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LONG ACTING INJECTABLE INSULIN COMPOSITION
AND METHODS OF MAKING AND USING THEREOF

FIELD OF THE INVENTION

[0001) This application clasims benefit of the following U.S.
Provisional Applications Serial Nos. 80/461,245, filed March 4, 2003;
60/4687,801 filed May 5, 2003; 60/489,017 filed May 9, 2003; and
60/496,097 filed August 15, 2003, the disclosurese of which are
incorporated W refaerence hereln in their entirety.

fooo2) The present invention relates generally to Insulin
compositions and specifically to an Injectable insulln composition

containing Insulin and crystellized dextran microparticles.
BACKGROUND OF THE INVENTION

[0003] Dextrans are high moleculaer weight polysaccharides synthesized
by some micro organlams or by biochemical methods. Daxtran with
average molacular waight of about 75 kDa has a colloid osmotic pressure
similar to blood plasma, so its aqueous sol'utlons are used clinically as
plasma expanders. Cross-inked dextrans in the form of beads are the
basis for “Sephadex™ that is used in the GPC of proteins and for
*Cytodax™ developed by Pharmacia to fulfill the special requirements of a
micro-carrier cell culture. For example, U.S. Patent Nos. 8,395,302 and
8,303,148 (Hennink et al.) disclose attaching varlous biomaterials to
cross-linked - dextran particles. However, beads bassd on crossdinked
dextran generally cannot be used for Implant manufacturing owing to their
potential toxiclty due to the application of cross-linking agents (Blain J.F.,
Maghni K., Pelletier S. and Sirgis P. Inflamm. Res. 48 (1999): 386-392).
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[0004] U.S. Patent No. 4,713,249 (Schroder) describes a method of
producing a depot matrix for blologically active substances. According to
this patent, the depot matrix allegedly consists of carbohydrate
microparticlas, stabillzed by crystallization, which Implies using non-
covelent bonds. The following process for producing the alleged
crystallized carbohydrate microparticles Is described by Schroder. A
solution of a polymeric carbohydrate and a blologically-active substance is
formed in one or more hydrophillc solvents. Then the mixture of the
carbohydrete 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, sthanol or
methanol to form spheres having a non-covalently cross-linked crystalline
polymeric carbohydrate matrix, said mu'trix incorporating 0.001-50% by
waelght 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 multi-step method is complax and
uses organic solvents that are potentially toxic to cells and nsed to be
removed.

) BRIEF SUMMARY OF THE INVENTION
[0005] A method of lowering blood glucose in @ mammal includes
injecting a therapeutically effective amount of crystallized dextran
microparticles and Insulin to the mammal to lower blood glucose of the
mammal. The composition may be a ona phase or a structured multi-
phase composition for controlled release of insulin over an extended
period- of time.



¢

WO 2004/078198 PCT/IBZ004/000984 /X

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a photograph of crystallized dextran
microparticles spontaneously formed In 55.0% (W/W) aqueous solution of
dextran with MW 70.0 kDa.

[0007] Figure 2A is a photograph of a cross-section of crystallized
dextran micropaerticles shown in Figure 1.

[0008] Figure 2B is a photograph of B8 cross-section of a
microparticle shown in Figure 2A. Microporous structure of the
microparticle can ba sesn.

[0009] Figure 3 is a photograph of aggregates of crystallized dextran
microparticles.

[0010]1 Figure 4 is a 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®
day after intermuscular injection.

[0011] Figure b I8 a photograph of an emulsion of aquacus solution
of PEG In agqueoua solution of dextran (MW 600 kDa) contalning
crystallized dextran microparticles shown in Figure 1.

[0012] Figure 8 is a photograph of an emulsion of aqueous solution
of dextran (MW 500 kDa) containing crystallized dextran microparticlea
shown in Figure 1 in aqueous solution of PEG.

[0013] Figure 7 is a photograph of an intramuscular injection of
emulsion of aqueous solution of PEG in aqueous solutlon of dextran (MW
500 kDa) contalning crystallized dextran microparticles shown in Figure 1.
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[0014] Figure 8 is a photograph of a subcutaneous injection of
amulsion of aquoouu;-. sojution of PEG in agueous solution of dextran (MW
500 kDa) containing crystallized dextran microparticles shown In Figure 1.

[0015] Figures 9A and 8C schematically illustrate partition behavior
of different types of particles and phases in an aqueous two phase

syatem.

[0016] Figure 9B Is a photograph of a cross section of an implant
atructure based on the two phase system.

[0017] Figures 10 and 11 schematically lllustrate therapeutic agent
delivery methods according to embodiments of the present invention.

10018] Figures 12A and 12B are graphe of relative normalized of
biood glucoee concentrations for various insulln containing compbsition

veraus time.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

100191 - The present inventor has discovered that a composition of
crystallized dextran microparticles and [nsulin injected into mammals
unaxpectedly extanded the duration of efficacy of the insulin compered to
Injactiona of the same dose of the same ineulin alone. The composition
may be a one phase composition or a multiphase composition which
forms a structured implant in a mammal.

{00201 The first section below describes the crystellized dextran
mlcropartlt'zlas, the second section deacribes formation of the structured
implant from a multiphase composition, and the following sections
describe speciic examples of injection of the composition into mammals
and methods of making the injectable composttion.
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A. Crystillized Dextran Microparticise

[0D21] The present Inventor has experlmentallv( found that
crystallized dextran microparticles with an average dlameter ranging from
0.5 to 3.5 microns were spontaneously formed in concentrated aqusoue
solutions of dextrans (40 — 65 % 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 temperature, then 2 to 18 kDa
dextran solutions may be used. Of course, the microparticles may alsa be
formed from 2 to 18 kDa solutions at temperatures above room
temperature, if desired. The microparticlas may ba spontansously formed
from higher molecular welght dextran solutions, such as 20 to 75 kDa
solutions, at higher temperatures above room temperature, such as about
40 to about 70 °C. The microparticies may have any sultable shape such
as a regular or an iregular shape, but are preferably spherical in shape,
aﬁd are preferably 10 microns in dlameter or less, such as 0.5 to b
microns.

[0022] Tranemission Electron Microscopy revealed the microporous
structure of the crystallized dextran microparticles (see Figures 2A, 2B).
Preferably, the microparticle poroaity Is at least 10 percent by volume,
such as about 10 to about 50 percent, mora preferably about 20 to about
40 percent. Thus, the structure cormprises microporous microparticles
with areas of macroporosity located between the particles.

[0023] Spray drylng of agueous suspensions of the crystalllzed
dextran microparticles has shown the possiblility to produce substantially
spherical aggregates of crystallized dextran micropar'ticles with a diameter
ranging from 10.0 to 160.0 microns (see Figure 3).

[0024] A non limiting example of a method of forming the dextran
microparticlas is as follows. 50.0 g of dextran T40 (40 kDa molecular



waight) from Amersham Blosciences is added to 50.0 g of sterile distilled
water in a 600 mi lab beeker to obtaln 60% w/w solution under laminar
flow. The mixture is stired at 60°C (water bath) on a magnetic stirrer at
B0 rpm untill the dextran s completely dissolved and a clesr solution is
obtalned. The solutlon 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 ls developed as a resuit of formation of
crystallized dextran microparticles.

[0025] To eliminate non-crystallized dextran, the microparticles are
washed by centrifugation, for axample 3,000 g, 30 min, with 3 x 250 ml
of distilled sterile water, or by filtration of diluted suspension of
microparticles, for axample one part microparticles and 10 parts water
{(3x250 ml of distilled sterlle water through sterilization filter). The
centrifugation/washing is done under laminar flow. The microparticles are
placed In 5600 ml lab beaker under a Tyvek® lid and dried at 60°C In lab
oven for 8 hours to reach a moisture lavel of about 6%. The ruulti.ng dry

powder conaists of particles with a mean dlameter of about 2 microns.

[00286] The crystallized microparticles preferably are comprised of
dextran molecules (l.e., polymer molecules) that are held together by a
plurality of hydrogen bonda-, Van Der Waals forces and/or ionic bonds and
having substantially no covalent bonds between the dextran molecules.
Thus, the molecules in the microparticles are preferably not intentionally
cross-linked (l.e., a cross linking step is not camed out} and the
microparticles contaln no covalent bonds batween molecules or less than
10% covalent bonds between molecules.

[0027] 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

-6-
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aggregateas before injections. Figure 4 shows an implant containing
fluorescently labeled macromolecules (FITC-dextran, MW 500 kDa) and
slow release of the macromolecules from the implant into a mouse muscle
tissue on the 14™ day after the Intermuscular injection.

B. Two-phase system

[0028] Self assembled structures of Implants based on crystallized
dextran microparticles and their aggregates may be formed based on two
phase syatems.

[0029] Colloidal systems such as droplets of qil, liposomes, micro-and
nano-particles can be dispersed in a suspension of crystallized dextran
microparticles and injected to form an implant releasing therapeutic
agentl{s) following administration Into the mnn!mal body.

[0030] 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 dexiran microparticles or aggregatsa 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 results when the capsuie Is
surrounded by tissue. However, when the capsule is located near a
barrier, such as a substrate, bone or intestine wall, the capaule may
compriee a core located betwesn one or more walls of microparticles on
one side and the barrier on the other slde. Furthermore, while oil is used
as an [llustrative example, the core may comprise other materials, such as
other polymers, cells, etc.

[0031] To form the capsule structure, two-phase aqueous systems are

applled. When aqueous solutions of different polymeras are mixed above

-7-
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certain concentrations they frequently form immisclbleiquid two-phase
solutions. Each of the phases usually coneista of more than 90% water
and can be buffered and made isotonic. If a cell or particle suspension Is
added to such a aystem, the cells or particles are frequently found to have
partitioned unequally betwean phases. This preferential partition behavior
cean be used as a basla 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 exhiblt eufficiently different partition

behavior. ’

[0032] The competitive adsorption of the two polymer phase depends
on the chemical nature of the polymers. A two;phaao polymer method
has besn applied to separate or partition cella, proteins, nucleic acids and
minerals (“Partitioning in Aqueous Two-Phase Systema”, 1985, eds., H.
Walter, D. Brooks, and D. Fisher, publs. Academic Press}.

[0033] The experiments with the distribution of crystallized dextran
microparticles in phase systems dertved from, for Instance,
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 emulasion 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 5 and 6.

[0034] Figure b ie a photograph of an emulsion of aqueous solution
of PEG In squeous solution of dextran contalning crystallized dextran
microparticles. In the structure of Figure 5, the volume of the PEG phase
is leas than the volume of the dextran phase. The dextran phase contains
the dextran and the crystalllzed dextran microparticles. Thus, the PEG

ot
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phase forms into one or mara aphere shaped cores surrounded by dextran
{ dextran microparticle shells (i.e., a closed pore structure).

[0035] Figure B ls a photograph of an emulsion of aqueous solution
of dextran containing crystallized dextran microperticles 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 forma 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 6, the
smaller volume (droplet) dextran phase forms into a large spherical
dextran / dextran microparticle core (bottom right of Figure 8) to which
smaller spheres comprising dextran / dextran microparticles are joining
and fuse with.

[0038] Thus, when the ratio of the volume of the first phase (such
as the PEG phase and its incluaions, such as a therapesutic agent) to the
volume of the second phase (such as the dextran phase and its inclusions,
such as the dextran microparticles) is less than one, then the capsule
forms by self essembly with a firet phase core surrounded by & second
phase shell. If the compoasltion 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 partitiona into the PEG core while the
microparticles selectively partition into and form the shell around the PEG
core by self asaembly.

[0037] The emulsion can be prepared by the mixing of separately
prepared dextran and PEG pheses and both can be suspensions of
different types of particlas that prefer to be In the PEG phase or In the
dextran phase respectively. The principle is that the partition of particles
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into different polymer phases depends on their surface structure and
imterfaclal energy of the particles in the polymer solutions.

[0038] Injection of aqueous two phase systems containing
crystallizad daxtran microparticles into tissues of exparimental animals
revealed the formation of Implants with the capaule structure as shown In
Figures 7 and 8. The volume of the dextran phase Is greater than the
volume of the PEG phase Iin the two-phase syatem. Both Figures 7 and 8
show that a capsule with a PEG core and a dextran/dextran microparticle
shell forms by self assambly in vivo (i.e., after injection Into mammal
tissue). The shell comprises macroporous regions betwesn adjacent
mlcm;;artlclas as well as miocroporous regions in the microparticles
themselves.

[0039] A non limiting example of a method of forming a capsule
- structure from a two phase syatem ia as follows. 10 g of dextran T40
(40 kDa molecular weight) and 2 g of PEG are dissolved in 88 ml of
{Actrapid®) Insulin solution containing 1,000 IU to which 26 g of
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., a suspension). 1.0 g of the suspenslon containg 8 U of
Inaulin.

[0040] It should be notad that the daxtran 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
crystallized dextran microparticles may ba formed in a lower molecular
woeight 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 600 kDa dextran solution, such as a 40 to 76 kDa solution. This is

-10-
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advantageous becsuse the higher molecular weight dextran solutions,
such as 40 and 70 kDa solutions, have recelved wider regulatory approval
and can be used to form a shell of a capsule at lower concentrations. The
lower molecular welght solutions may be used to decrease the
crystallization time without the lower molecular weight dextran solution
actually being provided In vivo. Furthermore, lower molecular waeight
microparticies may dissolve easler in vivo.

[0041]1 The capsule structure formed from a two phese system is
advantageous because it ellows for a more even and prolonged releaas of
the therapeutic agent from the core than from a composition comprising a
single phase c.om:ainlng the microparticles. Furthermore, It ia believed
that by using the capsule structure, a lower amount of microparticles may
be neaded to achiave the same or better timed release of a therapeutic
agent than if a single phase system ls used. Furthermore, by controlling
the amount of microparticies in the two phase system, it is belleved that
the thickneas of the microparticie shell may be controlled. A thicker sheli
results from a larger amount of microparticles in the two phase system.
Thus, the amount, duration and/or timing of the release of the therapeutic
agent from the capsule core may be ocontrolied by controlling the
thickness of the shell. Thersfore, the release profile of the therapeutic
agent may be customized for each patient or groups of patients.

[0042] tt should be noted that while PEG and dextran are used as
examples of the materials of the two phases, any other aultable materials
which show the following partition behavior may be used instead. Figure
9A schematically lllustrates 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, snd two phases 18 and 18 are shown in Figure 8A. However,
there may be two, or more than thres types of particles. The particles

-11-
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may be microparticles such as microspheres or nancepheres prepared
from organic and/or inorganic materials, liposomes, living cells, viruses
and macromolecules. The first type particles 10 preferentlally segregate
into the first phase 18. The second type particles 12 preferantally
segregats to the boundary of the first 18 and second 18 phases. The
third type particles 14 preferentially segregate Into the second phase 18.
Thus, by snalogy to the previous non-imiting example, the first particles

. 10 may comprise a therapeutic agent, the second 12 and/or the third 14
particles may comprise crystellized dextran microparticles, the first phase
16 may comprise a PEG phase and the second phase 18 may comprise a
dextran phase,

[0043) if a smaller amount of the first phase 16 is provided into a.
larger amount of the second phase 18, as shown in area 20 of Figure 9A,
then a capsule type structure forms comprising discreet spheres of the
first phase 18 contalning a concentration of the firet type particles 10,
located in a second phase 18. The second type particles 12 may be
located at the interface of the phases 168, 18 snd act as a shell of the
capsule. Particles 14 are dispersed in the second phase 18 and/or form a
shell of the capasule.

[0044] 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 SA, then a capsule type structure forms comprising discreat
apheres of the second phase 18 containing a concentration of the third
type particles 14, located in a first phase 16. The second type particles
12 may be located at the interface of the phases 16, 1B and act as a
shell of the capsule. Particles 10 ere dispersed In the first phase 18
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 into a mammal,
such as an animal or human. Thus, tha capsule forms a structured, three
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dimensional implant, with the core acting as a reservoir or depot for
controlled releass of the tharapeutic egsnt through the shell. In contrast,
an implant with an even distribution of micropsrticles is an unstructured
implant.

[0045] Furthermore, particles 10, 12 and 14 may be substituted by
a liquld material {e.g. olls) or macromolecules which selactively partition
into ona of the phases. For axample, a therapeutic agent, such as insulin,
may be partitioned in PEG phase of the PEG/dexiran 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 whlle certain particles and therapeutic agents selectively partition,
the term “selectively partitioned” does not necessarlly mean that 100
percent of the particles or therapeutic agent partition into one of the
phases, However, a majority of the sslectively partitioned specie,
preferably 80% of the partitioned specle, 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.

[0048] Figure 9B illustrates a scanning electron microscope image of
a cross ssction of an implant structure based on the two phase aystam
schematically illustrated in Figure SA. A two phase aqueous composition
comprising a first dextran phase, a second PEG phase and crystallized
dextran microparticles was injected into sepharose gel. This gel's
composition mimics mammal tissue by stopping crystalllzed dextran
microparticles diffusion from the injection side. The imege in Figure 98
litustrates the formation of a core-shell implant structure. The core
comprises reglons 30 and 32 surrounded by a shell 34. Region 30 is &
vold that is filled with a PEG phasa region prior to cutting the gel for cross
sectional SEM Imaging. The PEG phase region drips out of the gel when
the gel is cut during croes sectioning. Reglon 32 is an outer portion of
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the core comprising PEG droplets located in the crystallized dextran
microparticies. Reglon 34 is the shell comprising the crystallized dextran
microparticies which surounds and holds in place the PEG containing
core.

[10047] Without wishing to be bound by a particular theory, the
present inventor believes that the core-shell structure shown in Figure 9B
forme by self assembly as shown schematically in Figure 8C. While the
first 16 and second 18 phases, such as aqueous solutions of different,
incompatible polymers, are in a sultable storage container 19, such as in a
glass beaker or vial, one phase 18 rises above the other phase 18. When
the two phase composition la injected into a materlal which restricts free
flow of the phases 18 and 18, such a8 mammal tissue or a substrgte
material, such as a gel which mimics the tissue, the 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 9C. 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 8C. While a two phase
system axample of a multiphase system has been illustrated, the
multiphase system may have more than two phases if desired.

C. Injectable lnaulln dellvery vehicla

[0048] The present inventor haes dlacovered that a compoesition of
crystallized dextran microparticies and Insulln injacted into mammals, such
as mice and rabbits, unaxpectedly extended the duration of efficacy of

the insulin compared to injections of the same dose of the same insulin

alone. Flgure 10 schematically lliustrates 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 58. Figure 11
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schematically illustrates the formation of a structured implant 40 in a
mammal 63 by Injection of a two phase composition comprising a dextran
phase 18 containing selectively partidoned crystallized dextran
microparticles 12, 14 and e PEG phase 18 containing selactively
partiioned therapeutic agent 10 comprising insulln. The dextran phase
18 forms a shell around the PEG phase 18 core. Since mice and rabbits
are @ common model for humans In drug teeting, the present invantor
belleves that the composition comprising crystallized dextran
microparticles and insulin would aleo be effective In extending the
duration of efficacy of the insulin when injected into human adults and
chiidren.

[0049] Examples 1-8 illustrate the advantage of using crystelilzed
dextran microparticles as an injectable insulin dellvery vehicle compared to
Injected ingulin alone. The experiment involved mice and the observation
was made of their response to a subcutaneously injected aqueous
suspension consisting of crystallized dexiran microparticles and human
recombinant insulin {NovoNordlsk Actrapld HM Penfill®, 40 Ul/ml).

[0060] The suspension was preparad as followa. 6.0 g of Dextran
T10 (Pharmacia, Uppsala, Sweden) was dissolved In 20,0 g of water.
The solution was filtered through a 0.22 um filter (Millipore, Bedford, MA)
and freeze dried. 3.0 g of the resulting powder wae dissolved in 3.0 g of
sterlle water and placed In box at temperature 60° C. 8 hours later,
crystellized dextran microparticles were washed by centrifugation at
3,000 g with 3 x5.0 ml of sterile water. Finally, the praduced crystallized
dexiran microparticles suspsnsion wes mixed with aqusous insulin
solution and used in the axperiment with mice. Samples of the suspenslon
were Introduced into the mice's legs and samples of animal blood were
taken from each mouse's tall and anelyzed for glucose concentrations.
Blood glucosa was measured using the glucose oxidase method on a One-
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touch system glucose analyzer {Lifescan, Johneon & Johnson, Milpitas,
CA, USA) after proper calibration.

[0061] in comparetive example 1, no insulin was injected into the

mouse. [n comparative examples 2, 3 and 7, insulin alone (0.5 Ul) was
Injected Into the three mice. In axamples 4-8 and 8, Insulin (0.6 Ul) and a
crystallized dextran microparticles implant was Injected into the four mice.

The results are summarized in Table .

