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(57) ABSTRACT 

The present invention relates to pharmaceutical formulations 
suitable for targeting particular tissue and/or organ(s) With a 
formulated active ingredient; for example When administered 
upstream of the target organ or tissue; and to use of the same 
in treatment methods of preparing the formulations. The 
pharmaceutical formulations of the invention are for 
parenteral administration to a target tissue and comprise par 
ticles containing an active ingredient; and a biodegradable 
excipient; Wherein 90% or more of the particles have a diam 
eter of between 10 and 20 microns and the formulation is 
substantially free of particles With a diameter greater than 50 
microns and less than 5 microns; such that Where the formu 
lation is administered up stream of the target tissue the ability 
of the active to pass through the target tissue and pass into 
systemic circulation is restricted. 
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FIGURE 10A 
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PARENTERAL COMPOSITION COMPRISING 
MICROSPHERES WITH A DIAMETER 
BETWEEN 10 AND 20 MICRONS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 13/217,569, ?led Aug. 25, 2011, Which is a 
continuation of US. application Ser. No. 13/057,764 ?led 
Feb. 6, 2011, Which is a US. National Stage Application 
claiming the priority of PCT Application No. PCT/EP2009/ 
060171, ?led Aug. 5, 2009, Which claims priority from Great 
Britain application Serial No. 08143026, ?led Aug. 5, 2008. 
Applicant claims the bene?ts of 35 U.S.C. §120 as to the PCT 
application and priority under U.S.C. §119 as to the said 
Great Britain application, and the entire disclosures of each of 
the above identi?ed applications are incorporated herein by 
reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The present disclosure relates to pharmaceutical 
formulations suitable for targeting particular tissue and/or 
organ(s) With a formulated active ingredient, for example 
When administered up stream of the target organ or tissue. The 
disclosure also relates to use of the same in treatment, meth 
ods of treatment administering the same and 10 methods of 
preparing the formulations. In particular different groWth 
factors and cytokines are employed to stimulate the intrinsic 
regenerative capacity of solid tissues by activating its resident 
stem cell population using a device, such as a catheter, for the 
localiZed delivery of the active compounds to the target tissue. 

BACKGROUND OF THE INVENTION 

[0003] Most medicines/pharmaceuticals are administered 
systemically, for example orally, intravenously, by vaccine, 
intramuscularly or the like. Notable exceptions are stents 
coated With active ingredients, certain respiratory formula 
tions delivered directly to 20 the lungs, certain radiotherapies 
Which are directed to target areas and certain dermatological, 
ophthalmological, and otological treatments Which are 
administered topically. 
[0004] Nevertheless, When appropriate, it Would be advan 
tageous to be able to deliver the pharmaceutical primarily to 
a diseased tissue or organ, because this Would 25 reduce the 
dose required and also minimiZe side effects. Such an 
approach Would be particularly advantageous for tWo main 
areas of medicine: a) the administration of groWth factors and 
cytokines capable of activating the groWth and differentiation 
of resident stem cells in a particular tissue. Because of the 
potent biological activity of these molecules, it Would be 
desirable to limit their action to the intended tissue, With 
minimal or no 30 spillover to the rest of the body; b) the 
delivery of cancer chemotherapeutic agents because if the 
cancerous tissue could be targeted speci?cally then it may 
alloW the administration of higher doses to the targeted cells 
While minimiZing the terrible toxic side effects of the same, at 
least to a signi?cant extent. 
[0005] In more acute situations such as in heart attacks and 
strokes better 35 treatments may be possible, particularly 
those directed to regenerate the damaged tissue, if the organs 
affected could be speci?cally targeted. In chronic situations, 
such as Parkinson disease, diabetes, or pulmonary ?brosis, 
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local administration of agents capable to reconstitute the de? 
cient cell type(s) have the potential to improve the prognosis 
of the disease. 
[0006] HoWever, reproducible delivery of active ingredi 
ents to target tissue or a target organ in a therapeutically 
effective manner is in?uenced to a large extent on the com 

ponents (including excipients) employed, their physical char 
acteristics, the dose and the mode of delivery. 

