composition,
desacribed above and illustrated in Figures 13, 14, 15A, 15B, 15C and
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16B may also be used. For example, a two phase composition comprising
a dextran phase, 8 PEG phase, crystsllized dextran microparticles and
insulin may be used. In vivo, the composition has a self assembled
capsule structure comprising a crystallized dextran microparticle

containing wall or shell and a PEG and insulin containing core.

[0087] Preferably, the mammal receiving the oral administration of
insulin comprises a human in need of lowering blood glucose, such as a
human suffering from diabetes. Thus, the preferred embodiment of the
present invention provides a method of treating diabetes in a human in
need of the treatment by orally administering the suspension of insulin

and crystallized dextran microparticles described above.

[0088] Any therapeutically effective amount of insulin may be
administered to the mammal. The amount of insulin may vary based on
the type of mammal {i.e., human or rabbit), the weight of the mammal,
the composition of the suspension, the amount of desired reduction of
blood glucose and other factors. One non-limiting example of insulin
content in the suspension is about 10 Ul to about 2,500 Ul of human
recombinant insulin per one gram of suspension, such as about 12 Ul to
about 30 Ui, such as 24 Ul of human recombinant insulin. Howaever, this

amount may vary as desired.

{0089] The present invention should not be considered limited to the
preferred embodiments described above. Other matrix material may be
used for oral insulin delivery, such as organic or incrganic microporous
particles. Preferably, the particlee are microparticles which enhance
insulin penetration through gastrointestinal mucosa and/or which stabilize
the composition. Furthermors, while the. suspension preferably contains
only water solvent; a matrix; and an insulin solution or suspension; the

delivery system may aiso contain additional materials. For example, the
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composition may contain a second phase such as the PEG phase of a two
phase system. Thus, another preferred aspect of the present invention
includes a method of lowering blood glucose in a mammal comprising of
orally administering 8 composition comprising a therapeutically effective
amount of insulin and 8 matrix material to the mammal to lower blood
glucose of the mammal by at least 30 percent 80 minutes after
administering the suspension to the mammal. In another preferred aspect
of the present invention, & method of administering a suspension to a
mammal comprised of orally administering an aqueous suspension of
crystailized dextran microparticies and a therapeutically effective amount

of insulin to the mammal.

[0090] As noted above, the crystallized dextran microparticles used
as 8 matrix material for oral administration of insulin or other protein
based drugs may be made by any suitable method (see Figure 1, for
example). Praferably, the microparticles are made by the process of any
of the preferred embodiments described herein. Preferably, but not
necessarily, the microparticles are formed in an aqueous solution without
using an organic solvent. Thus, in a preferred aspect of the present
invention, a therapeutically effective amount of insulin and the crystallized
dextran microparticles are combined in water after the microparticles have
been crystallized to form an aqueous suspension of insulin and crystallized
dextran microparticles. The microparticles may be added to the water
before, at the same time and/or after adding the insulin to the water.
Furthermorse, the microparticles may be orally administered to @ mammal
in the solvent in which they were formed. Alternatively, they may be
removed from the solvent in which they were formed and placed into
water or other aqueous solutions for oral administration or dried and

provided in solid form, such as tablet or capsule, for oral administration.
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[0091] The aqueous suspension of crystallized dextran
microparticles and a therapeutically effective amount of insulin (or ‘other
suitable suspensions of insulin end a matrix material, such as &
suspension of insulin and microporous microparticles) is preferably
provided as a dosed pharmaceutical composition which is dosed for oral
administration to a human. In one preferred aspect of t_ha present
invention, the composition is located in a vesssl in an amount dosed for a
single oral administration to a human. The vessel may comprise any
container which may hold a suspension, such as a plastic or glass bottle,
a tube, a dropper, a spray nozzie, a pouch and/or other suitable vessels.
This vessel contains an amount of suspension sufficient for a single oral

dose of the composition.

[0092] In another preferred aspect of the present invention, the
composition is located in any suitable vessel in an amount suitable for
multiple oral administration doses. The vessel contains an instruction for
oral dosage administration to @ human. The instruction may be printed on
the vessel, such being as -printed directly on the vessel or on an lsbel
attached to the vessel, or enclosed with the vessel, such being printed on
a sheet of paper enclosed with the vessel in a cardboard box or in a
pharmacy envelope. The instructions may describe the amount of the
composition that shou!d be taken with sach dose, the frequency that the
dose should be taken, how to measure the dose of the composition for
oral administration and/or any other suitable oral drug instructions for an
administering health care practitioner and/or a patient in need of the drug.
Alternatively, the instructions may comprise directions for electronically or
audibly accessing the dosing and administration instructions, such as a
link to a website containing the instructions or & telephone number or

recording where the instructions are provided audibly.
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[0093] in another preferred aspect of the present invention, the
aqueous suspension of crystallized dextran microparticles and a
therapeutically effective amount of insulin located in a vessel are provided
in a pharmaceutical composition kit with instructions for oral
administration of the composition to & human in need thereof. The kit
may comprise instructions printed on the vessel or on a label attached to
the vessel or a sheet of paper enciosed with the vessel, such as in a
cardboard box or pharmacy envelope including a bottle {i.e., vessel) and
the sheet of instructions.

[0094]) It should be noted that the composition for oral
administration may be in thé form of an aqueous suspension, but other
delivery forms may be used to lower the blood glucose in a mammal. For
example, the porous crystallized dextran microparticles and the insulin

may be orally administered in the form of a tablet or a capsule.

[0095} To orally administer the composition in solid form to a
memmal, such as a human, the solution of crystallized dextran
microparticles and insulin is first dried, such as freeze dried, to form a
powder. The powder may then be compressed into a tablet, along with
optional pharmaceutically acceptable excipients or placed into a

pharmaceuticelly acceptable capsuls.

{0096] in another preferred aspect of the present invention, the
composition comprising crystallized dextran microperticles and a
therapeutically effective amount of insulin may be administered to a
mammal, such as & human by inhalation. In this case, the composition is
placed into a vessel adapted for administering a pharmaceutical
composition to 8 mammal by inhalation, such as an inhaler which provides
& metered dose of a composition when squeezed or pressed. Preferably,

the composition is provided to @8 mammal through the mouth by spraying
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the composition in solution or suspension form from the inhaler,
Preferably, the composition is delivered to the lungs of the mammal {i.e.,

pulmonary delivery).
G. Injectable insulln dellvery vehicle

[0097] The present inventor has discovered that a composition of
crystallized dextran microparticles and insulin injected into mammals, such
as rats and rabbits, unexpectedly extended the duration of efficacy of the
insulin compared to injections of the same dose of the same insulin alone.
Figure 20 schematically illustrates the formation of an implant 40 in a
mammal 53 by injection of 8 one phase composition comprising the
microparticles 12, 14 and insulin 46 using a syringe 56. Figure 21
schematiceally illustrates the formation of a structured implant 40 in a
mammal 53 by injection of a two phase compasition comprising a dextran
phase 18 containing selectively partitioned crystallized dextran
microparticles 12, 14 and a PEG phase 16 containing selectively
partitioned therapeutic agent 10 comprising insulin. The dextran phase
18 forms a shell around the PEG phase 16 core. Since rats and rabbits
are a common model for humans in drug testing, the present inventor
believes that the comprising crystallized dextran microparticles and insulin
would also be effective in axtending the duration of efficacy of the insulin

when injected into human adults end children.

[0098] Examples 15-22 illustrate the advantage of using crystallized
dextran microparticles as an injectable insulin delivery vehicle compared to
injected insulin alone. The experiment involved mice and the observation
was made of their response to a subcutaneously injected aqueous
suspension consisting of crystallized dextran microparticles and human

recombinant insulin (NovoNordisk Actrapid HM Penfill®, 40 Ul/mil}.
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[0099] - The suspension was prepared as follows. 5.0 g of Dextran
T10 (Pharmacia, Uppsala, Sweden) was dissolved in 20.0 g of water.
The solution was filtered through a 0.22 xm filter (Millipore, Bedford, MA)
and freeze dried. 3.0 g of the resulting powder was dissolved in 3.0 g of
sterile water and placed in box at temperature 60° C. 6 hours later,
crystallized dextran microparticles were washed by centrifugation at
3,000 g with 3 x5.0 m| of sterile water. Finally, the produced crystallized
dextran microparticles suspension was mixed with aqueous insulin
solution and used in the experiment with mice. Samples of the suspension
were introduced into the mice's legs and samples of animal blood were
taken from each mouse’s tail and analyzed for glucose concentrations.
Blood glucose was measured using the glucose oxidase method on a One-~
touch system glucose analyzer (Lifescan, Johnson & Johnson, Milpitas,
CA, USA) after proper calibration.

[0100] In comparative example 15, no insulin was injected into the
mouse. In comperative examples 16, 17 and 21, insulin alone {0.5 UI)
was injected into the three mice. In examples 18-20 and 22, insulin (0.5
Ul) and a crystallized dextran microparticles implant was injected into the

four mice. The results aré summarized in Table VI.

Table VI
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Ex #

glucosa
mmolA

16min

glucosa

30min
glucoes
mmaol/l

45min
glucosa

mmolA

120min
glucoss
mmaolf

210min
glucoss
mmol/!

~270min
glucosa
mmolA

J80min
glucose

15

intact
mouse

7.9

B.1

8.2

8.4

16

Insulin
0.5 Ul

5.9

3.3

2.7

1.8

0.9

3.5

3.0

3.2

17

Insulin
0.5 Ul

8.1

3.8

2.8

1.9

0.9

3.7

3.4

3.5
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18

Insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
particles

8.0

2.3

3.2

2.5

08 | 08 | 0.8

0.7

19

Insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
particles

4.1

3.4

1.6

20

Insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
particles

3.5

2.9

1.8

1.2 1.0 | 1.0

0.7

21

Insulin
0.5 Ul

(average)

3.6

2.8

1.9

09 | 3.6 | 3.2

3.4

22

Insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
particles

{average) l

6.3

4.5

3.4

2.6

1.0 1.0 1.0

1.0

[0101]

The average reduction of sugar in the blood (i.e., blood

glucose) of animals is very different when 0.5 Ul i.m. were applied with
As shown in Table VI,

the glucose level in the mice of comparative examples 16, 17 and 21 is

and without crystallized dextran microparticles.
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about the seme or lower than the glucose level in mice of examples 18-20
and 22 during the first 456 minutes after injection. The glucose level is
about the same in mice of both comparative examples 18, 17 and 21 and
examples 18-20 and 22 120 minutes after injection. However, the
glucose level in the mice of comparative examples 16, 17 and 21 is about
three times higher than the glucose [evel in mice of examples 18-20 and
22 from 210 to 390 minutes after injection. In fact, the blood glucose
Jevel in mice in examples 18-20 and 22 did not substantially increase (i.e.,
did not incresse by more than 10%, remained the same or decreased)
from 120 minutes to 390 minutes after injection. In contrast, the blood
glucose level in mice in the comparative examples 16, 17 and 21 injected
with the same amount of insulin did substantially increass from 120 to
390 minutes after injection. The crystallized dextran microparticles/insulin
injection decreases blood glucose for a longer time than an injection of
insulin of the same dose salone. Thus, the composition containing

crystallized dextran microparticles and insulin may be dosed for injection.

[0102} The following experiments on rabbits also demonstrate how
the crystallized dextran microparticles/insulin injection decreases blood
glucose and maintains a basal level of blood insulin for a longer time than
an injection of the same insulin of the same dose alone. A
subcutaneously injected composition comprising Actrapid HM® short-
acting insulin and crystallized dextran microparticles was unexpectedly
found to extend the duration of efficacy aof this short-acting insulin to
exceed that of subcutaneously injected, long-acting insulin Monotard HM®

alone.

[0103] The term duration of efficacy means decreasing blood
glucose concentration and/or mainteining a basal level of blood insulin
concentration to desired ieveis independent of externai events that cause

spikes in blood glucose, such as eating. Thus, the term duration of
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efficacy is a relative term compering the efficacy of the insulin and
microparticle composition to that of the same dose of the same insulin
alone. In other words, the duration of efficacy is a duration of action or a
duration of pharmacological effect, which may be measured in a patient in
a fasting state to compare the efficacy of the insulin and microparticle

composition to that of the same dose of the same insulin alone.

[0104] As shown in Figures 22A and 22B, the composition
comprising the Actrapid HM® short-acting insulin and crystallized dextran
microparticles prolonged the absorption of insulin and extended the
hypoglycemic effect (i.e., the duration of efficacy of the insulin} to at
least twenty four hours, such as about twenty eight to about thirty one
hours, as compared to about two to about eight hours for Actrapid HM®
insulin slone (Figure 22B) and about seventeen to about twenty-four
hours for “Monotard HM”® insulin alone {Figure 22A). Both Actrapid HM®
and Monotard HM® insulins are products of Novo Nardisk and the
advertised duration of efficacy of these insulin compositions in humans
obtained from company information are eight and twenty four hours,

raspectively.

[0105] In Figures 22A and 228, the upper line illustrates the control
line for intact rabbits to which no insulin was administered. The y-axis of
Figures 22A and 22B is a relative normalized scale of blood glucose
concentration for the same 8 Ul dose of insulin. The data in the Figures
was adjusted to be shown in one plot for each figure and shows blood

glucose levels in blood of animals following insulin injactions.

