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UV at 205nm and TLC. The UVat205nm test method utilized herein is
accomplished by high performance Related Pending Applications
liquid chromotagraphy on a silica gel column. The TLC test method as
utilized herein is accomplished by The present application is a
continuation-in-part   5   spotting about a 200 [err] sample of egg
phosphatidyl- of copending application Serial No. 938,563, filed  choline
("EPC") on a silica gel plate (such as HPTLC- December 5, 1986 which is a
continuation-in-part of  HL preadsorbant plate, Analtech, Inc.). UV at
205nm application Serial No. 935,919, filed November 28,  as compared to
TLC tests of identical materials pro- 1986, now abandoned, both of which
are incorporated  duced slightly higher apparent purity for the UV at
herein by reference.                          10  205nm tests. Purities
noted herein will be expressed based Field of the Invention
upon TLC analysis unless otherwise stated. WO-A- 8601714 discloses a
liposome compo- This invention is directed to a mixture of phos-  sition of
phosphatidyl choline and sphingomyelin. pholipids. More particularly, this
invention relates to a   15 discrete range of mixtures of
phosphatidylcholine and  Summary of the Invention sphingomyelin,
substantially absent lysophosphatidyl choline, which are of pharmaceutical
production qual-  The present invention provides lipid compositions ity
directly useful for preparing stable liposomes.  such as claimed in claims
1 or 2 which result in the for- 20   mation of more stable liposomes.
Background of the Invention                           Also provided is a
method for preparing the lipid composition of the present invention
comprising the Liposomes are completely closed lipid bilayer   step of
isolating the lipid composition with a liquid membranes containing  an
entrapped  aqueous        chromatographic column by eluting with a hexane-
volume. Liposomes may be unilamellarvesicles (pos-  25  ethanol-water
gradient such as claimed in claim 10. sessing a single membrane bilayer) or
multilamellar  Further provided are liposomes prepared with the vesicles
(onion-like structures characterized by multi-  novel lipid composition and
said liposomes further pie membrane bilayers, each separated from the next
comprising at least one bioactive agent. by an aqueous layer). The bilayer
is composed of two lipid monolayers having a hydrophobic "tail" region   30
Detailed Description of the Invention and a hydrophilic "head" region. The
structure of the membrane bilayer is such that the hydrophobic (non-     A
convenient process for obtaining the desired polar) "tails" of the lipid
monolayers orient toward the  composition is to begin with egg yolks. With
egg yolks center of the bilayer while the hydrophilic (polar)  the
preferred starting material is frozen egg yolks "heads" orient toward the
aqueous phase. Liposomes   35  although other sources of egg yolks, such as
fresh, are useful for delivering bioactive agents such as  spray-dried,
freeze-dried, evaporation or dessicant drugs to mammals, including humans.
dried egg yolks may also be employed. In another Generally, a principal
ingredient of the lipid  embodiment the starting material is a partially
purified bilayers are phospholipids such as phosphatidyl-
phosphatidylcholine preparation (80% phosphatidyl- choline. The resulting
liposomes are often unstable  40  choline) which is commercially available.
and degrade over time. This instability may make the   In one embodiment
the starting material is frozen pharmaceutical use and commercial
development of    egg yolks, partially thawed. To partially thaw the fro-
liposomal drug delivery systems less attractive     zen egg yolks they are
matitained at about [err] for because of the reduced shelf-life of the
products or  about 16-34 hours so that about 20-50 percent of the the need
to take special care in storing the products.  45  egg yolk has thawed. The
partially thawed egg yolk The analysis of lipid composition may be perfor-
solids are extracted twice with ethanol. These extrac- med by a variety of
methods. Among those methods   tions result primarily in the dehydration of
the egg yolk are high performance liquid chromatography using    solids
with some minor extraction of phospholipid and ultraviolet detection at
205nm ("UV at 205nm"); thin  neutral lipid oil from the egg yolk solids.
The dehyd- layer chromatography of phospholipids using a phos-  50  ration
operation is preferred to prevent formation of a phorus specific assay
based on the zinzadze reagent  two-phase mixture when hexane is used for
further (such as Phospray[err], Supelco Co. ) ("TLC"); high     extraction
of the phospholipids and renders later fil- pressure liquid chromatography
using flame ioni-   tration easier. If spray drying, vacuum drying,
lyophili- zation; and thin layer chromatography using flame   zation, or
other means are used to dry the egg yolks, ionization  (e.g.,  latroscan
(TH-10)[err],  latron  55  these ethanol extraction process steps may be
Laboratories, Inc., Japan). Each method will yield  reduced or eliminated.
