
EP 0 269 720 B1 Description BACKGROUND OF THE INVENTION 5      The present
invention is directed to a method for controlling the transbilayer
distributions of ionizable lipids or ionizable proteins in a vesicle
bilayer. More particularly, the invention describes methods for localizing
ioni- zable lipids or ionizable proteins to either the inner or outer
monolayer of unilamellar vesicles or to that of the outermost bilayer of
multilamellar vesicles (MLV) in response to transmembrane ion gradients.
Liposomes are completely closed lipid bilayer membranes containing an
entrapped aqueous volume. Lipo- 10  somes may be unilamellar vesicles
(possessing a single membrane bilayer) or multilamellarvesicles (onion-like
structures characterized by multiple membrane bilayers, each separated from
the next by an aqueous layer). The bilayer is composed of two lipid
monolayers having a hydrophobic "tail" region and a hydrophilic "head"
region. The structure of the membrane bilayer is such that the hydrophobic
(non-polar) "tails" of the lipid mono- layers orient toward the center of
the bilayer while the hydrophilic (polar) "heads orient towards the aqueous
15  phase. The original liposome preparation of Bangham et al. (J. Mol.
Biol., 13,238-252 1965) involves suspending phospholipids in an organic
solventwhich is then evaporated to dryness leaving a phospholipidfilm on
the reac- tion vessel. Then an appropriate amount of aqueous phase is
added, the mixture is allowed to "swell", and the resulting liposomes which
consist of multilamellar vesicles (MLVs) are dispersed by mechanical means.
This 20  technique provides the basis for the development of the small
sonicated unilamellar vesicles described by Papahadjopoulos et al.
(Biochim. Biophys. Acta. 135   -638 1967), and large unilamellar vesicles.
Large unilamellar vesicles may be produced using an extrusion apparatus by
a method described in Cullis etal., PCT US 87/00238, January16, 1986,
entitled "Extrusion Technique for Producing Unilamellar Vesicles". Vesicles
made by this technique, LUVETS, are extruded under pressures of up to about
700 psi (4.8 MPa) 25  through a polycarbonate membrane filter. These
vesicles may be exposed to atleastonefreeze and thaw cycle prior to the
extrusion technique; this procedure is described in Bally et al.,
WO-A-8700043, January 15,1987, entitled "Multilamellar Uposomes Having
Improved Trapping Efficiencies". Another class of liposomes that may be
used are those characterized as having substantially equal lamellar solute
distribution. This class of liposomes is denominated as stable
plurilamellar vesicles (SPLV) as defined 30  in US-A-4,522,803 to Lenk, et
al., monophasic vesicles as described in US-A-4558,579 to Fountain, et al.,
and frozen and thawed multilamellar vesicles (FATMLV) wherein the vesicles
are exposed to at least one freeze and thaw cycle; this procedure is
described in Bally et al., WO-A-8700043, January 15, 1987, entitled "Mul-
tilamellar Uposomes Having Improved Trapping Efficiencies". A variety of
sterols and their water soluble derivatives have been used to form
liposomes; see specifically 35  Janoffetal., WO-A-8500631, October24,1985,
entitled "Steroidal Liposomes". Mayhewetal., WO-A-8401431, published March
14, 1985, describe a method for reducing the toxicity of drugs by
encapsulating them in lipo- somes comprising alpha-tocopherol and certain
derivates thereof. Also, a variety of tocopherols and theirwater soluble
derivatives have been to form liposomes, see Janoff et al., WO-A-86021 01,
April 23,1987, entitled "Al- pha-Tocopherol-Based Vesicles". 40      The
method for preparing the sterol vesicles involves adding to an aqeous
buffer a salt form of an organic acid derivative of a sterol capable of
forming closed bilayers in an amount sufficient to form completely closed
bilayers which entrap an aqueous compartment. A suspension of multilamellar
vesicles is formed by shaking the mixture. The formation of vesicles is
facilitated if the aqueous buffer also contains the counterion of the salt
in solution. 45      The application of energy to the suspension, e.g.,
sonication, or extrusion of the vesicles through a French pressure cell
(French Press) or through a filter of the appropriate pore size, will
convert the multilamellar sterol vesicles to uniamellar vesicles. The
present invention provides a method for producing vesicles, preferably
unilamellar vesicles, that exhibit transbilayer asymmetry of lipid in
response to a transmembrane pH gradient. Alternatively, MLVs may also be 50
made to exhibit this asymmetry in their outermost bilayer. There is an
ongoing need for liposomes having enhanced pharmacokinetics, sustained
release character- istics, stability and targeting ability. SUMMARY OF THE
INVENTION 55 The present invention describes methods for making liposomes
in which the distribution of an ionizable lipid or protein component can be
controlled between the monolayers of the outer bilayerof the liposomes.
Such distribution may be made to be asymmetric. The liposomes of the
invention have an outer bilayerwhich contains 2  



EP 0 269 720 B1 an ionizable lipid or an ionizable protein in an
asymmetrical distribution between the monolayers of the outer bilayer. The
ionizable lipid may be basic, as an amine such as sphingosine
orstearylamine, or acidic, as in the phospholipids phosphatidylglycerol,
phosphatidylinositol, orcardiolipin, a prostaglandin, or the fatty acids
such as oleic acid or stearic acid. The ionizable protein may be basic.
Several types of liposomes may be used in 5   the practice of the
invention, such as FATMLVs, MPVs, or SPLVs. The liposomes of the invention
may also be exposed to an extrusion technique. Alternatively, the liposomes
may be unilamellar. The liposomes may also contain a bioactive agent, and
the bioactive agent itself may be ionizable. The liposomes may be
administered to mammals such as humans. The liposomes of the invention are
multilamellar or unilamellar. Multilamellar liposomes may be made by 10
any method known in the art and include SPLVs, freeze and thaw MLVs, REVs,
and MPVs. Unilamellar lipo- somes may be formed by a freeze and thaw
technique followed by an extrusion through polycarbonate filters. The
liposomes may contain bioactive agents, such as ionizable drugs. Such
ionizable drugs may themselves be loaded into the liposomes according to an
ion concentration gradient across the bilayer. Alternatively, drugs may
simply be loaded during the aqueous entrapment step of the liposome-forming
procedure. Uposomes of 15  the invention may also be dehydrated for long
term storage in stable form until rehydration and use. The lipo- somes may
be administered to mammals such as humans. BRIEF DESCRIPTION OF THE DRAWING
20      FIGURE 1 is a graph showing the time course for the reaction of
TNBS with vesicles of DOPC containing 10 mol % DOPE. Labelling was
determined by either chromatographic (closed circles) or spectrophotometric
(open circles) methods. FIGURE 2A is a graph showing the labelling of
stearylamine by TNBS in DOPC vesicles where both the interior entrapped
aqueous medium and exterior bathing medium is pH 8.5 25      FIGURE 2B is a
graph showing the influence of a proton gradient across the vesicle bilayer
(interior entrap- ped aqueous medium pH 5.0, exterior bathing medium pH
8.5) on the labelling of stearylamine to TNBS in DOPC vesicles. FIGURE 3A
is a graph showing labelling of sphingosine to TNBS in DOPC vesicles where
both the interior entrapped aqueous medium and exterior bathing medium is
pH 8.5. 30      FIGURE 3B is a graph showing the influence of a proton
gradient across the vesicle bilayer (interior entrap- ped aqueous medium pH
5.0, exterior bathing medium pH 8.5) on the labelling of sphingosine to
TNBS in DOPC vesicles. FIGURE 4A is a graph showing ability of BSA to
extract [err] oleic acid from LUVs when the interiorentrap- ped aqueous
medium is pH 10.0, and the external bathing medium is pH 7.0. The peak
represents vesicles 35  (closed circles) and oleic acid (open circles).