BRIEF DESCRIPTION OF THE DRAWING 

[0007] FIG. 1 ShoWs distribution and characterization of 
c-kitpos cardiac cells in the adult porcine heart. 
[0008] FIG. 2 ShoWs light microscopy images shoWing 
various expanded porcine cardiac cells 
[0009] FIG. 3 ShoWs H&E staining of GF-treated porcine 
hearts 
[0010] FIG. 4 ShoWs evidence of activation of endogenous 
CSCs 
[0011] FIG. 5 ShoWs regenerating bands of small, neWly 
formed cells 
[0012] FIG. 6 ShoWs various images of neWly formed tis 
sue 

[0013] FIG. 7 ShoW an optical microscope image of PLGA 
particles With IGF-l prepared as per Example 1. 
[0014] FIG. 8 ShoW an electron micrograph of PLGA par 
ticles With IGF-l prepared as per Example 1, 
[0015] FIG. 9 ShoWs sections of porcine heart. 
[0016] FIG. 10 ShoWs sections of porcine myocardium 
after administration of polystyrene microspheres or PLGA 
and groWth factor microspheres. 
[0017] FIG. 11. ShoWs sections of porcine heart Wherein 
endogenous cardiac stem cells are highlighted. 
[0018] FIG. 12 shoWs histological images of control and 
damaged quadriceps muscle. 
[0019] FIG. 13A compares the effect in the number of 
regenerated cardiac myocytes in pigs post-AMI treated With a 
combination of tWo types of microspheres 
[0020] FIG. 13B shoWs the left ventricle ejection fraction 
prior to, immediately after and 4 Weeks post-AMI as deter 
mined by echocardiography of the pigs treated With different 
combinations of microspheres 
[0021] The present disclosure provides a pharmaceutical 
formulation for parenteral, especially intra-arterial, adminis 
tration to a target tissue comprising particles containing an 
active ingredient and a biodegradable polymer excipient, 
Wherein 30% or more of the particles have a diameter of 25 
microns or less and the formulation is substantially free of 
particles With a diameter greater than 50 microns, such that 
Where the formulation is administered up stream of the target 
tissue the ability of the active ingredient to pass through the 
target tissue and pass into systemic circulation is restricted. 
That is to say the active ingredient is retained in the target 
tissue While its ability to pass through the target tissue and 
pass into systemic circulation is severely restricted or abol 
ished. Thus, in a particular aspect of the invention a pharma 
ceutical formulation for parenteral administration to a cardiac 
tissue is provided, said pharmaceutical composition compris 
ing particles containing an active ingredient and a biodegrad 
able excipient, Wherein 90% or more of the particles have a 
diameter of betWeen 10 and 20 microns and the formulation is 
substantially free of particles With a diameter greater than 50 
microns and less than 5 microns, such that Where the formu 
lation is administered up stream of the target tissue the ability 
of the active to pass through the target tissue and pass into 
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systemic circulation is restricted. In one embodiment at least 
90%, of the particles of the pharmaceutical invention have a 
diameter that is betWeen 15 and 20 microns. 
[0022] In an aspect of the invention a pharmaceutical for 
mulation for parenteral, e. g. intra-arterial, administration to a 
cardiac tissue is provided, said pharmaceutical composition 
comprising particles containing an active ingredient, selected 
from the group consisting of HGF and IGF-1, and a biode 
gradable excipient, Wherein 90% or more of the particles have 
a diameter of betWeen 10 and 20 microns and the formulation 
is substantially free of particles With a diameter greater than 
50 microns and loss than 5 microns, such that Where the 
formulation is administered upstream of the cardiac tissue the 
ability of the active to pass through the cardiac tissue and pass 
into systemic circulation is restricted. 
[0023] Whilst not Wishing to be bound by theory it is 
thought that formulations of the present disclosure, When 
administered in the arterial blood upstream of the target tissue 
or organ, are carried into the target tissue or organ by the 
circulation and due to the particle siZe and distribution lodge, 
in other Words are trapped or caught in the capillaries in the 
tissue or organ, Which are about 5-10 pm in diameter. Par 
ticles lodging in capillaries and blocking blood How is not 
generally desirable, but the number of capillaries affected by 
the formulation of the disclosure is relatively small, particu 
larly as the formulation enables very loW therapeutic doses to 
be employed. Furthermore, the biodegradable excipient 
melts, dissolves, degrades or in some Way disassociates itself 
from the active and thus ultimately the “blockage” is 
removed. Thus the movement of the particle is restricted/ 
retarded by lodging in capillaries, a reversible process Which 
returns the capillaries back to the natural condition alter a 
short period. Retarding the movement of the particle for a 
short period alloWs the active to be maintained in the vicinity 
of the target for an appropriate amount of time to facilitate 
local action or absorption of the active into the extravascular 
space of the tissue. 
[0024] The formulation is designed such that most, if not all 
the active is released from the particle While immobiliZed in 
the target tissue vascular bed. Once the active load is released 
the particle is designed to be degraded and its constituent 
materials released into the general circulation to be either 
metaboliZed or eliminated, through the liver and/or kidney. 
[0025] The present disclosure provides a pharmaceutical 
formulation for parenteral administration to a target tissues 
comprising particles containing an active ingredient and a 
biodegradable excipient, Wherein 30% or more of the par 
ticles have a diameter of 25 microns or less and the formula 
tion is substantially free of particles With a diameter greater 
than 50 microns, such that Where the formulation is admin 
istered upstream of the target tissue the active is retained in 
the target tissue or organ for a therapeutically effective period. 
[0026] In particular the formulations of the present disclo 
sure alloW loWer quantities of active ingredients to be 
employed because the majority of active is retained in the 
target tissue rather than being taken into the systemic circu 
lation. This seems to increase the therapeutic WindoW of the 
active. That is to say the dose range over Which the ingredient 
is therapeutically active is increased alloWing smaller abso 
lute quantities to be administered. Local administration of a 
loWer dose means that side effects are likely to be minimised. 

