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(7) ABSTRACT

The invention suggests amphoteric lipids wherein one or
more amphoteric groups having an isoelectric point between
4 and 9 are substituted on a membranous or membrane-
forming amphiphilic substance, as well as liposomes con-
taining such compounds.
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COMPONENTS FOR PRODUCING AMPHOTERIC
LIPOSOMES

[0001] The invention relates to amphoteric compounds
based on amphiphilic molecules, the head groups of which
being substituted with one or more amphoteric groups
having an isoelectric point between 4 and 9, to liposomes
containing such compounds, and to the use thereof.

[0002] The term “lipids” summarizes three classes of
natural materials which can be isolated from biological
membranes: phospholipids, sphingolipids, and cholesterol,
including its derivatives. Industrially produced compounds
with similar properties are diacylglycerols or N,N-dialky-
lamines.

[0003] These substances are of technical interest in the
production of liposomes. Inter alia, such liposomes can be
used as containers for active substances in pharmaceutical
preparations. In such uses, efficient and stable packaging of
the cargo and controllable release of the contents are desir-
able. Both of these requirements are not easy to combine: the
more stable and compact the packaging, the more difficult
the release of the entrapped active substance therefrom. For
this reason, liposomes changing their properties in response
to an external stimulus have been developed. Thermosensi-
tive and pH-sensitive liposomes are well-known. The pH-
sensitive liposomes are of special interest, because this
parameter undergoes changes even under physiological con-
ditions, e.g. during endocytotic reception of a liposome in a
cell, or during passage of the gastrointestinal tract.

[0004] According to the prior art, pH-sensitive liposomes
particularly comprise cholesterol hemisuccinate (CHEMS).
Cholesterol hemisuccinate, in mixture with phosphatidyl
ethanolamine, is used to produce pH-sensitive liposomes
(Tachibana et al. (1998); BBRC 251, 538-544, U.S. Pat. No.
4,891,208). Such liposomes can enter cells by endocytosis
and are capable of transporting cargo molecules into the
interior of cells on this route, without doing damage to the
integrity of the cellular membrane.

[0005] One substantial drawback of CHEMS is its anionic
character. Liposomes produced using same have a negative
overall charge, being taken up by cells with low efficiency.
Despite the transfer mechanism described above, they are
barely suitable for the transport of macromolecules into
cells. Furthermore, packaging of macromolecular active
substances such as DNA in such liposomes is not possible.

[0006] For the transport of active substances into cells
(transfection), the art uses cationic liposomes having a
preferably high and constant surface charge. The positive
overall charge of such particles leads to electrostatic adher-
ence to cells and subsequently to efficient transport into
same. The use of these compounds and of liposomes pro-
duced using same remains restricted to in Vitro or ex vivo
applications, because such positively charged liposomes
result in uncontrolled formation of aggregates with serum
components.

[0007] In WO 00/59474, the prior art describes com-
pounds having a membrane anchor and a cationic and an
anionic head group on the same molecule, the anionic group
being linked to the basic structure via a disulfide bridge. The
disulfide bridge can be reduced under physiological condi-
tions, e.g. by contact with the cytosol, the anionic head
group then is liberated, and the overall molecule assumes a
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positive charge, thereby enabling fusion with the cell mem-
brane. The toxicity profile and storage stability of the
compounds disclosed in WO 00/59474 are disadvantageous,
because cleavage of the disulfide bridges results in free
cationic lipids. Disadvantageously, these compounds are
known to have a cytotoxic effect.

[0008] Furthermore, well-known lipids and liposomes
comprising same are disadvantageous in that the amounts of
proteins, DNA and/or RNA which can be bound or
entrapped by same are below average. When modifying the
liposomes so as to make them bind or entrap higher amounts
of cargo, they will become cytotoxic or have low compat-
ibility with serum or blood, or will be unstable in blood or
serum because they would be attacked by particular com-
ponents of the blood or serum, such as complement or
perforin. Well-known liposomes and lipids therefore have
only limited suitability for use in living organisms and, in
addition, exhibit low efficiency in conveying ingredients
and/or binding substances. Some of the well-known com-
pounds lacking at least part of the above-mentioned draw-
backs are very complicated to produce, some of the com-
ponents being costly to such an extent that utilization on a
clinical scale or use in laboratory routines is not possible.

[0009] The object was therefore to produce new com-
pounds which would not exhibit the above-mentioned draw-
backs and

[0010] i) which, in particular, allow entrapping of active
substances, particularly plasmids, in liposomes;

[0011] ii) from which liposomes can be produced which
are capable of conveying an entrapped active substance
into the interior of cells;

[0012] iii) the presence of which aids to achieve the
production of liposomes which can be mixed with
serum under physiological conditions, with no aggre-
gation taking place;

[0013] iv) which can be incorporated in high amounts in
liposomal membranes;

[0014] v) which can be produced easily and at low cost.

[0015] The invention solves the above technical problem
by means of liposomes comprising amphiphilic compounds
according to general formula (I), which compounds have an
isoelectric point between 4.5 and 8.5 and are capable of
reversibly changing their state of charge from cationic to
anionic within a pH range of 1-2 units:

Amphoteric  substance-Y-spacer-amphiphilic ~ sub-
stance O

[0016] wherein

[0017] (a) the amphoteric substance has at least one
portion of cationic charge with a pK, value between 4
and 8 and/or at least one portion of anionic charge with
a pK, value between 3 and 7 and optionally additional
charge carriers,

[0018] aa) said portion of cationic charge being
selected from the group comprising imidazole, mor-
pholine, piperazine, purine, pyridine and/or pyrimi-
dine or derivatives thereof,

[0019] bb) said portion of anionic charge being a
carboxyl group which comprises acetic acid, bro-
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moacetic acid, chloroacetic acid, acetoacetic acid,
propionic acid, acrylic acid, butyric acid, crotonic
acid, or carboxylic acids bound in the aliphatic
chain; which comprises dicarboxylic acids such as
oxalic acid, malonic acid, succinic acid, maleic acid,
fumaric acid, malic acid, tartaric acid, glutaric acid,
adipic acid, caprylic acid, pimelic acid, suberic acid,
cyclohexanedicarboxylic acid or cyclopentanedicar-
boxylic acid, mono-esterified or amidated or bound
in the aliphatic chain; which comprises oligocar-
boxylic acids such as citric acid, isocitric acid or
ethylenediaminetetraacetic acid, mono-esterified or
amidated or bound in the aliphatic chain,

[0020] (b) the spacer is a lower alkyl residue with up to
8 C atoms, with linear, branched or cyclic structure,
with 0, 1 or 2 ethylenically unsaturated bonds, and 0-4
hydroxyl groups,

[0021] (¢) Y comprises —(C=0)—0—; —(C=0)—
NH—;, —NH—(C=0)—0—; —0—; —NH—;
—CH=N—; —0—(0=0C)—; —S—; —(0=0)—;
—NH—(0=C)—; —0—(0=C)—NH—,
—N=CH— and/or —S—S—,

[0022] (d) the amphiphilic substance is a structure
according to general formula (IT) or (II) or (IV):

(Im
Rl_ o— CHZ

R,—O—CH

[0023] R, and R, independently are Cg-Cy, alkyl or acyl
chains with 0, 1 or 2 ethylenically unsaturated bonds,
and

[0024] X is selected from the group comprising

—0—(C=0); —NH—(C=0)—; —S—(C=0)—;
—0—; —NH—; —S—; —N=CH—; —(0=0)—
0—; —S—(0=0)—; — NH—(0=C)—;

—N=CH— and/or —S—S—; or

(I
Rl_ o— CHZ

R,—O—CH 0
O—P—X—

OH

[0025] R, and R, independently are Cg-Cs, acyl chains
with 0, 1 or 2 ethylenically unsaturated bonds, and
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[0026] X is —O—; or

(v)

[0027] R, and R, independently are Cq-Cs, alkyl chains
with 0, 1 or 2 ethylenically unsaturated bonds, and

[0028] Xis absent or selected from the group consisting
of —«(C=0)—0—; —(C=0)—NH—; —«(C=0)—
S—; —NH—; —CH=N—; and/or —S— (0=C)—;

[0029] (e) the amphiphilic substance is a 1,4- or 1,5-
dicarboxylic acid such as aspartic acid, glutamic acid,
malic acid, tartaric acid, citric acid, aconitic acid,
citraconic acid and/or maleic acid esterified with linear
Cg-C5, alcohols, and/or

[0030] (f) the amphiphilic substance is a 1,4- or 1,5-
diamine of 3-aminoalanine, diaminobutyric acid, orni-
thine, or lysine amidated with linear Cg-C5,, fatty acids.

