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I. A heterocyclic, amphiphilic cation of the formula

[R-Y-O-CH2—(CH2)

(R')n

«H)m-CHr-O-Y-R];(1—n)

wherein each R independently is a straight-chain, aliphatic hydrocarbyl group of from 5 to 
29 carbon atoms inclusive, each Y is -CH2- or -CO-, each R' independently is a lower 
alkyl, each m independently is an integer from 0 to 7 inclusive and n is zero or 1, with 
the proviso that the total number of carbon atoms in R and -(CH2)m- is at least 10.

21. A method of transforming cells in a mammal in vivo comprising contacting 
said cells with a plurality of complexes comprising an expression cassette and the 
heterocyclic amphiphilic cation of any one of claims 1 to 10, wherein said cation when 
complexed to a nucleic acid construct and administered in vivo to a mammal provides for 
transformation of cells in one or more tissues of said mammal.

22. A method for transfecting a mammalian cell comprising contacting said cell 
with a complex comprising a transcription cassettes or expression cassette and the 
heterocyclic, amphiphilic cation of any one of claims 1 to 10.
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Novel, heterocyclic cationic amphiphile and compounds thereof are prepared that are degraded in vivo. Liposomes are produced from 
the cations that are used as carriers for delivering - macromolecules intracellularly -and may be· targeted to a specific cell type.
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AMPIUTIHLIC DERIVA-TIVE5 OF PIPERAZINE

5 CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of U.S. Patent No. 08/157,637 

filed November 24,1993, which disclosure is herein incorporated by reference.

10 INTRODUCTION

Field of Invention

The invention relates to heterocyclic, cationic amphiphiles and their use in 

the preparation of liposomes and other lipid-containing carriers of pharmaceutical

15 substances, including nucleic acids used in gene therapy.

Background of the Invention

Liposomes are one of a number of lipid-based materials used as biological 

carriers and have been used effectively as carriers in a number of pharmaceutical

20 and other biological situations, particularly to introduce drugs, radiotherapeutic 

agents, enzymes, viruses, transcriptional factors and other cellular vectors into a 

variety of cultured cell lines and animals. Successful clinical trials have examined 

the effectiveness of liposome-mediated drug delivery for targeting

liposome-entrapped drugs to specific tissues and specific cell types. See, for

25 example, U.S. pilent No. 5,264,618, which describes a number of techniques for 

using lipid carriers, including the preparation of liposomes and pharmaceutical 

compositions and the use of such compositions in clinical situations. However, 

while the basic methodology for using liposome-mediated vectors is well 

developed, improvements in the materials used in the methods, both in terms of

30 biocompatability and in terms of effectiveness of the carrier process, are still
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In particular, the expression of exogenous genes in humans and/or various 

commercially important animals will ultimately permit the prevention and/or cure 

of many important human diseases and the development of animals with 

commercially important characteristics. Genes are high molecular weight,

5 polyanionic molecules for which carrier-mediated delivery usually is required for

DNA transfection of cells either in vitro or in vivo. Therefore it is of interest to 

develop lipid transfection vectors which will enhance both the delivery and the 

ultimate expression of the cloned gene in a tissue or cell of interest. Since in 

some instances a treatment regimen will involve repeated administration of a gene

10 (or other pharmaceutical product), it also is of interest that the lipid carriers be 

nontoxic to the host, even after repeated administration.

Relevant Literature

Literature describing the use of liposomes as carriers for DNA include the 

15 following: (Freidmann (1989), supra; Brigham, et al., (1989) Am. J. Med. Sci.,

298:278-281; Nabel, et al. (1990) Science, 249:1285-1288; Hazinski, et al. (1991) 

Am. J. Resp. Cell Molec. Biol., 4:206-209; and Wang and Huang (1987) Proc. 

Natl. Acad. Sci. USA, 84:7851-7855); coupled to ligand-specific, cation-based 

transport systems (Wu and Wu (1988) J. Biol. Chem., 263:14621-14624) or the

20 use of naked DNA expression vectors (Nabel, et al. (1990), supra; Wolff, et al. 

(1990) Science, 247:1465-1468). Direct injection of transgenes into tissue 

produced only localized expression (Rosenfeld (1992), supra; Rosenfeld, et al. 

(1991), supra). Brigham, et al. (1989), supra; Nabel (1990), supra; and Hazinski 

et al. (1991), supra. The Brigham, et al. group (Am. J. Med. Sci. (1989)

25 298:278-281 and Clinical Research (1991) 39 (abstract)) have reported in vivo

transfection restricted to lungs of mice following either intravenous or intratracheal 

administration of a DNA liposome complex. See also Stribling, et al., Proc.

Natl. Acad. Sci. USA (1992) 89:11277-11281 which reports the use of liposomes 

as carriers for aerosol delivery of transgenes to the lungs of mice and Yoshimura,

30 et al. Nucleic Acids Research (1992) 20:3233-3240.