[0027] Suitable doses are, for example in the range 0.05 
[Lg/Kg to about 10 [Lg/Kg, such as 0.1 [Lg/Kg to about 0.5 
[Lg/Kg, in particular 0.15, 0.2, 0.25, 0.35, 0, 4 or 0.45 [Lg/Kg. 
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[0028] Administrating loWer doses locally for therapeutic 
effect is particularly important for potent molecules, for 
example groWth factors, Which are knoWn to have potential to 
stimulate oncogenesis. These potentially harmful side effects 
limit the utility of such molecules even though in the right 
circumstance they produce therapeutically bene?cial effects. 
[0029] The formulations of the present disclosure do not 
employ microspheres comprising a polystyrene, silica or 
other non-biodegradable bead With active ingredient attached 
thereto, because enduring resilient materials i.e. non-biode 
gradable materials such as polystyrene and silica may cause 
damage to local capillaries, and may act as foreign bodies and 
produce local in?ammatory reactions. Moreover, such non 
biodegradable beads might eventually gain access to the sys 
temic circulation and may then, for example accumulate in 
distant tissue such as the lungs and liver, all of Which are 
undesirable. 
[0030] Generally, each particle Will comprise active and 
excipient. It is not intended that the description of the formu 
lation refer to discrete particles of active and separate par 
ticles of biodegradable polymer in simple admixture. 
[0031] Substantially free of particles over 50 microns as 
employed supra is intended to refer to formulations that meet 
the criteria to be administered as a parenteral formulation set 
doWn in the US pharmacopeia and/ or European pharma 
copeia. 
[0032] In one embodiment substantially free may include 
containing less than 5% of said particles, particularly less 
than 1%, for example less than 0.5%, such as less than 0.1%. 
[0033] In one embodiment the at least 50%, at least 60%, at 
least 70%, at least 75%, at least 80%, at least 85%, at least 
90%, at least 95%, at least 98% such as at least 99% of the 
particles have a diameter of 25 microns or less. 
[0034] In one embodiment the particle siZe is in the range 6 
to 25 microns, such as 10 to 20 microns, particularly 15 or 20 
microns, for example at least 50%, at least 60%, at least 70%, 
at least 75%, at least 80%, at least 85%, at least 90%, at least 
95%, at least 98% such as at least 99% of the particles are the 
relevant siZe or Within said range. Thus in one embodiment of 
the invention at least 95%, at least 98% or at least 99% of the 
particles of the pharmaceutical composition have a diameter 
of betWeen 10 and 20 microns. In another embodiment at least 
95%, at least 98% or at least 99% of the particles of the 
pharmaceutical composition have a diameter of betWeen 15 
and 20 microns. 
[0035] In one embodiment the formulation does not contain 
particles less than 1 micron in diameter. 
[003 6] In one embodiment the formulation does not contain 
particles less than 5 microns in diameter. 
[0037] In one embodiment at least 30% of the particles With 
the active are retained in the target tissue after administration, 
for example at least 40%, at least 50%, at least 60%, at least 
70%, such as at least 80% or more of the active particles are 
retained. 
[0038] In one embodiment the active particle is retained in 
the target tissue or organ for a period in the range 5 minutes to 
24 hours, for example 30 minutes to 5 hours, such as 1, 2, 3 or 
4 hours. 
[0039] The period that the formulation is retained in the 
relevant tissue or organ depends primarily on the excipient or 
the combination of excipients employed. Thus the properties 
required from the excipient in vivo are that: 

