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ORAL INSULIN COMPOSITION
AND METHODS OF MAKING AND USING THEREOF

FIELD OF THE INVENTION

[0001] This appilcation claims benefit of the following US
Provisional Applications Serial Noa 60/451,245, filed March 4 2003
60/467 601 filed May 6 2003 60/489 017 filed May 9 2003 and
60/485,007 filed August 16 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 sn oral Insulin composition containing
insubin and crystallized dextran microparticies

BACKGROUND OF THE INVENTION

[0003] Dextrans are high molecular welght polysaccharides synthesized
by some micro organisme or by biochemical methods Dextran with
average molecular weight of about 76 kDa has a colloid osmotic pressure
similar to blood plasma, so its aqueous solutions are used clinically 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 Pharmacia to fulfill the speclal requirements of a
micro-carrier cell culture For example US Patent Nos 6,395 302 and
8,303,148 (Hennink et al) discloss attaching various biomatsrials to
crose-linked dextran particles Howsver beads based on crose linked
dextran generally cennot be used for implant manufacturing owing to thelr
potential toxierty due to the application of crossdinking agents (Blain J F,
Maghni K , Pelletier S and Sirois P Inflamm Res 48 (1999} 386 392)
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[0004] US Patent No 4 713 249 (Schroder) descnbes a method of
producing a depot matrix for biologicelly active substances According to
this patent, the depot matrix allegedly consists of carbohydrate
microparticles stabilized by crystallization which implies using non-
covalent bonde The following proceass for producing the alleged
crystallized carbohydrate microparticles le described by Schroder A
solution of a polymeric carbohydrate and a biologically-active substancae is
formed in one or more hydrophilic solvents Then the mixture of the
carbohydrate and the blologically active substance Is emulsified In a liquld
hydrophobic medium to form spherical droplets The emulsion I8 then
Introduced into a crystallizing medium comprising acetone ethanol or
methano! to form spheres having a non-covalently cross linked crystalline
polymeric carbohydrate matrix said matrix incorporating 0 001 60% by
woeight of the biologlcally active substance Thus the biologically active
substance Is provided into the solution prior to crystallizing the apheres
Schroder does not describe the microstructure of the microparticles made
by the multi-step method Schroder s multl-step method is complex and
uses orgenic solvents that are potentlally toxic to celis and need to be
removed Furthermore Schroder's composition is designed for Injection
which 18 an inconvenient and painful method of administering the
composition

BRIEF SUMMARY OF THE INVENTION
[0006] A method of lowering blood glucose In a mammal includes
orally administering a therapeutically effective amount of crystallized
dextran microparticles and Insulin to the mammal to lower blood glucose
of the mammal The compoelition may be a one phase or a structured
multi-phase compaosition for controlled release of insulin
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 s a photograph of crystallized dextran
microparticles spontaneously formed in 556 0% (W/W) agueous solution of
dextran with MW 70 O kDa

[0007] Figure 2A is a photograph of a cross-section of crystallized
dextran microparticles shown In Figure 1

[0008] Figure 2B 18 a photograph of a cross-section of a
microparticle shown In Figure 2A Microporous etructure of the
microparticle can be aeen

[0009] Figure 3 Is a photograph of aggregates of crystallized dextren
microparticles

[0010] Figure 4 18 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 5 ia a photograph of an emulsion of aqueous solution
of PEG m aqueous solution of dexiran (MW 500 kDa) containing
crystallized 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 microparticlea
shown in Figure 1 in aqueous solution of PEG

[0013] Figure 7 Is a photograph of an Intramuscular Injection of
smulsion of aqueous solution of PEG in aqueous solutlon of dextran (MW
500 kDa) containing crystalllzed dextran microparticles shown In Figure 1
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(00141 Figure 8 Is 8 photograph of a subcutaneous injection of
emulsion of aqueous solution of PEG In aqueous solution of dextran (MW
500 kDa) containing crystallized dextran microparticiea shown In Figure 1

[0016] Figures 9A and 9C schematically lllustrate partition behavior
of different types of particles and phases in an aqueous two phase
system

[0018] Figure 9B Is a photograph of a crosa section of an implant
structure based on the two phase system

[0017] Figure 10 schematically illustrates therapeutic agent delivery
methods according to an embodiment of the present invention

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] The present Inventor discovered that a composition of porous
(ie microporous) microparticles, such as crystallized dextran
microparticles may be used as a vehicle for oral delivery of insulin The
composition may be a one phase composition or a mult-phase
composition which forms a structured implant in a mammal

[0019] The firet section below describea the preferred crystallized
dextran microparticles the second section deacribes formation of the
structured Implant from a mult-phase composition, and the following
sections describe sepecific examples of oral administration of the
composition Into mammals and methods of making the oral insulln
composition

A Crystalltred Dextran Microparticies
[0020] The present Inventor has experimentally found that

crystallized dextran microparticles with an average diameter ranging from

4
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0 5 to 3 5 microns were spontansously formed tn concentrated aquecus
solutions of dextrans (40 — 86 % W/W) with molecular weights ranging
from 1 O to 200 O kDa at tempersture ranging from 20 - 90°C Ifhkis
daslred to form the microparticles at room temperature then 2 to 18 kDa
dextran solutions may be used Of course the microparticles may also be
formed from 2 to 18 kDa solutions at temperatures above room
temperature, If desired The microparticles may be spontaneously formed
from higher molecular welght dextran solutions such as 20 to 76 kDa
solutions at higher temperatures above room temperature such as about
40 to about 70 °C The microperticles may have any suitable shape such
as a regular or an wregular shape but are preferably spherical in shape
and are preferably 10 microns in diameter or less such as 0b to 5
microns

[0021] Tranemission Electron Microscopy revealed the microporous
structure of the crystallized dextran microparticies (see Figures 2A 2B)
Preferably, the microparticle porosity ie at leest 10 percent by volume
such as about 10 to about 60 parcent more preferably about 20 to about
40 percent Thus, the structure comprises microporous microparticles
with areas of macroporosity located between the particles

[0022] Spray drying of aqueous suspensions of the crystallzed
dextran microparticles has shown the possibliity 10 produce substantially
spherical aggregates of crystallized dextran microparticles with a diameter
ranging from 10 O to 1560 O microns (see Figure 3)

[0023] A non limiting example of a method of forming the dextran
microparticles 18 as followa 50 0 g of dextran T40 (40 kDa molecular
weight) from Amersham Biosclences is added to 60 O g of sterile distilied
water In a 500 mi lab beaker to obtain 50% w/w solution under laminar
flow The mixture is stirred at 60°C (water bath) on a magnetic stirrer at
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60 rpm until the dextran is completely dissolved and a clear solution is
cbtained The solution can be vacuumed to remoye all air inclusions The
clear solution ie placed in lab oven at 80°C under a Tyvek® lid 3 & hours
later, a turbid viscous suspension Is developed as a result of formation of
crystallized dextran microparticles

[0024] To eliminate non-crystallized dextran the microparticlea are
washed by centrifugation, for example 3,000 g 30 min, wrth 3 x250 mt
of distilled sterlle water or by filtration of diluted suspension of
microparticles, for example one part microparticles and 10 parts water
{3x260 ml of distilled sterlle water through sterilization filter) The
centrifugatlon/washing 1s done under laminar flow The microparticies are
placed in 500 ml lab beaker under a Tyvek® lid and dried at 80°C in lab
oven for B hours to reach a molsture lsvel of about 6% The resulting dry

powder conslsts of particles wrth a mean diameter of about 2 microns

[0026] The slow release of macromolecules from Iimplants has been
demonstrated in experiments where macromolecules were dissolved in
aqueous suspensions of crystalllzed dextran microparticles or thelr
agpregates before Injections Figure 4 shows an Implant containing
fluorescently labeled macromolecules (FITC-dextran MW G600 kDa) and
slow release of the mecromoleculea from the Implant into & mouse muscle

tissue on the 14™ day after the Intermuscular injection

B Two-phase system

[0026] Self assembled structures based on crystallized dextran
microparticles and their aggregates may be formed based on two phase
systems

[0027] For example, in the case of oil, a special kind of structure can be

formed where the ol core is surounded with a shell composed of

&

/0
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crystallized dextran microparticles or aggregates thereof dlspersed mn
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 8 roughly spherical shaped
shell which results when the capsule is surrounded by tissue However
when the capsule is located near a barrier such aas a substrate bone or
intestine wall the cepsule may compnsse a core located between one or
more walls of microparticles on one side and the barrier on the other side
Furthermorae while oil is used as anllllustratlva example the core may
compnise other materials, such as other polymere cells etc

[0028] To form the capsule structure two-phase aqueous systems are
applled When agueous solutions of different polymers are mixed above
certain concentrations they frequently form Immisciblediquid two-phase
solutions Each of the phases usually conslsts of more than 90% water
and can be buffered and made isotonic If a call or particle suspension is
added to such a system, the calls or particles are frequently found to have
partitioned unequally between phases This preferentlal partition behavior
can be used as a basis for separation procedures for differing cell
populations or particles since partition in these systeme is detarmined
directly by cell or particle surface properties Cells or particiles which do
not have identical surface properties exhibit sufficiently different partition
behavior

[0028] The competitiva adsorption of the two polymer phase depends
on the chemical nature of the polymere A two phase polymer method
has been applied to separate or partition cells, proteine nucleic acids and
minerals {“Partitioning in Aqueous Two Phase Systems” 1985 eds H
Walter D Brooks end D Fisher publs Academic Press)
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{00301 The experiments with the distribution of crystallized dextran
microparticles in phase systems dernived from for Instance
dextran/polysethylene 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 b and 8

[0031] Figure 5 is a photograph of an emulsion of aqueous solution
of PEG In agueous solution of dextran contalning crystallized dextran
microparticles In the structure of Figure 6 the volume of the PEG phase
Is leaa than the volume of the dextran phase The dexiran phese contains
the dextran and the crystallized dextran microparticles Thus the PEG
phase forms Into one or more sphere shaped cores surrounded by dextran
/ dextran microparticle shells {i e , a closed pore structure)

[0032] Figure 8 is a photograph of an emulsion of aqueous solution
of dextran containing crystellized dextran microparticles In agusous
solution of PEG where the volume of the PEG phase s greater than the
volume of the dextran phase In this case the dextran phase forme into
ona or more sphere shaped cores contalning the dextran microparticies
surrounded by a PEG phase {i 8 , an open pore structure that is forming in
vivo while PEG dissipates in tiesue liquid) As can be ssen in Figure 8, the
smaller volume (droplet) dextran phass forms into e large spherical
dextran / dextran microparticle core (bottom right of Figure 8) to which
smaller spheres comprising dextran / dextran microparticles are jolning
and fuse with

[0033] Thus when the ratlo of the volume of the flrst phase (such
as the PEG phase and Ite inclusiona such as a therapeutic agent) to the
volume of the second phase {such as tha dextran phase and its Incluslons,
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such as the dextran micropearticies) is lsss than ons then the capsule
forms by self assembly with a first phase core surrounded by a second
phase shell If the composition containe a therapeutic agent, such as
insulin which prefers to partition into the PEG phase, and the dextran
microparticles which prefer to partition into the dextran phase then the
therapeutic agent sslactively partitions Into the PEG core while the
microparticles selectively partition into and form the shell around the PEG

core by self assembly

[0034] The emuision can be prepared by the mixing of separately
prepared dextran and PEG phases end both can be suspensions of
different types of particles that prefer to be in the PEG phase or in the
dextran phase respectively The pnnciple is that the partition of particles
into different polymer phases depends on their surface structure and
Iinterfacial anergy of the particles in the polymar solutions

[0036] 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 and 8 The volume of the daxtran phase is greater than the
volume of the PEGQ phase in the two phase system Both Figures 7 and 8
show thet a capsule with a PEG core and a dextran/dextran microparticle
shell forms by seif assembly In vivo (i e, after Injection into mammal
tissue) The shell comprises macroporous reglons between ad]acent
microparticlee as well as microporous reglons in the microparticlies
themselves

10036] 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 ml of
(Actrapid®) Insulin solution containing 1,000 Ul to which 25 g of

(5
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crystallized dextran microparticles are added These steps are performed
under laminer flow conditions The mixture is stirred on a magnetic stirrer
at 100 rpm at room temperature for 30 minutea to form a homogeneous
mixture {ie a suspension) 10 g of the suspension containe 8 Ul of

[0037] it should be noted that the dextran microparticles may be
preparad from a different molecular weight dextran solution than the
dextran solution which is provided into the two phasa system Thus the
crystalized dextran microparticles may be formed In a lower molecular
welght dextran solution such as a 2 to 20 kDa solutlon than the dextran
solution which is pravided in the two phase system which may be a 40
to 500 kDa dextran solution, such as a 40 to 75 kDa solution This is
advantageous because the higher molecular weight dextran solutions
such as 40 and 70 kDa solutions have recelved 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 wrthout the lower molecular weight dextran solution
actually being provided in vivo Furthermora lower molecular weight
microparticles may dissolve easier in vivo

{0038] The capsule structure formed from a two phase system is
advantageous because it allows for a more even and prolonged release of
the therapeutic agent from the core than from a compaosrtion comprising a
singls phass containing the micropsrticles 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 microparticies in the two phase system it Is believed that
the thickness of the microparticle shall may be contralled A thicker shell

results from a larger amount of microparticles in the two phase syatern

10
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Thus the amount, duration and/or timing of the release of the therapeutic
agent from the capsule core mey be controlled by controlling the
thickness of the shell Tharefore the release profile of the therapeutic
agent may be customized for each patient or groups of patients

[0038] It should be noted that while PEG and dextran are used as
axamples of the materials of the two phases, any other surtable materials
which show the following partition behavior may be used Instead Figure
8A schematically lllustrates partition behavior of different types of
particles in an aqueous two phase system For example three types of
molecules or molscular aggregates which are preferably particles 10 12
and 14, and two phases 16 and 18 are shown in Figure 9A However
there may be two or more than three types of particle¢ The particles
may be microparticles such as microspheres or nanospheres prepared
from organic and/or inorganic materlals liposomes living cslls, viruses
and macromolecules The first type particles 10 preferentially sagregate
into the first phase 16 The second type perticles 12 preferentlally
segregate to the boundary of the firet 18 and second 18 phases The
third type particias 14 preferentially segregate into the second phase 18
Thue, by analogy to the previous nondimiting example the firet particles
10 may comprise a therapeutic agent, the second 12 and/or the third 14
particles may comprise crystallized dextran microparticies, the flret phase
16 may comprise a PEG phase and the second phase 18 may comprise a
dextran phase

[0040] if a smaller amount of the firet phase 18 is provided into a
larger amount of the second phase 18 as shown In area 20 of Flgure 8A
then a capsule type structure forms comprising discreet spheres of the
first phase 18 contalning a concentration of the first type particles 10
located in a sscond phase 18 The second type particles 12 may be
located at the interface of the phases 18 18 and act as a shell of the

1"



W 2004/078196 PCT/IB2004/000533

capeule Particles 14 are dispersed in the second phase 18 and/or form a
shell of the capsaula

[0041] in contrast if a smaller amount of the second phase 18 18
provided into a larger amount of the first phase 16, as shown in area 22
of Figure SA, then a capsule type structure forme comprising discreet
spheres of the second phase 18 containing a concentration of the third
type particles 14 located In a first 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 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 belng dellvered into a mammal
such as an animal or human Thus the capsule forms a structured three
dimensional implant with the core acting as a resenlmlr or depot for
controlled release of the therapeutic agent through the shell In contrast
an Implant with an even distribution of microparticles 18 an unstructured
Implant It should be noted that the structure formed for orally dellvered
two phase systems may be generally described as a structured
suspension comprising a disparsed PEG phase and a continuoua dextran
phase

[0042] Furthermore particles 10, 12 and 14 may be substituted by
a liquid materlal {8 g olls) or macromoleculea which selectlvely partition
into one of the phases For example, a therapeutic agent, such as insulin
may be partitioned In PEG phass of the PEG/dextran two phase system
Since insulln selectively partitions Into the PEG phase, the PEG phase
forms an insulin containing core of a capsule structure It should bs noted
that while certain particles and therapeutic agents selectively partition
the term “selectively partitioned” does not necesgarily mean that 100
percent of tha particles or therapesutic agent partiton Into one of the
phasees  However a majority of the selectively partitioned spscie,

12
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preferably 80% of the partitioned specle, partiions 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

[0043) Figure 9B llustrates a scanning slectron microscope image of
a cross section of an implant structure based on the two phase system
schematically lllustrated in Figure 8A A two phase aqueous composition
comprising a first dextran phese a second PEG phase amd crystallized
dextran microparticles was injected into sepharose gel This gele
composition mimice mammal tissue by stopping crystallized dextran
microparticles diffusion from the injection side The image In Figure 98
illustrates the formation of a core-shell implant structure The core
compriees reglons 30 and 32 surrounded by a shell 34 Region 30 Is a
void that is fllled with a PEQ phase region prior to cutting the gel for cross
sectional SEM imeging The PEG phase reglon drips out of the gel when
the gel is cut during cross eectioning Region 32 is an outer portion of
the cors comprising PEG droplets located in the crystallized dextran
microparticles Region 34 is the shell comprising the crystallized dextran
microparticles which surrounds and heolds in place the PEG containing

[0044] Without wishing to be bound by a particular theory the
present inventor believes that the core-shall structure shown In Figure 5B
forms by self assembly as shown schematically in Figure 9C While the
first 18 and second 18 phases, such as aqueous solutions of different
Incompatible polymers are In a suitable storage contalner 18, such as In a
glass beaaker or vial one phase 18 rises above the other phase 18 When
the two phase composltion s Injectad into a material which restricta free
flow of the phases 16 and 18 such ss mammal tissue or a substrate
material, such as a gel which mimics the tissus, the composition self
assembles Into the core-shell structure First the phase thet is present In
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the smaller volume forms into approximate spherical shapes as shown mn
the middle portion of Figure 9C Then the spherical shapes join to form
approximately spherical cores of one phase surrounded by shelle of the
other phase, as shown In the bottom of Figure 8C Whlle a two phase
system example of a muitiphase systern has been lllustratad the
multiphase system may have more than two phases if desired

C Oral Insulin dellvery vehicle

[0045] The present Inventor discoverad that a composition of porous
{ia, microporous) microparticles may be usad as a vehicle for oral
delivery of Insulin The porous microparticlee may ba any surtable porous
microparticles which enable oral administration of Insulin with a significant
reduction In blood glucose such as at least a 5% reduction for example
at least a 30% reduction within 80 minutes of oral administration
Preferably the microparticlea are bioadheslve particles such as particies
which adhere at least temporarily to mammal intestine walls to allow
insulin deliver through the intestine wall Most preferably the porous
microparticles comprise the crysetallized dextran microparticles described
above

{0048] In one preferrad embaodiment of tha present nvention shown
in Figure 10 the present inventor has discoverad that an aqueous
suspension of crystaliized dextran microparticles 12, 14 and insulin 468
orally administered to mammals 53 such as rabbrts was about equally as
effective In reducing blood glucose levels as an itramuscular injection of
Insulin alone Figure 10 schematically illustrates the insulin 48 permeating
through mammal 63 intestine 62 walls from the orally administered
composlition 64 comprising the microparticles Since rabbrts are a
common madel for humans in drug testing the present inventor believes
that a liquid or solid compostton 64 comprising crystallized dextran

14-



WO 2004078196 PCT/IB2004/000933

microparticles and Insulin such as an aqueous suspansion, a solution a
tablet or a capsule, would also be sffective in reducing blood glucose
levels In human beings when orally administered

[0047] The following examples illustrate oral Insulin delivery using
crystallized dextran microparticles The study involved Chinchilla rabbits
(2 3+0 2 kg) and the observation of their response to orally administered
aqueous suspensions conslsting of cryetellized dextran microparticles
prepared according to the method described herein and humaen
recombinant insulin

[0048] 3 0 g of Dextran T20 (Pharmacia, Uppsala Sweden) was
dissolved in 20 g of weter and placed in box at temperature 60° C
Three hours later crystalized dextran microparticles were washed by
centrifugation at 3 000 g with 3 x5 O ml of water Then the crystallized
dextran microparticles were suspended in 2 O ml of water and allowed to
dry at room temperature The resulting dry powder was used to prepare
an Insulln containing suspension for the oral Insulin dellvery experiment
Insulin containing suspensions were prepared by the mixing of 260 mg of
the microparticles 03 ml (12 Ul}) or 08 ml (24 Ul) of Insulin
(NovoNordisk Actrapld HM Penfill 40 Ul/ml) and distllled water to reach
a volume of 2 O mi

[0048] Samples of the suspenaion {2 O ml) were introduced into the
rabbits’ throats with a catheter followed by the introduction of 10 O ml of
drinking water Animals were not fed for 3 hours before the suspansion s
introduction Samples of blood werse taken from the rabbit 8 ear veln and
analyzed for glucose caoncentrations Blood glucose wes measured using
the glucose oxidase method on a “One-touch System Glucose Analyzer”
(Lifescan Johnson & Johnson Milpitas CA, USA) after proper calibration
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(00501
rabbita Examples 9 to 14 are examples according to the present

Examples 1 to 8 are comparative examples involving eight

Invention involving five rabbits

[0061]
summarized in Table 1} an aqusous solution of human recombinant insulin
was introduced intra muscularly into two rabbits at a dose of 12 Ul per

In comparative examples 1 and 2 (control experiment #1

animal In comparative examples 3 and 4 ({control experiment #2
summarized in Table 1l), the rabbits remained intact {(ie no insulin or
other injection was provided to the two rabblts)

examples 5 and 6 (control experiment #3 summarized in Tabls i) a

In comparative

suspension of the crystalized dextran microparticles without insulin was
provided orally to two rabbits In comparative examples 7 and 8 {control
experiment #4 summarized In Table IV}, a suspension of the commercially
obtained Sephadax G 160 microparticles wrth insulin (24 Ul) was provided
orally to two rabbits According to the Amersham Biosciences website
Sephadex” G-150 microparticles are beaded gel microparticles having a
diametar of 20 to 160 microns, prepared by cross linking dextran with
spichlorohydrin In examples 8-14 according to a preferred embodiment
of the present Invention {summarized in Table V) a sispension of
crystallized dextran microparticles with insulin {24 Ul) was provided orally

to flve rabbits The results are summarized in Tables | V balow

Table |
Rabbrt/ insulin | omin | 30min | 0Omin | 80 mn | 120 min
Example # | dose | i | moidl | mgidl | mgidt | mgr
#1 12Ulim 91 as 58 49 b1
#2 12Ulim 87 éb 64 87 58
Table il
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Rabblt/ Insulin | omin | 30min | 60min | 90 min | 120 min

Example # dose mp/dl mg/dl mg/dl | mg/d mg/di

#3 00 a8 87 87 89 86

# 00 88 90 91 94 87

Table ll

Rabbit/ insulin | omin | 30min | GO min | 80 min | 120 min

Example # | dose | ol | mgd | mgit | moit | mera

#6 00 82 99 84 25 82
#6 00 80 a3 a3 93 92
Table IV

Rabbrt/ nsulin | omin | 30min | 60 min | 80 min | 120 min

Example # dose mg/di mg/di mg/di mg/di mg/di

#7 24 Ul 86 82 88 81 B3
per os
#8 24 Ul 84 76 86 76 77
per o8
Table V

Rabbit/ Insuln | o min | 30min | 60 mIn | 80 mn | 120 min

Experiment #) dose | ool | moidl | moidl | mgrdl | mgrdl

19 24 Ui 84 és8 69 68 57
per os
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#10 24 Ul 93 64 B2 b4 b2
per os

1 24 Ul 78 b2 51 49 48
per os

#12 24 Ul 92 64 52 63 47
per os

3 24 Ut 89 63 48 38 49
per o8

f14 24 Ul 97 60 38 b4 b2
per os

[0052] The data In Tables | V show that average reduction of sugar
(i e, glucoee) In the blood of mammals i8 comparable when 12 Ul of
insulin 18 administered by intramuscular injection (examples 1-2) and 24 Ul
of insulin is administered per os (ie orally) with crystallized dextran
microparticles {examples 9 14) The maximum glucose reduction was
about 36 to about 80 percent at 60 min after oral administration The
concentration profile of glucose is practically the same in both the
Injection and oral dellvery modes It should be noted that other amounts
of insulin may be administered For example, 30 Ul of insulin may be
administerad In general oral administration of two to three times the
insulin compared to the emount of injected insulin produces a similar drop
in blood sugar for up to three hours

[0053] It 1s a wall known fact that insulin by itself i1s degraded by
intestinal enzymes and 18 not absorbed intact across the gastrointestinal
mucoea {Amidon GL Les HJ Absorption of peptide and peptldomimetic
drugs Ann Rev Pharmacol Toxicol 1994 34 321-41) However
examples 8 14 show that crystallized dextran microparticles can be used
as a vehicle for oral delivery of proteine such as insulin because the
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hypoglycemla effect received was significant Without wishing to be
bound by a particular theory or mode of action the present Inventor
believes that the use of the porous crystuallized dextran microparticles as
an Insulin delivery matrix in an aqueous suspension protected the insulin
from eignificant degradation by intestinal enzymes and allowed the inaulin
to be absorbed intact across the geastrointsstinal mucosa The insulin may
be located in micropores In the microporous microparticles and/or In
macroporas between the microparticles In contrast the use of cross
linked Sephadex G 160 dextran microparticles with Insulin {Table IV
examples 7 8) did not produce an sppreciable reduction in blood glucose
concentration