Cationic lipid carriers have been shown to mediate intracellular delivery of

plasmid DNA (Feigner, et al., Proc. Natl. Acad. Sci. USA (1987) 84:7413-7416);
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mRNA (Malone, et al., Proc. Natl. Acad. Sci. USA (1989) 86:6077-6081); and 

purified transcription factors (Debs, et al., J. Biol. Chem. (1990) 

265:10189-10192), in functional form.

5 SUMMARY OF THE INVENTION

Biodegradable, heterocyclic, cationic amphiphiles are provided together 

with methods of their use. The cationic amphiphiles are capable of forming 

complexes with nucleic acids, and other biological compounds and the nucleic acid

10 complexes are capable of transforming mammalian cells. .

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Metabolizable cationic amphiphilic materials are provided which are useful

as carriers for biologically active molecules, such as antibiotics or nucleic acids 

15 used in cell transformation processes. The use of the cationic amphiphiles as

nucleic acid carriers is described in detail, since the compositions prepared using 

the amphiphiles are particularly efficacious for this purpose. However, the 

amphiphiles are also useful in standard drug delivery regimens, such as for the 

delivery of antibiotics to the lungs of a patient. The invention in particular is

20 directed to amphiphilic derivatives of piperazine which are degradable in vivo.

The invention particularly relates to novel heterocyclic cations having the

formula:

(i)

25

30

R'

R - Y - O - CH, -(CH,)„ (CH :)m- CH,-O-Y -r]
-HI -a

N N

[
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wherein each R independently is a straight-chain, aliphatic hydrocarbyl group of 
from 5 to 29 carbon atoms inclusive, each Y is -CH2- or -CO-, each R' 
independently is a lower alkyl of up to 6 carbon atoms inclusive, each m 

independently is an integer from 0 to 7 inclusive and n is zero or 1, with the

5 proviso that the total number of carbon atoms in R and -(CHHm- is at least 10.

The amphiphilic cation has a positive oxidation state from 1 to 2 inclusive

and is equal to n+1, and each positive charge of the cation will be at least 

formally located on a nitrogen atom depicted as tetravalent, i.e., a nitrogen atom 

to which a R' group is attached. It will be apparent that the cations of the

10 invention must be present in association with one or more anions, e.g., hydroxide, 

chloride, or bromide ions or more complex organic anions or bases. The 

particular anion associated with an amphiphilic cation is not critical to the 

formation or utility of the amphiphilic cation and may exchange (in whole or part) 

for other anions during use of the composition. Accordingly, the amphiphilic

15 compounds of the invention are described in this specification generally in terms 

of the cation without reference to any particular anion. However, a number of 

specific examples are given, as well as general guidance for selection of anions. 

For human administration, chloride is the prefened anion; also acceptable are 

bromide or other physiologically acceptable anions including acetate, succinate and

20 citrate.

Preferred heterocyclic cationic amphiphile of the above Formula I are those 

wherein n is 1. Also preferred are those cations where each m independently is 

from 1 to 3 inclusive, especially those cations where m is 1. Also preferred are 

those heterocyclic cations wherein R' is methyl or ethyl, particularly methyl. The

25 preferred R groups each independently have from 13 to 23 carbon atoms inclusive. 

The R groups are saturated or are unsaturated having one or more ethylenically 

unsaturated linkages and are suitably the same or are different from each other. 

Heterocyclic cations wherein the R groups are the same are preferred. Also 

preferred are those derivatives wherein X is -CO-, in which case illustrative R

30 groups together with the -CO- group to which it is attached (i.e., R-CO-) include 

lauroyl, myristoyl, palmitoyl, stearoyl, linoleoyl, eicosanoyl, tricosanoyl and 

nonacosanoyl (derived from the fatty acids of the corresponding name: lauric,
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myristic, etc.). Alternatively, X can be -CH2-. When given system names for the 

R groups alone, the corresponding names of the hydrocarbyl group derived from 

lauric acid is undecyl; from myristic acid, tridecyl; from palmitic acid, pentadecyl; 

from stearic acid, heptadecyl; from linoleic acid, cis,cis-8,ll-heptadecydienyl;

5 from eicosanoic acid, nonadecyl; from tricosanoic acid, dicosanyl; and from 

hemicosanoyl, nonacosanyl.

Although, as stated above, the anion or anions in association with any 

particular amphiphilic cation is not critical, the invention is further illustrated in 

terms of

10 compounds of the novel, heterocyclic cations. One class of such compounds is 

illustrated by the formula

20

wherein R, R', Y, m and n have the previously stated meanings and X is one or 

more anions having a total valance of 1+n. The term "X" of Formula H represents 

one or more anions, preferably one or two anions, in association with the

25 depicted cations and having a total oxidation state of 1+n. Illustrative of such 

anions are monovalent anions such as halide, i.e., fluoride, chloride, bromide or 

iodide, nitrate, thiocyanate or acetate, as well as divalent anions such as sulfate or 

carbonate. When n is zero in the depicted cation, a single monovalent anion is 

sufficient for association with each cation. In like manner a single divalent anion

30 is sufficient for each cation wherein n is 1. When n is zero, two such monovalent 

cations are required for association with each divalent anion and when n is 1 the 

divalent cation will require two monovalent anions. In general, compounds
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containing monovalent anions are preferred over compounds which incorporate 

divalent anions. Particularly preferred anions are halide, i.e., chloride, bromide, 

and iodide.

