(12) STANDARD PATENT (11) Application No. AU 2007341803 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(72)

(74)

(56)

Title
Liposomal pharmaceutical preparation and method for manufacturing the same

International Patent Classification(s)

A61K 9/127 (2006.01) A61K 31/475 (2006.01)

A61K 31/136 (2006.01) A61K 47/24 (2006.01)

A61K 31/4375 (2006.01) A61P 35/00 (2006.01)

Application No: 2007341803 (22) Date of Filing:  2007.12.29

WIPO No:  WO08/080367

Priority Data

Number (32) Date (33) Country
200610102339.8 2006.12.29 CN
Publication Date: 2008.07.10

Accepted Journal Date: 2011.08.11

Applicant(s)
Shijiazhuang Pharma. Group Zhongqi Pharmaceutical Technology (Shijiazhuang) Co.,
Ltd.

Inventor(s)
Wang, Jinxu;Shen, Dongmin;Li, Yanhui;Zhang, Li;Guo, Wenmin;Li, Chunlei;Wang,
Caixia;Zhang, Lan

Agent / Attorney
Freehills Patent & Trade Mark Attorneys, Level 43 101 Collins Street, Melbourne, VIC,
3000

Related Art
WO 1997/13499A




8/080367 A 1IN0 000 00 OO OO

(12) RBEMSEFARATHERRIF

(19) tEF 4R RA R
H &R

43) ERRAHA
2008 47 A10 H (10.07.2008)

(6%n\ A0 0 0 0 OO O A
@y

(10) ERR2%H S

WO 2008/080367 Al

61 HEFEHFET:

AGIK 9127 (2006.01)  A61K 31/4375 (2006.01)
AGIK 31/136 (2006.01)  A61K 47/24 (2006.01)
AGIK 31/475 (2006.01)  A61P 35/00 (2006.01)

(1) HEFHIES: PCT/CN2007/071403

(22) HBrHIEH:

(25) HiFIES: E2D'a
(26) AHIES: LED'a
(30) fR5EM:

200610102339.8

2007 £ 12 A29 H (29.12.2007)

2006 #12 H29 H (29.12.2006) CN

(71 HIFEAN GIEREESMT A IER) : AHEAPR

BHERAR (AXE) A RA R (SHIJIAZHUANG
PHARMA. GROUP ZHONGQI PHARMACEU-
TICAL TECHNOLOGY (SHIJIAZHUANG) CO.,

LTD.) [CN/CN]; # [Hir Ak 4 A 5K i A i 75 % 276

2 Hebei 050051 (CN).
(72) KHAN; &

(75) R A/HIFEAN (U5 EE): Z2FF (LI, Chunlei)

[CN/CN]; AL A K E TS L P %2765, Hebei
050051 (CN). E 4 F(WANG, Jinxu) [CN/CN]; #
ET b4 A &K E T W 5 %2765, Hebei 050051
(CN)o. FEFE&E(WANG, Caixia) [CN/CN]; # H ]k
BAFET P L2765, Hebei 050051 (CN), 2=
B ¥ (LI, Yanhui) [CN/CN]; & [H b4 A &K E T
11 74 %2765, Hebei 050051 (CN). H Z E(SHEN,
Dongmin) [CN/CNJ; # [E Ji] 4645 A 5% FE 7 o L g 2%
2765, Hebei 050051 (CN). R (GUO, Wenmin)
[CN/CN]; R EAAEE A K E TS L 7% 2765, Hebei
050051 (CN). Fk#j(ZHANG, Li) [CN/CN];  [H {7
Jb48 A K E T L R 2765, Hebei 050051 (CN).
7k 2(ZHANG, Lan) [CN/CN]; # [EA[db 4 A 5K T
fh 1l 752765, Hebei 050051 (CN).

(749 REAN: EREEHR=HAEA R A 7 (UNI-

TALEN ATTORNEYS AT LAW); “ [H 4t 52 7§/ B
X2 14 K 7225 2845 572, Beijing 100004
(CN).

@ HEE FrHAIEY, ZokE—nie faE X

f£4): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB,
BG, BH, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB,
GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, IP,

(g ]

(54) Title: LIPOSOME FORMULATION AND PROCESS FOR PREPARATION THEREOF

(54) REAZFR: — T fig o0k 2549 b ) J FL ol % O vk

[ = PLM60 (4ng/kg)
X

——FM (4mg/kg)

1
LI
m .
© 12 | l
by
& |p
= [ |
& I
g 4 I ¢ s
e ) I
U .
5 10 15 0 - BU

2 BfiE CAT)

1.

PLASMA CONCENTRATION OF MITOXANTRONE (pg/ml)

2... TIME (h)

& (57) Abstract: A liposomal pharmaceutical formulation comprising multivalent ionic drug, a process for the preparation
thereof, and the use thereof in the treatment of diseases, wherein the particle size of the liposome is about 30-80 nm, and
the phospholipid bilayer contains a phospholipid with Tm > body temperature thereby the phase transition of the liposome is

WO 20

above body temperature.