[0040] it is biocompatible (i.e. generally non-toxic and 
suitable for administration to humans and/ or animals), 
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[0041] Within an appropriate time frame after adminis 
tration it contributes to maintaining the particle integrity 
suf?ciently for the particle movement to be retarded by, 
for example lodging in a capillary or arteriole in the 
target tissue or organ, and 

[0042] it is biodegradable (that is to say it is capable of 
being processed or metabolised) by the body to release 
the active and after the active has been released. 

[0043] Thus a biodegradable polymer excipient suitable for 
use in the present disclosure is a polymer or co-polymer that 
does not have a long residency time in vivo, ie Would not 
include entities such a polystyrene, polypropylene, high den 
sity polyethene and material With similar properties. Biode 
gradable polymers must be non-toxic and broken doWn into 
non-toxic sub-units preferably locally, such that the amount 
of circulating fragments/debris from the excipient are mini 
mised. 
[0044] Suitable excipients canbe found in the United States 
Pharmacopeia (U SP) and include inorganic as Well organic 
natural and man-made polymers. Examples may include 
polymers such as polylactic acid, polyglycolide or a combi 
nation of the same namely polylactic co-glycolic acid, poly 
caprolactone (Which has a sloWer rate of biodegradation than 
polylactic co-glycolic acid), polyhydroxybutyrate or combi 
nations thereof. Polyurethanes, polysaccharides, proteins and 
polyaminoacids, carbohydrates, kitosane, heparin, polyhy 
aluronic acid, etc may also be suitable The excipient is gen 
erally in the form of a particle, an approximate sphere (micro 
sphere) to Which the active can be attached or With Which the 
active is associated or incorporated Within. 
[0045] Liposomes are not biodegradable polymer excipi 
ents Within the meaning of the present disclosure. Liposomes 
are vesicles of a phospholipid bilayer generally comprising 
cholesterol. For diseases such as myocardical infarction 
induced by arterio sclerosis cholesterol levels are monitored 
as one of the risk factors for the disease and thus it may be 
advisable to avoid administering cholesterol containing for 
mulations to such patients. In addition patients With liver 
cirrhosis may have increased dif?culty metabolising lipids 
and dietary fats, therefore administration of liposomes to such 
patients may not be advisable. 
[0046] In one embodiment the biodegradable excipient is 
not a hydrogel (a continuous phase of a corresponding col 
loidal dispersed phase). 
[0047] Thus, both the rate of “release” of the active and the 
rate of “dissolution” of the particle can be altered by altering 
the excipient or/ and the method of binding the active to the 
excipient, so for example employing polycaprolactone Would 
provide a particle Which takes longer to dissolve or disinte 
grate than a corresponding particle employing polylactic co 
glycolic acid. If the active is embedded Within the excipient it 
Will be released more sloWly than if it is on the surface of the 
particle. If on the surface and bound by electrostatic charge it 
Will be released faster than if covalently bound. 
[0048] In one embodiment the excipient comprises poly 
lactic co-glycolic acid. 
[0049] In one embodiment substantially all the particles, 
for example 80, 85, 90, 95, 96, 97, 98, 99 or 100% of the 
particles comprise polylactic co-glycolic acid. 
[0050] In one embodiment the polylactic co-glycolic acid is 
in the ratio 75:25 respectively. 
[0051] In one embodiment the excipient comprises tWo or 
more distinct polymers, the term polymer includes co-poly 
mers. 
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[0052] In one embodiment the excipient may include an 
acrylate polymer, for example a methacrylate polymer. 
