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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 atrive at treatment

arca.

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
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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
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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
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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 phospholipid include but are not limited to



hydr ogenat ed egg-yol k phosphati dyl chol i ne, dipal mtoyl phosphatidylcholine
(DPPC) orogpysigmapdyl phosphatidyl choline (DSPC) or any conbination
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amount of the phospholipid in the liposomal preparations of the present
invention can be conventionally determined by those of ordinary skilled
in the field, provided that the Tm value of the liposomal 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 surface 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
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
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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).



m toxantrone/ nL plasma), and the dosages of different fornulations are all
4 ng/ kg. OBSCRIOET4 ON OF THE PREFERRED EMBODI MENTS Usual Iy, |iposones are
formed with phospholipids and chol esterol as nenbrane materials. These two
i ngredients not only are the basic materials for formng |iposone bilayer,
but al so have very inportant physiological functions. The physical
properties of |iposomal nenbrane arg@egosel y related to the tenperature.
When tenperature is el evated, acyl si chains of lipid bilayer change
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preparation having a size bout nm and a phospholipid with a Tin
hi gher thphybmﬂggmahﬁmcmonse in phospholipid bilayer, so that the

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
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phospholl ids may be present in the |iposone in any suitable anmount,

provi ded eraful§oes not render the phase transition tenperature of the
| i posomal preparation below the body tenperature. The suitable anmpunt can
be det er mi nedPreferablyl the llposonmérphammceuacahpmabynt(n‘bﬂlﬁ presendi nary
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array of BRERSIRAIEASdof the present invention mclude 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 ftransition 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



I ncrease nenbrane fluidity, while the addition of cholesterol to

phosphol ippgig0edmVve the phase transition tenperature can increase the
ordered array of nmenbrane and reduce the nmenbrane fluidity. In the

| i posonmal preparation of the present invention, the content of chol esterol
can be 2-60 nol/nmol % 5-55 nol/nol % or 10-50 nol/nmol % relative to the
total anmount of ingredients of Iipo_sg)lgg._ More specifically, the content of
chol esterol can be 15-45 nol/nol % f exanple 20-40 nol/nmol % relative to

the tot al mambigheoffluidgyedns thic |lipusoene. nimbraort etmpfiseshd0%st erol in
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ol / ol % e eFEraBpyio e SORTIDGsoniE. Vdre SEETTI . B S5r/$h60024

- 10/ 39- / p 0 Jagel appl bg mol % or
2-8 nol/ m)# %Ti'&ge/%e@ﬂn% nol A; %§661§11)/Fi?$n1/g| f%etééﬁmlgéatg?v? tj%égﬂ{g]r{é)l e ’
nunber of rqdaidseitol thei tital amaeunmt oﬁsngrfmﬁemm uﬁlmmﬁjl’fhed:dntm‘idef as

exci pl entgholtcgteero I1r? G eaﬁpgéeolrggtoto {hep%?es%t%%¥6n€ gnbgan fbe det)é%ned
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), PEG-modified distearoyl phosphatidyl  glycerol
(DSPG-PVP), or PEG-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



400- 20000 Dal ton, preferably 600-15000 Dalton, nore preferably 800-10000
Dal t on, qu@gmgbiy 1000- 8000 Dalton, for exanple 1200-5000 Dalton. The use
of PEGin the present invention can also be determned easily according to
conventional trails by those of ordinary skilled in the field. The

| i posonmal preparation of the present invention is a small unilanellar

l'i posomal preparation, and shoul d haHg SU|tabIe size. Preferably, the
size of the preparation is 30-80nm 1% » preferably 35-70nm especi al l'y
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ul trasoni ¢ di spersion nethod, free i ng nmet hpd free aw_net hod and
the |ike.cgibprecorging to r@m&e&tmnﬁg Qﬁé’n@i ofgnagy éEﬁ ‘?‘ﬂ&lllﬁ%osorre
t he nmet haﬂ gan be divided into: (1) nethods based on dry |ipid nenbrane,
lipid po ]r (2) nethods based on emulsifying agents; (3) |iposone
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Prep 35-700nmI %gls)g&%hypfn?gfgra% y°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



sui tabl e met hods can be used to encapsulate a drug in |iposonme and form a
| i posomal OpgrArOgR2Z4eut i cal preparation. Suitable nethods include for exanple
active | oadi ng nmet hods and passi ve | oadi ng net hods. Active | oading nethod
is usually performed by gradi ent nethods, for exanple an anmonium sul fate
gradient nmethod, i.e., using an ammonium sul fate solution as aqueous phase
to firstly prepare a |iposone conpri i/§1§1_ ammoni um sul fate in both
intraliposomal and extraliposomal phase, then fornmng a concentration
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perfornmed by organic solvent 1njection | | spersion nethod,
freeze- t havlipesdmd] phmmhackaticak @reparation. pSeisable metbads omcluds foti t abl e

d ' di b d P | t.h t,h h I.cal
00 S0 SRS IR Ear 0P S AL
| nvent| Onlda?iiﬁ%’i‘ﬁéﬂlb%ﬂ%%haggrg&e&foﬂﬁéw byTég%difﬁ{trﬁlemdds' Y& etdmphning dr ug

means a drug having two or nb di ssoci abl e groups W th a dissociation
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nore negatiyve. charges in the ranges pKa. . Pref er sqj | ciation
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i oni ¢ dr ugsmfigRiiAChHERebUhtraliposomal 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



are not limted to anticancer drugs, for exanple, drugs useful for
prevent i oQporiQpoeat nent of the follow ng cancers: |ung cancers (such as
non-smal |l cell lung cancer), pancreas cancer, breast cancer, rectum cancer
or nultiple nyeloma, |iver cancer, cervical carcinoma, gastric carcinons,
carci noma of prostate, renal carcinoma and/or carcinoma of bl adder.
Therefore, in one enbodi nent of the. ﬁ&gﬂt I nvention, the nultival ent
ionic drug is a nmultivalent ion anti cer drug. Preferably, the
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the prevent ipnvention, the nmultiyalent.iaonic.drug,can also be.a
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combine with at least one of additional drugs, which can for example be

as

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 ionic 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



physi ol ogi cal | y acceptabl e derivatives as well as active netabolites of a
drug are @gbb7mmbpqa known to those of ordinary skilled in the field. The

| i posomal pharmaceutical preparation of the present invention can further
conprise two or nore nultivalent counter ions with charges opposite to
that of active ingredient. Exanples of the nultival ent counter ions

i nclude but are not limted to orga_njs%:;gag d anions, such as acid anions of
the foll owi ng saturated or unsaturat organic acids: citric acid,

tartari c aginfionedMhetéinacothprisedl notaghkd; itwloeigiaahdiotm, sbatialse asi d,
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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.



| yophilizing to obtain a |yophilized powder; (2) hydrating the |yophilized
powder w oPoA 099241t i on contai ning a counter ion of the drug active

i ngredient of interest to forman enpty |iposone; (3) renoving the
extral i posomal counter ion by a suitable means such as dialysis or colum
chromat ography and the like in order to forma counter ion gradient
between the intraliposomal phase and férallposonal phase; and (4)

i ncubating the drug with the I|poso 0 obtain the |iposone drug.
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for experinen evi ce; onat ogr aphy fs not used because the
di | ution refgnio dsc suprar e thedipusonof] preperatiorand the content of drug is
very low, so that it is difficult to conduct content determ nation,

moreover, thepfidopiH1on 1R RpidPid% PMsPholipid, 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%, 5-55
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



of eluent can also lead to | eakage of drug in liposone, it can be known
fromtri aQpept0@o2hat the encapsul ation efficiency for dialysis is | ower
(perhaps due to the breakage of |iposone after dilution) and the tine for
dialysis is long, thus the nethod is not suitable. Determnation of
encapsul ation efficiency by mnicolum centrifugation has the foll ow ng
advant ages: short tine consumng, s dilution rate for solution of
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rapi d di seol notable leakagenoérdrug 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