[01086] The data shown in Figures 2ZA and 22B was obtained as
follows. Chinchilla rabbits {2.3+0.3 kg} were monitored for their
response to injections of a formulation consisting of crystallized dextran

microparticles and short-acting insulin Actrapid HM®. Samples of the

-38-



ey ad

formulation were subcutaneously injected into the raBbIts. Long acting
insulin Monotard HM® (40 Ul/ml) and short acting insulin Actrapid HM®
weras subcutaneocusly injected into separate rabbits without the
microparticles and used as controls. Samples of animal blood were taken
from the rabbit’s ear vein and analyzed for glucose concentration. Blood
glucose concentration was measured with a glucose analyzer (One-
Touch® Lifescan, Johnson & Johnson, Milpitas, CA, USA) after proper

calibration. '

[0107] In comparative examples 23 and 24, two intact rabbits were
not provided any insulin. In comparative examples 25 and 268 an aqueous
solution of long-acting insulin Monotard HM® was introduced
subcutaneously to two rabbits in a dose of 8 Ui. In examples 27-29, a
suspension of crystallized dextran microparticles with short-acting insulin
Actrapid HM® was introduced subcutaneously to three rabbits in a dose of

8 Ul. The results of the experiments are summarized in Table VII.
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TABLE VI
0 houra 0.6 1 hour 1.5 2 hours 2.5 168 24 a
Insulin | glucose | hours | glucose | hours | glucose | hours hours hours hours
Ex # | dose | mmol/L | glucose | mmol/L | glucose | mmaol/L | glucose | glucose | glucoss | glucose
mmol/L mmal/l mmol/L | mmol/L | mmol/L | mmoi/lL
23 0.0 5.4 5.0 5.2 6.2 5.2 5.4 4.7 6.4 6.4
24 0.0 6.0 8.3 6.3 6.3 8.3 6.4 b.7 6.8 5.8
25 g ul 5.4 5.8 38 3.2 2.4 2.6 38 6.6 N.A
20 sul 6.4 8.0 4.2 2.9 2.5 2.4 4.0 5.1 N.A
27 sBul 5.8 3.7 1.8 1.9 1.9 2.8 4.1 4.3 4.1
28 sul 6.8 5.7 4.3 3.8 3.7 3.8 4.8 4.1 3.9
29 aul 6.2 5.1 38 3.2 3.1 29 4.2 4.4 4.7
[0108]) The above examples 27-29 illustrate that the

composition of crystaliized daextran microparticles with short-acting insulin
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Actrapid HM® provides a prolonged effect that exceeds the effect of long
acting insulin Monotard HM® and is believed to ba comparable to the
affect of long acting (once daily dosing) insulin glargine Lantus® from
Aventis (see www.aventis-us.com/Pisflantus_TXT.html). In addition,
Lantus® insulin must not be diluted or mixed with any other insulin or
solution. f Lantus® insulin is diluted or mixed, the pharmacokinstic/
pharmacodynamic profila {e.g., onset of action, time to peak effect) of
Lantus® and/or the mixed insulin may be ealtered in an unpredictable
manner. in contrast, the composition of crystallized dextran
microparticlas with insulin is not so limited because any suitable insulin,
such as human insulin, may be used. In the composition of crystallized
dextran microparticles and insulin, the ratio of insulin and microparticles
can be varied as desired. Furthermore, any suitable insulin may be used
to custom fit an insulin therapy to an individual patient. Thus, Actrapid
HM® was used in the composition as an illustrative example of a typical

insulin and the composition is not limited to this brand of insulin.

[0109] As shown in examples 23 to 29, the composition containing
the crystallized dextran microparticles and insulin is effective in
maintaining a duration of efficacy of the insulin for at least 30% longer,
such as at least 100% longer, preferably 100 to 400% longer than the
same dose of the same insulin without the microparticles. The
microparticle containing insulin composition is effective in maintaining a
desired basal level of blood insulin and blood glucose concentration for at
least 30% longer, such as 100% to 400% longer, than the same dose of
the same insulin without the microparticles. Thus, the duration of
efficacy of the microparticle containing composition is at ileast 24 hours,
which allows it to be injected oniy once daily into the mammal, such as a

human in need thereof.
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[0110] The long lasting insulin crystallized dextran microparticle
composition is safer than prior art long fasting insulin compositions
because it can achieve the long lasting efficacy without using a higher
dose of insulin as in the prior art compositions. For example, if a 8 Ul
dose of short ecting insulin has besen detarmined medically safe for a
patient without & significant risk of overdose, then the composition
comprising the same short acting insulin and the crystallized dextran
microparticles can provfde longer acting duration efficacy at the same 8
Ul dose of short acting insulin without a significant risk of overdose, even
it all the insulin is released into the patient at once. Furthermore, this
composition provides a cost saving compared to the prior art
compositions because it extends the efficacy without increasing the
amount of insulin. Current prior art long-acting diabetes therapies are
made with analogs of insulin, such as the Lantus® insulin from Aventis.
in contrast, the crystallized dextran microparticle containing composition
preferably contains human recombinant insulin whose safety profile is
established. Thus, this composition reduces the risk of adverse
reaction(s) and number of injections to diabetics, thereby enhancing the
quality of life of the diabetics.

[0111] The iInjectable composition may comprise a single phase
systemn comprising insulin and microparticles or a two phase system
which forms s PEG and insulin core and a dextran and dextran
microparticle shell for an even greater duration of efficacy. Furthermore,
the composition comprises a flowable one phase or multiphase colloidal
system (i.e., 8 suspension or an emulsion] which is relatively easy to

inject into a mammal.

[0112] The following example illustrates the use of an injectable two
phase composition comprising a dextran phase, a PEG phase, insulin and

crystallized dextran microparticles. It is believed that when injected into a
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mammal, this composition forms a structured reservoir typs implant
having a three dimensional capsule structure. In the capsule structure,
the microparticles selectively partition into the dextran phase and the
insulin selectively partitions into the PEG phase. The dextran phase
containing the microparticles forms a shell around a core comprising the
PEG phase containing the insulin. This structured implant allows for

controlled release from the core through the shell.

[0113] In compearative example 30, 0.5 Ul of Actrapid HM® ingulin
{100 Ul/ml) is subcutaneously injected into a mouse. In example 31, 0.4
g of crystallized dextran microparticles are dispersed in 0.6 ml of 20%
(W/W) aqueous solution of dextran having a molecular weight of 70 kDa
(Pharmacia, Sweden} to form a suspension. 10 mg of PEG having a
molecular weight 6 kDa (Fluka) is dissolved in 0.1 ml of Actrapid HM®
ingufin (100 Ul/ml) to form a solution. 0.06 ml of the PEG and insulin
solution is mixed with 0,15 ml of the microparticle and dextran
suspension to form a two phase composition or mixture. 0.02 ml of the
two phase mixture containing 0.5 Ul of insulin is injected subcutaneously

into mouse. The results are shown in Table VIiI.

Table Vil

Omin | 15 min| 30 min | 45 min | 60 min ]120 min
Example # glucosse | glucose | glucose | glucose | glucose | glucose

mmol/L [ mmol/L | mmol/L | mmol/L | mmol/L | mmol/L

30 7.8 3.7 23 1.7 2.9 8.7
31 7.9 5.9 4.3 4.1 4.3 4.0
[0114] As can be seen in Table VIiil, the two phase composition

duration of efficacy was longer than that of the insulin salone.
Furthermore, the two phase composition decreased the blood glucose

concentration more gradually than insulin alone. Without wishing to be
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bound by a particular theory, these effects are believed due to the
controlled insulin release from the core of capsule structure.

{01151 Furthermore, the microparticle containing composition may
be individually tailored for each patient by adjusting the amount of insulin
and/or microparticles to allow the patient to inject the composition at the
same time every day (i.e., once every 24 hours, once every 48 hours,
etcetera). Thus, the duration of efficacy of the composition is adjustable
for each patient. For a two phase system, the insulin release profile from
the core of the capsule may be adjusted by controlling the amount of

microparticles to control the shell thickness of the capsule.

fo116] While the inventor does not wish to be bound by any
particular theory, it is believed that the long lasting effect of the same
dose of insulin in mice and rabbits with crystallized dextran microparticles
can be explained by the diffusion of the insulin molecules from the
crystallized dextran microparticles based implant (i.e., a self controlled
release of insulin). Since mice and rabbits are 8 common model for
humans in drug testing, the data shown in the above tables VI to VIl
suggests that the use of crystallized dextran microparticies based
implants makes it possible to develop controlled release delivery systems
with improved pharmacokinetic and dynamics characteristice and that

better meet the neads of basal insulin patients, such as humans.
H. Materials

[0117] The term "insulin™ shall be interpreted to encompass insulin
analogs, natural extracted humen insulin, recombinent produced human
insulin, insulin extracted from bovine and/or porcine sources, recombinant
produced porcine and bovine insulin and mixtures of any of these insulin
products. The term is intended to encompass the polypeptide normally

used in the treatment of diabetics in a substantially purified form but
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encompasses the use of the term in its commercially available
pharmaceutical form, which includes additional excipients. The insulin is
preferably recombinant produced and may be dehydrated (completely

dried) or in solution.

[0118] The terms "insulin analog,” "monomeric insulin® and the like
are used interchangeably herein and are intended to encompass any form
of "insulin” as defined above, wherein one or more of the amino acids
within the polypeptide chain has been replaced with an alternative amino
acid and/or wherein one or more of the amino acide has been deleted or
wherein one or more additional amino acide has been added to the
polypeptide chain or amino acid sequences, which act as insulin in
decreasing blood glucose levels. In general, the term "insulin analogs” of
the preferred embodiments of the present invention include "insulin lispro
analogs,” as disclosed in U.S. Pat. No. §,547,929, incorporated hereinto
by reference in its entirety; insulin analogs including LysPro insulin and
humalog insulin, and other "super insulin analogs”, whaerein the ability of
the insulin analog to affect serum glucose levels is substantially enhanced
as compared with conventional insulin as well as hepatoselective insulin
analogs which are more active in the liver than in adipose tissue. Preferred
analogs are monomeric insulin analogs, which are insulin-ike compounds
used for the same general purpose as insulin, such as insulin lispro, i.e.,

compounds which are administered to reducs blood glucose |avels.

[0119] The term "anslog” refers to a molecule, which shares a
common functional activity with the mofecule to which it is deemed to ba

comparable and typically shares common structural features as well.

[0120] The term "recombinant™ refers to any type of cloned
therapeutic expressed in prokaryotic cells or a genstically engineered

molecule, or combinatorial library of molecules which may be further
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processed into another state to form a second combinatorial library,
especially molecules that contain protecting groups which enhance the
physicochemical, pharmacological, and clinical safety of the therapeutic

agent.

[0121] Furthermore, the therapeutic agents described herein are not
limited to insulin. Any other suitable therapeutic agent may be used in
conjunctions with the microparticies for oral delivery, inhalation delivery,

injection delivery and surgical implantation delivery.

[0122] For example, a suitable therapeutic agent may comprise a
peptide, polypeptide, or protein ranging from 0.5 K Dalton to 150 K
Daiton in molecular size. In particular, the peptide, polypeptide, or protein
therapeutic agents include diabetic aids; such as the above mentioned
insulin and insulin anslogs; amylin; glucagon; surfactants;
immunomodulating peptides and proteins such as cytokines, chemokines,
lymphokines; taxol; interleukins, such as, interleukin-1, interleukin-2, and
interferons; erythropoetins; thrombolytice and heparins; anti-protesses,
antitrypsins and amiloride; rhDNase; antibiotics and other enti-infectives;
hormones and growth factors, such as parathyroid hormones, LH-RH and
GnRH analogs; nucleic acids; DDAVP; calcitonins; cyclosporine; ribavirin;
enzymes; haparins; hemasatopoistic factors; cyclosporins; vaccines;
immunoglobuiins; vasoactive peptides; antisenss agents; oligonucleotide,
and nucleotide analogs. Other suitable therapeutic agents include viruses,
cells, genes and other agents having therapeutic properties, such as other

suitable vaccines and molecular therapeutic agents.

[0123] The term "amylin™ includes natural human amylin, bovine,
porcine, rat, rabbit amylin, as well as synthatic, semi-synthetic or
recombinant amylin or amylin analogs including pramlintide and other

amylin agonists.
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[0124] The term "immunomoduleting proteins” include cytokines,
chemokines, lymphokines complement components, growth hormones,
immune system accessory and adhesion molecules and their receptors of
human or non-human animal specificity. Useful exampies include GM-CSF,
G-CSF, IL-2, IL-12, OX40, OX40L (gp34), lymphotactin, CD40, CD4O0L.
Useful examples include interleukins, for exampie interlaukin.s 1 to 15;
interferons alpha, beta or gamma; tumor hecrosis factor, granulocyte-
macrophage colony stimulating factor (GM-CSF), macropheage colony
stimulating factor {(M-CSF), granulocyte colony stimulating factor (G-CSF),
chemokines, such as neutrophil activating protein {(NAP); macrophage
chemoattractant and activating factor (MCAF), RANTES, macrophage
inflammatory peptides MiIP-1a and MIP-1b, complement components and
their receptors, or an accessory molecule, such as B7.1, 87.2, ICAM-1, 2
or 3 and cytokine receptors. OX40 and OX40-ligand (gp34) are further
useful examples of immunomodulatory proteins. Immunomodulatory
proteing can for various purposes be of human or non-human animal
specificity and can be represented, for present purposes, as the case may
be and as may be convenient, by extracellular domains and other
fragments with the binding activity of the naturally occurring proteins,
and muteins thereof, and their fusion proteins with other polypeptide
sequences, e.g. with immunoglobulin heavy chein constant domains.
Where nuclectide sequences encoding more than one immunomodulating
protein are inserted, they can, for example, comprise more than one
cytokine or a combination of cytokines and accessory/adhesion

molecules.

[0125] The term "interferon™ or "IFN" as used harein means the
family of highly homologous species-specific proteins that inhibit viral
replication and cellular proliferation and modulate immune response.

Interferons are grouped into three classes based on their cellular origin
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and antigenicity, namely, alpha-interferon (leukocytes), beta-interferon
('fibroblasts) and gamma-interferon (immunocompetent  cells).
Recombinent forms and analogs of each group have been developed and
are commercially available. Subtypes in each group are based on
antigenic/structural characteristics. At least 24 interferon alphas {(grouped
into subtypes A through H) having distinct amino acid sequences have
been identified by isolating and sequencing DNA encoding these peptides.
The terms ‘"alpha-interferon™, "alpha interferon”, “interferon alpha”,
"human leukocyte interferon® and "IFN" are used interchangeably herein
to describe members of thia group. Human leukocyte interferon prepered
in this manner contains a mixture of human leukocyte interferons having

differant amino acid sequences.

[0126] The term ‘erythropoietin® applies to synthetic, semi-
synthetic, recombinant, natural, human, monkey, or other animal or
microbiological isolated polypeptide products having part‘or all of the
primary structural conformation (i.e., continuous sequence of amino acid
residues) and one or more of the biological properties (e.g., immunological
properties and in vivo and in vitro biological activity) of naturally-occurring
erythropoietin, including allelic variants thereof. These polypeptides are
also uniquel.v characterized by being the product of procaryotic or
eucaryotic host expression (e.g., by bacterial, yeast and mammalian cells
in culture) of exoganous DNA sequences obtained by genomic or cDNA
cloning or by gene synthesis. Products of microbial expression in
vertebrate {e.g., mammalian and avian) cells may be further characterized
by freedom from association with human proteins or other contaminants
which may be associated with erythropoietin in its natural mammalian
cellular environment or in extracellular fluids such as plasma or urine. The
products of typical yeast (e.g., Saccaromyces cerevisiae) or procaryote

{e.g.. E. coli) host cells are free of associstion with any mammalian
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proteins. Depending upon the host employed, polypeptides of the
invention may be glycosyleted with mammalian or other eucaryotic
carbohydrates or may be nonglycosylated. Polypeptides may also include
an initiasl methionine amino acid residue {at position -1). Novel
glycoprotein products of tha invention include those having a primary
structural conformation sufficiently duplicative of that of a naturally-
occurring (e.g., human) erythropoietin to allow possession of one or more
of the biological properties thereof and having an average carbohydrate
composition which differs from that of naturally-occurring (e.g., human)
erythropoietin.

[0127] The terms "heparins” and "thrombolytice” include anti-
clotting factors such as heparin, {fow molecular weight heparin, tissue
plasminogen activator (TPA), urokinase (Abbokinasa) and other factora

used to control clots.

