Liposome Drug Delivery System and Preparation Method Therefor, and
Liposomal Formulation, Use, and Fat-Reducing Drug or Medical

Aesthetic Product Including Liposomal Formulation

This application claims the priority to Chinese Patent Application No. 2023112666525 filed on

September 27, 2023, the disclosure of which is hereby incorporated by reference in its entirety.

Technical Field

The present disclosure relates to the field of medical aesthetic products or drugs, and
specifically to a liposome drug delivery system and a preparation method therefor, and a liposomal
formulation, use, and a fat-reducing drug or medical aesthetic product including a liposomal

formulation.

Background

Kybella is an injectable solution preparation with deoxycholic acid as its active ingredient,
which was approved by the U.S. Food and Drug Administration (FDA) in 2015 for the reduction of
moderate to severe submental fat (commonly known as double chin) in adults. The deoxycholic acid
achieves its pharmacological effects primarily by causing extensive necrosis of adipocytes by
means of lysing cell membranes. However, due to the lack of strong cell-killing specificity of the
deoxycholic acid, it damages not only adipocytes, but also other normal non-adipocytes, causing an
inflammatory reaction at the injection site. Furthermore, the Kybella itself has a slightly alkaline pH,
which significantly increases the incidence of side effects such as severe pain, nodules, swelling,

nerve numbness, etc. after injection.

Another category of injectable drugs for localized fat reduction includes representatives such
as Essentiale developed by A. Nattermann GmbH in Germany in the 1950s for treating liver
diseases, Lipostabil used for preventing and treating fat embolism, and Lipobean approved in South
Korea as an adjunctive medication for hepatic coma caused by liver cirrhosis. Such injectable drugs
primarily consist of a mixture of polyene phosphatidylcholine and the solubilizing agent deoxycholic
acid. During clinical application, it has been found to reduce local fat in patients, leading to its
off-label use for localized lipolysis. However, research feedback indicates that the active
fat-reducing ingredient in such injections is actually the deoxycholic acid. Its lipolysis effect and side
effects remain highly controversial, and clinically it may also cause adverse reactions such as pain,

erythema, swelling, induration, etc. The patent CN102970993A discloses in the related art that the
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disadvantages of such preparation for subcutaneous lipolysis primarily involve adverse reactions
such as swelling, hematoma (bruising), pain and discomfort in treatment regions, including a

burning sensation and itching at the injection site after treatment, as well as cellular necrosis.

Liposomes may serve as carriers for many drugs. Targeted liposomes may typically reduce
drug toxicity. Liposome targeting generally includes two forms: passive targeting and active
targeting. Passively-targeted liposomes lack active groups, use the physiological characteristics
and differences of human organs to achieve selective enrichment in organs or lesions, and are
commonly applied in the field of tumors. Active targeting is difficult to achieve and often requires
appropriate modification of liposomes, including antibodies, oligosaccharides, polypeptides,
proteins, and vitamins. Research focuses on antibodies, primarily leveraging the high affinity and

specificity of monoclonal antibodies to achieve targeted effects.

However, it is not easy to truly realize the therapeutic advantages of liposomes. The following
three requirements must be met: 1) the drug can be encapsulated within the liposome with high
encapsulation efficiency and sufficient drug loading; 2) the liposome remains stable in vitro; and 3)
the drug has good targeting properties. Based on the current liposome technology, developing
liposomal formulations that meet all quality requirements while simultaneously achieving targeting
properties of liposomal drugs has become a key focus and challenge in research. How to effectively
control liposomal drugs to target specific cells is a technical problem that needs to be solved during

the development of liposomal drugs.

The industry has previously attempted to research liposomal drugs for localized fat reduction.
The Chinese Patent CN1870977A discloses a liposome system for deoxycholic acid, including
high-purity soybean phosphatidylcholine and deoxycholic acid. The liposomes have a diameter
ranging from 30 nm to 100 nm and have therapeutic efficacy against lipoma and cellulitis. It also
discloses that during the treatment process, patients experienced adverse reactions, including mild

prickling sensations, tenderness and sensitivity, as well as moderate erythema.

For deoxycholic acid molecules, there are no published reports on liposomes with
adipocyte-targeting capabilities. How to target adipocytes by using the deoxycholic acid liposomes

is a major challenge, which is also a key point for improving efficacy and reducing toxicity.

Summary

In view of the disadvantages in the related art, the present disclosure is intended to provide a
deoxycholic acid liposome with better Encapsulation Efficiency (EE), stability, and adipocyte

targeting, thereby achieving a lipolysis effect of improving efficacy and reducing toxicity. As above,



since this product is a localized lipolysis drug, it needs to be released at an injection site to ensure
therapeutic efficacy at the required site, otherwise it cannot achieve treatment expectations.
Additionally, the product needs to actively target adipocytes while minimizing cytotoxic effects on

non-adipocytes, thereby reducing toxicity.

In the present disclosure, extensive research has revealed that a deoxycholic acid liposome
prepared in Chinese Patent CN1870977A lacks adipocyte-targeting specificity, which not only kills
adipocytes but also has potent cytotoxic effects on non-adipocytes, resulting in significant adverse
reactions. The deoxycholic acid liposome provided in the present disclosure can still show an
excellent selective killing effect on adipocytes in adipocyte and vascular endothelial cell cytotoxicity

tests without modifications such as antibodies, vitamins, polypeptides, and sugars.

The deoxycholic acid liposome drug composition provided in the present disclosure exhibits
excellent adipocyte selectivity, high safety, high encapsulation efficiency, good stability, and

excellent quality.

In a first aspect, the present disclosure provides a liposome drug delivery system, including
deoxycholic acid and phospholipid. The phospholipid includes a first phospholipid and optionally
includes a second phospholipid; a mass ratio of the deoxycholic acid to the phospholipid is 1:2.5 -
1:35; preferably, the mass ratio of the deoxycholic acid to the phospholipid is 1:3.4-1:30.4; and more
preferably, the mass ratio of the deoxycholic acid to the phospholipid is 1:4.4-1:30.4.

In some embodiments of the present disclosure, the mass ratio of the deoxycholic acid to the

phospholipid is 1:4-1:7, preferably 1:4.3-1:6.5, and more preferably 1:5-1:6.

In the liposome drug delivery system provided in the present disclosure, the phospholipid
includes main phospholipid (also referred to as the first phospholipid) for maintaining phospholipid
bilayer, and optionally includes auxiliary phospholipid (also referred to as the second phospholipid)

for further modifying surface characteristics of a liposome.

In the liposome drug delivery system provided in the present disclosure, the first phospholipid is
selected from one or more of egg yolk lecithin (PC), soy lecithin (SPC), hydrogenated soy lecithin
(HSPC), dioleoylphosphatidylcholine (DOPQ), dierucoylphosphatidylcholine (DEPC),
distearylphosphatidylcholine (DSPC), 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPCO),
dimyristoylphosphatidylcholine (DMPC), dipalmitoylphosphatidylcholine (DPPC),
distearoylphosphatidylethanolamine (DSPE), and dioleylphosphatidylethanolamine (DOPE).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,

the first phospholipid is selected from soy lecithin (SPC), hydrogenated soy lecithin (HSPC),
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distearylphosphatidylcholine (DSPQO), dimyristoylphosphatidylcholine (DMPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylcholine (DOPC),
dierucoylphosphatidylcholine (DEPC), and 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC),
preferably soy lecithin (SPC), dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylcholine
(DOPCQ), dierucoylphosphatidylcholine (DEPC), or 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC),
more preferably dioleoylphosphatidylcholine (DOPC), dierucoylphosphatidylcholine (DEPC), or
1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), such as dioleoylphosphatidylcholine (DOPC).

In the liposome drug delivery system provided in the present disclosure, the second
phospholipid is selected from one or more of 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG),
dioleoylphosphatidylserine (DOPS), distearoylphosphatidylserine (DSPS), (2-dioleoy!
hydroxypropyl)trimethylammonium chloride (DOTAP), 1,2-dioleyloxy-3-dimethylamino-propane
(DODMA), distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
dioleoylphosphatidylglycerol (DOPG), and egg yolk phosphatidylglycerol (EPG), preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), dioleoylphosphatidylglycerol (DOPG), or
1,2-dioleyloxy-3-dimethylamino-propane (DODMA), preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000) or
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), more preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000).

In the liposome drug delivery system provided in the present disclosure, the mass ratio of the

deoxycholic acid to the phospholipid is 1:3.4, 1:3.6, 1:4.4, 1.5, 1:5.4, 1.5.5, 1:6, 1:6.4, or 1:30.4.

In the liposome drug delivery system provided in the present disclosure, the mass ratio of the
deoxycholic acid to the first phospholipid is 1:3-1:32, preferably 1:4-1:30, more preferably 1:4-1:6,
such as 1:4, 1:5, or 1:6.

In the liposome drug delivery system provided in the present disclosure, the mass ratio of the

deoxycholic acid, the first phospholipid, and the second phospholipid is 1:(3-32):(0-3).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the mass ratio of the deoxycholic acid, the first phospholipid, and the second phospholipid is
1:(4-30):(0.2-0.6); and preferably, the mass ratio of the deoxycholic acid, the first phospholipid, and
the second phospholipid is 1:(4-30):(0.4-0.5).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,

the mass ratio of the deoxycholic acid, the first phospholipid, and the second phospholipid is



1:(4-10):(0-0.6), preferably 1:(4-6):(0.2-0.6), and more preferably 1:(4-6):(0.4-0.5).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the mass ratio of the deoxycholic acid, the first phospholipid, and the second phospholipid is 1:3:0.4,
1:4:0.4, 1:5:0.4, 1:5:0.5, 1:6:0.4, or 1:30:0.4; and preferably, the mass ratio of the deoxycholic acid,
the first phospholipid, and the second phospholipid is 1:4:0.4, 1:5:0.4, 1:5:0.5, 1:6:0.4, or 1:30:0.4.