sanme conditions. Mreover, the |iposomal pharnmaceutical preparation of the
present ORYEIODH shoul d be prepared using suitable phospholipids in order
to achieve an effective release of drug in target tissues, especially in
tunors. Preferably, the phospholipid bilayer of the |iposonal

phar maceuti cal preparation of the present invention is conposed of
phospholipids with a relatively hi_g{g Qf?ase transition tenperature. During
experinments, it was found that the é city of preparat|on woul d decr ease
signi fi calm&%efr anilabiedlart Hposmaet pepanstiton wifuitee deug/fipidvationts fixled. i f
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t oxi ci ty, s@econdetionaf ety woul d not be as good as an unencapsul ated drug.
The |iposonal pharmaceutical preparation of the present invention can be
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is 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 info 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 is further illustrated by the follow ng exanples,

whi ch is opdpoesesapl ary and should not be construed as a limtation to the
present invention. Part 1: Preparation of |iposonmes Exanple 1 CGeneral

met hods for preparing |iposones 1. General Method 1 Phospholipid (e.g.,
hydr ogenat ed soy phosphati dyl choline (HSPC), dipal mtoyl

phosphati dyl chol i ne (DPPC) or di rryr__i@tl 'l phosphati dyl choline (DMPC)) and
chol esterol (nolar ratio of 1:1 to 1 :%/ are dissolved in an organic

sol vent, suchThe prdsehy! irdlentivel also eolatashewame useo dfothe alipbs@makol uti on.

o s oo b B B
220U SR T e b Lo
REEAI T e e R S
o 5B M AP ISS b sy RO

extral i pokorntdtionfd e prsent mventionenoved by ultrafiltration apparatus to
forma dynam c transnenbrane gradient. A mtoxantrone hydrochl oride

sol ution PPyt PrepheaBodesf liposdmeS Pty | i posones at a suitable
Iiposorre/'drug—r?'ri‘g—a'n'd—rn'e—ﬁm-m of drug is conducted at 60-65C. After

incubatigﬁ for bfui 1 hour, a gel exclusion chromatography is enployed to
det ermin ﬂ%@u ation efficiency (EE). OP97100924 -18/39- 2. General

Met hod 2 Phospholipid (e.g., hydrogenated soy phosphatidyl choline (HSPC),
di pal mi t o(Aeneral prethiods tox preparin@gdposemes nyri st oyl phosphati dyl chol i ne
(DWPC)) and chol esterol (nolar ratio of 1:1 to 10:1) are m xed, and a
pol yet hyl enGegkys Nefinstd ii ed di st ear oyl
Phospholipid (e.g., hydrogenated soy phosphatidylcholine (HSPC),
dipalmitoyl phosphatidylcholine (DPPC) ot 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).



phosphat i dyl et hanol am ne (DSPE-PEG in 0.1-20% by nole of phospholipidis
added at OR7H®AR4ti ne. The obtained m xture is dissolved in an organic
sol vent, such as t-butyl alcohol or cyclohexane, to forma clear solution.
The solution is treated by conventional |yophilization to obtain a

| yophi | i zed powder. The |yophilized powder is hydrated at 60-65C with
(50-1000mV) anmoni um sul fate sol uti Ofk3 itric acid solution or transition
netal sulfate (e.g., nickel sulfate) so ution and shaken for about 1 hour
t o obt ai nzhéhaeadeMedsodrﬂl tilamellar vesicles. The size of the obtained
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| yophi |'i zed po The 1yophilized powder was hydrated with an ammoni um
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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 PL.M60

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



sucrose and 50nM gl ycine to forma dynam c transnmenbrane gradient. A

m t oxat r oppomodea£hl ori de solution (10ng/ nL) was added to the enpty

| i posonmes at a |iposonme/drug ratio of 16:1, and the | oading of drug was
conducted at 60-65C. After incubation for about 1 hour, the encapsulation
efficiency (EE) was determ ned as 100% by a gel exclusion chromatography.
The obtai ned |iposones were naned as 7 B0. Exanple 3 Preparation of

m t oxantrone |iposonme PLMB5 HSPC, ch Sterol and DSPE- PER20O00 at a wei ght

ratio of ﬁ]@l)_%sdmeg\!e)\esdi*hp&od)f/ itk bbthed lipusoitiesavas fdiluted Hyo2@0 aimesar

solution. The solution was treat by 'y ilization to obtain a
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pressure extrusion apparatus tqQ obtain |ippsones. . A, sanpl he, obt ai ned
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PLMB5. OP97100924 - 20/ 39- anple.,4 Preparation of mt one | i posone

PLMLOO Th@hgﬁﬂ@t%@ﬁhﬂﬁe gggaépi:&é@qsﬁ %Y%némﬁéﬁﬁgﬁm@ prepar e

m t oxat rone hydrochl oride |iposonme PLMLOO, in which the fornmulation is

i denti cal Exarhpht 30f PLM60 and PLMB5, but the size of |iposonmes was
Preparation of mitoxantrone liposome PLM85

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 uitrafiltration 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.



100nm Exanple 5 Preparation of mtoxantrone |iposone PLMO-dppc DPPC,
chol est er gpoarmoRPPE- PEG2000 at a weight ratio of 3:1:1 were m xed, and
ot her steps were identical to those of Exanple 2. The obtained |iposones
wer e nanmed as PLMbO-dppc. Exanple 6 Preparation of mtoxantrone |iposone
PLM6O- dnpc DVPC, chol esterol and DSPE- PEGR2000 at a weight ratio of 3:1:1
were m xed, and other steps were idﬁ@%&ggj to those of Exanple 2. The

- n‘pc

obt ai ned |i posones were named as PLN Exanpl e 7 Preparation of

m t oxantrone |iposome PLM5O-dnpc-0.1 DWPC, chol esterol and DSPE- PEG2000 at
a weight ratio of 3:1:0.1 were m xed, and other steps were identical to

t hose of Egymhfeg. The obtained |iposones were nanmed as PLM60O-dnpc-0. 1.

Exanpl e 8 Preparati on of adriamycin |iposone PLD60 Adri amycin was

substituted for mtoxantrone duri the s f | oading drug, and ot her
steps wer rPHQﬁﬂl@HIOt@lﬂﬁﬁgrﬁpe%@eiﬁ%ﬁ&%gnoogm -21/39- obt ai ned
| i posones were nanmed as PLD60. Part 2: Drug rel ease of different |iposone
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anmoni a nol ecul es wou use to the 1 nner phase o i posone with the
hel p of gl@fihemt, so that the pH of inner phase woul d be el evated and the
protonated drug in the inner phase would be converted into its neutral

form whi cExaHple §1 f fuse across
Preparation of mitoxantrone liposome PLM60-dppc

DPPC, cholesterol and DSPE-PEG2000 at a weight ratio of 3:1:1
were mixed, and other steps were identical to those of Example 2. The
obtained liposomes were named as PLM60-dppc.

Example 6
Preparation of mitoxantrone liposome PLM60-dmpc

DMPC, cholesterol and DSPE-PEG2000 at a weight ratio of 3:1:1
were mixed, and other steps were identical to those of Example 2. The
obtained liposomes were named as PLM60-dmpc.

Example 7
Preparation of mitoxantrone liposome PL.M60-dmpe-0.1

DMPC, cholesterol and DSPE-PEG2000 at a weight ratio of 3:1:0.1
were mixed, and other steps were identical to those of Example 2. The
obtained liposomes were named as PLM60-dmpc-0.1.

