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(57) ABSTRACT 

The invention describes combinations of at least three 
amphipatic substances forming aggregate suspensions in a 
polar liquid. Judicious choice of system components, Which 
differ at least 2-times to 10-times in solubility, ensures said 
aggregates to have extended, unusually adaptable surfaces. 
This is probably due to simultaneous action on said aggre 
gates of at least tWo more soluble substances amongst said 
three system components, at least one of Which is an active 
ingredient and preferably a drug; the third component, 
alternatively, can take the role of a drug. The patent further 
deals With the use of said combinations in pharmaceutical 
preparations capable of transporting drugs into the body of 
Warm blood creatures. This is made possible by the drug 
loading capability of said aggregates With the highly ?exible 
and deformable coating, Which renders the resulting drug 
carriers highly adaptable. The patent ?nally reveals suitable 
methods and favourable conditions for carrier manufactur 
ing and application. 



Patent Application Publication Jun. 3, 2004 Sheet 1 0f 5 US 2004/0105881 A1 

toqmcg EEmnmcmb k8 >926 :otméum m5 @952 5.52. .9586 Son ncm commEBEu mkmmmkmmm mctab :QSQEwEQ $30205 

m mEmE N EsmE 

EH58 Q 
.kc Ed 

woSmE 
FwSmE :QHEBBB mqmcm 











US 2004/0105881 A1 

AGGREGATES WITH INCREASED 
DEFORMABILITY, COMPRISING AT LEAST 
THREE AMPHIPATS, FOR IMPROVED 

TRANSPORT THROUGH SEMI-PERMEABLE 
BARRIERS AND FOR THE NON-INVASIVE DRUG 
APPLICATION IN VIVO, ESPECIALLY THROUGH 

THE SKIN 

[0001] The present application claims the bene?t of US. 
provisional application No. 60/417,847 ?led on Oct. 11, 
2002, incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to aggregates With extended 
surface (extended-surface aggregates, ESAs) With increased 
deformability and improved barrier penetration capability, 
said ESAs being suspendable in a suitable liquid medium 
and comprising at least three amphipats (amphipatic com 
ponents) and being capable to improve the transport of 
actives through semi-permeable barriers, such as the skin, 
especially for the non-invasive drug application in vivo by 
means of barrier penetration by such aggregates. The three 
amphipats include at least one membrane forming com 
pound (MFC), Which can form the membrane of said ESAs, 
and at least tWo membrane destabilising compounds (MDC1 
and MDC2) differentiated by their capability of forming 
smaller aggregates (With no extended surfaces) by either 
themselves or else in combination With each other and/or 
characteriZed by their relatively high solubility in said 
suitable liquid medium. The ESAs are loaded With at least 
one biologically active compound, Which can be one of the 
at least three amphipats. The invention relates also to 
preparations comprising extended surface aggregates 
(ESAs), that can penetrate barriers even When the typical 
ESAs radius (When an ESA is considered to be spherical) is 
at least 40% (and preferably at least 50% or even more) 
greater than the average radius of a pore in the barrier before 
and after the ESAs have penetrated the barrier. 

BACKGROUND INFORMATION 

[0003] Administration of active ingredients frequently is 
limited by natural barriers, such as the skin, Which prevent 
adequate absorption of the active molecules due to the loW 
barrier permeability for such ingredients. 

[0004] Availability and use of preparations that can over 
come this barrier impermeability problem and alloW non 
invasive active ingredient administration Would be advan 
tageous in many cases. In humans and animals, for example, 
a percutaneous administration of such preparations Would 
protect the active ingredients against decomposition in the 
gastrointestinal tract and possibly Would result in a modi 
?ed, therapeutically attractive distribution of the agent in the 
body; such non-invasive administration could also affect the 
pharmacokinetics of the active ingredient and permit less 
frequent and/or simpler disease treatment (G. Cevc. Exp. 
Opin. Invest. Drugs (1997) 6: 1887-1937.). In the case of 
plants, improved penetration through or into the cuticle 
could loWer the concentration of active ingredient that is 
required for the desired effect and, in addition, could sig 
ni?cantly decrease contamination of the environment (Price, 
C. E. (1981) in: The Plant Cuticle (D. F. Cutler, K. L. Alvin, 
C. E. Price, Publisher), Academic, NeW York, pp. 237-252). 

[0005] Many methods for increasing the skin permeability 
have been discussed (see, for example, G. Cevc, 1997, op. 
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cit.). Most prominent are jet injection (for a classical revieW 
see Siddiqui & Chien Crit. Rev. Ther. Drug. Carrier Syst. 
(1987) 3: 195-208), the use of electrical (Bumette & Ong 
pipattanakul J. Pharm. Sci. (1987) 76: 765-773) or accoustic 
(Vyas et al., J Microencapsul (1995) 12: 149-54) skin 
perturbation or else the use of chemical additives, such as 
certain solvents or surfactants. Such chemicals generally act 
as the skin permeation enhancers by increasing the parti 
tioning and/or diffusivity of the active ingredient in the skin 
lipids. 
[0006] Most often used permeation enhancers are non 
ionic short or long-chain alcohols and uncharged surfactants 
etc., anionic materials (particularly fatty acids), cationic 
long-chain amines, sulfoxides, as Well as various amino 
derivatives, and amphoteric glycinates and betaines. None of 
these, hoWever, solves the problem of active ingredient 
transport through the skin or mucous barrier to general 
satisfaction. 

[0007] An overvieW of the measures, Which have been 
used for the purpose of increasing active ingredient penetra 
tion through plant cuticles, is summarised in the Work of 
Price (1981, op. cit.). 
[0008] Epidermal use of one or several amphipatic sub 
stances in the form of a suspension or an O/W or W/O 
emulsion, has also brought about too little improvement. An 
extensive revieW Written by G. Cevc (1997, op. cit.) explains 
Why liposomes, at best, can modify drug retention time or 
stability on the skin and or improve transcutaneous drug 
transport by partly occluding the skin surface. Japanese 
patent application JP 61/271204 A2 (86/27 1204) provides 
an example for stabiliZing effect of liposomes on the skin, 
relying on hydroquinone glucosidal as stabiliZing material. 

[0009] The use of lipid vesicles loaded With an active 
ingredient combined With a gel-forming agent in the form of 
“transdermal patches” Was proposed in WO 87/1938 A1. 
HoWever, the ability of the active ingredient to permeate the 
skin Was not appreciably increased. Massive use of perme 
ation—promoting polyethylene glycol and of fatty acids, 
together With lipid vesicles, Was required by GesZtes and 
MeZei (1988, Anesth. Analg. 67, 1079-1081) to attain only 
a moderate local analgesia With lidocaine-containing formu 
lations applied for several hours under occlusion on the skin. 

[0010] US. Pat. No. 6,193,996 describes a pressure sen 
sitive skin adhesive that uses skin permeation enhancers. 
European Patent applications EPA 102 324 and EPA 0 088 
046, and US. Pat. No. 4,619,794, all by H. Hauser, describe 
methods for preparing unilamellar vesicles, using a single 
membrane destabilising component. The vesicles may be 
used as carriers for different drugs. HoWever, such vesicles 
are not used on the skin or for transport through semi 
permeable barriers. European Patent application EPA 0 152 
379 by MuntWyler and Hauser similarly describes the prepa 
ration of unilamellar vesicles. HoWever, these vesicles often 
need to be separated from the residual multilamellar lipo 
somes, facilitated by the presence of charged drugs, for ?nal 
use of the former for treating human or animal body. The 
authors also point the potential need to neutraliZe the drug 
during vesicle preparation to obtain the desired unilamellar 
liposomes. Further, such vesicles are not used for transport 
of drugs through a semi-permeable barrier. 

[0011] European patent EP 0 475 160, corresponding US. 
Pat. No. 6,165,500 and Canadian patent 2,067,754, all With 
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the title “Preparation for the application of agents in mini 
droplets”, describe special preparations related to the sus 
pensions described in this application. These documents 
report the use of different agents associated With minuscule 
droplets or, in particular, With the vesicles consisting of one 
or a feW membrane-like amphiphile assemblies for over 
coming semi-permeable barriers including the skin. These 
references describe preparations having a single membrane 
destabilising component. WO 98/17255 and AU 724218, 
likewise, describe vesicles for the transport of a variety of 
drugs through the skin. 

[0012] In tWo relatively early reports on dermal liposomal 
tetracaine (GesZtes A, MeZei M. “Topical anesthesia of the 
skin by liposome-encapsulated tetracaine.” Anesth. Analg. 
(1988), 67:1079-1081) and lidocaine (Foldvari M, GesZtes 
A, MeZei M. “Dermal drug delivery by liposome encapsu 
lation: clinical and electron microscopic studies.” J 
Microencapsul (1990), 7:479-489), MeZei’s group reported 
anaesthetic performance of such locally used drugs and 
corresponding autoradiography data. Drug Was found in the 
epidermis and in dermis of humans and guinea pigs When the 
skin Was treated under an impermeable (occlusive) coating 
With the liposome-encapsulated anaesthetics. The formula 
tions alWays contained multilamellar soybean phosphatidyl 
choline vesicles. HoWever, the reports demonstrate no lipo 
some-mediated drug transport through the skin. (Foldvari M. 
“In vitro cutaneous and percutaneous delivery and in vivo 
ef?cacy of tetracaine from liposomal and conventional 
vehicles.” Pharm Res (1994) 11:1593-1598) and With an 
additional oily ingredient (Foldvari M. “Effect of vehicle on 
topical liposomal drug delivery: petrolatum bases.” J 
Microencapsul (1996), 13:589-600). This conclusion is sup 
ported by the fact that the reported maximum transported 
drug dose (5.3%) Was more than 20-times higher than the 
reported transported lipid dose (0.2%) (Foldvari, 1994). 
Further, Foldvari’s formulations evidently Were not opti 
mised for adaptability but rather for best drug retention/ 
release. 

[0013] P. GonZaleZ, M. E. Planas, L. RodrigueZ, S. 
SancheZ, and G. Cevc in an article on “Noninvasive, per 
cutaneous induction of topical analgesia by a neW type of 
drug carriers and prolongation of the local pain-insensitivity 
by analgesic liposomes” (Anesth. Analg. (1992), 95: 615 
621) report the results of investigations With surfactant 
containing formulations, typically loaded With lidocaine 
(2%, as a free base) in a mixed lipid 4-8% suspension (W/v). 
Lipid aggregates Were prepared from a 4/1 mol/mol phos 
phatidylcholine/sodium cholate mixture, starting With an 
ethanolic lipid solution (7-3 W-% EtOH in the ?nal product) 
for easier manufacturing. HoWever, all the tested suspen 
sions Were reported by Planas et al. to be unstable. Further, 
Planas et al. failed to disclose hoW a stable drug formulation 
could be prepared, Which Would be suitable for transdermal 
drug delivery. Peters and Moll (1995) (“Pharmacodynamics 
of a liposomal preparation for local anaesthesia”. ArZnei 
mittelforschung (1995), 45:1253-6, describe permeation of a 
topically applied drug through the skin. The permeation is 
enhanced by ethanol, is based on diffusion, and is achieved 
under occlusion. 

[0014] Carafa and colleagues describe the use of surfac 
tant-based, phospholipid-free vesicles (Carafa et al., 2002 
(“Lidocaine-loaded non-ionic surfactant vesicles: charac 
terisation and in vitro permeation studies.” Int J Pharm 
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(2002), 231:21-32). HoWever, such vesicles do not simul 
taneously include both a MFC and a MDC, and are unsat 
isfactory. 