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the mass ratio of the first phospholipid to the second phospholipid is (3-32):(0-3), preferably, the
mass ratio of the first phospholipid to the second phospholipid is (4-30):(0.2-0.6), more preferably
3:0.4,4:0.4, 5:0.4, 5:0.5, 6:0.4, or 30:0.4.

In the liposome drug delivery system provided in the present disclosure, the ratio of drug to lipid

is 1:(3-32), preferably 1:(4-30.9), such as 1:5.9, 1:3.9, 1:4.0, 1:4.9, 1:6.9, 1:5.5, 1:6, or 1:6.1.

The liposome drug delivery system provided in the present disclosure further optionally
includes cholesterol and/or an antioxidant. Preferably, the antioxidant is selected from vitamin E

and/or vitamin E acetate.

The liposome drug delivery system provided in the present disclosure further includes an
aqueous phase. The aqueous phase is selected from one or more of a disodium succinate buffer

solution, a histidine solution, normal saline, a sucrose solution, and water for injection.

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the aqueous phase is selected from one or more of a 0.02-0.04 M disodium succinate buffer
solution containing 0.5% NaCl, a 0.05 M disodium succinate buffer solution, a 0.025 M histidine
solution, normal saline, and an 8% sucrose solution. The 8% sucrose solution refers to a sucrose

aqueous solution with a mass concentration of 8%.

In some embodiments, in the liposome drug delivery system provided in the present disclosure,

the aqueous phase is the 0.02-0.04 M disodium succinate buffer solution containing 0.5% NacCl.

Preferably, the pH value of the 0.02-0.04 M disodium succinate buffer solution containing 0.5%

NaCl is 5.0-7.0; and more preferably, the pH value is 6-6.5.

In the liposome drug delivery system provided in the present disclosure, each unit of the
preparation is prepared from the following components: 1-5 parts of the deoxycholic acid, 15-30
parts of the first phospholipid, 0-2 parts of the second phospholipid, and 100-5000 parts of the

aqueous phase, preferably 500-5000 parts of the aqueous phase.



In some embodiments, in the liposome drug delivery system provided in the present disclosure,
each unit of the preparation is prepared from the following components: 1-5 parts of the deoxycholic
acid, 15-30 parts of the first phospholipid, 0-2 parts of the second phospholipid, 500-5000 parts of

the aqueous phase, 0-2.5 parts of cholesterol, and 0-0.625 parts of vitamin E acetate.

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
each unit of the preparation is prepared from the following components: 5 parts of the deoxycholic
acid, 15-30 parts of the first phospholipid, 0-2 parts of the second phospholipid, 500 parts of the

agueous phase, 0-2.5 parts of cholesterol, and 0-0625 parts of vitamin E acetate.

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the first phospholipid is selected from one or more of soy Ilecithin (SPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylcholine (DOPCQ),
dierucoylphosphatidylcholine (DEPC), and 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC);
preferably, the first phospholipid is selected from one or more of dioleoylphosphatidylcholine
(DOPC), dierucoylphosphatidylcholine (DEPC), and 1-palmitoyl-2-oleoyl-phosphatidylcholine
(POPC), more preferably dioleoylphosphatidylcholine (DOPC).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the second phospholipid is selected from one or more of
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), dioleoylphosphatidylserine (DOPS),
distearoylphosphatidylserine (DSPS), (2-dioleoyl hydroxypropyl)trimethylammonium chloride
(DOTAP), 1,2-dioleyloxy-3-dimethylamino-propane (DODMA),
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
dioleoylphosphatidylglycerol (DOPG), and egg yolk phosphatidylglycerol (EPG); preferably, the
second phospholipid is selected from one or more of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000) and
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), more preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the aqueous phase is selected from one or more of the 0.02-0.04 M disodium succinate buffer
solution containing 0.5% NacCl, the 0.05 M disodium succinate buffer solution, the 0.025 M histidine
solution, the normal saline, and the 8% sucrose solution; preferably, the aqueous phase is selected
from one or more of the 0.02-0.04 M disodium succinate buffer solution containing 0.5% NaCl, the
0.025 M histidine solution, the normal saline, and the 8% sucrose solution; more preferably, the

agueous phase is the 0.02-0.04 M disodium succinate buffer solution containing 0.5% NacCl.
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More preferably, the pH value of the 0.02-0.04 M disodium succinate buffer solution containing

0.5% NaCl is 5.0-7.0; and preferably, the pH value is 6-6.5.

In some embodiments, in the liposome drug delivery system provided in the present disclosure,

the first phospholipid and the second phospholipid meet any one of the following combinations:

(1) soy lecithin (SPC) and distearoylphosphatidylethanolamine-polyethylene glycol 2000
(DSPE-PEG2000);

(2) hydrogenated soy lecithin (HSPC) and distearoylphosphatidylethanolamine-polyethylene
glycol 2000 (DSPE-PEG2000);

3) distearylphosphatidylcholine (DSPC), and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(4) dierucoylphosphatidylcholine (DEPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(5) 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(6) dimyristoylphosphatidylcholine (DMPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

) dipalmitoylphosphatidylcholine (DPPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(8) dioleoylphosphatidylcholine (DOPC) and distearoylphosphatidylethanolamine-polyethylene
glycol 2000 (DSPE-PEG2000);

(9) dioleoylphosphatidylcholine (DOPC) and 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPG);

(10) dioleoylphosphatidylcholine (DOPC) and dioleoylphosphatidylglycerol (DOPG); and

(11) dioleoylphosphatidylcholine (DOPC) and 1,2-dioleyloxy-3-dimethylamino-propane
(DODMA).

In some embodiments, in the liposome drug delivery system provided in the present disclosure,
the first phospholipid is dioleoylphosphatidylcholine (DOPC), the second phospholipid is
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), and the mass
ratio of the first phospholipid to the second phospholipid is (4-6):(0.4-0.6); the mass ratio of the first
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phospholipid to the second phospholipid is preferably (4-6):(0.4-0.5), such as 5:0.4 or 5:0.5.

Alternatively, the first phospholipid is dierucoylphosphatidylcholine (DEPC), the second
phospholipid is distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
and the mass ratio of the first phospholipid to the second phospholipid is (4-6):(0.4-0.6); the mass
ratio of the first phospholipid to the second phospholipid is preferably (4-6):(0.4-0.5), such as 5:0.4
or 5:0.5.

Alternatively, the first phospholipid is 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), the
second phospholipid is distearoylphosphatidylethanolamine-polyethylene  glycol 2000
(DSPE-PEG2000), and the mass ratio of the first phospholipid to the second phospholipid is
(4-6):(0.4-0.6); the mass ratio of the first phospholipid to the second phospholipid is preferably
(4-6):(0.4-0.5), such as 5:0.4 or 5:0.5.

In a second aspect, the present disclosure provides a liposomal formulation, including the

above liposome drug delivery system. The preparation is an injection or a lyophilized preparation.

In some embodiments, for the liposomal formulation provided in the present disclosure, when
the preparation is the lyophilized preparation, the preparation further optionally includes a
lyophilized excipient; and the lyophilized excipient is selected from one or more of sucrose, lactose,

trehalose, and mannitol, preferably sucrose.

In a third aspect, the present disclosure further provides a method for preparing the foregoing

liposome drug delivery system.

The method for preparing the foregoing liposome drug delivery system provided in the present
disclosure may be a conventional method in the art, which is preferably selected from an injection
method, a reverse phase evaporation method, a thin-film dispersion method, and an active drug

loading method.

In some embodiments, the preparation method provided in the present disclosure preferably

includes the following steps.

At |, deoxycholic acid, the first phospholipid, the second phospholipid, cholesterol, and an
antioxidant (e.g., vitamin E acetate) are taken and dissolved according to a ratio in an organic

solvent to prepare an organic phase.

At 1l, the organic solvent in the organic phase obtained in step | is removed, and an aqueous

phase is added to the organic phase for hydration, so as to obtain a crude suspension.



At lll, the crude suspension obtained in step Il is homogenized, so as to obtain a suspension.

At 1V, the suspension obtained in step Ill is filtered through either a 0.45 ym filter membrane or
a (1.0+0.65) um double-layer filter membrane, and is subsequently filtered through a 0.22 um

microporous filter membrane, so as to obtain a liposome.
In some embodiments, the total solid content of the organic phase in step | is 20% (w/v).

In some embodiments, the organic solvent in step | is selected from one or more of chloroform,
anhydrous ethanol, and anhydrous methanol, preferably a mixed solution of chloroform and
anhydrous methanol. In the mixed solution of chloroform and anhydrous methanol, a volume ratio of

the chloroform to the anhydrous methanol is preferably 1:1-30:1, such as 10:1.

In some embodiments, the amount of the organic solvent in step | is typically sufficient to

achieve the total solid content of 20% (w/v) in the formed organic phase.

In some embodiments, the aqueous phase in step Il is selected from one or more of a
0.02-0.04 M disodium succinate buffer solution containing 0.5% NaCl, a 0.05 M disodium succinate
buffer solution, a 0.025 M histidine solution, normal saline, and an 8% sucrose solution; more
preferably, the agueous phase is the 0.02-0.04 M disodium succinate buffer solution containing 0.5%
NaCl; more preferably, the pH value of the 0.02-0.04 M disodium succinate buffer solution

containing 0.5% NacCl is 5.0-7.0 (such as 6.0-6.5).

In some embodiments, the amount of aqueous phase in step Il is determined based on the
amount of the deoxycholic acid. The amount of the aqueous phase preferably causes the mass
concentration of the deoxycholic acid in the liposome solution to be 5-20 mg/mL, more preferably 10

mg/mL.

In some embodiments, the amount of aqueous phase in step Il is preferably 80%-95% of the

total volume of the liposome, such as 90%.