[0053] In one embodiment the particle comprises alginate. 
[0054] In one embodiment the excipient comprises a bio 
degradable form of polyurethane. 
[0055] In one embodiment the excipient is in the form of a 
microsphere. 
[0056] In one embodiment the disclosure employs a poly 
vinyl alcohol microsphere formulation. 
[0057] In one embodiment the microspheres are not albu 
min. 
[0058] In one embodiment the active(s) employed are 
encapsulated Within a biodegradable coating for example 
selected from the Eudragit range. 
[0059] In one embodiment one or more active molecules 
are embedded Within the particle. 
[0060] For the active compounds to perform, as described 
in the present disclosure, they need to be administered into the 
circulation as a microparticle Which because of its siZe, mor 
phology and composition Will travel With the blood How to 
reach its target tissue. At the target, the particle should release 
its active load in a controllable manner. To accomplish this 
goal, once unloaded, the particle should be degraded and its 
constituents either metaboliZed or delivered into the systemic 
circulation to be eliminated by the normal excretion systems 
of the body. 
[0061] To accomplish these goals the microparticles should 
ful?ll the folloWing characteristics: 
[0062] The microparticles should be of uniform siZe and 
morphology in order to insure that they reach and become 
lodged at the designed level of the circulatory system. Uni 
formity of siZe and shape is better controlled When the par 
ticles are spherical. 
[0063] Most capillary beds alloW free passage of particles 
With a diameter of <6 microns in diameter, the microspheres 
of this disclosure should have a diameter >6 microns, and 
preferably of ~15 microns. Particles in the range of 20 
microns in diameter or larger lodge into pre-capillary arteri 
oles or arterioles and block the blood How to several capillar 
ies at once. Therefore, they might create microscopic infarc 
tions. Thus for the delivery of regenerative therapies the most 
suitable diameter of the microspheres is in the range of 15 
microns. In addition, hoWever, particles having diameters of 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 
24 and 25 are contemplated for use according to the present 
invention. 
[0064] The time required to release the active compound 
once they have reached their target could range from minutes 
to days and even Weeks, depending on the type of micro 
sphere and the therapeutic goal. 
[0065] The microspheres should be made With a biodegrad 
able and non-toxic compound. The stability of the particle 
and its degradation time Will depend on the composition and 
type of the microsphere. It might be designed to deliver its 
load before it starts degrading; alternatively it might be 
designed so that the delivery of its load occurs as the particle 
disintegrates. 
[0066] The nature of the polymer used as excipient, its siZe, 
liability of the bonds betWeen the monomers and degree of 
cross-linking, if any, Will affect the rate of release of the active 
as Well as the stability and degradability of the particle. 

[0067] In all embodiments, the microspheres should be 
stable enough in solution for them not to substantially break 
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or degrade during their administration into the circulation and 
the time required for them to reach the target vascular bed. 

[0068] In a suitable embodiment of the disclosure, each 
particle Will carry a single type of active compound. When a 
mixture of compounds is thought to be bene?cial for thera 
peutic purposes, a mixture of microparticles, each loaded 
With a single type of compound, may be administered. This 
design simpli?es the production of the therapeutic com 
pounds and offers greater therapeutic ?exibility, thereby 
alloWing individualized medicaments to be prepared rapidly 
to meet the patient’s individual speci?c needs. 

