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PEG-LIPID CONJUGATES FOR INCREASING THE

SOLUBILITY OF DRUG COMPOUNDS

PRIORITY
[0001] This application claims priority from United States provisional patent application no.
61/205,840 entitled "PEG-lipid conjugates for increasing the solubility of drug compounds” filed

January 23, 2009,

FIELD OF THE INVENTION

[0002] The present invention relates to compositions and methods for increasing the solubility of
pharmaceutical agents for enhanced delivery.  Maore particularly, the present invention reiates to

diacyl lipid-polymer conjugates for such increased solubility and enhanced delivery.

BACKGROQUND OF THE INVENTION

[0003] Delivery of hydrophabic drug compounds to the site of action is an ongoing problem in
pharmaceutical science. Among the types of drug delivery vehicles used are cyclodextrans, drug-
lipid complexes, liposomes, and solubilizing agents such as Cremophor®. Various PEG-lipid

conjugates have been used in these vehicles. However, many useful drugs are still limited by their

oo
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solubility, pharmacokinetic profiles and bioavailability. It is therefore an object of this invention

to describe new compositions and methods for formulating and delivering lipophilic agents.
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BRIEF DESCRIPTION OF THE INVENTION

[0004] Diacyl lipid-polymer conjugates are used to enhance the solubility of lipophilic drugs in
aqueous solution. The conjugates comprise a backbone, two lipophilic acyl groups and a

hydrophilic polymer.

oas
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BRIEF DESCRIPTION OF THE DRAWINGS
{000§] The accompanying drawings, which are incorporated into and constitute a part of this
specification, illustrate one or more embodiments of the present invention and, together with the

detailed description, serve to explain the principles and implementations of the invention,
[0006] In the drawings:

[0007] FIG. 1 is a diagram depicting the cross-section of a liposome made of lipid molecules.
[0008] FIG. 2 is a diagram depicting a cross-section of a micelle made of lipid molecules.

[0009] FIG. 3 is a diagram depicting a cross-section of a structure made of fipid molecules with

large tails relative to the head groups.

{0010] FIG. 4 is a space-filling diagram of a lipid molecule having a polar head group and
nonpolar hydrocarbon chains.

[0011] FIG. § shows pharmacokinetic profiles of Gefitinib formulations.

VSN
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DETAILED DESCRIPTION

[0012] Embodiments of the present invention are described herein in the context of diacyl lipid-

polymer conjugates for increasing the solubility and enhancing the delivery of pharmaceutical

>on

agzents. Reference will now be made in detail to implementations of the present invention as
illustrated in the accompanying drawings. The same reference indicators will be used throughout

the drawings and the following detailed description to refer o the same or like parts.

[0013] In the interest of clarity, not all of the routine features of the implementations described
herein are shown and described. Tt will, of course, be appreciated that in the development of any
such actual implementation, numerous implementation-specific decisions must be made in order to
achieve the develaper’s specific goals, such as compliance with application- and business-related
constraints, and that these specific goals will vary from one implementation to another and from

one developer to another. Moreaver, it will be appreciated that such a development effort might

oo

be complex and time-consuming, but would nevertheless be a routine undertaking of engineering :

for those of ordinary skill in the art having the benefit of this disclosure.

[0014] Those of ordinary skill in the art will realize that the following description of the present
invention is illustrative only and not in any way limiting. Other embodiments of the invention will
readily suggest themselves to such skilled persons having the benefit of this disclosure.

[0015] The present invention comprises pharmaceutical compositions and methods for making
and using same, where the composition comprises a lipophilic drug and one or more polymer-lipid

conjugates. The conjugates have a backbone, two acyl groups and 2 polymer chain. They .

<o

preferably have a melting temperature less than that of the human body, and are more preferably
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liquid at room temperature. Aqueous solutions of the conjugates with drugs do not comprise

liposomes, but instead comprise a variety of other microstructures.

[0016] Definition: As used herein, the term ‘lipophilic’ means the ability to dissolve in lipids

and/or the ability to penetrate, interact with and/or traverse biological membranes.

[0017] United States Patent No. 6,610,322 and its relatives teach the formation of spontaneous
liposemes by emploving diacyl lipid — polyethleneglyenl (PEG) conjugates. Thal patent describes
how to select such PEG-lipid conjugates to form liposomes by simply adding th.e conjugate to an
aquéous solution. Tt now has been discovered that other similar polymer-lipid molecules are

useful for solubilizing hydrophobic drugs without the formation of liposomes.

[0018] As described in United States Patent No. 6,610,322, which is herein incorporated by
reference, PEG-lipid conjugates will spontanenusly form liposomes upon mixing with an agueaus
solution if c.erta'i‘n conditions are met. For diacylglycerol-PEGs (DAG-PEGs), one condition is
that the packing parameters of the total lipids (either a single lipid or a combination of lipids) must
lie within ranges that allow lipasomes to form. Simply pu, the lipids should generally be cone
shaped, with tapering that allows them to self-assemble into liposomes. If the head group
(including PEG) is too large or too small in relation to the hydrophobic portion or the molecule,

liposomes will not form.

Chemical Structure 1

NNy
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[0019) Chemical Structure 1 generally describes the polymer-lipid conjugates of the present
invention. AG1 and AG2 indicate acyl groups, i.e., the hydrophobic portion of the molecule. The
acyl groups may be the same or different. P indicates a hydrophilic polymer, typically PEG. R
indicates the moiety at the distal end of the hydrophilic polymer. B is the backbone. L1 is the
linker connecting the backbone to the hydrophilic polymer. L2 and L3 are the linkers connecting
the backbone to the acyl groups. The portion of the molecule including B plus L1, L2 and L3 can
be considered the extended backbone. The extended backbone plus P plus R comprises the

hydrophilic head or headgroup of the molecule. The acyl chains comprise the lipophilic tal.

[0020] The amphipathic nature of the lipid-polymer conjugates gives them the ability to increase
the solubility of lipophilic drugs in aqueous solution. The acyl groups form associations with the
drug, and the head group freely interacts with water. The backbone and linkers may be chasen to
confer advantages in solubilizing and/or delivering certain drugs, but the backbone and linkers are
generally less functionally important than the hydrophilic polymer and the acyl groups. Thus, a
simplified version of the conjugates can be described as in Chemical Structure 2, where EB is the

extended backbone.

Chemical Structure 2

[0021] To form a liposome, lipid head groups and hydrocarbon chains must organize themselves
into a bilayer with a radius of curvature that allows the bilayer to fold back into itself (see FIG. 1).

If the hydrocarbon chains (acyl groups) are too small relative to the head group, the radius of

fi
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curvature will be too small and micelles will be produced (see FIG. 2). If the hydrocarbon chains
are too large relative to the head groups, the radius of curvature will be of the opposite sign and

liposomes cannot form (see FIG. 3).

[0022] FIG. 1 is a diagram depicting the cross-section of a liposome made of lipid molecules.
Liposome 10 comprises a lipid bilayer, made of lipid molecules (e.g., 12, 14, 16, 18), enclosing an

aqueous space 20,

[0023] FIG. 4 is a space-flling diagram of a lipid mole@le having a polar head group and
nonpolar hydrocarbon chains. Lipid mp]ecule 22 is comprised of a hydrophilic group 24 and a
hydrophobic tail 26, Hydrophobic tail 28 comprises two hydrocarbon chains 32, 34 ( AGT1 and
AG2). While its chemical bonds allow the lipid molecule to be flexible, the head group generally
fills an area of diameter 2% while the tail flls an area of diameter 30, Because lipid molecules
must be organized in a bilayer to form a liposome, the ratio of the head group diameter to the tail

-

diameier can be neither too large nor tao small if liposome formation is Lo occur.
[0024] FIG. 2 is a diagram depicting & cross-section of a micelle made of lipid molecules. Micelle
26 ig composed of lipid molecules (e.g., 38, 40). Because the tail groups of the lipid molecules

have small diameters relative to the head gronps, the lipid molecules organize with a small radius

of curvature, and a bilayer cannot form.

[0025] FIG. 3 is a diagram Jdepicting a cross-section of a structure made of lipid molecules with

large tails relative to the head groups. InFIG. 3, it can be seen that structure 42 forms when

j2
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lipids (e.2., 44) having large tails relative to the head groups are mixed in aqueous solution.

PNy

Again, the size ratio between head groups and tails makes bilayer formation impossible. i

[0026] While FIGS. 1, 2 and 3 have illustrated the basic principle of packing parameters using a
single type of lipid molecule, it will be appreciated that the same principle applies to mixtures of
lipids. For example, a lipid which has hydrocarbon chains too small to form liposomes as a single
species can he mived with cholesterol to result in a compasition which has the proper packing
paraméters. As another example, a lipid which by itself has the proper packing parameters may

form liposames incorporating limited amounts of other lipids which, by themselves, do nat have

proper packing parameters. Both single lipids and mixtures of lipids have packing parameters that -

<o

may be calculated by known methods. In general, liposome compasitions which allow liposome
formation have packing parameter measurements of P, between about .84 and .88 and P, between

about .88 and .93.

[0027] P, is the' packing parameter with respect (o surface and Py is packing parameter with
respect to volume (DD Lasic, Liposomes: From Physics to Applications, Elsevier, pp 51, 1993).
The parameters are derived from the equations HC,/T,= P, and HC./T. = P, where HC, is the
hydrocarbon chain area, T. is the total area of the molecule, HG, is the volume of the

hydrocarbon chains and T is the volume of the whaole molecule.

Py

[0028] Packing parameters can be calculated for mixtures of lipids, since ideal mixing of lipids
results in arithmetic average of their individual characteristics. For instance HC./T.=P, of a binary

mixture, in the case of ideal mixing can be expressed as:
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PEYS

<Pa:’=X1P1+.\r2P2, X]‘*‘ X2=l

[0029] More generally in the case of i lipids composing a given mixture can be represented by:
<P,>=%,X;P; and £, X;=1
where Xjis the mole fraction of the lipid in the mixture and P; is the packing parameter with

respect to surface of that lipid.

[0030] Two general factors influence the size of the head group in a lipid molecule. One is the
actual physical size of the head group. For example, employing a longer PEG chain would make .

the head group larger. The other is the charge associated with the head group. For example, if

ooy

the PEG chain was conjugated to the backbone by a phosphodiester bond the phasphate would
impart a charge to the head group, effectively increasing its size. In the present invention, non-
phosphalipids are preferred so that the general means of varying head group size is by varying the

length of the polymer, as well as varying the backbone and linkers.

[0031] The size of the tail of a lipid is influenced by the length of hydrocarbon chains and degree
of sawration in the lipid chain. Single chain lipids will generally not form liposomes. though they
may be incorporated into liposomes composed of lipids with two chains. Sinularly, lipids with

one long chain and one short chain may have relatively small tail sizes. .

PEY-S,

[0032] The presence of sierols and/or drug compounds may also influence liposome formation in
a predictable manner, All these above factors must be considered in calculating and predicting

whether a single polymer-lipid conjugate will form lipasemes, or whether a chemical combination
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including polymer-lipid conjugates will form hiposomes in an aqueous solution.  Generally, sterols

will not be included in formulations emplaying the invention.

[0033] While lipasomes may be a preferred drug delivery vehicle in some cases, it has proven
difficult to formulate many lipophilic drugs into lipasomal suspensions. Problems have included
storage, in vivo stability, drug:lipid ratios, and others. Non-liposomal formulations including the
polymer-lipid conjugates of the present invention are useful in many cases, and highly

advantageous in particular instances.

[0034] Jusi as it is possible to select PEG-lipid conjugates to from liposomes based on their
packing parameiters as described in U1.S. patent No. 8,610,322, it is possible to select pure
solutions of polymer-lipid conjugates or mixtures including polymer-lipid conjugates that do not
form liposomes.  Such selection may be done mathematically, by calculating packing parameters
of polymer-lipid comjugates. The selection may be done empirically, by testing various polvmer-
lipid conjugates. A hybrid approach may also be used, where knowledge of the factors that
influence packing parameters is used to predict which conjugates might be useful without

rigorously calculating packing parameters before testing for liposome formation.

[0035] Table 1 shows a number of lipids which have been tested as single lipids for suitability for
the present invention. This table is identical to the table at column & in US Patent No. 6,610,322,
Lipids were tested at 2 weight percent in aqueous solution. Note that GDL means glycerol

dilaurate, GDO means glyceral dioleate, GDM means glycerol dimyristate, GDP means glycerol

e
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dipalmitate, and GDS means glycerol distearate. For each lipid, the number afier “PEG” indicates

12

PCT/US2010/000165

the numbers of C.H,0O subunits in the PEG chain. The unsaturated dioleate lipids have similar

packing parameters to the saturated dimynstate lipids.

[0036] Table 1

Lipid meliing P, P. Spontaneous Spontaneous Spontaneous
point Liposomes at Liposomes at Liposomes at
°C) 200C 37aC 60aC

PEG-23 GDL | Fluid (3 25 | .829 Se9 | NO NO NO

PEG-12 GDO | Fluid @ 25 YES YES YES

PEG-23 GDO | Fluid @ 25 NO NO NO

PEG-45 GDO | 36.3 NO NO NO

PEG-12 GDM ‘ Fluid @ 25 | .833 R0 [YES YES YES

PEG-23 GDM | Fluid @ 25 | .837 | .875 | NO NO NO

PEG-45 GDM | 33.2 §23 | 863 | NO NO NO

PEG-23 GDP | 31.2 843 380 YES YES

PEG-15 GDP |41.8 828 367 | NO NO NO

PEG-12 GDS | 40.0 869 o901 | NO NO YES

PEG-23 GDS | 3958 R Y 885 | NO NO YES

PEG-43 GDS | 40.8 830 | 870 | NO NO NO

[0037] Table 1 demonstrates the liposome forming properties of several polymer-lipid conjugates.

To interpret the table, it is n

|

cessary to know that spontaneous liposome formation requires that

/G
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<o

the lipid or lipid mixture be fluid at the temperature of liposome formation. For example, PEG-12
GDM spontaneously forms liposomes at all temperatures tested since it is a liquid at those
temperatures and includes PEG in addition to having packing parameters within particular ranges.
Similarly, PEG-12 GDO, which shares nzarly identical properties to PEG-12 GDM,

spontaneously forms lipozomes at all temperatures tested. PEG-23 GDS, with a higher melting

temperature, only forms lipsomes above its melting temperature of 39.8 degrees C.

[0038] The polymer-lipid conjugates of the present invention preferably have a melting -

ooy

temperature which allows them 1o be in liquid form at the iemperature of the human bedy, i.e.,
below about 37 degrees C. More preferably, the conjugates have melting temperatures below
room temperature, i.e., about 25 degrees C. As with packing parameters, melting temperatures

may be determined for mixtures of lipids.

[0039] Conjugates with lower melting temperatures are preferable for ease of formulation.
However, conjugates with higher melting temperatures may be employed by preparing the

formulations at higher temperatures.

[0040] The GDM series of lipids illustrates the significance of packing parameters. While these .

PN

lipids all include PEG and are in liquid form at 60 degrees, only PEG-12 GDM demounstrates
liposome formation because of favorable packing parameters. The GDS lipid series at A0 degrees ;

illustrates the same point.
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[0041] Those skilled in the art can practice the present invention by using Enowledge of packing
parameters to predict and create compaositions of polymer-lipid conjugates that will not form
liposomes. For example, varying the size of a PEG chain or varying the concentration of PEG-
containing lipids in a lipid composition will change packing parameters in 2 predictable manner.
Similarly, varying the backbone and/or linkers also leads to predictable changes to packing
parameters. Melting temperatures can also be varied predictably by varying the length of polymer

chains, and/or varying the length and saturation of acyl chains.

0042] A wide variety of polymer-lipid conjugates are useful in praciicing the present invention as

] : r jug g

long as several fundamental requirements are met. First, the conjugate must include a hydrophilic
S , q » yug

polymer. Second, it must include two acyl chains to associate with the lipophilic drug.  Third, the

packing parameters of the formulation must be such that liposomes will not predominate in

agueous solution. A backbone is also essential, thaugh the acyl chains and hydrophilic polymer

tend to dominate the chemical properties of the conjugates in terms of melting temperatures and

packing parameters.

[0043] When practicing the present invention using aqueous solutions, it is possible that some
small fraction of a given formulation may be in the form of liposomes. Howaever, liposomes will
at most comprise & minor fraction of the formulations. In many cases, the liposome fraction will
be exceedingly small. Generally, a non-liposomal formulation of the present invention has less
than 10 percent of the lipid-polymer conjugate in the form of liposomes in dilute agueous
solution. This can also be expressed by saying that liposomes are not the predominant structural

form of the conjugate.

/8
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[0044] Useful conjugates fall into either of two categonies: those that do not form liposomes
because the head group is too large in relation to the tail, and those that do not form liposomes
because the head group is too small in relation to the tail, Because the object of the invention is
to increase solubility of lipophilic compounds in aqueous solution, the first category is generally
preferred since its compounds have a higher proportion of water soluble elements. However,
conjugates with larger lipophilic tails can carry a larger drug load than those with smaller tails.

Therefore, preferable acyl groups have at least eight carbons.

[0045] Useful acyl groups (AG1 and AG2) include those listed in Table 2 and Table 3.

- /9

e,

oo
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[0046] Table 2: Saturated lipids for use in the invention:

<oy

oo

Py,
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[0047] Table 3: Unsaturated lipids

[0048] While glycerol is the preferred backbone, other useful backbones (B) include 3-carbon

o

chains such as 3-amjn0-l,2-prop;—‘medifﬂ; 1-amino-2,3-propanediol; 2-amino-1,3-propanediol; 3-
mercapta-1,2- propanedial; 1-mercapeo-2,3- propanediol; 2-mercapto-1,3- propanediol;
dihydroxybutyric acid; and glyceric acid. Alternatively, sugars may be used as the backbone.
Possible sugar backbones include monosaccharides and disaccharides. The backbone may alsq
comprise 4-carbon chains or 2-carbon chains. The backbone may be as simple as N (a single
nitrogen atom) or CH, with AG1, AG2 and P bonded directly t3 the C or N backbone (in which
case the linkers can be cansidered as the shared electron pairs). In addition, amino acids may he
used as the backbone. Possible amino acid backhones include cysteine, serine, threonine and

asparagine. Cyclic alkanes such as cyclic propane, and heterocyclic compounds such as azoles

21
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may also serve as the backbone.

[0049] Aromatic compounds such as benzene may also serve as the backbone, although the
properties of such aromatic compounds require special consideration. First, aromatic rings are
bulky and rigid and may increase the relative size of the headgroup. Second, they are lipephilic in
what is typically'a hydrophilic portion of the conjugate. Third, stacking between rings may affect
the formation of microstructures unpredictably. However, these unique properties may be

advanlageous in certain situations.