[0128] The terms T"anti-proteases” and "protease-inhibitors" are
used interchangeably and apply to synthetic, semi-synthetic, recombinant,
naturally-occurring or non-naturally occurring, soluble or immobilized
agents reactive with receptors, or act as antibodies, enzymes or nucleic
acids. These include receptors which modulate a humoral immune
response, receptors which modutate a cellular immune response (e.g., T-
cell receptors} and receptors which modulate a neurological response
(e.g., glutamate receptor, glycine receptor, gamma-amino butyric acid
(GABA) receptor). These include the cytokine receptors {implicated in
arthritis, septic shock, transplant rejection, autoimmune disease and
inflammatory diseases}, the major histocompatibility (MHC) Cless | and }l
receptors associated with presenting antigen to cytotoxic T-cell receptors
and/or T-helper cell receptors (implicated in sutoimmune diseases) and the
thrombin receptor (implicated in coagulation, cardiovascular disease). Also

included are antibodies which recognize self-antigens, such as those
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antibodies implicated in autoimmune disorders and antibodies which

recognize viral {(e.g., HIV, herpes simplex virus) and/or microbial antigens.

{0129] The terms "hormones” and "growth factors” include
hormone releasing hormones such as growth hormone, thyroid hormone,
thyroid releasing hormone (TRH), gonadotropin-releasing hormone (GnRH),
leuteininzing hormone, leuteininzing hormone-releasing hormone (LHRH,
including the superagonists and antagonists, such as leuprolide, deltirelix,
gosorelin, nafarelin, danazol, etc.) sourced from natural, human, porcine,
bovine, ovine, synthetic, semi-synthetic, or recombinant sources. These
also include somatostatin analogs such as octreotide (Sandostatin). Other
agents in this category of biotherapeutics include medicaments for uterine
contraction {(e.g., oxytocin), diuresis {e.g., vasopressin), neutropenia (e.g.,
GCSF), medicaments for respiratory disorders (e.g., superoxide
dismutase}, RDS (e.g., surfactants, optionally including apoprotsins), and
the like.

[0130] The term "enzymes" include recombinant deoxyribonuclease
such as DNAse (Genentech) proteases (e.g., serine proteases such as
trypsin and thrombin), polymerases (e.g., RNA polymerases, DNA
polymerases), reverse transcriptases and kinases, enzymes implicated in
arthritis, osteoporosis, inflammatory diseases, disbetes, allergies, organ
transplant rejection, oncogene activation (e.g., dihydrofolate reductase),
signal transduction, self-cycle regulation, transcription, DNA replication

and repair.

[0131] The term "nucleic acids” inciudes any segment of DNA or
RNA containing natural or non-naturally occurring nuclecsides, or other
proteinoid agents capable of specifically binding to other nucleic acids or
oligonucleotides via complementary hydrogen-bonding and also are

capable of binding to non-nucleic acid ligands.
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[0132] The term "vaccines" refers to therapeutic compositions for
stimulating humoral and cellular immune responses, either isolated, or
through an antigen presenting cell, such as an activated dendritic cell,
that is able to activate T-cells to produce a multivalent cellular immune
response against a selected antigen. The potent antigen presenting cell is
stimulated by exposing the cell in vitro to a polypeptide compiex. The
polypeptide complex may comprise a dendritic cell-binding protein and a
polypeptide antigen, but preferably, the polypeptide antigen is either a
tissue-specific tumor antigen or an oncogene gene product. However, it is
appreciated that other antigens, such as viral antigens can be used in
such combination to produce immunostimulatory responses. In another
preferred embodiment, the dendritic cell-binding protein that forms part of
the immunostimulatory polypeptide complex is GM-CSF. In a further
preferred embodiment, the polypeptide antigen that forms part of the
complex is the tumor-specific antigen prostatic acid phosphatase. in still
other preferred embodiments, the polypeptide antigen may be any one of
the oncogene product peptide antigens. The polypeptide complex may
also contain, between the dendritic cell-binding protein and the
polypeptide antigen, a linker peptide. The polypeptide complex may
combrise a dendritic cell-binding protein covalently linked to a polypeptide
antigen, such polypeptide complex being preferably formed from a
dendritic cell binding protein, preferably GM-CSF, and a polypeptide
antigen. The polypeptide antigen is preferably a tissue-specific tumor
antigen such as prostatic acid phosphatase (PAP}, or an oncogene
product, such as Her2, p21RAS, and p53; however, other ermbodiments,

such as viral antigens, are also within the scope of the invention,

[0133] The term "immunoglobulins” encompasses polypeptide
oligonucleotides involved in host defense mechanisms, such as coding

and encoding by one or more gene vectors, conjugating various binding
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moieties of nucleic acids in host defense cells, or coupling expressed
vectors to aid in the treatment of a human or animal subject. The
medicaments included in this class of polypeptides include IgG, IgE, IgM,

gD, either individually or in a combination with one another.

[0134] Other suitable therapeutic agents include adrenocorticotropic
hormone, epidermal growth factor, platelet-derived growth factor (PDGF),
prolactin, Iuliberin, luteinizing hormone releasing hormone (LHRH)
agonists, LHRH antagonists, gastrin, tetragastrin, pentagastrin,
urogastrone, secretin, enkephalins, endorphins, angiotensins, tumaor
necrosis factor (TNF), nerve growth factor (NGF), heparinase, bone
morphogenic protein (BMP), hANP, glucagon-liike peptide (GLP-1),
interlaukin-11  {IL-11), VEG-F, recombinant hepatitis B surface
antigen(rHBsAg}, renin, bradykinin, bacitracins, polymyxins, colistins,
tyrocidine, gramicidins, and synthetic analogues, modifications and.
pharmacologically active fragments thereof, senzymes, cytokines,

antibodies and vaccines.

[01365] The term dextran microparticles includes unsubstituted
dextran microparticles and substituted dextran microparticles. For
example, substituted dextran microparticles include dextran substituted
with a suitable group, such as a methyl group, up to a degres which does
not hamper crystallization of the dextran microparticles, such as up to 3.5
or less percent branching. The average microparticle diameter is
preferably about 0.5 to about 5 microns, more praeferably about 1 to

about 2 microns.

[0136]) Furthermore, while porous non cross-linked dextran
microparticles, such as crystallized microparticles, are preferably used
with the therapeutic agent, other suitable organic or inorganic

microparticles may be used instead, such as other polymer microparticles
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including polysaccharides, PLA, PLGA, PMMA, polyimides, polyesters,
acrylates, acrylamides, vinyl acetate or other polymeric materials,
biomaterial particles such as alginate and cells, or inorganic particles, such
as silica, glass or calcium phosphates. Preferably the microparticles are
biodegradable.  Preferably, porous microparticles are used. Most
preferably, the microparticles have sufficient porosity to r_:ontain the
therapeutic agent within the porss and to provide a timed release of the
therapeutic agent from the poras. In other words, the therapeutic agent
is released over time from the pores, such as in over 5 minutes, preferably
in over 30 minutes, most preferably in over one hour, such as in several
hours to several days, rather than all at once. Thus, the particle material,
pore size and pore volume can be selected based on the type of
therapeutic agent used, the volume of therapeutic agent needed for
delivery, the duration of the delivery of the therapeutic agent, the
environment where the therapeutic agent will be delivered and other

factors.

{0137] Thus, in a preferred aspect of the present invention, the
therapeutic agent is located at least partially in the pores of the porous
microparticlas. Preferably, the therapeutic agent is not encapsulated in
the microparticle (i.e., the microparticle does not act as a shell with a
therapeutic egent core inside tha shell} and is not attached to the surface
of the microparticle. Howaever, if desired, 8 portion of the therapeutic
agent may also be encapsulated in a microparticle shell and/or is attached
to the surface of the microparticle in addition to being located in the pores
of the microparticla. The location of the therapeutic agent in the pores
provides an optimum timed release of the therapsutic agent. In contrast,
the therapeutic agent attached to the surface of the microparticle is often
released too quickly, while the therapeutic agent encepsulated in the

microparticle is often not released soon enough and is then released all at
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by providing the therapeutic agent into the crystallization solution
containing the microparticles or by providing the isolated microparticles
and the therapeutic agent into a second solution, such as a second
aqueous solution. For example, crystallized dextran microparticles may be
formed in a first, low molecular weight dextran aquecus solution, such as
a 2 to 20 kDa dextran solution. The microparticles.are then removed
from the first solution and then piaced into a second dextran aqueous
solution having a higher molecular weight dextran, such as 40 to 500 kDa
solution, for example a 40 to 75 kDa solution. The second solution may
comprise a first phase of a two phase system, which is then combined
with a second phase, such as a PEG phase containing a therapeutic
agent. A similar method may be used with other porous microparticles,
where a therapeutic agent is then permeated into thé pores of the
microparticles after the porous microparticles are formed by any suitable
microparticle formation method, including, but not Ilimited to
crystallization. The components of the composition such as insulin,
microparticles and one or more aqueous phases may be combined in any

suitable order sequentially or simultanecusly.

[0141] Preferably, the microparticles are formed by self assembly
from a solution that does not contain organic solvents and organic
reaction promoters which leave an organic residus in the microparticles.
Thus, for example, the dextran microparticles are preferably formed by
self assembly from an aqueous dextran soiution. However, if desired,
organic solvents end/or organic reaction promoters may also be used. In
this case, the microparticles may be purified prior to subsequent use to

remove the harmful organic residus.

[0142) As described above, the capsule structure having a first
phase core and a second phase wall or shell may be formed in vivo or in

vitro from a two phase composition. The composition may be a dried
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powder, such as freeze dried and stored as 8 powder or porous cake.
When the composition is ready to be administered to a mammal, it is

hydrated and administerad to a mammal orally or by injection.

[0143] Preferably, the composition which includes the microparticles
and the therapeutic agent is a flowable colloidal system when the
composition is dosed for inj:ection. Examples of flowable colloidal
systems include emulsions end suspensions which may be injected into a
mammal using a common gage syringe or needle without undue difficulty.
In contrast, some prior art compositions include a therapeutic agent in a
dextran hydrogel or in a cross-linked dextran matrix. A dextran hydrogel
and a cross-linked dextran matrix are not flowable compositions if not

specifically prepared.

[0144] in another preferred aspect of the present invention, the
microparticles comprise microparticles which are adhesive to mammalian
mucosa. Preferably the adhesive microparticles are porous microparticles
described above. This further improves the effective delivery of the

therapeutic agent.

[0145] in another preferred aspect of the present invention, the
microparticlas comprise microparticles whose surface has been specially
modified to enhance the adhesion of the therapsutic agent to the
microparticle surface and to optimize the delivary of the therapeutic
agent. The microparticle surface may contain any suitable modification

that would increase the adhesion of the tharapeutic agent.

[0148] The foregoing description of the invention has been
presented for purposas of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise form disclosed, and
modifications and variations are possibie in light of the above teachings or

may be acquired from practice of the invention. The drawings and
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description were chosen in order to explain the principles of the invention
and its practical application. it is intended that the scops of the invention

be defined by the claims appended hereto, and their equivalents.

[0147] All of the publications and patent applications and patents
cited in this specification are herein incorporated in their entirety by

reference.
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i claim:

1. A pharmacseutical flowable composition comprising
biodegradable and biocompatible components for being provided within r
upon a mammal body and adapted for forming a biodegradable,
biocompatible, three dimensional structured object, the composition
comprising a multiphase, flowabls colloidal system and therapeutic
agent(s) to provide local or systemic therapeutic effect(s} in or upon said
body.

2. A pharmaceutical composition for being provided within or upon

an mammal body, comprising:

a first phase;

a second phase;

first molecules or molecular aggregates which are adapted to
preferentially partition into the first phase; and

second molecules or molecular aggragates which are
adapted to preferentially partition into the second phase;

wherein the second molecules or molecular aggregates self
assemble a wall adjacent the first molecules or molecular aggragates

when the composition is provided into said mammal body.

3. The composition of claim 1, whersin the colloidal system is a

liquid suspension or emulsion containing microparticles.

4. The composition of claim 2, wherein:

the first molecules or molecular aggregates comprise a therapeutic
agent;

the second molecules or molecular aggregates comprise
microparticles;

the wall comprises a microparticia shell around a therapeutic agent

containing core.
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5. The composition of claims 3 or 4, whersein the microparticles are
porous microparticles and wherein the composition is provided by

injection into the mammal body.

6. The compasition of claim 5, wherein the porous microparticles

are polymer microparticles.

7. The composition of claim 6, wherein porous microparticles are
crystallized dextran microparticles having an average diameter ranging

from 0.5 to 5.0 microns.

8. The composition of any claims 1 to 7, wherein the composition

is a liquid two-phase system containing a mixture of microparticles.

9. The composition of claim 8, wherein the two-phase system
forms a capsule structure when provided in vivo, the capsule structure
comprising a first phase core and a second phase shell surrounding the

core.

10. The composition of claim 9, wherein the therapeutic agent
selectively partitions into the core liquid phase and the microparticles
selectively partition into the shell liquid phase.

11. The composition of any claims 8 to 10, wherein the
therapeutic agent is selected from a group consisting of a peptide, a

protein, a nucleic acid, a virus, a cell and @ combination thereof.

12. The composition of any claims 9 to 11, wherein the core
comprises 8 PEG aqusous phase and selectively partitioned insulin and the
shell comprises a dextran aqueous phase and selectively partitioned

crystailized dextran microparticles.

13. The composition of claim 2, wherein:
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the composition comprises a flowable composition or a dried
composition which may be rendered flowable by hydration;

the first molaculas or moleculer aggregates are selected from a
group consisting of microparticles, macromolecules, cells, liposomes,
DNA, plasmids and proteins; and

the sacond molecules or molecular aggregates are selected from a
group consisting of microparticles, macromolecules, cells, liposomes,

DNA, plasmids and proteins.

14. A method of in vivo formation of a biocompatible implant
comprising:

forming a pharmaceutical flowable composition comprising a
muiltiphase colloidal system and a therapeutic agent;

injecting the pharmacautical flowable- composition into an mammal
body; and

forming a biodegradable and biocompatible structured implant by

self assembly in the mammal body.

16. A method of providing a pharmaceutical composition within
or upon an mammal body, comprising:
providing the pharmaceutical composition comprising:
a first phase;
a second phass;
first molecules or molecular aggregates which are
adapted to preferentially partition into the first phase; and
sacond molecules or molecular aggregates which are
edapted to preferentially partition into the second phase; and
providing the pharmaceutical composition into or upon the mammal

body wherein the second molecules or molecular aggregates self
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assemble a wall adjacent the first molecules or molecular aggregates

when the composition is provided into or upon said mammal body.

16. The method of claim 14, wherein the colloidal system is a

liquid suspension or emulsion containing microparticies.

17. The method of claim 15, wherein: .

the first molecules or molecular aggregates comprise a therapeutic
agent;

the second molecules or molecular aggregates comprise
microparticles;

the wall comprises a microparticle shell around a therapeutic agent

containing core.

