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(57) ABSTRACT

A method for preparing transmembrane pH-gradient
vesicles is provided. This method includes the following
steps: a) preparing vesicles made from at least one matrix
substance in an aqueous medium having an osmolarity of
not more than 200 mOsn/1, wherein the matrix substance is
chosen from the group consisting of amphiphilic lipids and
amphiphilic block copolymers, b) transferring the vesicles
into a basic or acidic buffer having an osmolarity being at
least 200 mOsm/] higher than the osmolarity of the aqueous
medium of step a) to apply an osmotic shock to the vesicles
and to obtain buffer-filled vesicles and c¢) diluting a mixture
of the aqueous medium and the basic or acidic buffer
containing the buffer-filled vesicles by adding a neutralizing
solution to obtain transmembrane pH-gradient vesicles sus-
pended in a suspension buffer, wherein the suspension buffer
differs from the basic or acidic buffer in pH value.
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METHOD FOR PREPARING
TRANSMEMBRANE PH-GRADIENT
VESICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/567,878, filed Oct. 19, 2017, which
is the United States national phase of International Patent
Application Number PCT/EP2016/059912, filed on May 3,
2016, which claims priority of European Patent Application
Number 15166247.5, filed on May 4, 2015, the disclosures
of which are hereby incorporated in their entirety by refer-
ence.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The instant invention relates to a method for pre-
paring transmembrane pH-gradient vesicles.

Description of Related Art

[0003] The intravenous (Forster at al. Biomaterials 2012;
33:3578-3585) or intraperitoneal (Forster et al. Sci Transl
Med 2014; 6: 258ral41) administration of vesicles (e.g.
liposomes) with a remote loading capacity (e.g. transmem-
brane pH-gradient liposomes) have recently been described
as an interesting approach for the treatment of drug overdose
and intoxications to endogenous metabolites (e.g. hyperam-
monemia). These liposomes bear an internal compartment
that contains acidic or basic buffering agents and which
allows the sequestration of the toxic compounds in their
ionized state via the existence of a pH-gradient between the
inside compartment and outside environment.

[0004] According to prior art, transmembrane pH-gradient
liposomes are generally prepared by hydration in an acidic
or basic medium, followed by titration (Nichols and Deamer
Biochimica et Biophysica Acta 1976; 455:269-271),
medium exchange by gel filtration (Mayer et al. Biochimica
et Biophysica Acta 1985; 816:294-302), or dialysis (Forster
at al. Biomaterials 2012; 33:3578-3585), and then rapidly
used to encapsulate drugs.

[0005] The sterilization of these vesicles is, according to
prior art, performed on the final formulation containing the
encapsulated compound. However, this approach is not
adequate if a transmembrane pH-gradient is to be kept for
prolonged period of times, as in the case of biodetoxifying
agents, and/or if the liposomes are sterilized under high
temperatures. Indeed, over time the transmembrane pH
gradient decreases due to the diffusion of chemical species
across the liposomal membrane and/or the degradation of
the lipid components of the lipid bilayer (mainly the phos-
pholipids). Moreover the chemical degradation of liposomal
components (mainly the phospholipids) can be accelerated
in basic or acidic media, especially if the sterilization
process involves heat (e.g. autoclave).

[0006] A solution to this problem described by Stevens
and Lee (Stevens and Lee Anticancer Res. 2003; 23:439-
442) consists in preparing sterile freeze dried liposomes that
are then suspended in an acidic or basic medium, followed
by neutralization to generate the transmembrane pH-gradi-
ent. This approach involves a freeze drying step which
generally implies the preparation of liposomes under aseptic
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conditions, a process which can be costly and difficult to
control, especially when large volumes are to be freeze
dried. This approach is therefore not ideal from an industrial
viewpoint. Moreover, the fast resuspension of freeze dried
liposomes in a reproducible manner can be problematic if
large amounts of lipids are used, as in case of biodetoxifi-
cation applications (e.g. peritoneal dialysis).

[0007] U.S. Pat. No. 5,393,530 A describes a method to
remotely loading liposomal vesicles. Thereby, transmem-
brane loading is achieved by mixing a liposomal solution of
low osmolarity (osmotic concentration) with the substance
to be encapsulated. Then, the mixture is heated to a tem-
perature above the membrane lipid transition temperature
(T,) of the lipids that make up the liposomal vesicle to
achieve a membrane destabilization and to incorporate the
substance into the inner part of the vesicles.

[0008] Bertrand et al. (ACS nano 2010; 4: 7552-7558)
describes a method for forming transmembrane pH gradient
liposomes in which an acidic buffer is encapsulated into
liposomes in a first step. In a second step, an external buffer
around the liposomes is exchanged so that a transmembrane
pH gradient between the interior of the formed liposomes
and the exterior is established.

SUMMARY OF THE INVENTION

[0009] It is an object of the instant invention to provide a
manufacturing process by which stable transmembrane pH-
gradient vesicles can be produced in a simple manner
without the before-mentioned limitations of prior art. In
particular, an industrial application of the manufacturing
process shall be possible.