In some embodiments, the method for removing the organic solvent in step Il is
reduced-pressure distillation; the reduced-pressure distillation is preferably performed at 45-60 °C.

The purpose of reduced-pressure distillation is to remove the organic solvent to form a lipid film.

In some embodiments, the temperature for hydration in step Il is 20-60 °C, preferably 50-60 °C

or 20-25 °C.
In some embodiments, the time for hydration in step Il is 60-120 min.

In some embodiments, the homogenizing condition in step Il is to perform homogenizing for

9



3-5 times at 8000-12000 psi.

In some embodiments, in step IV, the suspension obtained in step Ill is filtered through the 0.45
um filter membrane or large particles are filtered through the double-layer filter membrane of
(1.0+0.65) ym, and then filtration sterilization is performed through the 0.22 ym microporous filter

membrane, so as to obtain the liposome.

In another aspect, the present disclosure further provides a method for preparing a liposomal
formulation. The liposomal formulation is a lyophilized preparation. The preparation method
includes the method for preparing a liposome drug delivery system. After homogenizing in step Il
and before filtration using a filter membrane in step IV, the suspension is mixed with the lyophilized
excipient, and then an aqueous phase (e.g., a 0.025 M disodium succinate buffer solution
containing 0.5% NaCl at pH 6-6.5) is added; then filtration is performed through a 0.45 um filter
membrane, then filtration is performed through a 0.22 pym microporous filter membrane, so as to

obtain a liposome, and the liposome is lyophilized.

In some embodiments, after the lyophilized excipient is completely dissolved, the agueous

phase is added.

In some embodiments, after mixing with the lyophilized excipient, the adding of the aqueous
phase preferably causes a weight percentage content of the lyophilized excipient in the solution to

reach 5%-8%, such as 6%.

In some embodiments, in the liposome drug delivery system or liposomal formulation provided
in the present disclosure, an average particle size of the liposome is 50-300 nm, preferably 50-100
nm; more preferably, the average particle size of the liposome is 60-95 nm, and most preferably
60-91.5 nm.

In the liposome drug delivery system or liposomal formulation provided in the present
disclosure, the encapsulation efficiency of the liposome may reach above 75%, preferably above

85%, more preferably above 90%, and most preferably above 95%.

In the liposome drug delivery system or liposomal formulation provided in the present
disclosure, a Polydispersity Index (PDI) of the liposome may be 0.1-0.4, preferably 0.1-0.35, more
preferably 0.1-0.25, and most preferably 0.1-0.2.

In the liposome drug delivery system or liposomal formulation provided in the present
disclosure, a Zeta potential of the liposome may reach -65 mV to -5 mV, preferably -45mV to -20 mV,

and more preferably -45 mV to -35 mV.
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In a fourth aspect, the present disclosure provides use of the liposome drug delivery system or
the liposomal formulation in preparation of a fat-reducing drug or a medical aesthetic product.
Preferably, the fat-reducing drug or medical aesthetic product are a localized fat-reducing drug or a

localized medical aesthetic product.

In some embodiments, in the use provided in the present disclosure, the fat-reducing drugs or
medical aesthetic products crack cell membranes of adipocytes and/or promote apoptosis of the
adipocytes. Preferably, the fat-reducing drugs or medical aesthetic products are taken up by the

adipocytes.

In a fifth aspect, the present disclosure provides a fat-reducing drug or medical aesthetic
product, including the above liposome drug delivery system or the liposomal formulation, as well as
an acceptable excipient or auxiliary component in the fat-reducing drug or medical aesthetic

product.

In some embodiments, in the fat-reducing drug or medical aesthetic product provided in the
present disclosure, the excipient or auxiliary component is selected from one or more of VC,

benzoic acid, and lidocaine.

In some embodiments, in the fat-reducing drug or medical aesthetic product provided in the
present disclosure, the fat-reducing drug or medical aesthetic product is a liposomal formulation for

local injection into adipose tissue.

The deoxycholic acid liposome drug delivery system and the liposomal formulation or medical
aesthetic product including the same provided in the present disclosure have good fat-reducing
effects. By optimizing the composition of the phospholipid in the liposome, the selectivity of the
adipocytes can be improved, an effect of dissolving adipose tissue is achieved, and the liposome
drug delivery system and the fat-reducing drug or medical aesthetic product including the same

have low side effects and high safety, and have good market application prospects.

The liposomal formulation for local injection into adipose tissue provided in the present
disclosure can efficiently dissolve the adipose tissue, reduce fat accumulation, reduce the killing of
other non-adipocytes (e.g., vascular cells, etc.), and its therapeutic effect is far superior to that of
commercially available lipolysis needles, while its adverse reactions are far fewer than those of the

latter.
Brief Description of the Drawings
Fig. 1 shows the morphology of a deoxycholic acid liposome under an electron microscope.
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Fig. 2 shows comparison of killing capability against adipocytes and HUVEC (Human Umbilical

Vein Endothelial Cells).

Fig. 3 shows comparison of in-vivo lipolysis effects and adverse reactions to tail adipose tissue

of rats.

Detailed Description of the Embodiments
Abbreviation meanings:
PC: egg yolk lecithin
SPC: soy lecithin
DOPC: dioleoylphosphatidylcholine, also known as dioleoyl lecithin
DSPC: distearylphosphatidylcholine
HSPC: hydrogenated soy lecithin
DEPC: dierucoylphosphatidylcholine
DMPC: dimyristoylphosphatidylcholine
DPPC: dipalmitoylphosphatidylcholine
POPC: 1-palmitoyl-2-oleoyl-phosphatidylcholine
DSPG: distearoylphosphatidylglycerol
DOPG: dioleoylphosphatidylglycerol
DSPE-PEG2000: distearoylphosphatidylethanolamine-polyethylene glycol 2000
DPPC: dipalmitoylphosphatidylcholine
DSPE: distearoylphosphatidylethanolamine
DOPE: dioleylphosphatidylethanolamine
DOPS: dioleoylphosphatidylserine
DSPS: distearoylphosphatidylserine
DOTAP: (2-dioleoyl hydroxypropyl)trimethylammonium chloride

DODMA: 1,2-dioleyloxy-3-dimethylamino-propane
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EPG: egg yolk phosphatidylglycerol
PS: phosphatidylserine
Definitions and terms:

Encapsulation Efficiency (EE) refers to a ratio of a drug encapsulated in a liposome to a dosage

during drug loading.

Calculation formula: EE =W inside of liposome/W total of inputx100%

Drug loading (DL) refers to a ratio of the mass of the drug encapsulated in the liposome to the

total mass of the liposomal formulation.

Calculation formula: DL =W inside of liposome/W totalx100%

Drug:Lipid (D:L) refers to a ratio of the mass of the drug to the total mass of lipid components

(phospholipid and cholesterol).

In the present disclosure, when it is described as “... solution,” unless otherwise specified, it
refers to an aqueous solution of a particular substance. For example: “disodium succinate buffer
solution, histidine solution, and sucrose solution” respectively refer to an aqueous solution with the
disodium succinate as the solute, an aqueous solution with histidine as the solute, and an aqueous

solution with sucrose as the solute.

In the present disclosure, the phrase “optionally including...” refers to substances that may or

may not be included.

Aqueous phase: referring to a water-based solution added during a hydration step, or a

water-based solution used in liposomal formulation that differs from an organic phase.

Solid content: referring to a mass-to-volume ratio of a solid raw material to a solvent in a
solution or mixture, in g/mL. For example, in Example 2 of the present disclosure, “weighing...to
prepare an organic phase with a total solid content of 20% (w/v)” refers to a mass volume
percentage (w/v) of the total mass of deoxycholic acid, soy lecithin (SPC),
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), cholesterol, and

vitamin E acetate in the organic phase is 20% (g/mL) in anhydrous ethanol.

A “0.02-0.04 M disodium succinate buffer solution containing 0.5% NaCI” in the present
disclosure refers to an aqueous solution containing 0.02-0.04 mol/L disodium succinate, to which

NaCl is added such that its mass percentage in the solution is 0.5%. The solution may be further
13



adjusted to a pH of 5-7 using a pH regulator. The pH regulator that may be used includes, but is not

limited to, a 1M sodium hydroxide solution and a 1M hydrochloric acid solution.

The normal saline in the present disclosure indicates a sodium chloride solution with an
osmotic pressure essentially equivalent to that of animal or human plasma, such as a sodium

chloride aqueous solution with a mass concentration of 0.9%.

The “liposome drug delivery system” or “liposome” in the present disclosure refers to a
deoxycholic acid liposome solution or suspension prepared through homogenization and filtration

steps, which may further be prepared into injections or lyophilized preparations, etc.

It is apparent that, based on the above content of the present disclosure, various modifications,
substitutions, or alterations may be made without departing from the fundamental technical concept

of the present disclosure using ordinary technical knowledge and conventional means in the art.

The above content of the present disclosure is further described in detail below by the following
specific implementations in the forms of examples. However, it should not be understood that the
scope of the above subject of the present disclosure is limited to the following examples. All
technologies implemented based on the content of the present disclosure fall in the scope of the

present disclosure.
Example 1 (Comparative Example)

According to Example 1 of Patent CN1870977A, prepared a deoxycholic acid liposome by

using soy lecithin (SPC) as a membrane material.