[k 5]



WO 2008/080367 A1 Il NN A0 00100 0 0 00O

KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, SD, SL, SZ, TZ, UG, ZM, ZW), EX ¥ (AM, AZ, BY,
LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, KG, KZ, MD, RU, TJ, TM), Bk ¥ (AT, BE, BG, CH,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IS,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ, GW,
ZM, ZW . ML, MR, NE, SN, TD, TG).

84) tHEE (BrHHHEY, ZEkG MRt XERFRAf:
{#41) : ARIPO (BW, GH, GM, KE, LS, MW, MZ,NA, — ®IEEPRKERIRE .

(57) FHE:

—HEESNE T AR LYIHIT . FriR B R k259 85 & ik R ILERRIGTT P RN, S
REBFARRIRLE X% 30— 80nm, FFEBEREXA TRPEH Tm S TREMBIAE, M08 R A0S ERERT 4
B



26 Jun 2009

2007341803

2231922
-1-

Liposomal pharmaceutical preparation and method for

manufacturing the same
FIELD OF INVENTION .

The present invention relates to a liposomal preparation and a
drug-encapsulating liposomal pharmaceutical preparation, especially to a
liposomal pharmaceutical preparation of mitoxantrone. The present
invention further relates to methods for manufacturing the liposome,
liposomal pharmaceutical preparation and uses thereof.

BACKGROUND OF THE INVENTION

Liposomes can be used as a carrier for many drugs, especially for
antitumor drugs (in particular chemotherapeutic drugs). Liposomes can
reduce the distribution of drug in normal tissues, but increase the
accumulation of drug in tumor tissues, thereby improving the therapeutic
index of drug. The reason why a liposome can target passively to a tumor
relates to the physiological properties of tumor tissue. Tumor blood
vessels may have a pore size of up to 100-780 nm due to its rapid growth,
while normal vascular endothelial cells have a typical space of about 2
nm. Therefore, liposomes can accumulate passively in tumor region if
they can circulate for a relatively long period in blood and have a size of
less than 200 nm, because after liposomes with small size are
administered via intravenous injection, they can not enter normal tissues
but can penetrate blood vessel of tumor region and arrive at treatment

area.

However, it is not easy to achieve the therapeutic advantages of
liposome, and the following four requirements have to be met: (1) the
drug can be encapsulated in liposome in a good encapsulation efficiency
and a sufficient drug loading; (2) the drug will not be released from the
liposome during storage period in vitro; (3) there is not a notable drug
leakage during blood circulation of liposomal drug; and (4) the drug can
be released effectively and thereby exerting its therapeutic effects when
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liposomes are accumulated in the tumor region. With regard to the current
liposome techniques, the former three problems have been solved well,
therefore, the rational release in vivo of liposomal drug draws more
attentions. One critical technical problem to be solved for developing
some liposomal drugs is to effectively control the rational release of
liposomal drugs after targeting to a tumor region. This is especially
important for some drugs, such as mitoxantrone.

It was found by a liposome study group in Canada that a liposome
formulation having a size of about 100 nm, which was prepared by using
hydrogenated soybean phosphatidylcholine (HSPC) and cholesterol as
phospholipid bilayer and loading drug by a 300mM citric acid gradient,
was not as good as free mitoxantrone. In order to improve the therapeutic
effect of liposome, the group finally changed the composition of
phospholipid bilayer into dimyristoyl phosphatidylcholine (DMPC) and
cholesterol, and obtained a preparation with improved therapeutic indexes.
However, the leakage of drug may increase during the storage period
because the phase transition temperature of DMPC is about 21°C, so that
the preparation may not be stable (Liposomal formulations of
mitoxantrone , US5,858,397).

Neopharm Corporation of USA used another technique to develop a
liposome formulation of mitoxantrone, in which a cardiolipin carrying
negative charge was added to phospholipid bilayer. Due to the intensive
interaction between cardiolipin and mitoxantrone, mitoxantrone could be
inserted into the phospholipid bilayer in a passive loading mode. This
passive loading technique is different from active loading technique. By
virtue of active loading technique, a drug would deposit in the
intraliposomal aqueous phase in a form of precipitation. The Phase I
clinical study on the product of Neopharm indicated that liposome drugs
could increase the possibility of occasional infection, compared with free
drug. The development of this product was ceased in view of safety
(Liposomal preparations of mitoxantrone, CN01817424.8).

Pacific Institute of Materia Medica (Changchou, China) also filed a
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patent application for a liposomal preparation of mitoxantrone (4
liposomal injection of mitoxantrone or mitoxantrone hydrochloride and
the process for making the same, CN200410041612.1). In this application,
traditional pH value gradient method was used to load drugs. This
application seeks to protect a formulation with a specific ratio, and does
not disclose the effects of factors such as composition of phospholipids,
kinds of buffer salts in internal aqueous phase, size of liposome,
drug/liposome ratio, etc. on the therapeutic efficacy and toxicity of
liposome.