FIGURE 4B is a graph showing ability of BSA to remove [err] oleic acid from
LUVs when both the interior entrapped aqueous medium and the exterior
bathing medium are both at pH 7.0. The peaks represent vesicles (closed
circles) and oleic acid (open circles). 40  DETAILED DESCRIPTION OF THE
INVENTION The following abbreviations will be employed: DOPE -    dioleoyl
phosphatidylethanolamine DOPC -    dioleoyl phosphatidylcholine 45  PE -
phosphatidylethanolamine PS -       phosphatidylserine PC -
phosphatidylcholine SM -       sphingomyelin BSA-       bovine serum
albumin 50  PI -        phosphatidylinositol PG -
phosphatidylglycerol CL -       cardiolipin REV -      reverse phase
evaporation vesicle MPV -      monophasic vesicle 55   MLV -
multilamellar vesicle SUV -      small unilamellar vesicle LUV -      large
unilamellar vesicle LUVET -   large unilamellar vesicles made by extrusion
technique 3 



EP 0 269 720 B1 HEPES -   N-2-hydroxyethyl piperazine-N'-2-ethane sulfonic
acid TNBS -    trinitrobenzene sulphonic acid [err] -
methyltriphenylphosphonium cation TNP-PE -   trinitrophenylated
phosphatidylethanolamine 5      The liposomes of the present invention are
unilamellar vesicles, preferably large unilamellarvesicles. How- ever,
small unilamellar vesicles and multilamellar vesicles may also be used. The
lipids that may be used in the present invention are ionizable lipids.
Ionizable lipids include those which are acidic and basic and may be
deprotonated or protonated, at a pH of between about 2.0 and about 14.0 in
an aqueous environment. Upon protonation or deprotonation, lipids become
charged lipids. Such ionizable 10  lipids include, but are not limited to
phosphatidylglycerol, phosphatidic acid, and their derivatives, the amine-
containing lipids phosphatidylserine, phosphatidylethanolamine and
phosphatidylinositol; stearylamine, sphingosine, cardiolipin, and the fatty
acids. Fatty acids of all chain lengths and degrees of unsaturation may be
used; for example those fatty acids having about 6 to about 22 carbon
atoms, most preferably about 12 to about 18 carbon atoms and having about 0
to about 4 double bonds, most preferably having about 0 to about 15   1
double bond such as stearic acid and oleic acid. Other ionizable lipids
(bilayercomponents) that may be used are the bile acids and prostaglandins.
The prostaglandins include their precursorsubstances arachidonic acid and
its metabolites as well as their structural analogs, and synthetic enzyme
inhibitors. The term prostaglandin also includes synthetic compounds
structurally related to the naturally occurring prostaglandins, as well as
the prostacyclines and leukotrienes. 20      Still other ionizable bilayer
components that may be used are the salt forms of organic acid derivatives
of sterols or tocopherols, preferably cholesterol or tocopherol
hemisuccinates respectively. Neutral lipids, being those that possess no
net charge or are not ionizable at the pH employed, that may be used in the
invention include, but are not limited to phospholipids such as
phosphatidylcholine, dioleoylphosphatidylcholine, sphing- omyelin,
cholesterol, and their derivatives. Non-lipid materials, such as ionizable
proteins (the term "protein" 25  includes peptides or polypeptides) may
also be used. Such proteins (which include peptides and polypeptides) also
include those with substituted amino acids, compared to the naturally
occurring material, in their chains, as well as derivatives, analogs, and
fragments of the proteins. Such proteins include those that are acidic or
basic, and can be protonated or deprotonated. Such proteins include, but
are not limited to, alpha, beta, and gamma interferons, interieukin 2,
intedeukin 1, colony-stimulating factors, tumor necrosis factor, the
histone 30  proteins, and the growth hormones such as bovine growth
hormone, human growth hormone and porcine growth hormone. These proteins
all have ionizable groups and are therefore useful for the practice of the
pre- sent invention. Most preferably used in the present invention are the
proteins oxytocin, vasopressin, arginine vasopressin, calcitonin, and
alpha-atrial natriuritic factor. During preparation of the liposomes,
organic solvents may be used to suspend the lipids. Suitable organic 35
solvents are those with a variety of polarities and dielectric properties,
which solubilize the lipids, and include butare notlimited to chloroform,
methanol, ethanol, dimethylsulfoxide (DMSO), methylenechloride, and solvent
mixtures such as benzene:methanol (70:30). As a result, solutions (mixtures
in which the lipids and other com- ponents are uniformly distributed
throughout) containing the lipids are formed. Solvents are chosen on the
basis of their biocompatability, low toxicity, and solubilization
abilities. 40      Liposomes entrap an aqueous medium which is enclosed by
the lipid bilayers. The aqueous medium can be for example, water or water
containing a dissolved salt or buffer. Examples of such salts or buffers
can be sodium chloride and phosphate buffered saline (PBS). Other buffers
include but are not limited to borate, citrate, Tris-HCI
tris-(hydroxymethyl)- aminomethane hydrocholoride), and HEPES
(N-2-hydroxyethyl piperazine-N'- 2-ethane sulfonic acid). Buffers may be in
the pH range of between about 2.0 and about 14.0. In the preferred 45
embodiment, the preparations are hydrated with HEPES buffer (150 mM NaCl,
20 mM HEPES), pH 7.0, borate buffer (100 mM [err], 50 mM [err], pH 8.5, or
citrate buffer (150 mM Na-citrate), pH 8.5. In a liposome-drug delivery
system, the medicament is entrapped in the liposome and then administered
to the patient to be treated. For example, see Rahman et al.,
US-A-3,993,754; Sears, US-A-4,145,410; Papahadjopoulos etal.,
US-A-4,235,871; Schneider, US-A-4,224,179, Lenk, et al., US-A-4,522,803,
and Foun- 50  tain et al., US-A-4,588,578. Virtually any bioactive agent
can be entrapped within the liposomes for use according to the present
inven- tion. Such agents include but are not limited to antibacterial
compounds such as gentamycin, antiviral com- pounds such as rifampacin,
antifungal compounds such as amphotericin B, anti-parasitic compounds such
as antimony derivatives, antineoplastic compounds such as vinblastine,
vincristine, mitomycin C, doxorubicin, 



55    daunomycin, methotrexate, and cisplatinum, among others, proteins
such as albumin, toxins such as diptheria toxin, enzymes such as catalase,
hormones such as estrogens, neurotransmitters such as acetylcholine, lipop-
roteins such as alpha-lipoprotein, glycoproteins such as hyaluronic acid,
immunoglobulins such as IgG, immunomodulators such as the interderons or
the interleukens, dyes such as Arsenazo III, radiolabels such 4    EP 0 269
720 B1 as [err], radio-opaque compounds such as [err], fluorescent
compounds such as carboxy fluoroscein, polysac- charides such as glycogen,
cell receptor binding molecules such as estrogen receptor protein,
non-steroidal anti-inflammatories such as indomethacin, salicylic acid
acetate, ibuprofen, sulindac, piroxicam, and naproxen; anti- inflammatories
such as dexamethasone, antiglaucomic agents such as timolol or pilocarpine,
anesthetics 5   such as dibucaine, nucleic acids such as thymine,
polynucleotides such as RNA polymers. The liposomes of the present
invention may be dehydrated, thereby enabling storage for extended periods
of time until use. Standard freeze-drying equipment or equivalent apparatus