[0031] The invention therefore relates to the teaching that
conjugation of amphoteric groups via a spacer to an
amphiphilic substance which can be incorporated in liposo-
mal membranes allows providing structures which, in par-
ticular, can be used in the production of liposomes suitable
for use in a living organism and capable of binding and/or
conveying large amounts of proteins, peptides, carbohy-
drates, DNA and/or RNA. Surprisingly, the new compounds
are suitable in the production of vesicles or liposomes which
do not aggregate in blood or serum, are not attacked by
complement components, are not cytotoxic, and are stable in
blood or serum for several hours, the permeability of the
liposomes depending on the pH value and thus on the state
of charge of the compounds. That is, the release of active
substances by these non-aggregating, stable, non-cytotoxic
liposomes depends on the pH value of the medium.

[0032] Depending on the amphoteric and amphiphilic sub-
stances used, compounds are obtained which alter their
charge at a pH value between 4 and 9 and, surprisingly, can
be incorporated in liposomal membranes in large amounts.

[0033] In the context with this invention, the following
abbreviations will be used:

[0034] CHEMS Cholesterol hemisuccinate
[0035] PC Phosphatidyl choline
[0036] PE Phosphatidyl ethanolamine
[0037] PS Phosphatidyl serine

[0038] Amphiphilic Substance

[0039] Said one or two long-chain alkyls or acyls present
in this molecular component comprise between 8 and 30 C
atoms. They are preferably linear or slightly branched and
may have 0, 1, or 2 ethylenically unsaturated bonds. Par-
ticularly preferred are substituents as found in natural lipids,
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i.e., straight-chain fatty acids or alcohols having 12 to 20 C
atoms, with zero, one or two unsaturated bonds. Still more
preferred are lauroyl, myristoyl, palmitoyl, stearoyl, oleoyl,
and linoleoyl residues or the corresponding fatty alcohols
thereof.

[0040] Diacylglycerols, dialkylglycerols, phosphoglycer-
ols, acylated or alkylated 3-amino-1,2-propanediols, as well
as N,N-dialkylamines are preferably employed as
amphiphilic substances, because these compounds, in par-
ticular, are available at low cost, involve ordinary chemistry,
and allow incorporation in membranes in high amounts
without increasing the permeability thereof or even com-
pletely destroying their membrane character.

[0041] In an advantageous embodiment of the invention,
dicarboxylic acids are used as polar head group of the
amphiphilic substance, conveniently allowing coupling of
the actually charge-bearing substituents via additional func-
tional groups. Representative of the amphiphilic substances
derived therefrom are preferably long-chain esters of 1,4- or
1,5-dicarboxylic acids such as aspartic acid, glutamic acid,
malic acid, tartaric acid, citric acid, aconitic acid, citraconic
acid, maleic acid or similar compounds with fatty alcohols.
Particularly preferred are lauryl, myristyl, palmityl, stearyl,
oleyl, and linoleyl esters of the above-mentioned dicarboxy-
lic acids. Additional molecular components (spacer, ampho-
teric substance) are coupled via the remaining amino group,
hydroxyl group, carboxylic group, or via the double bond.

[0042] Other advantageous amphiphilic substances are
obtained from diamines with an additional functional group,
e.g. in the form of a diamide of 3-aminoalanine, diaminobu-
tyric acid, ornithine, or lysine with long-chain fatty acids.
Particularly preferred amongst these are lauroyl, myristoyl,
palmitoyl, stearoyl, oleoyl, and linoleoyl residues.

[0043] Ultimately, the compounds according to the inven-
tion can also be produced in the form of derivatives of
sphingosine or ceramide. They can also be prepared as
derivatives of long-chain vinyl ethers or of plasmalogens.

[0044] The amphiphilic substances used with advantage as
starting materials can be functionalized in their hydrophilic
head group in various ways so as to conveniently allow
stable, yet biologically degradable coupling or optionally
assume the function of a spacer. Particularly suitable for
direct coupling is the hydroxyl group that is present, or an
amino group. Also suitable are carboxylic groups.

[0045] Amphoteric Substance

[0046] The overall molecule assumes its pH-dependent
charge characteristics by the simultaneous presence of cat-
ionic and anionic groups in the “amphoteric substance”
molecule portion. More specifically, an amphoteric sub-
stance is characterized by the fact that the sum of its charge
components will be precisely zero at a particular pH value.
This point is referred to as isoelectric point (IP). Above the
IP the compound has a negative charge, and below the IP it
is to be regarded as a positive cation, the IP of the com-
pounds according to the invention ranging between 4.5 and
8.5.
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[0047] The overall charge of the molecule at a particular
pH value of the medium can be calculated as follows:

2=nix((gi-1)+(10PK-PD/(410@PK-PH)

[0048] qi: absolute charge of the ionic group below the
pK thereof (e.g. carboxyl=0, single-nitrogen base=1,
di-esterified phosphate group=-1)

[0049] ni: number of such groups in the molecule

[0050] For example, a compound according to the inven-
tion is formed by coupling the amino group of histidine to
dipalmitoylglycerol hemisuccinate. At a neutral pH value of
7, the product has a negative charge because the carboxyl
function which is present therein is in its fully dissociated
form, and the imidazole function only has low charge. At an
acid pH value of about 4, the situation is reversed: the
carboxyl function now is largely discharged, while the
imidazole group is essentially fully protonated, and the
overall charge of the molecule therefore is positive.

[0051] When using phospholipids as amphiphilic sub-
stances, the phosphate constant negative charge present
therein has to be compensated by an additional positive
charge in order to form a compound according to the
invention. One compound intended to illustrate the teaching
of the invention is formed by coupling histidine to phos-
phatidyl serine. In this case, it is irrelevant whether coupling
takes place between the carboxyl group of histidine and the
amino group of PS or between the amino group of histidine
and the carboxylic function of PS. In both cases, molecules
are formed wherein a free amino group neutralizes the
constant negative charge of the phosphate group. The
remaining carboxylic group and the imidazole function react
as above, producing the intended characteristics of the
structures according to the invention.

[0052] In a preferred embodiment of the invention the
molecule has an isoelectric point between 4 and 8, prefer-
ably between 5 and 7.

[0053] In another preferred embodiment of the invention,
the amphoteric substance has one or more cations with a pK,
value of between 4 and 8 and, at the same time, one or more
anions with a pK_ value of between 3 and 7. In particular, the
amphoteric substances can be composed of two charge
carriers which both alter their charge in the above-men-
tioned pH range of between 4 and 9. The simultaneously
occurring loss of anionic charge and gain of cationic charge
results in a change of charge in the overall molecule.

[0054] A particularly preferred embodiment comprises
amphoteric substances where the pK, values of cation and
anion are 2 pH units apart at maximum. This is particularly
advantageous to the sharpness of the IP. The closer the two
pK, are together, the more narrow the pH range wherein the
molecule charge changes from cationic to anionic. An
advantageous selection as to type and number of cations and
anions can be made by a person skilled in the art with
reference to the above-mentioned formula.

[0055] 1t may be convenient to use functional groups or
molecule fragments as charge carriers, which are in disso-
ciated form in a pH range between 4 and 9. More specifi-
cally, these include phosphoric acid groups, sulfonic acid
groups or other strong anions. Also preferred are most of the
primary, secondary or tertiary amino groups, including qua-
ternary ammonium, amidinium, pyridinium, and guanidino
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groups. A particularly advantageous example of the above
molecular component is the phosphoric acid group of phos-
pholipids.

[0056] According to the invention, these fixed charges of
the amphoteric substance must be overcompensated by the
variable charges described above. This is only possible when
using an excess of variable charge carriers. When using a
tertiary amine as cation, for example, at least 2 carboxyl
groups are required in order to obtain an amphoteric sub-
stance in the meaning of the invention. In case of only one
carboxylic group, it is only possible to compensate the
positive charge of the amine, and the molecule can never be
completely recharged. One advantage when using fully
dissociated groups is their strong polarity.

