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LIPOSOMES USEFUL FOR'DRUG DELIVERY 

STATEMENT OF PRIORITY 

[0001} This Application claims benefit of priority ofthe United States Provisional 

Patent Application No. 60/567,921 filed on May 3,2004, which is incorporated herein by 

reference in its entirety for all purposes. 

, 
FIELD OF THE INVENTION 

(0002) This invention relates generally to the field ofliposomes, and more specifically 

to liposome compositions useful for delivery of therapeutic or diagnostic entities. 

BACKGROUND OF THE INVENTION 

(0003) Liposomes, or lipid bilayer vesicles, have been used or proposed for use in a 

variety of applications in research, industry, and medicine, particularly for the use as 

caniers of diagnostic or therapeutic compounds in vivo. See, for example: Lasic, D. 

Liposomes: from phYSics to applications. Elsevier, Amsterdam, 1993. Lasic, D, and 

Papahadjopoulos, D., eds. Medical Applications of Liposomes. Elsevier, Amsterdam, 

1998. Liposomes are usually characterized by having an interior space sequestered from 

an outer medium by a membrane of one or more biIayers forming a microscopic sack, or 

vesicle. Bilayer membranes of liposomes are typically formed by lipids, i.e. amphiphilic 

molecules of synthetic or natural origin that comprise spatially separated hydrophilic and 

hydrophobic domains. See Lasic D., 1993, supra. Bilayer membranes of the liposomes 

can be also formed by amphiphilic polymers and surfactants (polymerosomes, niosomes). 

A liposome typically serves as a carrier of an entity such as, without limitation, a 

chemical compound, a combination of compounds, a supramolecular complex of a 

synthetic or natural origin, a genetic material, a living organism, a portion thereof, or a 

derivative thereof, that is capable of having a useful property or exerting a useful activity. 

For this purpose, the liposomes are prepared to contain the desired entity in a liposome­

incorporated form. The process of incorporation of a desired entity into a liposome is 

often referred to as "loading". The iiposome-incorporated entity may be completely or 

pmiially located in the interior space of the iiposome, within the bilayer membrane ofthe 

liposome, or associated with the exterior surface of the liposome membrane. The 

incorporation of entities into liposomes is also referred to as encapsulation or entrapment, 

LIPOSOMES USEFUL FOIZ:DRUG DELIVERY STATEMENT OF PRIORITY [0001]This Application
claims benefit of priority of the United States Provisional Patent Application No. 60/567,921 filed on
May 3, 2004, which is incorporated herein by reference in its entirety for all purposes. FIELD OF THE
INVENTION 100021This invention relates generally to the field of liposomcs, and more specifically to
liposome compositions useful for delivery of therapeutic or diagnostic entities. BACKGROUND OF
THE INVENTION 100031Liposomes, or lipid bilayer vesicles, have been used or proposed for use in a
variety of applications in research, industry, and medicine, particularly for the use as carriers of
diagnostic or therapeutic compounds in vivo. See, for example: Lasic, D. Liposomes: from physics to
applications. Elsevier, Amsterdam, 1993. Lasic, D, and Papahadjopoulos, D., eds, Medical
Applications of Liposomes. Elsevier, Amsterdam, 1998. Liposomes are usually characterized by
having an interior space sequestered from an outer medium by a membrane of one or more bilayers
forming a microscopic sack, or vesicle. Bilayer membranes of liposomes are typically formed by lipids,
i.e. amphiphilic molecules of synthetic or natural origin that comprise spatially separated hydrophilic
and hydrophobic domains. See Lasic D., 1993, supra. Bilayer membranes of the liposomes can be
also formed by amphiphilic polymers and surfactants (polymerosomes, niosomes). A liposome
typically serves as a carrier of an entity such as, without limitation, a chemical compound, a
combination of compounds, a supramolecular complex of a synthetic or natural origin, a genetic
material, a living organism, a portion thereof, or a derivative thereof, that is capable of having a useful
property or exerting a useful activity. For this purpose, the liposomes are prepared to contain the
desired entity in a liposomeincorporated form. The process of incorporation of a desired entity into a
liposome is often referred to as "loading". The Liposome-incorporated entity may be completely or
partially located in the interior space of the liposome, within the bilayer membrane of the liposome, or
associated with the exterior surface of the Liposome membrane. The incorporation of entities into
liposomes is also referred to as encapsulation or entrapment,  2 100041and these three terms are
used herein interchangingly with the same meaning. The intent of the liposomal encapsulation of an
entity is often to protect the entity from the destructive environment while providing the opportunity for
the encapsulated entity to exert its activity mostly at the site or in the environment where such activity
is advantageous but less so in other sites where such activity may be useless or undesirable. This
phenomenon is referred to as delivery. For example, a drug substance within the liposome can be
protected from the destruction by enzymes in the body, but become released from the liposome and
provide treatment at the site of disease. 100051Ideally, such liposomes can be prepared to include the
desired compound (i) with high loading efficiency, that is, high percent of encapsulated entity relative
to the amount taken into the encapsulation process; (ii) high amount of encapsulated entity per unit of
liposome bilayer material; (iii) at a high concentration of encapsulated entity, and (iv) in a stable form,
Le., with little release (leakage) of an encapsulated entity upon storage or generally before the
liposome appears at the site or in the environment where the liposome-entrapped entity is expected to
exert its intended activity. (00061Therefore, there is a need in the art to provide various liposome
compositions that are useful for delivery of a variety of compounds, especially therapeutic, diagnostic,
or imaging entities. 
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10004] and these three tenns are used herein interchangingly with the same meaning. 

The intent of the liposomal encapsulation of an entity is often to protect the entity from 

the destructive environment while providing the opportunity for the encapsulated entity to 

exeli its activity mostly at the site or in the environment where such activity is 

advantageous but less so in other sites where such activity may be useless or undesirable. 

This phenomenon is referred to as delivery. For example, a drug substance within the 

liposome can be protected from the destruction by enzymes in the body, but become 

released from the liposome and provide treatment at the site of disease. 

[0005] Ideally, such liposomes can be prepared to include the desired compound (i) 

with high loading efficiency, that is, high percent of encapsulated entity relative to the 

amount taken into the encapsulation process; (ii) high amount of encapsulated entity per 

unit ofliposome bilayer material; (iii) at a high concentration of encapsulated entity, and 

(iv) in a stable fonn, i.e., with little release (leakage) of an encapsulated entity upon 

storage or generally before the liposome appears at the site or in the environment where 

the tiposome-entrapped entity is expected to exert its intended activity. 

[0006} Therefore, there is a need in the art to provide various Iiposome compositions 

that are useful for delivery of a variety of compounds, especially therapeutic, diagnostic, 

or imaging entities. 

SUMMARY OF THE INVENTION 

[0007J The present invention is based on the discovery that substituted ammonium and 

polyanion are useful for loading and retaining entities inside liposomes. Accordingly the 

present invention provides methods and liposome compositions.useful for delivery of a 

variety of entities, especially therapeutic entities, that is, entities useful in the diagnosis, 

prognosis, testing, screening, treatment, or prevention of an undesirable condition, e.g., a 

disease, in living organism ,such as a human, a plant, or an animal. 

[0008] In one embodiment, the present invention provides a composition comprising a 

liposome in a medium, wherein the inside of the liposome contains a substituted 

ammonium 

(1) 

SUMMARY OF THE INVENTION [0007JThe present invention is based on the discovery that
substituted ammonium and polyanion are useful for loading and retaining entities inside liposomes.
Accordingly the present invention provides methods and liposome compositions.useful for delivery of a
variety of entities, especially therapeutic entities, that is, entities useful in the diagnosis, prognosis,
testing, screening, treatment, or prevention of an undesirable condition, e.g., a disease, in living
organism ,such as a human, a plant, or an animal. [0008]In one embodiment, the present invention
provides a composition comprising a liposome in a medium, wherein the inside of the liposome
contains a substituted ammonium   3 wherein each of RI, R2, R3, and R4 is independently a hydrogen
or an organic group having, inclusively, in totality up to 18 carbon atoms, wherein at least one of RI,
R2, R3, and R4 is an organic group, wherein the organic group is independently a hydrocarbon group
having up to 8 carbon atoms, and is an alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or
cycloalkenyl group or a hydroxy-substituted derivative thereof, optionally including within its
hydrocarbon chain a S, 0, or N atoms, forming an ether, ester, thioether, amine, or amide bond,
wherein at least three of Ri, R2, R3, and RI are organic groups, or the substituted ammonium is a
sterically hindered ammonium, such as, for example, where at least one of the organic groups has a
secondary or tertiary carbon atom directly linked to the ammonium nitrogen atom. Preferably, the
substituted ammonium compound encapsulated into liposomes has a negative logarithm of the acidic
(deprotonation) dissociation constant (pKa) of at least about 8M, at least about 8.5, at least about 9.0,
at least 9.5, or at least 10.0, as determined in an aqueous solution at ambient temperature. 100091In
another embodiment, the present invention provides a composition comprising a liposome in a
medium, wherein the inner space of the liposome contains a polyanion and wherein the polyanion is a
polyanionized polyol or a polyanionized sugar. The liposorne preferably contains a transmembrane
gradient capable of effecting the loading of an entity into the liposome. In one embodiment, the
transmembrane gradient is a gradient of an ammonium, a quarternary ammomiurn, or a primary,
secondary, or tertiary substituted ammonium compound having in a diluted aqueous solution at
ambient temperature a negative logarithm of the acidic (deprotonation) dissociation constant (pKa) of
at least about 8.0, at least about 8.5, at least about 9.0, at least 9.5, or at least 10.0. The liposome
optionally contains an entrapped entity, for example, a therapeutic, a detectable marker, or a globally
cationic organic molecule. [000101 In yet another embodiment, the composition provided by the
present invention further comprises an entity encapsulated in the liposomes of the present invention.
Preferably, the entity is encapsulated within the inner space of the liposome. For example, the inner
space of the liposome further comprises an anti-neoplastic therapeutic and wherein the toxicity level of
the composition to a subject is at least equal to or less than  4 the toxicity level of he ant eoplastic
therapeutic administered to the subject without the composition. 100101In yet another embodiment,
the composition provided by the present invention is a liposome composition comprising a
carnptothecin compound. The composition has an anticancer activity at least two times, four times, or
ten times higher than the camptothecin compound similarly administered in the absence of the
composition, while the toxicity of the composition does not exceed, is at least two times, or at least four
times lower than the toxicity of the camptothecin compound similarly administered in the absence of
the composition. In a one embodiment, the camptothecin compound is a pro-drug, and is contained in
the liposome of at least 0.1 mg, at least 0.2 mg, at least 0.3 mg, at least 0.5 mg, or at least 1 mg_per 1
mg of the liposome membrane materials, e.g., lipids. The camptothecin compound is preferably
encapsulated in the liposome substantially within the inner space of the liposorne. In one instance, the
camptothccin compound is irinotecan (CPT-11). 
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wherein each ofRI> Rz, R}, arid ~ is independently a hydrogen or an organic group 

having, inclusively, in totality up to 18 carbon atoms, wherein at least one of R 1, R2, R3, 

and ~ is an organic group, wherein the organic group is independently a hydrocarbon 

group having up to 8 carbon atoms, and is an alkyl, alkylidene, heterocyclic alkyl, 

cycloalkyl, aryl, alkenyl, or cycloalkenyl group or a hydroxy-substituted derivative 

thereof, optionally including within its hydrocarbon chain a S, 0, or N atoms, forming an 

ether, ester, thioether, amine, or amide bond, wherein at least three ofRt, R2, R}, and ~ 

are organic groups, or the substituted ammonium is a sterically hindered ammonium, such 

as, for example, where at least one of the organic groups has a secondary or tertiary 

carbon atom directly linked to the ammonium nitrogen atom. Preferably, the substituted 

ammonium compound encapsulated into liposomes has a negative logarithm of the acidic 

(deprotonation) dissociation constant (pKa) of at least about 8:0, at least about 8.5, at least 

about 9.0, at least 9.5, or at least 10.0, as determined in an aqueous solution at ambient 

temperature. 

(0009] In another embodiment, the present invention provides a composition 

comprising a liposome in a medium, wherein the inner space of the liposome contains a 

polyanion and wherein the polyanion is a polyanionized polyol or a polyanionized sugar. 

The liposome preferably contains a transmembrane gradient capable of effecting the 

loading of an entity into the liposome. In one embodiment, the transmembrane gradient is 

a gradient of an ammonium, a quariemary ammomium, or a primary, secondary, or 

tertiary substituted ammonium compound having in a diluted aqueous solution at ambient 

temperature a negative logarithm of the acidic (deprotonation) dissociation constant (pKa) 

of at least about 8.0, at least about 8.5, at least about 9.0, at least 9.5, or at least 10.0. The 

liposome optionally contains an entrapped entity, for example, a therapeutic, a detectable 

marker, or a globally cationic organic molecule. 

[OOOlO} In yet another embodiment, the composition provided by the present invention 

further comprises an entity encapsulated in the Iiposomes of the present invention. 

Preferably, the entity is encapsulated within the inner space ofthe liposome. For example, 

the inner space ofthe liposome further comprises an anti-neoplastic therapeutic and 

wherein the toxicity level of the composition to a subject is at least equal to or less than 

[0011]In yet another embodiment, the composition provided by the present invention is a liposome
composition of a vinca alkaloid or a derivative thereof. The composition has the 24-hour drug retention
within the liposome after 24 hours exposure in the blood of a mammal in vivo of at least 50%, at least
60%, or at least 70% of the original drug load. The vinca alkaloid or a derivative thereof is preferably
encapsulated in the liposome substantially within the inner space of the liposome. One example of the
mammal is a rat. Exemplary vinca alkaloids and derivatives are vincristine, vinblastine, and
vinorelbine. [00121In still another embodiment, the present invention provides a method of
encapsulating an entity into a liposome. The method comprises contacting the liposomes of the
present invention with an entity, e.g., therapeutic or detectable entity. Preferably, the contacting is
performed under the conditions when the concentration of substituted ammonium or a polyanion of the
present invention in the medium is lower than that in the inner space of the liposomes. In one
embodiment, the liposome composition is contacted with an entity in an aqueous medium. 100131In
still another embodiment, the present invention provides a method of encapsulating an entity into a
liposome. The method comprises contacting the liposomecontaining composition of the present
invention with a pre-entity, wherein the pre-entity  is capable of being converted to an entity under a
condition, and providing the condition inside the liposome whereby converting the pre-entity to the
entity inside the liposome. In one case, the entity is an organic compound, and the pre-entity is a basic
derivative thereof 100141In still another embodiment, the present invention provides a kit for making
liposome-encapsulated entities. The kit comprises a container with a liposome of the present
invention, and, optionally, a container containing an entity, and/or instructions for a user, e.g. to
encapsulate an entity. BRIEF DESCRIPTION OF THE DRAWINGS 100151Figure 1 shows blood
pharmacokinetics of the liposome lipid (circles) and the drug (triangles) after i.v. bolus administration of
CPT-1 I -loaded liposomes to a rat. The liposomes are loaded using TEA-Pn method (See Example 9).
100161Figure 2 shows the dynamics of drug-to-liposoine lipid ratio in the blood of a rat in vivo
following i.v. bolus administration of the liposome loaded with CPT-11 using TEA-Pn method (See
Example 9). 100171Figure 3 shows antitumor efficacy of freeCPT-11 and liposomal CPT-I I against
BT-474 human breast cancer xenografts in nude mice. "Control" designates the mice treated with
drug- and iiposome-free vehicle only. (See Example 10). 100181Figure 4 shows the dynamics of the
animals' body weights during the treatment 
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the toxicity level of the anti-neoplastic therapeutic administered to the subject without the 

composition. 

(0010} In yet another embodiment, the composition provided by the present invention 

is a 1iposome composition comprising a camptothecin compound. The composition has an 

anticancer activity at least two times, four times, or ten times higher than the 

camptothecin compound similarly administered in the absence of the composition, while 

the toxicity ofthe composition does not exceed, is at least two times, or at least four times 

lower than the toxicity of the camptothecin compound similarly administered in the 

absence of the composition. In a one embodiment, the camptothecin compound is a pro­

drug, and is contained in the liposome of at least 0.1 mg, at least 0.2 mg, at least 0.3 mg, 

at least 0.5 mg, or at least I mKper 1 mg of the liposome membrane materials, e.g., lipids. 

The camptothecin compound is preferably encapsulated in the liposome substantially 

within the inner space of the liposome. In one instance, the camptothecin compound is 

irinotecan (CPT-II). 

lOOn] In yet another embodiment, the composition provided by the present invention 

is a liposome composition of a vinca alkaloid or a derivative thereof. The composition has 

the 24-hour drug retention within the liposome after 24 hours exposure in the blood of a 

mammal in vivo of at least 50%, at least 60%, or at least 70% of the original drug load. 

The vinca alkaloid or a derivative thereof is preferably encapsulated in the liposome 

substantially within the inner space of the liposome. One example of the mammal is a rat. 

Exemplary vinca alkaloids and derivatives are vincristine, vinblastine, and vinorelbine. 

[0012} In still another embodiment, the present invention provides a method of 

encapsulating an entity into a liposome. The method comprises contacting the liposomes 

of the present invention with an entity, e.g., therapeutic or detectable entity. Preferably, 

the contacting is performed under the conditions when the concentration of substituted 

ammonium or a polyanion of the present invention in the medium is lower than that in the 

inner space of the liposomes. In one embodiment, the liposome composition is contacted 

with an entity in an aqueous medium. 

(0013} In still another embodiment, the present invention provides a method of 

encapsulating an entity into a liposome. The method comprises contacting the liposome­

containing composition of the present invention with a pre-entity, wherein the pre-entity 

of BT-474 tumor-hearing nude mice with free CPT-11 or liposomal CPT-11. "Control" designates the
mice treated with.drug- and liposome-free vehicle only, (See Example 10). [00191Figure 5 shows the
dynamics of drug-to-liposorne lipid ratio in the blood of a rat in vivo following iv. bolus administration of
the liposome loaded with CPT-11 using TEA-SOS method. (See Example 14). [9020]Figure 6 shows
antitumor efficacy of free and liposomal CPT-11 against HT-29 human colon cancer xenografts in
nude mice. The on-panel caption indicates the drug loading method and the administered dose per
injection. "Saline control" designates the mice treated with drug- and liposome-free vehicle only. (See
Example 15).  6 100211Figure 7 shows the dynamics of the animals' body weights during the
treatment of EIT-29 tumor-bearing nude mice with free or liposomal formulations of CPT-11. The error
bars represent standard deviation of the data. "Saline control" designates the mice treated with drug-
and liposome-free vehicle only_ (See Example 15). 100221Figure SA shows blood pharmacokinetics
of the Liposome lipid after i.v. bolus administration of Topoteeamloaded Liposomes to a rat. The
on-panel caption indicates the drug loading method and the drug content of the liposornes. (See
Example 24). [00231Figure 8B shows the dynamics of drug-to-liposome lipid ratio in the blood of a rat
in vivo following iv. bolus administration of the liposomes loaded with Topotecan The on-panel caption
indicates the drug loading method and the drug content of the liposornes. (See Example 24).
100241Figure 9 shows the in vitro cytotoxicity of free, liposomal, or HER2-targeted immunoliposomal
Topotecan (TEA-Pn method) against SKBr-3 breast carcinoma cells. (See Example 27). 1,0025]Figure
10 shows the in vitro cytotoxicity of free, liposorrial, or HER2-targeted immunoliposomal Topotecan
(TEA-SOS method) against SK,Br-3 breast carcinoma cells. (See Example 32). 10026]Figure 11
shows antitumor efficacy of various Topotecan (TPT) formulations 
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is capable of being converted to an entity under a condition, and providing the condition 

inside the liposome whereby converting the pre-entity to the entity inside the liposome. 

In one case, the entity is an organic compound, and the pre-entity is a basic derivative 

thereof 

[0014) In still another embodiment, the present invention provides a kit for making 

liposome-encapsulated entities. The kit comprises a container with a liposome of the 

present invention, and, optionally, a container containing an entity, and/or instructions for 

a user, e.g. to encapsulate an entity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 shows blood phannacokinetics of the liposome lipid (circles) and the 

drug (triangles) after i.v. bolus administration ofCPT-lI-loaded liposomes to a rat. The 

liposomes are loaded using TEA-Pn method (See Example 9). 

[0016] Figure 2 shows the dynamics of drug-to-liposome lipid ratio in the blood of a 

rat in vivo following i.v. bolus administration of the liposome loaded with CPT-li using 

TEA-Pn method (See Example 9). 

[0017] Figure 3 shows antitumor efficacy of freeCPT -11 and liposomal CPT-II 

against BT-474 human breast cancer xenografts in nude mice. "Control" designates the 

mice treated with drug- and liposome-free vehicle only. (See Example 10). 

[0018] Figure 4 shows the dynamics of the animals' body weights during the treatment 

ofBT-474 tumor-bearing nude mice with free CPT- t 1 or liposomal CPT-Il. "Control" 

designates the mice treated with. drug- and liposome-free vehicle only. (See Example 10). 

[0019] Figure 5 shows the dynamics of drug-to-liposome lipid ratio in the blood of a 

rat in vivo following i.v. bolus administration of the liposome loaded with CPT-II using 

TEA-SOS method. (See Example 14). 

[0020] Figure 6 shows antitumor efficacy of free and liposomal CPT-Il against HT-29 

human colon cancer xenografts in nude mice. The on-panel caption indicates the drug 

loading method and the administered dose per injection. "Saline control" designates the 

mice treated with drug- and liposome-free vehicle only. (See Example 15). 

against BT-474 human breast cancer xenografts in nude mice. "Saline control" designates the mice
treated with drug- and liposome-free vehicle only. (See Example 29). 100271Figure 12 shows the
dynamics of the animals body weights during the treatment of BT-474 tumor-bearing nude mice with
free Topotecan (TPT), liposomal Topotecan (Ls-TPT), or anti-HER2 immunoliposomal Topotecan (F5
lLs-TPT). "Control" designates the mice treated with drug- and I posome-free vehicle only. (See
Example 29). 100281Figure I3A shows antitumor efficacy of Topotecan formulations against 31- 474
human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or liposomai Topotecan
(Ls-TPT) were administered at one-eighth of their maximum  7 tolerated doses. Error bars represent
standard deviation of the data. "Control" designates the mice treated with drug- and liposome-free
vehicle only. (See Example 31). [00291Figure 13B shows antitumor efficacy of Topotecan formulations
against BT- 474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or
liposomal Topotecan (Es-TPT) were administered at one-fourth of their maximum tolerated doses.
Error bars represent standard deviation of the data. "Control" designates the mice treated with drug-
and liposome-free vehicle only. (See Example 31). [0030]Figure 13C shows antitumor efficacy of
Topotecan formulations against BT- 474 human breast cancer xenografts in nude mice. Free
Topotecan (Free TPT) or liposomal Topotecan (Ls-TPT) were administered at one-half of their
maximum tolerated doses. Error bars represent standard deviation of the data. "Control" designates
the mice treated with drug- and liposome-free vehicle only. (See Example 31). 100311Figure 13D
shows antitumor efficacy of Topotecan formulations against BT- 474 human breast cancer xenogafts
in nude mice. Free Topotecan (Free TPT) or liposomal Topotecan (Es-TPT) were administered at their
maximum tolerated doses. Error bars represent standard deviation of the data. "Control" designates
the mice treated with drug- and liposome-free vehicle only. (See Example 31). [0032]Figure 14 shows
the dynamics of the average body weights during the treatment of BT-474 tumor-bearing nude mice
with free Topotecan (Free TPT) or liposomal Topotecan (Ls-TPT) administered at their maximum
tolerated doses. "Control" designates the mice treated with drug- and liposome-free vehicle only. (See
Example 31). 10033iFigure 15 shows the cytotoxicity of free 6-(3-aminopropyI)-ellipticine (Free AE),
liposomal 6-(3-aminopropy1)-ellipticine (Ls-AE) or HER2-targeted immunoliposomal
6-(3-aminopropyI)-ellipticine (17.5 ILs-AE) ) against BT-474 breast carcinoma cells in vitro. (See
Example 35). 
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(0021] Figure 7 shows the dynamics of the animals' body weights during the treatment 

ofHT-29 tumor-bearing nude mice with free or liposomal fonnulations of CPT-I I. The 

error bars represent standard deviation of the data. "Saline control" designates the mice 

treated with drug- and liposome-free vehicle only. (See Example 15). 

[00221 Figure 8A shows blood phannacokinetics of the liposome lipid after i.v. bolus 

administration of To po tee an-loaded liposomes to a rat. The on-panel caption indicates 

the drug loading method and the drug content of the liposomes. (See Example 24). 

[0023] Figure 8B shows the dynamics of drug-to-liposome lipid ratio in the blood of a 

rat in vivo following i.v. bolus administration of the liposomes loaded with Topotecan 

The on-panel caption indicates the drug loading method and the drug content of the 

Iiposomes. (See Example 24). 

[00241 Figure 9 shows the in vitro cytotoxicity of free, liposomal, or HER2-targeted 

immunoliposomal Topotecan (TEA-Pn method) against SKBr-3 breast carcinoma cells. 

(See Example 27). 

100251 Figure 10 shows the in vitro cytotoxicity of free, liposomal, or HER2-targeted 

immunoliposomal Topotecan (TEA-SOS method) against SKBr-3 breast carcinoma cells. 

(See Example 32). 

[0026] Figure 11 shows antitumor efficacy of various Topotecan (TPT) formulations 

against BT-474 human breast cancer xenografts in nude mice. "Saline control" designates 

the mice treated with drug- and liposome-free vehicle only. (See Example 29). 

[0027} Figure 12 shows the dynamics of the animals' body weights during the 

treatment ofBT-474 tumor-bearing nude mice with free Topotecan (TPT), liposomal 

Topotecan (Ls-TPT), or anti-HER2 immunoliposomal Topotecan (F5 ILs-TPT). 

"Control" designates the mice treated with drug- and liposome-free vehicle only. (See 

Example 29). 

[0028] Figure I 3A shows antitumor efficacy of Topotecan fonnulations against BT-

474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or 

liposomal Topotecan (Ls-TPT) were administered at one-eighth of their maximum 

[0034]Figure 16 shows the in vitro eytotoxicity of free 6-(3-aminopropyI)-ellipticine (Free APE),
liposomal 6-(3-aminopropy1)-ellipticine (Ls-APE), or EGFR-targeted immunoliposomal
6-(3-aminopropyl)-ellipticine (C225-ILs-APE) against breast  carcinoma cells with low (NICF-7) or high
(MDA-MB468) expression of EGF receptor. (See Example 36). 100351Figure 17 shows blood
phannacokinetic attributes of the liposomally formulated 6-(3-aminopropyl)cllipticine (APE): blood
pliaimacokinetics of the liposome lipid (Panel A, open circles), the drug (Panel A, filled circles), and the
dynamics of drugto-liposome lipid ratio (Panel B) after i.v. bolus administration of APE liposomes to a
rat. (See Example 37). 100361Figure 18 shows blood pharmacokinetie attributes of vinorelbine
formulated into liposomes (Ls-VRB), and anti-HER2 immunoliposomes (F5-ILs-VRB): blood
pharrnacokinetics of the liposome lipid (Panel A), the drug (Panel B), and the dynamics of
drug-to-liposome lipid ratio (Panel C) after i.v. bolus administration of vinorelbine liposoines to a rat.
(See Example 43). 100371Figure 19 shows blood pharmacokinetics of the 1 posome lipid after i.v.
bolus administration of vinorelbine-loaded liposomes to a rat. The liposomes are loaded using
pre-entrapped triethylammonium dextransulfate (DS-TEA), ammonium dextransulfate (DS-A), or
ammonium sulfate (S-A), (See Example 44). 100381Figure 20 shows the dynamics of
drug-to-liposome lipid ratio in the blood of a rat in vivo following i.v. bolus administration of the
liposornes loaded with vinorelbine using pre-entrapped triethylammoniurn dextransulfate (DS-TEA),
ammonium dextransulfate (DS-A), or ammonium sulfate (S-A). (See Example 44). (00391Figure 21
shows blood pha.nnacokinetics of the liposome lipid after i.v. bolus  administration of
vinorelbine-loaded liposomes to a rat. The liposornes are loaded using pre-entrapped
triethylammonium sucroseoctasulfate (TEA-SOS) and have the mean size .as indicated at the
on-panel caption. (See Example 45). 100401Figure 22 shows the dynamics of drug-to-liposorne lipid
ratio in the blood of a rat in vivo following Lv. bolus administration of vinorelbine-loaded liposomes.
The liposomes are loaded using pre-entrapped triethylammonium sucrooctasulfate (TEA-SOS) and
have the mean size as indicated at the on-panel caption. (See Example 45).  9 
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tolerated doses. Error bars represent standard deviation of the data. "Control" designates 

the mice treated with drug- and liposome-free vehicle only. (See Example 31). 

[00291 Figure 13B shows antitumor efficacy of Topotecan formulations against BT-

474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or 

liposomal Topotecan (Ls-TPT) were administered at one-fourth of their maximum 

tolerated doses. Error bars represent standard deviation of the data. "Control" designates 

the mice treated with drug- and liposome-free vehicle only. (See Example 31). 

(0030} Figure 13C shows antitumor efficacy ofTopotecan fonnulations against BT-

474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or 

liposomal Topotecan (Ls-TPT) were administered at one-half of their maximum tolerated 

doses. Error bars represent standard deviation ofthe data. "Control" designates the mice 

treated with drug- and liposome-free vehicle only. (See Example 31). 

(0031] Figure 13D shows antitumor efficacy of Topotecan formulations against BT-

474 human breast cancer xenografts in nude mice. Free Topotecan (Free TPT) or 

liposomal Topotecan (Ls-TPT) were administered at their maximum tolerated doses. 

Error bars represent standard deviation of the data. "Control" designates the mice treated 

with drug- and liposome-free vehicle only. (See Example 31). 

10032] Figure 14 shows the dynamics of the average body weights during the 

treatment ofBT-474 tumor-bearing nude mice with free Topotecan (Free TPT) or 

liposomal Topotecan (Ls-TPT) administered at their maximum tolerated doses. "Control" 

designates the mice treated with drug- and liposome-free vehicle only. (See Example 31). 

(0033] Figure 15 shows the cytotoxicity of free 6-(3-aminopropyl)-ellipticine (Free 

AE), liposomal 6-(3-aminopropyl)-ellipticine (Ls-AE) , or HER2-targeted 

immunoliposomal 6-(3-aminopropyI)-ellipticine (F5 ILs-AE) ) against BT-474 breast 

carcinoma cells in vitro. (See Example 35). 

10034] Figure 16 shows the in vitro cytotoxicity of free 6-(3-aminopropyl)-ellipticine 

(Free APE), liposomal 6-(3-aminopropyl)-ellipticine (Ls-APE), or EGFR-targeted 

immunoliposomal 6-(3-aminopropyl)-ellipticine (C225-ILs-APE) against breast 

[00411Figure 23 shows blood pharmacokinetics of the liposome lipid in a rat after i.v. bolus
administration of vinorelbine formulated into iposome,s (Ls-VRB) or anti-HER2 immunoliposomes
(F5-1Ls-VRB) using TEA-SOS method. (See Example 46). (00421Figure 24 shows the dynamics of
drug-to-hposome lipid ratio in the blood of a rat in vivo following i,v, bolus administration of vinorelbine
formulated into liposomes (Ls-VRB) or anti-HER2 immunoliposomes (E5-ILs-VRB) using TEA-SOS
method. (See Example 46). [00431Figure 25 shows the in vitro cytotoxicity of free vinorelbine (free
VRB), liposomal vinorelbine (Ls-VRB), or HER2-targeted immunoliposornal vinorelbine (F5- Ils-VRB)
against HER2-overexpressing human breast cancer cells MDA-MB-453. (See Example 48).
[0044]Figure 26 shows the in viiro cytotoxicity of free vinorelbine (free VRB), liposomal vinorelbine
(Ls-VRB), or HER2-targeted immunoliposomal vinorelbine (175- ils-VRB) against
HER2-overexpressing CaLu-3 human non-small cell lung cancer cells. (See Example 49).
[0045]Figure 27 shows the in vitro cytotoxicity of free vinorelbine (free VRB), liposomal vinorelbine (Ls
VE.13/S0S-TEA), or HER2-targeted immunoliposomal vinorelbine (F5-ILs VRB/SOS-TEA) against
HER2-overexpressing human breast cancer cells SKBr-3. (See Example 50). 100461Figure 28 shows
antitumor efficacy of the free vinorelbine (free VRB) or liposornal vinorelbine (Ls VRB) against HT-29
human colon cancer xenografts in nude mice. "Saline' designates the mice treated with drug- and
liposome-free vehicle only. Error bars represent standard deviation of the data: (See Example 51).
[0047]Figure 29 shows the dynamics of the average body weights during the treatment of 1-11-29
rumor-bearing nude mice with free vinorelbine (free VR1B), liposomal vinorelbine (Ls VRB), or vehicle
only (saline). Error bars represent standard deviation of the data. (See Example 51). [0048]Figure 30
shows antitumor efficacy of the free vinorelbine (free VRB) or liposomal vinorelbine (Ls VRB) in a
syngeneic C-26 murine colon carcinoma model.  10 



carcinoma cells with low (MCF-7) or high (MDA-MB468) expression ofEGF receptor. 

(See Example 36). 

[0035] Figure 17 shows blood pharmacokinetic attributes of the liposomally 

formulated 6-(3-aminopropyl)ellipticine (APE): blood pharmacokinetics of the liposome 

lipid (Panel A, open circles), the dlUg (Panel A, filled circles), and the dynamics of dlUg­

to-liposome lipid ratio (Panel B) after i.v. bolus administration of APE liposomes to a rat. 

(See Example 37). 

[0036] Figure 18 shows blood pharmacokinetic attributes ofvinorelbine formulated 

into liposomes (Ls-VRB), and anti-HER2 immunoliposomes (F5-ILs-VRB): blood 

pharmacokinetics of the liposome lipid (Panel A), the dlUg (Panel B), and the dynamics 

of dlUg-to-liposome lipid ratio (Panel C) after i.v. bolus administration ofvinorelbine 

liposomes to a rat. (See Example 43). 

100371 Figure 19 shows blood phannacokinetics of the liposOfl1e lipid after i. v. bolus 

administration ofvinorelbine-loaded liposomes to a rat. The liposomes are loaded using 

pre-entrapped triethylammonium dextransulfate (DS-TEA), ammonium dextransulfate 
I 

(DS-A), or ammonium sulfate (S-A). (See Example 44). 

[0038] Figure 20 shows the dynamics of dlUg-to-liposome lipid ratio in the blood of a 

rat in vivo following i.v. bolus administration of the liposomes loaded with vinorelbine 

using pre-entrapped triethylammonium dextransulfate (DS-TEA), ammonium 

dextransulfate (DS-A), or ammonium sulfate (S-A). (See Example 44). 

{00391 Figure 21 shows blood pharmacokinetics of the liposome lipid after i. v. bolus 

administration ofvinorelbine-Ioaded liposomes to a rat. The liposomes are loaded using 

pre-entrapped triethylammonium sucroseoctasulfate (TEA-SOS) and have the mean size 

'as indicated at the on-panel caption. (See Example 45). 

[00401 Figure 22 shows the dynamics of dmg-to-liposome lipid ratio in the blood of a 

rat in vivo following i.v. bolus administration ofvinorelbine-loaded liposomes. The 

liposomes are loaded using pre-entrapped tIiethylammonium sucrooctasulfate (TEA­

SOS) and have the mean size as indicated at the on-panel caption. (See Example 45). 

The dose of the drug per injection was as indicated on the on-panel caption. Error bars represent
standard deviation of the data. "Saline" designates the mice treated with drug-and liposotne-free
vehicle only. (See Example 52). [00491Figure 31 shows the dynamics of the average body weights
during the treatment of mice bearing syngeneic C-26 murine colon carcinoma tumors with various
doses of free vinorelbine (free VRB), liposomal vinorelhine (Es VRB), or with vehicle only (saline). The
dose of the drug per injection was as indicated on the on-panel caption. (See Example 52).
10050]Figure 32 shows antitumor efficacy of the free vinorelbine (Free drug) or say F5-conjugated,
anti-HER2 immunoliposomal vinorelbine prepared by a TEA-SOS method (F5-11-s-VRB TEA-SOS),
anti-HER2 immunoliposomal vinorelbine prepared y a TEA-Pn method (F5-ILs-VRB TEA-Pn) against
HER2-overexpressing human breast carcinoma (BT-474) xenografts in nude mice. "Saline control"
designates the mice treated with drug- and liposome-free vehicle only. (See Example 53).
100511Figure 33 shows the dynamics of the average body weights during the treatment of mice
bearing HER2-overexpressing human breast carcinoma (BT-474) xenografts with free vinorelbine,
scEv F5-conjugated, anti-HER2 immunoliposomal vinorelbine prepared using a TEA-SOS method,
anti-HER2 Unmunoliposornal vinorelbine prepared by a TEA-Pn method, or with vehicle only. For
explanation of the symbols, see the caption to Figure 32. (See also Example 53). 100521Figure 34
shows antitumor efficacy of the free vinorelbine (Free drug) or scEv F5-conjugated, anti-HER2
immunoliposornal vinorelbine prepared using various amounts of PEG-lipid against
HER2-overexpressing human breast carcinoma (BT-474) xenografts in nude mice. The earn- bars are
standard deviation of the data. "Vehicle control" designates the mice treated with drug- and
liposome-free vehicle only. (See Example 54). 100531Figure 35 shows antitumor efficacy of the free
vinorelbine (free NAV), liposomal vinorelbine (NAV Lip), or FC225Fab'-conjugated,
anti-EGERimmunoliposomal vinorelbine (C225-NAV Lip) against EGFR-overexpressing human
glioblastoma (U87) xenografts in nude mice. "Saline" designates the mice treated with drug- and
liposorne4ree vehicle only_ (See Example 55).  11 100541Figure 36 shows blood phannacokinetics of
the liposome lipid and the dynamics of the drug/I iposome lipid ratio in the blood of a rat after i.v. bolus
administration of doxorubicin formulated into liposomes using triethylammonium sulfate method. (See
Example 56). [00551Figure 37 shows antitumor efficacy of the liposomal doxorubiein (Ls-Dox), or scFv
F5-conjugated, anti-HER2 immunoliposomal doxorubicin (F5 ILs-Dox) prepared using various amounts
of PEG-lipid against HER2-overexpressing human breast carcinoma (BT-474) xenografts in nude
mice, The on-panel caption shows the amount of PEG-lipid expressed in mol.% of liposome
phospholipids. "Saline control" designates the mice treated with drug- and liposome-free vehicle only.
(See Example 57). 10056]Figure 38 shows blood phannacokinetics of liposomal vinblastine in a rat.
(See 
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(0041} Figure 23 shews blood pharmacokinetics of the liposome lipid in a rat after i.v. 

bolus administration ofvinorelbine formulated into liposomes (Ls-VRB) or anti-HER2 

immunoliposomes (FS-ILs-VRB) using TEA-SOS method. (See Example 46). 

(0042] Figure 24 shows the dynamics of drug-to-liposome lipid ratio in the blood of a 

rat in vivo following i.v. bolus administration ofvinorelbine fonnuJated into liposomes 

(Ls-VRB) or anti-HER2 immunoliposomes (F5-ILs-VRB) using TEA-SOS method. (See 

Example 46). 

[0043] Figure 25 shows the in vitro cytotoxicity of free vinorelbine (free VRB), 

liposomal vinorelbine (Ls-VRB), or HER2-targeted immunoliposomal vinorelbine (F5-

Ils-VRB) against HER2-overexpressing human breast cancer cells MDA-MB-453. (See 

Example 48). 

[0044} Figure 26 shows the in vitro cytotoxicity of free vinorelbine (free VRB), 

liposomal vinorelbine (Ls-VRB), or HER2-targeted immunoliposomal vinorelbine (F5-

Ils-VRB) against HER2-overexpressing CaLu-3 human non-small cell lung cancer cells. 

(See Example 49). 

[0045] Figure 27 shows the in vitro cytotoxicity of free vinorelbine (free VRB), 

liposomaJ vinorelbine (Ls VRBISOS-TEA), or HER2-targeted immunoliposomal 

vinorelbine (F5-ILs VRB/SOS-TEA) against HER2-overexpressing human breast cancer 

cells SKBr-3. (See Example 50). 

[0046} Figure 28 shows antitumor efficacy of the free vinorelbine (free VRB) or 

liposomal vinorelbine (Ls VRB) against HT-29 human coJon cancer xenografts in nude 

mice. "Saline" designates the mice treated with drug- and liposome-free vehicle only. 

Error bars represent standard deviation of the data .. (See Example 51). 

[0047) Figure 29 shows the dynamics of the average body weights during the 

treatment ofHT-29 tumor-bearing nude mice with free vinorelbine (free VRB), liposomal 

vinorelbine (Ls VRB), or vehicle only (saline). Error bars represent standard deviation of 

the data. (See Example 51). 

[00481 Figure 30 shows antitumor efficacy of the free vinorelbine (free VRB) or 

liposomal vinorelbine (Ls VRB) in a syngeneic C-26 murine colon carcinoma model. 

Example 58). [0057]Figure 39 shows the dynamics of the drug/liposome lipid ratio in the blood of a rat
after i.v. bolus administration of liposomal vinblastine. (See Example 58). [0058]Figure 40 shows the in
vitro cytotoxicity of free vincnstine (Free VCR), liposomal vincristine (Ls-VCR), or HER2-targeted
immunoliposomal vincristine (E5- 1Ls-VCR) against HER2-overexpressing human breast cancer cells
SKBr-3. (See Example 61). [0059]Figure 41 shows blood pharmacokinetics of the liposome lipid in a
rat after i.v. bolus administration of vincristine formulated into liposornes of different average size
(indicated on the on-panel caption). (See Example 62). 100601Figure 42 shows the dynamics of the
drugiliposome lipid ratio in the blood of a rat after i.v. bolus administration of vincristine formulated into
liposomes of different average size (indicated on the on-panel caption). (See Example 62).
100611Figure 43 shows antitumor efficacy of the free vineristine (free VCR), liposomal vincristine
prepared by triethylamrnonium citrate method (Ls-VCR Citrate), liposomal vincristine prepared by
triethylammonium sucrooctasulfate method (Ls-VCR SOS), or scFv F5-conjugated, anti-HER2
immunoliposomal vincristine prepared by niethylammoniurn sucrooctasulfate method (F5 ILs-VCR
SOS) against 1-IER2-  12 overexpressing human breast carcinoma (BT-474) xenografts in nude mice.
"Saline control" designates the mice treated with drug- and liposome-free vehicle only (See Example
64). [00621Figure 44 shows the dynamics of the average body weights during the treatment of mice
bearing HER2-overexpressing human breast carcinoma (BT-474) xenografts with free vincristine (free
VCR), liposomal vincnstine prepared by triethylammoniurn citrate method (Ls-VCR Citrate), liposomal
vincristine prepared by triethylammonium sucrooctasulfate method (Ls-VCR SOS), say F5-conjugated,
antiHER2 immunoliposornal vincristine prepared by triethylammonium sucrooctasulfate method (F5
ILs-VCR SOS), or with vehicle only (saline control). (See Example 64). [0063]Figure 45 shows
antitumor efficacy of the free vincristine (vincristine), liposomal vincristine (nt-vcr), or C225
Fab-conjugated, anti-EGFR immunoliposoinal vincristine (C225-vcr) against EGFRAII-overexpressing
human brain cancer (U87) xenografts in nude mice. "Saline" designates the mice treated with drug-
and liposomeree vehicle only. (See Example 65). 
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The dose of the drug per injection was as indicated on the on-panel caption. Error bars 

represent standard deviation of the data. "Saline" designates the mice treated with drug­

and liposome-free vehicle only. (See Example 52). 

{0049] Figure 31 shows the dynamics of the average body weights during the 

treatment of mice beating syngeneic C-26 murine colon carcinoma tumors with various 

doses of free vinorelbine (free VRB), liposomal vinorelbine (Ls VRB), or with vehicle 

only (saline). The dose of the drug per injection was as indicated on the on-panel caption. 

(See Example 52). 

[00501 Figure 32 shows antitumor efficacy of the free vinorelbine (Free drug) or scFv 

F5-conjugated, anti-HER2 immunoliposomal vinorelbine prepared by a TEA-SOS 

method (F5-ILs-VRB TEA-SOS), anti-HER2 immunoliposomal vinorelbine prepared ya 

TEA-Pn method (F5-ILs-VRB TEA-Pn) against HER2-overexpressing human breast 

carcinoma (BT-474) xenografts in nude mice. "Saline control" designates the mice 

treated with drug- and liposome-free vehicle only. (See Example 53). 

[0051] Figure 33 shows the dynamics of the average body weights during the 

treatment of mice bearing HER2-overex pressing human breast carcinoma (BT -47 4) 

xenografts with free vinorelbine, scFv F5-conjugated, anti-HER2 immunoliposomal 

vinorelbine prepared using a TEA-SOS method, anti-HER2 immunoliposomal 

vinorelbine prepared by a TEA-Pn method, or with vehicle only. For explanation of the 

symbols, see the caption to Figure 32. (See also Example 53). 

[0052} Figure 34 shows antitumor efficacy of the free vinorelbine (Free drug) or scFv 

F5-conjugated, anti-HER2 immunoliposomal vinorelbine prepared using various amounts 

of PEG-lipid against HER2-overexpressing human breast carcinoma (BT -4 74) xenografts 

in nude mice. The error bars are standard deviation of the data. "Vehicle control" 

designates the mice treated with drug- and liposome-free vehicle only. (See Example 54). 

[0053} Figure 35 shows antitumor efficacy of the free vinorelbine (free NA V), 

liposomal vinorelbine (NAV Lip), or FC225Fab'-conjugated, anti-EGFR­

immunoliposomal vinorelbine (C225-NA V Lip) against EGFR-overexpressing human 

glioblastoma (U87) xenografts in nude mice. "Saline" designates the mice treated with 

drug- and liposome.:.free vehicle only. (See Example 55). 