may be used to dehydrate the lipo- somes. Liposomes may also be dehydrated
simply by placing them under reduced pressure. Alternatively, the liposomes
and their surrounding medium can be frozen in liquid nitrogen prior to
dehydration. Dehydration with 10  priorfreezing may be performed in the
presence of one or more protective sugars in the preparation, according to
the procedures of Janoff et al., WO-A-8601103, February 27,1986, entitled
"Dehydrated Liposomes". Exam- ples of protective sugars that may be used
include but are not limited to trehalose, maltose, sucrose, gluclose,
lactose and dextran. Alternatively, multiamellar vesicles may be dehydrated
with prior freezing with or without protective sugars. When the dehydrated
liposomes are to be used, rehydration is accomplished by simply 15  adding
an aqueous solution, e.g., distilled water, to the liposomes and allowing
them to rehydrate. According to the present invention, vesicles containing
ionizable lipids or ionizable proteins (weak acids or weak bases) are made
in an aqueous environment of controlled pH, then exposed to a bathing
medium of a relatively more acidic or relatively more basic pH. Thus, a
concentration gradient is formed across the mem- - brane with the internal
aqueous (entrapped) medium being of a different pH than that of the
external aqueous 20  (bathing) medium. The phenomenon of transfer of weak
acids or weak bases across an essentially impermeable lipid mem- brane
across which exists a pH gradient proceeds as described by the Henderson
Hasselbach equation. As a result, in a unilamellar vesicle, the charged
lipids will migrate to one monolayer preferentially over the other to
achieve this Henderson-Hasselbach equilibrium constant (Nicholls,
In:Bioenergetics: An Introduction to the 26   Chemiosmotic Theory, Academic
Press, N.Y. 1982) resulting in liposomes having asymmetric bilayers. For
example, when the interior aqueous medium of the vesicles is acidic with
respect to the external aqueous medium, lipids that can be protonated, such
as stearylamine and sphingosine are immediately sequestered into the inner
monolayer. Alternatively, results consistent with a localization of acidic
lipids such as phosphati- dylglycerol (PG), phosphatidylinositol (PI),
cardiolipin, the bile acids, prostaglandins, and the fatty acids oleic 30
acid and stearic acid, to the inner monolayer are observed for vesicles
whose internal aqueous media are basic with respect to the external aqueous
medium. In multilamellar vesicles, the outermost bilayer wil reflect this
asymmetry. More specifically, as applied to liposomes, the distribution of
weak acids and weak bases, including lipids and bioactive agents across the
bilayer membrane is based on their abilities to permeate the membranes when
35  in the neutral form, achieving transmembrane concentrations obeying the
Henderson- Hasselbach equilibrium equation: [err] where [err] refers to a
protonated lipid or bioactive agent such as one containing a protonated
amine; the sub- 40  scripts i and o refer to the interior and exterior of
the vesicle respectively. In the case of amine-containing lipids such as
stearylamine and sphingosine, or basic bioactive agents, their localization
to the membrane results in similar redistributions where the transbilayer
location of the protonated amine reflects the interior and exterior proton
concentration at the membrane interfaces. The ability of pH gradients to
markedly influence the transmembrane distributions of these amine-contain-
45  ing lipids demonstrate that the transmembrane distributions of lipids
which are weak acids, such as some phos- pholipids and fatty acids, are
also strongly dependent on transmembrane pH gradients. Since the neutral
(protonated) form can permeate the membrane, this will result in
transmembrane gradients according to: [err] 50   where [err] refers to the
unprotonated fatty acid. In vesicles exhibiting pH gradients where the
interior is basic, fatty acids therefore move to the interior monolayer. 



Ionizable lipids or proteins are also translocated and ionizable agents
loaded into liposomes according to a [err] concentration gradient. In such
cases, [err] diffusion potentials existing across the membrane allow an
ionized species to go into the membrane in place of a [err] ion that
diffuses out. 55      The method of the invention requires the formation of
liposomes at a controlled pH, including an ionizable lipid or ionizable
protein. For example, such charged lipids may be stearylamine or
sphingosine, or phospholi- pids orfatty acids such as oleic orstearic acid.
The ionizable lipids may be in a proportion of from about 1 mol% 5    EP 0
269 720 B1 to about 50 mol% of the total lipid used to form the liposomes,
preferably 5-10 mol%. The ionizable lipids may be in a proportion of up to
about a 1:1 mol ratio. The labeling agent TNBS may be used to trace the
transbilayer migration of the ionizable lipids. To the hydrated lipids of
choice, following formation of liposomes, was added an aliquot of the
labelling agent TNBS, 5   whose reactivity with amino groups of either
peptides or phospholipids may be quantitated chromatographically or
spectrophotometrically. TNBS-labelled liposomes containing charged lipid
were exposed to bathing media of differing pH than that of the formation
buffer (relatively more acidic or basic). Where the ionizable lipid or
bioactive agent to be translocated is negatively charged, the formation
buffer will be basic, at pH from about 8.0 to about pH 14.0 preferably
about pH 8.0 to about pH 11.0, most preferably about pH 10.0. After
formation, 10  the liposomes are exposed to buffer of more acidic pH, at pH
about 2.0 to about pH 7.5 preferably about pH 2.0 to about pH 6.0, most
preferably about pH 5.0. Alternatively, when the lipid to be translocated
was positively charged, theformation bufferused wasacidic, at pH about 2.0
to about pH 7.5, most preferably pH 5.0. After formation, the liposomes
were exposed to buffer of more basic pH, about pH 7.5 to about pH 14.0,
most preferably about pH 8.0. Such exposure of the liposomes 15  to the
alternate pH buffer may take place either on a gel filtration column, or
directly, by immersion of vesicles directly in the buffer. When the lipid
to be translocated across the bilayer is a phospholipid, such as
phosphatidylclycerol, phos- phatidylinositol, or cardiolipin, the following
procedure is followed. The liposomes are formed, containing the ionizable
phospholipids, by any of the above-mentioned methods in the art for forming
liposomes, preferably 20  unilamellar liposomes, and containing buffer at
pH 8.0, for example, 300mM phosphate buffer. The thus-labeled liposomes
containing the charged (ionizable) lipid were then exposed to bathing media
of differing pH than that of the formation medium. Since the phospholipids
to be translocated are negatively charged, the formation buf- feris basic,
at a pH of about 6.0 to about 10.0, preferably about pH 8.0. After liposome
formation, the liposomes are exposed to buffer of more acidic pH, i.e.,
about pH 3.0 to about 6.0, preferably about pH 4.0. Simultaneous 25  to the
acidification of the medium, the liposome suspension is heated to about
[err] to about [err], preferably [err], for about 10 minutes. When the
suspension is heated to about [err], the suspension is held at that tem-
perature for about 12 hours. The suspension is then cooled to about 25C.