5 To further describe the compounds of the invention illustrated by Formula

H, the compounds incorporating monovalent cations are represented by the 

formula
(III)

R'

10
N-(CH,)O- CH2 - 0 - Y φ X'N

[ R - Y - 0 - CH2 -(CH2)m

15 wherein R, R', Y, and m have the previously stated meanings; X’ is one or more 

anions having a total oxidation state from 1 to 2 inclusive; and p is an integer 

equal to the oxidation state of X’. Illustrative of such compounds are N-methyl- 

N,Ni-bis[2-(lauroyloxy)ethyl]piperazine iodide, N-methyl-N,N‘-bis[2- 

(oleoyloxy)ethyl]piperazine iodide, N-ethyl-N.N'-bis[b-

20 (stearoyloxy)hexyl]piperazine bromide, N-ethyl-N-[2-stearoyloxy)ethyl]-N'-[3- 

(palmitoyloxy)propyl]-piperazine chloride, and N-propyl-N, N‘-bis[2- 

(myristoyloxy)ethy ljpiperazine iodide.

The compounds of Formula I in which the cation is divalent are represented

25 by the formula

(IV)
Rl (R1)

30
[r - Y - 0 - CH2 -((Xm (CH2)m- CH2 - 0 - Y - R] X'
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wherein R, R', Y and m have the previously stated meanings and X" is one or 

more anions having a total oxidation state of 2 (n is 1 in Formula IV).

Illustrative of such compounds are NjN'-dimethyl-NjN'-bisIP- 

(oleoyloxy)ethyl]piperazine diiodide, N.N'-dimethhl-NjN'-bisffi-
5 (myristoyloxy)hexyl]piperazine dibromide, N-methyl-N’-propyl-N,Ni-

bis[2(heptadecanoyloxy)ethyl]piperazine carbonate, and N,N'-dimethyl-N-[2- 

(tridocanoyloxy)ethyl]-Ni-[4-octadecanoyloxy]butyl]piperazine dichloride.

In general, divalent heterocyclic cationic amphiphiles are preferred over 

10 corresponding monovalent cations and compounds of Formula TV are preferred

over corresponding compounds of formula III. For convenience, the amphiphilic 

compounds of the invention as piperazine derivatives, although the derivatives are 

not necessarily prepared from piperazine.

There are a number of synthetic techniques in the art that have been 

15 developed for the synthesis of piperazine compounds. A general synthesis that can

be used to produce compounds of formula I involves the conversion of l^-bis^- 

hydroxyethyl)piperazine (or another bis(hydroxyalkyl)piperazine) to a diacyl 

derivative. For example, the commercially available -,4-bis(2-hydroxyethyl)- 

piperazine is Ο,Ο-diacylated using an appropriate acyl halide (or anhydride), then

20 Ν,Ν-diquatemized using methyl iodide or another alkyl iodide to produce a 

cationic lipid. Compounds that are derived from aliphatic alcohols can be 

prepared in the same manner from the tosylated alcohols and l ,4^-^b^j^i^(2^-^hy^dr^oxy- 

ethyl)piperazine. If the appropriate bis(hydroxyalkyl)piperazine for use as a 

starting material is not commercially available, it can be synthesized from

25 piperazine and a protected hydroxyalkyliodide, such as 3-acetyloxypropyliodide 

(which can readily be synthesized from 1,3-propanediol), followed by deprotection 

of the hydroxyl group. Symmetrical piperazine compounds are easily synthesized 

as the principal reaction product using an excess of the various a-kylhalide 

derivatives at the indicated steps. Asymmetrical piperazine compounds can be

30 produced as mixtures using, for example, mixtures of alkyl halides or an excess of 

the piperazine starting material (the latter when only one N-C bond is being 

formed, as in a cation with a single positive charge). The components of the
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mixture can be purified using chromatography or other separation techniques 

(compounds with different charges are easily separated), or the resulting mixture 

can be used without separation.

The cationic lipids of the invention are typically used as carriers for various 

5 biological molecules, such as antibiotics or nucleic acids. In particular, the

cationic lipids can be used alone or combined with other lipids in formulations for 

the preparation of lipid vesicles or liposomes for use in intracellular delivery 

systems. Uses contemplated for the lipids of the invention include transfection 

procedures corresponding to those presently known that use amphiphilic lipids,

10 including those using commercial cationic lipid preparations, such as Lipofectin ™, 

and various other published techniques using conventional cationic lipid technology 

and methods. The cationic lipids of the invention can be used in pharmaceutical 

formulations to deliver therapeutic agents by various routes and to various sites in 

an animal body to achieve a desired therapeutic affect.