Example 8
Preparation of adriamycin liposome PLD60

Adriamycin was substituted for mitoxantrone during the step of
loading drug, and other steps were identical to those of Example 2. The



menbrane. This process could accelerate the dissolution of precipitation

I n the I nopo7oese of |iposone in the neantinme. The speed of drug rel ease
was controlled by both the dissolution of precipitation and the nmenbrane
perneability of |iposone. The conditions for drug release were as foll ows.
Li posones were diluted by 25 tinmes with rel ease nedia. The release nedia
were isotonic, had a pH of 7.4, and %@?@a concentration of ammoni um
chloride of 2, 10 and 40mM respecti The diluted |iposones were

pl aced InoBﬁa@;he/dsllﬁohyﬁﬂe@g;sereaxmnédadsms6®as performed on 2nL diluted
| i posonre by 400nL of rel ease nmedium at 37C. Sanples were taken at

diff
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10 and 40pM anmpnjum chl oride, the drug-release half-life periods of PLD60
were 94. 3Examplegg 11. 2 hours, respectively. Wth regard to PLM60O, no
obvi ous rel ease was observed in the three release nedia. Since PLD60 and
PLMBO havBiffereinééseoﬁdmgi-nelemwbemeemnda‘inhm‘cin,li[ldsemle PlPoficondf drug
rel ease kinetic char eristi | d be attributed to their different

phar maceuRHEQXARIoNg Os%ﬁng and nitoxantrone are both

ant hracycl i ne_anti bi ot ics, and their di fferences lie in that adrianycin
contai ns one Hi $hogiraisn @(mnplcatmﬁﬂmnmoﬁgl adinaorpainowgra loadedo- whil e

oH Thi s BRdsoReDT PradiFRt ol Rt o PR R B ot bR oL

such as nwagwarea%ea ?él@asié)fﬂéd@uﬁplﬁéee%mnﬁ’ém@ xﬁblaim@sﬁwmﬂa diffuseé &6 - | ons
when an active | oadi ng net hod ¥1 , SO that the in vitro rel ease of
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different sizes Two rel ease conditions were taken to cg&pare .the .rel ease

behavi or smeshbraneoXds muneess poslshaeceleraie dhe idissalutionel precipitation
in the inner phase of liposome in the meantime. The speed of drug release

was controlled by both the dissolution of precipitation and the membrane
permeability of liposome. The conditions for drug release were as follows.
Liposomes were diluted by 25 times with release media. The release
media were isotonic, had a pH of 7.4, and had a concentration of
ammonium chloride of 2, 10 and 40mM, respectively. The diluted
liposomes were placed in dialysis tubings, and dialysis was performed on
2mL diluted liposome by 400mL of release medium at 37°C. Samples
were taken at different time points for analysis until 96 hours later.

The obtained data were subjected to an regression analysis. In the
release media having 2, 10 and 40mM ammonium chloride, the
drug-release half-life periods of PLD60 were 94.3, 31.9 and 11.2 hours,
respectively. With regard to PLM60, no obvious release was observed in
the three release media. Since PLD60 and PLM60 have no difference in
composition and size, the difference of drug release kinetic characteristic
could be attributed to their different pharmaceutical features. Adriamycin
and mitoxantrone are both anthracycline antibiotics, and their differences
lie in that adriamycin contains one dissociable group at physiological pH



Rel ease condition 1: a liposone was diluted by 25 times wwth a release

medi um Theo7i@hease nedi um cont ai ned 50% human pl asma, was adjusted to be

i sotoni c by glucose and had a pH of 7.4. O her conditions were identical

to those of Exanple 9. The obtained data were subjected to a regression

anal ysis. The result showed that the release half-life period of PLM60 was

56.4 hours, while PLMB5 was not si g_niaf/%&antly rel eased under the sane '
a

conditions. Release condition 2: ar ise medi um cont ai ni ng 50% human

pl asma anghARMMibeRmittane %maihdet%SdmeﬁaW?@Mbsr (lead+t Bafy atere
i dentical to those of Exanple 9. The obtained data were supjected to a
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exanple indicated that the use of a phospholipid with a | ower phase

transi ti owhenenpoalisize lipesenid 1§ eepky&dat e the drug rel ease. However, if
the rel ease of drug was accel erated excessively, the toxicity of drug
could i ncEgagq)leemessi vely as well, and this was further confirned in the
following exanples. Part 3: In vivo pharnacokinetics Exanple 12
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bet ween ree mtoxantrone
Two release conditions were taken to compare the release behaviors

of mitoxantrone liposomes with different size.

Release condition 1: a liposome was diluted by 25 times with a
release medium. The release medium contained 50% human plasma, was
adjusted to be isotonic by glucose and had a pH of 7.4. Other conditions
were identical to those of Example 9. The obtained data were subjected to
a regression analysis. The result showed that the release half-life period
of PLM60 was 56.4 hours, while PLM85 was not significantly released

under the same conditions.

Release condition 2: a release medium containing 50% human
plasma and 20mM ammonium chloride was used, and other conditions
were identical to those of Example 9. The obtained data were subjected to
a regression analysis. The result showed that the release half-life period
of PLM60 was 26.2 hours, while the release half-life period of PLM83

was 36.7 hours.

This example sufficiently indicated that the release of drug could be

significantly enhanced by reducing the size of liposome.
Example 11

Release behaviors of mitoxantrone liposomes with different



This exanpl e was conducted in male Kunnming mce with a body weight of
about 209(3p§3;1f0t)9243nt dose levels of mtoxantrone were injected through
tail vein in mce. The dosages of PLM6O were 1, 2 and 4 ng/kg, and the
dosage of free mitoxantrone (FM was 2 ng/kg. Plasma sanples were taken at
different tine points. The nethods for processing and detecting plasma
sanpl es were described in the docune ‘{# Met hods in enzynol ogy, Vol: 391,
pl76-185. The results were shown in é%?e 1 and Fig.1, in which it was

clearly | imhBi&fe cbak cPégjﬁoliﬁlf life period of mtoxantrone was
significantly extended by encapsul ation of |iposones. At the sarre dosage,

P h

and an AUC 3700C CRR TPy Pl iRy 8, depbfibpd o Fraknle Mok Beds, 2 o
}DE?J rrglé Q/E?lr}g?(lé ggltlc}:‘n ﬂgﬁ[/%% hgﬁgl FMK'BMEG dmg E;E%PWBL EE%SBgaSL%% FM 4
mg/ kg 2 ngowg, thegrelgase hgl f@P@Jﬁ ﬁg WRr s, i dh&/a) ue

Val I

e e PERTPR AT Y e 21
16. 544 15, 571%%6'5?‘7@12&%%&%6 ?? g@tﬂis 0 27\8?31629 SL{‘QWS?@{KEBKSH)OHﬁ) 033083
0.083 0. 2BUnperagare Erasews a5 a@éﬂaﬂﬁ@ 16850 740y 65 1 Eﬁ%ﬁﬁfgsés Ti ssue
distribut £ r?irﬁé ﬁﬁﬁgcg%g%éw é){bésgi%i DR | {cﬂgﬁ\% E[Qf‘%%oﬁ?d §n&RUSOUS

di fferenc t1TSsuée r1butio be¥ween Min tunor-bearing
mce. Mal exéessively a8 oeelbawndgtieis was further confirmed in the following

examples.

Part 3: In vivo pharmacokinetics

Example 12

Pharmacokinetic behavior of PLM60 in Kunming mice and the
comparison between PLM60 and free mitoxantrone

This example was conducted in male Kunming mice with a body
weight of about 20g. Different dose levels of mitoxantrone were injected
through tail vein in mice. The dosages of PLM60 were 1, 2 and 4 mg/kg,
and the dosage of free mitoxantrone (FM) was 2 mg/kg. Plasma samples
were taken at different time points, The methods for processing and
detecting plasma samples were described in the document: Methods in
enzymology, Vol: 391, p176-185. The results were shown in Table 1 and
Fig.1, in which it was clearly indicated that the half-life period of
mitoxantrone was significantly extended by encapsulation of liposomes.
At the same dosage, PLM60 had a retention time in blood circulation 32
times of that of FM, and an AUC 3700 times of that of FM. A plot of
AUC against dose indicated that PLM60 had a linear pharmacokinetics in

Vivo.