The same procedures used for translocating ionizable lipids can be employed
for ionizable proteins. Pre- ferantial translocation of the charged lipid
to one or the other monolayers was spectrophotometrically detected 30  by
labelling of the amino-containing lipid by TNBS. Alternatively, the
asymmetry may be demonstrated by ion exchange using DEAE sephacel (dextran
2-(diethylamino)ethyl ether) ion exchange (see Example 8). The liposomes of
the present invention may also be remote loaded with ionizable agents
according to thedi- sciosure of Bally et al., WO-A-8601102, February 26,
1986, entitled "Encapsulation of Antineoplastic Agents in Liposomes". In
this procedure, a transmembrane potential is created across the bilayers of
the liposomes 35  during formation, and the ionizable agent is loaded into
the liposomes by means of the transmernbrane poten- tial. This potential is
generated by creating a concentration gradientforone or more charged
species (e.g., [err], [err] and/or [err]) across the liposome membranes.
Alternatively in the present invention, the inner monolayer of the liposome
may already be charged due to transmembrane migration of a ionizable lipid
or ionizable protein to the inner monolayer. Ionizable bioactive agents may
be loaded in response to this charge, while the mem- 40  brane asymmetry of
the liposomes entrapping these agents changes in response to this charge
imposed by the gradient Thus, it is possible to effect both processes
simultaneously i.e.: loading of the liposomes with ioni- zable agent and
inducing asymmetry in the liposomes membrane. Both processes may be
controlled by the pH gradient applied to the liposomes. For each pH unit of
difference applied between the internal and the exter- nal aqueous
solutions, there is a ten-fold difference in the encapsulation of the
ionizable agent (lipid, protein, 45  and drug) (10:1, inside:outside). As
the pH difference increases to two units difference, the inside: outside
con- centration of the ionizable agent increases to 100:1, and so on for
three and more units of pH difference. Ioni- zable lipids or proteins or
entrapped ionizable agents are translocated to the inner monolayer of the
bilayer in 



question (i.e.: the single bilayerof a unilamellar liposomes, or the
outermost bilayer of a multilamellar liposome) in response to this
gradient. 50      The medicaments are administered within liposomes, in
admixture with a pharmaceutically-acceptable car- rier selected with regard
to the intended route of administration and standard pharmaceutical
practice. Dosages for these medicaments when entrapped in liposomes will be
about that of the drugs alone; dosages will be set by the prescribing
physician with regard to the age, weight, and condition of the patient. The
proportional ratio of active ingredient to carrier will naturally depend on
the chemical nature, solubility, and stability of the active 55
ingredient, as well as the dosage contemplated. For the oral mode of
administration, a liposome composition of this invention can be used in the
form of tablets, capsules, lozenges, troches, powders, syrups, elixirs,
aqueous solutions and suspensions, and the like. In the case of tablets,
carriers which can be used include lactose, sodium citrate, and salts of
phosphoric acid. Various disintegrants such as starch, and lubricating 6
EP 0 269 720 B1 agents such as magnesium stearate, sodium lauryl sulfate
and talc, are commonly used in tablets. For oral administration in capsule
form, useful diluents are lactose and high molecular weight polyethylene
glycols. When aqueous suspensions are required fororal use, certain
sweetening and/or flavoring agents can be added. For parenteral
administration or injection via intravenous, intraperitoneal,
intramuscular, subcutaneous, or in- 5   tra-mammary route sterile solutions
of the liposome composition are prepared. For intravenous use, the total
concentration of solutes should be controlled to render the preparation
isotonic. In another example of their use, vesicle-entrapped compounds may
be incorporated into a broad range of topical dosage forms including but
not limited to gels, oils, emulsions and the like. For instance, the
suspension containing the entrapped compound may be added to the aqueous
phase as an ingredient in the liposome pre- 10 paration. Such preparations
may be administered as topical creams, pastes, ointments, gels, lotions and
the like for direct application. Alternatively, the liposomes of the
present invention may be used as in vitro diagnostic agents. The following
examples are given for purposes of illustration only and not by way of
limitation on the scope of the invention. 15 MATERIAL AND METHODS LIPIDS 20
Phosphatidylglycerol, dioleoylphosphatidylcholine (DOPC) and
dioleoylphosphatidyl- ethanolamine (DOPE) were purchased from Avanti Polar
Upids (Birmingham, AL). [err]-labelled DOPE was prepared from DOPC and
[err] ethanolamine (both obtained from New England Nuclear (NEN), Boston,
MA) using phospholi- pase D to exchange the choline head group for
ethanolamine. The resulting [err]-labelled DOPE was purified on CM
cellulose (carboxy methylcellulose). Cholesterol, stearylamine,
sphingosine, stearic acid and oleic acid 25  were obtained from Sigma (St.
Louis) and used without further purification. [err]-dipalmitoyl
phosphatidylcholine ([err]-DPPC), [err]-oleic acid and [err]-stearic acid
were also purchased from NEN. EXAMPLE 1 30   Preparation of Vesicles Large
unilamellar vesicles were prepared by extrusion techniques as in Hopeetal.,
Biochim. Boophys.Acta, 812, p.55-65 (1985). The extrusion device was
obtained from Lipex Biomembranes Inc., Vancouver, Canada.
Forchromatographic analysis following chemical labelling studies, DOPC and
10 mol% [err]-DOPE were mixed 35  in chloroform and dried to a film under
vacuum. Buffer (150 mM NaCl, 20 mM HEPES, pH 7.0) was added to the dried
film to give a liposomal suspension of 10 [err] phospholipid/ml. The
liposomes were then freeze- thawed five times employing alternate liquid
nitrogen and warm water cycles as described in Bally et al., WO- A-8700043,
entitled "Multilamellar Liposomes Having Improved Trapping Efficiencies".
The vesicles were subsequently extruded ten times through two stacked 0.1
um pore size polycarbonate filters (Nuclepore) as 40  described by Cullis
et al., WO-A-8600238, entitled Extrusion Technique for Producing
Unilamellar Vesicles". The resulting LUVs exhibited an average diameter of
100 nm (as determined by light scattering techniques) and a trapped volume
of approximately 1.5 [err]/umol phospholipid. TEST PROCEDURE 45
Chromatographic Assay for TNBS Labelling of PE DOPC and DOPE (1:9 mol ratio
containing trace amounts of [err]-DOPE) were mixed in chloroform and LUVs
prepared as described in Example 1. Two [err] of the vesicle suspension
(200 [err]) were added to 800 



50   [err] of 0.5 mM Trinitrobenzene sulphonic acid (TNBS) (Sigma) in 100
mM sodium bicarbonate [err], 50 mM hydrogen borate [err], pH 8.5. The
mixture was incubated at room temperature for 30 minutes and 20 [err] of 20
mM ethanolamine were added (to quench the TNBS reaction) with mixing. After
1 minute, 200 [err] of IM HCl were added, the mixture was vortexed and left
to stand for approximately 2 minutes. Lipid was extracted from the aqueous
mixture employing the Bligh and Dyer extraction procedure (Kates, M., In:
Techniques in Lipidol- 55    ogy: Isolation, Analysis and Identification of
Lipids, Elsevier, N.Y. 1972). The resulting chloroform extract was dried
under nitrogen and resuspended in 50 [err] of chloroform. The total extract
was applied to pre-coated silica gel 60 thin layer chromatography plates
(20 cm X 20 cm) and subsequently developed in a running solvent consisting
of chloroform/methanol/27% ammonia solution/water (900:300:57:53, v/v).
When the chromatogram 7    EP 0 269 720 B1 was complete, the plates were
dried and sprayed with a solution of 0.2% Ninhydrin in saturated butanol.