[0010] This object is achieved by a method for preparing
transmembrane pH-gradient vesicles having features as
described herein.

[0011] Such a method comprises the steps explained in the
following. In a first step, vesicles made from at least one
matrix substance are prepared in an aqueous medium having
an osmolarity of not more than 200 mOsnv/1. In an embodi-
ment, the osmolarity of the aqueous medium is equal to or
less than 150 mOsm/1, in particular equal to or less than 100
mOsm/l, in particular equal to or less than 75 mOsm/l, in
particular equal to or less than 50 mOsm/l, in particular
equal to or less than 25 mOsm/l, in particular equal to or less
than 10 mOsny/l, in particular equal to or less than 5 mOsny/1,
in particular equal to or less than 1 mOsm/l. In an embodi-
ment, the osmolarity is in the range of 1 mOsm/I to 200
mOsm/l or in the range built up from any of the before-
mentioned osmolarities (such as 10 mOsm/1 to 150 mOsm/1
etc.).

[0012] Inasecond step, the vesicles are mixed with a basic
or acidic buffer having an osmolarity being at least 200
mOsm/1 higher than the osmolarity of the aqueous medium
of step a) to apply an osmotic shock to the vesicles and to
obtain buffer-filled vesicles. In an embodiment, the osmo-
larity of the basic or acidic buffer is at least 220 mOsm/1
higher than the osmolarity of the aqueous medium of step a),
in particular at least 250 mOsm/1 higher, in particular at least
300 mOsm/1 higher, in particular at least 350 mOsm/1 higher,
in particular at least 400 mOsm/1 higher, in particular at least
450 mOsm/1 higher, in particular at least S00 mOsm/1 higher,
in particular at least 550 mOsm/1 higher. In an embodiment,
the osmolarity of the basic or acidic buffer is in a range of
200 mOsny/1 to 550 mOsny/1 higher than the osmolarity of
the aqueous medium of step a) or in a range built up from
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any of the before-mentioned osmolarities (such as 220
mOsm/1 to 500 mOsny/1 etc.).

[0013] Thus, the basic or acidic buffer is a hyperosmotic
buffer with respect to the aqueous medium used in the first
step. In doing so, an osmotic shock is extemporaneously
applied to the vesicles. This osmotic shock results in incor-
porating the acidic or basic buffer within the vesicles. Thus,
the osmotic shock serves for a short-term destabilization of
the vesicles in order to allow buffer incorporation into the
vesicles. Buffer-filled vesicles result. In an embodiment, the
hyperosmotic buffer can also contain electrolytes that are
used to modulate the osmolarity or have a physiological
function.

[0014] It should be noted that a sufficient amount of the
basic or acidic buffer is to be added to the vesicles suspended
in the aqueous medium since otherwise no osmotic shock
will be achieved. A sufficient amount can be—in dependence
on the difference between the osmolarity of the aqueous
medium and the osmolarity of the acidic or basic buffer—a
volume that corresponds to at least 0.1 times the volume of
the aqueous medium used in the first step, in particular at
least 0.3 times, in particular at least 0.5 times, in particular
at least 0.8 times, in particular at least 1.5 times, in particular
at least 2 times, in particular at least 2.5 times, in particular
at least 3 times and in particular at least 5 times in particular.
In an embodiment, the basic or acidic buffer can be added in
a volume that equals the volume of the aqueous medium. In
an embodiment, the volume of the basic or acidic buffer to
be added can be 0.1 times to 5 times the volume of the
aqueous vesical suspension or any other range that can be
built up from the before-mentioned values (such as 0.3 times
to 3 times, etc.).

[0015] In an embodiment, the pH value of the hyperos-
motic buffer is in a range of pH 1 to pH 6.9, in particular pH
1.5to pH 6.5, in particular pH 2.0 to pH 6.0, in particular pH
2.5to pH 5.5, in particular pH 3.0 to pH 5.0, in particular pH
3.5 to pH 4.5, in particular pH 3.0 to pH 3.5.

[0016] In an embodiment, the pH value of the hyperos-
motic buffer is in a range of pH 7.1 to pH 14, in particular
pH 7.5 to pH 13.5, in particular pH 8.0 to pH 13.0, in
particular pH 8.5 to pH 12.5, in particular pH 9.0 to pH 12.0,
in particular pH 9.5 to pH 11.5, in particular pH 10.0 to pH
11.0, in particular pH 10.5 to pH 11.0.

[0017] In an embodiment, the hyperosmotic buffer can
contain additional chemical agents such as a complexing
agent or chelating agent.