SUMMARY OF THE INVENTION 

[0015] Applicants have discovered that incorporation of a 
surfactant into a bilayer membrane that is built from another 
less soluble amphipat, such as a phospholipid, can increase 
the ?exibility of the resulting complex membrane. This 
promotes the capability of complex aggregates in the form 
of droplets covered by the bi-component membranes to 
cross pores in a semi-permeable barrier that otherWise Would 
prevent comparably large aggregates from crossing. Further, 
the use of aggregates With highly deformable membrane 
coating can mediate agent transport into and/or across 
mammalian skin. This can be achieved by selecting a 
surfactant, Which is a membrane destabilising component 
(=MDC), and a less soluble amphipat, Which is the mem 
brane forming component (=MFC), so as to maximiZe the 
mixed membrane ?exibility and the mixed aggregate stabil 
ity. Further the surfactant can be selected to increase bilayer 
membrane adaptability. Patent applications by applicant, 
especially WO 92/03122 and WO 98/172550 describe basic 
requirements for the use of lipid/surfactant mixtures for 
transbarrier transport. 

[0016] It is an objective of the invention to provide 
preparations that can transport active ingredients through a 
barrier in the form of vesicles or other extended surface 
aggregates (ESAs) comprising said actives, said prepara 
tions having improved permeation capability through semi 
permeable barriers. 

[0017] It is an aspect of the invention to provide prepara 
tions comprising extended surface aggregates (ESAs) Which 
permit the ESAs to permeate barriers, With the radius of the 
ESAs (When considered as spherical) being at least 40% 
(and preferably at least 50% or even more) greater than the 
average pore radius of the barrier, after the ESAs have 
permeated the barrier pores. 

[0018] It is a further aspect of the invention to provide a 
preparation based on a combination of at least one ?rst 

(membrane forming component MFC), at least one second 
(membrane destabilising component MDC), and at least one 
third (membrane destabilising component MDC) amphipatic 
component suspended in a suitable liquid medium in the 
form of corresponding mixed amphipat extended surface 
aggregates (ESAs) With one or a feW bilayer-like, mixed 
amphipat coating(s), Wherein said ESAs formed by a com 
bination of all three said components have surfaces in 
contact With said liquid medium, that are at least 50% more 
extended, on the average, than the typical surfaces of 
aggregates comprising the said at least one second and at 
least one third amphipatic component alone, at the same 
concentrations and, in case, after adjustment for physico 
chemical effects of the absence of said ?rst amphipatic 
compound (MFC). 
[0019] A further aspect of the invention is to provide 
suspensions of extended surface aggregates in a liquid 
medium comprising: at least one ?rst membrane forming 
component (MFC); at least one second membrane destabi 
lising component (MDC); at least one third membrane 
destabilising component (MDC), the third component typi 
cally being a drug, such that said complex extended surface 
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aggregates (ESAs) can penetrate intact mammalian skin and 
thus increase drug concentration in the skin and/or increase 
the reach of drug distribution below the skin, in comparison 
With the result of the same drug application in a solution on 
the skin. In a special version of said suspensions, said 
extended surface aggregates are membrane-enclosed, liquid 
?lled vesicles, said ?rst component is a membrane-forming 
lipid, and said second and third components are membrane 
destabilising components. 

[0020] Another aspect of the invention provides a combi 
nation of at least one ?rst (membrane forming, component 
MFC), at least one second (membrane destabilising compo 
nent MDC), and at least one third (membrane destabilising 
component MDC) amphipatic component suspended in a 
suitable liquid medium in the form of mixed amphipat 
extended surface aggregates (ESAs) With one or a feW 
bilayer-like, mixed amphipat coating(s), Wherein the 

[0021] said at least one ?rst substance has a tendency 
to self aggregate and is at least 10-times less soluble 
in said liquid medium than said at least one second 
and said one third substance, alloWing the ?rst to 
form extended surfaces, 

[0022] said at least one second substance is at least 
10-times more soluble than said at least one ?rst 
substance in said liquid medium and, on its oWn, 
tends to form or supports the formation of surfaces, 
that are at least 2-times less extended than the 
surfaces containing the at least one ?rst substance 

alone, 
[0023] said at least one third substance being also at 

least 10-times more soluble in said liquid medium 
than the ?rst substance and optionally forms self 
aggregates With aggregation numbers at least 
10-times smaller than that of self-aggregates of said 
?rst substance; and 

[0024] said extended surfaces comprising said at 
least one ?rst, at least one second and at last one third 
substance, in equilibrium, have at least 50% more 
extended surfaces than the surfaces formed by the at 
least one second or one third substance alone, at the 
same concentration and, in case, after adjustment for 
physico-chemical effects of the absence of said ?rst 
amphipatic compound (MFC). 

[0025] Yet another aspect of the invention is a preparation 
based on a combination of at least one ?rst (membrane 
forming component MFC), at least one second (membrane 
destabilising component MDC), and at least one third (mem 
brane destabilising component MDC) amphipatic compo 
nent suspended in a suitable liquid medium in the form of 
corresponding mixed aggregates With an extended surface 
(ESAs) With one or a feW, preferably bilayer-like, mixed 
amphipat coating(s), Wherein said MFC alone forms 
extended-surface aggregates With aggregation number of at 
least 5000, and preferably more than 10.000, and both 
MDCs alone and the combination of both MDCs form 
smaller aggregates With no really extended surface and 
aggregation number beloW 5000, and preferably beloW 1000 
in contact With said suitable liquid medium. 

[0026] All compositions according to the present inven 
tion comprising three amphipatic compounds Which 
together form extended surface aggregates either have a 
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de?ned solubiliZation point, or do comprise more than 0.1 
mol % of the solubiliZing amount of those components 
Which at higher concentrations Would solubiliZe the 
extended surface aggregates. 

[0027] All embodiments of the invention are useful in 
preparations for the application, administration or transport 
of at least one active ingredient Which can be amongst said 
three substances, especially for medicinal or biological 
purposes, into and through barriers and constrictions, such 
as the skin of Warm blood creatures or the like. 

[0028] Preferably the adaptability of extended surface 
comprising all three said amphipatic components to ambient 
stress exceeds by at least 20% or by at least tWice the 
standard deviation of a typical measurement (Whichever is 
smaller) the adaptability of the extended surface comprising 
the at least one ?rst and the at least one second amphipatic 
component used at the corresponding concentrations or the 
adaptability of the extended surface comprising the at least 
one ?rst and the at least one third amphipatic component at 
corresponding concentrations, Whichever is smaller. 

[0029] The adaptability can be expressed as the inverse 
value of the p* value. This speci?c p* value is typically 
higher than 50%, often is around 60% and preferably is 57% 
of PmaX-value. 
[0030] Further objectives and advantages of the instant 
invention Will become apparent from the folloWing descrip 
tion of preferred embodiments, Which include a best mode 
preparation. 
[0031] In the present description, the general terms 
employed hereinbefore and hereinafter have the folloWing 
meanings. 
[0032] The term “aggregate” denotes a group of more than 
just a feW amphipats of similar or different kind. A small 
aggregate, as used in the context of this invention, has an 
aggregation number na>3, that is, contains at least 3 mol 
ecules, but does not exceed na<5000 or more preferably 
na<1000, that is, contains no more than 5000 or 1000 
molecules. The “extended surface aggregate (ESA)”, “an 
aggregate With extended surface”, a “vesicle” or an 
“extended surface” as used in the context of this invention, 
all have aggregation numberi5000, that is, contain a mini 
mum of 5000 molecules, and most often are characteriZed by 
an even higher aggregation number, that is, contain an even 
higher number of molecules. Preferred ESAs have aggrega 
tion numbers of na>10000 and even more preferably 
na>50000. For a preparation containing aggregates, the 
reference Will alWays be made to the average aggregation 
number or to the average number of molecules per aggre 
gate, except if indicated otherWise. The term “aggregation 
number” equals the number of molecules Which together 
form an aggregate. Corresponding methods of na determi 
nation are Well knoWn in the art. 

[0033] When a lipid aggregate is Water ?lled and sur 
rounded With at least one membrane it is called a lipid 
vesicle. The membrane as de?ned in this description is a 
mixture of at least three amphipats (MFC+MDC1+MDC2) 
preferably in the form of a bilayer; a membrane destabilising 
component hereby is potentially a MFC-MDC combination 
(i.e. a mixed amphipat associate). 

[0034] The aggregates of the invention are coated With one 
half, one, or several bilayers. These may also be called 
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mixed amphipat coating(s), and correspond to a lipid mono 
layer, bilayer or oligo-layers, respectively. 

[0035] For a solid aggregate With the surface comprising 
only one layer of molecules (a monolayer), the aggregate 
surface Saggegate is given by the product of aggregate number 
and the exposed single molecule surface S molecule‘ 

aggregate a molecule 

[0036] Smolecule can either be measured directly, eg in a 
Langmuir trough or With diffractometric or re?ectometric 
method, or else can be calculated With any suitable computer 
model (eg HyperChem). 

[0037] An aggregate With a bilayer coating has only half 
as large surface area: 

Saggregm(bilayer, na)=O.5 S (monolayer, na). 

[0038] “Aggregate radius” n3 for a spherical aggregate is 
proportional to the square root of the aggregate surface: 

4@)o.5 
[0039] other aggregate geometries requiring appropriate 
formula adaptation. 

aggregate 

[0040] A “barrier” in the context of this invention is (as in, 
for example, EP 0 475 160 and WO 98/17255) a body With 
through-extending narroW pores, such narroW pores having 
a radius Which is at least 25% smaller than the radius of the 
ESAs (considered as spherical) before said ESAs permeate 
through such pores. 

[0041] The term “narroW” used in connection With a pore 
implies that the pore radius is signi?cantly, typically at least 
25%, smaller than the radius of the entity tested With regard 
to its ability to cross the pore. The necessary difference 
typically should be greater for the narroWer pores. Using 
25% limit is therefore quite suitable for >150 nm diameter 
Whereas >100% difference requirement is more appropriate 
for the smaller systems, eg With <50 nm diameter. For 
diameters around 20 nm, aggregate diameter difference of at 
least 200% is often required. 

[0042] The term “semipermeable” used in connection With 
a barrier implies that a solution can cross transbarrier 
openings Whereas a suspension of non-adaptable aggregates 
(large enough for the above de?nition of “narroW” pores to 
apply) cannot. Conventional lipid vesicles (liposomes) made 
from any common phosphatidylcholine in the gel lamellar 
phase or else from any biological phosphatidylcholine/ 
cholesterol 1/1 mol/mol mixture or else comparably large oil 
droplets, all having the speci?ed relative diameter, are three 
examples for such non-adaptable aggregates. 

[0043] The term “stable” means that the tested aggregates 
do not change their diameter spontaneously or under the 
transport related mechanical stress (e.g. during passage 
through a semipermeable barrier) unacceptably, Which most 
often means only to a pharmaceutically acceptable degree. A 
20-40% change is normally considered acceptable; the halv 
ing or doubling of aggregate diameter is borderline and a 
greater change in diameter is typically unacceptable. Alter 
natively and very conveniently, the change in aggregate 
diameter resulting from pore crossing under pressure is used 
to assess system stability; the same criteria are then applied 
as for “narroW” pores, mutatis mutandis. To obtain the 
correct value for aggregate diameter change, a correction for 
?ux/vortex effects may be necessary. These procedures are 
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described in greater detail in the publication of the applicant 
in Cevc G., SchatZlein A., Richardsen H. (2002) Ultrade 
formable Lipid Vesicles Can Penetrate the Skin and other 
Semi-Permeable Barriers Intact. Evidence from Double 
Label CLSM Experiments and Direct SiZe Measurements. 
Biochim. Biophys. Acta 1564:21-30. 