The glass plates were developed by heating until the distinct pink spots of
amino containing lipid could be seen. The trintrophenylated
phosphatidylethanolamine (TNP-PE) was visible as a yellow spot near the
solvent front. PE and TNP-PE were well separated and the silica gel
containing the two lipids was aspirated directly into 4 5   ml of
chloroform/methanol/water (60:40:10, v/v). After vortexing, the silica was
pelleted by centrifugation at 500 g for 2 minutes, and the solvent decanted
into 20 ml scintillation vials. The silica pellet was extracted once more
and the combined solvent dried under nitrogen at [err]. The activity of
each sample was determined employing a Packard 2000CA scintillation
analyzer (United Technologies, California). This procedure established the
vali- dity of the TNBS labelling procedures for assaying transmembrane
distributions of lipids containing primary 10  amino groups in large
unilamellar vesicle systems. Fifty percent of the PE in DOPE:DOPC (1:9 mol
ratio) LUVs in the absence of pH gradients were labelled employing this
chromatographic assay procedure. As shown in FIG. 1, the TNBS-PE reaction
was essentially complete within 10 minutes and proceeds to an equilibrium
value of 52 +/- 4%, consistent with an equilibrium transmembrane
distribution of PE. 15  EXAMPLE 2 Spectrophotometric Assay for TNBS
Labelling DOPC was mixed in chloroform with 10 mol% DOPE, and dried under
vacuum. The lipids were resuspen- 20  ded in buffer to a concentration of
20 [err]/ml at pH 8.5 (100 mM [err], 50 mM [err]). The vesicles were
produced as in Example 1 and were passed down gel filtration columns (15 X
1.5 cm) containing Sephadex G50 (Pharmacia or sigma) equilibrated with 100
mM [err], 50 mM [err] at pH 8.5. A double beam spectrophotometer(Pye Unicam
SP8-500, Philips) was employed to follow the TNBS labelling of available
prim- ary amine groups on the vesicles. A reference cuvette containing 2.5
ml of buffer (pH 8.5) was placed in the 25  reference beam. The sample
cuvette contained 2.5 ml of buffer (pH 8.5) containing 0.5 mM TNBS.
Absorbance at 420 nm was followed to establish a base line and subsequently
0.1 to 0.5 ml aliquots of vesicles were added to each cuvette. The increase
in absorbance at 420 nm was recorded until the reaction was complete. Two
hundred [err] of Triton X-100 detergent (0.5%) was added to both cuvettes
to solubilize the vesicles and thus exp- ose all amino groups present to
TNBS. The absorbance in the presence of detergent was taken as 100% label-
30  ling. The above procedure was repeated for lipids resuspended in buffer
of pH 5.0 (150 mM sodium-citrate). FIG. 1 shows the time course for the
vesicle-TNBS reaction where the DOPC vesicles contain 10 mol% DOPE, as
determined spectrophotometrically. 35  EXAMPLE 3 The materials and
procedures of Example 1 were employed using DOPC-stearylamine (5 mol%)
vesicles. FIG. 2A shows the TNBS labelling of stearylamine proceeding to
completion as assayed spectrophotomet- rically (see Example 1), when the pH
of the entrapped aqueous solution and the bathing medium were both 40  pH
8.5. This demonstrates the rapid redistribution of inner monolayer
stearylamine to the outer monolayer as the outer monolayer stearylamine is
depleted on reaction with TNBS. FIG. 2B shows labelling in the presence of
a pH gradient, (entrapped aqueous solution pH 5.0, bathing medium pH 8.5).
No labelling of stearylamine could be detected within 10 minutes.
Subsequent addition of 200 [err] of Triton X-100 detergent (TX-1 00) to
solubilize the vesicles resulted in complete labelling within 20 seconds.
45  These results are consistent with a localization of stearylamine to the
inner monolayer in response to the pH gradient. EXAMPLE 4 so      The
materials and procedures of Example 3 were employed using DOPC-sphingosine
(5 mol%) vesicles. Figure 3A shows the result of LUVs that do not exhibit a
proton gradient (pH 8.5: both internal and external 



buffer). This demonstrates the rapid redistribution of inner monolayer
sphingosine to the outer monolayer as the outer monolayer sphingosine is
depleted on reaction with TNBS. Figure 3B shows the result of LUVs that
exhibit a proton gradient, pH 5.0 inside and pH 8.5 outside. These 55
results are consistent with a localization of sphingosine to the inner
monolayer in response to the pH gradient. EXAMPLE 5 8    EP 0 269 720 B1
Analysis of Fatty Acid Distributions DOPC was mixed with 10 molM
[err]-oleic acid and trace amounts of [err]-DPPC, in chloroform. The
mixture was dried under vacuum and the lipid resuspended in 150 mM NaCl, 20
mM HEPES at pH 7.0. The liposomes 5   were freeze-thawed and vesicles
produced as in Example 1. The vesicles were passed down Sephadex G50
columns pre-equilibrated with 150 mM NaCl, 20 mM HEPES at pH 7.0. Two
hundred [err] of a solution of fat-free bovine serum albumin (BSA), (Sigma)
was added to 1 ml of the resulting vesicle preparation to give a final pro-
tein concentration of 5 mg/ml. The vesicle-albumin mixture was applied to a
15 X 1.5 cm column containing Sepaharose 4B gel (Pharmacia)
pre-equilibrated in buffer at pH 7.0. Fractions (0.5 ml) were collected,
trans- 10  ferred to scintillation vials and activities determined using a
[err] dual label program employing the Packard 2000CA scintillation
analyzer. The above procedures were repeated, resuspending the dried lipid
in 150 mM [err] at pH 10. FIG. 4A shows removal of only a small amount of
oleic acid by BSA when a transmembrane pH gradient (entrapped aqueous
medium pH 10.0, exterior bathing medium pH 7.0) is present. 15     FIG. 4B
shows almost complete removal of oleic acid by BSA when both the interior
entrapped medium and the exterior bathing medium are the same (pH 7.0).
This is consistent with a localization of the oleic acid to the inner
monolayer in the presence of a proton gradient (interior basic). EXAMPLE 6
20 The procedures of Example 5 were employed using DOPC mixed with 10 mol%
of [err]-stearic acid and trace amounts of [err]-DPPC, in chloroform.
Results similar to those of Example 4 employing oleic acid, were observed.
25  EXAMPLE 7 Liposomes containing 20 mg/ml EPC and 5 mol% PG (approx. 1.0
mg/ml) were formed according to the procedures of Example 1. The lipid film
was hydrated in 2.0 ml of 300mM phosphate buffer at pH 8.0. The exter- nal
buffer was then changed to pH 4.0 by titration with 6M sulphuric acid or by
gel filtration to exchange the 30  external buffer for 150mM citrate pH
4.0. The liposorne suspension was heated at [err] for 30 minutes and the
first external medium was simultaneously replaced by the more acidic
external medium. Following the 30 minute heating step, the liposome
suspension was cooled to [err]. Results similar to those obtained in
Example 4 employing oleic acid, were observed. Movement of PG to the inner
monolayer was demonstrated by ion exchange chromatography. The ionic 35
strength of the external medium was reduced to approximately 10 mM by gel
filtration prior to passing the lipo- somes through a column of DEAE
sephacel. Liposomes with PG located at the inner monolayer exhibit less
negative surface charge than liposomes with a random distribution of PG.