Generally the ratio on a vo- results peculiar to the test method. The lipid
compo-  lume-to-weightbasis of ethanol to egg yolksolid is be- sitions of
this invention have been analysed by both  tween about 20:1 and 1:1 for
each extraction, 2    
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between about 2:1 and 1:1. The tempera-  lume-to-volume ratio of ethanol to
hexane is between ture at which the extraction is carried out is generally
about 1:10 and 10:1, preferably between about 4:1 between about 60 and
[err], preferably between about  and 1:1. Each extraction step consists of
(a) addition 40 and [err].                                       of hexane
to the ethanol-water fraction followed by (b) The dehydrated egg yolk
solids obtained follow-   5   addition of an aliquot of water, (c) mixing
of the solu- ing ethanol extraction are extracted one or more times  tion;
(d) phase separation (generally up to about 2 and preferably three times
with a mixture of ethanol  days are required). This separation can be
acceler- and hexane. Each extraction consists of (a) mixing the  ated by
centrifugation or other methods known to enh- egg yolk solids and the
ethanol-hexane mixture fol-  ance phase separation.) and (e) collection of
the lowed by (b) filtration to collect the egg yolk solids.  10  hexane
phase. The three hexane phases are com- Hexane is then removed from the
extract. Conve-    bined and the hexane is removed preferably by niently,
the extract (filtrate) from each extraction is  vacuum distillation, to
yield about a 20% (w/v) phos- subjected to vacuum distillation to evaporate
off the  pholipid solution in hexane. The temperature at which hexane. The
ratio of ethanol to hexane in the ethanol-  this extraction step occurs is
between about -20 and hexane extracting mixture is between about 99.9:1
15  [err], preferably between about 15 and [err], more and 1:99.9 by
volume, preferably between about 1:2  preferably between about 15-[err].
and 2:1. The weight-to-volume ratio of the egg yolk    Because of its
toxicity and adverse effect on lipo- solids to the ethanol-hexane mixture
is between about  some stability, lysophosphatidylcholine is an unwan-
1:200 and 1:0.5, preferably between about 4:1 and  ted component of
phosphatidylcholine compositions. 1:1, more preferably about 2:1. The
temperature at  20   The composition of the present invention has equal to
which this step is carried out is between about [err]  or less than about
0.5%(0.2% UV at 205 nm-thelimit and [err], preferably between about [err]
and [err],  of detection) by weight of lysophosphatidylcholine more
preferably between about [err] and [err]. The   (the limit of detection)
and the method disclosed filtration is carried out by vacuum filtration.
Other  herein results in the separation of the lysophosphati- methods for
the separation of the solids and liquids   25  dylcholine fraction as it
remains mostly in the ethanol known in the art such as pressure filtration,
centrifu-  water phase. "Substantially absent lysophosphatidyl- gation,
filter press, seiving and the like may also be  choline as used herein
shall mean less than about employed.
0.5% lysophosphatidylcholine by weight In order to prevent the formation of
hyd-          The 20% (w/v) phospholipid solution is the start-
roperoxides, peroxides and degradation and coloring   30  ing material for
the liquid chromatographic, preferably of the phosphatidylcholine ("PC")
during preparation  HPLC, separation of lipid composition of the present of
the compositions of the present invention, precau-  invention from the
phospholipid mixture. This material tions can be taken to prevent oxidation
during proces-  is preferably loaded on silica gel chromatographic sing.
For example, an antioxidant such as butylated  medium having a particle
size between about 5 and hydroxyltoluene ("BHT") or alpha-tocopherol can be
35  500 microns, preferably between about 20-40 micron added during the
ethanol-hexane extraction of the  particle silica column. For this
invention, generally egg yolk solids. Thus, BHT at a concentration of about
any silica suitable for chromatography can be 2 mg per liter of solvent can
be employed. Alterna-  employed; for example, porous silica or fused
silica, tively, other procedures to exclude oxygen such as  spherical
silica or irregular shaped silica with small or the use of an inert
atmosphere such as nitrogen can   40  large pores. The mobile phase is a
step gradient of be employed.
hexane-ethanol-water. Generally about 20 liters of The initial ethanol
extracts and the substantially  the mobile phase are required for 0.7
liters of the "hexane-free" ethanol-hexane extracts are then
phospholipid solution using a 5 cm diameter, 50 cm pooled. The ethanol
extracts also contain some water  long column. The volume ratio of the
first solvent which renders the neutral lipids insoluble while the   45
hexane-ethanol-water is chosen so that a single phospholipids remain
soluble. On sitting at about 20-  phase is present and can, for example,
vary from [err], generally for abotu 4-18 hrs., a dense "oil" layer
about 10:90:1  to  100:100:3, preferably about forms under the aqueous
ethanol layer. The phos-   60:130:1 to 60:130:8; and more preferably about
pholipids remain in the ethanol fraction are used as  60:130:6. The neutral
lipid, cholesterol and phos- the feed material for the next process step.
The oil  50  phatidylethanolamine are eluted in this solvent. Fol- layer is
separated and discarded. The oil layer con-  lowing   elution   of  the
cholesterol   and tains primarily neutral lipids and cholesterol thus pro-
phosphatidylethanolamine, the mobile phase is viding substantial
purification of the ethanolic extract.  changed to a solvent containing
more water. The The ethanol fraction is then extracted at least one  volume
ratio of the second solvent hexane-ethanol- and preferably three times with
hexane after addition   55   water is chosen so that a single phase is
present and of water to the ethanol fraction. Thevolume-to-volume  can, for
example, vary from about 100:100:4 to about ratio of water to ethanol is
between about 10:1 and  20:100:10, preferably about 60:130:1 to about 1:10,
preferably between about 1:2 and 1:3. The vo-  60:130:14, and more
preferably about 60:130:12.    5                   EP 0 293 465 B1
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Phosphatidylcholine and sphingomyelin elutes in this  stored as a 20% (w/v)
solution in ethanol. solvent. Approximately 160 gms of the desired lipid
Another process utilizes, as a starting material, a composition product can
be obtained from extraction  phospholipid preparation which is about 80%
phos- of 4 kg of egg yolks. The composition of the product  phatidylcholine
and is commercially available (e.g., can be determined by thin layer
chromatography and   5   Lipoid KG, Ludwigshafen, West Ger.) The 80% phos-
analytical HPLC.                                    phatidylcholine is
employed in the purification in the During the elution with the second
eluant hexane-  20% (w/v) phospholipid in hexane which is loaded
ethanol-water, "tailing" can occur which prevents the  directly onto the
HPLC silica column. Thus in this pro- clean separation of the desired
phosphatidylcholine-  cess the 20% (w/v) of 80% phosphatidylcholine is
sphingomyelin product In order to reduce tailing, trif-  10   what is
applied to the HPLC column. In a preferred luoroacetic acid (TFA) acetic
acid or other organic  process a 4 inch diameter HPLC column is utilized.