[0018] In a third step, a mixture of the aqueous medium
and the basic or acidic buffer containing the buffer-filled
vesicles is diluted by adding a neutralizing aqueous solution.
The mixture of basic or acidic buffer and neutralizing
solution makes up a suspension buffer. Thus, after dilution,
transmembrane pH-gradient vesicles suspended in the sus-
pension buffer result. Thereby, the pH of the suspension
buffer differs from the basic or acidic buffer contained in the
buffer-filled vesicles The pH difference is in an embodiment
at least 1 pH unit, in particular at least 1.5 pH units, in
particular at least 2 pH units, in particular at least 2.5 pH
units, in particular at least 3 pH units, in particular at least
3.5 pH units, in particular at least 4 pH units, in particular
at least 4.5 pH unit, in particular at least 5 pH units, in
particular at least 5.5 pH units, in particular at least 6 pH
units, in particular at least 6.5 pH units, in particular at least
7 pH units.
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[0019] Inan embodiment, the pH value of the neutralizing
solution is in a range of pH 7.1 to pH 14, in particular pH
7.5 to pH 13.5, in particular pH 8.0 to pH 13.0, in particular
pH 8.5 to pH 12.5, in particular pH 9.0 to pH 12.0, in
particular pH 9.5 to pH 11.5, in particular pH 10.0 to pH
11.0, in particular pH 10.5 to pH 11.0.

[0020] Inan embodiment, the pH value of the neutralizing
solution is in a range of pH 1 to pH 6.9, in particular pH 1.5
to pH 6.5, in particular pH 2.0 to pH 6.0, in particular pH 2.5
to pH 5.5, in particular pH 3.0 to pH 5.0, in particular pH 3.5
to pH 4.5, in particular pH 3.0 to pH 3.5.

[0021] Due to the differences of the suspension buffer and
the basic or acidic buffer, a transmembrane pH-gradient
between the inner part of the vesicles and the surrounding
suspension buffer is achieved.

[0022] Inan embodiment, the vesicles prepared in the first
step are sterilized so as to obtain sterilized vesicles or a
sterilized vesicles-containing liquid solution. Then, these
sterilized vesicles are used when carrying out the second
step of the manufacturing process explained above. In this
second step, a sterilized basic or acidic buffer is used in an
embodiment. In doing so, fully sterile buffer-filled vesicles
or a fully sterile solution containing buffer-filled vesicles can
be prepared. The sterilization can be carried out by, e.g.,
sterile filtration or autoclaving.

[0023] In another embodiment, the vesicles are stored for
a first period of time prior to carrying out the step of mixing
the vesicles (or the vesicles-containing solution) with the
basic or acidic buffer. This storage can be accomplished in
a very suited manner if the vesicles are sterilized after the
first preparation step because then no or little degradation
processes will occur in the sterilized vesicle suspension. The
first period of time can be one day, a few days, one week,
several weeks, one month or even several months. It should
be noted that sterilized vesicles contained in an aqueous
medium are stable entities. Since they do not yet contain any
specific acidic or basic buffer like later on when using the
vesicles, no buffer loss due to vesicle degradation or leakage
of the vesicles has to be feared. This is also true if the
vesicles, in an embodiment, contain low amounts of elec-
trolytes molecules since an according osmolarity within the
vesicles would then be in a range of between 1 mOsm/1 to
200 mOsny/1. In addition, since the vesicles are kept in an
aqueous medium during storage, no disadvantages like in
the case of lyophilizing the vesicles occur.

[0024] Since the incorporation of the basic or acidic buffer
is achieved by a strong osmotic shock, no vesicle destabi-
lization via an enhanced temperature is necessary. In par-
ticular, it is not necessary to heat the vesicles onto a
temperature that is above the transition temperature of the
matrix substance used for preparing the vesicles. It was
rather surprising to find out that the step of incorporating
buffer into the vesicles does not have to be performed above
the membrane lipid phase transition temperature, if lipids
are used as matrix substance.

[0025] Therefore, in an embodiment, the second step of
the method is carried out at a temperature that is below a
phase transition temperature of the matrix substance. Such
phase transition temperature can be the membrane lipid
transition temperature if a lipid is used as matrix substance.
[0026] In an embodiment, the second step of the method
is carried out at a temperature of 35° C. or less, in particular
ot 30° C. or less, in particular of 25° C. or less, in particular
0t 20° C. or less, in particular of 15° C. or less, in particular
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of 10° C. or less. To give an example, a suited temperature
range for carrying out the second step is 15 to 35° C. In
addition, further temperature ranges using the before-men-
tioned temperatures can be built up as desired and needed
(e.g. 10 to 30° C. etc.). In another embodiment, the whole
manufacturing method is carried out at the before-mentioned
temperatures or temperature ranges (in some embodiments
excluding the sterilization process, namely, in particular if
the sterilization process is carried out as autoclaving).
[0027] In an embodiment, the neutralizing solution has an
osmolarity of between 250 mOsny/1 and 550 mOsm/l, in
particular of between 270 and 520 mOsm/], in particular of
between 290 and 500 mOsm/l, in particular of between 300
and 480 mOsnvl, in particular of between 320 and 450
mOsm/], in particular of between 330 and 420 mOsn/l, in
particular of between 350 and 400 mOsm/1.