15 Because such techniques are generally known in the art, background

information and basic techniques for the preparation of pharmaceutical 

compositions containing lipids will not be repeated at this time. A reader 

unfamiliar with this background information is referred to the publications under 

the heading Relevant Literature above and further to U.S. Patent No. 5,264,618.

20 This last-cited patent describes a number of therapeutic formulations and methods 

in detail, including examples of the use of specific cationic lipids (different 'from 

those described here) that can be followed in detail by substituting the cationic 

lipids of the present invention for those described in the patent. Compositions of 

the present invention will minimally be useable in the manner described in the

25 patent, although operating parameters may need to be modified in order to achieve 

optimum results, using the specific information provided for compounds of the 

invention in this specification along with the knowledge of a person skilled in the 

arts of lipid preparation and use.

The lipids of the present invention have been shown to be particularly

30 useful and advantageous in the transfection of animal cells by genetic material. 

Additionally, since these -compositions are non-toxic even when subjected to host 

enzymatic reactions, the compositions provide a number of advantages in the area
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of low toxicity when compared to previously known cationic lipids. These and 

other advantages of the invention are discussed in detail below. The remainder of 

this discussion is directed principally to selection, production, and use parameters 

for the cationic lipids of the present invention that may not immediately be

5 apparent to one of ordinary skill in the art.

Particularly where it is desirable to target a lipid-DNA complex to a

particular cell or tissue, a lipid mixture used as a carrier can be modified in a 

variety of ways. By a lipid mixture is intended a formulation prepared from the 

cationic amphiphile of the invention, with or without additional agents such as

10 steroids, and includes liposomes, interleaved bilayers of lipid, and the like. 

Steroids, e.g. cholesterol or ergosterol, can be used in combination with the 

cationic amphiphiles when used to prepare mixtures. In some embodiments, the 

lipid mixture will have from 0-67 mole percent steroid, preferably about 33 to 50 

mole percent steroid. A lipid-DNA complex is the composition obtained following

15 combination of DNA and a lipid mixture. Non-lipid material (such as biological 

molecules being delivered to an animal or plant cell or target-specific moieties) 

can be conjugated through a linking group to one or more hydrophobic groups, 

e.g. using alkyl chains containing from about 12 to 20 carbon atoms, either prior 

or subsequent to vesicle formation. Various linking groups can be used for joining

20 the lipid chains to the compound. Functionalities of particular interest include 

thioethers, disulfides, carboxamides, alkylamines, ethers, and the like, used 

individually or in combination. The particular manner of linking the compound to 

a lipid group is not a critical part of this invention, as the literature provides a 

great variety of such methods. Alternatively, some compounds will have

25 hydrophobic regions or domains, which will allow for their association with the 

lipid mixture without covalent linking to one or more lipid groups.

For the most part, the active compounds to be bound to the lipid mixture 

are ligands or receptors capable of binding to some biological molecule of interest 

that is present in the target cell. A ligand can be any compound of interest which

30 can specifically bind to another compound, referred to as a receptor, the ligand 

and receptor forming a complementary pair. The active compounds bound to the 

lipid mixture can vary widely, from small haptens (molecular weights of about 125
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to 2,000) to antigens which will generally have molecular weights of at least about 

6,000 and generally less than about 1 million, more usually less than about 

300,000. Of particular interest are proteinaceous ligands and receptors that have 

specific complementary binding partners on cell surfaces. Illustrative active

5 compounds include chorionic gonadotropin, encephalon, endorphin, luteinizing 

hormone, morphine, epinephrine, interferon, ACTH, and polyiodothyronines and 

fragments of such compounds that retain the ability to bind to the same cell- 

surface binding partners that bind the original (non-fragment) molecules.

The number of targeting molecules (either ligand or receptor) bound to a

10 lipid mixture will vary with the size of the liposome, the size of the molecule, the 

binding affinity of the molecule to the target cell receptor or ligand, and the like. 

Usually, the bound active molecules will be present in the lipid mixture in from 

about 0.05 to 2 mole percent, more usually from about 0.01 to 1 mole percent 

based on the percent of bound molecules to the total number of molecules

15 available in the mixture for binding.

The surface membrane proteins which bind to specific effector molecules

(usually soluble molecules in the external environment of the cell) are referred to 

as receptors. In the present context, receptors include antibodies and 

immunoglobulins since these molecules are found on the surface of certain cells.

20 However, since antibodies are generally used to bind liposomes to receptor

molecules on target cells, the antibodies and immunoglobulins bound to a liposome 

containing a cationic lipid of the invention can also be considered to be ligands.

The immunoglobulins may be monoclonal or polyclonal, preferably monoclonal. 