acids, or simple ammonium salts such as ammonium       It is a critical
limitation of the instant invention that sulfate or ammonium chloride can
be added to the   the final product is of a lipid composition determined
eluting solvent The concentration of TFA can be be-  to be ideal for high
stability and low toxicity. This tween about [err] and  [err] milliliters
per liter of eluting   15  composition is at least 97% phosphatidylcholine
and solvent, preferably about [err] ml per liter. For the  at least 0.5%
sphingomyelin to 3% sphingomyelin by ammonium salt the concentration can be
between      weight and further that the composition be substan- about
[err] and [err] milligram per liter of eluting sol-  tially absent
lysophosphatidylcholine i.e. less than vent, preferably about [err] mg per
liter.          0,5% by weight More preferably the composition is at The
lipid composition product is collected from   20  least about 1.5%
sphingomyelin and more preferably the HPLC eluting solvent by addition of
water and     at least about 2% sphingomyelin. evaporation of the hexane
layer. The lipid compo-      The production of a material that is in the
exact sition can, for example, be redissolved in ethanol or  mixture for
use in the final product is a particularly effi- ethanol-hexane solutin
such as 5% by volume ethanol  cient method of purification. Previously, to
obtain a in hexane to a final concentration of 10% (w/v) and   25  specific
composition of a desired end product ("phar- stored at 40C in amber
bottles. Of course, any solvent  maceutical production quality") pure
phosphatidyl- generally used for solubilization of lipid can be   choline
would be mixed with other constituents to employed for solubilization of
the lipid composition  yield the desired formulation. All constituents
would product.                                            necessarily be
"over purified" and then combined. The extraction and chromatographic
procedures   30   This expended reagents, time and energy and further of
the present invention can also be applied to soya  unnecessarily raised
costs. By the instant method the and other sources of phosphatidylcholine.
Commer-   desired pharmaceutical production quality material is cially
available lecithin granules (such as those avail-  the output of the
process. able from  American Lecithin or Central Soya)          As to
liposome preparations, the original lipo- generally having about 25 percent
by weight of phos-  35  some preparation of Bangham et al. (J. Mol. Biol.,
13: phatidylcholine are a convenient starting materials.  238-252 (1965))
involves suspending phospholipids The lecithin granules are extracted at
least one, pref-  in an organic solventwhich is then evaporated to dry-
erably about five times with ethanol. Each extraction  ness leaving a
phospholipid film on the reaction ves- consists of addition of 4 volumes
(by weight) of    sel. Then an appropriate amount of aqueous phase is
ethanol to the lecithin granules,mixing, and collection   40  added, the
mixture is allowed to "swell", and the of the extract by filtration. The
ethanol fractions are  resulting liposomes which consist of multilamellar
pooled and filtered. The pooled ethanol fractions are  vesicles (MLVs) are
dispersed by mechanical means. extracted with water and hexane as above.
Approxim-  This technique provides the basis for the develop- ately 200 gms
of phospholipid are obtained when 1 kg  ment of the small sonicated
unilamellar vesicles des- of lecithin granules are extracted.            45
cribed by Papahadjopoulos et al. (Biochim. Biophys. The five hexane
extracts are concentrated, pref-  Acta. 135, 624-638 1967), and large
unilamellar vesi- erably by vacuum distillation, to yield a 20% (w/v) sol-
cles. ution of phospholipid.                                  Large
unilamellar vesicles may be produced The 20% (w/v) phospholipid in hexane
solution is  using an extrusion apparatus by a method described loaded
directly onto the HPLC silica column for sepa-  50  in Cullis et al., U.S.
Patent Application Serial No. ration of phosphatidyl choline. Approximately
160 gm  788,017, filed October 16, 1985 entitled "Extrusion of phosphatidyl
choline (80% recovery) is obtained.  Technique for Producing Unilamellar
Vesicles", relev- The phosphatidylcholine fraction is approximately   ant
portions of which are incorporated herein by refer- 98% pure with the
remainder being sphingomyelin the  ence. Vesicles made by this technique,
LUVETS, are product being substantially free of lysophosphatidyl-  55
extruded under pressures of up to about 700 psi choline. The
phosphatidylcholine-sphingomyelin frac-  through a polycarbonate membrane
filter. These vesi- tion is concentrated by vacuum  distillation. The
cles may be exposed to at least one freeze and thaw resulting
phosphatidylcholine-sphingomyelin can be  cycle prior to the extrusion
technique; this procedure 4    7                   EP 0 293 465 B1
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is described in Bally et al., U.S. Patent Application  solved saltorbuffer.