[0054] As provided in examples 914 the blood glucose
concentration in the mammal Is lowered by at least 5 percent preferably
at least 30 percent 60 minutes after administering the composition
containing the crystaliized dextran microparticies and insulin to the
mammal { @ the blood glucoss value in the mammal at 80 minutes after
administration of the suspension s at least 5 percent preferably at least
30 percent lower than that measured right before administration of the
suspension} Preferably the blood glucose concentration in the mammal
s lowered by at least 6 percent such as at least 30 percent, preferably
by sebout 36 to about 40 percent 30 minutes after administering the
composition to the mammal Preferably, the blood glucose concentration
in the mammal ia lowered by about 35 to about 60 percent for example
36 to 46 percent 60 minutea after administering the suspension to the
mammel More preferably, the blood glucose concentration in the
memmal Is lowered during the entire period ranging from 30 to 240
minutes such as 30 to 120 minutes, after admintstering the composition
to the mammal compared to the blood glucose cancentration right before
administration For example the blood glucose concentration In the
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mammal is preferably lowered by at least 10 parcent preferably at lemst
30 percent more preferably by at least 356 percent such as by 35 to 46
percent during a perlod ranging from 30 to 240 minutes preferably 30 to
120 minutes after admmistering the composition to the mammal

[00BE]) Thus, a prefarred embodiment of the present Invention
provides a method of lowering blood glucose in a mammal by orally
administering a therapeutically effective amount of a compostton
compnsaed of crysiallized dextran microparticles and insulin A
“therapeutically effective” amount of the composlitions can be determined
by prevention or amelioration of adverse conditions or symptoms of
diseases, Injuries or disorders being treated Preferably the compoaition
comprises an aquecus suspension of crystallized dextran microparticles
having an average diameter of about O 6 to about 5 microns and insulin
Furthermore the microparticles are preferably porous microparticles which
are crystallized prior to adding the insulin to the suspension, such that the
insulin 18 located in contact with a surface of the microparticles and/or m
pores of the microparticles

{0058) The crystallized microparticles preferably are comprised of
dextran molecules {| @, polymer molecules) that are held together by a
plurality of hydrogen bonds, Van Dar Waals forces and/or ionic bonds and
having substantially no covalent bonds between the dextran molecules
Thus the molecules in the microparticles are preferably nat Intentionally
crosslinked (ie a cross linking step is not carried out} and the
microparticies contain no covalent bonds between molecules or less than
10% covalent bonds between molecules

[0057]1 While a one phase composition 64 comprising insulin and
microparticles is iflustrated in Figure 10 a two phase compaosition,
described above and Niustrated in Figures 7 8 9A 9B and 5C may also
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be used For example a two phase composition comprising a dextran
phase a PEG phase, crystallized dextran microparticles and insulin may be
used In vivo, the composition has a self assambled capsule structure
compriaing a crystallized dextran microparticle contaning wall or shell and
a PEG and Insulin contalning core

[0058] Preferably the mammal recelving the oral administration of
insulin comprises a human in need of lowenng bload glucose such as
human suffering from diabetes Thus the preferred embodiment of the
present invention provides a method of treating diabetes in a human In
need of the treatment by orally administering the suspension of Insulln
and crystallized dextran microparticles described above

[0058] Any therapeutically effective amount of insulin may be
administered to the memmal The amount of insulin may vary based on
the type of mammal (I8 human or rabblt), the weight of the mammal
the composition of the suspension the amount of desired reductlon of
blood glucose and other factors One non limiting example of Insulin
content In the suspension is about 10 Ul to about 2 600 Ul of human
recombinant Insulin per one gram of suspension such as about 12 Ul to
about 30 VI, such as 24 Ul of human recombinant Insulin However this
amount may vary as desired

[0060] The present inventlon should not be considerad Iimited to the
preferred embodiments described above Other matrix material may be
used for oral Insulin delivery such as organic or Inorganic microporous
particles  Preferably, the particiles are microparticlee which enhance
insulin penetration through gastrointestinal mucosa and/or which stabillze
the composition Furthermore, whila the suspenaion preferably containes
only water solvent a matrix and an insulln solution or suspension, the
delivery system may alsc contain additional materials For example the
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composition may contain a sacond phase such as the PEG phase of a two
phase system Thus, another preferred aspect of the present invention
includes a method of lowering blood glucose iIn a mammal compnising of
orally administering a composrion comprising a therapeutically sffective
amount of Insulln and a matrix material to the mammal to lower blood
glucose of the mammal by et least 30 percent 60 minutes after
administering the suspension to the mammal In another preferred aspect
of the present invention a method of administering a suspension to a
mammal comprised of orally administering sn aqueous suspenslon of
crystallized dextran microparticles and a therapeutically effective amount

of inaulin to the mammal

[oDe1) As noted above, the crystsllized dextran microparticles used
as a matrix matenal for oral administration of insulln or other protein
based drugs may be made by any suitable method {see Figure 1 for
example} Preferably the microparticles are made by the process of any
of the preferred embodiments described heren  Preferably but not
necessarily the microparticles are formed in an aqueous solution without
using an organic solvent Thus In a preferred aspect of the present
invention e therapautically effective amount of insulin and the crystallized
dextran microparticles are combinad in water after the microparticlas have
been crystalllzed to form an aqueous suspension of insulln and crystallized
dextran microparticles The microparticlea may be added to the water
before, st the same time and/or after adding the insulin to the water
Furthermore the microparticles may be orally administered to a mammal
in the solvent in which they were formed Altematively, they may be
removed from the solvent in which they were formed and placed into
water or other aqueous solutions for oral administration or drned and
provided In solld form such as tablet or capsule for oral adminietration
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[0082] The aqueous suspension of crystallized dextran
microparticles and a therapeutically effective amount of Insulin {or other
suitable suspensions of Insulln and a matrix materlal such as a
suspension of Insulin and microporous microparticles) is preferably
provided a8 a dosed pharmacsutical composrtion which is dosed for oral
administration to a human In one preferred esspect of the present
Invention the composrtion Is located in a vessel in an amount dosed for a
single oral adminietration to a human The vessel may compriee any
comtainer which may hold a suspension, such as a plastic or glase bottle

a tube a dropper, @ spray nozzle a pouch and/or other surtable vessels '
This vessel containe an amount of suspension sufficient for a single oral
dose of the composition

[0083] in ancther preferred aspect of the present invention the
composition 18 located in any suitable vessel In an emount surtable for
multiple oral administration dosee The vessel contains an instruction for
oral dosage administration to 8 human The Instruction may be printed on
the vessel such being es printed directly on the vessel or on an label
attached to the vessel or enclosed with the vessel such being printed on
a shest of paper enclosed writh the vessel in a cardboard box or in a
pharmacy envelope The instructions may describe the amount of the
composition that should be taken with sach dose the frequency that the
dose should be taken how to measure the dose of the composition for
oral administration and/or any other sultable oral drug Instructions for an
administering health care practitioner and/or a patient in need of the drug
Alternatively, the instructions may comprise directions for electronically or
audibly accessing the dosing and adminlstration instructions, euch as a
link to a website containing the instructions or a telephone number or
recording where the inatructions are provided audibly

23



WO 2004/078196 PCT/IB2004/000933

[0084] In another preferred aspect of the present invention the
aqueous suspension of crystallized dextran microparticles end a
therapeutically effective amount of Insulin located In a vessel are provided
in a pharmaceutical composition kit with Instructlons for oral
administretion of the composition to @ human in need thereof The kit
may compnse instructions printed on the vessel or on a label attached to
the vessel or a sheet of paper enclosed with the vessel, such as in a
cardboard box or pharmacy envelope including a bottle {1 e, vessal) and
the sheet of Instructions

[0065] it should be noted thet the composition for oral
administration may be in the form of an aqueous suspension but other
delivery forms may be used to lower the blood glucose n a mammal For
example the porous crystallized dextran microparticles and the Insulin
may be orally administered in the forrn of a tablet or a capsule

[0086] To orally administer the composition in solid form to a
mammal such es a human the solution of crystalized dextran
microparticles and insulin 18 first dried such as freeze dried to form a
powder The powder may then be compressed into a tablet along with
optional pharmaceutically acceptable excipients or placed into =
pharmaceutically acceptable capsule

D Materiala

[o067] In the preferred embodiments of the present invention the
therapeutic agent comprises Insulln In other words the therapeutic
agent may consist essentlally of Insulin alone or comprise Insulln In
combination with another agant The term "insulin® shall be interpreted
to encompass Insulin analogs natural extracted human nsulin
recombinant produced human insulin Insulin extracted from bovine and/or
porcine sources recombinant produced porcine and bovine insulin and
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mixtures of any of these insulln products The term i intended to
encompase the polypeptide normally used In the treatment of diabetics in
a substantlally purified form but encompasses the use of the term In ite
commerclally available pharmaceutical form, which Includes additional
excipients The insulln is preferebly recombinant produced and may be
dehydrated (completely dried) or in solution

[0o088] The terms "insulin analog * "monomeric Insulin® and the like
are used interchangeably herein and are intended to ancompass any form
of "insulin” as defined above, wherein one or more of the amino acids
within the polypeptide chain has been replaced with an alternative amino
acid and/or wherein one or mare of the emino acids has been deleted or
wherein one or more additional amino aclde has been added to the
polypaptide chain or amino acid sequences which act as insulin In
decreasing blood glucose levels In general the term "Insulin analogs™ of
the preferred embodiments of the present invention include "Insulin lispro
analogs " as disclosed in US Pat No b,647,929, mcorporated hereinto
by reference in it entrety Insulin analogs including LysPro Insulin and
humalog Insulln, and other "super insulin analogs™, wherein the ability of
the insulin analog to affect serum glucose levels e substantially enhanced
as compared with conventional insulln as well as hepatoselective insulin
analogs which are more active in the liver than In adipose tlssve Prefeired
analoga are monomeric Insulin analogs, which are Insulin like compounds
used for the same general purpose as insulin such as Insulin llspro, i e
compounds which are administeraed to reduce blood glucoae levels

[o0es) The term "analog” refers to a molecule which shares a
common functional actlvity with the molecule to which It is desmed to be
comparable and typlcally shares common structural features as well
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[0070] The term “"recombinant” refers to any type of cloned
therapeutic expresssd in prokaryotic cells or a genetically engineered
molecule or combinatorlal library of moleculss which may be further
processed Into another stats to form & second combinatorial ltbrary,
especlally molecules that contein protecting groups which enhance the
physicochemical pharmacological and clinlcal safety of the therapeutic
agent

00711 The tsrm dextran microparticles includes unsubstituted
dextran microparticles and substituted dextran microparticles For
example substituted dextran microparticles include dexiran substituted
with a surtable group such as a methyl group up to a degres which does
not hamper crystallization of the dextran microparticles such asupt0 35
or less percent branching The average microparticla diameter Is
preferably about 05 to about b microns more preferably about 1 to
about 2 microns

[0072] Furthermore whlle porous non cross linked dextran
microparticles such as crystallized microparticles are preferably used
with the therapeutic agent, other sultable organic or Inorganic
mioroparticles may be used instead, such as other polymer microparticles
Including polysaccharides, PLA PLGA PMMA, polyimides polyesters,
acrylates acrylamides vinyl acetats or other polymeric materiala
biomatenal particles 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 contaln the
therapeutic agent within the pores and to provide a timed releasa of the
therapeutic agent from the pores In other words, the therepeutic agent
is releasad over time from the pores such as in over b minutes, preferably
In over 30 minutes most preferably In over one hour, such as in several
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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 wlill be delivered and other
factors

[0073]} Thue, In a preferred aspect of the present invention, the
therapeutic agent Is located at least partlally in the pores of the porous
microparticles Preferably the therapeutic agent is not encapsulated In
the microparticle (i e, the microparticle doss not act as a shell with a
therapeutic agent core inside the ahell) and 18 not attached to the surfaca
of the microparticle However if desired, 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 loceted 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
roleased too quickly while the therapeutic agent encapsulated in the
microparticle la often not released soon enough and Is then released sll at
once as the microparticle shell disintegrates In a two phase system, at
least 80% of the therapeutic agent is preferably located In a core
surroundad by a wall or shell comprising the microparticles

E Methode of Making

[0074] 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 sultable method and
then the therapeutic agent and the microparticles are combined by any
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sultable method In contrast, in some prior art mathods the therapeutic
agent i8 encapsulated Into a microparticle shell by providing the particle
precursor material and the therapeutic agent into a solution and then
crystallizing or cross-linking the precursor material such as a monomer or
oligomer material to encapaulate a therapeutic agemt cora into a
microparticie shell

[0076] Preferably, the therapeutic agent is provided into the pores of
the porous microparticles after the microparticles are formed Thus, the
porous microparticles are first formed and then the therapeutic agent is
provided into a solution containing the microparticles to allow the
therapeutic agent to permeate Into the pores of the microparticles Of
course some of the therapeutic agent may also bacome attached to the
surface of tha microparticle In this process

[0078] Thus a method to manufacture non cross-inked porous
crystallized dextran microparticles includes preparation of a dextran
solution, such as an aquesous dextren solution conducting a crystallization
process to form crystallized porous dextran microparticles and if desired
lsolating crystallized porous dextran microparticles from the solution A
therapeutic agent is then permeated into the pores of the microparticles
by providing the therapsutic agent into the crystalllzation solution
contaning the microparticles or by providing the isolated microparticles
end the therapeutic agent into a second solution such as a second
aqueous sojution For exemple crystailized dextran microparticles may be
formed in a firet low molecular weight dextran aqueous solution such as
a 2 to 20 kDa dextran solution The microparticles are then removed
from the first solution and then placed Into a second dextran aqueous
solution having a higher molecular weight dextran, such as a 40 to 500
kDa solution for example, a 40 to 756 kDa solution Tha second solution
may comprise a first phase of a two phase system which 18 then
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combmed 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 ls then permeated into the
poras of the microparticles after the porous microparticles are formed by
any sultable micraparticle formation method including but not imrted to
orystallization The componenta of the composition such as Insulin
microparticles and one or more aqueous phases may be combined in any

sultable order sequentially or simultaneously

[0077] Preferably the microparticles are formed by self assembly
from a solution that does not contain organic solventa and organic
reaction promoters which leave an organic residue in the microparticles
Thus for example the dextran microparticles are preferably formed by
self assembly from an aqueous dexiran solution However, If desired
aorganic sclventa and/or organic rsaction promoters may aiso be ussd In
this case the microparticles may be purified prior to subsequent use to
remove the harmful organic residue

[0078] As described above the capsule structure having a first
phase core and a sacond phase wall or shell may be formed in vivo or In
vitro from a two phase composition The composition may be a dried
powder, such as freeze dried and stored as & powder or porous cake
When the composition is ready to be administered to a memmal It ls
hydratad and adminigtered to 2 mammal orally

[0078) Preferably, the composition which Includes the microparticles
and the therapeutic agent Is a flowable colloidal system Examples of
fiowable colioidal systems include smulsions and suspensions In
contrast somse prior art compositions Include a therapeutic agent in a
dextren hydrogal or in a cross linked dextran matrix A dextran hydrogel
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and a cross-ll'nkod dextran matrix are not flowable compositions If not
specifically prepared

[0080] In ancther preferred aspect of the present invention the
microparticles comprise microparticles which are adhesive to mammallan
mucosa Preferably the adhesive microparticlas are porous microparticles
descnbed sbove This further improves the sffective delivery of the
therapautic agent

[0081] In another preferred aspect of the present invention the
microparticles comprise microparticles whose surface has been speocially
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 sultable modification
thet would increass the adhesion of the therapeutic agent

[0082] The foregoing description of the invention has been
presented for purposes of lllustration end description It Is not intended to
be exhmsustive or to imit the invertion to the precise form disclosed and
modifications and vartations 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 it is mntended that the scope of the invention
be defined by the claima appended hereto and their equivalents

[0083) All of the publications and patent applications and patents
citad in this specification are herein Incorporated In thelr entirety by
raference
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1 A method of lowering blood glucose in a8 mammal
comprising orally administering a therapeutically effective amount of a
composition comprising crystallzed dextran microparticlea and insulin to
the mammal to lower blood glucose of the mammal

2 The methed of claim 1 wherein the composttion comprisas
an aqueous suspension of crystallized dextran microparticles having an
average diameter of about 0 5 to about 5 microns and the insulin

3 The method of claim 2, wherein the method comprises orally
administering the suspension to a human in need of lowering blood
glucose

4 A method of treating diabetes in a human in need thereof by
orally administering the suspension of clam 2

6 The method of claim 2 wherein the microparticles are
porous microparticles which are crystallized prior to adding the insulin to
the suspension, such that the Insulin Is located in contact with a surface
of the microparticlas or in poras of the microparticles

6 The mathod of claim 2 whersin the therapeutically effective
amount of insulin ranges from 10 to 2 500 Ul of human recomblinant
insulin per 1 gram of the suspension

7 The method of claim 2, wharein the blood glucose
concentration in the mammal s lowerad by at least b percent 60 minutes
after administering the suspension to the mammal
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8 The method of claim 7 wherein the blood glucose
concentration In the mammal Is lowered by about 30 percent to sbout 60
percent 60 minutes after administering the suspension to the mammal

9 The method of claim 2 whereln the blood glucose
concentration in the memmal is lowered by at least 5 percent 30 minutes
after administenng the suspenelon to the mammal

10  The method of clalm 2 whereln the blood glucose
concentration in the mammal s lowered by at least 10 percent during &
period ranging from 30 minutes to 240 minutee after administering the
suspsnsion to the mammal

11  The method of claam 2 wherein the blood gluccse
concentration in the mammal Is lowered during a period ranging from 30
minutes to 120 minutes after administering the suspension to the
mammal

12 The method of claam 1 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 comprises e structure comprising a dispersed PEG
phasa and a continuous dextran phase when the composition ia present in
the mammal body

13 A method of lowering blood glucose in a mammal
compnasing orally administering a composition comprising a therapeutically
effectiva amount of insulin and a matrix materlal to the mammal to iower
blood glucose of the mammal by at least 6 percent 60 minutes after
administering the suspension to the mammal
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14 The method of clalm 13 whereln the composition comprises
an aqueous suspension and the matrix materlal comprises crystalllzed
dextran microparticles having an average diameter of about O 5 to ebout
b microns

16 The method of claim 14 wherein the microparticles are
poroua microparticlea which are crystallized prior to adding the insulin to
the suspension such that the insulin i1s located in contact with a surface

of the microparticles or in porss of the microparticlas

16 The method of claim 13 wherein the method comprises
orally administering the composrition to a human in need of lowering blood

17 A method of treating disbstes In 8 human in need thereof by
orally administering the composition of clsim 18

18 The method of claim 13, wherein the therapeutically
effective amount of nsulin ranges from 10 to 2,600 U! of human
recombinant insulin per 1 gram of suaspension

19 The method of claim 13 wherein the blood glucose
concentration in the mammal 18 lowered by about 30 percent to about 60
percent 80 minutes after administering the composition to the memmal

20 The method of claim 13, whereln the blood glucose
concentration In the mammal is lowered by at least 6 psrcent 30 minutes
after administering the composition to the mammal

21  The method of claim 13, wherein the blood glucose
concentration in the mammal is lowered by at least 10 percent during a
period ranging from 30 minutes to 240 minutee after administering the
composition to the mammal
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22 The method of claim 13 wherein ths biood glucose
concentration in the mammal s lowered during a period ranging from 30
minutes to 120 minutes after administening the compaosition to the
mammal

23 The method of claim 13 wherein the composition is in a
form of a tablet or a capsule

24  The method of claim 13, wherein

the composition comprises a two phase composlition comprising a
dextran phase and a PEG phaase,

the Insulin s selectively partitioned In the PEG phase and ths
microparticles are selectively partitioned in the dexiran phase and

the composition comprises a structure comprising a dispersed PEG
phase and a continuous dextran phase when the composition ia present In
the mammal body

26 A method of administering a suspension to a memmal
compriging orally administering an aqueous suspension of crystallized
dextran microparticles and a therapeutically effectiva amount of insulin to
the mammal

28 A dosed pharmaceutical composition comprising crystallized
dextran microparticles and a therapsutically effective amount of insulin
wherein the composition is dosed for oral adminiatration to a human

27  The compoeition of clalm 28, whereln
the crystallized dextran micropartigles comprise dextran molecules
held together by hydrogen bonds, Van Der Waals forces or lonic bonds

and having substantially no covalent bonds between dextran molecules,
and
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the crystallized dextran microparticles are porous microparticles
having an average diamster of about O 5 to about b microns and such
that the Inaulln is located in contact with a surface of the microparticiea
or in pores of the microparticles

28 The composition of claim 268 wherein the composrion
comprises an aqueous suspension of cryatallized dextran microparticles
and a therapeutically effective amount of Insulin

29 The composition of claim 26, wherein the compaosition (e
located In a vessel In an amount dosed for a single oral administration to a
human

30 The composttion of claim 28, whereln the composition ls
located in a vassel with Instruction printed on the vessel or enclosed with
the veasel for oral dosage administration to & human

31 The composition of claim 26, wherein the composition
comprises & tablet comprising a pharmaceutically acceptable carrler
medium the crystallized dextran microparticies and the therapeutically
effective amount of insulin

32 The composition of claim 26 wherein the compoaition
comprises a capsule comprising a pharmaceutically acceptable shell, the
crystallized dextren microparticles and the therapeutically effective
amount of inaulin

33 Tha composition of claim 26 whearein

the composition comprises a two phase composition comprising a
dextran phase and a PEG phaas,

the insulin is selectively partitioned in the PEG phase and the
microparticles are selactively partitioned in the dextran phase, and
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the composition ie adapted to form a structured suspension
comprising a dispersed PEG phase and a continuous dexiran phase

34 A pharmaceutical composition kit comprising

an aqueous suspensaion of crystallized dextran microparticles end a
therapeutically effective amount of ineulin located in a vesasl and

Instructions for oral admimistration of the composttion to a human
in need thereof

36 A pharmaceutical kit comprising

a firet means for orally administering to a mammal to lower blood
glucose of the mammal by at least 30 percent 80 minutes after
administering the suspension to the mammal and

a gtorage vessel containing the first means

38 A tablet compnsing a pharmaceutically acceptable carrier
medium crystallized dexiran microparticles and a therapeutically
effective amount of insulin

37 A capsule comprising a pharmaceutically acceptable shell
crystallized dextran microparticles and a therapeutically affective amount
of insulin

38 A method of making a dosed pharmaceutical composition
comprising

providing crystallized dextran microparticles

combining a therapeutically effective amount of msulin and the
crystallized dextran microparticies in a solution after the microparticies
have been crystallized to form a compoasition of Insulln and crystalllzed
dextran microparticles, and

dosing the composltion for oral adminlstration to a mammal

-36
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38 The method of claim 38 wherein

the composition comprises a flowable colloldal composition, and

the microparticles comprise crystallized dextran microperticles
having an average diameter of 0 5 to 5 microns

40 The method of claim 39 wharein

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

the insulin te selectively partitioned in the PEG phase and the
microparticles are selectively partitioned in the dextran phase and

the composition comprises a structure comprising a dispersed PEG
phase and a continuous dextran phase when the composition is present in
the mammal body

37
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COMPOSICION DE INSULINA ORAL Y METODOS DE FABRICACION Y

USO DE ESTOS

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 vy 60/495,097 presentada en Agosto 15, 2003,
las descripciones de las cuales se incorporan aqui en su

totalidad

[0002] La presente invencién se relaciona generalmente con
composicicnes de insulina y especificamente a una composicidn
de 1insulina oral que contiene insulina y microparticulas de

dextrdn cristalizadas

ANTECEDENTE DE LA INVENCION
[0003] Los dextrénos son polisacdridos de alto peso

molecular sintetizados por algunos microorganismos O por
métodos bioquimicos El dextrdn con peso molecular promedio

de cerca de 75kDa tiene una presién osmética coloide similar

N
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al plasma sanguineo, de tal forma que sus soluciones acuosas
son utilizadas quimicamente como expansores de plasma Los
dextrénos reticulados en la forma de granulados son la base
para el Sephadex”® que es usado en el GPC de proteinas y
para el “citodex”® desarrollado por Pharmacia para cumplir
los requerimientos especlales de un cultivo celular
microportador Por ejemplo, las patentes estadounidenses
Niameros 6,396,302 y 6 303,148 (Hennink et al ) describe
varios8 biomateriales adheridos a particulas de dextran
reticuladas Sin embargo, los granulades reticulados de
dextran generalmente no pueden ser usados para fabricacién de
implantes debido a su toxicidad potencial de aplicacién de
los agentes de reticulacién (Blain J F , Maghni , Pelletier S

Yy Sirios P inflamm Res 48 (1999) 386-392)

[0004] La solicitud de patente estadounidense No
4,713,249 (Schroder) describe un método para producir una
matriz pretendida para sustancias bioldgicamente activas De
acuerdo a esta patente, la pretendida matriz de depésito
consiste de microparticulas carbohidratadas, estabilizadas
por cristalizacién, que 1implican el uso de uniones no
covalentes El proceso siguiente para producir
microparticulas carbohidratadas cristalizadas pretendidas es
descrito por Schroder Una soluciédn de un carbohidrato

polimérico y una sustancia bioldgicamente activa se forma en
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uno o mAs solventes hidrofilicos Luego la mezcla del
carbohidrato y 1las sustancias bioldgicamente activas es
emulsificada en un medio hidréfobo 1ligquido para formar
gotitas esféricas La emulsidén es luego introducida en un
medio de cristallizacién 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 sustancia biolédgicamente
activa Asi, la sustancia bioldgicamente activa es colocada
dentro de la solucién antes de cristalizar las esferas