[0057] In a particularly preferred fashion, the amphoteric
substances can be in the form of complete structural moi-
eties. For example, this is the case with o-, m- or p-ami-
nobenzoic acids, imidazolecarboxylic acid, imidazolediace-
tic acid, but also nicotinic acid or picolinic acid.

[0058] For example, other advantageous compounds are
w-(1-piper-azino)alkylcarboxylic acids, urocanic acid, 4-(2-
amino-ethyl)imidazole-maleic acid monoamide, 4-(2-hy-
droxyethyl)-imidazole-maleic acid monoester, (2-aminoeth-
yDmorpholine-maleic acid monoamide or analogous
compounds.

[0059] pH-Sensitive Cations with a pK, between 4 and 8:

[0060] The cation preferably is an imidazole, a piperazine,
morpholine, purine, or pyrimidine. Other advantageous cat-
ions having this property essentially include nitrogen bases.
Particularly in those cases where the nitrogen bases are in
the form of a ring system, positional isomers advantageously
are existing, wherein the linking spacer is substituted on
various positions of the organic cation. Conveniently, the
pK values of the organic cations can be influenced via said
positional isomerism. The relevant fundamental rules are
well-known to those skilled in the art. Alternatively, these
effects can be estimated from tabular compilations (Hand-
book of Chemistry and Physics, Vol. 73, pp. 8-37ff.).

[0061] More specifically, advantageous organic cations
are represented by the following classes of substances:

[0062] o-, m-, p-anilines; 2-, 3- or 4-substituted anisidines,
toluidines or phenetidines; 2-, 3-, 5-, 6-, 7- or 8-substituted
benzimidazoles, 2-, 3-, 4- or 5-substituted imidazoles, 1- or
5-substituted isoquinolines, 2-, 3- or 4-substituted morpho-
lines, 2-, 3- or 4-substituted picolines, 1-, 2- or 3-substituted
piperazines, 2-, 5- or 6-modified pterines, 3-, 4-, 5-, 6- or
9-substituted purines, 2- or 3-substituted pyrazines, 3- or
4-substituted pyridazines, 2-, 3- or 4-modified pyridines, 2-,
4-, 5- or 6-substituted pyrimidines, 1-, 2-, 3-, 4-, 5-, 6- or
8-substituted quinolines, 2-, 4- or 5-substituted thiazoles, 2-,
4- or 6-substituted triazines, or derivatives of tyrosine.

[0063] Particularly preferred are the above-mentioned pip-
erazines, imidazoles and morpholines, purines or pyrim-
idines. Highly preferred are molecule fragments such as
occurring in biological systems, i.e., for example: 4-imida-
zoles (histamine, histidine itself), 2-, 6- or 9-purines
(adenines, guanines, adenosines, or guanosines), 1-, 2- or
4-pyrimidines (uracils, thymines, cytosines, uridines, thy-
midines, cytidines), or pyridine-3-carboxylic acids. The
above-mentioned structural fragments may also have addi-
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tional substituents. For example, these can be methyl, ethyl,
propyl, or isopropyl residues, more preferably in hydroxy-
lated form, including one or two hydroxyl groups. Also,
these can be hydroxyl or keto functions in the ring system.

[0064] For example, nitrogen bases with preferred pK,
values are also formed by single or multiple substitution of
an amine with lower alkanehydroxyls such as hydroxym-
ethyl or hydroxyethyl groups. Suitable organic bases from
this group are e.g. aminopropanediols, triethanolamines,
tris(hydroxy-methyl)methylamines, bis(hydroxymethyl)m-
ethylamines, tris-(hydroxyethyl)methylamines, bis(hy-
droxyethyl)methylamines, or the appropriately substituted
ethylamines.

[0065] Nitrogen bases with preferred pK, values can also
be found amongst aminosugars or aminosugar alcohols.

[0066] pH-sensitive anions of the amphoteric substance
with a pK, between 3 and 7:

[0067] In a preferred fashion the anionic charge carriers
are carboxylic groups. Obviously, any carboxylic acid can
be used as charge carrier. In particular, these include ali-
phatic straight-chain or branched carboxylic acids with up to
8 C atoms and 0, 1 or 2 ethylenically unsaturated bonds.
Exemplary components of compounds are the carboxyl
group itself, acetic acid, bromoacetic acid, chloroacetic acid,
acetoacetic acid, propionic acid, acrylic acid, butyric acid,
crotonic acid, or higher carboxylic acids bound in the
aliphatic chain, dicarboxylic acids such as oxalic acid,
malonic acid, succinic acid, maleic acid, fumaric acid, malic
acid, tartaric acid, glutaric acid, adipic acid, caprylic acid,
pimelic acid, suberic acid, cyclohexanedicarboxylic acid or
cyclopentanedicarboxylic acid, mono-esterified or amidated
or bound in the aliphatic chain, oligocarboxylic acids such
as citric acid, isocitric acid or ethylenediaminetetraacetic
acid, mono-esterified or amidated or bound in the aliphatic
chain.

[0068] Other advantageous components of compounds are
glycolic acid, lactic acid, hydroxybutyric acid, malic acid,
tartaric acid, aspartic acid or glutamic acid, alanine, glycine,
serine, threonine, asparagine, glutamine, proline, tyrosine or
cysteine, or other amino acids or hydroxy acids, bound in the
side chain via a heteroatom.

[0069] Carboxylic acids with suitable properties can also
be found as substituents of aromatic systems, e.g. as benzoic
acid, anisic acid, o-, m- or p-hydroxybenzoic acid, as
dihydroxybenzoic acid, gallic acid, cinnamic acid, pheny-
lacetic acid, hippuric acid, phthalic acid, terephthalic acid,
2-, 3- or 4-pyridinecarboxylic acid, furancarboxylic acid.
Other anionic groups are dissociable hydroxyls or thiols,
such as occurring in ascorbic acid, N-substituted alloxan,
N-substituted barbituric acid, in veronal, phenol, or as a thiol

group.
[0070] Peptides as Amphoteric Substances:

[0071] In a preferred embodiment of the invention, the
amphoteric substances are peptides including from 2 to 6
amino acids. In another embodiment, particularly the amino
acids histidine, arginine, lysine, glutamic acid, or aspartic
acid are used in a particularly preferred fashion to form the
amphoteric substance and determine the charge character-
istics thereof. Other preferred amino acids are glycine,
serine, threonine, glutamine, asparagine, but also cysteine,
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which contribute to increase the polarity and thus enhance
the solubility of the amphoteric substance. Particularly pre-
ferred compositions of such peptides are shown in the
following Table 1 as percentage of total amino acids:

TABLE 1
Amino acid His Arg/Lys  Asp/Glu Conditions
i Up to 66% — Up to 66% His, Asp/Glu = 0
ii — <50% >Arg/Lys Arg/Lys, Asp/Glu = 0
iii =33% =33%  >Arg/lys all = 0

[0072] Therein, i) illustrates the case of two pH-sensitive
components, ii) the case of one fixed and one pH-sensitive
component, and iii) the case of a mixture of i) and ii). The
sequence of the individual amino acids is arbitrary, the
overall composition mainly determining the charge charac-
teristics. Terminal group of the peptide are blocked in the
form of an amide in the case of the C terminus, and with
acetyl in the case of the N terminus.

[0073] Spacer:

[0074] Situated between the amphoteric substance and
amphiphilic substance are the molecule fragments: —Y-
spacer-X. The spacer is a lower alkyl residue of linear,
branched or cyclic structure, which has from 0 to 8 C atoms
and includes 0, 1 or 2 ethylenically unsaturated bonds. The
spacer may have hydroxyl groups so as to increase the
polarity of the molecule. In particular, the spacer can be a
sugar, and advantageously a polyethylene glycol which may
comprise up to 20 monomer units.

[0075] X and Y:

[0076] In a preferred fashion the linking group X com-
prises the structures —(C=0)—0—; —(C=0)—NH—;
—NH—C=0)—0—; —0—; —NH—; —CH=N— or
—S—S—. Advantageously, the linking group Y may cor-
respond in its structure to the group X, and may additionally
comprise the structures —O—(0=C)—; —S—(0=C)—;
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—NH—(0=C)—; —O0—0=C)—NH—; or
—N=CH—. X and/or Y can also be deletions, i.e., their
presence is not required. For example, the Y group can be
omitted in those cases where the amphoteric substance can
be coupled directly to the amphiphilic substance, e.g. in the
esterification of imidazole-4,5-dicarboxylic acid with
dipalmitoylglycerol.