Zhirong Zhang, et al of West China School of Pharmacy, Sichuan
University also studied liposomal preparations of mitoxantrone. They
used soybean phosphatidylcholine with a phase transition temperature of
0°C (which is marketed under the trade name EPIKURON 200) to
prepare liposomes of about 60nm. In this article, only pharmacokinetics
was studied without concerning toxicity and therapeutic efficacy of the
obtained liposomal preparation. Relevant contents can be seen in
“Preparation of long circulating mitoxantrone liposomes and its
pharmacokinetics”, Zhirong Zhang, Botao Yu and Yisong Duan, Acta
Pharmaceutica Sinica, 2002, Vol. 37, No.6; Studies on preparation of
long circulating mitoxantrone liposomes with transmembrane ammonium
sulfate gradients, Zhirong Zhang, Botao Yu, Yisong Duan and Yuan
Huang, Chinese Pharmaceutical Journal, 2002 Vol. 37, No.12; and Study
on the preparation techniques of mitoxantrone liposomes, Yisong Duan,
West China Journal of Pharmaceutcal Sciences, 2001 Vol. 16, No. 02.

In the above studies, the size of liposomes is usually controlled in
the range of 80 ~ 150nm, since there is a consensus in the field of
liposome that a liposome with a size of about 100nm would have the best
targeting efficiency (Pharmacol. Rev. 1999 51: 691-744.). However, as
mentioned above, a liposome should not only have an excellent targeting
efficiency, but also a sufficient release from liposome to exert its effect.

As indicated above, according to the prior field, the leakage of drug
during blood circulation should be essentially avoid so that the drug could
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be effectively transferred to tumors, but this requirement also results in a
difficulty of releasing the drug from the liposome when it is targeted to
tumor region. In conventional processes for making liposomes, a drug is
usually encapsulated by a active loading technique, in which the drug
encapsulated in the liposome is present in a colloid precipitate form
having no bioactivity, so that only when the drug is released effectively
from the liposome, it can change into a therapeutic drug with bioactivity.
If the release rate of drug is too slow, the drug can hardly exert its
therapeutic actions even though it has been targeted effectively to the
tumor region, and its therapeutic effect may be even inferior to an
unencapsulated drug.

Therefore, there is an urgent need in the field for a liposomal
preparation capable of delivering a drug with good targeting ability and
releasing the drug in the targeted tissues effectively, and for a
corresponding liposomal pharmaceutical preparation.

SUMMARY OF THE INVENTION

The present inventors surprisingly found by chance that some drugs
having a plurality of dissociable groups and a liability of forming
compact precipitate with multivalent counter ion, could be processed to
form a small unilamellar liposomal preparation with an effectively
improved therapeutic index, so that the above technical problem could be
solved.

Therefore, in one aspect, the present invention provides a liposomal
preparation with a size of about 30-80 nm having a phospholipid with a
Tm higher than body temperature in phospholipid bilayer, so that the
phase transition temperature of liposome is higher than the body
temperature. Examples of said phosphdlipid include but are not limited to
phosphatidylcholine, hydrogenated soybean phosphatidylcholine (HSPC),
hydrogenated egg-yolk phosphatidylcholine, dipalmitoyl
phosphatidylcholine (DPPC) or distearoyl phosphatidylcholine (DSPC) or
any combination thereof.
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: In one embodiment, the phospholipid with a Tm higher than body temperature in
8 the phospholipid bilayer represents 50-100 mol/mol%, preferably 55-95 mol/mol%,
E and more preferably 55-95 mol/mol% of the total content of phospholipids.

S

o Optionally, the phospholipid bilayer of the liposomal preparation of the present
N 5 invention further comprises additional phospholipids, for example, a phospholipid
% with a Tm not higher than the body temperature, such as dimyristoyl
i phosphatidylcholine (DMPC) and the like. The amount of the phospholipid in the
S liposomal preparations of the present invention can be conventionally determined by
8 those of ordinary skilled in the field, provided that the Tm value of the liposomal

10  preparation is not markedly reduced to a value lower than the body temperature.

| The liposomal preparation of the present invention can also optionally comprise

| cholesterol in order to regulate the fluidity of liposome membrane.

The liposomal preparation of the present invention can also optionally comprise

additional excipients, especially excipients for further modifying surfaée

15  characteristics of liposome to confer the liposome better behavior in vivo. Such

. excipients include, for example, lipids and the like modified with hydrophilic

polymers.

In another aspect, the present invention provides a liposomal drug, wherein (1)

the liposomal drug comprises a multivalent ionic drug as an active ingredient, which

20  has two or more dissociable groups with a dissociation constant of 4.5-9.5; (2) the
liposome of the liposomal drug has a size of 30-80 nm; (3) the bilayer of the liposome
comprises a phospholipid with a phase transition temperature (Tm) higher than the

body temperature of a subject to receive the liposomal drug, cholesterol, and a
hydrophilic polymer-modified lipid; and (4) the intraliposomal phase of the liposome

25  comprises a multivalent counter ion.
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In another aspect, the present invention provides a liposomal pharmaceutical
preparation, which comprises a drug of interest, especially a multivalent ionic drug, in
a liposomal preparation of the present invention. Therefore, the present invention
relates to a liposomal pharmaceutical preparation having a size of 30-80 nm, wherein:
(1) the liposomal pharmaceutical preparation comprises a multivalent ionic drug as
active ingredient; (2) the phospholipid bilayer comprises a phospholipid with a Tm
higher than body temperature so that the phase transition temperature of the liposome
is higher than the body temperature; and optionally (3) the liposomal pharmaceutical

preparation comprises additional drugs and/or additional excipients acceptable in the
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liposomal pharmaceutical preparation. Preferably, the main peaks of size
of the liposomal pharmaceutical preparation are centered around 35-75
nm, especially around 40-60nm.