[0044] The term “barrier transport resistance” describes 
the resistance of a given barrier to the transport of a given 
?uid With or Without suspended aggregates. Mathematically 
speaking, this resistance is given by the ratio of transport 
driving pressure and of transport rate (=?oW): resistance= 
delta p/ja. In more qualitative terms, used in some of the 
examples in this document, barrier resistance is identi?ed 
With the total ?uid volume that can be ?ltered through a 
given barrier by certain pressure Within given time. Alter 
natively the pressure needed to achieve certain ?ux can be 
used to describe functionally barrier resistance. 

[0045] Barrier transport resistance generally decreases lin 
early With the number and total area of pores in the given 
transport obstacle. For relatively small pores the resistance 
value can also depend on average pore diameter, mainly due 
to friction/viscosity effects. In addition to this, barrier trans 
port resistance is sensitive to transported ?uid/suspension 
characteristics and thus strongly depends on the suspended 
particle adaptability and sometimes concentration. In ?rst 
approximation, this later sensitivity is due to elastic and 
viscous loss during transport. 

[0046] The term aggregate “adaptability” Which governs 
the “tolerable surface curvature” is de?ned as the ability of 
a given aggregate to change easily, and essentially revers 
ibly, its properties, such as shape, elongation ratio, and 
surface to volume ratio. Essential for this invention is the 
adjustment of aggregate shape and properties to the aniso 
tropic stress caused by pore crossing. Sufficient adaptability 
implies that an aggregate is able to sustain different unidi 
rectional forces or stress, such as pressure, Without signi? 
cant fragmentation, Which de?nes a “stable” aggregate. If an 
aggregate passes through a barrier ful?lling this condition 
the terms “adaptability” and (shape) “deformability” plus 
“permeability” are essentially equivalent. 

[0047] Non-destructing passage of ultradeformable, 
mixed lipid aggregates through narroW pores in a semi 
permeable barrier is thus diagnostic of high aggregate adapt 
ability. If pore radius is tWo times smaller than the average 
aggregate radius the aggregate must change its shape and 
surface-to-volume ratio at least 100% to pass Without frag 
mentation through the barrier. An easy and reversible change 
in aggregate shape inevitably implies high aggregate 
deformability and requires large surface-to-volume ratio 
adaptation. A change in surface-to-volume ratio per se 
implies: a) high volume compressibility, eg in the case of 
compact droplets containing material other than, and immis 
cible With, the suspending ?uid; b) high aggregate mem 
brane permeability, eg in the case of vesicles that are free 
to exchange ?uid betWeen inner and outer vesicle volume. 

[0048] Measuring capability of given aggregate suspen 
sion to cross a semi-permeable barrier With narroW pores 
thus offers simple means for functionally testing aggregate 
adaptability, as is described in Practical Examples. This 
capability for suspensions of suf?ciently stable aggregates is 
inversely proportional to the effective barrier transport resis 
tance and, in the ?rst approximation, to vesicle adaptability 
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avnaa (subscripts v and a denoting vesicle and aggregate, 
respectively). If no other adaptability value is available, the 
inverse value of barrier transport resistance or 1/p* value, 
Which are de?ned further in the text, can be used to 
characterise adaptability of aggregates in a suspension. 

[0049] The adaptability of a vesicle-like aggregate 
depends on reversible vesicle membrane permeability and 
deformability. Lipid bilayer permeability can be assessed by 
the Well-established methods, such as the osmotic sWelling 
method that is described in many scienti?c papers and in 
Phospholipids Handbook, edited by G. Cevc for Marcel 
Dekker Publishers (NeW York, 1993). Less directly and 
quantitatively, but still telling, vesicle bilayer permeability 
can be checked by comparing the average aggregate diam 
eter before and after pore crossing: vesicle bursting and 
fragmentation is indicative of aggregate membrane imper 
meability. In case of lipid vesicles, the latter is identical to 
lipid bilayer impermeability. Open membrane deformability 
is governed by lipid bilayer ?exibility. This quantity is 
proportional to bilayer bending elasticity and is hence deter 
mined by the elastic membrane bending modulus=the elastic 
curvature modulus of a bilayer=B. The latter parameter can 
be measured With several methods knoWn in the art, includ 
ing pipette aspiration measurements, vesicle shape or ?uc 
tuation analysis, bilayer deformation under stress in an 
atomic force microscope, etc. Bilayer curvature elastic 
energy density of a vesicle With radius rVes is given by 
B/2rVeS2, Which shoWs that most elastic/?exible bilayers, 
With smallest B-values, are most deformable. For phosphati 
dylcholine bilayers in the ?uid lamellar phase B-value is 
typically of the order 10'19 J. This value is at least one order 
of magnitude higher than the corresponding value deter 
mined for a suitable MDC-MFC or MDC1-MDC2-MFC 
mixture, Which is B~5 10'17 J. This explains Why the 
described three-component amphipat mixtures form very 
?exible bilayers and highly deformable vesicles. 

[0050] It is important to realise that any system property 
that tends to loWer aggregate shape adaptability also loWers 
the likelihood for aggregate motion through the pores With 
a radius smaller than the average aggregate radius. Incor 
poration of large incompressible bodies (e.g. oil droplets) 
into or betWeen the shape-deformable aggregates therefore 
loWers, if not blocks, trans-barrier transport. Incompress 
ibility of aggregate core has similarly negative effect. Aggre 
gates in the form of (lipid) vesicles suspended in and ?lled 
With nearly incompressible Water must therefore expel some 
Water from vesicle interior during aggregate deformation to 
attain high/maximum adaptability. Introduction of mem 
brane stiffening agents (including cholesterol and other 
sterols, little polar long chain lipids, etc., as quasi-MFC) into 
bilayers also loWers the adaptability of the resulting mixed 
aggregates. Vesicle-like aggregates With many bilayer coat 
ings (=membranes) are also relatively non-adaptable (i.e. 
have loWer aa value, as de?ned further in the text) and must 
be pushed With a higher force (i.e. have a higher p* value, 
as de?ned further in the text) through narroW pores than the 
aggregates With just a feW or only one such coating(s). The 
reasons for this are obvious: in the simplest approximation, 
aggregate adaptability is inversely proportional to the num 
ber of bilayers enshrining liquid core of an aggregate. 
Further system changes that negatively impact on aggregate 
adaptability can be analysed in similar fashion. 
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[0051] If a vesicle can pass through a narroW pore Without 
irreversibly adjusting its diameter to the pore diameter 
Within 50% or even 100% uncertainty range, the vesicle 
bilayer membrane under terms of this document is declared 
to be permeable as Well as ?exible. To assess lipid aggregate 
adaptability it is therefore useful to employ another aspect of 
the invention, by using the folloWing method: 

[0052] 1) measure the ?ux ja of aggregate suspension 
through a semi-permeable barrier (e.g. gravimetrically) 
for different transport-driving trans-barrier pressures 
delta p; 

[0053] 2) calculate the pressure dependence of barrier 
penetrability P for the given suspension by dividing 
each measured ?ux value With the corresponding driv 
ing pressure value: P (delta p)=ja (delta p)/delta p; 

[0054] 3) monitor the ratio of ?nal and starting vesicle 
diameter 2rVes (delta p)/2rves)O (eg with the dynamic 
light scattering), Wherein 2rVes (delta p)/ is the vesicle 
diameter after semi-permeable barrier passage driven 
by delta p and ZrVes’O is the starting vesicle diameter, 
and if necessary making corrections for the ?oW-rate 
effects; 

[0055] 4) align both data sets P (delta p) vs. rVes (delta 
p)/rves)o, to determine the co-existence range for high 
aggregate adaptability and stability; it is also useful, but 
not absolutely essential, to parameterise experimental 
penetrability data Within the frameWork of MaxWell 
approximation in terms of the necessary pressure value 
p* and of maximum penetrability value PmaX, Which are 
de?ned graphically in the folloWing illustrative 
schemes. 

[0056] FIGS. 1 to 4 illustrate schematically the physical 
and molecular principles underlying the abovementioned 
approach and the mathematical model used to analyse the 
corresponding experimental data. 

[0057] It is plausible to sum-up all the contributions to a 
moving aggregate energy (deformation energy/ies, thermal 
energy, the shearing Work, etc.) into a single, total energy. 
The equilibrium population density of aggregate’s energetic 
levels then may be taken to correspond to MaxWell’s dis 
tribution. All aggregates With a total energy greater than the 
activation energy, E f E A, are ?nally concluded to penetrate 
the barrier. The pore-crossing probability for such aggre 
gates is then given by: 

[0058] e being dimensionless aggregate energy in units of 
the activation energy EA. 

[0059] It is therefore plausible to Write barrier penetrabil 
ity to a given suspension as a function of transport driving 
pressure (=driving pressure difference) p (=delta p) as: 
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[0060] PrnaX is the maximum possible penetrability of a 
given barrier. (For the aggregates With Zero transport resis 
tance this penetrability is identical to the penetrability of the 
suspending medium ?ux.) p* is an adjustable parameter that 
describes the pressure sensitivity, and thus the transport 
resistance, of the tested system. (For barriers With a ?xed 
pore radius this sensitivity is a function of aggregate prop 
erties solely. For non-interacting particles the sensitivity is 
dominated by aggregate adaptability, alloWing to make the 
assumption: aa proportional to 1/p*.) 
[0061] In a presently preferred embodiment of the inven 
tion, the experimental approach to quantitative aggregate 
adaptability determination is to identify vesicle adaptability 
value With the inverse pressure difference needed to attain 
certain prede?ned, practically relevant fraction of maximum 
achievable ?ux-pressure ratio With the vesicle suspension; 
using 50-60% maximum penetrability criterion (Pmax) gives 
reasonable results. Speci?cally, all p* values given in this 
document correspond to 57% of PmaX-value. Adaptability 
value, up to an uninteresting constant, is then given by the 
inverse value of the p* value that corresponds to 57% of the 
PmaX-value. 
[0062] By making a feW more reasonable suppositions one 
can use the experimentally determined p*-value to calculate 
the activation energy E A for transbarrier transport of adapt 
able vesicular aggregates. The dominant energetic contribu 
tion to the Work of bilayer deformation—bilayer elastic 
energy; bilayer permeabilisation energy, as the case may 
be—can then be deduced from E A-value. Finally, bilayer 
elastic energy can be translated into bilayer curvature elastic 
energy density, Which depends on the elastic curvature 
modulus of bilayer, B, as is explained earlier in the text. 
Bilayer permeabilisation energy independently can be 
related to the Work needed to break a bilayer membrane, and 
thus to bilayer lysis tension, assuming that elastic energy is 
much smaller than membrane permeabilisation energy. For 
simple lipid vesicles this has been done by the group of B. 
Frisken (cf. Biophys. J. 74: 2996-3002 (1998) and Langmuir 
16: 928-933 (2000)), amongst others. Such detailed analysis 
is not necessary for optimising aggregate suspensions for 
transbarrier transport, hoWever, and therefore is not used in 
the present application. 
[0063] The “liquid suspending medium” or “liquid 
medium” or “suitable liquid medium” is Well knoWn and is 
de?ned in EP 0 475 160 and in WO 98/17255. 