[0077] Synthetic Methods:

[0078] Methods of performing chemical coupling of the
individual molecule components are well-known to those
skilled in the art and may vary depending on the starting
material that is used and on the coupling component. Typical
reactions are esterification, amidation, addition of amines to
double bonds, etherification, or reductive amination.

[0079] Particularly preferred molecules can be prepared

by
[0080] i) esterification of diacylglycerols,
[0081] ii) esterification or amidation of diacylglycerol
hemi-succinate,
[0082] iii) addition of amines to the double bond of a
diacylglycerol hemimaleate,
[0083] iv) amidation of phosphatidyl ethanolamine or

phosphatidyl serine,

[0084] v) amidation or alkylation of 3-amino-1,2-pro-
panediol diesters,

[0085] vi) oxidation of phosphatidyl glycerols and sub-
sequent reductive Amination, and

[0086] wvii) reductive amination of glyceraldehyde and
subsequent acylation.

[0087] Particularly preferred compounds include the fol-
lowing embodiments (long-chain hydrocarbon chains of the
amphiphilic substances are represented in abbreviated spell-
ing, corresponding to lauroyl, myristoyl, palmitoyl, stearoyl,
oleoyl and linoleoyl residues):

[0088] Phospholipids

\/\/\/\)I\O o

O—P—0

OH

#7 Histidinylphosphatidyl serine by
coupling of histidine to the amino group of
phosphatidyl serine

COOH O

NH \ NH

NH,

#26 Phosphatidyl serylhistidine by
coupling of histidine to the carboxyl group
of phosphatidyl serine

NH
0 HOOC \ 7
I /\)‘\ N
0—P—0 NH
NH,
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-continued

#25 Derivative of phosphatidyl glycerol.
Coupling of carnosine is effected
according to reaction vi).

#29 Derivative of phosphatidyl glycerol.

(o)
Coupling is effected according to reaction
vi) with histidine.

o O

¢

HOOC
N=—
[ \
O—Il’—O—/\NH PAL
OH
0 #28 N-Phosphatidyl ethyl-3-amino-5-
imidazoylcarboxylic acid: a) addition of
O OH phosphatidyl ethanolamine to urocanic
acid according to iii) or b) according to vi)
with B-histidine and phosphatidyl glycerol
R" 0 O
A
R 0] 0]
I 7 )i
O0—P—0O
| NHJ
OH
HOOC #31 Acetyl-Lys-Ala-His coupled via the
N=— side chain amino group of Lys to DPPG
\ according to vi)
\ NH
HN

0
I
O—Il’—O—/\NH NH

OH
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1-Amino-2,3-propanediols
[0089]
o) #8 Addition of acrylic acid to 1-amino-2,
v\/\/\/w\/\)]\ 3-propanediol and subsequent acylation
o ©O
\/\/\/\/_\/\/\/\)J\ cooH
o /_/
N
COOH
o) #32 Condensation product of
homoglutamic acid and diacylated
1-iodo-2, 3-propanediol
o © COOH
VMO
NH
HOOC
o) #36 Coupling of CBZ-histidine to

diacylated 1-amino-2, 3-propanediol;
HN \ deprotection; coupling with succinic
(o) \ anhydride.

NH OH
NH

o) #37 Coupling of succinic anhydride to

diacylated 1-amino-2, 3-propanediol;
coupling of benzyl-protected histidine;
o © deprotection.
/\)k a
HOOC
: {7
N
NH NH
(@) (@)

[e) #38 Conjugation of B-histidine to

\)}\ diacylated 1-iodo-2, 3-propanediol
o O
/\)J\ COOH
O N=\

NH \ NH
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[0090] Diacylglycerols
o) #34 Conjugation of histidine to a
M diacylglycerol hemisuccinate
o O
/\)k a
HOOC
: {7
N
O NH
O O
o) #35 Conjugation of histidine to a
diacylglycerol and subsequent
5 N coupling with succinic anhydride
Q \
/M N
O O
OH

[0091] Dicarboxylic Acids and Diamines

[0092] The long-chain amphiphilic substances are repre-
sented in abbreviated spelling, corresponding to lauryl,
myristyl, palmityl, stearyl, oleyl, and linoleyl residues.

#50 N-(Aspartic acid dihydroxyalkyl)-

o 0
3-amino-5-imidazolecarboxylic acid,
R—O can be prepared by addition of aspartic
OH acid diester to urocanic acid.
NH
R—O
N
o / )
NH
#51 N-(Aspartyldihydroxyalkyl)-

(o)
N'™-histidinylurea
R—O
0]
NH NH OH
o T
[©) [©)

NH
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-continued
o) #52 Diacylated tripeptide of 2,
3-diaminopropionic acid, B-alanine and
R NH Q histidine
OH
NH NH
R _|_|_ NH W

O O O
N
\\—NH

[0093] Particularly preferred amphoteric components
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include e.g. the following compounds wherein R, and R, -continued

represent the amphiphilic substance and ( )n additional
molecule portions according to the spacer defined above. (cooH )

—Ry

S

o Histidine derivatives Coupling N
of the amphiphilic substance
n preferably proceeds via the (On
R0 N amino group as R,. In this

/ ) event, R, is an anion and can COOH

Z
joni
W5
+

be e.g. H or a hydroxycarboxylic
acid or one or more amino acids.
Where coupling proceeds via Ry,
R, is an anionic residue, e.g.

a carboxylic acid or dicarboxylic
acid.

n N Piperazine derivatives Coupling
COOH \ of the amphiphilic substance NH; NH—R;
——R, may proceed via one of the ring O, NH-Phosphatidyl serine
) atoms. In those cases where the
N

COOH

o —
Y
jasy

side chains are
hydroxycarboxylic acids or
(én amino acids, coupling may
proceed with advantage via these
COOH heteroatoms. The preferred
derivative on the left shows NH5 NH,

N
coupling of piperazine to the
Na of phosphatidyl serine.
COOH
N

(Qn

Phosphatidyl serine — NH

(COOH Morpholine derivatives Coupling
O of the amphiphilic substance COOH
may proceed via one of the ring n
—]Ry atoms. In those cases where the
) side chains are ( NH
N hydroxycarboxylic acids or
amino acids, coupling may COOH

(én proceed with advantage via these COOH o
COOH heteroatoms. COOR;

COOH Derivatives of imidazole-4,5- COOH
diacetic acid. Coupling of the n
N amphiphilic substance preferably COOH
\ COOR proceeds as an ester via any of
1 the two acetic acid functions. (
NH The amphiphilic substance may
also be bound via the 3-amino
function.

Piperidine derivatives Coupling
of the amphiphilic substance
may proceed via any of the ring
atoms. In those cases where the
side chains are
hydroxycarboxylic acids or
amino acids, coupling may
proceed with advantage via their
heteroatoms.

Diaminobenzoic acid derivatives
Coupling of the amphiphilic
substance preferably proceeds
via any of the two amino groups.
The second amino group can be
alkylated, for example, so as to
obtain a higher pK, value.
Coupling as an amide of
phosphatidyl serine is another
preferred embodiment of the
invention.

Nitrilotriacetic acid derivatives
Amphoteric groups are also
formed by esterification of
nitrilotriacetic acid. In addition,
the charge properties of such
compounds can be modified by
complexing of metal ions.

N-Alkylcarboxyamino acid
derivatives Amphoteric
compounds are also formed by
coupling of sterols to the
terminal groups of N-acylamino
acids. Advantageously, the
structure can be derived from
serine, aspartic acid or glutamic
acid, or from lysine or
ornithine. Coupling of the
aminodicarboxylic acids not
only can be at the terminus, but
also at the other acid groups.

In addition, the charge
properties of such compounds
can be modified by

complexing of metal ions.
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-continued

COOH EDTA derivatives Amphoteric
groups are also formed by
esterification of ethylene-
diaminetetraacetic acid. In
addition, the charge properties of

complexing of metal ions.

COOH

[0094] The invention also relates to liposomes comprising
the compounds according to the invention. The compounds
of the invention can be incorporated in high amounts in
liposomal membranes to form amphoteric liposomes which
are characterized in that their state of charge undergoes a
reversible change when changing the pH of the surrounding
medium. The liposomes are cationic below their isoelectric
point, and anionic above said point.