In another aspect, the present invention provides a method for
preparing the above liposomal pharmaceutical preparation, the method
comprising the following steps: (1) preparing a liposome using a
phospholipid with a Tm higher than body temperature and optionally
additional phospholipids and/or cholesterol; and (2) encapsulating a drug
of interest, especially a multivalent ionic drug in the liposome.

The present invention also provides a method for treatment of
disease, comprising administering a liposomal pharmaceutical preparation
of the present invention to a subject in need of the treatment. Preferably,
the subject is a mammal, especially a human being.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is the in vivo pharmacokinetics of PLM60 in Kunming mice
and the comparison thereof with the in vivo pharmacokinetics of free
mitoxantrone, in which PLM represents PEGylated mitoxantrone
liposome, FM represents free mitoxantrone, the abscissa represents time
(hour) and the ordinate represents plasma level of mitoxantrone (ug

mitoxantrone/mL plasma).

Fig.2 is the profile of PLM60 and FM in mice tumor, in which
PLM60 represents PEGylated mitoxantrone liposome, FM represents free
mitoxantrone, the abscissa represents time (hour) and the ordinate
represents the concentration of mitoxantrone in tumor tissues (ug

mitoxantrone/g tumor tissue).

Fig.3 is the comparison of in vivo pharmacokinetics in mice of
different formulations, in which the abscissa represents time (hour) and
ordinate represents the plasma level of mitoxantrone (ug
mitoxantrone/mL plasma), and the dosages of different formulations are

all 4 mg/kg.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Usually, liposomes are formed with phospholipids and cholesterol as
membrane materials. These two ingredients not only are the basic
materials for forming liposome bilayer, but also have very important
physiological functions.

The physical properties of liposomal membrane are closely related to
the temperature. When temperature is elevated, acyl side chains of lipid
bilayer change form ordered array into unordered array. This kind of
change can result in many changes of physical properties of lipid
membrane. For example, “gel” state may change into “liquid crystal”
state, the cross section of membrane may increase, the thickness of
bilayer may decrease, the membrane fluidity may increase. The
temperature at which such changes happen is called phase transition
temperature. The phase transition temperature of lipid membrane can be
determined by Differential Scanning Calorimertry, Electron Spins
Resonance (ESR) and the like. The phase transition temperature of
liposome membrane depends on the kinds of phospholipids. Generally,
the longer the acyl side chain, the higher the phase transition temperature;
and vice versa. For example, the phase transition temperature of
dimyristoyl phosphatidylcholine is 24°C, while those of dipalmitoyl
phosphatidylcholine and distearoyl phosphatidylcholine are 41°C and
58°C, respectively. Membrane fluidity is an important property of
liposome. At phase transition temperature, membrane fluidity will
increase, and the drug encapsulated in the liposome has the maximum
release rate. Thus the membrane fluidity affects directly the stability of
liposome.

In one embodiment, the present invention provides a liposome
preparation having a size of about 30-80 nm and a phospholipid with a
Tm higher than body temperature in phospholipid bilayer, so that the
phase transition temperature of liposome is higher than the body
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temperature.

Preferably, the liposomal pharmaceutical preparation of the present
invention is prepared by using phospholipids with a relatively high phase
transition temperature Tm, such as phosphatidylcholine. If the Tm of
phosphatidylcholine is higher than the body temperature, the length of its
hydrocarbon chain is preferably not less than 16 carbons. Preferably, the
phospholipids of the present invention include but not limited to
hydrogenated soybean phosphatidylcholine, hydrogenated egg-yolk
phosphatidylcholine, dipalmitoyl phosphatidylcholine (DPPC) or
distearoyl phosphatidylcholine (DSPC), or any combination thereof.

In the liposomal preparation of the present invention, the
phospholipids with a Tm higher than the body temperature in
phospholipid bilayer represent about 50-100 mol/mol%, preferably about
55-95 mol/mol%, more preferably about 60-90 mol/mol% relative to the
total content of all phospholipids. Optionally, the phospholipid bilayer
may comprise additional phospholipids, for example, phospholipids with
a Tm not higher than the body temperature, such as dimyristoyl
phosphatidylcholine (DMPC) and the like. Such phospholipids may be
present in the liposome in any suitable amount, provided that it does not
render the phase transition temperature of the liposomal preparation
below the body temperature. The suitable amount can be determined
according to conventional techniques by those of ordinary skilled in the
field.