Schroder no describe la microestructura de las
microparticulas hecho por el método multi-etapa El método
multi-etapa de Schroder es complejo y utiliza solventes
orgdnicos que son potencialmente téxico para la célula y
necesita ser removidc Adicionalmente, la composicidn de
Schroder se disefla para inyeccién, que es un método

inconveniente y doloroso de administrar la composicién

BREVE RESUMEN DE LA INVENCION

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

sanguinea del mamifero La composicién puede ser una fase o
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una composicién multi-fase estructurada para liberacién

controlada de insulina

BREVE DESCRIPCION DE LOS DIBUJOS

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

(P/P) de solucibén acuosa de dextradn con MW 70,0 kDa

[0007] La fiqura 2A es una fotografia de una seccién
transversal de microparticulas de dextran cristalizada

mostrada en la figura 1

[0008] La figura 2B es una fotografia de una seccidn
transversal de microparticula mostrada en la figura 2A 1la

estructura microporosa de la microparticula puede ser wvista

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

microparticulas de dextrdn cristalizado

[0010] La figura 4 es una fotografia de una 1liberacién
lenta de las macromoléculas fluorescentes del implante que
incluye particulas de dextran cristalizadas dentro del tejido
muscular de ratén en el dia 14 después de la 1inyeccibn

intramuscular
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[0011] La figura 5 es una fotografia de una emulsidn de
solucién acuosa de PEG en una solucién acuosa de dextrén (MW
500 kDa) que contiene microparticulas de dextran

cristalizadas mostradas en la figura 1

[0012] La figura 6 es una fotografia de una emulsidén de
solucién acuosa de dextrdn (MW 500 kDa} que contiene
microparticulas cristalizadas de dextrian mostrados en 1la

figura 1 en solucién acuosa de PEG

[0013] La figura 7 es una fotografia de una 1inyeccidn
intramuscular de emulsién de solucidn acuosa de PEG en
solucién acuosa de dextrdn (MW 500 kDa) que contiene
microparticulas de dextradn cristalizadas mostradas en 1la

figura 1

[0014] La figura 8 es una fotograffia de una inyeccién
subcutidnea de emulsién de una solucidén acuosa de PEG en
solucidn acuosa de dextran (MW 500 kDa) que contiene
microparticulas de dextrdn cristalizada mostrada en la figura

1
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[0o015] La figura 9A y 9C ilustran esquemdticamente el
comportamiento de particidédn de diferentes tipos de particulas

y fases en un sistema de dos fases acuosas

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

sistema de dos fases

[0017] La figura 10 ilustra esquemdticamente los métodos
de administrar agentes terapéuticos de acuerdo con una

modalidad de la presente invencidn

DESCRIPCION DETALLADA DE LAS MODALIDADES PREFERIDAS

[0018]) El presente inventor ha descubierto que una
composicidn de microparticulas de poro (es decir
microparticulas), tales como microparticulas de dextrén
cristalizado que pueden ser usados como un vehiculo para
administracié4n oral de insulina La composiciédn puede ser una
composiciédn de fase o una composiciédn multi-fase la cual

forma un implante estructurado en un mamifero

[0019] La primera seccibén adelante describe las
microparticulas de dextridn cristalizado, la segunda seccibén

describe la formacién del implante estructurado de una

&\
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compesiciédn multi-fase, y las siguientes secciones describen
ejemplos especificos de administraciédn oral de la composicién
en mamiferos y métodos de fabricacién de la composicién oral

de insulina

A Microparticulas Cristalizadas de Dextrin

[0020] El presente inventor ha encontrado
experimentalmente que las microparticulas de dextran
cristalizado con un diametro promedioc que varia de 0,5 a 3,5
micrones fueron formados espontdneamente en soluciones
acuosas de dextrdn (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 las microparticulas a
temperatura ambiente, entonces 2 a 1B kDa de soluciones
dextridn pueden ser usadas Por supuesto, también las
microparticulas pueden ser formadas de soluciones 2 a 18 KDa
a temperaturas por encima de la temperatura ambiente, si se
desea Las microparticulas pueden ser formadas de soluciones
de dextran 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 irregular, pero sclo preferiblemente de

forma esférica, pero son preferiblemente en forma esférica, y
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son preferiblemente de 10 micrdémetros en diadmetro o menos,

tales como 0,5 a 5 micrones

[0021] La microscopia de transmisién de electrones reveld
la estructura microporosa de microparticulas de dextréan
cristalizado (ver figuras 2A, 2B) Preferiblemente, la
porosidad de la microparticulas es al menos de 10 per ciento
de volumen, tal como de 10 a 50 por ciente, mas
preferiblemente cerca de 20 a 40 por ciento Asi, la
estructura comprende microparticulas microporosas con A&reas

de microporosidad localizada entre las particulas

[0022] El secado por rociado de las suspensiones acuosas
de las microparticulas de dextrédn cristalizado han mostrado
la posibilidad de producir sustancialmente agregados
esféricos de microparticulas de dextradn cristalizado con un

didmetro que varia de 10,0 a 150,0 micrones(ver figqura 3)

[0023] Un ejemplo no limitativo de un método para formar
las particulas de dextradn es como sigue 50,0 g de dextréan
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 (baflo de agua) en

un agitador magnético a 50 rpm hasta que el dextrian es
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disuelto completamente y se obtiene una solucién clara La
solucién se puede exponer al vacio para remover todas las
inclusiones de aire La solucidén clara es colocada en un
horno de laboratorio a 60° C bajo una cubierta Tyvek® 3,5
horas después, una suspensidén viscosa turbia se desarrollé
como un resultado de formacidén de microparticulas de dextran

cristalizado

[0024] Para eliminar el dextrdn no cristalizado, las
microparticulas se lavan por centrifugaciédn, 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 centrifugaciédn/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 B horas para buscar el nivel
de humedad cerca de un 5% El1l polvo seco resultante consiste

de particulas con un didmetro medio de cerca de 2 micrones

[0025] La liberacién lenta de macromoléculas de los
implantes se ha demostradoc en los experimentos en donde las
macromoléculas se disolvieron en sugpensiones acuosas de

microparticulas de dextran cristalizadas o sus agregados
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antes de inyecciones La figura 4 muestra un implante que
contiene macromoléculas fluorescentemente etiquetadas (FITC-
dextran, PM 500 kDa) y liberacién lenta de las macromoléculas
desde el implante dentro del tejido de misculo de ratédnm en el

dia 14 después de la inyeccidn intramuscular

B Sistema da dos fases

[0026] Las estructuras autoensambladas basados en
microparticulas de dextrdn cristalizado y sus agregados puede

gser formado basado en sistemas de dos fases

[0027] Por ejemplo, en el caso del aceite, una clase
especial de estructura puede ser formada donde el nicleo del
aceite estid formado con una concha de microparticulas de
dextrdn cristalizado o agregados del mismo dispersados en
agua o soluciones acuosas de polimeros orgdnicecs tales como
polisacdridos (por ejemplo, dextrdnos) La estructura
descrita puede ser designada como una capsula Se debe notar
que la concha puede comprender una concha de forma rugosa
esférica que resulta cuando la cépsula se rodea por el
tejido, sin embargo, cuando la capsula se ubica cerca de una
barrera, tal como un sustrato, hueso o pared de intestino, la
cédpsula puede comprender un ndcleo ubicado entre una o0 mas

paredes de microparticulas en un lado y la barrera en otro
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lado Adicionalmente, mientras se utiliza aceite como un
ejemplo 1i1lustrative, el nucleo puede comprender otros

materiales, tales como otros polimeros, células, etc

[0028] Para formar la estructura de la cépsula, los
sistemas acuosos de dos faseas se aplican Cuando las
soluciones acuosas de polimeros diferentes se mezclan por
encima de ciertas concentraciones ellos frecuentemente forman
solucicnes de dos fases de liquideo 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 suspensiédn
de particulas se agrega a cada sistema, 1las células o
particulas se ha encontrado frecuentemente que tienen
divisién desigual entre fases Este comportamiento de
particién preferencial puede ser usado como unas bases para
procedimientos de separaciédn para diferenciar poblaciones de
células o particulas en razén de la particién en esos
sistemas se determina directamente por células o propiedades
de superficle de particula Las células o particulas que no
tienen propiedades de superficie idéntica exhiben

comportamiento de particién suficientemente diferente

[0029] La absorcién competitiva de las dos fases de
polimeros depende de la naturaleza quimica de los polimeros

Un método de polimero de las dos fases ha sido aplicado para

L |
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separar o dividir células, proteinas, acidos nucleicos y
minerales (“Partitioning in Aqueous Two-Phase Systems”, 1985,
eds , H Walter, D Brocks, and D Fisher, publs, Academia

Press)

[0030] Los experimentos con la distribucién de
microparticulas de dextrdn cristalizado en sistemas de fase
derivados de, por ejemplo, dextrin/mezclas PEG
polietilenglicol, reveld que las microparticulas de dextréan
prefieren estar en la fase dextrin, mientras que otras fases
de PEG pueden estar dispersas en esta fase de dextradn 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

dextrdn, como se muestra en la figura 5 y 6

[0031] La figura 5 es una fotografia de una emulsién de
una solucidén acuosa de PEG en solucién acuosa de dextrdn que
contiene microparticulas de dextran 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 dextran contiene
el dextridn y microparticulas de dextrén cristalizado Asi,
las formas de fase PEG en uno o mis nucleos con forma de
esfera redondeados por conchas de microparticulas de

dextrdn/dextrén (es decir, una estructura de poros cerrados}
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[0032] La figura 6 es una fotografia de una emulsién de
soluciébn acuosa de dextran que contiene microparticulas de
dextrdn cristalizado en solucién acuosa de PEG, en donde el
volumen de la fase PEG es mas grande que el volumen de la
fase dextrdn En este caso, las formas de la fase dextrén
dentro de uno o mds nucleos de forma esférica que contiene
las microparticulas de dextrdn rodeados por una fase PEG (es
decir, una estructura de poro ablerto que se forma in wvivo
mientras el PEG se disipa en tejido liguido) Como se puede
ver en la figura 6, el volumen mads pequefic {(gotita} en formas
de fase dextrdn dentro de un largo dextrdn esférico/gran
nicleo de microparticula (inferior dereche de la figura 6)
cuyas esferas mas pequeilas comprenden dextrdn/se unen y se

fusionan con microparticulas de dextran

[0033] Asi, cuando la proporcién 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 dextridn y sus inclusiones, tal como microparticulas
de dextran) es menor de uno, entonces la cépsula 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 1insulina que prefiere
dividirse en fase PEG y las microparticulas de dextrin que

prefieren dividirse en la fase dextran, entonces el agente

&
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terapéutico se divide selectivamente en el nlcleo PEG
mientras que las microparticulas se dividen selectivamente
dentro y forman alrededor del nicleo el PEG mediante

autoensamble

[0034] La emulsién puede ser preparada al mezclar el
dextrdn preparado y las fases PEG separadamente y ambos
pueden ser suspensiones de diferentes tipos de particulas gue
prefieren estar en la fase PEG o en la fase dextran
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

[0035] La 1inyeccién del sistema de dos fases acuosas gque
contiene microparticulas de dextridn cristalizada dentro de
tejidos en animales experimental revelé que la formacidén de
implantes con la estructura de la capsula como se mostrd en
la figura 7 y 8 El volumen de la fase dextridn es mds grande
que el volumen de la fase PEG en el sistema de dos fases

Ambas figuras 7 y 8 muestran que una capsula con el nicleo
PEG y un dextridn/conchas de microparticulas dextrdn formadas
por autoensamble in vivo (es decir, después de inyeccidn

dentro del tejido de un mamifero) Las conchas comprenden
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regiones macroporosas entre microparticulas microporosas como

también regiones microporosas en las mismas microparticulas

[0036] Un ejemplo no limitativo de un método para formar
una estructura de cdpsula a partir de un sistema de dos .fases
es como el siguiente 10 g de dextran T40 (40 kDa de peso
molecular) y 2 g de PEG son disueltos en 88 ml de (Actrapid)
solucién de insulina que contiene 1 000 y Ul del cual 25 g de
microparticulas de dextrin 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 ejemple, una suspensién) 1,0 g de la

suspensién contiene 8 Ul de insulina

[0037] 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
suministrdé en el sistema de dos fases Asi, las
microparticulas de dextridn cristalizadas pueden ser formadas
en una solucidn de dextraJ de bajo peso molecular, tal como
una solucidén de 2 a 20 kDa, que la solucidén de dextradn que se
suministrd 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 las 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
capsula a concentraciones menores Las soluciones de bajo
peso molecular pueden ser usadas para disminuir el tiempo de
cristalizacién 519 la solucién de dextradn de bajo peso
molecular que actualmente estd siendo suministrado en vivo

Ademas las microparticulas de alto peso molecular pueden ser

disueltas in vivo

[0038] La estructura de la cépsula formada a partir de un
sistema de dos fases es ventajoso debido a que esta permite
mas liberacién y liberaclén prolongada de un agente
terapéutico del nicleo de una composicién que comprende una
fase simple que contiene las microparticulas Adicionalmente
se cree que al utilizar una estructura de cépsula, una
cantidad inferior de microparticulas se pueden necesitar para
alcanzar el mismo mejor tiempo de liberacidén gque si se
utiliza un sistema de fase simple Ademis, 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 liberacidén del agente terapéutico a partir del

nicleo de la capsula puede ser controlade al controlar el
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espesor de la concha Por lo tanto, el perfil de liberacibn
del agente terapéutico puede ser utilizado por cada paciente

o grupos de pacientes

{00391] Se debe notar que mientras el PEG y el dextran son
usados como ejemplos de materiales de las dos fases,
cualquier otro material adecuado que muestre el siguiente
comportamiento de particién puede ser utilizado La figura 9A
1lustra sistemAticamente la particién de diferentes tipos de
particulas en su sistema acuoso de dos fases Por ejemplo,
tres tipos de moléculas o agregados moleculares, gque son
preferiblemente particulas 10, 12 y 14, y dos fases 16 y 18
son mostradas en la figura 9A Sin embargo, puede haber dos,
0 mads 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 macromoléculas El
primer tipo de particulas 10 preferencialmente segrega dentro
de la primer fase 16 E1 segundo tipo de particulas 12
segrega preferencialmente al limite de la primera fase y
segundas fases 18 El tercer tipo de particulas 14
preferencialmente segrega dentro de la segunda fase 18 Asi,
por analogia al ejemplo previo no limitativo, las praimeras
particulas 10 pueden comprender un agente terapéutico, el

segundo 12 y/o el tercero particulas 14 pueden comprender
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microparticulas de dextrén cristalizado, la primera fase 16
puede comprender una fase PEG y la segunda fase 18 puede

comprender una fase dextran

[0040] 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 4rea 20 de 1la figura 9%,
entonces una estructura de tipo capsula forma comprendiendo
esferas discretas de la primer fase 16 que contiene una
concentracién del primer tipo de particulas 10, localizado en
una segunda fase 18 El1 segundo tipo de particulas 12 puede
ser ubicado en la interfase de la fase 16 18 y actuar como
una concha de la capsula Las particulas 14 son dispersadas

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

[0041] En contraste, si una pequefia 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 9A,
entonces una estructura tipo cédpsula se forma comprendiendo
esferas discretas de la segunda fase 18 que comprende una
concentracién del tercer tipo de particulas 14, ubicado en
una primer fase 16 El segundo tipo de particulas 12 puede
ser ubicado en la interfase de las fases 16, 18 y actuar como
una concha de la céapsula Las particulas 10 estdn dispersas

en la primer fase 16 y/o forman una concha de la cdpsula Los

66
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dos sistemas de fase 20 y 22 pueden ser usados como un
amplante, tal como al ser inyectado dentro de un mamifero,
como un animal © un humano Asi, la cdpsula forma un implante
tridimensional estructurado, con el nicleo gque actlia como un
reservorio o depésito para liberaciédn controlada del agente
terapéutico a través de la concha En contraste, un implante
con una distribuclé4n de microparticulas es un implante no
estructurado Se debe notar que la estructura formada para
los sistemas de administracién de dos fases puede ser
descrito generalmente como una suspensién que comprende una

fase PEG dispersa y una fase de dextrén continua

[0042] 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
ingsulina, puede ser particionadc en fase PEG del sistema de
dos fases PEG/dextréan En razébn a que la 1insulina
selectivamente se particiona en la fase PEG, forma un nicleo
que contiene 1nsulina de una estructura de céapsula 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



WO 2004/078196 20 PTC/IB2004/000933

particionadas, preferiblemente el B80% de la especie
particionada, se particiona en una de las fases Por ejemplo,
mientras una de la mayoria de particiones de insulina en la
fase PEG, una porcién de la insulina puede permanecer en la

fase dextran

[0043] La figura 9B 1lustra una imagen de microscopia de
electrén de exploracidén de una seccién transversal de una
estructura de implante basada en el sistema de dos fases
ilustrado esquemdticamente en la figura %A Una composicién
acuosa de dos fases que comprende una primer fase de dextrdén,
una sequnda fase de PEG y microparticulas de dextran
cristalizado fue inyectada en el gel sefarosa Esta
composicién de gel imita el tejido del mamifero al detener la
difusién de microparticulas de dextrdn cristalizados de la
inyeccién La imagen de la figura 9B i1lustra la formaciédn de
una estructura de implante de nucleo de concha El1 nitcleo
comprende regiones 30 y 32 rodeadas por una concha 34 lLa
regién 30 es un vacio que se llena con una regiétn 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 reqgién 3Z es una porcién
exterior del nidcleo que comprende las gotitas PEG ubicadas en

las microparticulas de dextran cristq}izado La regién 34 es
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la concha que comprende 1las microparticulas del dextréan
cristalizado que rodean y se mantienen en el lugar del nilicleo

que contiene PEG

[0044] Sin desear unirse a una teoria en particular, el
presente inventor cree que la estructura de nicleo de concha
mostrado en la figura 9B formado mediante el autoensamble
como Se muestra esguemdticamente en la figura 9C, mientras
que las primeras fases 16 y sequnda fase 18, tal como una
solucibén acuosa de polimero diferente incompatible, estén 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 composicién
se autcensambla dentro de la estructura del nicleo de concha

Primero, la fase que estd presente en el volumen miAs pequefio
se forma dentro de las formas esféricas aproximadas, como se
muestra en la porcién media de la figura 9C Luego las formas
esféricas sgse unen para formar nGcleos aproximadamente
esféricos de una fase rodeada por conchas de la otra fase,
comec se muestra en el fondo de la figura 9C Mientras un

ejemplo de un sistema de dos fases de un sistema multifase,

6
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ha sido ilustrado, el sistema multifase puede tener més de

dos fases s1 se desea

c Vehiculo de administracién de Insulina Oral

[0045] El presente inventor descubrié que una composicidn
de microparticulas porosas (por ejemplo, microporos) pueden
ser utilizados como un vehiculo de administracién oral de
insulina Las microparticulas porosas pueden ser cualquier
microparticulas porosa adecuada que permita la administracién
oral de insulina con una reduccidén importante en la glucosa
sanguinea, tal como al menos una reduccién del 5%, por
ejemplo al menos una reduccién del 30% dentro de 60 minutos
de administracién oral Preferiblemente, las microparticulas
son particulas bioadhesivas, tales como particulas que se
adhieren al menos temporalmente a las paredes del intestino
del mamifero, para permitir la administracidén de la insulina
a través de la pared del intestino Mas preferiblemente, las
microparticulas de poro comprende las microparticulas de

dextridn cristalizado descritas anteriormente

[0046] En una modalidad preferida de la presente invencién
mostrada en la Figura 10, el presente inventor ha descubierto
gque una suspensidén acucosa de microparticulas de dextran

cristalizado 12, 14 e insulina 46 suministrada oralmente a
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mamiferos 53, tales como conejos, fue tan efectivo en la
reduccidén de los niveles de glucosa sanguinea como en la
inyeccién intramuscular de insulina sola La Figura 10
1lustra esquematicamente la insulina 46 que permea a través
del intestino 52 del mamifero 53 de 1la composicién 54
administrada oralmente que comprende las microparticulas En
razén a que los conejos son un modelo comin para los humanos
en el ensayo de drogas, el presente inventor cree que una
composicién sbdlida o liquida 54 que comprende microparticulas
de dextran cristalizado e insulina, tales comc una suspensién
acuosa, una solucidén, una tableta o cédpsula, podria también
ser efectiva en la reduccién de losa niveles de glucosa

sanguinea en humanos cuando se administra oralmente

[0047] Los siguientes ejemplos ilustran la liberacién de
insulina utilizando microparticulas de dextran cristalizado
El estudio involucra conejos Chinchilla (2,3 * 0,2 kg) y la

observacién de su respuesta a la suspensidédn acuosa
suministrada oralmente que consiste de microparticulas de
dextradn cristalizado preparadas con el método descrito aqui e

insulina recombinante humana

[0048] 3,0 g de Dextradn T20 {Pharmacia, Uppsala, Sweden)
fue disuelta en 2,0 g de agua y colocada en una caja a

temperatura de 60° C Tres horas después, las microparticulas
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de dextran cristalizado fueron lavadas mediante
centrifugacién a 3 000 g con 3 x 5,0 ml de agua Luego las
microparticulas de dextran cristalizado fueron suspendidas en
2,0 ml de agua y se permitid secarse a temperatura ambiente

El polvo seco resultante fue wutilizado para preparar una
suspensién que contiene 21nsulina para el experimento de
administracién de insulina oral Las suspensiones que
contienen insulina fueron preparadas al mezclar 250 mg de las
microparticulas, 0,3 ml (12 Ul) o 0,6 ml (24 Ul) de insulina
(NovoNordisk Actrapid HM Penfill, 40 Ul/ml) y agua destilada

para alcanzar un volumen de 2,0 ml

[0045] Muestras de la suspensidén (2,0 ml) se introdujeron
en las gargantas de los conejos con un catéter seguido por la
introduccién de 10,0 ml de agua para beber Los animales no
fueron alimentados durante 3 horas antes de la introduccién
de la suspensidén Se tomaron muestras de sangre de la oreja
de la vena del conejo y se analizé para concentraciones de
glucosa La glucosa sanguinea fue medida utilizando el método
de oxidasa glucosa en un “analizador de glucosa de sistema de
un togue” (Lifescan Johnson & Johnson, Milpitas, CA, USA)

después de apropiada calibracién
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[0050] Los ejemplos 1 a 8 son ejemplos comparativos que
involucran ocho conejos Los ejemplos 9 a 14 son ejemplos de

acuerdo a la presente invencidn que involucra cinco conejos

[0051] En los ejemplos comparativos 1 y 2 (control

experimental # 1 resumido en la tabla 1) una soclucidn acucsa
de insulina recombinante humana se introdujo
intramuscularmente en dos conejos en una dosis de 12 Ul por
animal En los ejemplos comparativos 3 y 4 (experimento de
control # 2 resumido en la tabla 1II), los conejos
permanecieron 1intactos (es decir, ninguna insulina © ninguna
otra inyeccién se suministrdé a los dos conejos) En los
ejemplos comparativos 5 y 6 (experimento de control # 3
resumido en la tabla III), una suspensién de microparticulas
de dextré&n cristalizado sin insulina se suministrdé oralmente
a los dos conejos En los ejemplos comparativos 7 y 8
(experimento de control # 4 resumido en la tabla IV), una
suspensién de las microparticulas Sephadex G-150 obtenidas
comercialmente con insulina (24Ul) se suministrdé oralmente a
dos conejos De acuerdo con sitio web Amersham Biosciences,
las microparticulas de Sephadex® G-150 son microparticulas de
gel moldeadas que tienen un diAmetro de 20 a 50 micrones,
preparadas mediante reticulacién de dextran con

epiclorohidrina En los ejemplos 9-14 de acuerdo con una
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modalidad preferida de la presente invencidn (resumida en la

tabla

cristalizado con insulina

cinco conejos

V),

una

26

(24 Ul) se suministré oralmente a

PTC/IB2004/000933

suspensién de microparticulas

de dextran

Los resultados se resumen en 1la tabla I-V

adelante
Tabla I
Conejo/ | Dosis de |0 min 30 min |60 min |90 min |120 min
Ejemplo | insulina | Mg/dl Mg/dl Mg/dl Mg/dl Mg/dl
#
# 1 12 Ul 91 68 58 49 51
# 2 12 Ul 87 65 64 57 58
Tabla II
Conejo/ | Dosis de | 0 min 30 min |60 min |90 min |120 min
Ejemplo | 1nsulina | Mg/dl Mg/dl Mg/dl Mg/dl Mg/dl
#
# 3 0,0 98 87 87 89 86
# 4 0,0 88 a0 91 94 87