[0095] Liposomes comprising the components of the
invention can be coated with polymers under suitable con-
ditions, where single or multiple deposition of such sub-
stances on the surface is possible. In multiple deposition,
optionally in the presence of crosslinkers, liposomal nano-
capsules are formed. Methods of producing said liposomes
are known to those skilled in the art e.g. from WO 00/28972
or WO 01/64330 which hereby are incorporated by refer-
ence and thus deemed part of the disclosure. One particu-
larly advantageous fact when using the substances according
to the invention is that the electrostatic interaction with the
polymer can be interrupted if said polymer is a polyelectro-
Iyte. As is well-known, the interaction of a polyelectrolyte
with charge carriers of the liposomal membrane may give
rise to demixing of membrane components and formation of
lipid clusters. In many cases, such demixing is accompanied
by a permeabilization of the liposomes. The substances of
the invention allow elimination of this interaction subse-
quent to the coating process. When increasing the pH value
to or above the IP at this point in time, the liposomes will be
entrapped in the nanocapsules merely in a steric fashion, and
interaction between the membrane and the polyelectrolytes
does no longer exist. Advantageously, cluster formation of
lipids and associated permeabilization of the membrane can
be circumvented in this way.

[0096] Surprisingly, it has been found that liposomes
including the substances of the invention in the membrane
thereof readily undergo fusion with other membranes, par-
ticularly cell membranes, below the isoelectric point of the
substance. In general, this step requires the presence of a
major amount of PE in the membrane. As a result of its
tendency of forming hexagonal phases, said PE assumes the
function of a helper lipid. However, the inferior stability of
such membranes is disadvantageous, and gradual release of
entrapped active substances is frequently observed.

[0097] Advantageously, liposomes produced using the
substances according to the invention undergo effective
fusion even in the absence of helper lipids. Thus, when using
the substances of the invention, it is possible to produce
liposomes which are capable of stably encapsulating an
active substance, but undergo fusion with cell membranes
under the conditions of low pH values to release the active
substance there.

10
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[0098] In a preferred embodiment of the invention, the
proportion of amphoteric lipids comprises 30 mole-%, 40
mole-% or 50 mole-% of total lipids at maximum. Compo-
sitions comprising at least 2 mole-% of amphoteric lipids,
but 50 mole-% at maximum, are particularly advantageous.
Compositions comprising at least 5 mole-% of amphoteric
lipids, preferably 10 mole-%, and 50 mole-% at maximum,
and preferably 40 mole-% are particularly preferred. The
production of liposomes comprising the substances of the
invention proceeds according to techniques well-known to
those skilled in the art.

[0099] In another preferred embodiment of the invention,
the liposomes comprise phosphatidyl choline, phosphatidyl
ethanolamine, diacylglycerols, ceramides, sphingolipids,
tetracther lipids and/or PEG lipids. The inventive com-
pounds do not always form liposomes by themselves, and it
may therefore be advantageous to add the above-mentioned
lipids.

[0100] In another preferred embodiment of the invention,
the liposomes have an average size between 50 and 1000
nm, preferably between 50 and 500 nm, more preferably
between 50 and 300 nm and especially preferably between
60 and 130 nm.

[0101] Conveniently, particularly water-soluble active
substances are enclosed in the liposomes, which substances
can be used e.g. in cancer therapy and in the therapy of
severe infections. To this end, liposome dispersions can be
injected, infused or implanted. Thereafter, they are distrib-
uted in the blood or lymph or release their active substance
in a controlled fashion as a depot. The latter can be achieved
by highly concentrated dispersions in the form of gels. The
liposomes can also be used for topical application on the
skin. In particular, they may contribute to improved pen-
etration of various active substances into the skin or even
passage through the skin and into the body. Furthermore, the
liposomes can also be used in gene transfer. Due to its size
and charge, genetic material is usually incapable of entering
cells without an aid. For this purpose, suitable carriers such
as liposomes or lipid complexes are required which, together
with the DNA, are to be taken up by the respective cells in
an efficient and well-directed fashion. More advantageously,
the active substance is a protein, a peptide, a DNA, RNA, an
antisense nucleotide, and/or a decoy nucleotide. In their
principal structure, liposomes are highly similar to cell
membranes. Therefore, they can be used as membrane
models to quantify the permeation rate of active substances
through membranes or the membrane binding of active
substances.

[0102] In another preferred embodiment of the invention,
at least 50 ug, more advantageously 100 ug, preferably 150
ug of active substance per mg lipid is entrapped in the
liposomes. If necessary, non-incorporated cargo molecules
adhering on the outside can be removed by simply increas-
ing the pH value. This step is necessary in all those cases
where non-incorporated cargo molecules would give rise to
aggregation of the liposomes. One advantageous fact when
using the components of the invention is that the entrapped
active substances must be maintained under conditions
allowing interaction with the lipid layer only during the
period of actual enclosure. Once the lipid layer remains
closed in itself, it is possible to change to other conditions.
Thereby, possible inactivation of active substances, particu-
larly of proteins, can be minimized.
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[0103] The invention also relates to methods of loading
liposomes with active substances, using a binding pH value
for encapsulation and a second pH value to remove unbound
active substances.

[0104] Furthermore, the invention relates to a method of
loading liposomes with active substances, wherein the lipo-
somes are made permeable at a specific pH value and
subsequently sealed. In particular, changes in permeability
preferably can be used in a well-directed fashion in loading
liposomes. To this end, an active substance to be enclosed
can be added to a medium under conditions of high perme-
ability, followed by adjusting conditions of low permeabil-
ity. In this way, the active substance will remain inside the
liposomes. Thereafter, non-entrapped active substance can
be removed, if necessary. Such changes in permeability can
be induced on liposomes or on liposomal nanocapsules.

[0105] The invention also relates to the use of the lipo-
somes in diagnostics and in release systems. Obviously, the
liposomes can also be used in a detection system. In par-
ticular, the liposomes can be loaded with metal ions whose
fluorescence is enhanced by chelate formation, i.e., terbium
or europium ions, for example. Liposomes for such uses
may of course include components determining the speci-
ficity, i.e., antibodies, lectins, selectins, receptors, or hor-
mones, or RNA aptamers. In a particularly preferred
embodiment of the use according to the invention, the
presence of these metal ions is restricted to the volume of the
liposomes so as to avoid non-specific signals from slowly
released metal ions adhering on the outside. It is also
convenient to use the liposomes in the production of nano-
capsules. The liposomes can be used with advantage in the
production of release systems in diagnostics.

[0106] The use for transport and/or release of active
substances is also convenient. Advantageously, the lipo-
somes can be used as depot formulation and/or as circulative
depot. The use of the liposomes as a vector to transfect cells
in vivo, in vitro and/or ex vivo is also advantageous. For
example, the liposomes can be used in intravenous and/or
peritoneal application.

[0107] The compounds and liposomes according to the
invention involve several advantages. Surprisingly, it has
been determined that the permeability of the inventive
liposomes depends on the pH value and thus, on the state of
charge of said compounds.

[0108] Liposomes produced using the structures according
to the invention are therefore particularly suited to construct
release systems wherein release of active substances is to
proceed in dependence on the pH value of the medium.

[0109] Surprisingly, it has also been found that amounts of
proteins or DNA above average, at least 50 ug, preferably
100 ug, more preferably 150 ug per mg of lipid, can be
enclosed in liposomes including the compounds of the
invention in the membranes thereof. The efficiency of such
incorporation depends on the pH value of the solution
employed. Therefore, a process for efficient encapsulation of
proteins or DNA in liposomes can be performed by initially
adjusting a pH value that would result in good binding of the
cargo molecules to the lipid layer. With DNA as polyanion,
low pH values of about 4 to 5 are used. With proteins, a
useful pH value will depend on the isoelectric point of the
protein, which should be below the isoelectric point of the
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substance according to the invention. Encapsulation is par-
ticularly effective when the pH value of the medium is
selected so as to range between the isoelectric point of the
protein and the isoelectric point of the compound according
to the invention. The protein then will have a negative
charge and the lipid layer a positive charge.

[0110] Surprisingly, it has also been found that liposomes
including e.g. histidinyl-PS or histidinyldiacylglycerol
hemisuccinate in the membranes thereof are capable of
chelating metal ions. This property results in an increase of
the positive charge of the liposome. This effect is observed
to be particularly strong at neutral pH values, because the
inherent charge of the compound is low in this case. Owing
to their chelating properties, such liposomes can be used in
biochemical diagnostics and in pharmaceutical therapy.