Table |

Ex #

Omin
glucose
mmoll

18min

mmol/l

30min
glucoas
mmoiA

48min
glucoss
mmoiA

ghucose
mmolA

390min
ghucons

1 Intact
mouse

7.9

8.1

8.2

8.4

270min
ghuoss
mmoiA

2 Ineulin
0.6 Ul

3.3

2.7

0.9

3.6

3.0

3.2

3 Insulin
0.6 Ul

2.8

1.9

0.9

3.7

3.4

3.5

4 Insulin
0.6 Ul
with
crystal-
lizad
dextran
micro-
particlas

6.0

4.3

3.2

2.6

0.8

0.8

0.9

0.7

b Insulin
0.6 Ul
with
crystal-
lized
dextran
micro-
particles

4.1

3.4

1.2

1.8

a inaulin
0.5 Ul

2.9

1.9

1.2

1.0

1.0

0.7
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with
crystal-
lized
dextran
micro-
particles

7 Insulin 7 3.8 | 28 | 1.9 09 | 36|32 34
0.6 Ul

{average)

B Ingulin
0.6 Ul
with
crystal-
lized
dextran
micro-
particles
(average)

6.3 456 | 3.4 | 2.6 10 |10 ] 10| 1.0

[0052] The average reduction of sugar In the blood (i.e., blood
glucose) of animals ia very differant when 0.5 Ul i.m. were spplied with
and without crystallized dextran microparticles. As shown in Table |, the
glucose level in the mice of comparative examples 2, 3 and 7 is about the
same or lower than the glucose level In mice of examplea 4-8 and 8
during the first 46 minutes sfter injectlon. The glucose level is about the
same in mice of both comparative examples 2, 3 and 7 and examples 4-8
and 8, 120 minutes after injection. However, the glucose lavel in the
mice of comparative examples 2, 3 and 7 is about three times higher than
the glucose lsvel In mice of sxamples 4-8 and B from 210 to 380 minutes
after Injection. In fact, the blood glucose level in mice In exemples 4-6
and 8 did not substantially increase (i.e., did not increase by more than
10%, remained the same or decreased) from 120 minutea to 390 minutes
after Injection. In contrast, the blood pglucose lsvel in mice In the
comparative examples 2, 3 and 7 injectad with the same amount of
insulin did substantially increase from 120 to 380 minutes after Injection,
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The crystallized dextran microparticles/insulin injection decreases blood
glucose for a longer time than an injection of ineulin of the same dose
alone. Thus, the composition containing crystallized dextran
microparticies and nsulin may be dosed for injection.

[0063] The following experiments on rabbits also demonstrate how
the crystallized dextran microparticles/Insufin Injection decreases biood
glucose and maintains a basal level of biood 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 of this short-acting Insulin to
exceed that of subcutanecusly injected, long-acting insulin Monotard HM®
alone.

{0054) The term duration of efficacy means decrsasing blood
pglucose concantration and/or maintaining a basal leval of blood insulin
concentration to desired levels independent of external events that cause
spikes in blood glucose, such as eating. Thue, the term duratlon of
efficacy Is a relative term comparing 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 effact, 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 alons.

[00565] As shown In Figuree 12A and 12B, the composition
comprising the Actrapid HM® ahort-acting Insulin and crystallized dextran
microparticles prolonged the abeorption of insulln and extended the
hypoglycemic effect (i.e., the duration of efficacy of the insulin) to at
least twanty four hours, such as about twenty eight to about thirty one
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hours, as compared to about two to about eight hours for Actrapid HM®
Insufin alone (Figure 12B) and about seventeen to about twenty-four
hours for long-acting “Monotard HM™® Insulin alone (Figure 12A). Both
Actrapid HM® and Monotard HM® Insulins are products of Novo Nordisk
end the advertised duration of efficacy of these insulin compositions in
humans obtained from compény Information are eight and twenty four
hours, respectively. '

[0058] In Figures 12A and 12B, the upper lina Illustrates the control
line for Intact rabblta to which no insulln was administered. The y-axis of
Figures 12A aqd 12B is a relative normalized scale of blood glucose
concentration for the same 8 IU dose of insulin. The data In the Figures
weas adjusted to be shown In ons plot for sach flgure and shows blood
glucose levels in blood of animals following insulin injections.

[00671 The data shown in Figures 12A and 12B was obtained as
follows. Chinchilla rabbits {2.3+0.3 kg) were monitored for their
regponee to Injections of a formulation consisting of crystallized dextran
microparticles and short-acting insulin Actrapid HM®, Samples of the
formulation were subcutaneously injected into the rabbits. Long acting
insulin Monotard HM® (40 1U/ml) and short acting Insulin Actrapid HM®
were subcutaneously injected into separate rabbite without the
microparticles and used as controls. Samples of animal blood were taken
from the rabbit’s ear veln and analyzed for glucose concentration. Blood
glucose concentration was meesured with a glucose analyzer (One-
Touch® Lifescan, Johnson & Johnson, Milpitas, CA, USA) after proper
calibration.

[0058] In comparative axamples 9 and 10, two Intact rabblte were
not provided any insulin. In comparative examples 11 end 12 an squseous
solution of [ong-acting insulin Monotard HM® was introduced
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subocutaneously to two rabbits in a dose of 8 IU. In examples 13-15, a
auspension of crystallized dextran microparticles with short-acting Insulin
Actrapld HM® was Introduced subcutaneously to three rabbits in a dose of
8 IU. The results of the experiments are summarized in Table II.

TABLE Il
Ohours| O.5 1 hour 1.6 |2hours| 2.b 18 24 3
nsulln | glucosa | hours | glucoss | hours | glucoee | hours hours | hours hours

dose | mmal/L | glucoss | mmol/L | glucosa | mmol/L | glucose | glucoss | glucose | glucese

Ex # mmolil | . mmol/L mmol/L | mmol/L | mmol/L | mmol/L
9 0.0 5.4 6.0 5.2 6.2 6.2 5.4 4.7 5.4 6.4
10 0.0 8.0 8.3 6.3 6.3 8.3 6.4 5.7 5.6 5.8
1 81U B.4 5.8 3.8 3.2 2.4 2.6 3.8 5.8 N.A
12 BlIv 5.4 6.0 4.2 29 2.5 24 4.0 6.1 N.A
13 81U 6.8 3.7 1.9 1.8 1.8 28 4.1 4.3 4.1
14 -4 1) 6.8 6.7 4.3 3.9 3.7 3.9 4.6 4.1 3.9
16 a8 8.2 B.1 3.8 3.2 31 2.9 4.2 4.4 4.7

Ta

{0059] The above examplas 13-15 illustrate thet the composition of
crystallized -dextran microparticles with short-acting insulin Actrapid HM®
provides a prolonged effect that exceeds the effect of long acting insulin
Monotard HM® and Is believed to be comparable to the effect of long
acting (once dally dosing) insulin glargine Lantus® from Aventls (see
www.aventle-us.com/Pls/lantua_TXT.html). In addition, Lantus® insulin
must not be diluted or mixed with any other insulin or solution. If Lantus®
Inaulin Is diluted or mixed, the pharmacokinetic/
pharmacodynamic proflie (e.g., onset of action, time to peak effect) of
Lantus® and/or the mixed insulin may be altered in an unpredictable
manner. In contrast, the composition of crystallized dextran
microparticles with Insulin is not so limited because any suitable insulin,

such as human insulin, may be used. In the composltion of crystallized
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dextran microparticles and inaulin, the ratio of insulin and microparticles
can ba varied as desired. Furthermore, any suitable insulin may be used
to custom fit an Insulin therapy to an individuai patient. Thus, Actrapid
HM® was used in the composltion as an illustrative example of a typical
inaulin and the compaosition is not limited to this brand of inaulin,

[0080] As shown in examples 9-15, the composition contalning the
crystallized dextran microparticles and insulin is effective in maintalning a
duration of efficacy of the insulin for at least 309% 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
insulln composltion 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 n:licroparticlaa. Thus, the duration of efficacy of the
microparticle containing composition ie at least 24 hours, which allows it
to be injected only once dally into the mammal, such as a human in need
thereof.

[o081] The long Issting Insulin crystellized dextran microperticle °
composition Is safer than prior art long lasting Insulin compositions
because it can achieve the long lasting efficacy without using a higher
dose of Insulin as in the prior art compositions. For axample, if a 8 IU
dose of short acting insulin has been determined medically safe for a
patient without a significant rleak 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
IU dose of short acting insulln without a significant risk of overdose, sven
if 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
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amount of inaulin. Current prior ;rt long-acting ‘diabetes therapies are
made with analogs of Insulln, 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
reactlon{s) and number of injections to diabstics, thereby enhancing the
quality of life of the diabatics.

{o082] The injectable composition may comprise a single phase
system comprising insulin and microparticles or & two phease aystermn

l which forme a PEG and insulin core and a dextran and dextran
microparticle shell for an even greater duration of efficacy. Furthermors,
" the composition compriees a flowable one phase or multiphsse colloidal
eystem (i.e., & suspension or an emulsion] which is relatively easy ta
Inject Into a mammal,

[0083] The.following example illustrates the use of an injectable two
phase composition comprising a dextran phase, a PEG phase, insulin and
crystellized dextran microparticles. It is beliaved that when injected into a
mammal, this composition forme a structured reservoir type implant
heving 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 sllows for
controlled release from the core through the sheil.

[0064] In comparative example 18, 0.6 U of Actrapid HM® Insulin
{100 IU/ml) is subcutaneously Injected into a mouse. In example 17, 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
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{Pharmacla, Sweden) to form a suspension. 10 mg of PEG having a
molecular waight 6 kDa (Fluka) is dissolved in 0.1 ml of Actrapid HM®
insulin {100 IU/ml) to form a solution. 0.05 ml of the PEQ and insulin
solution Is mixed with 0.16 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 1U of Insulin is injected subcutaneously
into mouse. The resuits are shown In Table lil.

Teble lil
Omin | 16 min | 30 min | 45 min | 60 min | 120 min
Example # | glucose | glucose | glucose | glucose | glucoaa | glucose
mmol/L | mmol/L | mmol/L | mmol/l. | mmol/L | mmol/L
18 7.8 3.7 2.3 1.7 2.9 6.7
17 79 |- 589 4.3 4.1 4.3 4.0
[0085] As can be seen in Table lll, the two phase composition

duration of efflcacy was longer than that of the Insulln elone.
Furthermore, the two phase composition decreased the blood glucose
concentration more gradually than insulin alone. Without wishing to be
bound by a particular theory, thesa effacts are belleved dus to the
cantrolled Insulin release from the core of capsule structure.

[006a] Furthermore, the microparticle containing composition may
be individually tailorad for each patient by adjusting the amount of insulin
and/or microparticlas to allow the petlent to inject the composltion at the
same time every day {i.e., once svery 24 hours, once evary 48 hours,
etcetera). Thus, the duration of efficacy of the compoaition is adjustable
for each patlent. 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,
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[0067] While the inventor does not wish to be bound by any
particular theory, it is belleved 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 molacules from the
crystallized dextran microparticles based implant (1.e., a self controlied
release of Insulin). Since mice and rabblts are a common modei for
humans in drug testing, the data shown in the above tsbles | to Il
suggests that the use of orystallized dextran microparticles based
implants makes it possible to develop controlled release delivery systems
with improved pharmacokinetic and dynamice cheracteristics and that
better meet the needs of basal Insulin patients, such as humans.

[0068] fn the preferred embodiments of the present Invention, the
therapeutic agent comprises Insulin. In other words, the therapeutic
agent may consist essentially of insulln mlonsa or comprise insulin in
combination with another agent. The term "insulin” shall be interpreted
to encompass Insulin analogs, natural extracted human Insulin,
recombinant 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 dlabetics in
a substantially purified form but encompasses the use of the term In its

: commercially available pharmaeceutical form, which includes additional
excipients. The Insulln Is preferably recombinant produced and may be
dehydrated {completely drled) or In solution.

[0088] The terms "Ineulin analog,” "monomeric insulin” and the like
are used interchangeably herein and are intended to encompass any form

of "Insulin” as definaed above, whearein ona or more of the amino acids
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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 acids has been added to the
polypeptide chain or smino ecid 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
analogse,” as diaclosed in U.S. Pat. No. 5,647,929, incorporated hereinto
by reference in its entirety; insulin analogs including LyePro Insulin and
humalog insulin, and other "super insulin analogs®, wherein 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 aré more active in the liver than In adipose tissue. Preferred
. analogs are monomeric insulin analogs, which are insulindike compounds
used for the same general purpose as insulin, such as insulin lispro, lL.e.,
compounds which are administered to reduces blood glucoae levels.

[00701 The term "analog" rsfers to a molecule, which shares a
common functional activity with the molecule to which it is desmed to be

comparable and typlcally aharea common structural faatures as wall.

[0071] The term "racombinant™ refers to any type of cloned
therapsutic expressed in prokaryotic cells or a genetically engineered
molecule, or combinatorial library of molecules which may be further
processed into another state to form a second combinatorial library,
especially molecules that contain protecting groups which esnhance the
physlcochemicalr, pha'rmacological, and clinical safety of the therapeutic
agent.

[0072) The term dextran microparticles includes unsubstituted
dextran microparticles and aubstituted dextran microparticles. For
example, substituted dextran microparticles include dextran substhuted
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with a suitable group, such as a methyl group, up to a degree which does
not hamper crystallization of the dextran microparticles, such as up to 3.5
or less percent branching. The average microparticle diemeter is
preferably about 0.6 to about 5 microns, more preferably about 1 to
about 2 microns.

[0073] Furthermore, while porous non cross-linked dextran
microparticles, such as crystallized microparticles, are preferably used
with the therapeutic agent, other suitable organic or Inorganic -
microparﬁcla; may be used instead, such as other polymer microparticlas
including polysaccharides, PLA, PLGA, PMMA, polyimides, polyesters,
acrylatea, acrylamides, vinyl acetate or other polymeric materials,
biomaterial particies such as alginate and cells, or inorganic particles, such
as silica, glass or calcium phosphates. Preferably the microparticles are
biodegradable.  Preferably, porous microperticles are used. Most
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 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 thaerapeutic 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.

[0074] Thus, In a preferred aspect of the present invention, the
therapeutic agent ls located at least partially In the pores of the porous
microparticles. Preferably, the therapeutic agent is not encapsulated In
the microparticle {i.e., the microparticle does not act as a shell with a
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therapeutic agent core Inside the shell) and is not attached to the surface
of the microparticle. However, if deeired, a 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 microparticle. The location of the therapeutic agent in the pores
provides an optimum timed release of the therapeutic agent. In contrast,
the therapeutic agent attached to the surface of the microparticle is often
released too quickly, while the therapeutic ggent encapsulated in the
microparticle is often not relsased soon enough and is then released all at
once as the microparticle shell disintegrates. In a two phase system, at
least 80% of the therspeutic agent is preferably located in a care
surrounded by a wall or shell comprising the microparticles.

E. Methods of Making

[0076] The microparticles may be formed by any suitable method.
Preferably, the microparticles are combined with the therapeutic agent
after the microparticles are formed. Thus, the microparticles, such as the
crystallized dextran microparticles are formed by any suitable method and
then the therapsutic agent and the microparticles are combined by any
suitable method. In contrast, in some prior art methods, the therapeutic
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-inking the precursor materiel, such as a monomer or
, oligomer materlal, to encapsulate a therapeutlc agent core into a
microparticle shall.

[0076] Preferably, the therapeutic agan;c is provided into the pores of
the porous microparticies after the microparticles are formed. Thus, the
porous microparticles are first formed and then the therapeutic agent is

provided intoc a solution contalning the microparticles to allow the
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therapsutic agent to permeate into the porea of the microparticles. Of
coures, some of the therspeutic agent may also become attached to the
surface of the microparticle in this process.

[0077] Thus, a method to manufacture non cross-linked, porous
crystallized dextran microparticles includes preparation of a dextran
solution, such as an aqueous dextran solution, conducting a crystallization
process to form crystallized porous dextran microparticles, and if desired,
Isolating crystallized porous dextran microparticles from the solution. A
therapeutic agent Is then permeated into the pores of the microparticles
by providing the therapeutic agent Into the crystallization solution
contalning the microparticles or by providing the isclated 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, iow molecular weight dextran aqueous solution, such as
a 2 to 20 kDe dextran solution. The microparticles are then removed
from the firet solution and then placed into a second dextran aqueous
solution having a higher molecular weight dextran, such as a 40 to 500
kDa solution, for example, a 40 to 76 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 the
pores of the microparticles after the porous microparticles are formed by
any sultable microparticle formation method, including, but not limited to
crystallizution. The components of the composition such as insulin,
microparticles and one or more aqueous phases may be combined in any
suitable order sequentially or simultaneously.

[0078] Preferably, the microparticlee are formed by self assembly
from a solution that does not contain organic sclvents and organic
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reaction promoters which lsave an organic residue in the microparticles.
Thus, for example, the dextran microparticles are preferably formed by
self assembly from an aqueous dextran solution. However, If desired,
organic solvents and/or organic reaction promoters may also be used. In
this case, the microparticles may be purified prior to subsequent usa to
remove the harmful organic residue.

[0079] As described above, the capsule structure having a first
phase core and a second phass wall or shell may be formed In vivo or in
vitro from & two phase composition. The composition may be dried
powder, auch as freeze drled and stored as a powder or porous cake.
When the composition Is ready to be administered to a memmal, it is
hydrated and administered to a mammal by injection.

[0080] - Preferably, the composition which includes the microparticles
and the therapeutic agent ia a flowable colloidal system when the
composition la dosed for injection. Examples of fiowable colloidal
eystems Include emulsions and suspenelona which may be injectsd into &
mammal using a common gage syringe or needle without undue difficulty.
In contrast, aome prior art compositions include a therapeutic agent in a
dextran hydroge! or in a crose-linked dextran matrix. A dextran hydrogel
and & crossdinked dextran matrix are not flowable compositions if not
specifically prepared.

[0081] in another preferred aspect of the present Invention, the
microparticles comprise microparticles which are adhesive to mammallan
mucosa. Preferably the adhesive microparticles are porous microparticles
described above. Thia further improves the effective delivery of the
therapeutic agent.

[0082) in another preferred aspect of the present invention, the
microparticles compriee microparticlee whose surface has been specially
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modified to enhance the adhesion of the therapeutic agent to the
microparticle surface and to optimize the delivery of the therapeutic
agent. The microparticie surface may contain any sultable modificetion
that would Increase the adheslon of the therapeutic agent.

[0083] The foregoing description of the Invention has been
presented for purposes of lllustration and description. It is not intended to
be exhaustive or to limit the invention to the precise form disclosed, and
modifications and varlations are possible in light of the above teachings or
may be ecquired from practice of the invention. The drawings and
description were chosen in order to explain the principles of the invention
and its practical application. It ia intended that the scope of the invention
be defined by the claims appended hersto, and their equivaients.

[0084] All of the publications and patant applications and patents
citad in this specification are herein incorporated in their entiraty by
reference.
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1. A method of lowering blood glucosa in 8 mammal,
comprising injecting a therapeautically sffective amount of a composition
comprising crystallized daxtran microparticles and insulin to the mammal
to lower blood glucose of the mammal, wherasin the microparticles are
formed prior to combination of the Insulin and the microparticles In the
composition.

2. The method of claim 1, wherein the composition comprises a
flowable colloidal composition and the microparticles comprise crystailized
dextran microparticles having en average diamster of 0.6 to 5 microns.

3. The method of claim 2, wherein:

the composition comprises a two phase composition comprising a
daxtran phase and a PEG phases;

the inaulin is selectlvely 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 injectlon Into 8 mammal body.

4. The methad of claim 3, further comprising controlling a
thickness of the shell based on the body of the mammal recelving the
composition to control release of Insulin from the i'mplant.

_ 6. The method of claim 1, wherein the composition is provided
to a human suffering from diabetes to lower the blood glucose
concentration In the human.

6. A dosed pharmaceutical compostion, comprising crystallized
dextran microparticles and a therapeutically effective amount of insulin,
wherein the composition ia dosed for injection to a human and the
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microparticles are formed prior to combination of the insulln and the

microperticles in the composition.

7. The corﬁposltlon of claim §, wherein:

the composition comprises a flowable colloidal composition; and

the microparticles comprise crystellized dextran microparticlas
having an average dlameter of 0.6 to 5 microns.

8. The composition of claim 7, whereln:
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 dextran phase; and
the composltion forms a structured iImplant comprising a PEG phase
core and a dextran phase shell after injection into the human body.

9. A dosed pharmaceutical composition, comprising crystallized
daxtran microparticles and a therapeutically effective amount of first
insulin, wherein the composition is dosed for injection to a mammal and a
duration of efficacy of the composition when Injected into a mammal is at
least 30% longer than a duration of efficacy in the mammal of the same
dose of the same first Insulin without the microparticles.

10. The composition of claim 8, wherein:

the composition compriaea a flowable colloidal compoasition;

the microparticles comprise crystallized dextran microparticles
having an average diameter of 0.6 to 6 microna; and

the microparticles are formed prior to combination of the firet
insulin and the microparticles In the composition.