[0064] An “amphipat” (or an amphipatic component) is 
any substance capable of forming an ESA or of modifying 
the adaptability of an ESA, When brought into contact With 
the liquid suspending medium. 
[0065] For the broadest de?nition, the amphipats are 
divided into tWo subgroups, the “membrane forming com 
pounds” (MFCs) or “surface building” or “extended surface 
forming or “surface-supporting substance”, Which are capa 
bly of forming extended surface aggregates (ESAs), and “the 
membrane destabilising compounds” (MDCs). The latter 
typically render the ESAs formed by the MFCs more 
adaptable. 
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[0066] In some aspects the three amphipatic compounds, 
one MFC and tWo MDCs forming the ESAs are then de?ned 
that the MFC alone forms ESAs, the one MDC alone forms 
small aggregates, the other MDC alone optionally forms 
small aggregates and the combination of both MDCs forms 
small aggregates, in contact With said liquid suspending 
medium. The ESAs and the small aggregates being de?ned 
in terms of aggregation numbers as stated above. 

[0067] In some aspects the three amphipatic compounds, 
one MFC and tWo MDCs forming the ESAs are then 
characterised by their solubility in the liquid suspending 
medium. The MFCs are then de?ned to be less soluble than 
the MDCs at least by a factor of 2. In more preferred 
embodiments the MFCs are then de?ned to be less soluble 
than the MDCs at least by a factor of 10 and in preferred 
embodiments the solubilities of the tWo MDCs differ at least 
by a factor of 2. Alternatively or simultaneously the MFCs 
are de?ned to be less soluble than the MDCs at least by a 
factor of 10, one MDC forms aggregates With surfaces that 
are at least 2 times less extended than the surfaces of 
aggregates formed by the MFC and the other MDC forms 
aggregates With aggregation numbers at least 10 times 
smaller than the aggregation numbers of aggregates formed 
by the MFC. Yet another possibility is to de?ne MDC as 
molecules, Which are typically characterised by hydrophi 
licity-lipophilicity ratio (HLB) betWeen 10 and 20, even 
better betWeen 12 and 18 and most preferred betWeen 13 and 
17. 

[0068] In some aspects the MFC and MDCs are de?ned to 
form in the combination of one MFC and tWo different 
MDCs extended surface aggregates With surfaces that are at 
least 50% more extended, extended meaning larger, on the 
average than surfaces of aggregates comprising only the tWo 
different MDCs alone, at the same concentrations and, in 
case, after adjustment for physico-chemical effects of the 
absence of said MFC. 

[0069] For some aspects a selection or all de?nitions at 
once apply. 

[0070] The amphipats Within the meaning of the present 
invention comprise the membrane forming substances and 
the “edge-active (surface active)” substances also knoWn 
from EP 0 475 160 and WO 98/17255, but Within the 
limitations de?ned in the attached claims. 

[0071] The term “drug” means a biologically or therapeu 
tically active ingredient, eg a medicament. Unless indicated 
otherWise, the generic names proposed by the World Health 
Organisation (Recommended International Non 
proprietary Names), such as can be found eg in the Merck 
Index, are used for the drugs, Which are speci?ed in greater 
detailed further in the text. 

[0072] The term “loW” used in connection With molecular 
Weight of a polypeptide means molar mass beloW 1500 and 
the term “intermediate” in similar context implies molar 
mass betWeen 1500 and 5000. 

[0073] The term “loWer” used in connection With organic 
radicals, for example loWer alkyl, loWer alkylene, loWer 
alkoxy, loWer alkanoyl, etc., means that such organic radi 
cals, unless expressly de?ned otherWise, contain up to and 
including 7, preferably up to and including 4, carbon atoms. 

[0074] The term “long” used in connection With a fatty 
residue attached to a lipid, a surfactant or a drug implies the 
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presence of 10 to 24 carbon atoms in alkyl, alkenyl, alkoxy, 
alkenyloxy or acyloxy chains, Which individually or 
together, as the case may be, bear the class name of “fatty 
chains”. Implicitly included in this term, but not further 
speci?ed in detail, are “fatty chains” With at least one 
branched or a cyclic, but unpolar or little polar, segment. 

[0075] The use of square brackets in the text relates to 
molar concentrations of the substance put betWeen the 
brackets, except if indicated otherWise. 

[0076] The terms “surface active” and “edge active” 
relates to the ability of a certain third compound to change 
the surface tension and/or interface tension in systems 
comprising at least tWo compounds forming a surface of 
interface. 

[0077] In this speci?cation the terms “compound”, “sub 
stance” and “component” generally indicate a single chemi 
cal species, Which needs, hoWever, not to be totally uniform. 

DESCRIPTION OF FIGURES 

[0078] FIG. 1: Schematic representation of aggregate 
shape deformation during pore crossing. 

[0079] FIG. 2: Energy level associated With different 
states of aggregate deformation that result from an enforced 
aggregate passing through a narroW pore in a semi-perme 
able barrier. 

[0080] FIG. 3: Penetrability of a semi-permeable porous 
barrier to the suspension of vesicles smaller the average pore 
diameter in the barrier as a function of transbarrier pressure 
Which drives the suspension through the barrier. 

[0081] FIG. 4: Molecular redistribution in an aggregate 
enshrining lipid bilayer during aggregate deformation and 
pore crossing, Which loWers the activation energy for trans 
barrier transport. 

[0082] FIG. 5: Schematic illustration of the role played by 
membrane destabilising component(s) on lipid bilayer 
adaptability. The effect of relative concentration of the 
second membrane destabilising component is shoWn in 
inset. 

[0083] FIG. 6 shoWs the effect of changing molar ratio of 
the second (TWeen80=) and the third (surfactant; SDS) 
amphipatic system component, relatively to the ?rst amphi 
patic system component (phospholipid; SPC), on the resis 
tance of resulting mixed lipid suspension to the ?ltration 
through a barrier With 0.2 micrometer pore-diameter (left 
panel). The starting and ?nal vesicle diameter Was signi? 
cantly greater than the average pore diameter. 

[0084] FIG. 7 exempli?es the effect of a charged biosur 
factant, sodium cholate, in mixtures With another surfactant 
(TWeen 80) containing phospholipid bilayers on the ability 
of the resulting lipid vesicle suspensions to penetrate 
through a semipermeable barrier under in?uence of trans 
barrier hydrostatic pressure. Pressure dependence barrier 
penetrability to three different suspensions of mixed bilayer 
vesicles, pushed through narroW pores, as a function of the 
second surfactant concentration. 

[0085] FIG. 8 illustrates penetrability of the suspensions 
prepared as described in examples 143 and 144. The curves 
Were calculated Within the frameWork of MaxWell’s energy 
distribution model, by using formula 
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Detailed description of the Invention 

[0086] The invention describes suspensions of complex 
ESAs With at least three amphipatic components, one of 
Which is membrane forming and at least tWo of Which are 
membrane destabilising, Which can be suspended in a suit 
able, e.g. pharmaceutically acceptable, polar liquid medium 
and loaded With at least one biologically active compound, 
Which can correspond to one of the amphipats. An essential 
characteristic of such, relatively large, aggregates is the 
ability to penetrate pores in semi-permeable barriers even 
When the pore radius is signi?cantly, ie at least 25% and 
often is more than 40% or even better more than 50% and 
most preferably is more than 70% smaller than the average 
aggregate radius before barrier crossing. Another important 
characteristic of aggregates introduced in this document is 
the relatively loW concentration of one of the tWo membrane 
destabilising components, Which is beloW the concentration 
needed to achieve high aggregate shape deformability When 
this component is used for the purpose on its oWn. High 
aggregate deformability is a prerequisite for reaching prac 
tically useful-i.e. suf?ciently high-suspension ?ux through a 
barrier, such that approaches in order of magnitude the ?ux 
of suspending medium. The other necessary condition is 
suf?cient aggregate stability, Which ensures that the average 
aggregate radius after barrier crossing is still at least 40%, 
more often is at least 50% and most typically is at least 100% 
larger than the pore radius. High deformability and suf?cient 
stability of aggregates that can cross semipermeable barriers 
are sub-summarised in the term aggregate adaptability, 
Which is parameterised as a,. Highly adaptable complex 
aggregates excel in their ability to transport active ingredi 
ents through semi-permeable barriers, such as mammalian 
skin. 

[0087] The present invention specially relates to the selec 
tion of one membrane destabiliZing amphipatic component 
of the system such that can boost the deformability of mixed 
aggregates supported by judicious choice of the other system 
components to the effect of improving barrier penetration by 
such aggregates. The invention also teaches hoW to select 
the right total amphipat concentration of and, in case, 
amphipat ionisation in mixed aggregate suspensions. The 
invention further relates to the preparation and application of 
resulting suspensions in pharmaceutical formulations, With a 
focus on epicutaneous application on, or less frequently in, 
the Warm blood creatures. 

[0088] We discovered unexpectedly that incorporation of 
an additional, suitable amphipatic membrane destabilising 
component (MDC2) in aforementioned bi-component 
(MFC+MDC,) aggregates can increase the resulting three 
component (MFC+MDC1+MDC2) aggregate adaptability 
aa(MFC+MDC1+MDC2)>?aa(MFC+MDC1) and thus aug 
ments the shape deformability of resulting aggregates. This 
loWers the pressure p* needed to drive substantial suspen 
sion ?ux through a barrier: p*(MFC+MDC1+MDC2)> 
[p*(MFC+MDC1). The capability of said at least three 
component aggregates to move through a semi-permeable 
barrier is therefore increased. This ?nding is surprising taken 
that the droplets covered by a bi-component bilayer mem 
brane already have a rather high barrier crossing ability 
compared to the droplets enshrined by a simple lipid bilayer: 
aa(MFC+MDC1)>>aa(MFC). 
[0089] Apparently, the third aggregate component, Which 
acts as a second membrane destabilising component, can 
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increase or support transport-permitting aggregate adapt 
ability beyond normal expectation: 
aa(MFC+MDC1+MDC2);u>aa(MFC+MDC1) and 
aa(MFC+MDC1+MDC2)>;uaa(MFC+MDC2. This is illus 
trated in inset to FIG. 5. 

[0090] The three-component bilayer membrane compris 
ing a lipid (MFC), a suitable ?rst surfactant/amphipatic drug 
(MDC1) and a suitable second surfactant/amphipatic drug 
(MDC2) may also require a loWer driving pressure to 
achieve transbarrier transport: p*(MFC+MDC1+MDC2)<p 
*(MFC+MDC2). Additionally or alternatively, a loWer total 
amount of bilayer destabilising second amphipat may suffice 
for obtaining suf?ciently adaptable aggregates, such that can 
cross a semipermeable barrier. The role of both membrane 
destabilising compounds is potentially, but not necessarily 
quantitatively, interchangeable (cf. FIG. 5). 