[0111] One essential precondition for the use of liposomes
for experimental or therapeutic purposes is their compat-
ibility with cells and tissues. A number of well-known
compounds used to incorporate DNA or proteins in cells (for
example, the cationic lipid DOTAP) are cytotoxic. Surpris-
ingly, it has been found that some of the compounds of the
invention exhibit reduced cytotoxicity. In particular, this
applies to that group of compounds wherein the amphoteric
substance is an amino acid or a peptide. These compounds
therefore satisfy one of the preconditions of a transfection
system.

[0112] Another precondition for the construction of vec-
tors to be used in gene or protein transport into cells is their
compatibility with serum or blood. Due to their strong
cationic charge, vectors known at present form uncontrol-
lable large aggregates, resulting in formation of thrombi in
the organism. Their use in vivo is therefore practically
impossible and is restricted to in vitro or ex vivo applica-
tions. Surprisingly, it has been found that liposomes con-
structed using the components of the invention do not form
any aggregates in serum or blood. In particular, these are
liposomes having an isoelectric point below 7.5.

[0113] Another precondition for the construction of vec-
tors to be used in protein or gene transfer is their stability
under physiological conditions. Upon application into the
blood circulation, liposomes are attacked by components of
the complement system and undergo rapid lysis. This reac-
tion proceeds within minutes. As a result, pores are formed
in the membrane, which allow even large molecules such as
proteins to diffuse out, therethrough. At present, stabilization
of liposomes with respect to this mechanism is only possible
by incorporating cholesterol in the lipid layer. While such
liposomes are highly stable, they are no longer able to
interact with cells or readily release their active substance.
Surprisingly, it has been found that liposomes constructed
using the components of the invention can be stable in serum
or blood for several hours. Even under such conditions, the
release of active substance is low. A liposomal vector for the
transport of active substances must satisfy at least three
preconditions: it must have low toxicity, entrap the active
substance firmly and stably, and be compatible with serum
or blood.

[0114] Advantageously, all of these three preconditions
are satisfied by liposomes produced using selected sub-
stances according to the invention. The liposomes are there-
fore well suited for therapeutic uses. Other properties sup-
porting such uses are good loadability with active substances
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and well-directed removal of these substances by changing
the pH value or by permeabilization of the membrane.
Liposomes produced using the substances of the invention
show low non-specific binding to cell surfaces. It is this low
non-specific binding which is an essential precondition for
achieving specific binding to target cells. Target control of
the vehicles is obtained when providing the above-described
liposomes with additional ligands. As a result, the active
substance can be accumulated specifically in such cells or
tissues which exhibit a pathological condition.

[0115] One important use of the substances according to
the invention is therefore in the construction of vectors for
transfer of active substances in living organisms. The vec-
tors are particularly suited for the transport of therapeutic
macromolecules such as proteins or DNA which themselves
are incapable of penetrating the cell membrane or undergo
rapid degradation in the bloodstream.

[0116] Surprisingly, it has been found that amphoteric
amphiphilic substances with only one hydrocarbon chain,
such as disclosed in U.S. Pat. No. 6,255,344, are also
suitable in the production of amphoteric liposomes accord-
ing to the invention, provided the hydrocarbon chain has
more than 12 CH, groups. Advantageously, the above lipo-
somes can be loaded with active substance, especially DNA
or oligonucleotides, according to the above-mentioned pro-
cess, and their use in the transfection of cells and in gene
therapy is hereby incorporated in the disclosure of the
present invention.

[0117] Surprisingly, it has also been found that double-
chain amphiphilic substances formed by amidation of long-
chain fatty acids with long-chain a-aminocarboxylic acids
and provided with an amphoteric group such as histidine are
also suitable in the production of amphoteric liposomes.
Advantageously, such liposomes can be loaded with active
substance, especially DNA or oligonucleotides, according to
the above-mentioned process, and their use in the transfec-
tion of cells and in gene therapy is hereby incorporated in the
disclosure of the present invention.

[0118] Without intending to be limiting, the invention will
be explained in more detail with reference to the following
examples.

EXAMPLE 1

[0119] Synthesis of L-histidinyl-dipalmitoylglycerol Suc-
cinate (DG-Succ-Hist, #34)

[0120] To synthesize DG-Succ-Hist, 3 mmol (2 g) of
diacylglycerol succinate (Avanti) is reacted with 3.3 mmol
(0.81 g) of benzyl-protected histidine, 3.45 mmol (0.71 g)
DCC and 3.45 mmol (0.42 g) DMAP in 50 ml of dichlo-
romethane as solvent. The reaction batch is allowed to stir at
room temperature overnight. Subsequent to amide coupling,
the carbonyl group of the histidine is deprotected by means
of catalytic hydrogenolysis on 10% palladium/carbon and
stirring under hydrogen atmosphere overnight. The reaction
batch is concentrated in vacuum, followed by purification
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using column chromatography on silica gel 60. Chloroform/
methanol/ammonia (25% solution) 60:40:2 is used as eluent.

EXAMPLE 2
[0121] Synthesis of Compound #35 (DG-Hist-Succ)

[0122] The synthesis of DG-Hist-Succ is effected in three
steps. Initially, 3.7 mmol (2 g) of dipalmitoylglycerol is
esterified with 4.1 mmol amino-protected CBZ-histidine.
Ester formation is effected adding 4.3 mmol (0.67 g) of EDC
and 4.3 mmol (0.53 g) of DMAP in 60 ml of dichlo-
romethane. The batch is stirred for 4 hours. Deprotection of
the histidine amino function furnishes the intermediate DG-
Hist. The amino group is deprotected by means of catalytic
hydrogenolysis on 10% palladium/carbon and stirring under
hydrogen atmosphere overnight. In a second step succinic
anhydride is opened with benzyl alcohol to form benzyl
succinate. 10 mmol (1 g) of succinic anhydride and 9.5
mmol (1 g) of benzyl alcohol are dissolved in 50 ml of
toluene. Following addition of 1 mmol (190 mg) of p-tolu-
enesulfonic acid monohydrate, this is heated at reflux for
two hours. In the final step 2 mmol (0.42 g) of benzyl-
protected succinate is coupled to 1.6 mmol (1.13 g) DG-Hist
via an amide bond. The reaction is effected adding 2.5 mmol
(0.39 g) of EDC and 2.5 mmol (0.3 g) of DMAP in 50 ml
of dichloromethane, with stirring at room temperature for 4
hours. Finally, the succinate is deprotected by cleavage of
the benzyl residue using catalytic hydrogenolysis on 10%
palladium/carbon and stirring under hydrogen atmosphere
overnight. The reaction batch is concentrated in vacuum,
followed by purification using column chromatography on
silica gel 60. Chloroform/methanol/ammonia (25% solu-
tion) 60:40:2 is used as eluent.

EXAMPLE 3

[0123] Synthesis of Compound #8, N,N-bis(propanoic
acid-3-y)-N-(2,3-dioleoyloxypropyl)amine

[0124] The synthesis of the desired compound proceeds
via three steps.

[0125] In the 1% step the amino group of 3-amino-1,2-
propanediol is protected with tert-butyl acrylate. 111 mmol
(10 g) of 3-amino-1,2-propanediol is placed in 100 ml of
acetonitrile. 222 mmol (28.5 g) of tert-butyl acrylate is
added under protective gas, and the batch is heated at reflux
for two days. The reaction mixture is concentrated in a rotary
evaporator and purified using column chromatography on
silica gel. Ethyl acetate/methanol 9:1 is used as eluent.