[0050] I-Iydrophi[ic polymers useful in forming the polymer-lipid conjugates of the invention
include polyethyleneglycol (PEG) and other polyalkene oxide polvmers, polvoxyethylene alkyl
ethers, polyvinylpyrrolidone, Poly(Allyl Amine), Poly(1 -glyceral methacrylate), Poly(Z-ethyl-2-
oxazoline), Poly(2-hydroxyethyl nwlhqcrylate/methacrylic. acid)/poly(2-hydroxyethyl
methacrylate), Poly(2-vinylpyridine), Poly(acrylamide/acrylic acid), Poly( ﬁcrylic acid),
Poly(butadiene/maleic acid), Poly(ethyl acrylate/acrylic acid), Poly{ethylene oxide-b-propylene
oxide), Poly(etﬁﬂene/acrylic acid), Poly(methacrylic acid) , Poly(maleic acid), Poly(N-iso-
propylacrylamide), Poly(N-vinylpyrrolidone/vinyl acetate), Poly(styrenesulfonic acid),
Poly(styrenesulfonic acid/maleic acid), Poly(vinyl acetate), Poly(vinyl phosphoric acid),
Poly(vinylamine), Polyacrylamide, Polyacrylic Acid, Polyaniline, Polyethylenimine, Pullulan,
Polymethacrylamide. Copolymers and block copolymers based on the list above may also be
used. The free polymers are water-soluble at room temperature, as well as non-toxic. They do

not elicit an appreciable immunogenic response in mammals. Hydrophilic polymers with narrow

oo

oo
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molecular weight distributions are preferable.  Because of already existing aceeptance in the

pharmaceutical business, PEG is the preferred hydrophilic polymer.

[0051] A variety of R groups may be included at the distal end of the polymer. Useful R groups

oo

include alkyl groups such as methyl, alkoxy moieties, amines, amino acids, and sugars including
monosaccharides, disaccharides, trisaccharides and the oligosaccharides - containing 1, 2, 3, and 4
or mare monosaccharide units respectively. Additionally, targeting moieties such as antibody
fragments and vitamins may be used as R groups. Generally, the R group is highly soluble in
water. The molecular weight of the R group is preferably less than about 200, and more
preferably less than about 50, For most applications the R group is preferably not cationic, in
order to avoid non-specific binding and decreased circulation time in the bloodstream. Flowever,
cationic R groups may be advantageously employed for certain modes of administrations such as

topical gels and oral solutions targeting the mouth and thraat. -

oo

[0032] Useful linkers (L1, L2, and L2) include oxy, ester, and carboxyl as well as those shown in i

table 4.

[0053] Table 4. Linkers

No Symbol X

—NHNH—

Hydrazo )

o
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3 N 0O
? ~ N
H
o)
Succinylamino
0]
4 'N‘ }\
N—-—-
H
Acetamido
O
H
5 NS ""_'N ]T]
H;C(H,O), H
-anunopentanamrdo
6 Ne ~N )K/ \
2 (2 )-R’-aminoacetyl
R’ = H or alkyl group etc.
’ P
Ny ~o N—
Carbamoyl
8 /\/)/\
o n NH
‘Ns Amincalkylol or Aminoalkyl, n=0 to2
n= (: amino (N,)
9
Ny
10 Ny
 Omithino____
11 S-
S] Thio
12 o)
S; /“\/\
g—

Thiopropanoayl

24
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13 o
Ss
u /\S P
N-(mercaptomethyDpropionamido
14
S, J\ o
n
0]
R = H ar Alkyl group, n=0to 3
R=CH; and n=1: 2 (‘l-mcnaptupn pylthio)propanoyl
15
Se \‘(k u\r}/\ ~
R= H or Alkyl group, n = 0 to3
P = CH; and n=1: 2-(1,2-dihydroxy-3-mercaptopropylthic)propanaoyl
16
H
Aminoethancthiol
17
s, O/w S ~
n=1to3
n =1 mercaptopropanol
18 o
(hydroxypropylthio)propanoayl
O——
19 0, Oxy
0]
20 Acy //O\ /\(V)/u\o/
]]’ n
n=1to 3. n=1: Succinyl
0]
21 Ac, /U\ s
0]

Acetyl
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0 L~ .~ ‘.
N ( v) .
22 Acs ” n ﬂ
O O
n=0to 3. n=|: oxopentanayl

[0054] Linkers may be selected 1o customize the present invention for particular purposes. For
example, linkers that are labile at low pH may be preferable in some applications. In other
instances, linkers with the ability to form hydrogen bonds with portions of the solubilized drug
compound may be advantageous. For most purposes, however, simple linkers such as oy, thiol,

and carboxyl are adequate.

[0055] There is a wide range of lipid-polymer conjugates useful in the invention.  As mentioned
carlier, having PEG as the hydrophilic polymer is preferred. Other preferred embodiments include
employing conjugates in preferred molecular weight ranges. When using conjugates with
relatively large head groups, it is preferred that the MW of the extended backbone is between

* about 105 and 2350 and that the MW of P plus R is greater than the combined MW of the acyl
groups. Conjugates of the invention have hydrophilic-lipophilic balance ratings between about 8

and about 13.

[0056] Some existing solubility enhancing agents such as Labrasol® and Labrafil® are
manufactured by conjugating PEG with naturally occurring glvceride miviures such as apricot pit
oil. This results in a solubilizing mixture with a fairly wide range of components. In contrast, the
solubility enhancing agents of the present inveniion are synthesized in discrete steps, resulting in

pure well-defined preparations. Having such control allows the formulator to make individual

oo
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adjustments when using the invention to solubilize a particular lipophilic drug. Tn some cases, the
solubility enhancing agent for a particular lipophile drug may be a single chemically pure lipid-

polymer conjugate of the present invention.

[0057] The conjugates of the present invention may be used in conjunction with other solubility
enhancing excipients. In preparations of multiple solubility enhancing excipients, the lipid-
polymer conjugates of the present invention will preferably comprise at least about 25 percent by
weight of all solubility-enhancing excipients, and more preferably at least about 5O percent. When
formulated with a lipophilic drug, the lipid-polymer conjugates of the present invention will
preferably comprise at least about 20 percent by weight of all solubility enhancing agents plus
drug, and more preferably at least about 40 percent. Thus, at low solubility enhancer:lipid ratios
the lipid-polymer conjugates of the present invention will comprise a higher percentage of the
tatal solubilizing enhancers. Some illustrati've formulations are shown in Table §. Buffers, water,
and excipients that do not enhance solubility (e.g., flavorings) are not included in these

calculations.

2¥

RSy

oS

oo



WO 2010/085347

24

[00S8] Table S

PCT/US2010/000165

Amount of drug
(mg) ‘

Solubility
enhancer:drug
ratio

Total solubility
enhancers (mg)

Lipid-polymer
conjugates (mg)

Lipid-polymer
conjugates (*5 of
total solubility
enhancers plus

drug)
1 0.5 Q.5 03-0.5 20.0-333
1 1.0 1.0 0.4-1.0 20.0~30.0
1 2.0 2.0 0.6-240 20.0-06.7
1 5.0 5.0 1.25-5.0 208 -833
1 10.0 10.0 2.5-100 22.7-909
1 20.0 20,0 3.0-200 23.R-952
1 S50.0 50,0 12.5 =300 243 -98.0

[0059] To be clear, the term lipid-polymer conjugate when used herein is meant specifically to

only include the conjugates of the present invention. Though existing solubility enhancers may

include conjugates of lipids and polymers, they are not included in the term lipid-polymer

conjugates for the purposes of this specification.

[0060) Unlike naturally occurring lipids such as phospholipids, the conjugates of the present

inveniion do not have a critical micellar concentration (CMC). Micelles only form when the

concentration of surfactant is greater than the CMC, and the temperature of the system is greater

than the critical micelle temperature. The present polymer-lipid conjugates form aggregates

spontaneously at any given concentration.
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[0061] Formulations of drugs with polymer-lipid conjugates in aqueous solution can be further
enhanced by sizing the particles. Conventional technologies such as micronizing, wet-milling or

spray-drying can be utilized for particle size reduction. Preferable particle sizes are 0.05 to 25

-::
—
Bad

micron; more preferable particles are (.05 to 10 micron; Most preferable particle sizes a

S micron.

[0062] The present invendion is useful in a variety of situations, and provides advantages over the
prior art in several different ways. Problems with lipophilic drug preparation, solubility and

delivery can be reduced by employing the invention.

[00063] Pharmauulwﬂ preparations using the lipid-polymer conjugates can be used in a variety of
ways. At high concentrations in aqueous solutions (greater than about 20%% w/w), the
preparations are gel-like and suitable for topical administration. Gels can also be formulated as
capsules for oral or rectal administration. Preparations of more dilute aquecus solution are useful

for oral, intravenous, topical, and subcutaneous administration.

[0064] The invention may be used to increased the solubility of any lipophilic drug in any mode of
administration. Though certain specific lipoplilic drugs are listed in this s ecification, the
invention is intended to be used with all lipophilic drugs. The lipid-polymer conjugates may also -

be used to formulate cosmetics, nutrients and nutriceuticals, either as gels or as more dilute

solutions.
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[0065] In one aspect the invention iz a composition for enhancing the solubility of a lipophilic
drug, where the composition comprises at least 25 percent by weight of a diacyl lipid-polymer

conjugate. The diacyl lipid-polymer conjugate represented by the formula

where AG1 and AG?2 are acyl groups; where L1, L2 and L3 are linkers; where B is a backbone;
where P is polyethyleneglycol; where R is not cationic, where AG1 and AG? together comprise
the lipophilic tail portion of the conjugate; where B, L1, L2, L3, P and R together comprise the
hydrophilic head portion of the conjugate; and where the head portion is too large in relation to
the tail portion to allow a pure aquecus solution of the conjugate to predominantly form
liposomes. The melting temperature of the conjugate is preferably less than about 36 degrees
centigrade, and more preferably less than about 25 degrees centigrade. The hackbone is

preferably glycerol or a sugar.

[0066] In another aspect the invention is a pharmaceutical compasition comprising a lipophilic
active agent and one or more solubility enhancers including a diacyl lipid-polymer conjugate, said

diacyl lipid-polymer conjugate represented by the formula

where AG1 and AG? are acyl groups; where L1, L2 and L3 are linkers; where B is a backbone;
where P is polyethyleneglycol; where R is nat cationic; where AG1 and AG2 together comprise

the lipophilic tail portion of the conjugate; where B, L1, L2, L3, P and R together comprise the

oo
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hydrophilic head portion of the conjugate; and where the head portion is too large in relation to
the tail portion io allow a pure aqueous solution of the conjugate to predominantly form
liposomes; and where said conjugate comprises at least about 20 percent of the combined mass of
the drug and all solubility enhancers. The melting temperature of the conjugate is preferably less
than about 36 degrees centigrade, and more preferably less than about 25 degrees centigrade.

The backbone is preferably glycerol or a sugar.

[0067] In anather aspect the invention is a method of enhancing the solubility of a lipophilic drug
comprising combining the drug in an aqueous solution with cne or more solubility enhancers

including a diacyl lipid-polymer conjugate, said diacyl lipid-polymer conjugate represented by the

formula

whete AG1 and AG? are acyl groups; where L1, L2 and L3 are linkers; where B is d backbone;
where P is polyethyleneglycol; where R is not cationic; where AG1 and AG2 together comprise
the lipophilic tail portion of the conjugate; where B, L1, L2, L3, P and R together comprise the
hydrophilic head portion of the conjugate; where the head portion is too large in relation to the
tail portion to allow a pure aqueous solution of the conjugate to predominantly form liposomes;
and \‘{here said ;fonjugate comprises at least about 20 percent of the combined mass of the drug
and all solubility enhancers. The melting temperature of the conjugate is preferably less than
about 36 degrees centigrade, and more preferably less than about 25 degrees centigrade. The

backbone is preferably glycerol or a sugar.
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[0068] In another aspect the invention is a method treating 3 mammal with a lipophilic drug
comprising combining the drug in an aqueous solution with one or more solubility enhancers
including a diacyl lipid-polymer conjugate, said diacyl lipid-polymer conjugate represented by the

formula

where AG1 and AG?2 are acyl groups; where L1, L2 and L3 are linkers; where B is a backbone; -
Yl Eroups, s

where P is polyethyleneglycol, where R is not cationic; where AG1 and AG2 together comprise

oo

the lipophilic tail portion of the conjugate; where B, L1, L2, L3, P and R together comprise the ]
hydrophilic head portion of the conjugate; where the head portion is tao large in relation to the

tail portion to allow a pure aqueous solution of the conjugate to predominantly form liposomes;

where said conjugate comprises at least aboui 20 percent of the combined mass of the drug and all

solubility enhancers; and administering the solution to the mammal. The melting temperature of

the conjugate is preferably less than about 36 degrees centigrade, and more preferably less than

about 25 degrees centigrade. The backbone is preferably glycera! or a sugar.

[0069] In another aspect the invention is a compaosition for enhancing the solubility of a lipophilic .

o

drug, said composition comprising at least 25 percent by weight one or more diacy! lipid-polymer

conjugates, said diacyl lipid-polymer conjugates represented by the formula

where AG1 and AG2 are acyl groups; where L1, L2 and L3 are linkers; where B is a backbone;
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where P is a hydrophilic polymer; where R has a malecular weight less than about 200; and
where said diacyl lipid-polymer conjugate has packing parameters which do not allow for the
formation of liposomes. The meliing tél]\])erature of the conjugate is preferably less than about 36
degrees centigrade, and more preferably less than about 25 degrees centigrade. In one
embodiment, the head group is proportionally too large to allow the formation of liposomes. In
another embodiment, the head group is proportionally too small to allow the formation of

liposomes. The backbone is preferably glycerol or a sugar. The polymer is preferably PEG.

[0070] In another aspect the invention is a pharmaceutical composition comprising an active

agent and one or more diacyl lipid-polymer conjugates, said diacy! lipid-polymer conjugate

represented by the formula

where AG1 and AG2 are acyl groups; where L1, L2 and L3 are linkers; where B is a backbone;
where P iz a hydrophilic polymer; where R has a molecular weight less than about 200,

where said diacyl lipid-polymer conjugate has packing parameters which do not allow for the
formation of liposomes; and where said conjugate comprises at leasi about 20 percent of the
compnsition by mass. The meliing temperature of the conjugate is preferably less than about 36
degrees centigrade, and more preferably less than about 25 degrees centigrade. In one
embodiment, the head group is propartionally (oo large to allow the formation of lipasomes. In
another embodiment, the head group is proportionally too small to atlow the formation of

liposomes. The backbane is preferably glycerol or a sugar. The polymer is preferably PEG. The

A3
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compaosition may further comprise an aqueous solution.

[0071) In anather aspect the invention is a method of enhancing the solubility of a lipophilic drug
comprising combing the drug in an aqueous solution with one or more solubility enhancers

including one or more diacyl lipid-polymer conjugates, said diacyl lipid-polymer conjugates

represented by the formula

o

where AG1 and AG?2 are acyl groups; where L1, L2 and L3 are linkers; where B is a backbone;
where P is a hydrophilic bolymer; where R has a molecular weight less than about 200; and

where said diacy! lipid-polymer conjugate has packing parameters which do not allow for the
formation of liposomes; and where said conjugate comprises at least about 20 percent of the
combined mass of the drug and all solubility enhancers. The melting temperature of the conjugate
is preferably less than about 36 degrees centigrade, and more preferably less than about 25
degrees centigrade. In one embadiment, the head group is proportionally too large to allow the

formation of liposomes. In ancther embodiment, the head group is proportionally too small to

o

allow the formation of liposomes. The backbone is preferably glycerol or a sugar. The polymer is

preferably PEG.

[0072] In another aspect the invention is a methad treating a mammal with a lipophilic drug
comprising combining the drug in an aqueous solution with one or more solubility enhancers

including one or more diacyl lipid-polymer conjugates, said diacyl lipid-polymer conjugates

<as
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represented by the formula

where AG1 and AG2 are acyl groups; where L1, L2 and L3 are linkers;, where B is a backbone;
where P is a hydrophilic polymer; where R has a molecular weight less than about 200,

where said diacyl lipid-polymer conjugate has packing parameters which do not allow for the
formation of lipasomes; and where said conjugates compnses at least about 20 percent of the
combined mass of the drug and all solubility enhancers. The melting temperature of the conjugaie
is preferably less than about 36 degrees centigrade, and more preferably less than about 25
degrees centigrade. In cne embodiment, the head group is proportionally too large o allow the
formation of liposomes. In another embodiment, the head group is proportionally too small to
_allow the formation of liposomes. The backbone is preferably glycerol or a sugar. The polymer is

preferably PEG.

[0073] While embodiments and applications of this invention have been shown and deseribed, it
would be apparent to those skilled in the art having ihe benefit of this disclosure that many more
modifications than mentioned above are passible without departing from the inventive concepts

herein. The invention, therefore, is not to be restricted except in the spirit of the appended claims.

35
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EXAMPLES
[0074] Example 1: Increased solubility of drug compounds with PEG-lipid conjugates having

héad groups too large for lipsosome formation (predictive example)

}
[0075} Various hydrophobic drug compounds are tested for increased aqueous solubility in the
presence of compounds listed in Table 6. Conjugates in the table are represented by Chemical
structure 2.
[0076] Table &; Polymer-lipid conjugates with relatively large head groups
H B AG1/AG2 Polymer-(R) Melting
temp.
N_ *
1 M dimyristate PEG-23-{methyl) Fluid at 25 C°
Glycerol
or PEG-23-(methyl)
2 “O?/_ dinlealate Fluidat 25 C°
' Glycerol
~"
3 - dilaurale PEG-23-(inethyl) Fluid at 25 C°
Glycerol
/7/—W "
4 " diolealate PEG-30-(methyl) Fluid at 45 C°
3-aminopropane-1,2-diol '
o]
5 o {m diclealate PEG-23(l-crnithine) Fluid at 37 C°
& HO
3,4-dihydroxybutanoic acid
a ’ dimyristate PEG-23-(methyl) Fluid at 37 C°
7
dilaurate PEG-23-(methyl) Fluid at 37 C°

oas
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3 Ko v divlealats PEG-23-(sucroze) Fluid at 37 C°
Glycerol
H
) 9 o dimyristate PEG-23-(methyl) Fluid at 37 C°
[
Threonine
OH
10 /———/ OH dinlealate PEG-23-(methyl)
M 0
g \ / Fluid at 37 C
1,2,4-Butanetriol
R o dilaurate PEG-23-(methyl)
11 Fluid at 37 C°
¢ Erythrulose
12 o W o dimyrnistat: PEG-23-(methyl) Fluid at 37 C°
(2)-prop-1-ene-1,2, 3-triol
HO .
| oH dilaurate PEG-23-(methyl)
13 Fluid at 37 C°
HO
cyclopentane-1,2,4-(riol
)

[0077] Compounds 1-3 from table & also appear in Table 1 as PEG-23 GDM, PEG-23 GDQ and

PEG-23 GDL, respectively. The acyl groups and hydrophilic polymers of the other compounds

are linked to the backbone by using any type of linker listed. Tt is favorable to keep AG1 and

AG2 close to each other regardless of the type of backhone.

[0078] The conjugates are liquid at room temperature or, alternately, are melied before premiving

with each drug compound. For example, 40 mg of a selected drug is first premixed with the

polymer-lipid conjugate at a w/w ratio of 1 10 5. An aqueous solution of 20 mM phosphate

buffer (pH €) is added with further mixing to result in a total volume of 2 mL. An aliquot of the

B solution iz then tested for drug concentration. In every case, the presence of the conjugate

31
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increases the concentration of drug in seluiion above the concentration of the drug in solution

without the conjugate.

[0079] The compounds tested are amphotericin B, itraconazole, posaconazole, cyclosporine, and

indomethacin.

[0080] The physical forin of the aquecus solutions of polymer-lipid conjugates is examined, both
with and without the presence of the drug compound. Less than 10 percent of the conjugate or

- conjugate/drug complexes are in the form of lipasomes.

[0081] Example 2. Increased solubility of drug eompounds with PEG-lipid conjugates having
head groups too small for lipasame formation (predictive example)
i
[0082] Various hydrophabic drug compounds arc tested for increased aqueous solubility in the
presence of compounds listed in Table 7. Conjugaies in the table are represented by Chemical

structure 2.