Preferably, the liposomal preparation of the present invention may
further comprise cholesterol. Cholesterol has a function of regulating
membrane fluidity. When the liposome membrane comprises 50%
(mol/mol) cholesterol, the phase transition of liposome membrane may
disappear. Cholesterol is called “fluidity buffer” by Papahadjopoulos et
al., because the addition of cholesterol to phospholipids under phase
transition temperature can reduce the ordered array of membrane and
increase membrane fluidity, while the addition of cholesterol to

phospholipids above the phase transition temperature can increase the
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ordered array of membrane and reduce the membrane fluidity. In the
liposomal preparation of the present invention, the content of cholesterol
can be 2-60 mol/mol%, 5-55 mol/mol% or 10-50 mol/mol% relative to
the total amount of ingredients of liposome. More specifically, the content
of cholesterol can be 15-45 mol/mol%, for example 20-40 mol/mol%
relative to the total amount of ingredients of liposome. The content of
cholesterol in the liposome of the present invention can be determined
easily according to conventional techniques by those of ordinary skilled
in the field.

It should be appreciated that the phospholipid bilayer in the
liposome of the present invention can also comprise additional excipients,
especially excipients for further modifying surface characteristics of the
liposome to confer better in vivo behaviors to the liposome. Such
excipients include, for example, lipid substances modified with
hydrophilic polymers, and the examples thereof are PEG-modified
distearoyl phosphatidyl ethanolamine (DSPE-PEG), PEG-modified
distearoyl phosphatidyl glycerol (DSPG-PEG), PEG-modified cholesterol
(chol-PEG), polyvidone-modified distearoyl phosphatidyl ethanolamine
(DSPE-PVP), polyvidone-modified distearoyl phosphatidyl glycerol
(DSPG-PVP), or polyvidone-modified cholesterol (chol-PVP). Said
excipients can also be membrane materials modified with a specific
antibody or ligand. The amount of such excipients in the liposome of the
present invention can be determined according to conventional techniques
by those of ordinary skilled in the field, for example, can be 0.1-20
mol/mol%, preferably 0.3-18 mol/mol%, more preferably 0.5-15
mol/mol%, especially 0.8-12 mol/mol%, for example 1-10 mol/mol%, or
2-8 mol/mol%, 2.5-7 mol/mol%, 3-6 mol/mol%, etc. relative to the mole

number of phospholipids. In the cases of using PEG-modified lipids as

excipients, the molecular weight of PEG moiety can be, for example,
400-20000 Dalton, preferably 600-15000 Dalton, more preferably

800-10000 Dalton, especially 1000-8000 Dalton, for example 1200-5000
Dalton. The use of PEG in the present invention can also be determined
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easily according to conventional trails by those of 6rdinary skilled in the
field.

The liposomal preparation of the present invention is a small
unilamellar liposomal preparation, and should have a suitable size.
Preferably, the size of the preparation is 30-80nm, more preferably
35-70nm, especially preferably 40-60nm. The size of liposome can be
determined by particle size analyzer or electron microscope or other
means. It should be understood that the liposome particles in the present
invention can not have a completely uniform size, but span a size range,
due to the nature of liposome per se and properties of manufacture
process. Therefore, in the liposomal preparation of the present invention,
the presence of liposome particles out of the stated size range may not be
excluded, provided that they do not evidently affect the characters of the
liposomal preparation or pharmaceutical preparation of the present
invention.

The liposome in the present invention can be prepared by various
suitable methods, including, for example, film dispersion method,
injection method, ultrasonic dispersion method, freeze-drying method,
freeze-thaw method and the like. According to the starting systems used
for preparing liposome, the methods can be divided into: (1) methods
based on dry lipid membrane, lipid powder; (2) methods based on
emulsifying agents; (3) liposome preparation methods based on mixed
micelles; and (4) liposome preparation methods based on a triple phase
mixture of ethanol, phospholipids and water. The encapsulation of drug
can be implemented by either passive loading mode or active loading
mode. These methods can be found in many review articles about
liposomes.

During or after the preparation of liposomal preparation, many
suitable methods can be used to encapsulate a drug in liposome and form
a liposomal pharmaceutical preparation. Suitable methods include for
example active loading methods and passive loading methods. Active
loading method is usually performed by gradient methods, for example an
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ammonium sulfate gradient method, i.e., using an ammonium sulfate
solution as aqueous phase to firstly prepare a liposome comprising
ammonium sulfate in both intraliposomal and extraliposomal phase, then
forming a concentration gradient of ammonium sulfate between the
intraliposomal and extraliposomal phase by removing extraliposomal
ammonium sulfate. Intraliposomal NH," dissociates into NH; and H',
which leads to a concentration difference of H' (i.e. pH gradient) between
intraliposomal and extraliposomal phase, so that after an extraliposomal
drug in molecular state enters into the intraliposomal aqueous phase, it
changes into ionic state, thereby the drug can not return to the
extraliposomal aqueous phase and the liposome has less leakage of drug
and is more stable. Passive loading method can be performed by organic
solvent injection method, film dispersion method, freeze-thaw method,
and the like.