Usually the immunoglobulins will be IgG and IgM, although the other

25 immunoglobulins may also find use, such as IgA, IgD, and IgE. The intact

immunoglobulins may be used or only fragments thereof, such as Fab, F(ab’)2,Fd, 

or Fv fragments as well as a complete light or heavy chain.

For antibodies used as cell-targeting ligands, antibodies of interest are those 

that bind to surface membrane antigens such as those antigens comprising the

30 major histocompatibility complex, particularly the HLA-A, -B, -C and -D. Other

surface antigens include thy-l,leu-5, and la.
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The cationic amphiphiles are particularly useful as carriers for anionic 

compounds, particularly polyanionic macromolecules such as nucleic acids.

Where the amphiphiles are intended for use in vivo, particularly in vivo in 

humans, or where it is necessary to use the amphiphiles repeatedly, it is important

5 to screen the carriers for those which are metabolized to non-toxic by-products and 

which themselves are not toxic or those which are eliminated from the body 

without degradation. The elimination of such amphiphilic cations from tissues can 

be demonstrated in animal experiments. An animal, such as a mouse, can be 

administered one or more doses of material containing between 0.5 and 10 pmole

10 of the lipid to be tested, complexed with an active component (such as DNA) if 

desired. At various times after administration, the animals re sacrificed, tissues 

taken, total lipids extracted using an appropriate solvent extraction system, and the 

total lipid analyzed for the particular cationic lipid or its partial degradation 

product using, for example, HPLC. Alternatively, the parent compound can be

15 labelled with a radioactive tag, for example tritium exchange, and then utilized to 

follow and identify all radioactive compounds.

The cationic amphiphiles are positively charged, and a tight charge 

complex can be formed between a cationic lipid carrier and a polyanionic nucleic 

acid, resulting in a lipid carrier-nucleic acid complex which can be used directly

20 for systemic delivery to a mammal or mammalian cell. Where delivery is via 

aerosolization, the charge complex will withstand both the forces of nebulization 

and the environment within the lung airways and be capable of transfecting lung 

cells after the aerosolized DNA:lipid carrier complex has been deposited in the 

lung following intranasal or intraoral delivery of the aerosolized complex.

25 To evaluate the efficacy of a particular amphiphilic cation for use as a

nucleic acid carrier in an aerosolization process, as well as to determine the 

optimum concentrations of lipid carrier-nucleic acid complexes, involves a two- 

step process. The first step is to identify lipid carriers and the concentration of 

lipid carrier-nucleic acid complexes that do not aggregate when the components

30 are combined or during the significant agitation of the mixture that occurs during 

the nebulization step. The second step is to identify among those lipids that do not 

aggregate those complexes that provide for a high level of transfection and
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transcription of a gene of interest in target cells in the lung. These techniques are 

described in WO/US PCT/US92/11008 filed December 17, 1992, which disclosure 

is hereby incorporated by reference.

As an example, a reporter gene CAT (which encodes chloramphenicol 

5 acetyltransferase) can be inserted in an expression cassette and used to evaluate

each lipid carrier composition of interest. The DNA:lipid carrier complexes are 

mixed in solutions which do not themselves induce aggregation of the DNA:lipid 

carrier complexes, such as sterile water. The expression cassette (DNA) is mixed 

together with each of the lipid carriers to be tested in multiple different ratios,

10 ranging as an example from 4:1 to 1:10 (micrograms of DNA to nanomoles of 

cationic lipid or total lipid, if a lipid mixture is present). Examination of the 

stability of the resulting mixtures provides information concerning which ratios 

result in aggregation of the DNA:lipid carrier complexes and are therefore not 

useful for use in vivo, and which complexes remain in a form suitable for

15 aerosolization. The ratios which do not result in aggregation are tested in animal 

models to determine which of the DNA:lipid carrier ratios confer the highest level 

of transgene expression in vivo. For example, for aerosol-based transfection, the 

optimal DNA:lipid carrier ratios for lipid mixtures such as N-[l-(2,3-dioleyloxy)- 

propyl]-N,N,N-triethylammonium chloride(DOTMA):dioleoylphosphatidylethanol-

20 amine(DOPE) (the components of this mixture being present in a 1:1 weight ratio) 

and dimethyl dioctadecyl ammonium bromide (DDAB): Cholesterol (1:1) are 1 to 

1. For O-ethyl egg phosphatidylcholine (E-EPC) or especially O-ethyl 

dimyristoylphosphatidylcholine (E-DMPC) in a 1:1 weight ratio with cholesterol, 

the DNA:lipid carrier ratio is preferably in the range of from 1.5:1 to 2:1.

25 If the cationic amphiphile is used for injection, then it need be evaluated

only for whether it is effective for transfection of a target cell.