[0069] In one embodiment a particle(s) employed has/have 
only one type of active molecule bound to it/them. 

[0070] In one embodiment a particle(s) employed has a 
mixture, such as tWo, three or four active molecules bound to 
it 

[0071] The active compound might be loaded onto the par 
ticle at the time of its formation and, for example be dispersed 
throughout the particle. 
[0072] The active compound may be encapsulated inside 
the particle Where the excipient forms the shell of the micro 
sphere. 
[0073] In one embodiment active(s) are bound to a particle 
(s) by covalent bonds, for example a polypeptide or protein is 
bonded to a microsphere through cross-linking by treatment 
With an aldehyde such as formaldehyde or glutaldehyde, for 
example by emulsifying the microsphere (or ingredient of the 
microspheres) in the presence of the active(s), a suitable 
aldehyde and homogenizing the mixture under conditions 
suitable for forming particles of the required size. Alterna 
tively the active may be bonded to a carboxylate group 
located on the excipient microsphere. 

[0074] In one embodiment the active(s) are bound to a 
particle(s) by electrostatic forces (charge). 
[0075] In one embodiment the active(s) are bound to a 
particle(s) through a polyelectrolyte such as, for example 
comprising sodium, potassium, magnesium and or calcium 
ions With chloride counter ions in aqueous solution. 

[0076] In one embodiment the active(s) are bound to a 
particle(s) betWeen layers of polyelectrolytes. 
[0077] The active compound may be loaded on the surface 
of the particle either by charge (electrostatic forces) or 
covalently bound. In one embodiment the active(s) is/ are 
bound to the particle by electrostatic charge. 
[0078] In one embodiment the active(s) is/are bound to the 
particle by polyelectrolytes, for example by means of a poly 
electrolyte shell covering the particle onto Which the active 
attaches by charge. 
[0079] The active compound may form a single layer on the 
surface of the particle or might be deposited in multiple layers 
either contiguous or separated by polyelectrolyte layers. 
[0080] The active compound may be bound to the particle 
by means of “linkers” Which on one hand bind to the excipient 
matrix and on the other to the active compound. These bonds 
might be either electrostatic or covalent. 

[0081] The microparticles may for example be stabilized 
by lyophilization. Microparticle may also be stable When 
frozen. 

[0082] In one embodiment the excipient is degraded rap 
idly in the range of minutes to hours, or over a longer period 
such as Weeks to months. 
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[0083] In one embodiment the formulation is such that once 
in the circulation one or more actives is/are rapidly released 
for example in period in the range of l to 30 minutes to about 
1 to 12 hours. 

[0084] In one embodiment the disclosure relates to a mixed 
population of particles that is to say, particles With different 
rates of “dissolution”, Which may be used to provide a for 
mulation With controlled or pulsed release. 
[0085] Thus formulations of the disclosure can comprise 
particles With different release kinetics and degradation rates. 
[0086] In one embodiment the active is released over a 
period ofl to 24 hours. 
[0087] In one embodiment the active is released over a 
period of 1 day to 7 days. 
[0088] Thus in one or more embodiments all the formula 
tion of the disclosure is metabolized Within 7 days of admin 
istration. 
[0089] In one embodiment once in the circulation of the 
individual, the active(s) is/are released very sloWly, over a 
period Weeks to months, for example 1 Week to l, 2, or 3 
months. 
[0090] In one embodiment the population of particles is 
Well characterized and for example has the same characteris 
tics. That is to say the physical and/or chemical properties of 
each particle fall With a narroW de?ned range. 

[0091] In one embodiment the size of the microspheres is 
monodispersed. 
[0092] Thus in one embodiment the particles of the formu 
lation have meanparticle size With a small standard deviation, 
for example at least 68% of particles have a size+/—l micron 
of the mean, such as 99% of particles have a particle size+/—l 
micron of the mean (eg l5+/—l microns). In addition, com 
positions Wherein the particles have at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95%, at 
least 96%, at least 97%, or at least 98% of particles Within 
+/—l micron of the mean are contemplated by the present 
invention. 