Consequently liposomes with an asymmetric distribution of PG passed through
the DEAE sephacel column with the void volume. Uposomes that do not exhibit
PG asymmetry bind to the DEAE and are not eluted until the column is washed
with high 40  ionic strength buffer (see Example 8). EXAMPLE 8 The
liposomes of Example 7 (0.5 ml, having 50 [err]/ml phospholipid) were
passed down a gel filtration 45  column (15 X 1.5 cm). Containing Sephadex
G-50 equilibrated with 10 mM HEPES (pH 7.0). The liposomes were added to
DEAE-Sephacel dextran-(drethylamino)ethyl ether) (Pharmacia), the flow rate
adjusted to 1-2 m/min., and 1.0 ml fractions collected. Uposomes bound to
the column material were eluted employing 0.5 M NaCl, 10 mM HEPES at pH
7.0. fractions were counted in a Packard 2000CA scintillation analyzer.
Liposome pH gradients were dissipated employing nigericin and valinomycin
each at a concentration of 1 50  [err]/umol lipid followed by the addition
of 100 mM KCI to a final concentration of 1mM. EXAMPLE 9 The procedures and
materials of Example 3 were employed, and ion exchange chromatography was
used 55  to determine the migration of the lipid to the inner monolayer, as
in Example 8. The liposomes of Example 3 (0.5 ml, having 50 [err]/ml
phospholipid) were passed down a gel filtration 



column (10 X 1.5 cm.) containing Sephadex G-50 equilibrated-with 10 mM
HEPES (pH 7.0). The liposomes were added to CM-Sepharose, CL-6B
(Pharmacia), the flow rate adjusted to 1-2 ml/min., and 1.0 ml fractions 9
EP 0 269 720 B1 collected. Liposomes bound to the column material were
eluted employing 0.5 M NaCl, 10 mM HEPES at pH 8.5. Fractions were counted
in a Packard 2000CA scintillation analyzer. Liposome pH gradients were
dissipated by subjecting the vesicles to to five cycles of freezing and
thawing followed by resizing using the LUVET process. 5 Claims 1. An
asymmetric liposome having an outer bilayer which comprises an ionizable
lipid or an ionizable pro- 10  tein wherein the outer bilayer has an
asymmetric concentration distribution of the ionizable lipid or ionizable
protein within the two monolayers which comprise the outer bilayer, such
liposome having a transmembrane concentration gradient wherein the gradient
is a pH gradient. 2. An asymmetric liposome having an outer bilayer which
comprises an ionizable lipid or an ionizable pro- tein wherein the outer
bilayer has an asymmetric concentration distribution of the ionizable lipid
or ionizable 15  protein within the two monolayers which comprise the outer
bilayer, made by a transmembrane concentration gradient process comprising
the steps of: (a) preparing liposomes having an internal aqueous buffer of
a first pH; and (b) exposing the liposomes of step (a) to an external
aqueous buffer of a second pH, to obtain the asym- metric liposomes. 20
3. The liposomes of claim 1 or 2, wherein the ionizable lipid is basic. 4.
The liposomes of claim 3 wherein the ionizable lipid is an amine. 5. The
liposomes of claim 4 wherein the amine is sphingosine or stearylamine. 6.
The liposomes of claim 1 or 2 wherein the ionizable lipid is acidic. 7. The
liposomes of claim 6 wherein the ionizable lipid is a fatty acid. 25
8. The liposomes of claim 7 wherein the fatty acid is oleic acid or stearic
acid. 9. The liposomes of claim 6 wherein the ionizable lipid is a
phospholipid. 10. The liposomes of claim 6 wherein the ionizable lipid is a
prostaglandin. 11. The liposomes of claim 9 wherein the phospholipid is
phosphatidylglycerol, phosphatidylinositol, or car- diolipin. 30      12.
The liposomes of claim 1 or 2 wherein the ionizable protein is basic. 13.
The liposomes of claim 12 wherein the ionizable protein is oxytocin,
vasopressin, arginine vasopressin, calcitonin, or alpha-atrial natriuritic
factor. 14. The liposomes of claim 13 wherein the liposome's aqueous layers
have equal solute distribution. 15. The liposomes of anyone of claims 1 to
13 wherein the liposomes are unilamellar liposomes. 35     16. The
liposomes of anyone of claims 1 to 15 wherein the liposomes additionally
comprise a bioactive agent. 17. The liposomes of claims 16 wherein the
bioactive agent is an ionizable drug. 18. A method for obtaining asymmetric
liposomes according to anyone of claims 1 to 17 having an outer bilayer
which comprises an ionizable lipid or an ionizable protein wherein the
outer bilayer has an asymmetric 40    distribution of the ionizable lipid
or ionizable protein within the two monolayers which comprise the outer
bilayer, wherein the method comprises the step of: (a) preparing liposomes
with an internal aqueous buffer of between about pH 2.0 and about pH 7.5;
and (b) exposing the liposomes of step (a) to an external aqueous buffer of
between about pH 8.0 and about pH 14.0 to obtain the asymmetric
concentration liposomes. 45      19. A method for obtaining asymmetric
liposomes according to anyone of claims 1 to 17 having an outer bilayer
which comprises an ionizable lipid or an ionizable protein wherein the
outer bilayer has an asymmetric distribution of the ionizable lipid or
ionizable protein within the two monolayers which comprise the outer
bilayer, wherein the method comprises the steps of: (a) preparing liposomes
with an internal aqueous buffer of between about pH 8.0 and about pH 11.0;
and 50     (b) exposing the liposomes of step (a) to an external aqueous
buffer of between about pH 5.0 and about pH 7.5 to obtain the asymmetric
concentration liposomes. 20. A method for obtaining asymmetric liposomes
according to anyone of claims 1 to 17 having an outer bilayer which
comprises an ionizable phospholipid wherein the outer bilayer has an
asymmetric concentration 



distribution of the ionizable phospholipid between the two monolayers which
comprise the outer bilayer, wherein 55  the method comprises the steps of:
(a) preparing liposomes with an internal aqueous buffer having a pH of
between about 6.0 and about 10.0, (b) exposing the liposomes of step (a) to
an external aqueous buffer having a pH of between about pH 3.0 and about
6.0; and 10    EP 0 269 720 B1 collected. Liposomes bound to the column
material were eluted employing 0.5 M NaCl, 10 mM HEPES at pH 8.5. Fractions
were counted in a Packard 2000CA scintillation analyzer. Liposome pH
gradients were dissipated by subjecting the vesicles to to five cycles of
freezing and thawing followed by resizing using the LUVET process. 5 Claims
1. An asymmetric liposome having an outer bilayer which comprises an
ionizable lipid or an ionizable pro- 10  tein wherein the outer bilayer has
an asymmetric concentration distribution of the ionizable lipid or
ionizable protein within the two monolayers which comprise the outer
bilayer, such liposome having a transmembrane concentration gradient
wherein the gradient is a pH gradient. 2. An asymmetric liposome having an
outer bilayer which comprises an ionizable lipid or an ionizable pro- tein
wherein the outer bilayer has an asymmetric concentration distribution of
the ionizable lipid or ionizable 15  protein within the two monolayers
which comprise the outer bilayer, made by a transmembrane concentration
gradient process comprising the steps of: (a) preparing liposomes having an
internal aqueous buffer of a first pH ; and (b) exposing the liposomes of
step (a) to an external aqueous buffer of a second pH, to obtain the asym-
metric liposomes. 20      3. The liposomes of claim 1 or 2, wherein the
ionizable lipid is basic. 4. The liposomes of claim 3 wherein the ionizable