[0028] In an embodiment, the neutralizing solution has an
osmolarity which is less than 200 mOsm/1 higher or lower
than the osmolarity of the mixture containing the buffer-
containing vesicles (i.e., the buffer-containing vesicles solu-
tion), in particular less than 150 mOsm/1 higher or lower, in
particular less than 100 mOsm/1 higher or lower, in particu-
lar less than 50 mOsm/l higher or lower, in particular less
than 20 mOsny/1 higher or lower, in particular less than 10
mOsm/] higher or lower. In an embodiment, the difference in
osmolarity between the neutralizing solution and the mixture
containing the buffer-containing vesicles is between 1
mOsm/ to 200 mOsm/], in particular between 10 mOsm/ to
150 mOsm/1, in particular between 20 mOsm/ to 100 mOsm/
1, in particular between 30 mOsm/ to 80 mOsny/1, in par-
ticular between 40 mOsny/ to 60 mOsny/1.

[0029] In an embodiment, the osmolarity of the hyperos-
motic buffer is equal to or higher than 250 mOsm/l, in
particular equal to or higher than 300 mOsm/], in particular
equal to or higher than 350 mOsm/1, in particular equal to or
higher than 400 mOsm/l, in particular equal to or higher than
450 mOsnyl, in particular equal to or higher than 500
mOsm/1, in particular equal to or higher than 550 mOsnv/],
in particular equal to or higher than 600 mOsm/l, in par-
ticular equal to or higher than 700 mOsm/l, in particular
equal to or higher than 800 mOsm/1, in particular equal to or
higher than 900 mOsm/l, in particular equal to or higher than
1000 mOsm/], in particular equal to or higher than 1100
mOsm/1, in particular equal to or higher than 1200 mOsnv/1,
in particular equal to or higher than 1300 mOsm/l, in
particular equal to or higher than 1400 mOsny/1, in particular
equal to or higher than 1500 mOsm/1, in particular equal to
or higher than 1600 mOsny/1, in particular equal to or higher
than 1700 mOsny/l, in particular equal to or higher than 1800
mOsm/1, in particular equal to or higher than 1900 mOsnv/1,
in particular equal to or higher than 2000 mOsnv/1. In an
embodiment, the osmolarity is in the range of 250 mOsm/1
to 2000 mOsm/1 or in the range built up from any of the
before-mentioned osmolarities (such as 300 mOsm/1 to 1400
mOsm/] etc.).

[0030] In an embodiment, the mixture of the aqueous
medium and the basic or acidic buffer in which the buffer-
filled vesicles are suspended at the end of step b) has an
osmolarity of at least 200 mOsm/l, in particular of at least
220 mOsm/l, in particular of at least 250 mOsm/l, in
particular of at least 300 mOsm/l, in particular of at least 350
mOsm/], in particular of at least 400 mOsm/1, in particular
of at least 450 mOsm/1, in particular of at least 500 mOsm/1,
in particular of at least 550 mOsm/1. In an embodiment, the
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osmolarity is in the range of 200 mOsm/1 to 550 mOsm/1 or
in the range built up from any of the before-mentioned
osmolarities (such as 220 mOsm/1 to 500 mOsm/1 etc.).

[0031] In an embodiment, the neutralizing solution has a
composition that serves for not disrupting the buffer filled
vesicles so as to not destabilize these vesicles. It may contain
neutralizing species (basic or acidic, such as weak bases or
weak acids) but also chemical agents used to adjust the
osmolarity and/or provide a physiological function. It was
found that the addition of glycerol and tris((hydroxymethyl)
aminomethane) (TRIS) to the neutralizing solution is par-
ticularly interesting as it allows the inclusion of higher
concentrations of calcium salts. Calcium salts can be added
in the preparation process to counteract the anticoagulant
effects of some weak acids (e.g. citric acid). This is in
particular importance is the vesicles are to be used in in vivo
applications. Sodium hydroxide, sodium salts (like NaCl),
magnesium salts, lactate salts, glycerol, icodextrin, glucose,
sorbitol, fructose, amino acids or xylitol can also be used as
ingredients of the neutralizing solution.

[0032] In an embodiment, the pH value of the suspension
buffer containing the transmembrane pH-gradient vesicles is
in the range of 5.5 to 8.5, in particular of 6.0 to 8.0, in
particular of 6.5 to 7.7, in particular of 6.8 to 7.5, in
particular of 7.0 to 7.4. Thus, the suspension buffer might
have a physiological pH value.

[0033] In an embodiment, the aqueous medium is neither
an acid nor a base but has a pH value of around 7, e.g. in the
range of 6.0 to 7.5, in particular of 6.1 to 7.4, in particular
of 6.2 to 7.3, in particular of 6.3 to 7.2, in particular of 6.4
to 7.1, in particular of 6.5 to 7.3, in particular of 6.6 to 7.3,
in particular of 6.7 to 7.3, in particular of 6.8 to 7.3, in
particular of 6.9 to 7.1, in particular of 6.95 to 7.01, in
particular a pH value of 7.0. Thus, the aqueous medium can
also referred to as neutral aqueous medium.