Examplesof such salts orbuffers Serial No. 800,545, filed November21, 1985,
entitled  can be sodium chloride and phosphate buffered "Multilamellar
Liposomes Having Improved Trapping  saline (PBS). Other buffers include but
are not limited Efficiencies", relevant portions of which are incorpo-  to
borate, citrate, Tris-HCl (Tris-(hydroxymethyl)-ami- rated herein by
reference.                     5   nomethane hydrochloride), and HEPES
(N-2-hyd- Other techniques that are used to prepare vesi-  roxyethyl
piperazine-[err]-2-ethane sulfonic acid). cles include those that form
reverse-phase evapor-  Buffers may be in the pH range of between about 2.0
ation vesicles (REV), Papahadjopoulos et al., U.S.  and about 14.0. In the
preferred embodiment, the pre- Patent No. 4,235,871, stable plurilamellar
vesicles  parations are hydrated with HEPES buffer (150 mM (SPLV), Lenk et
al., U.S. Patent No. 4,522,803 and   10   NaCl, 20 mM HEPES), pH 7.0,
borate buffer (100 mM incorporated herein by reference, monophasic vesi-
Na2HCO3, 50mM [err], pH 8.5, or citrate buffer (150 cles, (MPV) Fountain et
al., U.S. Patent No.4,588,578  MM Na-citrate), pH 8.5. and incorporated
herein by reference, and freeze and   In a liposome-drug delivery system,
the medica- thaw multilamellar vesicles (FATMLV), Bally et al.,  ment is
entrapped in the liposome and then adminis- U.S PatentApplication Serial
No. 752,423 filed July 5,  15  tered to the patent to be treated. For
example, see 1985, and U.S. Patent Application Serial No. 800,545,  Rahman
et al., U.S. Patent No. 3,993,754; Sears, filed November 21, 1985, both of
which are incorpo-  U.S. Patent No. 4,145,410; Papahadjopoulos et al.,
rated herein by reference, and vesicles that have  U.S. Patent No.
4,235,871; Schneider, U.S. Patent equal distribution of solute, Lenk et
al., U.S. Patent  No. 4,224,179, Lenk, et al., U.S. Patent No. Application
Serial No. 660,573, filed October 12,  20  4,522,803, and Fountain et al.,
U.S. Patent No. 1984, incorporated herein by reference.
4,588,578. A variety of sterols and their water soluble deriva-  Virtually
any bioactive agent can be entrapped tives have been used to form
liposomes; see specifi-  within the liposomes for use according to the
present callyJanoff etal., U.S. Application Serial No. 773,429,  invention.
Such agents include but are not limited to filed September 10, 1985
entitled "Steroidal Lipo-  25  antibacterial compounds such as gentamicin,
antiviral somes". Mayhew et al., WO 85100968, published      compounds such
as rifampacin, antifungal com- March 14, 1985, describe a method for
reducing the  pounds such as amphotericin B, anti-parasitic com- toxicity
of drugs by encapsulating them in liposomes  pounds such as antimony
derivatives, antineoplastic comprising alpha-tocopherol and certain
derivatives  compounds such as vinblastine, vincristine, mitomy- thereof.
Also, a variety of tocopherols and their water  30  cin C, doxorubicin,
daunomycin, methotrextate, and soluble derivatives have been used to form
lipo-   cisplatin, among others, proteins such as albumin, somes, see
Janoff et al., Serial No. 786,740, filed  toxins such as diptheria toxin,
enzymes such as catal- October 15, 1986 entitled "Alpha-Tocopherol-Based
ase, hormones such as estrogens, neurotransmitters Vesicles" and
incorporated herein by reference.    such as acetylcholine, lipoproteins
such as alpha- The method for preparing the sterol vesicles  35
lipoprotein, glycoproteins such as hyaluronic acid, involves adding to an
aqueous buffer a salt form of an  immunoglobulins such as lgG,
immunodulators such organic acid derivative of a sterol capable of forming
as the interferons or the interleukins, dyes such as closed bilayers in an
amount sufficient to form com-  Arsenazo III, radiolabels such as 14C,
radio-opaque pletely closed bilayers which entrap an aqueous com-
compounds such as [err], fluorescent compounds partment. A suspension of
multilamellar vesicles is  40  such as carboxyfluoroscein, polysaccharides
such as formed by shaking the mixture. The formation of vesi-  glycogen,
cell receptor binding molecules such as cles is facilitated if the aqueous
buffer also contains  estrogen receptor protein, non-steroidal anti-inflam-
the counterion of the salt in solution.            matories such as
indomethacin, salicylic acid acetate, The application of energy to the
suspension, e.g.,  ibuprofen, sulindac, piroxicam, and naproxen; anti-
sonication, or extrusion of the vesicles through a   45  inflammatories
such as dexamethasone, antig- French pressure cell (French Press) or
through a por-  laucomic agents such as timolol or pilocarpine, ous filter
of the appropriate pore size, will convert the  anesthetics such as
dibucaine, nudeleic acids such as multilamellar sterol vesicles to
unilamellar vesicles.  thymine, polynucleotides such as RNA polymers. The
liposomes prepared using the lipids of the     The liposomes may be
dehydrated, thereby present invention can be multilamellar or unilamellar.
50  enabling storage for extended periods of time until Multilamellar
liposomes may be made by any method  use. Standard freeze-drying equipment
or equivalent known in the art and include SPLVs, freeze and thaw
apparatus may be used to dehydrate the liposomes. MLVs, REVs and MPVs.