[0683] Table 7: Polymer-lipid conjugates with relatively small head groups

? B AG1/AG2 Poiymer —(R} Melting temp.
S Arachidonic

: ¥ : acid/ PEG-5-(methyl) Fluid at 25 *C

Glycerol Arachidonic

acid _
g //“'"OH Linal=2ic acid/ Fluid at 25 =C

2 “O/; Lincleic acid Paly-L-lysine 500-

Glycerol i (methyl)
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S Fluid at 25 °C
3 “°/H7 dimyristate Hexaethylene glycol -
Glyceral (methyl)
o Fluid at 25 °C
4 "°/H?/_‘ diolealate Pentacthylene glycol-
Glycerol (methyl)
ST Fluid at 25 °C
5 "°/"7 dilaurate Hexaethylene glycol-
Glycerol (methyl)
/V/ NH: Fluid at 25 °C
6 " dinlealate Nonaethylene Glycol
3-aminopropane-1,2-diol -(methyl)
? Fluid at 25 °C
2
HO dinlealate Octaethylene Glycol -
o > (I-omithine)
3,4-dihydroxybutanoic acid
AN Fluid at 25 °C
8 o o dimyristate Hexacthylene glycol-
I (methyl)
glyceric acid
_ " Fluid at 25 °C
0 Ho./'jj diclealate Pentacthylene glycol-
HO'
3-mercaptopropane-1,2-divl (methyh)
‘“i’/__<°”_j> Fluid at 25 °C
10 o= I\ dilaurate Heptaethylene glycol-
HO on (methyl)
Glucose
S Fluid at 25 °C
11 "°/“7 diolealate Hexaethylene glycol-
Glycerol (sucrose)
m—0R e “ 33 a1 VKO
Octacthylene glycol- | Fluid at 25 °C
12 ”°/H? diolealate (sucrose)
Glycerol
/7/_ e Paly(dimer acid-co- | Fluid at 25 °C
13 o diolealate ethylene glycol)
J-aminopropaneg-1,2-diol Mw 2000
" Fluid at 25 °C
14 e dimyristate Qctacthylenz glycol-
" \0 (methyl)
Threonine
oH Fluid at 25 °C
15 —/ OH divlealate Hexaethylene glycol-

V.

1,2,4-Butanetriol

(methyl)

<oy

POy
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HO

— Fluid at 25 °C
- o dilaurate Oclacthylene glycol-
16 ' : (methyl)

Erythrulose :
poda Fluid at 25 °C
\N

17 o o, dimyristate Hexacthylene glycol-
(Z)-prop-1-¢ne-1,2 3-triol (methyl)
Ko Fluid at 25 °C
D,o,: dilaurate Pentacthylene glycol-
18 P (methyl)
HO

cyclopentane-1,2,4-triol

[0084] The acy! groups and hydrophilic polymers may be linked to the backbone by using any
type of linker listed. However, hecause it is critical to limit the size of the headgroup in these

embadiments, linkers should be selected so as to keep the total molecular weight of the extended

regardless of the type of backbone.

[0085] The conjugates are liquid at room temperature or, alternately, are melted before premixing
with each drug compound. For example, 40 mg of a selected drug is first premixed with the
polymer-lipid conjugate at 2 w/w ratio of 1 to 8. An aqueous solution of 20 mM phosphate
buffer (pH €) is added with further mixing to result in a total volume of 2 mL. An aliquot of the
solution is then tested for drug concentration. In every case, the presence of the conjugate

increases the concentration of drug in solution abave the concentration of the drug in solution

without the conjugate.

[1086] The compounds tested are amphotericin B, itraconazole, posaconazole, cyclosporine, and

indomethacin.
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[0N87] The physical form of the aqueous solutions of polymer-lipid conjugates is examined, both

with and without the presence of the drug compound. Less than 10 percent of the conjugate or

oeas

conjugate/drug complexes are in the form of liposomes.

[0088] Example 2: Anticancer Drug oral solution
[0089] Pol_vmerJipid conjugate solutions suitable for oral delivery of Gefitinib were prepared.
Polymer-lipid was added to a vessel equipped with a mixer propeller. The drug substance was
added with constant mixing. Mixing continued until the drug was visually dispersed in the lipids.
Pre-dissolved excipients in water were slowly added to the vessel with adequate mixing. Mixing

continued until fully a homagenous solution was achieved. A sample formulation is described in

Table 8.
[0090] Table 8 | ;
b
Ingredient mg/mL :
Gefitinib 5.0
Lipid-polymer Conjugate 30
Organic Acid 10
Monosodium phosphate, 1.21
monochydrate
Disodium phosphate, heptahydrate 0.322
Sadium Hydroxide See below
Hydrochloric Acid See below
Sodium Benzoate 2.0
Artificial Flavor 5.0 ~
Purified Water qs 1 mL g
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[0091] The PEG-lipid conjugates may be DDGB or any conjugate listed in Table 6 or 7. Sodium
hydroxide is used to prepare a 10°% w/w solution in purified water. The targeted pH is in a range
of 4.0t0 7.0. The NaOH solution is used to adjust pH if necessary. The drug to lipid (i.e.,
solubility enhancer) ratio is preferably greater than about 1 to 20, and more preferably greater
than about 1 to §. The organic acid may be lactic acid or pyruvic acid or glycolic acid, though

o+ lactic acid is most preferable. The concentration of organic acid is preferably in the range 1 and

109, and more preferably about 2 to 545,
[0092] Example 4: Anticancer Drug IV Injectable Solution

[0093] The IV solution was prepared as in Example 3, except that no artificial flavor or

described in Table 9.

38

[0094] Table 9

PCT/US2010/000163

-preservatives added and the targeted pH range was between 6.5 and 7.5, A sample formulation is

Ingredient mg/mL
Gefitinib 5.0
Lipid-polymer Conjugate 30
Organic Acid 10
Monosodium phosphate, monohydrate 1.21
Disodium phosphate, heptahydrate 0.322

Sodium Hydroxide

Sec below

Hydrochlorie Acid

See below

! Punfied Water

qs 1 mL

<o
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[0095] The PEG-lipid conjugates may be DDGB or any conjugates listed in Table 6 or 7. Acyl
groups are attached to the glycerol backbone via carboxyl linkages. Sodium hydroxide is used to

prepare a 10%; w/w solution in purified water. The targeted pH is in a range of 4.0 t0 7.0, The

ooy

NaQH solution is used to adjust pH if necessary. The drug (o lipid ratio is preferably greater than
about 1 to 20, and mare preferably greater than about 1 to 5. The organic acid may be lactic acid
or pyruvic acid or glyeolic acid, though lactic acid is most preferable. The concentration of

organic acid is preferably in the range 1 and 5°%, and more preferably about 1 to 3%%.

[0096) Example 5. Antifungal Topical Cream
[0097] A PEG lipid conjugate was added to a stainless steel vessel equipped with propeller type
mixing blades. The drug substance was added with constant mixing. Mixing continued until the
drug was visually dispersed in the lipids at a temperature to 60° — 65 °C. Organic acid,

cholesteral and glycerin were added with mixing. Ethanol and ethyoxydiglycol were added with

PV

mixing. Finally Carbopol ETD 2020, purified water and triethylamine were added with mixing.
Mixing continued until fully a homogenous cream was achieved. The formulation is described in

Table 9.

e
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[0098] Table 10

Ingredient %
Drug Substance 1.0
Lipid-polymer Conjugate 5.0
Carhopol ETD 2020 0.5
Ethyoxydiglycol : 1.0
Ethanol 5.0
Glycerin 1.0
Cholesterol 0.4
Triethylamine 0.20
Organic acid 5
Sodium hydroxide See below
Purified water gs 100

[0099] The drug can be cither a fungicide or bactericide including posaconazole, equaconazole.
itraconazole, terbinafine and metronidazole  The conjugate may be any listed in Table ¢ or 7,
Organic acid may be lactic acid or pyruvic acid or glycolic acid. Sodium hydroxide is used to

adjust pH if necessary. The targeted pH range was between 3.5 and 7.9,

[0100] Example 7: Antifungal Topical Solution
[0101] The topical solution is prepared as in Example 6, excepr that active was first dissolved in

organic acid and ethanol. A sample formulation is described in Table 11.

ooy
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[0102] Table 11

Ingredient %

Drug Substance 1.0
Lipid-polymer Conjugate 5.0
u-Tocopherol . | 0.5

| Organic acid 2.5
Ethanol 5.0.
Sodium Benzoate 02
Sodium Hydroxide Sec Below
Purified Water gs 100

[0103] The conjugate may be any listed in Table 6 or 7. Organic acid may be lactic acid or
pyruvig acid or glycolic acid. Sodium hydroxide is used to adjust pH if necessary. The targeted

pH range is between 3.5 and 7.0.

[0104] Example §: Synthesis 3 4-Di(oleoyloxy)-decaethylene glycol-benzoate (DDGB)
[0105] A solution of .10 moles) of 3,4-dihydroxybenzoic acid and 0.1 mole of anhydrous
pyriding in 250 mL of benzene was added slowly and with stirring, and under anhydrous
conditions, to an ice-cold solution of 0.22 moles of freshly distilled oleoyl chloride in 230 mL of
benzene, and the mixture was kept under anhydrous conditions for 20 hours at 40 *C. After
cooling, 450 mL of chloroform was added to the mixture, which was then filtered. Solvent is
evaporated under vacuo to leave a white crude solid which can be further purified as follows:

The crude surfactant is purified by chromatography on a silica gel (Gou, grade 60, mesh 240-400r)

column. The column is eluted with a 1:1 (v/v) diethyl ether/acetone mixture. The first fraction

s
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eluted is unreacted reagents and discarded. The fraction was eollected at a peak of 254 nm (UV
manitoring). Dry out of the solvents under vacuo, which yield approximately 7076 of 3,4-

di(cleoyloxy) benzoic acid.

[o106] A mi:-:un"e of 0.2 mol of 3,4-di(oleyloxy) benzoic acid, 0.2 mol of decacthylene glycol, 0.
21 mal of p-toluenesulfonyl chloride, 0.11 mol of 4-dimethylamino pyridine, 0.5 mol of
tetrabutylammonium hydrogensulfate, and 0.14 mol of potassium carbonate was suspended in 600
-mL of tetrahydrofuran. The reaction mivture was stirred for 22 h at 30 °C. The reaction mixture
was cooled to room temperature and poured into 1500 mL of water and 300 mL of methylene
chloride were added. The solution was then acidified with dilute hydrochloric acid to pH 1. The
organic layer was separated, washed five times with 350 mL of water and dried over magnesium
sulfate. The solvent was remaved under vacuum and the residue was redissolved in 200 mL of
ethanol. The colorless solution was kept at 4 °C for 12 hours or until the formation of a white
precipitate. Collgcting the precipitate by ﬁltratioh and drying under vacuum yielded

approximately S0 of the final product (Chemical Structure 3).
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Chemical Structure 3

[0107] Example @ Pharmacokinetic Profile and Bioavailability of Gefitinib formulations

ooy

[0108] Experiments were performed to determine blaod levels of Gefitinib formulations afler both )
intravenous and oral dosing. For comparison, Gefitinib formulations were also tested. Groups of

three male mice (B6D2F1) were used for the studies. HPLC-MS analyses were performed on

heparinized mouse plasma samples obtained typically at O hr, 0.08 hr, 0.5 hr, 1 hr, 2 hr, 4 hr, 7 br,

16 hr and 24br after bolus IV injection. After oral feeding, the analyses were performed at O hr,

0.5hr, 1 hr, 2 hr, 4 hr, S hr, 16 hr and 24 hr. To determine the level of each drug, the drug was

first isolated from plasma with a sample pre-treatment. Acetonitrile were used to remaove proteins

in samples. An isocratic HPLC-MS/MS method was then used to separate the drugs from any

potential interference. Drug levels were measured by MS detection with a multiple reaction .
monitoring (MRM) mode. PK data was analyzed using the WinNonlin program (ver. 5.2, !
Pharsight) compartmental models of analysis. The results demonstrated that formulations of ”

compounds in the present invention have a superior PK profile than in Cremophor EL®.

[0109] Figure § shows Gefitinib mouse oral PK profiles of (1) 6°5 PEG-12 GDQ in 10 mM
sodium phosphate buffer (pH 8.0), (2) 6°5 DDGB in 10 mM sadium phosphaie buffer (pH 6.0)
and (3) 13% Crémophor EL® in 10 mM sodium phosphate buffer (pH ¢.0).  The drug was
administered orally and the dosing strength was 25 m.g/kg. The drug was also administered
intravenously and the dosing strength was 25 mg/kg in 15%6 Cremophor EL®@ and in 10 mM

sodium phosphate buffer (pH €.0). The AUC (31.3) obtained from the IV administration was

oo
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used for calculating the relative bivavailability (BA). The bioavailabilities were 69 495, 56.076 and

28.5% for GDO-12, DDGB and Cremophor EL®, respectively.

[0110] Example 10: Solid dose formulations
[0111] The conjugates of the present invention are useful in preparing solid oral dose
formulations of water insoluble drugs. In this aspect, the conjugate or mixture of conjugates are
mixed with the drug substance. Then, an excipient having a higher melting point is introduced.
The excipient may be melted or dissolved in a suitable solvent. The final mixture is cooled, any

solvents are removed, and the mixture is formed into capsules, tablets, or the like.

[01.12] To prepare a solid dose formulation, a conjugate (about 4295 of total mass) is added to a
stainless steel vessel equipped with mixing blades. The drug substance (about 1524 of total mass)
is added with constant mixing. Mixing with heating continues until the drug is virtually dispersed.
In a separate container, d-alpha-tocopheryl propylene glycal-1000 succinate (TPGS-VE) or a
similar compound (about 4275 of total mass) is dissolved in ethanol (about 1?5 of total mass) and
. then added to the vessel. Mixing continues until a homogenous solution is achieved. The ethanol

is removed by vacuum,

¢X
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CLAIMS
We claim:
1. A composition for enhancing the solubility of a lipophilic drug, said composition

comprising at least 25 percent by weight of a diacyl lipid-polymer conjugate, said diacyl lipid-

[¥
<

palymer conjugate represented by the formula

where AG1 and AG?2 are acyl groups;

where L1, L2 and L3 are linkers;

where B is a backbone;

" where P is polyethyleneglycol;

where R is not cationic;

where AG1 and AGZ together comprise the lipophilic tail portion of the conjugate; |

where B, L1, Li, L3, P and R together comprise the hydrophilic head portion of the conjugate;
and

where the head portion is too large in relation to the tail portion to allow a pure aqueous solution
of the conjugate to predominantly form liposomes.

2. The composition of claim 1, where the melting temperature of the conjugate is less than

about 36 Jegrees centigrade.

49
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3. The composition of claim 1, where the melting temperature of the conjugate is less than

about 25 degrees centigrade.

4. The composition of claim 1, where the backbone is glycerol.
5. The composition of claim 1, where the backbone is a sugar.
6. A pharmaceutical composition comprising a lipophilic active agent and one or more

solubility enhancers including a diacyl lipid-polymer conjugate, said diacyl lipid-polymer conjugate

represented by the formula

where AG1 and AG2 are acyl groups;

where L1, L2 and L3 are linkers;

wﬁere B is a backbone;

where P is polyethyleneglycol;

where R is not {:ationic;

where AG1 and AG2 together comprise the lipophilic tail portion of the conjugate;

where B, L1, L2, L3, P and R (¢ gether comprise the hydraphilic head poriion of the conjugate;
and

where the head portion is too large in relation to the tail portion to allow a pure aqueous solution

of the conjugate to predominantly form liposomes; and

HO
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where said conjugate comprises at least about 20 percent of the combined mass of the drug and all

solubility enhancers.

7. The composition of claim 6, where the melting temperature of the conjugate is less than

about 36 degrees centigrade.

S. The composition of claim 6, where the melting temperature of the conjugate is less than

about 25 degrees cenligrade.

9, The compasition of claim 6, where the backbone is glycerol.
10, The composition of claim 6, where the backbone is a sugar.
11, A method of enhancing the solubility of a lipophilic drug comprising

combining the drug in an agueous solution with one or more solubility enhancers including a

diacyl lipid-polymer conjugate, said diacyl lipid-polymer conjugate represented by the formula

where AG1 and AG?2 are acyl groups;
where L1, L2 and L3 are linkers;
where B is a backbone;

where P is polyethyleneglycol;

o,
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where R is not cationic;

where AGT and AG2 together comprise the lipophilic tail portion of the conjugate;

where B, L1, L2, L3, P and R together compnse the hydrophilic head portion of the conjugate,
where the head portion is too large in relation (o the tail portion to allow a pure aquec»ins solution
of the conjugate to predominantly form liposomes; and

where said conjugate comprises ai least about 20 percent of the combined mass of the drug and all

solubility enhancers.

2. The method of claim 11, where the melting temperature of the conjugate is less

than about 36 degrees centigrade.

13, The method of claim 11, where the melting temperature of the conjugate is less than

about 2§ degrees centigrade.

14. The method of claim 11, where the backbone is glycernl.
15. The method of claim 11, where the backbone is a sugar. )
16. A method treating a mammal with a lipophilic drug comprising

combining the drug in an agueous solution with one or more solubility enhancers including a

diacyl lipid-polymer conjugate, said diacyl lipid-polymer conjugate represented by the formula

52
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where AG1 and AGZ are acyl groups;

where L1, L2 and L3 are linkers;

where B 1s a backbone;

where P is polyethyleneglycol;

where R is not cationic;

where AG1 and AG?2 together comprise the lipophilic tail portion of the conjugate;

where B, L1, L2, L3, P and R together comprise the hydrophilic head portion of the conjugate; |
where the head portion is too large in relation to the tail portion to allow a pure aqueous solution
of the conjugate to predominantly form liposomes;

where said conjugate comprises at least ahout 20 percent of the combined mass of the drug and all
solubility enhancers; and

administering the solution to the mammal.

17. The method of claim 16, where the melting temperature of the conjugate is less than about

36 degrees centigrade.

18, The method of claim 16, where the melting temperature of the conjugate is less than

about 25 degrees centigrade.
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The method of claim 16, where the backbone is glycerol.

The method of claim 16, where the backbone is a sugar.
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a. (means)
L on paper

in electronic form

D in the international application as filed
l:l together with the international application in 2lzctronic form

cubsequently to thic Authority for the purpoces of search

4. D In addition, in the case that meove than one version or copy of a 2 2quence licting has been filed or furniched, the required
ctalemenie that the infornmation in the cubrequent or additional copizce ie identical to that in the application ac filed or
docs not go beyond the application as filzd, as sppropriate, Were furnished.

5. Additional comments:

Form PCT/ISA/227 (Bax Mo, 1) (July 2009)
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Box No. V Reasoned stotement under Rule 4384s.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement :

1. Statement

Hovelty (1Y) Claims 1-20 YES
Claims Nona NO
Inventive step (IS) Claims Mone YVES
Claims 1-20 . NO
Inducinial spplizability (1A) Claims 1-20 YES
Claims Nona NO

2. Citations and explanations:
Claime 1-20 lack an inventive stap undar PCT Ardcha 23(3) a3 baing ohvious aver LIS 20030243343 A1 @ Hellar (herolnaltar Faller '2487)
inview of US 6,810,522 A Feller ¢i al. (herzinaftzr 'Faller '222°).