Particular cells can be targeted by the use of particular cationic lipids for 

preparation of the lipid-mixture carriers, for example, by the use of E-DMPC to 

target lung cells preferentially, or by modifying the amphiphiles to direct them to

30 particular types of cells using site-directing molecules. Thus antibodies or ligands 

for particular receptors may be employed, to target a cell associated with a 

particular surface protein. A particular ligand or antibody can be conjugated to
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the cationic amphiphile in accordance with conventional tei. agues, either by 

conjugating the sitedirectmg molecule to a lipid for incorporation into the lipid 

bilayer or by providing a linking group on a lipid present in the bilayer for linking 

to a functionality of the site-directing compound. Such techniques are well known

5 to those skilled in the art.

The various lipid carrier-nucleic acid complexes wherein the lipid carrier is 

a liposome are prepared using methods well known in the art. Mixing conditions 

can be optimized by visual examination of the resultant lipid-DNA mixture to 

establish that no precipitation occurs. To make the lipid-DNA complexes more

10 visible, the complexes can be stained with a dye which does not itself cause 

aggregation, but which will stain either the DNA or the lipid. For example,

Sudan black (which stains lipid) can be used as an aid to examine the lipid-DNA 

mixture to determine if aggregation has occurred. Particle size also can be studied 

with methods known in the art, including electron microscopy, laser light

15 scattering, Coulter™ counting/sizing, and the like. Standard-size beads can be 

included as markers for determining the size of any liposomes or aggregates that 

form. By "lipid carrier-nucleic acid complex" is meant a nucleic acid sequence as 

described above, generally bound to the surface of a lipid carrier preparation, as 

discussed below. The lipid carrier preparation can also include other substances,

20 such as enzymes necessary for integration, transcription and translation or 

cofactors. Furthermore, the lipid carrier-nucleic acid complex can include 

targeting agents to deliver the complex to particular cell or tissue types.

Generally, the nucleic acid material is added to a suspension of preformed 

liposomes which may be multi-lamellar vesicles (MLVs) or small unilamellar

25 vesicles (SUVs), usually SUVs formed by sonication. The liposomes themselves 

are prepared from a dried lipid film that is resuspended in an appropriate mixing 

solution such as sterile water or an isotonic buffer solution such as lOmM 

Tris/NaCl or 5 % dextrose in sterile water and sonicated to form the liposomes. 

Then the preformed lipid carriers are mixed directly with the DNA.

30 Mixing and preparing of the lipid-DNA complex can be critically affected

by the sequence in which the lipid and DNA are combined. Generally, it is 

preferable (to minimize aggregation) to add the lipid to the DNA at ratios of
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DNA:lipid of up to 1:2 inclusive (microgram DNA:nanomoles cationic lipid). 

Where the ratio of DNAzlipid is 1:4 or higher, better results are generally 

obtained by adding the DNA to the lipid. In either case, mixing should be rapidly 

achieved by shaking or vortexing for small volumes and by use of rapid mixing

5 systems for large volumes. The lipid carrier and DNA form a very stable 

complex due to binding of the negatively charged DNA to the cationic lipid 

carriers. SUVs find use with small nucleic acid fragments as well as with large 

regions of DNA (>250kb).
In preparing the lipid carrier-nucleic acid complex for nebulization, care

10 should be taken to exclude any compounds from the mixing solution which 

promote the formation of aggregates of the lipid carrier-nucleic acid complexes. 

Large particles generally will not be aerosolized by the nebulizer, and even if 
aerosolized would be too large to penetrate beyond the large airways. Aggregation 

of the lipid carrier-nucleic acid complex is prevented by controlling the ratio of
15 DNA to lipid carrier, minimizing the overall concentration of DNAzlipid carrier 

complex in solution, usually less than 5 mg DNA/8 ml solution, and avoiding the 

use of chelating agents such as EDTA and/or significant amounts of salt, either of 
which tends to promote macro-aggregation. The preferred excipient is water, 

dextrose/water or another solution having low or zero ionic strength. Further, the

20 volume should be adjusted to the minimum necessary for deposition in the lungs of 
the host mammal, while at the same time taking care not to make the solution too 

concentrated so that aggregates form. Increasing the volume of the solution is to 

be avoided if possible due to the need to increase the inhalation time for the host 

animal to accommodate the increased volume. In some cases, it may be preferable

25 to lyophilize the lipid carrier-nucleic acid complexes for inhalation. Such 

materials are prepared as complexes as described above, except that a 

cryoprotectant such as mannitol or trehalose is included in the buffer solution 

which is used for preparation of the lipid carrier-DNA complexes. Any glucose 

generally included in such a buffer is preferably omitted. The lipid carrier

30 complex is rapidly freeze-dried following mixing of the lipid and DNA. The 

mixture can be reconstituted with sterile water to yield a composition which is 

ready for administration to a host animal.
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Where the amphiphiles form liposomes, the liposomes may be sized in 

accordance with conventional techniques, depending upon the desired size. In 

some instances, a large liposome injected into the bloodstream of an animal has 

higher affinity for lung cells as compared to liver cells. Therefore, the particular

5 size range may be evaluated in accordance with any intended target tissue by 

administering lipid-nucleic acid complexes of varying particle sizes to a host 

animal and determining the size of particle which provides the desired results.