10064]Figure 46 shows blood phannacokinetics of CPT-1 1 and the dynamics of the percentage of
CPT-11 present in the active (lactone) form in the blood of a rat after iv. bolus administration of
liposornal CPT-II. (See Example 69). I0065IFigure 47 shows blood pharmacokinetics of CPT-I I and
the dynamics of the percentage of CPT-I I present in the active (lactone) form in the blood of a rat after
iv. bolus administration of CPT-11 solution (free CPT-11). (See Example 69). DESCRIPTION OF THE
PREFERRED EMBODIMENTS 100661The present invention relates in general to methods and
liposome compositions useful for delivery a variety of entities, especially therapeutics and imaging
agents. It is the discovery of the present invention that substituted ammonium and polyanion are useful
for loading and retaining the entities, e.g., compound, inside liposomes. Accordingly, the present
invention provides liposome compositions and kits containing substituted ammonium and/or polyanion
and methods of making these liposome compositions.  13 100671According to one feature of the
present invention, it provides a composition of liposomes containing within its inner space one or more
substituted ammonium compounds of a formula 1" R4- N - R2 R3 wherein each of RI, R2, R3, and R4
is independently a hydrogen or an organic group, and wherein at least one of RI, R2, R3, and R4 is an
organic group; such as, an alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or cycloalkenyl
group, a hydrox y-substituted derivative thereof; optionally including within its hydrocarbon chain a S,
0, or N atoms, e.g., forming an ether (including an acetal or ketal), ester, sulfide (thioether), amine, or
amide bond therein. If less than three of RI, R2, R3, and R4 are organic groups, then, according to the
invention, at least one, and preferably two, of the organic groups has a secondary or tertiary carbon
atoms (Le., carbon atoms having 2 or 3 carbon-carbon bonds, respectively) directly linked to the
ammonium nitrogen, i.e., the substituted ammonium is a sterically hindered ammonium. Generally, the
presence of titratable ammonium, such as unsubstituted ammonium ion (NH), as well as primary and
secondary straight chain alkylammonium ions in the inner space of the liposome of the present
invention is known to provide for enhanced encapsulation of weak amphiphilic bases, for example, via
a mechanism of "active", "remote", or "transmembrane gradient-driven" loading (Haran, et al., Biochim.
Biophys. Acta, 1993, v. 1152, p. 253-258; Maurer-Spurej, et al., Biochinz. Biophys. Ada, 1999, v. 1416,
p. 1-10). However these ammonia compounds possess hydrogen atoms that easily enter into
reactions of nucleophilic substitution, and otherwise react chemically with the liposome-entrapped
entities, and therefore are capable of impairing the chemical integrity of the entitites during or after the
liposome loading (entrapment) process. Thus, it is desirable for an entrapped substituted ammonium
compound to be more chemically inert, lacking chemical functions which are unstable or readily
reactive with the liposome components, that may include an encapsulated entity. Unexpectedly, we
discovered that liposome compositions comprising within their inner space a substituted tertiary and
quaternary ammonium that do not have a substitutable hydrogen, or a sterically hindered primary or
secondary ammonium, in which the access to an ammonium hydrogen atom is sterically hindered by a
neighbor bulky organic group, such as having one or two secondary or  14 tertiary carbon atoms linked
to the ammonium nitrogen, show not only outstanding entity-loading capacity, but also improved
stability of the liposome-entrapped entity, e.g., a drug, against premature release from the liposome in
the living body. 
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[0054] Figure 36 shows blood phannacokinetics ofthe liposome lipid and the 

dynamics of the drug/liposome lipid ratio in the blood of a rat after i.v. bolus 

administration of doxorubicin formulated into liposomes using triethylammonium sulfate 

method. (See Example 56). 

[00551 Figure 37 shows antitumor efficacy of the liposomal doxorubicin (Ls-Dox), or 

scFv F5-conjugated, anti-HER2 immunoliposomal doxorubicin (F5 ILs-Dox) prepared 

using various amounts of PEG-lipid against HER2-overexpressing human breast 

carcinoma (BT-474) xenografts in nude mice. The on-panel caption shows the amount of 

PEG-lipid expressed in moL% ofliposome phospholipids. "Saline control" designates the 

mice treated with drug- and liposome-free vehicle only. (See Example 57). 

[00561 Figure 38 shows blood phannacokinetics ofliposomal vinblastine in a rat. (See 

Example 58). 

[0057} Figure 39 shows the dynamics of the dmg/liposome lipid ratio in the blood of a 

rat after Lv. bolus administration ofliposomal vinblastine. (See Example 58). 

(0058] Figure 40 shows the in vitro cytotoxicity of free vincristine (Free VCR), 

liposomal vinclistine (Ls-VCR), or HER2-targeted immunoliposomal vincristine (F5-

ILs-VCR) against HER2-overexpressing human breast cancer cells SKBr-3. (See 

Example 61). 

[0059] Figure 41 shows blood phannacokinetics ofthe Iiposome lipid in a rat after i.v. 

bolus administration of vincristine fonnulated into liposomes of different average size 

(indicated on the on-panel caption). (See Example 62). 

[0060] Figure 42 shows the dynamics ofthe druglliposome lipid ratio in the blood of 

a rat after i.v. bolus administration of vincristine fonnulated into liposomes of different 

average size (indicated on the on-panel caption). (See Example 62). 

(0061] Figure 43 shows antitumor efficacy of the free vincristine (free VCR), 

liposomal vincristine prepared by triethylammonium citrate method (Ls-VCR Citrate), 

liposomal vincristine prepared by triethylammonium sucrooctasulfate method (Ls-VCR 

SOS), or scFv F5-conjugated, anti-HER2 immunoliposomal vincristine prepared by 

triethylammonium sucrooctasulfate method (F5 ILs-VCR SOS) against HER2-

[00681In one embodiment, the liposome-entrapped substituted ammonium compound is
pharmaceutically inert, that is, does not elicit an adverse physiological response when administered to
a living subject, e.g. a human or an animal, within an amount of the liposorne membrane material that
is sufficient to deliver an effective dose of the liposotne-entrapped entity. In another embodiment, the
substituted ammonium of the present invention has an acceptable level of toxicity to a subject. Usually
an acceptable level of toxicity means that the toxic dose, e.g., a maximum tolerated dose (MTD), or a
dose causing 50% lethality (LD50) of the substituted ammonium of the present invention is at least
twice, at least four times, at least eight times, or at least ten times higher than the toxic dose of a
liposome-entrapped entity, e.g., drug, loaded inside the liposomes of the present invention. For
example; triethylammonium sulfate has an acceptable level of toxicity according to the present
invention since its LD50 is about 40 times higher than the LD50 of doxorubicin, an anti-cancer drug.
The toxicity levels or physiological responses of substituted ammoniums, as well as of the entities of
interest, if not already known, can be readily established via routine techniques well known by persons
skilled in the biomedical art. See, for example, S.C. Gad. Drug Safety Evaluation, Wiley, New York,
2002. One method of quantifying the toxicity of free and/or liposomally formulated drug is described in
Example 16 herein. [00691In one preferred embodiment, the substituting organic groups among RI,
R>, R3, or R4 are of the size and physico-chemical properties sufficient to ensure that the substituted
ammonium forms in aqueous environment substantially a true (molecular) solution, but not micelles,
bilayers, or similar self-assembled structures. Therefore, the substituted ammonium of the present
invention preferably has little or substantially no distribution into the bilayer portion of liposomes,
therefore minimizing the risk of destabilization; solubilization, or permeabilization of the liposomes
entrapping the substituted ammonium. 100701The organic group of the substituted ammonium is
typically a hydrocarbon containing, inclusively, up to 8 carbon atoms, up to 6 carbon atoms, or up 10 4
carbon  15 atoms, and in totality, the substituting groups contain, inclusively, up to 18, up to 16, up to
12, or up to 9 carbon atoms. These substituting hydrocarbon groups include any combination of
interlinked primary, secondary, or tertiary carbon atoms, as well as cycloalkyl groups being linked at
their termini directly to the ammonium nitrogen to form a heterocycle, or to a carbon atom of an
ammonium hydrogen-substituting group. These substituted alkyl groups can also include heteroatorns,
e.g., oxygen, nitrogen, or sulfur in their carbon chains forming a functional group, e.g.., ether, acetal,
amine, or sulfide group, as well as forming a functional group, e.g., hydroxyl group, linked to the alkyl
carbon chain. Examples of the organic group of the present invention include, without any limitation,
alkyls, alkylidenes, heterocyclic alkyls, cycloalkyls, aryls, alkenyls, cycloalkenyls, or
hydroxy-substituted derivatives thereof, e.g., a hydroxy-substituted alkylidene forming a ring inclusive
of N in the substituted ammonium. 100711In another embodiment, the substituted ammonium is: a
heterocyclic ammonium, i.e. an ammonium wherein at least two of R1,122,1{3, or R4 form a ring; a
sterically hindered primary ammonium; or a sterically hindered secondary ammonium. In general, a
sterically hindered primary or secondary ammonium includes any substituted ammonium with one or
two of the RI, R2, R3, and R4 substituted with alkyl groups that sterically crowd the molecule, e.g., any
substituted ammonium with one or two of the R. R.', R3, and R4 substituted with one or two cycloalkyl
groups or alkyl groups having at least one secondary or tertiary alkyl carbon atom linked to the
nitrogen of the substituted ammonium. Examples of such heterocyclic, sterically hindered primary
ammoniurns, and sterically hindered secondary ammonium include, without any limitation,
isopropylethylammonium, isopropylmethylammonium, diisopropylammonium, tertbutylethylammonium,
dicychohexylammonium, protonized forms of mot-01in; pyridine, piperidine, pyrrolidine, piperazine,
tert-bulylamine, 2-amino-2-methylpropanol1, 2-amino-2-methyl-propandio1-1,3, and
tris-(hydroxyethyp-aminomethane. These substituted ammonium compounds are generally
commercially available in the form of various salts, or are readily prepared from their corresponding
amines by neutralization with acids. 100721In yet another embodiment, the substituted ammonium is a
tertiary or quaternary ammonium including, without any limitation, trimethylammonium,
triethylammonium, tributyiammonium, diethylmethylammonium,  16 diisopropylethylammonimn,
triisepropylarnmonium, N-methylmomholinium, Nhydroxyethylpiperidinium, N-methylpyrrolidinium, and
N, N'-dimethylpiperazinium, tetramethylammonium, tetraethylammonium, and tetrabutylammonium.
These substituted ammonium compounds are generally commercially available in the form of various
salts, or are readily prepared from their corresponding amines by neutralization with acids. 100731In
yet another embodiment, the substituted ammonium compound according to the invention is a
globallytationic compound, that is, under the conditions of the entity encapsulation, typically, in
aqueous solution at a pH between about pH 2 and about pH 8, bears net positive charge, e.g as a
result of ionization (protonation) of the introgen atom. 
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overexpressing human breast carcinoma (BT-474) xenografts in nude mice. "Saline 

control" designates the mice treated with drug- and liposome-free vehicle only. (See 

Example 64). 

(0062} Figure 44 shows the dynamics of the average body weights during the 

treatment of mice bearing HER2-overexpressing human breast carcinoma (BT-474) 

xenografts with free vincristine (free VCR), liposomal vincristine prepared by 

triethylammonium citrate method (Ls-VCR Citrate), liposomal vincristine prepared by 

triethylammonium sucrooctasulfate method (Ls-VCR SOS), scFv F5-conjugated, al1ti­

HER2 immunoliposomal vincristine prepared by triethylammonium sucrooctasulfate 

method (F5 ILs-VCR SOS), or with vehicle only (saline control). (See Example 64). 

(0063] Figure 45 shows antitumor efficacy ofthe free vincristine (vincristine), 

liposomal vincristine (nt-vcr), or C225 Fab'-conjugated, anti-EGFR immunoliposomal 

vincristine (C225-vcr) against EGFRvIII-overexpressing human brain cancer (U87) 

xenografts in nude mice. "Saline" designates the mice treated with drug- and liposome­

free vehicle only. (See Example 65). 

(0064] Figure 46 shows blood phannacokinetics of CPT-l 1 and the dynamics of the 

percentage of CPT-II present in the active (lactone) fonn in the blood of a rat after i. v. 

bolus administration ofliposomal CPT-I!. (See Example 69). 

[0065] Figure 47 shows blood phannacokinetics of CPT-II and the dynamics of the 

percentage of CPT-It present in the active (lactone) fonn in the blood of a rat after i.v. 

bolus administration of CPT-l 1 solution (free CPT-II). (See Example 69). 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(0066] The present invention relates in general to methods and liposome compositions 

useful for delivery a variety of entities, especially therapeutics and imaging agents. It is 

the discovery of the present invention that substituted ammonium and polyanion are 

useful for loading and retaining the entities, e.g., compound, inside liposomes. 

Accordingly, the present invention provides liposome compositions and kits containing 

substituted ammonium and/or polyanion and methods of making these liposome 

compositions. 

100741In yet another embodiment, the substituted primary, secondary, or tertiary ammonium
compound encapsulated into liposomes has a negative logarithm of the acidic (cleprotonation)
dissociation constant (pKa) of at least about 8.0, at least about 8.5, at least about 9.0, at least 9.5, or
at least about 10.0, as determined in a diluted aqueous solution at ambient temperature (typically 25
C). Parameter pKa is a well known characteristic of ammonium compounds that generally
characterizes the strength of their basic properties, and methods for pKa determination are
conventional and routine in the art. The pKa values for many amines and their protonated forms
(ammoniums) are tabulated in reference books of chemistry and pharmacology. See, for example,
IUPAC Handbook of Pharmaceutical Salts, ed. by P.H. Stahl and C.G Wermuth, Wiley-Val, 2002; CRC
Handbook of Chemistry and Physics, 82nd Edition, ed. by D.R.Lide, CRC Press, Florida, 2001, p. 8-44
to 8-56. Generally, higher pK.a characterizes stronger bases. Exemplary substituted ammonium
compounds, as well as unsubstituted ammonium (listed as their conjugated amine bases) have the
following pKa values: pyrrolidine,11.31; piperidine,11.12; diisopropylamine,11.05; diethylamine,10.93;
triethylamime,10.75; dimethylamine,10.73; tert-butylarninc,10.68, cyclohexylamine,10.66;
methylarnine,10.66; ethylamine,10.65; propylamine,10.54; Isopropylamine,10.53;
N-ethylpiperidine,10.45; dicyclohexylamine,10.4; N-methylpiperidine,10.38; diethylmethylamine,10.35;
dimethylpropylamine,10.15; trimethylamine, 9.8; pipc,Tazine, 9.73 (I) ,533 (II);
2-amino2-methylpropanol, 9.69; N,Nr-dimethylpiperazine, 9.66 (I),5.2 (II); diethyl-(2-
hydroxyethyl)amine, 9.58; ethanolamine, 9.5; N-hyrdoxyethylpyrrolidine, 9.44; diethanolamine, 9.28;
ammonia, 9.27; dimethyl-(2-hydroxyethyl)amine, 8.83; 2-amino-2- methylpropanedio1-1,3, 8.8;
morpholine, 8.5; tris-(hydroxymethyl)-aminoinethane, 8.3;  N-methylglucamine, 8.03; triethanolamine,
7.76; N-ethylrnorpholine, 7.67; Nhydroxyethylmorpholine, 7.39; imidazole, 7.03; pyridine, 513. As a
rule, substitution of alkyl or cycloalkyl group for a hydrogen in an ammonium compound increases pKa
value. Notably, multiple hydroxyl or ether functions in the substituting alkyl groups, or the presence of
aromaticity in a nitrogen-containing heterocyclic group reduce pKa value relative to similar substituted
ammonia without hydroxyl or ether functions. The compounds with more than one ammonium group
usually have pKa of the second and subsequent ammonium group much lower than of the first one.
We unexpectedly discovered that substituted ammonia with higher pKa values, that is, formed by more
strongly basic amines, were more effective than those formed from weaker amines in stabilizing the
drug inside iiposomes. For example, both II-IP and SOS salts of triethylammonium (pKa = 10.75) were
notably more effective than corresponding salts of triethanolammonium (pKa = 7.76) in stabilizing
irinotecan within the liposomes in vivo (Example 73). [0075]The substituted ammonium contained in
the liposome composition of the present invention can be in any suitable form, e.g., salt. Suitable salts
include pharmaceutically acceptable salts. See, for example, P.H.Stahl, C.G. Wennuth (eds),
Handbook ofPharmaceutical Salts, Wiley-VCH, Weinheim, 2002. In one embodiment, the substituted
ammonium is a salt containing one or more polyanions of the present invention. Optimally the
counter-ion (anion) in the substituted ammonium salt of the present invention renders the salt water
soluble, is pharmaceutically inert, capable of fanning precipitates or gels when in contact with a
therapeutic or detectable entity, and/or is less permeable through the liposome membrane than the
substituted ammonium or its non-dissociated amine form. In general, the substituted ammonium salt of
the present invention forms a true solution in the intraliposomal, e.g. aqueous, space, and does not
form a significant amount of a condensed phase such as micelle, bilayer, gel, or crystalline phase. The
relative amount of a substituted ammonium and a salt-forming anion, e.g., polyanion, is at or near the
point of stiochiometric equivalency, and typically has the pH on the range of 3-9, more often, pH 4-8,
dependent, for example, on the dissociation constant of the conjugated base of the substituted
ammonium ion. [00761In general, the substituted ammonium is contained inside, that is, in the inner
(interior) space of the Liposomes of the present invention. In one embodiment, the  Is substituted
ammonium is partially or substantially completely removed from the outer medium surrounding the
liposomes. Such removal can be accomplished by any suitable means known to one skilled in Me art,
e.g., dilution, ion exchange chromatography, size exclusion chromatography, dialysis, ultrafiltration,
precipitation, etc. 10077)According to another feature of the present invention, it provides a
composition of liposomes containing a polyanion. The polyanion of the present invention can be any
suitable chemical entity with more than one negatively charged groups resulting in net negative ionic
charge of more than two units within the liposome interior, e.g., aqueous, space. The polyanion of the
present invention can be a divalent anion, a trivalent anion, a polyvalent anion, a polymeric polyvalent
anion, a polyanionized polyol, or a polyanionized sugar. Sulfate, phosphate, pyrophosphate, tartrate,
succinate, maleate, borate, and citrate are, without limitation, the examples of such di- and trivalent
anions one preferred embodiment, the polyanion of the present invention is a polyanionic polymer,
having an organic (carbon) or inorganic backbone and a plurality of anionic functional groups, i.c
functional groups ionizable to a negative charge in a neutral aqueous solution, and integrated or
appended to the backbone. A polymer is a natural or synthetic compound, usually of high molecular
weight, consisting of repeated linked units, each a relatively light and simple molecule. Exemplary
polyaniortic polymers are polyphosphate, polyvinyisulfate, polyvinylsulfonate, anionize,d polyacrylic
polymers, anionized, e.g., polysulfonated polyamines, such as polysulfonated poly(ethylene imine);
polysulfated, polycarboxylated, or polyphosphorylated polysaccharides; acidic polyaminoacids;
polynucleotides; other polyphosphorylated, polysulfated, polysulfonated, polyborated, or
polycarboxylated polymers. Such polyvalent anions and polymers are well known in the art and many
are commercially available. A polymeric anion of the present invention is preferably a biodegradable
one, that is, capable of breaking down to non-toxic units within the living organism. Exemplary
biodegradable polymeric anion is polyphosphate. 100781In another preferred embodiment the
polyanion is a polyanionized polyol or a poiyanionized sugar. A polyol is an organic molecule having a
plurality of hydroxyl groups linked to, e.g., linear, branched, or cyclic, carbon backbone. Thus, a polyol
can be characterized in other terms as a polyhydroxylated compound. Preferably, a majority of carbon
atoms in a polyol are hydroxylated. Polyols (polyatomic alcohols) are molecules  19 
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[0067} According to one feature of the present invention, it provides a composition of 

liposomes containing within its inner space one or more substituted ammonium 

compounds of a fomlula 

(I) 

wherein each ofR I, R2, R}, and ~ is independently a hydrogen or an organic group, and 

wherein at least one ofR], R2, R j , and ~ is an organic group, such as, an alkyl, 

alkyJidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or cycloalkenyl group, a hydroxy­

substituted derivative thereof, optionally including within its hydrocarbon chain a S, 0, or 

N atoms, e.g., fonning an ether (including an acetal or ketal), ester, suI fide (thioether), 

amine, or amide bond therein. Ifless than three ofR!, R2, R3, and ~ are organic groups, 

then, according to the invention, at least one, and preferably two, of the organic groups 

has a secondary or tertiary carbon atoms (i.e., carbon atoms having 2 or 3 carbon-carbon 

bonds, respectively) directly linked to the ammonium nitrogen, i.e., the substituted 

ammonium is a sterically hindered ammonium. Generally, the presence oftitratable 

ammonium, such as unsubstituted ammonium ion (NH4 +), as well as primary and 

secondary straight chain alkylammonium ions in the inner space of the liposome of the 

present invention is known to provide for enhanced encapsulation of weak amphiphilic 

bases, for example, via a mechanism of "active", "remote", or "transmembrane gradient-

driven" loading (Haran, et al., Biochim. Biophys. Acta, 1993, v. 1 152, p. 253-258; 

Maurer-Spurej, et aI., Biochim. Biophys. Acta, 1999, v. 1416, p. 1-10). However these 

ammonia compounds possess hydrogen atoms that easily enter into reactions of 

nucleophilic substitution, and otherwise react chemically with the liposome-entrapped 

entities, and therefore are capable of impaillng the chemical integrity of the entitites 

during or after the liposome loading (entrapment) process. Thus, it is desirable for an 

entrapped substituted ammonium compound to be more chemically inert, lacking 

chemical functions which are unstable or readily reactive with the liposome components, 

that may include an encapsulated entity. Unexpectedly, we discovered that liposome 

compositions comprising within their inner space a substituted tertiary and quaternary 

ammonium that do not have a substitutable hydrogen, or a stell cally hindered primary or 

secondary ammonium, in which the access to an ammonium hydrogen atom is sterically 

hindered by a neighbor bulky organic group, such as having one or two secondary or 

well known in the art. Both straight chain (linear or branched) and cyclic polyols can be used.
Exemplary polyols of the present invention are, without limitation: ethyleneglycol; glycerol, treitol,
erythrirol, pentaery-thritol, mannitol, glucitol, sorbitol, sorbitan, xylitol, lactitol, maltitol, fructitol, and
inositol. A sugar usually comprises a cyclic acetal, a cyclic ketal, a ketone, or an aldehyde group, or an
adduct thereof, within a group of interlinked predominantly hydroxylated carbon atoms. Sugars are
often naturally occurring compounds. Hydrolysis of sugars in aqueous medium leads to units called
monosaccharides. Typically, in an aqueous solution a monosaccharide sugar molecule of five or six
carbon atoms forms a cyclic herniacetal, a ring structure. Preferably, sugars of the present inventions
are monosaccharides or disaccharides, that is, consist of one or two monosaccharidc units, each
having from three to seven, preferably from three to six carbon atoms. Exemplary sugars of the
present invention are, without limitation, monosacharide hexoses, such as glucose (dextrose),
galactose, mannose, fructose; monosaccharide pentoses, such as xylose, ribose, arabinose, and
clisaccharicies, such as lactose, trehalose, sucrose, maltose, and cellobiose. Compounds comprised
of several interlinked sugar units forming a ring (cyclodextrins) and their derivatives can be also used
Reduction of sugars is one method to obtain polyols. More stable "non-reducing" and
non-metabolizable disaccharides, such as sucrose or trehalose, are preferred. Various polyols,
monosaccharides, and disaccharides are commercially available. [00791A polyanionizeci polypi or
sugar is a polyol or a sugar having its hydroxyl groups completely or partially modified or replaced with
anionic groups (anionized). Thus, a polyanionized polyol or polyanionized sugar comprises a polyol
moiety or a sugar moiety along with anionic groups linked thereto. Exemplary anionic groups include"
without any limitation, carboxylate, carbonate, thiocarbonate, dithiocarbonate, phosphate,
phosphonate, sulfate, sulfonate, nitrate, and borate. It is preferred that at least one anionic group of a
polyanionized sugar or polyol is strongly anionic group, that is, is more than 50% ionized in the broad
range of pll, e.g. , pH 3-12, preferably, pH 2-12, when in the aqueous medium, or, alternatively, has a
log dissociation constant (pK,) of 3 or less; preferably of 2 or less. Polyanionization of a polyol or a
sugar can be achieved by a variety of chemical processes well known in the art. For example, reaction
of polyols and/or sugars with sulfur trioxide or chlorosulfonic acid in pyridine or 2-picoline results in
some or all hydroxyl groups esterified with sulfuric acid residues (sulfated), providing  20 for a
polysulfated sugar or polyol. Exemplary sulfated sugar of the present invention is sulfated sucrose
including, without limitation, sucrose hexasulfate, sucrose heptasulfate, and sucrose octasulfate (See
Ochi. K., et al., 1980, Chem. Phartn. Bull., v. 28, p. 638- 641). Similarly, reaction with phosphorus
ox.ychloride or diethylchlorophosphate in the presence of base catalyst results in polyphosphorylated
polyols or sugars. Polyphosphorylated polyols are also isolated from natural sources. For example,
inositol polyphosphates, such as inositol hexaphosphate (phytic acid) is isolated from corn. A variety of
sulfated, sulfonated, and phosphorylated sugars and polyols suitable to practice the present invention
are disclosed, e.g., in U.S. Pat. 5,783,568 and U.S. Pat 5,281,237, which are incorporated herein by
reference. It was unexpectedly discovered that polyanionised polyhydroxylated compounds with only
strong acid dissociation steps, e.g. the groups having pKa of less than about 3.0, preferably less than
about 2.0, such as, for example, sulfate monoesters. (pKa 1.0 or less), provide liposomal
encapsulation with better drug retention than polyanionized polyhydroxylated compounds having also
weakly acidic dissociation steps, such as phosphate monoesters (step I, pKa about 1.5; step 2, pKa
about 6.7; see Stahl and Wermuth, Op. cit., 2002). Example 73 below illustrates this discovery.
Cornplexation of polyols and/or sugars with more than one molecule of boric acid also results in a
polyanionized (polyborated) product. Reaction of polyols and/or sugars with carbon disulfide in the
presence of alkali results in polyanionized (polydithiocarbonated, polyxanthogenate) derivatives. A
polyanionized polyol or sugar derivative can be isolated in the form of a free acid and neutralized with
a suitable base, for example, with an alkali metal hydroxide, ammonium hydroxide, or preferably with a
substituted amine, e.g., amine corresponding to a substituted ammonium of the present invention, in a
neat form or in the form of a substituted ammonium hydroxide providing for a polyanionic salt of a
substituted ammonium of the present invention. Alternatively, a sodium, potassium, calcium, barium,
or magnesium salt of a polyanionized polyolisugar can be isolated and converted into a suitable form,
e.g., a substituted ammonium salt form, by any known method, for example, by ion exchange.
100801The polyanion of the present invention usually has a charge density of at least two, three, or
four negatively charged groups per unit, e.g., per carbon atom or ring in a carbon chain or per
monosaccharide unit in a sugar. The polyanionized sugar or cyclic polyol of the present invention
preferably has at least 75% of available hydroxyl groups  21 polyanionized, and more preferably 100%
of available hydroxyl groups polyanionized. In addition, polyanionization inside the liposomes of the
present invention is usually at a level that is compatible with or facilitates the delivery and release of
the entity entrapped inside the liposomes at the site of its intended action, but decreases the release of
the entrapped entity prematurely, La, before the liposome reaches its site of intended action.
100811According to the present invention, the degree of polyanionizat on inside the liposomes can be
used to regulate the release characteristics, e.g., release rate and kinetics of an entity entrapped
inside the liposomes. In general, the degree of polyanionization can be assessed based on the amount
of polyanionized sugar or polyol relative to the total amount of anion(s) or in the case of polyanion
being the only kind of anion, the percentage of polyanionization with respect to the total
polyanionization capacity of the polyanion, e.g., polyanionized sugar or polyol or a mixture thereof
inside the liposomes of the present invention. In one embodiment, polyanionized sugar or polyol is
mixed with one or more of other anions and the less the amount of polyanionized sugar or polyol over
the amount of other anion(s), the faster the entity is released from the liposornes. [00821Usually if an
entrapped entity is released from the liposomes at the site of its intended activity too slowly, the
desired entity release rate can be achieved by using a mixture of polyanionized sugar or polyol with
one or more other monovalent or polyvalent anions, e.g., chloride, sulfate, phosphate, etc.
Alternatively, one can use mixtures of polyanionized sugar or polyols with various degrees of
polyanionization In one embodiment, the degree of polyanionization inside the liposomes of the
present invention is between 0.1% to 99%, 10% to 90%, or 20% to 80% of the total anion(s) inside the
Liposomes, e.g., with an entrapped entity. 
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tertiary carbon atoms linked to the ammonium nitrogen, show not only outstanding entity­

loading capacity, but also improved stability of the liposome-entrapped entity, e.g., a 

drug, against premature release from the liposome in the living body. 

[0068} In one embodiment, the liposome-entrapped substituted ammonium compound 

is phannaceutically inert, that is, does not elicit an adverse physiological response when 

administered to a living subject, e.g. a human or an animal, within an amount of the 

liposome membrane material that is sufficient to deliver an effective dose of the 

liposome-entrapped entity. In another embodiment, the substituted ammonium of the 

present invention has an acceptable level of toxicity to a subject. Usually an acceptable 

level of toxicity means that the toxic dose, e.g., a maximum tolerated dose (MTD), or a 

dose causing 50% lethality (LDSO) of the substituted ammonium of the present invention 

is at least twice, at least four times, at least eight times, or at least ten times higher than 

the toxic dose of a liposome-entrapped entity, e.g., drug, loaded inside the liposomes of 

the present invention. For example, triethylammonium sulfate has an acceptable level of 

toxicity according to the present invention since its LDSO is about 40 times higher t~an 

the LD50 of doxorubicin, an anti-cancer drug. The toxicity levels or physiological 

responses of substituted ammoniums, as well as of the entities of interest, if not already 

known, can be readily established via routine techniques well known by persons skilled in 

the biomedical art. See, for example, S.C. Gad. Drug Safety Evaluation, Wiley, New 

York, 2002. One method of quantifying the toxicity of free and/or liposomally fonnulated 

drug is described in Example 16 herein. 

[00691 In one preferred embodiment, the substituting organic groups among Rl, R2, 

R3, or ~ are of the size and physico-chemical properties sufficient to ensure that the 

substituted ammonium fonns in aqueous environment substantially a true (molecular) 

solution, but not micelles, bilayers, or similar self-assembled structures. Therefore, the 

substituted ammonium of the present invention preferably has little or substantially no 

distribution into the bilayer portion ofliposomes, therefore minimizing the risk of 

destabilization, solubilization, or permeabilization of the liposomes entrapping the 

substituted ammonium. 

[00701 The organic group of the substituted ammonium is typically a hydrocarbon 

containing, inclusively, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 carbon 

[00831in general, the liposome composition of the present invention can contain one or more
polyanions of the present invention in any suitable form, e.g., in the form of an acid or a salt
comprising a polyanion and a cation. The amount of polyanion, e.g., polyanionizeci sugar or poiyol can
be stoichiornetrically equivalent to or different from the amount of the cation. In one embodiment, the
liposome composition of the present invention contains one or more polyanion salts of a cation,
wherein there is a cation concentration gradient or a p11 gradient present across the liposome
membrane. In another embodiment, the liposonie composition of the present invention contains one or
22 more substituted ammonium polyanion sans of the present invention. In yet another embodiment,
the liposome composition of the present invention contains the polyanion inside the liposomes while
the polyanion in the medium containing the liposomes is partially or substantially removed by any
suitable means known to one skilled in the art, e.g., dilution, ion exchange chromatography, size
exclusion chromatography, dialysis, ultrafiltration, absorption, precipitation, etc. In still another
embodiment, the liposome with entrapped polyanion, e.g., polyanionized polyol or polyanionized
sugar, has also a transmembrane gradient effective in retaining substances within the liposome.
Examples of such transmembrane gradients are pH gradient, electrochemical potential gradient,
ammonium ion gradient, substituted ammonium ion gradient, or solubility gradient. A substituted
ammonium gradient typically includes a substituted form of ammonium ion comprising at least one C-N
bond, such as, primary, quaternary, tertiary, or quaternary ammonium. Methods of creating
transmernbrane gradients are routine in the art of liposornes. 100841According to yet another feature
of the present invention, the liposome composition of the present invention contains one or more
substituted ammoniums and/or polyanions of the present invention and a chemical or biological entity,
e.g., therapeutics or detectable entity. For example, the entity contained in the liposotne composition
of the present invention can be a therapeutic agent, ink, dye, magnetic compound, fertilizer, lure,
biocatalyst, taste or odor modifying substance, bleach, or any entity that is detectable by any suitable
means known in the art, e.g., magnetic resonance imaging (Mm), optical imaging,
fluorescent/luminescent imaging, or nuclear imaging techniques. Conveniently, an entity contained in
or loadable to the Liposome composition of the present invention is a weakly basic and
membrane-permeable (lipophilic) entity, e.g., an amine-containing or nitrogen base entity. [00851In
one embodiment, the entity contained in the liposotne composition of the present invention is a
therapeutic agent. [00861In another embodiment, the entity contained in the liposome composition is
an anticancer entity. A partial listing of some of the commonly known commercially approved (or in
active development) antineoplastic agents by classification is as follows.  23 100871Structure-Based
Classes: Eluoropyrimidines-5-FU, Fluorodeoxyuridine, Ftorafur, 5'-deoxyfluorouridine, UFT, S-1
Capecitabine; myrimidine Nucleosides-- Deoxycytidine, Cytosine Arabinoside, 5-Azacytosine,
Gemcitabine, 5-AzacytosineArabinoside; . Purines-6-Mercaptopurine, Thioguanine, Azathioprine,
Allopurinol, Cladribine, Fludarabine, Pentostatin, 2-Chloro Adenosine; Platinum Analogues-- Cisplatin,
Carboplatin, Oxaliplatin, Tetrapiatin, Platinum-BACH, Ormaplatin, CI-973, JM-216;
Anthracyclines/Anthracenediones--Doxorubicin, Daunorubicin, Epirubicin, Idarubicin, Mitoxantrone;
Epipodophyllotoxins--Etoposide, Teniposide; Camptothecinslrinotecan, Topotecan, Lurtotecan,
Silatecan, 9-Amino Camptothecin, 10,11- Methylenedioxy Camptothecin, 9-Nitro Carnptothecin, TAS
103, 7-(4-methyl-piperazinomethylene)-10,11-ethylenedioxy-20(S)-camptothecin,
7-(2-N-isopropylamino)ethyl)- 20(S)-camptothecin; Hormones and Hormonal
Analogues-Diethylstilbestrol, Tamoxifen, Torernefine, Tolmuclex, Thymita.q, Flutamide, Bicalutarnide,
Finasteride, Estradiol, Trioxifene, Droloxifene, Medroxyproge.sterone Acetate, Nlegestcrol Acetate,
Aminoglutethimide, Testolactone and others; Enzymes, Proteins and Antibodies-- Asparaginase,
Interleukins, Interferons, Leuprolide, Pegaspargase, and others; Vinca Alkaloids--Vincristine,
Vinblastinc, Vinorelbine, Vindesinc; Taxanes-Paclitaxel, Docetaxel. 100881Mechanism-Based
Classes: Antihollonals-See classification for Hormones and Hotatonal Analogues, Anastrozole;
Antifolates-Methotrexate, Aminopterin, 
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atoms, and in totality, the substituting groups contain, inclusively, up to 18, up to 16, up 

to 12, or up to 9 carbon atoms. These substituting hydrocarbon groups include any 

combination of interlinked primary, secondary, or tertiary carbon atoms, as well as 

cycloalkyl groups being linked at their termini directly to the ammonium nitrogen to fonn 

a heterocycle, or to a carbon atom of an ammonium hydrogen-substituting group. These 

substituted alkyl groups can also include heteroatoms, e.g., oxygen, nitrogen, or sulfur in 

their carbon chains fonning a functional group, e.g., ether, acetal, amine, or sulfide group, 

as well as fonning a functional group, e.g., hydroxyl group, linked to the alkyl carbon 

chain. Examples of the organic group of the present invention include, without any 

limitation, alkyls, alkylidenes, heterocyclic alkyls, cycloalkyls, aryls, alkenyls, 

cycloalkenyls, or hydroxy-substituted derivatives thereof, e.g., a hydroxy-substituted 

alkylidene fonning a ring inclusive ofN in the substituted ammonium. 

(0071) In another embodiment, the substituted ammonium is: a heterocyclic 

ammonium, i.e. an ammonium wherein at least two ofR I , R2, R}, or ~ fonn a ring; a 

sterically hindered primary ammonium; or a sterically hindered secondary ammonium. In 

general, a sterically hindered primary or secondary ammonium includes any substituted 

ammonium with one or two of the RI, R2, R}, and ~ substituted with alkyl groups that 

sterical1y crowd the molecule, e.g., any substituted ammonium with one or two of the R I , 

R2, R}, and ~ substituted with one or two cycloalkyl groups or alkyl groups having at 

least one secondary or tertiary alkyl carbon atom linked to the nitrogen of the substituted 

ammonium. Examples of such heterocyclic, sterically hindered primary ammoniums, and 

sterically hindered secondary ammonium include, without any limitation, 

isopropylethylammonium, isopropylmethylammonium, diisopropylammonium, tert­

butylethylammonium, dicychohexylammonium, protonized f0TI11s of morpholine, 

pyridine, piperidine, pyrrolidine, piperazine, tert-bulylamine, 2-amino-2-methylpropanol-

1, 2-amino-2-methyl-propandiol-l ,3, and tris-(hydroxyethyl)-aminomethane. These 

substituted ammonium compounds are generally commercially available in the form of 

various salts, or are readily prepared from their corresponding amines by neutralization 

with acids. 

[0072] In yet another embodiment, the substituted ammonium is a tertiary or 

quaternary ammonium including, without any limitation, trimethylammonium, 

triethylammonium, tributylammonium, diethylmethylammonium, 

Trimetrexate, Trimethoprim, Pyritrexim, Pyrimethamine, Edatrexate, MDAM; Antimicrotubule
Agents-Taxanes and Vinca Alkaloids; Alkylating Agents (Classical and Non-Classical)--Nitrogen
Mustards (Mechlorethamine, Chlorambucil, Melphalan, Uracil Mustard), Oxazaphosphorines
(Ifosfamide, Cyclophosphamicie, Perfosfarnide, Trophospharnide), Alkylsulfonates (Busulfan),
Nitrosoureas (Carrnustine, Lomustine, Streptozocin), Thiotepa, Dacarbazine and others;
Antimetabolites-Purines, pyrimidines and nucleosides, listed above;
Antibiotics-Anthracyclines/Anthracenediones, Bleomycin, Dactinomycin, Mitomycin, Plicarnycin,
Pentostatin, Streptozocin; topoisomerase Inhibitors-Camptotheeins (Tope 1), Epipodophyllotoxins,
m-AMSA, Ellipticines (Topo 11); Antivirals-AZT, Zalcitabine, Gemeitabine, Didanosine, and others;
Miscellaneous Cytotoxic Agents-Hydroxyurea, Mitotane, Fusion Toxins, PZA, Bryostatin, Retinuids,
Butyric Acid and derivatives, Pentosan, Fumagillin, and others.  24 100891In addition to the above, an
anticancer entity include without any limitation, any topoisomerase inhibitor, vinca alkaloid, e.g.,
vincristine, vinblastine, vinorelbine, vinflunine, and vinpocetine, micrombule depolymerizing or
destabilizing agent, raicrotubule stabilizing agent, e.g., taxane, arninoalkyl or aminoacyl analog of
paclitaxel or docetaxel, e.g., 2'-[3-(N,N-Diethylarnino)propionyllpaclitaxel,
7-(N,NDirnetitylglycyl)paclitaxel, and 7-L-alanylpaclitaxel, alkylating agent, receptor-binding agent,
tyrosine kinase inhibitor, phosphatase inhibitor, cycline dependent kinase inhibitor, enzyrne inhibitor,
aurora kinase inhibitor, nucleotide, polynicleotide, arid farnesyltransferase inhibitor. [00901In another
embodiment, the entity contained in the liposome composition of the present invention is a therapeutic
agent of anthracycline compounds or derivatives, camptothecine compounds or derivatives, ellipticine
compounds or derivatives, vinca alkaloinds or derivatives, wortmannin, its analogs and derivatives, or
pyrazolopyrimidine compounds with the aurora kinase inhibiting properties. 100911In yet another
embodiment, the entity contained in the liposorne composition of the present invention is an
anthracycline drug, doxorubicin, daunorubicin, mitomycin C, epirubicin, pirarubicin, rubidoinycin,
carcinomycin. N-acetyladriamycin, rubidazone, 5- imidodaunomycin, N-acetylclaunomycine,
daunoryline, mitoxanthrone; a camptothecin compound, camptothecin, 9-aminocamptothecin,
7-ethylcamptothecin, 10- hvdroxycamptothecin, 9-nitrocamptothecin,
10,11-methylenedioxycamptothecin, 9- ami no-10,11-methyl enedioxycamptothecin, 9-chloro-10,11-
methylenedioxycatnptothecin, irinotecan, topotecan, lurtotecan, silatecan, (744-
methylpiperazinomethylene)-10,1 1 -ethylenedioxy-20(S)-camptothecin, 744-
methylpiperazinomethylene)-10,11-methylenedioxy-20(S)-camptothecin,
7-(2-Nisopropylamino)ethyl)-(203)-camptothecin; an ellipticine compound, ellipticine, 6-3-
aminopropyl-ellipticine, 2-diethylaminoethyl-ellipticiniurn and salts thereof, datelliptium, retelliptine.
100921In yet another embodiment, the entity contained in the liposorne of the present invention is a
pharmaceutical entity including, without. limitaion any of the following: antihistamine ethylenediamine
derivatives (bromphenifamine, diphenhydraminc); Anti-protozoal: quinolones (iodoquinol); ainidines
(pentamidine); antihelmintics (pyrantel);  25 anti-schistosomal drugs (oxammiquine); antifungal triazole
derivatives (fliconazole, itraconazole, ketoconazole, rniconazole); antimicrobial cephalosporins
(cefazolin, cefonicid, cefotaxime, ceftazimide, eefuoxime); antimicrobial beta-lactam derivatives
(aztreoparn, cefrnetazole, cefoxitin); antimicrobials of erythromyeine group (erythromycin,
azithromyein, clarithromycin, oleandomyein); penicillins (benzylpenicilhin, phenoxymethylpenicillin,
cloxacillin, methicillin, nafcillin, oxacillin, carbenicillin); tetracyclines; other antimicrobial antibiotics,
novobiocin, spectinomycin, vancomycin; antimycobacterial drugs: aminosalicycic acid, capreomycin,
ethambutol, isoniazid, pyrazinamide, rifabutin, iifampin, clofazime; antiviral adamantanes: amantadine,
rirnantadine; quinidine derivatives: chloroquine, hydroxychloroquine, promaquine, qiononc;
antimicrobial qionolones: eiprofloxacin, enoxacin, lomefloxacin, nalidixic acid, norfloxacin, ofloxacin;
sulfonamides; urinary tract antimicrobials: methenamine, nitrofurantoin, trimetoprim; nitroimidazoles:
metronidazole; cholinergic quaternary ammonium compounds (ambethinium, neostigmine,
physostigmine); anti-Alzheimer aminoacridines (tacrinc); anti-Parkinsonal drugs (benztropine,
biperiden, procyclidine, trihexylhenidyl); anti-muscarinic agents (atropine, hyoscyamine, scopolamine,
propantheline); adrenergic dopamines (albuterol, dobutamine, ephedrine, epinephrine, norepinephrine,
isoproterenol, metaproperenol, salmetrol, terbutaline); ergotaminc derivatives; myorelaxants or curane
series; central action myorelaxants; baclophen, cyclobenzepinc, dentrolene; nicotine;
beta-aclrenoblockers (acebutil, amiodarone); benzodiazepines (ditiazem); antiarrhythmic drugs
(cliisopyramide, encaidine, local anesthetic series--procaine, procainamide, lidocaine, flecaimide),
quinidine; ACE inhibitors: captoprii, enelaprilat, fosinoprol, q-uinapril, ramipril; antilipidemics:
fluvastatin, gemfibrosil, HMG-coA inhibitors (pravastatin); hypotensive drugs: clonidine, guanabenz,
prazocin, guanethidine, granadril, hydralazine; and non-coronary vasodilators: dipyridamole.
[0093]According to the present invention, the entity contained in the liposome 
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diisopropylethylammonium, triisopropylammonium, N-methylmorpholinium, N­

hydroxyethylpiperidinium, N-methyl pyrrolidinium, and N, N' -dimethylpiperazinium, 

tetramethylammonium, tetraethylammonium, and tetrabutylammonium. These substituted 

ammonium compounds are generally commercially available in the form of various salts, 

or are readily prepared from their corresponding amines by neutralization with acids. 

10073] In yet another embodiment, the substituted ammonium compound according to 

the invention is a globallycationic compound, that is, under the conditions of the entity 

encapsulation, typically, in aqueous solution at a pH between about pH 2 and about pH 8, 

bears net positive charge, e.g. as a result of ionization (protonation) of the .nitrogen atom. 