Table 1: Pharmacokinetics of PLM60 and FM in Kunming mice

PLM60 PLM60 PLM60 FM
4 mg/kg 2 mg/kg 1 mg/kg 2 mg/kg




body wei ght about 20g were used in the present exanple. The mice were
I nocul at eOPPTIQ0OPMt oxter with S-180 sarcoma cells at a ration of 5 X 105.
Drugs were injected through vein in mce when tunor grew to 0.4-0.7g.
After the adm nistration of drugs, mce were executed at various tine
points and their tissues were taken out to determ ne the concentration of

m toxantrone. The tissues i ncI uded hg_ s, livers, spleens, lungs, kidneys,
i nt esti nes,_bone narrow um)rs je resul t s]hovved trl%t! PLM50 had a
very cl ear ?&?ﬁﬁﬁ@fﬁg to ti.ssu UCThe deta

Tabl e 2 andAHG. 2. Tabl e sue tibikbut i on of P and FM i n
normal m ceQ-43(1ng x]_e"qBLM é%slli‘;a@ ?E§ 3ggrrg/ kg ?%?@QC- gg/g t(h) Cg/g SD

Heart 1 4.0A(R:38 1 5.385 0.679 473 30 0 38 4 3.517 0.953 8 3.48 0 648
3.197 0. 3513§%§§§§3ﬁbo 51654553943 69%A§7 24 2. @%5@7&8 Li9dP21 6.78 0.78 1
4.770 0.997 67 2 6 439
0P97100924 A 3§ 23838332 iﬁé§%g§?346 0, 9Spleen 1 4.66
1.37 1 4. 04AUM&I0r0 4 4. 362846714 42&6&68 494 fﬁ%lh 7@ 53 774 2.676
16 7.56 2. IBIRROASIBR 2. 4694324 5.9165440 Lung 15.87h4 1.08.51710. 205 1.732

4 4.58 2. 36MRB00Mh)1. 8521 W06. 33 122%6 7. 018 D028 0.675

Tiax(h) 0.083 0.083 0.250 0.083
Cinax(mg/L) 86.329 47.513 25.970 0.699
Example 13

Tissue distribution of PLM60 and FM in tumor-bearing mice

There were obvious differences in tissue distribution between
PLM60 and FM in tumor-bearing mice. Male Kunming mice having a
body weight about 20g were used in the present example. The mice were
inoculated in right oxter with S-180 sarcoma cells at a ration of 5X 10°,
Drugs were injected through vein in mice when tumor grew to 0.4-0.7g.
After the administration of drugs, mice were executed at various time
points and their tissues were taken out to determine the concentration of
mitoxantrone. The tissues included hearts, livers, spleens, lungs, kidneys,
intestines, bone marrow and tumors. The results showed that PLM60 had
a very clear targeting to tumor tissues. The detailed data were shown in

Table 2 and Fig.2.
Table 2: Tissue distribution data of PLM60 and FM in normal mice
Tissue PLM-60 FM
4 mg/kg 4 mg/kg
t(h) C-ug/g SD t(h) C-ug/g SD
Heart 1 4,01 0.38 i 5.385 0.679
4 3.39 0.38 4 3.517 0.952
8 3.48 0.64 8 3.197 0.357
16 2.83 0.57 24 2.943 0.549
24 2.06 0.48
Liver 1 6.78 0.78 1 4.770 0.997
4 5.99 0.67 4 3.556 0.543

8 6.31 0.38 8 2.659 0.439



16 5.12 1.24 24 8.082 0.844 24 2.89 0.23 Kidney 1 7.09 0.84 1 18.243 1.238
4 7.12 1.0P9AI(092492 5.010 8 7.04 0.96 8 13.409 1.251 16 6.75 1.16 24
7.463 1.209 24 5.82 0.84 Intestine 1 1.66 0.66 1 1.532 0.309 4 2.33 0.66
4 2.140 0.655 8 2.34 0.64 8 2.551 1.204 16 2.42 0.51 24 3.936 1.625 24
2.25 0.32 Bone 1 1.09 0.54 1 0.127 0.041 marrow 4 0.64 0.14 8 0.73 0.16
16 0.54 0.24 24 0.12 0.02 Tunor 19 gg 7.41 1 0.0614 0.0078 4 63.90 8.56

4 0.0133 0.0027 8 54.01 8.04 16 38. .19 24 10. 2.6 anple 14
Phar macoki netics ¢ ari soR-%% di fgé’ ent I]24posorre?f9§r]7rrul a@-i’%&s( The ani mal s
used in this exanplZ were 4% | ar €65t hose of Exanple 12. PLMs0- DPPC,

PLM50- DMPGfledn and PLMGO- DMESE at 413G/ kg Mer e i nfdilded thadégh tail vein

in mce. The data were shoymgn Tapleg 3 apd Fig. 3.460t wag4efpown t hat
phar macoki neti cs ofgli posor&a}s dr ug§‘7@39710§924 - 28/8)- chapeggd

significantly with e changg, of | sone mbr ang ', conposi.hon. The NMRT
val ues of PLMBO- DP PLNB%?S%VPC-O%%% F 7.752° ™3 4kb

and

24

Lung 1 8.44 1.08 1 10205 1.732
4 4.58 2.36 4 8.024  1.859
8 6.33 1.43 8 7018 0728
16 5.12 1.24 24 8.082  0.844
24 2.89 0.23

Kidney 1 7.09 0.84 1 18243 1238
4 7.12 1.17 4 17.192  5.010
8 7.04 0.96 8 13.409 1251
16 6.75 1.16 24 7463 1209
24 5.82 0.84

Intestine 1 1.66 0.66 1 1532 0.309
4 2.33 0.66 4 2.140  0.655
8 2.34 0.64 8 2551  1.204
16 2.42 0.51 24 3936  1.625
24 225 0.32

Bone 1 109 054 1 0.127  0.041

marrow
4 0.64 0.14
8 0.73 0.16
16 0.54 0.24
24 0.12 0.02

Tumor 1 0128  7.41 1 00614  0.0078
4 6390  8.56 4 00133 0.0027
8 5401  8.04
16 3861  9.19
24 1041  2.67

Example 14

Pharmacokinetics comparison of different liposome formulations

The animals used in this example were similar to those of Example
12. PLM60-DPPC, PLM60-DMPC-0.1 and PLM60-DMPC at 4 mg/kg
were injected through tail vein in mice. The data were shown in Table 3
and Fig.3. It was shown that pharmacokinetics of liposomal drugs



PLM60O-DVPC in vivo were 14.22, 7.914 and 10.123 hours, respectively. The
di f f er encepbriopeesn PLM6O- DPPC and PLM6O-DMVPC lied in the |engthes of

hydr ocar bon chai ns of phospholi pids, which were 16 and 14 carbons,
respectively. The length of acyl chain could significantly influence the
menbrane perneability of phospholipid biIayer. The phase transition
tenperature of DPPC was 41C and the_ e transition tenperature of DWPC
was 23C. The difference between PLN\ C-0.1 and PLM6O-DMPC lied in the

flegr]fre ?f cltitgddt istgmtﬁrcl;ﬁhﬂylr eh&ﬁﬁe]:d@? Ic rrabf drlifsome! anaefmbge?en_ciz on
WO Tactors: one.Is e release o I Cr o, 0] (0] |
bi I ayer a@mpesitivmeFhe MRilealyes sl éﬁr %& PdoR- 153@95 61 "ana”
reticul Oegﬁgﬁgﬁ'bﬂ){%@ﬁﬂeﬁ%‘g&%@ 14316L9 1k g PREY bgtﬁ&ﬁso{eﬁﬁ'egﬁgewc‘ 0.1

was not c caused by plasnma ‘conponents

i nfl uenceThendiffereﬁa@I}ﬁst&eeﬁoPDMGGQDPPC iamdvi PlsMﬁBa]DMB& hledt 1n:$he)f
different. |i oso f or mul atlons |n ce PL Q DPP .PLM6O- f.
PLMB0- D\VPEN vAlragathnac nﬁgp Wavere \aamd 14huc

0-00( %?L&%T%Oi%we%ﬁié@?ﬁ ;16 il 7@@“%&?8&%@%2 i S%Cn?fﬁé%%%é 613
1478. 267 BflGREtheMRENbHBEertdeatAlty ogmds?hwpld bilhyer.obha)phhse 592

8.413 11.097 ., Tmax(h) 1.000 1 0 000 /L), 81.976 19.853 39. 115
Part 4: CHABSiticshicBiparatire; o g%PdL-rfW@lse |&19¢ oPRaseETERIEOn 5

OP9710092¢ i adfatdre COPPATHMPCO! Ra§'t e2be! Ci THe beqig&Rnte M BetRdeM
PLM60-DMPC-0.1 and PLM60-DMPC lied in the degree of PEGylation.
The release of liposomal drug in plasma depends on two factors: one is
the release of liposomal drug across phospholipid bilayer and the other is
the clearance by lipoprotein and reticuloendothelial system (RES). Since
the PEGylation of PLM60-DMPC-0.1 was not complete, the release
caused by plasma components had more influences on it.