[0091] Speci?cally, We found that relative concentration 
of said third component, Which acts as membrane destabi 
lising amphipat in the at least quaternary suspension (liquid 
suspending medium+MFC+MDC1+MDC2 preferably 
Water+lipid+drug+surfactant) containing aggregates With a 
high adaptability, can be kept beloW the necessary MDC2, 
preferably the surfactant, concentration in a ternary suspen 
sion (liquid suspending medium+MFC+MDC, preferably 
Water+lipid+surfactant) containing aggregates of similar 
adaptability: aa(MFC+MDC1+MDC2)z49aa(MFC+MDC2) 
and [MDC2]three—cornponent<[MDC2]bi—cornponent or 
aa(MFC+MDC1+MDC2)z4qaa(MFC+MDC1) and [MDC] 
three_cOmpOnent<[MDC1]bi_componem, values in square brackets 
denoting molar membrane component concentrations. Prac 
tical Examples provide several illustrations for this. In our 
opinion, this phenomenon re?ects a synergy betWeen the 
action of tWo bilayer components, eg betWeen both mem 
brane destabilising constituents (preferably amphipatic 
drug(s), surfactant(s); MDC1, MDCZ). The dependence of 
adaptability curve on the magnitude of coupling parameter 
m, documented in inset to FIG. 5, supports such notion. We 
furthermore suggest that the interacting tWo membrane 
destabiliZing components together make said three-compo 
nent lipid bilayers more permeable and/or more ?exible than 
the tWo-component bilayer membranes in Which one of 
these MDC is lacking. This means that: aa([MFC]+ 
[MDC1]+[MDC2])>aa([MFC]+[MDC1]) and aa([MFC‘]+ 
[MDC1‘]+[MDC2‘])>aa([MFC‘]+[MDC2‘]), similar concen 
tration symbols meaning identical membrane component 
concentration. The corresponding p* values typically exhibit 
the inverse behaviour of aa values. 

[0092] Preferably, the aggregate adaptability ful?ls the 
condition aa([MFC]+[MDC1]+[MDC2])>aa([MFC]+ 
[MDC1],) and/or aa([MFC]+[MDC1]+[MDC2]>aa([MFC]+ 
[MDC2]), Wherein the combined molar concentration of 
both membrane destabiliZing compounds [MDC1]+[MDC2] 
in aggregates comprising three amphipats (MFC+MDC1+ 
MDC2) is equal or less than the molar concentration of 
[MDC1] in the aggregates that comprise only tWo amphipats 
(MFC+MDC1) and/or is less than the molar concentration of 
[MDC2]in the aggregates comprising only tWo amphipats 
(MFC+MDC2), at the same molar concentration of MFC, or 
the aggregate adaptability ful?ls the condition aa([MFC]+ 
[MDCl]+[MDC2])zaa([MFC]+[MDC1]) and/or aa([MFC]+ 
[MDC1]+[MDC2])zaa([MFC]+[MDC2]), Wherein the com 
bined molar concentration [MDC1]+[MDC2] in aggregates 
comprising three amphipats (MFC+MDC1+MDC2) is less 
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than the molar concentration of [MDC1] in the aggregates 
comprising only tWo amphipats (MFC+MDC1) and/or is less 
than the molar concentration of [MDC2] in the aggregates 
comprising only tWo amphipats (MFC+MDC2), at the same 
molar concentration of MFC. The corresponding p* values 
typically exhibit the inverse behaviour of aa values. 

[0093] Therefore, a second membrane destabiliZing com 
pound can be used to form aggregates comprising three 
amphipates (MFC+2 different MDCs) and thus achieve 
aggregate adaptability aa Which is higher than that of an 
aggregate comprising only tWo amphipats (MFC+MDC). 
Accordingly MDC1 can be used to increase the adaptability 
aa of an aggregate comprising MFC and MDC2, and MDC2 
can be used to increase the adaptability aa of an aggregate 
comprising MFC and MDC1 by forming an aggregate com 
prising three amphipats (MFC+2 different MDCs). LikeWise 
the second membrane destabiliZing compound can be used 
to decrease the amount of the ?rst membrane destabiliZing 
compound Which Would be necessary to achieve a certain 
adaptability aa When used alone in an aggregate comprising 
tWo amphipats. Accordingly MDC1 can be used to form an 
aggregate comprising three amphipats (MFC+MDC1 and 
MDC2) to lessen the amount of MDC2 necessary When used 
alone in an aggregate comprising MFC and MDC2 to 
achieve a certain adaptability aa and/or MDC2 can be used to 
form an aggregate comprising three amphipats (MFC+ 
MDC1 and MDC2) to lessen the amount of MDC1 necessary 
When used alone in an aggregate comprising MFC and 
MDC1 to achieve a certain adaptability. Preferably the sec 
ond membrane destabiliZing compound MDC1 or MDC2 is 
used to form an aggregate comprising three amphipats 
(MFC+MDC1+MDC2) Whereby the total molar amount of 
destabiliZing compound necessary to achieve a certain 
adaptability of an aggregate comprising tWo amphipats, one 
membrane forming compound and the respective other 
membrane destabiliZing compound (MFC+MDC1) or 
(MFC+MDC2), is reduced, so [MDC1]+[MDC2] in amphi 
pats comprising [MFC]+[MDC1]+[MDC2] is less than 
[MDC1] in amphipats comprising [MFC]+[MDC1] and/or 
[MDC2] in amphipats comprising [MFC]+[MDC2]. 
[0094] We note that the characteristics listed in previous 
paragraph favourably affect the transport of said pluri 
component mixed lipid vesicles through the skin. Simulta 
neous presence of at least tWo bilayer destabilising amphi 
pats in aggregate suspension based on the lipid that forms 
stable bilayers is therefore bene?cial for application of 
corresponding pharmaceutical formulations on semi-perme 
able barriers, such as the skin. 

[0095] We thus unveil a fairly general, previously 
unknoWn phenomenon With great practical and commercial 
potential. An example is the transport of drugs across 
various biological barriers mediated by the three-component 
aggregates (typically vesicles comprising tWo membrane 
destabilising amphipats) in said at least quaternary mixture. 
The requirement for this is the capability of complex aggre 
gates to cross pores With a radius at least 25% smaller than 
the average aggregate radius before passage through the 
pores. The pores can also be part of the pathWay through the 
skin, Which makes said at least quaternary mixtures suitable 
for transdermal drug delivery. Quaternary mixtures contain 
ing at least one polar, but poorly soluble lipid (Which on its 
oWn forms extended aggregates) and at least tWo relatively 
highly soluble amphipats (surfactants/drugs, Which tend to 
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destabilise the aforementioned lipid bilayer), consequently 
can improve drug transport into the body of Warm blood 
creatures. 

[0096] Most drugs are amphipatic. Many such molecules, 
especially in the ionised form, are also edge active and are 
thus attracted to the hydrophilic-hydrophobic boundaries. 
Some drugs may self-aggregate or at least tend to adsorb to 
an air-Water or lipid-Water interface; this is mainly due to 
hydrophobic, ionic, or H-bond interactions betWeen drugs 
and lipid (aggregates), Which can lead to the creation of 
Weak drug-lipid associates. The solubility and/or amphipaty 
of such associates typically are greater than that of the 
involved lipid or drug alone. This is the reason Why amphi 
patic drugs under certain conditions can destabilise or even 
permeate and solubilise lipid bilayer membranes. Such 
drugs then act as membrane destabilising components 
(MDC) in the sense of the present invention, but this is not 
necessarily the case under all conditions. Typically, suf? 
ciently high drug solubility and suf?ciently high drug par 
tition coef?cient in or binding constant to a bilayer mem 
brane are both required for the effect. The speci?c, suitable 
value for these tWo parameters depends on choice of other 
system characteristics (pH, salt and its concentration, lipid 
concentration, Water activity, etc.). The rule of thumb is that 
the highest membrane-concentration of the most Water 
soluble drug form normally Will Work best, stability con 
siderations permitting. 

[0097] To solve the above mentioned problems, this 
invention describes preparations based on a combination of 
at least one ?rst, at least one second, and at least one third 
amphipatic component suspended in a suitable liquid 
medium in the form of corresponding mixed amphipat 
aggregates With one or a feW bilayer-like, mixed amphipat 
coating(s), in Which the combination of all three said com 
ponents form extended surfaces in contact With said liquid 
medium that are at least 50% more extended, on the average, 
than the typical surface of the aggregates comprising the 
said at least one second and at least one third amphipatic 
component alone and the adaptability of extended surface 
aggregates comprising all three said amphipatic components 
to ambient stress exceeds by at least 20% or by at least tWice 
the standard deviation of a typical measurement, Whichever 
is smaller, the adaptability of the aggregates With extended 
surface that comprises the at least one ?rst and the at least 
one second amphipatic component used at the corresponding 
concentrations or the adaptability of the extended surface 
comprising the at least one ?rst and the at least one third 
amphipatic component at corresponding concentrations, 
Whichever is smaller, for the application, administration or 
transport of an active ingredient, Which can be one of the 
three amphipatic components, especially for biological, 
medical, immunological, or cosmetic purposes, into and 
through the pores in semi-permeable barriers or other con 
strictions, such as through the skin of Warm blood creatures 
or the like. 

[0098] In an alternative de?nition of the described prob 
lems solution, a combination of at least one ?rst, at least one 
second, and at least one third amphipatic component sus 
pended in a suitable liquid medium in the form of mixed 
amphipat aggregates With one or a feW bilayer-like, mixed 
amphipat coating(s), and thus With an extended surface, is 
used, in Which the said at least one ?rst amphipatic com 
ponent, on the one hand, and said at least one second and one 
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third amphipatic components, on the other hand, have at 
least 2-times different solubilities in said liquid medium, and 
said at least one ?rst substance has a tendency to self 
aggregate and is at least 10-times less soluble in said liquid 
medium than said at least one second and said one third 

substance, alloWing the ?rst to form extended surfaces; 
furthermore, said at least one second substance is at least 
10-times more soluble in said liquid medium and, on its 
oWn, tends to form or supports the formation of surfaces that 
are at least 2-times less extended than the surfaces contain 
ing the at least one ?rst substance alone and said at least one 
third substance is also at least 10-times more soluble in said 
liquid medium than the ?rst substance and may, but needs 
not, form self-aggregates With aggregation numbers at least 
10-times smaller than that of self-aggregates of said ?rst 
substance, and said extended surfaces comprising said at 
least one ?rst, at least one second and at last one third 
substance, in equilibrium, have at least 50% greater 
extended surfaces than the surfaces formed by the at least 
one second or one third substance alone and/or both 
together, and preferably the aggregates With an extended 
surface comprising all three said amphipatic components 
have adaptability to ambient stress that exceeds by at least 
20% or by at least tWice the standard deviation of a typical 
measurement, Whichever is smaller, provided that the adapt 
ability of the extended surface comprising the at least one 
?rst and the at least one second amphipatic component used 
at the corresponding concentrations or the adaptability of the 
extended surface comprising the at least one ?rst and the at 
least one third amphipatic component at the corresponding 
concentrations, Whichever is smaller, all of Which serves the 
purpose of application, administration or transport of at least 
one active ingredient, Which can be amongst said three 
substances, especially for medicinal or biological purposes, 
into and through barriers and constrictions, such as the skin 
of Warm blood creatures or the like. 

[0099] Afavourable problem solution relies on use of said 
extended surfaces n the form of membrane surfaces. 

[0100] Suitable combinations also ful?l the requirements 
as stated in previous paragraphs, simultaneously ensuring 
that the said at least one second substance increases the 
?exibility of extended surfaces comprising said at least one 
?rst, at least one second, and at least one third substance in 
comparison With the surfaces formed merely by an at least 
one ?rst substance or else With the surfaces formed by at 
least one ?rst and at least one third substance. 