18. The method of claims 16 or 17, wherein microparticles are
polymer microparticles and the mammal body comprises a human or an

animal body.

19. The method of claim 18, wherein the polymer microparticles

are porous microparticles.

20. The method of claim 19, wherein porous microparticles are
crystallized dextran microparticles having an average -piametar ranging

from 0.5 to 5.0 microns.

21. The method of any claims 14 to 20, wherein the composition

is a two-phase system containing microparticles.

22. The method of claim 21, wherein the two-phase system
forms a capsule structure when provided in vivo, the capsule structure
comprising a first phase core and a second phase shell surrounding the

core.



“286
236

23. The method of claim 22, wherein the therapeutic agent is
selectively partitioned in the core and the microparticles are selactivaly
partitioned in the shell.

24. The method of any claims 21 to 23, wherein the therapseutic
agent is selaected from a group consisting of a peptide, a protein, a nucleic
acid, a virus, and a cell. '

25. The method of any claims 22 to 24, wherein the core
comprises a PEG aqueous phase and selectively partitioned insulin and the
shell comprises a dextran aqueous phase and selactively partitioned

crystallized dextran microparticles.

26. The method of cleim 15, wherein:

the composition comprises a flowable compaosition or a dried
composition which is rendered flowable by hydration prior to being
provided into the mammal body;

the first molecules or molecular aggregates are selected from a
group consisting of microparticles, macromolecules, cells, liposomes,
DNA, plasmids and proteins; and

the second molecules or molecular aggregsates are selected from a
group consisting of microparticles, macromolecules, cells, liposomes,

DNA, plasmids and proteins.

27. A flowable composition, comprising a colloidal suspension or
emulsion of biocompatible and biodegradable microparticles and a label in
a fluid.

28. The composition of claim 27, wherain:
the microparticles comprise crystallized dextran microparticies;
the label comprises a fluorescent macromolecule which controllably

releases from the composition when it is located in a mammal body.
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29. The composition of claim 27, wherein the colloidal
suspension comprises a capsule having a first phase shell comprising
selectively partitioned label and a second phase core comprising

selactively partitionad microparticles.

30. A method of in vivo formation of a biocompatible implant,
comprising:

providing a8 composition comprising a colloidal suspension or
emulsion of biocompatible and biodegradable microparticies and a label in
a fluid; and

introducing the pharmaceutical composition into a mammal body.

31. The methad of claim 30, wherein;

the microparticles comprise crystallized dextran microparticles;

the crystallized dextran microparticles are biocompatible with the
mammal body and are biodegradable within the mammal body; and

the label comprises a fluorescent macromolecule.

32. The method of claim 30, wherein the colloidal suspension
self assembles into a capsule having a first phase core comprising
selectively partitioned label and s second phase shell comprising
selactively partitioned microparticles when the suspension is introduced

into the mammal! body.

33. A cell therapy method comprising providing cells enclosed in
or contacting an outer surface of a capsuls of crystallized dextran

microparticles into 28 mammal in need thereof.

34. The method of claim 33, wherein:
the cells are enclosed in the capsule such that the celis comprise a
core of the capsule and the microparticles comprise a shell enclosing the

core; and
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the shell is porous to oxygen and nutrients but impermeable to

immune system cells.

35. The method of claim 34, wherein the cells comprise insulin
producing cells which generate and release insulin through the capsuie
into blood of a mammal to lower blood glucose in response to blood

glucose permeation into the capsule.

36. The method of claim 34, whersin the cells comprise the cells
that are not from the mammal to which the composition is being

administered to.

37. The method of claim 33, wherein:
the cells contact the outer surface of the capsule; and
the cells comprise the cells from the mammal to which the

composition is being administered to.

38. A bone graft substitute comprising porous crystatlized
dextran microparticles.

39. The bone graft substitute of claim 38, further comprising a
therapeutic agent located in pores of the microparticies which provides

bone formation in special sites of a body.

40. A method of forming a bone graft substitute, comprising
providing porous crystallized dextren microparticles to a bone graft site in
a mammal body and forming a bone graft substitute comprising the

porous crystallized dextran microparticies.

41. The method of claim 40, further comprising:
preparing a suspension of porous crystallized dextran microparticles

in a first liquid phase;
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preparing a suspension of second microparticles in a second liquid
phase immiscible with the first liquid phase;

preparing an emulsion where the second liquid phase is a
continuous phase and the first liquid phase is a dispersed phase; and

injacting of the smulsion into 8 mammal body.

42. The method of claim 41, wherein:

the second microparticles comprise ceramic microparticles; and

a therapeutic agent which provides bone formation in special sites
of the body is located in pores of the porous crystallized dextran

microparticles.

43. A method, comprising:

providing crystallized dextran microparticies; and

combining & therapeutically effective amount of insulin and the
crystallized dextran microparticles in a solution after the microparticles
have been crystallized to form a suspension of insulin and crystallized

dextran microparticles.

44. The method of claim 43, further comprising administering the

suspension to a mammal.

45. The method of cleim 44, wherein:

the crystallized dextran microparticles comprise microparticles
having an average diameter of 0.5 to 5 microns;

the step of providing the microparticles comprises forming the
microparticles in a non organic solvent;

the solution comprises an aqueous solution; and

the mammal comprises 8 human.

-82-
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46. The method of claim 44, further comprising drying the
suspension to provide a composition comprising the crystallized dextran

microparticles and the insulin.

47. A method of manufacturing non cross-linked crystallized
porous dextran microparticles, comprising:
(a} preparing an aqueous dextran solution that lacks an organic
solvent;
{b) conducting & crystallization process to form the dextran
microparticles at a temperature above room temperature; and
{c) isolating the non cross-linked crystallized porous crystallized

dextran microparticles from the solution.

48. The method of claim 47, wherein:

the dextran solution comprises dextran having a molecular weight
of 2 to 200 kDa; and

the crystallization process is conducted at a temperature of 40 to
99 °C.

49, The method of claim 48, wherein:

the microparticles are spontaneously formed from the solution;

the dextran solution comprises dextran having a molecular weight
of 20 to 75 kDa; and

the crystallization process is conducted at a temperature of 40 to
70 °C.

$0. The method of claim 47, further comprising combining the

microparticles with insulin.

51. A method of making porous crystallized dextran
microparticles containing a therapeutic agent in microparticle pores,

comprising:
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providing a suspension comprising formed porous crystallized
dextran microparticles; and
providing the therapeutic agent into the suspension such that the

therapeutic agent permeates into pores of the porous microparticles.

52. The method of claim 51, wherein the step of providing a
suspension comprises:

preparing aqueous dextran solution;

conducting a crystallization process to form porous crystallized
dextran microparticles;

isolating the microparticles from the solution; and

providing the microparticles into a colloidal system comprising the

therapeutic agent.

§3. The method of claim 52, wherein:

the therapeutic agent comprises insulin; and

the colloidal system comprises a suspension comprising insulin and
the microparticles.

54. A composition, comprising:
insulin; and
porous crystallized dextran microparticles;
whaerein the microparticles are formed prior to combination of

the insulin and the microparticles in the composition.

B5. The composition of claim 54, wherein the composition
comprises a flowahle colloidal composition and the microparticles

comprise microparticles having an average diameter of 0.5 to 5 microns.

B68. The composition of claim 54, wherein the insulin is located in
pores of the crystallized dextran microparticles but is not encapsulated

inside each microparticle.
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57. The composition of claim 54, wherein the insulin is
selectively partitioned in a first polymer phase and the microparticles are
salactively partitioned in & second polymer phase, such that the
composition forms a structured implant upon introduction into a8 mammal
body.

68. A composition, comprising:
insulin;
a first polymer;
a second polymer which is incompatible with the first
polymer; and

microparticles.

69. The composition of claim 58, wherein the composition
comprises a fiowable colloidal composition and the microparticles
comprise crystallized dextran microparticles having an average diameter of

0.5 to 5 microns.

60. The composition of claim 59, wherein the first polymer

comprises a dextran end the second polymer comprises PEG.

81. The composition of claim 80, wherein the insulin is
selectively partitioned in a PEG phase and the microparticles are
selectively partitioned in a dextran phase, such that the compaosition
forms a structured implant comprising a PEG phase core and a dextran

phase shell upon introduction into a mammal body.

62. A method of lowering blood glucose in a mammal,
comprising providing a therapeutically effective amount of a composition
comprising crystailized dextran microparticles and insulin to the mammal

to lower blood glucose of the mammal, wherein the microparticles are
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formed prior to combination of the insulin and the microparticles in the

composition.

63. The method of claim 62, wherein the composition comprises
a flowable colioidal composition and the microparticles comprise
crystallized dextran microparticles having an average diameter of 0.5 to &

microns.

64. The method of claim 83, wherein:

the composition comprises a two phase compaosition comprising a
dextran phase and a PEG phase;

the insulin is selectively partitioned in the PEG phase and the
microparticles are selectively partitioned in the dextran phase; and

the composition forms a structured implant comprising a PEG phase

core and a dextran phase shell after introduction into a mammal body.

85. The method of claim 64, further comprising controlling a
thickness of the shell based on the body of the mammal receiving the

composition to control release of insulin from the implant.

66. The method of claim 62, wherein the composition is provided
to a human suffering from diabetes to lower the blood glucose

cancentration in the human.

67. An inhalator, comprising:

a vessal adapted for administering a dose of a pharmaceutical
composition to a8 mammal by inhalation; and

a pharmaceutical composition comprising crystallized dextran
microparticles and a therapeutically effactive amount of insulin located in

the vessel.
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68. A method of lowering blood glucose in a mammal,
comprising administering by inhalation a therapeutically effective amount
of a composition comprising crystallized dextran microparticles and insulin

to the mammal to lower blood glucose of the mammal.
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ABSTRACT

A method of lowering blood glucose in a mammal includes
administering orally or by injection or inhalation a therapeutically effective
amount of crystallized dextran microparticles and insulin to the mammal
to lower bload glucose of the mammal. The composition may be a one
phase or a structured muiti-phase composition for controlled release of

insulin or other therapeutic agents.
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. IN THE EUROPEAN PATENT OFFICE
INTERNATIONAL PRELIMINARY EXAMINATION AUTHORITY
UNDER THE PATENT COOPERATION TREATY

Internationsl Application of: THE TECHNOLOGY DEVELOPMENT COMPANY
International Application No: PCT/IB2004/000961
International Filing Date: 4 March 2004 (04.03.2004)
Title: DELIVERY SYSTEM FOR DRUG AND CELL
THERAPY
7 REPLY ON UND RUL and

- AMENDMENT

@ Europesn Patent Office Authorized Officer: Sandrine POLENZANI
PB. 5818 Patentiasn 2
NL-2280 HV Rijswijk
Sir:

In accordance with PCT Rule 66.3, Applicant provides a Reply to the Written Opinion.

AMENDMENTS

Please amend claim 1 by replacing claim page 55 of the published application with
replacement page 55 submitted with this Reply to Written Opinion.

ARGUMENTS

The Written Opinion asserts that ail claims either lack novelty under Article 33(2)
and/or lack inventive step under Article 33(3). Applicant respectfully disagrees for the

following reasons.
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L Novelty

Claim 1
Clahnlhubmmcndedbreciteaeomponiﬁcainbleformaﬁoflthee
dimensional structured object jn vivo. Jn order for claim 1 to be rendered not novel according
to PCT article 33(1), the compositions described in D1 ~ D4 must be at least gapsble of

forming a three dimensional structured object in vivo. Applicant submits that the
compositions disclosed in D1 to D4 are not capable of forming such an object in vivo.
Therefore, claim 1 satisfics the novelty requirement.

Reference D1 diacloses an jn yitro realized process of micro-encapsulation. For
example, claim 1 of D1 recites “A process for producing parenterally administrable
microparticles containing a biologically active substance...”. Application of two-phase
polymer system shown is only to form in vitro droplets of aqueous starch solution
containing washed *...concentrated and/or solidified biologically active substance...” and
“cauging or allowing the starch droplets ... to solidify into starch microparticles”. This
reference docs not form any structured objects in vivo,

Reference D2 discloses a composition based on specific type of block-copolymers
particles (= “suspended carrier particles™) “...capsble of associating with at least ane active
principal (AP) in colloidal suspension, in the undissolved state, and releasing it, especially in
vivo, in a prolonged and/or delayed manner, characterized in that the particles it contains are
associated and/or can be associated with at least one AP sclected from hydrophilic AP,
preferably proteins, this AP consisting particularly preferably of insulin.” Thus, this reference
does not disclose forming a structured object in vivo.

Reference D3 notes that “... important feature of this invention is the protection
afforded the insulin component of this composition from enzymatic degradation in the
digestive tract. This is accomplished by incorporating the insulin in the coacervate phase of

13148311
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the coacervate system. In the process of this incorporation, a film of coacervate phase
water surrounds and coats each insulin molecule.” The emulsifying procedure forms an
cmulsion containing particles in vitro (see example 1 in col. 7 of D3).

Thmﬁn,RefamceDBdounotdisclonnoompoaﬁonwlﬁehmﬁnm:SD
structure in vivo as recited in claim 1.

Reference D4 describes a technique that uses special derivatives of dextran that can
form two-phase system with PEG in aqueous solution and can be cross-linked to obtain a
dextran hydrogel with PEG-phase containing insulin snd dispersed in the hydrogel i.c. the
droplets are fixed and camnot move in the gel). The dextran hydrogel is not flowabie

system.

In contrast, claim 1 of the present application recites a flowable composition. A
preferred example of the composition recited in claim 1, does not include dextran derivatives
and cross-linking agents. Droplets of the PEG-phase containing insulin aro dispersed in a
dextran phase containing crystallized dextran microparticles. The whole system is flowable
and evolves to form a specific 3D structure in vivo.

Therefore, Claim 1 is believed to be novel because references D1-D4 do not disclose
or suggest eny flowable colloidal systems capable of forming a specifically structured object
in vivo.

Claim 2

The Written Opinion states that it * is stressed that the feature “when the composition
is provided into a mammal body” relates merely to the process of preparation and is not 2
characterizing feature in a claim directed to a product™

Applicant respectfully dizsagrees with this conclusion. In order for claim 2 to be
rendered not novel according to PCT article 33(1), the compositions described in D3 and D4

L1314531.1
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must be at least capable of sclf assembling a wall when provided into a mammal body (i.e., in
vivo). Applicant submits that the compositions disclosed in D3 and D4 are not capable of
forming such a wall in vivo. Therefore, claim 2 satisfies the novelty requirement.

Claim 2 recites self assembling as a basis of in vivo specific structure formation -
“...second molecules or molecular aggregates self assemble a wall adjacent the first
molecules or molecular aggregates when the composition is provided into saild marmmal

w.ll

The in vivo structure formation process of claim 2 is of a type where a solution of the
biodegradable polymer in an organic solvent and a therapeutic agent dissolved or dispersed
(in this case composition is a suspension or emulsion, i.c. it is a colloidal system) in the same
solvent is provided into a body. Upon contact with body fluid (i.e. when the composition is
pruvided into a mammal body), the polymer coagulates, forming a solid implant that can be
used as depot for controlled release of biologically active substance(s).