lipid is an amine. 5. The liposomes of claim 4 wherein the amine is
sphingosine or stearylamine. 6. The liposomes of claim 1 or 2 wherein the
ionizable lipid is acidic. 7. The liposomes of claim 6 wherein the
ionizable lipid is a fatty acid. 25      8. The liposomes of claim 7
wherein the fatty acid is oleic acid or stearic acid. 9. The liposomes of
claim 6 wherein the ionizable lipid is a phospholipid. 10. The liposomes of
claim 6 wherein the ionizable lipid is a prostaglandin. 11. The liposomes
of claim 9 wherein the phospholipid is phosphatidylglycerol,
phosphatidylinositol, or car- diolipin. 30      12. The liposomes of claim
1 or 2 wherein the ionizable protein is basic. 13. The liposomes of claim
12 wherein the ionizable protein is oxytocin, vasopressin, arginine
vasopressin, calcitonin, or alpha-atrial natriuritic factor. 14. The
liposomes of claim 13 wherein the liposome's aqueous layers have equal
solute distribution. 15. The liposomes of anyone of claims 1 to 13 wherein
the liposomes are unilamellar liposomes. 35      16. The liposomes of
anyone of claims 1 to 15 wherein the liposomes additionally comprise a
bioactive agent 17. The liposomes of claims 16 wherein the bioactive agent
is an ionizable drug. 18. A method for obtaining asymmetric liposomes
according to anyone of claims 1 to 17 having an outer bilayer which
comprises an ionizable lipid or an ionizable protein wherein the outer
bilayer has an asymmetric 40  distribution of the ionizable lipid or
ionizable protein within the two monolayers which comprise the outer
bilayer, wherein the method comprises the step of: (a) preparing liposomes
with an internal aqueous buffer of between about pH 2.0 and about pH 7.5 ;
and (b) exposing the liposomes of step (a) to an external aqueous buffer of
between about pH 8.0 and about pH 14.0 to obtain the asymmetric
concentration liposomes. 45      19. A method for obtaining asymmetric
liposomes according to anyone of claims 1 to 17 having an outer bilayer
which comprises an ionizable lipid or an ionizable protein wherein the
outer bilayer has an asymmetric distribution of the ionizable lipid or
ionizable protein within the two monolayers which comprise the outer
bilayer, wherein the method comprises the steps of: (a) preparing liposomes
with an internal aqueous buffer of between about pH 8.0 and about pH 11.0 ;
and so     (b) exposing the liposomes of step (a) to an external aqueous
buffer of between about pH 5.0 and about 



pH 7.5 to obtain the asymmetric concentration liposomes. 20. A method for
obtaining asymmetric liposomes according to anyone of claims 1 to 17 having
an outer bilayer which comprises an ionizable phospholipid wherein the
outer bilayer has an asymmetric concentration distribution of the ionizable
phospholipid between the two monolayers which comprise the outer bilayer,
wherein 55  the method comprises the steps of: (a) preparing liposomes with
an internal aqueous buffer having a pH of between about 6.0 and about 10.0,
(b) exposing the liposomes of step (a) to an external aqueous buffer having
a pH of between about pH 3.0 and about 6.0; and 10    (c) heating the
liposomes of step (b) at a temperature of about 30C to about [err] for
about 10 minutes to 12 hours. 21. The method of anyone of claims 19-20
comprising the additional step of extruding the liposomes of step (a). 5
Patentanspriche 1. Asymmetrisches Liposom mit elner AuBeren Doppelschicht,
das ein ionisierbares Lipid oder ein lonisier- to bares Protein enthalt,
worin die Mu1ore Doppelschicht sine asymmetrische Konzentrations-Verteilung
des ioni- sierbaren Upids oder lonisierbaren Proteins innerhalb der beiden
Einfachschichten, welche die auBere Doppelschichtaufbauen, aufweist, wobei
dieses Liposom eonen Transmembran-Konzentrationsgradienten auf- weist, bel
dem der Gradient ein pH-Wert-Gradient ist. 2. Asyrnmetrisches Uposom mit
elner Auteren Doppelschicht, das enthilt ein ionisierbares Upid oder ein
is5  lonisierbares Protein, bei dem die auBere Doppelschicht eine
asymmetrische Konzentrations-Vertelung des ionisierbaren Lipids oder
ionisierbaren Proteins innerhalb derbeiden Einfachschichten, welche die
Augere Dop- pelschicht aufbauen, aufweist, hergestellt nach einem
Transmembran-Konzentrationsgradienten-Verfahren, das die folgenden Stufen
umfalt a) Herstellung von Liposomen mit einem inneren waBrigen Puffer sines
ersten pH-Wertes; und 20      b) Einwirkenlassen elnes AuBeren wfrigen
Puffers miteinem zweiten pH-Wert auf die Uposome derStufe (a), unter
Bildung der asymmetrischen Uposome. 3. Liposome nach Anspruch 1 oder 2,
worin das ionisierbare Upid basisch ist. 4. Uposome nach Anspruch 3, worin
des lonisierbare Upid ein Amin ist. 5. Liposome nach Anspnuch 4, worin das
Amin Sphingosin oder Stearylamin ist. 25      S. Uposome nach Anspruch I
oder 2, worin das ionisierbare Lipid sauer ist. 7. Liposome nach Anspruch
6, worin des ionisierbare Lipid eine Fettsaure ist. 8. Liposome nach
Anspruch 7, worin die Fettsaure O1saure oder Stearinsaure ist. 9. Uposome
nach Anspruch 6, worin das ionisierbare Lipid ein Phospholipid ist. 10.
Liposome nach Anspruch 6, worn des ionisierbare Lipid ein Prostaglandin
ist. 30      11. Uposorne nachAnspruch 9, worin das Phospholipid
Phosphatidylglycerin, PhosphatidylinositoderCar- diolipin ist. 12. Uposome
nach Anspruch I oder 2, worin des lonisierbare Protein basisch ist. 13.
Uposome nach Anspruch 12, worin das ionisierbare Protein Oxytocin,
Vasopressin, Arginin-Vasopres- sin, Calcitonin oder der
Alpha-Atrial-Natriuretica-Faktor let. 35      14. Uposome nach Anspruch 13,
worin die walrigen Schichten des Liposoms eine gleiche Verteilung des
gelosten Materials aufweisen. 15. Liposorne nach einem der AnsprOche 1 bis
13, worin die Liposome unilamellare Liposorne sind. 16. Liposome nach einem
der Ansprnche I bis 15, worin die Liposome zusatzlich bin biologisch
aktives Agens enthalten. 40      17. Liposome nach Anspruch 16, worin des
biologisch aktlive Agens ein ionisierbares Arneirnittel ist. 18. Verfahren
zur Herstellung von asymmetrischen Liposomen nach elnem der Ansprflche I
bis 17 mit einer auBeren Doppelschicht, die ein ionisierbares Lipid oder in
lonisierbares Protein enthalten, worin die auLere Doppelschicht eine
asymmetrische Verteilung des ionisierbaren Lipids oder lonisberbaren
Proteins innerhalb der beiden Einfachschichten, welche die auBore
Doppelschicht aufbauen, aufweist, wobei des Ver- 45  fahren die folgenden
Stufen umfaft: a) Herstellung der Uposome mit einem inneren waBrigen Puffer
mit einem pH-Wert zwischen etwa 2,0 und etwa 7,5; und b) Einwirkenlassen
eines auBeren wABrigen Puffers mit einem pH-Wert zwischen etwa 8,0 und etwa
14,0 



auf die Liposome der Stufe (a) unter Bildung der Liposome mit asymmetischer
Konzentration. 50      19. Verfahren zur Herstellung von asymmetrischen
Liposomen nach einem der Anspruche I bis 17 mit einer Augeren
Doppelschicht, die sin ionisberbares Lipid oder ein ionisierbares Protein
enthalten, worin die auBere Doppelschicht eine asymmetrische Verteilung des
lonisierbaren Lipids oder lonisborbaren Proteins innerhalb der beiden
Einfachschichten, welche die Au Bere Doppelschicht aufbauen, aufweist,
wobel das Ver- fahren die folgenden Stufen umfaBt: 55      a) Herstellung
der Liposome mit elnem inneren waBrigen Puffer mit elnem pH-Wert zwischen
etwa 8,0 und etwa 11,0; und b) Einwirkenlassen eines augeren w~ilIgen
Puffers mit einem pH-Wert zwischen etwa 5,0 und etwa 7,5 auf di Liposome
der Stufe (a) unter Bildung der Liposome mit asymmetrischer Konzentratibn.