12.5 g of high-purity soy lecithin (SPC) (with a phosphatidylcholine content greater than 95%)
and 6.325 g of deoxycholic acid were dissolved in 50 mL ethanol. The obtained solution was then
evaporated under reduced pressure, and the residues were dispersed in 250 mL water. The mixture
was homogenized to achieve an average patrticle size of the liposome of 30 -100 nm. The obtained
liposome system was filtered through a 0.2 pym filter under sterile conditions, and encapsulation

efficiency, the particle size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 2

A deoxycholic acid liposome was prepared (the first phospholipid: SPC), with a mass ratio of

deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of the deoxycholic acid, 25 g of soy lecithin (SPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
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cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
anhydrous ethanol to prepare an organic phase with a total solid content of 20%(w/v), and an
organic solvent was removed by vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then,
450 mL of normal saline (0.9%NaCl) was added to the above prepared film for hydration with a
hydration temperature of 20-25 °C and a hydration time of 60—-120 min, homogenization was
performed three times under a homogenization condition of 8000-12000 psi after complete
hydration, the volume was made up to 500 mL with the normal saline (0.9%NacCl), the obtained
sample was first filtered through a 0.45 pm filter membrane to remove large particles, then sterilized
by filtration through a 0.22 ym microporous filter membrane, so as to obtain the liposome, and
encapsulation efficiency, particle size, PDI, and Zeta potential were measured. Results are shown in
Table 1.

Example 3

A deoxycholic acid liposome was prepared (the first phospholipid: HSPC), with a mass ratio of

deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of the deoxycholic acid, 25 g of hydrogenated soy lecithin (HSPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration, the hydration temperature was 50-60 °C, the hydration time was 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NacCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 pm
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 4

A deoxycholic acid liposome was prepared (the first phospholipid: DSPC), with a mass ratio of

deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.
5 g of the deoxycholic acid, 25 g of distearylphosphatidylcholine (DSPC), 2 g of
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distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration, the hydration temperature was 50-60 °C, the hydration time was 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NacCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 pm
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 5

A deoxycholic acid liposome was prepared (the first phospholipid: DEPC), with a mass ratio of

deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of the deoxycholic acid, 25 g of dierucoylphosphatidylcholine (DEPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 ym
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 6

A deoxycholic acid liposome was prepared (the first phospholipid: POPC), with a mass ratio of
deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.
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5 g of deoxycholic acid, 25 g of 1l-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 um filter membrane to remove large particles, then sterilized by filtration through a 0.22 um
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 7

A deoxycholic acid liposome was prepared (the first phospholipid: DMPC), with a mass ratio of

deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dimyristoylphosphatidylcholine (DMPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NacCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 ym
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 8

A deoxycholic acid liposome was prepared (the first phospholipid: DPPC), with a mass ratio of
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deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dipalmitoylphosphatidylcholine (DPPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 ym
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 9

A deoxycholic acid liposome was prepared (the first phospholipid: DOPC), with a mass ratio of

deoxycholic acid, the first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 um filter membrane to remove large particles, then sterilized by filtration through a 0.22 um
microporous filter membrane, so as to obtain the liposome, and encapsulation efficiency, particle

size, PDI, and Zeta potential were measured. Results are shown in Table 1.

Example 10
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Preparation of deoxycholic acid liposome lyophilized product

Sucrose was added in a sample obtained after the homogenization step in Example 9 and
completely dissolved, the volume was made up to 500 mL with a 0.025 M disodium succinate buffer
solution containing 0.5% NaCl at pH 6-6.5, causing the content of sucrose in the solution to be
6%(w/w), the sample was first filtered through a 0.45 pym filter membrane to remove large particles,
and then sterilized by filtration through a 0.22 ym microporous filter membrane, so as to obtain the
liposome; and the liposome was filled in 6 mL vials, with a filling capacity of 2 mL/vial, and freeze
drying was performed to obtain a deoxycholic acid liposome lyophilized product. The lyophilized
product was redissolved with 2 mL of water for injection, and encapsulation efficiency, particle size,

PDI, and Zeta potential were measured. Results are shown in Table 1.
Example 11
Preparation of blank liposome (the first phospholipid: a blank liposome of DOPC)

25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol, and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NacCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 pm
microporous filter membrane, so as to obtain the blank liposome, and particle size, PDI, and Zeta

potential were measured. Results are shown in Table 1.
Example 12

A deoxycholic acid liposome was prepared, with a mass ratio of deoxycholic acid, first

phospholipid, and the second phospholipid of 1:3:0.4.

5 g of deoxycholic acid, 15 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of

cholesterol, and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
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a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 pm filter membrane to remove large particles, then sterilized by filtration through a 0.22 ym
microporous filter membrane, so as to obtain the liposome, physical properties were observed, and
encapsulation efficiency, particle size, PDI, and Zeta potential were measured. Results are shown in
Table 2.

Example 13

A deoxycholic acid liposome was prepared, with a mass ratio of deoxycholic acid, first

phospholipid, and the second phospholipid of 1:4:0.4.

5 g of deoxycholic acid, 20 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol, and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 um filter membrane to remove large particles, then sterilized by filtration through a 0.22 ym
microporous filter membrane, so as to obtain the liposome, physical properties were observed, and
encapsulation efficiency, particle size, PDI, and Zeta potential were measured. Results are shown in

Table 2.
Example 14

A deoxycholic acid liposome was prepared, with a mass ratio of deoxycholic acid, first
phospholipid, and the second phospholipid of 1:6:0.4.
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5 g of deoxycholic acid, 30 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol, and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
0.45 um filter membrane to remove large particles, then sterilized by filtration through a 0.22 um
microporous filter membrane, so as to obtain the liposome, physical properties were observed, and
encapsulation efficiency, particle size, PDI, and Zeta potential were measured. Results are shown in
Table 2.

Example 15

A deoxycholic acid liposome was prepared (excluding DSPE-PEG2000), with a mass ratio of

deoxycholic acid, first phospholipid, and the second phospholipid of 1:5:0.

5 g of deoxycholic acid, dioleoylphosphatidylcholine (DOPC), 2.5 g of cholesterol, and 0.625 g
of vitamin E acetate were weighed and mixed, the mixture was dissolved in a mixed organic solvent
of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an organic phase with a total
solid content of 20%(w/v), and an organic solvent was removed by vacuum evaporation at 45-60 °C,
S0 as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium succinate buffer solution containing
0.5% NaCl at pH 6-6.5 was added to the above prepared film for hydration with a hydration
temperature of 20-25 °C and a hydration time of 60—120 min, homogenization was performed three
times under a homogenization condition of 8000-12000 psi after complete hydration, the volume
was made up to 500 mL with the 0.025 M disodium succinate buffer solution containing 0.5% NaCl
at pH 6-6.5, the obtained sample was first filtered through a 0.45 pm filter membrane to remove
large particles, then sterilized by filtration through a 0.22 ym microporous filter membrane, so as to
obtain the liposome, physical properties were observed, and encapsulation efficiency, particle size,

PDI, and Zeta potential were measured. Results are shown in Table 2.
Example 16

A deoxycholic acid liposome was prepared, with a mass ratio of deoxycholic acid, first
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phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/iv=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M histidine
solution was added to the above prepared film for hydration with a hydration temperature of
20-25 °C and a hydration time of 60—120 min, homogenization was performed three times under a
homogenization condition of 8000-12000 psi after complete hydration, the volume was made up to
500 mL with the 0.025 M histidine solution, the obtained sample was first filtered through a 0.45 ym
filter membrane to remove large particles, then sterilized by filtration through a 0.22 pm
microporous filter membrane, so as to obtain the liposome, physical properties were observed, and
encapsulation efficiency, particle size, PDI, and Zeta potential were measured. Results are shown in

Table 2.
Example 17

A deoxycholic acid liposome was prepared, with a mass ratio of deoxycholic acid, first

phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.05M disodium
succinate buffer solution was added to the above prepared film for hydration with a hydration
temperature of 20-25 °C and a hydration time of 60—120 min, homogenization was performed three
times under a homogenization condition of 8000-12000 psi after complete hydration, the volume
was made up to 500 mL with the 0.05M disodium succinate buffer solution, the obtained sample
was first filtered through a 0.45 um filter membrane to remove large particles, then sterilized by
filtration through a 0.22 um microporous filter membrane, so as to obtain the liposome, physical
properties were observed, and encapsulation efficiency, particle size, PDI, and Zeta potential were

measured. Results are shown in Table 2.

Example 18 Preparation of reference formulation (Kybella) (100 mL)
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900 mg of benzyl alcohol, 1000 mg of deoxycholic acid, 142 mg of sodium dihydrogen
phosphate, 143 mg of sodium hydroxide, and 438 mg of sodium chloride were weighed and fully
dissolved in 80 mL of water for injection, then pH was adjusted to 8.3 with 1M sodium hydroxide
solution, and the solution was finally made up to 100 mL with water for injection, and the reference
formulation was obtained after sterilization by filtration through a 0.2 um filter. The active ingredient

concentration of the obtained deoxycholic acid solution was 10 mg/mL.
Example 19

A deoxycholic acid liposome was prepared, with a mass ratio of deoxycholic acid, first

phospholipid, and the second phospholipid of 1:30:0.4.

1 g of deoxycholic acid, 30 g of dioleoylphosphatidylcholine (DOPC), 0.4 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 0.5 g of
cholesterol and 0.125 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NacCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, 100 mL was made up with the 0.025 M disodium succinate buffer solution
containing 0.5% NacCl at pH 6-6.5, the obtained sample was first filtered through a (1.0+0.65) um
double-layer filter membrane to remove large particles, then filtration sterilization was performed
through a 0.22 ym microporous filter membrane, so as to obtain the liposome, physical properties
were observed, and encapsulation efficiency, particle size, PDI, and Zeta potential were measured.