References D3 and D4 do not disclose such a composition or a composition which is
capable of forming the claimed structure,

Claim 27

Applicant submits that reference D3 lacks page 238 mentioned in the Written
Opinion. D3 does not disclose FITC labeled insulin. Thus, Applicant belicves that claim 27

is novel over D3.

Applicant notes that reference D4 (Moriyama article) does have page 238 and does
disclose FITC labeled insulin. However, D4 discloses a cross linked hydrogel, which isnota
flowable composition. In contrast, claim 27 recites a flowable composition. Thus, claim 27
is novel over D4 as well for this reason.

1314591.1



A

Atty. Dkt. No. 028093/0110 3 19
Claim 43

Reference D3 (US patent 4,963,526) does not disclose crystallized dextran
microparticles and combining the microparticles with insulin after the microparticlos are
formed, a8 recited in claim 43. Instead, gelatin, lecithicin, albumin, etc. is used with insulin.
Likewise, D4 discloses cross linked rather than the crystallized microparticles of claim 43.

Claim 51

Claim 51 recites cryptallized dextran microparticles. In contrast, D4 discloses cross
linked dextran rather than crystallized microparticles. Furthermore, the cross linked hydrogel
of D4 is formed afier dextran is mixed with insulin (i.e., insulin is mixed with microparticles
before cross linking of the dextran) (sec § 2.2 and § 2.3 of D4). In contrast, claim 51 recites
that insulin is mixed with microparticles after the microparticles form.

Claim 54

The Written Opinion States that the festure “the microparticles are formed prior to
combination of the insulin and the microparticles” does not delimit claim 54 from the prior
art. A product is not delimited from the prior art only when altemative process is used to
prepare a known product. Consequently, claim 54 is not new in view of documents D4 and
Ds.”

Applicant respectfully disagrees with this conclusion. In order for claim 54 to be
rendered not novel according to PCT article 33(1), the compositions described in D4 and DS
must be the same as the composition of claim 54.

Reference D4 describes the insulin release during crogs-lipked methacrylic dextran
hydrogel enzymatic degradation. In contrast, claim 54 recites crystallized dextran. Clearly,
the cross linked dextran hydrogel is not the same as the claimed crystallized dextran.

13148311
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Fur!;hmmt,mdisclmurdmebuedonthemzymlﬁqdemdnﬁon. Clearly, this
excludes introducing insulin into a cross-linked hydrogel following the preparation of the
hydrogel. Thus, the composgition of D4 is different from the claimed composition.

Reference DS does disclose crystallized dextran particles. However, in the
composition of DS, the insulin is introduced into the composition prior to formation of the
microparticles. Thus, the composition of DS inciudes insulin surrounded by a dextran
particle shell, since the shell forms around the insulin.

In contrast, in the compogition of claim 54, the insulin is located in the pores of
crystallized dextran microparticles because the insulin is provided into the microparticles
after the microparticles are formed. Claim 56 specifically recites that the insulin is located in
the pores of the microparticles but is not encapsulated in the dextran shell to further
distingnish DS. '

Therefiare, the composition of claims 54 and 56 is structurally different from the
composition of D5 where the insulin is surrounded by a dextran shell.

Claimg 58-61
As discussed above, D4 does not disclose the composition of claim 5§8. Furthermare

D4 does not disclose the compositions of claims 59-61 because the composition of D4 is not
a flowable composition, as recited in claim 59.

131453141



> R

Atty. Dkt. No. 028093/0110
w 27

4-1 3

The Written Opinion states that “document D4 discloses a process for preparing
dextran-PEG two phase compositions comprising insulin eventuaily labeled with FITC.
Claims 14-15 and 30 differ from D4 in that the colloidal system or two phase composition is
formed in vivo. The problem to be solved is thus regarded as to provided a process for
preparing the composition in vivo. There is no evidence provided in the application that the
colloidal system of two phase composition may be formed in vivo. The problem is thua not
solved and claims 14-15 and 30 are not inventive.”

Applicant respectfully disagrees with this conclusion. The solution to the problem is
ghown in Figures 13 and 14 and described in paragraph 0049 of the present application.
Figures 13 and 14 show how the colloidal system of a two phase compoaition forms an in
vivp implant of claims 14-15 and 30 following intramuscular and subcutaneous
administration of the composition in mice by injections. Thus, the problem is solved and
claims 14-15 and 30 are considered inventive.

Claims 33, 38 and 40

The Written Opinion states that there is no evidence provided showing that
crystallized dextran microparticles are suitable for cell therapy or as bone graft substitute.
Claims 33, 38, and 40 are thus considered as not inventive.

Applicant respectfully disagrees with this conclusion. Partitioning into the PEG-phase
(see Figure 16A), adsorption and proliferation of the cells on the surface of the crystallized
dextran microparticles partitioned into dextran-phase (sce Figures 16C, 16D) and the
formation of the two phase composition in vivo (Figures 13-14) taken together show that the
technique described in present application can be used for injectable tissue enginecring,

13148311
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which is one of the most promising directions in cell therapy. Thus, claims 33, ssmddoue

considered inventive.
Claim 47

The Written Opinion states that document D7 discloses that the crystallization is
spontaneous above 4°C and a higher temperature. The crystallization at temperature sbove
room temperature is an obvious altemnative to process disclosed in D7. Claim 47 does thus not

involve an inventive step.

Applicant respectfully disagrees with this conclusion. Document D7 states:
“Surprisingly, it was furthermore found that the crystallization rate lowered at 4°C. This
finding can be used to store solutions at 4°C while these solutions only start to form gels
when they are removed from the cooled storage and are brought to higher temperature such as

room temperature.”

Crystallization at temperature above one disclosed in D7 (i.e. 25°C) is not obvious
because it is well known scientific fact that the increasing of temperature impedes the
crystallization process. It is why the authors of D7 say “Surprisingly ..."” when
crystallization rate was lowered at 4°C because it is well known scientific fuct that lowering
of temperature favours crystallization process. There is no suggestion in D7 that the
crystallization can be conducted sbove room temperature, Thus, claim 47 is considered
inventive because the present application shows that crystallization is poaéx‘blc above room

temperuture.
Claim 62

Claim 62 is believed to be inventive for at lcast the same reason as claim 54 above.
References D4 to D6 do not disclose a composition is which the insulin is provided after the
formation of the microparticles, such that the composition would comprise insulin in pores of
the microparticles, for example.

13145311
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Claim 67

The Wiritten Opinion states that the application does not provide any evidence that the
crystallized dextran micropartioles are suitable for inhalation administration. An inventive

stop is thus not acknowledged for the subject-matter of claim 67.

Agpplicant respectfilly disagrecs with this conclusion. Crystallized dextran
microparticies dimensions (soe Figure 1 and paragraph 0028 of the specifioation), their
biocompatibility and possibility of acting s a carrier of biologically active substances
" undoubledly show that the micropartioles have a sufSolent sct of properties to be applied by
inhalation and olalm 67, therefors, is lnventive,

Claiin 68
Claim 68 which recites administration by Inhalation is befleved to be inventive for the
same reason as claim 67 above.

The IPEA is Invited to contact the undersigned by telephane If it ia fbit thet &
telephans interview would advance the prosscution of the present application.

Respectfully submitted,
»

Michasl Onischenko

Vico-President | -

The Technology Developmert Company, LTD
Dated: 2§ DecgrunBec 200Y
The Teclmology Development Company, LTD
o/o FOLEY & LARDNER L1P
Washington Harboor

3000 K Strest, N.W., Sagite 500
Washington, D.C. 20007-5143
United States of America

/S’l:?
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I claim:

1. A pharmaceutical flowable composition comprising biodegradable and
biocompatible componexts for being provided within or upon a mammal body and sdapted
for jn vivp forming a biodegradable, biocompatible, three dimensional structured object, the
composition comprising a multiphase, flowable colloidal system and therapeutic agerit(s) to
provide local or systemic therspeutic effect(s) in or upon said body.

2. A pharmaceutical composition for being provided within or upon an mammal
.body, comprising:

a first phase;

& second phase;

first molecules or molecular aggregates which are adapted to preferentially
partition into the first phase; and

second molecules or molecular aggregates which are adapted to preferentially
partition into the second phase; .

wherein the second molecules or molecular aggregates self assemble a wall
adjacent the first molecules or molecular aggregates when the composition is provided into
said mammal body.

3 The composition of claim 1, wherein the colloidal system is a liquid suspension or
emulsion containing microparticles.
4 The composition of claim 2, wherein:

the first molecules or molecular aggregates comprise a therapeutic agent;
the second molecules or molecular aggregates comprise microparticles;
the wall comprises a microparticle shell around a therapeutic agent containing core.

.1314531.1
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NOTIFIGATION OF TRANSMITTAL OF
FOLEY & LARDNER LLP ' THE INTERNATIONAL SEARCH REPORT AND
Attn. Kaminski, Michael D. THE WRITTEN OPINION OF THE INTERNATIONAL
Washington Harbour SEARCHING AUTHORITY, OR THE DECLARATION

3000 "K" Street, N.W., Suite 500
Washington, D.C. 20007-5101
UNITED STATES OF AMERICA

(PCT Rule 44.1)

Dete of maling

(apmontiyos)  27/07/2004
Appilcants or agents fie reference
028093-0110 FOR FURTHER ACTION  Sce pamagraphs | and 4 beiow
intemational appication No. intamational fling dats
PCT/IB2004/000961 (deymonthiysar) 4 703 /2004
Appicant

THE TECHNOLOGY DEVELOPMENT COMPANY LTD.

1. E] The applicant le hareby notified that the intemational saarch report and the wriiten opinion of the Intemational Searching
Authority heve been esteblished and aye tranamiitsd herewith,

Filing of emendments and statement under Article 18:
The appfcant is entitied, if he s0 wishas, I amend the claims of the Intemational Appiication (eee Rule 48):

When? The time limit for filing such amandments Ia normally 2 months from the date of tranamittal of the
imernational Search Raport; howewver, for more dotalle, see tha notes on the accompanying shest.
Where? Directly D the  Intemational Bureau of WIPO, 34 chemin das Colombeties
1211 Geneva 20, Switzeriand, Fascimile No.: (41-22) 740.14.35
For mom detaliad Inetructions, a8 the nold on the accompanying sheet.

2. D The applicant Is hereby notified that no intemational search report will be established and that the declamation under
Articie 17(2)(a) w0 that efiect and the writien opinion of the Intemational Ssarching Authority are transmitied herawith.

3. D With regard {0 the protest against payment of {an) addtional fee(s) under Rule 402, the applicant s notified that:

[C] the protest sagether with the decision tharean has been tranamitied 1o the Intemational Bureau together with the
applicant's request io lorward the taxts of hoth the protest and the decision therean o the designated Offices.

|:| no decision has been made yet on the protest; the agpiicant will be notified as soon as a decislon Is mada.

4. Pamindarn
Shortly after the expiration of 18 montha from the priardty dete, the Imemational appAcation will be pubiished by the
Iintemational Bursau. if the applicant wishes 10 evold or postpone pubication, a notice of withdrawal of the international
application, or of the priorty cialm, must reach e Intamational Bureau as provided in Rules 50bis.1 and 805i5.3, raspectively,
before the completion of the technicel preperations ke Intemaonal publicaion.
The applicant may submit commeants on &n inlormal basis on the written opinion of the Imemational Searching Authority to the
InWemational Bursau. The intemational Bureau will send a copy of such comments 10 el designated OMces urises an
ntamational preiminary examination report has bean or ks to be astabixhed. Thesa commants woulkd aisc be made avallable to
the public but not bafore the expiration of 30 months from the priorty dets. .
Within 18 months from the priority date, but only in respect of some designatad OfMces, a damand lor intemational preliminary
axamination must be fied ¥ the applicart wishes to postpone the antry nto the nafional phass untl 30 montha trom the priccity
daie (in soma Ofices even laler); atherwiss, tha appiicant must, within 20 montha from the pricrty daie, perform the prescribed
acts for entry into the national phase baftore thoss designated Officaa.

Inm’hp:cioloinrdamuom,m time timit ot 30 monthe (Or latar) will apply even it no demand |s fied within 18
mon .

See tha Annex io Form PCT/IB/301 and, for detalls about the appiicable tms Imhs, Ofce by OMice, see the PCT Applicant's
Guide, Voluma I, Nationsl Chapiers and the WIPO Intemet she.

Name and maliing address oOf the Inlermational Searching Authority | Authorized officer

Eurapagnt Patant Office, P.B. 5818 Patentiaan 2 . .
NL-2280 HV Rijewifk Sandrine Polenzani

Tel. (+31-70) 340-2040, Tx. 31 851 epo nl,
Fax (+31-70) 340-3018
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n—-mnwumhmmmumdmm-&nﬁ
Notes are baned on the requirements of the Pelent Cooperation Tresty, the Reguisiions end the Adminisivalive insiructions
unlar that Trealy. in case of disorepancy betwean thess Nolea and thoss the isiter are appiioshis, For mare

dutailed information, sea aiso the PCT Apploant’s Guide, a publication of W1

in thaas Notes, "Artala”, “Fule®, wwmunpﬁ-uhm hmwunm
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INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applieant has, sfier having ressived the indsmalionsl search repart, one spportunlly i armend the sisire of the
IMMdMIMthnMM “lpﬂhdhmm#

mﬂdm)mqhmbddnq intemgtionsal preiiminay sxamination prosadure,
no nead to e amendmenta of hdﬁmunﬁMHﬂOwM .. hﬁmwﬂhmbhm

for the purposes of provisional prolection or has anciher reason for amanding the slaims befors inlemational phuliostion.
Furthermore, R should bs emphasited that proviaional prolestion is svalabie in eome States anly.

What paris of the intermational spplication may be armended ?
Uindar Artisle 19, only the claims may be amernded.

During the intemational phass, the cdalms may also be smendad (or further smendad).under Asticle 34 before
the intemational Preliminery Examining Authorlly. The descriplion and drawings may only be amended uxder
Articla 3¢ bafore the indernationsal Examining Authority.

Lpnmmhnmw-.d_hdhw Mmqhmﬂﬂmﬁlﬂhﬂ
or, whare , Article 41

Whan? ‘Within 2 montha lrom the date of tranemiiial of the inlemational search report or 16 monthe from the priority
dale, whichever time it expires jsler. R should be noind, hawever, thel the amendmenis will be considered
a8 having bean recalved on tima IMththMﬂ“*hmdh
time fmk bt before the compiwiion of the technical preparstions for international publioetion

applicabls
(Pl 46.1).

Where not t= file the smendmenls?

The amendiments may only be fled with the intamationel Bureau snd not with the receiving Offios or the
intemalionsl Baarching Authorily (Fule 48.2).