[0034] In an embodiment, the aqueous medium is chosen
from the group consisting of water, aqueous solutions of
organic salts, aqueous solutions of inorganic salts, aqueous
solutions of organic substances, and combinations thereof.

[0035] In an embodiment, the aqueous medium is chosen
from the group consisting of aqueous solutions of organic
salts having a pH value of around 7, aqueous solutions of
inorganic salts having a pH value of around 7, aqueous
solutions of organic substances having a pH value of around
7, water and combinations thereof.

[0036] The water can, e.g., be distilled water, deionized
water, ultrapure water or any other kind of purified water.
When using organic or inorganic salts or other organic
compounds, these salts or compounds are present in the
aqueous medium, in an embodiment, in a low concentration
s0 as to keep a difference in osmolarity between the aqueous
medium and the hyperosmotic buffer provoking the osmotic
shock which difference is large enough to induce the diffu-
sion of the acidic or basic hyperosmotic buffer into the
vesicle internal compartment.

[0037] The aqueous medium is a medium that resembles
water (in particular with respect to pH) but that might
contain a low concentration of salts or compounds, e.g. for
buffering the pH value in a neutral range. In an embodiment,
the osmolarity of the aqueous medium is in a range between
0 mOsny/l and 49 mOsny/l, in particular between 5 mOsm/1
and 45 mOsm/1, in particular between 10 mOsny/1 and 40
mOsm/1, in particular between 15 mOsm/l and 35 mOsnv/1,
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in particular between 20 mOsm/l and 30 mOsny/l, in par-
ticular between 25 mOsny/1 and 28 mOsm/1.

[0038] In an embodiment, the matrix substance is chosen
from the group consisting of amphiphilic lipids and amphi-
philic block copolymers. If amphiphilic lipids are used,
liposomes are formed as vesicles. Suited liposomes are
multilamellar vesicles (MLV), small unilamellar vesicles
(SUV) and large unilamellar vesicles (LUV).

[0039] If amphiphilic block copolymers are used, poly-
mersomes are formed as vesicles. Suited amphiphilic block
copolymers are linear diblock or triblock copolymers. The
block copolymers can have one block that is hydrophobic
and one or two other blocks that are hydrophilic. Comb
copolymers are also possible, wherein a backbone block of
such a comb copolymer can be hydrophilic and the comb
branches can be hydrophobic. Dendronized block copoly-
mers are also possible, wherein a dendrimer portion of these
copolymers can be hydrophilic. In all cases, hydrophilic
blocks can be made up from poly(ethylene glycol) (PEG/
PEO) or poly(2-ethyloxazoline). In addition, hydrophobic
blocks can be made up in all cases from poly(dimethylsi-
loxane) (PDMS), poly(caprolactone) (PCL), poly(lactide)
(PLA) or poly(methyl methacrylate) (PMMA).

[0040] In an embodiment, the matrix substance is at least
one amphiphilic lipid chosen from the group consisting of
dipalmitoylphosphatidylcholine (DPPC), 1,2-distearoyl-sn-
glycero-3-phosphoethanol-amine-N-[methoxy(PEG)-2000]
(DSPE-PEG), cholesterol, 1-palmitoyl-2-oleoyl-sn-glycero-
3-phosphocholine (POPC), and combinations thereof.
[0041] In an aspect, the instantly claimed invention also
relates to transmembrane pH-gradient vesicles that can be
obtained by a method according to the above-given expla-
nations. These transmembrane pH-gradient vesicles differ in
their stability from vesicles known from prior art. This is due
to structural differences that result from the specific manu-
facturing process outlined above. Thus, the vesicles made
according to the process explained above are not yet known
from prior art.

[0042] In an aspect, the use of these transmembrane pH-
gradient vesicles as detoxifying agent in vitro or in vivo (in
humans or animals, in particular mammals or rodents) is
claimed. They can be used to extract and bind unwanted
substances such as overdosed drugs and poisons (or their
metabolites) or high amounts of endogenous metabolites
that can result in intoxications. Examples of substances that
can be taken up by the transmembrane pH-gradient vesicles
are ammonia and propionic acid. Removing ammonia and
propionic acid from a solution (either in vivo or in vitro)
results in a detoxification of such a solution from ammonia
and/or propionic acid.

[0043] All embodiments disclosed herein can be com-
bined in any desired way. Embodiments of the described
method can be transferred to the described vesicles and the
described uses, and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Further aspects and details of the instant invention
will be explained with respect to the Figures and to the
following examples.