(0074] In yet another embodiment, the substituted primary, secondary, or tertiary 

ammonium compound encapsulated into liposomes has a negative logarithm of the acidic 

(deprotonation) dissociation constant (pKa) of at least about 8.0, at least about 8.5, at least 

about 9.0, at least 9.5, or at least about 10.0, as detennined in a diluted aqueous solution 

at ambient temperature (typically 25 QC). Parameter pKa is a well known characteristic of 

ammonium compounds that generally characterizes the strength of their basic propeliies, 

and methods for pKa determination are conventional and routine in the art. The pKa 

values for many amines and their protonated fonns (ammoniums) are tabulated in 

reference books of chemistry and phannacology. See, for example, IUP AC Handbook of 

Phannaceutical Salts, ed. by P.H. Stahl and e.G Wermuth, Wiley-VCH, 2002; CRC 

Handbook of Chemistry and Physics, 82nd Edition, ed. by D.R.Lide, CRe Press, Florida, 

200 I, p. 8-44 to 8-56. Generally, higher pKa characterizes stronger bases. Exemplary 

substituted ammonium compounds, as well as unsubstituted ammonium (listed as their 

conjugated amine bases) have the following pKa values: pyrroIidine, 11.31; 

piperidine, 1 1.12; diisopropylamine, I 1.05; diethylamine,10.93; triethylamime, 10.75; 

dimethylamine, I 0.73; tert-butylamine, 10.68; cyclohexylamine, 1 0.66; methylamine, 1 0.66; 

ethylamine,l 0.65; propylamine, 10.54; Isopropylamine, 10.53; N-ethylpiperidine, 10.45; 

dicyclohexylamine, 1 0.4; N-methylpiperidine, 1 0.38; diethylmethylamine,l 0.35; 

dimethylpropylamine,10.15; trimethylamine, 9.8; piperazine, 9.73 (1) ,5.33 (II); 2-amino-

2-methylpropanol, 9.69; N,N'-dimethylpiperazine, 9.66 (1),5.2 (II); diethyl-(2-

hydroxyethyl)amine, 9.58; ethanolamine, 9.5; N-hyrdoxyethylpyrrolidine, 9.44; 

diethanolamine, 9.28; ammonia, 9.27; dimethyl-(2-hydroxyethyl)amine, 8.83; 2-amino-2-

methylpropanediol-l ,3, 8.8; morpholine, 8.5; tris-(hydroxymethyl)-aminomethane, 8.3; 

composition of the present invention can also be a pre-entity, e.g., a pro-drug or an agent that is
capable of being converted to a desired entity upon one or more conversion steps under a condition
such as a change in pH or an enzymatic cleavage of a labile bond. Such conversion may occur after
the release of the pro-drug from the liposorne interior at the intended site of the drug/liposome action.
However, the pre-entity can be converted into  26 the desired active entity inside the liposomes of the
present invention prior to the use of the liposomes as a delivery vehicle, e.g., administration to a
patient For example, an entity can be modified into a pre-entity so that it is easier to be loaded into the
liposomes and then it can be converted back into the desired entity once it is inside the liposomes of
the present invention. In this manner, according to the present invention, the entities that. are generally
not amenable to "active", "remote" or other gradient-based loading methods, can be effectively loaded
into liposomes, e.g., into the liposome interior space, in their native, unmodified form. 100941Globally
cationic compounds, that is, compounds capable of attaining a net positive ionic charge under the
liposorrte loading conditions, especially the compounds containing a titratable amine, are known to
effectively load into liposomes exhibiting transrnembrane ion gradients. If an entity of interest is an
organic compound and is not not a globally cationic compound having a titratable amine, a derivative
thereof having the requisite ionic properties can be prepared by a suitable modification, e.g., according
to the methods described in Woodle et al., in WO 96/25147. For example, an amine group can be
introduced by esterification of a hydroxyl group of the entity with an amino acid. Alternatively, a
hydrophobic group can be introduced into a water-soluble compound to aid in its partition into the
liposorne membrane and subsequent traversing of the membrane to the intratiposomal compartment,
i.e., inside the liposomes. Another useful modification to create a liposome-loaciable pre-entity is the
formation of a carbonyl group adduct, e.g., a hydrazone, an oxime, an acetal, or a ketal. A modified
amino-containing group can be hydrolyzed or otherwise chemically split from the modified compound
after the loading of the modified compound into the iiposomes according to the present invention.
Typical processes to intratiposomally regenerate the entity from a pre-entity are hydrolysis, photolysis,
radiolysis, thiolysis, ammonolysis, reduction, substitution, oxidation, or elimination. These processes
can be effected, without limitation, by the change of pH or by an enzymatic action. For example,
paclitaxel or docetaxel, a non-ionic entities, are converted into their 21-(diethylaminopropiony1)- or
T(diethylaminopropionyl) esters, which are weak bases (pre-entities). After loading into the liposomes
by any known method, including, without limitation, "active", "remote",
,`transmembrane-gradient-based" or "solubility gradient based" methods, and/or the methods of the
present invention, the intraliposomal 2'-(diethylaminopropiony1)-  27 paclitaxel is converted into
original paclitaxel by stimulating its hydrolysis through the increase of pI-1 to above pFl 7.0. Thus, a
liposome encapsulating a neutral taxane molecule within its interior space is obtained with the
drug/lipid ratio of over 0.05 mole per mole of the liposome lipid, without the help of hydrophilic covalent
modifications of the taxant molecule (e.g. by attachment of PEG), eyclodexttine taxane compexes, or
taxanesolubilizing, micelle-forming surfactants. 10095)According to the present invention, the
liposomes contained in the liposome composition of the present invention can be any liposome known
or later discovered in the art. In general, the liposomes of the present invention can have any liposome
structure, e.g., structures having an inner space sequestered from the outer medium by one or more
lipid bilayers, or any microcapsule that has a semi-permeable membrane with a lipophilic central part
where the membrane sequesters an interior. A lipid bilayer can be any arrangement of amphiphilic
molecules characterized by a hydrophilic part (hydrophilic moiety) and a hydrophobic part
(hydrophobic moiety). Usually amphiphilie molecules in a bilayer are arranged into two dimensional
sheets in which hydrophobic moieties are oriented inward the sheet while hydrophilic moieties are
oriented outward. Amphiphilic molecules forming the liposomes of the present invention can be any
known or later discovered amphiphilic molecules,lipids of synthetic or natural origin or biocompatible
lipids. Liposomes of the present invention can also be formed by amphiphilic polymers and
surfactants, e.g., polymerosomes and niosomes. For the purpose of this disclosure, without limitation,
these liposome-forming materials also are referred to as "lipids". 10096]According to the present
invention, the liposornes contained in the liposome composition of the present invention can also be
targeting liposomes, e.g., liposomes containing one or more targeting moieties or bioclistribution
modifiers on the surface of the liposomes. A targeting moiety can be any agent that is capable of
specifically binding or interacting with a desired target. In one embodiment, a targeting moiety is a
ligand. The ligand, according to the present invention, preferentially binds to and/or internalizes into, a
cell in which the liposome-entrapped entity exerts its desired effect (a target cell). A ligand is usually a
member of a binding pair where the second member is present on or in a target cells or in a tissue
comprising the target cell. Examples of ligands suitable for the present invention are: the folic acid,
protein, e.g., transferrin, growth factor, enzyme,  28 peptide, receptor, antibody or antibody fragment,
such as Fab', Fv, single chain Fv, single-domain antibody, or any other polypepticle comprising
antigen-binding sequences (CDRs) of an antibody molecule. A ligand-targeted liposome wherein a
targeting moiety is an antibody or a target antigen-binding fragment thereof is called an
immunoliposorne. In a prefen-ed embodiment, the liposome carrying a targeting moiety, e.g., a ligancl,
is internalized by a target cell. In yet another embodiment, a targeting moiety is a ligand that
specifically interacts with a tyrosine kinase receptor such as, for example, EGFR, HER2, HER3,
HERA-, PD-GFR, VEGFR, bFGFRor IGFR receptors. In still another embodiment, the targeting moiety
specifically interacts with a growth factor receptor, an angiogenic factor receptor, a transferrin receptor,
a cell adhesion molecule, or a vitamin receptor. 100971According to another embodiment of the
present invention, the liposornes 
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N-methylglucamine, 8.03; triethanolamine, 7.76; N-ethylmorpholine, 7.67; N­

hydroxyethylmorpholine, 7.39; imidazole, 7.03; pyridine, 5.23. As a rule, substitution of 

alkyl or cycloalkyl group for a hydrogen in an ammonium compound increases pKa 

value. Notably, multiple hydroxyl or ether functions in the substituting alkyl groups, or 

the presence of aromaticity in a nitrogen-containing heterocyclic group reduce pKa value 

relative to similar substituted ammonia without hydroxyl or ether functions. The 

compounds with more than one ammonium group usually have pKa of the second and 

subsequent ammonium group much lower than of the first one. We unexpectedly 

discovered that substituted ammonia with higher pKa values, that is, formed by more 

strongly basic amines, were more effective than those formed from weaker amines in 

stabilizing the drug inside liposomes. For example, both IHP and SOS salts of 

triethylammonium (pKa = 10.75) were notably more effective than corresponding salts 

of tri ethanol ammonium (pKa = 7.76) in stabilizing irinotecan within the liposomes in 

vivo (Example 73). 

[0075} The substituted ammonium contained in the liposome composition ofthe 

present invention can be in an!, suitable form, e.g., salt. Suitable salts include 

phannaceutical1y acceptable salts. See, for example, P.H.Stahl, CO. Wemmth (eds), 

Handbook of Pharmaceutical Salts, Wiley-VCH, Weinheim, 2002. In one embodiment, 

the substituted ammonium is a salt containing one or more polyanions of the present 

invention. Optimally the counter-ion (anion) in the substituted ammonium salt of the 

present invention renders the salt water soluble, is pharmaceutically inert, capable of 

forming precipitates or gels when in contact with a therapeutic or detectable entity, and/or 

is less pemleable through the liposome membrane than the substituted ammonium or its 

non-dissociated amine fonn. In general, the substituted ammonium salt of the present 

invention forms a true solution in the intraliposomal, e.g. aqueous, space, and does not 

form a significant amount of a condensed phase such as micelle, bilayer, gel, or 

crystalline phase. The relative amount of a substituted ammonium and a salt-fonning 

anion, e.g., polyanion, is at or near the point of stiochiometric equivalency, and typically 

has the pH on the range of 3-9, more often, pH 4-8, dependent, for example, on the 

dissociation constant of the conjugated base of the substituted ammonium ion. 

[0076] In general, the substituted ammonium is contained inside, that is, in the inner 

(interior) space of the liposomes of the present invention. In one embodiment, the 

contained in the liposome composition exhibit a transmembrane concentration gradient of a
substituted ammonium and/or polyanion of the present invention. Preferably, the higher concentration
is in the interior (inner) space of the liposomes. In addition, the liposome composition of the present
invention can include one or more trans-membrane gradients in addition to the gradient created by the
substituted ammonium and/or polyanion of the present invention. For example, the liposomes
contained in the liposome composition of the present invention can additionally include a
transmernbrane pH gradient, ion gradient, electrochemical potential gradient, and/or solubility gradient.
100981According to yet another embodiment of the present invention, the liposome composition of the
present invention can be provided in a kit comprising a container with the liposomes, and optionally, a
container with the entity and an instruction, e.g., procedures or information related to using the
liposome composition in one or more applications. Such instruction can be provided via any medium,
e.g., hard paper copy, electronic medium, or access to a database or website containing the
instruction. 100991The liposome membrane composition of the present invention can be made by any
suitable method known to or later discovered by one skilled in the art. In general, a variety of lipid
components can be used to make the liposomes of the present invention. Lipid components usually
include, but are not limited to (I) uncharged lipid components, e.g., cholesterol, cerarnide,
diacylglycerol, acyl(poly ethers) or alkylpoly(ethers); (2)  29 neutral phospholipids, e.g.,
diacylphosphatidylcholines, sphingomyelins, and diacylphosphatidylethanolamines, (3) anionic lipids,
e.g., diacylphosphatidylserine, diacylphosphatidylglyeerol, diacylphosphatidate, cardiolipin,
diacylphosphatidylinositol, diacylglycerolhemisuccinate, diaelyglycerolhemigiuratate,
cholesterylhemisuecinate, cholesterylhemiglutarate, and the like; (4) polymer-conjugated lipids, e.g..
N4rnethoxy(poly(ethylene glycol)diacylphosphatidylethanolamine, poly(ethylene glyeol)- diacylglyeerol,
poly(ethylene glycol)-ceramide; and (5) cationic lipids, e.g., 1,2,-diacy1-
3-trimethylamrnonium-propane (DOTAP), dimethyldioctadecylammonium bromide (DDAB), and
1,2-cliacyl-sn-glycero-3-ethylphosphocholine. Monoacyl- substituted derivatives of these lipids, as well
as di- and inonoalkYl-analogs can be also employed. 101001Various lipid components can be
selected to fulfill, modify Or impart one or more desired {Unctions. For example, phospholipid can be
used as principal vesicle-forming lipid. Inclusion of cholesterol is useful for maintaining membrane
rigidity and decreasing drug leakage. Polymer-conjugated lipids can be used in the liposomal
formulation to increase the lifetime of circulation via reducing liposome clearance by liver and spleen,
or to improve the stability of liposomes against aggregation during storage, in the absence of
circulation extending effect. While inclusion of PEG-lipids in the amount I inol% or above of the
liposome lipid is asserted to have a several-fold prolongation of the liposome blood circulation time
(see, e.g., U.S. Pat. 5,013,556), we have surprisingly discovered that liposomes of the present
invention are quite long-circulating, and the addition of PEG-lipid to the liposome composition only
extended the circulation longevity for less than two-fold, if at all. In addition, charge-modulating
(titratable) lipids can be used to help delivery of liposome encapsulated entities to cylosolic or nuclear
targets via facilitating some classes of entities escaping the confines of endosomal pathway. [0101]In
one embodiment, the liposomes of the present invention include cholesterol, and an amphipathic
polymer. The lecithin included in the liposomes of the present invention can he a natural lecithin, a
hydrogenated natural lecithin, a synthetic lecithin, I,2-distearoyl-lecithin, dipalmitoyl lecithin, dimyristoyl
lecithin, dioleoly1 lecithin, 1-stearoy1-2-oleoyl lecithin, or 1-patmitoy1-2-oleoyl lecithin whereas the
amphipathic polymer can be a polyethylene glycol-lipid derivative, e.g., polyethylene glycol
phosphatidylethanolamine, polyethylene glycol-diacylglyeerol, or  30 polyethyleneglycol-ceramide
derivative, where the poly(ethylene glycol) portion has molecular weight from about 250 to about
20,000, most commonly from about 500 to about 5,000. In another embodiment, the lecithin and
cholesterol ratio in the liposornes of the present invention is about 3:2 by mole. In yet another
embodiment, the amplaipathic polymer is at least 0.1 mole% of the liposome-forming lipid in the
liposomes of the present invention. In yet another embodiment, the amount of an amphipathic polymer
is between 0.1 mole% and I mole% of the liposome-forming lipid in the liposomes of the present
invention. Preferably, the amphipathic polymer is a neutral polymer, i.e. possesses under the drug
loading conditions the net ionic charge of zero, for example, PEGdiacylglycerol, PEG-dialkylglycerol,
or PEG-ceramide. It was unexpectedly discovered that inclusion of ionically neutral amphipathic lipids
up to PEG-lipid content of about 5.7 mol.% of total lipid afford high efficiency liposome loading of, e.g.,
vinca alkaloids, such as vinorelbine, while in the case of anionically charged PEG-DSPE the loading
efficiency noticeably declined at the PEG-lipid content of 1.6 mei.% or more (Example 72). l01021In
still another embodiment, the liposomes of the present invention contain a camptothecin derivative,
e.g., a camptothecin prodru2 such as irinotecan and is comprised of lecithin and cholesterol, e.g., at a
ratio of about 3:2 by mole, and an amphipathic polymer, e.g., at an amount of at least 0.1 mole % or
less than 1% of the liposomeforming lipid. 101031Liposomes of the present invention can be made by
any method that is known 
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substituted ammonium is partially or substantially completely removed from the outer 

medium surrounding the liposomes. Such removal can be accomplished by any suitable 

means known to one skilled in the art, e.g., dilution, ion exchange chromatography, size 

exclusion chromatography, dialysis, ultrafiltration, precipitation, etc. 

[0077] According to another feature of the present invention, it provides a composition 

of liposomes containing a polyanion. The polyanion of the present invention can be any 

suitable chemical entity with more than one negatively charged groups resulting in net 

negative ionic charge of more than two units within the liposome interior, e.g., aqueous, 

space. The polyanion of the present invention can be a divalent anion, a trivalent anion, a 

polyvalent anion, a polymeric polyvalent anion, a polyanionized polyol, or a 

polyanionized sugar. Sulfate, phosphate, pyrophosphate, tartrate, succinate, maleate, 

borate, and citrate are, without limitation, the examples of such di- and trivalent anions. In 

one preferred embodiment, the polyanion of the present invention is a polyanionic 

polymer, having an organic (carbon) or inorganic backbone, and a plurality of anionic 

functional groups, i.e functional groups ionizable to a negative charge in a neutral 

aqueous solution, and integrated or appended to the backbone. A polymer is a natural or 

synthetic compound, usually of high molecular weight, consisting of repeated linked 

units, each a relatively light and simple molecule. Exemplary polyanionic polymers are 

polyphosphate, polyvinylsulfate, polyvinylsulfonate, anionized polyacrylic polymers, 

anionized, e.g., polysulfonated polyamines, such as polysulfonated poly(ethylene imine); 

polysulfated, polycarboxylated, or polyphosphorylated polysaccharides; acidic 

polyaminoacids; polynucleotides; other polyphosphorylated, polysulfated, 

polysulfonated, polyborated, or polycarboxyJated polymers. Such polyvalent anions and 

polymers are well known in the art and many are commercially available. A polymeric 

anion of the present invention is preferably a biodegradable one, that is, capable of 

breaking down to non-toxic units within the living organism. Exemplary biodegradable 

polymeric anion is polyphosphate. 

[00781 In another preferred embodiment, the polyanion is a polyanionized polyol or a 

polyanionized sugar. A polyol is an organic molecule having a plurality of hydroxyl 

groups linked to, e.g., linear, branched, or cyclic, carbon backbone. Thus, a polyol can be 

characterized in other tenns as a polyhydroxylated compound. Preferably, a majority of 

carbon atoms in a polyol are hydroxylated. Polyols (polyatomic alcohols) are molecules 

or will become known in the art. See, for example, G. Gregoriadis (editor), Liposome Technolou, vol.
1-3, 1st edition, 1983; 2nd edition, 1993, CRC Press, Boca Raton, 171.... Examples of methods
suitable for making liposorne composition of the present invention include extrusion, reverse phase
evaporation, sonication, solvent (e.g., ethanol) injection, rnicrofluidization, detergent dialysis, ether
injection, and dehythation/rehydration. The size of liposomes can be controlled by controlling the pore
size of membranes used for low pressure extrusions or the pressure and number of passes utilized in
microfluidisation or any other suitable methods. In one embodiment, the desired lipids are first
hydrated by thin-film hydration or by ethanol injection and subsequently sized by extrusion through
membranes of a defined pore size; most commonly 0.05 pm, 0.08 ma, or 0.1 pm.  31 101041Liposome
compositions containing the substituted ammonium and/or polyanion of the present invention inside
the liposornes can be made by any suitable methods, e.g., formation of liposomes in the presence of
the substituted ammonium and/or polyanion of the present invention, e.g., in the form of salt. The
substituted ammonium and/or polyanion outside of the liposornes can be removed or diluted either
following liposome formation or before loading or entrapping a desired entity. Alternatively, Liposome
composition containing the substituted ammonium and/or polyanion of the present invention can be
made via ion exchange method directly or via an intermediate free acid step having a gradient of
substituted ammonium of the present invention, e.g., substituted ammonium salt of polyanionized
sugar or polyol. Such liposomes can be neutralized using the amine or its salt with a volatile acid, e.g.,
carbonate. The resulting liposome solution can be used directly or alternatively the salt contained
therein can be removed if desired, e.g., by evaporation and crystallization followed by dissolution in an
aqueous medium. 101051Preferably, the liposome composition of the present invention has a
transmembrane concentration gradient of the substituted ammonium and/or polyamon, e.g., the
concentration of the substituted ammonium and/or polyanion salt inside the Liposome is higher,
usually at least 100 times higher, than the concentration of the substituted ammonium and/or
polyanion in the medium outside the liposome. 101061In one embodiment, the concentration of the
substituted ammoniutn and/or polyanion salt inside the liposome is at least 100 times higher than the
concentration of the substituted ammonium and/or polyanion salt in the medium outside the liposome
and is at least at a concentration of about lOmM, 50mM, DAM. 0.2M, 0.5M, 0.6M, 0.7M, or 1.0M,
wherein molarity is calculated based on the substituted ammonium. In another embodiment, the
concentration of the substituted ammonium and/or polyanion salt inside the liposome is at least 100
times higher than the concentration of the substituted ammonium and/or polyanion salt in the medium
outside the Liposome and is at a concentration of about 0.65M or about 1.0M. L01071ln addition, the 1
posome composition of the present invention usually has a pH outside which is compatible with or
helpful for maintaining the stability of a desired entity during the loading process, along with the high
loading efficiency, e.g., above 90%  32 entrapment. For example, pH in the range of 4-7, or pH
4.5-6.5, is preferred. In particular, according to the present invention, loading of a eamptothecin
compound, e.g., topotecan or irinotecan, is best accomplished at the pH of the outer medium in the
range between about 4.0 and about 7.0, more preferably between about pH 5.0 and pH 6.5. Loading
of a vinca derivative, e.g., vincristine, vinorelbine, or vinblastine is best accomplished at pH about
5.0-7.0, more preferably at pH about 6.5. 101081According to the present invention, a desired entity
can be loaded or entrapped into the Liposomes by incubating the desired entity with the Liposomes of
the present invention in an aqueous medium at a suitable temperature, e.g., a temperature above the
component lipids' phase transition temperature during loading while being reduced below the phase
transition temperature after loading the entity. The incubation time is usually based on the nature of
the component lipids, the entity to be loaded into the liposomes, and the incubation temperature.
Typically, the incubation times of few minutes to several 'hours are sufficient. Because high
entrapment efficiencies of more than 1l5%, typically more than 90%, are achieved, there is usually no
need to remove unentrapped entity. If there is such a need, however, the unentrappecl entity can be
removed from the composition by various mean, such as, for example, size exclusion chromatography,
ultratiltration, adsorption, or precipitation. It was unexpectedly found that maintaining of the low ionic
strength during the incubation of an entity, such as, in particular, a catnptothecin derivative or a vinca
alkaloid derivative, with the liposomes of the present invention, followed by the increase in ionic
strength at the end of the incubation, results in higher loading efficiency, better removal of
unentrapped drug, and better liposome stability against aggregation. Typically, the incubation is
conducted, e.g., in an aqueous solution, at the ionic strength of less than that equivalent to 50 nth/
NaCI, or more preferably, less than that equivalent to 30 ml\/1 NaCl. Following the incubation, a
concentrated salt, e.g., NaCI, solution may be added to raise the ionic strength to higher than that of
50 rnM NaC1, or more preferably, higher than that of 100 inM NaCI. Without being bound by a theory,
we hypothesize that the increase of ionic strength aids dissociation of the entity from the liposome
membrane, leaving substantially all entity encapsulated within the liposornal interior space.  
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well known in the art. Both straight chain (linear or branched) and cyclic polyols can be 

used. Exemplary polyols of the present invention are, without limitation: ethyleneglycol; 

glycerol, treitol, erythritol, pentaerythritol, mannitol, glucitol, sorbitol, sorbitan, xylitol, 

lactitol, maltitol, fructitol, and inositol. A sugar usually comprises a cyclic acetal, a cyclic 

ketal, a ketone, or an aldehyde group, or an adduct thereof, within a group of interlinked 

predominantly hydroxylated carbon atoms. Sugars are often naturally occurring 

compounds. Hydrolysis of sugars in aqueous medium leads to units called 

monosaccharides. Typically, in an aqueous solution a monosaccharide sugar molecule of 

five or six carbon atoms forms a cyclic hemiacetal, a ring structure. Preferably, sugars of 

the present inventions are monosaccharides or disaccharides, that is, consist of one or two 

monosaccharide units, each having from thre~ to seven, preferably from three to six 

carbon atoms. Exemplary sugars of the present invention are, without limitation, 

monosacharide hexoses, such as glucose (dextrose), galactose, mannose, fructose; 

monosaccharide pentoses, such as xylose, ribose, arabinose, and disaccharides, such as 

lactose, trehalose, sucrose, maltose, and cellobiose. Compounds comprised of several 

interlinked sugar units forming a ring (cyclodextrins) and their derivatives can be also 

used. Reduction of sugars is one method to obtain polyols. More stable "non-reducing" 

and non-metabolizable disaccharides, such as sucrose or trehalose, are preferred. Various 

polyols, monosaccharides, and disaccharides are commercially available. 

[0079J A polyanionized polyol or sugar is a polyol or a sugar having its hydroxyl 

groups completely or partially modified or replaced with anionic groups (anionized). 

Thus, a polyanionized polyol or polyanionized sugar comprises a polyol moiety or a sugar 

moiety along with anionic groups linked thereto. Exemplary anionic groups include" 

without any limitation, carboxylate, carbonate, thiocarbonate, dithiocarbonate, phosphate, 

phosphonate, sulfate, sulfonate, nitrate, and borate. It is preferred that at least one anionic 

group of a polyanionized sugar or polyol is strongly anionic group, that is, is more than 

50% ionized in the broad range of pH, e.g., pH 3-12, preferably, pH 2-12, when in the 

aqueous medium, or, alternatively, has a log dissociation constant (pKa) of 3 or less, 

preferably of 2 or less. Polyanionization of a polyol or a sugar can be achieved by a 

variety of chemical processes well known in the art. For example, reaction of polyols 

and/or sugars with sulfur trioxide or chlorosulfonic acid in pyridine or 2-picoline results 

in some or all hydroxyl groups esterified with sulfuric acid residues (sulfated), providing 

33 concentration of entrapped substituted ammonium and/or polyanion, e.g., salt, the physicochemical
properties of the entrapped entity and the type of counter-ion (anion), e.g., polyanion used. Because of
high loading efficiencies achieved in the compositions and/or by the methods of the present invention,
the entity-to-lipid ratio for the entity entrapped in the liposornes is over 80%, over 90%, and typically
more than 95% of the entity-to-lipid ratio calculated on the basis of the amount of the entity and the
liposome lipid taken into the loading process (the "input" ratio). Indeed, practically 100% (quantitative)
encapsulation is common. The entity-to lipid ratio in the liposomes can be characterized in terms of
weight ratio (weight amount of the entity per weight or molar unit of the liposome lipid) or molar ratio
(moles of the entity per weight or molar unit of the liposome lipid). One unit of the entity-to-lipid ratio
can be converted to other units by a routine calculation, as exemplified below_ The weight ratio of an
entity in the liposomes of the present invention is typically at least 0.05, 0.1, 0.2, 0.35, 0.5, or at least
0.65 mg of the entity per mg of lipid. In terms of molar ratio, the entity-to-lipid ratio according to the
present invention is at least from about 0.02, to about 5, preferably at least 0.1 to about 2, and more
preferably, from about 0.15 to about 1.5 moles of the drug per mole of the liposome lipid. In one
embodiment, the entity-to-lipid ratio, e.g., drug load ratio of camptothecin derivatives is at least 0.1,
e.g., 0.1 mole of camptothecin derivative per one mole of liposome lipid, and preferably at least 0.2. In
another embodiment, the entity-tolipid ratio, e.g., drug load is at least about 300 mg entity (e.g., vinca
alkaloid or a derivative thereof) per mg of liposome-forming lipid. In yet another embodiment, the
entity-to-lipid ratio, e.g., drug load is at least about 500 mg entity (e.g. camptothecin derivative or
camprotheein prodrug) per mg of liposome-forming lipid. Surprisingly, the invention afforded stable
and close to quantitative iiposomal encapsulation of a camptothecin derivative drug, e.g., irinotecan, at
the drug-to-lipid ratio of over 0.8 mmol of the entity per I g of liposome lipid, over 1.3 mmol of entity per
I g of liposome lipid, and even at high as 1.7 mmol entity per 1 g liposorne lipid (see Example 74).
[0110]IT the liposome comprises a phospholipid, it is convenient to express the entity content in the
units of weight(mass) amount of the drug per molar unit of the liposorne phospholipid, e.g., mg drug /
mmol of phospholipid. However, a person skilled in the art would appreciate that the drug content can
be equivalently expressed in a manner independent of the presence of phospholipids in a liposome,
and furthermore, can be  34 equivalently expressed in terms of a molar amount of the drug per unit
(mass or molar) of the liposome lipid content. For example, a liposome containing 3 molar parts of
distearoylphosphandy,icholine (DSPC, molecular weight 790), 2 molar parts of cholesterol (molecular
weight 387), and 0.015 molar parts of poly(ethylene glycol)- derivatized
distearoylphosphatidylethanolarniric (PEG-DSPE, molecular weight 2750), and containing a drug
doxorubicin (molecular weight 543.5) at the drug/lipid ratio of 150 mgimmol phospholipid, the same
drug content can be equivalently expressed in terms of mg drug/mg total lipid as follows:  (a) Calculate
the molar amounts of liposome lipid components normalized to the molar unit of liposome
phosphoiipids (DSPC and PEG-DSPE in this example) by dividing the molar quantity of a component
by the total of the molar quantities of the liposome phospholipids: DSPC 31(3+0.015) = 0.99502
Cholesterol 2/(3+0.015) = 0.66335 PG-DSPE 0.0151(3+0.015) - 0.00498  (b) Calculate the mass
amount of total liposome lipid corresponding to a unit molar amount of liposome phospholipid and the
components molecular weights:        Total lipid, mg/mmol phospholipid = 0.99502x790 + 0.66335x387
+ 0.00498x2750 = 1056.48  (c) Calculate the mass amount of drug per mass unit of total lipid by
dividing the drug content expressed in mass units per molar unit of phospholipid by the number
obtained in step (b): Doxorubicin, mg/mg total lipid - 150/1056.48 = 0.14198. (d) Calculate the molar
amount of the drug per unit mass of total lipid by dividing the number obtained in step (c) by the drug
molecular weight (in this case, 543.5) : Doxorubicin, mmol/g total lipid = 0.14198/543.5x1000 = 0.261.
(e) Calculate the molar part of phospholipids in the liposorne lipid matrix: Phospholipid molar part -=
(total moles of phospholipids)/(total moles amount of lipids) = (3+0.015)43+2+0.015) = 0.6012.
(0Calculate the molar ratio of doxorubicin to total lipid. 
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for a polysulfated sugar or polyol. Exemplary sulfated sugar of the present invention is 

sulfated sucrose including, without limitation, sucrose hexasulfate, sucrose heptasulfate, 

and sucrose octasulfate (See Ochi. K., et al., 1980, Chem. Pharm. Bull., v. 28, p. 638-

641). Similarly, reaction with phosphorus oxychloride or diethyJchlorophosphate in the 

presence ofbase catalyst results in polyphosphorylated polyols or sugars. 

Polyphosphorylated polyols are also isolated from natural sources. For example, inositol 

polyphosphates, such as inositol hexaphosphate (phytic acid) is isolated from corn. A 

variety of sulfated, sulfonated, and phosphorylated sugars and polyols suitable to practice 

the present invention are disclosed, e.g., in U.S. Pat. 5,783,568 and U.S. Pat. 5,281,237, 

which are incorporated herein by reference. It was unexpectedly discovered that 

polyanionised polyhydroxylated compounds with only strong acid dissociation steps, e.g. 

the groups having pKa ofless than about 3.0, preferably less than about 2.0, such as, for 

example, sulfate mono esters (pKa 1.0 or less), provide liposomal encapsulation with 

better ,drug retention than polyanionized polyhydroxylated compounds having also 

weakly acidic dissociation steps, such as phosphate monoesters (step 1, pKa about 1.5; 

step 2, pKa about 6.7; see Stahl and Wermuth, Op. Git., 2002). Example 73 below 

illustrates this discovery. Complexation of polyols and/or sugars with more than one 

molecule of boric acid also results in a polyanionized (polyborated) product. Reaction of 

polyols andlor sugars with carbon disulfide in the presence of alkali results in 

polyanionized (polydithiocarbonated, polyxanthogenate) derivatives. A polyanionized 

po\yol or sugar derivative can be isolated in the fom1 of a free acid and neutralized with a 

suitable base, for example, with an alkali metal hydroxide, ammonium hydroxide, or 

preferably with a substituted amine, e.g., amine corresponding to a substituted ammonium 

of the present invention, in a neat fonn or in the form of a substituted ammonium 

hydroxide providing for a polyanionic salt of a substituted ammonium of the present 

invention. Alternatively, a sodium, potassium, calcium, barium, or magnesium salt of a 

polyanionized polyollsugar can be isolated and converted into a suitable fonn, e.g., a 

substituted ammonium salt fonn, by any known method, for example, by ion exchange. 

[0080] The polyanion of the present invention usually has a charge density of at least 

two, three, or four negatively charged groups per unit, e.g., per carbon atom or ring in a 

carbon chain or per monosaccharide unit in a sugar. The polyanionized sugar or cyclic 

polyol of the present invention preferably has at least 75% of available hydroxyl groups 

35 [01111Doxorubicin, mol/mol of total lipid = (Phospholipid molar part)x(Doxorubicin,  g/mole
phospholipid)/(Doxorubicin molecular weight) 0.6012x150/543.5 0.166 101121Thus, the relationship
between drug-to-lipid and drug-to-phospholipid ratio expressed in various units is readily established.
As used herein, a "lipid" includes, without limitation, any membrane-forming components of the
liposome membrane, such as, for example, polymers and/or detergents. 101131The liposome
entrapped substituted ammonium and/or polyanion salt solution of the present invention usually has an
osmotic strength (osmolality) which helps to keep the liposomes stable against osmotic damage
(swelling and/or burst) without sacrificing the loading capacity of the liposomes. In one embodiment,
the osmolaiity of the liposome composition of the present invention is in the range of 0.1 to 1.5 mol/kg
or, preferably, 0.2 to 1.0 mol/kg. Surprisingly, we found that liposornes of the present invention are
stable against adverse effect of high intraiiposoinal osmotic strength on the drug loading.
Intraliposornal osmolarities of as high as 0.727 molikg were well tolerated, resulting in practically
quantitative loading of a drug up to the theoretical maximum of stoichiometric exchange of
intraliposomal substituted ammonium ions for molecules of the drug (in the case of irinotecan, one
drug molecule per one substituted ammonium ion), even though the osmolarity of the extraliposomal
aqueous medium during the co-incubation of the drug and the liposornes was close to the
physiological value of about 0.3 mol/kg (Example 74). 101141In general, the Liposome composition of
the present invention is quite stable during storage, e.g., as measured by the percentage of entrapped
entity released outside of the Liposomes or still maintained inside of the liposomes after a certain time
period from the initial loading of the entity inside the liposomes of the present invention. For example,
the liposome composition of the present invention is stable at 4C for at least 6 months, e.g_, less than
10% of entrapped entity is released 6 months after the initial loading of the entity. In one embodiment,
the liposorne composition of the present invention is stable at 4C for at least 2 years, e.g., less than
20% of entrapped entity is released 2 years after the initial loading of the entity.  36 liposornal
antitumor drug administered in a patient, a tumor. The liposomes of the present invention showed
surprising stability against the release (leakage) of the entrapped entity under in vivo conditions, e.g. in
the blood of a mammal. The exposure time needed for 50% release of the entrapped entity, e.g. drug,
from the liposomes (half-release time) in the blood of a rat in vivo was more than 24 hours. In
particular, liposomes loaded with vinca alkaloid drugs, e.g., vinbiastine, vincristine, and vinorelbine,
showed remarkable stability against drug leakage in vivo, with half-release time of at least 24 hours, or
the athount of entity remaining encapsulated after 24 hours in the blood in vivo at least about 50% of
the pre-administration value. Typically the half-release time over 33 hours , or the amount of
encapsulated entity remaining encapsulated after 24 hours in the blood in vivo at least about 60%, was
observed; and even the half-release time over 46 hours, or the amount of encapsulated entity after 24
hours in the blood in vivo at least about 70% of the pre-administration value, was common. Sometimes
the half-release time for an encapsulated drug in the blood in vivo was over 93 hours, and even over
120 hours. The liposome loaded with camptothecin derivatives, such as topotecan and irinotecan, also
showed exceptional in vivo stability in the blood, with 79-85% of the original drug load remaining
encapsulated after 24 hours. Remarkably, the liposomes of the present invention, while having such
low in vivo drug release rate in the blood circulation, showed substantial in vivo antitumor activity
exceeding that of the free drug (i.e administered as a solution). 101. 16]The liposomes of the present
invention provided unexpected combination of the high efficiency of the entrapped therapeutic agent
and low toxicity. In general, the activity of a therapeutic entity liposoinally encapsulated according to
the present invention, e.g., the anti-neoplastic activity of a eamptothecin derivative in a mammal, is at
least equal to, at least two times higher, or at least four times higher than the activity of the therapeutic
entity if it is administered in the same amount via its routine non-liposome formulation, e.g., without
using the liposome composition of the present invention, while the toxicity of the liposomally
encapsulated entity does not exceed, is at least twice, at least three times, or at least four times lower
than that of the same therapeutic entity administered in the same dose and schedule but in a free,
non-encapsulated form. For example, it is generally known that liposomal encapsulation of anti-cancer
camptothecin derivatives by the published methods of others results in the increased toxicity (lower  



21 

polyanionized, and more preferably 100% of available hydroxyl groups polyanionized. In 

addition, polyanionization inside the liposomes of the present invention is usually at a 

level that is compatible with or facilitates the delivery and release of the entity entrapped 

inside the liposomes at the site of its intended action, but decreases the release of the 

entrapped entity prematurely, i.e., before the liposome reaches its site of intended action. 

[00811 According to the present invention, the degree of polyanionization inside the 

liposomes can be used to regulate the release characteristics, e.g., release rate and kinetics 

of an entity entrapped inside the liposomes. In general, the degree of polyanionization 

can be assessed based on the amount ofpolyanionized sugar or polyol relative to the total 

amount of anion(s) or in the case of poly anion being the only kind of anion, the 

percentage of polyanionization with respect to the total polyanionization capacity ofthe 

polyanion, e.g., polyanionized sugar or polyol or a mixture thereof inside the liposomes 

of the present invention. In one embodiment, polyanionized sugar or polyol is mixed 

with one or more of other anions and the Jess the amount of polyanionized sugar or polyol 

over the amount of other anion(s), the faster the entity is released from the liposomes. 

10082] Usually if an entrapped entity is released from the liposomes at the site of its 

intended activity too slowly, the desired entity release rate can be achieved by using a 

mixture ofpolyanionized sugar or polyol with one or more other monovalent or 

polyvalent anions, e.g., chloride, sulfate, phosphate, etc. Alternatively, one can use 

mixtures ofpolyanionized sugar or polyols with various degrees of poly an ionization. In 

one embodiment, the degree of poly an ionization inside the liposomes of the present 

invention is between 0.1 % to 99%, 10% to 90%, or 20% to 80% of the total anion(s) 

inside the liposomes, e.g., with an entrapped entity. 

[00831 In general, the liposome composition of the present invention can contain one 

or more polyanions of the present invention in any suitable form, e.g., in the form of an 

acid or a salt comprising a polyanion and a cation. The amount ofpo\yanion, e.g., 

polyanionized sugar or polyol can be stoichiometrically equivalent to or different from 

the amount of the cation. In one embodiment, the liposome composition of the present 

invention contains one or more polyanion salts of a cation, wherein there is a cation 

concentration gradient or a pH gradient present across the liposome membrane. In 

another embodiment, the liposome composition of the present invention contains one or 

37 maximum tolerated dose, lower 50% lethality dose) compared to uneneapsulated drug. See U.S.
Pat. 6,355,268; U.S. Pat. 6,465,008; Colbern, et al. Clinical Cancer Res. 1998 v. 4, p. 3077-3082;
Tardi, et al. Cancer Res., 2000, v.60, p.3389-3393; Emerson, et al. Clinical Cancer Res. 2000, v. 6,
p.2903-2912. Liposomally encapsulated camptothecin pro-drugs, such as irinotecan (CPT-11), which
is a water-soluble, cationic camptothecin pro-drug derivative, have substantially higher, e.g. at least 4
times, and even 10 times, higher antitumor activity assessed in an in vivo tumor model than the drug in
the absence of a liposomal formulation, e.g., in a free (solution) form. This is even more remarkable
since a therapeutic compound, e.g., a camptothecin pro-drug, requires enzymatic activation, e.g., by
the action of endogenous non-specific carboxylesterase, but according to the present invention is
encapsulated substantially within the interior space of the lipoz,orne. On the other hand, surprisingly,
the toxicity of camptothecin prodrug such as CPT-L I in the liposomal form (drug/lipid mass ratio over
(.1 , e.g., 0.2-0.6 or more) according to the present invention was over 2 times, over 3 times, and even
over 4 times lower that than of the free (unencapsulated) pro-drug CPT-I I. Moreover, a prolonged
drug release from the CPT-I I Liposomes in vivo was achieved, with more than 50%, and even more
than 70% (79-86%) of the original drug content still remaining in the Liposomes 24 hours after
administration into the bloodstream, and with half-release times in excess of 24 hours, typically in
excess of 48 hours. The prolonged remanence of the drug in the liposorne in vivo was associated with
higher antitumor effect. Surprisingly, the slowest in vivo CPT-11 release and the highest antitumor
activity was observed in the Liposomes containing low-molecular polyanionized sugar derivative
(sucrose octasulfate) rather than a polymeric anion (polyphosphate) (Example 15). 101471According
to another embodiment of the present invention, theliposome composition of the present invention can
be provided as a pharmaceutical composition containing the liposome composition of the present
invention and a carrier, e.g., pharmaceutically acceptable carrier. Examples of pharmaceutically
acceptable carries are normal saline, isotonic dextrose, isotonic sucrose, Ringer's solution, and Hanks
solution. A buffer substance can be added to provide pH optimal for storage stability. For example, pH
between about 6.0 and about 7.5, more preferably pH about 6.5, is optimal for the stability of Liposome
membrane lipids, and provides for excellent retention of the entrapped entities. Histidine,
hydroxyethylpiperazine-ethylsulfonate (HEPES),  38 morpholipo-ethylsulfonate (NIES), succinate,
tartrate, and Citrate, typically at 2-20 rnivi concentration, are exemplary buffer substances. Other
suitable carriers include, e.g., water, buffered aqueous solution, 0.4% NaCI, 0.3% glycine, and the like.
Protein, carbohydrate, or polymeric stabilizers and tonicity adjusters can be added, e.g., gelatin,
albumin, dextran, or polyvinylpyrrolidone. The tonicity of the composition can be adjusted to the
physiological level of 0.25-0.35 mol/kg with glucose or a more inert compound such as lactose,
sucrose, mannitol, or dextrin. These compositions may be sterilized by conventional, well known
sterilization techniques, e.g., by filtration. The resulting aqueous solutions may be packaged for use or
filtered under aseptic conditions and lyophilized, the lyophilized preparation being combined with a
sterile aqueous medium prior to administration. (01181The pharmaceutical liposome compositions can
also contain other pharmaceutically acceptable auxiliary substances as required to approximate
physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting agents and the
like, for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium
chloride, etc. Additionally, the liposome suspension may include lipid-protective agents which protect
lipids against free-radical and lipidperoxidative damages on storage. L,ipophilic free-radical quenchers,
such as alphatocopherol and water-soluble iron-specific chelators, such as ferrioxamine, are suitable.
101191The concentration of the iiposomes of the present invention in the fluid phaiiiiaceutical
formulations can vary widely, i.e., from less than about 0.05% usually or at least about 2-10% to as
much as 30 to 50% by weight and will be selected primarily by fluid volumes, viscosities, etc., in
accordance with the particular mode of administration selected. For example, the concentration may
be increased to lower the fluid load associated with treatment.may be particularly desirable in patients
having atherosclerosis-associated congestive heart failure or severe hypertension. Alternatively,
liposome pharmaceutical compositions composed of irritating lipids may be diluted to low
concentrations to lessen inflammation at the site of administration. 101201The amount of liposome
pharmaceutical composition administered will depend upon the particular therapeutic entity entrapped
inside the liposomes, the disease state being treated, the type of liposomes being used, and the
judgment of the clinician.  39 Generally the amount of liposome pharmaceutical composition
administered will be sufficient to deliver a therapeutically effective dose of the particular therapeutic
entity. 
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more substituted ammonium polyanion salts of the present invention. In yet another 

embodiment, the liposome composition of the present invention contains the polyanion 

inside the liposomes while the polyanion in the medium containing the liposomes is 

partially or substantially removed by any suitable means known to one skilled in the art, 

e.g., dilution, ion exchange chromatography, size exclusion chromatography, dialysis, 

ultrafiltration, absorption, precipitation, etc. In still another embodiment, the liposome 

with entrapped polyanion, e.g., polyanionized polyol or polyanionized sugar, has also a 

transmembrane gradient effective in retaining substances within the liposome. Examples 

of such transmembrane gradients are pH gradient, electrochemical potential gradient, 

ammonium ion gradient, substituted ammonium ion gradient, or solubility gradient. A 

substituted ammonium gradient typically includes a substituted fonn of ammonium ion 

comprising at least one C-N bond, such as, primary, quaternary, tertiary, or quaternary 

ammonium. Methods of creating transmembrane gradients are routine in the art of 

liposomes. 

{00841 According to yet another feature of the present invention, the liposome 

composition of the present invention contains one or more substituted ammoniums and/or 

polyanions of the present invention and a chemical or biological entity, e.g., therapeutics 

or detectable entity. For example, the entity contained in the liposome composition of the 

present invention can be a therapeutic agent, ink, dye, magnetic compound, fertilizer, 

lure, biocatalyst, taste or odor modifying substance, bleach, or any entity that is detectable 

by any suitable means known in the art, e.g .. magnetic resonance imaging (MRI), optical 

imaging, fluorescent/luminescent imaging, or nuclear imaging techniques. Conveniently, 

an entity contained in or loadable to the liposome composition of the present invention is 

a weakly basic and membrane-permeable (lipophilic) entity, e.g., an amine-containing or 

nitrogen base entity. 

[0085J In one embodiment, the entity contained in the liposome composition of the 

present invention is a therapeutic agent. 

[0086j In another embodiment, the entity contained in the liposome composition is an 

anticancer entity. A partial listing of some of the commonly known commercially 

approved (or in active deVelopment) antineoplastic agents by classification is as follows. 