11 t 1111|1 l Hill 111111 fl    EP 0 269 720 81 20. Verfahren zur
Herstellung derasymmetrischen Liposome nach einem derAnspruche I bis 17 mit
einer \ 7     au~eren Doppelschicht, die ein ionisierbares Phospholipid
enthalten, worin die augers Doppelschicht sine asymmetrische Verteilung der
Konzentration des ionisierbaren Phospholipids zwischen den beiden Einfach-
schichten, welche die augere Doppelschicht aufbauen, aufweist, wobei das
Verfahren die folgenden Stufen 5   uMfailt a) Herstellung der Liposome mit
einem inneren wIwngen Puffer mit einem pH-Wert zwischen etwa 6,0 und etwa
10,0, b) Einwirkenlassen sines aul~eren wiarigen Puffers mit einem pH-Wert
zwischen etwa 3,0 und etwa 6,0 auf de Liposome der Stufe (a), und 10     c)
Erhitzen der Liposome der Stufe (b) auf eine Temperatur von etwa 30 bis
etwa 600C fur etwa 10 min bis etwa 12 h. 21. Verfahren nach einem der
Anspriche 19 bis 20, das die zusatziiche Stufe Extrudieren der Liposome der
Stufe (a) urnfalt. 15 Revendications 1. Uposome asymetrique presentant une
bicouche exteme qui comprend un lipide lonisable ou une pro- teins
onisable, dans lequel la bicouche externe presente une distribution de
concentration asymetrique du 2o  lipide bonisable ou de la proteine
ionisable en dedans des deux monocouches qui constituent la bicouche
externe, un tel liposome ayant un gradient de concentration
transmembranaire dans lequel le gradient est un gradient de pH. 2. Uposome
asymetrique presentant une bicouche externe qui comprend un lipide
ionisable ou une pro- tMine lonisable, dans Isquel la bicouche externe
presente une distribution de concentration asymetrique du 25  lipide
ionisable ou de la proteins ionisable en dedans des deux monocouches qui
constituent la bicouche exteme, qu'on obtient par un procede A gradient
concentration transmembranaire qui consists: a) A preparer des liposomes
comportant un tampon aqueux interne d'un premier pH ; et b) A exposer les
liposomes du stade a) A un tampon aqueux externe d'un second pH pour
obtenir lesa lipo- somes asymetriques. 30      3. Uposomes selon la
revendication I ou 2, dans lesquels le lipide ionisable est basique. 4.
Liposomes salon la revendication 3, dans lesquels le lipide lonisabie est
une amine. 5. Uposomes selon la revendication 4, dans lesquels I'amine est
la sphyngosine ou la stearylamine. 6. Uposomes selon la revendication I ou
2, dans lesquels le lipide lonisable eat acids. 7. Uposomes selon la
revendication 6, dans lesquels le lipide ionisable eat un acide gras. 35
8. Uposomes selon la revendication 7, dens lesquels I'acide gras eat
l'acide oldique ou l'acide stbadque. 9. Uposomes selon la revendication 6,
dans lesquels le lipide ionisable eat un phosphollpide. 10. Liposomes selon
la revendication 6, dans lesquels le lipide ionisable est une
prostaglandine. 11. Liposomes selon la revendication 9, dans lesquels le
phospholipide est de phosphatidylglychrol, le phosphatidylinositol ou Ia
cardiolipine. 40      12. Uposomes selon la revendication I ou 2, dans
lesquels la proteine ionisable est basique. 13. Uposomes selon la
revendication 12, dans lesquels la proteine lonisable est l'oxytocdne, la
vasopres- sine, rarginine-vasopressine, la calcitonine ou le facteur
alpha-atrial natriuretique. 14. Uposomes selon la revendication 13, dans
lesquels lee couches aqueuses des liposomes possedent une distribution
rhgulibre de solutes. 



is      15. Uposomes sdon l'une quelconque des revendications I A 13, dans
lesquels les liposomes sont des liposomes unilamellaires. 16. Liposomes
selon lune quelconque des revendications 1 A 15, dans lesquels les
liposornes contiennent en outre un agent bioactif 17. Liposornes selon la
revendication 16, dans lesquels I'agent bioactif est un medicament
ionisable. 50      18. Prochd6 pour obtenir des liposomes asymetriques
selon lune queiconque des revendications 1 A 17, presentant une bicouche
exteme qui comprend un lipide ionisable ou une proteine bonisable, dans
lesquels la bicouche externe presente une distribution asymrtfique de
lipides ionisablbs ou de proteines ionisables en dedans des deux
monocouches qui constituent la bicouche exteme, procede qui consists: a) A
preparer des liposomes avec un tampon interne aqueux d'un pH compris entre
environ 2,0 et 7,5 ; et 55      b) A exposer lea liposomes du stade a) A un
tampon aqueux externe d'un pH d'environ 8,0 A 14,0 pour obtenir les
liposomes A concentration asymetrique. 19. Procede pour obtenir des
liposomes asymetriques selon rune quelconque des revendications I A 17,
presentant une bicouche exteme qui comprend un lipide ionisable ou une
proteine ionisable, dans lesquels Ia 12 111111  11111 5
*  C   L   M   S~~~~~~~~~!III  *    EP 0 269 720 B1 bicouche externe
presente une distribution asymetrique des lipides ionisables ou des
protbines lonisables en dedans des deux monocouches qui constituent la
bicouche exteme, proc6de qui consiste: a) preparer des liposomes avec un
tampon aqueux interne d'un pH d'environ 8,0 A 11,0; et b) A exposerles
liposomes du stade a) A un tampon aqueux exteme d'un pH d'environ 5,0 A 7,5
pourobtenir 5      des liposomes A concentration asym6trique. 20. Proc6d6
pour obtenir des liposomes asymetriques selon l'une quelconque des
revendications I A 17, pr6sentant une bicouche exteme qui comprend un
phospholipide ionisable, dans lesquels la bicouche externe pr6sente une
distribution a concentration asymetrique des phospholipides lonisables
entre lea deux monocou- ches qui constituent la bicouche externe, procede
qui consists: 10     a) A preparer des liposomes avec un tampon aqueux
interne ayant un pH d'environ 8,0 A 10,0, b) A exposer les liposomes du
stade a) A un tampon aqueux exteme ayant un pH compris entre environ 3,0 et
environ 6,0; et c) A chauffer les liposomes du stade b) a une temperature
comprise entre environ 30 et 6WC pendant une duree d'environ 10 minutes A
12 heures. 16     21. Procede selon la revendication 19 ou 20, qui comports
le stade supplementaire d'extrusion des lipo- somes du stade a). 20 26 30
35 40 45 50 55 13    