In the present invention, any suitable drug ingredients can be used.
Preferably, the active pharmaceutical ingredient in the liposomal
pharmaceutical preparation of the present invention is a multivalent ionic
drug. The term “multivalent ionic drug” means a drug having two or more
dissociable groups with a dissociation constant pKa of 4.5~9.5, so that
the drug has more positive charges or more negative charges in the ranges
of pKa. Preferably, said dissociation constant is in the range of 5.0-9.5.
More preferably, said dissociation constant is in the range of 5.5-9.5.
Especially preferably, said dissociation constant is in the range of
6.0-9.0m, especially 6.5-9.0. The pKa value of each dissociable group of
ion drug can be determined easily according conventionally techniques by
those of ordinary skilled in the field.

In the present invention, the multivalent ionic drugs can include but
are not limited to anticancer drugs, for example, drugs useful for
prevention or treatment of the following cancers: lung cancers (such as
non-small cell lung cancer), pancreas cancer, breast cancer, rectum cancer
or multiple myeloma, liver cancer, cervical carcinoma, gastric carcinoma,

carcinoma of prostate, renal carcinoma and/or carcinoma of bladder.
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Therefore, in one embodiment of the present invention, the multivalent
ionic drug is a multivalent ion anticancer drug. Preferably, the multivalent
ionic drug is mitoxantrone, vincristine, vinorelbine or vinblastine. More
preferably, said multivalent ionic drug is mitoxantrone and can optionally
combine with at least one of additional drugs, which can for example be
an antitumor drug, such as vincristine, vinorelbine or vinblastine, and the
like.

It is necessary to specifically note that in the prevent invention, the
multivalent ionic drug can also be a combination of any one or two or
more of the above drugs, for example, a combination of two anticancer
drugs, a combination of one or more anticancer drugs with additional
drugs such as immunopotentiator, and a combination of two or more other
kinds of drugs.

It should also be noted that the liposomal drugs of the present
invention can also optionally comprise one or more of additional
non-multivalent ionic drugs besides the multivalent ionic drugs
mentioned above, which can be administered in combination with the
multivalent 1onic drugs as mentioned above. The combinatory
administration comprises the administration with all the components in
one preparation, also comprises the combinatory administration in
separate unit dosage form.

It should be appreciated that the drug as active ingredient as
mentioned herein comprises not only its original form, but also its
derivatives, for example solvates (such as hydrates and alcohol addition
products), prodrugs and other physiologically acceptable derivatives, as
well as active metabolites, and the like. Derivatives, prodrugs and other
physiologically acceptable derivatives as well as active metabolites of a
drug are all well known to those of ordinary skilled in the field.

The liposomal pharmaceutical preparation of the present invention
can further comprise two or more multivalent counter ions with charges

opposite to that of active ingredient. Examples of the multivalent counter
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lons include but are not limited to organic acid anions, such as acid
anions of the following saturated or unsaturated organic acids: citric acid,
tartaric acid, fumaric acid, oxalic acid, malonic acid, succinic acid, malic
acid and maleic acid, and the like; inorganic acid anions, such as sulfate
anion, phosphate anion and the like. Among them citrate anion, sulfate
anion or phosphate anion are preferred. Furthermore, said multivalent
counter ions can also be amino acids, such as cystine and the like.
Without being bound by any specific theory, it is presumed that the
multivalent counter ion is able to form an insoluble precipitate with a
drug of interest (e.g., multivalent ionic drug) encapsulated in the
liposome, thereby the existence of the multivalent ionic drug in the
liposome is stabilized.

The liposomal pharmaceutical preparation of the present invention
further comprises optionally additional excipients and carriers commonly
known in the pharmaceutical field, such as sucrose, histidine, antioxidants,
stabilizers, dispersants, preservatives, diluents, solvents, salts for altering
osmotic pressure, and the like.

In one embodiment, the present invention provides a method for
preparing the liposomal pharmaceutical preparation of the present
invention, comprising: firstly preparing the liposomal preparation of the
present invention as mentioned above, and subsequently incubating a
drug of interest with the liposomal preparation in a suitable condition.
More specifically, the method for preparing the liposomal pharmaceutical
preparation of the present invention comprises the following steps: (1)
dissolving lipid excipients suitable for preparing a liposome in a suitable
organic solvent, such as tert-butyl alcohol or cyclohexane, then
lyophilizing to obtain a lyophilized powder; (2) hydrating the lyophilized
powder with a solution containing a counter ion of the drug active
ingredient of interest to form an empty liposome; (3) removing the
extraliposomal counter ion by a suitable means such as dialysis or column
chromatography and the like in order to form a counter ion gradient
between the intraliposomal phase and extraliposomal phase; and (4)
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incubating the drug with the liposome to obtain the liposome drug.
Descriptions about phospholipids, cholesterol, excipients and the like
refer to the supra for the liposomal preparation.

Preferably, the lipid is a phospholipid, especially a lipid with a
relatively high phase transition temperature, for example,
phosphatidylcholine, hydrogenated soybean phosphatidylcholine,
hydrogenated egg yolk phosphatidylcholine, dipalmitoyl
phosphatidylcholine (DPPC) or distearoyl phosphatidylcholine (DSPC),
or any combination thereof. Optionally, said lipid can also comprise
cholesterol in an amount of, for example, 2-60 mol/mol%, S5-55
mol/mol% or 10 - 50 mol/mol%. More specifically, the amount of
cholesterol can be 15-45 mol/mol% , for example 20-40 mol/mol%
relative to the total mole number of all ingredients in the liposome. Those
of ordinary skilled in the field can determine the cholesterol amount
depending on specific requirements for the phase transition temperature
of liposome to be obtained and the desired properties,.