[0121)Inc quantity of Liposome pharmaceutical composition necessary to deliver a therapeutically
effective, dose can be determined by routine in vitro and in vivo methods, common in the art of drug
testing. See, for example, D.B.Budman, A.H.Calvert, E.K.Rowinsky (editors). Handbook of Anticancer
Drug Development, LWW, 2003. Therapeutically effective dosages for various therapeutic entities are
well known to those of skill in the art; and according to the present invention a therapeutic entity
delivered via the pharmaceutical Liposome composition of the present invention provides at least the
same, or 2-fold, 4-fold, or 10-fold higher activity than the activity obtained by administering the same
amount of the therapeutic entity in its routine non-liposome formulation. Typically the dosages for the
Liposome pharmaceutical composition of the present invention range between about 0.005 and about
500 mg of the therapeutic entity per kilogram of body weight, most often, between about 0.1 and about
100 mg therapeutic entity/kg of body weight. 101221Typically, the liposome pharmaceutical
composition of the present invention is prepared as a topical or an injectable, either as a liquid solution
or suspension. However, solid forms suitable for solution in, or suspension in, liquid vehicles prior to
injection can also be prepared. The composition can also befoi ululated into an enteric-coated tablet or
gel capsule according to known methods in the art. 101231The liposome composition of the present
invention can be administered in any way which is medically acceptable which may depend on the
condition or injury being treated. Possible administration routes include injections, by parenteral routes
such as intramuscular, subcutaneous, intravenous, intraarterial, intraperitoneal, intraarticular,
intraepidural, intrathecaLor others, as well as oral, nasal, ophthalmic, rectal, vaginal, topical, or
pulmonary, e.g., by inhalation. For the delivery of liposomally drugs formulated according to the
invention, to tumors of the central nervous system, a slow, sustained intracranial infusion of the
liposomes directly into the tumor ( a convection-enhanced delivery, or GED) is of particluar advantage.
See Saito, et al., Cancer Research, vol.64, p. 2572-2579, 2004; Mamot, et aL, J. Neuro-Oncology, vol.
68, p. 1-9, 2004._ The compositions may also be directly applied to tissue surfaces. Sustained
release, pH  ,10 dependent release, or other spec dc chemical or environmental condition mediated
release administration is also specifically included in the invention, e.g., by such means as depot
injections, or erodible implants. EXAMPLES 101 24JThe following examples are intended to illustrate
but not to limit the invention in any manner, shape, or form, either explicitly or implicitly. While they are
typical of those that might be used; other procedures, methodologies, or techniques known to those
skilled in the art may alternatively be used. EXAMPLE 1. Preparation of the solutions of substituted
ammoniutn salts. 101 251Trialkylammonium and dialkylammonium sulfate solutions useful for loading
drugs (e.g.; doxorubicin) into liposomes were prepared by diluting sulfuric acid with water to a
concentration of 0.25 M and then titrating the sulfuric acid solution with one of a variety of amines. The
substituted amines used in this example were triethylamine; trimethylamine, dimethylamine,
diethylamine, or diethanolamine. After the addition of the amines, the resulting solutiOn was diluted to
a final concentration of 0.2 M of the substituted ammonium salt. Osmolality was determined using a
dew point osmotneter. The properties of resulting substituted alkylammonium sulfate salt solutions are
shown in the Table 1 below. Table 1. Properties of various dialkylammonium and trialkylammon um
sulfate solutions SaltOsmolality, mmol/kg,pH Dimethylammonium sulfate4725.65 
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(0087] Structure-Based Classes: Fluoropyrimidines--5-FU, Fluorodeoxyuridine, 

Ftorafur, 5'-deoxyfluorouridine, UFT, S-l Capecitabine; pyrimidine Nuc1eosides-­

Deoxycytidine, Cytosine Arabinoside, 5-Azacytosine, Gemcitabine, 5-Azacytosine­

Arabinoside; . Purines--6-Mercaptopurine, Thioguanine, Azathioprine, Allopurinol, 

Cladribine, FJudarabine, Pentostatin, 2-Chloro Adenosine; Platinum Analogues-­

Cisplatin, Carbopiatin, Oxaliplatin, Tetraplatin, Platinum-DACH, Ormaplatin, CI-973, 

JM-216; Anthracyclinesl Anthracenediones--Doxorubicin, Daunorubicin, Epirubicin, 

Idarubicin, Mitoxantrone; Epipodophyllotoxins--Etoposide, Teniposide; Camptothecins-­

lririotecan, Topotecan, Lurtotecan, Silatecan, 9-Amino Camptothecin, 10,11-

Methylenedioxy Camptothecin, 9-Nitro Camptothecin, TAS 103, 7-(4-methyl-piperazino­

methylene)-1 0, I J -ethylenedioxy-20(S)-camptothecin, 7-(2-N-isopropylamino )ethyl)-

20(S)-camptothecin; Hormones and Hormonal Analogues--DiethyIstilbestrol, Tamoxifen, 

Toremefine, Tolmudex, Thymitaq, Flutamide, Bicalutamide, Finasteride, Estradiol, 

Trioxifene, Droloxifene, Medroxyprogesterone Acetate, Megesterol Acetate, 

Aminoglutethimide, Testolactone and others; Enzymes, Proteins and Antibodies-­

Asparaginase, lnterleukins, Interferons, Leuprolide, Pegaspargase, and others; Vinca 

Alkaloids--Vincristine, Vinblastine, Vinore1bine, Vindesine; Taxanes--Paclitaxel, 

Docetaxel. 

(0088) Mechanism-Based Classes: Antihormonals--See classification for Honnones 

and Honnonal Analogues, Anastrozole; Antifolates--Methotrexate, Aminopterin, 

Trimetrexate, Trimethoprim, Pyritrexim, Pyrimethamine, Edatrexate, MDAM; 

Antimicrotubule Agents--Taxanes and Vinca Alkaloids; Alkylating Agents (Classical and 

Non-Classical)--Nitrogen Mustards (Mec:hlorethamine, Chlorambucil, Melphalan, Uracil 

Mustard), Oxazaphosphorines (Ifosfamide, Cyclophosphamide, Perfosfamide, 

Trophosphamide), Alkylsulfonates (Busulfan), Nitrosoureas (Cannustine, Lomustine, 

Streptozocin), Thiotepa, Dacarbazine and others; Antimetabolites--Purines, pyrimidines 

and nuc1eosides, listed above; Antibiotics--Anthracyc1inesl Anthracenediones, Bleomycin, 

Dactinomycin, Mitomycin, PJicamycin, Pentostatin, Streptozocin; topoisomerase 

Inhibitors--Camptothecins (To po I), Epipodophyllotoxins, m-AMSA, Ellipticines (Topo 

II); Antivirals--AZT, Za\Citabine, Gemcitabine, Didanosine, and others; Miscellaneous 

Cytotoxic Agents--Hydroxyurea, Mitotane, Fusion Toxins, PZA, Bryostatin, Retinoids, 

Butyric Acid and derivatives, Pentosan, Fumagillin, and others. 

Dimethylethanolammonium sulfate5095.72 Diethylammonium sulfate5195.85 Trirnethylammonium
sulfate4975.81 Triethylammonium sulfate5595.33 EXAMPLE 2. Preparation of liposomes with
entrapped dialkylammonium and trialkytammonium salts, and loading of a substance into these
liposomes. 101261Distearoylphosphatidylcholine (DSPC), cholesterol (Chol), and N-(methoxy-
poly(ethylene glycol)-oxycarbony1)-distearoylphosphatidylethanolamine (PEG-DSPE)  41 (prepared
from poly(ethylerie glycol) with mot. weight 2,000) were co-dissolved in chloroform in a molar ratio of
3:2:0.015, and the chloroform was removed at 55-60 C by rotary evaporation. The dried lipid film was
then hydrated in a solution of one of each dialkyl- or trialkylammonium sulfates listed in Example 1 at
60 C for 30 mm. The lipid suspension was extruded under pressure through two stacked
polycarbonate track-etched membrane filters with the pore size of 0.1 1,un (Corning Nuclepore). The
liposome size determined by quasielastic light scattering method was approximately 110-120 nm.
linencapsulated trialkylamrnonium or dialkylammonium salts were removed from the external medium
of the liposomes by gel filtration using a cross-linked dextran gel (Sephadex G-75, Amersham
Pharmacia Biotechnology) column eluted with HEPESbuffered saline, p1-1 7.2-7.4, and the liposornes
were collected in a void-volume fraction of the column. Doxorubicin hydrochloride USP (lyophilized
powder containing 5 weight parts of lactose per 1 part of doxorubicin) was added to the liposomes at a
concentration of 150 lig drug/prnol of liposotne phospholipid. The mixture was incubated at 55 C for 45
min, chilled on ice for 10 min, and unencapsulated drug was removed by gel filtration chromatography
using a Sephadex G-75 column eluted with HEPES-buffered saline, pH 7.4. The presence of free
doxorubicin (characterized by the appearance of a slower moving red colored band) was visually
undetectable. The purified doxombicin-loaded liposomes were analyzed for phospholipid and
doxorubicin according to Examples 70 and 71 (spectrophotometric method), respectively. The
resulting drug loading efficiencies are shown in Table 2. Table 2. Loading of doxorubicin in liposomes
with entrapped solutions of dialkyl- and trialkylammonium salts. Input drug/phospholipid ratio 150
pgiumol. Liposome-entrapped salt:Dmg/phospholipid ratioEntrapment in liposomes (pg/prnol)Efficiency
(%) Trimethylammonium sulfate140.74  10.3593.8  5.7 Triethylammonium sulfate163.81 dt 16.41109.2
11.6 Diethylammonium sulfate158.16  18.34105.4  7.8 Dimethylethanolammonium sulfate155.08
8.51103.4  11.6  
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I0089} In addition to the above, an anticancer entity include without any limitation, 

any topoisomerase inhibitor, vinca alkaloid; e.g., vincristine, vinblastine, vinorelbine, 

vinflunine, and vinpocetine, microtubule depolymerizing or destabilizing agent, 

microtubule stabilizing agent, e.g., taxane, amino alkyl or aminoacyl analog ofpaclitaxel 

or docetaxel, e.g., 2' -[3-(N,N-Diethylamino )propionyl]paclitaxel, 7-(N,N­

Dimethylglycyl)pac1itaxel, and 7-L-alanylpaclitaxel, alkylating agent, receptor-binding 

agent, tyrosine kinase inhibitor, phosphatase inhibitor, cycline dependent kinase inhibitor, 

enzyme inhibitor, aurora kinase inhibitor, nucleotide, polynicleotide, and 

farnesyltransferase inhibitor. 

[00901 In another embodiment, the entity contained in the liposome composition of the 

present invention is a therapeutic agent of anthracycline compounds or derivatives, 

camptothecine compounds or derivatives, ellipticine compounds or derivatives, vinca 

alkaloinds or derivatives, wortmannin, its analogs and derivatives, or pyrazolopyrimidine 

compounds with the aurora kinase inhibiting properties. 

10091} In yet another embodiment, the entity contained in the liposome composition of 

the present invention is an anthracycline drug, doxorubicin, daunorubicin, mitomycin C, 

epirubicin, pirarubicin, rubidomycin, carcinomycin, N-acetyladriamycin, rubidazone, 5-

imidodaunomycin, N-acetyldaunomycine, daunoryline, mitoxanthrone; a camptothecin 

compound, camptothecin, 9-aminocamptothecin, 7 -ethyicamptothecin, 10-

hydroxycamptothecin, 9-nitrocamptothecin, 10, ll-methylenedioxycamptothecin, 9-

amino-10, II-methylenedioxycamptothecin, 9-chloro-l 0, 11-

methyienedioxycamptothecin, irinotecan, topotecan, lurtotecan, silatecan, (7-(4-

methylpiperazinomethylene)- I 0, II-ethylenedioxy-20(S)-camptothecin, 7-(4-

methylpiperazinomethylene )-10, Il-methylenedioxy-20(S)-camptothecin, 7-(2-N­

isopropyl amino )ethyl)-(20S)-camptothecin; an ellipticine compound, eliipticine, 6-3-

aminopropyl-ellipticine, 2-diethylaminoethyl-ellipticinium and salts thereof, datelliptium, 

retelli ptine. 

[00921 In yet another embodiment, the entity contained in the liposome of the present 

invention is a phannaceutical entity including, without limitaion any of the following: 

antihistamine ethylenediamine derivatives (bromphenifamine, diphenhydramine); Anti­

protozoal: quinolones (iodoquinol); amidines (pentamidine); antihelmintics (pyrantel); 

42  EXAMPLE 3. Preparation of liposomes containing various dialkyl-, trialkyl-, and
heterocyclic-substituted ammonium sulfate salts and loading of doxortibicin into these liposomes.
101271The substituted ammonium sulfate salt solutions were prepared as in Example 1 using
commercially available alkyl-substituted, hydroxyalkyl-substituted and - heterocyclic amines.
Liposomes were foimed as in Example 1, except that instead of the lipid film hydration step, the neat
lipids were dissolved in ethanol (approximately 100 fl of ethanol for every 50 itmol of phospholipid) and
mixed with the substituted ammonium salt solution at 60-65C so that the resulting lipid dispersion
contained about 10 vol.% of ethanol. 101281Doxombicin loading was accomplished by adding
doxorubicin solution (2 ingirril in HEPES-buffered saline pH 6.5) to the liposomes at a ratio of 155 ug
drug/nmol liposome phospholipid (PL) and heating at 58 C for 45 min in a hot water bath. The resulting
liposornes were separated from any residual unencapsulated doxorubicin and analyzed for drug and
lipid content as in Example 1. The results are shown in Table 3.  43 Table 3. Loading doxorubicin into
liposomes with entrapped sterically hindered substituted alkyl, dialkyl-, trialkyl- and heterocyclic
ammonium salts solutions. Amine used to prepare substituted ammonium salt Osrnolatity, m mo I/kg
drug load, mg/mmol phospholipid Loading efficiency, % Trimethyl amine 497 
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anti-schistosomal drugs (oxaminiquine); antifungal triazole derivatives (fliconazole, 

itraconazole, ketoconazole, miconazole); antimicrobial cephalosporins (cefazolin, 

cefonicid, cefotaxime, ceftazimide, cefuoxime); antimicrobial beta-Iactam derivatives 

(aztreopam, cefinetazole, cefoxitin); antimicrobials of erythromycine group 

(erythromycin, azithromycin, clarithromycin, oleandomycin); penicillins 

(benzylpenicillin, phenoxymethylpenicillin, cloxacillin, methicillin, nafcillin, oxacillin, 

carbenicillin); tetracyclines; other antimicrobial antibiotics, novobiocin, spectinomycin, 

vancomycin; antimycobacterial drugs: aminosalicyclc acid, capreomycin, ethambutol, 

isoniazid, pyrazinamide, rifabutin, rifampin, clofazime; antiviral adamantanes: 

amantadine, rimantadine; quinidine derivatives: chloroquine, hydroxychloroquine, 

promaquine, qionone; antimicrobial qionolones: ciprofloxacin, enoxacin, lomefloxacin, 

nalidixic acid, norfloxacin, ofloxacin; sulfonamides; urinary tract antimicrobials: 

methenamine, nitrofurantoin, trimetoprim; nitroimidazoles: metronidazole; cholinergic 

quaternary ammonium compounds (ambethinium, neostigmine, physostigmine); anti­

Alzheimer aminoacridines (tacrine); anti-Parkinsonal drugs (benztropine, biperiden, 

procyclidine, trihexylhenidyl); anti-muscarinic agents (atropine, hyoscyamine, 

scopolamine, propantheline); adrenergic dopamines (albuterol, dobutamine, ephedrine, 

epinephrine, norepinephrine, isoproterenol, metaproperenol, salmetrol, terbuta1ine); 

ergotamine derivatives; myorelaxants or curane series; central action myorelaxants; 

baclophen, cyclobenzepine, dentrolene; nicotine; beta-adrenoblockers (acebutil, 

amiodarone); benzodiazepines (ditiazem); antiarrhythmic drugs (diisopyramide, 

encaidine, local anesthetic series--procaine, procainamide, lidocaine, flecaimide), 

quinidine; ACE inhibitors: captopril, enelaprilat, fosinoprol, quinapril, ramipril; 

antilipidemics: fluv!lstatin, gemfibrosil, HMG-coA inhibitors (pravastatin); hypotensive 

drugs: clonidine, guanabenz, prazocin, guanethidine, granadril, hydralazine; and non­

coronary vasodilators: dipyridamole. 

[00931 According to the present invention, the entity contained in the liposome 

composition of the present invention can also be a pre-entity, e.g., a pro-drug or an agent 

that is capable of being convelied to a desired entity upon one or more conversion steps 

under a condition such as a change in pH or an enzymatic cleavage of a labile bond. Such 

conversion may occur after the release of the pro-drug from the liposome interior at the 

intended site of the drug/liposome action. However, the pre-entity can be converted into 

149.4  7.9 96.4 1 4.9 Triethylamine 559 149.6  6.9 96.5 + 4.3 Dimethylethanolamine 509 163.1 1 6.6
105.31 4.5 Dirnethylamine 472 158.6+- 7.4 102.3  4.9 Diethylamine 519 156.713.0 101.1 1 8.5 
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the desired active entity inside the liposomes of the present invention prior to the use of 

the liposomes as a delivery vehicle, e.g., administration to a patient For example, an 

entity can be modified into a pre-entity so that it is easier to be loaded into the liposomes 

and then it can be converted back into the desired entity once it is inside the liposomes of 

the present invention. In this manner, according to the present invention, the entities that 

are generally not amenable to "active", "remote" or other gradient-based loading 

methods, can be effectively loaded into liposomes, e.g., into the liposome interior space, 

in their native, unmodified fonn. 

[00941 Globally cationic compounds, that is, compounds capable of attaining a net 

positive ionic charge under the liposome loading conditions, especially the compounds 

containing a titratable amine, are known to effectively load into liposomes exhibiting 

transmembrane ion gradients. If an entity of interest is an organic compound and is not 

not a globally cationic compound having a titratable amine, a derivative thereof having 

the requisite ionic properties can be prepared by a suitable modification, e.g., according to 

the methods described in Woodle et aI., in WO 96/25147. For example, an amine group 

can be introduced by esterification of a hydroxyl group of the entity with an amino acid. 

Alternatively, a hydrophobic group can be introduced into a water-soluble compound to 

aid in its partition into the liposome membrane and subsequent traversing of the 

menlbrane to the intraliposomal compartment, i.e., inside the liposomes. Another useful 

modification to create a liposome-loadable pre-entity is the fonnation of a carbonyl group 

adduct, e.g., a hydrazone, an oxime, an acetal, or a ketal. A modified amino-containing 

group can be hydrolyzed or otherwise chemically split fTom the modified compound after 

the loadipg of the modified compound into the liposomes according to the present· 

invention. Typical processes to intraliposomally regenerate the entity from a pre-entity 

are hydrolysis, photolysis, radiolysis, thiolysis, ammonolysis, reduction, substitution, 

oxidation, or elimination. These processes can be effected, without limitation, by the 

change of pH or by an enzymatic action. For example, pac1itaxel or docetaxel, a non-ionic 

entities, are converted into their 2' -(diethylaminopropionyl)- or 7'­

(diethylaminopropionyl) esters, which are weak bases (pre-entities). After loading into the 

liposomes by any known method, including, without limitation, "active", "remote", 

"transmembrane-gradient-based" or "solubility gradient based" methods, and/or the 

methods of the present invention, the intraliposoma12' -(diethylaminopropionyI)-

Diisopropylamine 533 159.9* 6.2 103.2 1 4.1 Tris(hydroxymethyl)-minornethane 423 179.9 15.3 116.1
+11.5 1-Piperidineethanol 506 153.57.1 99.0 + 4.5 4-Methylmorpholine 465 152.49.8 983  6.2
Piperidine 479 
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paclitaxel is converted into original paclitaxel by stimulating its hydrolysis through the 

increase of pH to above pH 7.0. Thus, a liposome encapsulating a neutral taxane molecule 

within its interior space is obtained with the drugllipid ratio of over 0.05 mole per mole of 

the liposome lipid, without the help of hydrophilic covalent modifications of the taxane 

molecule (e.g. by attachment of PEG), cyclodextrine taxane compexes, or taxane­

solubilizing, micelle-forming surfactants. 

(0095] According to the present invention, the liposomes contained in the liposome 

composition of the present invention can be any liposome known or later discovered in 

the art. In general, the liposomes of the present invention can have any liposome 

structure, e.g., structures having an inner space sequestered from the outer medium by 

one or more lipid bilayers, or any microcapsule that has a semi-permeable membrane 

with a lipophilic central part where the membrane sequesters an interior. A lipid bilayer 

can be any arrangement of amphiphilic molecules characterized by a hydrophilic part 

(hydrophilic moiety) and a hydrophobic part (hydrophobic moiety). Usuallyamphiphilic 

molecules in a bilayer are arranged into two dimensional sheets in which hydrophobic 

moieties are oriented inward the sheet while hydrophilic moieties are oriented outward. 

Amphiphilic molecules forming the liposomes of the present invention can be any known 

or later discovered amphiphilic molecules, e.g., lipids of synthetic or natural origin or 

biocompatible lipids. Liposomes of the present invention can also be formed by 

amphiphilic polymers and surfactants, e.g., polymerosomes and niosomes. For the 

purpose of this disclosure, without limitation, these liposome-fonning materials also are 

referred to as "lipids". 

(0096] According to the present invention, the liposomes contained in the liposome 

composition of the present invention can also be targeting liposomes, e.g., liposomes 

containing one or more targeting moieties or biodistribution modifiers on the surface of 

the liposomes. A targeting moiety can be any agent that is capable of specifically binding 

or interacting with a desired target. In one embodiment, a targeting moiety is a ligand. 

The ligand, according to the present invention, preferentially binds to and/or internalizes 

into, a cell in which the liposome-entrapped entity exerts its desired effect (a target cell). 

A ligand is usually a member of a binding pair where the second member is present on or 

in a target cells or in a tissue comprising the target cell. Examples of ligands suitable for 

the present invention are: the folic acid, protein, e.g., transferrin, growth factor, enzyme, 

158.5 12.5 102.3 + 8.2 I-Methylpyrolidine 492 153.6 + 12.3 99.1 + 7.8 Dimethylpiperazine 378 158.01
6.5 101,9 4.3  EXAMPLE 4 . Preparation of triethylammonium polyphosphate (TEA-Pn) solution.
10129)Linear sodium poly(phosphate) having 13-18 phosphate units per molecule (Phosphate glass;
CALGON(r), obtained from Sigma Chemical Company) was dissolved in water to a concentration of
about 1.3 M phosphate. The solution was passed through a column packed with 120 mL of sulfonated
polystyrene-divinylbenzene copolymer cation exchange resin beads (Dowex 50Wx8-200, Dow
Chemical Co.) in the hydrogen form. The column was pre-equilibrated with aqueous 3 -3.6 M HC1 to
bring the resin into hydrogen form, and washed with deionized water to neutral p1-I. Fifteen ml of the
sodium polyphosphate solution was applied on the column and eluted with deionized H20. The column
eluent was monitored using a conductivity detector. The column outflow corresponding to the
conductivity peak was titrated with neat triethylamine to p14 5.5-6.0. The solution was analyzed for
residual sodium by potentiometry using a sodium-sensitive glass electrode and for phosphate content
using an inorganic phosphate assay as in Example I. The solution having residual sodium content of
less than 1 % was diluted to a  44 final phosphate concentration of 0,55 M. The solution typically has a
TEA concentration of 0.52-0.55 M, pH o15.5-6M, and psi-natality of 430-480 mmol/k2 
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peptide, receptor, antibody or antibody fragment, such as Fab', Fv, singJ e chain Fv, 

single-domain antibody, or any other polypeptide comprising antigen-binding sequences 

(CDRs) of an antibody molecule. A ligand-targeted liposome wherein a targeting moiety 

is an antibody or a target antigen-binding fragment thereof is called an immunoliposome. 

In a preferred embodiment, the liposome carrying a targeting moiety, e.g., a ligand, is 

internalized by a target cell. In yet another embodiment, a targeting moiety is a ligand 

that specifically interacts with a tyrosine kinase receptor such as, for example, EGFR, 

HER2, HER3, HER4, PD-GFR, VEGFR, bFGFRor IGFR receptors. In still another 

embodiment, the targeting moiety specifically interacts with a growth factor receptor, an 

angiogenic factor receptor, a transferrin receptor, a cell adhesion molecule, or a vitamin 

receptor. 

10097] According to another embodiment of the present invention, the liposomes 

contained in the liposome composition exhibit a transmembrane concentration gradient of 

a substituted ammonium andlor polyanion of the present invention. Preferably, the higher 

concentration is in the interior (inner) space of the liposomes. In addition, the liposome 

composition of the present invention can include one or more trans-membrane gradients 

in addition to the gradient created by the substituted ammonium and/or polyanion of the 

present invention. For example, the liposomes contained in the liposome composition of 

the present invention can additionally include a transmembrane pH gradient, ion gradient, 

electrochemical potential gradient, andlor solubility gradient. 

100981 According to yet another embodiment of the present invention, the liposome 

composition of the present invention can be provided in a kit comprising a container with 

the liposomes, and optionally, a container with the entity and an instruction, e.g., 

procedures or infonnation related to using the liposome composition in one or more 

applications. Such instruction can be provided via any medium, e.g., hard paper copy, 

electronic medium, or access to a database or website containing the instruction. 

(0099] The liposome membrane composition of the present invention can be made by 

any suitable method known to or later discovered by one skilled in the art. In general, a 

variety of lipid components can be used to make the liposomes of the present invention. 

Lipid components usually include, but are not limited to (1) uncharged lipid components, 

e.g., cholesterol, ceramide, diacylglycerol, acyl(poly ethers) or alkylpoly(ethers); (2) 

EXAMPLE 5. Removal of unentrapped polyphosphate salts from liposorne preparations.
(0130]Liposomes (120 nm in size) with entrapped fluorescent marker 8- hydroxypyrenc trisulfonate
were prepared according to Kirpotin, et al., Biochemistry 36:66-75, 1997, and mixed with the solution
of sodium polyphosphate. The mixture was loaded on size exclusion columns containing cross-linked
dextran beads (Sephadex G75), 6% agarose beads (Sepharose 68-CL), or 4% agarose beads
(Sepharose 48-CL), all from Amersham Pharmacia, and eluted with MES-Dextrose buffer (pH 5.5).
The effluents were assayed for phosphate content using the phosphate assay of Bartlett (1959), and
for the liposome content by spectrofluorometry. Of the studied gel-chromarography carries, Sepharose
CL-613 provided complete separation of the polyphosphate from the liposomes at the sample/column
bed volume ratio of 13. EXAMPLE 6. Preparing solution of triethylarnmonium sucroseoctasullate
(TEA-SOS). 10131]Sodium sucrose octasulfate (equivalent weight 144.8) is the sodium salt of sucrose
derivative in which all hydroxyl groups have formed sulfuric acid esters. Sucrose octasulfate (SOS)
sodium salt was purchased from Toronto Research Chemicals, Toronto, Canada, pin 5699020. Six
grams of sodium sucrose octasulfate was dissolved in 16.57 ml of deionized water to give a final
concentration of about 2.5 N of the sulfate groups.. The solution was treated by ion exchange as in
Example 4. The solution of sucroseociasulfuric acid obtained as an ion exchange column effluent was
then titrated with neat triethylarnine to5.7 (neutralization point), and the pH and osmolality of the
solution were determined. The resulting solution had the calculated miethylammoniunt concentration of
0.643 M, pH 5.7, and the osmolality of 530 !among. The presence of residual sodium was
undetectable by potentiotnetry (less than 0.1%). EXAMPLE 7. Liposomes loaded with lrinotecau
(CPT-11) using substituted ammonium salts: preparation and in vitro drug release in the presence of
blood plasma.  45 ammonium salt solutions. Phosphate polymers were chosen because of their
biodegradability and because polyphosphates are found naturally in the cells, as opposed to other
synthetic polymeric anions (polyacrylate, dextran sulfate, and the like). Also, the viscosity of solutions
of low molecular weight polyphosphates was lower than that of other polymers, making
polyphosphates more process-friendly. [01331The folioaterials were used for preparation of salt
solutions.       1. Sodium polyphosphate, Na0-[PO3Na]-Na, n-13-18, purchased from Sigma (Product
No. P-8510, "Phosphate Glass, Practical Grade", also known as sodium hexametaphosphate or by the
brand name CALGON);       2. Pentasodiurn tripolyphosphate, Na5P3010, purchased from Sigma
(Product No. T-5883); 3.Tetrasodiurn pyrophosphate decahydrate, Na4P207.101120, purchased from
Sigma (Product No. P-9146).        4. Ion exchange resins Dowex 50Wx4 (4% cross-linked sulfonated
polystyrene resin, 100-200 mesh) purchased from Sigma (Product No. 50X4-200) or Dovvex IJCP.-W2
(8% cross-linked sulfonated polystyrene resin 50-100 mesh) purchased from Sigma (Product No.
1-8880) were used interchangeably. The resins were washed by decantation in the following order:
three times with deionized water, twice with 114 HCI (3x excess over the resin by volume), three times
with water, twice with IN NaOH, three times with water, three times with IN ha, and three times with
water. After the decantation, the resins were in Htfonn. 



29 

neutral phospholipids, e.g., diacylphosphatidylcholines, sphingomyelins, and 

diacylphosphatidylethanoiamines, (3) anionic lipids, e.g., diacylphosphatidylserine, 

diacylphosphatidylglycerol, diacylphosphatidate, cardiolipin, diacylphosphatidylinositol, 

diacylglycerolhemisuccinate, diaclyglycerolhemigluratate, cho]esterylhemisuccinate, 

cholesterylhemiglutarate, and the like; (4) polymer-conjugated lipids, e.g., N-[methoxy­

(poly( ethylene glycol)diacylphosphatidylethano\amine, po\y( ethylene glycol)­

diacylglycerol, poly( ethylene glycol)-ceramide; and (5) cationic lipids, e.g., 1,2,-diacyl-

3-trimethylammonium-propane (DOT AP), dimethyldioctadecylammonium bromide 

(DDAB), and 1,2-diacyl-sn-glycero-3-ethylphosphocholine. Monoacyl- substituted 

delivatives of these lipids, as well as di- and monoalkyl-anaJogs can be also employed. 

[01001 Various lipid components can be selected to fulfill, modify or impart one or 

more desired functions. For example, phospholipid can be used as principal vesic1e­

forming lipid. Inclusion of cholesterol is useful for maintaining membrane rigidity and 

decreasing drug leakage. Polymer-conjugated lipids can be used in the liposomal 

fOl11mlation to increase the lifetime of circulation via reducing liposome clearance by 

liver and spleen, or to improve the stability of liposomes against aggregation during 

storage, in the absence of circulation extending effect While inclusion of PEG-lipids in 

the amount 1 mol% or above of the liposome lipid is asserted to have a several-fold 

prolongation of the liposome blood circulation time (see, e.g., U.S. Pat. 5,013,556), we 

have surprisingly discovered that liposomes of the present invention are quite long­

circulating, and the addition of PEG-lipid to the liposome composition only extended the 

circulation longevity for less than two-fold, jf at all. In addition, charge-modulating 

(titratable) lipids can be used to help delivery ofliposome encapsulated entities to 

cytosolic or nuclear targets via facilitating some classes of entities escaping the confines 

of endosomal pathway. 

[01011 In one embodiment, the liposomes of the present invention include lecithin, 

cholesterol, and an amphipathic polymer. The lecithin included in the liposomes of the 

present invention can be a natural lecithin, a hydrogenated natural lecithin, a synthetic 

lecithin, I ,2-distearoyl-lecithin, dipalmitoyllecithin, dimyristoyllecithin, dioleolyl 

lecithin, I-stearoyl-2-01eoyllecithin, or I-palmitoyl-2-o1eoyl lecithin whereas the 

amphipathic polymer can be a polyethylene glycol-lipid derivative, e.g., polyethylene 

glycol phosphatidylethanolamine, polyethylene glycol-diacylglycerol, or 

5. Trimethylamine (TMA), aqueous solution 40%, from Aldrich Chemical Co. (Product No. 43, 326-8).
The concentration was established by acid titration to be around 5.9 N.        6. Triethylamine (TEA),
99%, HPLC Grade, from Fish (Product No 04884). The concentration by acid titration was 6.9-7_1 N.
[01341Water was purified through reverse osmosis, ion exchange, and organic removal to achieve
organic free "16-IS MOlun" quality. 10135]Aqueous solutions of pyrophosphate, triphosphate, and
polyphosphate salts were prepared by ion exchange method. Solutions of sodium polyphosphate (3g
in 25 mL of water), pyrophosphate (4g in 27 mL of water), or polyphosphate (6.7g in 30 mL of water)
were loaded on the column containing 100 naL (bed volume) of the ion exchange  46 resin prepared
as above. The column was eluted with water, and fractions were collected. The fractions showing
acidic pH (pH.<3) were pooled. Triplicates of 0.5-rnL aliquots of the pooled fraction containing the
phosphate acid were diluted with 20 ml, water and titrated with 0.100 N NaOH to the end point of pH
4.5-5.0 (Fisher analytical solution) to determine normality. The pooled fractions after ion exchange
were titrated with trimethylamine (to obtain trimethylammonium salts) to pH 5.4-5.5. After titration, the
solutions were diluted, if necessary, to obtain a final concentration of trimethylammonium close to 0.5
N. 101361Trimethylammonium and triethylammonium sulfates were prepared by diluting 1.39 m L of
concentrated (17.9 M) sul hide acid with SO mL water, and titrating the diluted solution with neat
triethyl amine or aqueous trimethylamine under the control of a pH-meter to equivalence point (pH
5.1-5.5). The volume was adjusted to 100 niL with water. 101371Trimethylaminonium citrate solution
was prepared by dissolving 1.572 g of citric acid monohydrate ACS from Sigma (Product No. C-1909)
in 20 mL of water, and titrating the solution with aqueous trimethylarnine to the point of equivalence.
The volume was adjusted to 25 m L with water. [0138]The solutions were filtered through a 0.2-uni
cellulose acetate filter using positive pressure. Osrnotality and pH of the solutions was measured using
a vapor pressure osmometer and glass-calomel electrode pH-meter, respectively. The normality of the
anion in the phosphate solutions was determined by blue phosphomolybdate spectrophotometric
assay (see Example 70) after acid hydrolysis (5 mm. 100 C, 3N H2SO4). Anion normality took into
account only the acidic functional groups that are substantially ionized at pH 5.1 Cation normality was
determined on the basis of the added trialkylammonium base. The obtained solutions had the following
properties (Table 4):  47 
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polyethyleneglycol-ceramide derivative, where the poly(ethylene glycol) portion has 

molecular weight from about 250 to about 20,000, most commonly from about 500 to 

about 5,000. In another embodiment, the lecithin and cholesterol ratio in the liposomes of 

the present invention is about 3:2 by mole. In yet another embodiment, the amphipathic 

polymer is at least 0.1 mole% of the liposome-fonning lipid in the liposomes of the 

present invention. In yet another embodiment, the amount of an amphipathic polymer is 

between 0.1 mole% and I mole% ofthe liposome-fonning lipid in the liposomes of the 

present invention. Preferably, the amphipathic polymer is a neutral polymer, i.e. possesses 

under the drug loading conditions the net ionic charge of zero, for example, PEG­

diacylglycerol, PEG-dialkylglycerol, or PEG-ceramide. It was unexpectedly discovered 

that inclusion of ionically neutral amphipathic lipids up to PEG-lipid content of about 5.7 

mol.% of total lipid afford high efficiency liposome loading of, e.g., vinca alkaloids, such 

as vinorelbine, while in the case of anionically charged PEG-DSPE the loading 

efficiency noticeably declined at the PEG-lipid content of 1.6 mol.% or more (Example 

72). 

[01021 In still another embodiment, the liposomes of the present invention contain a 

camptothecin derivative, e.g., a camptothecin prodrug such as irinotecan and is comprised 

of lecithin and cholesterol, e.g., at a ratio of about 3:2 by mole, and an amphipathic 

polymer, e.g., at an amount of at least 0.1 mole % or less than 1 % of the liposome­

fanning lipid. 

[0103] Liposomes of the present invention can be made by any method that is known 

or will become known in the art. See, for example, G. Gregoriadis (editor), Liposome 

Technology, voL 1-3, 1st edition, 1983; 2nd edition, 1993, CRC Press, Boca Raton, FL 

Examples of methods suitable for making liposome composition of the present invention 

include extrusion, reverse phase evaporation, sonication, solvent (e.g., ethanol) injection, 

micro fluidization, detergent dialysis, ether injection, and dehydration/rehydration. The 

size ofliposomes can be controlled by controlling the pore size of membranes used for 

low pressure extrusions or the pressure and number of passes utilized in microfluidisation 

or any other suitable methods. In one embodiment, the desired lipids are first hydrated by 

thin-film hydration or by ethanol injection and subsequently sized by extrusion through 

membranes of a defined pore size; most commonly 0.05 flm, 0.08 flm, or 0.1 f..lm. 

Table 4. Properties of substituted ammonium salt solutions for CPT-I I loadno liposolll es.     Salt cation
normality anion normality pH Osmolality     (mmollkg) T1MA citrate 0.58 
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[01041 Liposome compositions containing the substituted ammonium and/or 

polyanion of the present invention inside the liposomes can be made by any suitable 

methods, e.g., formation of Ii po somes 'in the presence of the substituted ammonium 

and/or polyanion of the present invention, e.g., in the form of salt. The substituted 

ammonium and/or polyanion outside of the liposomes can be removed or diluted either 

following liposome fonnation or before loading or entrapping a desired entity. 

Alternatively, liposome composition containing the substituted ammonium and/or 

polyanion ofthe present invention can be made via ion exchange method directly or via 

an intermediate free acid step having a gradient of substituted ammonium of the present 

invention, e.g., substituted ammonium salt of polyanionized sugar or polyol. Such 

liposomes can be neutralized using the amine or its salt with a volatile acid, e.g., 

carbonate. The resulting liposome solution can be used directly or alternatively the salt 

contained therein can be removed if desired, e.g., by evaporation and crystallization 

followed by dissolution in an aqueous medium. 

[0105] Preferably, the liposome composition of the present invention has a 

transmembrane concentration gradient of the substituted ammonium and/or polyanion, 

e.g., the concentration of the substituted ammonium and/or polyanion salt inside the 

liposome is higher, usually at least 100 times higher, than the concentration of the 

substituted ammonium and/or polyanion in the medium outside the liposome. 

[0106} In one embodiment, the concentration of the substituted ammonium and/or 

polyanion salt inside the liposome is at least 100 times higher than the concentration of 

the substituted ammonium and/or polyanion salt in the medium outside the liposome and 

is at least at a concentration of about 10mM, 50mM, 0.1 M, O.2M, O.5M, 0.6M, 0.7M, or 

1.OM,_wherein molarity is calculated based on the substituted ammonium. In another 

embodiment, the concentration of the substituted ammonium and/or polyanion salt inside 

the liposome is at least 100 times higher than the concentration of the substituted 

ammonium and/or polyanion salt in the medium outside the liposome and is at a 

concentration of about O.6SM or about I.OM. 

(0107] In addition, the Iiposome composition of the present invention usually has a pH 

outside which is compatible with or helpful for maintaining the stability of a desired 

entity during the loading process, along with the high loading efficiency, e.g., above 90% 

0.60 5.1 791 TMA sul fate 0.50 0.50 5.4 625 TMA pyrophosphate 0.44 0.54 5.4 651 TMA triphosphate
0.57 0.68 5.4 695 
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entrapment. For example, pH in the range of 4-7, or pH 4.5-6.5, is preferred. In 

particular, according to the present invention, loading of a camptothecin compound, e.g., 

topotecan or irinotecan, is best accomplished at the pH of the outer medium in the range 

between about 4.0 and about 7.0, more preferably between about pH 5.0 and pH 6.5. 

Loading of a vinca derivative, e.g., vincristine, vinorelbine, or vinblastine is best 

accomplished at pH about 5.0-7.0, more preferably at pH about 6.5. 

l01081 According to the present invention, a desired entity can be loaded or entrapped 

into the liposomes by incubating the desired entity with the liposomes of the present 

invention in an aqueous medium at a suitable temperature, e.g., a temperature above the 

component lipids' phase transition temperature during loading while being reduced below 

the phase transition temperature after loading the entity. The incubation time is usually 

based on the nature of the component lipids, the entity to be loaded into the Iiposomes, 

and the incubation temperature. Typically, the incubation times offew minutes to several 

hours are sufficient. Because high entrapment efficiencies of more than 85%, typically 

more than 90%, are achieved, there is usually no need to remove un entrapped entity. If 

there is such a need, however, the unentrapped entity can be removed from the 

composition by various mean, such as, for example, size exclusion chromatography, 

dialysis, ultrafiltration, adsorption, or precipitation. It was unexpectedly found that 

maintaining of the low ionic strength during the incubation of an entity, such as, in 

particular, a camptothecin derivative or a vinca alkaloid derivative, with the liposomes of 

the present invention, followed by the increase in ionic strength at the end of the 

incubation, results in higher loading efficiency, better removal of un entrapped drug, and 

better liposome stability against aggregation. Typically, the incubation is conducted, e.g., 

in an aqueous solution, at the ionic strength ofless than that equivalent to 50 mM NaCl, 

or more preferably, less than that equivalent to 30 mM NaCl. Following the incubation, a 

concentrated salt, e.g., NaCl, solution may be added to raise the ionic strength to higher 

than that of 50 mM NaCl, or more preferably, higher than that of 100 mM NaCl. Without 

being bound by a theory, we hypothesize that the increase of ionic strength aids 

dissociation of the entity from the liposome membrane, leaving substantially all entity 

encapsulated within the liposomal interior space. 

[0109} In general, the entity-to-lipid ratio, e.g., drug load ratio obtained upon loading 

an entity depends on the amount of the entity entrapped inside the Ii posomes, the 

TMA polyphosphate 0.49 0.58 5.5 336 TEA sulfate 0.54 0.50 5.35 719  101391Cholesterol and DSPC
were purchased from Avanti Polar Lipids, Alabaster, Alabama, USA. PEG-DSPE (PEG mol. weight
2,000) was from Shearwater Polymers, Huntsville, AL, USA. DSPC, cholesterol, and PEG-DSPE in the
weight ratio of 3:1:0.1 (molar ratio approximately 3:2:0.03) were dissolved in chloroform (Fisher;
Optima grade, stabilized with amylene) at 60 ing/mL of DSPC. The solution was dispensed into Pyrex
tubes at 30 mg of DSPC (0.5 mL) per tube and slowly evaporated at reduced pressure using rotary
evaporator at 60 C. The lipid films were dried under vacuum (100 micron mercury, oil pump) for 30-60
minutes at room temperature. [01401Dry lipid films were hydrated by gentle shaking in the above
aqueous salt solutions at 60 C for 15-20 minutes. The lipids formed a milky suspension (multilamellar
vesicles). This milky suspension was subjected to five cycles of freezing in the mixture of dry ice and
isopropanol (-80 C, 3 minutes) and thawing in a water bath at 60 'V for 3 minutes. Then, the lipid
suspension was extruded 10 times (double-strokes) through two stacked polycarbonate membrane
filters (Nucleopore, Whatman, pore size 0.1 pm) using a manually operated reciprocating extruder
(Avanti Polar Lipids) heated at 60 'C. 101411The extruded liposomes were kept at 60C for five minutes
and quenched in ice water (0-4 C) for five minutes. Then, the liposomes were separated from the
gradient-forming salt solution into the loading buffer lvIES-Dextrose (50 g/L of Dextrose ACS, 0.975
WI, of 2-(N-morpholino)-ethanesuifonic acid (tv1ES), and sufficient amount  
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concentration of entrapped substituted ammonium and/or polyanion, e.g., salt, the 

physicochemical properties of the entrapped entity and the type of counter-ion (anion), 

e.g., polyanion used. Because of high loading efficiencies achieved in the compositions 

and/or by the methods of the present invention, the entity-to-lipid ratio for the entity 

entrapped in the liposomes is over 80%, over 90%, and typically more than 95% of the 

entity-to-lipid ratio calculated on the basis of the amount of the entity and the liposome 

lipid taken into the loading process (the "input" ratio). Indeed, practically 100% 

(quantitative) encapsulation is common. The entity-to lipid ratio in the liposomes can be 

characterized in tenns of weight ratio (weight amount of the entity per weight or molar 

unit of the liposome lipid) or molar ratio (moles of the entity per weight or molar unit of 

the liposome lipid). One unit of the entity-to-lipid ratio can be converted to other units by 

a routine calculation, as exemplified below. The weight ratio of an entity in the liposomes 

of the present invention is typically at least 0.05, 0.1, 0.2, 0.35, 0.5, or at least 0.65 mg of 

the entity per mg oflipid. In tenns of molar ratio, the entity-to-lipid ratio according to the 

present invention is at least from about 0.02, to about 5, preferably at least 0.1 to about 2, 

and more preferably, from about 0.15 to, about 1.5 moles of the drug per mole of the 

liposome lipid. In one embodiment, the entity-to-lipid ratio, e.g., drug load ratio of 

camptothecin derivatives is at least O. J, e.g., 0.1 mole of camptothecin derivative per one 

mole ofliposome lipid, and preferably at least 0.2. In another embodiment, the entity-to­

lipid ratio, e.g., drug load is at least about 300 mg entity (e.g., vinca alkaloid or a 

derivative thereof) per mg ofliposome-fonning lipid. In yet another embodiment, the 

entity-to-lipid ratio, e.g., drug load is at least about 500 mg entity (e.g. camptothecin 

derivative or camprothecin prodrug) per mg ofliposome-forming lipid. Surprisingly, the 

invention afforded stable and close to quantitative liposomal encapsulation of a 

camptothecin derivative drug, e.g., irinotecan, at the drug-to-lipid ratio of over 0.8 mmol 

of the entity per 1 g of Ii po some lipid, over 1.3 mmol of entity per 1 g ofliposome lipid, 

and even at high as 1.7 mmol entity per 1 g liposome lipid (see Example 74). 