Table 3: Comparison of in vivo pharmacokinetics of different
liposome formulations in mice

PLM60-DPPC PLM60-DMPC-0.1 PLM60-DMPC

4 mg/kg 4 mg/kg 4 mg/kg
Parameter Value Value Value
AUC 1506.710 174.849 337.641
0-48(mg/L*h) : ) |
AUC
0-eo{mg/L*h) 1581.242 175.705 344.134
AUMC 0-48 21425274 1383.757 3417.981
AUMC 0- 26235.613 1478.267 3818.856
MRT 0-48(h) 14.220 7.914 10.123
MRT 0-co(h) 16.592 8.413 11.097
Trnax(h) 1.000 1.000 1.000
Cinax(mg/L) 81.976 19.853 39.115

Part 4: Comparison of toxicity of different formulations

Example 15



100 Kunnming mice (half male and half female) with a body weight of 18-22g
wer e di vigesghipnd 10 groups, each group had 10 mce, half nmale and half
female. Mce of groups 1-5 were admnistrated with different dose |evels
of FM while mce of groups 6-10 were adm nistrated with an equival ent
dose |l evel of |iposomal drug. Body weight changes were observed and the
death tinme of each aninmal was recor __The dead ani mals were di ssected
and autopsied. The results of all &%@ps were shown in Table 4, which

showed t hebmiprid6of dcutetokicity bebvden Plab66andoFM than that of FM
Tabl e 4: Acute toxicity conparison of PLM60 and FMto Kunm ng mce

(oo () 385 Ryitthifle) b A1 MatR RdRAE fEHae) it aBody Wl © T cF
8 8 9 NA 01M18222§ vl@relalv‘idéd1i21td21(1%rd>ﬂpMeaw grodprhad AlOAnNAeAhalfA NA
MA.32 A NA AAANAAANANA MW NA NA A .A. NA NA 02017

NA 12 A Anale anda half Fﬁ@mielem rmApr flg Adnjipiyraicd WA

NA A A L A 5 A NA NA
A na Na ATRErRRE 3%, Jevels ol B, TR At %“ad?“timuﬁgﬁ%o?"ei‘séﬁm A
obser vat i gdminikttarael @wﬂ@ #¢ Weiivabenti dosec denedr of dipasorialf tdengniBadyposone

Tjiﬂ 3:' ‘i veigHe, clsnge esg%é’%"q@s?@%‘i o nd herriehih Biteolgragh aniqigf avas ©' 7' °
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-28/39-  all groups were shown in Table 4, which showed that the acute toxicity of
PLM60 was far lower than that of FM.

Table 4: Acute toxicity comparison of PLM60 and FM to Kunming

mice
X Survival time of male mice [Survival time of female mice
Liposome and dose
(day) (day)

mg/kg No.1 No.2 No.3 [No.4 [No.5 No.1 [No.2 [No.3 No.4 No.5
FM 20 7 8 8 9 6 8 8 8 9 NA
FM 12 18 13 13 NA 7 12 {12 |13 |14 |NA
FM 7.2 NA NA INA NA [NA NA [NA NA |NA |NA
FM 4.32 NA NA NA NA NA NA NA NA [NA |[NA
FM 2.59 NA [NA INA [NA NA NA [NA NA NA INA
PLM60 20 17 NA [12 NA NA NA NA NA |NA NA
PLM60 12 NA NA NA NA NA NA NA |[NA INA |NA
PL.M60 7.2 NA [NA INA NA NA [NA [NA NA NA |NA
PLM60 4.32 NA INA INA NA [NA NA [NA [NA NA |NA
LM60 2.59 NA NA NA NA NA [NA NA [NA INA |NA

NA: No data, i.e., No animal died at the end of experimental observation.
Example 16
Acute toxicity comparison of different liposome formulations

90 male Balb/c mice with a body weight of 18-22g were divided into
9 groups, each group had 10 mice. The mice of group 1 were
administered with FM at 6 mg/kg, while mice of other 8 groups were
administered with PLM60, PLM60-DPPC and PLM60-DMPC-0.1 and



PLM6O- DMPC at 6 and 12 ng/ kg, respectively. Body wei ght changes were
observed @pgirighsrgeath time of each animal was recorded. The dead aninals
were dissected and autopsied. The results of death of mice of FM group and
| i posonmal drug groups were shown in Table 5. This experinent showed that
the order of acute toxicity was: PLM6O < PLM50-DPPC < PLM5O-DWPC-0.1 FM <
PLM6O- DMPC. Thi s experinent also ¢ i nmed that the rel ease of drug could
bﬁ fuLt lh_er_ accel erated by using maﬂﬁ/ ({ml | anel | ar vesicl es and

phosphol i TNVEP oC QBRSNS Kt ch

PLM50- DIVPlgjLﬁ/t[ ereby(Fgégﬁ‘IStéE%q?n re Crt oxi (;[fvty |§f0\9?dvgﬁ tt schgﬁ d be not ed
t hat the were obsgrvetl anqoﬂm)deathvwmh: of eacinpnisnal Was,rﬁ@m \ﬂ‘@d@ﬂﬁer t han

Lot onachBERATSRA ed apBbBH R TRA AL B0 o Wty SIS AN o1y ¢ 1 ©
duri ng b'dga‘&glpcaﬁ& ﬁpékbﬂﬁl drit 'REupRfere.show ih r[ﬁbten@l This aqsaﬁmtemn "woul d

rel ease ear |l I n_conparison with PLM6Q- DMPC and vvo (tt: rel ease

tsuololemt y showegdhatathe ordeiue acuteet@bsntﬁxwa&. PLAG6G #é’\LéYI Vs but the
oxicity

m t oxant rﬁﬂﬁéw% i u]t:]g?t oXi ?ItNy[%@ %ﬁr?’ggl ené}fé%?@%ﬁl %g%ésgﬁgs

EK’/[ gu:\&r m&sﬁnﬁe& qhagtﬁ@,g}eléage/ lo‘f&irutgl {@Nggf I%éanaAﬁ&%ﬁnN)/icéNlAezat%d%ﬁ uﬁlﬂg 8 9
PLMBO- 12 s\mal\lJAunudamlm msml@smndwphqsmmhmdmp&l & NAWK NANm N& FJI@ NA NA

776 A CATPPRSUERpRiLEYed Syth AYBIHIGS DN, deel BRENERETA A N
NA NA NA Mwirgy% vivol TEGROMRI G nbtd® thak i 1Oxitaylof Jlipoh@rrlés WatHo NA:
No aninmal died at the end of experinental ﬂb'lzgr(éfaﬁl on Exanp ehl7 Toxicity

r

Conpar i somcomplepop G yiaion | wes Jeaves than; IPOSPEIES Wit
complete PEGylation. This may be attributed to that under the action of

morc

lipoprotein and the attack of immune system during blood circulation,
PLM60-DMPC-0.1 with incomplete PEGylation would release drug
earlier in comparison with PLM60-DMPC and would not release
suddenly in important tissues, thereby exhibiting a lower toxicity, but the
toxicity of PLM60-DMPC-0.1 was still nearly equivalent to that of free

mitoxantrone.