11. The composttion of ciaim 10, wherein:



the composlition comprises a two phase composition comprieing a
dextran phase and a PEG phase;

the firet insulin Ia selectively pertitioned in the PEG phase and the
microparticles are selactively partitioned in the dextran phase; and

the composition forms a structured implant comprising a PEG phase
core and a dextran phané shell after Injection into a mammal body.

12. The composition of claim 9, wherein:

the duration of efficacy of the composition when Injected Into the
memmal is at least 24 hours; and

the duration of efficacy of the composition when injected into the
mammal is at least 100% longer than a duration of efficacy in a mammal
of the same dose of the same first insulln without the microparticles.

13. A method of lowering blood glucose in a mammal,
camprising Injecting a therapeutically effective amount of a composttion
comprising crystallized dextran microparticles and first insulin to the
mammal to lower blood glucosa of the mammal, whersin & duration of
efficacy of the composition in the mammal is at least 30% longer than a
duration of efficacy in the mammal of the same doss of the same first
ingulin without the microparticles.

14, Thea method of claim 13, wherein:

the composition comprises a flowable colloide! composition;

the microparticles comprise crystallized dextran microparticles
having an average diameter of 0.5 to & microns; and

the microparticles are formed priar to combination of the first
insulin and the microparticles in the composition

15. The method of claim 14, wheresin:

the composition comprise'a a two phass composition comprising a
dextran phase and a PEG phase;

-33-
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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 Injection into the mammal body.

16. The method of claim 13, wherein:

the duration of efficecy of the composition when injected into a
mammal is at least 24 hours; and

the duration of efficacy of the composition In the mammal is at
least 1009 longer than a duration of efficacy in 8 mammal of the same

dose of the same first insulin without the microparticles.

17. The method of claim 16, wherein the dursation of efficacy of
the composition in the mammal is 100 to 400 % longer than a duration of
sfficacy in a mammal of the same dose of the same first insulln without
the microparticles.

18. A method of making a dosed pharmaceutical composition,
comprising:

providing crystallized dextran microparticles;

comblining a therapeutically effective amount of insulin and the
crystallized dextran microparticles In a solution after the microparticles
have been crystallized to form a compoaition of ineulin and crystallized
daxtran microparticles; and

dosing the composition for Injection to a mammal.

19. The method of claim 18, wherein:

the composition comprises a flowable colloldal composition; and

the microparticles comprise cryetallized dextran microparticles
having an average diameater of 0.6 to 5 microns.

20. The method of claim 19, wherein:

34
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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 dextran phaee; and

the composition forms a structured Implant comprising a PEG phase
core and a dextran phase shell after injection into the mammal body.

21. The method of claim 18, wherein:

a duration of efficacy of the composition when injected Into a
mammal is at least 24 hours; and

the duration of efficacy of the composltion in the mammal is at
least 100% longer than a duration of efficacy in 8 memmal of the same
dose of the same insulin without the microparticles.
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COMPOSICION DE INSULINA INYECTABLE DE ACCION PROLONGADA Y
METODOS DE FABRICACION Y

USO DEL MISMO

CAMPO DE LA INVENCION

[0001] Esta solicitud reivindica el beneficio de las
siguientes solicitudes provisionales estadounidenses nilimeros
de series 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,
las descripciones de las cuales se incorporan aqui en su

totalidad.

[0002] La presente invencidén se relaciona generalmente con
composiciones de insulina y especificamente a una composicién
de insulina inyectable que contiene insulina inyectable y

microparticulas de dextridn cristalizadas.

ANTECEDENTE DE LA INVEMCION

[0003] Los dextranos son polisacdridos de alto peso
molecular sintetizados por algunos microorganismos o por

métodos bioquimicos. El dextran con peso molecular promedio

24
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de cerca de 75kDa tiene una presién osmdética coloide similar
al plasma sanguineoc, de tal forma que sus soluciones acuosas
son utilizadas quimicamente como expansores de plasma. Los
dextranos reticulados en la forma de granulados son la base
para el "“Sephadex”® que es usado en el GPC de proteinas vy
para el “citodex”® desarrollade por Pharmacia para cumplir
los requerimientog especiales de un cultivo celular
microportador. Por ejemplo, las patentes estadounidenses
Nimeros 6,396,302 y 6.303,148 (Hennink. et al.) describe
varios biomateriales adheridos a @particulas de dextréin
reticuladas. Sin embargo, los granulados reticulados de
dextrdn generalmente no pueden ser usados para fabricacién de
implantes debido a su toxicidad potencial de aplicacidén de
los agentes de reticulacién (Blain J.F., Maghni., Pelletier S

y Sirios P. inflamm. Res. 48 (1%99): 386-392).

[0004] La solicitud de patente estadounidense No.
4,713,249 (Schroder) describe un método para producir una
matriz pretendida para sustancias bioldégicamente activas. De
acuerdo a esta patente, la pretendida matriz de depdsito
consiste de microparticulas carbohidratadas, estabilizadas
por cristalizacién, que implican el uso de uniones no
covalentes. El proceso siguiente para producir
microparticulas carbohidratadas cristalizadas pretendidas es

descrito por Schroder. Una solucién de wun carbohidrato
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polimérico y una sustancia biolégicamente activa se forma en
uno o© mas solventes hidrofilicos. Luegqo la mezcla del
carbohidrato y 1las sustancias biolégicamente activas es
emulsificada en un medio hidréfobo liquido para formar
gotitas esféricas. La emulsién es luego introducida en un
medio de cristalizacién que comprende acetona, etanol o
metanol para formar esferas que tienen una matriz de
carbohidrato polimérico reticulado no covalente, dicha matriz
reincorpora 0,001-50% por peso de la sustancla biolégicamente
activa. Asi, la sustancia biclégicamente activa es colocada
dentro de la solucién antes de cristalizar las esferas.
Schroder no describe la microestructura de las
microparticulas heche por el métodoc multi-etapa. El1 método
multi-etapa de Schroder es complejo y utiliza solventes
orgdnicos que son potencialmente téxico para la célula y

necesita ser removido.

BREVE RESUMEN DE LA INVENCION

[0005] Un método para reducir la glucosa sanguinea en un
mamifero incluye inyectar una cantidad terapéuticamente
efectiva de microparticulas de dextradn cristalizada e
insulina al mamifero para reducir la glucosa sanguinea del

mamifero. La composicién puede ser una fase o una composicién
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multi-fase estructurada para liberacién controlada de

insulina durante un periodo de tiempo extendido.
BREVE DESCRIPCION DE LOS DIBUJOS

[0006] La figura 1 es una fotografia cristalizada de
microparticulas de dextran formadas espontidneamente en 55,0%

(P/P) de solucidén acuosa de dextrin con PM 70,0 kDa.

[0007] La figura 2A es una fotografia de una seccién
transversal de microparticulas de dextrdn cristalizada

mostrada en la figura 1.

[0008] La figura 2B es una fotografia de wuna seccién
transversal de microparticula mostrada en la figura 2A. La

estructura microporosa de la microparticula puede ser vista.

[0009] La figura 3 es una fotografia de agregados de

microparticulas de dextran cristalizado.

[0010] La figura 4 es una fotografia de una liberacién
lenta de las macromoléculas fluorescentes del implante que
incluye particulas de dextré&n cristalizadas dentroc del tejido
muscular de ratén en el dia 14 después de la inyeccidn

intramuscular.
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[0011] La figura 5 es una fotografia de una emulsién de
solucién acuosa de PEG en una solucidén acucosa de dextrén (PM
500 kDa) que contiene microparticulas de dextran

cristalizadas mostradas en la figura 1.

[0012] La figura 6 es una fotografia de una emulsién de
solucién acuocsa de dextran (PM 500 kDa) que contiene
microparticulas cristalizadas de dextrdn mostrades en 1la

figura 1 en solucién acuosa de PEG.

[0013] La figura 7 es una fotografia de una inyeccién
intramuscular de emulsién de solucién acuosa de PEG en
solucidén acuosa de dextrdn (PM 500 kDa) que contiene
microparticulas de dextridn cristalizadas mostradas en 1la

figura 1.

[0014] La figura B8 es una fotografia de una inyeccién
subcutidnea de emulsién de una solucién acuosa de PEG en
solucién acuosa de dextrdn (PM 500 kDa) gque contiene
microparticulas de dextrin cristalizada mostrada en la figura

1.

&

!
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[0015] La figura 9A y 9C ilustran esquemidticamente el
comportamiento de particién de diferentes tipos de particulas

y fases en un sistema de dos fases acuosas.

[0016] La figqura 9B es una fotografia de una seccidén
transversal de una estructura de implante basada en un

sistema de dos fases.

[0017] Las figuras 10 y 11 ilustran esquemdticamente los
diferentes métodos de administracidén de agentes terapéuticos

de acuerdo con las modalidades de la presente invencién.

[oo18] Las figuras 126 ¥y 12B son graficos de
concentraciones de glucosa sanguinea relativamente
normalizadas de varias composiciones que contienen insulina

versus tiempo.

DESCRIPCION DETALLADA DE LAS MODALIDADES PREFERIDAS

[0019] El presente inventor ha descubierto que una
composicién de microparticulas de dextran cristalizado e
insulina inyectada a mamiferos extiende inesperadamente 1la
duracién de la eficacia de la insulina comparado con las
inyecciones de la misma dosis de la misma insulina sola. La

composicién puede ser una composicién de fase o una
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composicién multi-fase la cual forma un implante estructurado

en un mamifero.

[0020] La primera secclén adelante describe las
microparticulas de dextrdn cristalizado, la sequnda seccién
describe 1la formacién del implante estructurado de una
composicién multi-fase, y las siquientes secciones describen
ejemplos especificos de inyeccién de la composicién en
mamiferos y métodos de fabricacién de la composicién

inyectable.

A. Microparticulas Cristalizadas de Dextrén

[0021] El presente inventor ha encontrado
experimentalmente gque las microparticulas de dextrén
cristalizado con un diametro promedio que wvaria de 0,5 a 3,5
micrones fueron formados espontidneamente en soluciones
acuosas de dextran (40-65% P/P) con pesos moleculares que
varian de 1,0 a 200,0 kDa, a temperaturas que varian entre
20-90° C. Si se desea formar 1las microparticulas a
temperatura ambiente, entonces 2 a 18 kDa de soluciones
dextrdn pueden ser usadas. Por supuesto, también las
microparticulas pueden ser formadas de soluciones 2 a 18 KbDa
a temperaturas por encima de la temperatura ambiente, si se

desea. Las microparticulas pueden ser formadas de soluciones
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de dextridn de alto peso molecular, tales como soluciones de
20 a 75 kDa, a temperaturas mayores de la temperatura
ambiente, tales como cerca de 40 a 70° C. Las microparticulas
puede tener cualquier forma adecuada tal como una forma
regular o una forma irreqular, pero solo preferiblemente de
forma esférica, pero son preferiblemente en forma esférica, y
son preferiblemente de 10 micrémetros en diadmetro o menos,

tales como 0,5 a 5 micrones.

[0022] La microscopia de transmisién de electrones reveld
la estructura microporosa de microparticulas de dextrén
cristalizado (ver figuras 2A, 2B). Preferiblemente, 1la
porosidad de la microparticulas es al menos de 10 por ciento
de volumen, tal como de 10 a 50 por ciento, mas
preferiblemente cerca de 20 a 40 por ciento. Asi, 1la
estructura comprende microparticulas microporosas con Areas

de microporosidad localizada entre las particulas.

[0023] El secado por rociado de las suspensiones acuosas
de las microparticulas de dextrdn cristalizado han mostrado
la posibilidad de producir sustancialmente agregados
esféricos de microparticulas de dextré&n cristalizado con un

diadmetro que varia de 10,0 a 150,0 micrones(ver figura 3).
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[0024] Un ejemplo no limitativo de un método para formar
las particulas de dextrdn es como sigue. 50,0 g de dextrén
T40 (peso molecular 40kDa) de Amersham Biosciences es
agregado a 50,0 g de agua destilada estéril en un beaker de
laboratorio de 500 ml para obtener solucién 50% P/P bajo
flujo laminar. La mezcla se agita a 60° C (bafilo de agua) en
un agitador magnético a 50 rpm hasta que el dextrédn es
disuelto completamente y se obtiene una solucidén clara. La
solucién se puede exponer al vacio para remover todas las
inclusiones de aire. La solucién clara es colocada en un
horno de laboratorio a 60° C bajo una cubierta Tyvek®. 3,5
horas después, una suspensién viscosa turbia se desarrolléd
como un resultado de formacién de microparticulas de dextran

cristalizado.

[0025] Para eliminar el dextrdn no cristalizado, 1las
microparticulas se lavan por centrifugacién, por ejemplo
3,000 g, 30 minutos, con 3 x 250 ml de agua destilada
estéril, o por filtracién de suspensién diluida de
microparticulas, por ejemplo una parte de microparticulas y
10 parte de agua (3 x 250 ml de agua destilada estéril
mediante filtro de esterilizacién). La centrifugacién/lavado
se hace bajo flujo laminar. Las microparticulas son colocadas
en un beaker de 500 ml bajo una tapa Tyvek® y secado a 60°C

en un horno de laboratorio por 8 horas para buscar el nivel
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de humedad cerca de un 5%. El polvo seco resultante consiste

de particulas con un didmetro medio de cerca de 2 micrones.

[0026] Las microparticulas c¢ristalizadas preferiblemente
comprenden moléculas de dextrdn (es decir, moléculas de
polimeros) que son mantenidas juntas por una pluralidad de
enlaces de hidrégeno, fuerzas de Van Der Waals y/o enlaces
iénicos y no tienen sustancialmente enlaces covalentes entre
las moléculas de dextran. Asi, las moléculas en las
microparticulas son preferiblemente no intencionalmente
reticuladas (es decir, una etapa de reticulacién no se lleva
a cabo) y las microparticulas no contienen uniones covalentes
entre las moléculas o menos de 10% de las uniones covalentes

entre las moléculas.

[0027] La liberacién lenta de las macromoléculas de los
implantes se ha demostrado en experimentos en donde
macromoléculas fueron disueltas en suspensiones acuosas de
microparticulas de dextrin cristalizado o sus agregados antes
de inyecciones. La figura 4 muestra un implante que contiene
macromoléculas fluorescentes etiquetadas (FITC-dextran, PM
500 kDa) y liberacién lenta de macromoléculas del implante
dentro del tejido muscular de ratén en el dia 14 después de

la inyecciédn intermuscular.
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B. Sistema de dos fases

[0028] Las estructuras autoensambladas de implantes
basados en microparticulas de dextran cristalizado y sus

agregados puede ser formado basado en sistemas de dos fases.

[0029] Sistemas coloidales tales como gotitas de aceites,
liposomas, micro-y nano-particulas pueden ser dispersadas en
una suspensién de microparticulas de dextran cristalizado e
inyectado para formar un implante de un agente terapéutico de

liberacién luego de la administracién al cuerpo del mamifero.

[0030] Por ejemplo, en el caso del aceite, una clase
especial de estructura de implante puede ser formada donde el
nicleo del aceite esta formado <con wuna concha de
microparticulas de dextran cristalizadeo o agregados del mismo
dispersados en agua © soluciones acuosas de polimeros
organicos tales como polisacidridos (por ejemplo, dextranos).
La estructura descrita puede ser designada comc una capsula.
Se debe notar que la concha puede comprender una concha de
forma rugosa esférica que resulta cuando la capsula se rodea
por el tejido, sin embargo, cuandc la capsula se ubica cerca
de una barrera, tal como un sustrato, hueso o pared de
intestino, 1la cdpsula puede comprender un nidcleo ubicado

entre una o mas paredes de microparticulas en un lado y la
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barrera en otro lado. Adicionalmente, mientras se utiliza
aceite como un ejemplo ilustrativo, el nGclec puede
comprender otros materiales, tales c¢omo otros polimeros,

células, etc.

[0031] Para formar 1la estructura de 1la cdapsula, los
sistemas acuosos de dos fases se aplican. Cuando las
soluciones acuosas de polimeros diferentes se mezclan por
encima de ciertas concentraciones ellos frecuentemente forman
soluciones de dos fases de liquido inmiscible. Cada una de
las fases consiste usualmente de mas del 90% de agua y puede
ser amortiguada y hecha isoténica. Si una célula o suspensién
de particulas se agrega a cada sistema, las células o
particulas se ha encontrade frecuentemente que tienen
divisién desigual entre fases. Este comportamiento de
particién preferencial puede ser usado como unas bases para
procedimientos de separacién para diferenciar poblaciones de
células o particulas en razén de la particién en esos
sistemas se determina directamente por células o propiedades
de superficie de particula. Las células o particulas que no
tienen propiedades de superficie idéntica exhiben

comportamiento de particién suficientemente diferente.

[0032] La absorcidn competitiva de las dos fases de

polimeros depende de la naturaleza quimica de los polimeros.
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Un método de polimero de las dos fases ha sido aplicado para
separar o dividir células, proteinas, 4&cidos nucleicos vy
minerales {(“Partitioning in Aqueous Two-Phase Systems”, 1985,
eds., H. Walter, D. Brocks, and D. Fisher, publs, Academia

Press}.

[0033] Los experimentos con la distribucién de
microparticulas de dextrédn cristalizado en sistemas de fase
derivados de, por ejemplo, dextran/mezclas PEG
polietilenglicol, revelé que las microparticulas de dextran
prefieren estar en la fase dextran, mientras que otras fases
de PEG pueden estar dispersas en esta fase de dextrdn para
formar una emulsién P/P y viceversa en el caso cuando el
volumen de la fase PEG es mayor que el volumen de la fase

dextrén, como se muestra en la figura 5 y 6.

[0034] La figura 5 es una fotografia de una emulsiédn de
una solucién acuosa de PEG en solucién acuosa de dextrdn que
contiene microparticulas de dextrian cristalizado. En 1la
estructura de la figura 5, el volumen de la fase PEG es menor
que el volumen de la fase dextrdn. La fase dextridn contiene
el dextridn y microparticulas de dextrdn cristalizado. Asi,
las formas de fase PEG en uno o m&s nlcleos con forma de
esfera redondeados por conchas de microparticulas de

dextrdn/dextran (es decir, una estructura de poros cerrados).
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[0035] La figura 6 es una fotografia de una emulsién de
soluciédn acuosa de dextréan que contiene microparticulas de
dextrdn cristalizado en solucién acuosa de PEG, en donde el
volumen de la fase PEG es mas grande gque el volumen de la
fase dextrdn. En este caso, las formas de la fase dextran
dentro de uno o mas niclecs de forma esférica que contiene
las microparticulas de dextridn rodeados por una fase PEG (es
decir, una estructura de poro abierto que se forma in vivo
mientras el PEG se disipa en tejido ligquido). Como se puede
ver en la figura 6, el volumen mds pequefic (gotita) en formas
de fase dextré&n dentro de un largo dextran esférico/gran
nicleo de microparticula (inferior derecho de la figqura 6)
cuyas esferas mas pequefias comprenden dextrian/se unen y se

fusionan con microparticulas de dextrdén.

[0036] Asi, cuando la proporcidén de volumen de la primera
fase (tal como la fase PEG y sus inclusiones, tales como un
agente terapéutico) a el volumen de la segunda fase (tal como
la fase dextrdn y sus inclusiones, tal como microparticulas
de dextrdn) es menor de uno, entonces la capsula forma por si
mismo un ensamble con un nicleo de la primera fase rodeado
por una concha de la segunda fase. Si la composicién contiene
un agente terapéutico, tal como insulina que prefiere

dividirse en fase PEG y las microparticulas de dextridn que

S
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prefieren dividirse en la fase dextran, entonces el agente
terapéutico se divide selectivamente en el nGcleo PEG
mientras que las microparticulas se dividen selectivamente
dentro y forman alrededor del niGcleo el PEG mediante

autoensamble.

[0037] La emulsién puede ser preparada al mezclar el
dextrdn preparado y las fases separadamente PEG y ambos
pueden ser suspensiones de diferentes tipos de particulas que
prefieren estar en la fase PEG © en 1la fase dextrédn
respectivamente. El principio es que la particién de las
particulas en diferentes fases de polimeros depende de su
estructura de superficie y de la energia interfacial de las

particulas en la solucién de polimeros.

[0038] La inyeccién de sistema de dos fases acuosas que
contiene microparticulas de dextrdan cristalizada dentro de
tejidos en animales experimental reveld que la formacién de
implantes con la estructura de la cépsula como se mostrdé en
la figura 7 y 8. El volumen de la fase dextran es méAs grande
que el volumen de la fase PEG en el sistema de dos fases.
Ambas fiquras 7 y 8 muestran que una capsula con el nicleo
PEG y un dextradn/conchas de microparticulas dextrdn formadas
por autoensamble in vivo (es decir, después de inyeccién

dentro del tejido de un mamifero). Las conchas comprenden

X B

-l
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regiones macroporosas entre microparticulas microporosas como

también regiones microporosas en las mismas microparticulas.