[0045] FIG. 1 shows HPLC-Charge aerosol detector
(CAD) traces of an embodiment of a liposomal aqueous
suspension before steam sterilization (upper panel) and after
steam sterilization (lower panel).
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[0046] FIG. 2 shows the relative lipid concentration of an
embodiment of liposomes before and after steam steriliza-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

Example 1

[0047] Liposomes’ formulation. Liposomes composed of
dipalmitoylphosphatidylcholine (DPPC, Lipoid), choles-
terol (Sigma-Aldrich) and 1,2-distearoyl-sn-glycero-3-phos-
phoethanol-amine-N-[methoxy(PEG)-2000] (DSPE-PEG,
Lipoid) at 85:14:1 mol % were prepared by the film hydra-
tion method. 1685 mg of DPPC, 146 mg of cholesterol and
75 mg of DSPE-PEG were co-dissolved in 10 mL of
dichloromethane:methanol 95:5% v/v. The organic solvent
was subsequently removed by rotary evaporation and the
lipid film was kept under vacuum overnight. The dried film
was hydrated with 27 mL of ultra-pure water (lipids con-
centration=100 mM) while heating and slowly mixing 45
min at 56° C. and finally sterilized in sealed bottles by
autoclaving 20 min at 121° C.

[0048] Stability. The liposomes were subjected to steam
sterilization in an autoclave to assess their degradation by
the applied heat. It is known that liposomes filled with an
acid or a base are subject to acidic or basic hydrolysis,
respectively. The instantly formed liposomes did not
degrade at all due to the steam sterilization.

[0049] As shown in FIG. 1, HPLC-Charge aerosol detec-
tor (CAD) traces of liposomal aqueous suspension before
steam sterilization (upper panel of FIG. 1) and after steam
sterilization (lower panel of FIG. 1) overlap.

[0050] These results are confirmed by an assessment of the
relative lipid concentration of the liposomes. As can be seen
in FIG. 2, the relative lipid concentration remained stable
after steam sterilization compared to the relative lipid con-
centration before steam sterilization. If hydrolysis would
have been observed, the lipid concentration would have
decreased.

[0051] Osmotic shock. The as-obtained liposomes were
incubated 30 min with 27 mL of citrate buffer 400 mM (pH
2,700 mOsm/1) containing citric acid (citric acid monohy-
drate) 290 mM, calcium citrate (calcium citrate tribasic
tetrahydrate) 55 mM and HC1 80 mM. The incubation was
performed under orbital shaking, at room temperature.
[0052] Generation of gradient. The transmembrane pH-
gradient was generated by neutralizing the external acid
medium with 106 mL of neutralization solution (pH=10.6,
410 mOsm/l) made of Tris (tris(hydroxymethyl)aminometh-
ane, Panreac Applichem) 280 mM and calcium chloride
(calcium chloride dehydrate, Merck Millipore) 50 mM. The
resulting liposomes formulation 16.9 mM, pH 7.4, 312
mOsm/l was used for in vitro ammonia uptake studies.
[0053] In vitro ammonia uptake. Side-by-side diffusion
cells (PermGear) maintained at 37° C. were used to monitor
the ammonia uptake in HEPES-buffered saline (20 mM, 300
mOsm/1). The liposomes were physically isolated in one side
of the dual-chamber system by a polycarbonate membrane
(pore size=100 nm, Steriltech). The liposomes and the
ammonia concentrations within the diffusion cells were 4.2
and 1.5 mM, respectively. At the allotted time, aliquots of 50
uL were sampled from the liposomes-free compartment and
the ammonia concentration was assessed by enzymatic assay



US 2022/0287971 Al

(Ammonia enzymatic kit, Sigma Aldrich). The ammonia
uptake was quantified by means of the following equations
(Eq.1 and 2):

mmol Encapsulated Ammonia [Eq. 1]
Uptake = — =
mmol Lipids
mmol Total Ammonia — mmol Free Ammonia
mmol Lipids
Uptak Eq. 2
Uptake (%) = ——P 100 = a2

Maximal uptake

Uptake

100
mmol Total Ammonia,/mmol lipids

[0054] After 5 h of incubation the ammonia uptake, cal-
culated as per Eq. 2, was 82£5%.

Example 2

[0055] Liposomes’ formulation. Liposomes composed of
DPPC, cholesterol and DSPE-PEG were prepared and ster-
ilized as above described (Example 1).

[0056] Osmotic shock. The as-obtained liposomes were
incubated 30 min with 13.5 mL of citrate buffer 600 mM (pH
2, 1040 mOsnv/1) containing citric acid 490 mM, calcium
citrate 55 mM, sodium chloride (Fischer Scientific) 125 mM
and HCl 135 mM. The incubation was performed under
orbital shaking, at room temperature.

[0057] Generation of gradient. The transmembrane pH-
gradient was generated by diluting the liposomes with 119.5
mL of neutralization solution (pH 10.6, 440 mOsm/l) made
of Tris 160 mM, calcium chloride 35 mM and sodium
chloride 100 mM. The final liposomes formulation 16.9
mM, pH 7.5 was used for in vitro ammonia uptake studies.
[0058] In vitro ammonia uptake. The in vitro ammonia
uptake was studied by means of side-by-side diffusion cells
as above described (Example 1). After 5 h of incubation, the
average ammonia uptake within the liposomes was 92+8%.

Example 3

[0059] Liposomes’ formulation. Liposomes composed of
DPPC, cholesterol and DSPE-PEG were prepared and ster-
ilized as above described (Example 1).