Results are shown in Table 2.
Example 20

A deoxycholic acid liposome was prepared (the second phospholipid: DSPG), with a mass ratio

of deoxycholic acid, first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), 2.5 g of cholesterol and 0.625 g of vitamin E
acetate were weighed and mixed, the mixture was dissolved in a mixed organic solvent of
trichloromethane and anhydrous methanol (v/v=10:1) to prepare an organic phase with a total solid

content of 20%(w/v), and an organic solvent was removed by vacuum evaporation at 45-60 °C, so
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as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium succinate buffer solution containing 0.5%
NaCl at pH 6-6.5 was added to the above prepared film for hydration with a hydration temperature
of 20-25 °C and a hydration time of 60—-120 min, homogenization was performed three times under
a homogenization condition of 8000-12000 psi after complete hydration, the volume was made up
to 500 mL with the 0.025 M disodium succinate buffer solution containing 0.5% NaCl at pH 6-6.5,
the obtained sample was first filtered through a (1.0+0.65) ym double-layer filter membrane to
remove large particles, then filtration sterilization was performed through a 0.22 ym microporous
fiter membrane, so as to obtain the liposome, physical properties were observed, and
encapsulation efficiency, particle size, PDI, and Zeta potential were measured. Results are shown in

Table 2.
Example 21

A deoxycholic acid liposome was prepared (the second phospholipid: DSPE-PEG2000), with a
mass ratio of deoxycholic acid, first phospholipid, and the second phospholipid of 1:5:0.5.

5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2.5 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol and 0.625 g of vitamin E acetate were weighed and mixed, the mixture was dissolved in
a mixed organic solvent of trichloromethane and anhydrous methanol (v/v=10:1) to prepare an
organic phase with a total solid content of 20%(w/v), and an organic solvent was removed by
vacuum evaporation at 45-60 °C, so as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium
succinate buffer solution containing 0.5% NaCl at pH 6-6.5 was added to the above prepared film
for hydration with a hydration temperature of 20-25 °C and a hydration time of 60-120 min,
homogenization was performed three times under a homogenization condition of 8000-12000 psi
after complete hydration, the volume was made up to 500 mL with the 0.025 M disodium succinate
buffer solution containing 0.5% NaCl at pH 6-6.5, the obtained sample was first filtered through a
(1.0+0.65) um double-layer filter membrane to remove large particles, then filtration sterilization was
performed through a 0.22 um microporous filter membrane, so as to obtain the liposome, physical
properties were observed, and encapsulation efficiency, particle size, PDI, and Zeta potential were

measured. Results are shown in Table 2.
Example 22

A deoxycholic acid liposome was prepared (excluding cholesterol), with a mass ratio of

deoxycholic acid, first phospholipid, and the second phospholipid of 1:5:0.4.
5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
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distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 0.625 g of vitamin
E acetate was weighed and mixed, the mixture was dissolved in a mixed organic solvent of
trichloromethane and anhydrous methanol (v/v=10:1) to prepare an organic phase with a total solid
content of 20%(w/v), and an organic solvent was removed by vacuum evaporation at 45-60 °C, so
as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium succinate buffer solution containing 0.5%
NaCl at pH 6-6.5 was added to the above prepared film for hydration with a hydration temperature
of 20-25 °C and a hydration time of 60—-120 min, homogenization was performed three times under
a homogenization condition of 8000-12000 psi after complete hydration, the volume was made up
to 500 mL with the 0.025 M disodium succinate buffer solution containing 0.5% NaCl at pH 6-6.5,
the obtained sample was first filtered through a (1.0+0.65) um double-layer filter membrane to
remove large particles, then sterilized by filtration through a 0.22 ym microporous filter membrane,
S0 as to obtain the liposome, physical properties were observed, and encapsulation efficiency,

particle size, PDI, and Zeta potential were measured. Results are shown in Table 2.
Example 23

A deoxycholic acid liposome was prepared (excluding vitamin E acetate), with a mass ratio of

deoxycholic acid, first phospholipid, and the second phospholipid of 1:5:0.4.

5 g of deoxycholic acid, 25 g of dioleoylphosphatidylcholine (DOPC), 2 g of
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), 2.5 g of
cholesterol was weighed and mixed, the mixture was dissolved in a mixed organic solvent of
trichloromethane and anhydrous methanol (v/v=10:1) to prepare an organic phase with a total solid
content of 20%(w/v), and an organic solvent was removed by vacuum evaporation at 45-60 °C, so
as to obtain a lipid film. Then, 450 mL of a 0.025 M disodium succinate buffer solution containing 0.5%
NacCl at pH 6-6.5 was added to the above prepared film for hydration with a hydration temperature
of 20-25 °C and a hydration time of 60—-120 min, homogenization was performed three times under
a homogenization condition of 8000-12000 psi after complete hydration, the volume was made up
to 500 mL with the 0.025 M disodium succinate buffer solution containing 0.5% NaCl at pH 6-6.5,
the obtained sample was first filtered through a (1.0+0.65) um double-layer filter membrane to
remove large particles, then sterilized by filtration through a 0.22 ym microporous filter membrane,
so as to obtain the liposome, physical properties were observed, and encapsulation efficiency,

particle size, PDI, and Zeta potential were measured. Results are shown in Table 2.

Although the above describes specific implementations of the present disclosure, those skilled
in the art should understand that these are merely illustrative examples. Various changes or

modifications may be made to these implementations without departing from the principles and
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spirit of the present disclosure. Therefore, the scope of protection of the present disclosure is

defined by the appended claims.

Test example 1 Example sample quality detection

Physical property detection: the sample prepared in the above examples was taken, physical

properties were observed, and test results are shown in Table 1 and Table 2.

Detection of particle size and PDI: 25 uL of the liposome sample prepared in the examples was

taken and diluted to 5 mL with 0.9% NacCl, the particle size and PDI of the taken sample were

measured, and test results are shown in Table 1 and Table 2.

Zeta potential detection: 25 yL of the liposome sample prepared in the examples was taken

and diluted to 5 mL with water for injection, Zeta potential of the taken sample was measured, and

test results are shown in Table 1 and Table 2.

Table 1 Quality detection results of liposome

Example encapsulation Particle size (nm) | PDI Zeta potential
efficiency (%) (mV)

Example 1|59.62 96.05 0.225 -25.6

(Comparative

example)

Example 2 (first | 78.96 91.30 0.198 -28.4

phospholipid

SPC)

Example 3 (first | 75.62 294.33 0.616 -29.5

phospholipid

HSPC)

Example 4 (first | 72.60 132.12 0.205 -28.2

phospholipid

DSPC)

Example 5 (first | 94.23 90.71 0.173 -39.8

phospholipid
DEPC)
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Example 6 (first | 93.57 94.42 0.184 -39.2
phospholipid
POPC)

Example 7 (first| 72.65 134.6 0.321 -32.6
phospholipid
DMPC)

Example 8 (first| 79.62 141.2 0.264 -31.2
phospholipid
DPPC)

Example 9 (first | 98.99 62.45 0.189 -40.3
phospholipid
DOPC)

Example 10* 98.86 68.46 0.185 -40.4

Example 11* N/A 90.23 0.182 -30.6

*Note: Example 10 used a lyophilized preparation of a deoxycholic acid liposome, the above
quality investigation was performed after redissolving it in 2 mL of water for injection; and Example

11 used a blank liposome with the first phospholipid DOPC. N/A indicates not applicable.

Investigation results of Table 1 above showed that, the encapsulation efficiency of the liposome
prepared in Example 1 (Comparative example) was very low; and the encapsulation efficiency of
the liposomes prepared in Example 2, Example 3, Example 4, Example 7, and Example 8 was
lower than 80%. Furthermore, the patrticle sizes of the liposomes prepared in Examples 3-4 and 7-8
were all greater than 100 nm. The liposomes prepared according to the four formulations in
Example 5, Example 6, Example 9, and Example 10 all had the encapsulation efficiency greater
than 90% and the particle sizes less than 100 nm, and thus had good dispersion characteristics, the

potential for uniform lipolysis, higher Zeta potentials, and good stability.

Table 2 Quality detection results of liposome

Example Physical encapsulation | Particle size | PDI Zeta
property efficiency (%) | (nm) potential

(mV)

Example 12 White 75.18 142.78 0.326 -39.5
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suspension

Example 13 Translucent | 88.32 70.76 0.199 -39.7
white
suspension
Example 9 Translucent | 98.99 62.45 0.189 -40.3
white
suspension
Example 14 Translucent | 98.89 62.35 0.191 -40.1
white
suspension
Example 15 Translucent | 90.68 65.35 0.189 -8.6
_ white
(without
suspension
DSPE-PEG2000)
Example 16 Translucent | 85.62 89.56 0.215 -38.7
white
(an aqueous phase
. o suspension
being a histidine
solution)
Example 17 Translucent | 87.35 86.27 0.226 -39.2
white
(an aqueous phase
) o suspension
being a disodium
succinate buffer
solution)
Example 18 Uniform, N/A N/A N/A N/A
transparent
(Reference
_ liquid
formulation)
Example 19 Translucent | 92.10 67.50 0.196 -39.5
white
suspension
Example 20 Translucent | 94.30 86.89 0.187 -38.6
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white
(the second
o suspension
phospholipid
DSPG)
Example 21 Translucent | 98.0 90.94 0.281 -45.3
white
suspension
Example 22 Translucent | 95.5 95.54 0.330 -37.8
] white
(excluding
suspension
cholesterol)
Example 23 Translucent | 90.3 93.25 0.310 -38.8
) o white
(excluding vitamin E
suspension
acetate)

Investigation results of Table 2 showed that, in Example 12 (a mass ratio of the deoxycholic
acid to the first phospholipid being 1:3), Example 9 (1:5), Example 13 (1:4), and Example 14 (1:6),
when the mass ratio of the deoxycholic acid to the dioleoylphosphatidylcholine (DOPC) was 1:3
(Example 12), the suspension had poor physical properties and was not opalescent, the
encapsulation efficiency was lower than 80%, the liposome had poor quality, the particle size and
the PDI were relatively large, and product dispersion characteristics were also poor. The liposome
samples in Example 9, Example 13, and Example 14 had a small quality difference, that is, when
the mass ratio of the deoxycholic acid to the dioleoylphosphatidylcholine (DOPC) was 1:4, 1.5, or
1:6, the liposome had high encapsulation efficiency and small particle size and PDI, more facilitating
releasing of the product in the body. When the mass ratio of the deoxycholic acid to the
dioleoylphosphatidylcholine (DOPC) was greater than 1:6, that is, the liposome prepared in
Example 19 (1:30) had high encapsulation efficiency and small particle size and PDI, and thus the
liposome had excellent quality. When the amount of the first phospholipid
dioleoylphosphatidylcholine (DOPC) was further increased, the encapsulation efficiency, particle
size, and PDI of the liposome did not undergo significant changes. Considering the economic costs
and safety risks posed by excipients to patients, it was not recommended to further increase the

dosage ratio of the phospholipid.