Unilamellar liposomes may     Liposomes may also be dehydrated simply by
placing be formed by a freeze and thaw technique followed by  them under
reduced pressure. Alternatively, the lipo- an extrusion through
polycarbonate filters.   55  somes and their surrounding medium can be
frozen Uposomes entrap an aqueous medium which is     in liquid nitrogen
prior to dehydration. Dehydration enclosed by the lipid bilayers. The
aqueous medium  with prior freezing may be performed in the presence can be
for example, water or water containing a dis-  of one or more protective
sugars in the preparation, 5    9                   EP 0 293 465 B1
10 



according to the process of Janoff et al., U.S. Appli-  ethanol. The
filtrates were pooled (16.7 Litres total cation Serial No.759,419, filed
July 26, 1985, entitled  volume) and the filter cake was extracted three
more "Dehydrated Liposomes", relevant portions of which  times at 38C with
solutions of hexane-ethanol con- are incorporated herein by reference.
Examples of   sisting first of 3 litres of ethanol and 4 litres of hexane,
protective sugars that may be used include but are not   5   second of 2
litres of ethanol and 4 litres of hexane and limited to trehalose, maltose,
sucrose, glucose, lac-  finally with 1.5 litres of ethanol and 3.5 litres
of tose and dextran. Alternatively, multilamellar vesicles  hexane. The
hexane-ethanol egg extracts were may be dehydrated with prior freezing
without protec-  pooled (16.7 litres) and the hexane was evaporated in tive
sugars. When the dehydrated liposomes are to be  a rotoevaporator at [err]
with a vacuum of 100 mil- used, rehydration is accomplished by simply
adding   10  limeters of mercury. The residual ethanolic egg ext- an
aqueous solution, e.g., distilled water, to the lipo-  ract was pooled with
the aqueous ethanol first two somes and allowing them to rehydrate.
pooled extracts (total 18 litres) and the resulting mixt- The medicaments
are administered within lipo-   ure was left to settle for2 days. The
neutral lipids, trig- somes, in admixture with a pharmaceutically-accept-
lycerides and cholesterol and some orange pigments able carrier selected
with regard to the intended route  15  oiled out of solution and were
separated. The super- of administration and standard pharmaceutical prac-
natant ethanol-water (16.3 litres) was extracted with tice. Dosages for
these medicaments when entrap-    2 litres of hexane and 3 litres of water
In order to make ped in liposomes will generally be about that of the  the
ratio about 2.5:1 ethanol:water. The extracted sol- drugs alone; dosages
will be set by the prescribing  vent mixture was stirred and allowed to
separate until physician with regard to the age, weight and condition   20
the ethanol water phase is cleared. The hexane of the patient. The
proportional ratio of active ingred-  phase is removed, kept and the
aqueous ethanolic ient to carrier will naturally depend on the chemical
phase was reextracted two more times with 2 litres of nature, solubility
and stability of the active ingredient,  hexane and 1 litre of water each.
The three hexane as well as the dosage contemplated. For the oral
extracts were pooled and the hexane evaporated until mode of
administration, a liposome composition of  25   a 20% weight to volume
solution of phospholipid was this invention can be used in the form of
tablets, car-  obtained. The 20% solution consisted of 70% phos- riers
which can be used include lactose, sodium     phatides and 30% neutral
lipid. 4 L of 20% solution citrate, and salts of phosphoric acid. Various
disinteg-  (i.e., 800 g of phosphatides) was obtained. rants such as
starch, and lubricating agents such as   650 mL of 20% hexane solution of
phosphatides magnesium stearate, sodium lauryl sulfate and talc,  30   was
loaded onto a silica gel column (5 cm X 50 cm) are commonly used in
tablets. For oral administration  with 490 g of silica, 25-40 micron in
size with 60 ang- in capsule form, useful diluents are lactose and high
strom  pores (YMC-GEL, SIL60, 350/500 mesh, molecular weight polyethylene
glycols. When       Yamamaura Chemical Laboratory Co., Japan). The aqueous
suspensions are required for oral use, cer-  neutral lipids and
phosphatidyl ethanolamine were tain sweetening and/or flavoring agents can
be   35  eluted with 5 litres of solvent consisting of added. For
parenteral administration or inhection via  hexane:ethanol:water 60:130:6
by volume pumped at intravenous, intraperitoneal, intramuscular, sub-  60
mL/minute. This is collected as the first fraction. cutaneous, or
intra-mammary route, sterile solutions  The desired product was eluted with
18 L of solvent of the liposome composition are prepared. For       B
consisting of hexane:ethanol:water 60:130:12 v/v/v intravenous use, the
total concentration of solutes  40  pumped at 80 mL/minute. The eluant
between A and should be controlled to render the preparation iso-  B
solvent is taken in 5x400 mL fractions. The remain- tonic.