[0060] Osmotic shock. The osmotic shock was performed
by incubating the liposomes as described in Example 2.
[0061] Generation of gradient. The transmembrane pH-
gradient was generated by diluting the liposomes with 119.5
mL of neutralization solution (pH=12.7, 480 mOsm/1) made
of sodium hydroxide 155 mM, glycerol, 210 mM, calcium
chloride 20 mM and Tris 20 mM. The resulting liposomes
formulation 16.9 mM was pH 6 and 341 mOsmv/1.

[0062] In vitro ammonia uptake. The in vitro ammonia
uptake was studied by means of side-by-side diffusion cells
as above described (Example 1). The average ammonia
uptake after 5 h of incubation was 9613%.

Example 4

[0063] Liposomes’ formulation. Liposomes composed of
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC,
Lipoid), cholesterol and DSPE-PEG at 54:45:1 mol % were
prepared by the film hydration method. 1108 mg of POPC,
469 mg of cholesterol and 75 mg of DSPE-PEG were
co-dissolved in 10 mL of dichloromethane:methanol 95:5%
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v/v. The organic solvent was subsequently removed by
rotary evaporation and the lipid film was kept under vacuum
overnight. The dried film was hydrated with 27 mL of
ultra-pure water (lipids concentration=100 mM) while heat-
ing and slowly mixing for 30 min at 56° C. and finally
sterilized in sealed bottles by autoclaving 20 min at 121° C.

[0064] Osmotic shock. The osmotic shock was performed
by incubating the liposomes as described in Example 2.

[0065] Generation of gradient. The transmembrane pH-
gradient was generated by diluting the liposomes with 119.5
mL of neutralization solution (pH=12.7, 480 mOsm/l) made
of sodium hydroxide 150 mM, glycerol 220 mM, calcium
chloride 10 mM and Tris 20 mM. The resulting liposomes
formulation 16.9 mM was pH 7.4 and 350 mOsnv/1.

[0066] In vitro ammonia uptake. The in vitro ammonia
uptake was studied by means of side-by-side diffusion cells
as above described (Example 1). After 5 h of incubation, the
ammonia uptake was 53.5£8.7%.

Example 5

[0067] Liposomes’ formulation. Liposomes composed of
DPPC, cholesterol and DSPE-PEG were prepared and ster-
ilized as above described (Example 1).

[0068] Osmotic shock. The liposomes were incubated
with 13.5 mL of calcium acetate buffer (pH 10, 1050
mOsm/1) 30 min, under orbital shaking, at room tempera-
ture. The buffer contained calcium acetate 350 mM, sodium
hydroxide 0.75 mM.

[0069] Generation of gradient. The liposomes were diluted
with 33 mL of a solution (pH=6.7, 380 mOsm/1) containing
glycerol 230 mM, sodium chloride 50 mM, Tris 20 mM and
acetic acid 20 mM. The resulting liposomes formulation 30
mM, pH 7, 335 mOsny/1 was used for in vitro uptake studies
of propionc acid.

[0070] In vitro uptake of propionic acid. Side-by-side
diffusion cells maintained at 37° C. were used to monitor the
in vitro uptake of a propionic acid solution labeled with 1%
[1-14C] propionic acid (50 mCi/mmol, BIOTREND Chemi-
kalien). The liposomes were physically isolated in one side
of the dual-chamber system by a polycarbonate membrane
(pore size=100 nm). The liposomes and the proprionic acid
concentrations within the diffusion cells were 4.2 and 1.5
mM, respectively, after dilution with HEPES-buffered saline
(20 mM, 300 mOsm/1). At the allotted time intervals (6-30
min, 1-2-3-4-5 h), aliquots of 50 uL. were sampled from the
liposomes-free compartment, mixed with 3 mL of Ultima
Gold cocktail (Perking Elmer) and the radioactivity (beta
decay) in each sample was assessed by scintillation counting
(LS 6500 Scintillation Counter, Beckman). The metabolite
concentration was determined by comparing the decay with
a calibration curve, whose linearity was verified within the
range of 31 uM to 2 mM. The propionic acid (PA) uptake
was quantified by means of the following equations (Eq.3
and 4):

.3
Uptake = [Eq. 3]

mmol Encapsulated P4  mmol Total P4 — mmol Free P4

mmol Lipids mmol Lipids
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-continued
[Eq. 4]
Uptake (%) =
Uptake
Maximal uptake

Uptake

- 100
mmol Total P4/ mmol lipids

[0071] After 5 h of incubation, the propionic acid uptake,
calculated as per Eq. 4 was 25£3%.