Where a demand for inlemstional preliminaly sxaminsiion has bean s fled, see below.

Howr? ERher by asncaliing one or more entire alsimy, by adding one or mare new alaima or by amanding the leot of
one o more of the olsime s fled.

A repiscement shest must ba submitted lor sach shast of the olaims which, on socowurt of an smandment or
amendments, diflers from tha shewet originally Shed.

All the claims sppearing on a replacament shest must be numbsered in Arsbic numerain. Where a olaim s
sanosiied, no renumbering of tha aiher ciaims is required. in all casas where olsims are rerumbaered, they must
be renurmnbered consegutively (Administrsiive Instructions, Bection 206(b}).

The amendments must be mads in the lnguags In which the intsmational sppiication is to be pabiished,

What docusnents must/may acosmpany the amendments?
Latiar (Sectian 200(b)):
The smamimenis fmust be submitied with a latter.

Thea letter will not be pubiished with the intsmetionsl apploation and the amended alaima. R should not be
confused with the "Bistement under Asticla 19{1)" (sse beiow, undar "Btatemaent under Articde 18{1)7)

The aiter must be in English or French, at the chaloa of the spplicant. However, If the language of the
international application is English, the litter must be In English; if the language of the intamnalional
ls Franch, the intter must be in Franch.

Notes to Form PCTASA/220 (frst sheet) (January 1094}
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NOTES TO FORM PCT/ISA/220 (continued)

muat inciosie the differances belween the claims ss fiad and the claims as amended. k must, In
, indiogle, In connection with easch olalm appearing in the Intemational appication [t being undersiood
mmmmah-myhm.m

the slaim is unchanped;

the alaim is cancelled

the olaim ia naw;

the claim replaces one or more claims as fied;

the olaim in the result of the division of & elaim as Sed.

i
|

‘E

o - R

The following exampies Hustrels the manner in which amendmenta must be sxplsined In the
accompahying lsiter:

1. [Whamn originally thare were 48 clsime and siter smandmant of some claima there are 51
“Claims 1 o 29, 31, 32, 34, 35, 37 10 48 replaced by amended-olsims bearing the sama numbemn;
clairs 30, 33 and 36 unchanged; new clsirme 46 o 51 adkied."

[Whaere originally there ware 15 olaims and afier amendment of all alsime thars are 11):
*Clsima 1 io 15 replaced by amended daims 1 to 11.°

[Whare ariginally there ware 14 dlsime and the amendmanis consiat in sanceliing some alalkns and in adding
"a:midiuduummThﬂM ; row slalme 185, 18 and 17 addad " ar
“Claima 7 io 13 sancelied; new claime 15, 10“11“‘“““

4 m&ﬁdmmmﬂ]
1-10 unshanged:; claims 11 ta 13, 1§ and 19 cancalied; clairms 14, 15 and 16 eplaced by smersled
claim 14; claim 17 subdivided into amandad cdeima 15, 18 and 17; new claims 20 and 21 adkded.®

r

i\

“Stalement under artiole 19{1)" (Fuile 20.4)

The amendments may be accompanied by a siatement sxplsining the amandments and indicaling any impact
M%—rﬁ-tnﬂthmthHh&mwm&-_ﬂm

The sislement will be putdished with the intemational appiiostion and the amencded claims.
& must bs In the language in which the inherasiienal appplicalion ks in be published.
& must be brief, not sxceeding 500 wards if in Engliah or If iranslaled inta English.

R should not be sonfused with and doss not meplace the lstier indiosting the differences beiwesn the claime
a8 flad and as smended. i rust be Sed on a seperale shest and must be identilled as such by a heading,

preferably by using the words “Stslement under Artiole 19(1)."
it may not contain any daparaging comments on the international ssarch report or the relevaros of eliatiors

Q repor may be made only in connaciion with sn amendrmen of thal olam.

Conssquence i a demand fer internatio nal prefiminary examinetion has airescty been Ded
N, & the time of Sifing any smandmants under Article 19, & demand for inkemational preliminary sxaminsiion
has siready been submifted, the applicant must prefersbly, al the sarme lime of &iing the amendments with tha
irdamational Buresu, aleo fils a copy of such smendments with the intemational Preiminary Examining

Autorily (see Ruls €2.2(s), first sertence)

Conseguence with regand te tranaision of the intsrestiens! application for entry inlo the netional phase
Tha applicants sitendion s drmwn o the last that, where upon entry into the nationa! phase, & tramlation of the
clalme sa amended under Article 19 may have to be furnished to the designatadislectsd Ofioss, instead ol, or
in addilion to, the trenalation of the o sme e fied.
For further detalls on the requiremants of e.ach designetedieiscied Offios, ses Volume || of the PCT Acplisant's

Nates to Form PCTABA/Z220 (sesond shest) (Jaruary 1904)
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(PCT Article 18 and Rules 43 and 44)

APPICAnTS Of agente M ralerence FOR FURTHER F———
028093-0110 ACTION s well a8, where applicable, Ham 5 below.
inlernational application No. miamational filng dale (dewimontvyesr) {Enrileat) Priarty Date. (day/montivyear)
PCT/IB2004/000961 04/03/2004 04/03/2003
Agpiicant

THE TECHNOLOGY DEVELOPMENT COMPANY LTD.

This Intemnational Ssarch Report has baen lhllmumuihnaISoalui Authority and Is tranemitied to the applicant
MgbArMWAmpyhmunr::mdbb:nmm 9 o -

This inlsmational Search Raport conslsts of a ©otal of Qs sheets.
E It ls aleo accompanied by a copy of each prior art docurment clied In this report.

1. Basls of the report
a. ‘With regard io the lsnguage, the intemational search was castied out on the basls of the intemational application In the
languags in which it was fled, uniess otherwise indicated under thie item.

| mhMMmmmwnmm-mmmmunmmmmu
this Authortty (Fule 23.1(b)).
b. [[] Withmegan 1o any nuciectide sndior amino acid soquence disciosad In the intemational sppiication, see Box No. I.

2. [X] Cortain ciaims were found unsearchable (See Box Ii).
3. [] unahyof mvention is incking (see Box Ill).

4. WIth regard 10 the title,
[X] the textis approved me submited by the appiicant.
[[] the text has been astmbished by this Authority 10 read as follows:

6. With regard to the abetract,
[X] the textis approved as eubmitied by the appiicant

[]  the taxt hae besn astmbiished, according % Rule 38.2(b), by this Authority na It appears In Bax No. IV, The applicant
may, within one month from the dete of maling of this Inemational ssarch report, submit comments to this Authorlty.

6. WIth regarcs to the drawings,
8. the figure of the drmings t be published with e sbstractis FigureNo. 1
[X] aseuggeetsd by the appiicant
[[]  assaiscted by this Authortty, becauss the applicant fallad © sugges! & figure.
[[]  asssiected by this Authortty, because this figure betier characterizes the Invention.
b. [[] none ot the Ngures is io be published with the abstract.

Form PCT/IBA210 (first sheet) (January 2004)
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(SE)) 23 May 2002 (2002-05-23)

page 19, 1ine 21 - page 20, line 10
page 19, 1ine 29 - 11ne 36

X WO 02/28374 A (BRYSON NATHAN FLAMEL TECH 1
SA (FR)) 11 April 2002 (2002—04—11)
page 1, 1ine 16 - line 21
page 9, 1ine 14 - 1ine 27
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Category * | Ciztion of docusmani, with indication, whare sppropriats, of tha relevani pessages

Palevant 1o ciaim Mo.

MORIYAMA K ET AL: "Regulated insulin
release from biodegradable dextran
hydrogels containing poly(ethylene
glycol)”

JOURNAL OF CONTROLLED RELEASE, ELSEVIER
SCIENCE PUBLISHERS-B.V. AMSTERDAM, NL,
vol. 42, no. 3,

1 December 1996 (1996-12-01), pages
237-248, XP004069859

ISSN: 0168—3659

page 240

page 238, column 1 - column 2

US 4 713 249 A (SCHROEDER ULF)

15 December 1987 (1987-12-15)

cited 1n the application

colum &; claims 1,4,7; example 13

STENEKES R J H ET AL: "Formation of
dextran hydrogels by crystallization"
BIOMATERIALS, ELSEVIER SCIENCE PUBLISHERS
BY., BARKING, GB,

vol. 22, no. 13, July 2001 (2001-07),
pages 1891-1898, XP004245950

ISSN: 0142-9612

page 1892, column 1

EP 1 184 032 A (OCTOPLUS B V)

6 March 2002 (2002-03-06)

page 3, paragraphs 15,16

page 4, 1ine 46 - page 5, 1ine 28

W0 99/02107 A (USBIOMATERIALS CORP ; UNIV
FLORIDA (US)) 21 January 1999 (1999-01-21)
the whole document

WO 87/02704 A (ROBINSON ERIC)
7 May 1987 (1987-05-07)
the whole document

SOON-SHIONG P: "Encapsulated islet cell
therapy for the treatment of diabetes:
Intraperitoneal injection of islets”
JOURNAL OF CONTROLLED RELEASE, ELSEVIER
SCIENCE PUBLISHERS B.V. AMSTERDAM, NL,
vol. 39, no. 2, 1 May 1996 (1996-05-01),
pages 399-409, XPG004037345

ISSN: 0168-3659

the whole document

1-13,
15-29,
43-61

62-68

47-50,
54-57

62-68
47-61

47-53

38-42

33-37

33-37
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Box 3 Observations whare certain ciaims were found unsearchable (Continustion of ham 2 of first sheet)

1

This Intermational Search Report has not been establishad In respect of certain clalme under Articie 17(2)(a) for the fallowing reasons:

. [x] creima nos:

bamuulnynhhbuﬂlc?mahrﬂnquhdbheﬂﬂﬁdbyﬁlmmmmmdy:

Although claims 14-26, 30-37, 40-46, 62-66 and 68 are d1recte& to a method of
treatment of the human/animal body (Article 52(4) EPC), the search has been
carried out and based on the alleged effects of the composition.

. [ ciaime Nos:

becauss ey relate to parts of the intsmetional Applioation that do not comgly with the prescribed requirements 10 such
an extent that no meaningiul imemational Search can be carried out, specifically:

‘a [[] ciaimanos.:
mmnwmmmmmmnmmmmwm-mdm 8.4(a).

Box I Observetions where unity of invention Is lacking (Continuation of ltem 3 of first aheet)

1

e

This Intamational Searching Authority found mullipie inventions In thie intemational application, &s foliows:

. anmhdddbmlmmmwmwﬁubthﬁalmsﬁmm_md

searchable claims.

2, D As all searchable ciaims couid be searnched without sffort justilying an additional fee, this Authostty did not invite payment

of any additional fee.

X As only some of the required additonal search fees ware timaly pald by the applicant, this Intamational Ssarch Report

covars only those claimas for which feea were paid, spacificaty claims Nos.:

4, D Nc required addifionn! search fees ware timely padd by the apgiicant Consequently, thie Intematonal Basrch Report e

restricied b the invention first mentioned In the claims; It ta covered by ciaims Noa.:

Remark on Protest Dmmmmmmwwuw-m

D No protest accompeniad the peyment of ackitional ssarch fees.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004/,000961

Box No.! Baslis of the opinion

1. With regard to the language, this opinion has been established on the basis of the intemational application in
the language in which it was field, uniess otherwise indicated under this ltem.

O This opinion has been established on the basis of a transiation from the original language into the following
language |, which isthe language of a translation fumished for the purposes of intemational gearch
(under Rules 12.3 and 23.1(b)). .

2. With regard to any nucleotide and/or amino acid sequence disclosed in the Intematlona] appiication and
nacessary to the claimed invention, this apinion has been established on the basis of:

a. type of material:
00 asequence listing
O table(s) related to the sequence listing

- b. format of material:

O in written format
O in computer readabie form

¢. time of filingfumishing:
0 contained in the iIntemationg! application as filed.
O filed together with the intemational application in computer readable form.
O tumished subsequently o this Authority for the purposes of search.

3. O In addition, In the case that more than one version or copy of a sequence listing andbr tabie relating thereto
has been filed or fumished, the required statements that the information in the subsaquent or additional
copies is identical to that in the application as filed or does not go bayond the application as filed, as

appropriate, were fumished.
4, Additional comments:

Form PCTAPEA/237 (January 2004)



WRITTEN OPINION OF THE intemnational appiication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004.000961

Box No. |l Priority

1. B The following document has not been fumnished:
R copy of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(a)).
O twanslation of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(b)).

Consequentiy it has not been possible to consider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. 0 This opinion has been established as if no priority had been claimed due o the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is cansidered fo be the relevant date.

3. Additional observations, If necessary:

Farm PCTAPEA/237 (January 2004)
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WRITTEN OPINION OF THE intemnational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004/000961

Box No. lli Non-establishment of opinion with regard to novelty, inventive step and industrial
applicabliity :

The questions whether the claimed invention 'appaars {0 be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined In respect of.

O the entire international application,
B claims Nos. 14-28,30-37,40-48,62-66,68
because:

B the said inlemational application, or the said claims Nog. 14-28,30-37,40-46,62-68,68 relate to the
following subject matter which doss not require an intemational preliminary examination (speciy);

see sepearate sheet

O the description, claims or drawings (indicate particular alernents bolow) or said claime Nos.  are 8o
unclear that no meaningful opinion could be formed (specify): . . :

0 the claims, or said claims Nos. are S0 inadequately supported by the description that no maaningtful opinion
could be formed.

B nointemational search report has been established for the whole appiication or for uld claims Nos. -

O the nucleotide andlor amino acid sequence listing does not comply with the standard provided for in Annex
C of the Administrative Instructions in that:

the written form O has not been fumished
[l does not comply with the standard
the computer readableform [0 has not been fumished
O does not comply with the standard
O the tables related to the nucleotide andbr amino acid sequence listing, If in computer readable form only, do
not comply with the technical requirements provided for in Annex G-bis of the Administrative Instructions.

O Seeo separate sheet for further details

Form PCTAPEA/237 (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004000961

Box Nﬁ. V Reasoned statement under Rule 43b/s.1{a){l) with regard to novelty, Inventive step or
industrial applicsblllty; citations and explanstions supporting such statement

1. Statement
Novelty (N) Yes: Claims 14,15,30,33,38,40,47,62,68
No: Claims 1-2.27.43.51.54!58.87
Inventive step (IS) Yos: Claims
No: Claims 187
Industrial applicability (1A) Yos: Claims 1-13,27-29,38-39,47-61,63-67
No: Claims
. Citations and explanations
so8 separate shoet

Box No. Vil Certain defects in the international application
The following defects in the form or contents of the intemational application have been noted:

see separate sheet

Form PCTAPEA/237 (January 2004)
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WRITTEN PINION OF THE intemational application No.
INTERNAT! NAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/1B2004/000961
Re ttem lll -
Non-establishment of opinion with regard to novelty, inventive step and industrial
applicabliity

1. Claims 14-26, 30-37, 40-46, 62-66 and 68 relate to subject-matter considered by
this Authority to be covered by the provisions of Rule 67.1(iv) PCT. Consequently,
no opinion will be formulated with respect to the industrial applicability of the
subject-matter of these claims (Article 34(4)(a){l) PCT).