From the investigation results in Table 2, it was further observed that when the formula did not

contain the second phospholipid distearoylphosphatidylethanolamine-polyethylene glycol 2000
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(DSPE-PEG2000) (Example 15), although the physical properties, encapsulation efficiency, particle
size, and PDI of the liposome suspension showed no significant difference compared to that
containing the second phospholipid, the Zeta potential was lower than -10 mV, indicating that the
stability of the product was poor. For the liposomes prepared in Example 9, Example 13, and
Example 14, the Zeta potential was maintained at about -40 mV, indicating that the stability of the
product was good. Compared with Example 9, when the amount of the second phospholipid
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000) (Example 21)

increased, an absolute value of the Zeta potential increased, facilitating liposome stability.

From the investigation results in Table 2, it was further observed that when the formula
contained the second phospholipid 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG) (Example
20), the encapsulation efficiency was high, and the particle size and the PDI were small, facilitating

the dispersion stability of the product.

From the investigation results in Table 2, it was further observed that, when the 0.025M
histidine solution (Example 16), the 0.05M disodium succinate buffer solution (Example 17), and the
0.025 M disodium succinate buffer solution containing 0.5% NaCl at pH 6-6.5 were used as the
aqueous phases, the prepared liposomes all had high encapsulation efficiency, especially the
liposome prepared in Example 9, which has small particle size and PDI, facilitating good

dispersibility.

From the investigation of Table 2, it was further observed that, when the formula did not contain
cholesterol (Example 22) or vitamin E acetate (Example 23), the quality attributes of the prepared
liposomes, such as encapsulation efficiency, particle size, and PDI, showed no significant

difference.
Test example 2 Investigation of killing capability Against adipocytes

Experimental Protocol: 3T3-L1 (mouse embryonic fibroblasts) was inoculated into a 96-well
plate in advance and used for subsequent cell evaluation after being subjected to induced
differentiation to form mature adipocytes, the mature adipocytes and Human Umbilical Vein
Endothelial Cells (HUVECSs) were added to the 96-well plate at a count of 10,000 cells per well, with
a volume of 100 pL per well, and the 96-well plate was put in a carbon dioxide incubator for
incubation and used for cell evaluation after 24 h of cell culture. A complete medium was used to
respectively dilute the samples of Example 18 and Examples 1-10 to concentrations of the
deoxycholic acid of 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, and 0.125 mg/mL with water for injection.
The lyophilized sample of Example 10 was redissolved with water for injection, and then diluted to
the above concentrations with water for injection. The sample of Example 11 (blank liposome) was
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diluted at the same ratio by referring to the corresponding drug-loaded liposomes, so as to obtain
the blank liposome solution. The above drug-loaded liposomes with different deoxycholic acid

concentrations, the reference formulation, and the blank liposome solution were respectively added
to the cell plate of the mature adipocytes and the HUVEC (n=4), with 100 pL per cell. After

administration, the plate was continuously cultured for 24 h in the carbon dioxide incubator, 100 uL
of supernatant in each well was discarded, 50 pL of a cell viability detection reagent (Cell
Counting-Lite 3D Luminescent Cell Viability Assay) was added, oscillation and well mixing were
performed at room temperature for 5 min until cell masses were completely lysed. After incubation
for 30 min, 50 pL of the mixture was transferred to an opaque 96-well plate (50 pL per well).
Fluorescence Intensity (FI) was measured by a fluorescent microplate reader, and the cell survival
rate was calculated according to the following formula. Cell killing results were fitted and counted by
Graphpad software according to the cell survival rate, and IC50 was calculated. Cell survival rate
experiment results are shown in Fig. 2, and cell killing capability experiment results are shown in
Table 3.

Cell survival rate (%) = (FI sample - FI blank)/(FI control - FI blank)x100%

FI blank: the mean fluorescence intensity measured in the absence of cells and without any

sample treatment.

FI control: the mean fluorescence intensity measured in the presence of cells but without any

sample treatment.

Table 3 Killing capability to different cells (IC50) (Unit: mg/mL)

Sample group Adipocyte HUVEC

Example 18 (Reference | 0.13 0.28

formulation)

Example 1  (Comparative | 0.13 0.27

example) sample

Example 2 sample 0.13 0.30
Example 3 sample 0.14 0.43
Example 4 sample 0.14 0.41
Example 5 sample 0.12 0.56
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Example 6 sample 0.13 0.58
Example 7 sample 0.12 0.49
Example 8 sample 0.13 0.52
Example 9 sample 0.13 0.86
Example 10 sample 0.13 0.84

From Table 3, it was observed that after 24 h of administration, Example 11 (blank liposome)
had no killing capability against rat adipocytes and non-adipocyte HUVEC (Human Umbilical Vein
Endothelial Cells). The killing capabilities (IC50) of samples to be tested in other groups againstrat
adipocytes were essentially comparable. However, the killing capabilities (IC50) of the liposomes in
Example 9 and Example 10 against non-adipocyte HUVEC (Human Umbilical Vein Endothelial
Cells) were significantly weaker than those of the reference formulation (Example 18) and Example
1 (Comparative example), and also weaker than those of Examples 2-8. Therefore, the liposomes in

Example 9 and Example 10 had excellent adipocyte selectivity.

From the above table, it was also be observed that the liposome prepared in Example 9 and
the liposome lyophilized sample prepared in Example 10 had nearly identical killing capabilities
against the rat adipocytes and the HUVEC cells. Therefore, the deoxycholic acid liposomes did not
bring adverse effects on product quality or therapeutic efficacy after being prepared into the

lyophilized product, and they could be further prepared into the lyophilized preparations.

From Fig. 2, it was observed that as the administration concentration of the deoxycholic acid
increased, the cell survival rates of the adipocytes and non-adipocyte HUVEC cells in each test
group further reduced. When the administration concentrations of the deoxycholic acid were 0.125
mg/mL and 0.25 mg/mL, the survival rate of the non-adipocyte HUVEC cells in each test group was
higher than the survival rate of the adipocytes at the same administration concentration. When the
administration concentration of the deoxycholic acid was 0.5 mg/mL, the survival rates of the
adipocytes and non-adipocyte HUVEC cells of Example 1 (Comparative example), Example 2, and
a reference formulation (Example 18) treatment group all reduced below 10%, and the
non-adipocyte survival rates in groups of Example 5, Example 6, Example 9, and Example 10 could
maintain above 50%, in particular, the non-adipocyte survival rates in the groups of Example 9 and
Example 10 nearly reached 80%. When the administration concentration of the deoxycholic acid
was 1.0 mg/mL, Example 5, Example 6, Example 9, and Example 10 also showed weaker

non-adipocyte killing capability compared to Example 1 (Comparative example), Example 2, and
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the reference formulation (Example 18). Therefore, Example 5, Example 6, Example 9, and

Example 10 had excellent adipocyte selectivity.
Test example 3 Liposome shape testing

The liposome lyophilized sample prepared in Example 10 was taken, 2 mL of water for injection
was added for redissolution, the shape of the liposome was observed by a cryo-transmission
electron microscopy, 5 ul of the liposome was accurately weighed and placed on a R1.2/1.3
100-well carbon film grid (Cu 200 mesh), excess liposome suspension was rapidly blotted, and the
carbon film grid was frozen in a mixture of liquid ethane and methane. An FEI Talos F200C electron
microscope was used to obtain data at an operating voltage of 200 kV, and the collected data was

processed by using SerialEM software.

Through cryo-transmission electron microscopy, the liposome lyophilized sample was observed
to be a liposome having a complete vesicular structure, instead of a lipid complex. Furthermore,
under the electron microscopy, most of these liposomes were observed to adopt a
double-chambered conformation, while a minority showed a multi-chambered conformation, as

shown in Fig. 1.
Test example 4 Deoxycholic acid liposome stability investigation

The liposome lyophilized sample prepared in Example 10 was taken and placed in a 2-8 °C
stability chamber; the encapsulation efficiency, particle size, and PDI were measured by taking
samples in Month 0, Month 1, Month 2, Month 3, and Month 6; and the detection methods were the

same as Test example 1. Results are shown in Table 4.

Table 4 Liposome stability investigation data

Storage time encapsulation Particle size (nm) PDI
efficiency (%)

Month O 98.86 68.46 0.185

Month 1 98.92 70.72 0.186

Month 3 98.93 72.26 0.176

Month 6 99.32 73.86 0.182

The above investigation results showed that the liposome lyophilized preparation prepared in

Example 10 maintained an essentially unchanged encapsulation efficiency after 6 months of
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storage (data variation within the 2% detection error range) and showed no significant change in

particle size, indicating excellent stability and quality.
Test example 5 Investigation of lipolysis effect of liposomes on tail adipose of ZDF rats

Twelve male ZDF rats weighting 330-350 g were selected and divided into 3 groups randomly:
a normal saline group, DC-LIP (sample prepared in Example 10), and the reference formulation
(Example 18), with 4 rats per group. The rats were anesthetized with isoflurane, tail adipose
volumes were measured by using Micro-CT before administration, and reconstruction was
performed to calculate an initial tail adipose volume. Then, 2.5 mL of the sample to be tested was
injected in tail adipose tissue on both sides of the ZDF rat, respectively. The sample of Example 10
was the lyophilized preparation, which was redissolved with 2 mL of water for injection, where the
concentration of the deoxycholic acid was 10 mg/mL, and the drug concentration of the reference
formulation was 10 mg/mL. The tail adipose tissue was detected again by Micro-CT 2 weeks after
administration, so as to calculate the post-administration volume. After the last CT detection, tail

adipose was weighed, and the weights of the groups were compared.