Table 5: Acute toxicity comparison of different liposomes

Survival time of mice(day)

Formulary and dose(mgrkg) , », 3 4 5 5 7 8 9 10

FM-6 NA NA NA NA NA NA NA NA NA NA
PLM60-6 NA NA NA NA NA NA NA NA NA NA
PLM60-12 NA NA NA NA NA 10 NA NA NA 11
Pim60DPPC-6 NA NA NA NA NA NA NA NA NA NA
Plm60DPPC-12 10 10 12 11 NA NA NA 13 NA 14
Plm60-DMPC-6 4 NA NA 3 6 7 7 6 NA NA
Plm60DMPC-12 3 3 5 3 3 3 4 3 3 3
Plm60DMPC-0.1-6 NA NA NA NA NA NA NA NA NA NA
Plm60DMPC-0.1-12 10 12 10 12 10 10 10 11 10 10

NA: No animal died at the end of experimental observation
Example 17
Toxicity Comparison of liposome formulations with different sizes

Male C57 mice with a body weight of 18-22g were used in toxicity



Male C57 mce with a body weight of 18-22g were used in toxicity OP97100924
- 29/ 39- coppaoosph of PLM6O, PLMB5 and PLMLOO. The dose was 9 ng/kg. The
results indicated that body weight varieties caused by the three |iposone
formul ati ons were equival ent, which confirmed that the three |iposone
fornmul ati ons had no significant difference in toxicity under the
experinental conditions. In mce of_fdyé roup, the body wei ght decreased
over 30% and about 20% m ce died. Paft™5: In vivo anti-tunor effects

Exanpl e l&rﬁ?ﬁﬁ@bh A PIOM G0, FULVES S ared PEANY 00f ThieMiseawmds Phgrk &-Tils
sarcoma Ascitic¢ tunor-bearing mce which were inoculgteq with S 180 tunor
cel I's 7 ceepults jodigated Shalcbody W) shib VaPICHES GRUSEA 3 ANaIee JRAROME ci 11

fluid was : ' W Hﬁfi ' ++H ilon, the

tunor cel foq‘ﬁijﬁr%%{eibﬁ\g\a‘g@%dfd‘ﬁg%agg?% ‘g ) %8@%&#@%%%0@% rlg?ﬁto#éé t unor

cel | suspfiaidationst diadi ngo alsogniffean05 differenceelins toascityoumidat edhe i nt o

forward linb oxter .tissues of.  male K i.ce Wt body wej ght of 8- 229.

After i noexperimeataligendidons W%O%ﬁ&a}mt &@bO@%K’fﬂghggs?@@% vere

count ed U&Q&f?,ﬂ)%g%ﬁd %Sﬁf§§%ﬁ1ic@medl.i ving tunor cells were greater than
of 1 a

95% The huiber nocu ed mce was 80. Seven days after inoculation, 39

mce with_cl ear-cut, tum)ti havi ng. a. di aneter of about 5 nmm were sel ect ed
and di vi ZEGME&HMMMHN vol ume and body weight, i.e., 7
mce in blank control group, 8 mce in each of 4 ng/kg PLM6O group, 6

mg/ kg PLNBGagaplep84 ng/ kg FM group and 6 ng/ kg FM group. The mice were

adm ni stered by intravenous injection. The mce were bred normally after

admi ni st r @ldRPariSefivlofditeRtmeat effects RS PEMOY wadniEM coni Be18@ tines
per week, and body weights were neasured at the sane tinme. Tunor vol une

(TV) was sattcounated with the followwng formula: V = 1/2 x a x b2, in which
a and b represent length and width, respectively. The tunor volumes were
cal cul at ed byAusititgtirher-bearing mice which were inoculated with S180 tumor

cells 7 days ago were executed by decollation, and milky viscous ascitic
fluid was extracted and diluted with RPMI 1640 medium. After dilution,
the tumor cell number was adjusted to 2.5X 10° cells/ml. 0.2mL of the
tumor cell suspension containing about 5x10° tumor cells was inoculated
into forward limb oxter tissues of male KM mice with a body weight of
18-22g. After inoculation, the cells in the residual tumor cell suspension
were counted under light microscope, and living tumor cells were greater

than 95%. The number of inoculated mice was 80.

Seven days after inoculation, 39 mice with clear-cut tumors having a
diameter of about 5 mm were selected and divided into 5 groups by both
tumor volume and body weight, i.e., 7 mice in blank control group, 8
mice in each of 4 mg/kg PLM60 group, 6 mg/kg PLM60 group, 4 mg/kg
FM group and 6 mg/kg FM group. The mice were administered by

intravenous injection.

The mice were bred normally after administration. Tumor diameters
were measured by vernier caliper 3 times per week, and body weights
were measured at the same time. Tumor volume (TV) was calculated with
the following formula: V = 1/2 x a x b’, in which a and b represent length
and width, respectively. The tumor volumes were calculated by using the



OP97100924 -30/39- neasurenent results. Mce were executed by decollation
on the 21SboHayorafter inoculation, tunors were taken out and wei ghed.
Tunmor inhibition rate (%9 was cal culated with the fol | ow ng formul a: tunor
inhibition rate = (1 - average tunor wei ght of drug group / average tunor
wei ght of control group) X 100% The experinmental result was tested by
t-test. Table 6 showed that the gro dz f S180 solid tunor was

Si gnlflcantly suppressed in the 4 n'\g;s %‘;&PLNBO group and 6 ng/ kg PLMO
group. T eﬁ & nﬁéﬁtefésaltgf MictBR R eRéSitedoby decultationeighhe 2@“041@ Vi ght
of tunor tiro of tunor-inhibiting (%", Control 2813 88&@ PLMBO 4
my/ kg 42m&@1mmlsﬁomptumnmwe6erfgkﬁg @grand geeigheds Tumox bHéibexant one

go%{ar 93(2)‘%‘% @ Ogéﬁ%@%ﬂlﬁiﬂde‘é’ﬂ@ugjoxgoﬂo ﬁ}ﬁf@éﬂ% é&ﬁ)ﬁr ea tlm%%ﬁ% t?f ect s Iof

PLM50 and-FRiyl o ffdrt §% ef ddaei bicug vnerBE¥ tunmicrewslglsthofier e
I nocul at ed thrhﬁ%%% tgsmtlclglglﬂrmr cglg ‘Pda S gggdgre execut ed by

decol | at i contrahgradp)ky 100%c ollke expenimental ﬁ@ﬁﬂlt\lﬁ%S SetehpY ddfehinder aseptic
condition and diluted by RPM 1640 nedium After dilution, the tunor cell

nunber was adfatsleed t Shawed &é@&}@elmﬂh 6F 28180f sold ttummor cehs
suspensi on cont ai ni ng about _ 5.0x105 tu |1s was inocu éed i.nto the

abdoni nal sigaifiegntly suppressegeah- died 4 60 gEeup a6 i MEKE at i on,
the cells LMﬁﬁe rg i dual tunor cell suspenS| on were count ed under Ilght
m'croscopg &P turmr cells were greater than 95% 24 hours later,

the mce were d|V|ded | 8 yvvel ht .. nd were adm ni stered
with FM adable f: Kftects Méti. npﬁ%saf 2““30 lghg 8 mg/ kg by injection

in a vol ppre—of—20—m1kg thrcu r—tat-+—vetrfa—h Ratio of
Group Weight of tumor (mg) fumor-inhibiting (%)
Control 2813.8+884.2
PLM60 4 mg/kg 421.9£2154° 85.00
PLM60 6 mg/kg 332.4+162.5° 88.19
free mitoxantone 4 mg/kg | 2828.5+1067.8 —
free mitoxantone 6 mg/kg | 2293.3£1720.0 18.50

a: in comparison with the control group, p < 0.01
Example 19
Treatment effects of PLM60 and FM on L1.1210 ascites model

Ascitic tumor BDF1 mice which were inoculated with L1210 ascitic
tumor cells 7 days ago were executed by decollation, and milky viscous
ascitic fluid was extracted under aseptic condition and diluted by RPMI
1640 medium. After dilution, the tumor cell number was adjusted to 2.5
X 10° cells/ml. 0.2mL of the tumor cell suspension containing about
5.0x10° tumor cells was inoculated into the abdominal cavity of a 7-8
week-old female BDF1 mouse. After inoculation, the cells in the residual
tumor cell suspension were counted under light microscope, and living
tumor cells were greater than 95%.