[01101 If the liposome comprises a phospholipid, it is convenient to express the entity 

content in the units of weight '(mass) amount ofthe drug per molar unit of the liposome 

phospholipid, e.g., mg drug I mmol of phospholipid. However, a person skilled in the art 

would appreciate that the drug content can be equivalently expressed in a manner 

independent of the presence of phospholipids in a liposome, and furthennore, can be 

48 of 5M NaOH to bring the pH to 6.4) by gel-chromatography on Sephadex G-75. Liposomes appear
in the void volume fraction (approximately 30% of the column bed volume). 101421CPT-11 (Irinotecan
hydrochloride) preparation containing 0.860 mg of the CPT-11 base per 1 mg of the solid was
dissolved in 0.001N 1-10 to make a stock solution of 16.5 ing/mL CPT-1 t base. This solution was
mixed with the liposomes in MESDextrose buffer to achieve the ratio of 150 jig CPT-11 per 1 ninol of
liposome phospholipids. The mixture was incubated at 55 'C in a water bath, with occasional gentle
shaking (approximately every five minutes) for 30 minutes, then quickly chilled in ice water (0-4 C).
The liposomes were separated from the unencapsulated drug by gel-chromatography on Sephadex
G-75, using MES-Dextrose as eluent. The encapsulated drug was determined by a spectrophotometric
assay (Example 71), and the phospholipids determined using an extraction assay (Example 70).
101431In vitro drug release from so obtained CPT-11-loaded liposomes in the presence of 50%
human plasma was studied as follows. Frozen human donor plasma was thawed as 37C, centrifuged
at 14,500g for 10 minutes, and filtered through a 0.45-nm cellulose acetate syringe filter. The liposome
preparations with loaded CPT-11 were sterilized by passage through 0.2-um surfactant-free cellulose
acetate (SECA) sterile syringe filter. 0.5-mL of the liposomes were mixed with 0.5 rrit of plasma in
sterile 1.5- nth copolymer Eppendorf tubes, sealed, and incubated on a rocking platform at 37 C for 24
hours. Blank sample contained 0.5 mL of sterile NIES-Dextrose instead of liposomes. The liposomes
were isolated by gel-chromatography on a beaded cross-linked 2% agarose gel (Sepharose CL-2B,
Pharmacia; 10 naL, bed volume) using 144 mM NaCl, 5 inN4 HEPES-Na, pH 7.4 buffer (HBS-5). The
liposornes appeared at the void volume fraction, while plasma proteins and released drug (if any) were
retarded by the gel. The iiposome fractions were assayed for CPT-11 and phospholipids, and the
druglphospholipids ratio (output ratio) was determined. Readings of the blank samples (plasma only)
were subtracted from the readings of the liposome-containing samples. Percent of the drug remaining
in the liposomes after the incubation was determined by dividing output drug/lipid ratio by the input
drug/lipid ratio (drug/lipid ratio prior to incubation with plasma). The loading and release data are
summarized in Table 5.  49 Table 5. Loading of CPT-11 into liposornes with tertiary alkylammonium
salts and in vitro release of the drug in the presence of human plasma. Entrapped salt solution Before
incubation with plasma After incubation with plasma  drug/lipid encapsulation drug/lipid drug remaining
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equivalently expressed in tenns of a molar amount of the drug per unit (mass or molar) of 

the liposome lipid content. For example, a liposome containing 3 molar parts of 

distearoylphosphatidylcholine (DSPC, molecular weight 790), 2 molar parts of 

cholesterol (molecular weight 387), and 0.015 molar parts of poly( ethylene glycol)­

derivatized distearoylphosphatidylethanolamine (PEG-DSPE, molecular weight 2750), 

and containing a drug doxorubicin (molecular weight 543.5) at the drugllipid ratio of 150 

mg/mmol phospholipid, the same drug content can be equivalently expressed in tenns of 

mg drug/mg total lipid as follows: 

(a) Calculate the molar amounts ofliposome lipid components normalized to the molar 

unit ofliposome phospholipids (DSPC and PEG-DSPE in this example) by dividing the 

molar quantity of a component by the total of the molar quantities of the liposome 

phospholipids: 

DSPC 3/(3+0.015) = 0.99502 

Cholesterol 2/(3+0.015) = 0.66335 

PG-DSPE 0.015/(3+0.015) = 0.00498 

(b) Calculate the mass amount of total liposome lipid corresponding to a unit molar 

amount ofliposome phospholipid and the components molecular weights: 

Total lipid, mg/mmol phospholipid::::: 0.99502x790 + 0.66335x387 + 

0.00498x2750 = 1056.48 

(c) Calculate the mass amount of drug per mass unit of total lipid by dividing the drug 

content expressed in mass units per molar unit of phospholipid by the number obtained in 

step (b): 

Doxorubicin, mg/mg total lipid = 15011056.48 = 0.14198. 

(d) Calculate the molar amount of the drug per unit mass of total lipid by dividing the 

number obtained in step (c) by the drug molecular weight (in this case, 543.5) : 

Doxorubicin, mmol/g total lipid ::= 0.14198/543.5x 1000 = 0.261. 

(e) Calculate the molar part of phospholipids in the liposome lipid matrix: 

Phospholipid molar part = (total moles ofphospholipids)/(total moles amount of 

lipids)::= (3+0.015)/(3+2+0.015) = 0.6012. 

(f) Calculate the molar ratio of doxorubicin to total lipid. 

ratio efficiency (%) ratio encapsulated (%) TMA sulfate 127,2  5.6 84.8  132.1  6.9 103.8 10.0 TMA
pyrophosphate 136.2  9.0 90.8  6.0 132.3  5.0 97.1 IL 10.1 TmA triphosphate 132.9 88.6 129.2 
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[0111] Doxorubicin, mol/mol of total lipid = (Phospholipid molar part)x(Doxorubicin, 

g/mole phospholipid)/(Doxorubicin molecular weight) :=: 0.60 12x 150/543.5 ::= 0.166 

[0112} Thus, the relationship between drug-to-lipid and drug-to-phospholipid ratio 

expressed in various units is readily established. As used herein, a "lipid" includes, 

without limitation, any membrane-fonning components of the liposome membrane, such 

as, for example, polymers and/or detergents. 

[Ol13} The liposome entrapped substituted ammonium andlor polyanion salt solution 

of the present invention usually has an osmotic strength (osmolality) which helps to keep 

the liposomes stable against osmotic damage (swelling and/or burst) without saclificing 

the loading capacity ofthe liposomes. In one embodiment, the osmolality of the liposome 

composition of the present invention is in the range of 0.1 to 1.5 mol/kg or, preferably, 

0.2 to 1.0 mol/kg. Surprisingly, we found that liposomes of the present invention are 

stable against adverse effect of high intraliposomal osmotic strength on the drug loading. 

Intraliposomal osmolarities of as high as 0.727 mol/kg were well tolerated, reSUlting in 

practically quantitative loading of a drug up to the theoretical maximum of stoichiometric 

exchange of intraliposomal substituted ammonium ions for molecules of the drug (in the 

case ofirinotecan, one drug molecule per one substituted ammonium ion), even though 

the osmolarity of the extraliposomal aqueous medium during the co-incubation of the 

drug and the liposomes was close to the physiological value of about 0) mol/kg 

(Example 74). 

[01141 In general, the liposome composition of the present invention is quite stable 

during storage, e.g., as measured by the percentage of entrapped entity released outside of 

the liposomes or still maintained inside of the liposomes after a certain time period from 

the initial loading of the entity inside the liposomes of the present invention. For 

example, the liposome composition of the present invention is stable at 4°C for at least 6 

months, e.g., less than 10% of entrapped entity is released 6 months after the initial 

loading ofthe entity. In one embodiment, the liposome composition of the present 

invention is stable at 4°C for at least 2 years, e.g., less than 20% of entrapped entity is 

released 2 years after the initial loading of the entity. 

(0115] It is advantageous for a liposome-entrapped entity to remain encapsulated in 

the liposorne until the liposome reaches the site of its intended action, e.g., in the case of a 

97.3 TMA-Pn 134.4 + 9.3 89.6 + 6.2 135.0+ 7.4 100,4 12.4 TEA sulfate 131.1  6.5 87.4 + 4.4 125.2 +
5.0 95.5  8.6  EXAMPLE 8.1n vivo stability of the liposomes loaded with CPT-11 using pyrophosphate,
triphosphate, polyphosphate, citrate, and sulfate trialkylammonium salts. [01441While camptothecin
liposotnes may show acceptable drug leakage in blood plasma in vitro, the drug may leak more quickly
in the blood circulation in vivo. Therefore, a panel of CPT-11 liposome formulations was screened for
drug stability in the blood circulation in vivo using a single time point assay in mice. 101451The
liposomes were prepared and loaded with CPT-11 as described in Example 6, with the following
modifications. Instead of using PEG-DSPE from Shearwatcr Polymers, we used similar PEG-DSPE
from Avartti Polar Lipids. To afford quantification of the liposome lipid matrix in the blood/tissue
samples, a nonexchangeable radioactive label, [3F1]-Cholesteryl hexadecyl ether ([31-1]-CHE;
(Amersham, USA) was added to the chloroform solution of the lipids in the amount of 0.25 mCiimmol
of phospholipids. The lipid solutions were dispensed into Pyrex tubes at 12 mg of DSPC/tube, and lipid
films were formed by rotary evaporation/vacuum drying. Lipid films were hydrated in 0.7 mL of the
gradient-forming substituted ammonium salt solutions. Lipid concentration in the liposomes with
entrapped phosphate-containing salts was determined by radioactivity scintillation counting. The
preparations without entrapped phosphate-containing salts were also assayed for phospholipids
without extraction as described in Example 70, and used as lipid radioactivity standards. Portions of
the liposome-drug mixtures prepared for the loading were saved and assayed to 
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liposomal antitumor drug administered in a patient, a tumor. The liposomes of the 

present invention showed surprising stability against the release (leakage) of the 

entrapped entity under in vivo conditions, e.g. in the blood of a mammal. The exposure 

time needed for 50% release of the entrapped entity, e.g. drug, from the liposomes (half­

release time) in the blood of a rat ill vivo was more than 24 hours. In particular, liposomes 

loaded with vinca alkaloid drugs, e.g., vinblastine, vincristine, and vinorelbine, showed 

remarkable stability against drug leakage in vivo, with half-release time of at least 24 

hours, or the amount of entity remaining encapsulated after 24 hours in the blood in vivo 

at least about 50% of the pre-administration value. Typically the half-release time over 

33 hours, or the amount of encapsulated entity remaining encapsulated after 24 hours in 

the blood in vivo at least about 60%, was observed; and even the half-release time over 

46 hours, or the amount of encapsulated entity after 24 hours in the blood in vivo at least 

about 70% of the pre-administration value, was common. Sometimes the half-release 

time for an encapsulated drug in the blood in vivo was over 93 hours, and even over 120 

hours. The liposome loaded wit!) camptothecin derivatives, such as topotecan and 

irinotecan, also showed exceptional in vivo stability in the blood, with 79-85% of the 

original drug load remaining encapsulated after 24 hours. Remarkably, the liposomes of 

the present invention, while having such low in vivo drug release rate in the blood 

circulation, showed substantial in vivo antitumor activity exceeding that of the free drug 

(i.e administered as a solution). 

I01l6} The liposomes of the present invention provided unexpected combination of 

the high efficiency of the entrapped therapeutic agent and low toxicity. In general, the 

activity of a therapeutic entity liposomally encapsulated according to the present 

invention, e.g., the anti-neoplastic activity of a camptothecin delivative in a mammal, is at 

least equal to, at least two times higher, or at least four times higher than the activity of 

the therapeutic entity if it is administered in the same amount via its routine non-liposome 

f0D11ulation, e.g., without using the liposome composition of the present invention, while 

the toxicity of the liposomally encapsulated entity does not exceed, is at least twice, at 

least three times, or at least four times lower than that of the same therapeutic entity 

administered in the same dose and schedule but in a free, non-encapsulated fonn. For 

example, it is generally known that liposomal encapsulation of anti-cancer camptothecin 

derivatives by the published methods of others results in the increased toxicity (lower 

50 confirm the pre-loading ratio of the added CPT-11 to the liposome lipid prior to loading ("input
ratio"). Volume-averaged mean and standard deviation of the Liposome size distribution were
determined by quasi-elastic light scattering (QELS) using Gaussian model. The properties of these
liposomes are summarized in Table 6, Table 6. Characterization of CPT-11 loading into
[3H1-0-1E-labeled liposo vivo stability study es for in Entrapped salt solution drug/lipid ratio drug/lipid
ratio loading liposome size,  before loading after loading efficiency (%) (meati+SD) nm TMA citrate
159.2 + 3.5 
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maximum tolerated dose, lower 50% lethality dose) compared to unencapsulated drug. 

See U.S. Pat. 6,355,268; U.S. Pat. 6,465,008; Colbern, et al. Clinical Cancer Res. 1998 

v. 4, p. 3077-3082; Tardi, et al. Cancer Res., 2000, v. 60, p.3389-3393; Emerson, et a1. 

Clinical Cancer Res. 2000, v. 6, p.2903-2912. Liposomal1y encapsulated camptothecin 

pro-drugs, such as irinotecan (CPT-II), which is a water-soluble, cationic camptothecin 

pro-drug derivative, have substantially higher, e.g. at least 4 times, and even 10 times, 

higher antitumor activity assessed in an in vivo tumor model than the drug in the absence 

of a liposomal formulation, e.g., in a free (solution) form. This is even more remarkable 

since a therapeutic compound, e.g., a camptothecin pro-drug, requires enzymatic 

activation, e.g., by the action of endogenous non-specific carboxylesterase, but according 

to the present invention is encapsulated substantially within the interior space of the 

liposome. On the other hand, surprisingly, the toxicity of camptothecin prodrug such as 

CPT-II in the liposomal fonn (drug/lipid mass ratio over 0.1 ,e.g., 0.2-0.6 or more) 

according to the present invention was over 2 times, over 3 times, and even over 4 times 

lower that than of the free (unencapsulated) pro-drug CPT-II. Moreover, a prolonged 

drug release from the CPT -1 I liposomes in vivo was achieved, with more than 50%, and 

even more than 70% (79-86%) of the original drug content still remaining in the 

liposomes 24 hours after administration into the bloodstream, and with half-release times 

in excess of24 hours, typically in excess of 48 hours. The prolonged.remanence of the 

drug in the liposome in vivo was associated with higher antitumor effect. Surprisingly, 

the slowest in vivo CPT-II release and the highest antitumor activity was observed in the 

liposomes containing low-molecular polyanionized sugar derivative (sucrose octasulfate) 

rather than a polymeric anion (polyphosphate) (Example 15). 

[0117] According to another embodiment of the present invention, the Jiposome 
"!"It; 

composition of the present invention can be provided as a pham1aceuticEtl 2o'mposition 

containing the liposome composition of the present invention and a carrier, e.g., 

phannaceutically acceptable carrier. Examples of pharmaceutically acceptable carries are 

normal saline, isotonic dextrose, isotonic sucrose, Ringer's solution, and Hanks' solution. 

A buffer substance can be added to provide pH optimal for storage stability. For example, 

pH between about 6.0 and about 7.5, more preferably pH about 6.5, is optimal for the 

stability ofliposome membrane lipids, and provides for excellent retention of the 

entrapped entities. Histidine, hydroxyethylpiperazine-ethylsulfonate (HEPES), 

156.7 + 3.6 98.5  4.4 122.1 + 25.3 TMA sulfate 156.1 + 2.5 156.1 + 3.1 100.0 3.6 122.2 28.4 TMA
pyrophosphate 164.6  5_8 156.6  4.3 95.2 + 6.0 121.1 + 19.9 TIvIA triphosphate 163.6 + 5.7 156.0 +
3.2 95.3  5.3 122.4  12.9 
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morpholipo-ethylsulfonate (MES), succinate, tartrate, and citrate, typically at 2-20 mM 

concentration, are exemplary buffer substances. Other suitable carriers include, e.g., 

water, buffered aqueous solution, 0.4% NaCl, 0.3% glycine, and the like. Protein, 

carbohydrate, or polymeric stabilizers and tonicity adjusters can be added, e.g., gelatin, 

albumin, dextran, or polyvinylpyrrolidone. The tonicity of the composition can be 

adjusted to the physiological level of 0.25-0.35 mol/kg with glucose or a more inert 

compound such as lactose, sucrose, mannitol, or dextrin. These compositions may be 

sterilized by conventional, well known sterilization techniques, e.g., by filtration. The 
" 

resulting aqueous solutions may be packaged for use or filtered under aseptic conditions 

and lyophilized, the lyophilized preparation being combined with a sterile aqueous 

medium prior to administration. 

[01l8} The pharmaceutical liposome compositions can also contain other 

phannaceutically acceptable auxiliary substances as required to approximate 

physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting 

agents and the like, for example, sodium acetate, sodium lactate, sodium chloride, 

potassium chloride, calcium chloride, etc. Additionally, the liposome suspension may 

include lipid-protective agents which protect lipids against free-radical and lipid­

peroxidative damages on storage. Lipophilic free-radical quenchers, such as alpha­

tocopherol and water-soluble iron-specific chelators, such as ferrioxamine, are suitable. 

[0119) The concentration of the liposomes of the present invention in the fluid 

pharmaceutical formulations can vary widely, i.e., from less than about 0.05% usually or 

at least about 2-10% to as much as 30 to 50% by weight and will be selected primarily by 

fluid volumes, viscosities, etc., in accordance with the particular mode of administration 

selected. For example, the concentration may be increased to lower the fluid load 

associated with treatment. This may be particularly desirable in patients having 

atherosclerosis-associated congestive heart failure or severe hypertension. Alternatively, 

liposome phannaceutical compositions composed of irritating lipids may be diluted to 

low concentrations to lessen inflammation at the site of administration. 

(01201 The amount ofliposome pharmaceutical composition administered will depend 

upon the particular therapeutic entity entrapped inside the liposomes, the disease state 

being treated, the type of liposomes being used, and the judgment of the clinician. 

TMA polyphosphate 170.5  8.0 162.4  4.0 953  6.8 123.0  12.7 TEA sul late 153.  3.3 154.9 + 4.9 101.0
5.3 121.1  18.0  [0146]Six-week-old female CD-1 mice (Charles River) received tail vein injections of
these liposomal CPT-11 formulations at the dose of 10 mg/kg (0.2 mg CPT-11/mouse) in duplicate.
Eight hours later, the mice were anesthetized and exsanguinated through open heart puncture. The
blood was collected into heparinized syringes (10-20 pi of 1000 ll/m1 heparin US?) and transferred into
weighed tubes containing 0.4 ml of the phosphate-buffered physiological saline solution (PBS)
containing 0.04% EDTA (Gibco BRL), kept on ice. The tubes were weighed to determine weights of
the blood samples, blood cells were separated by centrifugation at 9,000g for 5 minutes, and
supernatants containing PBS-diluted plasma, were saved for drug and liposome lipid assays. CPT-11
was quantified by fluorometric assay (Example 71). Liposome lipid was quantified by
quenching-corrected radioactivity scintillation counting. The liposome and phospholipidradioactivity
standards were counted in parallel with the plasma samples. Percent of the drug that remained
encapsulated was calculated by dividing the drug/radioactivity ratio in the plasma samples by the
drug/radioactivity ratio of the injected liposomes. Due to the fast elimination of free CPT-1 I from the
blood (see Example 69) and the known stability of the CHFCHE against lipid exchange, the assays
readings were considered indicative of the blood content of liposomal CPT-11 and lipid. Percent of
injected lipid dose (%  51 ID.) remaining in the circulation was calculated assuming 100% of the
injected bolus entered the circulation; blood volume being 6.3% of the mouse body weight, and
hernatocrit of 45%. The results are summarized in Table 7. Table?. In vivo stability of
CPT-11-encapsulation and circulation longevity of CPT-1 loaded liposomes in mice at a single point (8
hours) post injection. %T.D., % of injected dose, Liposome-entrapped saltDrug/lipid ratio, %
ofLiposome lipid, 
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Generally the amount of liposome pharmaceutical composition administered will be 

sufficient to deliver a therapeutically effective dose ofthe particular therapeutic entity. 

(01211 The quantity ofliposome phannaceutical composition necessary to deliver a 

therapeutically effective dose can be determined by routine in vitro and in vivo methods, 

common in the art of drug testing. See, for example, D.B.Budman, AJ·LCaivert, 

EX.Rowinsky (editors). Handbook of Anticancer Drug Development, LWW, 2003. 

Therapeutically effective dosages for various therapeutic entities are well known to those 

of skill in the ali; and according to the present invention a therapeutic entity delivered via 

the pharmaceuticalliposome composition of the present invention provides at least the 

same, or 2-fold, 4-fold, or 10-fold higher activity than the activity obtained by 

administering the same amount of the therapeutic entity in its routine non-liposome 

formulation. Typically the dosages for the liposome pham1aceutical composition of the 

present invention range between about 0.005 and about 500 mg ofthe therapeutic entity 

per kilogram of body weight, most often, between about 0.1 and about 100 mg 

therapeutic entity/kg of body weight. 

[0122] Typically, the liposome pharmaceutical composition of the present invention is 

prepared as a topical or an injectable, either as a liquid solution or suspension. However, 
J 

solid forms suitable for solution in, or suspension in, liquid vehicles prior to injection can 

also be prepared. The composition can also be formulated into an enteric-coated tablet or 

gel capsule according to known methods in the art. 

{01231 The liposome composition of the present invention can be administered in any 

way which is medically acceptable which may depend on the condition or injury being 

treated. Possible administration routes include injections, by parenteral routes such as 

intramuscular, subcutaneous, intravenous, intraarterial, intraperitoneal, intraarticular, 

intraepidural, intrathecal,_or others, as well as oral, nasal, ophthalmic, rectal, vaginal, 

topical, or pulmonary, e.g., by inhalation. For the delivery ofliposomally drugs 

fonnulated according to the invention, to tumors of the central nervous system, a slow, 

sustained intracranial infusion of the liposomes directly into the tumor ( a convection­

enhanced delivery, or CED) is of particluar advantage. See Saito, et at., Cancer Research, 

voL64, p. 2572-2579, 2004; Mamot, et ai., J. Neuro-Oncology, vol. 68, p. J -9,2004._ The 

compositions may also be directly applied to tissue surfaces. Sustained release, pH 

pre-injection value%T.D. in the blood TMA citrate80.2 w 7.818.8 w 3.4 TMA sulfate70.1 4.823.6 1.8
'['MA pyrophosphate67.3 Wi 9.223.2  3.1 TMA tnphosphate70.6 w. 6.024.9W 8.2 TMA
polyphosphate107.5  8.924.3  3.4 TEA sulfate76.6 w 13.123.6 w 0.1 101471All preparations showed
the level of drug encapsulation after 8 hours in the blood in vivo at 70-80% of the pre-injection level,
while the liposomes containing polyphosphate were the most stable (drug encapsulation remains at
about 100%). EXAMPLE 9. Blood pharmacokineties of CPT-11 liposornes prepared using
riethylammonium polyphosphate. 101481The fommlation of liposomal CPT-11 using triethylammonium
polyphosphate salt was prepared as outlined in Example 3. The lipids - DSPC, cholesterol, and
N(methoxy-poly(ethylcne glycol) (Mw. 2000)-oxycarbony1)-DSPE (PEG-DSPE) (all from Avanti Polar
Lipids, Inc.) - were combined as dry powders in the molar ratio of 3:2:0.015 and dissolved in 100%
ethanol (USP grade, approx. 0.15 mL1100 mg of the lipids) at 62- 65 C. For pharmacokinetic studies,
3H-cholestcryl hexadecyl ether (3H-CHE, obtained from Amersham Pharmacia) was added to the
lipids in the amount of 0.5 mCi/mmol of phospholipids as a non-exchangeable radioactive lipid label.
The aqueous solution of TEA-Pn (0.5 NI trietnylammonium, pH 5.7-6.2) was prepared as in Example
4. TEA-Pn solution (10 times the volume of added ethanol) was mixed with the lipid solution at 60- 65
C and stirred at this temperature until a homogeneous milky suspension of multilarnellar vesicles was
formed. This suspension was extruded 15 times through 2 stacked polycarbonate track-etched filters
(Coming Nuclepore) with the pore size of 100  52 run using argon pressure extruder (Lipex
Biomembranes) at 60-65 "C, and resulting unilarnellar liposomes were quickly chilled in ice and then
let attain ambient temperature. Ethanol and unincorporated polyphosphate salt were removed by gel
chromatography on Sepharose CL-4B column eluted with NIES-Dextrose buffer (5 inM MES, 50 git_
dextrose, pH adjusted to 6.5 with NaOH). [0149]A stock solution of CPT-11 (Irdnotecan hydrochloride)
containing 20 ing/m1", hinotecan base in water was added to the liposornes at a drug/lipid ratio of
150-200 rng/mmol phospholipids, and the mixture was incubated with occasional agitation for 45- 60
minutes at 60-62 'C. The incubation mixture was quickly cooled down and incubated for 10 minutes at
0 C, then allowed to attain ambient temperature. 1/20 of the volume of 2.88 M NaC1 was added to
adjust to physiological ionic strength and improve the removal of membrane-bound CPT-11 (as
opposed to the drug encapsulated within the liposome interior). Unencapsulated drug was removed by
gel chromatography on Sephadex G-25 or G-75 column (Atnersham Phaimacia) eluted with HBS-6.5
buffer (5 irtM 244-(2- hydroxyethyp-piperazino)-ethylsulfonic acid (HEPES), 144 mM NaCI, pH 6.5).
Liposome fractions eluted in the void volume were combined, sterilized by 0.2 micron filtration, and
stored at 4-6 C before use. The liposomes were characterized by lipid concentration; drug
concentration; and particle size as in Example 7. The liposomes had the average size of 108 am and
CPT-11 content of 139 IS mg of CPT-1 I base per mmol of phospholipids. [0150]The longevity of the
liposome lipid and liposome drug in the blood and the 
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dependent release, or other specific chemical or environmental condition mediated release 

administration is also specifically included in the invention, e.g., by such means as depot 

injections, or erodible implants. 

EXAMPLES 

[0124J The following examples are intended to illustrate but not to limit the invention 

in any manner, shape, or form, either explicitly or implicitly. While they are typical of 

those that might be used, other procedures, methodologies, or teclmiques known to those 

skilled in the mi may alternatively be used. 

EXAMPLE 1. Preparation of the solutions of substituted ammonium salts. 

(0125) Trialkylammonium and dialkylammonium sulfate solutions useful for loading 

drugs (e.g., doxorubicin) into liposomes were prepared by diluting sulfuric acid with 

water to a concentration of 0.25 M and then titrating the sulfuric acid solution with one of 

a variety of amines. The substituted amines used in this example were triethylamine, 

trimethylamine, dimethylamine, diethylamine, or diethanolamine. After the addition of 

the amines, the resulting solutio'n was diluted to a final concentration of 0.2 M of the 

substituted ammonium salt. Osmolality was detennined using a dew point osmometer. 

The properties of resulting substituted alkyl ammonium sulfate salt solutions are shown in 

the Table 1 below. 

Table 1. Properties of various dialkylammonium and trialkylammonium sulfate solutions 

Salt Osmolality, mmollkg pH 

Dimethylammonium sulfate 472 5.65 

Dimethylethanolammonium sulfate 509 5.72 

Diethylammonium sulfate 519 5.85 

Trimethylammonium sulfate 497 5.81 

Triethylammonium sulfate 559 5.33 

EXAMPLE 2. Preparation of Hposomes with entrapped dialkylammonium 
and trialkylammonium salts, and loading of a substance into these liposomes. 

[01261 Distearoylphosphatidy1choline (DSPC), cholesterol (Chol), and N-(methoxy-

poly(ethylene glycol)-oxycarbonyl)-distearoylphosphatidylethanolamine (PEG-DSPE) 

characteristics of drug release from the liposomes in vivo were studied in female SpragueDawley rats
(190-210g) with indwelling central venous catheters. The rats were injected with a 0,2-0.3 mL bolus of
311-CHE-labeled Irinotecan liposomes (0.05 mmol phospholipids, or 7-8 mg CPT-11 per kg of the
body weight). Blood samples (0.2-0.3 mL) were drawn at various times post injection using
heparin-treated syringe. The withdrawn blood volume was replenished using phosphate buffered
physiological saline. The blood samples were diluted with 0.3 ml of ice-cold PBS containing 0.04%
EDTA, weighed, and the blood cells were separated by centrifugation. The supernatant fluids were
collected and assayed for CPT-11 using the fluorornetric procedure of Example 71, and for the
Liposome lipid label by scintillation radioactivity counting using conventional methods. The liposome
preparations with known drug and 3H-CHE-iipid concentration  53 were used as standards.
Radioactivity standards contain equal amount of diluted rat plasma to account for quenching. The
amount of CPT-11 and the liposorne lipid in the blood was calculated assuming the blood volume in ml
as 6.5% of the body weight in grams, and the hematocrit of 40%. The total amount of the lipid and the
drug in the blood was expressed as cito of injected dose (% I.D., %ID) and plotted against
post-injection time. 'The percent of drug remaining in the liposomes was calculated by dividing the
drug/lipid ratio in the blood samples by the drug/lipid ratio of the injected liposomes (taken as 100%).
Because the plots generally showed good agreement with monoexponential kinetics (linearity in
semi-logarithmic scale), blood half-lives of the drug, the lipid, and of the drug release from the
Liposomes, were calculated from the best fit of the data to monoexponential decay equation using the
TREND option of the Microsoft EXCEL computer program (Microsoft Corp., USA). The results are
shown on Figure I. From the best fit parameters, the blood half-lives for lipid and drug were 16.4 hours
and 66I hours, respectively. Under these conditions, free CPT-11 clears from the circulation very
rapidly (see Example 69). [01511The blood drug/lipid ratio revealed biphasic character of the CPT-11
release from the liposornes (Figure 2). In the first 24 hours, the release of drug followed was linear
over time (R=0.992) giving evidence for zero-order release kinetics. Only after about 75% of the drug
was released at 24 hour time point, further release became nonlinear. For 24 hours, the liposomes
released the drug at a constant rate of about 3.6% of the initial load/hour. Thus, 50% of the drug was
released over the period of approximately 14 hours. Zero-order release of the drug is an attractive
quality in sustained release formulations, as the rate of drug release remains constant over time.
EXAMPLE 10. Antitumor efficacy of CPT-11 liposomes prepared using triethylammonium
polyphosphate against breast cancer xenografts in nude mice 101521Antitumor efficacy of CPT-I I
Liposomes was studied in the model of human breast carcinoma BT-474, an estrogen-dependent
ductal adenocarcinoma that over-expresses C-ErbB2 (HER2) receptor. . BT-474 cells were obtained
from American Type Culture Collection (Rockville, MD). A BT-474 sub-line with higher tumor growth
rate was established from a fast-growing xenograft tumor nodule raised as described below. The cells
were propagated in vitro in RPMI-1460 medium with 10% fetal calf serum, OA  54 mg/mL streptomycin
sulfate, and 100 U/m1 Penicillin Gin 1-150 flasks, and split 1:3 every week. NCR inVint female mice
(4-6 week old; Taconic Farms) were subcutaneously implanted (at the base of tail) with 60-day
sustained-release 0.72-mg 17[3- estradiol pellets (Innovative Research of America, Inc.), and in two
days were inoculated subcutaneously in the upper back area with 0.1 MI_ suspension containing
2x107 BT-474cells in cell growth medium. The tumor progression was monitored by palpation and
caliper measurements of the tumors along the largest (length) and smallest (width) axis twice a week.
The tumor sizes were determined twice weekly from the caliper measurements using the formula
(Germ. R.I., et al., 1972 Cancer Chemother. Rep. 3:!88): Tumor volume = [(length) x (width)211 2
101531At day 13 after inoculation, the tumor reached an average size of 200 mm3 and the animals
were randomly assigned to three groups of 13-15 animals. [0154]Liposornal CPT-II was prepared as in
Example 8 (drugiphospholipid ratio 192 ingimmol; average liposome size 86.8 nm). Free and liposomal
CPT-11 were diluted with NIES-dextrose vehicle to 5 mg/nil of CPT-11 base The animals were injected
via the tail vein with free CPT-11, liposomal CPT-11, or vehicle only on days 14, 18, 21, and 25 post
tumor inoculation. The drug-containing formulations were given at the dose of 50 mg CPT-11/kg per
injection, which is the average of the doses reported in the literature for the CPT-11 studies in rodent
tumor models. 



41 

(prepared from poly(ethylene glycol) with mol. weight 2,000) were co-dissolved in 

chloroform in a molar ratio of 3:2:0.015, and the chloroform was removed at 55-60 DC by 

rotary evaporation. The dried lipid film was then hydrated in a solution of one of each 

dialkyl- or trialk,ylammonium sulfates listed in Example 1 at 60 DC for 30 min. The lipid 

suspension was extruded under pressure through two stacked polycarbonate track-etched 

membrane filters with the pore size of 0.1 !lm (Coming Nuclepore). The liposome size 

determined by quasi elastic light scattering method was approximately 110-120 nm. 

Unencapsulated trialkylammonium or dialkylammonium salts were removed from the 

external medium of the Ii po somes by gel filtration using a cross-linked dextran gel 

(Sephadex G-75, Amersham Pharmacia Biotechnology) column eluted with HEPES­

buffered saline, pH 7.2-7.4, and the liposomes were collected in a void-volume fraction of 

the column. Doxorubicin hydrochloride USP (lyophilized powder containing 5 weight 

parts of lactose per 1 part of doxorubicin) was added to the liposomes at a concentration 

of 150 !lg drug/!lmol ofliposome phospholipid. The mixture was incubated at 55 DC for 

45 min, chilled on ice for 10 min, and unencapsulated drug was removed by gel filtration 

chromatography using a Sephadex G-75 column eluted with HEPES-buffered saline, pH 

7.4. The presence of free doxorubicin (characterized by the appearance of a slower 

moving red colored band) was visually undetectable. The purified doxorubicin-loaded 

liposomes were analyzed for phospholipid and doxorubicin according to Examples 70 and 

71 (spectrophotometric method), respectively. The resulting drug loading efficiencies are 

shown in Table 2. 

Table 2. Loading of doxorubicin in liposomes with entrapped solutions of dialkyl- and 

trialkylammonium salts. Input drug/phospholipid ratio ISO !lg/!lmol. 

Liposome-entrapped salt: Drug/phospholipid ratio 

in liposomes (!lg/!lmol) 

Trimethylammonium sulfate 

Triethylammonium sulfate 

Diethylammonium sulfate 

Dimethylethanolammonium sulfate 

140.74 ± 10.35 

163.81 ± 16.41 

lS8.16± 18.34 

155.08 ± 8.51 

Entrapment 

Efficiency (%) 

93.8 ± 5.7 

109.2 ± 11.6 

105.4±7.8 

103.4± 11.6 

10155]To assess treatment-related toxicity, the animals were also weighted twice weekly. The
observations were made until day 60 post inoculation, at which time the estrogen supplementation
pellet was exhausted. Average tumor volumes across the groups were plotted together and compared
over time. As shown in Figure 3, while free CPT-li reduced the rate of tumor growth, in the group that
received liposomal treatment the tumors regressed dramatically. While at day 36 in the control group
the tumors reached the maximum allowable size averaging 3,500 mrn3, and at day 46 in the group
treated with free drug the tumors were about 1,000 mtn3 at average, at the same time point none of
the animals in the liposorne-treated group had a palpable tumor.  55 [01561The treatment related
toxicity was assessed by the dynamics of animals' body weight (Figure 4). Neither group revealed any
significant toxicity. The weight of the animals in the control group was consistently increasing. There
was a slight decrease in the average body weight of the animals receiving liposomal CPT-I I, by about
3.3%, on the day of the last treatment, This weight loss was reversed, however, and the animals
reached their expected weight. This decrease in the mean body weight was not statistically significant
by Student's t-test compared to pretreatment weight (p=0.274). Thus, all treatments were tolerated
without significant toxicity. 101571Thus, the liposome fommlation of CPT-I I obtained by loading of the
drug via pre-entrapped sterically hindered substituted ammonium salt (triethylammonium) of a
polyanionic, biodegradable polymer (polyphosphate) showed extended blood life, sustained release
characteristics, and increased antitumor activity in the studied tumor model without an appreciable
increase in toxicity. EXAMPLE 11. Comparative assessment of CPT-1l loaded liposornes prepared
using put-entrapped triethylanurnoniturn salts: effect of liposome size, drug/lipid ratio, and the nature
of pre-entrapped anion. [01581Two prototype formulations of CPT-11-loaded Liposomes were
prepared, one using the Liposomes with pre-entrapped TEA-Pn, and the other with pre-entrapped
TEA-SOS. Preparation of these liposomes included the following manufacturing steps. 101591I)
Combining the *ids by co-dissolving in ethanol. The lipid matrix composition consisted of
1,2-Distearoyl-SN-phosphatidylcholine (DSPC) (Ma wt. 790) 3 molar parts (59.8 mol.%); Cholesterol
(Choi) (Mod weight 387) 2 molar parts (39.9 mol.%); and N-(omega-methoxy-poly(ethylene
g,lycol)-oxycarbony1)-1,2- distearoylphosphatidyl ethanolamine (Mol. weight 2787) (PEG-DSPE) 0.015
molar parts (approx. 0.3 mol.%). DSPC and PEG-DSPE were purchased from Avanti Polar Lipids,
Birmingham, Alabama. Cholesterol (highest purity grade) was purchased from Calbiochem. Dry lipids
were weighed with the accuracy of +0.1 mg in a borosilicate glass container and combined with
absolute ethanol at the ratio suitable for the lipid dispersion step below. Because of the high transition
temperature of DSPC (55C) the dissolution was typically performed at 55-60C until clear solution was
obtained.  56 [016012) Preparing the TEA-Pit and TEA-SOS solutions. Sodium polyphosphate
(n-13-18) was from Sigma Chemical Co.,P 8510. Sodium sucrose octasulfate was purchased from
Toronto Research Chemicals, Toronto, Canada, pin 8699020. The salts were weighed down and
dissolved in water to provide 1.2-2.5 N solutions. Anion exchangers Dowex 50Wx8-200 or Dowex
HCR-W2 in H'-form (available from Sigma) were used to convert the sodium salts into free acids.
Before the first use, the resins were washed by stirring with 3 volumes of the following solutions,
followed by decanting: (I) 1.0-1.2 M aqueous HC12 times; (2) Water 2 times; (3) 1.0-1.2 M aqueous
NaOH 2 times; (4) Water 2 times; (5) 1.0-1.2 M aqueous HCL, 2 times. The suspension of washed
resin in water was packed under gravity flow in a suitable size chromatography column to have at least
8 inL of the packed resin for each mL of the sodium salt solutions. The resin was further equilibrated
by passage of 2 column volumes of 3.0-16 M aqueous HCL, 
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EXAMPLE 3. Preparation of liposomes containing various dialkyl-, trialkyl-, 
and heterocyclic-substituted ammonium sulfate salts and loading of 
doxorubicin into these iiposomes. 

The substituted ammonium sulfate salt solutions were prepared as in Example 

1 using commercially available alkyl-substituted, hydroxyalkyl-substituted and . 

heterocyclic amines. Liposomes were formed as in Example 1, except that instead of the 

lipid film hydration step, the neat lipids were dissolved in ethanol (approximately 100 III 

of ethanol for every 50 Ilmol of phospholipid) and mixed with the substituted ammonium 

sah solution at 60-65°C so that the resulting lipid dispersion contained about 10 vol.% of 

ethanol. 

[0128J Doxorubicin loading was accomplished by adding doxorubicin solution (2 

mg/ml in HEPES-buffered saline pH 6.5) to the liposomes at a ratio of 155 Ilg drug/Ilmol 

Iiposome phospholipid (PL) and heating at 58°C for 45 min in a hot water bath. The 

resulting liposomes were separated from any residual unencapsulated doxorubicin and 

analyzed for drug and lipid content as in Example 1. The results are shown in Table 3. 

followed by 5 column volumes of water or until the conductivity of the eluate falls below lmicro-S. After
use, the columns were regenerated by sequential passage of: 1.-1.2 M 11C1- 3 column volumes;
3.0-3.6 M liC1- 2 column volumes; water - at least 5 column volumes, or until the conductivity of the
eluate falls below 1 ttS, and stored under 0.2-urn filtered water at room temperature. The Pn and SOS
sodium salt solutions were applied on the drained surface of the column (approximately 1 ml for each
4 ml of the packed resin volume) and allowed to flow under gravity at the rate of about 1-2 mlimin for
the resin bed size of 75-150 ml.. The column was eluted with water_ The eluate was tested for
conductivity. The fractions with 10 mS or higher conductivity were collected. If more concentrated
solutions of polyacids are required, the collection can start at 20-50 mS, but at the expense of
somewhat higher loss of the gradient-forming salt. In the case of polyphosphoric acid, the collected
solution is kept refrigerated (0-4C) until the amine. titration step because of the hydrolytic instability of
the phosphodiester bond at low pH. The collected eluates would have a pli of less than 0.7 (typically
about 0.4) and conductivity of about 120-200 mS. Optionally, the amine titration step is performed
without delay because the stability of polyphosphate at low pH. HP L.C-grade triethyiamine (99.5-h%
purity) from Fisher, pin 04884 was used to titrate the acid solutions obtained from ion exchange. The
normality of neat TEA was determined by potentiornetric titration. 0.100-mL Aliquots of TEA (0.100 ml)
were taken into 20 ml of water in triplicate. The aliquots are titrated with 0.1 N HO standard solution to
the pH end point (glass electrode) of 5.5-6.0. The calculated normality (7.07 N) was close to the  57
theoretical value of 7.17N. A measured volume of the polyphosphoric (Pn) acid or sucrose octasulfuric
(SOS) acid solution was titrated with neat TEA under the control of pl-I (glass) electrode. Thorough
stirring was required to disperse the amine. Titration endpoint was pH 5.6-6.2. The volume of added
TEA was accurately recorded. The volume of titrated solution was measured, and the concentration of
TEA was calculated on the basis of the added TEA volume and normality. Water was added as
necessary to adjust the TEA concentration to required 0.550.05 N 01 0.650.03 N, as indicated below.
The amount of residual sodium in the obtained TEA-Pn or TEA-SOS solutions was determined by
potentiometry using sodium-selective glass electrode (Coming). One mL of the solution was diluted
with 19 rnL of water, and the sodium concentration was determined using the increment method
according to the electrode manufacturer's manual. The amount of residual sodium was less than 1
mIVI, typically less than 0.5 The obtained TEA-Pn or TEA-SOS solutions were passed through 02 tni
cellulose acetate sterile filter using positive pressure feed. The final pH and osmolality of the solutions
was measured and recorded. We use pH calomel micro-combination all-glass electrode for pH
measurements, and vapor pressure/dew point osmometer for osmolality measurements. The solutions
were stored refrigerated until use. [016113). Preparing lipid dispersion in the gradient-forming buffer by
mixing of ethanolic solution of the lipids with the gradient-forming buffer. The lipids were dispersed in
the gradient-forming salt solution using ethanol mixing method. All steps were performed at 60-65C.
The lipids were dissolved in 100% Ethanol USP at a concentration of about 0.5-0.6 1\4 of DSPC in a
chemical resistant glass pear-shaped flask or tube. The gradient-forming salt solution (TEA-Pn or
TEA-SOS) was pre-warmed to 60-65C and added to the ethanolic lipid solution at once, and the
components were thoroughly mixed by swirling and/or vortexing. The final amount of ethanol was
about 10 vol.%. For preparations of the scale in excess of 0.1 mmol phospholipid, the resulting
suspension was placed on a rotary evaporator at 60-65C and vacuumized with rotation until the
evolution of ethanol stopped, as manifested by the end of foam formation. For the scale of 0.1 mmol
phospholipid or less, ethanol was not removed from the lipid dispersion at this step. The resulting lipid
suspensions were kept at 60-65C and used promptly for the extrusion step.  58 1016214). Sequential
extrusion of the lipid dispersion through defined pore membranes. For the lipid suspension volumes up
to 1 trit we used a manually operated reciprocating extruder supplied by Avanti Polar Lipids. The
extruder is charged with 19 mm track-etched filter membranes and thennostatted by virtue of a metal
heating block. For the volumes from Ito 10 mL, we used a thennostatted, gas pressure operated,
unidirectional flow extruder from Lipex Biomembranes. The extruder is charged with 25 mm filter
membranes. The lipid suspensions were repeatedly extruded at 60-65C using manual feed or argon
gas pressure, as appropriate, through a series of 2 stacked polycarbonate membrane filters (the filters
from Corning-Nuclepore and Osmonics Corp. were equally suitable) having nominal pore sizes of 100
nm, 20 nm, or 50 nm. Where the effect of liposorne size was of interest, the extrusion was stopped at
100 am, 80 mu, or 50 nm step. The exact type of filters used and number of extrusions is indicated
below for each experiment. The extruded liposomes were kept at 60-65C for about 15 min. and quickly
cooled down to 2-4C in an ice bath. After about 15 mim in the ice bath, the liposomes were allowed to
reach room temperature. 1016315). Removal of extraliposomal gradient-forming buffer and transfer of
the Liposomes into a drug-loading buffer Non-encapsulated gradient-forming salt was removed, and
the liposomes were transferred into the drug loading buffer using size exclusion chromatography
(SEC). Tangential flow filtration, hollow fiber dialysis, of other scalable step can be used in scale-up
manufacture. It is advantageous to ensure the complete removal of the extraliposomal polyanion by
treatment of the liposomes with an anion-exchange resin (e.g., Dowex- I or Dowex-2 quaternary
ammonium cross-linked polystyrene beads). Drug-loading buffer contained 50 gi anhydrous Dextrose
USP, and 5 mM tissue-culture certified HEPES in water, adjusted to pH 6.5 with Na0H. The buffer was
vacuum-filtered through 0.2 micron Nylon filter (Whatman). The extruded liposomes were
chromatographed on a column with Sepharose CL-4B (Pharmacia) and eluted with the drug-loading
buffer. The liposomes appeared in the void volume fraction and were collected, based on the eluate
turbidity, in the volume of about 2x of that applied. The eluted Liposomes were assayed for
phospholipid concentration according to Example 70, particle size by QELS, and stored at 4-6C.  59
dissolving Irinotecan Hydrochloride in water to achieve 'concentration of 20 mg/mL drug base. The pH
of the solution was between 4.0 and 5.0. The drug solution was filtered through 0.2 micron
polyethersulfone (PES) sterile filter using positive pressure. Aliquots of the liposomes in the drug
loading buffer produced at the step 5 above were mixed at room temperature with the stock Irinoteean
solution to achieve the drug/lipid input ratio in the range of 0.15-0.55 g of drug for rnmol of liposorne
phospholipid. Particular input drug/lipid ratios are indicated below, where appropriate. The pH of the
mixtures was adjusted to 6.5 with 1 M NaOH, the mixtures in glass vials were incubated on the
thennostatted water bath at 58-62C with slow agitation for 30-45 min, quickly cooled down in ice-water
bath (0-2"C), and left at this temperature for 15 min. Then the liposomes were allowed to warm up to
room temperature for the next step (removal of unencapsulated drug and transfer into the storage
buffer). This step resulted in the encapsulation efficiency of more than 95%, typically 98-100% in the
whole range of studied drug/lipid ratios. 