[0039] Un ejemplo no limitativoe de un método para formar
una estructura de cédpsula a partir de un sistema de dos fases
es como el siguiente. 10 g de dextrdn T40 (40 kDa de peso
molecular) y 2 g de PEG son disueltos en 88 ml de (Actrapid)
solucidén de insulina que contiene 1.000 y Ul del cual 25 g de
microparticulas de dextran cristalizado son agregados. Estas
etapas se desarrollan bajo condiciones de flujo laminar. La
mezcla se agita sobre un agitador magnético a 100 rpm a
temperatura ambiente por 30 minutos para formar una mezcla
homogénea (por ejemplo, una suspensién). 1,0 g de 1la

suspensién contiene 8 Ul de insulina.

[0040] Se debe notar que las microparticulas de dextréan
pueden ser preparadas a partir de una solucidén de diferente
peso molecular que la solucién de dextrdn la cual se
suministré6 en el sistema de dos <fases. Asi, las
microparticulas de dextrén cristalizadas pueden ser formadas
en una solucidn de dextrin de bajo peso molecular, tal como
una solucidén de 2 a 20 kDa, que la soluciédn de dextrin que se
suministré en el sistema de dos fases, el cual puede ser una
solucién de dextrdn de 40 a 500 kDa, como también una

solucién de 40 a 75 kDa. Esto es una ventaja debido al alto
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peso molecular de 1las soluciones de dextran, tal como
soluciones de 40 a 70kDa, han recibido aprobacién ampliamente
regulatoria y puede ser usado para formar una concha de una
cidpsula a concentraciones menores. Las soluciones de bajo
peso molecular pueden ser usadas para disminuir el tiempo de
cristalizacién sin la solucién de dextrdn de bajo peso
molecular que actualmente estd siendo suministrado en vivo.
Ademids las microparticulas de alto peso molecular pueden ser

disueltas in vivo.

[0041] La estructura de la cadpsula formada a partir de un
sistema de dos fases es ventajoso debido a que esta permite
mas liberacién vy 1liberacién prolongada de un agente
terapéutico del niticleo de una composicién que comprende una
fase simple que contiene las microparticulas. Adicionalmente
se cree que al wutilizar wuna estructura de capsula, una
cantidad inferior de microparticulas se pueden necesitar para
alcanzar el mismo mejor tiempo de liberacién que si se
utiliza un sistema de fase simple. Ademids, para controlar la
cantidad de microparticulas en el sistema de dos fases, se
cree que el espesor de la concha de microparticula pueda ser
controlado. Una concha mas gruesa resulta de una cantidad mas
grande de microparticulas. Asi, la cantidad, duracién y/o
tiempo de 1liberacién del agente terapéutico a partir del

nicleo de la capsula puéde ser controlado al controlar el
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espesor de la concha. Por lc¢ tanto, el perfil de liberacién
del agente terapéutico puede ser utilizado por cada paciente

o grupos de pacientes.

[0042] Se debe notar que mientras el PEG y el dextrin son
usados como ejemplos de materiales de 1las dos fases,
cualquier otro material adecuado que muestre el siguiente
comportamiento de particidn puede ser utilizado. La figura 9A
ilustra sistematicamente la particién de diferentes tipos de
particulas en su sistema acuoso de dos fases. Por ejemplo,
tres tipos de moléculas o agregados moleculares, que son
preferiblemente particulas 10, 12 y 14, y dos fases 16 y 18
son mostradas en la figura 9A. Sin embargo, puede haber dos,
o mAs que tres tipos de particulas. Las particulas pueden
ser microparticulas tales como microesferas o nanoesferas
preparadas de materiales orgAnicos y/o inorgénicos,
liposomas, células vivientes, virus y macromolécplas. El
primer tipo de particulas 10 preferencialmente segrega dentroc
de la primer fase 16. El segqundo tipo de particulas 12
segrega preferencialmente al limite de la primera fase y
segundas fases 18, El1 tercer tipo de particulas 14
preferencialmente segrega dentro de la segunda fase 18. Asi,
por analogia al ejemplo previo nc limitativo, las primeras
particulas 10 pueden comprender un agente terapéutico, el

sequndo 12 y/o el tercero particulas 14 pueden comprender

A
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microparticulas de dextrdn cristalizado, la primera fase 16
puede comprender una fase PEG y la segunda fase 18 puede

comprender una fase dextréan.

[0043] Si una pequefla cantidad de la primera fase 16 se
suministra dentro de una cantidad mas grande de la segunda
fase 18, como se muestra en un A&rea 20 de la figura 9°,
entonces una estructura de tipo cédpsula forma comprendiendo
esferas discretas de la primer fase 16 gque contiene una
concentracién del primer tipo de particulas 10, localizado en
una segunda fase 18. El sequnde tipo de particulas 12 puede
ser ubicado en la interfase de la fase 16, 18 y actuar como
una concha de la cépsula. Las particulas 14 son dispersadas

en la segunda fase 18 y/o formar una concha de la capsula.

[0044] En contraste, si una pequefla cantidad de la segunda
fase 18 se suministra a lo largo de una cantidad de la primer
fase 16, como se muestra en el area 22 de la figura B9A,
entonces una estructura tipo capsula se forma comprendiendo
esferas discretas de la segunda fase 18 gque comprende una
concentracién del tercer tipo de particulas 14, ubicado en
una primer fase 16. El sequndo tipo de particulas 12 puede
ser ubicado en la interfase de las fases 16, 18 y actuar como
una concha de la capsula. Las particulas 10 estan dispersas

en la primer fase 16 y/o forman una concha de la capsula. Los
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dos sistemas de fase 20 y 22 pueden ser usados como un
implante, tal como al ser inyectado dentro de un mamifero,
como un animal o un humano. Asi, la cépsula forma un implante
tridimensional estructurado, con el nicleo que actia como un
reservorio o depésito para liberacidén controlada del agente
terapéutico a través de la concha. En contraste, un implante
con una distribucién de microparticulas es un implante no

estructurado.

[0045] Adicionalmente, las particulas 10, 12 y 14 pueden
ser sustituidas por un material liquido (por ejemplo, aceite)
o macromoléculas que selectivamente se particionan en una de
las fases. Por ejemplo, un agente terapéutico, tal como
insulina, puede ser particionado en fase PEG del sistema de
dos fases PEG/dextran. En razén a que la insulina
selectivamente se particiona en la fase PEG, forma un niicleo
que contiene insulina de una estructura de cépsula. Se debe
notar que mientras ciertas particulas o agentes terapéuticos
selectivamente particionan, el término “selectivamente
particionado” no necesariamente significa que el cien por
ciento de las particulas o agente terapéutico se particionan
en una de las fases. Sin embargo, una mayoria de las especies
particionadas, preferiblemente el 80% de 1la especie

particionada, se particiona en una de las fases. Por ejemplo,

mientras una de la mayoria de particiones de insulina en la
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fase PEG, una porcidén de la insulina puede permanecer en la

fase dextran.

[0046] La figura 9B ilustra una imagen de microscopia de
electrén de exploracidén de una seccibédn transversal de una
estructura de implante basada en el sistema de dos fases
ilustrado esquemdticamente en la figura 9A. Una composicién
acuosa de dos fases que comprende una primer fase de dextréan,
una segqunda fase de PEG y microparticulas de dextrén
cristalizado fue inyectada en el gel sefarosa. Esta
composicién de gel imita el tejido del mamifero al detener la
difusién de microparticulas de dextrian cristalizados de la
inyeccién. La imagen de la figura 9B ilustra la formacién de
una estructura de implante de niclec de concha. El1 nicleo
comprende regiones 30 y 32 rodeadas por una concha 34. lLa
regién 30 es un vacio que se llena c¢on una regién de fase PEG
antes de cortar el gel para una formacién de imagen SEM
transversal seccional. La regién de fase PEG gotea hacia
fuera del gel cuando el gel se corta durante el
seccionamiento transversal. La regién 32 es una porcién
exterior del niclec que comprende las gotitas PEG ubicadas en
las microparticulas de dextran cristalizado. La regién 34 es
la concha que comprende las microparticulas del dextran
cristalizado que rodean y se mantienen en el lugar del nicleo

que contiene PEG.

X
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[0047] Sin desear unirse a una teoria en particular, el
presente inventor cree que la estructura de niicleo de concha
mostrado en la figura 9B formado mediante el autoensamble
como sSe muestra esquemAticamente en la figura 9C, mientras
que las primeras fases 16 y segunda fase 18, tal como una
solucién acuosa de polimero diferente incompatible, estan en
un contenedor de almacenamiento adecuado 19, tal como en un
beaker de vidrio, una fase 16 se eleva sobre la otra fase 18.
Cuando la composicién de dos fases se inyecta dentro de un
material que restringe el flujo libre de las fases 16 y 18,
tal como el tejido de un mamifero o un material de un
sustrato, tal como un gel que imita el tejido, la composicidn
se autoensambla dentro de la estructura del niclec de concha.
Primero, la fase que estid presente en el volumen mas pequefio
se forma dentro de las formas esféricas aproximadas, como se
muestra en la porcién media de la figura 9C. Luego las formas
esféricas se unen para formar nlacleos aproximadamente
esféricos de una fase rodeada por conchas de la otra fase,
como se muestra en el fondo de la figura 9C. Mientras un
ejemplo de un sistema de dos fases de un sistema multifase,
ha sido ilustrado, el sistema multifase puede tener més de

dos fases si se desea.
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C. Vehiculo de administracién de insulina inyectable.

[0048] El siguiente inventor ha descubierto que una
composicién de microparticulas de dextran cristalizado e
insulina inyectado a mamiferos, tal como ratones y conejos,
inesperadamente extendié la duracidén de la eficacia de la
insulina comparado con inyecciones de la misma dosis de 1la
misma insulina sola. La figura 10 ilustra esqueméAticamente la
formacién de un implante 40 en un mamifero 53 mediante la
inyeccién de una composicién de fase que comprende las
microparticulas 12, 14 e insulina 46 usando una jeringa 56.
La figura 11 ilustra esquematicamente la formacién de un
implante 40 en un mamifero 53 mediante la inye.ccién de una
composicién de dos fases que comprende una fase dextrén 18
que contiene selectivamente microparticulas de dextréan
cristalizade 12, 14 y una fase PEG 16 que contiene
selectivamente agente terapéutico particionado que comprende
insulina. La fase dextrdn 18 forma una concha alrededor de
ndcleo 16 de la fase PEG. En razén que los ratones y conejos
son modelos comunes para los humanos en ensayos de drogas, el
presente inventor cree que la composicién que comprende
microparticulas de dextrdn cristalizadas e insulina podria
también ser efectivo extendiendo la duracién de la eficacia
de la insulina cuando se inyecta dentro de humanos adultos y

niflos.
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[0049] Ejemplos 1-8 ilustran la ventaja de |usar
microparticulas de dextrén cristalizado como un vehiculo de
administracién de insulina inyectable comparado con 1la
insulina inyectada scla. El experimento involucrd ratones y
la observacidén se hizo de su respuesta a una suspensién
acuosa inyectada subcutaneamente de microparticulas de
dextran cristalizada e insulina recombinante humana

(NovoNordisk Actrapid Penfill®, 40 Ul/ml).

[0050] La suspensién fue preparada como sigue. 5,0 de
Dextran T10 (Pharmacia, Uppsala, Suecia) fue disuelto en 20,0

g de agua. La solucidén fue filtrada a través de un filtro de

0,22 um (Millipore, Bedford, MA) y secada por congelamiento.
3,0 g del polvo resultante se disolvié en 0,3 g de agua
estéril y colocada en una caja a temperatura de 60° C. 6
horas después, las microparticulas de dextran cristalizadas
fueron lavadas mediante centrifugacién a 3.000 g con 3 x 5,0
ml de agua estéril. Finalmente, la suspensién de
microparticulas de dextrdn cristalizadas fue mezclada con
solucién de insulina acuosa y utilizada en experimentos con
ratones. Las muestras de las suspensiones fueron introducidas
en las piernas de los ratones y las muestras de sangre de
ratén fueron tomadas de las colas de cada ratén y analizadas

para concentraciones de glucosa. La glucosa sanguinea fue

,x\o

%
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medida wutilizando el método de la glucosa oxidasa en un
analizador de glucosa de sistema de un toque (Lifescan,
Johnson & Johnson, Milpitas, CA, USA) después de calibracién

apropiada.

[0051] En un ejemplo comparativo 1, no se inyecté insulina
dentro del raté4n. En ejemplos comparativos 2, 3 y 7, insulina
sola (0,5 Ul) fue inyectada en tres ratones. En ejemplos 4-6
Yy 8, se inyecté insulina (0,501) e implante de
microparticulas de dextran cristalizadas en cuatro ratones.

Los resultados se resumen en la tabla 1.

Tabla I
EX Oain 15min 30min 45min 120min | 210min 270min | 390min
i Glucosa Glucosa Glucosa Glucosa Glucosa Glucosa Glucosa Glucosa
mmol /L mmol/l mmol/1 mmol /1 mmol /1 mmol /1 mool/1 maol/1
1 Ratén 7,9 8,1 8,2 8,4
intacto
2 Insulina | 5,9 3,3 2,7 1,8 0,9 3,5 3,0 3,2
0,5 Ul
3 Insulina | 8,1 3,8 2,8 1,9 0,9 3,7 3,4 3,5
0.5 Ul
4 Insulina | 6,0 4,3 3,2 2,5 0,8 0,8 0,9 0,7
0.5 ul
con
micro
Particul
as de
dextran

cristali
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zado

Insulina | 6,9 5,6 1,1 3,4 - 1,2 - 1,6
0,5 U1
Con
mlicro-
Particul
as de
dextrdn
cristali

zado

Insulina | 5,9 3,5 2,9 1,9 1,2 1,0 1,0 0,7
0,5 Ul

[0052] La reduccién del promedio de aziGcar en la sangre
(es decir, glucosa sanguinea) de animales es muy diferente
cuando se aplicé 0,5 Ul i.m. con y sin microparticulas de
dextran cristalizado. Como se muestra en la tabla 1, el nivel
de glucosa en los ratones de los ejemplos comparativos 2, 3 y
7 es cerca de la misma o menor que el nivel de glucosa en
ratones de ejemplos 4-6 y B durante los primeros 45 minutos
después de la inyeccién. El nivel de glucosa es el mismo en
los ratones de ambos ejemplos comparativoes 2, 3 y 7 y los
ejemplos 4-6 y 8, 120 minutos después de la inyeccibén. Sin
embargo, el nivel de glucosa en 1los ratones de los ejemplos
comparativos 2, 3 y 7 es cerca de 3 veces mayor que el nivel
de glucosa en los ratones de ejemplos 4-6 y B a partir de 210
a 390 minutos después de la inyeccién. De hecho, el nivel de

glucosa sanguinea en ratones en los ejemplos 4-6 y 8 no se
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incrementé sustancialmente (es decir, no se incrementdé en mas
del 10%, mantenido igual o disminuido) a partir de 120
minutos a 390 minutos después de 1la inyeccién. Por el
contrario, el nivel de glucosa sanguinea en los ratones de
los ejemplos comparativos 2, 3 y 7 inyectados con la misma
cantidad de insulina sustancialmente se incrementa de 120 a
390 minutos después de 1la inyeccidén. La inyeccibén de
insulina/microparticulas de dextran cristalizado reduce la
glucosa sanguinea durante un tiempo mayor gque una inyeccién
de insulina de la misma dosis sola. Asi, la composicién que
contiene microparticulas de dextran cristalizado e insulina

pueden ser dosificadas para inyeccién.

[0053] Los siguientes experimentos en conejos también
demuestran 1la inyeccién de insulina/ microparticulas de
dextrdn cristalizado reduce la glucosa sanguinea y mantiene
un nivel basal de insulina sanguinea durante un tiempo mayor
que la misma insulina de la misma dosis sola. Una composicién
inyectada subcutdneamente que comprende Actrapid HM® insulina
de accién corta y microparticulas de dextran cristalizado
fueron inesperadamente encontradas para alcanzar la duracién
de eficacia de su insulina de accién corta para acceder la
que se inyectdé subcuténeamente, insulina de acciébn larga

Monotard HM® sola.
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[0054] El término duracién de la eficacia significa 1la
reduccién de concentracién de glucosa sanguinea y/o
mantenimiento del nivel basal de la concentracién de insulina
sanguinea a niveles deseados independiente de eventos
externos que causan picos en la glucosa sanguinea, tales como
comer. Asi, el término de duracién de la eficacia es un
término relativo gue compara la eficacia de la insulina y la
composicién de microparticulas al igual que la misma dosis de
la misma insulina sola. En otras palabras, la duracién de 1la
eficacia es una duracién de accién o una duracién del efecto
farmacolégico, que puede ser medido en un paciente en un
ligtadeo de ayuno para comparar la eficacia de la insulina y
la composicién de microparticula al igual que la dosis de 1la

misma insulina sola.

[0055] Como se muestra en las figuras 12A y 12B, 1la
composicién que comprende 1la insulina de accién corta
Actrapid HM® y las microparticulas de dextrén cristalizado
prolongaron la absorcién de insulina y alcanzaron el efecto
hipoglicémico (es decir, la duracidén de la eficacia de 1la
insulina) al menos 24 horas, tal como cerca de 28 a 31 horas,
segqin se compard cerca de 2 a 8 horas para la insulina
Actrapid® HM sola (figura 12B) y cerca de diez y siete y
cerca de veinte y cuatro horas para la insulina “Monotard

HM"® insulina sola (Figura 12A). Ambas insulinas Actrapid® HM

o &
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y “Monotard HM”® son broductos de Novo Nordisk y la duracién
de la eficacia de estas composiciones de insulina en humanos
obtenidos de la informacién de la compafiia son ocho y veinte

y cuatro horas, respectivamente.

[0056] En las fiquras 12A y 12B, la linea superior ilustra
la linea de control para conejos intactos a los que no se
administré insulina. El eje Y de las figuras 12A y 12B es una
escala normalizada relativa de concentraciones de glucosa
sanguinea para la misma dosis 8 IU de insulina. Los dates de
las figuras fueron ajustados para ser mostrados en un
diagrama para cada figura y los datos muestra los niveles de

glucosa sanguinea luego de inyecciones de insulina.

[0057] Los datos mostrados en las Figuras 12A y 12B fueron
obtenidos como sigue. Los conejos chinchilla (2,3 = 0,3 kq)
fueron monitoreados por su respuesta a inyecciones de una
formulacién que consiste de microparticulas de dextran
cristalizado e insulina de corta duracién Actrapid®. Las
muestras de la formulacién fueron inyectadas subcutédneamente
en los conejos. La insulina de accién prolongada Monotard® HM
(40 IU/ml) y la insulina de accién reducida Actrapid® HM
fueron inyectadas subcutdneamente en conejos separados sin
las microparticulas y utilizados como controles. Las muestras

de sangre animal fueron tomadas de las orejas de los conejos
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y analizadas para la concentracién de glucosa. La
concentracién de glucosa sanguinea fue medida con un
analizador de glucosa (One-touch® Lifescan, Johnson &

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

[0058] En los ejemplos comparativos 9 y 10, dos conejos

intactos no se les suministré ningin tipo de insulina. En los

ejemplos comparativos 11 y 12 en solucién acuosa de insulina

de accién prolongada Monotard® HM

fue introducida
subcuténeamente en dos conejos en una dosis de 8 1lU. En los
ejemplos 13-15, una suspensién de microparticulas de dextran

cristalizado con insulina de accién reducida Actrapid® HM fue

introducida subcutdneamente en wuna dosis de B8IU. Los
resultados de los experimentos se resumen en la tabla II.
TABLA 1I
Ex Dosis 0 horas | 0,5 1l horas | 1,5 2 horas | 2,5 16 24 31
# de Glucosa | horas Glucosa | horas Glucosa | horas horas horaa horas
insuli | Mmol/L | Glucosa | Mmol/L | Glucosa | Mmol/L | Glucosa | Glucosa | Glucosa | Glucosa
na Mmol/L Mmol /L Mmol/L | Mmol/L | Mmol/L | Mmol/L
9 0,0 5,4 5,0 P 5,2 ’2 5,4 4,7 5,4 5,4
10|0,0 6,0 6,3 6,3 3 6,4 5,7 5,6 5,8
11 | 81u 5.4 5,8 3,2 p 2,6 3,9 5,6 N.A
12 | 81U 5,4 5,0 4,2 2,9 2,5 2,4 4,0 5,1 N.A
13 | 81U 5,8 3,7 1,9 1,9 2,8 4,1 4,3 4,1
14 | 81U 6,6 5,7 ' 3,9 .7 3,9 4,6 4,1 3,9
15 | 810 6,2 5,1 3,6 3,2 3,1 2,9 4,2 4,4 4,7
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[0059] Los anteriores ejemplos 13-15 ilustran que la
composicién de microparticulas de dextrdn cristalizado con
ingulina de accién corta Actrapid HM ® suministra un efecto
prolongado que excede el efecto de accién prolongada de
insulina Monotard HM® y se cree que es comparable con el
efecto de accidén proleongada de insulina glargine Lantus® (una

dosis diaria) de Aventis (ver www.aventis-us.com/Pls/lantus-

TXT.html) .Adicionalmente, la insulina Lantus® no debe ser

diluida o mezclada con otra insulina o solucién. Si 1la
insulina lantus® se diluydé o se mezclé, el perfil
farmacocinético/farmacodindmico (por ejemplo, inicio de 1la
accién, tiempo para el efecto pico) de Lantus® y/o insulina
mezclada pueden ser alterados en una forma impredecible. Por
el contrario, la composicién de microparticulas de dextran
cristalizado con insulina no se limita porque ninguna
ingulina adecuada, tal como insulina humana, puede ser
utilizado. En la composicién de microparticulas de dextrén
cristalizado e insulina, la proporcién de insulina y de
microparticulas puede varia segun se desee. Adicionalmente,
cualquier insulina adecuada puede ser utilizada para
personalizar una terapia de insulina a un paciente
individual. Asi, el Actrapid HM® fue usado en la composicibén
como un ejemplo ilustrativo de una insulina tipica y 1la

composicién no se limita a esta marca de insulina.
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[0060] Comoc se muestra en los ejemplos 9-15, la
composicién que contiene las particulas de dextrén
cristalizado e insulina es efectiva en mantener una duracién
de la eficacia de insulina durante al mencs un 30% mayor, tal
como al menos 100% mayor, preferiblemente 100 a 400% mayor
que la misma dosis de la misma insulina sin las
microparticulas. La composicién de insulina que contiene
microparticulas es efectiva en mantener un nivel basal
deseado de insulina sanguinea y concentracién de glucosa
sanguinea durante al menos 30% mayor, tal como 100% a 400%
mayor, que la misma dosls de la misma insulina sin las
microparticulas. Asi, la duracién de la eficacia de 1la
composicién que contiene microparticulas es al menos 24
horas, lo cual permite ser inyectada una sola vez al

mamifero, tal como un humano en necesidad de esta.