Once the liposomal pharmaceutical preparation is prepared, the
encapsulation efficiency of drug in liposome can be determined by
conventional techniques. Methods for determining the encapsulation
efficiency of liposome includes ultrafiltration, dialysis, column
chromatography, minicolumn centrifugation, and the like. Ultrafiltration
1s not used due to the high requirements for experiment device; column
chromatography is not used because the dilution requires a large amount
of eluent, and the content of drug is very low, so that it is difficult to
conduct content determination, moreover, the dilution of a large amount
of eluent can also lead to leakage of drug in liposome, it can be known
from trial data that the encapsulation efficiency for dialysis is lower
(perhaps due to the breakage of liposome after dilution) and the time for
dialysis is long, thus the method is not suitable. Determination of
encapsulation efficiency by minicolumn centrifugation has the following
advantages: short time consuming, small dilution rate for solution of

liposome, and no need for expensive instruments.
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The liposomal pharmaceutical preparation of the present invention
ensures not only sufficient encapsulation efficiency and sufficient drug
loading, but also no release of drug from liposome during in vitro storage,
no notable leakage of drug from liposome during blood circulation to
increase toxicity. An important notable effect of the liposome drug of the
present invention is that the release rate of drug is accelerated efficiently,
the therapy index of liposome is improved, the half-life period is
significantly prolonged, the toxicity is reduced markedly in comparison
with the current products in the field, and thus the effective therapeutic
effects of drug are achieved. For example, for a liposomal pharmaceutical
preparation prepared by using hydrogenated soybean phosphatidylcholine
(HSPC) and dipalmitoyl phosphatidylcholine (DPPC), the toxicity thereof
is markedly reduced and the therapeutic index thereof is significantly
improved. On the contrary, if the phospholipid bilayer is composed of
dimyristoyl phosphatidylcholine (DMPC), the release of drug will be too
fast and lead to a notable toxicity, even the safety will not be as good as a
free drug. Without being bound by a certain theory, it is presumed that the
small unilamellar liposomal preparation of the present invention can
accelerate the release of drug because the small unilamellar liposomal
preparation may contain more liposome particles in which drug
precipitation with a small particle size is contained, in comparison with a
larger unilamellar liposome preparation, if the drug/lipid ratio is fixed.
Drug precipitation with a small particle size would have a relatively great
specific surface area, and thus have a more rapid dissolution rate under
same conditions.

Moreover, the liposomal pharmaceutical preparation of the present
invention should be prepared using suitable phospholipids in order to
achieve an effective release of drug in target tissues, especially in tumors.
Preferably, the phospholipid bilayer of the liposomal pharmaceutical
preparation of the present invention is composed of phospholipids with a
relatively high phase transition temperature. During experiments, it was
found that the toxicity of preparation would decrease significantly and the
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therapeutic index would be improved notably if hydrogenated soybean
phosphatidylcholine (HSPC) and dipalmitoyl phosphatidylcholine (DPPC)
or the like were employed in the preparation. If the phospholipid bilayer
1s composed of dimyristoyl phosphatidylcholine (DMPC), the release of
drug would be too fast and would lead to a notable toxicity, even the
safety would not be as good as an unencapsulated drug.

The liposomal pharmaceutical preparation of the present invention
can be administered to a patient in need thereof in an administration route
commonly used in the field. In one embodiment of the present invention,
the liposome drug is formulated into a preparation for parenteral
administration. In one preferred embodiment of the present invention, the
liposome drug is administered by injection.

The present invention also provides a method for the treatment of
disease, especially tumors in a patient, the method comprising
administering a liposomal pharmaceutical preparation of the present
invention to the patient in need of the treatment. Preferably, a
thermotherapy method (such as a radioactive thermotherapy method) can
also be applied in combination to a tumor patient in order to enhance the
therapeutic effect of the liposomal pharmaceutical preparation. In the
present invention, the patient can be a mammal, preferably a human.

The present invention also relates to a use of the liposomal
preparation or liposomal pharmaceutical preparation as mentioned above
in the manufacture of a medicament for treatment of a tumor patient.

The present invention is further illustrated by the following
examples, which is only exemplary and should not be construed as a
limitation to the present invention.