Tabla III
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Conejo/ | Dosis de |0 min 30 min |60 min |90 min |120 min
Ejemplo { insulina | Mg/dl Mg/dl Mg/dl Mg/dl Mg/dl
#
#5 0,0 92 999 94 95 92
# 6 0,0 20 93 93 93 92
Tabla IV
Conejo/ | Dosis de |0 min 30 man |60 min |90 min |120 min
Ejemplo | 1nsulina | Mg/dl Mg/dl Mg/dl Mg/dl Mg/dl
#
# 7 24 Ul 85 82 86 81 83
Por os
# 8 24 Ul 84 15 86 76 17
Por os
Tabla V
Conejo/ | Dosis de | 0 min 30 min |60 min |90 min |120 min
Ejemplo | 1nsulina | Mg/dl Mg/dl Mg/dl Mg/dl Mg/dl
9 24 Ul 94 68 59 58 57
Por os
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# 10 24 U1 93 64 52 54 52
Por os
# 11 24 Ul 8 52 51 49 48
Por os
# 12 24 Ul 92 64 52 53 47
Por os
# 13 24 Ul 89 53 48 38 49
Por os
#14 (24 Ul 97 60 38 54 52
Por os
[0052] Los datos en las tablas I-V romanos muestran que el

promedio de reduccidn de azicar {(es decir, glucosa) en la
sangre de los mamiferos es comparable cuando 12 Ul de
insulina es administrada por inyeccidn intramuscular
(ejemplos 1-2) y 24 Ul de insulina es administrada por os (es
decir, oralmente) con microparticulas de dextrédn cristalizado
(ejemplos 9-14) El méximo de reducciédn de glucosa fue cerca
de 35 a 60 por ciento en 60 minutos después de 1la
administracién oral El perfil de concentracién de la glucosa
es practicamente el mismo tanto en ambos la inyecciédn y el
modo de administracién oral Se debe notar que otras
cantidades de insulina pueden ser administradas Por ejemplo,

30 Ul puede ser administrado En general, la administracién

(_)}’4
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oral de dos o tres veces la insulina comparada a la cantidad
inyectada de insulina produce una gota similar en el azicar

sanguineo hasta las tres horas

[0053] Es bien conocido el hecho de que 1a insulina por si
misma se degrada mediante las enzimas intestinales y no se
absorbe intacta a través de 1la mucosa gastrointestinal
(Amidon GL, Lee HJ, Absorption of peptide and peptidomimetic
drugs, Ann Rev Pharmacol Toxicol 1994, 34 321-41) Sin
embargo, los ejemplos 9-14 muestran que las microparticulas
de dextran cristalizado pueden ser wutllizados c¢omoc un
vehicule de administracién oral de proteinas, tales como
insulina porgque el efecto de hipoglicemia recibido fue
significante Sin desear unirse a una teoria particular o
mode de accién, el presente inventor cree que el uso de las
microparticulas de dextrdn cristalizado, porosas como la
matriz de administracién de insulina en una suspensién acuosa
protege la insulina de la degradacién importante por las
enzimas gastrointestinales y permite a la insulina ser
absorbida intacta a través de la mucosa gastrointestinal La
insulina puede ser ubicada en microporos en las
microparticulas de microporo y/o en los macroporos entre las
microparticulas Por el contrario, el uso de microparticulas

de dextran de Sephadex G-150 reticuladas con insulina (tabla
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IV, ejemplos 7-8) no producen una reduccion apreciable en la

concentracién de glucosa sanguinea

[o054] Como se suministra en los ejemplos 9-14, 1la
concentracién de glucosa en la sangre’en el mamifero es méas
reducida al menos al 5 por ciento, preferible al menos al 30
por ciento, 60 minutos después de administrar la composicién
que contiene microparticulas de dextrdn cristalizado e
insulina al mamifero (es decir, el nivel de glucosa sanguineo
en el mamifero a 60 minutos después de la suspensién es al
menos 5 por ciento, preferiblemente al menos 30 por ciento
menos que la medicién antes de la administracidén de la
suspensifén) Preferiblemente, la concentracién de glucosa en
el mamifero se reduce al menos 5 por ciento, tal como al
menos 30 por ciento, preferiblemente cerca de 35 a cerca de
40 por <ciento 30 minutos después de administrar la
composiciédn al mamifero Preferiblemente, la concentracidén de
glucosa en el mamifero se reduce cerca de 35 a cerca de 60
por ciento, por ejemplo 35 a 45 por ciento 60 minutos después
de la administracién de la suspensiédn al mamifero Méas
preferiblemente, la concentracién de glucosa sanguinea en el
mamifero se reduce durante el periodo entero variando de 30 a
240 minutos, tal como 30 a 120 minutos, después de
administrar la composicién al mamifero comparade con 1la

concentracién de glucosa sanguinea después de la
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administracién Por ejemplo 1la concentracidén de glucosa
sanguinea en el mamifero se reduce preferiblemente el 10 por
ciento, preferiblemente al menos 30 por ciento y mas
preferiblemente al menos el 35 por ciento, tal como 35 a 45
por ciento durante un periocdo que varia de 30 a 240 minutos,
preferiblemente como 30 a 120 minutos, después de administrar

la composicién al mamifero

[0055] Asi, una modalidad preferida de 1la presente
invencién suministra un métode para reducir 1la glucosa
sanguinea en un mamifero mediante la administracién oral de
una cantidad terapéuticamente efectiva de una composicién
comprendida de microparticulas de dextrdn cristalizadas e
insulina Una cantidad ‘terapéuticamente efectiva de 1las
composiciones puede ser determinada mediante la prevencidédn o
el mejoramiento de condiciones adversas o sintomas de
enfermedades, heridas o desordenes que son tratados

Preferiblemente la composicién comprende wuna suspensién
acuosa de microparticulas de dextran cristalizadas que tienen
un didmetro promedio de 0,5 a 5 micrones e 1insulina

Adicionalmente, las microparticulas son preferiblemente
microparticulas de poro que son cristalizadas antes de
agregar la insulina a la suspensién, tal que la insulina se
ubica en contacto con la superficie de las microparticulas

y/o en los poros de las microparticulas



WO 2004/078196 32 PTC/IB2004/000933

[o056] Las microparticulas cristalizadas preferiblemente
estdn comprendidas de moléculas de dextran (es decir,
moléculas de polimero) que estan mantenidas 7juntas mediante
una pluralidad de enlaces de hidrégeno, las fuerzas de Van
Der Waals y/o enlaces iénicos y que no tienen sustancialmente
enlaces covalentes entre las moléculas de dextrdn Asi, las
moléculas entre las microparticulas no estdn preferiblemente
€ 1intencionalmente reticuladas (es decir, una etapa de
reticulacién no se lleva a cabo) y las microparticulas no
contienen enlaces covalentes entre las moléculas o menos del

10% de enlaces covalentes entre moléculas

[0057] Mientras una composicién de fase 54 que comprende
insulina y microparticulas se ilustra en la Figura 10, una
composicidédn de dos fases, descrita anteriormente e ilustrada
en las figquras 7, 8, 9A, 9B y 9C pueden también ser usadas

Por ejemplo, una composiciédn de dos fases gque comprende una
fase dextradn, una fase PEG, microparticulas de dextrén
cristalizadas e insulina pueden ser utilizadas In vivo, la
composicién tiene una estructura de capsula autoensamblada
que comprende una microparticulas de dextrén cristalizada que
contiene una pared o concha y un nucleo que contiene PEG e

insulina

e
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[0058] Preferiblemente, el mamifero que recibe la
suministracidén oral de la insulina comprende un humano en
necesidad de reducir la necesidad de glucosa sanguinea, tal
comc un humano que sufre de diabetes Asi, la modalidad
preferida de la presente invencién suministra un método para
tratar diabetes en un humano en necesidad de tratamiento
mediante administracién oral de la suspensidén de 1insulina y
de microparticulas de dextridn cristalizadas descritas

anteriormente

[0059] Cualquier cantidad efectiva terapéuticamente de
insulina puede ser administrada al mamifero La cantidad de
insulina puede variar basado en el tipo de animal (es decir,
humano o conejo), el pesc del mamiferoc, la composicién de la
suspensidén, la cantidad de reducciédn deseada de glucosa
sanguinea y otros factores Un ejemploc no limitativo del
contenido de insulina en la suspensién es cerca de 10 Ul a
cerca de 2 500 Ul de insulina humana recombinante por un
gramo de suspensidén, tal como cerca de 12 Ul a cerca de 30
Ul, tal como 24 Ul de 1insulina recombinante humana Sin

embargo, esta cantidad puede variar segin se desee

[0060] La presente invencién no debe ser considerada
limitada a las modalidades descritas anteriormente Otro

material de matriz puede ser utilizado para administracién de
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insulina oral, tal como particulas de microporo orgdnico e
inorgdanico Preferiblemente, las microparticulas son
microparticulas que mejoran la penetracidén de la glucosa a
través de 1la mucosa gastrointestinal y/o estabiliza la
composicidn Adicionalmente, mientras la suspensién solo
contiene preferiblemente solvente agua wuna matriz y una
soluciébn de insulina o©  suspensiébn, el sistema de
administracién también puede contener materiales adicionales

Por ejemplo, la composicién puede contener una Ssegunda fase
tal como una segunda fase PEG de un sistema de dos fases

Asi, otro aspecto preferido de la presente invencién incluye
un método para reducir el nivel de glucosa sanguineo en un
mamifero que comprende de administrar oralmente una
composicién que comprende una cantidad de 1nsulina
terapéuticamente efectiva y un material de matriz para
reducir el nivel de glucosa en el mamifero por al menos 30
por ciento en 60 minutos después de administrar la suspensién
al mamifero En otro aspecto preferido de 1la presente
invencién un método para administrar una suspensidén a un
mamifero comprende administrar oralmente una suspensién
acuosa de microparticulas de dextridn cristalizadas y una

cantidad de insulina terapéuticamente efectiva al mamifero

[0061] Como se notd anteriormente, las microparticulas de

dextran cristalizadas utilizadas como un material de matriz
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para administracién oral de insulina u otras drogas basadas
en proteina puede ser hecha mediante cualquier método
adecuado (ver Figura 1, por ejemplo) Preferiblemente, las
microparticulas son hechas mediante los procesos de
cualquiera de las modalidades preferidas descritas aqui

Preferiblemente, pero no necesariamente, las microparticulas
se forman en una solucién acuosa sin utilizar un solvente
organico Asi, en un aspecto preferidoc de 1la presente
invencidén, una cantidad terapéuticamente efectiva de la
insulina y de las microparticulas de dextran cristalizado se
combinan en agua después de que las microparticulas han sido
cristalizadas para formar una suspensién acuosa de insulina y
microparticulas de dextran cristalizado Las microparticulas
pueden ser agregados antes al agua, al mismo tiempo y/o
después de agregar la insulina al agua Adicionalmente, las
microparticulas pueden ser administradas oralmente a un
mamifero en el solvente en el que ellas se formaron

Alternativamente, ellas pueden ser removidas del solvente en
que ellas se formaron y colocadas en agua u otras soluciones
acuosas para administracién oral o secadas y administradas en
forma sbélida, tal como tabletas 0 capsulas, para

administracién oral

[0062]) La suspensién acuosa de microparticulas de dextran

cristalizadas y una cantidad terapéuticamente efectiva de
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insulina (u otras suspensiones de insulina adecuadas y un
material matriz, tal como una suspensiédn de 1insulina y
microparticulas de microporos) es preferiblemente
suministrada como una composiciédn farmacéutica dosificada la
cual se dosifica por administracién oral a un humano En un
aspecto preferido de la presente invencidén, la composicidn se
localiza en un frasco en una cantidad dosificada para una
administracién oral fGnica a un humano El frasco puede
comprender cualquier contenedor que pueda mantener una
suspensién, tal como una botella plastica o de vidrio, un
tubo, un gotero, una boquilla de rociado, una bolsa y/u otros
frascos adecuados Este frasco contiene una cantidad de
suspensién suficiente para una dosificacién oral tdnica de la

composicién

[0063] En otro aspecto preferido de la presente invencién,
la composicidén es ubicada en cualquier frasco adecuado en una
cantidad adecuada para dosis de administracién oral mdltiple

El frasco contiene una instruccién para administracibén oral a
un humano La inatruccidén puede ser impresa en el frasco, tal
como impresas directamente en el frasco o en una etiqueta
adherida al frasce, o incluida con el frasco, tal como
impresa en una hoja de papel 1incluida con el frasco en una
caja de cartédn o sobre de farmacia Las instrucciones pueden

describir la cantidad de la composicién que debe ser tomada
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con cada dosis, la frecuencia que la dosis debe ser tomada,
como medir la dosis de la composicién de la administracién
oral y/o cualquier otra instruccién de droga oral adecuada
para una administracién a un médico y/o a un paciente en
necesidad de la droga Alternativamente, las instrucciones
pueden comprender indicaciones para acceder electrénicamente
o audiblemente las instrucciones de dosificacién, tal como un
enlace a un sitio web que contiene las instrucciones o a un
namero de teléfono o grabacién en donde las instrucciones se

suministren en forma audible

[o064] En otro aspecto preferido de la presente invencién,
la suspensién acuosa de microparticulas de dextran
cristalizado y una cantidad terapéuticamente efectiva de
insulina ubicada en un frasco se suministra en un kit de
composicidn farmacéutica con instrucciones para
administracién oral de la composicién de wun humano en
necesidad de este El kit puede comprender instrucciones
impresas en el frasco o en una etiqueta adherida al frasco, o
una hoja de papel incluida con el frasco, tal como en una
caja de cartédn o sobre de farmacia que 1incluye una botella

(es decir, un frasco) y la hoja de instrucciones

[0065] Se debe notar que la composicién para la

administracidén oral puede estar en la forma de una suspensidn
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acuosa, pero otras formas de administracié4n pueden ser
utilizadas para reducir la glucosa sanguinea en un mamifero

Por ejemplo, las microparticulas de dextrdn cristalizado
porosas y la insulina pueden ser administrados oralmente en

la forma de una tableta o una capsula

[0066] Para administrar oralmente la composicién en forma
sbélida a un mamifero, tal como un humano, la solucidén de las
microparticulas de dextran cristalizado y la insulina es
primero secado, tal como una bogquilla de secado, para formar
un polvo El polvo puede ser luego comprimido en una tableta,
junto con los excipientes aceptables farmacéuticamente

opcionales y colocados en una capsula farmacéuticamente

aceptable

D Materiales

[0067] En las modalidades preferidas de la invencién, el
agente terapéutico comprende 1insulina En otras palabras, el
agente terapéutico puede consistir esenclalmente de insulina
scla o comprende insulina en combinacion con otro agente El
termino “insulina” debe ser interpretado para abarcar
anidlogos de insulina, insulina humana extraida naturalmente,
insulina humana producida recombinante, insulina extraida de

fuentes porcinas y/o bovinas, insulina bovina y porcina
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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 pero 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

[0068] El términc ‘“andlogo de 1insulina”, “insulina
monomérica Yy los similares son usados intercambiablemente
aqui y se pretende que abarque alguna forma de “insulina”
como se definidé anteriormente, en donde uno o mds de los
aminodcidos dentro de la cadena de polipéptido ha sido
reemplazado con un aminoacido alternativo y/o en donde uno o
mas de los aminodcidos ha sido eliminado o donde uno o mas de
los aminoacidos adicional ha sido agregado a la cadena de
polipéptido o secuencia de aminoAcido, que actilan como
insulina en la reduccién de 1los niveles de glucosa En
general, el término “andlogos de insulina” de las modalidades
preferidas de la presente invencién incluye “andlogos 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 1insulina humalogo, y otra ™“analogos super

&y
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insulina”, en donde la habilidad del andlogo de insulina para
afectar los niveles de glucosa de suero es sustancialmente
mejorado como se comparé con la insulina convencional asi
como también con andlogos de 1insulina hepatoselectivos que
son mas activos en el higado que en el tejido adiposo
Analogos preferidos son anadlogos de insulina monoméricos, que
son compuestos similares a i1nsulina para algin propésito
general comoc la insulina, tal come insulina lispro, es decir,
compuestos que son administrados para reducir los niveles de

glucosa sanguinea

[0069] El término “andlogo” se refiere a una molécula, que
comparte una actividad funcional comin con la molécula la
cual se juzgada para ser comparable y comparte tipicamente

caracteristicas comunes también

[0070] El término “recombinante” se refiere a cualquier
tipo terapéutico clonadc expresado en células procariotas o
una molécula construida genéticamente o libreria combinatoria
de moléculas que pueden ser ademas 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
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[0071] El término microparticulas de dextridn incluye
microparticulas de dextridn no sustituidas y microparticulas
de dextrdn sustituildas Por ejemplo, microparticulas de
dextrdan sustituidas incluyen dextridn sustituido con un grupo
adecuado, tal como un grupc metilo, hasta un gradec que no
obstacui-;.za la cristalizacién de las microparticulas de
dextrédn, tales comoc hasta 3,5 o menos porcentaje de
ramificacién El diametro de microparticulas promedio es
preferible de 0,5 a cerca de 5 micrones, mas preferiblemente

cerca de 1 a 2 micrones

[0072] Adicionalmente, mientras las microparticulas de
dextrdn no reticuladas porosas, tales como microparticulas
cristalizadas, son preferiblemente usadas con el agente
terapéutico, otras microparticulas orgédnica e 1norganicas
adecuadas puede ser utilizadas en cambio, tales como otras
microparticulas de polimero que incluye polisacaridos, PLA,
PLGA, PMMA, poliimidas, poliésteres, acrilatos, archilamidas,
acetato vinilo u otros materiales poliméricos, particulas
biomateriales tales como alginato y células, o particulas
inorgdnicas, 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

S\
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poros y suministrar una 1liberacién a tiempo del agente
terapéutico 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 tamafio 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 duraciébn de 1la
administracién del agente terapéutico, el ambiente en donde

el agente terapéutico serd liberado y otros factores

[0073] 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 actGa como una
concha con un nuicleo 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 adicibn a

los poros de la microparticula La ubicacién del agente

terapéutico en los poros suministra una liberacibn

opx
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temporizada O6ptima del agente terapéutico En contraste, el
agente terapéutico adheride a la superficie de 1la
microparticula es a menudo liberado demasiado répido,
mientras que el agente terapéutico encapsulado en la
microparticula a menudo no se libera suficientemente pronto y
es luego 1liberado 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 nucleo rodeado por una pared o concha

que comprende las microparticulas

E Métodos de Fabriocacibn

[0074] Las microparticulas pueden ser formadas por algin
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

soluciébn y luego cristalizar o reticulizar el material

o\’
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precursor, tal como un monémero o material oligbémero, para

encapsular un nidcleo de agente terapéutico dentro de una

concha de microparticula

[0075] 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 solucidén que
contiene las microparticulas para permitir al agente
terapéutico permanecer dentro de los poros de las
microparticulas Por supuesto, algunos de 1los agentes
terapéuticos pueden también ser atacados en la superficie de

la microparticula en este proceso

[0076] Asi, un método para fabricar poros de
microparticulas de dextran cristalizado no reticulado incluye
la preparacién de una solucién de dextran, tal como una
solucién de dextrdn acuosa que conduce un proceso de
cristalizacibén para formar microparticulas de dextran de poro
cristalizado y si1 se desea, aislar las microparticulas de
dextrédn de la solucién Un agente terapéutico es luego
permeable dentro de 1los poros de las microparticulas al
suministrar el agente terapéutico dentro de la solucién de

cristalizacién que contiene las microparticulas o al
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suministrar las microparticulas aisladas y el agente
terapéutico dentro de una segunda solucidén, tal como una
segunda solucidn acuosa Por ejemplo, las microparticulas de
dextrin cristalizado pueden ser formadas en una primera,
solucidén acuosa de dextrén de bajo pesoc 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
colocadas dentro de una segunda solucién acuosa de dextréin
que tiene un dextridn de peso molecular mayor, tal como una
soluciédn de 40 a 500 kDa, por ejemplo, una solucién de 40 a
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 que 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, pero no esta limitado a cristalizacidén Los
componentes tales como insulina, microparticulas y una o més
fases acuosas pueden ser combinadas en cualquier orden

adecuado secuencialmente o simultdneamente

[{0077] Preferiblemente, las microparticulas se forman por

autoensamble de una sclucién que no contiene solventes
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organicos y promotores de reaccidn organico que dejan un
residuo orgénico en las microparticulas Asi, por ejemplo,
las microparticulas de dextridn se forman preferiblemente por
autoensamble de una solucién de dextran acuosa Sin embargo,
si se desea, 1los solventes orgédnicos y/o promotores de
reaccibdn organica pueden ser también usados En este caso,
las microparticulas pueden ser purificadas antes de wuso

posterior para remover el residuo organico dafiino

[0078] Como se describié anteriormente, la estructura de
la céapsula que tiene un primer niGcleo de fase y una segunda
pared de fase ¢ 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 polve seco por congelamiento y
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 oralmente

[0079] Preferiblemente, 1la composicidén gque incluye las
microparticulas y el agente terapéutico es un sistema
coloidal fluible Ejemplos de sistemas coloides fluibles
incluyen emulsiones y suspensiones Por el contrario, algunas
composiciones de la técnica anterior incluyen un agente
terapéutico en un hidrogel de dextrdn o en una matriz de

dextridn reticulada Un hidrogel de dextrdn y una matriz de
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dextran no son composiciones fluibles sino especificamente

preparadas

[0080] En otro aspecto preferido de la presente invenciédn,
las microparticulas comprenden microparticulas que son
adhesivas a la mucosa del mamifero Preferiblemente las
microparticulas adhesivas son microparticulas porosas
descritas anteriormente Esto mejora ademids la liberacién

efectiva del agente terapéutico

[0081] 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

[0082] La anterior descripcién de la invencién ha sido
presentada para propésitos de ilustracidén y descripcidn No
se pretende ser exhaustivo o limitar 1la invencidén para
precisar la forma descrita, y las modificaciones vy
variaciones son posibles en claridad de las anteriores

ensefianzas o pueden ser adquiridas de la practica de la
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invencién Los dibujos y la descripcién se escogieron con el
fin de explicar los principios de la invenciébn y su
aplicacidn préctica Se pretende que el alcance de 1la
invencién se defina por las reivindicaciones adjuntas y sus

egquivalentes

[0083] Todas las publicaciones y sclicitudes de patentes
citadas en esta especificacién se incorporan agqui en su

totalidad para referencia
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REIVINDICACIONES

1 Un método para reducir la glucosa sanguinea en un
mamifero, que comprende administrar oralmente una
cantidad terapéuticamente efectiva de una composicién
de microparticulas de dextrdn cristalizado e insulina
al mamifero para reducir el nivel de glucosa

sanguinea en el mamifero

2 El método de la reivindicacién 1, en donde 1la
composicién comprende una suspensidén acuosa de
microparticulas de dextrdn cristalizado que tiene un

didmetro promedio de 0,5 a 5 micrones y la insulina

3 El método de la reivindicacién 2, en donde el método
comprende admihistrar oralmente la suspensién a un

humano en necesidad de reducir la glucosa sanguinea

4 Un método para tratar diabetes en un humano en
necesidad de este mediante la administracién oral de

la suspensidn de la reivindicacién 2

5 El método de 1la reivindicacién 2, en donde las

microparticulas son microparticulas porosas las
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cuales son cristalizadas antes de agregar la insulina
a la suspensién, de tal forma que la 1insulina se
ponga en contacto con la superficie de la
microparticulas o] en los poros de las

microparticulas

6 El método de la reivindicacién 2, en donde la cantidad
terapéuticamente efectiva de insulina varia de 10 a
2 500 UL de insulina recombinante humana para 1 gramo

de la suspensién

7 El método de 1la reivindicacién 2, en donde 1la
concentracién de glucosa sanguinea se reduce al menos
al 5 por ciento 60 minutos después de administrar la
suspensién al mamifero

8 E;. método de 1la reivindicacidén 7, en donde 1la
concentracién de glucosa en el mamifero se reduce del
30 por ciento al 60 por ciento €0 minutos después de

la administracién de la suspensidn al mamifero

9 El método de la reivindicacién 2, en donde 1la
concentracién de la glucosa en el mamifero se reduce
el 5 por ciento 30 minutos después de administrar la

suspensién al mamifero
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10

11

12

El método de 1la reivindicacidn 2, en donde la
concentracién de glucosa en el mamifero se reduce el
10 por ciento durante un pericdo de 30 a 240 minutos
después de la administracién de la suspensiédn al

mamifero

El método de 1la reivindicacién 2, en donde 1la
concentracién de glucosa en el mamifero se reduce
durante un periodo entre 30 minutos a 120 minutos
después de 1la administracién de la suspensién al

mamifero

El método de la reivindicacién 1, en donde

La composicién comprende una composicién de dos fases

que comprende una fase dextran y una fase PEG,

La insulina es selectivamente particicnada en la fase
PEG Y las microparticulas son particionadas

selectivamente en la fase dextrén, y

La composicién comprende una estructura que comprende

una fase dispersada de PEG y una fase dextran

b
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13

14

15

continua cuando la composicidén estd presente en el

cuerpo del mamifero

El método para reducir la glucosa sanguinea en el
mamifero, comprende una administracidén oral de una
composicién que comprende una cantidad de insuliné
terapéuticamente efectiva y un material matriz al
mamifero para reducir el nivel de glucosa sanguinea
en el mamifero por lo menos 5 por ciento 60 minutos

después de administrar la suspensidén al mamifero

El métodc de la reivindicacién 13, donde 1la
composicién comprende una suspensién acucsa y el
material matriz comprende microparticulas de dextréan
cristalizadas que tienen un diadmetro promedio de

cerca de 0,5 a 5 micrones

El método de la reivindicacién 14, en donde las
microparticulas son nmicroparticulas porosas las
cuales son cristalizadas antes de agregar la insulina
a la suspensién, de tal forma gque la 1insulina se
ponga en contacto con la superficie de la
microparticulas o en los poros de las

microparticulas
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16

17

18

19

20

El método de la reivindicacién 13, en donde el método
comprende suministrar oralmente la composicién a un
humano que en necesidad de reducir 1la glucosa

sanguinea

Un método para tratar diabetes en un humano que lo
necesita mediante administracién oral de la

composiciédn de reivindicacién 16

El método de 1la reivindicacién 13, en donde la
cantidad terapéuticamente efectiva de insulina varia
de 10 a 2 500 UL de insulina recombinante humana por