43 

Table'3. Loading doxorubicin into Iiposomes with entrapped sterically hindered 

substituted alkyl, dialkyl-, trialkyl- and heterocyclic ammonium salts solutions. 

Amine used to prepare substituted Osmolality, drug load, mg/mmol Loading 

ammonium salt mmollkg phospholipid efficiency, % 

Trimethylamine 497 149.4 ± 7.9 96.4 ± 4.9 

Triethylamine SS9 149.6 ± 6.9 96.S ± 4.3 

DimethylethanoJamine S09 163.1 ± 6.6 10S.3 ± 4.S 

Dimethylamine 472 IS8.6±7.4 102.3 ± 4.9 

Diethylamine S19 156.7 ± 13.0 101.1±8.S 

Diisopropylamine 533 159.9 ± 6.2 103.2 ± 4.1 

Tris(hydroxymethyl)-minomethane 423 179.9± IS.3 116.1 ± 11.5 

I-Piperidineethanol S06 lS3.5±7.1 99.0± 4.5 

4-Methylmorpholine 46S 152.4 ± 9.8 98.3 ± 6.2 

Piperidine 479 158.5 ± 12.5 102.3 ± 8.2 

I-Methylpyrolidine 492 IS3.6± 12.3 99.1 ± 7.8 

Dimethylpiperazine 378 158.0± 6.5 10J.9±4.3 

EXAMPLE 4 . Preparation of triethylammonium polyphosphate (TEA-Pn) 
solution. 

(0129) Linear sodium poly(phosphate) having 13-18 phosphate units per molecule 

(Phosphate glass; CALGON®, obtained fn?m Sigma Chemical Company) was dissolved 

in water to a concentration of about 1.3 M phosphate. The solution was passed through a 

column packed with 120 mL of sulfonated polystyrene-divinylbenzene copolymer cation 

exchange resin beads (Dowex 50Wx8-200, Dow Chemical Co.) in the hydrogen form. 

The column was pre-equilibrated with aqueous 3 - 3.6 M HCI to bring the resin into 

hydrogen fonn, and washed with deionized water to neutral pH. Fifteen ml of the sodium 

polyphosphate solution was applied on the column and eluted with deionized H20. The 

column eluent was monitored using a conductivity detector. The column outflow 

corresponding to the conductivity peak was titrated with neat triethylamine to pH 5.5-6.0. 

The solution was analyzed for residual sodium by potentiometry using a sodium-sensitive 

glass electrode and for phosphate content using an inorganic phosphate assay as in 

Example 1. The solution having residual sodium content of less than 1 % was diluted to a 

[016517). Removal of uneneapsulated CP 7'-IJ, transfer of the Liposomes into the storage buffer, final
filtration, and storage. Unencapsulated drug was removed and the liposomes were transferred into the
storage buffer using size exclusion chromatography. The storage buffer contained 20 mM HEPES, 135
mM NaCl, pH 6.5 (adjusted with NaOH) in water, and was 0.2-micron vacuum-filtered before use.
Gel-chromatography. on Sephadex 0-75 (Amersham Pharmacia Biotech) was performed essentially
as described under Step 2 above: CPT-11 liposornes eluted from the column (void volume fraction)
were assayed for liposome phospholipid and CPT-I I (by spectrophotometry, see Examples 70 and
71), and volume-weighted mean particle size by QELS. The drug concentration was adjusted, if
necessary, to be in the range of 2.0-4.0 mg/mL. The liposomes were filtered through 0.2 micron
polyethersulfone sterile filters and aseptically dispensed into sterile polypropylene vials (Corning
Cryo-Vials) or PIPE-lined screw-cap borosilicate 4-nth glass vials to approximately 70-80% of the vial
volume. The vials were aseptically closed (in air), labeled, and stored at 4-6C.  EXAMPLE 12. Effect of
drug/lipid ratio on the drug loading efficiency and in vivo drug retention of TEA-Pm-containing
liposomes 10166]Liposomes with entrapped aqueous 0.65N solution of TEA-Pn, pH 6.1, osmolality
531 mu-Lot/kg, were prepared following the procedure of Example 11. The  60 lipid dispersion was
extruded ten times through two stacked 100 nm pore size polycarbonate filters. Liposome lipid matrix
also included {3141-CHE at 05 mCiImmol phospholipid. The liposome size before drug loading was
98.5  34.3 run. The liposomes were loaded at initial drug-to-phospholipid ratios of 200, 300, 400, and
500 mg CPT-11/ mmol phospholipid. The drug and phospholipid amounts in the liposomes were
determined by spectrophotometry according to Example 71, and by phospholipid
extraction-digestion-blue phosphomolybdate assay of Example 72, respectively. 101671To evaluate in
vivo drug release rate, the method of Example 8 was followed. The liposomes were injected via tail
vein into 6-week-old female Swiss Webster mice (body weight 18-22 g) at a dose of 5 mg CPT-1 1/kg.
At 8 and 24 hours post injection, the mice, in groups of 3, were anesthetized, and exsanguinated via
open heart puncture. The blood was mixed with 0.4 iriL of ice-cold 0.04% EDTA in PBS, the blood
cells were separated by centrifugation, and the plasma concentration of CPT-1 I was measured by
spectrofluorotnetry as described in Example 71. Lipid was determined by measuring the amount of
[311:1-CHE using quenching-corrected liquid scintillation counting, and the amount of drug retained in
the iiposomes was calculated by dividing the determined drug/lipid ratio by the drug/lipid ratio in the
injected liposomes. Because of the fast blood clearance of free CPT-1 1, resulting in low blood level,
we assumed that all assayed drug was in the liposomal form. 10168]The results are presented in
Table 8. The differences between drug retention among the groups were not statistically significant. As
a result of these studies, we concluded that increasing the drug load up to 500 mg/mmol will not
adversely affect drug loading or in vivo stability. This ratio was adopted for further studies. Table 8.
The effect of drug/lipid ratio on the drug loading and in vivo drug retention in Irinotecan TEA-Pn
liposomes (average + standard deviation). DrugRipid ratio, taginnuol phospholipid 1 Drug remaining in
lit injection value mes, % off 1 Input Output 
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final phosphate concentration of 0.55 M. The solution typically has a TEA concentration 

of 0.52-0.55 M, pH of 5.5-6.0, and osmolality of 430-480 mmollkg 

(0130] 

EXAMPLE 5. Removal of unentrapped polyphosphate salts from liposome 
preparations. 

Liposomes (120 nm in size) with entrapped fluorescent marker 8-

hydroxypyrene trisulfonate were prepared according to Kirpotin, et aI., BiochemistlY 

36:66-75, 1997, and mixed with the solution of sodium polyphosphate. The mixture was 

loaded on size exclusion columns containing cross-linked dextran beads (Sephadex G-

75), 6% agarose beads (Sepharose 6B-CL), or 4% agarose beads (Sepharose 4B-CL), all 

from Amersham Pharmacia, and eluted with MES-Dextrose buffer (pH 5.5). The 

effluents were assayed for phosphate content using the phosphate assay of Bartlett (1959), 

and for the liposome content by spectrofluorometry. Of the studied gel-chromarography 

catTies, Sepharose CL-6B provided complete separation of the polyphosphate from the 

liposomes at the sample/column bed volume ratio of 13. 

[01311 

EXAMPLE 6. Preparing solution of triethylammonium sucroseoctasulfate 
(TEA-SOS). 

Sodium sucrose octasulfate (equivalent weight 144.8) is the sodium salt of 

sucrose derivative in which all hydroxyl groups have formed sulfuric acid esters. Sucrose 

octasulfate (SOS) sodium salt was purchased from Toronto Research Chemicals, Toronto, 

Canada, pin S699020. Six grams of sodium sucrose octasulfate was dissolved in 16.57 ml 

of deionized water to give a final concentration of about 2.5 N of the sulfate groups .. The 

solution was treated by ion exchange as in Example 4. The solution of 

sucroseoctasulfuric acid obtained as an ion exchange column effluent was then titrated 

with neat triethylamine to pH 5.7 (neutralization point), and the pH and osmolality of the 

solution were determined. The resulting solution had the calculated triethylammonium 

concentration of 0.643 M, pH 5.7, and the osmolality of 530 mmol/kg. The presence of 

residual sodium was undetectable by potentiometry (less than 0.1 %). 

[0132] 

EXAMPLE 7. Liposomes loaded with Irinotecan (CPT-H) using substituted 
ammonium salts: preparation and ill vitro drug release in the presence of 
blood plasma. 

In this example, sulfate, citrate, pyrophosphate, triphosphate, and linear 

polyphosphate (13-18 mer) were studied as anions in the Ii po some-entrapped substituted 

% loaded  1 After 8 hours After 24 hours 200 205.4 104.2  54.69.9 9.772,2.23 300 286.3 95.4
85.2-4-14.3 j 14.52+2.51  348.8 
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ammonium salt solutions. Phosphate polymers were chosen because of their 

biodegradability and because polyphosphates are found naturally in the cells, as opposed 

to other synthetic polymeric anions (polyacrylate, dextran sulfate, and the like). Also, the 

viscosity of solutions of low molecular weight polyphosphates was lower than that of 

other polymers, making polyphosphates more process-friendly. 

[0133] The following materials were used for preparation of salt solutions. 

1. Sodium polyphosphate, NaO-[P03NaJn-Na, n=13-18, purchased from 

Sigma (Product No. P-8510, "Phosphate Glass, Practical Grade", also known as sodium 

hexametaphosphate or by the brand name CALGON); 

2. Pentasodium tripolyphosphate, NaSP30IO, purchased from Sigma (Product 

No. T-5883); 3. Tetrasodium pyrophosphate decahydrate, NU4P20 7'1 OH20, 

purchased from Sigma (Product No. P-9146). 

4. Ion exchange resins Dowex 50Wx4 (4% cross-linked sulfonated 

polystyrene resin, 100-200 mesh) purchased from Sigma (Product No. 50X4-200) or 

Dowex HCR-W2 (8% cross-linked sulfonated polystyrene resin 50-100 mesh) purchased 

from Sigma (Product No. 1-8880) were used interchangeably. The resins were washed by 

decantation in the following order: three times with deionized water, twice with 1 N HCI 

OX excess over the resin by volume), three times with water, twice with 1 N NaOH, three 

times with water, three times with 1 N HCI, and three times with water. After the 

decantation, the resins were in H+ -foml. 

5. Trimethylamine (TMA), aqueous solution 40%, from Aldrich Chemical 

Co. (Product No. 43, 326-8). The concentration was established by acid titration to be 

around· 5.9 N. 

6. Triethylamine (TEA), 99%, HPLC Grade, from Fisher (Product No. 

04884). The concentration by acid titration was 6.9-7.1 N. 

[0134] Water was purified through reverse osmosis, ion exchange, and organic 

removal to achieve organic free" 16-18 MOhm" quality. 

[0135] Aqueous solutions of pyrophosphate, triphosphate, and polyphosphate salts 

were prepared by ion exchange method. Solutions of sodium polyphosphate (3g in 25 

mL of water), pyrophosphate (4g in 27 mL of water), or polyphosphate (6.7g in 30 mL of 

water) were loaded on the column containing 100 mL (bed volume) of the ion exchange 

87.2  81.5+18.3 117.312.6.14 500 518,9 103.8   1 13_4741.44  61 EXAMPLE 13. Drug loading
efficiency of CPT-11 loading into TEA-SOScontaining liposomes: effect of Liposome size and in vivo
drug retention in mice. 101691Liposomes with entrapped solutions containing prepared as in Example
11 using gradient forming solution having 0.643 N TEA-SOS, pH 5.7, osmolality 530 inmol/kg. Lipid
dispersion was extruded ten times through two stacked polycarbonate filters with the pore size of 50
run, 30 nm, or 100 nm. Liposome lipid matrix also included [31-1]-CHE at 1.5 rnCilmmol of liposome
phospholipid. The liposome size was determined by dynamic light scattering. The liposomes Were
loaded with CPT-11 at initial drug-to-pho.spholipid ratios of approximately 550 mg Irinotecarilmmol of
phospholipid. The drug loaded liposomes were sized by QELS and assayed as described in Examples
70 and 71. 191701Female Swiss Webster mice (8-10 weeks, average 27-30 grams) were injected via
tail vein with these CPT-I I liposome formulations at a drug dose of 10 mg/kg. The mice were sacrificed
at 24 h and the blood was collected and assayed for CPT-1 I and liposome lipids as in Example 11.
The results are summarized in Table 9. Table 9. lrinotecan loading and in vivo drug retention in
TEA-SOS liposomes 



46 

resin prepared as above. The column was eluted with water, and fractions were collected. 

The fractions showing acidic pH (pH<3) were pooled. Triplicates ofO.5~mL aliquots of 

the pooled fraction containing the phosphate acid were diluted with 20 mL water and 

titrated with 0.100 N NaOH to the end point of pH 4.5-5.0 (Fisher analytical solution) to 

determine normality. The pooled fractions after ion exchange were titrated with 

trimethylamine (to obtain trimethylammonium salts) to pH 5.4-5.5. After titration, the 

solutions were diluted, if necessary, to obtain a final concentration of 

trimethylammonium close to 0.5 N. 

(0136} Trimethylammonium and triethylammonium sulfates were prepared by 

diluting 1.39 mL of concentrated (17.9 M) sulfuric acid with 80 mL water, and titrating 

the diluted solution with neat triethylamine or aqueous trimethylamine under the control 

of a pH-meter to equivalence point (pH 5.1-5.5). The volume was adjusted to 100 mL 

with water. 

[01371 Trimethylammonium citrate solution was prepared by dissolving 1.572 g of 

citlic acid monohydrate ACS from Sigma (Product No. C-1909) in 20 mL of water, and 

titrating the solution with aqueous trimethylamine to the point of equivalence. The 

volume was adjusted to 25 mL with water. 

(01381 The solutions were filtered through a 0.2-flm cellulose acetate filter using 

positive pressure. Osmolality and pH of the solutions was measured using a vapor 

pressure osmometer and glass-calomel electrode pH-meter, respectively. The normality 

of the anion in the phosphate solutions was detennined by blue phosphomolybdate 

spectrophotometric assay (see Example 70) after acid hydrolysis (5 min. 100 °C, 3N 

H2S04). Anion nonnality took into account only the acidic functional groups that are 

substantially ionized at pH 5.5. Cation nonnality was determined on the basis of the 

added trialkYiammonium base. The obtained solutions had the following propeliies 

(Table 4): 

Extrusion membrane pore size, um 50 80 100  LiposomeDrug load. mgDrug, remaining in the 1 ...
,,i'f.e., urnirinorecankmolfiposnmes alwr 24 mean SDphospholipidhours in mice, % of .pre-injection
value  S7,6.128,1579.31 2,4.2' 79.22.S  _  5115.1 _ 571.1 69.782.6 :  ').1  (0,8115.2C %77 327(86.2 ..
7.7  101711Surprisingly, the liposomes with hiethylammonium salt of sucrose octasulfate, a
non-polymeric polyanionized organic hydroxylated organic compound (sugar), 
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Table 4. Properties of substituted ammonium salt solutions for CPT-II loading into 

liposomes. 

Salt cation normality anion normality pH Osmolality 

(mmollkg) 

TMA citrate 0.58 0.60 5.1 791 

TMA sulfate 0.50 0.50 5.4 625 

TMA pyrophosphate 0.44 0.54 5.4 651 

TMA triphosphate 0.57 0.68 5.4 695 

TMA polyphosphate 0.49 0.58 5.5 336 

TEA sulfate 0.54 0.50 5.35 719 

[0139} Cholesterol and DSPC were purchased from Avanti Polar Lipids, Alabaster, 

Alabama, USA. PEG-DSPE (PEG mol. weight 2,000) was from Shearwater Polymers, 

Huntsville, AL, USA. DSPC, cholesterol, and PEG-DSPE in the weight ratio of3:1:0.1 

(molar ratio approximately 3:2:0.03) were dissolved in chlorofonn (Fisher; Optima grade, 

stabilized with amylene) at 60 mg/mL of DSPC. The solution was dispensed into Pyrex 

tubes at 30 mg of DSPC (0.5 mL) per tube and slowly evaporated at reduced pressure 

using rotary evaporator at 60°C. The lipid films were dried under vacuum (100 micron 

mercury, oil pump) for 30-60 minutes at room temperature. 

(01401 Dry lipid films were hydrated by gentle shaking in the above aqueous salt 

solutions at 60°C for 15-20 minutes. The lipids formed a milky suspension 

(multilamellar vesicles). This milky suspension was subjected to five cycles of freezing 

in the mixture of dry ice and isopropanol (-80°C, 3 minutes) and thawing in a water bath 

at 60°C for 3 minutes. Then, the lipid suspension was extruded 10 times (double­

strokes) through two stacked polycarbonate membrane filters (Nucleopore, Whatman, 

pore size 0.1 !lm) using a manually operated reciprocating extruder (A vanti Polar Lipids) 

heated at 60°C. 

[01411 The extruded liposomes were kept at 60°C for five minutes and quenched in 

ice water (0-4 0c) for five minutes. Then, the liposomes were separated from the 

gradient-fonning salt solution into the loading buffer MES-Dextrose (50 giL of Dextrose 

ACS, 0.975 giL of2-(N-morpholino)-ethanesulfonic acid (MES), and sufficient amount 

provided dramatically better (4-5 fold) in vivo drug retention in liposomes compared with similar
liposomes with a polyanionic polymer (polyphosphate). EXAMPLE 14. Blood pharmacoltinetics of
CPT-11-loaded SOS-TEA Liposomes in rats. 101721Liposomes (100 nm extrusion membrane pore
size) were prepared as described in Example 12 The liposomes was administered intravenously at a
dose of 10 mg CPT1 I/kg to two nine-week-old female Sprague Dawley rats (Harlan) (body weight
about 200 g) with indwelling central venous catheter at a dose of 10 mg CPT-11/kg (17.6  62 tnnol of
phospholipidsikg). Blood samples were taken at prescribed time points and analyzed for drug and
liposome lipid content as in Example 9. The data were expressed as the % injected lipid dose/nil of
plasma and the % drug retained inside the liposome at each time point, plotted against post injection
time, and half-lives for liposome lipid, as well as half-lives for drug release from the liposomes, were
calculated by best fit to a monoexponential kinetic model (Fig. 5). The half-life of drug release from
CPT-I I loaded TEA-SOS liposornes was 56.8 hours, much longer than that of the similar TEA-Pn
liposomes. EXAMPLE 15. Antitumor activity of free CPT-11, and CPT-11 encapsulated into TEA-Pn
and TEA-SOS-containing liposomes in athymic nude mice hearing subcutaneous xenografts of human
colon carcinoma (H T-29). [0173)The liposomes were prepared as in Example 11 using TEA-Pn
solution with 0.65 M TEA, pH 6.1, and osmolality 531 nu-not/kg, or TEA-SOS solution with 0.643 M
TEA, pH 5.7, and osmolality 530 mmol/kg. The extrusion included 10 passages through two stacked
polycarbonate membranes with pore size 100 mn. The resulting TEA-Pn and TEA-SOS liposomes had
the size of 112.3+15.5 mu and 120.5+42.5 nm, respectively (mean+ SD of the size distribution). The
liposomes were loaded with CPT-11 at the input drug/phospholipids ratio of 500 mg/mmol. The
resulting liposomes had the drug content of 465.6 + 26.5 (93% loading efficiency) and 499.9+22.5 mg
(100% loading efficiency) of CPT-11/mmol phospholipid for the TEA-Pn and TEA-SOS formulations,
respectively. [01741HT-29 cells were obtained from American Type Culture Collection, Rockville, MD,
and propagated in DMEM medium supplemented with 10% fetal calf serum, 50 ll/ml penicillin G, and
50, ughrtf, of streptomycin sulfate at 37C, 5% CO2 as recommended by the supplier. NCR nubm
homozygous athymic male nude mice (6 week old, weight at least 16 g) were obtained from Charles
River. The mice were inoculated subcutaneously in the right flank with 0.1 mL of the suspension
containing 5 x106 cells suspended in the growth medium without antibiotics. Eleven days later the
animals having tumors with the size between 150 inm3 and 350 mm3 were assigned to the treatment
groups according to the following method. The animals were ranked according to the tumor size, and
divided into 6 categories of decreasing tumor size. Six treatment groups of 11 animals/group were
fanned by randomly selecting one animal from each size category, so that in each treatment group all
tumor sizes were equally represented.  63 Starting at day 13, the animals received four tail vein
injections, at the intervals of 4 days, of the following preparations: I) Control (HEPES-buffered saline
pH 6.5); 2) Free CPT-11 50 mg/kg, administered as freshly prepared 5 rngimL solution in unbuffered
physiological saline; 3) TEA-Pn hposomal CPT-11 at 25 mg/kg per injection; 4) TEA-Pn liposomal
CPT-11 at 50 mg/kg per injection; 5) TEA-SOS liposomal CPT-11 at 25 mg/kg per injection; 6)
TEA-SOS liposomal CPT-11 at 50 mg/kg per injection. The animal weight and tumor size were
monitored twice weekly as described in Example 10. The weight of tumor was subtracted from the
animal weighing results to obtain animal body weight. The animals were observed for 60 days
following tumor inoculation. When the tumors in the group reached 20% of the mouse body weight, the
animals in the group were euthanized. 'there were complete tumor regressions in some groups without
the signs of tumor regrowth at the end of study. The tissues from the tumor inoculation site from these
animals were collected and preserved for pathological analysis for residual tumor cells. 
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of 5M NaOH to bring the pH to 6.4) by gel-chromatography on Sephadex 0-75. 

Liposomes appear in the void volume fraction (approximately 30% of the column bed 

volume). 

[01421 CPT-II (Irinotecan hydrochloride) preparation containing 0.860 mg of the 

CPT-I! base per 1 mg of the solid was dissolved in O.OOIN HCl to make a stock solution 

of 16.5 mglmL CPT-II base. This solution was mixed with the liposomes in MES­

Dextrose buffer to achieve the ratio of 150 flg CPT-II per I !lmol of liposome 

phospholipids. The mixture was incubated at 55°C in a water bath, with occasional 

gentle shaking (approximately every five minutes) for 30 minutes, then quickly chilled in 

ice water (0-4 0c). The liposomes were separated from the unencapsulated drug by gel­

chromatography on Sephadex 0-75, using MES-Dextrose as eluent. The encapsulated 

drug was detennined by a spectrophotometric assay (Example 71), and the phospholipids 

detennined using an extraction assay (Example 70). 

[01431 In vitro drug release from so obtained CPT-II-loaded liposomes in the 

presence of 50% human plasma was studied as follows. Frozen human donor plasma was 

thawed as 37°C, centrifuged at 14,SOOg for 10 minutes, and filtered through a 0.45-flm 

cellulose acetate syringe filter. The liposome preparations with loaded CPT-II were 

sterilized by passage through O.2-~lm surfactant-free cellulose acetate (SFCA) sterile 

syringe filter. O.S-mL of the liposomes were mixed with O.S mL of plasma in sterile 1.S­

mL copolymer Eppendorftubes, sealed, and incubated on a rocking platfonn at 37°C for 

24 hours. Blank sample contained O.S mL of sterile MES-Dextrose instead ofliposomes. 

The liposomes were isolated by gel-chromatography on a beaded cross-linked 2% 

agarose gel (Sepharose CL-2B, Phannacia; 10 mL bed volume) using 144 mM NaCI, 5 

mM HEPES-Na, pH 7.4 buffer (HBS-S). The liposomes appeared at the void volume 

fraction, while plasma proteins and released drug (if any) were retarded by the gel. The 

liposome fractions were assayed for CPT-il and phospholipids, and the 

drug/phospholipids ratio (output ratio) was determined. Readings of the blank samples 

(plasma only) were subtracted from the readings of the liposome-containing samples. 

Percent of the drug remaining in the liposomes after the incubation was determined by 

dividing output drug/lipid ratio by the input drugllipid ratio (drug/lipid ratio prior to 

incubation with plasma). The loading and release data are summarized in Table 5. 

101751The results of this study are shown in Figures 6 and T Free CPT-11 had only minor effect on
the tumor growth. All liposomes had pronounced effect resulting in tumor regression later followed by
regrowth in most animals. 50 mg/kg dose was more effective than 25 mg/kg dose in both TEA-Pn and
TEA-SOS CPT-I I liposomes. Average tumor doubling times calculated from the tumor size data
(Fia.7) were: control - 4.2 days; free drug, 50 mg/kg -4.8 days; TEA-Pn liposomal drug, 25 mg/mg
-43.6 days; TEA-Prt liposomal drug, 50 mg/kg - 47.5 days; TEA-SOS liposomal drug at 25 mg/kg -
48.2 days, and TEA-SOS liposornal drug at 50 mg/kg - over 56 days (doubling time was not reached).
Thus, liposomal CPT-I1 prepared according to the present invention was at least about 10-fold more
active than the free drug, given at the same dose and schedule. Unexpectedly, TEA-SOS CPT-11
liposomes were prominently more effective in reducing tumor growth than TEA-Pn CPT-I I iiposomes
administered at the same dose. While in the groups treated with free drug and TES-Pn liposomal drug
at 50 mg/kg per injection there were no animals without tumor regrowth, in the groups receiving 25
mg/kg of each liposornal formulation, one animal (9.1%) was tumor-free at the end of study, and in the
group receiving 50 mg/kg of TEA-SOS liposomal CPT-11 formulation, at the end of study 4 animals
(36.4%) were tumor-free without signs of regrowth.  64 [01761The drug manifested some toxicity. The
animals receiving free CPT-11, but not liposomal CPT-11, experienced temporary morbidity (loss of
alertness, humped posture, ruffled fur, decreased mobility) for about one hour after drag injection. The
animals receiving free CPT-1.I suffered permanent loss of about 6% of weight during treatment, and
did not recover, The animals receiving both liposomal CPT-1 1 formulations experienced transient
weight loss at the time between second and third injections averaging about 5% (at 25 mg/kg) or about
9% (at 50 mg/kg) of the pretreatment value, and eventually attained normal weight. Therefore, the
toxicity of liposomal drug was not more than that of the free (non-liposomal) drug, while the efficacy of
the liposomal drug was substantially higher. The weight loss was reversed when the drug treatment
was finished, and all animals recovered their weight without terminal morbidity or toxic deaths. Later
on, the animals gained weight concomitantly with tumor regressions. In the saline :;ontrol group,
animals that developed large tumors experienced weight loss evidently due to tumor-related morbidity.
Overall, the liposon-ie drug formulation where the drug was loaded into the liposornes having
pre-entrapped polyanionized sugar (sucrose octasulfate) proved to be the most efficacious while
having less toxicity than the non-liposounal drug. EXAMPLE 16. Toxicity of free and liposomal CPT-11
in mice. 10177!Acute toxicities of free CPT-11 and liposome-encapsulated CPT-11 prepared according
to the present invention were compared by determining the maximum tolerated dose (MTD) following
single i.v. injection in regular (immunocompetent) mice. [01781The following materials were used:
101791I) CPT-I 1 (Irinotecan Hydrochloride) preparation having Irinotecan Hydrochloride 98.9% by
EIPLC, and moisture 7.6%. In this study drug formulations were prepared on the "as is" basis, without
correction for the moisture content or the Irinotecan base content. 1018012) Liposomal CPT-11
(Ls-CPT-11) was prepared as in Example 11, using lipid matrix of DSPC 200 mol. parts, Cholesterol
133 mol. parts, PEG-DSPE 1 mol. part; entrapped solution TEA-SOS having 0.65 NI TEA, pH 6.4;
drug loaded into liposomes in 5 mM HEPES buffer, 5% dextrose, pH 6.5,at 60C for 30 min at the input
drug/lipid ratio  65 500 mg drug/mmol of phospholimd. Loading efficiency was >99%. Liposome size
(volume average mean de standard deviation by QELS): 101  37 nm. Liposomes were formulated in
the vehicle, 20 mNil HEPES-Na, 135mM NaCI; ptl 6.5. Drug concentrations in the injected formulations
were as stated in the Tables below. 
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Table 5. Loading of CPT-I I into liposomes with tertiary alkyl ammonium salts and in 

vitro release of the drug in the presence of human plasma. 

Entrapped salt solution Before incubation with plasma After incubation with plasma 

drug/lipid encapsulation drug/lipid drug remaining 

ratio efficiency (%) ratio encapsulated (%) 

TMA sulfate 127.2 ± 5.6 84.8 ± 3.8 132.1 ± 6.9 103.8 ± 10.0 

TMA pyrophosphate 136.2 ± 9.0 90.8 ± 6.0 132.3 ± 5.0 97.1 ± 10.1 

TMA triphosphate 132.9 88.6 129.2 97.3 

TMA-Pn 134.4 ± 9.3 89.6 ± 6.2 135.0±7.4 IOO.4± 12.4 

TEA sulfate 131.1 ± 6.5 87.4 ± 4.4 125.2 ± 5.0 95.5 ± 8.6 

EXAMPLE 8. In vivo stability of the Iiposomes loaded with CPT-II using 
pyrophosphate, triphosphate, polyphosphate, citrate, and sulfate 
trialkylammonium salts. 

[01441 While camptothecin liposomes may show acceptable drug leakage in blood 

plasma in vitro, the drug may leak more quickly in the blood circulation in vivo. 

Therefore, a panel of CPT-II liposome formulations was screened for drug stability in the 

blood circulation in vivo using a single time point assay in mice. 

[0145) The liposomes were prepared and loaded with CPT-II as described in Example 

6, with the following modifications. Instead of using PEG-DSPE from Shearwater 

Polymers, we used similar PEG-DSPE from Avanti Polar Lipids. To afford 

quantification ofthe liposome lipid matrix in the blood/tissue samples, a non­

exchangeable radioactive label, eH]-Cho!estery! hexadecyl ether (eH]-CHE; 

(Amersham, USA) was added to the chloroform solution of the lipids in the amount of 

0.25 mCilmmol of phospholipids. The lipid solutions were dispensed into Pyrex tubes at 

12 mg ofDSPC/tube, and lipid films were formed by rotary evaporation/vacuum drying. 

Lipid films were hydrated in 0.7 mL ofthe gradient-forming substituted ammonium salt 

solutions. Lipid concentration in the liposomes with entrapped phosphate-containing 

salts was determined by radioactivity scintillation counting. The preparations without 

entrapped phosphate-containing salts were also assayed for phospholipids without 

extraction as described in Example 70, and used as lipid radioactivity standards. Portions 

of the liposome-drug mixtures prepared for the loading were saved and assayed to 

1018113) Free CPT-] I solution. Free drug stock solution was prepared by dissolving Irinotecan
Hydrochloride in 5% aqueous dextrose at 22 ing/mL, and sterilized by 0.2-urn filtration. This stock
solution was diluted with sterile 5% dextrose prior to injection. [018214) Animals. Female Swiss
Webster mice, 6-8 week old, were from Harlan. USA. 10183]N1TD determination generally followed
the protocol adopted by the United States National Cancer Institute Developmental Therapeutics
Program. The protocol included the following three steps: 101841Step I): Range-seeking step with the
dose escalation factor of 1.8. The groups of two animals were injected into the tail vein with increasing
doses of the free or liposomal Irinotecan, beginning with the dose of 60 mg/kg, and continuing with the
dose escalation factor of 1.8, until acute mortality or terminal morbidity (within >1 day post injection) is
observed in any of the animals. The dose one step below the mortality/terminal morbidity dose is
recorded. [01851Step 2): Range-seeking step with the dose escalation factor of 1.15. The atups of two
animals were injected into the tail vein with increasing doses of the free or liposomal Irinotecan,
beginning with the dose recorded at Step 1, and continuing with the dose escalation factor of 1.15,
until acute mortality or terminal morbidity (within >1 day post injection) is observed in any of the
animals. The dose one step below the mortality/terminal morbidity dose is recorded at tentative MTD.
[01861Step 3): Validation step. The group of 5 animals is injected iv. (tail vein) with free or liposomal
lrinotecan at tentative MTD determined at Step 2. The animals are followed for 7 days, the animal
body weight is recorded twice weekly and compared with the pre-injection weight. General health of
the animals is observed (alertness, grooming, feeding, excreta, skin, fur, and mucous membrane
conditions, ambulation, breathing,  66 posture). If during the observation period there is no mortality,
progressive morbidity, or weight loss in excess of 15% of the pre-injection body weight, the dose is
considered to be validated as acute single injection MTD. If any of these effects occur, the experiment
is repeated at the next lower dose by a factor 1.15. [01871To obtain additional statistics for validation
step, the body weight dynamics of surviving animals was followed for up to 11 days post injection. The
dose of more than 324 mg/kg of the liposomal Irinotecan was impossible to administer because of the
concentration and injection volume limitations. The results are presented in Table 10. Table 10. MTD
seeking study of CPT'-11 formulations in mice. 
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confinn the pre-loading ratio of the added CPT-II to the 1iposome lipid prior to loading 

("input ratio"). Volume-averaged mean and standard deviation of the Iiposome size 

distribution were detennined by quasi-elastic light scattering (QELS) using Gaussian 

model. The properties of these liposomes are summarized in Table 6. 

Table 6. Characterization of CPT-I I loading into eH]-CHE-labeled liposomes for in 

vivo stability study 

Entrapped salt solution drug/lipid ratio drug/lipid ratio loading liposome size, 

before loading after loading efficiency (%) (mean±SD) nm 

TMA citrate 159.2 ± 3.5 156.7±3.6 98.5 ± 4.4 122.1 ± 25.3 

TMA sulfate 156.1 ± 2.5 156.1 ± 3.1 100.0 ± 3.6 122.2 ± 28.4 

TMA pyrophosphate 164.6 ± 5.8 156.6 ± 4.3 95.2 ± 6.0 121.1 ± 19.9 

TMA triphosphate 163.6 ± 5.7 156.0 ± 3.2 95.3 ± 5.3 122.4± 12.9 

TMA polyphosphate 170.5 ± 8.0 162.4 ± 4.0 95.3 ± 6.8 123.0±12.7 

TEA sulfate 153. ± 3.3 154.9 ± 4.9 10\.0±5.3 121.1 ± 18.0 

(0146) Six-week-old female CD-I mice (Charles River) received tail vein injections of 

these liposomal CPT-II formulations at the dose of 10 mg/kg (0.2mg CPT-II/mouse) in 

duplicate. Eight hours later, the mice were anesthetized and exsanguinated through open 

heart puncture. The blood was colJected into heparinized syringes (10-20 fll of 1000 

U/ml heparin USP) and transferred into weighed tubes containing 0.4 ml of the 

phosphate-buffered physiological saline solution (PBS) containing 0.04% EDTA (Gibco 

BRL), kept on ice. The tubes were weighed to detem1ine weights of the blood samples, 

blood celJs were separated by centrifugation at 9,000g for 5 minutes, and supernatants 

containing PBS-diluted plasma, were saved for drug and liposome lipid assays. CPT-II 

was quantified by fluorometric assay (Example 71). Liposome lipid was quantified by 

quenching-corrected radioactivity scintilJation counting. The Iiposome and phospholipid­

radioactivity standards were counted in parallel with the plasma samples. Percent of the 

drug that remained encapsulated was calculated by dividing the drug/radioactivity ratio in 

the plasma samples by the drug/radioactivity ratio of the injected liposomes. Due to the 

fast elimination offree CPT-II from the blood (see Example 69) and the known stability 

of the eHJ-CHE against lipid exchange, the assays' readings were considered indicative 

of the blood content ofliposomal CPT-II and lipid. Percent of injected lipid dose (% 

RESULTS Stop 1. inciebsc dust by it kictio of 1.8      mat hulk. k eight, at day post injecticor drug inj,
Ddide drug conc In;. volume intltht 0I2,476 7 II  (rlii55:6) (nw/thr) 
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I.D.) remaining in the circulation was ca1culated assuming 100% of the injected bolus 

entered the circulation; blood volume being 6.3% of the mouse body weight, and 

hematocrit of 45%. The results are summarized in Table 7. 

Table 7. In vivo stability of CPT-l I-encapsulation and circulation longevity of CPT-l 1-

loaded liposomes in mice at a single point (S hours) post injection. %I.D., % of injected 

dose. 

Liposome-entrapped salt 

TMA citrate 

TMA sulfate 

TMA pyrophosphate 

TMA triphosphate 

TMA polyphosphate 

TEA sulfate 

Drug/lipid ratio, % of 

pre-injection value 

SO.2 ± 7.S 

70.1 ± 4.8 

67.3 ± 9.2 

70.6 ± 6.0 

107.5±8.9 

76.6 ± 13.1 

Liposome lipid, 

% LD. in the blood 

18.8 ± 3.4 

23.6 ± 1.S 

23.2 ± 3.1 

24.9 ± 8.2 

24.3 ± 3.4 

23.6±0.1 

(01471 All preparations showed the level of drug encapsulation after S hours in the 

blood ill vivo at 70-80% of the pre-injection level, while the liposomes containing 

polyphosphate were the most stable (drug encapsulation remains at about 100%). 

EXAMPLE 9. Blood pharmacokinetics of CPT -11 liposomes prepared using 
riethylammonium polyphosphate. 

(01481 The fonnulation ofliposomal CPT-II using triethylammonium polyphosphate 

salt was prepared as outlined in Example 3. The lipids DSPC, cholesterol, and N­

(methoxy-poly(ethylene glycol) (M.w. 2000)-oxycarbonyl)-DSPE (PEG-DSPE) (all from 

Avanti Polar Lipids, Inc.) - were combined as dry powders in the molar ratio 0[3:2:0.015 

and dissolved in 100% ethanol (USP grade, approx. 0.15 mUIOO mg of the lipids) at 62-

65°C. For pharmacokinetic studies, 3H-cholesteryl hexadecyl ether eH-CHE, obtained 

from Amersham Pharmacia) was added to the lipids in the amount 0[0.5 mCi/mmol of 

phospholipids as a non-exchangeable radioactive lipid label. The aqueous solution of 

TEA-Pn (0.5 M triethylammonium, pH 5.7-6.2) was prepared as in Example 4. TEA-Pn 

solution (10 times the volume of added ethanol) was mixed with the lipid solution at 60-

65°C and stirred at this temperature until a homogeneous milky suspension of 

multilamellar vesicles was fom1ed. This suspension was extruded 15 times through 2 

stacked polycarbonate track-etched filters (Coming Nuc1epore) with the pore size of 100 

(pl)  IL:I(alno (9.) ou 1.-CVIil 60 s 50  19.215.0ad70379.620.6 NO 19.7     2 
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run using argon pressure extruder (Lipex Biomembranes) at 60-65 °C, and resulting 

unilamellar liposomes were quickly chilled in ice and then let attain ambient temperature. 

Ethanol and unincorporated polyphosphate salt were removed by gel chromatography on 

Sepharose CL-4B column eluted with MES-Dextrose buffer (5 mM MES, 50 giL 

dextrose, pH adjusted to 6.5 with NaOH). 

(0149] A stock solution of CPT-II (Irinotecan hydrochloride) containing 20 mg/mL 

hinotecan base in water was added to the liposomes at a drug/lipid ratio of 150-200 

mg/mmol phospholipids, and the mixture was incubated wi!h occasional agitation for 45-

60 minutes at 60-62 °C. The incubation mixture was quickly cooled down and incubated 

for 10 minutes at 0 °C, then allowed to attain ambient temperature. 1120 of the volume of 

2.88 M NaCI was added to adjust to physiological ionic strength and improve the removal 

of membrane-bound CPT-II (as opposed to the drug encapsulated within the Iiposome 

interior). Unencapsulated drug was removed by gel chromatography on Sephadex G-25 

or G-7S column (Amersham Pharmacia) eluted with HBS-6.5 buffer (5 mM 2-(4-(2-

hydroxyethyl)-piperazino )-ethylsulfonic acid (I-IEPES), 144 mM NaCl, pH 6.5). 

Liposome fractions eluted in the void volume were combined, sterilized by 0.2 micron 

filtration, and stored at 4-6 °C before use. The liposomes were characterized by lipid 

concentration, drug concentration, and particle size as in Example 7. The liposomes had 

the average size of 108 nm and CPT-II content of 139 ± J 8 mg of CPT-I I base per mmol 

of phospholipids. 

[0150] The longevity of the liposome lipid and liposome drug in the blood and the 

characteristics of drug release from the liposomes in vivo were studied in female Sprague­

Dawley rats (190-21 Og) with indwelling central venous catheters. The rats were injected 

with a 0.2-0.3 mL bolus of 3H-CHE-labeled lrinotecan liposomes (0.05 mmol 

phospholipids, or 7-8 mg CPT-II per kg of the body weight). Blood samples (0.2-0.3 

mL) were drawn at various times post injection using heparin-treated syringe. The 

withdrawn blood volume was replenished using phosphate buffered physiological saline. 

The blood samples were diluted with 0.3 ml of ice-cold PBS containing 0.04% EDTA, 

weighed, and the blood cells were separated by centrifugation. The supernatant fluids 

were collected and assayed for CPT-II using the fluorometric procedure of Example 71, 

and for the liposome lipid label by scintillation radioactivity counting using conventional 

methods. The liposome preparations with known drug and 3H-CHE-lipid concentration 

19719sid29.620.419.9 19.2 20.7  100 12 165 1 19.51516ocl19.420.020.1 19.4 19,9     2 201IR
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were used as standards. Radioactivity standards contain equal amount of diluted rat 

plasma to account for quenching. The amount of CPT-II and the liposome lipid in the 

blood was calculated assuming the blood volume in m! as 6.5% of the body weight in 

grams, and the hematocrit of 40%. The total amount of the lipid and the drug in the blood 

was expressed as % of injected dose (% 1.D., %ID) and plotted against post-injection 

time. The percent of drug remaining in the liposomes was calculated by dividing the 

drug/lipid ratio in the blood samples by the drug/Iipid ratio of the injected liposomes 

(taken as 100%). Because the plots generally showed good agreement with 

monoexponential kinetics (linearity in semi-logarithmic scale), blood half-lives of the 

drug, the lipid, and of the drug release from the liposomes, were calculated from the best 

fit of the data to monoexponential decay equation using the TREND option of the 

Microsoft EXCEL computer program (Microsoft Corp., USA). The results are shown on 

Figure 1. From the best fit parameters, the blood half-lives for lipid and drug were 16.4 

hours and 6.61 hours, respectively. Under these conditions, free CPT-II clears from the 

circulation very rapidly (see Example 69). 

[0151] The blood drug/lipid ratio revealed biphasic character of the CPT-II release 

from the liposomes (Figure 2). In the first 24 hours, the release of drug followed was 

linear over time (R=O.992) giving evidence for zero-order release kinetics. Only after 

about 75% of the drug was released at 24 hour time point, further release became non­

linear. For 24 hours, the liposomes released the drug at a constant rate of about 3.6% of 

the initialload/hour. Thus, 50% of the drug was released over the period of approximately 

14 hours. Zero-order release of the drug is an attractive quality in sustained release 

formulations, as the rate of drug release remains constant over time. 

[0152] 

EXAMPLE 10. Antitumor efficacy ofCPT-llliposomes pl'cpared using 
triethyiammonium poly phosphate against breast cancer xenografts in nude 
mice 

Antitumor efficacy of CPT-II liposomes was studied in the model of human 

breast carcinoma BT-474, an estrogen-dependent ductal adenocarcinoma that over­

expresses C-ErbB2 (HER2) receptor. . BT-474 cells were obtained from Amelican Type 

Culture Collection (Rockville, MD). A BT -4 74 sub-line with higher tumor growth rate 

was established from a fast-growing xenograft tumor nodule raised as described below. 

The cells were propagated in vitro in RPMI-1460 medium with 10% fetal calf serum, 0.1 

215  I IN 27 165 I 504184or!18.919.720.3 113.5. 20,5     2  20019.3 adI 9.920.621,4 21.6 21.2  
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mg/mL streptomycin sulfate, and 100 U/ml Penicillin G in T -\50 flasks, and split 1:3 

every week. NCR nulnu female mice (4-6 week old; Taconic Farms) were 

subcutaneously implanted (at the base of tail) with 60-day sustained-release O.72-mg 17~­

estradiol pellets (Innovative Research of America, Inc.), and in two days were inoculated 

subcutaneously in the upper back area with 0.1 mL suspension containing 2x I 07 BT-474 

cells in cell growth medium. The tumor progression was monitored by palpation and 

caliper measurements of the tumors along the largest (length) and smallest (width) axis 

twice a week. The tumor sizes were detennined twice weekly from the caliper 

measurements using the fonnula (Geran, R.L, et al., 1972 Cancer Chemother. Rep. 3: 1-

88): 

Tumor volume = [(length) x (widthiJ 12 

(0153J At day 13 after inoculation, the tumor reached an average size of200 mm3 and 

the animals were randomly assigned to three groups of 13-15 animals. 

(0154] Liposomal CPT-ll was prepared as in Example 8 (drug/phospholipid ratio 192 

mg/mmol; average liposome size 86.8 nm). Free and liposomal CPT-Ii were diluted with 

MES-dextrose vehicle to 5 mg/ml of CPT-II base The animals were injected via the tail 

vein with free CPT-II, liposomal CPT-II, or vehicle only on days 14, 18,21, and 25 

post tumor inoculation. The drug-containing fonnulations were given at the dose of 50 

mg CPT-ll1kg per injection, which is the average of the doses reported in the literature 

for the CPT-II studies in rodent tumor models. 

[0155] To assess treatment-related toxicity, the animals were also weighted twice 

weekly. The observations were made until day 60 post inoculation, at which time the 

estrogen supplementation pellet was exhausted. Average tumor volumes across the 

groups were plotted together and compared over time. As shown in Figure 3, while free 

CPT-lI reduced the rate of tumor growth, in the group that received liposomal treatment 

the tumors regressed dramatically. While at day 36 in the control group the tumors 

reached the maximum allowable size averaging 3,500 mm3
, and at day 46 in the group 

treated with free drug the tU1110rs were about 1,000 mm3 at average, at the $ame time point 

none of the animals in the liposome-treated group had a palpable tumor. 
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[0156} The treatment related toxicity was assessed by the dynamics of animals' body 

weight (Figure 4). Neither group revealed any significant toxicity. The weight of the 

animals in the control group was consistently increasing. There was a slight decrease in 

the average body weight of the animals receiving liposomal CPT-II, by about 3.3%, on 

the day of the last treatment This weight loss was reversed, however, and the animals 

reached their expected weight. This decrease in the mean body weight was not 

statistically significant by Student's t-test compared to pretreatment weight (p=0.274). 

Thus, all treatments were tolerated without significant toxicity. 