Part 1: Preparation of liposomes

Example 1
General methods for preparing liposomes

1. General Method 1
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Phospholipid (e.g., hydrogenated soy phosphatidylcholine (HSPC),
dipalmitoyl phosphatidylcholine (DPPC) or dimyristoyl
phosphatidylcholine (DMPC)) and cholesterol (molar ratio of 1:1 to 10:1)
are dissolved in an organic solvent, such as t-butyl alcohol or
cyclohexane, to form a clear solution. The solution is treated by
conventional lyophilization to obtain a lyophilized powder. The
lyophilized powder is hydrated at 60-65°C with (50-1000mM)
ammonium sulfate solution, citric acid solution or transition metal sulfate
(e.g., nickel sulfate) solution, and shaken for about 1 hour to obtain
heterogenous multilamellar vesicles. The size of the obtained vesicles is
reduced by a microfluidizer or a high pressure extrusion apparatus to
obtain liposomes. A sample of the obtained liposomes is diluted by 200
times with 0.9% NaCl solution and detected by NanoZS. The
extraliposomal buffer solution is removed by ultrafiltration apparatus to
form a dynamic transmembrane gradient. A mitoxantrone hydrochloride
solution (10mg/mL) is added to the empty liposomes at a suitable
liposome/drug ratio, and the loading of drug is conducted at 60-65°C.
After incubation for about 1 hour, a gel exclusion chromatography is
employed to determine encapsulation efficiency (EE).

2. General Method 2

Phospholipid (e.g., hydrogenated soy phosphatidylcholine (HSPC),
dipalmitoyl phosphatidylcholine (DPPC) or dimyristoyl
phosphatidylcholine (DMPC)) and cholesterol (molar ratio of 1:1 to 10:1)
are mixed, and a polyethylene glycol-modified distearoyl
phosphatidylethanolamine (DSPE-PEG) in 0.1-20% by mole of
phospholipid is added at the same time. The obtained mixture is dissolved
in an organic solvent, such as t-butyl alcohol or cyclohexane, to form a
clear solution. The solution is treated by conventional lyophilization to
obtain a lyophilized powder. The lyophilized powder is hydrated at
60-65°C with (50-1000mM) ammonium sulfate solution, citric acid
solution or transition metal sulfate (e.g., nickel sulfate) solution and

shaken for about 1 hour to obtain heterogenous multilamellar vesicles.
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The size of the obtained vesicles is reduced by a microfluidizer or a high
pressure extrusion apparatus to obtain liposomes. A sample of the
obtained liposomes is diluted by 200 times with 0.9% NaCl solution and
detected by NanoZS. The extraliposomal buffer solution is removed by
ultrafiltration apparatus to form a dynamic transmembrane gradient. A
mitoxantrone hydrochloride solution (10mg/mL) is added to the empty
liposomes at a suitable liposome/drug ratio, and the loading of drug is
conducted at 60-65°C. After incubation for about 1 hour, a gel exclusion
chromatography is employed to determine encapsulation efficiency (EE).

Example 2
Preparation of mitoxantrone liposome PLM60

HSPC, cholesterol and DSPE-PEG2000 at a weight ratio of 3:1:1
were dissolved in 95% t-butyl alcohol to form a clear solution. The
solution was treated by lyophilization to obtain a lyophilized powder. The
lyophilized powder was hydrated with an ammonium sulfate solution
(300mM) at 60-65°C and shaken for about 1 hour to obtain heterogenous
multilamellar vesicles having a final concentration of phospholipid of
96mg/mL. The size of vesicles was reduced by a microfluidizer to obtain
liposomes. A sample of the obtained liposomes was diluted by 200 times
with 0.9% NaCl and detected by NanoZS, having an average size of
about 60nm and a main peak between 40nm and 60nm. The
extraliposomal ammonium sulfate solution was removed by an
ultrafiltration apparatus and substituted by a solution with 250mM
sucrose and 50mM glycine to form a dynamic transmembrane gradient. A
mitoxatrone hydrochloride solution (10mg/mL) was added to the empty
liposomes at a liposome/drug ratio of 16:1, and the loading of drug was
conducted at 60-65°C. After incubation for about 1 hour, the
encapsulation efficiency (EE) was determined as 100% by a gel exclusion
chromatography. The obtained liposomes were named as PLM60.

Example 3

Preparation of mitoxantrone liposome PLM85
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HSPC, cholesterol and DSPE-PEG2000 at a weight ratio of 3:1:1
were dissolved in 95% t-butyl alcohol to form a clear solution. The
solution was treated by lyophilization to obtain a lyophilized powder. The
lyophilized powder was hydrated with an ammonium sulfate solution
(300mM) at 60-65°C and shaken for about 1 hour to obtain heterogenous
multilamellar vesicles having a final concentration of phospholipid of
96mg/mL. The size of vesicles was reduced by a high pressure extrusion
apparatus to obtain liposomes. A sample of the obtained liposomes was
diluted by 200 times with NaCl solution and detected by NanoZS, having
an average size of about 85nm. The extraliposomal ammonium sulfate
solution was removed by an ultrafiltration apparatus and substituted by a
solution with 250mM sucrose and 50mM glycine to form a dynamic
transmembrane gradient. A mitoxatrone hydrochloride solution
(10mg/mL) was added to the empty liposomes at a liposome/drug ratio of
16:1, and the loading of drug was conducted at 60-65°C. After incubation
for about 1 hour, the encapsulation efficiency (EE) was determined as
100% by a gel exclusion chromatography. The obtained liposomes were
named as PLMSS.

Example 4
Preparation of mitoxantrone liposome PLM100

The same method as described in Example 3 was used to prepare
mitoxatrone hydrochloride liposome PLM100, in which the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>