As par Slaim 1, Felloe 348 disalnzas 3 compozition (rara [200R]) of diacy! lipid palymar conjugate (abstract), said diacyl lipid polymar
conjugate reprasantsd by the bimula (abstract), whiere AG1 and 452 ans acyl groups (para [G017), sea dimyristitate), whare L1, L2 and
L3 ato linkars (abstraci), whorn B is & backtona (absiract) whare P is polyethylanadlysol (abstract), whars 891 and Ag2 taethor compriza
the ligzphilic @il gartion of the conjugate (abstract), whiare B, LY, L2, L2 and P t5 gether somprise th hydrephilic head porticn of the
conjugats (abstract) and whare the haad gontion is oo largs in relation to tha tail portion to allvw a pure aqueous solution of the eonjugate
to pradominantly {amm lipnsames (para (0624)). Fallzr ‘213 dogs not geplicitly disslasa tha R substitusnt or wharein said compasition for
enhancing tho solubility of & lipaphitic Jrg, said compasition somprging at lzast 25 parcant by waight of a diacyllipid-poalymar conjugate.
Howaver, Faller ‘322 disclosss cimilar diasyl lipid polymer oonjugatos (abstract) whirsin sald compesition somprising at least 25 paraent
by weight of a diacyllipid-polymer conjugata (eol 7, In 18-21). Faller ‘222 doas not dissloss the R substituart. However, it wauld hava
aan obvinus o one of ardinary skill in tha art at ths times of the inve niion 15 combing the teachings of Fiollar 222 with the inve nticon of
Feller '343 to arrive at the clalmad Invention without undus esparimantation for tha purpoze of incneazing the zelubility of ligoghilic dgs
by irmpariing an ampiphatic naturs 1o 3aid sonjugatos by avoiding salf assembly in lipsoriss through gscaeding the th 4 of % weight
far the polymar componant of said conjugale as taught by Faller *222 and by attaching a non cationic R griup Lo the alzsha of thy PEG
head group ta insreass 2aid compounds Svarall lipsphilic naturs. :

A3 pet alaimg 2-2, Feller '348 a3 madified by Fellar 327 disckeas the comp-ssition of claim 1. Fellar 348 furthar discloses whaers the
melting temparaium «f the conjugata iz la2s than about 26 degrees cintigrads and about laez than 25 degreas centigrada,

Ae pr clairn 9, Foller '242 a3 modified by Felter 1222 dizchise the comgosition of claim 1. Filler 348 funher dizab3es wherns the
backtona i glycarcl (abstract).

23 par claim &, Feller 249 disclegss a compasitian (para [D002]) including ona of mars solubility arhancers including diacy! lipid palyror
cenjugate (abstracst), said diacyl lipid polymer conjugats reprasentad by the fonmula (abstradt), whers AG1 and AGZ ars acyl groups (para
{0017), see dimyristitate), whars L1, L2 and L3 ari linkers (2bstract), whara B is a backtons (absiract) whoera P is polysthylaneglycol
(abztract), whore A1 and A2 togethier somprizo the lipaphilic tail porion of the canjugats (abstract); where B, L1, L2, L2 and P tagathar
comprize the hydrophilic haad paricn of tha sonjudats (abstract) and wharg the head partion i3 too 1args in relatien t tha tail gartion o
allew a purg aquacus solution of the conjugats to pradominantly farm lipnsomes (para (024]). Fellzr ‘348 doze not explicitly Jiccloss the
R satstituant or whargin said compozition comprising a liphalic adiive agent. However, Fallay '222 discloses similar diacyl lipid polymar
conjugates (abstract) wharain said compasition comprising & tipholic active agent (abstract). Faller 222 does nol disclose the R
substituent. Howavar, it would have baen sbvious to one of ardinary skill in tho an at the time of tha invention 1o combing the teachings of
Fallar '322 with [ha invention of Fallor '248 to arrive at tha claimed invention withaot undus eypermantatian {or the purpaee of incraazing
tha salubility of lipsphilic drugs by imparting an ampiphatic naturs to said conjugates by avoiding 3slf assembly in lipsomes through
cuzaading the thrashishd of % waight for the prlymer component of said conjugats as taught by Heller 322 and by attaching a non cativnic
R Jroup to tha aleahal of the PEG hoad graug to incrmass 2aid compsunds wvarall liposphilic nature,

As par claime 7-8, Foller ‘542 &3 medifiad by Fallor 222 disclass tha amposition of clalm . Follor '242 further dissloses whera the
miglting tempsraiure of tha conjugata is loss than about 36 degreas cenligrada and about 19ss than 25 degrecs centigrads.

Ag par claim 3, Fallar ‘398 as madified by Faller ‘222 discloss the compasition of claim 3. Fellar 343 further disoloses whore the
backkang is glyceral (abstract). :

cantinued in Supplamantal Pox

Form PCT/ISA/237 (Box Mo, V) (July 2009)
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.

Continuation of:
Bsa V.2 Citations and Explanations:

Az pae claim 11, Fellar 218 discleses a mathod of remadiating lipaphilic il contaminations (abatract), by zombining tho contaminant in an
AQUECUS SIULAN with ona or mara solubility enhancars including diacyl lipid palymar conjugate (abstract), said diacyl lipid palymer
runjugnle raprasented by tha formula (abstract), wharg 431 and AG2 arg acyl grwps (para [3317), sos dimyristitata), where L1, L2 and

2 ara linkars (abitract), whare B iz a backbwane (abstract) whizre P is polyethylanegly>dl (abstrast), whers Ag1 and Ag2 togathar comprise
tha lip aphilic tail portion of the Sonjugats (abstract); whars B, L1, L2, L3 and P tzgathar compriss the hydraphilic haad pertion of tho
conjugate (abstrast) and whare the hiead gortion i3 1o 1args in ralation 1o the tail portion to allvw a pure aquatus solution of tha conjugats
o pradontinantly torm lipssomas (para [T024)). Feller 343 doas not geplicilly Jisclose the B substituznt or a methed of anhancing the

salubility of a psphilic dnsg, wharsin gaid comgssition sompnsing at 1east 20 parcent of the cambingd mass of the drug and all solubility
anhancars. Hawaver, Fallar 222 digclosss aimilar digcyl lipid polymar conjugatas (abstrast) used to enhancs the saubidity or delivery of
lig=aphilic Jrugs (abstrast) whensin sa'd composition Sompriging al least 20 parcant of the combined mass of the drug and all solutility
enhancors (5ol 7, In 18-21). Faller ‘322 doas nit disclass tha R substituant. Haowevar, it would have baan Hbvious t wna of ardinary skill
in the art at the time of ths invention 1o combing the taachings of Follar ‘322 with the invention of Fallar '248 to arive at the claimod
invention without undu: axparimentation for the purEs3e of increacing the sciubility of lipophilis Jrugs by imparting an ampiphatic natura t
said canjugates by avaiding self assembly in lipsames through evceading the threshold of % waight far th pal gmer sompanant of said
conjudata az taught by Fellar ‘222 and by attaching & nan cationic R grcup ta the alochal of the PEG haad group to incrzase said
sompounds overall lipaphilic nature,

As pir claime 12-13 Fellar 245 as maediliad by Follar 222 dizcloso the method of daim 11, Fellar 248 funthar dizclosss whsre the melting
temparature of tha tonjugata is b23: than about 36 degrees cenligrade and ataut 1925 than 25 degress centigrada.

A3 par claim 14, Fallar *343 a3 madified by Fellar ‘222 digct sga the method of claim 11, Faller Q48 furtter discloses whora tha backbana
is glycaral (abstract).

A3 per claing 16, Fellar '346 disolozes & methed of remadisting lipophilic ¢il contaminations (abgtract), by combining the contaminent in an
aqueous solution with one or mors solubility anhancars including diasyt prud polymar sonjugats (abstract), said diacyl lipid palymar
car-]ugatc- reprasontad by ihe formula (abalrast), wher: AG1 and G2 ars acyl groups (para [0017), sae dimyristitate), whors L1, L2 and

3 are linkars (abstract), whera B ia a backbone (abstract) whara P is polyathylenaglycal (abstract), whiare A31 and Ag2 togsther comprisa
lhu lipophilic tail partion of the conjugats (abstract); where B, L1, L2, L3 and F togethar comprige the hydrophilic head pantion of tha
conjugats (abstract) and whars thi hoad partion is toc 1arge in relaticn 1o the tail portion 1 allbw 2 pure aqueeus salution of the conjugsts
to predominantly form igosomes (para [0024)). Faller ‘346 does it geplicitly discligs the R substitusnt or a mathod of traating a mammal
with @ lipophilic 3rug by administaring said comp on to zaid mammal, wherein ampessition compriging at lzast 20 pariant of the
eambincd mass of the drug and all salubllity snhancers. Howaver, Keller 322 dischoses similar dlacyl lipid polymer conjujatas (abatrast)
ugad in a mothad of treating a mzmmal with & lipsphilic Jrug(atsiraci) wherein ; podition comprizing at kast 20 percent of the
combingd mase of the drug and all salubility snhancees (o3l 7, In 18-21). Fallar g not dizeless tha R subatituent. Howevar, it
wioutd have bizen obvious o one of ardinary skill in the ant at lhu time of the invention 15 combing the teachings of Fellar ‘322 with the
invantion of Fller *342 to arrive at the Slaimed invention without undue crimantaticn for the purpdse of Hpitimizing tha traatmoant of
mammalz with ligophilic dngs by imparting an ampighatiz naturs to 3zid conjugates by avoiding sell assembly in lipsomes thisugh
av2eeding tha thrishold a3t % wieight for ths r‘ulymar COME of canjugata as taught by Faoller 322 and by attaching a non catianic
R group (@ this aleohal o thie FEG head group to increase said sompounds overall lipophilic natura.

D]

As por Slaims 17-18 Fellar 248 as modified ty Holler 322 disele 8@ the mathed of claim 13, Fallar ‘235 furthsr disel ez whars the malting
temperatura of tha conjugate is 1853 than about 26 dagrees centigrade and atout less than 25 degrees contigrade.

A3 por Saim 19, Fellar '346 ag medifllzd by Feller 222 disslose the method of claim 18, Falhar ‘248 further disclises whers the backbong
is glycarol (abstract).

A3 per ddaims 5, 10, 15 and 20, Fallar '348 a2 maditied by Feller 322 dizclase the compoundz of claim 1 and 6 and the mathods of dlaim
11 and 16, Haither Feller '24% nor Faller “!:‘2 weplicitly Jisclose wharzin the backbone is sugar. Howovir, it would have baon cbvious to
ane of ardinary skill in the ant 2t the time 3 the invention to modify the above cited raferaness to arrve at tha claimad invention without
undus exparimantation for the purposse of providing backbana structurefunction variability baged on desired end system canfiguration.

Claims 1-20 have industial applicabilily as as dofined by FOT Anlide 32(4) bizause (he subjsct matter can by mads or uzed in indusiry.

Ferm PCT/ASA/227 (Supplemental Bax) (July 2009)
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CONJUGADOS DE PEG-LIPIDO PARA INCREMENTAR LA SOLUBILIDAD DE !
COMPUESTOS DE FARMACOS. ’
PRIORIDAD
[0001] Estz solicitud reivindica pricridad de la solicitud de patente provisional de Jos
Estadas Unidos nro, 41/205:840 titulada: “PES-lipid conjugates for increasing the solubility
of drug compaunds”, depositada <l 22 de Enero de 2009,
CAMPO DE LA INVENCION
[0002] La presente invencidn se refiers 1oz compusstas y métados para incrementar |a {
solubilidad de los agentes farmacéuticos para mejorar el transporte. Particularmentz, |a 5
presente invensidn se refiere al polimera lipido diacyl combinado para incrementar |a
solubilidad y miejorar su prestacidn,
BASE DE LA INVENCION
[0003] El transporte de los compuestos farmacos hidrofébicos hacia el lugar de acciin &3
un prokblema actual en la ciencia farmacéutica, Entre los tipos de medios de transporte de
farrmacos que se utilizan  encontramas  ciclodestrina, ':-:vn;n'.pln':j-:-s farmacos  lipidicos,
liposamas vy adentes aolubilizantes talzs como Cremophor Varios fijadores de lipidos N
conjugados han utilizade estos vehicules, De tadas maneras, rmuchas farmacos Gtiles adn i
se encuzntran limitadas por su adlubilidad, perfil farmacacingtico y bindisponibilidad. Es i
entonces abjeto dz 2sta invencidn describir nuevos compuestos y métodos para formular
y transpartar agentes lipoliticos.
BREVE DESCRIPCION DE LA INVENCION
[0004] Bl polimera-lipidice diacil combinads se utiliza para mejorar la solubilidad Jde los
farmacas lipofilicos en soluciones acuosas. La combinacidn comprends una columna
vertzbral, dos Jrupas lipofilicos acila y un palimero-hidrofilico.
J
[}
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BREVE DESCRIPCION DE LOS DIBUJOS

[0005] Los dibujos adjuntos, los cuales san incorporadas v oconstituyen parte de esta
espacificacién, ilustran una o mis manifestaciones de la presents invencidn vy, junts 2on la
descripcidn detallada, sirven para ewplicar s principios y 1as implementaciones Jde zsta
invencién,

[0006] En los dibujos.

[0007] FI5, 1 &= un diagrama representanda el corte transversal de un liposoma hecho

ooy

de moléculas lipidicas.

[0008] FIG. 2 =35 un diagrama representands el corte transversal de una micela hecha

de maoléculas de lipidos.

[0009] FIG. 2 =5 un diagrama representanda 2l corte transversal d= una estructura hacha

de moléculas de lipidos con colas largas relativas a las Jrupos principalss,

[0010] FIG. 4 &5 una Curva de Hilbert de una molédcula lipidica que contiegne un grupo

principal polar vy cadenas de2 hidracarkons no polares,

PEV

[0011] FIG. & mue=stra siluetas farmacocinéticas de firmulas de Gefitinib.

DESCRIPCION DETALLADA

[0012] Las manifestacionss 52 describen 2n este decuments eh el contexto Jde polimeras
de diacil zonjugados de lipides para aumentar la salubilidad v 13 mejora de la prestaciin
de oz agentes farmacéutices, Se hard referencia en detallz 3 las implementacionss de la
presente invencidn, comic 22 ilustra en las dibujos adjuntas. Loas mismos indicadores de
referencia se utilizardn en todos 1os dibujos y la descripeiin detallada siguiente para hacer

referencia a las partes iguales o similares.

o,



[0013] En aras de clarificar, no todas las funciones de ruting de las implementaciones
descritas en este documento 3¢ muestran ;7 describen. Se apreciard que en el desarralla
de cualquier implementacidn efectiva, numerosas decisiones de implemsentacidn especifica
deben tomarse a fin de lograr los objetivos ezpecificos del desarrallador, de conformidad
con las aplicacionsg -y negaocios- relacienados con las restricciones, y que 2stas objetives
espacificos varian de una implementacién a otra y de un desarrallador a otro, Por otra
parte, 32 apreciard tal esfusrco de desarrollo pusde ser complejo y requisre mucho
tiempa, pera sin embargao, saria una tarea rutinaria d2 la ingenieria para los expertas an

la técnica con el beneficio de esta evpasicidn,

[0014] Los cxpertos en la materia se dardn cuenta de que la siguiente descripcién de la
prasente invenzién, 25 meramente ilustrativa y no 2s restrictiva, Otras rmanifestaciones de
fa invencidn facilmiente sugerirdn a si mismes como personas calificadas que tengan 2l

beneficia de esta ewpaosicidn,

[0015] La presente invencidn comprends composiciones farmaciutizas y méetodoz de
fabiricacian v <l uss mismo, donde 1a «:«:~rnpc-sic:i-f~n comprende un Farmaco lipofilico y uno o
mas polimero-lipidos conjugados, Los conjugados nen una columna vertebral, dos
grupss acils y una cadena de polimera, Preferentzment: tiznen una temperatura de fusiin
menor que la del cusrpo hurmana, v preferiblerments liquids a temperatura ambiente, Las
soluciones acucsas de las conjugados con las drogas no forman liposomas, sing qus

abarcan una variedad de otras microestructuras.

[0016] Definicidn: Tal corna 3¢ usa aqui, ¢l térming "lipofilico” significa la capacidad de
dizalver los lipidos vy / o la capacidad de penetrar, interactuar con y/o atravesar las

mermbranas bialdgicas.

[0017] La Patente de EE.JU 11 © 6.610.222 vy sus familiares ensefian a la formacidn
sspontanza de liposomas mediante <l emples de diacil lipido-polietilenglicol  (PEG)
conjujadaos. Esta patente describe la manzra de seleccionar estas lipidos PEG conjugadas

para formar liposomas con sdlo afiadir el combinade a una solucidn acuosa. Se ha
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descubierts que otras maldculas similarez de polimeros lipidicos son Otiles para 12

solubilizacidn de farmacos hidrofikicos sin la formacidn de liposomas.

[0018] Coma 22 describe en la Patente de EEULL M O €.610.222, que se Incarpora para

referencia, log  conjudzdos PEG-lipidicos  2spontdneaments  formaran  liposomas  al

mezclarse con una solucién acusza si se cumplen ciertas condiciones. Para diacilglicerol-
FEG (DAS-PES), una condicidn es que los pardmetros de embalaje de bus lipidos totalzs

(ya sea un lipids o una combinacidn de lipidos) deben estar dentro de los rangos que
permiten formar liposomas, En pacas palabras, los lipidos en general, dzbe tener farma de
cong, oon la reduccidn gradual que les permite auto-ensamblan en liposomas. Siel grupo

dz cabeza (incluyendo 2l PES) es demasiade grande o dermasiade pequefio en relacién con

la parte hidréfoba o la malécula, los lipesamas no 52 formaran,

[0019] La Estructura quimiza 1 en general describe los conjugados palimero-lipidos de la
praesente invencidn. A31 vy AG2 indican grupas aciks, es decir, la parte hidrofabica de 13
malécula, Las grupas acils pueden ser iguales o diferzntzs. P indica un polimerc hidréfila,
por lo general PEG. P indica la fraccién zn 2l extrerna distal dzl polimers hidréfilo, B e la
calumna vertebiral, L1 25 el conectar a la columna vertebiral del polimera hidrafilico. 1.2 y
LZ son los conectores de la -:olulmna vertebral de los grupos acilo. La porcidn de la
molécula de B incluyends adermds L1, L2 y L2 puede ser considzrada |3 espina dorsal
extendida. La columna vertebral estendida mas PP comprende ademads |a cabeza

hidrafilica o headgroup de la molécula, Las cadznas de acilo inzluyen la cola lipsfilica.

[0020] La naturaleza anfipatica de Ios conjugados de  lipidos-palimeros les da I3
capacidad para aumentar (3 zalubilidad de los farmacos lipofilicss en solucidn acussa. Los
grupos acily forman asociacionzs con 2l farmacs, v el grups que encabeza libremente

interactia con el agua. La columna vertzbral vy conectores deben elegirse para conferir

ventajas de sclubilizacién vy / o prestacidn de ciertos medicamentos, pers 1a columna

vertebral y conectores son =n general funcionalments menos importantes que el polimero
hidréfiby vy o3 grupos acile, Por o tanto, una versidn simplificada dz los conjugados se

puede describir como una estructura quirmnica 2, donde ER es la espina dorsal extendida.
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[0021] para formar un liposoma, el grupe principal dz lipidos y de las cadenas de
hidrocarburs deben arganizarse en una bicapa con un radio de curvatura que permite a 1a
dable capa replegarse en si misma (véase la Figura 1.). Si las cadenas de hidrocarburo
(grupcs acils) son demasiade pequefas en relacidn al grups que encabeza, el radio de
curvatura zerd demasiado pequeio v o2e producirdn micslas (véase la fig., 2). Si las

cadenas de hidrocarburs zon demasiads grandes en relacién a los grupos de cabeza, el

radic de curvatura serid dz signo contrario v no pusden formar liposomas (ver fig. 2).