1l gramo de la suspensidn

El método de 1la reivindicacién 13, en donde la
concentracién de glucosa en el mamifero se reduce del
30 por ciento al 60 por ciento 60 minutos después de

la administracién de la suspensidn al mamifero

El método de 1la reivindicacién 13, en donde la
concentracién de la glucosa en el mamifero se reduce
el 5 por ciento 30 minutos después de administrar la

suspensidn al mamifero
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21

22

23

24

El método de 1la reivindicdacién 13, en donde 1la
concentracién de glucosa en el mamifero se reduce el
10 por ciento durante un periodo de 30 a 240 minutos
después de 1la administraciébn de la suspensién al

mamifero

El método de la reivindicacién 13, en donde la
concentracién de glucosa en el mamifero se reduce
durante un periodo entre 30 minutos a 120 minutos
después de la administracién de la suspensién al

mamifero

El método de la reivindicacién 13, en donde 1la

composicién estd en forma de una tableta o capsula

El método de la reivindicacién 13, en donde

La composicién comprende una composicidn de dos fases

que comprende una fase dextran y una fase PEG

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

particionadas en la fase dextran, y
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25

26

27

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

mamifero

Un método de administrar una suspensién a un
mamifero, comprende administrar oralmente una
suspensidn acuosa de microparticulas de dextran
cristalizado y una cantidad terapéuticamente efectiva

de 1nsulina al mamifero

Una compesicibn farmacéuticamente dosificada,

comprende

microparticulas de dextrdn cristalizado y |una
cantidad terapéuticamente efectiva de 1insulina en

donde la compesicién es dosificada por administracién

oral al humano

La composicidn de la reivindicacidédn 26, en donde

Las microparticulas de dextran cristalizado

comprenden moléculas de dextrédn unidas por enlaces

de hidrégeno, las fuerzas de Van Der Waals y/o
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29

30

enlaces 1énicos y que no tienen sustancialmente

enlaces covalentes entre las moléculas de dextrdn vy

Las microparticulas de dextrdn cristalizado son
microparticulas porosas que tienen un didmetro
promedio de 0,5 a 5 micrones y, de modo que la
insulina es puesta en contacto con la superficie de
las Las microparticulas o en los poros de las Las

microparticulas

La composicién de la reivindicacién 26, en donde la
composicién comprende una suspensidén acuosa de
microparticulas de dextrdn <cristalizado y una

cantidad terapéuticamente efectiva de insulina

La composicién de la reivindicacién 26, en donde la
composiciédn es envasada en una cantidad dosificada

para una simple administracién oral a un humano

La composicién de la reivindicacidén 26, en donde la
composicién es ubicada en un frasco con instrucciones
imprentas en el frasco o incluidas con el frasco para

una administracién de dosis oral en humano

NN
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32

33

La composicién de la reivindicaciédn 26, en donde la
composicidédn comprende una tableta que contiene un
medio transportador farmacéuticamente aceptable, las
microparticulas de dextrdn cristalizado y una

cantidad terapéuticamente efectiva de insulina

La composiciédn de la reivindicacidén 26, en donde la
composicién comprende una capsula que contiene una
concha farmacéuticamente aceptable, las
microparticulas de dextrdn <cristalizado y una

cantidad terapéuticamente efectiva de insulina

La composicién de la reivindicacién 26, en donde

La composiciédn comprende una composicién de dos fases

que comprende una fase dextrdn y una fase PEG,

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

particionadas en la fase dextran vy

La composicidén es adaptada para formar una suspensién
estructurada gque comprende una fase dispersa PEG y

una fase continua de dextran
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36

Un kit de composicidédn farmacéutica, comprende

Una suspensién acuocsa de microparticulas de dextréan
cristalizado y una cantidad terapéuticamente efectiva

de insulina ubicada en un frasco vy

Instrucciones para administracién oral de la

composicién a un humano en necesidad de este

Un kit de composicién farmacéutica, comprende

Unos primeros medios para administrar oralmente a un
mamifero para reducir 1la glucosa sanguinea del
mamifero por lo menos 30 por ciento 60 minutos
después de la administracién de la suspensién al

mamifero, y

Un frasco de almacenamiento que contiene los primeros

medios

Una tableta que comprende un medio portador
farmacéuticamente aceptable, microparticulas de
dextridn cristalizado y una cantidad terapéuticamente

efectiva de insulina
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38

39

Una cédpsula que contiene una concha farmacéuticamente
aceptable, microparticulas de dextrdn cristalizado y

una cantidad terapéuticamente efectiva de insulina

Un método de fabricar una composicién farmacéutica

dosificada, comprende

Suministrar microparticulas de dextran cristalizado,

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

dextrdn cristalizado vy

Dosificar la composicidén por inyeccidn a un mamifero

El método de la reivindicacidédn 38, en donde

La composicién comprende una composicién coloidal

fluible, las microparticulas comprenden

microparticulas de dextran cristalizado que tienen un

diametro promedio de 0,5 a 5 micrones
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40 El método de la reivindicacién 39, en donde

La composiciédn comprende una composicién de dos fases

que comprende una fase dextrdn y una fase PEG

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

particionadas en la fase dextrédn vy

Las composiciones comprenden wuna estructura que
comprende una fase PEG dispersante y una fase
continua de dextrdn cuando la composicién esté

presente el cuerpo del mamifero
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according to the Patent Cooperation Treaty Name of recetving Office and "PCT Internstiona) Application
Applicant's or agenf's file reference
(i dasired) (12 characrers maximum) 028093-0111
BoxNo.I  TITLE OF INVENTION ORAL INSULIN COMPOSITION AND METHODS OF MAKING AND
USING THEREOF
BexNo.II  APPLICANT [[] Thus permon 1 also mventor
Name and address. (Femily hﬂnﬂby”mﬁawq&ﬂ Telephone No.
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' the address indicated m Mhhhqphlb&l‘l(ﬂ a:;ﬂr residence
Siate of residence is indicatead beiow,) s Fecsimile No.
THE TECHNOLOGY DEVELOFMENT COMPANY LTD
Read | Teleprinter No
31 Church Street .
Hamilton HM FX, Bermuda Applicuat's registration No. with the Office
State (that is, country) of nationality RU “State (that is country) of remdence: BM
This person is applicant s eed asi 1, ) indiczed m
for the purposes oft O sem X u-musu?:m ;'}'A."f.:i':.’:'; O éﬁrﬁuh ®
Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
d E a— :E : IE ol
1u:&wiMthhhw&:1mdz):&‘wdmfu o o -
Skatw of residence is indicated below,) =[] ppliemt culy
E applicant and mventor
SABETSKY Viadmmr
Pisiarevaky Prospekt 10 .320 | inventor aaly (2f thas check-box
105221 Samt-Petersburg is marked, do not fill in below,)
Russia Applicant's regustration No. with the Office
. Staic (hat Is, country) of patigaality: RU State (that is, couniry) of remdence: RU
This person = applicant

all designated Swies axcopt g the United States M the Statey indicstod in the

for the purpases oft E] Statrs [ the Unid Swtes of Amenes of America anly Supplermental Box

D Further applicants and/ar (flirther) inventors are mdicated on s continuation sheet.
Box No. IV  AGENT-OR COMMON REPRESENTATIVE OR ADDRESS FOR CORRESPONDENCE

The person wdentified below iy herebyhas been sppomied to act on behalf i
the applicani(s) before the competent International Authorities as: E agent D CORII FepresentRive

address: (F; Telephone No.
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required according 1o the copions of the Box in which the space wos

inngicien;, in parsicder

{0 fmere tham tve purvevss wre inveival us syplicants andior inventers
and mo “continuation shest” is svaliohle. Iy sech oo, wrie
“Contimusion of Bax No. BT end indicxis for sach addisional person
the saws pe of inormation @3 reguired In Bazx No. 1. The couniry
o tha mikdraxs Inclicased in thiy Boxix-thw cppiicant’s S (Yt is,
country) of residence if no Siame of rexidence iy indicased below;

(0 ¥, in Box No. I or in axy of the seb-bazex of Bax No. ITl, the indication
Tty Siutey Indicuted in She Supplonentel Bax' is chocked in guch
axe, write “Contivetion of Bax No. IT” or "Conthustion of Bex Mo,
" or "Contbastion of Baxey No. I sd No. III” (ax the tass may by,
Indicyte the same of the spplicansy) invoived and, next 12 fenck) sch
nomy, she Suefy) fandor whars sppiicobin, ARIPO, Enreyisw,
Evropen ar OAF{ pates)) for the purpozes of which the sewmad parson
iz applicent,

(0 I ia Bax No. [ or in axy of tha seb-baxey of Bax No. [T, the bevamier
or the inventersiyppiicant Is net ivvesntor for the puypetes of ol
daignsinl Sistes or fiir the puopepss of the Uslied Sintex of
Amaricss in such ez, write "Continuation of Bax No. II* or
“Contianmtion of Box Nu. II* or "Contimustion of Boxss Ne. IJ and
No. II* (ax the ems may by, inlicons she nums of tha inventor(y) and,
axxt 1o {each) uch nemg, the Siniefy) (andbor where spplicadis,
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Box Ne. V  DESIGNATIONS

The filing of this request constitutes ander Rule 4.9(s), the designation of all Cantracting States bound by the PCT on the international
filng date, for the grant of every kind of protection available and, whern applicsble, for the grant of both regional and nxtional patents.

However

[] DE Germany e not designated fix any kind of national protection

[J XRRepubbc of Koren Is not designated for any kind of national protectson

[0 RURuesen Federation s net desigaated for eny kind of naticnal protectson

(The chach-bazer abowe miay bs watd 10 exclids (irrevocably) the devignations concerned in srder 3 evoid the caaring of the qffect, weier the national

igw, of an suriiar notional spplication from which pricrity i ciaiwad. See the Noves © Box Ne. V iz © the coxsaquances of such astional isw
provisieus in thase snd curssin othar Sintes)

Box No. VI PRIORITY CLAIM

The priority of the fbllowmg esrlier spplcation(s) i heraby clammed:

Filing date Number Where mriler epplication i
of earbier spplication of earlier spplication mtioos) spplication: regiomal sppliicatin: | meemanonal spplicstion:
(dopvimontivyear) country ar Member of WTO regiooul Office receiving Office

ftern (1) 04 March 2003 60/451,245 Us

(04/00/2003)
item (7) 05 My 2003 60467501 Us

(03/05/2003)
gem (3) 05 May 2003 60/465,017 uUs

(05V05/2003)

[ | Puther prority claims ere indicated t the Supplemental Box.

The receiving Office is requestad to prepare sud transmit to the International Bureau & certified copy of the earlwer application(s) (oaly i
the eariier application wos filed with the Office which for the purposes of the present international appiication ix the recaiving Office)
tdentified above s>

o [Jiem() [Jueny  [Jiwewn [ e [ ttemen Sopionmsounl Box

Whary the sorlier application &s an ARIPO spplication, indicess st isent one country party ©© the Parts Comvention for tha Prossctisn of Indeytrial
Mtﬂ“(ﬁhﬂmmﬁﬂﬂﬂd&#-ﬁﬂmhtlm_-__ - - ———

Box No. VIl INTERNATIONAL SEARCHING AUTHORITY _

Choics of International Searching Antherity (ISA) (f twe or move Sxernational Secrehing Asthoritios are compaters 1o vy sut the
busnationsl sasrch, builicasy the Avskority chosm, the two-istter cody mgy ba upady

ISA/EP

Request to ose results of eariier search; reference to that seareh (i an asriier seansh Ay bosw corriad out ly ar raguested from da
Sntornational Saarching Aushority).

Duto (day/month)war) Number Country (or regional Officy)
Box Ne. VIIT DECLARATIONS
The following declaratians are contamed m Baxes Noa. VIII (i) to (v) (mark the applicable Number of
check-boxes balow and indicate in the right coliam the monber of each ype of declaretion) declarstinng
D Box No. VIIKT) Declaration ss i the idexsity of the inventor
D Box No. VIIH) Declzration us to the applicant’s entitiement, as at the intermational Aling dai,

xpply for sud bo graniesd o patant
D Bex No. VIIGia) Declaretion se v the spplicent’s cxtitiesnent, an ot the International filing dain, i

cluim the prisrity of the exshior epplication
D Box Na. VII(V) Declaration of fmventemiiy (anly for the purpases of the designuiion of the

United Statos of Amerien)
D Bax No. ViIIXy) Declaration as to non-pryfudicial disclosures or sxorptions to leck of novelty

Y
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Contlnuation of Box No. VI PRIORITY CLAIM

\'1:

The prionty of the following earlier application(s) is bereby claimed.

of-ll'ﬂi-sdq: “detz mwwn
e npplication er epplication mtioral spphcation. : anon® | Dot sppicen
(depamonth/ear) country or Member of WTO ww% ﬂ:':lluﬁm
item (4) 15 August 2003 60/495,097 us
(15708/2003)
item (5)
#tem (6)
-
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ORAL INSULIN COMPOSITION
AND METHODS OF MAKING AND USING THEREOF

FIELD OF THE INVENTION

[0001] This application claims benefit of the foliowing US
Provisional Applications Serial Nos 60/451 245 filed March 4, 2003,
60/487 601 filed May 6 2003 60/489 017 fied May 9, 2003, and
60/495,097 filed August 15, 2003, the disciosures of which are
incorporated by reference herein in their entiraty

[0002] The present mvention relates generally to Insulin
composrttions and specificaelly to an oral 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 maethods Dextran with
average molecular weight of about 75 kDa has & collold osmotic pressure
similar to blood plasma so 1ts aqueous solutions are used clinically as
plasma expanders Crossdinked dextrans in the form of beads are the
basis for “Sephadex* that is used in the GPC of protens and for
*Cytodex™ developed by Pharmacia to fulfill the special requirements of a
micro-carrier cell culture For example U S Patent Nos 6 395,302 and
8 303,148 (Hennink et al ) disclose attaching verious biomaterials to
crossinked dextran particles However beads based on cross-linked
dextran generally cannot be used for implant manufacturing owing to their
potential toxicity due to the application of cross-inking agents (Blain J F,
Maghni K Pelletier S and Sirois P Inflamm Res 48 (1998) 386-392)



[0004] US Patent No 4,713 249 (Schroder) describes a method of
producing a depot matrix for biologically active substances According to
this patent the depot matrix allegedly consists of carbohydrate
microparticles, stabilized by crystallization, which implies using non-
covaient bonds The following process for producing the alleged
crystalized cerbohydrate microparticles is described by Schroder A
solution of a polymeric carbohydrate and a biologicaily-active substence is
formed in one or mora hydrophilic solvents Then the mixture of the
carbohydrete and the biologically active substance is emulsified in a liquid
hydrophobic medium to form spherical dropiets The emulsion 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 0 001-50% by
waeight of the blologically 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 8 multi-step method is complex and
uses organic solvents that are potentially toxic to ceils and need to be
removed Furthermore Schroder 8 composition is designed for injection,
which i an inconvenient and painful method of administering the
composition

BRIEF SUMMARY OF THE INVENTION
[0005] A method of lowering blood glucose in a mammal includes
orally administering 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



BRIEF DESCRIPTION OF THE DRAWINGS

[00086] Figure 1 8 a photograph of crystalized dextren
microparticles spontaneously formed in 55 0% (W/W) aqueous solution of
dextran with MW 70 O kDa

10007] Figure 2A is 8 photograph of a cross-section of crystallized

dextran microparticles shown in Figure 1

[ooos} Figure 2B is a photogreph of a 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 18 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

(00111 Figure 5 s a photograph of an emulsion of aqueous solution
of PEG in aqueous solution of dextran (MW 500 kDa) containing
crystaliized dextran microparticies shown in Figure 1

[0012] Figure 6 i1s a photograph of an emulsion of aqueous solution
of dextran (MW 500 kDa) containing crystalhized dextran microparticles
shown in Figure 1 in aqueous solution of PEG

[0013] Figure 7 18 a photograph of an intramuscular injection of
emulsion of aqueous solution of PEG In aqueous solution of dextran (MW
500 kDa} contaming crystallized dextran microparticles shown in Figure 1



[0014] Figure B is a photograph of a subcutaneous injection of
smulsion of agueous solution of PEG in aqueous solution of dextran (MW
500 kDa) containing crystallized dextran microparticles shown In Figure 1

[0015] Figures 9A and 9C schematicaily illustrate partition bshavior
of different types of particles and phases in an aqueous two phase
systom

[0016] Figure 9B is a photograph of a cross section of an implant

structure based on the two phase system

[0017] Figure 10 schematically illustrates therapeutic agent delivery
methods eccording to an embodiment of the present invention

DETAILED DESCRIFTION OF THE PREFERRED EMBODIMENTS

[0018] The present inventor discovered that a composition of porous
(ie, microporous} microparticles such as crystallized dextran
microparticles may be used as a vehicie for oral delivery of insulin The
composition may bhe a one phase composition or a multi-phase

composition which forms a structured impiant in a mammal

[0019] The first section bhelow describes the preferred crystallized
dextran microparticles the second section describes formation of the
structured implant from a multi-phase composttion, and the following
gsections describe specific examples of oral administration of the
composition into mammals and methods of making the oral insulin

composrtion
A Crystallized Dextran Microparticies
{0020] The present inventor has experimentally found that

crystallized dextran microparticles wrth an average diameter ranging from
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0 5 to 3 b microns were spontaneously formed in concentrated agqueous
solutions of dextrans (40 — 65 % W/W) with molecular weights ranging
from 1 0 to 200 O kDa at temperature ranging from 20 - 90°C Ifrtis
desired to form the microparticles at room temperature then 2 to 18 kDa
dextran solutions may be used Of course, the microparticles may also be
formed from 2 to 18 kDa solutions at temperatures above room
temperature, iIf desirad The microparticles mey be spontaneously formed
from higher molecular weight dextran solutions such as 20 to 75 kDa
solutions at higher temperatures above rcom temperature, such as about
40 to about 70 °C The microparticles may have any suiteble shape such
as a regular or an irregular shape, but are preferably spherical in shape
and ere preferably 10 microns in diameter or less such as 05 to b

microns

[0021] Transmission Electron Microscopy revealed the microporous
structure of the crystallized dextran microparticles (see Figures 2A, 2B)
Preferably, the microparticle porosity is at least 10 percent by voilume,
such as about 10 to about 50 percent more preferably about 20 to about
40 percent Thus the structure comprises microporous microparticles
with areas of macroporosity iocated between the particles

[0022] Spray drying of aqueous suspensions of the crystallized
dextran microparticles has shown the possibility to produce substantially
spherical aggregates of crystallized dextran microparticles with a diameter
ranging from 10 O to 150 O microns {see Figure 3)

[0023) A non imiting example of a mathod of forming the dextran
microparticies i as follows 50 0 g of dextran T40 (40 kDa molecular
weight) from Amersham Biosciences 1s added to 50 O g of sterile distilled
water in a 500 ml lsb beaker 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 s
obtained The solution can be vacuumed to remove all air inclugions The
clear sofution is placed in lab oven at 60°C under a Tyvek® id 3 5 hours
later a turbid viscous suspension is developed as a result of formation of

crystallized dextran microparticles

[0024] To eliminate non crystallized dextran the microparticles are
washed by centrifugation, for example 3 000 g, 30 min, with 3x 250 ml
of distilled sterile water or by filtration of diluted suspension of
microparticles, for example one part microparticles and 10 parts water
(3%x250 ml of distilled sterile water through sterihzation filter) The
centrifugation/washing i1s done under laminar flow The microparticles are
placed in 500 mi lab beaker under a Tyvek® iid end dried at 80°C in lab
oven for 8 hours to reach a moisture level of about 5% The resulting dry
powder consists of particles with a mean diemeter of about 2 microns

[0026] The slow release of macromolecuies from impiants has been
demonstrated in experiments where macromolecules were dissolved in
aqueous suspensions of crystallized dextran microparticles or their
eggregetes 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

[00286] Self assembled structures based on crystallized dextran
microparticles and their aggregates may be formed based on two phase
systems

[0027] For example, in the case of ol 8 special kind of structure can be
formed where the oil core is surrounded with a shell compossd of



crystallized dextran microperticles or aggregates thereof dispersed in
water or agueous solutions of organic polymers such as polysaccharides
(e g dextrans} The structure describad can be designated as a capsule
It should be noted that the shell may comprise a roughly spherical shaped
shell which results when the capsule is surrounded by tissue Howaever,
when the capsule is located near a barrier such as a8 substrate bone or
intestine wall, the capsule may comprise a core located between one or
more walls of microparticles on one side and the barrier on the other side
Furthermore, while oil is used as an illustrative example, the core may

comprise other materials, such as other polymers cells etc

[0028] To form the capsule structure, two-phase agueous systems are
apphed When aqueous solutions of different polymers are mixed above
certain concentrations they frequently form immiscible-liquid two-phase
solutions Each of the phases usually consists of more than 90% water
and can be buffered and made isotonic If a cell or particle suspension is
added to such a system, the cells or particies are frequently found to have
partitioned unegually between phases This preferential partition behavior
can be used as & basis for seperation procedures for differing cell
populations or particles since partition in these systsms is detarmined
directly by cell or particle surface properties Celle:or particles which do
not have identical surface properties exhibit sufficiently different partition

behavior

[0029] 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 ssparate or partition celis proteins nucleic acids and
minersals ("Partitioning in Aqueous Two-Phase Systems® 1985 eds, H
Walter, D Brooks and D Fisher publs Academic Press)



[00301 The experiments with the distribution of crystallized dextran
microparticles mn 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

[0031] Figure 5 is a photograph of an emuision of aqueous soiution
of PEG in aqueous solution of dextran containing crystaliized dextran
microparticies 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 sphera shaped cores surrounded by dextran
{/ dextran microparticle shells (i @ , a closed pore structure)

[0032] Figure 6 is a photograph of an emulsion of aqueous solution
of dextran containing crystallized dextran microparticles in aqueous
solution of PEG where the volume of the PEG phase ia greater than the
volume of the dextran phase In this cese the dextran phase forms into
one or more sphere shaped cores containing the dextran microparticles
surrounded by a PEG phase {i e an open pore structure that is forming In
vivo while PEG dissipates in tigssue liquid) As can be seen in Figure 6, the
smaller volume (droplet) dextran phase forms into a large spherical
dextran / dextran microparticle core (bottom night of Figure 6) to which
smaller spheres comprising dextran / dextran microparticles are joining
and fuse with

[0033] Thus, when the retio of the volume of the first phase {(such
as the PEG phase and its inciusions 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, then the capsule
forma by self assembly with a first phase core surrounded by a second
phase shell If the composition containg 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

[0034] The emulsion caen be prepared by the mixing of separately
prepared dextran end PEG phases and both can be suspensions of
different types of pearticies 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 particles in the polymer solutions

[00386] Injection of aqueous two phase systems contsining
crystallized dextran microparticles into tissues of expenmental animals
revealed the formation of implants with the capsule structure as shown in
Figures 7 and 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 8 capsule with a PEG core and a dextran/dextran microparticle
shell forms by self assembly in vivo (1 e, after injection intoc mammal
tissue) The shell comprises macroporous regions between adjacent
microparticles as well as microporous regions in the microparticlies
themselves

[0036] A non hmiting example of a method of forming a capsule
structure from a two phase system I8 as follows 10 g of dextran T40
{40 kDa molecular weight) and 2 g of PEG are dissolved in 88 mil of
{Actrapid® tnsulin solution containng 1000 Ul to which 25 g of
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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 (1e, a suspension} 1 0O g of the suspension contains 8 U{ of

msulin

[0037] it should be noted that the dextran micropearticles may be
prepered from a different molecular weight dextran solution than the
dextran solution which is provided into the two phase system Thus, the
crystallized dextran microparticles may be formed in a lower molecular
weight dextran solution such as a 2 to 20 kDa solution than the dextran
solution which 18 provided in the two phase system, which may be a 40
to 500 kDa dextran solution, such as a 40 to 75 kDa solution This is
advantsgeous beceuse the higher moleculer 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 et lower concentrations The
lower molecular weight solutione may be used to decrease the
crystallization time without the lower molecular weight dextran solution
actually being provided in vivo Furthermore, lower molecular weight

microparticles may dissolve easier in vivo

[0038] The capsule structure formed from a two phase system is
advantageous because 1t allows for a more even and prolonged release of
the therapeutic agent from the core than from a compoasrtion comprising a
single phase containing the microparticles Furthermore, i1t 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 1t is belheved that
the thickness of the microparticie shell may be controlled A thicker shell

results from a larger amount of microparticles in the two phase system
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Thus, the amount duration and/or timing of the release of the therapeutic
agent from the capsule core may be controlled by controlling the
thickness of the shell Therefore, the release profile of the therspeutic

agent may be customized for each patient or groups of patients

f00391] 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 schematically illustrates partition. behavior of different types of
particles in an aqueous two phase system For example, three types of
molecules or molecular aggregates which are preferably particles 10 12
and 14, and two phases 168 and 18 are shown in Figure 9A However,
there may be two or more than three types of particles The particles
may be microparticles such as microspheres or nanospheres prepared
from organic and/or inorganic materials liposomes living cells, viruses
and macromolecules The first type particles 10 preferentially segregate
into the first phase 16 The second type particles 12 preferentally
segregate to the boundary of the first 168 and secand 18 phases The
third type particles 14 preferentielly segregate into the second phase 18
Thus, by analogy 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 crystallized dextran microparticles the first phase
16 may comprise a PEG phase and the second phase 18 may comprise a
dextran phase