[0126] Inthe nextstep 17.7 mmol (6.15 g) of intermediate
from step 1 and 35.4 mmol (10 g) of oleic acid are placed
in 100 ml of dichloromethane. The reaction is carried out
under protective gas and cooling in an ice bath. Following
addition of 35.4 mmol (7.3 g) of dicyclohexylcarbodiimide,
the ice bath is removed and the batch is stirred at room
temperature for one day. The precipitated urea is filtrated off,
and the solution is concentrated in a rotary evaporator. The



US 2005/0164963 Al

product is put to further use in raw condition. Thereafter, the
protective group is removed. To this end, 11.5 mmol of
intermediate from step 2 is placed in 25 ml of dichlo-
romethane. 25 ml of trifluoroacetic acid is added slowly
under cooling with ice-water. This is stirred at 40° C. for one
day. Following removal of the solvent, the residue is purified
using column chromatography on silica gel. Ethyl acetate/
petroleum ether 1:1 is used as solvent. The resulting oil is
taken up in approximately 50 ml of acetone and adjusted to
slightly alkaline using 1 N sodium hydrogen carbonate
solution. This is centrifuged, and the supernatant is dis-
carded. The residue is treated with a small amount of acetone
in an ultrasonic bath, centrifuged, and the supernatant is
discarded. The residue is taken up in 30 ml of chloroform,
and 30 ml of water is placed as a layer thereon. This is
adjusted to pH 5 with 1 N HCI with vigorous stirring. The
organic phase is removed, dried over sodium sulfate and
concentrated in a rotary evaporator.
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EXAMPLE 4

Preparation of Amphoteric Liposomes

[0127] 2 mg of the corresponding lipid and 10 mg of
DMPC are dissolved in 4 ml of chloroform/methanol (1:1
v/v) and dried completely in a rotary evaporator. The lipid
film is hydrated with 4.3 ml of buffer (10 mM Kac, 10 mM
HEPES, 150 mM NaCl, pH 7.5) at a lipid concentration of
5 mM using ultrasonic treatment for 5 minutes. Finally, the
suspension is frozen and, following thawing, subjected to
multiple extrusions (Avestine LiposoFast, polycarbonate
filter, pore width 200 nm). The profile of the zeta potential
in mV at varying pH values is illustrated in FIG. 1. The zero
point indicates the pH value at which the liposome is
discharged. This pH corresponds to the isoelectric point of
the lipid and is 4.5 for #8, 5.2 for #34, 5.7 for #25.
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EXAMPLE 5

In Situ Synthesis Of Compound #25 (Phosphatidyl
Glycerylcarnosine)

[0128] Unilamellar liposomes (DPPC/DPPG/cholesterol
40:20:40 mole-%) are suspended at a concentration of 20
mM lipid in a borate buffer (20 mM sodium borate, 120 mM
sodium chloride, pH 8.4). 2 ml of this solution is added with
400 ul of a 0.6 M sodium periodate solution, and the mixture
is incubated for 30 min in the dark. 1 ml of this suspension
is chromatographed on Sephadex G25 in the borate buffer
used above. The eluate of the liposome suspension is filled
up to make 4 ml.

[0129] The liposomes thus oxidized are added with car-
nosine at a final concentration of 20 mM and incubated for
2 hours. Finally, this is reduced with 20 mM sodium
borohydride at 4° C overnight. Excess carnosine can be
removed by chromatography on Sephadex G25 as above.

EXAMPLE 6

[0130] Measurement of the Serum Aggregation Of Lipo-
somes

[0131] 140 ul of human serum is added with 10 gl of a 25
mM liposome suspension using a pipette and mixed thor-
oughly. 65 ul of this mixture is removed and diluted with 1.5
ml of buffer (HEPES 10 mM, NaCl 150 mM, pH 7.5). The
remainder is incubated for 2 h at 37° C., followed by
removal of another 65 ul and dilution with 1.5 ml of buffer.
The particle size is determined in both samples, using a
Malvern Zetasizer 3000. In parallel, control samples like-
wise incubated for 2 hours at 37° C. are recorded in blank
buffer. Non-varied particle size indicates good serum com-
patibility.

EXAMPLE 7

[0132] Preparation of Amphoteric Liposomes Loaded with
DNA Plasmids

[0133] 1.43 mM of the amphoteric lipid is dissolved in
chloroform together with the other lipids, depending on the
lipid composition of the lipid film. Following removal of the
solvent, the lipid film is dried under vacuum overnight.

[0134] The lipid film is hydrated directly with 1 ml
DNA-containing (100 ug DNA/ml) NaAc buffer (10 mM
NaAc, 150 mM NaCl, pH 4; slight ultrasonication, followed
by rotation above the phase transition temperature for 30
min). This is followed by a freeze/thaw step.

[0135] The mixture is extruded 15 times through 400 nm
membranes at a temperature 10° C. above the phase transi-
tion temperature.

[0136] Non-entrapped DNA can be removed by flotation
in a sucrose gradient (at pH 7.5; 0.8 M sucrose, 0.5 M
sucrose, buffer). The DNA content is determined using the
intercalation dye propidium iodide, an increase in fluores-
cence intensity occurring in case of intercalation into the
DNA. To this end, 20 ul of propidium iodide and 6 wul of
Triton X-100 (10% in water) are filled up with sample to
make 300 ul and measured using a fluorescent plate reader.
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1. An amphoteric lipid, which lipid has an isoelectric
point between 4.5 and 8.5, according to general formula (I):

Amphoteric  substance-Y-spacer-amphiphilic ~ sub-
stance O

characterized in that

(a) the amphoteric substance has at least one portion of
cationic charge with a pK, value between 4 and 8
and/or at least one portion of anionic charge with a pK,
value between 3 and 7 and optionally additional charge
carriers,

aa) said portion of cationic charge being selected from
the group comprising imidazole, morpholine, pipera-
zine, purine, pyridine and/or pyrimidine or deriva-
tives thereof,

bb) said portion of anionic charge being a carboxyl
group which comprises acetic acid, bromoacetic
acid, chloroacetic acid, acetoacetic acid, propionic
acid, acrylic acid, butyric acid, crotonic acid, or
carboxylic acids bound in the aliphatic chain; which
comprises dicarboxylic acids that are mono-esteri-
fied or amidated or bound in the aliphatic chain;
which comprises oligocarboxylic acids that are
mono-esterified or amidated or bound in the aliphatic
chain,

(b) the spacer is a lower alkyl residue with up to 8 C
atoms, with linear, branched or cyclic structure, with 0,

1 or 2 ethylenically unsaturated bonds, and 0-4
hydroxyl groups,

(©) Y comprises —(C=0)—0—; —(C=0)—NH—;
—NH—(C=0)—0—; —0—; —NH—;
—CH=N—; —0—(0=0)—; —S—; —(0=0)—;
—NH—(0=0)—; —0—(0=C)—NH—,

—N=CH— and/or —S—S—,

(d) the amphiphilic substance is a structure according to
general formula (II) or (IIT) or (IV):

(I
R;—O—CH,

R,—O—CH

R, and R, independently are C4-C,, alkyl or acyl chains
with 0, 1 or 2 ethylenically unsaturated bonds, and

X is selected from the group comprising —O—(C=0);
—NH—(C=0)—; —S—(C=0)—; —O0—; —NH—;
—S—; —N=CH—; —(0=C)—0—;
—8$—(0=C)—; —NH—0=C)—; —N=CH—
and/or —S—S—; or

(1)

R —o—(lez
R,—O—CH ﬁ
|—O—P—X—

R, and R, independently are Cg-C5, acyl chains with 0, 1
or 2 ethylenically unsaturated bonds, and
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X is —O—; or

(v)

R, and R, independently are Cg-C5, alkyl chains with O,
1 or 2 ethylenically unsaturated bonds, and

X is absent or selected from the group consisting of
—(C=0)—0—; —(C=0)—NH—; —(C=0)—
S—; —NH—; —CH=N—; and/or —S—(0=C)—;

(e) the amphiphilic substance is a 1,4- or 1,5-dicarboxylic
acid such as aspartic acid, glutamic acid, malic acid,
tartaric acid, citric acid, aconitic acid, citraconic acid
and/or maleic acid esterified with linear C4-C,, alco-
hols, and/or

(f) the amphiphilic substance is a 1,4- or 1,5-diamine of
3-aminoalanine, diaminobutyric acid, ornithine, or
lysine amidated with linear C4-C, fatty acids.

2. The lipid according to claim 1, characterized in that the
dicarboxylic acid is selected from the group comprising
oxalic acid, malonic acid, succinic acid, maleic acid, fumaric
acid, malic acid, tartaric acid, glutaric acid, adipic acid,
caprylic acid, pimelic acid, suberic acid, cyclohexanedicar-
boxylic acid and/or cyclopentanedicarboxylic acid, and/or
the oligocarboxylic acid is selected from the group com-
prising citric acid, isocitric acid and/or ethylenediaminetet-
raacetic acid.

f
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3. The lipid according claim 1, characterized in that the
amphoteric lipid has an isoelectric point between 5 and 7.