[0022] Iz figura. 1 25 un diagrama que representa el corte transversal de un liposoma
hecho de moléculas d2 lipidos. Bl liposoma 10 comprende una bicapa lipidica, hecha de

moléculas de lipidos (por 2jempls, 12, 14, 16, 13), que encizrra un espacis acuoss 20,

[0023] Ia figura. 4 =5 un diagrama que llzna 2l espacis de una malécula lipidica qus tiena
un grups polar y las cadenas no polares de los hidrocarburss. La mol2cula lipidica 22 2std
compuesta par un grupo hidrofilicos 24y una cola hidréfoba 26, La cola hidrofibica 26 se
compone de dos cadepas de hidrocarburos 22, 24 (AGL y AG2). Mientras que sus enlaces

quimizas permiten a la molézula ||p|c||n de ser flexiblz, el grupo de cabeza en Jeneral, s2

llena un drea de didmetra de 22, mientras que la cola s llena un drea de didmetra de 30,

Debide a que las maléculas de lipidos 32 debe organizar de una bicapa para formar un
liposoma, la relacidn entre 2l didmetro grupa de cabeza a la cola de un didmetro no puede

ser ni demasiado grande ni demasiads pequeho, € la formacidn de lipasomas va a acurrir.

[0024] iz figura. 2 &3 un Jdiagrama que representa un corte transversal de una micela
Mecho de moléculas de lipidos. La micela 26 estd compuesta de moléculas Jd2 lipidos (por
ejemplo, 38, 40). Debido a que 195 grupss de la cola de las maléculas de lipidos tienen un
diametro peqUeﬁo 2n relacién con log grupos de cabeza, o crganizacidn de las moléculas

de lipidas zon un pequedo radic de curvatura, v una dable capa no pueden formarse

[0025] Ia figura. 2 23 un diagrama que representa un corte transversal de una estructura
hecha de maléculas de lipidos con la cola grande @n relacidn con los Jrupos de cabeza. En

la figura. 2, se pueds obszrvar que la estructura 42 se forma cuanda tos lipidas (por
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ejemplo, 44) que las colas grandes en relacidn con o3 grupos de cabeza se mezclan 2n
solucién azucsa, Una vz mas, la proporciidn de tamais entre los grupas de cabeza v 1

cola hace que la formaciin de dos capas sea impasibla,

[0026] Mizntras qus las figuras, 1, 2y 2 =2 ilustra <l principia basico de embalaje de los
parametras de usa de un zols tipo de moldcula lipidica, se apreciard que el mizsmo
principic =2 aplica a las mezclas de lipidos, Por jempls, un lipida que tiens cadenas de

hidracarburas demasiada pequefioz para formar liposomas como una sola especie puade

(418

77}

ser mezclado o el colesterol para dar lugar a una composiciin que tiene los parametros
de embalaje adecuada. Como otro ejermpla, un lipido que por si sole tiene los parametros
dz embalaje adecuads pusde formar liposomas incorporacién de cantidadzs limitadas de
ctros lipides, que por si mismos, no han adecuade los pardmetros die embalaje. Los lipidos
simples v mezclas de lipidos han de embalaje pardmetros que se puzden caloular por
métadas conocidas, En general, las composiciones de  lipasomas que  permiten la
formacian Jde liposamas han embalade mediciones de las parametrss de Poa entre

apro~imadameante 0,34 v 0,9% y P v entre aprozimadamsente 0,28 y 0,33,

[0027] P a3 =5 el pardmetra de embalaje con respects a la suparficie y v P oas el
pardmetrs de embalaje con respecta al volurnen (DD Lasic, liposomas: desde la fisica a
las aplicaciones, El sevier, pp 51, 1993). Los pardametros se derivan de 1as ecuacionzs de

HCa/Tas=PyunHCv/T=PyHTdonds a es 2l drza de la cadena de hidracarburos, T

es el drea total de la malécula, HC v s el valumen de la cadenas de hidrocarburas y Ty

es el valumern de toda la malécula,

[0028] l5s pardametros de embalaje pueden caloularse para las mezclas de lipidoz, ya de
que la mezcla dez'lipidos resulta un promedio de sus caracteristicas individuales. Por

ejempla, un HZ / T a = P 3 de una mazcla binaria, en 2l caso de mezclas ideales se pued

18]

expresar como: <P A»=21F1+2P2 1+ 2=1

[0029] [z manera mas general en el caso de las i lipidos que componen una

detzrminada mezcla puade ser representada por:

o2
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<PA>=Zi¥iPiy¥iZi

donde ¥ i &3 la fraccidn molar de 1os lipidos @n la mezzla y P i es 2l parametro de embalaje

con respects a la superficiz de asos lipidas,

[0030] Cius factores Jensrales qu~ influyzn en =l tamafc del grupos de cabeza en una
molécula lipidica. Uno de ellas es el tamads fisico del grupo de cakeza, Por 2jemplo,

emplzands una cadena de PES mas larga ya haria 2l grupo d2 cabeza mas grande. La otra

2s la carga asociada con el grups de cabeza. Por gjempla, sila cadena de PEG s conjugd
a la colurmna vertebral por un enlace fosfodidgster, 2| fosfato impartiria una carga para el

grups de cabera, aumentando efzctivamentz su tamailo. En 13 presente invencidn, se
prefizren lag no fosfolipidas de manzra que el significads general dz varizdad de tamafio
de grupos de cabeza se da por la variacién de lengitud J2t polimers, asi coma tambizn

varian la columna vartebral y enlazadares,

[0031] El tarnafio de 12 cola de un lipido es influenciade por fa longitud dz las cadeznas de
hidrocarburas y 2l grada de saturacidn de la cadena de los lipidos. Los lipidos de cadena
simple par 1o general no forman lipesosmas, a pesar de que pueden ser incorporadas en
liposomas compuesstos de lipidos con dos cadenas, Del mismo mioda, 105 lipidos con una

cadena larga y una corta pueden tenezr un tarmaio relativament: pequzio de cala.

[0032] La presencia de esteroles y / o compuestos de dragas también puede influir en la

ntes

&y

formacidn  de liposomas de una manera predecible. Todos  estos factores
mencionados deben sar considzrados en el Zdlculo y la predizcidn si un palimers simple
conjugads formard lipasomas, o si una combinacién quimica de lipidos, incluidos
conjugados polimerc-lipidos formaran lipasomas en una solucién acuossa, En general, los

astersles no se incluiran en las formulaciones que emplea la invencidn,

[0033] Mizntraz que los lipasomas pueden ser un vehicula de administracién de
medicamentos preferidos en algunos cazos, ha sido dificil formular muchoz farmacos

|Ipufl| =n suspensionas de liposomas, Los prablermnas incluyen el almacenamisnts, [a

o
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estabilidad en vive de farmacos: relacionezs de lipidos, y otros. Las férrmulas no
liposamalzs incluyznds los conjugadas polimeroa-lipidos de la presents invencidn san dtiles

en muchos cazos, v muy ventajoso en casas particulares.

[0034] Asi como es pasible zelzccionar los lipidos PEG-conjugados a partir de liposaomas
sobre la base de los parametras d= embalaje como se describe 2n la patente de EE.UU. N
0 o6.e10,222, ez posible szlzccionar las soluciones puras Jde polimeros conjugados de

lipidas o mezélas, incluides conjugados polimera-lipidos que no forman lipasomas. Dicha

51
U

seleccidn puade hacer matematicarments, mediante el calouls de los pardmetras de

10

ernbalaje de los canjugados polimero-lipidas, L3 szlzccidn pusds hacerse empiricamente,
probanda diferentes lipidos polimerss conjugados, Un enfoque hibrido puede tambisgn ser
utilizadz, en donde el conocimients de los factores que influyen en los pardmaetros de

embalaje 3¢ utiliza para predecir que  conjugacién podria ser Al sing caloular

rigorasamente los parametrss de embalaje antes de la prueba para la formacién de

liposcemas.

[0035] La Tabla 1 muestra una serie de lipidos que han sido probados comao lipidos
simples para determinar su idonzidad para la presents invencidn, Esta takla es idéntica =
la tabla en la columna & en, Pat, EELLIL 10 6,610,222, Log lipidas fusron probados & un
dos por ciento del peso en solucidn acuasa. Téngase en cuzsnta que GDL significa dilaurato
de gliceral, GO significa dicleato de gliceral, GDM significa dimiristato de glicerol, el SDP
significa dipalmitato de gliceral, y GOS significa diestearato de glizcerol. Para cada uno de
log lipidos, &l ndmers despuds de "PEG" indica |a cantidad de subunidades de T2 H 4 0
en la cadena PEG. Los lipidos de diclato insaturados contienen similares parametros de

embalaje d= los lipidos de dimiristato saturadas.,
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[0036] Tabla 1

T Al A L s P T = tho
(L) 2000 370l 60a(C
PEG-23 GO, | Flud @ 25 | A2 | 369 | HO HO NG
PEG-12 GDO' | Fluid @ 25 S Sl sl
PEG-23 GDO | Fluid @ 25 NG NO NO
PECAT GO | 363 NO NO NO
PEG-12 GDM | Fluid @ 25 | 853 | 889 |q s N
PEG-Z3 GIM | Thad g 25 | #37 | 875 | TI0 1O AR
PEG-45 G | 33.2 RIR) SN iRiv] | 3{V) NQ
PEG-23 GDP | 313 443 | ew0 8 s
PEG-45 GIP | 41.8 R22 R67 MO =0 MO
PEG-12GDS | 40.0 869 Q0j NO NO s
TEGIICE (390 EXT I T 607s) o P
PRG35 GOS [ 408 £30 {870 |10 0 1o
[0037] La Tabla 1 muestra las propiedades de formaciin de liposomas de varios

polimeros-lipidicos conjugados. Para interpretar el cuadrz, 23 necesario saber quez a
farmacién espontinea dz liposormnas requizre qus el lipids o la mezcla de lipidss sea
liquida a la temperatura de la formacidn de liposomas. Por ejemplo, PEG-12 GDM

zspontancaments forma liposomas en todas 1as temperaturas probadas va que es liquido

W
T

2238 temperaturas 2 incluye PEG ademas dez contar <on pardmetras de embalaje dentro
de rangos particulares. Del misma modo, FEG-12 G0, gque comparte propiedades casi
idénticas a PEG-12 GOM, forma espontinzament: liposamas en todas las temperaturas
probadas. PEG-23 GDS, con una temperatura de fusidn mas altos, séle forma liposomas

por encima de su temperatura de fusidn de 39,8 9 C,

[0038] Loz conjugados J

[

lipidos-polimeras de la presents invencidn tiznzn un3
ternperatura de fusién que les permite estar 2n forma liquida a la temperatura del cuerpao
humana, =2s decir, por debajo de 27 9 C. Preferibleriente, los conjugados tiznen

temperaturas de fusién por debajo de temperatura ambiznte, s decir, unos 25 grados C.

1

Al igual que los pardmetros de embalaje las temperaturas de fusidon puede  ser

determinado por las miezclas de lipidos,
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[0039] Los conjugados con temperaturas Jde fusidn mas bajos son preferiblez para I3
facilitar la férraula. Sin embargs, conjugados con temperaturas de fusidin m3z altas

pueden ser empleados preparandas las farmulas a te mperaturas mas altas.

[0040] La scric GDM de lipidos ilustra la importancia de los pardmetros de embalaje.
Mizntras que estos lipidss incluyzn todos 1os PEG y se encuentran en forma liquida a 60
gradas, sdlo PEG-12 GDM muestra la formacidn Jde liposomas, debido a pardametros

favorables de embalaje, La serie dz lipidos GDS a 60 gradaos ilustran 2l mismic punto.,

[0041] Los expertas en el arte pueden practicar la presente invencidn par medio dal
conocimients de pardametros de embalaje para predscic y o crear compogiciones de
polimeras conjugados de lipidos que no formen liposomas, Por ejermplo, variando el
tamafic de una cadena de PEG o la concentraciin de PEG que contiznzn lipidos 2n una
compasicidn lipidica cambiaran los pardmetr.s de embalaje d= una manera predacible. Del
misma modo, 1a variacidn de la columna vertzbral y / o conectorzs tambidén conducen a
cambios previéibles de los pardmetros de embalaje. Las temperaturas de fusidn tambisn
se puedsn variar de manera predecitle al variar la longitud Jde las cadenas de polimers, y

/ o la variacién de la longitud y la saturacién de las cadenas de acila.

[0042] lUna amplia variedad de conjugades polimera-lipidas son dtiles en la practica de la
presente mVr-nrnnn siempre y cuando una serie de regquisites fundamentalzs se cumplan.
En primer lugar, el conjugads debe incluir un polimers hidrdfilo, En segunds lugar, debe
incluir dos cadenas Jde acile para asociarse con el farmaco lipsfilo, En tercer lugar, 103
parametios de embalaje de la farmulacidn deben ser tales que log liposomas no
predominzn en solucidn acuosa. Una colurmna vertzbral tambidn es 2sencial, aunque las

cadenas d

= acily y polimers hidrofilico tienden a dominar las propiedades quirnicas de los

conjujadas en términas de temperaturas Je fusidn y o3 pardmetros de embalaje,

T
)]

[0043] Durantz la practica de la presents invencidn usando soluciones acunsas,

posible que una pequefia fraccidn de una fhrmula dada sea en forma de liposomas. Sin

13
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embardao, |a mayafia de los liposomas cormprenden una pequeia fraccidn de las fidrmulas,
En muchcs casos, la fraccién de lipssomas sera estremadamente peguefia. Por 1o ganeral,
una firrmula no liposemal de la presente invencidn tiene menos dzl 10 por ciento de 195
conjugadaos de lipidos-polimeras en forma de lipasomas dilnidos 2n solucidén acuosa. Esto
también pusde expresarse diciendo que lss liposamas no son la estructura predominante

del conjugado;

[0044] Lios conjugados Otiles estdn incluidoes en alguna de dos categorias: aquellos que
no forman lipasomas debido a que el grups de cabeza es demasiade grande en relacién

con la cola, vy los que no forman liposomas debida 3 que el grups de cabaza s muy

L3

pequeiic en relacién con la cola . Dada que el objets de la invencidn es aumentar la
solubilidad de compuestos lipdfilas en solucidén acuosa,, 2 prefiers: la primera categoria
gzneral ya que sus compusstos tiensn una mayor proporcién de elementos solubles en
agua. Sin embargs, conjugadios con las grandes colas lipofilicas puzden llevar una carga

de drogas mds grands:ss que los mas pequeios con colas, Por o tanto, es preferible que los

grupos acil tengan por 1o menoss acha atarmos de carbana,

[0045] Los grupas acila de interés (AS1 y AS2) incluyen los indicados en las tablas 2 y 3,

oo
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[0046] Tabla 2:

Lipidos saturados para utilizar en la invencion.

oo

Moinkare Somidn Fzmbas IUPLS Esiusiues quimics PRSI Furto o Fusidn (o)
Csanlicn Ain artspio CHatCH A0 0M 80 1617
Crpuise Bl Doy CHa(TH R0 O cI00 I
. Laution Sside Codscaniion CHAlCH A« DOH cio 149,48
Sachi TElral: ChalCHy elinik | C14:0 SEE
iy il Sudeby [aershesmois Cla(CH T 2180 G364
Slgzicn A Qutanlganzics, CREAITHAC OOH 2150 89 g
Leanldric, CHEAUCH ) 20 ok Fa5
}
Baeherion Azichn Do ammicg CHa[CHARTO0N ‘ C22:0 74.78
[0047] Tabla 3: Lipidos insaturados
.
Romrs Cstructura quiriza Ulbicacisn dzl dadsle vircute ¢ caﬁ;rcoulodmle
e D XYL D] IHICTHI AT =R T e PEYN 121
Agign Pl i, TH3(TH S 2T M SHET HERD el Heds 161
AGich Dz HEUTHZ R I H= S o P 151
!
Auithy iy CH3 TH DTS SHOH S H2 DM 5o oo RS 10z
B ERET) S CHAZH 2 A= THTHR - = SRR = CHICH 3020 T B S 2 e 18:%
Acidn Saclicar [ I.-I:-? 2 2H=CHEH TR CHTHRZA = THIH 20 H= CHIT HZ 220 Mg b ik 3 Ak
Buid Enada TH3TH IR He AHAT Hius cno e Dsha 221
.

[0048] Mizntras que el gliceral es la espina dorsal preferida, otras redes troncales (tiles
(B) inzluyen 2 cadenas de carbona, tales coma 3-aming-1 ,2-propanadiol, 1-aming-2 ,3-

propanodicl, 2-amina-1, 2 -propancdiol, 2-mercapte-1 ,2-propancdiol, 1-mercapts-2 ,3-
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propanodicl, 2-mercapto-1 |, 2-propanadisl, Acido dihydrooybutyric y acide glicérizs, Por
otra parte, los azlcares pusden zer utilizadss como la columna vertebral incluyenda
monosacaridos y dizacaridos, La colummna vertebral también puads comprender 4 cadznas

de carbong o dae cadenas de carbona, La columna vertebral pueds ser tan simple coma N

(un solo ’1t‘.-mu de nitrdgena) o CH, con AGL, AS2 y B ounido directamente a la red troncal

C o N (2n cuyo caso Ies conectores pueden ser considerados coma los pares de electrones

cmpartidog). Ademds, los aminoidcidos pueden ser utilizados conmo la columana vertebral.
Pasillas rades troncales de amincacidos abarcan: cisteina, serina, treoning vy asparagina
Alzanas ciclicos talzs como el propans y compuestos heterociclicos, tales como s azoles

tambign puede servir como la colurmnna vertebral,

[0049] Lcos compuestos aromaticos come 2l benceno tambign pusden servir como
columna vertebral, a pesar de que las propiedades de los compuestos aromaticas
requisren una consideracién cqp-a- ial. En primer lugar, las anillas aromaticos  s0n
voluminosos y rigidos y pusden aumentar 2l tamafio relativo del grups que encabeza. En
gagunda Iugar, son lipofilicas 2n 1o que suzle ser una parte hidrofilica del conjugada. En
tercer lugar, el apilamients entre 1os  anillos pueden afectar a la formacidn de
microzstructuras de forma impredecible, Sin embargo, estas propizdades dnicas puedsan

ser una ventaja =n cizrtas situaciones.

[0050] Los polimercs |'Iidl';3fl|ICC»S atiles en fa formacidn dz las conjugadas de lipidos-
polimeras de la invencién incluyen polictilznglizel (PEG) v otras p-tylirner-:-é de Seido de
polialquens, poliocictilenalquiléter, polivinilpirrolidona, pali (alilamina), Poly (1-glicerol
metacrilata), Poly (2 -ctil-2-c<azalina), poli (2-hidrovietil metacrilato / Acido metacrilizo) /
poli (2-hidrosiztil metacrilate), |:-.:,Ii (2-vinilpiriding), poli (acrilamida / acido acrilica), Poli
(Azida acriliza), Poli ( butadiens / Acido maleico), Poli (acrilato de etilo / acide acrilico),
pali (fvide de stilzno-b-deido de propilena), pali (etilenc / acide acrilica), poli (acido
metacrilicz), poli (Acido maleica), Paoli (- iso-propylacrylamide), poli (acstato de N-
vinilpirrolidana/vinil), poli (dcido estirgnasulfénico), Poli (estirenosulfénizo dcido / Acido
malezico), poli (acstato de vinile), poli (Aoido fosfdrico de vinile), poli (vinilamina),
Fodiacrilamida, El Acido poliacrilica, palianilina, polietilznimina, pululano, Polimetacrilirida.