[0061] La composicién de microparticulas de dextran
cristalizado e insulina duradera es m&s segura que las
compesiciones de insulina duradera de la técnica anterior. En
razén a que esta alcanza una eficacia duradera sin utilizar
una dosis mayor de insulina como en las composiciones de la
técnica anterior. Por ejemplo, sSi una dosis de 8 IU de
insulina de accién corta ha sido administrada médicamente

segura a un paciente sin un riesgo importante de sobredosis,

%0}
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entonces la composicién que comprende la misma insulina de
accidén corta y las microparticulas de dextran cristalizado
pueden suministrar una eficacia de accién de duracién
prolongada en la misma dosis de 8 IU de insulina de accién
corta sin un riesgo significativo de sobredosis, atin si toda
la insulina es liberada en el paciente de una sola vez.
Adicionalmente, esta composicién suministra un ahorro de
costo comparado con las composiciones de la técnica anterior
en razén a que esta extiende la eficacia sin incrementar la
cantidad de insulina. Las terapias de diabetes de accién
prolongada de la técnica anterior actuales estdn hechos con
analogos de insulina, tal como insulina Lantus® de Aventis.
En contraste, la microparticulas de dextradn cristalizado que
contiene la composicién preferiblemente contiene insulina
recombinante humana cuyo perfil de seguridad se establece.
Asi, esta composicién reduce el riesgo de reacciones adversas
y el nimero de inyecciones a diabéticos, mejorando por tanto

la calidad de vida de los diabéticos.

[0062] La composicién inyectable puede comprender un
sistema de fase simple que comprende insulina o
microparticulas o un sistema de dos fases gue forma un nicleo
de PEG e insulina y un dextrdn y una concha de microparticula
de dextrdn para una duracién altn mas grande de eficacia.

Adicionalmente, la composicién comprende un sistema coloidal



WO 2004/078198 34 PTC/IB2004/000984

multifase o una fase fluida (por ejempleo, una suspensién o
una emulsién) la cual es relativamente facil de inyectar en

un mamifero.

[0063] El siquiente ejemplo ilustra el wuso de una
composicién de dos fases inyectables que comprende una fase
dextrdn, una fase PEG, insulina y microparticulas de dextrian
cristalizado. Se cree que cuando se inyecta en un mamifero,
esta composiciétn forma un implante de tipo reservorio
estructurado que tiene una estructura de cépsula
tridimensional. En 1la estructura de la capsula, las
microparticulas selectivamente se particionan en 1la fase
dextrdn y la insulina selectivamente se particiona en la fase
PEG. La fase dextrdn que contienen las microparticulas forma
una concha alrededor de un nicleo que comprende la fase PEG
que contiene la insulina. Este implante estructurado permite

la liberacidén controlada del niicleo a través de la concha.

[0064] En el ejemplo comparativo 16, 0,5 IU de insulina
Actrapid HM® (100 lU) se inyecta subcuténeamente en un ratén.
En el ejemplo 17, 0,4 g de microparticulas de dextran
cristalizado estdn dispersos en 0,6 ml de 20% (P/P) de
solucién acuosa de dextridn que tiene un peso molecular de 70
kDa (Pharmacia, Suecia) para formar una suspensién. 10 mg de

PEG que tiene un peso molecular de 6 kDa (Fluka) es disuelto
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en 0,1 ml de insulina Actrapid HM® (100 1lU/ml) para formar
una solucién. 0,05 ml de la solucién PEG e insulina se mezcla
con 0,15 ml de la microparticula y suspensién de dextran para

formar una composiciétn de dos fases o mezcla. 0,02 ml de la

mezcla de dos fases que contiene 0,5 1lU de insulina es
inyectada subcutidneamente en un ratén. Los resultados son

mostrados en la Tabla III.

TABLA III
Ejemplo | 0 min 15 min |30 min |45 min |60 min |120 min
# Glucosa | Glucosa | Glucosa | Glucosa | Glucosa | Glucosa
Mmol/L |Mmol/L |Mmol/L |Mmol/L |Mmol/L |Mmol/L
16 7,8 3,7 2,3 1,7 2,9 6,7
17 7,9 5,9 4,3 4,1 4,3 4,0
[0065] Como puede verse en la tabla III, la duracién de la

composicién de dos fases de eficacia fue mayor que aquella de
la insulina sola. Adicionalmente, la composicién de dos fases

disminuydé la glucosa sanguinea mAs gradualmente que la

insulina sola. Sin desear unirse a una teoria en particular,

estos efectos se cree que se deben a la 1liberacién de

insulina controlada del nicleo de 1la

estructura de 1la

cdpsula.
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[0066] Adicionalmente, la composicién gue contiene
microparticulas puede ser adaptado para cada paciente al
ajustar la cantidad de insulina y/o microparticulas para
permitir al paciente inyectar la composicién al mismo tiempo
cada dia (es decir, una vez cada 24 horas, una vez cada 48
horas, etcétera). Asi, la eficacia de la composicidén se
ajusta a cada paciente. Para un sistema de dos fases, el
perfil de la liberaciédn de insulina a partir del nidcleo de la
cdpsula puede ser ajustada controlando 1la cantidad de
microparticulas, para controlar el espesor de la concha de la

cédpsula.

[0067] Mientras el inventor no desea unirse a ninguna
teoria en particular, se cree que el efecto duradero de la
misma dosis de insulina en ratones y <conejos con
microparticulas de dextran cristalizado se puede explicar por
la difusién de las moléculas de insulina de las
microparticulas de dextrdn cristalizado basadas en implante
(es decir, una autoliberacién controlada de insulina). En
razén a que los ratones y conejos son un modelo comin para
los humanos en ensayo de drogas, los datos mostrados en las
tablas I a III anteriormente sugieren que el usc de
microparticulas de dextrdn cristalizado basado en implantes
hace posible desarrollar sistemas de 1liberacidén controlada

con caracteristicas farmacocinéticas y dindmicas mejoradas y
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que presentan mejores necesidades en pacientes de insulina

basal, tales como humanos.
D. Materiales

[0068] En las modalidades preferidas de la invencién, el
agente terapéutico comprende insulina. En otras palabras, el
agente terapéutico puede consistir esencialmente de insulina
sola o comprende insulina en combinacién con otro agente. El
termino “insulina” debe ser interpretado para abarcar
andlogos de insulina, insulina humana extralda naturalmente,
insulina humana producida recombinante, insulina extraida de
fuentes porcinas y/o bovinas, insulina bovina y porcina
producida recombinante y mezclas de cualquiera de estos
productos de insulina. El término se pretende que abarque el
polipéptido utilizado normalmente en el tratamiento de
diabéticos en una forma sustancialmente purificada perc que
abarca el uso del término en su forma farmacéutica disponible
comercialmente, que incluye excipientes adicionales. La
insulina es producida preferiblemente recombinante y puede

ser deshidratada (secada completamente) o en solucién.

[0069] El término “andalogo de insulina”, “insulina
monomérica” y los similares son usados intercambiablemente

aqui y se pretende que abarque alguna forma de “insulina”
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como se definid anteriormente, en donde uno © mis de los
aminodcidos dentro de la cadena de polipéptido ha sido
reemplazado con un amincdcido alternativo y/o en donde unc o
mas de los aminodcidos ha sido eliminado o donde unc o mas de
los aminoadcidos adicional ha sido agregado a la cadena de
polipéptido o secuencia de aminoacido, que actdan como
insulina en la reduccién de los niveles de glucosa. En
general, el término “andlogos de insulina” de las modalidades
preferidas de la presente invencién incluye ™“analogos de
lispro insulina”, como se describe en la patente
Estadounidense No. 5,547,929, incorporada aqui como
referencia en su totalidad; los andlogos de insulina incluyen
insulina LysPro e insulina humalogo, y otra “andlogos super
insulina”, en donde la habilidad del anadlogo de insulina para
afectar los niveles de glucosa de suero es sustancialmente
mejorado como se compard con la insulina convencional asi
como también con andlogos de insulina hepatoselectivos que
son mas activos en el higado que en el tejido adiposo.
Andlogos preferidos son andlogos de insulina monoméricos, que
son compuestos similares a insulina para algun propésito
general como la insulina, tal como insulina lispro, es decir,
compuestos que son administrados para reducir los niveles de

glucosa sanguinea.

N
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[0070] El término “andlogo” se refiere a una molécula, que
comparte una actividad funcional comin con la molécula 1la
cual se juzgada para ser comparable y comparte tipicamente

caracteristicas comunes también.

[0071] El término “recombinante” se refiere a cualquier
tipo terapéutico clonado expresado en células procariotas o
una molécula construida genéticamente o libreria combinatoria
de moléculas que pueden ser ademds procesadas en otro estado
para formar una segunda libreria combinatoria, especialmente
moléculas que contiene grupos protectores que mejoran la
seguridad fisicoquimica, farmacolégica y clinica del agente

terapéutico.

[0072] El términc microparticulas de dextrdn incluye
microparticulas de dextran no gustituidas y microparticulas
de dextré&n sustituidas. Por ejemplo, microparticulas de
dextran sustituidas incluyen dextrédn sustituido con un grupo
adecuado, tal como un grupo metilo, hasta un grado que no
obstaculiza la cristalizacién de las microparticulas de
dextrdn, tales como hasta 3,5 o© menos porcentaje de
ramificacién. El didmetro de microparticulas promedio es
preferible de 0,5 a cerca de 5 micrones, més preferiblemente

cerca de 1 a 2 micrones.
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[0073] Adicionalmente, mientras las microparticulas de
dextrdn no reticuladas porosas, tales como microparticulas
cristalizadas, son preferiblemente usadas con el agente
terapéutico, otras microparticulas organica e inorganicas
adecuadas puede ser utilizadas en cambio, tales como otras
microparticulas de polimerc que incluye polisacéridos, PLA,
PLGA, PMMA, poliimidas, pocliésteres, acrilatos, archilamidas,
acetato vinilo u otros materiales poliméricos, particulas
biomateriales tales como alginato y c¢élulas, o particulas
inorginicas, tal como silice, vidrio o fosfatos de calcio.
Preferiblemente las microparticulas son biodegradables.
Preferiblemente las microparticulas porosas son utilizadas.
Mas preferiblemente, las microparticulas tienen suficiente
porosidad para contener el agente terapéutico dentro de los
poros y suministrar una liberacién a tiempo del agente
i:erapéutico desde los poros. En otras palabras, el agente
terapéutico se libera a tiempo desde los poros, tal como
cerca de 5 minutos, preferiblemente cerca de 30 minutos, Mas
preferiblemente sobre una hora, tal como de varias horas a
varios dias, en diferencia de todo de una vez, Asi, el
material de particula, el tamaflo del poro y el volumen del
poro puede ser seleccionado basado en el tipo de agente
terapéutico utilizado, el volumen del agente terapéutico

necesario para la administracién, la duracién de 1la

O\’V
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administracién del agente terapéutico, el ambiente en donde

el agente terapéutico serd liberado y otros factores.

[0074] Asi, en un aspecto preferido de 1la presente
invencién, el agente terapéutico es localizado al menos
parcialmente en los poros de las microparticulas de poro.
Preferiblemente, el agente terapéutico no se encapsula en la
microparticula (es decir, la microparticula no actiia como una
concha con un nicleoc de agente terapéutico en lugar de la
concha) y no se adhiere a la superficie de la microparticula.
Sin embargo, si se desea, una porcién del agente terapéutico
puede ser encapsulado en una concha de microparticula y ellas
se adhiere a la superficie de la microparticula en adicién a
los poros de 1la microparticula. La ubicacién del agente
terapéutico en los poros suministra una liberacién
temporizada &éptima del agente terapéutico. En contraste, el
agente terapéutico adherido a la superficie de 1la
microparticula es a menudo 1liberado demasiado répido,
mientras que el agente terapéutico encapsulado en la
microparticula a menudo no se libera suficientemente pronto y
es luego liberado todo de una vez cuando la concha de
microparticula se desintegra. En un sistema de dos fases, al
menos un 80% del agente terapéutico es ubicado
preferiblemente en un nicleo rodeado por una pared o concha

que comprende las microparticulas.
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E. Métodos da Fabricacién

[0075] Las microparticulas pueden ser formadas por algun
método adecuado. Preferiblemente, las microparticulas son
combinadas con los agentes terapéuticos después de que las
microparticulas son formadas. Asi, las microparticulas, tales
como microparticulas de dextrdn cristalizado se forman
mediante cualquier método adecuado luego de que el agente
terapéutico y las microparticulas se combinan mediante
cualquier método adecuado. En contraste, algunos métodos de
la técnica anterior, el agente terapéutico se encapsula en
una concha de microparticula al administrar el material
precursor de particula y al agente terapéutico dentro de una
solucién y luego cristalizar o reticulizar el material
precursor, tal como un monémero ¢ material oligbémero, para
encapsular un nucleo de agente terapéutico dentro de una

concha de microparticula.

[0076] Preferiblemente, el agente terapéutico se
suministra en los poros de microparticulas porosos después de
que las microparticulas son formadas. Asi, las
microparticulas porosas son primero formados y luego el
agente terapéutico se suministra dentrc de una soclucién que

contiene las microparticulas para permitir al agente
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terapéutico permanecer dentro de los poros de las
microparticulas. Por supuesto, algunos de los agentes
terapéuticos pueden también ser atacados en la superficie de

la microparticula en este proceso.

[0077] Asi, un método para fabricar poros de
microparticulas de dextran cristalizado no reticulado incluye
la preparaciédn de una socolucién de dextrédn, tal comc una
solucién de dextridn acuosa que conduce un proceso de
cristalizacidén para formar microparticulas de dextrén de poro
cristalizado y s8i se desea, aislar las microparticulas de
dextran de 1la solucién. Un agente terapéutico es 1luego
permeable dentro de los poros de las microparticulas al
suministrar el agente terapéutico dentro de la solucién de
cristalizaciébn que contiene las microparticulas o al
suministrar las microparticulas aisladas y el agente
terapéutico dentro de una segunda solucién, tal como una
segunda solucibén acuosa. Por ejemplo, las microparticulas de
dextran cristalizado pueden ser formadas en una primera,
solucién acuosa de dextrdn de bajo peso molecular, tal como
una solucién de dextrdn de 2 a 20 kDa. Las microparticulas
son luego removidas a partir de la primera solucién y luego
colecadas dentro de una segunda solucidn acuosa de dextrén
que tiene un dextridn de peso molecular mayor, tal como una

solucién de 40 a 500 kDa, por ejemplo, una solucidén de 40 a



WO 2004/078198 44 PTC/IB2004/000984

75 kDa. La segunda solucién puede comprender una primera fase
de un sistema de dos fases, que es luego combinada con una
segunda fase, tal como una fase PEG gque contiene un agente
terapéutico. Un método similar puede ser utilizado con otras
microparticulas de poro, en donde un agente terapéutico es
luego permeable dentro de los poros de las microparticulas
después de que las proparticulas de poro se forman mediante
cualquier método de formacién de microparticula adecuado, que
incluye, peroc no estd limitado a cristalizacién. Los
componentes tales como insulina, microparticulas y una o mas
fases acuosas pueden ser combinadas en cualquier orden

adecuado secuencialmente o simultAneamente.

[0078] Preferiblemente, las microparticulas se forman por
autoensamble de wuna solucién que no contiene solventes
organicos y promotores de reaccién orgdnico que dejan un
residuo orgdnico en las microparticulas. Asi, por ejemplo,
las microparticulas de dextri4n se forman preferiblemente por
autoensamble de una solucién de dextran acuosa. Sin embargo,
si se desea, los solventes orgdnicos y/o promotores de
reaccidén organica pueden ser también usados. En este caso,
las microparticulas pueden ser purificadas antes de uso

posterior para remover el residuo organico dafiino.



WO 2004/078198 45 PTC/IB2004/000984

[0079] Como se describié anteriormente, la estructura de
la cdpsula que tiene un primer n@cleo de fase y una segunda
pared de fase o concha puede ser formada in vivo o in Vitro a
partir de una composicién de dos fases. La composicién puede
ser polvo seco, tal como pelvo seco por congelamiento vy
almacenado como un polvo o torta porosa. Cuando la solucién
esté lista para ser administrada a un mamifero, se hidrata y

se administra a un mamifero mediante inyeccién.

[o080] Preferiblemente, la composicién que incluye las
microparticulas y el agente terapéutico es un sistema
coloidal fluible en donde la composicidén se dosifica para la
inyeccién. Ejemplos de sistemas coloides fluibles incluyen
emulsiones y suspensiones que pueden ser inyectadas dentro de
un mamifero utilizando wuna jeringa comin o aguja sin
dificultad. Por el contrario, algunas composiciones de la
técnica anterior incluye un agente terapéutico en un hidrogel
de dextridn o en una matriz de dextrdn reticulada. Un hidrogel
de dextrdn y una matriz de dextrdn no son composiciones

fluibles sino especificamente preparadas.

[0081) En otro aspecto preferido de la presente invencién,
las microparticulas comprenden microparticulas que son
adhesivas a la mucosa del mamifero. Preferiblemente las

microparticulas adhesivas son microparticulas porosas

7
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descritas anteriormente. Esto mejora ademds la 1liberacién

efectiva del agente terapéutico.

[0082] En otro aspecto preferido de la presente invencién,
las microparticulas comprenden microparticulas cuya
superficie han sido especialmente modificadas para mejorar la
adhesién del agente terapéutico a 1la superficie de 1la
microparticula y para optimizar la liberacién del agente
terapéutico. La superficie de microparticula puede contener
cualquier modificacién adecuada que puede incrementar la

adhesién del agente terapéutico.

[008B3] La anterior descripcién de la invencién ha sido
presentada para propésitos de ilustracién y descripcidédn. No
se pretende ser exhaustive o limitar la invencibén para
precisar la forma descrita, Y las modificaciones vy
variaciones 8son posibles en claridad de 1las anteriores
enseflanzas o pueden ser adquiridas de la préctica de 1la
invencién. Los dibujos y la descripcién se escogieron con el
fin de explicar los principios de 1la invencién y su
aplicacién practica. Se pretende que el alcance, de 1la
invencién se defina por las reivindicaciones adjuntas y sus

equivalentes.
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[0084] Todas las publicaciones y solicitudes de patentes
citadas en esta especificacién se incorporan aqui en su

totalidad para referencia.
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REIVINDICACIONES

1. Un método para reducir la glucosa sanguinea en un
mamifero, que comprende inyectar wuna cantidad
efectiva de una composicidn que comprende
microparticulas de dextran cristalizado e insulina
al mamifero para reducir la glucosa sanguinea en
donde las microparticulas se forman antes para
combinacién de la insulina y las microparticulas en

la composicién.

2. El método de la reivindicacién 1, en donde 1la
composicién comprende una composicién coloidal
fluible y las microparticulas comprenden
microparticulas de dextrén cristalizado que-

contienen un diAmetro de 0,5 a 5 micrones.