The cationic amphiphiles complexed with nucleic acid of this invention can 

be administered in a variety of ways to a host, such as intravenously,

10 intramuscularly, subcutaneously, transdermally, topically, intraperitoneally, 

intravascularly, by aerosol, following nebulization, and the like. Normally, the 

amphiphiles will be injected in solution where the concentration of compound 

bound to or entrapped in the liposome will dictate the amount to be administered. 

This amount will vary with the effectiveness of the compound being administered,

15 the required concentration for the desired effect, the number of administrations, 

and the like. In some instances, particularly for aerosol administration, the 

lipid-DNA complexes can be administered in the form of a lyophilized powder.

Upon administration of the amphiphiles, when a targeting moiety is used, 

the amphiphiles preferentially bind to a cell surface factor complementary to the

20 compounds bound to the liposome. If no targeting moiety is bound to the

liposome, then it binds to the cell surface by lipophilic interactions. The liposome 

normally are transferred into the cell by endocytosis.

The cationic amphiphiles find use for complexing with nucleic acid or 

protein for transporting these macromolecules in vivo. The nucleic acid can

25 include DNA, RNA, antisense RNA or other antisense molecules. Cationic 

amphiphiles that form liposomes also find use in drug delivery, where the drug 

can be entrapped within the liposome or bound to the outside.

The following examples are offered by way of illustration and not by way 

of limitation.

30
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EXAMPLES
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Commercially available l,4-bis(2-hydroxyethyl) piperazine was 0,0- 

diacylated using an appropriate acyl chloride, then Ν,Ν-diquatemized using methyl

15 iodide to afford the cationic lipid.

Example: (a) Synthesis of ester 2.

To a solution of 0.5 g (0.00287 mol) of l,4-bis(2-hydroxyethyl)piperazine 

in 100 ml of dichloromethane at O°C were added 1.0 ml (0.0072 mol) of 

triethylamine, then in 10 min with stirring 2.0 ml (0.006 mol) of oleoyl chloride

20 were added. The mixture was stirred at O°C for 30 min, then at room

temperature for 45 min. The resulting solution was washed with 10% citric acid 

(50 mlx2), with a 10% aqueous solution of sodium bicarbonate (50 mlx2), dried 

over MgSO4, filtered, and the filtrate evaporated on rotavapor and the rest was 

chromatographed on silica gel using 2-10% MeOH/CHCl3 to get 1.82 g (90%) of

25 ester 2.

Synthesis of ester 2.

To an emulsion of 1.4 g (0.00199 mol) of ester 2 in 50 ml of MeCN were 

added 2 ml of Mel and the mixture was refluxed for 40 hrs. To the resulting 

suspension was added Et2O (30 ml), and the white precipitate which formed was

30 filtered, washed with Et2O, and dried under vacuum to get 1.57 g (80%) of 

product as a wax.

(b) Transfection using liposomes containing MeBOP. DBPP, and DBQP.

SUBSTITUTE SHEET (RULE 26)
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Liposomes containing MeBOP, DBPP, or DBOP [N-methyl-N,N‘-bis[2- 

(oleoyloxy)ethyl]piperazine, N,N1-dimethyl-N,N1-bis[2-(oleoyloxy)ethyI]piperazine, 

and N,N1-dimethyl-N,N1-bis[2-(palmitoyloxy)ethyl]piperazine, respectively] in a 

1:1 molar ratio with cholesterol were tested as DNA carriers for gene transfer and

5 expression in mice. The plasmid used was pZN51. The methods and plasmids 

used are described in more detail in WO93/24640. The liposomes were in a 

lOmM stock in 5 % dextrose. The liposome:plasmid DNA ratios were screened 

for the presence of aggregation. Ratios from 1:2 to 1:7 (pg plasmid DNA to 

nanomoles cationic lipid) were screened. DNA:liposome ratios that did not

10 produce aggregation were then tested in mice. 1(00 μζ of pZN51 was complexed 

to 500 nanomoles of DDAB: cholesterol liposomes as a positive control and an 

uninjected mouse served as the negative control (N).

ICR female mice (25 g) were used for the in vivo studies. A dose of 100 

/ig plasmid DNA in 0.2 ml 5% dextrose in water was injected by tail vein per

15 mouse.

The lung, heart, liver, kidney and spleen were removed after 24 hours.