Copolirmeros y copolimeras en bloque sobre la base de la lista de arriba también se pusde

P
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utilizar. Los polimeros likres zon solubles en agua a temperatura ambiente, adzmis son na

téwicos, Mo obtiznen raspuszsta inmunaginica apreciablz 2n los mamiferos, Son preferibles

aceptaciin ya ei

]

1]

stente en el negocia farmacéutice, PEG es el podimers hidridfils preferido.

[0051] Una variedad de grupos P pusden serincluidos en el extrema distal del palimera,

loe grupss Poodtiles incluyen grupos  alquila, coma metila, restos  alcoxi, aminas,

[X1
3
Cu
[
1)

1

aminzacidos y aztzares coma monasacaridos, disacéridos, trisacaridas y oligosac
con 1, 2, 2y 4 o mas unidades de monasacdridos respectivament:z, Ademds, ks restos de
orientacién, como los fragmentas de anticuerpos y vitaminas pueden ser utilizados como
grupas Jde investigaciin, En general, =l grupo Boes altaments solublz en agua. El paso
madecular del grups Foez preferiblemente menar de 200, v mas preferiblemante, mencr
de 50. Para la mayoria de lag aplicaciones del grupa I es preferiblzmente na catidnic: con
el fin de evitar la falta de tizmpo especificos v la disminucidn de la circulazidn de unidn en
el torrente sanguine:. Sin embarga, Jrupss catidnicos de P opuede ser ventajose pard
detezrminados modos de administracién, tales come gzles topices vy scoluciones orales

dirigidas a la boca vy la garganta.

[0052] Los =nlazadores Gtiles (L1, L2 y L) incluyzn éster de oxigenc, y carboxile, asi

coma las que 32 muestran en 2l cuadra 4,

[0053] Tabla 4: Enlazadores

No [ Sirmksolo ) X

_Nm

1 N, H
imino

—— NHNH—

Hidraso
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[0054] Loz enlazadores pueden seleccionarse para personalizar la presznte invencidn
para fines particulares. Par ejemplo, 2nlaces que son labiles a pH bajo pusden ser
preferiblzs en algunas aplicaciones, En otros casos, enlaces con la capacidad de formar
puentes de hidrigeno con las porciones del compussto farmacs solubilizado puede ser
ventajoza. Para la mayoria de propdsites, sin embargo, 105 enlazes simples tales coma

cigena, tiol y carboxilo son adecuados.

[0055] Hay una amplia gams de polimeres conjugadas de lipidos Otiles en la invencidn,

Como ze menciond anterisrments, es preferiblz tensr PEG come el polimerns hidrofilico,
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Otras realizaciones incluyen praferiblaments el emples de conjugados en rangos de pesa
maolzcular preferidoa. Al utilizar conjugados con grupos de cabeza relativameante grande,
es preferible que 2l MW de la espina dorsal estendids se¢ encusntre entre unos 105 y 250
MW y que 2l dz P mas P sea mayor que el combinads MW de los grupos acila, Loz
conjugadas de la invencién tiznen clasificaciones de equilibrio hidréfilo-lipdfila entre unas

8y los 13 afios.

[0056] Algunas agentesz de solubilidad existentes, tales como la mejora de Labrascl ® y
Labrafil son fabricados por la conjugacidn de PESG con mezclas de glicéridas naturales
como el aceite de hueso Je albaricaque. Esto resulta en una mezcla de solubilizaciién con
una gama bastantz amplia de los componsentes, Por el contrario, [0z agentes de
solubilidad resaltados en la presents invencidn se sinbatiza en simples pasas, resultando
preparaciones puras y bien definidas. Tenzr ese contral 2 permite al foermulador hacer
ajustes individuales cuando se utiliza la invencidén para sclubilizar un farmaco lipdfila
particular, En alguncos casos, la mejora de la solubilidad del agente para un farmaco
lipdfile en particular puede ser un simple conjugada lipido-palimers quimico de la presente

invencion.

[0057] Las conjudados de la prasentz invenczidn pusden utilizarse en czmbinacidn con
otros excipientzs que mejoran la solubilidad. En preparaciones de mdltiplez e«cipientes
que mejoran la solubilidad, los conjugados palimero de |Ip|du s de la presznte invenciin
|:sreferiblernehte corprenden al menas un 25 por ciento del pesa de todos 1os encipieantes
para majorar 1a solukilidad, y  mas preferiblements al menas un 50 por ciento, &) estar
formulados con uﬁ farmaca lipdfila, 03 conjugados polimers de lipidos de la presente
invencian preferiblements comprendan al maness un 20 por ciento del pess de todos los
ajentes que rmzjaran la solubilidad, ademas de drogas, y mas preferiblzments al menas 2|
40 por ciento, Asi, a menar potenciador de  solubilidad: relaciones de lipidos dz los
conjugadas polimeros de lipidos de la presznte invencién comprenderan un porcentajs

’

mas alto del total de los potenciadores de solubilizacién total, Algunas  formulas

ilustrativas se muestran en la Tabla 5. Tampones, agua, y los ewcipientes que no

aumentan la solubilidad (por sjempls, aramas) no se incluyen en estas calculas.
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[0058] Tabla 5

Potenciadargs sz ICor-jugados f’:or-jl.!g.f--:lc-s
Sooduabzibicl mel () [uiddopelimeroz Ongy  poltmsa-ipida: (34 del
teial dz potenciadores
de soltilidad més
lfarmacos)
] ' 0.5 0.5 03.05 2000333
1 10 10 04-10 | T200-500
} 20 20 0.6~2.0 20,0 - 66.7
1 5.0 5.0 1.25~50 208 ~833
1 10.0 wa 7.5~ 10.0 727 -90.9
1 20.0 20.0 5.0-200 23,8 - 95.2
i 0.0 500 | 125-350.0 745 - 98.0

[0059] Para que quede claro, cuands 32 usa aqui el término conjugads lipido-palimero,
32 entiende especificamentz para incluir 34lo los conjugados de la presente invencidn,
Aungue potenciadores de solubilidad ya evistentes puaden incluir conjugadas de lipidos v
polimeras, no a2 incluyzn en el térming polimero lipidas conjugadas 3 los efectos de esta

especificacidn.

[0060] A diferencia de lipidos naturales corne 198 fosfolipidas, los conjujades dz la
presente invencidn no tiznen una concentracién micelar critica (CMT). Las miczlas séio se
forman cuanda 1a concentracién de surfactante es mayar que la CMC, v la temperatura del
sistema es mayor que la temperatura critica de las micelas, Las presentes conjugados
lipidds polimerss forman agregadss de forma espontdnea en cualquier concentracisn

dada.

[0061] Las formulas de los farmacos con polimeros conjugados de lipidos en solucién
acuasa puadzn mejorar aun mas el tamafo de las particulas. Las tecnologias
convencionalzs como la micronizacidn, molienda hdmeda o secado por aspersidon se
pueden utilizar para fa reduccién de tamao de las particulas. Es preferible que 2l tamafio

de las particulas sea antre 0.05 & 25 micras, las particulas mas preferibles san de 0,05 v

10 micras; el tamafo de particulas mas preferibles es de 0,1 3 § micras.
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[0062] L3 presznte invencidn s Otil en una variedad Jde situaciones y ofrecs ventajas
sobre la técnica de varias maneras difzrentes. Problemas con la preparacién de dragas

lipofilicas, la solubilidad v 1a entrega puade reducirse mediante 2l emplea de la invencidn,

[0063] Przparacicnes farmaséutizas con los conjugados polimeras de lipidos 32 pusdan
utilizar en una variedad de maneras. En altas concentraciones 2n soluciones acussas (mas

de un 20% w / w), los preparativas son similares al gel y adecuads para la administracidn

-+
s
9,
[y}
1]

-
(]
73]
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gles tambidén puzden formularse en forma de capsulas para administracién
oral o rectal. Preparados a base de mi3s solucién acuonsa diluida son Otiles para la

administracidn oral, intravenssa, tépica v subsutinea.

[0064] El inventa puedsz ser utilizade para el auments de la solubilidad de los farmacos
lipofilicas en cualquisr maods de administrazidn, A pesar de ciertos farmacos lipofilicos que
g2 listan en la presente memacria, [ invencién estd destinada a ser utilizada con todos los
farmacas lipofilices, Los conjugadios polimerss de lipidos tarmbién pueden utilizarse para
formular cosméticos, alimentos y suplementos nutritives, ya sea en forma de geles o

soluciones mas diluidas.

[0065] En un aspects, 13 invencidn s una composicidn para mejorar 1a aclubilidad de un
farmaco lipofilico, dJonde la compogicién comprende al menos un 25 por ciento en pesa de
un diacil lipida-polimers conjugada. El diacil lipida-palimers conjugado representads por 1a

féormula:

dande AG 1y AG2 san Jrupas acils, donde L1, L2 y L2 san los conectores, donds B 23 13
colurnna vertebral, donde Poes palictilenglicol, dende Bono es catidnico, donde AS1 y AG2
en conjunto constituyen |z pc-r-:ié.n‘de la zola lipefilica del canjugads, donde B, L1, L2, L3,
Py F en conjunto constituyen 1a parte de cabeza hidrofilica del conjugadas, y en la parte

de la cabeza ez demasiade grande en relacién con la porcién de la cola para permitic una
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solucién  acuosa  pura dzl conjugade para formar  liposomas  predominantes. La
temperatura de fusidn del conjugado @3 preferiblzmeznte menor de 26 gradas centigrados
y m3s preferiblernente mencs de 25 grados. La columna vertebral es preferenteniente

gliceral o un azicar,

[0066] En otra aspecto, 1a invencidén €3 una compaosicién farmacéutica que comprends un
agentz lipafilicn active y unc o mas potenciadorzs de solubilidad incluyzndo un diacil

lipido-paolimera conjugado, es decir, diacil lipida-polimers conjugado representads por la

formula: ’
7
[
[}
AG ——L i
= z 2>‘wapr—R
AGZ—LB
donde AG 1y AG2 zon grupas acils, donde L1, L2 y L2 son 105 conectores, donde B es |3
colurnna vertzbiral, donde P es poliztilenglicol, donde P ono es catidnico, donde AGL y AG2
en conjunts canstituy=n la porcidn de la cola lipofilica det conjujads, donde B, L1, L2, L3,
Py P &n conjunte constituyen la parte de cabeza hidrofilica del conjugada, y 2n la parte
dez la cabeza 2s dernasiads grande en relacidn con la porcidn de la cola para permitic una
soluzién  acussa pura del conjugads para formar lipsscmas  predsminantes. La ’
4
, ¢
termperatura de fusidn del conjugads es preferiblements menor de 26 grados centigrados
y mas preferiblemente mencs de 25 grados. La columna vertzbral es preferentzmente "
gliceral o un aztcar,
[0067] En otro aspecto, la invencidn es un métoda para p-:ytén‘:iar la solubilidad de un
farmaca lipafilizo que comprende la combinacidn dz la droga en una solucidn acuoasa con
una o mads potenciadores de solubilidad, incluyends un conjugado de diacil lipida-
polimers, 28 decir que el diacil lipida-polimere conjugade sz representa por la férmula:
AG —L i
. 2>B-—~*L1-P~R .
AGZ—*’LB . , )
]



dande AG 1y AG2 son Jrupos acile, donde L1, L2 y L2 s0n o2 conectores, donde B es la
columna vertzbral, donde P es palictilenglizol, donde Fono @3 catidnics, donde AGL y AG2
en conjunts constituyen la porcidn Jde la cola lipofilica del conjugads, donde €, LT, L2, L3,
Py P en conjunts constituyen {3 parte de cabeza hidrofilica del conjugads, v &n la parte

dz la cabeza

(18]

g demasiado grandz en rzlacidn con 1a porcién de la cola para permitir una
aolucién acuosa pura del conjugads para formar liposemas predeminantzs y donde dicho
conjugado comprende al menas el 20 por ciento de la masa combinada de drogas v todos
oz potenciadores  de solubilidad., La  tempseratura de  fusién del conjugada 23
preferiblemente menaor de 26 grados centigradios y mias preferiblernente menss de 25

gradcs, La columna vertebral ez preferentemente gliceral o un azicar

[0068] En ctro aspects, la invencidn ez un método de tratamients de un mamifers con
un farmaco lipofilico que comprende la combinacién de la droga en una solucidn acucosa
con uno o mas potensiadores de salubilidad incluyende uno o mas diacil polimeras
conjugados de lipides, es decir, dizcil lipido-polimera conjugadas representads por a

formula:

dondz AG 1y A2 son grupes acila, donde L1, L2 y L2 son los conectores, dondz B es a
columna vertzbral, donde P es polistilenglicod; donde Fo2s no catidnico, donde AGL y AG2
juntas constituyen la porcién de la cola lipsfilica del conjugada, donde B, L1, L2, LS, Fy R
en conjunta constituyen la parte de cabeza hidrofiliza del conjugadas, donde fa parte de |3
cabeza es demasiado grande en relacidén con la porcidn de 3 cola para permitir una
solucidn acuosa pura del conjugads para formar lipasomas predominantes y donde dicho
conjugads comprende al menas 2l 20 por ciento de la masa combinada de drogas y tados
los potenciadores de solubilidad y administranda la solucidn al mamifero, La temperatura
de fusidn del conjugado es preferiblemente menor de 26 grados centigrados y mas

preferiblemante mencs de 25 grados, La columna vertebral 2s preferentementz gliceral o
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un azdcar, . Bl polimero es preferentements PEG

[0069] En otro aspects, la invencidn =5 un método para potenciar la solubilidad de un
farmaco tipofilico, dicha composiciin cormprends al menos 2 25 por ciento por el peso de
uno o mas conjugadeos Jde diacil lipido-polimeras, es decir que < diacil lipido-polimero

conjugads s= representa por la fdrmula:

RSy

L 2>B'—-—L1——~‘p-—R'.

donde 83 1y A32 son Jrupas acils, donde L1, L2 y L3 son o3 conectares, donde B es la
columna vertzbral, donde P oes un conjugade polimers hidrofilica, donde Potiegne un peso
malecular menor a 200y donde el conjugada diacil palimers lipidics tiene pardmetras de
empaque que no permiten la formacién de lipnsomnmas. La temperatura de fusidén dal

conjugade es preferiblement: menor de 26 grados centigrados y mias preferiblementa

U'I

menos de 25 grados. En uno de 1as musestras, el grupo de cabeza es proporcicnalmsente
demasiado larga para permitir | funna-*l'n de liposomas. En otra representaciing el grupo
de cabzma es proporcionalment: demasiads pequefio para permitic 13 formacidn de

liposomas. La columna vertebral es preferentemente glicerol o un azicar. €l polimera 2s

preferiblemente PEG.

[0070] En atro aspecta, 12 invencidn 25 una compasicién farmacéutica que comprends un
agentz active y uno o m3as conjugados diacil lipido-polimerss, @3 decir que 2l conjugada

diacil lipido-polimeros se representa por ja farmula;

AG ——L ¥ -
- 2\ B—wa--mR:

AGZ—L3/
dondz AG 1y AG2 zon grupos acilo, dande L1, L2 vy L3 s0n los conectaores, donde B 25 la
columna vertebral, donde P es un conjugads palimers hidrofilics, donde Potizne un pesa

molecular menor a 200y donde 2l conjugads diacil polimere lipidico tisne pardmetros de

PV
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empague que no permiten la formacidn de liposomas, vy donde  estos  conjugadas
compranden al menos &l 20 por ciento de 50 composicidn én masa. La temperatura de
fusidon del conjugads es preferiblernent: menor de 26 grados centigrados v omas
preferiblemente menos de 25 grados. En una Jde las muestras, el grups de cabeza es
proporcionalments demasiade large para permitic la forrmacidn de liposomas. En atra
representaciin, 2l grups de cabeza =s proporcicnalmente Jdemasiado pequefic para
parmitic la formacidn de lipossormas, La columng vertzbral 23 preferentements glicersl o un
aztcar. El polimers 23 preferiblament: PEG. La composizién podrd comprendszr una

solucidén acuosa.

[0071] En otro aspects, la invencidn es un méatads para potenciar 13 solubilidad de un
farmace lipofilice, que comprende |z combinacidn de la droga en una solusién acuosa con
una o mas potenciadores de aolubilidad incluyenda uno o mas conjugadas diacil lipida-

polimars, @s decir que 2l conjugada se representa por la farmula:

G L2>B~- L1--P-R

AG')——-—-—Lq . Do

donde AG 1y AG2 son grupos acilo, donds L1, L2 y L2 son las conectores, donde B es la
columna veﬁ:ébral, donde P ez un conjudada polimera hidrofilico, donde P tizne un pezo
malzcular menor a 200y donde el conjugade diacil polimers lipidico tizne pardameatras de
cmpadque qué no  permiten la formacién de liposomas, vy donde estos conjugadas
comprenden al menos el 20 por ciento de su compaosicidn 2n masa. La temparatura de
fugién del conjugado es preferiblemente mencr de 26 grades centigrados y mas
preferiblement: menas de 2% grados. En una de las musstras, el grupo de cabeza es
proporcicnalmente demasiada largo para permitic la formacién de liposomas. En otra
represzntacién, 2l grups de cabeza es proporcionalment: demasiado pequefic para
permitir la formaciin de liposaemas, La colurmna vartebral es praferentemente glizeral o un

azicar Bl polimers es preferiblemente PEG.

[0072] En ntrn aspecto, la invencidn 3 un métode de tratamiento de un mamifera con
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un farmaco lipofilico que comprende la cornbinacidn de la droga en una solucidn acuosa
con o ung o mas potenciadores de solukilidad incluyends une o mas Jdiacil polimeras
conjugados de lipidoz, es decir, diacil lipido-polimers conjugadas representads por a

férmula:

AG —-——~L :
3 2\8-«~L1--F>—R

AG');-——L3/
donde A5 1y AS2 son grupss acils, donde L1, L2 y L2 son los conectares, donde B 25 1a
colurnna vertzbral, donde P es un conjugads polimera hidrofilics, donde Potienz un pesa
malzcular menor a 200y donde 2l conjugadas diacil polimers lipidico tiene parameatros de
empaqus que no permiten la formacidn de liposomas, y donde estas conjugadas
comprenden al menos el 20 por ciento de su composicidn 2n masa. La temperatura de
fusién del conjugade es preferiblemente menor de 36 grados centigrados y mas
prefeériblzmente menos de 25 grades. En una de las muestras, el grupo de cabeza es
proporcionalmente demasiade largs para permitic la formaciin de liposomas, En otra
representacién, ¢l Jrupo de cabeza es proporcionalments demasiado pequedio para
peritic la formacidn de Iip»:vs‘:-mas; La columna vertzbral 3 preferentzmente glicerol & un

azicar. El polimers es preferiblemente PEG,

[0073] Mizntras que las realizaciones y las aplicaciones de esta invencidn s& han

miastrada y descripto, seria

fy/]

vidente para los expertos @n la tdonica con el bheneficio de
esta e-posichin que muchas mas madificacionss a las antericrments: mencionadas son
posibles, sin apartarse de los conceptos inventives aqui vertidos, La invencidn, por lo

tanto, no debe ser restringida sing en 2l espiritu de las reivindicacionezs adjuntas,
EJEMPLOS

[0074] Ejempl: 1: Aumento de la solubilidad de o3 compuestos de la droga con
conjugadas Jde lipidas PEG-con grupos cabeza demasiade grandes para la formacidn de

liposomas (Ejempla predictivo).
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[0075] Varios compuestos de dragas hidrofdbicas zon la prucekba de solubilidad acuoza en
presencia de los compuestas listados en la Tabla 6. Conjugados en la tabla estan

representados por la estructura quimica 2.