[0040] 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 SA
then a cspsule type structure forms comprising discreet spheres of the
first phese 16 containing a concentration of the first type particles 10
located in @ second phase 18 The second type particles 12 may be
located &t the interface of the phases 16 18 and ect as & shell of the

11-



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

[0041] in contrast if a smaller amount of the second phase 18 is
provided into a larger amount of the first phase 18, as shown in area 22
of Figure 9A then a capsule type structure forms comprising discreet
spheres of the sacond phase 18 contaning a concentration of the third
type particles 14 located in a firat phase 16 The second type particles
12 may be located st the interface of the phases 16 18 and act as a
shell of the capsule Particles 10 are dispersed In the first phase 16
and/or form a shell of the capsule The two phase systems 20 and 22
may be used as an implant, such as by being delivered into a mammal
such as an animal or human Thus the capsule forms a structured, three
dimensional implant with the core acting as a reservoir or depot for
controlled release of the therapeutic agent through the shell In contrast
an implant with an even distribution of microparticies Is an unstructured
implant kit should be noted that the structure formed for orally delivered
two phase systems may be generally described as a structured
suspension comprising 8 dispersed PEG phase and a continuous dextran

phase

[0042] Furthermore particles 10 12 and 14 may be substituted by
a liquid material (e g oils) or macromolecules which selectively partition
into one of the phases For example a therapeutic agent such as insulin
may be partitioned in PEG phase of the PEG/dextran two phase system
Since insulin selectively partitions into the PEG phase, the PEG phase
forms an insulin containing core of a capsule structure It should be noted
that while certain particles and therapeutic agants selectively partition
the term “selectively partitioned” does not necessarily mean that 100
percent of the particles or therapeutic agent parttion into one of the

phases However a majority of the selactively pertitioned specie
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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 phase

[0043] Figure 98B illustrates a scanning electron microscope image of
a cross section of an implant structure based on the two phase system
schematically illustrated in Figure SA A two phase aqueous composition
comprising a first dextran phase, a8 second PEG phase and crystallized
dextran microparticles was injected into sephasrose gel This gel's
composition mimics mammal tissue by stopping crystailized dextran
microparticles diffusion from the injection side The image in Figure 98
lllustrates the formation of a core shell implant structure The core
comprises regions 30 and 32 surrounded by a shell 34 Region 30 s a
void that is filled with @ PEG phase region prior to cutting the gel for crass
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
the core comprising PEG droplets located in the crystallized dextran
microparticles Region 34 is the shell comprising the crystallized dextran
microparticles which surrounds and holds in place the PEG containing

core

[0044] Without wishing to be bound by a pearticular theory the
present inventor believes that the core-shell structure shown in Figure 9B
forms by self assemnbly as shown schematically in Figure 9C While the
first 16 and seacond 18 phases such as aqueous solutions of different,
incompatible polymers, are in a surtable 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 is injected into a material which restricts free
flow of the phases 16 and 18 such as mammal tissus or a substrate
material such as a gel which mmics the tissue the composition self
assembles into the core-shell structure First, the phase that 18 present in
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the smaller volume forms into approximate spherical shapes, as shown in
the middie 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 9C While a two phase
systom example of a multphase system has been illustrated the
multiphase system may have more than two phases if desired

C Oral Insulin delivery vehicle

[0046] The present inventor discovered that a composition of porous
(i @, microporous) microparticles may be used as a vehicle for oral
delivery of insulin The porous microparticles may be any suitable porous
microparticles which enable oral administration of insulin with a significant
reduction in blood glucose, such as at least a 5% reduction, for exampie
at least @ 30% reduction within 60 minutes of oral administration
Preferably the microparticies are biocadhesive particles auch as particles
which adhere at least temporarily to mammal intestine walls to sliow
insulin deliver through the intestine well Most preferably the porous
microparticles comprise the crystallized dextran microparticles described
above

[0048] In one preferred embodiment of the present invention shown
in Figure 10 the present inventor has discovered that an aqueous
suspension of crystellizad dextran microparticles 12 14 and nsulin 48
orally administered to mammals 53 such es rabbits was about equally as
offective In reducing blood glucose levels as an intramuscular injection of
insulin alone Figure 10 schematically illustrates the insulin 48 permeating
through mammal 53 intestine 52 walls from the orally administered
composition 54 comprising the microparticles Since rabbits are a
common model for humans in drug testing the present inventor believes

that a liquid or solid composition 54 comprising crystallized dextran
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microparticles and insulin such as an aqueous suspension a solution a
tablet or a capsule, would also be effective in reducing blood glucose
levals in human beings when orally administered

[0047] The following examples illustrate oral insulin delivery using
crystallized dextran microparticles The study involved Chinchilla rabbits
(2 3+0 2 kg) and the observation of their response to orally administered
aqueous suspensions consisting of crystallized dextran microparticles
prepared according to the method described hereln and human
recombinant insulin

[0048] 30 g of Dextran T20 (Pharmacia Uppsaia Sweden) was
dissolved in 2 0 g of water and placed in box at temperature 60° C
Three hours later crystallized dextran microparticles were washad by
centrifugation at 3 000 g with 3x5 O ml of water Then the crystellized
dextran microparticles were suspended in 2 O mi of water and aflowed to
dry at room temperature The resulting dry powder was used to prepare
an mnsulin containing suspension for the oral insulin delivery expenment
insulin containing suspensions were prepared by the mixing of 250 mg of
the microparticles 03 mi (12 Ul} or 08 ml (24 Ul) of Insulin
(NovoNordisk Actrapid HM Penfill 40 Ul/ml} and distilled water to reach
a volume of 2 O ml

[0049] Samples of the suspension {2 O ml} were introduced into the
rabbrts throats with a catheter followed by the introduction of 10 O ml of
drinking water Animals were not fed for 3 hours before the suspension s
introduction Samples of biood were taken from the rabbit s sar vein and
analyzed for glucose concentrations Blood glucose was messured using
the glucose oxidase method on a “One touch System Glucose Analyzer”
(Lifeacan Johnson & Johnson, Milpitas CA USA) after proper calibration
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[0050]
rabbits

invention involving five rabbits

Examples 1 to 8 are comparative examples involving eight
Examples 9 to 14 ere examples according to the present

[0051]
summarized in Table ) an aqueous solution of human recombinant insulin

In comparative examples 1 and 2 (control experiment #1

was introduced intra muscularly into two rabbits at a dose of 12 Ul per
animal In comparstive examples 3 end 4 (control sxperiment #2
summarized in Teble Il) the rabbits remained Intact (1 &, no nsulin or
other injection was provided to the two rabbits) In comparative
examples 5 and 6 (control experiment #3 summarized in Table ill) a
suspension of the crystallized dextranl microparticles without insulin was
provided orally to two rabbits In comparative examples 7 and 8 {control
experiment #4 summarized in Table IV) a suspension of the commercially
obtained Sephadex G 150 microparticles with insulin (24 Ul) was provided
orally to two rabbits According to the Amersham Biosciences website,
Sephadex” G-1560 microparticies are beaded gel microparticles having a
diameter of 20 to 150 microns prepared by cross linking dextran with
epichiorohydrin In examples 9 14 according to a preferred embodiment
of the present invention (summarized in Table V), a suspension of
crystallized dextran microparticles with insulin {24 Ul) was provided orally

to five rabbits The results are summarized in Tables |-V below

Table |
Rebbit/ | Insun | gmyn | 30min | 60min | 90 min | 120 min
Example # | dose | o | moidl | moidl | mgiat | mgra
#1 12U0hm| 91 68 58 49 51
#2 12Uim | 87 65 64 57 58
Table I}
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Rabbit/ Insulin Omin | 30min | 60 min | 90 min | 120 min
Example # | dose mg/dl | mg/dl | mg/dl | mg/dl mg/dl
#3 00 98 87 87 89 86
#4 00 88 20 91 94 87
Table ili
Rabbit/ insulin O min 30min | 60min | 90 min | 120 min
Example # |  dose mg/dl | mg/dl | mg/dl | mg/d mg/d)
#b 00 92 99 94 95 92
#8 00 80 93 93 293 92
Table IV
Rabbt/ Insuln | omin | 30min | 80min | 90 min | 120 min
Example # | dose | ol | mgidl | mgidl | meidi | med
#7 24 Ul 85 82 86 81 83
per os
#8 24 Ul 84 76 a8 76 77
per o8
Table V
Rabbit/ Insulin Omin | 30min | 60min | 90 min | 120 min
Experiment #]  dose mg/dl | mg/dl | mo/di | mg/dl | mg/di
#9 24 Ul o4 68 69 b8 57
per os

A



#10 24 V] 93 84 52 54 52
per os

#11 24 V) 78 52 51 49 48
per os

#12 24 Ul 92 64 52 53 47
per o8

#13 24 Ul 89 53 48 38 49
per o8

#14 24 Ul 97 80 38 54 52
per os

[0062] The data in Tables |-V show that average reduction of sugar

(le glucose) n the blood of mammals 18 comparable when 12 Ul of
insulin is admmistered by intramuscuiar injection {(examples 1-2) and 24 Ul
of insulin is administered per os (i e orally) with crystallizad dextran
microparticles {(examples 9 14) The maximum glucose reduction was
about 35 to about 80 parcent at 80 min after oral administration The
concentration profile of glucose ia practically the same In both the
injection and oral delivery modes It should be noted that other amounts
of nsulin may be administered For exampls, 30 Ul of insulin may be
administered In general oral administration of two to three times the
insulin compared to the amount of injected insulin produces a similar drop

in blood sugar for up to three hours

[0053] It is @ well known fact that insulin by itself 18 degraded by
intestinal enzymes and 18 not absorbed intact across the gastrointestinal
mucosa (Amidon GL Les HJ Absorption of peptide and peptidomimetic
druge Ann Rev Pharmacol Toxicol 1994, 34 321-41) Howaever,
examples 9 14 show that crystallized dextran microparticles can be used

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

[0054] As provided in examples 8 14 the blood glucose
concentration in the mammal is lowered by at least b percent, preferably
at least 30 percent B0 minutes after administering the composition
containing the crystalized dextran microparticles and insulin to the
mammal (e the blood glucose value in the mammal at 60 minutes after
administration of the suspension 13 at least 5 percent preferably at least
30 percent lower than that measured right before administration of the
suspension) Preferably, the blood glucose concentration in the mammal
i1s lowered by at least 5 percent such as at (east 30 percent preferably
by about 35 to about 40 percent 30 minutes after administering the
composttion to the mammal Preferably the blood glucose concentration
in the mammal is lowered by about 35 to about 80 percent, for example
35 to 45 percent B0 minutes after administering the suspension to the
mammal More preferably the blood glucose concentration in the
mammal 18 lowered during the entire period ranging from 30 to 240
minutes such as 30 to 120 minutes after administering the composition
to the mammal compared to the blood glucose concentration right before

administration For example the blood glucose concentration in the
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mammal s preferably lowered by at least 10 percent preferably at least
30 percent more preferably by at least 35 percent such as by 35 to 46
percent during a period ranging from 30 to 240 minutes, preferably 30 to
120 minutes after administering the composition to the mammal

[0056] Thus & preferred embodiment of the present invention
provides @ method of lowering biood glucogse in @ mammal by orally
administering a therapeutically effective amount of a composition
comprised of crystalized dextran microperticles and insulin A
*therapeuticelly effective” amount of the compositions can be determined
by prevention or amelioration of adverse conditions or symptoms of
diseases, injuries or disorders being treated Preferably, the compaosition
comprises an aqueous suspension of crystallized dextran microparticlies
having an average diameter of about O 5 to about b microns and insulin
Furthermore the microparticles are preferably porous microparticles which
are crystallized prior to adding the insulin to the suspension, such that the
insulin is located in contact with a surface of the microparticles and/or in

pores of the microparticles

[00586] The crystalized microparticles preferably are comprised of
dextran molecules (i e , polymer molecules) that are held together by a
plurality of hydrogen bonds Van Der Waals forces and/or ionic bonds and
having substantially no covalent bonds between the dextran molecules
Thus the molecules in the microparticles are preferably not intentionally
crosslinked {(ie a croes linking step is not carried out) and the
microparticlas contain no covalent bonds between molecules or iess than

10% covalent bonds betwesn molecules

[0067] While a one phase composition 564 comprising insulin and
microparticles 18 illustrated in Figure 10 a two phase composition
described above and illustrated in Figures 7 8 9A 9B and SC may also
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be used For example & two phase composttion comprising a dextran
phase a PEG phase crystallized dextran microparticles and insulin may be
used In vivo the composition has a self assembled capsule structure
comprising a crystallized dextran microparticle containing wall or shell and
a PEG and insulin containing core

[0058] Preferably the mammal receiving the oral administration of
insulin comprises a human in nead of lowering blood glucoss such as a
human suffering from diabetes Thus the preferred embodiment of the
present Invention provides a method of treating diabetes in a8 human in
need of the treatment by orally administering the suspension of insulin

and crystallized dextran microparticles describsed above

[0059) Any therapeutically effective amount of insulin may be
administered to the mammal The amount of insulin may vary based on
the type of mammal {ie humean or rabbnt) the weight of the mammal,
the compoasition of the suspension the amount of desired reduction of
blood glucose and other factors One non limiting example of insulin
content Iin the suspension 18 about 10 Ul to about 2,500 Ul of human
recombinant insulin per one gram of suspension such as about 12 Ul to
about 30 Ul such as 24 Ul of human recombinant insulin However this

amount may vary as desired

[0060] The present invention should not be considered limited to the
preferred embodiments described above Other matrix material may be
used for oral insulin delivery, such as organic or inorganic microporous
particles  Preferably, the particles are microparticles which enhance
insulin penetration through gastrointestinal mucosa and/or which stabilize
the composttion Furthermore while the suspension preferably contains
only water solvent a matrix and an insulin solution or suspension, the

delivery system may also contain additional materials For example, the
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composition may contain 8 second phase such as the PEG phase of a two
phase system Thus another preferred aspect of the present invention
includes a method of lowering blood glucose In a mammal comprising of
orally administering a composition comprising a therapeutically effective
amount of insulin and a matrix material to the mammal to lower blood
glucose of the mammal by at least 30 percent 60 minutes after
administering the suspension to the mammal In another preferred aspect
of the present invention, a method of administering a suspension to a
mammal comprised of orally administering an aqueous suspension of
crystallized dextran microparticles and a therapeutically effective amount

of insulin to the mammal

[0081] As noted above the crystallized dextran microparticles used
as a meatrix material for oral administration of insulin or other protein
based drugs may bs made by any suitable method (see Figure 1 for
example) Preferably the microparticies are made by the process of any
of the preferred embodiments described herein  Preferably but not
necessarily the microparticies are formed in an aqueous solution without
using an organic solvent Thus, in a preferred aspect of the present
mvention a therapeutically effective amount of insulin and the crystallized
dextran microparticles ara combined in water after the microparticles have
been crystallized to form an aqueous suspension of insulin and crystallized
dextran microparticles The microparticies may be added to the water
before, at the same time and/or after adding the insulin to the water
Furthermore, the microparticles may be orally administered to a mammal
in the solvent in which they were formed Alternatively they may be
removed from the solvent in which they were formed and piaced into
water or other aqueous solutions for oral administration or dried and

provided in solid form such as tablet or capsule for oral administration

22



{0082} The Baqueous suspension of crystallized dextran
microparticles and a therapeutically effective amount of insulin {or other
suitable suspensions of insulin and a matrix matenal such es a
suspension of insulin end microporous microparticies) i1s preferably
provided as a dosed pharmaceutical composition which i1s dosed for oral
administration to a human In one preferred aspect of the present
invention the composition 18 located in a vesss! in an amount dosed for a
single oral administration to a human The vessel may comprise any
container which may hold a suspension such as a plastic or glass bottle,
a tube a dropper, a spray nozzle a pouch and/or other suitable vessels
This vessel contains an amount of suspension sufficient for a single orat

dose of the composition

[0063] In another preferred aspect of the present mvention the
composition is located in any suitable vessel in an amount surtable for
multiple oral administration doses The vessel contains an instruction for
oral dosage administration to a human The instruction may be printed on
the vessel such being as printed directly on the vessel or on an iabel
attached to the vessel or enclosed with the vessel such being printed on
a shest of paper enclosed with the vessel in & cardboard box or in a
pharmacy envelops The instructions may describe the amount of the
composition that should be taken with each dosa the frequency that the
dose should be taken, how to measure the dose of the composition for
oral admimistration and/or any other suitable oral drug instructions for an
admimistenng health care practitioner and/or a patient in need of the drug
Alternatively the instructions may comprise directions for electronically or
audibly accessing the dosing and administration instructions, such as a
hnk to a website containing the instructions or a telephone number or

recording where the instructions are provided audibly
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[0064] in another preferred aspect of the present invention the
aqueous suspension of crystalized dextran microparticles and a
therapeutically effective amount of insulin located in a vessel are provided
in a pharmaceutical composition kit with instructions for oral
administration of the composition to 8 human in need thereof The kit
may comprise instructions printed on the vessel or on a labsl attached to
the vessel or a sheet of paper enclosed with the vessel such as In a
cardboard box or pharmacy envelope including a bottle (1e vessal) and
the sheet of instructions

[0066] It should be noted that the composition for oral
administration may be in the form of an aqueous suspension but other
delivery forms may be used to lower the blood glucose in 8 mammal For
example the porous crystallized dextran microparticles and the insulin

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

[0066] To orally administer the composition in solid form to a
mammal such as 8 human, the solution of crystallized dextran
microparticles and insulin is first dried such as freeze dned to form a
powder The powder may then be compressed into a tablet, along with
optional pharmaceutically acceptable excipients or placed into a

pharmacsutically acceptable capsule
D Materlals

{00671 in the preferred embodiments of the present invention the
therapeutic agent comprises insulin In other words the therapeutic
agent may consist essentially of mnsulin alone or compree mnsulin in
combination with another agent The term "insulin” shall be interpreted
to encompass nsulin analogs natural extracted human insulin,
recombinant produced human insulin insulin extracted from bovine and/or

porcine sources recombinant produced porcine and bovine insulin and
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mixtures of any of these msulin products The term is intended to
encompass the polypeptide normally used in the treatment of diabstics in
a substantially purified form but encompasses the use of the term in its
commercially available pharmaceutical form which includes additional
sxcipients The nsulin ts preferably recombinant produced and may be
dehydrated (completely dried) or in solution

{00681 The terms "insulin analog " "monomeric nsulin™ 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 acide
within the polypeptide chain has been replaced with an altemnative amino
acid and/or wherein one or more of the amino acids has been delsted or
wherein one or more additional amino acids has been added to the
polypeptide chain or amino acid sequences which act as insulin In
decreasing blood glucose levels In general the term “insulin analogs” of
the preferred embodiments of the present invention include "insulin lispro
analogs,” as disclosed in US Pat No 5 547 829 incorporated hereinto
by reference in its entirety insulin analogs inciuding LysPro insulin and
humalog insulin, and other "super insulin anslogs®™ wherein the ability of
the Insulin analog to affect serum glucose levels 1a substantislly enhenced
as compared with conventional insulin as well as hepatoselective insulin
analoga which are more active in the liver than in adipose tissue Preferred
analogs sre monomeric insulin analogs which are insulindike compounds
used for the same general purpose as insulin such as insulin ispro 1 e

compounds which are administered to reduce blood glucose levels

[0069] The term "analog” 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 feetures as well
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{0070} The term "recombinant™ refers to any type of cloned
therapeutic expressed in prokaryotic cells or a genetically engineered
molecule, or combinatorial library of molecules which may be further
processed into another state to form & second combinatorial library,
especially molecules that contain protecting groups which enhance the
physicochemical, pharmacological and clinical safety of the therapeutic

agent

[0071) The term dextran microparticles includes unsubstituted
dextran microparticles and substituted dextran microparticies For
example substituted dextran microparticles include dextran substituted
with a suitable group such as a methyl group up to a degree which does
not hamper crystailizetion of the dextran microparticles, such as up to 3 6
or less percent branching The average microparticle diameter Is
preferably about O 5 to about 5 microns, more preferably about 1 to
ebout 2 microns

[0072) Furthermore while porous non cross linked dextran
microparticies, such as crystalhized microparticles are preferably used
with the therapeutic agent other suitable organic or inorganic
microparticles may be used instead such as other polymer microparticles
inciuding polysaccharides PLA, PLGA PMMA polyimides polyesters
acrylates acrylamides vinyl acetate or other polymeric materials
biomaterial pearticies such as alginate and cells, or inorganic particles such
as siica, glass or calecium 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
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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 egent 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

[00731 Thus in 8 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
therapeutic agent core inside the ghell) and is not attached to the surface
of the microparticle However, if desired 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 porses
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 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 phase systemn at
least 80% of the therapeutic sgent 18 preferably located in a core
surrounded by a wall or shell comprising the microparticles

E Methods of Making

[0074] The microparticles may be formed by any surtable 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
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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 sclution 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 shell

[00785] Preferably the therapeutic agent is provided into the pores of
the porous microparticles after the microparticles ere formed Thus the
porous microparticles are first formed and then the therapeutic agent is
provided into a solution containing the microparticies to allow the
therapeutic agent to permeate into the pores of the microparticles Of
course some of the therapeutic agent may also hecome attached to the
surface of the microparticle in this process

[00786] Thus a method to manufacture non craossdinked porous
crystailized 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 soluton A
therapeutic agent is then permeated into the pores of the microparticles
by providing the therapeutic agent into the crystallization solution
containing the microparticles or by providing the isolated microparticles
and the therapeutic agent into a second solution such as a second
aqueous solution For example crystallized dextran microparticles may be
formed in a first, low molecular weight dextran aqueous solution, such as
a 2 to 20 kDa dextran solution The microparticles are then removed
from the first solution and then placed into a second dextran aqueous
solution having a higher molecular weight dextran, such as a 40 to 500
kDa solution for example a 40 to 75 kDa solution The second solution

may compnse a first phase of a two phase system which 18 then
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combined with a second phase, such a8 8 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 microparticies are formed by
any surtable microparticle formation method mncluding but not imited to
crystallization The components of the composition such as insulin,
microparticles and one or more aqueous phases may be combined in any
surtable order sequentially or simultaneously

[0077] Preferably the microparticles are formed by self assembly
from a solution that does not contain organic solvents and organic
reaction promoters which leave an organic 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

[0078] As described above the capsule structure having a first
phase core and a second phase wall or shell may be formed in vive or in
vitro from a two phase composition The composition may be a dried
powder such as freeze dried and stored as a powder or porous cake
When the composition Is ready to be administered to a mammal 1t is
hydrated and administered to a8 mammal orally

[0079] Preferably the composition which includes the microparticies
and the therapsutic agent 18 a flowable colloidal system Examples of
flowable colloidal systems include emulsions end suspensions In
contrast some prior art compositions include a therapeutic agent in 8

dextran hydroge! or in a cross-inked dextran matrix A dextran hydrogel



and a cross inked dextran matrix are not flowable compositions if not

specifically prepared

[0080] In another preferred aspect of the present invention, the
microparticles comprise microparticles which sre adhesive to mammalian
mucosa Preferably the adhesive microparticles are parous microparticles
described above This further improves the effective delivery of the
therapeutic agent

[0081] In another preferred aspect of the present invention the
microperticles comprise microparticles whose surface has been specially
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

[0082] The foregoing description of the invention has besn
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 acquirred from practice of the invention The drawings end
description were chosen in order to explain the principles of the invention
and its practical application It is intended that the scope of the invention
be defined by the claims appended hereto and their squivalents

[0083]) All of the publications end patent applications and patents
cited in this specification are herein incorporated in their entirety by

refarence
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| clalm

1 A method of lowening blood glucoss in 8 mammal
compnsing orally administering a therapeutically effective amount of a
composition comprising crystallized dextran microparticles and insulin to

the mammel to lower biocod giucose of the mammal

2 The method of claam 1 wherein the composition comprises
an aqueous suspension of crystallized dextran microparticles having an
average diameter of about O 5 to about b microns and the insulin

3 The method of claim 2 wherein the method compnises orally
administering the suspension to a human in need of lowering blood

4 A method of treating diabetes in a human in nesd thereof by
orally administering the suspension of claim 2

5 The method of claim 2 wherein the microparticles are
porous microparticles which are crystallized prior to adding the insulin to
the suspension, such that the insulin is located in contact with a surface

of the microparticles or in pores of the microparticies

6 The method of claim 2, wherein the therapeutically effective
amount of insulin ranges from 10 to 2 500 Ul of human recombinant
insulin per 1 gram of the suspension