[01571 Thus, the liposome formulation of CPT-II obtained by loading of the drug via 

pre-entrapped sterically hindered substituted ammonium salt (triethylammonium) of a 

polyanionic, biodegradable polymer (polyphosphate) showed extended blood life, 

sustained release characteristics, and increased antitumor activity in the studied tumor 

model without an appreciable increase in toxicity. 

EXAMPLE 11. Comparative assessment of CPT -11 loaded iiposomes 
pI'epared using pre-entrapped triethylammonium salts: effect of liposome 
size, drug/lipid ratio, and the nature of pre-entrapped anion. 

[01581 Two prototype fonnulations of CPT -Il-loaded liposomes were prepared, one 

using the liposomes with pre-entrapped TEA-Pn, and the other with pre-entrapped TEA­

SOS. Preparation of these liposomes included the following manufacturing steps. 

(0159] I) Combining the lipids by co-dissolVing in ethanol. The lipid matrix 

composition consisted of I ,2-Distearoyl-SN-phosphatidylcholine (DSPC) (Mol. wt. 790) 

3 molar parts (59.8 mol.%); Cholesterol (Cho\) (MoL weight 387) 2 molar parts (39.9 

mol.%); and N-(omega-methoxy-poly(ethylene glycol)-oxycarbonyl)-1,2-

distearoylphosphatidyl ethanolamine (Mol. weight 2787) (PEG-DSPE) 0.015 molar parts 

(approx. 0.3 mo1.%). DSPC and PEG-DSPE were purchased from Avanti Polar Lipids, 

Binningham, Alabama. Cholesterol (highest purity grade) was purchased from 

Calbiochem. Dry lipids were weighed with the accuracy of ±O.l mg in a borosilicate glass 

container and combined with absolute ethanol at the ratio suitable for the lipid dispersion 

step below. Because of the high transition temperature ofDSPC (55°C) the dissolution 

was typically perfonned at 55-60°C until clear solution was obtained. 
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[0160J 2) Preparing the TEA-Pn and TEA-SOS solutions. Sodium polyphosphate 

(n= 13-18) was from Sigma Chemical Co., pin P 8510. Sodium sucrose octasulfate was 

purchased from Toronto Research Chemicals, Toronto, Canada, pin S699020. The salts 

were weighed down and dissolved in water to provide 1.2-2.5 N solutions. Anion 

exchangers Dowex 50Wx8-200 or Dowex HCR-W2 in H+-fonn (available from Sigma) 

were used to convert the sodium salts into free acids. Before the first use, the resins were 

washed by stirring with 3 volumes of the following solutions, followed by decanting: (I) 

1.0-1.2 M aqueous HCI 2 times; (2) Water 2 times; (3) 1.0-1.2 M aqueous NaOH 2 times; 

(4) Water 2 times; (5) 1.0-1.2 M aqueous HCl, 2 times. The suspension of washed resin 

in water was packed under gravity flow in a suitable size chromatography column to have 

at least 8 ml of the packed resin for each mL of the sodium salt solutions. The resin was 

further equilibrated by passage of 2 column volumes of 3.0-3.6 M aqueous HCl, 

followed by 5 column volumes of water or until the conductivity of the eluate falls below 

1 micro-So After use, the columns were regenerated by sequential passage of: 1.-1.2 M 

HCl - 3 column volumes; 3.0-3.6 M HCl - 2 column volumes; water - at least 5 column 

volumes, or until the conductivity of the eluate falls below I flS, and stored under 0.2-um 

filtered water at room temperature. The Pn and SOS sodium salt solutions were applied 

on the drained surface of the column (approximately 1 ml for each 4 ml of the packed 

resin volume) and allowed to flow under gravity at the rate of about 1-2 mllmin for the 

resin bed size of75-150 mL. The column was eluted with water. The eluate was tested 

for conductivity. The fractions with 10 mS or higher conductivity were collected. If more 

concentrated solutions of polyacids are required, the collection can start at 20-50 mS, but 

at the expense of somewhat higher loss of the gradient-fonning salt. In the case of 

polyphosphoric acid, the collected solution is kept refrigerated (O-4°C) until the amine 

titration step because ofthe hydrolytic instability of the phosphodiester bond at low pH. 

The collected eluates would have a pH ofless than 0.7 (typically about 0.4) and 

conductivity of about 120-200 mS. Optionally, the amine titration step is perfonned 

without delay because the stability of polyphosphate at low pH. HPLC-grade 

triethylamine (99.5+% purity) from Fisher, pin 04884 was used to titrate the acid 

solutions obtained from ion exchange. The nom1ality of neat TEA was detennined by 

potentiometric titration. 0.100-mL Aliquots of TEA (0.100 ml) were taken into 20 mi of 

water in triplicate. The aliquots are titrated with 0.1 N HCI standard solution to the pH 

end point (glass electrode) of 5.5-6.0. The calculated nonnality (7.07 N) was c10se to the 
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theoretical value of 7 .17N. A measured volume of the polyphosphoric (Pn) acid or 

sucrose octasulfuric (SOS) acid solution was titrated with neat TEA under the control of 

pH (glass) electrode. Thorough stirring was required to disperse the amine. Titration 

endpoint was pH 5.6-6.2. The volume of added TEA was accurately recorded. The 

volume oftitrated solution was measured, and the concentration of TEA was calculated 

on the basis of the added TEA volume and normality. Water was added as necessary to 

adjust the TEA concentration to required 0.55±0.05 N or 0.65±0.03 N, as indicated 

below. The amount of residual sodium in the obtained TEA-Pn or TEA-SOS solutions 

was determined by potentiometry using sodium-selective glass electrode (Coming). One 

mL of the solution was diluted with 19 mL of water, and the sodium concentration was 

detennined using the increment method according to the electrode manufacturer's 

manuaL The amount of residual sodium was less than 1 mM, typically less than 0.5 mM. 

The obtained TEA-Pn or TEA-SOS solutions were passed through 0.2 ~un cellulose 

acetate sterile filter using positive pressure feed. The final pH and osmolality of the 

solutions was measured and recorded. We use pH calomel micro-combination all-glass 

electrode for pH measurements, and vapor pressure/dew point osmometer for osmolality 

measurements. The solutions were stored refrigerated until use. 

(0161 ] 3). Preparing lipid dispersion in the gradient-forming buffer by mixing of 

ethanolic solution of the lipids with the f,'Tadient-fonning buffer. The lipids were 

dispersed in the gradient-forming salt solution using ethanol mixing method. All steps 

were perfonned at 60-65°C. The lipids were dissolved in 100% Ethanol USP at a 

concentration of about 0.5-0.6 M of DSPC in a chemical resistant glass pear-shaped flask 

or tube. The gradient-fonning salt solution (TEA-Pn or TEA-SOS) was pre-wanned to 

60-65°C and added to the ethanolic lipid solution at once, and the components were 

thoroughly mixed by swirling and/or vortexing. The final amount of ethanol was about 

10 vol.%. For preparations of the scale in excess of 0.1 mmol phospholipid, the resulting 

suspension was placed on a rotary evaporator at 60-65°C and vacuumized with rotation 

until the evolution of ethanol stopped, as manifested by the end of foam fonnation. For 

the scale of 0.1 mmol phospholipid or less, ethanol was not removed from the lipid 

dispersion at this step. The resulting lipid suspensions were kept at 60-65°C and used 

promptly for the extrusion step. 
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(01621 4). Sequential extrusion of the lipid dispersion through defined pore 

membranes. For the lipid suspension volumes up to 1 mL we used a manually operated 

reciprocating extruder supplied by A vanti Polar Lipids. The extruder is charged with 19 

mm track-etched filter membranes and therrnostatted by virtue of a metal heating block. 

For the volumes from 1 to 10 mL, we used a therrnostatted, gas pressure operated, 

unidirectional flow ext~der from Lipex Biomembranes. The extruder is charged with 25 

mm filter membranes. The lipid suspensions were repeatedly extruded at 60-65°C using 

manual feed or argon gas pressure, as appropriate, through a series of2 stacked 

polycarbonate membrane filters (the filters from Coming-Nuclepore and Osmonics Corp. 

were equally suitable) having nominal pore sizes of 100 ill11, 80 nm, or 50 nm. Where the 

effect ofliposome size was of interest, the extrusion was stopped at 100 nm, 80 nm, or 50 

nm step. The exact type of filters used and number of extrusions is indicated below for 

each experiment. The extruded liposomes were kept at 60-65°C for about 15 min. and 

quickly cooled down to 2-4°C in an ice bath. After about 15 min. in the ice bath, the 

liposomes were allowed to reach room temperature. 

(01631 5). Removal of extraliposomal gradient-forming buffer and transfer of the 

liposomes into a drug-loading buffer. Non-encapsulated gradient-folming salt was 

removed, and the liposomes were transferred into the drug loading buffer using size 

exclusion chromatography (SEC). Tangential flow filtration, hollow fiber dialysis, of 

other scalable step can be used in scale-up manufacture. It is advantageous to ensure the 

complete removal of the extraliposomal polyanion by treatment of the liposomes with an 

anion-exchange resin (e.g., Dowex-I or Dowex-2 quaternary ammonium cross-linked 

polystyrene beads). Drug-loading buffer contained 50 giL anhydrous Dextrose USP, and 

5 mM tissue-culture certified HEPES in water, adjusted to pH 6.5 with NaOH. The buffer 

was vacuum-filtered through 0.2 micron Nylon filter (Whatman). The extruded liposomes 

were chromatographed on a column with Sepharose CL-4B (Pharmacia) and eluted with 

the drug-loading buffer. The liposomes appeared in the void volume fraction and were 

collected, based on the eluate turbidity, in the volume of about 2x of that applied. The 

eluted liposomes were assayed for phospholipid concentration according to Example 70, 

particle size by QELS, and stored at 4-6°C. 

[01641 6) Incubation of liposomes with the drug. Stock solution of CPT-II (hinotecan 

Hydrochloride) was prepared immediately before mixing with the liposomes by 
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dissolving [rinotecan Hydrochloride in water to achieve concentration 0[20 mg/mL drug 

base. The pH of the solution was between 4.0 and 5.0. The drug solution was filtered 

through 0.2 micron polyethersulfone (PES) sterile filter using positive pressure. Aliquots 

of the liposomes in the drug loading buffer produced at the step 5 above were mixed at 

room temperature with the stock lrinotecan solution to achieve the drug/lipid input ratio 

in the range of 0.15-0.55 g of drug for mmol of lip os orne phospholipid. Particular input 

drug/lipid ratios are indicated below, where appropriate. The pH ofthe mixtures was 

adjusted to 6.5 with I M NaOH, the mixtures in glass vials were incubated on the 

thennostatted water bath at 58-62°C with slow agitation for 30-45 min, quickly cooled 

down in ice-water bath (0-2°C), and left at this temperature for 15 min. Then the 

liposomes were allowed to warm up to room temperature for the next step (removal of 

unencapsulated drug and transfer into the storage buffer). This step resulted in the 

encapsulation efficiency of more than 95%, typically 98-100% in the whole range of 

studied drug/lipid ratios. 

[0165} 7). Removal of unencapsulated CPT-ll, transfer of the liposomes into the 

storage bujJer,jil1aijiitration, and storage. Unencapsulated drug was removed and the 

liposomes were transferred into the storage buffer using size exclusion chromatography. 

The storage buffer contained 20 mM HEPES, 135 mM NaCl, pH 6.5 (adjusted with 

NaOH) in water, and was 0.2-micron vacuum-filtered before use. Gel-chromatography. 

on Sephadex G-75 (Amersham Pharmacia Biotech) was performed essentially as 

described under Step 2 above: CPT-II liposomes eluted from the column (void volume 

fraction) were assayed for liposome phospholipid and CPT-II (by spectrophotometry, see 

Examples 70 and 71), and volume-weighted mean particle size by QELS. The drug 

concentration was adjusted, if necessary, to be in the range of2.0-4.0 mg/mL. The 

liposomes were filtered through 0.2 micron polyethersulfone sterile filters and aseptically 

dispensed into sterile polypropylene vials (Coming Cryo-Vials) or PTFE-lined screw-cap 

borosilicate 4-mL glass vials to approximately 70-80% of the vial volume. The vials 

were aseptically closed (in air), labeled, and stored at 4-6°C. 

[0166] 

EXAMPLE 12. Effect of drugliipid ratio on the drug loading efficiency and 
in vivo drug retention of TEA-Po-containing liposomes 

Liposomes with entrapped aqueous 0.65N solution ofTEA-Pn, pH 6.1, 

osmolality 531 mmol/kg, were prepared following the procedure of Example 11. The 

200 7 206 19.920.119.0 209      1110 20.5121.1211.7 dIM  90 12 ISO 9 
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lipid dispersion was extruded ten times through two stacked 100 run pore size 

polycarbonate filters. Liposome lipid matrix also included eHJ-CHE at 0.5 mCi/mmol 

phospholipid. The liposome size before drug loading was 98.5 ± 34.3 nm. The liposomes 

were loaded at initial drug-to-phospholipid ratios of200, 300, 400, and 500 mg CPT-lll 

mmol phospholipid. The drug and phospholipid amounts in the liposomes were 

determined by spectrophotometry according to Example 71, and by phospholipid 

extraction-digestion-blue phosphomolybdate assay of Example 72, respectively. 

[0167] To evaluate ill vivo drug release rate, the method of Example 8 was followed. 

The liposomes were injected via tail vein into 6-week-old female Swiss Webster mice 

(body weight 18-22 g) at a dose of 5 mg CPT -lllkg. At 8 and 24 hours post injection, the 

mice, in groups of3, were anesthetized, and exsanguinated via open heart puncture. The 

blood was mixed with 0.4 mL of ice-cold 0.04% EDT A in PBS, the blood cells were 

separated by centrifugation, and the plasma concentration of CPT-I I was measured by 

spectrofluorometry as described in Example 71. Lipid was determined by measuring the 

amount of eH]-CI-IE using quenching-corrected liquid scintillation counting, and the 

amount of drug retained in the liposomes was calculated by dividing the detennined 

drug/lipid ratio by the drug/lipid ratio in the injected liposomes. Because of the fast blood 

clearance offree CPT-ll, resulting in low blood level, we assumed that all assayed drug 

was in the liposoma\ fom1. 

[0168] The results are presented in Table 8. The differences between drug retention 

among the groups were not statistically significant. As a result of these studies, we 

concluded that increasing the drug load up to 500 mg/mm01 will not adversely affect drug 

loading or in vivo stability. This ratio was adopted for further studies. 

Table 8. The effect of drug/lipid ratio on the drug loading and in vivo drug retention in 

lrinotecan TEA-Pn liposomes (average ± standard deviation). 

223 died 1/2 min calicr rdmaiun      10 22.4 ;hod 1-2 ran after Injrc bun     125 II 203 died 1.2 Mtn
alce410:11011 
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EXAMPLE 13. Drug loading efficiency of CPT -11 loading into TEA-SOS­
containing liposomes: effect of liposome size and in vivo drug retention in 
mice. 

Liposomes with entrapped solutions containing prepared as in Example 11 

using gradient fonning solution having 0.643 N TEA-SOS, pH 5.7, osmolality 530 

mmol/kg. Lipid dispersion was extruded ten times through two stacked polycarbonate 

filters with the pore size of 50 nm, 80 nm, or 100 nm. Liposome lipid matrix also 

included eH]-CHE at 1.5 mCi/mmol ofliposome phospholipid. The liposome size was 

detennined by dynamic light scattering. The liposomes were loaded with CPT-II at 

initial drug-to-phospholipid ratios of approximately 550 mg lrinotecanlmmol of 

phospholipid. The drug loaded liposomes were sized by QELS and assayed as described 

in Examples 70 and 7 I . 

[0170] Female Swiss Webster mice (8-10 weeks, average 27-30 grams) were injected 

via tail vein with these CPT-II liposome fonnulations at a drug dose of 10 mg/kg. The 

mice were sacrificed at 24 h and the blood was collected and assayed for CPT-II and 

liposome lipids as in Example 11. The results are summarized in Table 9. 

Table 9. lrinotecan loading and in vivo drug retention in TEA-SOS liposomes. 

EXlrusiun L·jp0~;n1-e-"-::-D-ru-g-:l:-o-ad:-'.-!l1-g-~r:-)r-\l1-: r-c-m-a:-'in-:-il-l-g---:-i-n -:th-c-l 

membrane :;izt, nlll lrinotec,tno'mmol ! lipo!:'-omc.<; aftt:r 24 I 
P{)J't.' size, nm mean SD phospholipid I hour, in micr.;, (~:o of \ 
_____ _ _______ ...l ____ ••• , .. " Lpre-!!l)e~~io.!!_ va;.....hc.::1c_. _-I. 

SO in.6.l.2H, I ! 579.3124.2 ! 79.213.8 
~~_~)_~~~~=~_~_~· __ ~':.~.::~_?f},~I?.'T:~:I37i~T:~]!~):- .. 'J }i2 ::.:c.~--"_,_c.::2-.1:-------11 
JQ9. ________ .__ II U.S±25·~. __ .L?~L?i=_2:1~._J§6.2 ': 2:7 . 

(01711 Surprisingly, the liposom~s with triethylammonium salt of sucrose octasulfate, 

a non-polymeric polyanionized organic hydroxylated organic compound (sugar), 

provided dramatically better (4-5 fold) in vivo drug retention in liposomes compared with 

similar liposomes with a polyanionic polymer (polyphosphate). 

[01721 

EXAMPLE 14. Blood pharmacokinetics ofCPT-ll-loaded SOS-TEA 
liposomes in rats. 

Liposomes (100 nm extrusion membrane pore size) were prepared as described 

in Example 12 The liposomes was administered intravenously at a dose of 10 mg 

CPTlllkg to two nine-week-old female Sprague Dawley rats (Harlan) (body weight 

about 200 g) with indwelling central venous catheter at a dose of 10 mg CPT -lllkg (17.6 

S;9) 3 yalidalion kirug inj. Dose' ihtig cLnac. (nfilkj,J1(rnwnil) lot. columv. (ph rn(!w,c; igh budy wei.1109
a[day i)r) Enjecuon cl frec. CPTI I 80  200 1 



62 

I1mol of phospholipids/kg). Blood samples were taken at prescribed time points and 

analyzed for drug and liposome lipid content as in Example 9. The data were expressed 

as the % injected lipid dose/ml of plasma and the % drug retained inside the liposome at 

each time point, plotted against post injection time, and half-lives for liposome lipid, as 

well as half-lives for drug release from the liposomes, were calculated by best fit to a 

monoexponential kinetic model (Fig. 5). The half-life of drug release from CPT-II 

loaded TEA-SOS liposomes was 56.8 hours, much longer than that of the similar TEA-Pn 

liposomes. 

EXAMPLE 15. Antitumor activity of free CPT -11, and CPT -11 encapsulated 
into TEA-Pn and TEA-SOS-containing liposomes in athymic nude mice 
bearing subcutaneous xenografts of human colon carcinoma (HT -29). 

(0173) The liposomes were prepared as in Example [ I using TEA-Pn solution with 

0.65 M TEA, pH 6.1, and osmolality 531 mmol/kg, or TEA-SOS solution with 0.643 M 

TEA, pH 5.7, and osmolality 530 mmol/kg. The extrusion included 10 passages through 

two stacked po\ycarbonate membranes with pore size 100 run. The resulting TEA-Pn and 

TEA-SOS liposomes had the size of 112.3±15.5 nm and 120.5±42.5 nm, respectively 

(mean± so of the size distribution). The Iiposomes were loaded with CPT-II at the input 

drug/phospholipids ratio of 500 mg/mmol. The resulting liposomes had the drug content 

of 465.6 ± 26.5 (93% loading efficiency) and 499.9±22.5 mg (100% loading efficiency) 

of CPT-Illmmol phospholipid for the TEA-Pn and TEA-SOS formulations, respectively. 

[0174} HT-29 cells were obtained from American Type Culture Collection, Rockville, 

MD, and propagated in DMEM medium supplemented with 10% fetal calf serum, 50 

U/ml penicillin G, and 50 !lg/mL of streptomycin sulfate at 37°C, 5% CO2 as 

recommended by the supplier. NCR llu/nu homozygous athymic male nude mice (6 week 

old, weight at least 16 g) were obtained from Charles Ri ver. The mice were inoculated 

subcutaneously in the right flank with 0.1 mL of the suspension containing 5 x 106 cells 

suspended in the growth medium without antibiotics. Eleven days later the animals 

having tumors with the size between 150 mm3 and 350 mm3 were assigned to the 

treatment groups according to the following method. The animals were ranked according 

to the tumor size, and divided into 6 categories of decreasing tumor size. Six treatment 

groups of 11 animals/group were formed by randomly selecting one animal from each 

size category, so that in each tl'eatment group all tumor sizes were equally represented. 

201' 19.3 21),0 21.7      20.5 20.6 20.5 21.2      
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Starting at day 13, the animals received four tail vein injections, at the intervals of 4 days, 

ofthe following preparations: 1) Control (HEPES-buffered saline pH 6.5); 2) Free CPT­

II 50 mg/kg, administered as freshly prepared 5 mg/mL solution in unbuffered 

physiological saline; 3) TEA-Pn liposomal CPT-II at 25 mg/kg per injection; 4) TEA-Pn 

liposomal CPT-II at 50 mg/kg per injection; 5) TEA-SOS liposomal CPT-l J at 25 mg/kg 

per injection; 6) TEA-SOS liposomaJ CPT-II at 50 mg/kg per injection. The animal 

weight and tumor size were monitored twice weekly as described in Example 10. The 

weight of tumor was subtracted from the animal weighing results to obtain animal body 

weight. The animals were observed for 60 days fonowing tumor inoculation. When the 

tumors in the group reached 20% of the mouse body weight, the animals in the group 

were euthanized. There were complete tumor regressions in some groups without the 

signs of tumor regrowth at the end of study. The tissues from the tumor inoculation site 

from these animals were collected and preserved for pathological analysis for residual 

tumor cells. 

(01751 The results of this study are shown in Figures 6 and 7. Free CPT-II had only 

minor effect on the tumor growth. Allliposomes had pronounced effect resulting in 

tumor regression later followed by regrowth in most animals. 50 mg/kg dose was more 

effective than 25 mg/kg dose in both TEA-Pn and TEA-SOS CPT-l I liposomes. 

A verage tumor doubling times calculated from the tumor size data (Fig.7) were: control -

4.2 days; free drug, 50 mg/kg - 4.8 days; TEA-Pn liposomal drug, 25 mg/mg - 43.6 days; 

TEA-Pn liposomal drug, 50 mg/kg - 47.5 days; TEA-SOS liposomal drug at 25 mg/kg-

48.2 days, and TEA-SOS liposomal drug at 50 mg/kg - over 56 days (doubling time was 

not reached). Thus, liposomal CPT-II prepared according to the present invention was at 

least about 10-fold more active than the free drug, given at the same dose and schedule. 

Unexpectedly, TEA-SOS CPT-l J liposomes were prominently more effective in reducing 

tumor growth than TEA-Pn CPT-II liposomes administered at the same dose. While in 

the groups treated with free drug and TES-Pn liposomal drug at 50 mg/kg per injection 

there were no animals without tumor regrowth, in the groups receiving 25 mg/kg of each 

liposomal fonnulation, one animal (9.1%) was tumor-free at the end of study, and in the 

group receiving 50 mg/kg ofTEA-SOS liposomal CPT-II fonnulation, at the end of 

study 4 animals (36.4%) were tumor-free without signs of regrowth. 

20 6 20.5 21.9     4 2 11.4 222 23.0      
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[0176} The drug manifested some toxicity. The animals receiving free CPT-II, but 

not liposomal CPT-II, experienced temporary morbidity (loss of alertness, humped 

posture, ruffled fur, decreased mobility) for about one hour after drug injection. The 

animals receiving free CPT-II suffered permanent loss of about 6% of weight during 

treatment, and did not recover, The animals receiving both liposomal CPT-II 

formulations experienced transient weight loss at the time between second and third 

injections averaging about 5% (at 25 mg/kg) or about 9% (at 50 mg/kg) of the pre­

treatment value, and eventually attained n0n11al weight. Therefore, the toxicity of 

liposomal drug was not more than that of the free (non-liposomal) drug, while the 

efficacy of the liposomal drug was substantially higher. The weight loss was reversed 

when the drug treatment was finished, and all animals recovered their weight without 

terminal morbidity or toxic deaths. Later on, the animals gained weight concomitantly 

with tumor regressions. In the saline control group, animals that deyeloped large tumors 

experienced weight loss evidently due to tumor-related morbidity. Overall, the liposome 

drug fonnulation where the drug was loaded into the liposomes having pre-entrapped 

polyanionized sugar (sucrose octasulfate) proved to be the most efficacious while having 

less toxicity than the non-liposomal drug. 

EXAMPLE 16. Toxicity offree and liposomai CPT-ll in mice. 

[OI77J Acute toxicities offree CPT-II and liposome-encapsulated CPT-II prepared 

according to the present invention were compared by determining the maximum tolerated 

dose (MTD) following single i.v. injection in regular (immunocompetent) mice. 

[0178J The following materials were used: 

[0179} 1) CPT-II (lrinotecan Hydrochloride) preparation having lrinotecan 

Hydrochloride 98.9% by HPLC, and moisture 7.6%. In this study drug fonnulations were 

prepared on the "as is" basis, without correction for the moisture content or the lrinotecan 

base content. 

(0180] 2) Liposomal CPT-II (Ls-CPT-ll) was prepared as in E)).ample 11, using lipid 

matrix of DSPC 200 mol. parts, Cholesterol 133 mol. parts, PEG-DSPE 1 mol. part; 

entrapped solution TEA-SOS having 0.65 M TEA, pH 6.4; drug loaded into liposomes in 

5 mM HEPES buffer, 5% dextrose, pH 6.5,at 60°C for 30 min at the input drug/lipid ratio 
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500 mg drug/mmol of phospholipid. Loading efficiency was >99%. Liposome size 

(volume average mean ± standard deviation by QELS): 101 ± 37 nm. Liposomes were 

fonnulated in the vehicle, 20 mM HEPES-Na, 135 mM NaCl; pH 6.5. Drug 

concentrations in the injected formulations were as stated in the Tables below. 

[01811 3) Free CPT-II solution. Free drug stock solution was prepared by dissolving 

Irinotecan Hydrochloride in 5% aqueous dextrose at 22 mg/mL, and sterilized by O.2-l1m 

filtration. This stock solution was diluted with sterile 5% dextrose prior to injection. 

[0182] 

USA. 

[0183] 

4} Animals. Female Swiss Webster mice, 6-8 week old, were from Harlan, 

MTD determination generally followed the protocol adopted by the United 

States National Cancer Institute Developmental Therapeutics Program. The protocol 

included the following three steps: 

[0184] Step 1): Range-seeking step with the dose escalation factor of 1.8. The groups 

of two animals were injected into the tail vein with increasing doses of the free or 

liposomallrinotecan, beginning with the dose of 60 mg/kg, and continuing with the dose 

escalation factor of 1.8, until acute mortality or terminal morbidity (within> 1 day post 

injection) is observed in any of the animals. The dose one step below the 

mortality/terminal morbidity dose is recorded. 

[01851 Step 2): Range-seeking step with the dose escalation factor of 1.15. The 

groups of two animals were injected into the tail vein with increasing doses of the free or 

liposomal lrinotecan, beginning with the dose recorded at Step 1, and continuing with the 

dose escalation factor of 1.15, until acute mortality or tenninal morbidity (within> I day 

post injection) is observed in any ofthe animals. The dose one step below the 

mortality/terminal morbidity dose is recorded at tentative MTD. 

[01861 Step 3): Validation step. The group of 5 animals is injected i.v. (tail vein) with 

free or liposomallrinotecan at tentative MTD determined at Step 2. The animals are 

followed for 7 days, the animal body weight is recorded twice weekly and compared with 

the pre-injection weight. General health of the animals is observed (alertness, grooming, 

feeding, excreta, skin, fur, and mucous membrane conditions, ambulation, breathing, 

-204 219d 20.2. 19 2      20.4 I9.S 20.3 2117      
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posture). If during the observation period there is no mortality, progressive morbidity, or 

weight loss in excess of 15% of the pre-injection body weight, the dose is considered to 

be validated as acute single injection MTD. If any of these effects occur, the experiment 

is repeated at the next lower dose by a factor 1.15. 

[0187] To obtain additional statistics for validation step, the body weight dynamics of 

surviving animals was followed for up to 11 days post injection. The dose of more than 

324 mg/kg of the liposomallrinotecan was impossible to administer because of the 

concentration and injection volume limitations. The results are presented in Table 10. 

Table 10. MTD seeking study of CPT-II formulations in mice. 

drug 
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TEA-SOS liposornes against drug leakage. 10189]Five batches of liposomal CPT-II were prepared
using the TEA-SOS method 
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(01881 Thus, while the MTD of free CPT-II was 80 mg/kg, the MTD of Ii po soma 1 

CPT-II, surprisingly, was not achieved even at the highest administered dose of324 

mg/kg. Therefore, liposome encapsulation of CPT-II according to the present invention 

has reduced the drug toxicity at least 4 - fold. 

EXAMPLE 17. Storage stability of CPT-ll-1oaded TEA-50S liposomes 
against drug leakage. 

[01891 Five batches ofliposomal CPT-II were prepared using th,e TEA-SOS method 

(Example 1 I), at the drug/lipid input ratio of 500-550 mg/mmol phospholipid. The 

liposomes were prepared using membrane extrusion through polycarbonate membrane 

with 80 nm or 100 nm pore size, as indicated in the table below. The liposomes were 0.2-

!lm filter sterilized and stored at 3.4-14.5 mg/mL ofCPT-il in 135 mM NaCl, 20 mM 

HEPES-Na, pH 6.5 (storage buffer), at 4-8°C. After the indicated storage time, the 

leaked drug was removed by gel-chromatography on Sephadex G-75 using the storage 

buffer as eluent. The drug and phospholipid concentrations in the liposomes before and 

after gel-chromatography were assayed using spectrophotometry method and acid 

digestion-blue phosphomolybdate method, respectively, as described in Examples 70 and 

71. CPT-II liposomes prepared according to the present invention were very stable. The 

leakage of CPT-Il from these liposomes during storage was less than 5% over 6 months 

(Table 10). 

(Example 11), at the drug/lipid input ratio u1500-550 rrigimmol phospholipM. The Liposomes were
prepared using membrane extrusion through polycarbonate membrane with 80 nm or 100 nm pore
size, as indicated in the table below. The Liposomes were 0.2- pm filter sterilized and stored at
3.4-14.5 mg/mL of CPT-11 in 135 mM NaCI, 20 mM HEPES-Na, pH 6.5 (storage buffer), at 4-8C. After
the indicated storage time, the leaked drug was removed by gel-chromatography on Sephadex G-75
using the storage buffer as eluent. The drug and phospholipid concentrations in the liposomes before
and after gel-chromatography were assayed using spectrophotometry method and acid digestion-blue
phosphomolybdate method, respectively, as described in Examples 70 and 71. CPT-11 liposomes
prepared according to the present invention were very stable. The leakage of CPT-11 from these
liposomes during storage was less than 5% over 6 months (Table 10).  68 Table 11. Encapsulation
stability of CPT-11 liposomes during storage (data are meaniSE). LiposomeExtrusionCPT-11
concentration, Storage time, % drug rernainin Lot itpore size, nrn mg/m1monthsencapsulated
I803.440.06699.02+3.77 2807.88+0.196102.384.78 31004.57+0.06696.38+4.69
41004.62+0.11695.72+4.36 58014.52.1-0.423103.4+5.92 EXAMPLE 18. Liposomes loaded with
Topotecan. (0190)Liposomes with entrapped TEA-Pn solution arid TEA-SOS solution were prepared
as in Example II. Stock solution of Topotecan Hydrochloride (GlaxoSmithKline, PA, USA) was
prepared immediately before mixing with the liposomes by dissolving Topotecan Hydrochloride in
water at 15-20 mg/ml, counting on the actual Topotecan HC1 content. The pH was adjusted to 3.0 with
I N Ha. The drug solution was filtered through 0.2 micron polyethersulfone (PES) sterile filter using
positive pressure. Aliquots of the TEA-En or TEA-SOS-containing liposomes in the drug-loading buffer
were mixed at room temperature with the stock Topotecan HCI solution to achieve the drug/lipid input
ratio in the range of 0.15-0.45 g/mmol of liposome phospholipid. Preferred ratio was 0.35 g of
Topotecan HCI for nunol of liposome phospholipid. The mixtures in glass containers were incubated
on the thennostatted water bath at 55-62C with slow agitation for 30-60 min, quickly cooled down in
ice-water bath (0-2C) and left at this temperature for 5-15 min. This step resulted in the encapsulation
efficiency of 89-90% (TEA-En gradient) or 97-100% (TEA-SOS gradient). Unencapsulated Topotecan
was removed, and the liposomes were transferred into the storage buffer using size exclusion column
chromatography. Before application on the column, the ionic strength of the liposome preparation was
increased by mixing with 1/20 vol. of 2.88 M aqueous sodium chloride, and the mixture was incubated
for about 15 mm. We unexpectedly found that adjusting the ionic strength of the liposome medium
from the low value during the loading (typically equivalent to less than 20 mM NaC1) to  
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Table II. Encapsulation stability of CPT-II liposomes during storage (data are 

mean±SE). 

Liposome 

Lot # 

2 

3 

4 

5 

Extrusion 

pore size, nm 

80 

80 

100 

100 

80 

CPT-II concentration, Storage time, 

mg/ml months 

3.44±0.06 6 

7.88±0.19 6 

4.S7±0.06 6 

4.62±0.11 6 

14.S2±0.42 'l 
.) 

EXAMPLE 18. Liposomes loaded with Topotecan. 

% drug remaining 

encapsulated 

99.02±3.77 

102.38±4.78 

96.38±4.69 

9S.72±4.36 

103.4±S.92 

[0190] Liposomes with entrapped TEA-Pn solution and TEA-SOS solution were 

prepared as in Example II. Stock solution of To po tee an Hydrochloride 

(GlaxoSmithKline, PA, USA) was prepared immediately before mixing with the 

liposomes by dissolving Topotecan Hydrochloride in water at 15-20 mg/ml, counting on 

the actual Topotecan HCI content. The pH was adjusted to 3.0 with I N HC!. ne drug 

solution was filtered through 0.2 micron polyethersulfone (PES) sterile filter using 

positive pressure. Aliquots of the TEA-Pn or TEA-SOS-containing liposomes in the drug­

loading buffer were mixed at room temperature with the stock Topotecan HCl solution to 

achieve the drug/lipid input ratio in the range of 0.15-0.45 g/mmol ofliposome 

phospholipid. Preferred ratio was 0.35 g of Topotecan HCI for mmol of liposome 

phospholipid. The mixtures in glass containers were incubated on the thermostatted water 

bath at 55-62°C with slow agitation for 30-60 min, quickly cooled down in ice-water bath 

(0-2°C) and left at this temperature for 5-15 min. This step resulted in the encapsulation 

efficiency of 89-90% (TEA-Pn gradient) or 97-100% (TEA-80S gradient). 

Unencapsulated Topotecan was removed, and the liposomes were transferred into the 

storage buffer using size exclusion column chromatography. Before application on the 

column, the ionic strength of the liposome preparation was increased by mixing with 1/20 

vol. of 2.88 M aqueous sodium chloride, and the mixture was incubated for about 15 

min. We unexpectedly found that adjusting the ionic strength ofthe liposome medium 

from the low value during the loading (typically equivalent to less than 20 mM NaCI) to 

69 the higher value of above 20 mM NaCI, and preferably to 50 mM NaC1 and above, improved the
removal of unencapsulated drug and increased the stability of Topotecanloaded liposomes against
aggregation, possibly by facilitating the removal of membrane-bound Topotecan, as opposed to the
drug encapsulated in the liposome interior. The rest of the procedure followed Example 11, step 7. For
the results, see Table 12 below. EXAMPLE 19. Preparation of anti-HER2-imumnoliposomal
formulations of Topotecan. 101911Topotecart immunoliposomes specifically intemalizable by cancer
cells overexpressing fiER2 (C-ErbB-2) surface receptor tyrosine kinase oncoprotein were prepared by
conjugating Topotecan liposomes to anti-HER2 single chain human Fy antibody fragment, F5,
selected from the phagc display library for its high internalization into HER2-overexpressing cells
(Poul, et al., 2000, J. Molecular Biology, v. 301, p.1 t 49- 1161). F5 is a 27-1(Da protein that binds to
extracellular domain of HER2 receptor with affinity of about 150 nM, causing rapid internalization
(Neve, et al., 2001, 13iophys. Biochim. Res. Commun. v. 280, p.274-279). For liposome conjugation,
the method of U.S. Pat. No. 6,210,707 and of Nielsen, et al. (2002), Biochim. Biophys. Acta, v. 1591,
p.109-118, were generally followed. A hydrophilic lipopolymer conjugate of F5 was first prepared.
C-terminus of F5 amino acid chain had an added terminal terminal cysteine group (F5Cys). The F5Cys
construct was expressed in E.coli and isolated from the . bacterial lysate by Protein A column
chromatography. Protein A eluted fractions were adsorbed on anion-exchange resin to remove
pyrogens and host DNA, and treated with a thiol reducing agent to liberate the thiol group of the
terminal cysteine. The reduced F5Cys was further purified by ion exchange chromatography using SP
Sepharose Fast Flow (Arnersham Pharmacia). The purified protein was conjugated to a thiol-reactive
lipid-poly(ethylene glycol) linker, N-(3-(N-maleimido)propyonylamido)-
poly(oxyethylene)-oxycarbony1)-1,2-distearoylphosphatidyl ethanolamine (Mal-PEGDSPE), a
derivative of PEG with mol. weight 2,000 (Figure 4.1), commercially produced by Avanti Polar Lipids,
Inc., Alabama, USA. The protein and the linker were incubated in aqueous buffer solution at the molar
ratio of 1:4, and the un-reacted linker was quenched with I mM cysteine. During the reaction, terminal
cysteine of F5Cys is covalently attached to maleimido group of the linker. The resulting F5-PEG-DSPE
conjugate was water soluble in the form of micelles having high apparent molecular  70 weight
(500-850 KDa), and was separated from unreacted protein (about 25%) by size exclusion
chromatography. The amount of protein in the purified conjugate was determined byiLTV
spectrophotornetry at 280 nm, and the amount of the linker was assayed using a spectrophotometric
method identical to that used for phospholipid quantification (see Example 70) The purified
F5-PEG-DSPE conjugate was stable in water, fully immunoreactive, and was stable against
denaturation and loss of reactivity for at least 1 hour at 65C and at least 3 months at 37C. 101921To
prepare anti-HER2 immunoliposomal Topotecan, Topotecan-loaded liposomes of Example 18 were
mixed with F5-PEG-DSPE in the aqueous saline buffer at the ratio of 15 microgram of protein per 1
micromole of phospholipid (about 45 F5 copies per liposome). The mixture was incubated for 40 min.
at 60C, chilled on ice, and chromatographed on a column with Sepharose CL-4B (cross-linked 4%
agarose beads, Arnersham Pharmacia) to remove residual micellar conjugate, unconjugated protein,
and any traces of extraliposomal drug that may have been released during the incubation. The
Liposomes with membrane-incorporated F5-PEG-DSPE were eluted with 5 mM HEPES144 rriM NaC1
buffer pH 74, collected in the void volume of the column, sterile-filtered and dispensed for storage
(4-6C). The amount of liposome-incorporated F5 was typically >80% of the added conjugate. It was
determined by SDS-PAGE of the liposomes with quantification of the Coomassie-stained F5 band by
densitometry. Drug and lipid concentrations in the irntnunoliposome preparations were determined
similarly to non-targeted iiposomes. The properties of Topotecan Liposomes and E5-
immunoliposomes (Examples 18-19) are summarized in Table 12. Table 12. Characteristics of
Topotecan Liposomes and immunol posomes. Liposome- entrapped salt F5 scFv attachment:
Drug/lipid ratio, gjmolphospholipid encapsulation Liposome size, 
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the higher value of above 20 mM NaCI, and preferably to SO mM NaCl and above, 

improved the removal of unencapsulated drug and increased the stability of Topotecan­

loaded liposomes against aggregation, possibly by facilitating the removal of membrane­

bound Topotecan, as opposed to the drug encapsulated in the Iiposome interior. The rest 

of the procedure followed Example 11, step 7. For the results, see Table 12 below. 

EXAMPLE 19. Preparation of anti-HER2-immunoliposomal formulations of 

Topotecan. 

[0191] Topotecan immunoIiposomes specifically internalizable by cancer cells 

overexpressing HER2 (C-ErbB-2) surface receptor tyrosine kinase oncoprotein were 

prepared by conjugating Topotecan liposomes to anti-HER2 single chain human Fv 

antibody fragment, F5, selected from the phage display library for its high intemalization 

into HER2-overexpressing cells (Poul, et al., 2000, J. Molecular Biology, v. 301, p.1149-

1161). FS is a 27-KDa protein that binds to extracellular domain ofHER2 receptor with 

affinity of about ISO nM, causing rapid internalization (Neve, et al., 200 I, Biophys. 

Biochim. Res. Commun. v. 280, p.274-279). For liposome conjugation, the method of 

U.S. Pat. No. 6,210,707 and of Nielsen, et aL (2002), Biochim. Biophys. Acta, v. 1591, 

p.l 09-118, were generally followed. A hydrophilic lipopolymer conjugate ofFS was first 

prepared. C-tenninus of F5 amino acid chain had an added terminal tenninal cysteine 

group (F5Cys). The FSCys construct was expressed in E.coli and isolated from the , 

bacterial lysate by Protein A column chromatography. Protein A eluted fractions were 

adsorbed on anion-exchange resin to remove pyrogens and host DNA, and treated with a 

thiol reducing agent to liberate the thiol group of the tenninal cysteine. The reduced 

FSCys was further purified by ion exchange chromatography using SP Sepharose Fast 

Flow (Amersham Phannacia). The purified protein was conjugated to a thiol-reactive 

lipid-poly( ethylene glycol) linker, N-(3-(N-maleimido )propyonylamido)-

pol y( oxyethylene )-oxycarbonyl)-l ,2-distearoylphosphatidyl ethanolamine (Mal-PEG­

DSPE), a derivative of PEG with mol. weight 2,000 (Figure 4.1), commercially produced 

by A vanti Polar Lipids, Inc., Alabama, USA. The protein and the linker were incubated 

in aqueous buffer solution at the molar ratio of 1 :4, and the un-reacted linker was 

quenched with 1 mM cysteine. During the reaction, terminal cysteine of F5Cys is 

covalently attached to maleimido group of the linker. The resulting F5-PEG-DSPE 

conjugate was water soluble in the form of micelles having high apparent molecular 

Mearri--SD, rim   nput Output   TEA-Pa No 173.6 155.25.9 89.4+3.4% 96,4+38.7 TEA-Pn Yes 173.6
156.25.2 90.0+.3.0% 
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weight (500-850 KDa), and was separated from unreacted protein (about 25%) by size 

exclusion chromatography. The amount of protein in the purified conjugate was 

determined bypV spectrophotometry at 280 nm, and the amount of the linker was 

assayed using a spectrophotometric method identical to that used for phospholipid 

quantification (see Example 70) The purified F5-PEG-DSPE conjugate was stable in 

water, fully immunoreactive, and was stable against denaturation and loss of reactivity for 

at least 1 hour at 6SoC and at least 3 months at 37°C. 

(0192) To prepare anti-HER2 immunoliposomal Topotecan, Topotecan-loaded 

liposomes of Example 18 were mixed with FS-PEG-DSPE in the aqueous saline buffer at 

the ratio of 15 microgram of protein per 1 micromole of phospholipid (about 45 FS copies 

per liposome). The mixture was incubated for 40 min. at 60°C, chilled on ice, and 

chromatographed on a column with Sepharose CL-4B (cross-linked 4% agarose beads, 

Amersham Phannacia) to remove residual micellar conjugate, unconjugated protein, and 

any traces of extraliposomal drug that may have been released during the incubation. The 

liposomes with membrane-incorporated F5-PEG-DSPE were eluted with S mM HEPES-

144 mM NaCl buffer pH 7.4, collected in the void volume of the column, sterile-filtered 

and dispensed for storage (4-6°C). The amount ofliposome-incorporated F5 was 

typically >80% of the added conjugate. It was detennined by SDS-PAGE of the 

liposomes with quantification of the Coomassie-stained FS band by densitometry. Drug 

and lipid concentrations in the immunoliposome preparations 'were detennined similarly 

to non-targeted Iiposomes. The properties ofTopotecan liposomes and FS­

immunoliposomes (Examples l8-19) are summarized in Table 12. 

Table 12. Characteristics of To po tee an liposomes and immunoliposomes. 

Liposome- FS scFv Drug/lipid ratio, % Liposome size, 

entrapped attachment: g/mol phospholipid encapSUlation Mean±SD, nm 

salt 

Input Output 

TEA-Pn No 173.6 lSS.2±S.9 89.4±3.4% 96.4±38.7 

TEA-Pn Yes 173.6 156.2±S.2 90.0±3.0% 96.2±33.8 

TEA-SOS No 347.2 340.8±14.7 98.2±4.2% 99.1±32.6 

96.2,-i:33.8 TEA-SOS No 347.2 340.814.7 98.27E4.2% 99.132.6  71 EXAMPLE 20. Effect of loading
buffer pH and drug/lipid ratio on the Topotecan loading into Liposomes. 101931Liposomes
(DSPC/Chol/PEG-DSPE, 3:2:0.015 molar ratio) with entrapped 0.5 N TEA-Pn, pH 6.2, osmolality 413
mmol/kg, were prepared using the ethanol injection method (Example 18), extruded through two
stacked polycarbonate filters with 100 nin pore size 5 times and with 50 nm pore size 10 times. The
loading buffer was 5 mtvl NIES, 50 g/L Dextrose, adjusted to various pHs in the range 5.0-6.5. The
liposorne size was 73.1 W 21.3 nm by QELS. The liposomes were loaded by mixing a Topotecan
stock solution (20 mg,/m1) with the liposomes in the loading buffer at the input drug-tophospholipid
ratio of 100 mg/mmol, incubating the mixture at 60C for 45 min, quenching on ice for 15 mm and
removing the unencapsulated drug using a Sephadex G75 column eluted with 20 mIVI HEPES, 135
irtlY1 NaCI, pH 6.5. Topotecan and phospholipid were quantified by speetrophotometry (Examples 70
and 71). The results (Table 13) indicated that Topotecan loading was nearly quantitative in the range
of pEl Table 13. Effect of loading buffer p1-I on the % of Topotecan encapsulation into the liposornes
with entrapped TEA-Pn.  Loading buffer pH % encapsulation 5.0 
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EXAMPLE 20. Effect of loading buffer pH and drug/lipid ratio on the 
Topotecan loading into liposomes. 