RaltemV :
Reasoned statement with regard to noveity, inventive step or industrial .

applicabllity; citations and explanations supporting such statement
2. Reference is made to the following documents:

D1: WO 02/39985 A (LAAKSO TIMO ; RESLOW MATS (SE); BIOGLAN AB
(SE); JOENSSON MONICA (SE)) 23 May 2002 (2002-05-23)

D2: WO 02/28374 A (BRYSON NATHAN ; FLAMEL TECH SA (FR)) 11 Apiil
2002 (2002-04-11)

D3: US-A-4 963 526 (ECANOW BERNARD) 16 October 1990 (1990-10-16)

D4: MORIYAMA K ET AL: "Regulated insulin release from biodegradable dextran
hydrogels containing poly(ethylene glycol)” JOURNAL OF CONTROLLED
RELEASE, ELSEVIER SCIENCE PUBLISHERS B.V. AMSTERDAM, NL,
vol. 42, no. 3, 1 December 1996 (1996-12-01), pages 237-248,
XP004069859 ISSN: 0168-3659

D5: US-A-4 713 249 (SCHROEDER ULF) 15 December 1987 (1987-12-15)

D6: STENEKES R J H ET AL: "Formation of dextran hydrogels by crystallization”
BIOMATERIALS, ELSEVIER SCIENCE PUBLISHERS BV., BARKING, GB,
vol. 22, no. 13, July 2001 (2001-07), pages 1891-18398, XP004245950 ISSN:’
0142-9612

D7: EP-A-1 184 032 (OCTOPLUS B V) 6 March 2002 (2002-03-06)

D8: WO 99/02107 A (USBIOMATERIALS CORP ; UNIV FLORIDA {US)) 21
January 1999 (1999-01-21)

D9: WO 87/02704 A (ROBINSON ERIC) 7 May 1987 (1987-05-07)

D10: SOON-SHIONG P: "Encapsulated islet cell therapy for the treatment of
diabetes: Intraperitoneal injection of isiets” JOURNAL OF CONTROLLED

Form PCT/Separzie Sheet/237 (Sheet 1) (EPO-Janunry 2004)



WRITTEN PINION OF THE Intemational application No.

INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/182004/000961

RELEASE, ELSEVIER SCIENCE PUBLISHERS B.V. AMSTERDAM, NL,
vol. 39, no. 2, 1 May 1996 (1996-05-01), pages 399-409, XP004037345

ISSN: 0168-3659

If not indicated otherwise the relevant passages are those mentioned in the
search report.

Dacument D1 discloses a process for preparing microparticles having
incorporated a bioactive substance comprising the step of forming a two-phase
system with starch droplets in an inner phase and a polymaeric outer phase, e.g.
PEG.

Documant D2 discloses a colloidal suspension of polymeric microparticles loaded
with insulin.

Document D3 discloses a composition for oral administration of insulin comprising
a two phase coacervate.

Document D4 discloses heterogenous dextran hydragels containing PEG and
insulin for controlled insulin release.

Document D5 discloses microspheres of crystallized dextran and insulin for
prolonged release of biologically active compounds.

Document D6 discloses a process for the praparation ot crystallized dextran
microspheres by physical cross-linking of agueous dextran solutions.

Document D7 discloses a process for preparing dextran hydrogels for controlled
release systems by physical crystallization of dextran.

Document D8 discloses a compasition for replacing tissue like bone, comprising
particle of e.g. apatite in a polysaccharidic carrier, e.g. dextran.

Document D9 discloses polymeric microparticles, e.g dextran, for immobilising
cells.

‘orm PCT/Separate Sheet/237 (Sheet 2) (EPO-January 2004)
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WRITTEN OPINION F THE Intemational application No.
INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2004/000961

Document D9 discloses the use of alginate for encapsulating islet of Langerhans
cells for treating diabetes.

3. Novelty (Art. 33(1)(2) PCT):

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

Claim 1 relates to a colloidal suspension or emuision comprising a therapeutic
agent. The subject-matter of claim 1 seems to be anticipated by the disclosure of

documents D1-D4.

Claim 2 as far as can be interpreted relates to a two phase composition.
Documents D3 and D4 disclose compositions where a phase separation occurs
(see D3: claim 25; D4: p238 col1 §2). It is stressed that the feature "when the
composition is provided into a mammal body" relates merely to the process of
preparation and is not a characterizing feature in a claim directed to a product. it
seems thus that claim 2 is not new in view of D3 and D4.

The prior art does not disclose a process where the colloidal system or the dual
phase system eventually with a label is formed in vivo. Claims 14-15 and 30 seem

thus to be novel.

Document D3 discloses FITC labelled insulin in PEG dextran two phase system
(see p238 col2). Therefore, claim 27 lacks novelty.

The prior art does not disclose the use of crystallized dextran microparticles for
enclosing or contacting cells for cel! therapy. Claim 33 is novel.

The prior art does not disclose the use of crystallized dextran microparticles for
making & bone graft. Claims 38 and 40 are thus novs!.

The method disclosed in D3 anticipates the subject-matter of claim 43.

The process for preparing crystaliized dextran microparticles disclosed in D4 and
D6 and D7 is performed at room temperatura. The subject-mattar of claim 47 is

thus novel.

Claim 51 is not new in view of D4 (see p238 § 2.2).

‘orm PCT/Separzin Sheet/237 (Sheet 3) (EPO-January 2004)



WRITTEN PINION OF THE Intemational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/IB2004/000961

3.10 The feature "the microparticles are formed prior to combination of the insulin and
the microparticles" does not delimit claim 54 from the prior art. A product is not
delimited from the prior art only when an alternative process is used to prepare a
known product. Consequently, claim 54 is not new in view of documents D4 and
DS.

3.11 Claim 58 is not new in view of D4.

3.12 The prior art does not disclose the use of crystallized dextran microparticles for
lowering blood glucose in a mammal. Claims 62 and 68 are new.

3.13 The prior art does not disclose an inhalator comprising crystallized dextran
microparticles and insulin. Claim 67 is thus novel.

4, Inventive step (Art. 33(1) (3) PCT):

4.1 Document D4 discloses a process for preparing dextran-PEG two phase
compositions comprising insulin eventually labelled with FITC. Claims 14-15 and
30 differ from D4 in that the colioidal system or two phase composition is formed
in vivo. The problem to be solved is thus regarded as to provide a process for
preparing the composition in vivo. There is no evidence provided in the
application that the colloidal system or two phase composition may be formed in
vivo. The problem is thus not solved an claims 14-15 and 30 are not inventive.

4.2 There is no evidence provided showing that crystalfized dextran microparticles are
suitable for cell therapy or as bone graft substitute. Claims 33, 38 and 40 are thus

considered as not inventive.

4.3 Document D7 discloses that the crystallization is spontaneous above 4°C and a
higher temperature. The crystallization at temperature above room temperature is
an obvious alternative to process disclosed in D7. Claim 47 does thus not involve

an inventive step.

4.4 The use of crystallized dextran microparticles comprising insulin for iowering
blood glucose is obvious in view of documents D4-D6. Claims 62 and 68 do thus

not involve an inventive step.

Sorm PCT/Separate Sheet/237 (Sheet 4) {EPO-January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/IB2004/000961

4.5 The application does not provide any evidence that the crystallized dextran
microparticles are suitable for inhalation administration. An inventive step is thus
not acknowledged for the subject-matter of claim 67.

5. Dependent claims 3-13, 16-26,28-29, 31-32, 34-37, 39, 41-42, 44-46, 48-50, 52-
53, 55-57, 59-61 and 63-66 do not contain any features which, in combination
with the features of any claim to which it/they refers/refer, meet the requirements
of the PCT in respect of novelty and/or inventive step, the reasons being as

foliows:
6. Industrial applicability (Art. 33(1)(4) PCT):

For the assessment of the present claims 14-26, 30-37, 40-46, 62-66 and 68 on
the question whether they are industrially applicable, no unified criteria exist in the
PCT Contracting States. The patentabiiity can also be dependent upon the
formulation of the claims. The EPO, for example, does not recognize as
industrially applicable the subject-matter of claims to the use of a compound in
medical treatment, but may allow, however, claims to a known compound for first
use in medical treatment and the use of such a compound for the manufacture of
a medicament for a new medical treatment.

Be tem Vil
Certain defects in the intemational application

7.  Although claims 1 and 2; 14-15 and 30; 43, 54 and 58, 47 and 51, 62 and 68
have been drafted as separate independent claims, they appear to reiate
effectively to the same subject-matter and to differ from each other onty with
regard to the definition of the subject-matter for which protection is sought. The
aforementioned claims therefore lack conciseness and as such do not meet the

requirements of Article 6 PCT.

Form PCT/Separas Sheet/257 (Bheet 5) (EPO-January 2004)



Atty. Dkt. No. 028093-0102

ol

ASSIGNMENT AND AGREEMENT

WHEREAS, Viadimir SABETSKY of Piskarevsky Prospekt 10, q.320, 106221,
Saint-Petersburg, Russia; (hereinafter referred to singly and collectively as
"ASSIGNOR") have invented a certain invention entitied BIOCOMPATIBLE IMPLANT
AND METHOD FOR MANUFACTURE THEREOF (Atty. Dkt. No. 028093-0102) for
which a provisional application for United States Letters Patent was filed on March 4,

2003 as Application No. 60/451,245; end

WHEREAS, THE TECHNOLOGY DEVELOPMENT COMPANY Ltd., a Bermuda
corporation (hereinafter referred to as "ASSIGNEE") is desirous of acquiring the entire

interest therein:

NOW THEREFORE, in consideration of One Dollar (¢1.00) and other good and
valuable consideration, the receipt and sufficiency of which are hersby acknowledged,
ASSIGNOR has sold, assigned, and transferred, and by these presents hereby sells,
assigns, and transfers, unto ASSIGNEE, its successors and assigns, the full end
exclusive right, title, and interest in and to {a) the ebove-identified invention or
inventions and all improvemsnts and modifications thereof, (b} the above-identified
application and all other applications for Letters Patent of the United States and
countries foreign thereto for the above-identified invention or inventions and all
improvements and modifications thersof, (c) all Letters Patent which may issue from
sald applications in the United States and countries foreign thereto, (d) all divisions,
continuations, reissues, and extensions of said applications and Letters Patent, and
{e) the right to claim for any of said applications the full benefits and priority rights
under the International Convention and any other international agreement to which the
United States adheres; such right, title, and interast to be held and enjoyed by
ASSIGNEE, its succassors and assigns, to the full end of the term or terms for which
any and all such Letters Patent may be granted as fully and sntirely as would have
been held and enjoysed by ASSIGNOR had this Assignment not been made.

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as assignee of the
entire intarest, for the sole use and bensfit of ASSIGNEE, its successors and assigns.

ASSIGNOR HEREBY AGREES (a) to communicata to ASSIGNEE, its successors
and assigns, or their representatives or agents, all facts and information known or
available to ASSIGNOR respecting said invention or invantions, improvemants, and
modifications including evidence for interference, reexamination, reissue, opposition,
revocation, extension, or infringeament purposas or other legal, judicial, or
administrative proceedings, whenevar requested by ASSIGNEE; (b} to testify in person
or by affidavit as required by ASSIGNEE, its successors and assigns, in any such
proceading in the United States or a country foraign thereto; (c) to executa and dsliver,
upon request by ASSIGNEE, sll lawful papsers including, but not limited to, original,
divisional, continuation, and reissue applications, renewals, assignments, powers of
attorney, oaths, affidavits, declarations, depositions; and (d) to provide all reasonable
assistance to ASSIGNEE, its successors and assigns, in obtaining and enforcing proper
title in and protection for said invention or inventions, improvemaents, and modifications
under the intellectual property laws of the United States and countries foreign thereto.

Page 1 of 2
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Atty. Dkt. No. 028093-0102

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell, assign, and transfer the interests sold, assigned,
and transferred herein, and that ASSIGNOR has not executed and will not execute any

document or instrument in conflict herewith.

ASSIGNOR HEREBY GRANTS to the law firm of Foley & Lardner the power and
authority to insert in this Assignment any further identification which may be necessary
or desirable to comply with the rules of the U.S. Patent and Trademark Office for

recordation of this Assignment.

ASSIGNOR UNDERSTANDS AND AGREES that the attorneys and .agents of the
law firm of Foley & Lardner do not personally represent ASSIGNOR or ASSIGNOR's
legal interests, but instead represent the interests of ASSIGNEE; since said attorneys
and agents cannot provide legal advice to ASSIGNOR with respect to thia Assignment,
ASSIGNOR acknowledges its right to seek its own independent legal counsel.

Executed this AS_ day om'r wvf.l\ . 202*

‘.

VLADIMIR S@ SKY

sm..f/DlSnL:dT 02 Loumd i

Jus.
of )

i
On this |q dey of FEICOARM . 20&_, before me, a notary public in and for sald county, appeared
Viadimk SABETSKY, who Is parsonally known to me to be the same parson whoss name |s subscribad to the foregoing
Instrument, and he/she acknowledged that he/sha signed, sealed, and deliverad the said Instrument as his/her free and

voluntary act for the uses and purposes tharein set forth.

Notary Public (BN /SN

My Commission Expires:

Page 2 of 2
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Atty. Dkt. No. 028093-0103

ASSIGNMENT AND AGREEMENT

WHEREAS, Viadimir SABETSKY of Piskarevsky Prospakt 10, q.320, 106221
Saint-Petersburg, Russia; (hereinafter referrad to singly and collectively as
*ASSIGNOR") have invented a certain invention entitied NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY (Atty. Dkt. No. 028093-0103) for which a provisional
application for United States Letters Patent was filad on May 5, 2003 as Application

No. 80/467,601; and

WHEREAS, THE TECHNOLOGY DEVELOPMENT COMPANY Ltd., a Bermuda
corporation {hereinafter referred to as "ASSIGNEE") is desirous of acquiring the entire

interest therein;

NOW THEREFORE, in consideration of One Dollar ($1.00) and other good and
valuable consideration, the receipt and sufficiancy of which are hereby acknowledged,
ASSIGNOR has sold, assigned, and transferred, and by these presents hereby sells,
assigns, and transfers, unto ASSIGNEE, its successors and assigns, the full and
exclusive right, title, and interest in and to (a) the above-identified invention or
inventions and all improvements and modifications thereof, {b) the above-identified
application and all other applications for Letters Patent of the United States and
countries foreign thereto for the above-identified invention or inventions and all
improvements and modifications thereof, (c) all Letters Patent which may Issue from
said applications in the United States and countries foreign thereto, {d) all divisions,
continuations, reissues, and extensions of said applications and Letters Patent, and
{s) the right to claim for any of said applications the full benefits and priority rights
under the International Convention and any other international agreement to which the
United States adheres; such right, title, and interest to be held and enjoyed by
ASSIGNEE, its successors and assigns, to the full end of the term or terms for which
any and all such Letters Patent may be granted es fully and entirely as would have
been held and enjoyed by ASSIGNOR had this Assignment not been made.