[0093] In one embodiment the formulation comprises a 
population of particles characterized in that the populations 
contains at least tWo distinct types of particle, for example the 
distinct particles may have different actives, coatings, particle 
size or a combination of the same. 

[0094] In one embodiment the disclosure relates to a mixed 
population of particles comprising particles of active in 
admixture With particles of one or more further distinct 
actives. 
[0095] It appears the particle size and distribution of the 
formulation in?uences the in vivo pro?le of the formulation 
including hoW the formulation in distributed in the tissue. It 
seems that is insuf?cient to simply have a mean particle size 
Within the range 10 to 20 microns because this alloWs some 
particles to have a much larger particle size and also a much 
smaller particle size. This variation can cause problems in 
vivo because, for example the small particles are not retained 
With the relevant tissue and the larger particles can damage 
the tissue. 

[0096] The amount of activezexcipient employed may be in 
the ratio l%:99% W/W, 5%:95% W/W, l0%:90% W/W, 20%: 
80% W/W, 30%:70% W/W, 40%:60% W/W, 50%:50% W/W, 
60%:40% W/W, 70%:30% W/W, 80%:20% W/W or 90%: 10% 
W/W, depending on What release pro?le is required. If the 
active is required to be release quickly or immediately in vivo 
a higher ratio of active to excipient may be chosen. 
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[0097] In one embodiment the microsphere employed has a 
half life of about 16 hours. 
[0098] In one embodiment the formulation is lyophilized. 
[0099] In another embodiment the formulation is frozen. 
[01 00] The particles of the disclosure are not magnetic to an 
appreciable extent. 
[0101] The active ingredient may be any medicine or phar 
maceutical that may be administered in the form of a particle 
according to the disclosure. 
[0102] In one embodiment 15><106 particles (microspheres) 
are administered, such as 14><106, 13><106, 12><106, 11><106, 
10><106, 9x106, 8x106, 7x106, 6x106, 5x106, 4x106, 3x106, 
2><106 or 1><106 particles are administered. 
[0103] A particle as employed herein may comprise, for 
example micronized drug, semi-solid or hydrated entities 
such as proteins or biologically derived actives formulated as 
discrete particles provided the particle maintains its structure 
for a suf?cient period to perform the required function. The 
disclosure also extends to particles With a liquid core pro 
vided that the external integrity of the particle is such that is 
can perform its function in vivo. The disclosure does not 
extend to particles With a gas core. 