Example 6

[0072] Liposomes’ formulation. Liposomes composed of
DPPC, cholesterol and DSPE-PEG were prepared and ster-
ilized as above described (Example 1).
[0073] Osmotic shock. The as-obtained liposomes were
incubated 30 min with 13.5 mL of citrate buffer 600 mM (pH
2, 1050 mOsnv/1) containing citric acid 490 mM, calcium
citrate 15 mM, sodium citrate (Sigma Aldrich) 74 mM,
Magnesium citrate (Applichem Panreac) 6 mM, sodium
chloride 35 mM and HC1 178 mM. The incubation was
performed under orbital shaking, at room temperature.
[0074] Generation of gradient. The transmembrane pH-
gradient was generated by diluting the liposomes with 279.5
mL of neutralization solution (pH=12.6, 360 mOsm/1) made
of sodium hydroxide 43 mM, xylitol (ABCR Gmbh) 260
mM, calcium chloride 1 mM, Tris 20 mM, sodium chloride
15 mM. The resulting liposomes formulation 8.4 mM, pH
6.4, 350 mOsm/l was used for in vivo ammonia uptake
studies.
[0075] In vivo ammonia uptake. Six adult male Sprague-
Dawley rats (weighing about 300 g; Charles River Labora-
tories) were allowed 5 days to acclimate to the surroundings;
they had access to food and water ad libitum, and they
followed a 12-h light/dark cycle. On the day of the experi-
ment, the freshly prepared dialysis solution 16.7 mM was
prewarmed to 37° C. and slowly infused (60 mL/kg) in the
peritoneal cavity of rats kept under isoflurane anesthesia
(2.5% in 0.8 mL/min oxygen flow). The instillation was
performed with a 20-gauge hypodermic needle. At the
allotted time, the rats were briefly anesthetized (using iso-
flurane inhalation, under similar conditions), and about 400
pL. of dialysate was withdrawn through a sterile abdominal
puncture with a 22-gauge perforated silicone catheter (Ven-
flon; Becton Dickinson). The aliquots were immediately
frozen in liquid nitrogen and kept at —80° C. for additional
ammonia content determination by enzymatic assay (Enzy-
matic Ammonia Assay, Sigma Aldrich). Before running the
assay, 100 pL of each sample were diluted with 50 pL of
Triton-X-100 (3%) and sonicated in an ultrasonic bath for 5
min. The animal experiment was performed in accordance
with procedures and protocols approved by the cantonal
veterinary authorities (Kantonales Veterindramt Ziirich). At
the end of the experiment, the animals were euthanized
either by carbon dioxide asphyxia followed by a thorac-
otomy. The average ammonia concentration found in the
dialysate samples after 4 h of treatment was 1.25+0.2 mM.
1. A method for preparing transmembrane pH-gradient
vesicles, comprising the steps of:
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a) preparing vesicles made from at least one matrix
substance in an aqueous medium having an osmolarity
of not more than 200 mOsm/l, wherein the matrix
substance is chosen from the group consisting of
amphiphilic lipids and amphiphilic block copolymers,

b) mixing the vesicles with a basic or acidic buffer having
an osmolarity being at least 200 mOsny/1 higher than
the osmolarity of the aqueous medium of step a) to
apply an osmotic shock to the vesicles and to obtain
buffer-filled vesicles and

c) diluting a mixture of the aqueous medium and the basic
or acidic buffer containing the buffer-filled vesicles by
adding a neutralizing solution to obtain transmembrane
pH-gradient vesicles suspended in a suspension buffer,
wherein the suspension buffer differs from the basic or
acidic buffer in pH value.

2. The method according to claim 1, wherein the vesicles
prepared in step a) are sterilized to obtain sterilized vesicles
prior to carrying out step b) with these sterilized vesicles.

3. The method according to claim 1, wherein the vesicles
are stored for a first period of time prior to carrying out step
b).

4. The method according to claim 1, wherein step b) is
carried out at a temperature that is below a phase transition
temperature of the matrix substance.

5. The method according to claim 1, wherein step b) is
carried out at a temperature of not more than 35° C.

6. The method according to claim 1, wherein the osmo-
larity of the basic or acidic buffer is at least 250 mOsm/1.

7. The method according to claim 1, wherein the mixture
of the aqueous medium and the basic or acidic buffer in
which the buffer-filled vesicles are suspended at the end of
step b) has an osmolarity of at least 200 mOsm/1.

8. The method according to claim 1, wherein the neutral-
izing solution has an osmolarity of between 250 mOsm/1 and
550 mOsm/1.

9. The method according to claim 1, wherein the neutral-
izing solution comprises at least one substance chosen from
the group consisting of glycerol, xylitol, TRIS, glucose,
magnesium salts, sodium hydroxide, sodium salts and cal-
cium salts.

10. The method according to claim 1, wherein the pH
value of the suspension buffer containing the transmembrane
pH-gradient vesicles is in a range of 5.5 to 8.5.

11. The method according to claim 1, wherein the aqueous
medium is chosen from the group consisting of water,
aqueous solutions of organic salts, aqueous solutions of
inorganic salts, aqueous solutions of organic substances, and
combinations thereof.

12. The method according to claim 1, wherein the matrix
substance is chosen from the group consisting of dipalmi-
toylphosphatidylcholine, 1,2-distearoyl-sn-glycero-3-phos-
phoethanol-amine-N-[methoxy(PEG)-2000], cholesterol
and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine, and
combinations thereof.
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