3. El método de la reivindicacién 2, en donde:

La composicién comprende una composicién de dos

fases que comprende una fase dextran y una fase PEG;
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La insulina es particiocnada selectivamente en la
fase PEG y las microparticulas son particionadas

selectivamente en la fase dextran; y

La composicién forma un implante estructurade que
comprende -una fase de PEG y una concha de fase
dextrdn después de inyeccién en el cuerpo de un

mamifero.

El método de la reivindicacién 3, ademds comprende
controlar un espesor de la concha basado en el

cuerpc del animal que recibe la composicién para

liberacién controlada de insulina desde el implante.

El métode de la reivindicacién 1, en donde 1la
composicién se administra a un humano para reducir

la concentracién de glucosa sanguinea en el humano.

Una composicién farmacéutica dosificada, que
comprende microparticulas de dextran cristalizado y
una cantidad terapéuticamente efectiva de insulina,
en donde la composicién se dosifica para un humano y
las microparticulas que se forman antes para
combinacién de la insulina y las microparticulas en

la composicién.
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La composicién de la reivindicacién 6, en donde:

La composiciébn comprende una composicién coloidal
fluible; Y las microparticulas comprenden
microparticulas de dextrdn cristalizado que tienen

un di&metro promedio de 0,5 a 5 micrones.

La composicién de la reivindicacién 7, en donde:

La composicién comprende una composicién de dos

fases que comprende una fase dextridn y una fase PEG;

La insulina es selectivamente particionada en la
fase PEG y las microparticulas se particionan

selectivamente en la fase dextran; y

La composicién forma un implante estructurado que
comprende un nicleo de fase PEG y una concha de fase

dextran después de inyeccidén en el cuerpo humano.

Una composicién farmacéutica dosificada, que
comprende microparticulas de dextran cristalizado y
una cantidad terapéuticamente efectiva de la primera

insulina, en donde la composicién se dosifica para
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10.

11.

inyeccién a un mamifero y wuna duracién de 1la
eficacia de la composicién cuando se inyecta en un
mamifero es al menos un 30% mayor que una duracién
de eficacia en el mamifero de la misma dosis de la

misma primera insulina sin las microparticulas.

La composicién de la reivindicacién 9, en donde:

La composicién comprende una composicién coloidal
fluible: las microparticulas comprenden
microparticulas de dextrédn cristalizado que tienen

un didmetro promedio de 0,5 a 5 micrones; y

Las microparticulas se forman antes para la
combinacién con la primera insulina y la

microparticula en la composicién.

La composicidén de la reivindicacién 10, en donde:

La composicién comprende una composicién de dos

fases que comprende una fase dextridn y una fase PEG;

La primera insulina es particionada selectivamente
en la fase PEG y 1las microparticulas son

selectivamente particionadas en la fase dextrén; y
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12.

13.

La composicién forma un implante estructurado que
comprende un nidcleo de fase PEG y una concha de
fase dextran después de inyeccién en un cuerpo de

mamifero.

La composicién de la reivindicacién 9, en donde:

La duracién de la eficacia de la composicién cuando
se inyecta dentro de un mamifero es al menos de 24

horas; y

La duracién de la eficacia de la composicién cuando
se inyecta a un mamifero es al menos 100% mayor que
una duracién de eficacia en un mamifero de la misma
dosis de la primera insulina sin las

microparticulas.

Un método para reducir la glucosa sanguinea en un
mamifero que comprende inyecta una cantidad
terapéuticamente efectiva de una composicidén que
comprende microparticulas de dextradn cristalizado y
primera insulina para reducir la glucosa sanguinea
del mamifero, en donde una duracién de la eficacia

de la composicién en el mamifero es al menos 30%
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mayor que una duracién de la eficacia del mamiferc
de la misma dosis de la misma primera insulina sin

las microparticulas.
14. El método de la reivindicacién 13, en donde:

La composicién comprende una composicién coloidal
fluible; las microparticulas comprenden
microparticulas de dextrédn cristalizado que tienen

un diametro promedio de 0,5 a 5 micrones; y

Las microparticulas se forman antes para la
combinacién de la primera insulina Yy las

microparticulas en la composicién.
15. El1 método de la reivindicaciédn 14, en donde:

La composicién comprende una composicién de dos

fases que comprende una fase dextrédn y una fase PEG;

La primera insulina es particionada selectivamente
en la fase PEG y las microparticulas son

selectivamente particionadas en la fase dextréan; y
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le.

La composicién forma un implante estructurado que
comprende un nidcleo de fase PEG y una concha de
fase dextran después de inyeccién en un cuerpo de

mamifero.

El método de la reivindicacién 13, en donde:

La duracidén de la eficacia de la composicién cuando
se inyecta dentro de un mamifero es al menos de 24

horas; y

La duracién de la eficacia de la composicién cuande
se inyecta a un mamifero es al menos 100% mayor que
una duracién de eficacia en un mamifero de la misma
dosis de la primera insulina sin las

microparticulas.

17. El método de la reivindicacién 16, en donde:

La duracidén de la eficacia de la composicién cuando
se inyecta a un mamifero es al menos 100 a 400%
mayor que una duracién de eficacia en un mamifero de
la misma dosis de la primera insulina sin las

microparticulas.
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18. Un método de fabricar una composicién farmacéutica

dosificada, comprende:

Suministrar microparticulas de dextran cristalizado:;

Combinar una cantidad terapéuticamente efectiva de
insulina Yy las microparticulas de dextran
cristalizado en una solucién después de que las
microparticulas han sido cristalizadas para formar
una composicién de insulina y las microparticulas de

dextran cristalizado; y

Dosificar la composicidén por inyeccién a un

mamifero.

19. El método de la reivindicacién 1B, en donde:

La composicién comprende una composicién coloidal

fluible; las microparticulas comprenden

microparticulas de dextrén cristalizado que tienen

un didmetro promedic de 0,5 a 5 micrones.

20. El método de la reivindicacién 19, en donde:
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La composicién comprende una composicién de dos

fases que comprende una fase dextridn y una fase PEG;

La insulina es particionada selectivamente en 1la
fase PEG y las microparticulas son selectivamente

particionadas en la fase dextran; y

Las composiciones forman un implante estructurado
que comprende un nicleo de fase PEG y una concha de
fase dextradn después de inyeccién en un cuerpo de

manmifero.

21, El1 método de la reivindicacién 18, en donde:

La duracién de la eficacia de la composicién cuando
se inyecta dentro de un mamifero es al menos de 24

horas; y

La duracién de la eficacia de la composicién cuando
se inyecta a un mamifero es al menos 100% mayor que
una duracidén de eficacia en un mamifero de la misma
dosis de - la primera insulina sin las

microparticulas.
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LONG ACTING INJECTABLE INSULIN COMPOSITION °
AND METHODS OF MAKING AND USING THEREOF

FIELD OF THE INVENTION

[0001]) This epplication cilaims benefit of the following U.S.
Provisional Applications Serisl Nos. 80/451,245, filed March 4, 2003;
60/467,801 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 insulin
compositions and specifically to an injectable insulin composition

containing insulin and crystallized dextran microparticles.
BACKGROUND OF THE INVENTION

[0003) 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 agueous solutions are used cliniceily as
plasma expanders. Cross-linked dextrans in the form of beads are the
basis for “Sephadex™ that is used in the GPC of proteins and for
~Cytodex”’ developed by Pharmacie to fulfill the special requirements of a
micro-carrier cell culture. For example, U.S. Patent Nos. 6,395,302 and
6,303,148 (Hennink et al.) disclose attaching various biomaterials to
cross-finked dextran particles. However, heads based on cross-linked
dextran generally cannot be used for implant manufacturing owing to their
potential toxicity due to the application of cross-linking agents (Blain J.F.,
Maghni K., Pelletier S. and Sirois P. inflamm. Res. 48 (1999): 386-392).

k3
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[0004] U.S. Patent No. 4,713,249 (Schroder) describes a method of
producing & depot matrix for biologically active substances. According to
this petent, the depot matrix sllegedly consists of carbohydrate
micropartiples, stabilized by crystailization, . which implies using non-
covalent bonds. The following process for producing the alleged
crystallizead carbohydrate microparticles is described by Schroder. A
solution of a polymeric carbohydrate and a biologically-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 acetone, ethanol or
methanol to form spheres having a non-covalently cross-linked crystalline
polymeric carbohydrate matrix, said matrix incorporating 0.001-560% by
waeight of the -biologically-active substance. Thus, the biologically active
substance is provided into the solution prior to crys‘téllizing the spheres,
Schroder does not describe the microstructure of the microparticles made
by the muiti-step method. Schroder’s muiti-step method is complex and
uses organic solvents that are potentially toxic to cells and need to be

removed.

BRIEF SUMMARY OF THE INVENTION
[0005] A method of lowsering blood glucose in 8 mammal includes
injecting & therapeutically effective amount of crystallized dextran
microparticles and insulin to the mammal to lower blood glucose of the
mammal. The composition may be a one phase or a structurad multi-
phase composition for controlled release of insulin over an extended

period of time.



BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a photograph of crystallized dextran
microparticles spontaneously formed in 556.0% (W/W) aqueous solution of
dextran with MW 70.0 kDa.

[00071] Figure 2A is a photograph of a cross-section of crystallized

dextran microparticles shown in Figure 1.

[0008] Figure 2B is a photograph of & cross-section of a
microparticle shown in Figure 2A. Microporous structure of the

microparticle can be seen.

[0009] Figure 3 is a photograph of aggregates of crystallized dextran

microparticles.
[0010] Figure 4 is a 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™

day after intermuscular injection.

[0011] Figure b is a photograph of an emulsion of aqueous solution
of PEG in aqueous solution of dextran (MW 500 kDa) containing

crystellized dextran microparticles shown in Figure 1.

[0012] Figure 6 is a photograph of an emulsion of aqueous solution
of dextran (MW 500 kDa) containing crystallized dextran microparticles

shown in Figure 1 in equeous solution of PEG.

{0013] Figure 7 is a photograph of an intramuscular injection of
emuision of aqueous solution of PEG in aqueous solution of dextran (MW

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



[0014] Figure 8 is a photograph of a subcutaneous injection of
emuision of aqueous solution of PEG in aqueous solution of dextran (MW

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

[0015] Figures 9A and 9C schematically illustrate partition behavior
of different types of particles and phases in an aqueous two phase
svst‘ml

[0018] Figure 9B is a photograph of a cross section of an implant

structure based on the two phase system.

[0017] Figures 10 and 11 schematically illustrate therapeutic agent

delivery methods according to embodiments of the present invention.

[0018] Figures 12A and 12B are graphs of relative normalized of
blood glucose concentretions for various insulin containing composition

versus time.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] The present inventor has discovered that a composition of
crystallized dextran microparticles and insulin injected into mammals
unexpectedly extended the duration of efficacy of the insulin compared to
injections of the same dose of the same insulin alone. The composition
may be a one phase composition or a multi-phase composition which

forms a structured implant in a mammail.

[0020] The first section below describes the crystallized dextran
micropesrticles, the second section describes formation of the structured
implant from & muitiphase composition, and the following sections
describe specific examples of injection of the composition into mammals

and methods of making the injectable compasition.



A. Crystalllzed Dextran Microparticles

[0021) The present inventor has experimentally found that
crystallized dextran microparticles with an average diameter ranging from
0.6 to 3.5 microns were spontaneously formed in concentrated aqueous
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 aiso be
formed from 2 to 18 kDa solutions et 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 irreguiar shape, but are preferably spherical in shape,
and are preferably 10 microns in diameter or less, such as 0.5 to 5

microns.

[0022] Transmission Electron Microscopy revealed the microparous
structure of the crystallized dextran microparticles (see Figures 2A, 2B).
Preferably, the microparticle porosity is 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 macroporasity located between the particles.

[0023] Spray drying of agueous 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).

[0024] A non limiting example of 2 method of forming the dextran
microparticies is as follows, 50.0 g of dextran T40 (40 kDa molecular



waeight) from Amersham Biosciences is added to 50.0 g of sterile distilled
water in a 500 ml lab beeker to obtain 50% w/w solution under laminar
flow. The mixture is stirred at 60°C (water bath) on a magnetic stirrer at
50 rpm until .the dextran is completely dissolved and a clear solution is
obtained. The solution can be vacuumed to remove e&ll 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.

[0025] To eliminate non-crystallized dextran, the microparticies are
washed by centrifugation, for example 3,000 g, 30 min, with 3x 250 mi
of distilled sterile water, or by filtration of diluted suspension of
microparticles, for exampie one part microparticlas and 10 parts water
(3x 250 mi 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 80°C in lab
oven for 8 hours to reach a moisture level of about 5%. The resulting dry

powder consiats of particles with a mean diameter of about 2 microns.

10026] 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 betwesen the dextran molecules.
Thus, t'he molecules in the microparticies are preferably ncllt intentionally
cross-linked (i.e., a cross linking step is not carried out} and the
microparticies contain no covalent bonds between molecules or less than

10% covaient bonds between molecules.

[0027] 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



aggregstes before injections. Figure 4 shows an implant ‘containing
fluorescently labeled macromolecules (FITC-dextran, MW 500 kDa) and
siow release of the macromolacules from the implant into a mouse muscle

tissue on the 14™ day after the intermuscular injection.
B. Two-phase system

[0028] Self assembled structures of implants based on crystallized

dextran microparticles and their aggregates may be formed based on two
phasa systems.

[0029] Colloidal systems such as droplets of oil, liposomes, micro-and
nano-particles can be dispersed in a suspension of crystallized dextran
microparticles and injected to form an impiant- releasing therapeutic

agent(s) following administration into the mammal body.

[0030] 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 sheaped shell which results 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 core locatad between one or more walls of microparticles on
one side and the barrier on the other side. Furthermore, while oll is used
as an illustrative exampie, the core may comprise other materiale, such as

other polymers, celis, etc.

{0031] To form the capsule structure, two-phase aqueous systems are

applied. When aqueous solutions of different polymers are mixed above
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certain concentrations they frequently form immiscible-liquid two-phase
solutions. Each of the phases usually consiets 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 calls or particles are frequently found to have
partitioned unequally between phases. This preferential partition behavior
can be' used as a basis for separetion procedures for differing cell
populationa 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.

[0032]! 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 cells, proteins, nucleic acids and
minerals (“Partitioning in Aqueous Two-Phase Systems”, 1985, eds., H.

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

[0033] The experiments with the distribution of crystallized dextran
microparticles .in phase systems derived from, for instance,
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 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 5 and 6.

[0034]) Figure 5 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 5, 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 shelis {i.a., a closed pore structure).

{0035] Figure 6 is a photograph of an emulsion of aqueous solution
of dextran containing crystallized dextran microparticles in aqueous
solution of PEG, whers the volume of the PEG phase is gfeﬁer than the
volume of the dextran phase. In this case, the dextran phase forms into
one or more sphere shaped cores containing the dextran microparticies
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 8, the
smaller volume (droplet} dextran phase forms into a large spherical
dextran / dextran microparticle core (bottom right of Figure 8} to which
smaller spheres comprising dextran / dextran microparticles are joining

and fuse with.

[0036] 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 one, than the capsule
forms by self assembly with a first phase core surrounded by a second

phase.shell. If the composition contains 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
microparticles selectively partition into and form the shell around the PEG

core by self assembly.

[0037] 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 particles



into different polymer phases depends on their surface structure and
interfacial energy of the particies in the polymer solutions.

[0038] Injection of aqueous two phase systems -containing
crystallized dextran microparticles into tissues of experimental animals
revealed the formation of implants with the capsule structure as shown in
Figures 7 end 8. The volume of the dextran phase is greater than the
volume of the PEG phase in the two-phase system. Both Figures 7 and 8
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
tissua). The shell comprises macroporous regions between adjacent
micro;;articles as well as microporous regions in the microparticles

themselves.

[0039] 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 m! of
(Actrapid®) insulin solution containing 1,000 U to which 26 g of
crystsllized 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., a suspension). 1.0 g of the suspension contains 8 IU of

insulin.

[0040] It should be noted that the dextran microparticles niay be
prepared from a differeant molecular 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
waeight 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
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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 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 vivo. Furthermors, lower molecular weight

microparticles may dissolve easier in vivo.

[0041] The capsuile structure formed from a two phase system is
advantageous because it allows for 8 more even and prolonged release of
the therapeutic agent from the core than from 8 composition comprising a
single phase conteining the microparticles. Furthermore, it is believed
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 phase system is used. Furthermore, by. controlling
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.
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.

[0042] 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
9A schamatically illustrates partition behavior of different types of
particles in an aqueous two phase system. For example, three types f
molecules or molecular aggregates, which are preferably particles 10, 12
and 14, and two phases 18 and 18 are shown in Figure 9A. However,
there may be two, or more than three types of particles. The particles
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may be microparticles such as microspheres or nanospheres prepared
from organic and/or inorganic materials, liposomes, living cells, viruses
and macromolacules. The first type particles 10 preferentially segregate
into the first phase 16. The second type particles 12 preferentially
segregate to the boundary of the first 16 and second 18 phases. The
third type particles 14 preferentially segregate into the second phase 18.
Thus, by analogy to the previous non-limiting example, the first particles
~ 10 may comprise a 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.

[0043] If a smaller amount of the first phase 16 is provided into a
larger amount of the second phase 18, as shown in area 20 of Figure 9A,
then a capsule type structure forms comprising discreet spheres of the
first phase 18 containing a concentration of the firet type particles 10,
located in & second phase 18. 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 14 are dispersed in the second phase 18 and/or form a
shell of the capsule.

f0044) In contrast, if a smaller amount of the second phase 18 is
provided into a larger amount of the first phase 16, as shown in area 22
of Figure 9A, 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 first phase 16. The second type particles
12 may be located at the interfece of the phases 16, 18 and act as a
shell of the capsule. Pearticles 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 into a mammal,

such as an animal or human. Thus, the capsule forms a structured, three
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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,

[0045] Furthermore, particles 10, 12 and 14 may ba.subatitutod by
a liquid material {(e.g. oils) or macromolecules which selectively partition
into one of the phases. For example, a8 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 agents selectively partition,
the term “selectively partitioned” does not necessarily mean that 100
percent of the particles or therapeutic agent partition into one of the
phases., However, a majority of the selectively partitioned specie,
preferably 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 phess.

[0046] Figure 9B illustrates a scanning electron microscope image of
a cross section of an implant structure based on the two phase system
schematically illustrated in Figure 9A. A two phase aqueous compaosition
comprising a first dextran phase, a second PEG phase and crystallized
dextran microparticles was injected into sepharose gel. This gel's
composition mimics mammal tissue by stopping crystailized dextran
microparticies diffusion from the injection side. The image in Figure 9B
ilustrates 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 the gel for cross
sectional SEM imaging. The PEG phase region drips out of the gel when
the gel is cut during cross sectioning. Region 32 is an outer portion of
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the core comprising PEG droplets located in the crystallized dextran
microparticies. Region 34 is the shell comprising the crystallized dextran
microparticles which surrounds and holds in place the PEG containing

core.

[0047] Without wishing to be bound by a particular theory, the
present inventor believes that the core-shell structure shown in Figure 9B
forms by self assembly as shown schematically in Figure 9C. While the
first 16 and second 18 phases, such as aqueous solutions of different,
incompatible polymers, are in a suitable storage container 19, such a8 in a
glass beaker or vial, one phase 18 rises above the other phase 18. When
the two phase composition is injected into a material which restricts free
flow of the phases 18 and 18, such as mammal tissue or a substrate
material, such as & gal which mimics the tissue, the 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 9C. Then the spherical shapes join to form
approximately sphericel cores of one phase surrounded by shells of the
other phase, as shown in the bottom of Figure 9C. While a two phase
system example of a multiphase system has been illustrated, the

multiphase system may have more than two phases if desired.
C. Injectable Insulin delivery vehicle

[0048] The present inventor has discovered that a composition of
crystallized dextran microparticles and insulin injected into mammaels, such
as mice and rabbits, unexpectedly extended the duration of efficacy of
the insulin compared to injections of the same dose of the same insulin
alone. Figure 10 schematically illustretes the formation of an implant 40
in a memmal 53 by injection of a one phase composition comprising the

microparticles 12, 14 and insulin 46 using a syringe 56. Figure 11
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schematically illustrates the formation of a structured implarit' 40 in a
mammal 53 by injection of a two phase composition comprising @ dextran
phase 18 containing selectively partitioned crystallized dextran
microparticles 12, 14 and a PEG phase 16 conteining selectively
partitioned therapeutic agent 10 comprising insulin. The.dextran phase
18 forms & shell eround the PEG phase 18 core. Since mice and rabbits
are a common model for humans in drug testing, the present inventor
believes that the composition comprising crystallized dextran
microparticles and insulin would also be effective in extending the
duration of efficacy of the insulin when injected into human asdults and

children.