U
Cr
T
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[0076] Tabla &: Conjugadas polimerz-lipidicos con Jrupa rmmente fargas

# B AGI/AG2 Falimara-(R) Temparatra ;
de Fusion g
i ]
i e j/ dimisiraio FEf-23-(inatil) Fluico & oz 25°
b wa : c §
Gliceral
oH .
2 / ) /—- diolsalsto PEC-23-(meth Fluido & los 25°
NO C
Glicerol i
o N
s PEG-23-(meti) Fluido & los 25°
3 o dislursto c
Glicerol
T Fluido & los 45°
. uo//': % diolesto PEG-30-(metil) A
3-aminoptopaEno-1,2-diol
1?
]
H o
5 o . cliclaalat FEG-23-(l-ornitina) E’“‘do alos 37
e ™
3, 4-acidn -JII |I-1lnslhll‘tnl‘|ul|..0 -
6 e - dimistrato PEG-23-(meiil) Emdo nlos 37
N
amdo thenm
v /~"- ] Fluido a los 37° .
=X > __< dialurato PEG-23-(metil) C | -
C‘Iucosa — g
..... /M ot )
8 "ﬁ"/n'a,’-” diolzlatn PEC-23-(3ucraza) Fluidda a 37°C
‘ Glicerol ]
Ve
9 St | dimizirais PEG-23-(meti Fluico 2 27°C
HO -&
Q
Treonina
[ 4
10 - o dicletata PEG-23-(metil)
/ Fluido & 37°C
L3¢
1,2 4-Butanetriol
- ———\\ : )
\/mum dilurato PEG-23-(mcti)
1 S Fluido a 37°C
Eritrulosa
/‘DH
12 » /-"“‘“‘;\ .. ditnistrato PE-23-(mstil) Fluicla 2 37°0C
(Z)-prop-1-cnc-1,2,3-1rio]
H
e, _—
N dlishirtn PEG-23-(meti)
13 P j,f_ Fluido a 37°C ° .
n”
cicloperitang « 1 2. 4wtri0l | s X !




[0077] Los compuszstos 1-2 en el cuadrs 6 también aparecen en ¢l cuadro 1, PEG-22
GOM PES-22 30D vy PEE-22 G0OL, respectivaments. Los grupas acily vy los polimeros

g con la columna vertebral raediante

_‘
0
W
&
=
3
o
=
=)
Xy

hidrofilicos de los otros compuestos estan
el usa de cualquier tipo de consctor en la lista, Es favorable para mantenar AGL y AG2

cerca uno Jdel otro, independientemente del tips de la columna vertebral,

[0078] Los conjugados son liquidos a termnperatura ambients o, alternativamente, s

18]

funden antes de premezcla con cada farmaco. Por &jernpby, 40 mg de un farmaco
seleccionada 22 el primer premezclade con el conjugado p'«:«ll'mer‘:'-Iipiclc-s 2n w / w
proporcién de 1 a 5. Una solucidn acucza de tampén de fosfato 20 mM (pH &) s2 afada
conouna nueva mezxcla para dar lugar a un volumen total de 2 ml. Una alicuata dz la
solucién vy luegs se 2-amina para la concentracidn de la draga. En tados s casos, [a

presencia del conjugado aumenta la concentracidn de farmaco en soluciin por encima d2

la concentracién del farmaco en la solucién sin 2l conjugada,

[0079] Los compuestos ensayados son la anfobericina B, itraconazol, posaconazal,

ciclosporina, vy la indometacina.

[0080] La forma fisica de las scluciones acuoszas de los conjugados polimera-lipidos se
evamina, con y 3in 1a preszncia del compuasts de drogas, Menas del 10 por ciento de los

complejos conjudados o conjugada / drogas son en farma de lipasoma

[0081] Ejempls 2: Aurnents de la solubilidad de oz compuestos de la droga con
conjugados de lipidos PEG-con grupos cabeza demasiads pequefa para la formaciin de

liposornas (Ejemplo predictive)

[0082] Varios compuestos de drogas hidrofibicas son la prusba de solubilidad acuosa en
presencia de |2z compusstos listados en la Tabla 7. En I3 tabla, los conjugjadas estan

reprazentadas por la estructura quirnica 2.

[0083] Tabla 7: Canjugados polimera-lipidicos con grupss Je cabeza relativarmente

~

pequefios
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# B AGUAG2 [ Palimers  —(R) Temp. ds Fusion
T Acido
/"7'/ - [P i & los 25°
l L arachidanicos PEG-5-(METIL) Fluiata 7 las 25°C
O .
) Acido
Glicerol o
arachidonico

Ve K 70 i

Acidin linol=ico /

Pli-L-lisire S00-(metil)

Flitichn & s 25°C

2 " Acido linolsico
N, , , | Fluia = los 25°C
3 w / dimistrao Glical Hzzastieno - (metil)
b ug
Glicerol
. A CH .
v ! . ) . |Fluida & lns 25°C
4 K / diolealzto Glicol Peritatilzno-(imetil)
By
Glicerol
- T oty . N i e 2500
; e dislurato Glicol Hexactienc - (metiy | F1Ud0 A10s 23
y AL
2]
Gilicerol
N ;
. "0,/“7/ doleleto Glical Nonaetileno - Fluicio & las 25°C
0 " (metil)
3-aminopropana-1 2-diol Al , -
}.‘? Fluidi # s 25°C
7 o Glical octsetieno -
w7 diolelato (-ornitina)
’ m’)a o4
3.4- acicddo dihidroxibutanoico ‘
= T,
R Fluicha & a8 25°C
g~ . .
o dimistrat
8 e Imistraio Glizol Hexastileno (matil)
Acido glicerico
9 . .‘_‘w_‘_:?___‘g‘-/ diclealsto Glico! Peritaeiileno (metil) Fluido & las 25°C
-
S-mercatopropana-1 2-diol
G, Gl wo N
% / N Fluido & los 25°C
10 o= / \/\m. / dizhirst Glicol Heptagtilzno (metil)
[0+ [+
Glucosa
w7 i Glicol Hexagtileno Fluido & los 23°C
A e dicleslsts (Sucrosa)
Glicerol R . . .
R T m o a Fliicle = lmm 750
o Glicol Ociaeiileno (melil) Fluiclo 2 oz 25°C
HO dioleals
12 HD/ divlealsto
Gliceral I
/--:// " L Poli (mzro acido coatitzns  Fhido a log 25°C
13 A dlicdzalsto glicoly Mvv 2000
S =ATIRCEDpAND-1,2-0Hi0)
s Fliicin a lns 25°C
14 —t, dimistralo Glicol Qctastileno (matil)
“h _J<
[
Treonina .
oy S .
' Fluido a log 25°C
15 oH diclealsto
/ Glicol Hexagtileno (imeti)
"o —
. 1.2.4-Butaneiriol
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TN, Fluido & los 25° C
e dialurato Glicol Ociaetilano (metil) s
16
gk
Eritrulosa
17 ~ dimistrato Glizal Hewagtileno (etify | Fhido 8 las 25° C
HO \ —
(#~)-prop-1-zne-1,2, 3ol .
Hﬂ - (34
Lf\_“ dlimictrato Giicol Feriasillenc (neliy | o @12 25°7C
Cl
18
.!ﬁ
cicloperitano-1,2 4-triol

[0084] Los grupos acile v paolimeros hidrofilicos pusden astar relacionadas con 3
columna vertebral mediante el usa de cualquier tipo de conector en la lista, Sin embargo,
debide a que es fundamental para limitar = tamafo del grupo que encabeza en 2ztas
deben ccionados con el fin de mantensr 2l pess malecular

2 el

muestras, los enlace

142}
1 X7]

total de la colurmna vertebral a menas oz unos 250, Es favorablz mantener AG1 y AG2

una cerca del otro, independizntements dal tips de columna vertebral,

[0085] Loz conjugados son liquides a temperatura ambiznte o, alternativaments, se
funden antes de premzzcla con cada fédrmaca, Por gjemply, 40 mg de un farmaco
seleccionads es la primer premezcla con el conjugade polimera-lipides en proporcidn w/w

- ~

e 1 a 3, Una solucién acussa de tampdn de fasfate 20 mi (pH 6) se afade con una

jwr

nueva mezcla para dar lugar a un volumen total de 2 mil Una alicuota de la solucidn
entonces se ewaming pars la concentracién de la draga. En todos los casas, la presencia
dzl conjugads aumenta la concentraciin de farmace en solucidn por encima de la

concentracian del farmaco 2n la solucidn sin el conjugada.

[0086] |o= campuestos ensayados son la anfatericing B, itraconazol, posaconazal,

ciclasporing, y la indometacina.
[0087] Lz forma fisica de las scluciones acuosas de o conjugados polimera-lipidas se
e-amina, con v sin la prazencia del compuesto de drogas, Menos del 10 por ciente de 1os

complejos conjugadas o sonjugads / drogas son en forma de lipesomas.

[0088] Ejzmplu 3: Droga de solucidn aral anti cancer
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[0089] Se prepararon soluciones de conjugados polimeros-lipidos adecuadas pars 1a
administraciin oral de Gefitinib, Polimeras de lipidos se afadieron a un recipiente
equipada con una hlice batidera, El farmace se afadié con una mezcla constante, Se
rzaliza una mezcla continua hasta‘que el farmaco se dispersa visualmente en los lipidos,
Pre-dizuelts en agua &2 afadizran evcipientes pocs a poco al recipientz con una meazcla
adecuada. Continud la mezcla hasta que 32 logrd una solucidn completamente

homogénea, Una formula de la muzstra se describe en la Tabla 2.

[0090] Tabla 8

Ingradliznites ) my/mL

Gefitinib ' 50 ~
Conjugada Lipido-palimerg 30
Acido Organico 10
Frosfato Monosodion, Monobidisto 1.21
Fosfaba -;Ii.i«-:'n:li-:.v-.'  haptahidraie 1

] . G, N2pabiir énd 0322
Hicroxidda de soddin ver debajo
Acido Pndrocl-:»nco Ver debejo :
'Benzoato de sodio 20
| Sabor attificial 5.0
A‘.E;ua p"'_”f"?’?f:f? ) gs 1 mL

[0091] Las conjugados de lipidos PEG pusden ser DDGB 2 cualguizr conjugado mostrado
en la Tabla € o 7. El hidrivide de sodic se utiliza para preparar un 10% w / w aolucién 2n
agua purificada. El objetive del pH 22 encuentra en un rangs de 4,0 a 7,0, La solucidn de
MNaQH se utiliza para ajustar 2l pH si fusra necesario. La rzlaciin en la droga de los lipidos
(por ejemplo, el potznciador de solubilidad) es preferiblzmaznte mayor d2 1 a 20, y mas
preferiblerments mayor que alrededor de 1 a 5. Bl dcida arganices pusds ser Acido lactico o
el icido pirdvics o el acida glicélicn, aunque es mds preferible el acide lactics. La
concentracidén de icido organico s& encuentra preferentermente en el rango de 1y 10%,

y%, mas preferiblermente de2 2 a 5.

[0092] Ejernpla 4: Salucidn Inyectable de Droga Anti cincer IV
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[0093] La salucién IV se prepard como 2n 2l Ejempls 3, evcepta que no tigne sabar ni
conservantes anadidos, vy el rango de pH objetiva era entre £,5 y 7,5, Una formula dz la

muestra se Jdescriben en la Tabla 9

Ingredieries ] N mpfml,
Conjugads fipdda-palimera 30 )
Acido Orgaﬁin-:-o- “ ) i 10
F-:-sfat-:- Mnuigdaticn, manahicr nt- J 1.21
Fo. \fr'u-- dizddlicn, heptabidrato 0.322
Hiclroeicls Sodico Ver 'bajo
Acido Hidroclorico Ver abgjo

gun Purificada

qs I mL

[069'5] Los conjugados de lipidos PES pueden ser OOSE o conjugadas en la Tabla 6 o 7,
Los grupos acilo 3 unen a la columna vertebral de glizersl a través de s vinculss
carbosile., El hidréside de sodio se utiliza para prepacar un 10% w / w solucién en agua

v

purificada. El cbjztive del pH e3td en un rango de 4,0 a 7,0, La solucidén de [adH se utiliza

[x1]
4]

para ajustar el pH si 25 necesario, La relacién droga lipido es preferiblementz mayar de
apra-imadamente 1 a 20, v mias preferiblermente mayor que alredzdor de 1 a 5. El Acido
organico puede ser dcido l&ctics o 2l dcide pirdvics o el acido glicdlize, aunque el Acido

.,

o 23 mas preferible, La concentracién de Acido orgdnico es preferentementz en 2l

rangz de 1y 5%, y mas preferiblemente de 1 a 3%.

[0096] Ejemipla 5: Crema Tépica Anti hongaos.

[0097] lUn conjugado de lipides PEG fue introdoucido en un recipiente de acers incvidable
con cuchillas de mezcla tipo Jde hélice, El farmacs se afiadié con mezcla constants, Sigue
mazzlands hasta que el farmace se dispersa visualmente en los lipidos a una temperatura
de 60 ° -65 = C, El acide orgdnico, el colesterol y la glicering 32 han afadids con la
mezcla. El etanol vy stiosidiglicol se agregaron con la mezcla., Finalmente Carbopol ETD

2020, agua purificada y trictilamina con la mezcla, Continud la mezcla hasta que 32 lagrd

una crema completamente hamogénea. La formula se describe en la Tabla 9
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[0098] Tahla 10

Ingredierites e
=
armaco ‘ 10
Conjugado Lipido-palimero 50
Carbopo! ETD 2010 0.5
Etioxidigticol 10
Etanol 5.0
Glicetina T
1.0
Colesterol 04
Trigtilaimina ) 020
Acido Orgénico } 5
Hidréxido de Sodio Ver abajo
| Agua Purificada gs 100

[0099] La droga puede ser un fungicida o bacterizida incluyendo pasaconazal,
equacanazol & itraconaczol, la terkinafina y 2l metronidazsl El conjugado puede ser
cualquiera de los listados 2n las Tablas € o 7. El Acide arganico puede ser acido 1Actizo o 2l
acido pirdvice o jcido glicdlico. El hidrd-ids de sodio se utiliza para ajustar 2l pH si fuera

necesario. El abjetiva del rangc de pH era entr2 2,5y 7,0,

[00100] Exarmple 7 Soluciin Tapica Antimicética

-t

[00101] La sclucién tipica sz prepara coma 2n el Ejemplo 6, 2wcepta que &l activa se

dizalvid por primera vez en acidos orgdnicoz y etanol. Un ejempls de la fdrmula 32

describe en |a Tabla 11.

b
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[00102] Tabla 11

-

g

_ ngrediortes . ’ %%,

@Substancia 10
- Conjugacdc Lijicha-polinera 50
u-Tocoferc;I . )

0.5

Acid Organica

o | 28
Btenol

5.0
0.2

Hidrizxido de Sodin ‘v;er debajo

Penzosta de Sodio

Adguz Purificada

qs 100

[00103] El conjugads puade ser cualquizra de los listados en las Tablaz 6 o 7. El acido
orginics pueds ser acida lactice o @l dcide pirdvico o Acids glicilizco. El hidri-ido de sadio
sz utiliza para ajustar el pH zi fuera necesario, El objetive del ranga del pH es entre 2,5y
7,0.

[00104] Ejermnple & -Sintesis Z,4-Di(oleailoricg)-decactilens Jlicol-benzoato (DDGE)

[00105] Una solucidn de 0,10 moles) dz dcido 3,4-hidrovibenzoics y 0,1 mal de piridina
anhidira en 25- ml de bencena se afadieron lentamants y con agditaciing y en condiciones
anhidras a una solucidn enfriada con hielo dz 0,22 maoles de clorurs de oleail recién
destilado en 250 ml de benceno, vy la mezcla se mantuva bajs condiciones anhidras
durantz 20 horas a 40 © Z, Una vez enfriada, 450 ml de cloroformo 32 afiadid a la mezcla,
que luegs se filerd, El disolvents e evapord al vacio para dejar un sélide banco cruda que
puzde ser purificade de la siguiente mansra: El tensioactive bruto se purifica por
cromatografia en gel de silice (340, grads &0, malla 240-400) de la columna. La columna

se extras con una relacidn 1:1 (v / v) dietil iter / acetona, La primera fracsién extraida

w

L1}]

3

reactiva sin reaccionar y se deszcha, La fraccidn s2 recogid en un pico de 254 nm (LY
monitoren). Bl secads  de  los disclventes  se produce  al vacio, gque produce

aprovimadaments el 70% de 2,34-di (bzoyloay) benzaico,

[00106] lina mezcla de 0,2 males de 3,4-di (2leyloty) de dcido benzoics, 0,2 mal de
glical decasthylens, 0,21 maoles de clorurs de p-toluensulfonils, 0,11 moles de 3-

dimetilarning piridina, 0,5 mal de hidrogencsulfatoe de tetrabutilamenio vy 0,134 moles de

>og
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potasio carbonato se suspendid 2n 600 mL de tetrahidrofurano, La mezcla de reaccidn se

agJitd durante 22 horas a 50 * €. La mezcla de reaccidn se enfrid a temperatura ambiente d
y se afiaden 1500 ml de agua y 200 ml de clorura de metitens, La solucidn 32 acidifica con !
Acide clorhidrico diluido a un pH de 1. La capa orgdnica se separd, se lavé cinco vecas con
350 ml d= agua y se s2cé sobre sulfats de magnesio, Bl disalventz s elimind al vacio y el
residuc 32 disolvid en 200 ml de etanal. La solucidn incalora se mantuvs a 4 ° C durantz
12 horas o hasta la forrnacién de un precipitade blance, Se recogid el precipitado par
filtracién y s2cadc al vacis produjo aprosimadamente &l 20% del producto final
(Estructura Quimica 3).
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3 4-Digatenitdddo)dec astiieno (PEG-12) glicolenzasto

[00107] Ejernpla 9 - Perfil farmacocinético y la biadisponikilidad de las formulaciones de

Gefitinib

[00108] Se rzalizaron experimentos para determinar las concentraciones sanguineas de

PN

las farmulas Jde Gefitinib tras la administracién intravenasa y oral. Por comparacién, las
férmulas Gefiﬁnib también fuzron probados. Grupos de tres ratones machos (BAD2F1)
fuzran utilizadass para los estudios. HPLC-MS analisis se realizarcn s-:-l:»re‘ muestras Jde
plasma de ratén heparinizada obtenida por o g2neral @ O horas, 0.03 horas, 9,5 horas, 1
hora, 2 horaz, 4 horas, 7 haras, 16 horas y 24 horas después de la inyeccidn 2n bols 1V,
Despues de la alimentacién oral, &l anilisis se realiza a 0 horas, 0,5 horas, 1 hors, 2
horas, 4 horas, @ horas, 16 haras y 24 haras. Para deterrainar el nivel Jd= cada

medicamenta, el farmaco fues aislads por primera vz a partir del plasma can una muestra

de pre-tratamiento. Bl acetonitrile se utiliza para eliminar las proteinas en las muestras.

oy



Un rmdtode isocratica HPLC- Mw/M‘-‘- se utilizéd para separar la droga de cualjuier posible
interferencia. Los niveles del farmaco se midizron mediante la deteccidn MS con un
control mdltiple de reaccidn (MRM) de modo, La informacién farmacocinética se analizé
mediante el programa WinMaonlin (ver. 5.2, Pharsight)  madelos  de andlisis
compartimental, Los resultadss demostrarcn que las férmulas de los compuestos de la

presente invencidn ticnen un perfil farmacocinétics suparior que en Cremophar ©.