24 hours later, the mice were divided into 8 groups by body weight,
and were administered with FM at 2, 4 and 8 mg/kg, and PLM60 at 2, 4,
6 and 8 mg/kg by injection in a volume of 20 ml/kg through tail vein in



OP97100924 -31/39- mice, respectively. After admnistration, the mce were
bred nor ngpdymooodhei r body wei ghts were nmeasured 3 tines per week, the
death tine of each nobuse was observed and recorded, and survival tinme was
cal cul ated. Mean survival time (MST) and medi an survival tinme were

enpl oyed to evaluate the survival time of each group. Experinental
observation was kept for 60 days af 9 the inoculation. The data were
anal yzed by SPSS 11.5 statistics sof e. The results showed that all
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survival time in comparison with the control group, and the PLM60 (8
mg/kg) group exhibited significant improvement of treatment in
comparison with the FM group at the same dose (P < 0.05). The results
were shown in Table 7.

Table 7: Effects of L1210 ascitic tumor on BDF1 mice survival time

Number | Number | Survival time (95% Ratio
G Dose of of dead | confidence interval) of
roup (mg/kg) | animals | animals | Mean Median survival
(N) (N) survival time | survival time | (%)
Control 3 s 0.62£040 | 9.004025 |
- (8.83-10.40) | (8.51-9.49)
20172377 | 14.00£1.15
2 12 1 (12.77-27.56) | (11.74-16.26) | 5>
36.75:4.00 | 31.00£0.85
PLM60 | 4 12 ? (28.92-44.58) | (29.33-32.67) | 200
28425449 | 25.00+3.46
6 12 10 (19.63-37.21) | (18.21-31.79) | 1667
36.42:4.08 | 29.00=1.71
2 12 ? (28.41-44.42) | (25.65-32.35) | 2200
57.5561.60 | <o
i 4 1 2 i 40-60.49) | N 81.82
6 2 5 48.00£4.38 |\ 58.33
(39.42-56.58) :
53.005371 |
8 iz (45.72-60.28) | N 66.67

N®: Only few animals died at the end of experimental observation of 60 days

and the median survival time could not be calculated.
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end of expeoiroeet4al observation of 60 days and the nedian survival tine
coul d not be cal cul ated. OP97100924 -32/39- Exanple 20 Treatnent effects of
PLM6O0 and FM on L1210 |iver metastasis nodel Ascitic tunor BDFI mce which
were inocul ated L1210 ascitic tunor cells 7 days ago were executed by
decol l ation, and m | Kky viscous asci %i/ﬁ%fl uid was extracted under aseptic
condition and diluted with RPM 164 dium After dilution, the tunor
cel | nunbEka! W}Musted to 2.5 X 105 cells/m. 0.2nL of the tunor cell
suspensi on containing about 5.0 X 104 tunor cells was intravenousl y
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24 hours later, the mice were grouped and administered. After
administration, the mice were bred normally. The body weights of mice
were measured 3 times per week, the death time of each mouse was
observed and recorded every day, and survival time was calculated.
Experimental observation was kept for 60 days after the inoculation.

The result showed that all mice in the control group died between
the 11" and 14" day after inoculation, all mice in the three FM dose level
groups died between the 1 1™ and 17™ day after inoculation, all mice in the
2 mg/kg PLM60 group died between the 15" and 29" day after
inoculation, only one mouse in the 6 mg/kg PLM60 group died on the
39™ day after inoculation, and no mouse in the 8 mg/kg PLM60 group
died during the observation.

The data were analyzed by SPSS 11.5 statistics software. The results
showed that the 6 mg/kg FM group and all liposomal drug groups
exhibited a significant increase in survival time of mice in comparison
with the blank control group. At same dose level, liposomal mitoxantrone
exhibited a significant increase in survival time of mice in compatison
with free mitoxantrone. The results were shown in Table 8.

Table 8: Effects of intravenous inoculation of 1L.1210 on BDF1 mice



exhibited a significant increase in survival tinme of mce in conparison
wth freeppotiogard rone. The results were shown in Table 8. Table 8. Effects
of intravenous inoculation of L1210 on BDF1l mice OP97100924 - 33/ 39-
survival time Nunber Nunber Survival tinme (95% confidence Dose of of dead
interval) Survival Goup (ng/kg) animals animals Mean survival Median rate
(%9 (N (N) time survival tinme Contg,gﬁ -- 6 6 11.830.48 11.0 0
(10.90-12.77) 12.130.61 2 8 8 (10 913 32) 11.0 0 13.250.53 13.000. 46
PLM60 4 Sgifrviival itnd4- 28) (12.11-13.89) 0 14.500.71 14.000.91 6 8 8
(13.11-15.89) (12.21-15.79) 0 19.131.57 18.001.41 2 8 8 (16.04- 21)

(15.23-20.77) G_36.50 -1\513;11:%2; ARERE0. BlrviPhiVBR: @58 Gonfidencs- 19. 25)
g_ég 8%- 3@)%&0; bé@ of 1 57 Ogiini%adlﬁ Nb 87. 501ntér5@.) 56-62. 19)| Sur¥ivdl Na Na
. ro | | mn t
_ 1N L A '%ne“&lrwva EXPET] ARNEH
observati on and 't e an s Ival .Lime was not ﬂi%ﬁ lated, Nb: Only o
of ani | hd of lﬁgv daydl Experi mant ?urggglg}@%t‘ A—ateh hg "
medi an sukyivall tinme ywas not |gal cul atl 83+ E48np PiloTreat mentgeffects of
| i posom| éOﬁtyogx ant rone:%wi th differen(i&P-¢2.31R) L121%% ascitic ?urmr The
experi mental _sqheme and dat a|process$ (AQggywgr € the sanme as
2 8 8 (10931332 |10 0
13.25+0.53 13.00+0.46
PLM60 | 4 8 8 (1222-1428) | (12.11-13.89) | °
6 2 3 14.50+0.71 14.00::0.91 0
(13.11-15.89) (12.21-15.79)
’ 3 g 19.13+1.57 18.00+1.41 0
(16.04-22.21) | (15.23-20.77)
36.50+£6.51 22.00:+5.660.61
4 8 > (23.75-49.25) | (10.91-33.09) | >0
PLM60 57.38+2.46
. . b
6 8 1 (52.56-62.19) | N 87.50
8 8 0 Na N* 100.00

N% No animal died until at the end of 60 days experimental observation and the

median survival time was not calculated.

N®: Only one of animals died at the end of 60 days experimental observation and the

median survival time was not calculated.
Example 21

Treatment effects of liposomal mitoxantrone with different size on

L1210 ascitic tumor

The experimental scheme and data process mode were the same as
Example 19. Five groups were setup, including control group, FM group,
PLM60 group, PLM85 group and PLM100 group. The administration
dosage for mice in each group was 4 mg/kg. The results were shown in
Table 9. The results showed that liposome with smaller size had better
treatment effects.

Table 9: Effects of 1.1210 ascitic tumor on BDF1 mice survival time
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N®: Only few animals died at the end of 60 days experimental observation and

the median survival time was not calculated

Some preferred examples of the present invention are described

above, but these examples are in no way intended to limit the scope of the

invention. Besides what have been described and illustrated in the text, a
skilled ordinary technician in the field would clearly realize other
modifications and variations and changes of the present invention after
reading the disclosure of the present invention, and all of them should be

covered in the protection scope of the present invention. All patents,
published patent applications and publications cited here are incorporated

by reference, just like their full texts are incorporated in the text.