[0101] Further suitable combinations ful?l the require 
ments by ensuring that the said at least one second and one 
third substance together increase the permeability of 
extended surfaces containing the said at least one ?rst, at 
least one second, and at least one third substance, in com 
parison With the surfaces formed merely by the at least one 
?rst substance or else With the surfaces formed by at least 
one ?rst and at least one third substance. 

[0102] Combinations, Which also ful?l said requirements 
contain said at least one second substance such that 
increases the ability to tolerate high curvature, as assessed 
by relative stability of said aggregates With an extended 
surface comprising said one ?rst, said one second and said 
one third substance against enforced higher curvature during 
passing through a constriction With maximum diameter at 
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least 1.4 times smaller than the average diameter of an 
extended surface formed by an at least one ?rst substance 
alone. 

[0103] When expressed in terms of relative solubilities of 
different components, combinations as taught by this appli 
cation preferably comprise at least one ?rst substance and 
the at least one second substance that differ in solubility in 
the suspending medium on the average at least 10-fold. 
Alternatively, the at least one second substance and the at 
least one third substance differ in solubility in the suspend 
ing medium on the average at least 2-fold. 

[0104] It is furthermore recommendable to use combina 
tions, as described in previous paragraphs, characterised by 
the fact that the concentration of said at least one second 
substance used in the combination With said one ?rst and 
said one third substance is beloW 80% of the concentration 
that Would be needed to render the aggregates comprising 
only said one ?rst and said one second substance as adapt 
able to ambient stress as the selected combination of all at 
least three substances. In preferred combinations according 
to the description in penultimate paragraph, the concentra 
tion of said at least one second substance amounts to at least 
0.1% of the relative stated concentration. In further preferred 
combination, the concentration of said at least one second 
substance amounts to 1-80% of the relative stated concen 
tration. 

[0105] It is also possible to de?ne the combination suitable 
for solving the problems described in this application by 
selecting relative concentration of said at least one third 
substance, used in combination With said one ?rst and said 
one second substance, to be above 0.1% of maximum 
possible concentration of the said at least one third substance 
in the system, a) as de?ned in terms of the solubility of said 
third substance in the system or in said at least three 
component aggregates, or else b) as determined by the 
negative action of said at least one third substance on the 
stability of said at least three-component aggregates. This 
means that more than 0.1% of saturating concentration of 
said third substance in the at least three component aggre 
gates is preferably used or else, that the 0.1% limit pertains 
to maximum possible concentration of said third substance 
Which results in at least three-component aggregates to fail 
to ful?l the necessary aggregate stability criterion de?ned 
previously in the text. 

[0106] Furthermore, it is possible to de?ne a suitable 
combination by requesting relative concentration of said at 
least one third substance used in combination With said one 
?rst and With said one second substance to be betWeen 1% 
and 99%, more favourably to be betWeen 10% and 95%, and 
most preferably to be betWeen 25% and 90% of maximum 
possible concentration of said at least one third substance, a) 
as de?ned in terms of the solubility of said third substance 
in the system or in said at least three-component aggregates, 
or else b) as determined by the detrimental effect of said at 
least one third substance on the stability of said at least 
three-component aggregates, the qualitative meaning of 
these de?nitions being described in previous paragraph. 

[0107] Problem solving amphipat combination preferably 
contains betWeen 0.01 Weight-% and 50 Weight-% dry mass 
as total mass of all at least three amphipatic substances, 
Which together form highly adaptable aggregates With an 
extended surface. In more preferred formulations, this mass 
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is selected to be betWeen 0.1 Weight-% and 40 Weight-%, 
even more preferably betWeen 0.5 Weight-% and 30 
Weight-% and most preferably betWeen 1 Weight-% and 15 
Weight-%. 
[0108] Amphipat combinations designed according to this 
application form extended surfaces With a high adaptability, 
containing said at least three substances, preferably With an 
average surface curvature corresponding to an average 
radius betWeen 15 nm and 5000 nm. Aparticularly favoured 
choice are the systems With extended highly adaptable 
surfaces, Which contain said at least three substances, With 
an average curvature corresponding to an average radius 
betWeen 30 nm and 1000 nm, more preferably betWeen 40 
nm and 300 nm and most preferably betWeen 50 nm and 150 
nm. 

[0109] Electrolyte composition and concentration affects 
the desirable properties of said amphipat combinations. It is 
therefore preferred to select these characteristics of the 
electrolyte in Which the extended surfaces With at least one 
?rst, at least one second, and at least one third substance are 
suspended, and Which comprises mono and/or oligovalent 
ions, so as to attain ionic strength betWeen I=0.001 and I=1. 
A more preferred choice yields ionic strength betWeen 
I=0.02 and I=0.5 Which even more preferably is selected to 
be betWeen I=0.1 and I=0.3. 

[0110] Proton concentration in the selected electrolyte is 
an important parameter in case of ioniZable systems. pH 
value of the suspending electrolyte therefore preferably 
should be chosen: a) in the vicinity of the logarithm of the 
apparent ionisation constant (pKa) of said at least one 
second substance, if the latter is mono-ioniZable, or in the 
vicinity of such pKa value that maximises the solubility of 
said at least one second substance, if the latter has several 
ioniZable groups, or else b) in the vicinity of pH optimum for 
the most rapidly decaying or the otherWise most sensitive 
amongst the said at least three substances, if the said at least 
one second substance is not ioniZable. More speci?cally, the 
pH value of the polar medium in Which the extended 
surfaces comprising at least one ?rst, at least one second, 
and at least one third substance are suspended should be 
betWeen pH=pKa-3 and pH=pKa+3, the ?nal pH selection 
being also affected by said stability considerations. When a 
narroWer choice is desirable, ?xing electrolyte a) betWeen 
pH=pKa-1.5 and pH=pKa+2, if said at least one third 
substance is more soluble at high pH, and b) betWeen 
pH=pKa-2 and pH=pKa+1.5, if said at least one third 
substance is more soluble at loW pH, is recommendable, the 
?nal pH selection again being subject to stability consider 
ations. 

[0111] Apreferred solution to outlined problems is the use 
of said combinations characterised in that the at least one 
?rst substance, Which is less soluble in the liquid medium 
and/or is the surface-building substance in the system, is a 
lipid, in that the at least one second substance, Which is more 
soluble in the liquid medium and/or increases the tolerable 
surface curvature or adaptability of said extended surface, is 
a membrane destabilising amphipat and typically a surfac 
tant, and in that said at least one third substance is either a 
biologically active amphipatic ingredient, Which has a capa 
bility of its oWn to increase the tolerable surface curvature 
or adaptability of said extended surface, or else is a different 
surfactant different from the said at least second substance. 
The second and third substance may be interchanged. 
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[0112] Some preferred amphipat combinations that can 
conveniently be used to solved the outlined problems are 
favourably arranged in the form of minute ?uid droplets 
suspended or dispersed in a liquid, and surrounded by a 
coating of one or several layers of the at least one ?rst 
substance, Which is capable of self-aggregation, and of at 
least one second substance and of at least one third sub 
stance, Which are both amphipatic, provided that a) the 
former substance and the latter tWo substances differ in 
solubility in a suitable liquid suspending medium at least 
10-fold, or else provided that b) the average radius of 
homo-aggregates of the more soluble amongst the at least 
one second and third substance or of hetero-aggregates of 
the at least one ?rst, the at least one second and the at least 
one third substance is smaller than the average radius of 
homo-aggregates of said at least-one ?rst substance, Which 
is the least soluble amongst the three. 

[0113] A preferred and practically very useful choice for 
the at least one ?rst substance, as de?ned herein, is a polar 
or a non-polar, surface-forming lipid. This lipid is most often 
capable of forming bilayer membranes and preferably forms 
bilayers on its oWn. When looked upon from the solubility 
point of vieW, such surface-forming lipid can be dissolved in 
the liquid suspending medium e.g. suspension supporting 
polazr medium preferably in a concentration range betWeen 
10 M and 10-7 M. 

[0114] For biological applications it is commendable to 
select the at least one ?rst substance forming eXtended 
surfaces as described in this document from the group of 
lipids, lipoids from a biological source, corresponding syn 
thetic lipids and biochemical or chemical modi?cations, i.e. 
derivatives, thereof. 

[0115] Particularly preferred and attractive in the sense of 
previous paragraph is the group comprising glycerides, 
glycolipids, glycerophospholipids, isoprenoidlipids, sphin 
golipids, steroids, sterines or sterols, sulphur-containing 
lipids, lipids containing at least one carbohydrate residue, or 
other polar fatty derivatives, Which are therefore all suitable 
candidates for said at least one ?rst substance that forms said 
eXtended surfaces. More speci?cally, the selection is made 
amongst phosphatidylcholines, phosphatidyl-ethanola 
mines, phosphatidylglycerols, phosphatidylinositols, phos 
phatidic acids, phosphatidylserines, sphingomyelins, sphin 
gophospholipids, glycosphingolipids, cerebrosides, 
ceramidpolyheXosides, sulphatides, sphingoplasmalogenes, 
or gangliosides. 

[0116] Said eXtended surface-forming substance, Which 
solves the problems outlined in the application, is preferably 
selected from the group of lipoids or lipids With one or tWo, 
often different, fatty chains, especially With acyl-, alkanoyl-, 
alkyl-, alkylene-, alkenoyl-, alkoXy, or chains With omega 
cycloheXyl-, cyclo-propane-, iso- or anteiso-branched seg 
ments, or any other practically useful aliphatic chain. There 
is some preference to use lipids With n-decyl, n-dodecyl 
(lauryl), n-tetradecyl (myristyl), n-heXadecyl (cetyl), n-oc 
tadecyl (stearyl), n-eicosyl (arachinyl), n-docosyl (behenyl) 
or n-tetracosyl (lignoceryl), 9-cis-dodecenyl (lauroleyl), 
9-cis-tetradecenyl (myristoleyl), 9-cis-heXadecenyl (palmi 
toleinyl), 9-cis-octadecenyl (petroselinyl), 6-trans-octadece 
nyl (petroselaidinylj, 9-cis-octadecenyl (oleyl), 9-trans-oc 
tadecenyl (elaidinyl), 9-cis-eicosenyl (gadoleinyl), 9-cis 
docosenyl (cetoleinyl) or n-9-cis-tetracosoyl (nervonyl), 
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n-decyloXy, n-dodecyloXy (lauryloXy), n-tetradecyloXy 
(myristyloXy), n-heXadecyloXy (cetyloXy), n-octadecyloXy 
(stearyloXy), n-eicosyloXy (arachinyloXy), n-docosoyloXy 
(behenyloXy) or n-tetracosoyloXy (lignoceryloXy), 9-cis 
dodecenyloXy (lauroleyloXy), 9-cis-tetradecenyloXy (myris 
toleyloXy), 9-cis-heXadecenyloXy (palmitoleinyloXy), 6-cis 
octadecenyloXy, (petroselinyloXy), 6-trans-octadecenyloXy 
(petroselaidinyloxy), 9-cis-octadecenyloXy (oleyloXy), 
9-trans-octadecenyloXy (elaidinyloXy), and 9-cis-eicosenyl 
(gadoleinyloXy), 9-cis-docosenyl (cetoleinyloXy) or n-9-cis 
tetracosoyl (nervonyloXy), n-decanoyloXy, n-dodecanoy 
loXy (lauroyloXy), n-tetradecanoyloXy (myristoyloXy), 
n-heXadecanoyloXy (palmitoyloxy) I n-octadecanoyloXy 
(stearoyloXy), n-eicosanoyloXy (arachinoyloXy), n-n-doco 
soanyloXy (behenoyloXy) and n-tetracosanoyloXy (lignocer 
oyloXy), 9-cis-dodecenyloXy (lauroleoyloXy), 9-cis-tetrade 
cenoyloXy (myristoleoyloXy), 9-cis-heXadecenoyloXy 
(palmitoleinoyloXy), 6-cis-octadecenoyloXy (petroselinoy 
loXy), 6-trans-octadecenoyloXy (petroselaidinoyloXy), 9-cis 
octadecenoyloXy (oleoyloXy), 9-trans-octadecenoyloXyelai 
dinoyloXy), and 9-cis-eicosenoyloXy (gadoleinoyloXy), 
9-cis-docosenoyloXy (cetoleinoyloXy) and 9-cis-tetracose 
noyloXy (nervonoyloXy) or the corresponding sphingosine 
derivative chains. 