[0104] Microspheres may be fabricated by emulsifying a 
polymer solution, folloWed by evaporation of solvent. In 
other instances monomers are emulsi?ed folloWed by thermal 
or UV polymerization. Alternatively, a polymer melt is emul 
si?ed and successively cooled to solidify the droplets. A size 
reduction of the emulsion can be obtained by homogenizing 
or sonicating the bulk. The microspheres, can be collected by 
?ltering and/or centrifuging the reaction mixture. 
[0105] Biodegradable micro spheres and microcapsules of 
biopolymers for the controlled release and targeted delivery 
of different pharmaceutical compounds and therapeutic mac 
romolecules have been long knoWn in a number of forms, 
particularly those of relatively large diameters as described in 
the present disclosure (see D. D. LeWis “Biodegradable poly 
mers and drug delivery systems” M. Chasin and R. Langer, 
editors (Marcel Dekker, NeW York, 1990); J. P. McGee at al., 
J. Control. Release 34:77, 1995). 
[0106] Micro spheres and microcapsules are routinely pro 
duced by mechanical-physical methods such as spraying con 
stituent monomers into microdroplets of the size folloWed by 
either a drying or polymerization step. Such microparticles 
can also be formed through emulsi?cation folloWed by 
removal of the emulsifying solvent (B. Miksa et al., Colloid 
Polym. Sci. 273; 47, 1995; G. Crotts et al., J. Control. Release 
35:91, 1995). The main challenge of these methods is the 
production of a monodisperse population of particles in shape 
and size. This, for example can be achieved employing a 
technique of How focusing in Which a capillary nebulizer is 
used to form microdroplets of the proper size. In the process 
the components are submerged into a harvesting solution/ 
solvent Which serves to dissolve/suspend the microparticle 
components, folloWed by evaporation of the solvent to pro 
vide solidi?ed microparticles. 
[0107] This process may require that all the components of 
the microparticle be combined into a single mixture (the 
focused compound) from Which are generated the microdrop 
lets that Will form the microparticles. As many of the poly 
mers used for drug delivery are hydrophobic While most 
therapeutic macromolecules, and particularly proteins, are 
hydrophilic the mixture requires emulsifying to ensure a 
homogeneous composition is obtained before the micropar 
ticles are formed. 
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[0108] Alternatively particles may be prepared, for 
example by aspirating a solution of active into microspheres 
in a convection current, from a nozzle With a net electric 
charge toWard a plate or entity With a counter charge, in an 
anode/ cathode type arrangement. 
[0109] In one embodiment particles employed have a net 
electric charge, for example a positive charge or negative 
charge. This may, for example assist the particle’s movement 
being retarded in the target tissue or organ. This net charge 
may be balanced in the formulation for administration by 
counter ion spheres (for example Without active) of a small 
dimension, for example less than 5 micron, Which are not 
retained Within the target tissue after administration. 
[0110] In one embodiment the active ingredient is a bio 
logical molecule or derived therefrom, for example a protein 
such as an antibody or a groWth factor, a cytokine or combi 
nation of entities. 
[0111] In particular the formulations of the disclosure are, 
particularly useful for targeting/activating resident stems 
cells found in the relevant tissue. 
[0112] In one preferred embodiment the disclosure is used 
to activate the resident stems, progenitors and/or precursors 
of a particular tissue or organ to stimulate regeneration of said 
tissue or organ. 

[0113] In one embodiment the disclosure relates to local 
ized administration of ligands for the receptors expressed by 
the stem cells present in the post-natal tissue for initiation of 
regeneration of the same. The ligand may, for example be a 
groWth hormone as described herein. 
[0114] In one embodiment the ligands are administered to 
activate the receptors present on the most undifferentiated 
stem cells present in each target tissue. These cells express the 
so-called “multipotency genes”, such as Oct 4, Sox2, Nanog, 
etc. and they have a potent regenerative capacity (hereafter 
knoWn as Oct4-expressing stem cells). 
[0115] In one embodiment the ligand is administered to the 
heart to minimize and/ or regenerate tissue damage for 
example caused by myocardial infraction. 
[0116] When an artery is obstructed the main effect is a loss 
of the tissue doWnstream from the obstruction. The speci?c 
consequence of the obstruction of a coronary artery is a myo 
cardial infarction (MI) Which results in the irreversible loss of 
a portion of the cardiac muscle. This loss results in a diminu 
tion of the contractile capacity of the myocardium and the 
pumping capacity of the heart Which, When signi?cant 
enough, limits its capacity to provide the appropriate cardiac 
output and produces a serious and progressive limitation of 
the person’s capacity (revieWed in Nadal-Ginard et al., Circ. 
Res. 2003; 921139). 
[0117] In the USA and the EU alone over 1.5 million MIs 
are treated every year and there are over 11 million MI sur 

vivors (American Heart Association, 2007. British Heart 
Association, 2007). Of these, over 30% die during the ?rst 
year post-infarct. The survival post-MI depends in large mea 
sure on the size of the infarct (% of muscle mass lost) due to 
the ischemic event. When the loss affects ~40-45% of the left 
ventricular mass it produces an irreversible cardiogenic shock 
Which is uniformly lethal (Page et al., 1971. N. Engl. J. Med. 
285; 133). This segmental myocardial loss produces a reor 
ganization of the reminder myocardium With increased cell 
death by apoptosis, hypertrophy of the surviving myocytes, 
increased ?brosis of the tissue and dilation of the ventricular 
chamber (Pfeffer, M. A. & BraunWald, E., 1990. Circulation 
8111161). This reorganization, knoWn as “remodeling”, 
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