ing is collected as the desired product. All the frac- In another example
of their use, vesicle-entrap-  tions were analyzed by TLC and those judged
clear of ped compounds may be incorporated into a broad
phosphatidylethanolamine, in this case the last 3 of range of topical
dosage forms including but not limited   45  the 400 mL fractions and the
large final fraction were to gels, oils, emulsions and the like. For
instance, the  pooled and three litres of water was added in order to
suspension containing the entrapped compound may    make the ratio of
ethanol to water at 2.5:1. The be added to the aqueous phase as an
ingredient in the  hexane phase was removed from the ethanol-water liposome
preparation. Such preparations may be      phase and saved. The
ethanol-water phase was ext- administered as topical creams, pastes,
ointments,  so  racted twice more with two litres of hexane and two gels,
lotions and the like for direct application.  and three more litres of
water, respectively. The com- bined hexane extracts were pooled and
evaporated to Example 1                                          a 10%
solution. Yield: 65 g of equal to or greater than 97% (98% UV at 205nm)
pure phosphatidylcholine Preparation from Egg Yolk                     55
with equal to or less than about 3% (1.9% UV at 205nm) to at least 0.5%
sphingomyelin, equal to or Partially thawed egg yolks (7.3 kilograms) were
less than 0.5% (0.2% UV at205nm) lysophosphatidyl- extracted two times with
9L each time of absolute  choline, no phosphatidylethanolamine and no
choles- 6    11             EP 0 293 465 B1                12 



terol or other neutral lipids.                       4. The liposome of
claim 3 further comprising at least one bioactive agent. Example 2
5. A composition according to claim 2 comprising at least 2 %
sphingomyelin. Preparation from 80% Phosphatidylcholine     5       6. A
liposome comprising the composition of claim 5. The preparation using
commercially available      7. The liposome of claim 6 further comprising
at phospholipid of at least 80% phosphatidylcholine  least one bioactive
agent. (Lipoid KG) used the procedure of Example 1 at the   8. A liposome
comprising the composition of point where three hexane extracts were pooled
and  10  claim 1. the hexane evaporated until a 20% weight to volume   9.
The liposome of claim 8 further comprising a solution of phospholipid was
obtained. Instead of the  least one bioactive agent. 20% solution
consisting of 70% phosphatides and      10. A method for the preparation of
a composition 30% neutral lipid the 80% phosphatidylcholine ma-  of
pharmaceutical production quality, said compo- terial (in this batch,
81.2%) was substituted.  15  sition comprising 97 percent or greater by
weight 5,000 mL of 20% solution of the 80% phosphati-  phosphatidylcholine,
and from 3 percent or less by dylcholine in hexane was loaded onto a silica
gel col-  weight sphingomyelin to at least 0,5 % by weight umn (4 in. X 48
in.) filled with silica, 20 micron in size  sphingomyelin and less than
0,5%  by weight with 60 angstrom pores (Separations Technology
lysophosphatidylcholine, said method comprising the Inc., Wakefield, R.I.).
The neutral lipids and phos-  20  step of isolating the composition with a
liquid phatidyl ethanolamine were eluted with 30 litres of sol-
chromatographic silica column, by eluting with a gra- vent consisting of
hexane:ethanol:water 60:130:6 by  dient of a hexane-ethanol-water mixture.
volume pumped at 350mL/minute. This is collected as the first fraction. The
desired product was eluted with  Claims for the following Contracting
State: 102L of solvent B consisting of hexane:ethanol:water  25  AT
60:130:12 by volume pumped at 350mL/minute. 4L fractions were then
collected for analysis. All the frac-  1. A method for the preparation of a
composition tions were analyzed by TLC and thosejudged clearof  of
pharmaceutical production quality, said compo- phosphatidylethanolamine, in
this case the last 96L  sition comprising 97 percent or greater by weight
were clear. 16L portions were placed in a 22L sepa-  30
phosphatidylcholine, and from 3 percent or less by ration funnel and 4L of
water was added :n order to  weight sphingomyelin to at least 0,5 % by
weight make the ratio of ethanol to water at 2.5:1 (v/v). The
sphingomyelin and less than 0,5 % by weight hexane phase was removed from
the ethanol-water  lysophosphatidylcholine, said method comprising the
phase and saved. The ethanol-water phase was ext-  step of isolating the
composition with a liquid racted once more with four litres of hexane. The
com-  35  chromatographic silica column, by eluting with a gra- bined
hexane extracts were pooled and evaporated to  dient of a
hexane-ethanol-water mixture. dryness. Yield: 195g of equal to or greater
than 97%  2. A method according to claim 1 having from 3 (98% UV at 205nm)
pure phosphatidylcholine with   percent to 1,5 % (UV at 205 nm) by weight
of sphing- equal to or less than 3% (1.9% UV at 205nm) to at  omyelin.
least 0.5% sphingomyelin, equal to or less than 0.5%   40  3. A method
according to claim 2 , the compo- (0.2%  UV at 205nm)
lysophosphatidylcholine, no   sition comprising at least 2 % sphingomyelin.
phosphatidylethanolamine and no cholesterol or       4. A method for
preparing a liposome comprising other neutral lipids.
the method of claims 1, 2 or 3. 5. The method of claim 4, the liposome
further 45  comprising at least one bioactive agent. Claims 1. A
pharmaceutical production quality lipid  Patentanspriche composition
comprising 97 percent or greater by weight phosphatidylcholine, and from 3
percent or  so  1. Lipid-Zusammensetzung von pharnazeuti- less by weight
sphingomyelin to at least 0,5 % by  scher Produktions-QualitAt, die enthilt
97 Gew.-% weight sphingomyelin and less than 0,5 % by weight  oder mehr
Phosphatidylcholin und 3 Gew.-% oder lysophosphatidylcholine.
weniger bis mindestens 0,5 Gew.-% Sphingomyelin 2. A composition according
to claim 1 having from  und weniger als 0,5 Gew.-% Lysophosphatidylcholin.