[0117] A preferred suitable solution to the problems out 
lined herein are amphipat combinations in Which said at 
least one second substance is a surface active substance such 
as a surfactant/detergent. The latter is preferably selected 
from the group comprising nonionic, ZWitterionic, anionic 
and cationic surfactants. It is preferred to use a surfactant 
With the solubility in a liquid suspending medium such as a 
polar liquid, in Which the eXtended surfaces are prepared, in 
the range5><10_7 M to 10-2 M. 

[0118] A long list of surfactants that qualify for the use in 
said quaternary suspensions, and a number of de?nitions, is 
given in EP 0 475 160 and US. Pat. No. 6,165,500, Which 
are hereWith explicitly included by reference. Valuable 
source of information on the substances Which qualify in this 
sense are also different specialist handbooks, such as Hand 
book of Industrial Surfactants. The folloWing list therefore 
only offers a selection, Which is by no means complete or 
exclusive, of several surfactant classes that are particularly 
common or useful in conjunction With the present patent 
application. This includes ioniZed long-chain fatty acids or 
long chain fatty alcohols, long chain fatty ammonium salts, 
such as alkyl- or alkenoyl-trimethyl-, -dimethyl- and -me 
thyl-ammonium salts, alkyl- or alkenoyl-sulphate salts, long 
fatty chain dimethyl-aminoXides, such as alkyl- or alkenoyl 
dimethyl-aminoXides, long fatty chain, for eXample 
alkanoyl, dimethyl-aminoXides and especially dodecyl dim 
ethyl-aminoXide, long fatty chain, for eXample alkyl-N 
methylglucamides and alkanoyl-N-methylglucamides, such 
as MEGA-8, MEGA-9 and MEGA-10, N-long fatty chain 
N,N-dimethylglycines, for eXample N-alkyl-N,N-dimeth 
ylglycines, 3-(long fatty chain-dimethylammonio)-alkane 
sulphonates, for eXample 3-(acyldimethylammonio) 
alkanesulphonates, long fatty chain derivatives of 
sulphosuccinate salts, such as bis(2-ethylalkyl) sulphosuc 
cinate salts, long fatty chain-sulphobetaines, for eXample 
acyl-sulphobetaines, long fatty chain betaines, such as 
EMPIGEN BB or ZWITTERGENT-3-16, -3-14, -3-12, 
-3-10, or -3-8, or polyethylen-glycol-acylphenyl ethers, 
especially nonaethylen-glycol-octylphenyl ether, polyethyl 
ene-long fatty chain-ethers, especially polyethylene-acyl 
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ethers, such as nonaethylen-decyl ether, nonaethylen-dode 
cyl ether or octaethylene-dodecyl ether, polyethyleneglycol 
isoacyl ethers, such as octaethyleneglycol-isotridecyl ether, 
polyethyleneglycol-sorbitane-long fatty chain esters, for 
example polyethyleneglycol-sorbitane-acyl esters and espe 
cially polyethylenglykol-monolaurate (e. g. TWeen 20), poly 
ethylenglykol-sorbitan-monooleate (e.g. TWeen 80), poly 
ethylenglykol-sorbitan-monolauroleylate, 
polyethylenglykol-sorbitan-monopetroselinate, polyethyl 
englykol-sorbitan-monoelaidate, polyethylenglykol-sorbi 
tan-myristoleylate, polyethylenglykol-sorbitan-palmi 
toleinylate, polyethylenglykol-sorbitan-petroselinylate, 
polyhydroXyethylene-long fatty chain ethers, for example 
polyhydroXyethylene-acyl ethers, such as polyhydroXyeth 
ylene-lauryl ethers, polyhydroXyethylene-myristoyl ethers, 
polyhydroXyethylene-cetylstearyl, polyhydroXyethylene 
palmityl ethers, polyhydroXyethylene-oleoyl ethers, polyhy 
droXyethylene-palmitoleoyl ethers, polyhydroXyethylene-li 
noleyl, polyhydroXyethylen-4, or 6, or 8, or 10, or 12-lauryl, 
miristoyl, palmitoyl, palmitoleyl, oleoyl or linoeyl ethers 
(Brij series), or in the corresponding esters, polyhydroXy 
ethylen-laurate-, -myristate, -palmitate, -stearate or -oleate, 
especially polyhydroXyethylen-8-stearate (Myrj 45) and 
polyhydroXyethylen-8-oleate or -8-laurate, polyethoXylated 
castor oil 40 (Cremophor EL), sorbitane-mono long fatty 
chain, for example alkylate (Arlacel or Span series), espe 
cially as sorbitane-monolaurate (Arlacel 20, Span 20) or 
-monooleaate a long fatty chain, for eXample acyl-N-meth 
ylglucamide, alkanoyl-N-methylglucamide, especially 
decanoyl-N-methylglucamide, dodecanoyl-N-methylgluca 
mide or octadecenoyl-N-methylglucamide; also suitable are 
long fatty chain sulphates, for eXample alkyl-sulphates, alkyl 
sulphate salts, such as lauryl-sulphate (SDS), oleoyl-sul 
phate; long fatty chain thioglucosides, such as alkylthioglu 
cosides and especially heptyl-, octyl- nonyl- and decyl-beta 
D-thioglucopyranoside; long fatty chain derivatives of 
various carbohydrates, such as pentoses, heXoses and dis 
accharides, especially alkyl-glucosides and maltosides, such 
as heXyl-, heptyl-, octyl-, nonyl- and decyl-beta-D-glucopy 
ranoside or -D-maltopyranoside; further salts, especially 
sodium or potasium salts, of cholate, deoXycholate, glyco 
cholate, glycodeoXycholate, taurodeoXycholate, taurocho 
late; corresponding fatty acid salts, especially oleate, elaid 
ate, linoleate, laurate, or myristate; furthermore 
lysophospholipids, such as n-octadecylene-glycerophospha 
tidic acid, octadecylene-phosphorylglycerol, octadecylene 
phosphorylserine, or -phosphatidylcholine, n-long fatty 
chain-glycero-phosphatidic acids, such as n-acyl-glycero 
phosphatidic acids, especially lauryl glycero-phosphatidic 
acids, oleoyl-glycero-phosphatidic acid, n-long fatty chain 
phosphorylglycerol, such as n-acyl-phosphorylglycerol, 
especially lauryl-, myristoyl-, oleoyl- or palmitoeloyl-phos 
phorylglycerol, n-long fatty chain-phosphorylserine, such as 
n-acyl-phosphorylserine, especially lauryl-, myristoyl-, ole 
oyl- or palmitoeloyl-phosphorylserine, n-tetradecyl-glyc 
ero-phosphatidic acid, n-tetradecyl-phosphorylglycerol, 
n-tetradecyl-phosphorylserine, corresponding -, elaidoyl-, 
vaccenyl-lysophospholipids, corresponding short-chain 
phospholipids, as Well as all surface active and thus mem 
brane destabilising polypeptides. 

[0119] For the solution of problems addressed by the 
application, charge-charge or charge-polar headgroup inter 
actions amongst the involved amphipats may be important. 
If so, the folloWing consideration can be made: if the at least 
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one second substance is charged the at least one third 
substance can be is uncharged and if the at least one second 
substance is uncharged the at least one third substance 
ideally should be charged; similar preference of combina 
tions is also possible for the said at least one ?rst and one 
second or for the said at least one ?rst and one third 
substance, respectively. When at least one charged amphipat 
is used to prepare aggregates With at least three different 
components, the eXtended aggregate surface, formed by the 
at least one ?rst, one second and one third substance, at least 
one of Which is charged, is preferably chosen to contain 
betWeen 1% and 75% of the charged component. An even 
more favourable choice is to use combinations of at least one 

?rst, one second and one third substance, at least one of 
Which is charged, that contain betWeen 5% and 50% of the 
charged component and most preferably betWeen 10% and 
30% of the charged component. 

[0120] In some cases it is preferred to use combinations 
according to claims of this application such that contain a 
phosphatidylcholine, a phosphatidylethanolamine-N-mono 
or N-di-methyl, phosphatidic acid or its methyl ester, phos 
phatidylserine and/or phosphatidylglycerol as the surface 
supporting at least one ?rst substance and a lysophospho 
lipid, especially a lysophosphatidic acid, 
lysomethylphosphatidic acid, lysophosphatidylglycerol, 
lysophosphatidylcholine, a partially N-methylated lysophos 
phatidylethanolamine, or else a monovalent salt of cholate, 
deoXycholate, glycocholate, glycodeoXycholate, or a suf? 
ciently polar sterol-derivative, or a suitable salt form of 
laurate, myristate, palmitate, oleate, palmitoleate, elaidate or 
some other pharmaceutically acceptable long-chain fatty 
acid salt and/or a TWeen-, a Myrj -, or a Brij-surfactant With 
said aliphatic chains, or a Triton, a long-chain fatty sulpho 
nate, -sulphobetaine, —N-glucamide or -sorbitane (Arlacel 
or Span) surfactant, any of Which can take the role of the at 
least one second or of at least one third substance, as the case 
may be, such second/third substance on its oWn forming less 
eXtended surfaces than the at least one ?rst substance on its 
oWn. 

[0121] Preferred combinations that conveniently solve the 
outlined problems may alternatively contain a biologically 
active amphipat, Which can destabilise lipid membranes, as 
the least one second or one third substance, as the case may 
be, unless a surfactant different from the at least one second 
substance or one third substance, but otherWise selected 
from similar surfactant classes, is selected for the purpose. 

[0122] As a useful rule of the thumb, Which can be applied 
to select a suitable at least one third or second substance, is 
preferably to select the solubility of such substance in the 
liquid suspending medium, such as a polar liquid, to be 
betWeen 10'6 M and 1 M. 

[0123] For some embodiments it is preferred to seek such 
molecule taking the role of at least one third or second 
amphipat that adsorbs to the surface of lipid bilayers but is 
also Well miscible With or reasonably soluble in the polar 
liquid in Which said eXtended lipid bilayer surfaces are 
formed. 