4. The lipid according to claim 1, characterized in that the
pK, values of the portions of cationic and anionic charge in
the amphoteric substance are 2 pH units apart at maximum.

5. The lipid according to claim 1, characterized in that the
portion of cationic charge of the amphoteric substance
comprises imidazole, piperazine, morpholine and the por-
tion of anionic charge comprises the carboxyl group.

6. The lipid according to claim 1, characterized in that the
amphoteric substance is a peptide with 2-6 amino acids
selected from the group consisting of histidine, arginine,
lysine, glutamic acid and/or aspartic acid, wherein

i) the percentage of His and Asp/Glu does not exceed
66%,

ii) the percentage of Arg/Lys is smaller than 50% and that
of Asp/Glu higher than 50%, or

iii) the percentage of His and Arg/Lys is smaller than/
equal to 33% and that of Asp/Glu is higher than that of
Arg/Lys.

7. The lipid according to claim 1, characterized in that the
amphiphilic substance is selected from the group consisting
of diacylglycerols, dialkylglycerols, phosphoglycerols, acy-
lated or alkylated 3-amino-1,2-propanediols and/or N,N-
dialkylamines.

8. The lipid according to claim 1, characterized in that the
spacer is a sugar or a polyethylene glycol with up to 20
monomer units.

9. An amphoteric lipid, which lipid has the structure

HOOC
=

\

NH
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-continued
¢}

O OH

A

A {

) ’ O——E——O __AT :
I

NH

OH
HOOC

o HN NH

N

I
O—P—O—/\NH NH

|
OH
(@]

wherein the long-chain amphiphilic substances indepen-
dently comprise lauroyl, myristoyl, palmitoyl, stearoyl, ole-
oyl and linoleoyl residues.

10. An amphoteric lipid, which lipid has the structure

o ©O
\/\/\/\/z\/\/\/\)j\ FOoH
o~
N
COOH
Q o)
/\/\/\)i\o COOH Mo HN _‘\

NH
NH
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-continued

(0]

NN

wherein the long-chain amphiphilic substances indepen-
dently comprise

a) lauroyl, myristoyl, palmitoyl, stearoyl, oleoyl or lino-
leoyl residues, or

b) lauryl, myristyl, palmityl, stearyl, oleyl or linoleyl
residues.

11. An amphoteric lipid, which lipid has the structure

(0]

\/\)Oko

| S
\/\):I\O

/\/\)I\Ol;

HN—\\
N N

wherein the long-chain amphiphilic substances indepen-
dently comprise

a) lauroyl, myristoyl, palmitoyl, stearoyl, oleoyl or lino-
leoyl residues, or

b) lauryl, myristyl, palmityl, stearyl, oleyl or linoleyl
residues.

12. An amphoteric lipid, which lipid has the structure

O
(0]
R—O
OH or
NH
R—O
N
o )\
NH

(0]

COOH
NFF\
NH
T
-continued
o
R—O
0,
NH NH
R—O \”/ OH
o o N>
NH

wherein the long-chain amphiphilic substances indepen-
dently comprise lauryl, myristyl, palmityl, stearyl, oleyl or
linoleyl residues.

13. An amphoteric lipid, which lipid has the structure

O
@)

R J-l— NH
OH
NH NH
R —ﬂ_ NH W
0 0 0

N
\\—NH

wherein the long-chain amphiphilic substances comprise
lauroyl, myristoyl, palmitoyl, stearoyl, oleoyl or linoleoyl
residues.

14. Liposomes comprising the amphoteric lipids accord-
ing to claim 1.

15. The liposomes according to claim 1, characterized in
that the liposomes comprise 50 mole-% of amphoteric lipid
at maximum, preferably 2 to 50 mole-%, more preferably 10
to 40 mole-%.

16. The liposomes according to claim 14, characterized in
that the liposomes comprise phosphatidyl choline, phos-
phatidyl ethanolamine, diacylglycerol, tetraether lipid and/
or PEG lipid.

17. The liposomes according to claim 14, characterized in
that the liposomes have an average size between 50 and
1000 nm, preferably between 50 and 300 nm, and more
preferably between 60 and 130 nm.

18. The liposomes according to claim 14, characterized in
that the liposomes comprise an active substance.
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19. The liposomes according to claim 14, characterized in
that the active substance is a protein, a peptide, a DNA, an
RNA, an antisense nucleotide and/or a decoy nucleotide.

20. The liposomes according to claim 18, characterized in
that at least 50 ug, preferably more than 90 ug, and more
preferably more than 150 ug of active substance per mg lipid
is entrapped inside the liposome.

21. A method of loading the liposomes according to claim
14 with active substance, characterized in that a binding pH
value for encapsulation of an active substance and a second
pH value for removal of unbound active substance is used.

22. Liposomes, produced according to the method of
claim 21.

23. A method of loading the liposomes according to claim
14 with active substance, characterized in that the liposomes
are made permeable at a specific pH value and sealed
thereafter.

24. Use of the liposomes according to claim 14 in the
production of nanocapsules.

25. Use of the liposomes according to claim 14 in the
production of release systems for use in diagnostics.

26. Use of the liposomes according to claim 14 for
transporting and releasing active substances.

27. Use of the liposomes according to claim 14 as a depot
formulation and/or as a circulative depot.

28. Use of the liposomes according to claim 14 as a vector
to transfect cells in vivo, in vitro and/or ex vivo.

29. An in vivo transfection system, characterized in that
said system includes the liposomes according to claim 14
loaded with genetic material.

30. An in vivo transfection system, characterized in that
said system comprises liposomes loaded with genetic mate-
rial, said liposomes including amphoteric lipids according to
formula

Amphoteric  substance-Y-spacer-amphiphilic  sub-
stance O

wherein

(a) the amphoteric substance has at least one portion of
cationic charge with a pK, value between 4 and 8
and/or at least one portion of anionic charge with a pK,
value between 3 and 7 and optionally additional charge
carriers,

aa) said portion of cationic charge being selected from
the group comprising imidazole, morpholine, pipera-
zine, purine, pyridine and/or pyrimidine or deriva-
tives thereof,

bb) said portion of anionic charge being a carboxyl
group which comprises acetic acid, bromoacetic
acid, chloroacetic acid, acetoacetic acid, propionic
acid, acrylic acid, butyric acid, crotonic acid, or
carboxylic acids bound in the aliphatic chain; which
comprises dicarboxylic acids such as oxalic acid,
malonic acid, succinic acid, maleic acid, fumaric
acid, malic acid, tartaric acid, glutaric acid, adipic
acid, caprylic acid, pimelic acid, suberic acid, cyclo-
hexanedicarboxylic acid or cyclopentanedicarboxy-
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lic acid, mono-esterified or amidated or bound in the
aliphatic chain; which comprises oligocarboxylic
acids such as citric acid, isocitric acid or ethylene-
diaminetetraacetic acid, mono-esterified or amidated
or bound in the aliphatic chain,

(b) the spacer is a lower alkyl residue with up to 8 C
atoms, with linear, branched or cyclic structure, with 0,
1 or 2 ethylenically unsaturated bonds, and 0-4
hydroxyl groups,

(©) Y comprises —(C=0)—0—; —(C=0)—NH—;
—NH—(C=0)—0—; —0—; —NH—;
—CH=N—; —0—(0=0)—; —S—; —(0=0)—;
— NH—(0=C)—; —0—(0=C)—NH—,

—N=CH— and/or —S—S—,

(d) the amphiphilic substance is a structure according to
general formula (V)

v

R, and R, independently are C,-C,, alkyl with 0, 1 or
2 ethylenically unsaturated bonds, and

X is selected from the group of —O—; —NH—;
—S—.
31. The in vivo transfection system according to claim 30,
characterized in that the amphiphilic substance is a structure
according to formula (VI):

~

X

(VD

R is C4-C44 alkyl with O, 1 or 2 ethylenically unsaturated
bonds, and

X is selected from the group of —O—; —NH—; —S—.

32. Use of the in vivo transfection system according to
claim 29 as a vector to transfect cells in vivo, in vitro and/or
ex Vivo.

33. Use of the in vivo transfection system according to
claim 30 as a vector to transfect cells in vivo, in vitro and/or
ex Vivo.

34. Use of the liposomes according to claim 14 in
intravenous and/or peritoneal applications.
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