7 The method of claim 2, wherein the blood glucose
concentration in the mammal is lowered by at least 5 percent 80 minutes

after adrministering the suspension to the mammal
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8 The method of claim 7, wherein the blood glucose
concentration in the mammal I1s lowered by about 30 percent to about 60

percent 60 minutes after administering the suspension to the mammal

9 The method of claim 2 wherein the blood glucose
concentration in the mammal I8 lowered by at least 5 percent 30 minutes

after administering the suspension ta the mammal

10 The method of claim 2 wherein the blood glucose
concentration in the mammal 18 lowered by at least 10 percent during a
period ranging from 30 minutes to 240 minutes after administering the
suspension to the mammal

11 The method of claim 2 wherein the blood glucose
concentration in the mammal is lowered during a period ranging from 30
minutes to 120 minutes after administering the suspension to the

mammal

12 The method of claim 1 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
microparticies are selactively partitioned in the dextran phase, and

the composition comprisss a structure comprising a dispersed PEG
phase and a continuous dextran phase when the composition is present in
the mammal body

13 A method of lowenng blood glucose in 8 mammal
compnsing orally administering a composition comprising a therapeutically
effective amount of insulin and a matnx material to the mammal to lower
biood glucose of the mammal by at least b percent 60 minutes after

administering the suspension to the mammal
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14 The method of claim 13, wherein the composition comprises
an aqueous suspension and the matrix material comprises crystallized

dextran microparticles having an average diameter of about O 5 to about

5 microns

15 The method of claim 14, wherein the microparticles are
porous microparticles which are crystaliized prior to adding theinsulin to
the suspension such that the insulin is located in contact with a surface

of the microparticles or in pores of the microparticles

18 The method of claim 13 wherain the method comprises
orally administering the composition to a human in need of lowering biood

17 A method of treating disbetes in @ humean in need thereof by
orally administering the composition of claim 16

18 The method of claim 13 wherein the therapeutically
affectivea amount of insulin ranges from 10 to 2 500 Ul of human

recombinant insulin per 1 gram of suspension

19 The method of clam 13 wherein the blood glucose
concentration in the mammal is iowered by about 30 percent to about 60
percent 60 minutes after admmnistering the composition to the mammal

20 The method of claim 13 wherein the blood glucose
concentration in the mammal is lowered by at least 5 percent 30 minutes

after administering the composition to the mammal

21 The method of claim 13 wherein the blood glucose
concentration in the mammal 18 lowered by at least 10 percent dunng a
period ranging from 30 minutes to 240 minutes after administering the

composition to the mammal
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22 The method of claim 13 wherein the blood glucose
concentration in the mammal is lowered during a period ranging from 30
minutes to 120 minutes after administering the composition to the

mammal

23 The method of claim 13 wherein the composition 18 in a
form of a teblet or a capsule

24 The method of claim 13 wherein

the composition compnses a two phase composition comprising a
dextran phase and a PEG phase,

the insulin 1s selectively partitioned In the PEG phase and the
microparticles are selectively partitioned in the dextran phase and

the composition comprises a structure comprising a dispersed PEG
phase and a continuous dextran phase when the composition 18 present in

the mammal body

25 A method of administering a suspension to a mammal
comprising orally administering an aqueous suspension of crystallized
dextran microparticles and a therapeutically effective amount of insulin to

the mammal

26 A dosed pharmaceutical composition comprising crystallized
dextran microparticles and a therapeuticaily effective amount of insulin
wherein the composition is dosed for oral administration to a human

27 The composition of claim 26 wherein

the crystallized dextran microparticles comprise dextran molecules
held together by hydrogen bonds Van Der Waals forces or 1onic bonds
and having substantially no covalent bonds between dextran molecules

and



157

the crystallized dextran microparticles are porous microparticles
having an average diameter of about 0 5 to about b microns and such
that the insulin is loceted in contact with a surface of the microparticles

or in pores of the microparticlies

28 The composition of claim 26 wherein the composition
compnses an aqueous suspension of crystalized dextran microparticles

and a therapeutically effactive amount of insulin

29 The composition of claim 268, wherein the composition is
located in a vessel in an amount dosed for a singla oral administration to a

human

30 The composition of claim 26 wherein the composition is
located In a vessel with instruction printed on the vessel or enclosed with

the vessel for oral dosage administration to a human

31 The composition of claim 26 wherein the composition
comprises a tablet compnising a pharmaceutically acceptable carrier
medium the crystallized dextran microparticles and the therapeutically

effective amount of insulin

32 The composition of claim 28, wherein the composition
comprises a capsule comprising a pharmaceutically acceptable shell the
crystallized dextran microparticles and the therapeutically effective

amount of insulin

33 The composition of claim 26 wherein

the composition compnses a two phase composition comprising a
dextran phase and a PEG phase

the insulin is selectively partitioned in the PEG phase and the
microparticies are selectively partitioned in the dextran phase and
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the composition is adapted to form a structured suspension

comprising a dispersed PEG phase and a continuous dextran phase

34 A pharmaceutical composition kit comprising

an aqueous suspension of crystallized dextran microparticies and
therapeuticslly effactive amount of insulin located in a vessel and

instructions for oral administration of the composition to a human
in need thereof

36 A pharmaceutical kit, compriging

a first means for orally administering t0 a mammal to lower blood
glucose of the mammal by at least 30 percent 80 minutes after
administering the suspension to the mammal and

a storage vessel containing the first means

38 A tablet compnsing a pharmaceutically acceptable carrier
medium crystallized dextran microparticles and a therapeutically
effective amount of insulin

37 A capsule comprising a pharmaceutically acceptable shell,
crystallized dextran microparticles and a therapeutically effective amount

of msulin

38 A method of making a dosed pharmaceutical composition,
compnsing

providing crystallized dextran microparticles,

combining & therapeutically effective amount of insulin and the
crystsllized dextran microparticles in a solution after the microparticles
have been crystallized to form a composittion of insulin and crystalhized
dextran microparticles and

dosing the composition for oral administration to a mammal
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39 The method of claim 38, wherein
the composition comprises a flowable colloidal composition, and
the microparticles comprise crystallized dextran microparticles

having an average diameter of O 5 to 5 microns

40 The method of claim 39 wherein

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

the insulin is selectively partutioned in the PEG phase and the
microparticles are selectively partitioned in the dextran phase, and

the composition comprises a structure comprising a dispersed PEG
phase and a continuous dextran phase when the composition is present in

the mammal body



ABSTRACT

A method of lowering blood glucose in a mammal includes orally
administering a therapeutically effective amount of crystallized dextran
microparticies 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 controlied release of nsulin
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[ o deacision has been made yai on the protest; the epplicant will be nolifled as sooN 89 & decision I8 MeKs.

4 Raminders %
Shortly afwr the expiration of 18 months from the priarity daje the Intemational appiication will be publishad by thi
international Bureau. If the applicant wishea 10 avoid or posipone publication a notics of withdrawal of ine intemational
appiication. or of the priority clalm, must reach the intemational Burgau as providad in Rules B0bis.1 and S0b&.3 respactively
befors the compietion of the technical preparstions for intlemational publication, i
mmlmmnmwmhmmmhlwmwhbndmtInlmdund&-'mln?&:wuh

intemational Bureau. The Inismational Bursau will send & copy of such commanta 10 all designaled Offices u
insernational preliminary examination report has besn or Ie to be eetablishad. Thess commesTts would aleo be avalabis ©

the public but not before the expiration of 30 montha from the priodly date.

Within 19 montha from the priority date. but only In respect of some designatec Offices, a demand for inlemnetional preliminary

axamination must ba fled I the applicant wishas to postpone the aniry into the national phase uniil 30 months from the priorky
date (in some Offices even later) Otherwise. the applcant must, within 20 monthe from the priority date perform the praacribad
acts for entry into tha netioned phasa before those designaisd Oliicea.

in respect of other designatad Offices, the time Iimit of 30 months {or ialsr) will apply even If no demand Ls flied within 18
manths.

Ses the Annex o Form PCTAB/301 and, for detalls about the appiicable tima limits. Office by Office eee the PCT Appiicants
Guige Volume (i Naional Chapisrs and the WIPQ intemel siis K

1

Name and maing addresa of the intemational Searching Authortly | Authorized officer
— 5 Eurapean Patant Office. PB 5613 Patentiaan 2 ) ¢

NL-2280 HV Pl awijk Sandrine Polenzani

Tel. (+31-70) 340-2040 Tx 31651 eponi

Fax. (+31-70) 840-3018

Form PCT/IBA/220 {January 2004) {See noles on accompanying sheet)



NOTES TO FORM PCTASA220

Cooperation the
uncler that Trealy n came of mmm—amm‘nm-w. For mare
detaiiad injormalion, see alo the PCT Guide, a publioation of WIPO.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, afisr having recelved the inlemalionsl sasrch report, ane oppartunily 1o amend the claims of the
irtornalional sppliestion. R should however be emphesized thal sinee all parie of the irtemadional (alaime,
disscriplion anx drawings) be amencied diring the inlemnslionsl preliminary xemnination theme I usu
no need to fils amendmenis hﬂl.llﬁhlhb‘limﬂm-.'.ll'l-mmhﬂ.hh

for the purpesss of provislenal prolesiion or has another reason ks

clabwm belore intlsmational pbuliostion.

Furtharrmove, | sheuld be amphasized that provisiona! protestion s avallabis in some States only

What parie of tha inlernational appliontion may he assended?

{

Ungier Article 18, only the claims may be amendsd.

During tha inlemnatisnal phass. The alsims may aiso be ameandad (or further smandad) under Adide 34 before
the internailonal Examinl The and be amended under
- l.‘l-dnh-y ng Authorlty descriplion and drawings may only

Mmhhmm&_ﬁdhm appiiastion mey be amended under Artile 28
or whare sppiicabls, Arficle

Within 2 months fram the duls of traremiial of the inlamational search report ar 16 manthe from. e priorty

dain, whishever limé Emit supires laler & should be noled, howsver thal the amendmaris will be considered

- boon reasived an tme i they are ressived by the (nismational Buresyu afier the expindion of the
ime it but betore the sompletion of the isdwiosl preparstions for inlemational pubBostion

(Ruls 40.1).

mat to fle the smundwents ?

The amendmenis may only bs Sied with the inamational Buresu and net with the ecelving Offes or the
internalional Searching Authorlly (Fule 48.2)

Where 2 demand for inlematisnal preliminary examination has been A fled, aee beinw

Ethar by cancaling one or more entire alaimm, by ackiing o er mare new elsims or by smending the tet of
ohe or mave of the damw e fled.

A repiasswarni shagt st be submitied for sash shast of the daine which, an acatunt of a0 sinandmant or
amarsimends, difiers from the shest eriginally fled.

Al the clairme. sppaming an a repincement shest must be numbered in Arable numerals. Where a olaim b
oansufied, no renanbaring of the olher alaims is required. in ol sssss whers dleims are remumbared, they must
b rerumbered covmeculively (Administralive instructions, Seclion 206(:))-

The smendhnents must be made In the nguages in which the intamnationsl application s 1o be publahecd,

Whal deswnents rsustinuy sooomparsy the axsepslmenty?

Latiar (Suction 206(k)):
The smendments must be subnliied with a lelier

The lstier will not be published with the inlstnational application and the amendied clainm. | should not be
oonfused with the “Bislsment under Artiols 19{1)" (ses below under "Statemnent under Artisle 19{1))

Mﬁ“hhw-wwmzhmm :ﬂ.:.md‘h
I» Franch, the isitar must e in Prench. . .

Farm PCTAGAZED (fret sheet) (Januasry 1004)



NOTES TO FORM PCT/ISA/220 (continued)

The letier must indiosts the difarences betevasn the slsims as Sisd and ihe slaims s amendad. | must, In
partisudar indssls, i conneetion with sagl elaim mmhhmmﬂ baing undersiosd
that identiosl indisalions cancerning several alaims may be grouped),whaether

the dlaim replesss orne or more olaims as Sled,
the claim b the resull of the division of a alaim s Bed.

The following sxamples Bustrate the mannear in whish amandments st be suplained in the
ascompanying htter

1 [(Wher ariginally there were 48 olaine and after smandment of some claims there are 51}
Claime 110 20 3t 30, M, 35, 37 b 48 repisced by amended clsims bearing the same mumbem,
dlabme 30, 33 and 35 uwhanged, new claive 48 1o 51 added.

muu ware 16 olaimé snd after amendmaent of all claims there are 11}
im18 by amendad alaims 1 to 11

thare were 14 olsima and the amendmenis consist in aanceliing sone alabne and In adding
l—ﬂn
Ciaime 1 1o 6 ard 14 unshanged: siaims 7 to 13 sancelled, new alaime (S, 10 s 17 eckied. or
“Ciglrs 7 1o 13 cancefiad: new dlaima 15, 18 and 17 adided; all other sleims unahanged.

“ 1 ‘lDlImm“bil Il-lﬂ.“ﬂln'll.iﬁﬂiﬁw amanded
disirw 14, siniv 17 subdivided nto amenced slaims 16, 18 and 17 new slaime 20 and q

»

"Simtessent wndler articls 19(1)" (Fule 40.4)

Thw svendmanis mey be ssommpenied by a stetament axplaining the amendvenis and indiosling any impant
“Ul:'m-'n.-_-ﬁﬂmi-ﬂhw and tw drawings (whish carmot be amended under

The sisisment wil be published with the inlematisnal appliostien and he emended clabwe.
& susal he In the lengeage i which the internatiensl apppiissiion s ia be published.
R mamt be brisl, nol exceading 500 words I in English or H immeisind inlo Engfish.

R slvwuid not be sentused wilh and doss not replace the lstter indicaling the dilfsrarces between the claima
an Sad and aa amanciad, & rmust be Sac e & soparsls shest and must be iderdiied s sudh by = haading,
preiarably by using the wonls "BStatement under Artiels 18(1)

] not contain arry oomenards on the inlamational sasrh report or the elsvance of olilations
u.a-lhlﬂrqllt bﬂﬁn“bn“ﬁmuﬂ“nhm-ﬂ
repert may be mede only in sssmsclion with an amendment of

Conssquence il a demand for intsrnsiionsd seeliminey examinetion has sirendy boen Sied

€, ai Yw fime of Sing any smencdments undler Astinia 19, 2 demand for internationel preliminesy ssaminalion
has sirmady been submilind, the applicant must preferably sf the sanw Eme of ling the emendments with the
intminational Bureau, siso file a copy of such amencimenis with the inlamational Preiminary Examining
Auttvprily (soe Ruls 88 2(a), firut sontenws).

Conssquenca wilh regand to trunsiation of the intersslionsl applicsticon for snity Inta the national phase

The applicants sttendion s drasm io the fact thal Mmmnﬁibhnmpl- & tmralation of the
dsins as amended under Aricle 19 may have e be furnished to Ofoss, instead of, or
in ankiliion io, the translation of the dsims as fled.

For Aurther dtails on the requirements of aach designatedialected Offios. sue Volume ) of the PCT Applloant’s

Noles is Feem PCTAGAZ2) (ssctnd shesl) (larwary 1994)

YT #YA



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Articie 18 and Rulea 43 and 44)

THE TECHNOLOGY DEVELOPMENT COMPANY LTD

Applicants or agents fie /elererice FOR FURTHER ses Form PCTASAZZD
028093-0111 ACTION o8 well &, whore appiicebia. tem 5 below
jnemational appicaiion No, inismational fling date (aaimonthyesr) | (Eariest) Priorty Dale (deyimontvyesr)
PCT/1B2004/000933 04/03/2004 04/03/2003
Appicant

This Intemationsl Saarch Reportconsistaolatoisiof___ 05 shasts.
[X]  ntisateo acoompanied by a copy of smch prior art document clied in this repart.

This intemational Ssarch Reaport has basn prapared by this intemalional Gearching Authorily and iy fanamitied to the applioant
mnmmnmhmmbﬂmmm‘ ™ v

1 Basis of the report
A Wih regerd io the

4. With regard 1 e Btle,

5. With eganrd o the abetract,

6. With regards to the drawings,
a. the figure of the drawinga to be published with the abstract s FigureNo. _1
[X] s euggestad by the sppitcant.

[C] asestecied by this Authorlty because the appiicant falied 1 suggeet a figure.
[C] e sslected by this Authortly bacause this figute betier chamcterass the invention
b [T] nonectthe figures Is 1o be publiahed with the abstract.

2. [X] Cartain cieims wers found unsearchable (Sse Box 1),
3. [[] unityof ivantion is incking (see Box it).

[X] the matm approved as submitied by the applicant.
[C]  the wexthwe been eatabiished by this Authority 1 read ss fotiows

[X]  tw text e approved as submitiad by the epphicant

[}  tw et us been established, according
mky within oné month trom the date of maling of this

lsngriage, the inlsmational search was carmied out on the basis of the inlemational appiication in the
Iangunge in which & wie fiied uniess otherwiss iIndicated under this ham

D The insmational saarch wiks casriad out on the basle of & translation of the Insmational application fumished o
this Authortly (Rule 23.1(b))

b D Whth regerd i any nuciectide and/or amino ackd sequencs disciosed in the inlemations! application. sse Bax No. )

io Ruls 38.2(b) by this Authority as it appsars in Box No. IV The applicant
insmational aparch report, submit commenis to this Authortty

Form PCTAGA/210 (firet sheet) (January 2004)



INTE ATIONAL SEARCH REPORT

—p———
PCT/182004/000933

TP CARIK 8/ 28 'AGIK47/36  A61K9/00

. Agcording 1o intamalisnal Palert Claselficalion (IPC) or lo both nalionsl cissalicelion and IPC

‘Minitmum socumsniaion sstrched (Csalficalion system jollowsd by clagalication symbais)
IPC 7 A6BIK

Documenistion searchay other than minimum documentation 10 the axtent that such docunsnis ang included in the fiakis sasrched

EPO-Internal, WPI Data, PAJ, EMBASE, BIOSIS MEDLINE

mn—mmu Inlermetional sesrch (nesme of date base snd, where praciical, serch lenme used)

C. DOCUMENTS CONBIDERED TO BE RELEVANT

Caagory | Cliniion of docusmani, with indication, whare approptisie, of ihe misvent paasages Ralsvant 1o clalm No.
X US 4 713 249 A (SCHROEDER ULF) 26-32,
15 December 1987 (1987-12-15) 34,38,39
cited 1n the application
Y column 6, claims 1 4,7, example 13 1-25,
35-37
../_
[:] Further documenta are iisted i he confinuation of bax C. EE] Patant family mambars sre Buiad In armes.
yememm———— T e ot pobd e e dwnekona s
E' earer documeni but publishad on or sfiarthe inemalionsal "x* document of psticultr relsvance” the ciskmed Inventig
fiing duin cannol be conaidered novel or cannot be considared 1o
L B mmnamrm “m inveive an ivveniive stap when the documeat is il albne
Chmin or Clher spacisl reamo, (us speciied) Yt b $nekaraet 1o Bveive, a brvarding shap wéwn the
0r documen) relasving fo = ol disciosurs, use, ashibition of documant s comisined with one or mom other such toou-—
other maans m.:nmmmhn paraon akiied
ot Tl 0 Privey e i ! TR0 de & cocument membar of the same patent tarlly
Daie of the sckmi compiation of 1he inemationsl sssrch ) Duie of mading of the intematinnel sexrch rapod
15 July 2004 ' 21/07/2004
Narm end maling sdress af the 1SA Authatred olfcer
Exrepssn Peiant Office, P8, 5618 Patentiasn 2
NL - 2280 HV
P ) Soomg | T €81 epo Bochelen D

Fosm PCTASAIMO (seoerv) shaet) Lernary S004)

page 1 of 2



INTE ATIONAL SEARCH REPORT

national Appliastion Ne
PCT/IB2004/000933

C.{Contination) DOCUMENTS CONSIDERED TO BE RELEVANT

Caiagory | Clintion of documani, with indication, whare sppropriale, of the relsvan! passapas

X MORIYAMA K ET AL  “Regulated insulin
release from biodegradable dextran
hydrogels containing poly(ethylene
glycol)”

JOURNAL OF CONTROLLED RELEASE, ELSEVIER
SCIENCE PUBLISHERS B ¥ AMSTERDAM, NL,
vol 42, no 3,

1 December 1996 (1996-12-01), pages
237-248, XP00A069859

ISSN 0168-3659

page 240

Y page 238, column 1

X US 4 963 526 A (ECANOW BERNARD)
16 October 1990 (1990-10-16)
figure 2, example 1

Y STENEKES R J H ET AL  "Formation of
dextran hydrogels by crystallization”
BIOMATERIALS, ELSEYJER SCIENCE PUBLISHERS
BY , BARKING, GB

vol 22, no 13 July 2001 (2001-07),
pages 1891-1898, XP004245950

ISSN 0142-9612

page 1892, column 1

Y EP 1 184 032 A (OCTOPLUS B V)

6 March 2002 (2002-03-06)

page 3 paragraphs 15,16

page 4, 1ine 46 - page 5, 1ine 28

26~34

1-34,
36-40

35

26~40

26-40

Farn FCTABA/RG jootiramtion of ascans shwel) Lismay S004)

page 2 of 2
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INTERNATIONAL SEARCH REPORT PCT/182004/000933

Boxl Observetions whary certain claims were found unsearchatile (Continuation of ksm 2 ¢f first sheet)

1 mclﬂnlﬂo&. -
because thay nilxie to subject Matier not required 10 be searched by this Authorly namely

alleged effects of the composition

2 D qul.-m.- retale O of ihe inlamational Application that do not comply with tha prescribed requiremants to such
mmﬂmmﬁ%rmmmuwuw

a I:I Claims Nos,
bacause they are depsndent ciaine and are not drafisd in accordance with the sscond and third samences of Fule 8.4({a).

Thie Intemational Search Report has not baen sstabllshed In respect of ceriain claima under Article 17{2){a) for ihe Tollowing reasons:

Although claims 1-25 are directed to a method of treatment of the human/animal
body (Article 52(4) EPC), the search has been carried out and based on the

Box ll Observations where unity of invention Is lacking (Continuation of ltam 3 of firat shesf)

This intemnational Searching Authorily found multipie inventions in this irlamaiional appiicetion, aa foliows.

1 As al required addiionsl ssarch foes were imely paki by the appicant, this Imemational Search Report covers all
ssarchable caims.

2 D Aa all searchable ciaims could be sgarchad without affort justiying an additional fes. this Autharity did not invite payment
of any acditfonsl fee,

D The adcitional sseych fees were ancompaniad by the applicant's prolst.

D No protest accompanied the peyment of addilions! saarch fesa.

Form PCTAGA210 (continuition of first shaet (2)) (Jamuary 2004)



INTE \TIONAL SEARCH REPORT —
FCTRALIEn S petant {amly mambers PCT/IB2004/000933
Patent document Publication Paiant family Publication
cliad in search repart date mamber(s) [ ]
US 4713249 A 15-12-1987 AU 9127482 A 01-06-1983
EP 0093757 Al 16-11-1983
WO 8301738 Al 26-05-1983
Us 4501726 A 26-02-1985
AT 34659 T 15-06-1988
AU 567434 B2 19-11-1987
AU 1776083 A 08-02-1984
DE 3376797 D1 07-07-1988
DK 95284 A 23-02-1984
EP 0113749 Al 25-07-1984
FI 840923 A 07-03-19684
NO 840676 A 22-02-1984
SE 8204244 A 10-01-1984
WO 8400294 Al 02-02-1984
US 4963526 A 16-10-1990 US 4849405 A 18-07-1989
EP 0179904 Al 07-05-1986
I 75263 A 05-11-1990
Us 4914084 A 03-04-1990
40 8505029 AL 21-11-1985
Us 4963367 A 16-10-1990
EP 1184032 A 06-03-2002 [P 1184032 Al 06-03-2002
AU 9437601 A 13-03-2002
N0 0217884 Al

07-03-2002

Form PCTABAZNG {pasant fenlly swvn) (lenuasy 2004}
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» ATENT COOPERATION TR.. .TY ]?’q

From the
INTERNATIONAL SEARCHING AUTHORITY

To PCT

WRITTEN OPINION OF THE
see form PCTASAR20 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis 1)
Date of maling
{dapinonihiear) ses form PCTASAR10 (secand ehaet)
Applicants cr agent'’s file reference RIRTHER ACTION
see form PCTASAR220 mw 2 balow
intemational sppiicaiion No internations! fling date (dmsnanthear) Priory dais {dayénonthimar)
| PCTAB2004/000933 04 03 2004 04.03 2003

international Patent Classification (JPC) or both national ciasslfication snd IPC
AGT1K3828, AB1KA786 AB1KS00

Applicant
THE TECHNOLOGY DEVELOPMENT COMPANY LTD

1 This opmion containa Indications relating to the following Rems

E BoxNo | Basis of the opinion

& BoxNo. I Prionily

63 Box No lIi Non-establishment of opinion with regand to novelty Inventive stap and indusirial applicablity
O BoxNe IV Lack of unlty of invention

& BoxNoe V  FReasoned statement under Rule 43bis.1(a)(l) with regard 1o novelty inventive step or industrial
applicabliity citations and explanations supporting such statement

0O BoxNo. VI  Certain documents clisd
3 Box No. Vil Certain defects In the Intemational application
[0 Box No Vili Certain cbasrvations on the imemational application

if a demand for intemational preliminary axamination Is made. this opinion will usually be considered 1o be a
writien opinion of the Imemational Preliminary Examining Authorlly "IPEA ). However this does not apply where
the appliicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
mﬂ&n‘muﬁumnu1mgmmcpmuudmmmm Searching Authorily

so conskiered

if this opinion Is, as provided above. considersd to be a written opinion of the IPEA, the applicant is invited 0
submit to the IPEA a written reply togather where approprizie with amendments. before the expimtion of three
months from the date ol malling of Form PCTASAZ20 or before the sxpiration of 22 months from the priority date
whichaver axpires later

For further options. see Form PCTASAZ2D,
3 For further detalls, see notes to Form PCTASAZ20

Name and maling asdress of the ISA Authortzed Oficer /"""'*
Europssn Patert Office
’ D-80208 Munich Bochelen. D [ﬁ‘
—  TeL+49 302309 0Tx 523656 epmw d j
Fax +4980 2300 4485 Telephone No. +40 89 2396-81350 —

Form PCTASARYT (Cover Shest) (Janusry 2004)
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WRITTEN OPINION OF THE Intemnational appiication No
INTERNATI NAL SEARCHING AUTH RITY PCTAB20044000933

Box No.! Basis of the opinion

1 With regard 10 the language, this opinion has been sstablished on the basis of the intemational application in
the language in which & was field unless otherwwee indicated under thie iem

C1 This opinion has been estabiished on the basis of a translation from the original language into the following

language  which is the ianguage of a transiation fumishéd for the purposes of international search
(under Rules 12.3 and 23 1(b))

2 With regard to any nucleotide andor amino acld ssquence disciosed in the mtemational application and
necessary o the claimad invenbon this opinion has been established on the basis of

a type of material
O asaquence listing
O table{s) related ip the sequence listing
b. format of material
O  in writtan format
O in computer readable form
¢ time of fingfumishing
O contained In the nmtemational application as filed
0O filed together with the international application in computer readable form
O fumished subsequently to this Authority for the purposee of search

3 O in addition in the case that more than one version or copy of a sequence liating andibr table relating thereto
has been filed or furished the required statements that the information in the subsequent or additional
copiee Is Klentical i that in the application as filed or does not go beyond the application as filed, as
appropriate were furmshed

4 Additional commenis

Form PCTAPEA 22T {(Janusry 2004)



WRITTEN OPINION OF THE Intemational application No

INTERNATIONAL SEARCHING AUTH RITY PCTAB 33

Box No. Il Priority

1 B The following document has not been fumished
B capy of the earlier application whose priority has been claimed (Rule 431s.1 end 66.7(a))
O transiation of the eariier application whose priority has been clajmed (Rule 434is.1 and 88 7(b))

Consaquently k has not been posasible to consider the velidity of the priority claim Thie opinion has
nevertheless bean established on the assumption that the relevant date is the clammed priority date

2 [0 This opinion has been established as if no priority had been claimead due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64 1) Thus for the purposes of this opinion the intemational
flling date indicated above is considerad i be the relevant date.