3 percent to 1,5 % (UV at 205nm) by weight of sphing-  w  2.
Zusammensetzung nach Anspruch 1, die 3 bis omyelin.
1,5 Gew.-% (UV bei 205 nm) Sphingomyelin enth3lt. 3. A liposome comprising
the composition of      3. Liposom, das die Zusammensetzung nach claim 2.
Anspruch 2 enthilt. 7    11                EP 0 293 465 B1
12 terol or other neutral lipids.                        4. The liposome of
claim 3 further comprising at 



least one bioactive agent Example 2
5. A composition according to claim 2 comprising at least 2 %
sphingomyelin. Preparation from 80% Phosphatidylcholine      5       6. A
liposome comprising the composition of claim 5. The preparation using
commercially available       7. The liposome of claim 6 further comprising
at phospholipid of at least 80% phosphatidylcholine  least one bioactive
agent. (Upoid KG) used the procedure of Example 1 at the     8. A liposome
comprising the composition of point where three hexane extracts were pooled
and   10  claim 1. the hexane evaporated until a 20% weight to volume    9.
The liposome of claim 8 further comprising a solution of phospholipid was
obtained. Instead of the  least one bioactive agent. 20% solution
consisting of 70% phosphatides and       10. A method forthe preparation of
a composition 30% neutral lipid the 80% phosphatidylcholine ma-  of
pharmaceutical production quality, said compo- terial (in this batch,
81.2%) was substituted.  15  sition comprising 97 percent or greater by
weight 5,000 mL of 20% solution of the 80% phosphati-  phosphatidylcholine,
and from 3 percent or less by dylcholine in hexane was loaded onto a silica
gel col-  weight sphingomyelin to at least 0,5 % by weight umn (4 in. X 48
in.) filled with silica, 20 micron in size  sphingomyelin and less than
0,5%  by weight with 60 angstrom pores (Separations Technology
lysophosphatidylcholine, said method comprising the Inc., Wakefield, R.I.).
The neutral lipids and phos-  20  step of isolating the composition with a
liquid phatidyl ethanolamine were eluted with 30 litres of sol-
chromatographic silica column, by eluting with a gra- vent consisting of
hexane:ethanol:water 60:130:6 by  dient of a hexane-ethanol-water mixture.
volume pumped at 35OmL/minute. This is collected as the first fraction. The
desired product was eluted with  Claims for the following Contracting
State: 102L of solvent B consisting of hexane:ethanol:water  25  AT
60:130:12 by volume pumped at 350mL/minute. 4L fractions were then
collected for analysis. All the frac-  1. A method for the preparation of a
composition tions were analyzed by TLC and thosejudged clear of  of
pharmaceutical production quality, said compo- phosphatidylethanolamine, in
this case the last 96L  sition comprising 97 percent or greater by weight
were clear. I 6L portions were placed in a 22L sepa-  30
phosphatidylcholine, and from 3 percent or less by ration funnel and 4L of
water was added in order to  weight sphingomyelin to at least 0,5 % by
weight make the ratio of ethanol to water at 2.5:1(v/v). The  sphingomyelin
and less than 0,5 %  by weight hexane phase was removed from the
ethanol-water    lysophosphatidylcholine, said method comprising the phase
and saved. The ethanol-water phase was ext-  step of isolating the
composition with a liquid racted once more with four litres of hexane. The
com-  35  chromatographic silica column, by eluting with a gra- bined
hexane extracts were pooled and evaporated to  dient of a
hexane-ethanol-water mixture. dryness. Yield: 195g of equal to or greater
than 97%  2. A method according to claim 1 having from 3 (98% UV at 205nm)
pure phosphatidylcholine with    percent to 1,5 % (UV at 205 nm) by weight
of sphing- equal to or less than 3% (1.9% UV at 205nm) to at  omyelin.
least 0.5% sphingomyelin, equal to or less than 0.5%   40  3. A method
according to claim 2 , the compo- (0.2%  UV at 205nm)
lysophosphatidylcholine, no   sition comprising at least 2 % sphingomyelin.
phosphatidylethanolamine and no cholesterol or        4. A method for
preparing a liposome comprising other neutral lipids.
the method of claims 1, 2 or 3. 5. The method of claim 4, the liposome
further 45  comprising at least one bioactive agent. Claims 1. A
pharmaceutical production quality lipid   PatentansprOche composition
comprising 97 percent or greater by weight phosphatidylcholine, and from 3
percent or  so  1. Lipid-Zusammensetzung von pharmazeuti- less by weight
sphingomyelin to at least 0,5 % by  scher Produktions-Qualit~t, die enthilt
97 Gew.-% weight sphingomyelin and less than 0,5 % by weight  oder mehr
Phosphatidylcholin und 3 Gew.-% oder lysophosphatidylcholine.
weniger bis mindestens 0,5 Gew.-% Sphingomyelin 2. A composition according
to claim 1 having from  und weniger als 0,5 Gew.-% Lysophosphatidylcholin.
3 percentto 1,5%(UVat205nm)byweightofsphing-  55      2.Zusammensetzung
nach Anspruch 1, die3 bis omyelin.
1,5 Gew.-% (UV bei 205 nm) Sphingomyelin enthilt. 3. A liposome comprising
the composition of       3. Liposom, das die Zusammensetzung nach claim 2.