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as assignee of the
entire interest, for the sole use and benefit of ASSIGNEE, its successors and assigns.

ASSIGNOR HEREBY AGREES {a) to communicate to ASSIGNEE, its successors
and assigns, or their represantetives or agents, all facts and information known or
available to ASSIGNOR respecting said invention or inventions, improvements, and
maodifications including evidence for interference, reexamination, reissue, opposition,
revocation, extension, or infingamant purposes or other legal, judicial, or
administrative proceedings, whenever requested by ASSIGNEE; (b) to testify in person
or by affidavit as required by ASSIGNEE, its successors and assigns, in any such
proceeding in the United States or a country foreign thereto; {c) to execute and deliver,
upon request by ASSIGNEE, sal! lawful papers including, but not limited to, original,
divisional, continuation, and reissue applications, renewals, assignments, powers of
attorney, oaths, affidavits, declarations, depositions; and (d} to provide all reasonable
assistance to ASSIGNEE, its successors and assigns, in obtaining and enforcing proper
title in and protection for said invantion or inventions, improvements, and modifications
under the intellectual property laws of the United States and countries foreign thereto.

Page 1 of 2
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Atty. Dkt. No. 028093-0103

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell, assign, and transfer the interests sold, assigned,
and transferred herein, and that ASSIGNOR has not executad and will not execute any
document or instrument in conflict herewith.

ASS/IGNOR HEREBY GRANTS to the law firm of Foley & Lardner the power and
authority ta insert in this Assignment any further identification which may be nacessary
or desirable to comply with the rules of the U.S. Patent and Trademark Office for
recordation of this Assignment.

ASSIGNOR UNDERSTANDS AND AGREES that the attorneys and agents of the
law firm of Foley & Lardner do not personally represent ASSIGNOR or ASSIGNOR's
legal interests, but instead represent the interests of ASSIGNEE; since said attorneys
and agents cannot provide legal advice to ASSIGNOR with raspect to this Assignment,
ASSIGNOR acknowladges its right to seek its own indepandent legal counsal.

Executed this &.A_ day ofugnwn(\ , 20 Q\q

vmmmn@mxv
State o DiSTRILT OF C ‘-PMH'
e -
On this _B_Tglv of TEBEUM 2004, betors me, a notary public In snd for ssid county, appeared

Viadimir SABETSKY, who Is personally known to me to be the sams person whose name s subsciibed to the foregoing
instrumant, and ha/sha acknowledged that he/she signed, sesied, and dellvered the sald instrumant as his/her fres and

voluntary sct for the usss and purposas tharein sat forth.
u&w Public yuwmum-

My Commiasion Expires:

Page 2 of 2
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Atty. Dkt. No. 028093-0105 343

ASSIGNMENT AND AGREEMENT

WHEREAS, Viadimir SABETSKY of Piskarevsky Prospekt 10, q.320, 105221
Saint-Petersburg, Russia; (hereinafter referred to singly and collectively as
"ASSIGNOR") have invented a certain invention entitled NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY (Atty. Dkt. No. 028093-0105) for which a provisional
application for United States Letters Patent was filed on May 9, 2003 as Application
No. 60/469,017; and

WHEREAS, THE TECHNOLOGY DEVELOPMENT COMPANY Ltd., a Bermuda
corporation {hereinafter referred to as "ASSIGNEE") is desirous of acquiring the entire
interast therein;

NOW THEREFORE, in conaideration of One Dollar {$1.00) and other good and
valuable consideration, the receipt and sufficiancy of which are hereby acknowledged,
ASSIGNOR has sold, assigned, and transferred, and by these presents hereby sells,
assigns, and transfers, unto ASSIGNEE, its successors and assigns, the full and
exclusive right, titls, and interest in and to (a} the above-identified invention or
inventions and all improvements and modifications thersof, (b) the above-identified
application and all other applications for Letters Patent of the United States and
countries foreign thereto for the above-identified invention or inventions and all
improvernents and modifications thereof, {c} all Letters Patent which may issue from
sald applications in the United States and countries foreign thereto, (d) all divisions,
continuations, reissues, and extensions of said applications and Letters Patent, and
(e) the right to claim for any of said applications the full benefits and priority rights
under the International Convention and any other international agresment to which the
United States adheres; such right, title, and interest to be held and enjoyed by
ASSIGNEE, its successors and assigns, to the full end of the term or terms for which
any and all such Letters Patent may be granted as fully and entirely as would have
been held and enjoyed by ASSIGNOR had this Assignment not been made.

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as assignee of the
entire interest, for the sole usa and benefit of ASSIGNEE, its successors and assigns.

. ASSIGNOR HEREBY AGREES {a) to communicate to ASSIGNEE, its successors

and assigns, or their representatives or agents, all facts and information known or
available to ASSIGNOR respecting said invention or inventions, improvements, and
maodifications including evidence for interferance, reexamination, reissue, opposition,
revocation, extension, or infringement purposes or other legai, judicial, or
administrative proceedings, whenever requested by ASSIGNEE; (b} to testify in person
or by affidavit as required by ASSIGNEE, its successors and assigns, in any such
proceading in the United States or a country foreign thereto; (c) to execute and deliver,
upon request by ASSIGNEE, all lawful papers including, but not limited to, original,
divisional, continuation, and reissus applications, renaweals, assignmants, powers of
attorney, oaths, affidavits, declarations, depositions; and {d) to provide all reasonable
assistance to ASSIGNEE, its successors end assigns, in obtaining end enforcing proper
title in and pratection for said invention or inventiona, improvemants, and modifications
under the intellectual property laws of the United States and countries foreign thereto.
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Atty. Dkt. No. 028093-0105

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell, assign, and transfer the interests sold, assigned,
and transferred herein, and that ASSIGNOR has not executad and will not execute any
document or instrument in conflict herewith.

ASSIGNOR HEREBY GRANTS to the law firn of Foley & Lardner the power and
authority to insert in this Assignment any further identification which may be necessary
or desirable to comply with the rules of the U.S. Patent and Trademark Office for

recordation of this Assignment.

ASSIGNOR UNDERSTANDS AND AGREES that the attorneys and agents of the
law firm of Foley & Lardner do not personally represent ASSIGNOR or ASSIGNOR's
legal interests, but instead represent the interests of ASSIGNEE; since said attorneys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment,
ASSIGNOR acknowledges its right to seek its own independent legal counsel.

Executed this 5_5__ day of%\‘m&\‘ ’ 209_’1

VLADIMI sﬁﬂsxv

State of | o* MmatA
Jun,

of )

On this ‘qﬂdw of M_, zﬂ_. bafora me, a notary public in and for sald county, appeared
Viadimir SABETSKY, who ls personally known 1o me to be the sams parson whose name s subscribed to the foregoing

instrument, and he/she scknowiedged that he/sha signed, sesled, and deliverad tha sald instrument sa his/her fres and
volumary sct for tha usas and pusposes tharsin sat forth.

Ey
244

NotarP Public  LIEADY HUSKL

My Commisslon Expires;

{Seal}
My Commission Expriros
August 14, 2008
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Atty. Dkt. No. 028093-0106

ASSIGNMENT AND AGREEMENT

WHEREAS, Viadimir SABETSKY of Piskarevsky Prospekt 10, q.320, 106221
Saint-Petersburg, Russia; (hereinafter referred to singly and collectively as
"ASSIGNOR") have invented a certain invention entitled NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY (Atty. Dkt. No. 028093-0108) for which a provisional
application for United States Letters Patent was filed on August 16, 2003 as
Application No. 60/495,087; and

WHEREAS, THE TECHNOLOGY DEVELOPMENT COMPANY Ltd., a Bermuda
corporation {hereinafter referred to as "ASSIGNEE") is desirous of acquiring the entire
interest therein;

NOW THEREFORE, in consideration of One Dollar {($1.00) and other good and
valuable consideration, the receipt and sufficiency of which are hereby acknowledged,
ASSIGNOR has sold, assigned, and transferred, and by these presents hereby sells,
assigns, and transfers, unto ASSIGNEE, its successors and assigns, the full and
exclusive right, title, and interest in and to (a) the above-identitied invention or
inventions and all improvements and modifications thereof, (b) the above-identified
application and all other applications for Letters Patent of the United States and
countries foreign thareto for the above-identified invention or inventions and all
improvements and modifications thereof, (c) all Letters Patent which may issue from
said applications in the United States and countrias foreign thereto, {(d) all divisions,
continuations, reissues, and axtensions of said applications and Letters Patent, and
{e) the right to claim for any of said applications the full benefits and priority rights
under the International Convention and any other international agreement to which the
United States adheres; such right, title, and interest to be held and enjoyed by
ASSIGNEE, its successors and assigns, to the full end of the term or terms for which
any and all such Letters Patent may be granted as fully and entirely ase would have
been held and enjoyed by ASSIGNOR had this Assignment not been made.

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as assignee of the
entire interest, for the sole use and benefit of ASSIGNEE, its successors and assigns.

ASSIGNOR HEREBY AGREES (a) to communicate to ASSIGNEE, its successors
and assigns, or their representatives or agents, all facts and information known or
available to ASSIGNOR respecting said invention or inventions, improvements, and
modifications including evidence for interfarence, reexamination, reissue, opposition,
revocation, axtension, or infringement purposes or other legal, judicial, or
administrative proceedings, whenaver requested by ASSIGNEE; (b} to testify in person
or by affidavit as required by ASSIGNEE, its successors and assigns, in any such
proceeding in the United States or a country foreign thereto; (c) to execute and deliver,
upon request by ASSIGNEE, all lawful papers including, but not limited to, original,
divisional, continuation, and reissus applications, renewals, assignments, powers of
attormney, oaths, affidavits, declarations, depositions; and (d) to provide all reasonable
assistance to ASSIGNEE, its successors and assigns, in obtaining and enforcing proper
title in and protection for said invention or inventions, improvements, and modifications
under the intellectual property laws of the United States and countries foreign thereto.
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Atty. Dkt. No. 028093-0106 35 I

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell, assign, and transfer the interests sold, assigned,
end transferred herein, and that ASSIGNOR has not executed and will not execute any
document or instrument in conflict herewith.

ASSIGNOR HEREBY GRANTS to the law firm of Foley & Lardner the power and
authorlity to insert in this Assignment any further identification which may be necessary
or desirable to comply with the rules of the U.S. Patent and Trademark Office for
recordation of this Assignment.

ASSIGNOR UNDERSTANDS AND AGREES thet the attomeys and agents of the
law firm of Foley & Lardner do not personally represent ASSIGNOR or ASSIGNOR's
legal interests, but instead represent the interests of ASSIGNEE; since said attorneys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment,
ASSIGNOR acknowledges its right to seek its own indepandent legal counsel.

Executed this _Ki day ofﬁaﬂﬂ'\m‘cﬂ . 20 Ql-!l

/:%DISTLIH‘ or c”ﬂ-ﬂ"
Ins.
of )

™
On this day of FEBLOMS 200 , betors me. s natary public in and for said county, appearad
Viadimlr SABETSKY, who [s parsonally known to me to be the ssma person whose nama Is subscribed to tha foragoing
instrument, and ha/she scknowiedged that he/she signad, sealed, and delivered the sald instrumant as Ma/her fres and

vohertary act far the ussa and purposes therein set forth.
K-"‘L'Aéa"m_ﬂm{;ma:m TS

My Commission Explres:

VLADIMIR SAPETSKY

_ _
A Ww

Page 2 of 2

002.1151567.1



ocbibare b sneren
T . .- .

FORMATO DE DIGITALIZACION moymt -
RELACION DE ANEXOS cerosmemsE]l RS2 -

| Expedients No eslooe4sS
| ltem . NO U8 unhaosy 3

2 |DVD

3 |REVISTA

4 |UBRO
5 |PERIODICO
§ |[DISQUETES

7__|SOBRE DE MANILA ~ /
B8 |SOBRE BLANCO TAMANO CARTA -
9 |SOBRE BLANCO TAMARO OFICIO

10 [OTROS:

Observaciones: <, / e So» ‘D::f'v"’""/@ Ave "‘\Y\Q‘




353 “?@7

fadicucion 1 SSI064S 0D000NSY Folies:
Frcha GHB)s 2005-10-04 17:00:39 dlies: 5

Tranite = 011 PCT-PRTENE 379 FASE MALI 411 PRESENTRC
Sepewimncins 2000 BIVISION 3 MAWS DGACIONES

REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL
' TRAMITE

Umnonm

PATENTE DE INVENCION MODELO DE UTILIDAD ) ()

{

- Indicaclén de que se soficita ia concesion de una patente. |
*  Datos de identificacion del solicitanie o de la persona que se preseitalasolicitud, ( )

Descripelon de la Invencian. {

Dibujos de ser estos pertinentes. {
Comprobanie de Pago de las lasas establecidas.
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Material que incorpora el disefio. (). ()
Comprobante de pago de las fasas establecidas ( ) {)
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ESQUEMA DE TRAZADO  { )

- Indicacién de que solicita e] registro de un Esquema de trazado.
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La solicitud.
Representacion grafica del esquema de trazado
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REPUBLICA DE COLOMBIA

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

BogotA,
2020
Doctor{a)
RODRIGUEZ D'ALEMAN DILIA MARIA \,\
b@
"y
REFERENCIA RadicaciSn No. 5 100645

Bolicitud internmacional IB2004/000961
Fecha inicio fase nacional 04/10/2005

Trimite 11

Evento 379
Actuacién 430

oficio No. 1 3 6 no

Como resultado del de forma, realizado con fundamento en el articulo 38 de
la Decisién 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia dJde Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

1. El solicitante deberi presentar el documento en que consta la cesién del derecho
a la patente del inventor al solicitante o a su causante, deblidamente autenticada y
apostillada.

2. La solicitud no contiene el poder debidamente otorgado, con el lleno da los
requisitos exigidos por los articulos 63 y subasiguientes del CSdigo de
Procedimiento Civil. Adicionalmente, deberiA presentar el documento que acredita la
existencia y representaciSn legal dea la sociedad solicitante, cuando ésta fuere
perscna juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisifn 486, se le
requiere para que dentro del término de dos meses sigulentes a la fecha de
notificacién del presente oficio, complete los requiaitos anteriormente enunclades.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
coneiderari abandonada y perderi su prelacién.

Notifiguese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primerc de la Circular Unica No.1l0 de 2001.

Voo

Jefe de 13divisién de Nuevas Creaciones (E)

El anterior rﬁﬁrimiento fue notificado por fijaciém en 1lista de
fecha .
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