[0124] It is furthermore preferred, and practically useful, 
to use such drug or drug form that can take the role of as the 
at least one third or second substance, as the case may be, 
especially When this role is not taken by the at least one ?rst 
and/or the at least one second or third substance, respec 
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tively. If so, such ionisation or salt form of the drug is chosen 
that serve the purpose best. To the effect, the bulk pH, 
electrolyte composition and concentration value, and in case 
of need also co-solvents including different short chain 
alcohols or other short chain polar amphipats are selected 
appropriately. 
[0125] Drugs suitable for solving the problems sketched in 
this Work can belong to the class of substituted ammonium 
compounds of the formula 

(1) 

[0126] in Which a) Ra represents a hydrophobic group, and 
Rb, Rc, and Rd, independently of one another, each repre 
sents hydrogen, C1-C4-alkyl, 2-hydroXyethyl, allyl or cycle 
C3-C6-alkyl-Cl—C3-alkyl, or tWo of the radicals Rb, Rc 
and Rd together represent C4- or CS-alkylene optionally 
interrupted by —HN—, —N(C1-C4-alkyl)-, —N(2-hy 
droXyethyl)- or by oXygen, or; b) Ra and Rb are tWo 
hydrophobic groups or together represent a hydrophobic 
group, and Rc and Rd, independently of one another, each 
represents hydrogen, C1-C4-alkyl, allyl or cyclo-C3-C6 
alkyl-C1-C3-alkyl, or c) Ra, Rb and Rc together represent a 
hydrophobic group, and Rd, represents hydrogen or C1-C4 
alkyl, and A‘ represents the anion of a pharmaceutically 
acceptable acid, as a carboXylic acid salt of the formula 

Rd-coow+ (2) 

[0127] Ra representing a hydrophobic group and Y+rep 
resenting the cation of a pharmaceutically acceptable base, 

[0128] as an alpha-amino acid compound of the formula 

(3) 

[0129] In the above formula 3, Ra represents a hydropho 
bic group and Rb and Rc, independently of one another, each 
represents hydrogen or C1-C4-alkyl, as a phosphoric acid 
monoester of the formula 

(4) 
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[0130] Wherein Ra represents a hydrophobic group and 
Y+represents the cation of a pharmaceutically acceptable 
base, or as an acid addition salt of a compound having a 
hydrophobic group Ra and an imidaZoline, imidasolidine or 
hydrasino group as hydrophilic group. 

[0131] In a substituted ammonium compound of the for 
mula 1 that can be used as a medicament, in case a) the 
hydrophobic group Ra is an aliphatic hydrocarbon radical 
that can be interrupted by an oXygen or sulphur atom, may 
contain the groups —CO(=O)—, —O—C(=O)—, 
—C(=O)—NH—, —O—C(=O)—NH— or hydroXy, and 
can be substituted by from 1 to 3 optionally substituted, 
mono-cyclic, aliphatic or aromatic hydrocarbon radicals, by 
an optionally substituted, bi- or tri-cyclic, aromatic or par 
tially saturated hydrocarbon radical, by an optionally sub 
stituted, monocyclic, aromatic, partially saturated or satu 
rated heterocycle or by an optionally substituted, bi- or 
tri-cyclic, aromatic, partially saturated or benZo-fused het 
erocycle. 

[0132] The hydrophobic group Ra can also be an option 
ally substituted, monocyclic, aliphatic or aromatic hydro 
carbon radical or a bicyclic, aliphatic or benZo-fused hydro 
carbon radical. The hydrophilic group is, for eXample, a 
group of the formula 

[0133] Wherein Rb, Rc, and Rd, independently of one 
another, each represents hydrogen, C1-C4-alkyl, for eXample 
methyl, ethyl, isopropyl or n-propyl, or 2-hydroXyethyl, or 
in Which tWo of the radicals Rb, Rc, and Rd together 
represent piperidino, piperaZinyl, 1-methylpiperaZinyl, 1-(2 
hydroXyethyl)-piperaZinyl or morpholino, and the other 
radical represents hydrogen. 

[0134] In a substituted ammonium compound of the for 
mula 1 that can be used as a medicament, in case b) Ra and 
Rb are tWo hydrophobic groups, for eXample tWo aliphatic 
hydrocarbon radicals, Which can be substituted by one or 
tWo optionally substituted, monocyclic, aliphatic or aro 
matic hydrocarban radicals or by an optionally substituted, 
monocyclic, aromatic, partially saturated or saturated het 
erocycle, or Ra and Rb together represent an optionally 
substituted, monocyclic, aromatic, saturated, partially satu 
rated or benZo-fused heterocycle. The hydrophilic group is 
a group of the formula 

[0135] in Which Rc and Rd, independently of one another 
each represents hydrogen or C1-C4-alkyl, preferably 
methyl. 
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[0136] In a substituted ammonium compound of the for 
mula 1, Which can be used as a medicament, in case c) Ra, 
Rb, and Rc form the hydrophobic group and together 
represent an optionally substituted, aromatic, partially satu 
rated or benZo-fused heterocycle. The hydrophilic group is 
a group of the formula 

[0137] in Which Rd represents hydrogen or C1-C4-alkyl, 
preferably methyl. 

[0138] A“ is the anion of a pharmaceutically acceptable 
acid, for eXample a mineral acid, for eXample the chloride, 
hydrogen sulphate or dihydrogen phosphate ion, the bro 
mide or iodide ion, or the anion of an organic acid, for 
eXample a loWer alkanecarboXylic acid, for eXample the 
acetate ion, of an unsaturated carboXylic acid, for eXample 
the fumarate or maleate ion, of a hydroXy acid, for eXample 
the lactate, tartrate or citrate ion, or of an aromatic acid, for 
eXample the salicylate ion. 

[0139] In a carboXylic acid salt of the formula 2, Which 
can be used as a medicament, the hydrophobic group Ra is 
an aliphatic hydrocarbon radical that can be substituted by 
an optionally substituted, monocyclic, aromatic hydrocar 
bon radical or by an optionally substituted, bi- or tri-cyclic, 
aromatic or partially saturated hydrocarbon radical, by an 
optionally substituted, monocyclic, aromatic or partially 
saturated heterocycle or by an optionally substituted, bi- or 
tri-cyclic, aromatic, partially saturated or benZo-fused het 
erocycle or by a steroid radical, or Ra is an optionally 
substituted, monocyclic, aromatic hydrocarbon radical, an 
optionally substituted, bi- or tri-cyclic, aromatic or partially 
saturated hydrocarbon radical, an optionally substituted, 
monocyclic, aromatic or partially saturated heterocycle or an 
saturated or benZo-fused heterocycle. 

[0140] The cation Y+ of a pharmaceutically acceptable 
base is, for eXample, an alkali metal ion, for eXample a 
lithium, sodium or potassium ion, an alkaline earth metal 
ion, for eXample a magnesium or calcium ion, or an ammo 
nium or mono-, di- or tri-C1-C4-alkylammonium ion, for 
eXample a trimethyl-, ethyl-, diethyl- or triethyl-ammonium 
ion, a 2-hydroXyethyl-tri-C1-C4-alkylammonium ion, for 
eXample cholinyl, or the cation of a basic amino acid, for 
eXample lysine or arginine. 

[0141] CarboXylic acid salts of the formula 2 having 
biological activity or carboXylic acids that can be converted 
into them by salt formation are, for eXample, salts of 
glucocorticoids that are esteri?ed in the 21-position by a 
dicarboXylic acid, for eXample methylprednisolone sodium 
succinate, prednisolone sodium succinate; short-term nar 
cotics of the 3,20-dioXo-5B-pregnane type that can be esteri 
?ed by succinic acid, for eXample hydroXydione succinate 
sodium or 11,20-dioXo-3alpha-hydroXy-5alpha-pregnane, 
for eXample alphaXolone, or the 21-compound, for eXample 
alphadolone; salts of choleritics, for eXample cholic acid 
salts or deoXycholic acid salts; analgesics, for eXample salts 
of substituted phenylacetic acids or 2-phenylpropionic acids, 
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for eXample alclofenac, ibufenac, ibuprofen, clindanac, fen 
clorac, ketoprofen, fenoprofen, indoprofen, fenclofenac, 
diclofenac, ?urbiprofen, pirprofen, naproXen, benoXaprofen, 
carprofen or cicloprofen; analgesically active anthranilic 
acid derivatives, for eXample of the formula optionally 
substituted, bi- or tri-cyclic, aromatic, 

(2.1) 
COOH 

NH 

[0142] in Which R1, R2 and R3 independently of one 
another, each represents hydrogen, methyl, chlorine or trif 
luoromethyl, for eXample mefenamic acid, ?ufenamic acid, 
tolfenamic acid or meclofenamic acid; analgesically active 
anilino-substituted nicotinic acid derivatives, for eXample 
mi?umic acid, cloniXin or ?uniXin; analgesically active 
heteroarylacetic acids or 2-heteroarylpropionic acids having 
a 2-indol-3-yl or pyrrol-2-yl radical, for eXample indometha 
cin, oXmetacin, intraZol, acemetaZin, cinmetacin, Zomepirac, 
tolmetin, colpirac or tiaprofenic acid; analgesically active 
indenylacetic acids, for example sulindac; analgesically 
active heteroaryloXyacetic acids, for eXample benZadac, 
prostanoic acids that stimulate the smooth musculature, for 
eXample PGEZ (dinoprostone), PGFZalpha (dinoprost), 15 
(S)-15-methyl-PGE2, 15 (S)-15-methyl-PG F2alpha, (car 
boprost), (!)15 (Xi)-15-methyl-13,14-dihydro-11-deoXy 
PGEl (deprostil), 15(S)-15-methyl-ll-deoxy-PGE 1 (doX 
aprost), 16,16-dimethyl-PGE2, 17-phenyl-18,19,20-trinor 
PGFZalpha, 16-phenoXy-17,18,19,20-tetranor-PGF2alpha, 
for eXample cloprostenol or ?uprostenol, or N-methylsul 
phonyl-lS-phenoxy-17,18,19,20-tetranor-PGF2alpha (sul 
proston); bacteriostatics, for eXample salts of naliXidic acid 
derivatives, for eXample salts of naliXidic acid, cinoXacin, 
oXolinic acid, pironidic acid or pipenidic acid, penicillanic 
acid and cephalosporanic acid derivatives having antibiotic 
activity With 6‘- or 7[3-acylamino groups, Which are present 
in fermentatively, semi-synthetically or totally synthetically 
obtainable 6‘-acylamino-penicillanic acid or 7[3-acylami 
nocephalosporanic acid derivatives or 7‘-acylaminocepha 
losporanic acid derivatives modi?ed in the 3-position, for 
eXample penicillanic acid derivatives that have become 
knoWn under the names penicillin G or V, phenethicillin, 
propicillin, nafcillin, oXacillin, cloXacillin, dicloXacillin, ?u 
cloXacillin, cyclacillin, epicillin, mecillinam, methicillin, 
aZlocillin, sulbenicillin, ticarcillin, meZiocillin, piperacillin, 
carindacillin, aZidocillin or ciclaZillin, or cephalosporin 
derivatives that have become knoWn under the names cefa 
clor, cefuroXime, cefaZlur, cephacetrile, cefaZolin, cephal 
eXin, cefadroXil, cephaloglycin, cefoXitin, cephaloridine, 
cephsulodin, cefotiam, ceftaZidine, cefonicid, cefotaXime, 
ce?nenoXime, ceftiZoXime, cephalothin, cephradine, cefa 
mandol, cephanone, cephapirin, cefroXadin, cefatriZine, 
cefaZedone, ceftriXon or ceforanid, and other R-lactam anti 
biotics, for eXample moXalactam, clavulanic acid, nocardi 
cine A, sulbactam, aZtreonam or thienamycin; or antine 




