Each organ was homogenized in 0.3 ml of 0.25 M Tris-HCl pH 7.8, 5 mM 

EDTA, and the resulting extract was centrifuged and then subjected to 3 cycles of 

freeze-thaw and then treated to 65°C for 20 min. The protein concentration of

20 lung, heart, liver and kidney extracts were quantitated using a ninhydrin-based 

protein assay (Bio-Rad, Berkeley, CA), and same amount of total protein from 

each tissue extract was added in the CAT assay, together with 10 μΐ of 20 mM 

acetyl CoA 4-12 μΐ of 14C-chloramphenicol (25 ^Ci/ml, 55 mCi/mmole,

Amersham)), at 37 °C for 13 hrs.

25 CAT activity was produced by DD AB: CHOL in a 1:5 ratio in each assay

series, indicating a positive result for the assay conditions used.

MeBOP:CHOL liposomes in a 1:2 and 1:6 ratio produced the same levels 

of CAT activity in the lung, heart, liver, kidney and spleen.

DBPP:CHOL liposomes in a 1:3 ratio produced the highest levels of CAT

30 activity in the lung, heart, liver, kidney and spleen.

DBOP:CHOL liposomes in a 1:6 and 1:7 ratio produced the same levels of

CAT activity in the lung, heart, liver, kidney and spleen. The CAT activity was
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similar to that produced by DDAB:CHOL in a 1:5 ratio in these organs except 

lung. The level of CAT activity was lower than that produced by DDAB:CHOL 

at the 1:5 ratio in the lung.

All publications and patent applications mentioned in this specification are 

5 herein incorporated by reference to the same extent as if each individual

publication or patent application was specifically and individually indicated to be 

incorporated by reference.

The invention now being fully described, it will be apparent to one of 

ordinary skill in the art that many changes and modifications can be made thereto

10 without departing from the spirit or scope of the appended claims.
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The Claims defining the invention are as follows:
1. A heterocyclic, amphiphilic cation of the formula

wherein each R independently is a straight-chain, aliphatic hydrocarbyl group of from 5 to 
5 29 carbon atoms inclusive, each Y is -CH2- or -CO-, each R' independently is a lower 

alkyl, each m independently is an integer from 0 to 7 inclusive and n is zero or 1, with
the proviso that the total number of carbon atoms in R and -(CH2)m- is at least 10.

2. The cation of claim 1 wherein n is zero.
3. The cation of claim 1 or claim 2 wherein m is 1.

10 4. The cation of any one of claims 1 to 3 wherein Y is-CO-.
5. The cation of any one of claims 1 to 4 wherein R' is methyl.
6. The cation of any one of claims 1 to 5 wherein R is heptadecyl.
7. .The cation of claim 4 wherein each R and the carbonyl group to which it is 

attached is oleoyl.
15 8. The cation of any one of claims 1 or 3 or 7 wherein n is 1.

9. The compound of any one of claims 1 to 5 or 8 wherein each R is tridecyl.
10. A heterocyclic, amphiphilic cation, substantially as hereinbefore described 

with reference to any one of the Examples.
11. A compound of the formula

[R-Y-O-CHz—(CH2)m
• · · · 20

wherein each R independently is a straight-chain, aliphatic hydrocarbyl group of from 5 to 
29 carbon atoms inclusive, each Y is -CH2- or -CO-, each R' independently is a lower 
alkyl, each m independently is an integer from 0 to 7 inclusive, n is zero or 1 and X is 
one or more anions having a total oxidation state of 1+n, with the proviso that the total

25 number of carbon atoms in R and -(CH2)m- is at least 10.
12. The compound of claim 11 wherein n is zero.
13. The compound of claim 11 or claim 12 wherein X is halide.
14. The compound of any one of claims 11 to 13 wherein R' is methyl or ethyl.
15. The compound of any one of claims 11 to 14 wherein each R is palmitoyl.

30 16. The compound of any one of claims 11 to 15 wherein Y is -CO-.
17. The compound of claim 16 wherein each R and the carbonyl group to which it 

is attached is oleoyl.
18. The compound of any one of claims 11 or 13 to 17 where n is 1.
19. The compound of any one of claims 11 to 14 or 16 to 18 wherein each R is

^5^4^35 heptadecoyl.

[n:\mcr]00125:MER
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20. A substituted piperazine salt, substantially as hereinbefore described with 

reference to any one of the Examples.
21. A method of transforming cells in a mammal in vivo comprising contacting 

said cells with a plurality of complexes comprising an expression cassette and the
5 heterocyclic amphiphilic cation of any one of claims 1 to 10, wherein said cation when 

complexed to a nucleic acid construct and administered in vivo to a mammal provides for 
transformation of cells in one or more tissues of said mammal.

22. A method for transfecting a mammalian cell comprising contacting said cell 
with a complex comprising a transcription cassettes or expression cassette and the

io heterocyclic, amphiphilic cation of any one of claims 1 to 10.

23. The cation of any one of claims 1 to 10, complexed to a nucleic acid.

Dated 13 June, 1996 
Megabios Corporation

Patent Attorneys for the Applicant/Nominated Person
i5 SPRUSON & FERGUSON

• 0 · · • 0 · ·
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