1. Aliposonmal preparation, which has a size of about 30-80 nm and

cont ai ns @peh@ephpl i pid with a Tm hi gher than body tenperature in the
phosphol i pid bilayer, thereby the phase transition tenperature of the

| i posonme i s higher than body tenperature, the phospholipid being
preferably sel ected from phosphati dyl chol i ne, hydrogenated soybean
phosphati dyl chol i ne (HSPC), hydroge_%/%jwegg-yol k phosphati dyl chol i ne,

di pal mt oyl phosphati dyl choline (DP or distearoyl phosphatidylcholine
(DSPC) or -g%ga%ison thereof. 2. The |iposomal preparation according
to claiml, rel €’ phospholipid with a Tm hi gher than body

t t i hosphol i pi d.. bi | tS (50-
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nmol / mol % y 10-50 nol /ol articularly 15-45 no|/no/ % nore

par t i cul aphgsptatutyloboline (BRSPS htiydsogenated agg-yblkphesphatutylchelipedi ent s
in the |liposona reparation...5.. Jhe |ipos epar ali on Ing to
claimi, amai’ﬂn{ﬂ?ﬁi onaﬂ%Spﬁﬁﬁﬁ%%&?%di ti 3@%})@@ pi @iﬁt s, ﬁgsr%%r)%ﬁrrpl e,

exci pi ent shhgehdtidy1ER61inEPHISPEYSr bty couibiinatonthepsifer i stics of the

| i posomal * preparation, such as a lipid nodified with a hydrophilic polyner

whi ch may be selgcted fr ) I | fi I 5t

phosphat i dyl Zt oﬁ%sﬁg%ﬁl( Egéﬁﬁéﬁgﬁ gﬁﬁ%?ﬂfol gyg?slts’eg‘f}%e?ﬁnpﬁ%%phat I dyl

gl ycer ol ph&SRBIFHEG witRECTM i ghadhah Wbt timaperating inAkE) phd3phiolipad 24

- 36/ 39- pol yvi done-nodi fied diste royL phos haéll dgg e han]ol a(g%e

( DSPE- PVvPbilayeEeepissenise 501 Q0 ane 9101p/h0§’rﬁf§ﬁ N T%/ié?l@ /mopgecidp) | or
more preferably 60-90 mol/mol% relative to the total content of

phospholipids.

3. The liposomal preparation according to claim 1, wherein the
phospholipid bilayer optionally comprises additional phospholipids, such
as a phospholipid with a Tm not higher than body temperature, such as
dimyristoyl phosphatidylcholine (DMPC) and the like.

4, The liposomal preparation according to claim 1, which optionally
comprises cholesterol in an amount of 2-60 mol/mol%, such as 5-55
mol/mol%, especially 10-50 mol/mol%, particularly 15-45 mol/mol%,
more particularly 20-40 mol/mol% relative to the total content of

ingredients in the liposomal preparation.

5. The liposomal preparation according to claim 1, which optionally
comprise additional excipients, for example, excipients for further
modifying the surface characteristics of the liposomal preparation, such
as a lipid modified with a hydrophilic polymer which may be selected
from for example PEG-modified distearoyl phosphatidyl ethanolamine
(DSPE-PEG), PEG-modified distearoyl  phosphatidyl  glycerol
(DSPG-PEQ), PEG-modified cholesterol (chol-PEG),



PEG nodi fi ed chol esterol (chol-PVP), or any conbination thereof, in an
anmount prePeTHKEINE40. 1- 20 nol / nol % such as 0.3-18 nol/nol % 0.5-15

mol /mol % 0.8-12 nol/nol % 1-10 nmol/nmol % 2-8 nmol/mol % 2.5-7 nol /ol % or
3-6 nol/nol % etc. relative to the nole nunber of the phospholipid (the
anount is preferably about 1-30 nol/nol % 3-28 nol/nol % 5-25 nol / nol % or
8-20 nol /nol % especially 10-20 m)_l{5 b%rel ative to the |iposone). 6. The
| i posomal preparation according to claim1, which has a size of 35-75 nm
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nul ti val eP&Ol{IBHf% d%ogg gﬁn‘gﬂt/a cé’ﬁcgjr agr aseﬁﬁetcb@jbﬁt h@n%ﬁ

vincristi ﬁﬁ)l/ﬁb[%rl%ﬁﬂivrlzet(?fhé’hﬂ@é@ﬁbb ne, or any conbl nation thereof,

plreferabl y mtoxantrone | posomal drug according to any one of
8- 10, th d f. bl
0. 5 dowc % mobe Tnrinescispl Pibaidtion SBEaRRE, gt by uBIT el Raihor
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l'i posomal drug. 12." The |posona drug according to any one of claims 8-10,

whi ch opti ongl ﬂeclﬂ%osr SRl %otoflflk th U Rim PN A ARG MpRlses

i ngredi ent s,
hydrogenated  soybean  phosphatidylcholine,  cholesterol  and

PEG-modified distearoyl phosphatidy! ethanolamine in a weight ratio of
3:1:1, in which the PEG-modified distearoyl phosphatidyl ethanolamine
is preferably a PEG2000-modified distearoyl phosphatidyl ethanolamine.

8. A liposomal drug, comprising a drug in the liposomal preparation
according to any one of claims 1-7, the drug being preferably a
multivalent ionic drug.

9. The liposomal drug according to claim 8, characterized in that the
drug has two or more dissociable groups with a dissociation constant pKa
of 4.5-9.5, preferably 5.0-9.5, more preferably 5.5-9.5, especially 6.0-9.0,
particularly 6.5-9.0.

10. The liposomal drug according to claim 8§, wherein the said
multivalent ionic drug is an anticancer drug, such as mitoxantrone,
vincristine, vinorelbine or vinblastine, or any combination thereof,
preferably mitoxantrone.

11. The liposomal drug according to any one of claims 8-10, wherein
the drug is in an amount of 0.1-50wt%, preferably 0.5-40wt%, more
preferably 1-35wt%, especially preferably 3-30wt% or 5-25wt% or



and/ or pharmaceutically acceptable carriers and/or excipients. 13. The

|'i posomal O#pToe4ording to claim8, wherein the Iiposome internally
conprises a counter ion, preferably a nultivalent counter ion, for exanple
an organi c acid anion, such as an acid anion of the following saturated or
unsat urated organic acids: citric acid, tartaric acid, fumaric acid,

oxalic acid, malonic acid, succiniq_gfbgL_nallc aci d and mal ei ¢ aci d,

etc.; an inorganic acid anion, such g sul fate ani on, phosphate anion; or

an ioni c3£20wt%f relative tachel t@tlad;hv@l%htyﬁth@h ommﬁbdﬂhgy citrate anion,
sul fate anion or phosphate anion 4. The |1 posomal drug according to
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14. The liposomal drug according to claim 13, wherein the
multivalent counter ion carries two or more charges opposite to the active

drug ingredient.

15. The liposomal drug according to any one of claims 8-10, wherein
the liposome comprises phosphatidylcholine, hydrogenated soybean
phosphatidylcholine, hydrogenated egg yolk phosphatidylcholine,
dipalmitoyl phosphatidylcholine or distearoyl phosphatidylcholine, or any

combination thereof.

16. A method for preparing the liposomal drug according to any one
of claims 8-15, which comprises 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.

17. The method for treatment of a disease, especially a tumor in a
patient, comprising administering a liposomal drug according to any one
of claims §-15 to the patient in need of the treatment.



manuf acture of a medi canent for the treatnment of a patient having a tunor.
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18. A method according to claim 17, which further comprises
treating the patient by thermotherapy, such as a radioactive
thermotherapy.

19. Use of the liposomal preparation according to any one of claims
1-7 or the liposomal drug according to any one of claims 8-15 in the
manufacture of a medicament for the treatment of a patient having a
tumor.