The lipolysis efficacy of the sample to be tested was demonstrated by the rate of change in
adipose volume and the reduction in adipose weight before and after administration. Rate of change
in adipose volume (%) = |[(adipose volume after administration-adipose volume before
administration)/adipose volume before administration]*100%. Experiment results are shown in Fig.
3.

From Fig. 3, it was observed that, 2 weeks after administration, the tail adipose volume in the
normal saline group increased by 13.8%, the tail adipose volume in the DC-LIP group (Example 10)
was reduced by 9%, and the tail adipose volume of the reference formulation group increased by
20.5%. For the weight of the tail adipose, compared to the normal saline group and the reference
formulation group, the weight of the tail adipose in the ZDF rat in the DC-LIP group (Example 10)
was significantly reduced. Compared to the normal saline group, the adipose volume and weight of
the reference formulation group were increased, and during autopsy, the injected adipose tissue
showed significant signs of necrosis, such as a grayish-brown discoloration of the adipose tissue,
indicating that the reference formulation had exerted its pharmacological effect of lysing adipose
tissue at the injection site. However, due to the indiscriminate lysis of cell membranes by the
reference formulation, it caused a relatively severe inflammatory reaction at the injection site,

resulting in an increase in adipose volume and weight.

While evaluating the in vivo lipolysis effect, adverse reactions at the injection sites were
observed, as shown in Table 5. During adverse reaction monitoring, no swelling, induration, or
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ulceration was observed in any group on Day 1 after administration. On Day 7 after administration,
the DC-LIP group (Example 10) showed only very minimal swelling (+), with no induration or skin
ulceration observed, and swelling, induration, and skin ulceration were present in all the reference
formulation groups. On Day 14 after administration, swelling disappeared in the DC-LIP group
(Example 10), while swelling, induration, and ulceration were still present in the reference
formulation group. No swelling, induration, or skin ulceration was observed in the normal saline

control group. The adverse reactions in the DC-LIP group were milder.

Table 5 Incidence of injection site adverse reactions

Administration | Swelling Induration Ulceration
time
Example 9 Reference | Example 9 Reference | Example 9 Reference
formulation formulation formulation
Day 1 0% (0/8) 100% (8/8) | 0% (0/8) 0% (0/8) 0% (0/8) 0% (0/8)
++
Day 7 100% (8/8) | 100% (8/8) | 0% (0/8) 100% (8/8) | 0% (0/8) 100% (8/8)
+++ +++
+
Day 14 0% (0/8) 100% (6/8) | 0% (0/8) 100% (8/8) | 0% (0/8) 100% (8/8)
+++ +++

Note: (1) Percentage incidence (%), with data in parentheses indicating the number of adverse
reaction cases and total cases; (2) swelling severity was semi-quantitatively described using a five
point method, such as Grade 0, Grade 1 (+), Grade 2 (++), Grade 3 (+++), and Grade 4 (++++), with
higher grades indicating more severe adverse reactions; (3) 0/8 indicated the number among 8 tail
adipose pads showing swelling, induration, or ulceration in 4 animals of each group (each animal

had 2 tail adipose pads).

The above tail lipolysis and local adverse reaction results showed that the drug-loaded
liposomes in Example 10 could not only show the faster lipolysis effect but also mitigate the local

adverse reactions of the reference formulation.
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Claims

1. A liposome drug delivery system, wherein the liposome drug delivery system comprises
deoxycholic acid and phospholipid, the phospholipid comprises a first phospholipid and optionally
comprises a second phospholipid; wherein the mass ratio of the deoxycholic acid to the
phospholipid is 1:2.5-1:35.

2. The liposome drug delivery system according to claim 1, wherein, the mass ratio of the
deoxycholic acid to the phospholipid is 1:3.4-1:30.4, such as 1:3.4, 1:3.6, 1:4.4, 1.5, 1:.5.4, 1.5.5, 1.6,
1:6.4, or 1:30.4, preferably 1:4.4-1:30.4.

3. The liposome drug delivery system according to at least one of claims 1 to 2, wherein, the first
phospholipid is selected from one or more of egg yolk lecithin (PC), soy lecithin (SPC),
hydrogenated soy lecithin (HSPQ), dioleoylphosphatidylcholine (DOPQ),
dierucoylphosphatidylcholine (DEPC), distearylphosphatidylcholine (DSPC), 1-palmitoyl-2-oleoyl-
phosphatidylcholine (POPC), dimyristoylphosphatidylcholine (DMPC),
dipalmitoylphosphatidylcholine  (DPPC), distearoylphosphatidylethanolamine (DSPE), and
dioleylphosphatidylethanolamine (DOPE), preferably soy lecithin (SPC), hydrogenated soy lecithin
(HSPC), distearylphosphatidylcholine  (DSPC), dimyristoylphosphatidylcholine  (DMPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylcholine (DOPC),
dierucoylphosphatidylcholine (DEPC), and 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), more
preferably soy lecithin (SPC), dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylcholine
(DOPC), dierucoylphosphatidylcholine (DEPC), or 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC),
more preferably dioleoylphosphatidylcholine (DOPC), dierucoylphosphatidylcholine (DEPC), or
1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), such as dioleoylphosphatidylcholine (DOPC);

and/or

the second phospholipid is selected from one or more of
1,2-distearoyl-sn-glycero-3-phosphocholine  (DSPG), dioleoylphosphatidylserine (DOPS),
distearoylphosphatidylserine (DSPS), (2-dioleoyl hydroxypropyl)trimethylammonium chloride
(DOTAP), 1,2-dioleyloxy-3-dimethylamino-propane (DODMA),
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
dioleoylphosphatidylglycerol (DOPG), and egg yolk phosphatidylglycerol (EPG), preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), dioleoylphosphatidylglycerol (DOPG), or
1,2-dioleyloxy-3-dimethylamino-propane (DODMA), preferably
distearoylphosphatidylethanolamine-polyethylene  glycol 2000 (DSPE-PEG2000) or
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1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), more preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000).

4. The liposome drug delivery system according to at least one of claims 1 to 3, wherein, the mass
ratio of the deoxycholic acid to the first phospholipid is 1:3-1:32, preferably 1:4-1:30, more
preferably 1:4-1:6, such as 1:4, 1:5, or 1:6; and/or

the mass ratio of the deoxycholic acid, the first phospholipid, and the second phospholipid is
1:(3-32):(0-3), preferably, the mass ratio of the deoxycholic acid, the first phospholipid, and the
second phospholipid is 1:(4-30):(0.2-0.6), more preferably 1:3:0.4, 1:4:0.4, 1:5:0.4, 1:5:0.5,
1:6:0.4, or 1:30:0.4; and/or

the mass ratio of the first phospholipid to the second phospholipid is (3-32):(0-3), preferably, the
mass ratio of the first phospholipid to the second phospholipid is (4-30):(0.2-0.6), more
preferably 3:0.4, 4:0.4, 5:0.4, 5:0.5, 6:0.4, or 30:0.4; and/or

the ratio of drug to lipid is 1:(3-32), preferably 1:(4-30.9), such as 1:5.9, 1:3.9, 1:4.0, 1:4.9, 1:6.9,
1:5.5, 1:6, or 1:6.1.

5. The liposome drug delivery system according to at least one of claims 1 to 4, wherein, the mass
ratio of the deoxycholic acid to the phospholipid is 1:4-1:7, preferably 1:4.3-1:6.5, more preferably
1:(5-6); and/or

the mass ratio of the deoxycholic acid, the first phospholipid, and the second phospholipid is
1:(4-10):(0-0.6), preferably 1:(4-6):(0.2-0.6), more preferably 1:(4-6):(0.4-0.5).

6. The liposome drug delivery system according to at least one of claims 1 to 5, wherein, the
liposome drug delivery system optionally comprises cholesterol and/or an antioxidant, preferably,

the antioxidant is selected from vitamin E and/or vitamin E acetate.

7. The liposome drug delivery system according to at least one of claims 1 to 6, wherein, the
liposome drug delivery system further comprises an aqueous phase, wherein the aqueous phase is
selected from one or more of a disodium succinate buffer solution, a histidine solution, normal

saline, a sucrose solution, and water for injection;

preferably, the aqueous phase is selected from one or more of a 0.02-0.04 M disodium
succinate buffer solution containing 0.5% NaCl, a 0.05 M disodium succinate buffer solution, a
0.025 M histidine solution, normal saline, and an 8% sucrose solution; more preferably, the
agueous phase is the 0.02-0.04 M disodium succinate buffer solution containing 0.5% NaCl;

and
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more preferably, the pH value of the 0.02-0.04 M disodium succinate buffer solution containing

0.5% NaCl is 5.0-7.0; and preferably, the pH value is 6-6.5.

8. The liposome drug delivery system according to at least one of claims 1 to 7, wherein,

each unit of the preparation is prepared from the following components: 1-5 parts of the
deoxycholic acid, 15-30 parts of the first phospholipid, 0-2 parts of the second phospholipid,
and 100-5000 parts of the aqueous phase, preferably 500-5000 parts of the aqueous phase;

or each unit of the preparation is prepared from the following components: 1-5 parts of the
deoxycholic acid, 15-30 parts of the first phospholipid, 0-2 parts of the second phospholipid,
500-5000 parts of the aqueous phase, 0-2.5 parts of cholesterol, and 0-0.625 parts of vitamin E

acetate; and

preferably, each unit of the preparation is prepared from the following components: 5 parts of
the deoxycholic acid, 15-30 parts of the first phospholipid, 0-2 parts of the second phospholipid,
500 parts of the aqueous phase, 0-2.5 parts of cholesterol, and 0-0.625 parts of vitamin E

acetate.