[00109] La Figura © muestra los perfiles FE orales de Gefitinib del ratén de (1) 6% de

PEG-12 30O en 10 mild tampdén fosfate dz sedio (pH 6,0), (2) ODGE 6% =n 10 mM
tampdn fasfata de aadio (pH 6,0) v (2) 15% Cremaophor @ 2n 10 mM tampdn fosfats de
sodio (pH 6,0). El farmaco s2 administrd por via oral y la fuerza de dosificacién fue de 25
mg / k9. El farmaco s= a dmmmtru par via intravencosa y también la fuerza de dosificacidn
fue de 25 mg / bg en Cremophaor & EL 15% y en 10 mM tampdn fasfato de sodio (pH

£,0). Las ALMC (21,3) obtenidas a partir de la administracién IV se utilizaron para el calculo

@
g

la biodisponibilidad relativa (BA). La Liodisponibilidad fue del 69,4%, 56,0% v 28,5%

para GDO-12, DDGE y Cremophaor &, respectivamente,

[00110] Ejempla 10 - Las formulacion:zs de dosificaciin sélidas

[00111] Los conjugadoz de la presente invencidén son atiles en la preparacidn de
férmulas sdlidas de dosis oral de farmacos insclubles en agua. En este aspects, el
conjugado o una mezcla de conjugados se mezclan con 2l farmaco, Entances, e introduce
un excipiente cuyo punto de fusién & 23 superion El excipiente puede  fundirse o disclverse
en un disolvente adecuado. La mezzla final se enfria, los disclventzs se eliminan, v la

mazcla se forma en Zapsulas, tabletas, o similares.

[00112] Para przparar una firmula de dosis sdlida, un conjugado (alrededar del 32% de
la masza total) se afiade a un reipiente de acero inceidable equipads con palas de mezcla.
El principic activa (alrededar dezl 15% de la masa total) se afiade con mezcla constante,
La mezcla sobre calar continda hasta que la droga practicamente se dispersa. En un
recipiente aparte, d-alfa-tacoferal de glicsl de propilens-1000 succinaty (TFSS-VE) o un

compuesto similar (alrededar del 42% de la masa total) se disuclven en etanal (alredador

gF
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de 1% de la masa tatal) v 32 afade al recipientz. Esto continda hasta que la mezcla se

convierts en una solucién hamaogénea, El etanol s2 elimina madiante vacia.
REIVINDICAQIONES

Reivindicamas 15 siguiznte

1. Una composicién para potenciar la solubilidad  de una Jdroga lipafiliza,  dicha

composicidn comprende al menos 2l 25% del peso de un conjugado de dizcil lipido-

potimers, dicho conjugade de diacil lipido-polimera ze represanta por la férmula:

donde AGL y AG2 son grupos acilos;
donde L, L2 y L3 s0n conectores;
donde B &3 la columna vertebral;
donde P es poliztilenglical;

donds R 235 no catidnico;

donde AG1 y AG2 juntos compranden la porcién de zala del conjugado lipofilico;

dande B, L1, L2, L3, Py P juntos comprendzn |z porcidén de la cabeza dzl conjugado

lipafilico;

98
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donde la porcidin de la cabeza es demasiada larga en rzlacién a Ia porcidn de la cola para

q
0
permitic una aoluciin purarmente acuosa del conjugado para predominar en 13 farmacidn
. )
de liposomas,
2. La composicién de la reivindicacidn Mro. 1, deonde la termperatura de fusidn del
conjugado s menor a 26 grados centigrados.
3. La composiciin de la reivindizacién MNro, 1, donde la temperatura de fusidn d=l
conjugads es menar a 25 grados centigradaos.,
4. La composicidén de la reivindicacidn MNro, 1, donde |3 columna vertzbral es glicerol. .
)
¢
5. La composicidn de la reivindicaciin Mro. 1, donde la columna vertebral es un azidcar,
!
6. Una composicidn farmacéutica comprende un agente activo lipolitica y una o mas
potenciadorss de solubilidad, incluyendo 2l conjugado de diacil lipido-palimers, dicha
conjugadao de diacil lipido-palimera se representa por la férmula:
G —L o :
1 o
2>B"““L1*"‘“p-‘R'
AGz——-—Lg R
donde AGL y AG2 =on grupes acilos;
§
0
donde L, L2 y L3 son canectores; B
donde B 23 la colurmna vertezbral;
donde P es poliztilznglicol;
donde R es no catidnico;
dondz ALy AGZ juntos cormprenden la porcién de cola del conjugads lipofilico;
§
0



donde B, L1, L2, L2, Py P juntos comprenden la porcidn de (@ cabeza del canjugada

lipofilico;

donde la porcidn de la cabeza es demasiads larga en relacién a !a porcién de la ¢

permitir una solusién puraments acuosa del conjujado para predominar en la formacion

de liposomas; y

dande dicha conjugado comprende al menos e

farmacos y potenciadores de s:lubllldad

7. La compaosicién de la reivindicacidn MNro, 6, donde

conjudadc 23 menor que 26 grados

8. La composiciién de la reivindizaciin

conjugads s menor que 25 grados

9. La composiciin de 1a rzivindicacién

10. La composicidn de la reivindicacidén Mro. €, doande

11, Un métods para potenciar la solubitidad de un compuests lipalitizo comprende la
combinacidn de la drogs en una sustancia acuosa con unc o Mas potenciadares de

solukilidad, irzluyendo un conjugade de diacil lipida-polimers, dicho conjugado de

diacil lipida-polimers 32 representa

AG Ly

AGZ—-—-—-L3/

dond= AGL y AG2 son grupos acilos;

120 por ciento de 1a masa o

centigrados.,

Mro. 6, donde

centigradas.

Mro. 6, donde la ¢

por la formula:

B*‘ L1

P~R

ombinada d=

I termperatura de fusién del

ratura de fusién dal

la tempe

olumna vertebral es gliceral.

rtebral es un 3
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]
dondez L, L2 y L2 30N conectores;
. §
donde B es la columna vertebral;
donde P es polietilenglicol;
donde R 2s no catidnizo;
donde 431 y AG2 juntos comprenden la porcidn de cola del conjugads lipofilico;
dondz B, L1, L2, L3, Py F juntos comprenden la porzidn dz la cabeza del conjugada '
9
lipafilico;
i
donde 1a porcidn de la cabeza es demasiado larga en relacidn a la porziin de la cola para
permitir una solucidn purament: acuosa del conjugado para predominar en la formacidn
de liposomas; vy
donde dicha conjugado comprends al menos 21 20 por cients de la masa combinada de
farmacas y potenciadores de solubilidad.
12.  El métadn de la reivindicacidn Mro, 11, dande la temperatura de fusidn del .
conjugads s menor a 26 grados centigrados, 0
4
. 0
13.  El métads de la reivindicacidn Nro, 11, donde |a tzmperatura de fusidn del
conjugado es menor a 28 grades centigrados.
14, El métoda de la reivindicacidn Mro. 11, donde la columna vertzbral es gliczral,
15. El métade de la reivindicacién Nro. 11, donde 13 columna vertebral s un azicar.
16. Un midtods para tratar a un mamifers con ung o mas potenciadores, incluyends un
conjugada de diaci lipido-polimers, dicha conjugada de diacil lipido-polimers se .
§
]



representa puv la fdrmula:

AG — ' :
Lo 2>B‘-~~L1-—-P—~Ru
AGQ——-L

3
dondz AGL y AG2 son grupos acilos;
donde L, L2 y L3 son canectores;
donde B es la columna vertzbral;
donde P es polietilznglicol;
donde R es no catidnico;

donde AG1 y AG2 juntes comprenden la porcidn de cola del conjugads lipofilics,;

dondz B, L1, L2, L2, Py P juntos comprenden fa porcién de la cabeza del conjugado

lipofilico;

donde fa porcidn de la cabeza es demasiado larga en relaciéin a la porcidn de la cola para
permitir una solucidn puramente acusa del conjugads para predominar en la formacidn

de lipasomas; y se admiinistra la solucién al mamifera.

17. El métadn de la reivindicacidn Nria, 16, donds la temperatura de fusidn del

conjugado es menor a 26 Jrados centigrados.

18. El méatods de la reivindicacidn Nro. 16, donde |z tzmperatura de fusién del conjugado

=]

7]

menor a 25 grados centigrados.

19. El métoda de la reivindicacidn Nro, 16, donde 1a colurmna vertebral es glicersl

20. El métads de la reivindicacidn Nro. 16, donde la columna vertzbral s un azdcar
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REPORTE INTERNACIONAL U

Salicitud Internacional Nro., PCT/US 10/00165

A.  CLASIFICACION DE TEMA

IPC (&) - AGLE /00 (2010.01)

LISPC - 424/400

D2 acuerde con la Clasificacién Internacional de Patentes (IPC) o ambas clasificaciones e

IPC

B. CAMPPOS INVESTIGADGS d
i

Minimo de documentacién investigada (sisterma de clasificacién seguids por clasificacidn

de simbolos)

ISPC: 424/400

Otra documentacién investigada ademas del minimc de docurnezntacidn que se extiendz a

qué tal documantacidn se incluye en los carmpos investigados

LSPC: 424/35:7; 514/103; S14/221; 514/215; S14/357; 514/404; S14/419; 514/458;

545/40%; 554/20 (ver los térmings de bilsqueda abajo)

Base de datos elzctrénica consultada durants la blsqueda internacicnal (nombre de |3 {

basz de datos.y, donde sea posible términos de bilsqueda usados) ]

PULWEST (USFT, PGFE, EFAB, JFAR); Saagle
Términos de basqueda: PES-lipido, diacil lipido-polimera, acilo lipofilico, diacilgliczral,

peguilaciin, cabeza, cola, catidnico, conjugadao, gliceral.

Z. DOCUMENTOS QUE SE COMSIDERAT FELEVANTES

Catzgoria: ¥; cita del documents, con indicacién donde sea apropiada de los pasajes
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© )69

]
reivindicacidn Nro. 1-20 ]
Categoria: W) cita del documenta, con indicaciin donde sea apropiada de los pasajes
relevantes: US 3,610,322 & (FELLEF. &t al.) 2o de agosto de 2003 (26.08,2003)
documents completo, especialmente cal 7, 2n 12-21, Pelavantes para 1a reivindicaciin
Nro. 1-20
Categorias capeciales de los documentos citadaos:

A" Documentos que definen &l estédo general del articuls 2l cual no se considerd de o
importancia. !
“E” Sclicitud anterior o patente pero publicada despuds de la fecha de solizitud ;
internacional

“L” dosumesnts que puede arrojar dudas en las reivindicacionzs de prioridad o 2l cual se

cita para establecer la fecha de publicacidn de otra cita o d2 otra razédn especial.

37 el dacuments se refiere a un descargo oral, uso, evhibizién u otra

B documents publicads con anterioridad a la fecha de solicitud intzrnacional pero

posterior a la fecha de pricridad reivindicada.

“T" docurnents paskzrior publicado luzgo del 1a fecha de depdsite internacional o fecha de

pricridad que no entra en conflicto con la solicitud paro se cita para entender 2l principia o

la teoria subrayanda la invencidn, oo
o dacuments de particular relevancia, la reivindizacién no pusde ser considerada :
novedosa o no puede ser considerada que suponga un pasc inventive cuands el !

docunmento se tomdé por separado.

7 dacuments Jde particular relevancia, la invencidn reivindicada no puedsz ser
considerada que contenga un paso inventive cuandas 2l documents s2 encusntra
combinada con une o mas documentss, tal combinacidn resulta obvia para una entendido
en la materia.

& documents miembras de la mizma familia de patentes,

Fecha en que se completd la bldsqueda internacional: 02 de Abril de 2010 (02.04.2010)

Fecha de envio del reporte de bdsqueda internacional: 14 de Abril de 2010 -
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. i

P.O. Bos 1450, Aleandria, Virginia 22212-1450. Facsimile 1o, 571-272-3201

Oficial autarizado: Lee WL Young

Mesa de ayuda PCT ¢ 571-272-4200
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ALAS 10 INICICIALES
$27O 000.00

S/ON' “*DOSCIENTOS SETENTA MIL PESOS MONEDA CORRIENTE***

\

Fe ko .J.a aja-Aplicado al Expediente o, SUPERINTEMDENCIA DE INCUET

T .

IHIMIN)HNHWW/

Fecha: ”0[1 n. ) 1r/ c:~:..-:
Evs: 3 73 FASENAC I ua\l_
FoHes: 12 i

Tra 11 RATELTRr o
At 411 PREZENTACH N

SUPERIMTENDE!WIIA DE INDUETRIA v SOMERCIO

Fecha: ..011 l)S 23 I tP 37 Dup &K 0 DIF HUEVAZCR
Tra. 11 F'AIENIEhII Eva: 378 FASEHASIGHALI
Act. +11 PRESEHNTACION Folios: 112

Scda Centro: Carrera 12 Ho, 27 - 00 Piso Sy 10 Cogee, D.C.- Sulovabia
Wzb: vaavsic.govice  o-mai: infe@sic.govies  Conmutadgor: (571) 5370006 Fa: ( T1) 5670264 Linca: 013000-310165 Call Sontrr: (571) 6515240
, Agosto 23 de 2011 - 16:11:00




SUPERINTENDENCIA DE INDUSTRIA v SMERCIQ

I -
= RN R
‘o TR .J)‘I’I (_). S AEARAT Dep, 2020 DIR.MUEVASCR

Indostria y Comacrcio Tra. 11 PATENTE! I Eve: 379 FASEMACIC
ETPERTNTENDEWSTA ' Act. 411 PRESENTASIOHN F::-lié;s: M2 HALI

AL 411 FRESENTACION  Falica: 12
" PATENTE DE INVENCION [ ] MODELO DE unifuad™ | AT 55 LECISION 510V

Indicacisn que s& solicita una patents.
Daios des idantificaciin del zolicitante o de 12 persona que presenta 12 solicitud

Descripcidn de 1a invencidn

o

Dibujos de sar astos pertinents:

ENEEN

Comprabantz de pago de las (asas establecidas (Ds ser el saso fomato ds dezouenta)

Conpleia [:] Incomplsta [:l

PATENTE DE INVENCION PCT @ MODELO DE UTILIDAD PCT D Art.33 Decision 486/00, Circular Unica

Indicaciion que 22 aolicita una PCT

Copia ds la zalizitud a&n ezpaiol, tal como lue prezsntada inicialmsnts (capitula deseriptiva,
reivindicatorio, resumen)

Dibujos de ser estoz partinentas

AL H B

Comprobante de page Jde 1as tasas establecidas (de ser &l oaso formats de desouenta)

Completa g] Incarmplata |:|

DISENO INDUSTRIAL [ | (Art. 119 Decision 486/00)
D Indicacién qus &2 solicita Disefo industrial
|:| Diatos de identificacién del salicitant o ds la persona que prezenta la ealicitud
I:] Feprasantacidn grafica y fotografica del Disefo industrial o musstra del matzrial que incarpera &l
disefio '
D Comprobants de pago ds 1as tasas exts Blecidas
Completa I:l Incompleta I____I
ESQUEMA DE TRAZADO | | (Art, 92 Decision 486/00)

Indicacién que & solicita ur szquama de trazado
Distos de identificacién del solicitante o de la persona qus presanta a zolicitud
FPepresentacién grafica de un azquema ds trazado

Comprobante de pag 12 1as tagas sstablacidas

Completa I:I Incormpleta D

0o

PI02-F08 (2009-11-18)




Industria y Comercio
'.SLJPEFIIIJTEIJDEHCIP\
Baogota D.C.,
2020

Doctor(a)

MUROZ MARROQUIN DIEGD
Apoderado(a) y/o Feprezentants de
WU NIAN

FEFEFENCIA Padicacian Hao. 11 107302
Scodicitud internacional FCT/ASZO10/000165
Fecha inicio fase nacional  23/03/2011
Tramite 11
Evento 379
Actuacién 430

Oficio No. ' B 151 ]3,

Come resultado del evamen de forma, realizado con fundamanto =n el articulo 35 de la Dacisién 488 de a
Cornigion de 1a Comunidad Andina, articuls 27 del Tratads de Coopsracion en Matsria de Patentzz (PCT), regla

£1 bis dzl Peglaments y Sircular Dnica de la Supzrintendencia de Industria y Comersio, e le comunica qua:

1. La solicitud no contizns &l poder debidamsnte otargado, con &l llsna de 108 requisitos ecigides paor 1oz articulas

62 y zubsiguientzs del Codigo de Procedimients Civil, Adicionalmente, debera prezentar &l documents que
acredita la exiztencia y representacion legal de 1a sociadad solicitante, cuando ésta fusrs persona juridica.

5. La solicitud no sontiens |a copia del documentc en qus consta a cesidn del derecha a la patente del inventor al
solicitants o a su cauzants, conforme 3 1o establzcido por ol articula 26 litzral F) de la Decision 438 de la
Cormizion de la Comunidad Andina. Cuando 82 trate de documentos clorgadio:s en &l edtranjers, estos deberan

legalizaraz de conformidad con o dispussto por o8 articules 289 y 260 del Codign de Procedimisnts Civil,
Cuando 32 trate de las dsclaracionss a que hace refersncia la Pegla 117 i) del Tratado de Cooperacidn &n
Matzria de Patantzs PCOT,, &l alzance de las tales declaracions: se determinard zegon indiquan claraments una
cazicn de derechos del inventor al solicitants o su causante, ds conformidad con 1 dispussts en &l numeral
£.7 15 del Capitula Quinta, Titula ¥ dz 1z Dircular Unica de Supstintendenacia de Industria y Someraio.

En cumplimignto de 1o digpussto por 2l arliculs 29 de 13 Decigidn 426, &2 12 requigrs para gquea dentro dal termino
de doz mieses siguisntzs a ka fecha de notificacién del presents oficio, cormplets s requisitos antzricrments
enunciados. En cazo de no dar curnplimients al présents requerimients, 1a solicitud se considerard abandonada y
perderd su prelacién,

Continua en la pagina siguiente. .

Al contestar favor indiqus sl nurmésro de Sedz Czntra: Carvera 12 Mo. 27-00 Pisos 2, 5, 7 y 10 PBX 5670000
radicacién que se encuentra a continuacion S:d: CAN Av Cra50Ho 26-55int 2 Tzt 5€80070
Call Contor 5920400. Linca 01800-910165
Waeb: wwaw, sic.gov.co e-mail: info@sic.gov.co
Bogota D.C. - Colombia



. Conjinuacion radicado No: 11 107302
Industria y Comercio

SUPERPINTEIIDETNICI A

Hotifiquass el presents oficio conforme 2 o dispueste 2n &l numeral 5.2, literal 2), del capdtuls quints dal titula
primara de la Circular Unica Ho 10 de 2001,
JOSE LUIS SALAZAP LJPEZ

Director de Nuavas Creaciones (T)

23 SET 2011

El anterior requeriniisnts fus notificads por fijacién 2n lista de fzcha

adpal1
Al contestar favor indique 2l numaro de Soeda Contro: Carrera 13 Mo 27-00 Pisos 2, 5, 7 y 10 PBY 5870000
radicacion que s6 sncusfitra a continuacién Szde CAM: Av. Cra 50 Mo. 26-55 int. 2 Tel: 5880070

Call Centsr 5920400. Linea 01800-210165
Web: www.sic.gov.co e-mail: info@sic.gov.co
Bogota D.C. - Colombia