Anspruch 2 enthalt. 7    13                  EP 0 293 465 B1
14 4. Liposom nach Anspruch 3, das auBerdem min-   3% a 1,5% (aux UV a 205
nm) en poids de sphingo- destens ein bioaktives Agens enthilt.
myeline. 



5. Zusammensetzung nach Anspruch 2, die min-       3. Uposome comprenant la
composition de la destens 2 % Sphingomyelin enthilt.
revendication 2. 6. Uposom, das die Zusammensetzung des   5         4.
Liposome de la revendication 3, comprenant Anspruchs 5 enthilt.
en outre au mains un agent bioactif. 7. Liposom nach Anspruch 6, das
auBerdem min-      5. Composition selon la revendication 2, compre- destens
ein bioaktives Agens enthalt.              nant au mains 2% de
sphingomyeline. 8. Liposom, das die Zusammensetzung des            6.
Liposome comprenant la composition de la Anspruchs I enth3lt.
1O  revendication 5. 9. Liposom nach Anspruch 8, das auferdem min-      7.
Liposome de la revendication 6, comprenant destens ein bioaktives Agens
enthalt.              en outre au mains un agent bioactif. 10. Verfahren
zur Herstellung einer Zusammen-      8. Liposome comprenant la composition
de la setzung von pharmazeutischer Produktionsqualitat,  revendication 1.
die enthAlt 97 Gew.-% oder mehr Phosphatidylcholin  1S  9. Liposome de la
revendication 8, comprenant und 3 Gew.-% oderweniger bis mindestens 0,5
Gew.-  en outre au mains un agent biactif. % Sphingomyelin und weniger als
0,5 Gew.-% Lyso-      10. Proced6 de preparation d'une composition de
phosphatidylcholin, wobei das Verfahren umfaSt die  qualite de production
pharmaceutique, ladite compo- lsolierung der Zusammensetzung mit einer
FlNs-     sition comprenant 97% au plus en poids de phospha-
sigchromatographie-Siliciumdioxid-Kolonne   durch   20  tidylcholine, et 3%
ou  mains en  poids de Eluieren mit einem Gradienten eines Hexan-Ethanol-
sphingomyeline A au mains 0,5% en poids de sphin- Wasser-Gemisches.
gomyeline, et moins de 0,5% en poids de lysophos- phatidylcholine, ledit
proc6de comprenant l'etape Patentansprflche far folgenden
d'isolement de la composition avec une colonne de Vertragsstaat: AT
25  silce de chromatographie en phase liquide, par 6lu- tion avec un
gradient d'un m~lange hexane-6thanolf 1. Verfahren zur Herstellung einer
Zusammen-    eau. setzung von pharmazeutischer ProduktionsqualitAt, die
enthalt 97 Gew.-% oder mehr Phosphatidylcholin  Revendications pour I'Etat
contractant und 3 Gew.-% oderweniger bis mindestens 0,5 Gew.-  30  suivant:
AT % Sphingomyelin und weniger als 0,5 Gew.-% Lyso- phosphatidylcholin,
wobei das VerFahren umfalt die    1. Procede de preparation d'une
composition de Isolierung der Zusammensetzung mit einer Flus-     qualit de
production pharmaceutique, ladite compo-
sigchromatographie-Siliciumdioxid-Kolonne   durch  sition comprenant 97% ou
plus en poids de phospha- Eluieren mit einem Gradienten einer
Hexan-Ethanol-  35  tidylcholine, et de 3%  A moins en poids de
Wasser-Mischung.                                   sphingomyeline a au
moins 0,5% en poids de sphin- 2. Verfahren nach Anspnuch 1, wobei die
Zusam-  gomyeline et mains de 0,5% en poids de lysophos- mensetzung 3 bis
1,5 Gew.-% (UV bei 205 nm) Sphin-  phatidylcholine, ledit proced6
comprenant l'etape gomyelin enthalt.
d'isolement de la composition avec une colonne de 3. Verfahren nach
Anspruch 2, wobei die Zusam-  40  silice de chromatographie en phase
liquide, par elu- mensetzung mindestens 2 % Sphingomyelin enthAlt.   tion
avec un gradient d'un melange hexane-ethanol- 4. Verfahren zur Herstellung
eines Liposoms,    eau. welches das Verfahren der Anspruche 1, 2 oder 3
2. Procede selon la revendication 1, ayantde 3% umfait.
A 1,5% (aux UV A 205 nm) en poids de sphingomye- 5. Verfahren nach Anspruch
4, wobei das Lipo-  45  line. som auSerdem mindestens ein bioaktives Agens
ent-     3. Procede selon la revendication 2, la composi- hilt.
tion comprenant au moins 2% de sphingomyeline. 4. ProcedA de preparation
d'un liposome compre- nant le procede des revendications 1, 2 ou 3.
Revendications                                so      5. Procede de la
revendication 4, le liposome comprenant encore au mains un agent bioactif.
1. Composition de lipide de qualite de production pharmaceutique
comprenant97% ou plus en poids de phosphatidylcholine, et de 3% ou mains en
poids de sphingomyeline a au mains 0,5% en poids de sphin-  55 gomyeline et
mains de 0,5% en poids de lysophos- phatidylcholine. 2. Composition selon
la revendication 1, ayant de 8    