9. The liposome drug delivery system according to at least one of claims 1 to 8, wherein, the first
phospholipid is selected from one or more of soy lecithin (SPC), dipalmitoylphosphatidylcholine
(DPPC), dioleoylphosphatidylcholine (DOPC), dierucoylphosphatidylcholine (DEPC), and
1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC); preferably, the first phospholipid is selected from
one or more of dioleoylphosphatidylcholine (DOPC), dierucoylphosphatidylcholine (DEPC), and
1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), more preferably dioleoylphosphatidylcholine
(DOPC);

the second phospholipid is selected from one or more of
1,2-distearoyl-sn-glycero-3-phosphocholine  (DSPG), dioleoylphosphatidylserine (DOPS),
distearoylphosphatidylserine (DSPS), (2-dioleoyl hydroxypropyl)trimethylammonium chloride
(DOTAP), 1,2-dioleyloxy-3-dimethylamino-propane (DODMA),
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000),
dioleoylphosphatidylglycerol (DOPG), and egg yolk phosphatidylglycerol (EPG); preferably, the
second phospholipid is selected from one or more of
distearoylphosphatidylethanolamine-polyethylene  glycol 2000 (DSPE-PEG2000) and
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPG), more preferably
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000); and

the aqueous phase is selected from one or more of the 0.02-0.04 M disodium succinate buffer

38



solution containing 0.5% NaCl, the 0.05 M disodium succinate buffer solution, the 0.025 M
histidine solution, the normal saline, and the 8% sucrose solution; preferably, the agueous
phase is one or more of the 0.02-0.04 M disodium succinate buffer solution containing 0.5%
NaCl, the 0.025 M histidine solution, the normal saline, and the 8% sucrose solution; more
preferably, the aqueous phase is the 0.02-0.04 M disodium succinate buffer solution containing
0.5% NacCl.

10. The liposome drug delivery system according to at least one of claims 1 to 9, wherein, the first
phospholipid and the second phospholipid are selected from any one of the following combinations:

(1) soy lecithin (SPC) and distearoylphosphatidylethanolamine-polyethylene glycol 2000
(DSPE-PEG2000);

(2) hydrogenated soy lecithin (HSPC) and distearoylphosphatidylethanolamine-polyethylene
glycol 2000 (DSPE-PEG2000);

3) distearylphosphatidylcholine (DSPQ), and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(4) dierucoylphosphatidylcholine (DEPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(5) 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(6) dimyristoylphosphatidylcholine (DMPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(7 dipalmitoylphosphatidylcholine (DPPC) and
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000);

(8) dioleoylphosphatidylcholine (DOPC) and distearoylphosphatidylethanolamine-polyethylene
glycol 2000 (DSPE-PEG2000);

(9) dioleoylphosphatidylcholine (DOPC) and 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPG);

(10) dioleoylphosphatidylcholine (DOPC) and dioleoylphosphatidylglycerol (DOPG); and

(11) dioleoylphosphatidylcholine (DOPC) and 1,2-dioleyloxy-3-dimethylamino-propane
(DODMA).

11. The liposome drug delivery system according to at least one of claims 1 to 10, wherein, the first
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phospholipid is dioleoylphosphatidylcholine  (DOPC), the second phospholipid is
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), and the mass
ratio of the first phospholipid to the second phospholipid is (4-6):(0.4-0.6); the mass ratio of the first
phospholipid to the second phospholipid is preferably (4-6):(0.4-0.5), such as 5:0.4 or 5:0.5; or

the first phospholipid is dierucoylphosphatidylcholine (DEPC), the second phospholipid is
distearoylphosphatidylethanolamine-polyethylene glycol 2000 (DSPE-PEG2000), and the
mass ratio of the first phospholipid to the second phospholipid is (4-6):(0.4-0.6); the mass ratio
of the first phospholipid to the second phospholipid is preferably (4-6):(0.4-0.5), such as 5:0.4
or 5:0.5; or

the first phospholipid is 1-palmitoyl-2-oleoyl-phosphatidylcholine (POPC), the second
phospholipid is distearoylphosphatidylethanolamine-polyethylene glycol 2000
(DSPE-PEG2000), and the mass ratio of the first phospholipid to the second phospholipid is
(4-6):(0.4-0.6); the mass ratio of the first phospholipid to the second phospholipid is preferably
(4-6):(0.4-0.5), such as 5:0.4 or 5:0.5.

12. A method for preparing the liposome drug delivery system according to at least one of claims 1

to 11, wherein, the preparation method comprises the following steps:

I, taking and dissolving the deoxycholic acid, the first phospholipid, the second phospholipid,
cholesterol, and an antioxidant according to a ratio in an organic solvent to prepare an organic

phase;

II, removing the organic solvent in the organic phase obtained in step I, and adding an aqueous

phase to the organic phase for hydration, so as to obtain a crude suspension;
[1l, homogenizing the crude suspension obtained in step I, so as to obtain a suspension a; and

IV, filtering the suspension a obtained in step Ill through a 0.45 um filter membrane or a
double-layer filter membrane of (1.0+0.65) ym, and then performing filtration sterilization
through a 0.22 ym microporous filter membrane, so as to obtain the liposome, wherein the

antioxidant is preferably vitamin E acetate.

13. The preparation method according to claim 12, wherein, the total solid content of the organic

phase in step | is 20% (w/v); and/or

the organic solvent in step | is selected from one or more of chloroform, anhydrous ethanol, and
anhydrous methanol, preferably a mixed solution of chloroform and anhydrous methanol;
wherein in the mixed solution of chloroform and anhydrous methanol, the volume ratio of
chloroform to anhydrous ethanol is preferably 1:1-30:1, such as 10:1; and/or
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the aqueous phase in step Il is selected from one or more of a 0.02-0.04 M disodium succinate
buffer solution containing 0.5% NaCl, a 0.05 M disodium succinate buffer solution, a 0.025 M
histidine solution, normal saline, and an 8% sucrose solution; more preferably, the aqueous
phase is the 0.02-0.04 M disodium succinate buffer solution containing 0.5% NaCl; more
preferably, the pH value of the 0.02-0.05 M disodium succinate buffer solution containing 0.5%

NaCl is 5.0-7.0, such as 6.0-6.5; and/or

the method for removing the organic solvent in step Il is reduced-pressure distillation; the

reduced-pressure distillation is preferably performed at 45-60 °C; and/or
the temperature for hydration in step Il is 20-60 °C, preferably 50-60 °C or 20-25 °C; and/or
the time for hydration in step Il is 60-120 min; and/or

the homogenizing condition in step Il is to perform homogenizing for 3-5 times at 8000-12000

psi.

14. A liposomal formulation, wherein, the liposomal formulation comprises the liposome drug
delivery system according to any one of claims 1 to 11, wherein the preparation is an injection or a

lyophilized preparation.

15. The liposomal formulation according to claim 14, wherein, when the preparation is the
lyophilized preparation, the preparation further optionally comprises a lyophilized excipient; and the
lyophilized excipient is selected from one or more of sucrose, lactose, trehalose, and mannitol,

preferably sucrose.

16. The liposomal formulation according to at least one of claims 14 to 15, wherein, when the
liposomal formulation is the lyophilized preparation, the method for preparing the lyophilized
preparation comprises the method for preparing a liposome drug delivery system according to at
least one of claims 12 to 13, and after homogenizing in step Il and before filtration using a filter
membrane in step 1V, the suspension a is mixed with the lyophilized excipient, and then an aqueous
phase is added; then filtration is performed through a 0.45 pm filter membrane, then filtration is
performed through a 0.22 um microporous filter membrane, so as to obtain a liposome, and the

liposome is lyophilized,;

the aqueous phase is preferably a 0.025 M disodium succinate buffer solution containing 0.5%

NaCl at pH 6-6.5; and

the adding of the aqueous phase preferably causes a weight percentage content of the

lyophilized excipient in the solution to reach 5%-8%, preferably 6%.
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17. The liposome drug delivery system according to at least one of claims 1 to 11 or the liposomal
formulation according to at least one of claims 14 to 16, wherein, the average particle size of the
liposome is 50-300 nm, preferably 50-100 nm; more preferably, the average particle size of the

liposome is 60-95 nm, and most preferably 60-91.5 nm; and/or

in the liposome drug delivery system or liposomal formulation, Encapsulation Efficiency (EE) of
the liposome is above 75%, preferably above 85%, more preferably above 90%, and further

preferably above 95%; and/or

in the liposome drug delivery system or liposomal formulation, the Polydispersity Index (PDI) of
the liposome is 0.1-0.4, preferably 0.1-0.35, more preferably 0.1-0.25, and most preferably
0.1-0.2; and/or

in the liposome drug delivery system or liposomal formulation, the Zeta potential of the
liposome reaches -65 mV to -5 mV, preferably -45mV to -20 mV, and more preferably -45 mV to
-35 mV.

18. Use of the liposome drug delivery system according to at least one of claims 1 to 11 or the
liposomal formulation according to at least one of claims 14 to 16 in the preparation of a
fat-reducing drug or a medical aesthetic product, wherein preferably, the fat-reducing drug or

medical aesthetic product is a localized fat-reducing drug or a localized medical aesthetic product.

19. A fat-reducing drug or medical aesthetic product, wherein, the fat-reducing drug or medical
aesthetic product comprises the liposome drug delivery system according to at least one of claims 1
to 11 or the liposomal formulation according to at least one of claims 14 to 16, as well as an
acceptable excipient or auxiliary component in the fat-reducing drug or medical aesthetic product;

and
preferably, the excipient or auxiliary component is selected from one or more of ascorbic acid

(VC), benzoic acid, and lidocaine.

20. The fat-reducing drug or medical aesthetic product according to claim 19, wherein, the
fat-reducing drug or medical aesthetic product is a liposomal formulation for local injection into

adipose tissue.
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