[0049] Examples 1-8 illustrate the advantage of using crystallized
dextran microparticles as an injectabie insulin delivery vehicle compared to
injected insulin alone. The experiment involved mice and the obse-rvation
was made of their response to & subcutaneously injected aqueous
suspension consisting of crystallized dextran microparticles and human
recombinant insulin (NovoNordisk Actrapid HM Penfill®, 40 Ui/ml).

[0050] The suspension was prepared as folilows. 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 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 {ater,
crystallized dextran microparticles were washed by centrifugation at
3,000 g with 3x5.0 mi of sterile water. Finally, the produced crystallized
dextran microparticles suspension was mixed with aquecus insulin
solution and used in the experiment with mice. Samples of the suspsnsion
were introduced into the mice's legs and samples of enimel 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-
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touch. system glucose analyzer (Lifescan, Johnson & Johnson, Milpitas,

CA, USA) after proper calibration.

[0051]

In comparative example 1, no insulin was injected into the

mouse. In comparative examples 2, 3 and 7, insulin alone (0.5 Ul) was

injected into the three mice. In examples 4-8 and 8, insulin (0.5 Ul) and a

crystallized dextran microparticles implant was injected into the four mice.

The results are summarized in Table I.

Table )

Ex #

mmoiA

16min
ghucose
mmoifl

30min
ghxcoss
mmol/l

~4Bmin

glucose
mmai

120min
glucoss

210min
ghxoss
mmoll

390min
glucose

1 intact
mouse

7.9

8.1

8.2

8.4

270min
glucose
mmolfl

2 Ingulin
0.5 Ul

3.3

2.7

1.8

0.9

3.5

3.0

3.2

3 Ingulin
0.5 Ul

8.1

3.8

2.8

1.9

0.9

3.7

34

3.5

4 Insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
particles

6.0

4.3

3.2

2.5

0.8

0.8

0.9

0.7

5 insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
articles

6.9

5.6

4.1

3.4

1.2

1.6

6 - Insulin
0.6 U

3.5

2.9

1.9

1.2

1.0

1.0

0.7
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with
crystai-
lized
dextran
micro-
particles

0.5 Ul
(average)

Insulin 7 3.6 | 2.8 1.9 09 | 3.6 | 3.2 3.4

Insulin
0.5 Ul
with
crystal-
lized
dextran
micro-
particles .
(average)

6.3 45 | 34 | 2.6 1.0 110 | 1.0 1.0

[0052] 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
and without crystallized dextran microparticles. As shown in Table |, the
glucose level in the mice of comparative examples 2, 3 and 7 is about the
same or lower than the glucose level in mice of exampies 4-6 and 8
during the first 46 minutes after injection. The glucose level is about the
same in mice of both comparative examples 2, 3 and 7 and examples 4-6
and 8, 120 minutes after injection. However, the glucose level in the
mice of comparative examples 2, 3 and 7 is about three times higher than
the glucose level in mice of examples 4-6 and 8 from 210 to 390 minutes
after injection. In fact, the blood glucose level in mice in examples 4-6
and 8 did not substantially increase (i.e., did not increa'se by more than
10%, remeined the same or decreased) from 120 minutes to 390 minutes
after injection. In contrast, the blood glucose level in mice in the
comparstive examples 2, 3 and 7 injected with the same amount of

insulin did substantially increase from 120 to 390 minutes after injection.
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The crystallized dextran microparticles/insulin injection decreases blood
glucose for a longer time than an injection of insulin of the samé dose
‘alone. Thus, the composition containing crystallized dextran

microparticles and insulin may be dosed for injection.

[0053] The following experiments on rabbits also demonstrate how
the crystallized dexiran microparticles/insulin injection decreases blood
giucose and maintains a basal level of blood insulin for a longer time than
an injection of the same insulin of the seme dose alone. A
subcutaneously injected composition comprising Actrapid HM® sghort-
acting insulin and crystellized dextran microparticles wes unexpectedly
found to extend the duration of efficacy of this short-acting insulin to
exceed that of subcutaneously injected, long-acting insulin Monotard HM®

alone.

[0054) The term duration of efficacy means decreasing blood
glucose concentration and/or maintaining a basal level of blood insulin
concentration to desired levels independent of external eveni:s that cause
spikes in blood. glucose, such as eating. Thus, the term duration of
efficacy is a relative term comparing 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 fastin§ state to compare the efficacy of the insulin and microparticle

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

[0055] As shown in Figures 12A and 12B, the composition
comprising the Actrapid HM® short-acting insulin and crys.tallized dextran
microparticles prolonged the absorption of insulin and extended the
hypoglycemic effect [(i.e., the duration of efficacy of the insulin) t at
least twenty four hours, such as about twenty eight to about thirty one
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hours, as compared to about two to about eight hours for Actl;apid HM®
insulin alone (Figure 12B) and asbout seventeen to about twenty-four
hours for long-acting “Monotard HM™® ingulin alone (Figure 12A). Both
Actrapid HM® and Monotard HM® insulins ere 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, respectively.

[0056] In Figures 12A and 12B, the upper line illustrates the control
line for intact rabbits to which no insulin was administerad. The y-axis of
Figures 12A and 12B is a relative normalized scale of blood giucose
concentration for the same 8 |IU 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 biood of animals following insulin injectiona.

[0057] The data shown in Figures 12A and 12B 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
formulation were subcutaneously injected into the rabbits. Long acting
insulin Monotard HM® (40 1U/ml) and short acting insulin Actrapid HM®
were subcutaneously 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.

[0058] In comparative examples 9 and 10, two intact rabbits were
not provided any insulin. In comparative examples 11 and 12 an aqueous

solution of long-acting insulin Monotard HM® was introduced
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subcutaneously to two rabbits in & dose of 8 IU. In examples 13-15, &
suspension of crystallized dextran microparticles with short-acting insulin
Actrapid HM® was introduced subcutaneously to three rabbite in a dose of
8 IU. The results of the experiments are summarized in Table |l.

TABLE |l

Ohours| O.6 1 hour 16 {2hours| 2.6 16 24 a1

insulin | glucose | hours | glucose | hours | giucose | hours hours { houre hours

dose | mmol/L | glucose | mmol/L | glucose | mmol/L | glucose | glucose | giucose | glucose

Ex # mmol/L mmol/l. mmol/L | mmol/L | mmoi/L | mmal/L
9 0.0 5.4 6.0 5.2 5.2 6.2 5.4 4.7 6.4 5.4
%0 0.0 6.0 6.3 6.3 6.3 6.3 8.4 5.7 5.6 6.8
11 81U 5.4 6.8 3.8 3.2 2.4 2.6 3.9 6.6 N.A
12 8IU 5.4 5.0 4.2 2,9 2.6 2.4 4.0 6.1 N.A
13 s8IV 5.8 3.7 1.8 1.9 1.9 28 4.1 4.3 4.1
14 8w 8.6 5.7 . 4.3 3.9 3.7 3.8 4.6 4.1 3.9
16 8iu 8.2 6.1 3.6 3.2 a1 |- 28 4.2 4.4 4.7

[0058] The sbove examples 13-15 illustrate that the composition of

crystallized dextran microparticles with short-acting insulin Actrapid HM®
provides a prolonged effect that exceeds the effect of long acting insulin
Monotard HM® and is believed to be comparable to the effect of iong
acting (once daily dosing) insulin glargine Lantus® from Aventis (see
www.aventis-us.com/Pis/lantus_TXT.html). In addition, Lantus® insulin
must not be diluted or mixed with any other insulin or solution. If Lantus®
insulin is diluted or mixed, the pharmacokinetic/
pharmacodynamic profile (e.g., onset of action, time to peak effect) of
Lantus® and/or the mixed insulin may be aitered in an unpredictable
manner. In contrast, the composition of crystallized dextran
microparticles with insulin is not so limited because any suitable insulin,

such as human insuiin, may be used. In the composition of crystallized
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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 {imited to this brand of insulin.

{00601 As shown in examples 9-15, 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 lsast
100% longer, preferably 100 to 400% longer than the same dose of the
same insulin without the microparticies. 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 efflcacy of the
microparticle contseining composition is at least 24 hours, which aliows it
to be injected only once daily into the mammal, such as a human in need
thereof.

[o081] The long lasting insulin crystallized dextran microparticle
composition is safer than prior art long lasting 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 IU
dose of short acting insulin has been determined maedically 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
IU dose of short acting insulin without a significant risk of overdose, even
if 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
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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.

[0062] The injectable composition may comprise a single phase
system comprising insulin and microparticles or a two phase system
which forms a 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., a suspension or an emulsion) which is relatively easy to

inject into a mammal.

{00631 The following example illustrates the use of an injectable two
phase composition comprising a dextran phase, a PEG phase, insulin and
crystallized dextran microparticies. It is believed that when injected into a
mammal, this composition forms a structured reservoir type 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
conteining the microparticles forms a shell around a core comprising the
PEG phase containing the insulin. This structured implant allows for

controlied release from the core through the shell.

[0064] In comparative example 16, 0.5 IU of Actrapid HM?® insulin
{100 IU/ml) is subcutanecously injected into a mouse. In example 17, 0.4
g of crystellized dextran microparticles are dispersed in 0.6 ml of 20%

{(W/W) aqueous solution of dextran having a molecular weight of 70 kDa
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(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®

insulin {100 IU/ml) to form a solution. 0.05 ml of the PEG and insulin '

solution is mixed with 0.156 ml of the microparticle and dextran
suspension to form a two phase composition or mixture, 0.02 mi of the
two phase mixture containing 0.5 U of insulin. is injected subcutaneously

into mouse. The results are shown in Table JIl.

Table It
Omin | 16 min | 30 min | 45 min | 60 min | 120 min
Example # | glucose | glucecse | glucose | glucose | glucose | glucose
mmol/L | mmol/L | mmol/L | mmol/L | mmol/L | mmol/L
16 7.8 3.7 2.3 1.7 2.9 8.7
17 7.9 5.9 4.3 4.1 4.3 4.0
[0065] As can be seen in Table lll, the two phease cor.nposition

duration of efficacy was longer than thst of the insulin ealone.
Furthermore, the two phase composition decreased the blood glucose
concentration more gradually than insulin alone. Without wishing to be
bound by a particular theory, these effects are believed due to the

controlied insulin release from the core of capsule structure.

[00686]
be individually tailored for each patient by adjusting the amount of insulin

Furthermore, the microparticie containing composition may

and/or microparticles to allow the patient to inject the composition at the
same time every day (i.e., once avery 24 hours, once every 48 hours,
atcetera). 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.
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[0067] While the inventor does not wish to be bound by any
particular t.heory,.it is befieved 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 mode! for
humeans in drug testing, the data shown in the above tables | to Il
suggests that the use of crystallized dextran microparticles based
implants makes it possible to develop controlled release delivery systems
with improved pharmacokinetic and dynamics characteristice and that

better meet the needs of basal insulin patients, such as humans.
D. Materiale

[0068] in the preferred embodiments of the present invention, the
therapeutic agent comprises insulin. In other words, the therapeutic
agent may consist essentially of insulin alone or comprise insulin in
combination with another agent. The term "insulin™ shall be interpreted
to encompass insulin analogs, natural extracted human insulin,
recombinant 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 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.

[0069) 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
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within the polypeptide chain has been rc;pluced with an alterndtive amino
acid and/or wherein one or more of the amino acids has been deleted or
wherein one or more additional emino acids has been added to the
polypeptide chain or amino acid sequences, which act as ineulin 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. 5,547,929, incorporated hereinto
by reference in its entirety; insulin enalogs including LysPro insulin and
humalog insulin, and other “super insulin analogs”, wherein the ability of
t-he insulin analog to affect serum glucose levels is substantially enhanced

-as compared with conventional insulin as well as hepatoselsctive insulin

analogs which are more active in the liver then in edipose tissue. Preferred .

analogs are monomeric insulin analogs, which are insulin-like compounds
used for the same general purpose as insulin, such as insulin lispro, i.s.,

compounds which are administered to reduce blood glucose levels.

[0070] The term “anslog" refers to a molecule, which shares a
common functional activity with the molecule to which it is deemed to be

comparable and typically shares common structural features as well.

[0071] The term "recombinant™ refers to any type of ¢l ned
therapeutic expressed in prokaryotic cells or a genetically engineered
moleculs, or combinatorial libraty of molecules which may be further
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.

[0072] The term dextran microparticles includes unsubstituted
dextran microparticles and substituted dextiran microparticles. For

example, substituted dextran microparticles include dextran substituted
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with a suitable group, such as a methyl group, up to a degree 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 preferably about 1 to

about 2 microns.

[0073] 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
including polysaccharides, PLA, PLGA, PMMA, polyimides, polyesters,
acrylates, acrylamides, vinyl acetate or other polymeric materials,
biomaterial particles such as alginate and celis, or inorganic particies, 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 contain the
therapeutic agent within the pores and to provide a timed release of the
therapeutic agent from the pores. 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.

[0074] Thus, in a preferred aspect of the present invention, the
therapeutic agent is located at least partially in the pores of the porous
microparticles. Preferably, the therapeutic agent is not encapsulated in

the microparticle {i.e., the microparticle does not act as a shell with a
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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 aiso 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 microparticle. The location of the therapeutic agent in the pores
provides an optimum timed release of the therapeutic agent. In contrast,
the therapeutic agent attached to the surface of the microparficle is often
released too quickly, while the therapeutic agent encapsulated in the
microparticle is often not released soon enough and is then released all at
once as the microparticle shell disintegrates. In a two pl'iase system, at
least 80% of the- therapeutic agent is preferably located in a core

surrounded by a wall or shell comprising the microparticles.
E. Methods of Making

[0075] The microparticles may be formed by any suitable method.
Preferably, the microparticles are combined with the therapeutic agent
after the microparticles are formed. Thus, the microparticles, such as the
crystallized dextran microparticles are formed by any suitable method and
then the therapeutic agent and the microparticles are combined by any
suitable method. In contrast, in some prior art methods, the therapeutic
agent is encapsulated into a microparticie shell by providing the particle
precursor material and the therapeutic agent into a solution and then
crystallizing or cross-linking the precursor material, such as a monomer or
oligomer material, to encapsulate a therapeutic agent core into a

microparticle sheil.

[0078) Preferably, the therapeutic agent is provided into the pores of
the porous microparticles after the microparticles are formed. Thus, the
porous microperticles are first formed and then the therapeutic agent is

provided into a solution containing the microparticles to allow the
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therap'autic agent to perimeate into the pores of the microparticles. Of
course, some of the therapeutic agent may also become attached to the

surface of the microparticle in this process.

[00771 Thus, a method to manufacture non cross-linked, porous
crystallized dextran microparticles includes preparation’ of a dextran
solution, such as an agueous dextran solution, conducting a crystallization
process to form crystallized porous dextran microparticles, and if desired,
isolating crystallized porous dextran microparticles from the solution. A
therapeutic agent is then permeated into the pores of the microparticles
by providing the therapeutic agent into the crystallization solution
containing the miéroparticles' or by providing the isolated microparticles
and the therapeutic agent into a second solution, such as a second
agueous 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 dextr'an aqueous
solution having a higher molecular weight dextran, such as a 40 to 5600
kDa solution, for example, 2 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 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 sequentially or simultaneously.

[0078] Preferably, the microparticles are formed by self assémbly

from a solution that does not contain organic solvents and organic
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reaction promoters which leave an orgaﬁic residue in the microparticles.
Thus, for example, the dextran microparticles are preferably formed by
self assembly from an aqueous dextran solution. However, if desired,
organic solvents and/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 residue.

10079} 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 dried
powder, such as freeze dried and stored es a powder or porous ceke.
When the composition is ready to be administered ‘to a mammal; it is

hydrated and administered to a mammal by injection.

[0080) Preferably, the composition which includes the microparticles
and the therapeutic agent is a flowable colloidal system when the
composition is dosed for injection. Examples of flowable colioidal
systems include emulsions and suspensions which may be injected into a
mammal using & 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.

[0081] In another preferred aspect of the present invention, the
microperticles 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.

[0082] In another preferred aspect of the present invention, the

microparticles comprise microparticles whose surface has been specially
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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 any suitable modification

that would increase the adhesion of the therapeutic agent.

[0083] The foregoing description of the Iinvention has -been

_presented for purposes 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 possible in light of the above teachings or
may be acquired from practice of the invention. The drawings and
description were chosen in order to explain the principles of the invention
and its practical application. Tt is intended that the scope of the invention
be defined by the claims appended hereto, and their equivalents.

[0084] All of the publications and patent applications and patents
cited in this specification are herein incorporated in their entirety by

raferencs.
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| claim:

1. A method of lowering blood giucose in a mammal,
comprising injecting a therapeutically sffective amount of a composition
comprising crystallized dextran microparticles and insulin to the mammal
to lower blood glucose of the mammal, wherein the microp'articles are
formed prior to combination of the insulin and the microparticles in the

composition.

2. The method of claim 1, wherein the composition comprises a
flowable colloidal composition and the microparticles comprise crystallized

dextran microparticles having an average diameter of 0.5 to 5 microns.

3. The method of claim 2, 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 dextran phase; and

the composition forms a structured implant comprising a PEG phase

. core and a dextran phase shell after injection into a mammal body.

4. The method of claim 3, 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.

5. The method of claim 1, wherein the composition is pro;n'ded
to a human suffering from diabetes to lower the blood glucose

concentration in the human.

6. A dosed pharmaceutical composition, comprising crystallized
dextran microparticles and a therapeutically effective amount of insulin,

wherein the composition is dosed for injection to a human and the
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microparticles are formed prior to combination of the insulin and the

microparticies in the composition.

7. The composition of claim 8, wherain:
the composition comprises a flowable colloidal composition; and
the microparticles comprise crystallized dextran microparticles

having an average diameter of 0.5 to 5 microns.

8. The composition of claim 7, 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 dextran phase; and

the composition forms a structured impiant comprising a PEG phase
core and a dextran phase shell after injection into the human body.

9. A dosed pharmaceutical .composition, comprising crystallized
dextran microparticles and a therapeutically effective amount of first
insulin, wherein the composition is dosed for injection to a mammal and a
duration of efficacy of the composition when injected into a mammal is at
least 30% longer than a duration of efficacy in the mammal of the same

dose of the same first insulin without the microparticles.

10. The composition of claim 9, wherein:

the composition comprises a flowable colloidal composition;

the microparticles comprise crystallized dextran microparticies
having an average diameter of 0.5 to 5 microns; and

the microparticles are formed prior to combination of the first

insulin and the microparticles in the compasition.

11. The compaosition of claim 10, wherein:
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the composition comprises a two phase composition comprising a
dextran phase and a PEG phase;
the first 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 injection into a mammal body.

12. The composition of claim 9, wherein:

the duration of efficacy of the composition when injected into the
mammal is at least 24 hours; and

the duration of efficacy of the composition when injected into the
mammal is at least 100% longer than a duration of sfficacy in a mammal

of the same dose of the same first insulin without the microparticles.

13. A method of lowering blood glucose in a mammal,
comprising injecting a therapeutically effective amount of & composition
comprising crystallized dextran microparticles and first insulin to the
mammal to lower blood glucose of the mammal, wherein a duration of
efficacy of the composition in the mammal is at least 30% longer than a
duration of efficacy in the mammal of the same dose of the same first

insulin without the microparticies.

14. The method of claim 13, wherein:

the composition comprises a flowable colloidal composition;

the microparticles comprise crystallized dextran microparticles
having an average diameter of 0.5 to 5 microns; and

the microparticles are formed prior to combination of the first

insulin and the microparticles in the composition

15. The method of claim 14, wherein:
the composition comprises a two phase composition comprising a

dextran phase and a PEG phase;
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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 injection into the mammal body.

16. The method of claim 13, wherein:

the duration of efficacy of the composition when injected into a
mammal is at least 24 hours; and

the duration of efficacy of the compeosition in the mammal is at
least 1009% longer than a duration of efficacy in 8 mammal of the same

dose of the same first insulin without the microparticles.

17. - The method of claim 18, wherein the duration of efficacy of
the composition in the mammal is 100 to 400 9% longer than a duration of
efficacy in @ mammal of the same dose of the seme first insulin without

the microperticles.

18. A method of making a dosed pharmacautical compaosition,
comprising:

providing crystallized dextran microparticles;

combining a therapeutically effective amount of insulin and the
crystallized dextran microp'articles in a solution after the microparticles
have been crystallized to form a composition of insulin and crystallized
dextran microparticles; and

dosing the composition for injection to 8 mammal.

19. The method of claim 18, wherein:
the composition comprises a flowabie colloidal composition; and
the microparticlas comprise crystallized dextran microparticles

having an average diameter of 0.5 to 5 microns.

20. The method of claim 19, whersin:
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the composition comprises a two phase composition comprising a
dextran phase and & 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 injection into the mammal body.