3 Additional observations. ¥ necessary

Form PCTAPEA 237 (January 2004)
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WRITTEN PINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004000933

Box No il Non-establishment of opinion with regard to noveity, inventive step and industrial
spplicabliity

The questions whether the claimed invention appears to be novel 1o invoive an Inventive step {to be non
obvious) or in be industrially applicable have not been examined in respact of

D
=

the entrre Intemational applicaton
claims Nos. 1-25

because

O

the said mternational application or the said claimg Nos 1 25 relate to the following subject matter which
does not requwe an intemational preliminary examination (specify)

S00 separate aheot

the description claima or drawings (indicate particuiar alsments below) or said clalma Nos.  are so
unclear that no meaningful opinion could be formed (speciy)

the claims. or said claims Nos are so inadequately supported by the description thet fo meaningful opinion
could be formed

no mtamational ssarch report has been established for the whole application or for said claims Nos

the nucleotide andior amino acid sequence listing does not comply with the standard provided for in Annex
C of the Administrative Instructions In that

the written form 0 has not been fumished
O does not comply with the standard
the computer readable fom (0 has not been fumished
O does not comply with the standard
the tabies reiated fo the nuciectide andbr amino acid sequence listing ¥ in computer readabie form only do
not comply with the technical requirements providad for in Annex C-bis of the Administrative Instructions

See geparate sheet for further detalls

Fam PCTAPEA/237 (Janusry 2004)



WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTH RITY

intemational applicabon No

PCTAB2004000933

&

Box No.V Rsasoned statement under Rule 43bis.1(a)(l) with regard to novelty, Inventive step or
Industrisl applicsbility, chtations and explanations supporting such statement

t Statement
Novelty (N)

inventive step (IS)

Industrial applicability (1A)

2 Ciations and explanations
see separate shest

Form PCTAPEA/Z3T7 (January 2004)

Yes
No

Yes
No

Yes
No

Claims
Claima

Claims
Claims

Claims
Claims

1317,25,36-38
26.34-35

1-40

268-40



WRITTEN OPINI N OF THE International applicaton No
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/1B2004/000933
Be item ill

Non-establishment of opinlon with regard to novelty, Inventive step and Industrial
applicabliity

1  Claims 1-25 relate to subject-matter considered by this Authority to be covered by
the provisions of Rule 67 1(iv) PCT Consequently no opinion will be formulated
with respect to the industrial applicability of the subject-matter of these claims
(Article 34(4)(a)(l) PCT)

Be itam V
Reasoned statement with regard to novelty, Inventive step or industrial

applicabllity; citations and explanations supporting such statement

2 Prior art

The following documents are referred to in this communication the numbenng will
be adhered to in the rest of the procedure

D1 US 4713 249 A (SCHROEDER ULF) 15 December 1987 (1987-12-15)

D2 MORIYAMA KET AL "Reguiated insulin release from blodegradable
dextran hydrogels contalning poly(ethylene glycol)® JOURNAL OF
CONTROLLED RELEASE ELSEVIER SCIENGCE PUBLISHERS BV
AMSTERDAM NL wvol 42 no 3 1 December 1896 (1996-12 0O1), pages
237-248, XP004069859 ISSN 0168-3659

D3 US 4963526 A (ECANOW BERNARD) 16 Octaber 1990 (1990-10-18)

D4 STENEKES RJH ET AL "Formation of dextran hydrogeis by
ciystaliization” BIOMATERIALS, ELSEVIER SCIENCE PUBLISHERS BV
BARKING GB wol 22 no 13 July 2001 (2001-07) pages 1891-1898
XP004245950 ISSN 0142-9612

D5 EP 1184032 A (OCTOPLUS B V) 6 March 2002 (2002-03-08)

¥ 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 and a process for preparing

Form PCT/Ssparate Sheet237 (Shaet 1) (EPO-lanuary 2004)



WRITTEN OPINION OF THE Intemnational application No

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/IB2004/000933
the microspheres

Document D2 discloses heterogenous dextran hydrogels containing PEG and
Insulfin for conirolled Insulin release

Document D3 discioses an ingulin composition for oral administration compnsing a
polymeric carrier

Document D4 discioses a process for the preparation of crystaliized dextran
microspheres by physical cross-linking of aqueous dextran solutions

Document D5 discloses a process for preparing dextran hydrogels for controlied
release systems by physical crystallization of dextran

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

31 The subject matter of claims 26 is anticipated by documents D1 and D2 which
disclose microgpheres of crystallized dextran and insulin which appear to be
sultable for oral administrahon

32 The instructions provided with the product of claim 34 are not a charactenzing
feature The subject matter of ciaim 34 is thus anticipated by of D1 D2 which
disclose composiions comprising crystallized dextran microspheres and insulin

33 The subject-matter of claim 35 is anticipated by document D3 which discloses oral
compositions compnsing insulin

4 Inventve step (Art 33(1)(3) PCT)

41 Document D1-D2 discloses microspheres of crystallized dextran and insulin for
prolonged release The use of such compaositions for lowering blood glucose
(claims 1 and 13), treating diabetes (claim 17) or for orally administering Insulin
(claim 25) would be obwvious for a skilled person Said claims do thus not involve
an inventive step
The dependent claims 2-12 14-16 and 18 24 do not contain a feature which taken
into combination with the claims to which they refer would be inventive

Fom PCT/Ssparsis SheeV237 (Shest 2) (EPO-Januwry 2004)



WRITTEN OPINION OF THE Imemational epplication No
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2004/000933

4 2 | would be obvious for a skilled person to produce a tablet or a capsule with the
microspheres disclosed in D1 and D2 Claims 36 and 37 are not inventive

4 3 The process of claim 38 is an obvious alternative to the process disclosed in D1
and D2

5  Industnal applicability (Art. 33(1)(4) PCT)

For the assessment of the present claims 1-25 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States The
patentability can also be dependent upon the formulation of the claims The EPO
for example, does not recognize as industrially applicable the subject matter of
claims to the use of a compound in medical treatment, but may allow however,
clams 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/Separats Bhest237 (Sheet 3] (EPO-January 2004}



Atty Dkt No 028093 0102

ASSIGNMENT AND AGREEMENT

WHEREAS Viadimir SABETSKY of Piskarevsky Prospskt 10 q 320 106221
Saint Petersburg Russia (hereinsfter referrad to singly and collsctively as
ASSIGNOR ) have invented a certain invention entitled BIOCDMPATIBLE IMPLANT
AND METHOD FOR MANUFACTURE THEREOF (Atty Dkt No ,028093 0102) for
which a provisional application for United States Letters Patent was filed on March 4
2003 as Application No 80/451 245 and

WHEREAS THE TECHNOLOGY DEVELOPMENT COMPANY Ltd a Bermuda
corporation (hereinafter referred to as ASSIGNEE ) is desirbus of acquinng the entire
interest therein

NOW THEREFORE 1w consideration of One Dollar {$1 00) and other good and
valuable consideration the receipt and sufficisncy of which are hereby acknowledged
ASSIGNOR has sold assigned and transferred and by these presents hereby sells
assigns and transfers unto ASSIGNEE 1ts successors and assigns the full and
exclusive night title and interest in and to (a} the above identified invention or
inventions and all improvements and modifications thereof (b) the above identified
spplication 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 Unrted States and countries foreign thereto (d) all divisions
continuations reissues and extensions of said applications and Letters Patent and
(e) the right to claim for any of said applications the full benafits and prniority nghts
under the International Convention and any other international agreement to which the
United States adheres such right title and interest to be held and enjoyed by
ASSIGNEE its successors and assigns to the full end of the term or terms for which
any and all such Letters Patent may be granted as fully and entirely 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 1ssue said Letters Patent to ASSIGNEE as assignee of the
entire interest for the sole use and benefit of ASSIGNEE i1ts succassors end 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
madifications including evidence for interference reexamination reissue opposition
revocation extension or infringement purposes or other legal judicial or
administrative proceadings whenever requestad 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 exacute and deliver
upon reguest by ASSIGNEE all lawful papers including but not limited to orniginal
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 assigns in obtaining and anforcing proper
title in and protection for sad invention or inventions improvements and modifications
under the intellectual property laws of the United States and countries foreign thereto
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Atty Dkt No 028093-0102

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell assign and transfer the interests sold asasigned
and trensferred hersin and that ASSIGNOR has not executed and will not execute any
document or instrument in conflict herewith

ASSIGNOR HEREBY GRANTS to the law firm of Foley & Lardner the powaer and
authority to insert in this Assignment any further ident:fication which may bs necessery
or desirable to comply with the rules of the U S Patent and Trademark Office for
recordstion of this Assignment

ASSIGNOR UNDERSTANDS AND AGREES that the attornays and agents of the
law firm of Foley & Lardner do not personally represent ASSIGNOR or ASSIGNOR s
legal interests but instead represent the interests of ASSIGNEE since said attomaeys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment
ASSIGNOR acknowiedges its nght to seek its own independent legal counsei

Executed this AS day of Q‘fg\ﬂﬂ , 20 Q* M
\

VLADIMIR sn@sxv

Sueat o~ DISTILIET 0P Epums i»
Jan,

of J
On this lq“:wef FEISEUARM 2004 , bators ma, a notary public in and for sald county sppesred

Viadimkr SABETEKY who ls parsonally known 1o me to be the same person whose nams ks subsciibed to the foregoing
instrumant, and he/shs scknowledged that he/she signod sealed, and dalivered the ssid instrument as his/her free snd

voluntary sct for the uses end purposes tharein ast farth

Notary Public (LS#oF FVSNL

My Commission Explres:

{Seal)

l _ w
“’mu,m
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Atty Dkt No 028093-0103

ASSIGNMENT AND AGREEMENT

WHEREAS Viadimir SABETSKY of Piskarevsky Prospekt 10 g 320 105221
Saint Petersburg Russia (hereinafter referred to singly and collectively as
ASSIGNOR") have invented a certain invention entitled NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY {Atty Dkt No 028093-0103) for which a provisional
application for United States Letters Patent was filed on May 6 2003 as Application
No 60/467 801 and

WHEREAS THE TECHNOLOGY DEVELOPMENT COMPANY Ltd a Bermuda
corporation (hereinafter referred to as ASSIGNEE") is desirous of acquiring the entire
interest tharein

NOW THEREFORE n consideration of One Dollar ($1 OD) and other good and
valuable consideration the receipt and sufficiency of which are hereby acknowledged
ASSIGNOCR has sold assigned and transferred and by these presents haraby 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 iImprovements and modifications thereof (b) the above identified
application and ell other applications for Letters Patent of the United States and
countries fareign thereto for the above-identifiad invention or mventions and all
improvements and modifications thereof (c) all Letters Patent which may issue from
said applications in the United States and countnies foreign thereto {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 priorty 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 hnd essigns 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 mede

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as assignee of the
entire interest for the sole use and benefit of ASSIGNEE its successors and assigns

ASSIGNOR HEREBY AGREES (a) to communicate to ASSIGNEE its successors
and assigns or their representatives or agents all facts and information known or
available to ASSIGNOR respecting said invention or inventions improvements and
modifications inciuding evidence for interference reexamination relssus opposition
revocation extension or infringement purposes or other legal judicial or
administrative proceadings whenever requasted by ASSIGNEE (b) to testify in person
or by affidavit as required by ASSIGNEE i1ts 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 affidavits declarations depositions and (d) to provide all reasonable
assistance to ASSIGNEE 1ts successors and assigns 1n obtaining and enfarcing proper
title in end protection for said invention or inventiohs improvements and modiflcations
under the intellectual property laws of the United States and countries foreign thereto
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Atty Dkt No 028093-0103

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered night to sell assign and transfer the interasts sold assigned
and trensferred herein and that ASSIGNOR has not executed and will not execute any
document or instrument in conflict herewith

ASSIGNOR HEREBY GRANTS to the law firm of Foley & Lardner the power and
authonty to insert in this Assignment any further identification which may be necessary
or desirable to comply with the rules of the U S Patent and Trademark Office for
recordation of this Assignment

ASSIGNOR UNDERSTANDS AND AGREES that the sttorneys and agents of the
law firm of Foley & Lardner do not personally represent ASSIGNOR or ASSIGNOR s
legal interests but instead represent the interests of ASSIGNEE since said attorneys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment
ASSIGNOR acknowledges its right to seek ts own independent legal counsel

Executed this Ag_ day of@ﬂ\gﬂ‘ 20_9_\1

vmmmm%Tsxv

DisTLir or Cagymsid

State
Jes.
ounty of )

On this lq.ql‘lyuf rESLUAM .zob‘f,bcforeml a notary public n snd for sakd county appeared
Viadimir SABETSKY who I personsily known to ma to ba the asma person whose nsma s subscribed to tha foregoing
instrumant, and ha/she scknowisdged that he/shs signed sealsd and dellvared the sald instrument as his/her free and

voluntary act for the usss and purpuses therain sst forth
% Publle ~ /Llat by HUSHL-

My Commission Expires:
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Atty Dkt No 02B093 0105

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 inventad a cartain invention entitied NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY (Atty Dkt No 028083 0106} for which a provisional
application for United States Letters Patent was filed on May 9 2003 as Application
No 8§0/469 017 and

WHEREAS THE TECHNOLOGY DEVELOPMENT COMPANY Ltd a Barmuda
corporation (hereinafter referred to as "ASSIGNEE ) 1s desirous of acquiring the entire
interest therein

NOW THEREFORE n consideration of One Dollar ($1 00} and other good and
valuable consideration the receipt and sufficiency of which ere hereby acknowledged
ASSIGNOR has sold assigned and transferred and by these presents hereby sells
assigns and transfers unto ASSIGNEE Its successors and assigns the full and
exclusive right title and interest in and to (a) the above-identified invention or
inventions and all improvements and modifications thersof (b} the above identified
application and ail other applications for Letters Patent of the United States and
countries foreign thereto for the sbove-identifled invention ar inventions and all
improvemnents and modifications thereof {c) all Letters Patent which may issue from
said applications in the United States and countries foreign thereto {d) all divisions
continuations reissues and extensions of said applications and Letters Patent and
(e} the right to claim for any of said applications the full benefits and priority nghts
under the International Convention and any other international agreement to which the
United States adheres such right title and interest to be held and enjoysd by
ASSIGNEE its successors and assigns to the full end of the term or termsa for which
any and all such Letters Patent may be granted as fully and entirely as would have
been held and enjoyed by ASSIGNOR had this Assignment not been made

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commissioner of
Patents and Trademarks to issue said Letters Patent to ASSIGNEE as assignee of the
antire intarest for the sole use and benefit of ASSIGNEE its succeasors and assigns

ASSIGNOR HEREBY AGREES (a) to communicate to ASSIGNEE its successors
and assigns or their representetives or agents all facts and mformation known or
avallable 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 proceedings whenever requested by ASSIGNEE (b) to testify in person
or by affidavrt as required by ASSIGNEE rta 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 lawtul papers including but not imited to original
divisional continuation and reissue applications renewals assignments powaers of
attorney oaths affidavits declarations deposrtions and (d) to provide all reasonable
assistance to ASSIGNEE i1ts successors and assigns in obtaining and enforcing proper
title in and protection for said invention or inventions improvements and modifigations
under the intellectual property laws of the United States and countnes foreign thereto

Page 1 of 2

002 10131761



Atty Dkt No 028093-0105

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered right to sell assign and transfer the interests sold assigned
and transferred herein and that ASSIGNOR has not executed and will not execute any
document or instrument in conflict herewith

ASSIGNOR HEREBY GRANTS to the law firm of Foley & Lardner the power and
authority to insert in this Assignment any further identification which may be necessary
or desirable to comply with the rules of the U S Patent and Trademark Office for
recordation of this Assignment !

ASSIGNOR UNDERSTANDS AND AGREES that the attomeys and agents of the
law firm of Folay & Lardner do not personally represent ASSIGNOR or ASSIGNOR s
legal interests but instead represent the interesta of ASSIGNEE since said attomeys
and agents cannot provide legal advice to ASSIGNOR with respect to this Assignment
ASSIGNOR acknowledges its night to seek its own independent legal counsel

Executed this K_g_ day of , 209_’1

VLADIMI sffsxv

On thia ‘qﬂdlvol 284 . betora me a notary public In and for sald county appearsd
Viadimir SABETSKY who ls parsonally known to me to ba the same person whosa name Is subscribed to tha foregoing
instrurnent, and he/sha scknowledged that ha/she signed sealed and delivered the sald Instrumant 83 his/her fres snd
volumary act for tha uses and purposes therein set forth.

NoterPPubha  UJEADY H Bbets

My Commission Expires

Commussion Expires
Angust 14, 2008

{Seal}

My
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Atty Dkt No 028083-0106

ASSIGNMENT AND AGREEMENT

WHEREAS Viadimir SABETSKY of Piskarevsky Prospekt 10 q 320 105221
Saint Petersburg Russla (hereinafter referred to singly and collectively as
ASSIGNOR") have invented a certain invention entitled NOVEL DELIVERY SYSTEM
FOR DRUG AND CELL THERAPY {Atty Dkt No 028093 0108) for which a provisional
application for United States Letters Patent was filed on August 15 2003 as
Applcation No 60/495 097 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 these presents hereby selis
assigns and transfers unto ASSIGNEE Its successors and assigns the full and
exclusive nght title and Interest in and to (s} the above-identified invention or
inventions and all improvements and modifications thereof (b) the above-identified
application and eil other applications for Letters Patent of the United States and
countries foreign thereto for the abave-identified invention or inventions and all
improvements and modifications thereof (c) all Letters Patent which may issus from
said applications in the United States and countries foreign thersto (d) all divigsions
continuations reissues and extensions of said applications and Letters Patent and
(e} the nght 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 nght title and interest to be held and enjoyed by
ASSIGNEE its successors and assigns to the full end of the term or terms for which
any and all such Letters Patent may be granted as fully and entirely as would have
been held and enjoyed by ASSIGNOR had this Assignment not been made

ASSIGNOR HEREBY AUTHORIZES AND REQUESTS the Commigsioner 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 i1ts successors and assigns

ASSIGNOR HEREBY AGREES (s} 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 inciuding evidence for interference reexamination reissue opposition
revocation extension or infringement purposes or other legal judicial or
administrative proceedings whenever raquested by ASSIGNEE (b) to testify in person
or by affidavit as required by ASSIGNEE 1ts 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 himited to original
divisional continuation and reissue epplications renewsld sssignments powers of
attomey oaths affidavits declerations 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 Iimprovements and modifications
under the intellectual property taws of the United States and countries foreign thereto
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Atty Dkt No 028083 0108

ASSIGNOR HEREBY REPRESENTS AND WARRANTS that ASSIGNOR has the
full and unencumbered night to sell assign and transfer the interests sold assigned
and transferred herein and that ASSIGNOR has not executed and will not execute any
document or instrument in conflict herewith

ASSIGNOR HEREBY GRANTS to the law firm of Foley & Lardner the power and
authority to insert in this Assignment any further identification which may be necessary
or desirable to comply with the ruies of the U S Patent and Trademark Office for
recordation of this Assignment

ASSIGNOR 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 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

acuted this AS day of :JM E% 20 gﬂ
Ex - \ §

Stats of ISTRILT P Cimip
/‘# —:-
™

On this lﬂ dde__,zﬁ.hhum. » notary public in and for sald county appeared
Viadimlr SABETSKY who Is pergonally known to me to be the same persen whose nama ls subacribed to the foregoing
Instrument, and ha/she scknowlsdged that ha/she algned sasied and delivered the sald Instrument as his/her frea and
voluntary act for the usss and purposes thersin sat forth

K-M‘m#ﬁ;nw e

My Commission Explres.

{Saal)
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T
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Treate 3 011 PCI-PATENT 379 FASE WACT A1 PRESLINAC

Depenimncia 2029 DIVISIDN DE MUEVRS CRERCIONS

REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL
TRAMITE

PATENTE DE INVENCION \©°'  MODELO DE UTILIDAD

(
indicacitn de que se soficlta la concesidn de una patente {
Dalos de Wentificacion del soficitante o de ia persona que se presentala soliciiud  { ) (<)
Descripelon de la Invencién {
Dibujos de serestos pertmentes. (
Comprobante de Pago de las tasas establecidas

*  COMPLETA (?() INCOMPLETA ( ) ()
. DISERO INDUSTRIAL ( )

indicaclén de que se solicita el registro de Disefio Industriat ()

Datos de wdentificacion del solicitante o de la persona que presenta {9 {)
la solicitud

Representacion grifica o fotografica del Disefio industrial o muestra del
Material que Incorpora el disefio {( }
Comprobante de pago de las tasas establecidas { ) { )

COMPLETA () INCOMPLETA () ()

ESQUEMA DE TRAZADO  ( }

- Indicaci6n de que solicifa el registro de un Esquema de trazado
-  Datos de identificacion del soicitante o de la persona que presenta
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Representacion grafica det esquema de t
Comprobante de pago de las tasas establ
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COMPLETA ()
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REPUBLICA DE COLOMBIA
BUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogotd
2020
Doctor{a)
RODRIGUEZ D ALEMAN DILIA MARTIA \\
©
S
REFERENCIA Radicacién No 5 100610 [

Solicitud internmacional IB2004/000933
Facha inicio fase nacional 04/10/2005

Trémite 11

Evento 379
Actuaclén 430

Oficlo No . 1 3 r.,q Q

-

Como resultado del examen de forma realizado con fundamento en el articulo 38 de
la Decisifn 486 de la Comisién de la Comnidad Andina articulo 27 del Tratado de
Cooperacifén en Materia de Patentes (PCT) regla 51 bis del Reglamento y Circular
Onica de la Superintendencia de Industria y Comercio se le comnica que

1 El solicitante deberi presentar el documento en que consta la cesifn del darecho
a la patente del inventor al solicitante o & su causante debidamente autenticada y
apostillada

2 La solicitud no contiene el poder debidamente otorgado con el lleno de los
requisitos exigldos por los articulos 63 y subsiguientes del C&digo da
Procedimiento Civil Adicionalmente deber& presentar el documento que acredita la
existencia y representacién 1legal de la sociedad solicitante cuando 6sta fuere
persona Juridica

En cumplimiento de lo dispuesto por el articulo 39 de la Decisiln 486 se le
requiers para gque dentro del término de dos meses sigquientes a la fecha de
notificacién del presente oficio complete los requisitos anteriormente enuncilados
En caso de no dar cumplimlento al presente requerimiento la solicitud se
considerari abandonada y perderi su prelacifm

Notifiquese el presente oficic conforme a lo dispuesto en el numeral S 2 literal
a) del capitulo quinto del titulo primero de la Circular Unica No 10 de 2001

mM—&- N
CLARA DE 8
Jefe de 1 visién de Nuevas Creaciones (E)

teri requerimiento fue notificado por fljacién en 1lista de
:Eecha & "":
adpall