21. The method of claim 18, wherein:

a duration of efficacy of the composition when injected into a
mammal is at least 24 hours; and

the duration of efficacy of the composition in the mammal is at
least 100% longer than a duration of efficacy in a mammal of the same

dose of the same insulin without the microparticles.
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ABSTRACT

A maethod of lowering blood glucose in a8 mammal includes injecting
a therapeutically effective amount of crystallized 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-phase composition

" {for controlled release of insulin over an extendsd period of time.
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appiicabliity; citations and explanations supporting such statement

O Box No.Vl Certain documents clted
O Box No.VIl Cerain defects In the International application
O Box Neo. Vil Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinlon will usually be considered to be a
written opinlon of the Intemational Preliminary Examining Authority ("IPEA"). However, thia does not apply where
the applicant chooses an Autharlty other than this one to be the IPEA and the chosen |PEA has notifed the
International Bureau under Rule 86.1bis(b) that written opinlons of this Intemational Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a writtan opinion of the IPEA, the applicant Is Invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of three
months from the date of malling of Form PCTASAZ20 or bafore the explration of 22 months from the pHority date,
whichever expires later.

For further options, see Form PCTASA220,

3.  For further detalls, see notes to Form PCTASAZ220.

L

Name and malling address of the ISA: Authorized Officer

Europsan Palert Office
j D-80288 Munich Bochelen, D { @
———  Tal. +40 89 2398 - 0 Tx: 523658 epmu d

Fax: +48 B9 2390 - 4485 Telaphone No. +49 89 2309-8150 ‘\\ .

Form PCTASARST (Cover Sheet) (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004000984

Box No.! Basls of the oplnion -

1. With regard to the language, this opinion has been established on the basis of the intemational appiication in
the language in which it was field, unless otherwise indicated under this item.

1 This opinion has been established on the basis of a transiation from the original language into the following
language , which is the language of a tfranslation fumished for the purposes of intemational search
{under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide andior amino acld sequence disclosed in the intemational application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
O table{s) related o the sequence listing
b. format of material:
O in written format
O in computer readable form
¢. time of filingfurnishing:
3 contsined in the intemational application as flled.
O tiled together with the international application in computer readabie form.

0O tfumished subsequently to this Authority for the purposes of search.

3. 00 In addition, in the case that more than one version or copy of a sequence listing andbor table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copias is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were fumished.

4. Additional comments:

Form PCTAPEA/237 (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004000984

Box No.) Prdority

1. B The following document has not been fumished:
& copy of the earlier application whose priority has been claimed {Rule 43bis.1 and 68.7(a)).
O translation of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(b)).

Consequently 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. 00 This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invalid (Rules 435¥s.1 and §4.1). Thus for the purposes of this opinion, the intemational
filing date indicated above is considered to be the relevant date.

3. Additional obeervations, if necessary:

Form PCTAPEA/237 (January 2004)
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WRITTEN OPINION OF THE Intemational ﬁn No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004000984

Box No. lll Non-establishment of opinion with regard to noveity, inventive step and industrial
applicabliity

The questions whether the claimed invention appears to be novel, to involve an inventive step (i be non
obvious), or to be industrially applicable have not been examined in respact of:

0O the entire international application,
K claims Nos. 1-5,13-17
because:

X the said intemational application, or the said claims Nos. 1-5,13-17 relate to the following subject matter
which does not raquire an intemational preliminary examination (gpecify):

see separate shest

O the description, claims or drawings (indicate particular elements below) or saki claims Nos.  are 80
unclear that no meaningful opinion could be formed (apecify):

O the claims, or said claimg Nos. are 80 inadequatsly supported by the deacription that no meaningful opinion
couid be formed.

no intemational search report has baen established for the whole application or for said claims Nos.

O the nuclectide andbr 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 nat been fumished

OO0 does not comply with the standard
the computer readable form  [1  has not been fumished

O does not comply with the standard

O the tables related to the nucieotide andbr amino acld sequenca listing, if in computer readable form only, do
not comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

O

O See separate sheet for further details

Form PCTAPEA/Z37 (January 2004)



WRITTEN OPINION F THE
INTERNATIONAL SEARCHING AUTHORITY

@
Interational application No.
PC'I'_IIBZOOM)00984

Box No.V Reasoned stetement inder Rule 43bis.1(a)(l) with regard to novelty, inventive step or
Industriai applicabliity; citstions and explanations supporting such atatement

1. Statement
Novelty (N)

Inventive step (IS)

Industrial applicability (1A)

2. Citations and explanations
999 soparate sheot

Form PCTAPEA/ 237 (January 2004)
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Yes:

Yes:

Claims
Claimsg

Claims
Claims

Claims
Claims
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WRITTEN OPINION OF THE _ International application No.
INTERNATI NAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/1B2004/000984
Be ltem Jil

Non-establishment of opinion with regard to novelty, inventive step and Industrial
applicabllity '

1. Claims 1-5 and 13-17 relate to subject-matter considered by this Authority to be
covered by the provisions of Rule 67.1(iv) PCT. Consequently, ho opinion will be
formulated with respect to the industrial applicability of the subject-matter of th se
claims (Article 34(4)(a)(l) PCT). -

Reltem ¥
Reasoned statement with regard to novelty, inventive step or industrial

applicability; ciiations and explanations supporting such statement
2. Reference is made to the following documents:

D1: US-A-4 713 249 (SCHROEDER ULF) 15 December 1987 (1987-12-15)

D2: 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

D3: 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 1891-1898, XP004245950 ISSN:
0142-9612

D4: EP-A-1 184 032 (OCTOPLUS B V) 6 March 2002 (2002-03-06)

If not indicated otherwise the relevant passages are those mentioned in the
search report.

Document D1 discloses microspheres of crystallized dextran and insulin for
prolonged release of biologically active compounds.

Document D2 discloses heterogenous dextran hydrogels containing PEG and
insulin for controlled insulin release.

Form PCT/Sepamte Sheet/’237 (Sheet 1) (EPO-lanuary 2004)
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WRITTEN OPINION OF THE Intemational application No.
INTERNATIONAL SEARCHING '

AUTHORITY (SEPARATE SHEET) PCT/1B2004/000984

Document D3 discloses a process for the preparation of crystallized dextran
microspheres by physical cross-linking of aqueous dextran solutions.

Document D4 discloses a process for preparing dextran hydrogels for controlled
release systems by physical crystallization of dextran.

3. Novelty (Art. 33(1)(2) PCT):

3.1 Lis stressed that a claim directed to a product which is known is not delimited
from the prior art when an alternative process is used o prepare the product. The
subject-matter of claim 6 lacks thus novelty in view of documents D1 and D2.

3.2 The functional feature of a duration of efficacy which is 30% longer does not allow
to delimit the subject-matter of said claim from the disclosure of documents D1
and D2. Claim 9 is thus not new.

3.3 Claim 18 lacks novelty in view of document D2.

4. Inventive step (Art. 33(1)(3) PCT):

4.1 It would be obvious for a skilled man to use the microspheres of crystallized
dextran and insulin disclosed in D1 and D2 for lowering the blood glucose in a
mammal. The subject-matter of claim 1 is thus not inventive.

4.2 D1 and D2 disclose the prolonged release of insulin from crystallized dextran
microspheres. it wouid thus be obvious to use the composition of D1 and D2 for
lowering blood glucose with a duration of efficacy which is 30% longer than in
absence of microspheres. Claim 13 does thus not involve an inventive step.

4.3 Dependent claims 2-5, 7-8, 10-12,14-17 and 19-21 do not contain any features

which, in combination with the features of any claim to which they refer, meet the
requirements of the PCT in respect of novelty and/or inventive step.

5. Industrial applicability (Art. 33(1)(4) PCT):

Form PCT/Separais Sheet/237 (Sheet 2) (EPO-January 2004)
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WRITTEN PINION OF THE | International application No.
INTERNATI NAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/IB2004/000984

For the assessment of the present claims 1-5 and 13-17 on the question whether
they are industrially applicable, no unified criteria exist in the PCT Contracting
States. The patentability can also be dependent upen 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.

Form PCT/Separaie Sheet’237 {(Sheet 3) (EPO-January 2004)
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Atty. Dkt. No. 028083-0102 Q5

ASSIGNMENT AND AGREEMENT

WHEREAS, Viadimir SABETSKY of Piskarevsky Prospekt 10, q.320, 1065221,
Saint-Petersburg, Russia; (hereinafter referred to singly and collectively as
*ASSIGNOR") have invented a certain invention antitled BIOCOMPATIBLE IMPLANT
AND METHOD FOR MANUFACTURE THEREOF {Atty. Dkt. No. 0280983-0102) for
which a provisional application for United States Letters Patent was filed on March 4,
2003 as Application No. 80/451,245; and )

WHEREAS, THE TECHNOLOGY DEVELOPMENT COMPANY Ltd., a Bermude
corporation (hereinafter referred to as "ASSIGNEE") is desirous of acquiring the entire
interast therein;

NOW THEREFORE, in consideration of One Dollar {(#1.00} and other good and
valuable consideration, the recejpt and sufficiency of which are hereby acknowlsdged,
ASSIGNOR has sold, essigned, 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) sll Letters Patent which may Iissue from
said applications in the United States and countries foreign thereto, (d) all divisions,
continuations, reissues, and extensions of said applications and Lettars Patant, and
{e) the right to claim for any of said applications the full benefits and priority rights
under the International Convention and any other intermnational 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 as would have
been held and enjoyed by ASSIGNOR had this Assignment not bean mada.

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commisgioner of
Patents and Trademarks to issue said Latters 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 respacting said invention or inventions, improvaments, and
maodifications including evidence for interference, reexamination, reissue, opposition,
revocation, extension, or infringement purposes or other legal, judicial, or
administrative proceedings, whenever requested by ASSIGNEE; (b) to testify in person
or by effidavit as required by ASSIGNEE, its successors and aasigns, in any such
proceading in the United States or a country foraign thereto; (c) to execute and deliver,
upon request by ASSIGNEE, all lawful papers including, but not limited to, original,
divisional, continuation, and reigsue 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, improvements, and modifications
under the intellactual 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 soid, assigned,

and transferred herein, and that ASSIGNOR has not executed and will not execute any

document or instrument in conflict herewith.

ASSIGNOR HEREBY GRANTS 1o the law firm of Foley & Lardner the power and
authority to insert in this Assignment any further identification which may bs necessary
or desirable to comply with the ruies 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 rapresant 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 ‘&B day ofufv(vf-l‘ , 20 011.

;?éuusm eT_ 07 Cond
Jue.
of )

i
On this 9 day of FEWM .Mhdmm.lmrvplﬂhhmdhruldmmwud
Viadimir SABETSKY, who s parsonally known to ma to be the same parson whosa nama ls subseribed to the foregoing
instument, and he/sha scknowisdged that ha/she signed, seaiad, and deilvered the sakd instrument as his/her free and

voluntary act for tha uses and purposes tharein sst forth.

hbtlrvﬁlilc(f-‘llﬂ pror
Myconmllllnnhplm:. o

)

VLADIMIR Slﬁ SKY

(Seal
Expires

u I:n H
wAnﬂlﬁm

Pege 2 of 2
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Atty. Dkt. No. 028093-0103 ')(

@

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 invantion entitled NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY (Arty. Dkt. No. 028093-0103) for which a provisiona!
application for United States Letters Patent was filed on-May. 5, 2003 as Applucatlon
No. 60/4687,801; 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 salls,
assigns, and transfers, unto ASSIGNEE, its successors and assigns, the full and
axclusive 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 therato 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 theraeto, (d) all divisions,
continusations, 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 Iinternational Convention and any other intemational 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 as would have
been held and enjoyed by ASSIGNOR had this Assignment not been made.

ASS/IGNOR 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 interference, reexamination, reissue, opposition,
revocation, extension, or infringement purposes or other legal, judicial, or
administrative procesdings, wheneaver 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 executs and deliver,
upon request by ASSIGNEE, all lawful papers including, but not limited to, original,
divisional, continuation, and reissuse applications, renewals, sssignments, powers of
attorney, oaths, affidavits, declarations, depositions; and (d) to provide all reasonable
asgistance 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 Unitad States and countries foreign thereto.

Page 1 of 2
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ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGN R-has the \
full and unencumbered right to sell, assign, and transfer the interasts sold, assigned,
and transferred herein, and that ASSIGNOR has not axecutsd and will not executs any
document or instrument in conflict herawith.

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 necassary
or desirable to comply with the rules of the U.S. Petent and Trademark Office for
recordation of this Assignment.

ASSIGNOR UNDERSTANDS AND AGREES that the attomeys and .agents of the
iaw firm of Foley & Lardner do not perscnally represent ASSIGNOR or ASSIGNOR's
legel interests, but instead represent the interests of ASSIGNEE; since ssid attornays
and agents cannot provide legel advice to ASSIGNOR with respect to this Assignment,
ASSIGNOR acknowledges its right to seek its own independent lagal counsal.

Executed this A(b__ day ofc‘&\‘wax\l‘ . 209_\1 .

vmmmm@s&v

State o DISTRELT™ 0P C AP
a{w:f

On this ﬂl‘lvof FESLUOM , 200, bators me, & natary public In and for said county, sppesrsd

Viadimir SABETSKY, who ks parsonally known to me to be the ssme person whose nama Is subsorfbed to the foregoing
Instrumant, and he/sha acknowiadged that ha/sha signed, ssaled, and delivered tha seid Instrumant as his/her fres and
volurtery sct for the usas and purposes therain aat forth.

(Soal)
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. ' Atty. Dkt. No. 028083-0105

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 entitied NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY {(Atty. Dkt. No. 028093-0106) for which a provisional
application for United States Letters Patent wes filed on May 9, 2003 as Appllcatton
No. 80/469,017; and

WHEREAS, THE TECHNOLOGY DEVELOPMENT COMPANY Ltd., a Barmuda
corporation (hereinafter referred to as "ASSIGNEE") is desirous of acquiring the entire
interast therein;

NOW THEREFORE, in consideration of One Dollar ($1.00) and other goed and
valuable consideration, the receipt and sufficiency of which are hereby acknowledged,
ASSIGNOR has sold, assigned, and transferrad, and by these presents hereby sells,
assigns, and trensfars, 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-identifled 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 sald 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 succassors and assigns, to the full end of the term or terms for which
any and sll 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 aole 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 interference, reexamination, reissue, opposition,
revocation, axtension, or infringement 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 essigns, 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 reissue applications, renewals, assignments, powaers of
_attorney, oaths, affidavits, declarations, depositions; and (d) to provide ail 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 intsllectual property laws of the United States and countries foreign thereto.
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Atty. Dkt. No. 028083-0106

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell, assign, and transfer the interests sold, assigned,
and transferrex herein, and that ASSIGNOR has not executed and will not execute any
document or instrument in contlict 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 necéssary
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 sald attorneys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment,
ASSIGNOR acknowledges ita right to seek its own independent legal counsal.

Executed this \Q _day of . 20_9_1_\
Stata of | o MaiA
jas.

VLADIMI sﬁersxv
of }

On this ‘qﬂdwofﬂm_, 2¢4f ., befors me, a notary public In and for sakd county, appeared
Viedimir SABETSKY, who Is parsonally known to me to be the sama person whoss nams Is subscribed t; tha Toregoing
instrumant, and ha/she scknowisdged that ha/she signed, sealed, and deliverad the sald instrument as his/her free and

voluntary sct for the uses and purposss thersin set forth.
Mg% EJEFP HUSAe

My Commission Expires:

(Seal)
w D I - IW_-
August 14, 2008
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Atty. Dkt. No. 028093-0108

ASSIGNMENT AND AGREEMENT

. WHEREAS, Viadimir SABETSKY of Piskarevsky Prospekt 10, q.320, 106221
Saint-Pstersburg, Russia; (hereinafter referred to singly and collectively as
*ASSIGNOR") have invented a certain invantion entitled NOVEL DELIVERY SYSTEM
F R DRUG AND CELL THERAPY {Atty. Dkt. No. 028093-0108) for which a provisiona)
application for United States Letters Patent was filed on August 15, 2003 as
Application No. 80/495,097; 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 thess 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,
continusations, reissues, and extensions of said applicetions 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 intarnational agreament 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 and of the term or terms for which
any and sll such Letters Patent may be granted as fully and entirely as would have
besn held and enjoyed by ASSIGNOR had this Assignment not been mada.

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as essignee of the
entire Interest, for the sole use and benefit of ASSIGNEE, ite 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 interference, reexamination, relssue, opposition,
revocation, extension, or infringement purposes or other legal, judiclal, 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, all lawful papers including, but not limited to, original,
divisional, continuation, and reissue applications, renewals, assignments, powers of
attorney, oaths, effidavits, declarations, depositions; and (d) to provide all reasonable
assistance to ASSIGNEE, its successors and assigna, in obtaining and enforcing proper
title in and protection for said invention or inventions, improvements, and modifications
under the intellectual proparty laws of tha Unitad States and countries fareign thersto.
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ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the 0\
fuil 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 tha 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.

ASS/GNOR UNDERSTANDS AND AGREES that 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 sald attorneys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment,
ASSIGNOR acknowledgea its right to saek its own indepsndent legel counsel.

Executed this ﬁ day MM:\_- 2°i\ M

VLADIMIR SA KY
/T%QISTLIU‘ P Covmtip
Jas.
of )

™
On this B dlyofM_Jmihfonm.lmvmmwforuﬂmm.w
Viadimir SABETSKY, who I» personally known to me to ba the same person whoss nama s subacribed to the foragoing
Instrument, and he/she acknowledged that he/she signed, sealed, and deiivered tha sald instrumennt as hia/her frea and

volumary sct for the uses and purposss thereln set forth.
%ovm

My Commission Expires:

{Saal)
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_ FORMATO DE DIGITALIZACION .» noval
RELACION DE ANEXOS wchnologles 9.4

Fol
Expediente No
Item o de unidades )
1 Jeo_
2 [DVD
3 _[REVISTA
4_|UBRO
5 |PERIODICO
¢ |DISQUETES
7 |SOBRE DE MANILA |
8 |SOBRE BLANCO TAMANO CARTA
§ |SOBRE BLANCO TAMANO OFICIO
10 |OTROS: -
|Observacio n’A‘“— -’“‘_‘_ M‘




SUPETIBUSTRIA Y COMEACID ){K
Radicacion = GSIONAY 20000000 Foliss: 194
Fecha (M1 2005-10-04 16126:50

s i s\

REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL

TRAMITE
% Usuario RADICADOR
PATENTE DE INVENCION S MODELO DE UTILIDAD ()y () -
Imlca:lﬁn de que sa soficita la concealdn de 1na patents. (] {
Datos de identificacion de! soficitante o de la persoma que se presenta la solu:llud. ()
Descripclon de la Invenclén. {) 1’
Dibujos de ser estos perfinentes. {) (X)
] Comprobante de Pago de {as tasas esfablecidas,
. COMPLETA te) | INCOMPLETA ( ) ()
" ° DISENOINDUSTRIAL { )
.- - - Indlcaclon de que se solicita el registro de Disefio industrial {) ()
- Datos de identificacion det solicitante o de la persona que presenta {N {)
- lasolicitud.
- Representacién grifica o fotografica del Dueno Industnal © muestra del
Material que Incorpora el disefio. (). ()
Comprobante de pago de las tasas establecidas ( ) {( )
COMPLETA () INCOMPLETA = () ()
ESQUEMA DE TRAZADO { )
. Indicacién de que solicita el registro de un Esquema de trazado. ( ) ()
- Datos de identificacion del solcitante o de la persona que presenta ]
La solicifud. () ()
i. Representaclon grifica del esquema de trazado () ()
Comprobante de pago de las tasas establecidas. () {)
COMPLETA { ) INCOMPLETA { ) ()

Firma Responsabla:

T Fecha: ) | N




REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y -COMERCIO

Bogoth,
2020

Doctor {a)
RODRIGUEZ D'ALEMAN DILIA MARIA

REFERENCIA Radicaclién Ro. 5 100609
Bolicitud internacional IB2004/000984
Fecha inicio fase naclional 04/10/2005

JR68¢

Trimite 11
Evento 379
Actuaclén 430
Oficio No. . ‘=I ‘5“ G
Como resultado del de forma, realizado con fundamento en el articulo 38 de

la Decisién 486 de la Comlsiém de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT}), regla 51 bis del Reglamento y Circular
Onica de la Superintendencia de Industria y Comercio, se le comunica que:

1. El solicitante deberi presentar el documento en que comsta la ceslfn del derecho
a la patente del inventor al solicitante o a su causante, debidamente autenticada y
apostillada.

2. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por losa articulos 63 y subsiguientes del cédigo de
Procedimiento Civil. Adicionalmente, deberi presentar el documento que acredita la
existencia y representaciftn legal de la sociedad solicitante, cuando &sta fuere
persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisifén 486, se le
requiere para que deantro del té&érmino de dos meses sigulentes a la fecha de
notificacién del presente oficio, complete los raquisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimlento, la solicitud se
considerari abandonada y perderi su prelaciém.

Notiffiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primero de la Circular Unica No.10 de 2001.

Jefe de 1 ivieién de Nuevas Creaciones (E)

anterior Wento fue notificado por fijacién en lista de
fecl:m

adpall