(0193} Liposomes (DSPC/Chol/PEG-DSPE, 3:2:0.015 molar ratio) with entrapped 0.5 

N TEA-Pn, pH 6.2, osmolality 413 mmollkg, were prepared using the ethanol injection 

method (Example 18), extruded through two stacked polycarbonate filters with 100 nm 

pore size 5 times and with 50 nm pore size 10 times. The loading buffer was 5 mM MES, 

50 giL Dextrose, adjusted to various pHs in the range 5.0-6.5. The liposome size was 

73.1 ± 21.3 nm by QELS. The liposomes were loaded by mixing a Topotecan stock 

solution (20 mg/ml) with the liposomes in the loading buffer at the input drug-to­

phospholipid ratio of 100 mg/mmol, incubating the mixture at 60 DC for 45 min, 

quenching on ice for 15 min and removing the unencapsulated drug using a Sephadex G-

75 column eluted with 20 mM HEPES, 135 mM NaCl, pH 6.5. Topotecan and 

phospholipid were quantified by spectrophotometry (Examples 70 and 71). The results 

(Table 13) indicated that Topotecan loading was nearly quantitative in the range of pH 

5.5-6.5. 

Table 13. Effect ofloading buffer pH on the % of Topotecan encapsulation into the 

liposomes with entrapped TEA-Pn. 

Loading buffer pH 

5.0 

5.5 

6.0 

6.5 

% encapsulation 

50.1±2.1 

97.2±8.1 

IIS.S±lS.O 

102.1±8.1 

(0194) The effect of drug to lipid ratio (0.15-0.45 mg/mmol phospholipid) on the 

loading efficiency was also studied. The liposomes with entrapped TEA-Pn (0.5 M TEA, 

pH 5.8, osmolality 480 mmollkg) were prepared as above, except the final extrusion step 

was ten times through two stacked 0.08 flm po!ycarbonate filters. The loading was at pH 

6.5. The liposome size was 93.1 ± 15.1 nm by QELS. The results (Table 14) showed that 

drug loading efficiency was over 85% over the whole range of drug/lipid ratios studied. 

50.12.1 5.5 97.28.1 6.0 115.5:1=15.0 6.5 102.1*8.1  [01941The effect of drug to lipid ratio (0.15-0.45
mg/mmol phospholipid) on the loading efficiency was also studied. The Liposomes with entrapped
TEA-Pn (0.5 NI TEA, pH 5.8, osrnolality 480 mmol/kg) were prepared as above, except the final
extrusion step was ten times through two stacked 0.08 pm polycarbonate filters. The loading was at
pH 6.5. The liposome size was 93.1  15.1 nin by QELS. The results (Table 14) showed that drug
loading efficiency was over 85% over the whole range of drug/lipid ratios studied.  72 Table 14. Effect
of drug/lipid ratio on the encapsulation efficiency of Topotecan into the liposornes containing TEA-Pn.
Topotecaniphospholipid ratio, mg/mmol % encapsulationlnSE) Input ratio 
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Table 14. Effect of drug/lipid ratio on the encapsulation efficiency ofTopotecan into the 

liposomes containing TEA-Pn. 

TopotecanJphospholipid ratio, mg/mmol % encapsulation (mean±SE) 

Input ratio Output ratio (after loading) 

168.2 166.9±11.1 99.2±6.6 

224.4 232.5±47.6 lO3.7±21.2 

280.3 253.5±19.8 90.4 7.0 

336.4 298.3±18.0 88.7±5.3 

392.5 361.2±36.8 92.0±9.4 

448.5 394.9±29.S 88.0±6.6 

EXAMPLE 21. Topotecan Hposome stability in vitro in the presence of 
plasma. 

[0195] Liposomes (DSPC/ChollPEG-DSPE, molar ratio 3:2:0.015) with entrapped 0.5 

N TEA-Pn, pH 6.2, osmolality 413 mmollkg, were prepared as described in Example 18. 

Liposomes with the size of 96.4 ± 29.3 nm were produced by extrusion ten times through 

two stacked 100 run pore size polycarbonale filters. For quantitation of the liposome lipid 

in plasma, eH]-CHE was included in the lipid solution at 0.5 IlCi!llmol ofDSPC. 

Topotecan was loaded at pH 6.0, 58°C for 45 min at a drug/phospholipid ratio of 150 

mg/mmol. The efficiency ofloading was 148.48 ± 10.26 I1g Topotecan/Ilmol 

phospholipid (99.0 ± 6.8 %). 

[0196] The liposomes were incubated with 50% human plasma in a multiweH 

microdialysis device (Spectra-Par MicroDialyzer 10-well, Spectrum, USA). Human 

donor plasma was diluted by the equal volume of HEPES-buffered saline (20 mM 

HEPES, 135 mM NaCl), pH 6.5, containing 0.02% sodium azide and charged into the 

lower reservoir of the dialyzer (32 mL). The wells (0.4 mL) were separated from the 

reservoir by a polycarbonate membrane with 30 nm pore size, to afford free passage of 

plasma proteins and small molecules but not the liposomes. The liposomes were mixed 

with calculated amounts of plasma and HEPES-buffered saline to achieve the 

concentration of2.5 mM phospholipid ancl50 voL% of plasma. The device was 

incubated at 37°C, and the contents of the reservoir were stirred slowly. After 8 hours of 

incubation, the contents of the lower reservoir were changed for fresh 50% plasma. At the 

Output ratio (after loading)  168.2 166.911.1 99.2+6.6 224.4 232.5+47.6 103 .721.2 280.3 253.5+19.8
90.4 7.0 336.4 298.318.0 88.753 392.5 361.2+36.8 92.0+9.4 448.5 
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given time points (see below) 50-~lL aliquots were withdrawn from the wells, and 

chromatographed on the columns containing 2.2-2.4 mL of Sepharose CL-2B, eluent 

HEPES-buffered saline to separate the liposomes from plasma proteins and free drug. 

The liposomes were collected in the void volume fractions. Topotecan was quantified by 

fluorometry using excitation at 384 nm and emission at 524 nm after solubilization of the 

plasma samples in 90% aqueous isopropanol-O.l N HCl, and the lipid was quantified by 

scintillation counting of eH]-CHE (quenching corrected). The determined drug-to-lipid 

ratio at time was compared to the initial ratio prior to incubation to obtain the % of 

Topotecan that remained encapsulated at each time point. After 8 hours of incubation, the 

amount of drug remaining in the liposome was about 55% of its initial value (Table 15). 

Table 15. In vitro release of To po tee an from the liposomes loaded by TEA-Pn gradient in 

50% human plasma at 37°C. 

Incubation time ,hours 

4 

8 

24 

% drug remaining encapsulated 

95.5±5.4 

76.8±7.3 

55.9±4.1 

55.4±16.8 

EXAMPLE 22. Topotecan liposomes with entrapped TEA-Pn gradient at 
various drug/lipid ratios: in vivo drug retention and circulation longevity in 
mice. 

[01971 The iiposomes (DSPC/ChoIlPEG-DSPE at 3:2:0.015 molar ratio, containing 

eH]-CHE at 0.5 mCi/mmol DSPC) with encapsulated gradient-fonning salt solution (0.5 

N TEA-Pn, pH 6.2, osmolality 413 mmollkg) were prepared as in Example 18 using 

extrusion 12 times through two stacked 100 nm pore size polyearbonate filters. The 

liposome size was 107.7 ± 19.1 nm by QELS. The liposomes in 5 mM HEPES, 50 gil 

Dextrose, pH 6.5 were mixed with the aqueous stock solution ofTopotecan (20 mg/ml) at 

drug/phospholipid ratios in the range130-360 J.1g /J.1mol, followed my incubating the 

mixture at 58°C for 45 min, placing on ice for 15 min and removal of unencapsulated 

drug by Sephadex G-75 chromatography. Twelve-week old female FvB mice were 

injected with the liposomes via the tail vein at a dose of 5 mg Topoteean per kg body 

weight (approx. 0.2 mg Topotecanianimal) in triplicate. At indicated times, typically 8 

394.91-29.5 88.0+6.6  EXAMPLE 21. Topoteean liposome stability in vitro in the presence of plasma.
101951Liposomes (DSPC/Chol/PEG-DSPE, molar ratio 3:2:0.015) with entrapped 0.5 N TEA-Pn, pH
6.2, osmolality 413 mmol/kg, were prepared as described in Example 18. Liposomes with the size of
96.4  29.3 urn were produced by extrusion ten times through two stacked 100 rim pore size
polyearbonate filters. For quantitation of the liposome lipid in plasma, CHLCHE was included in the
lipid solution at 0.5 pCi/nrnol of DSPC. Topotecan was loaded at pH 6.0, 58 C for 45 min at a
drug/phospholipid ratio of 150 ing/mmol. The efficiency of loading was 148.48  10.26 lig
Topotecanitimol phospholipid (99.0  6.8 %). 101961The liposomes were incubated with 50% human
plasma in a multiwel microdialysis device (Spectra-Por MicroDialyzer 10-well, Spectrum, USA). Human
donor plasma was diluted by the equal volume of HEPES-buffered saline (20 mM HEPES, 135 mM
NaCI), pH 6.5, containing 0.02% sodium azide and charged into the lower reservoir of the dialyzer (32
mL). The wells (0.4 mL) were separated from the reservoir by a polycarbonate membrane with 30 nrn
pore size, to afford free passage of plasma proteins and small molecules but not the liposomes. The
liposomes were mixed with calculated amounts of plasma and HEPES-buffered saline to achieve the
concentration of 2.5 mM phospholipid and 50 vol.% of plasma. The device was incubated at 37C, and
the contents of the reservoir were stirred slowly. After 8 hours of incubation, the contents of the lower
reservoir were changed for fresh 50% plasma. At the  73 given time points (see below) 50-pL aliquots
were withdrawn from the wells, and chromatographed on the columns containing 2.2-2.4 mL of
Sepharose CL-2B, eluent HEPES-buffered saline to separate the Liposomes from plasma proteins and
free drug. The Liposomes were collected in the void volume fractions. Topotecan was quantified by
fluorometry using excitation at 384 nm and emission at 524 nm after solubilization of the plasma
samples in 90% aqueous isopropanol-0.I N HO, and the lipid was quantified by scintillation counting of
CHFCHE (quenching corrected). The determined drug-to-lipid ratio at time was compared to the initial
ratio prior to incubation to obtain the % of Topotecan that remained encapsulated at each time point.
After 8 hours of incubation, the amount of dmg remaining in the Liposome was about 55% of its initial
value (Table 15). Table 15. In vitro release of Topotecan from the Liposomes loaded by TEA-Pn
gradient in 50% human plasma at 37C. Incubation time ,hours% drug remaining encapsulated
195.5+5.4 476.87.3 55.9+4.1 7455.4+16.8 
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hours or 24 hours post injection, the mice were anesthetized, exsanguinated, ~nd the 

blood samples were assayed for the drug and the liposome lipid as in Example 8. The 

results are shown in Table 16. After 24 hours, about 6-32% of the initial drug load 

remained encapsulated. Higher loads of the drug (>200 mg/mmol phospholipid) resulted 

in longer drug retention. 

Table 16.112 vivo drug retention and circulation longevity of prototype Topotecan 

liposomes loaded using TEA-Pn gradient method to different drug/lipid ratios. 

Encapsulated Lipid remaining in circulation, % Topotecan remaining encapsulated, 

drug/phospholipid injected dose % of initial load 

ratio, mg/mmo! 

After 8 hours After 24 hours After 8 hours After 24 hours 

127.2±10.9 36.1±2.0 lS.7±8.1 SI.7±7.1 6.72±2.S 

207.2±21.6 32.1±S.2 9.84±1.88 7S.6±13.0 13.8±3.S 

301.3±24.S 34.4±3.2 8.04±4.2S 79.2±4.2 2S.6±4.4 

360.3±3S.6 33.6±2.4 8.68±4.96 73.S±7.0 32.3±9.8 

EXAMPLE 23.111 vivo drug retention and circulation longevity of Topotecan 
liposomes loaded using different entrapped ammonium and 
triethylammonium salts. 

[01981 The liposomes composed ofDSPE, cholesterol, and PEG-DSPE (3: 1 :0.1 by 

weight), also containing eH]-CHE at 0.22 mCi/mmol DSPE, were prepared as in 

Example 18, except that the extrusion step included 10 passages through 2 stacked 200-

nm pore filters, 10 passages through 2 stacked 100-nm pore filters, and 20 passages 

through 2 stacked SO-nm pore filters. The liposomes contained the following salt 

solutions: 

[0199) O.S N ammonium dextran sulfate solution (A-DS) was prepared from sodium 

dextran sulfate (M.w. SOOO), purchased from Sigma, and converted into ammonium salt 

by the ion exchange procedure similar to that of Example 4. The solution of dextran 

sulfuric acid was immediately titrated with 12.4 M aqueous ammonia. The A-DS solution 

has pH 5.66, osmolality 208 mmoIlkg. 

EXAMPLE 22. Topotecan liposomes with entrapped TEA-Pn gradient at various drug/lipid ratios: in
vivo drug retention and circulation longevity in mice. 101971The liposomes (DSPC/Chol/PEG-DSPE at
3:2:0.015 molar ratio, containing [31-1]-CHE at 0.5 inCi/mmol MPG) with encapsulated
gradient-forming salt solution (0.5 N TEA-Pn, pH 6.2, psmolality 413 mmol/kg) were prepared as in
Example 18 using extrusion 12 times through two stacked 100 rim pore size polycarbonate filters, The
liposome size was 107.7-1 19.1 rim by QELS. The liposomes in 5 mM HEPES, 50 g/L Dextrose, pH
6.5 were mixed with the aqueous stock solution of Topotecan (20 mg/m1) at dwg/phospholipid ratios in
the range130-360 tg /umol, followed my incubating the mixture at 58 C for 45 min, placing on ice for 15
min and removal of unencapsulated drug by Sephadex 0-75 chromatography. Twelve-week old female
Fv13 mice were injected with the liposomes via the tail vein at a dose of 5 mg Topotecan per kg body
weight (approx. 0.2 mg Topotecan/animal) in triplicate. At indicated times, typically 8  74 hours or 24
hours post injection, the mice were anesthetized, exsangitinated, and the blood samples were assayed
for the drug and the liposome lipid as in Example 8. The results are shown in Table 16, After 24 hours,
about 6-32% of the initial drug load remained encapsulated. Higher loads of the drug (>200 mg/inrnol
phospholipid) resulted in longer drug retention. Table 16.152 vivo drug retention and circulation
longevity of prototype Topotecan liposornes loaded using TEA-Pn gradient method to different
drug/lipid ratios. EncapsulatedLipid remaining in circulation, % Topotecan remaining encapsulated,
drug/phospholipidinjected dose% of initial load ratio, mg/mmol After 8 hoursAfter 24 hoursAfter 8
hoursAfter 24 hours 127.2+10.9 36.1+2.0 18.78.1 51.77.1 6.72+2.5 207.2+21.6 32.1+5.2 
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[0200] 0.48 N ammonium sucrose octasulfate (A-SOS) was prepared similar to 

Example 6, but ammonium hydroxide was used for titration. The solution had pH 6.27, 

osmolality 258 mmollkg. 

[0201} 0.47 M triethylammonium sucrose octasulfate (TEA-SOS) was prepared as in 

Example 6. The solution has pH 6.6, osmolality 297 mmol/kg. 

[0202] Topotecan was loaded into the liposomes in the aqueous solution of 10 mM 

MES-Na, 50 gil dextrose, pH 6.5, by incubating the liposomes with the drug at 61-62°C 

and input drug/phospholipid ratio of 346±1 mg/mmol, for 40 min, followed by incubating 

on ice for 10 min. The liposomes were purified from unencapsulated drug by 

chromatography on Sephadex 0-25, eluent - aqueous 2 mM Histidine, 144 mM NaCl, pH 

6.6 (HCI). 

[0203] Seven to nine week old female Swiss Webster mice were injected via the tail 

vein with these liposomal Topotecan f0l111ulations at the dose of 5 mg Topotecan per kg 

body weight (approx. 0.2 mg Topotecanianimal) in triplicate. After 8 hours or 24 hours 

post injection the blood was collected and analyzed for Topotecan and liposome lipid as 

in Example 22. 

[0204} ll1e results are presented in Table 17 below. W11ile all three liposome 

[onnulations demonstrated very close liposome circulation longevity, having about 23-

28% ofthe injected dose remaining in blood 24 hours post injection, unexpectedly the 

drug retention in TEA-SOS liposomes and in A-SOS liposomes was better than in A-DS 

liposomes both in tenns of magnitude (about 2-fold improvement in drug retention) and 

statistical significance (statistical significance at 95% confidence level by 2-tailed non­

paired Student's t-test p=0.0257 and p=0.00995, respectively; and by Mann's U-test the 

difference was significant with a=O.Ol). Drug retention in TEA-SOS containing 

Topotecan liposomes was better than in A-SOS containing Topotecan liposomes. 

9.84+1.88 75.6+13.0 13.83.5 301.3+24.5 34.4+3.2 8.044.25 79.2+4.2 25.6+4.4 360.3+35.6 33.6+2.4
8.68+4.96 73.5+7.0 32.3+9.8  EXAMPLE 23. in vivo drug retention and circulation longevity of
Topotecan liposomes loaded using different entrapped ammonium and triethylammonium salts.
10198)The liposomes composed of DSPE, cholesterol, and PEG-DSPE (3:1:0.1 by weight), also
containing [31-1]-CHE at 0.22 mCi/mmol DSPE, were prepared as in Example 18, except that the
extrusion step included 10 passages through 2 stacked 200- nm pore filters, 10 passages through 2
stacked 100-nm pore filters, and 20 passages through 2 stacked 50-rim pore filters. The liposomes
contained the following salt solutions: 
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Table 17. In vivo drug retention and circulation persistence of To po tee an liposomes 

prepared using TEA-SOS, ammonium-SOS (A-SOS), and ammonium dextran sulfate (A-

DS. 

Gradient Drug/phospho- Loading Liposome Lipid remaining in T opotecan remaining 

lipid ratio, efficiency, size, nm circulation, % encapsulated, % of initial 

mg/mmol % injected dose load 

After 8 After 24 After 8 After 24 

hours hours hours hours 

A-DS 288.!±20.6 83.3±6.0 76.9±22.7 43.7±1.2 27.7±1.5 43.6±6.8 18.7±1.5 

A-SOS 346.2±!4.3 IOO.0±4.1 99.7±28.9 42.3±2.2 23.4±2.0 53.3±O.8 31.3±3.2 

TEA-SOS 340.8±14.7 98.5±4.2 99.1±32.6 42.1±2.3 23.0±2.9 57.0±S.6 38.1±6.! 

EXAMPLE 24. Drug and lipid plasma pharmacokinetics of liposomal 
Topotecan in rats 

[0205] The circulation longevity and Topotecan reJease parameters were assessed in 

rats. The liposomes (DSPC/Cholesterol/PEG-DSPE molar ratio 3:2:0.015) were prepared 

by ethanol mixing/extrusion method and loaded with Topotecan using TEA-Pn gradient 

or TEA-Sucrose octasulfate (TEA-SOS) gradient as described in Example 18 and loaded 

at various drug/lipid ratios (15-450 mg/mmol phospholipid). For lipid matrix 

quantification, the liposome lipid contained [3H]-CHE at 0.5-1.5 mCi/mmol DSPC. 

FemaJe Sprague Dawley rats (6-8 week old; body weight about 200 g) with indwelling 

central venous catheters were injected i.v. (via the catheter) with the Topotecan liposomes 

at the dose of 4 - 5 mg/kg of body weight. The catheter was flushed with saline. At 

selected times (up to 48 hours post injection) the blood samples (0.2-0.3 mL) were drawn 

via the catheter into heparinized syringes, mixed with 0.4 mL of cold phosphate buffered 

saline with 0.04% EDT A, blood cells were separated by centrifugation, and the 

supernatants (PBS-diluted plasma) were assayed for lipid by 3H-CHE radioactivity 

counting (quenching corrected), and for Topotecan by fluorometry (Example 71). The 

assay results were corrected for plasma dilution, calculated from the weight of obtained 

blood sample and assuming a hematocryt of 40%. The total blood dose of the drug and 

lipid was estimated from the blood volume calculated as 6.5% of the body weight. The 

percent ofTopotecan retained in the liposomes was calculated by comparing the 

drug/lipid ratio at a given time point to the drug/lipid ratio of the injected liposomes. 

Table 18 below summarizes blood half-lives of the lipid, the drug, and the half-lives for 

[0199)0.5 N ammonium dextran sulfate solution (A-DS) was prepared from sodium dextran sulfate
(M.w. 5000), purchased from Sigma, and converted into ammonium salt by the ion exchange
procedure similar to that of Example 4. The solution of dextran sulfuric acid was immediately titrated
with 12.4 M aqueous ammonia. The A-DS solution has pH 5.66, osmolality 203 minet/kg.  75
1020010.48 N ammonium sucrose octasulthte (A-SOS) was prepared similar to Example 6, but
ammonium hydroxide was used fur titration. The solution had pH 6.27, osmolality 258 inmol/kg.
1020110.47 M triethylammonium sucrose octasulfate (TEA-SOS) was prepared as in Example 6. The
solution has pH 6.6, osmolality 297 mmol/kg. 102021Topotecan was loaded into the liposomes in the
aqueous solution of 10 inIVI  MES-Na, 50 WL dextrose, pH 6.5, by incubating the liposomes with the
drug at 61-62T and input druglphospholipid ratio of 3461 mgimmol, for 40 min, followed by incubating
on ice for 10 min. The Liposomes were purified from unencapsulated drug by chromatography on
Sephadex 0-25, eluent - aqueous 2 mIVI Histidine, 144 riaM NaCI, pH 6.6 (HCI). 102031Seven to nine
week old female Swiss Webster mice were injected via the tail vein with these liposomal Topotecan
formulations at the dose of 5 mg Topotecan per kg body weight (approx. 0.2 mg Topotecanianimal) in
triplicate. After 8 hours or 24 hours post injection the blood was collected and analyzed for Topotecan
and liposome lipid as in Example 22. 102041The results are presented in Table 17 below. While all
three Liposome formulations demonstrated very close liposome circulation longevity, having about 23-
28% of the injected dose remaining in blood 24 hours post injection, unexpectedly the drug retention in
TEA-SOS Liposomes and in A-SOS liposomes was better than in A-DS liposomes both in terms of
magnitude (about 2-fold improvement in drug retention) and statistical significance (statistical
significance at 95% confidence level by 2-tailed non-  paired Student's t-test pr--0.0257 and
p=0.00995, respectively; and by Mann's U-test the difference was significant with a=0.01). Drug
retention in TEA-SOS containing Topotecan liposomes was better than in A-SOS containing
Topotecan liposomes.  76 Table 17. /n vivo drug retention and circulation persistence of Topotecan
liposomes prepared using TEA-SOS, ammonium-SOS (A-SOS), and ammonium dextran sulfate (ADS.
Gradient 
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drug release, as ~ell as other properties ofthe·liposomes. Pharmacokinetic (PK) curves 

are shown on Figures 8A (lipid) and 88 (drug/lipid ratio). In summary, the blood PK 

curves for both drug and lipid fit well to single exponent model (R2 0.984-0.999). Despite 

their 90-100 run size and very small amount ofPEOylated lipid (0.3 mol.%), the 

liposomes unexpectedly showed good circulation longevity (plasma half-lives of the lipid 

component were in the range of 11-16 hours). The slowest release ofTopotecan (half­

time 22.9 hours) was observed with the liposomes loaded using the TEA-SOS method. 

Table 18. Circulation half-life (tuz) of lipid, drug, and half-time for drug release from the 

prototype Topotecan liposomes in rats. 

Entrapped salt, Topotecan load, Liposome Injected t1l2 tl/2 tl/2 of drug No. of 

and concentration rng/mmol size, nrn dose, lipid, drug, release, animals 

phospholipid (mean±SD) mg/kg hours hours hours per group 

TEA-Pn O.SN 124.3±9.7 92.3±23.3 4 IS.8 4.\3 S.34 

TEA-Pn 0.5N 360.3±JS.6 l07.7± \9.1 5 12.8 6.06 9.97 

TEA-SOS O.643N 439.2±IS.9 108.8±13.4 5 10.8 7.36 22.87 

EXAMPLE 25. Drug stability against leakage during storage of Topotecan 
liposomes 

(0206) The samples of several prototype formulations prepared ~or the above-

described studies, were stored at 4-6°C for various times to assess the storage stability of 

the encapsulated Topotecan against drug leakage from the Iiposomes. The liposome 

samples were passed through Sephadex 0-75 columns, eluted with 20 mM HEPES, 135 

mM NaCl, pH 6.5, to remove extraliposomaI drug, and analyzed for drug content by 

spectrophotometry and for lipid by [3H]-CHE radioactivity counting. The results (Table 

19) indicate good retention of Topotecan in the liposomes during storage. 

3 

2 

2 

Drug/phospho- lipid ratio, Loading efficiency, Liposome size, run Lipid remaining in circulation, %
fopotecan remaining encapsulated. % of initial  mgAnmol %  injected dose load      After 8 hours After
24 hours 
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Table 19. Drug retention in prototype Topotecan liposomes during storage. 

Liposome gradient-forming Liposome size, Initial drug load, Storage Drug load after 

salt mean±SD, nm mg drug/mmot time, storage as % of 

phospholipid months initial 

TEA-Pn 0.500 N pH 6.2 96.4±29.3 148.5±10.3 8 101.6±5.5 

TEA-Pn 0.500 N pH 6.2 1 07.7± 19.1 127.2±10.9 6 94.6±6.2 

TEA-Pn 0.500 N pH 6.2 107.7 ±19.1 207.2±21.6 6 113.9±9.4 

TEA-Pn 0.500 N pH 6.2 107.7±19.! 301.3±24.S 6 1!2.9±9.3 

TEA-SOS 0.643 N pH 5.6 1 08.8± 13.4 439.2± 15.9 2 97.8±9.4 

EXAMPLE 26. In vitro uptake of liposomal and immunoliposomal Topotecan 
by HER2-overexpressing cancer cells. 

(0207) This study addressed the capacity of Topotecan-loaded anti-HER2-

immunoliposomes prepared according to the invention to deliver Topotecan specifically 

into HER2-overexpressing cells in cell culture. The (immuno)liposomes were prepared 

and loaded with Topotecan using TEA-Pn method of Example 19. HER-2 overexpressing 

human breast carcinoma cells (SKBr-3, ATCC) were grown in modified McCoy SA 

medium (without tricine) supplemented with 10% fetal calf serum, 50 [lg/mL 

streptomycin sulfate and 50 U/ml penicillin G (complete growth medium) in T-75 flasks 

at 37°C, 5% CO2, to con fluency. The cells were harvested by trypsinization, inoculated 

into 24-weJl cell culture plates at 150,000 cells/well in 0.5 mL ofthe complete growth 

medium, and allowed to acclimate overnight. The medium was replaced with 0.5 mL of 

complete growth medium containing Topotecan formulations at the selected 

concentration in the range of 0.0 1-0.1 mM phospholipid. Triplicate wells were used for 

each condition. Control wells were incubated in the absence of drug and/or Jiposomes (to 

obtain background readings for drug assay). The plates were incubated with slow 

agitation at 37°C, 5% CO2 for 4-8 hours. The media were aspirated, and the cells were 

rinsed 4 times with I mL portions of cold Hanks' balance salt solution containing Ca and 

Mg salts. The cells were solubilized by adding 0.1 mL of 1 % Triton X-I 00 in water, and 

the amount of drug in the celllysates was determined by fluorometry (Example 71). The 

standard curve was obtained in the range of 10-2500 ng Topotecan/well, and fit to second 

order polynomial (to account for self-quenching at higher drug concentration) after 

After 8 hours After 24 hours A-DS 288.120.6 83.36.0 76.9+22.7 43.71.2 27.7+1.5 43.66.8 18.71.5
A-SOS 346.2+14.3 100,04,1 99.728.9 42.3+2.2 2142.0 53310.8 313.13.2 
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subtracting the cell autofluorescence background. When a microplate fluorometer was 

used, the filter selection was 400/30 run for excitation, 530/25 nm for emission. Both 

cuvette- and microplate fluorometers gave the same results. 

(0208J The results of two experiments are summarized in Table 20 below. There was 

prominent cellular uptake ofHER2-targeted liposomal dmg (SO-300 times higher than of 

no-targeted liposomal Topotecan). Interestingly, uptake of free Topotecan was also 

significantly lower than of HER2-targeted immunoliposomal Topotecan. This may be 

explained by rapid hydrolysis of the camptothecin lactone ring ofTopotecan molecule in 

the cell growth medium in the presence of serum, generating the carboxylate form of the 

drug which may have lower cell permeability and lower cytotoxicity. In summary, the 

ability of cell-targeted, internalizable, ligand-conjugated immunoliposomes to deliver 

Topotecan intracel1ularly was confinned. 

Table 20. In vitro cellular uptake of Topotecan liposomes and anti-HER2 

immunoliposomes containing TEA-Pn (nd, not detennined). For liposome characteristics 

see Table 12. 

I Liposome Topotecan Exposure Topotecan uptake by SK-Br-3 celis, nglI 00,000 cells 

, concentration, concentration time, hours 

mM f-lg/mL Non-targeted F5- Free drug 

phospholipid liposomes Immunoliposomes 

0.1 IS.5 4 I.4S±0.09 163±S.7 nd 

0.01 I.SS 4 0.185±0.03 60.2±2.0 nd 

0.033 5.0 8 3.62±2.03 169.6± 13.7 5.56±O.91 

EXAMPLE 27. Cytotoxicity of liposomal and immunoliposomal Topotecan 
against HER2-0verexpressing Cancer Cells In Vitro. 

[02091 Once the capacity of anti-HER2 Topotecan immunoliposomes for intracellular 

drug delivery into HER2-overexpressing cancer cells was established (Example 26), it 

was important to ensure that the intemalized liposomes can release the drug in its active 

fonn. To this end, in vitro cytotoxicity of the free Topotecan (i.e., Topotecan fonnulated 

as a solution), liposomal Topotecan, and anti-HER2-immunoliposomal Topotecan was 

studied. The liposoma\ Topotecan fonnulations were prepared, and SKBr-3 cells were 

grown and harvested as described in Example 26. The cells were inoculated into 96-well 

TEA-SOS 340.814.7 98.514.2 99.1.-J:32.6 42.112.3 23.02.9 57.015.6 38.1.16.1  EXAMPLE 24. Drug
and lipid plasma pharmacokinetics of liposomal Topotecan in rats 102051The circulation longevity and
Topotecan release parameters were assessed in rats. The Liposomes (DSPC/Cholesterol/PEO-DSPE
molar ratio 3:2:0.015) were prepared by ethanol !nixing/extrusion method and loaded with 'Topotecan
using TEA-Pn gradient or TEA-Sucrose octasulfate (TEA-SOS) gradient as described in Example 18
and loaded at various drug/lipid ratios (15-450 mg/mmol phospholipid). For lipid matrix quantification,
the liposome lipid contained [31-B-CFIE at 0.5-1.5 mCi/mmol DSPC. Female Sprague Dawley rats
(6-8 week old; body weight about 200 g) with indwelling central venous catheters were injected iv. (via
the catheter) with the Topotecan liposomes at the dose of 4 - 5 mg/kg of body weight. The catheter
was flushed with saline. At selected times (up to 48 hours post injection) the blood samples (0.2-0.3
mL) were drawn via the catheter into heparinized syringes, mixed with 0.4 mL of cold phosphate
buffered saline with 0.04% EDTA, blood cells were separated by centrifugation, and the supernatants
(PBS-diluted plasma) were assayed for lipid by 3H-CHE radioactivity counting (quenching corrected),
and for Topotecan by fluorometry (Example 71). The assay results were corrected for plasma dilution,
calculated from the weight of obtained blood sample and assuming a hernatocryt of 40%. The total
blood dose of the drug and lipid was estimated from the blood volume calculated as 6.5% of the body
weight. The percent of Topotecan retained in the liposornes was calculated by comparing the
drug/lipid ratio at a given time point to the drug/lipid ratio of the injected liposomes. Table 18 below
summarizes blood half-lives of the lipid, the drug, and the half-lives for  77 drug release, as well as
other properties of the.liposomes. Pharmacokinetic (PK) curves are shown on Figures 8A (lipid) and
8B (drug/lipid ratio). In summary, the blood PK curves for both drug and lipid fit well to single exponent
model (R2 0.984-0.999). Despite their 90-100 nm size and very small amount of PEGylated lipid (0,3
mol.%), the liposomes unexpectedly showed good circulation longevity (plasma half-lives of the lipid
component were in the range of 11-16 hours). The slowest release of Topotecan (halftime 22.9 hours)
was observed with the liposomes loaded using the TEA-SOS method. Table 18. Circulation half-life
(t1.2) of lipid, drug, and half-time for drug release from the prototype Topotecan liposomes in rats.
Entrapped salt, and concentration Topotecan load, mg / mmol phospholipid 
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cell culture plates at 5,000 cells in 0.1 mL of the complete growth medium, in triplicate, 

and left to acclimate overnight. Edge-most rows and columns of the plate were left empty. 

Sterile preparations ofTopotecan liposomes, immunoliposomes, or free drug (freshly 

prepared by diluting Topotecan 20 mg/mL stock, pH 3, into unbuffered saline to 2 

mg/mL) were diluted with complete drug medium to achieve concentrations starting from 

90, 30, or 10 ).ig/mL and serially diluted down in the medium by the factor of 3. The 

media in the wells were replaced with 0.2 mL of drug/liposome dilutions, and incubated 

at 37°C, 5% C02, for specified time (4-6 hours). One well in each row was incubated 

with drug-free medium to serve as a non-treated control. The drug-containing media were 

aspirated from the wells, the cells were rinsed with 0.2 mL of drug-free medium, and 0.2 

mL of fresh drug-free medium was added to all wells. The plates were incubated for 4 

days at 37°C, 5% CO2. Without medium change, 0.03 mL ofthe 2 mg/mL solution ofa 

tetrazolium dye (Thiazolyl Blue, MTT) (Sigma Chemical Co.) in serum-free medium was 

added to each well. The plates were incubated for additional 2-3 hours at 37°C, 5% CO2• 

The media were aspirated, and the wells were filled with 0.2 mL of70 vol.% aqueous 

isopropanol, 0.075 N HCI, and agitated gently until the fonnazan dye dissolves (15-30 

min). The optical density of the formazan solutions was detennined using microplate 

photometer at 540 nm. The cell viability as % of non-treated control was calculated as the 

ratio of tile optical density in the experimental wells to the optical density in the wells 

containing non-treated cells, con-ected for background. The data were plotted against the 

drug concentration, and the IC50 dose was estimated graphically from intersection of the 

viability-concentration curve with the 50% viability line. 

[02I0} The results are presented in Figure 9. The drug dose resulting in 50% growth 

inhibition (lC50) for free Topotecan or non-targeted liposomal Topotecan was in excess of 

30 IJ.g/mL; for F5-Immunoliposomal Topotecan, 0.15 IJ.g/mL. These results are consistent 

with the targeted drug uptake data. 

Liposome size, um (meanISD) Injected dose, mg/kg 1-1,2 lipid, hours t112 drug, hours tip of dmg
release, hours No. of animals per group TEA-Pri 0.5N 124.39.7 92.323.3 4 15.8 4.13 
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EXAMPLE 28. Comparative stability and plasma pharmacoldnctics of 
liposomal and F5-immunoliposomal Topotecan in mice. 

Topotecan liposomes containing radioactive lipid label (lH]-CHE at 1.5 

mCi/mmol· of phospholipid were prepared according to Examples 11 and 19 using an 

ethanol lipid solution mixing-extrusion procedure under the following conditions: 

gradient-forming salt solution: 0.643 N triethylammonium sucrose octasulfate; 

polycarbonate membrane extrusion: 15 passages through 2 stacked peTE filters, 80 run 

pore size; Topotecan loading: drug/phospholipid input ratio 350 mg/mmol (calculated for 

Topotecan free base); F5 scFv conjugation was perfonned as described in Example 19. 

The liposomes had the following charactelistics: 

[02121 Size by QELS: weight average 101.2 nm; standard deviation, 20.1 nm. 

10213) Drug encapsulation: Topotecan liposomes (Topo-Ls) 359.3±27.4 mg/mmol 

phospholipid; Topotecan F5scFv-immunoliposomes (Topo-F5-ILs) 326.3±15.9 mg/mmol 

phospholipid. 

[02141 The study was performed generally as in Example 22. The groups of nine male 

Swiss Webster mice (8-10 week old, 24-27 g) were injected via tail vein with Topo-Ls, 

Topo-F5ILs, or freshly prepared Topotecan 1 mg/mL in unbuffered saline, at the dose of 

5 mg Topotecan base per kg of the body weight (equivalent to the lipid dose of14-16 

~llnol of phospho lipidl kg body weight). At 1 hour, 8 hour, or 24 hour post injection time 

points,3 animals per time point were exsanguinated via open heart punction under 

Ketamine/Xylazine anesthesia, the blood was collected into tubes containing PBS-EDT A, 

and assayed for Topotecan (fluorometry) and liposome lipid (by radioactivity scintillation 

counting). The amounts of drug and lipid dose remaining in the blood at given time points 

were calculated from the administered dose being taken as 100%, assuming the blood 

amount per animal as 6.3% of the body weight, and packed blood cell fraction of 45%. 

The amount of drug remaining encapsulated in the liposomes at each time point was 

calculated for each animal individually by comparing drug/lipid radioactivity ratio of the 

plasma samples with that of the injected liposomes. The amount of free Topotecan in the 

plasma samples collected at 1 hour post injection was less than 1 % of the injected dose 

(indeed, they were below the detection limit of our assay method); therefore, further time 

points of the free Topotecan group were not studied. Because of the fast blood clearance 

5.34 3 TEA-Pn 0.5N 360.335.6 107.719.1 5 12.8 6.06 9.97 2 TEA-SOS 0.643N 439.215.9 108.813.4 5
10.8 7.36 22.87 2 
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and low blood levels of free Topotecan we assumed that essentially all Topotecan found 

in the blood at all time points represents liposomally encapsulated Topotecan. 

[0215) The results are summarized in Table 21 below. Remarkably, the liposomes 

prepared according to the invention retained 79-85% of the original drug load even 24 

hours after injection into the bloodstream of the animals. The differences between 

average plasma values ofthe lipid or drug between the liposome and immunoliposome 

groups were in the range of 1.8-13.6% and were close to, or within the range of, assay 

errors. Probabilities ofthe null hypothesis between the liposome and immunoliposome 

group with regard to drug or lipid values at each time point, calculated using Student's t­

test, were in the range of 0.543-0.938. We conclude that the differences in residual blood 

levels ofthe drug or lipid between the two preparations were negligible and statistically 

indistinguishable. 

Table 21. The amounts of Ii po some lipid, Topotecan, and ofTopotecan remaining 

encapsulated in the liposomes in the plasma of mice at various time points post Lv. 

injection. 

Time post injection 

1 hour 

8 hours 

24 hours 

1 hour 

8 hours 

24 hours 

Lipid, % of 

injected dose 

Drug, % of 

injected dose 

Drug/Lipid, % of pre­

injection value 

F5-conjugated liposomal Topotecan (Topo-F5ILs): 

57.58±4.95 

35.37±3.84 

15.51±1 1.84 

55.45±7.23 

34.18±5.87 

12.30±9.02 

Liposomal Topotecan (unconjugated) (Topo-Ls): 

58.88±9.51 

39.61±1.99 

15.84±3.85 

57.63±9.45 

38.82±1.49 

13.45±2.64 

96.14±7.32 

96.31±11.92 

79.36±8.03 

97.90±5.29 

98.06±4.44 

85.25±7.03 

EXAMPLE 29. Antitumor efficacy of liposomal and anti-HER2-
immunoliposomal Topotecan in BT-474 xenograft model. 

[02161 In this study we used the first prototype Topotecan immunoliposomes that use 

triethylammonium-polyphosphate gradient for drug entrapment. The liposomes were 

EXAMPLE 25. Drug stability against leakage during storage of Topoteean liposomes 102061The
samples of several prototype formulations prepared for the above- described studies, were stored at
4-6C for various times to assess the storage stability of the encapsulated Topotecan against drug
leakage from the liposomes. The liposome samples were passed through Sephadex 0-75 columns,
eluted with 20 mM HEPES, 135 mM NaC1, pH 6.5, to remove extraliposomal drug, and analyzed for
drug content by spectrophotometry and for lipid by [3H]-CHE radioactivity counting. The results (Table
19) indicate good retention of Topotecan in the liposomes during storage.  Ic 78 Table 19. Drug
retention in prototype Topotecan liposomes during storage. Liposome gradient-forming salt Liposome
size, mean+SD, nm Initial drug load, mg drug/II-wool phospholipid Storage time, months Drug load
after storage as % of initial TEA-Pn 0.500 N pH 6.2 96.429.3 148.510.3 8 101.65.5 
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prepared generally following the methods of Examples 11 and 19. Lipid matrix 

components - DSPC (Avanti Polar Lipids; 3 mol. parts), Cholesterol (Calbiochem, 

98.3%; 2 mol. parts) and methoxy-PEG(2000)-DSPE (Avanti Polar Lipids, 0.015 mol. 

parts) - were combined with 100% ethanol USP to give the solution containing 0.5 mM 

phospholipid at 60°C. The ethanol lipid solution was diluted at 60°C with the aqueous 

triethylammonium polyphosphate solution (0.608 M triethylamine, 0.65 N phosphate, pH 

6.1, osmolality 531 mmollkg), mixed thoroughly, and extmded 10 times through 2 

stacked polycarbonate membranes with the pore size of 100 nm (Nuclepore, Coming) 

using thermostatted gas-pressure extmder (Lipex Biomembranes) at 600 e. The extmded 

Iiposomes were chilled on ice, and unencapsulated triethylammonium polyphosphate was 

removed by gel chromatography on Sepharose CL-4B using 5% dextrose-5 mM HEPES­

Na buffer, pH 6.5, as eluent. The liposome size was I03.8±35.1 run by QELS. The 

liposomes in this buffer were incubated with Topotecan hydrochloride at 60°C for 30 

min. at the ratio of 0.35 mg Topotecan base per ~llnol of phospholipid. At the end of 

incubation, the liposomes were chilled on ice and chromatographed on Sephadex G-75, 

eluent 20 mM HEPES-Na, 135 mM NaCI, pH 6.5, to remove any unencapsulated drug. 

The drug content was detem1ined by fluorometry, and the lipid content by phosphate , 

assay as previously reported. Liposomal Topotecan so obtained has 36S.4±23.1 mg 

Topotecan base per mmol of phospholipid. To prepare HER2-targeted Topotecan 

immunoliposomes, a portion of this liposomal Topotecan preparation was incubated with 

the purified conjugate of anti-HER2 scFv F5 and maleimido-PEG-DSPE linker generally 

as described in Example 19. Briefly, F5-PEG-DSPE conjugate in aqueous 10% sucrose-

10 111M Na citrate solution, pH 6.5, was combined with Topotecan liposomes at the ratio 

of 15 mg protein per mmol of liposome phospholipid, and incubated at 60°C for 30 min. 

The incubation mixture was chilled on ice and chromatographed on Sepharose CL-4B, 

eluent 20 mM HEPES-Na, 135 mM NaC!, pH 6.5, to remove any unincorporated scFv 

conjugate. The drug-to-lipid ratio decreased by 14 % following this additional incubation. 

(0217} The Topotecan liposome and immunoliposome fonnulations containing 1-2 

mg/mL of Topotecan were passed through 0.2 micron sterile syringe filter, dispensed 

aseptically into polypropylene vials and stored at 4-6°C for up to 1 month before use. 

TEA-Pn 0.500 N pH 6.2 107.719.1 127.210.9 6 94.66.2 TEA-Pn 0.500 N pfl 6.2 107.7 19.1
207.2:121.6 6 113.99.4 TEA-Pn 0.500 N pH 6.2 107.719.1 301.324.5 6 112,99.3 TEA-SOS 0.643 N
pH 5.6 108.813.4 439.27E15.9 
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[0218] Free Topotecan was freshly prepared by dissolving Topotecan Hydrochloride 

powder at 2 mghnL in 5% dextrose and sterilized by passage through O.2-micron syringe 

filter. 

[0219] A HER2-overexpressing BT-474 human breast adenocarcinoma xenograft 

model was established as described in Example 10. At day 13 post tumor inoculation, the 

animals having tumors in the range of 120-350 cubic mm were selected and randomized 

into 3 treatment and I control group of 12 animals each. At days 14, 18, and 21 post 

tumor inoculation the mice were treated with i.v.(tail vein) injections of To po tee an 

fOD11Ulations at the per injection dose of 5 mg/kg body weight, or with equal volume of 

physiological saline. General health ofthe animals was monitored daily. Tumor sizes and 

body weights were monitored twice weekly for up to day 53 post tumor inoculation. The 

animals whose tumors reached 20% of the body weight, or those with progressive weight 

loss reaching 20% or more were euthanized. 

{0220] Figures II and 12 show the tumor growth and animal body weight data, 

respectively. Liposomal Topotecan fODnulations were more active in tumor growth 

suppression than the free drug, and F5-targeted liposomal fOl1nulation was more active 

than the non-targeted one. The average tumor sizes at the end of the observation period 

were significantly different among the treatment groups (p values by non-paired 2-tailed 

Student's t-test were1.2x I 0-6 for free v. immunoliposomal drug, 0.000114 for free v. 

liposomal drug, and 0.00718 for liposomaJ v. immunoliposomal drug). Thus, liposomally 

encapsulated Topotecan was more active than the free drug, and anti-HER2 

immunoliposomal Topotecan was more active than non-targeted liposomal drug. In the 

liposomal and immunoliposomal group, after initial regression, tumor regrowth occurred 

within 10 days of the last treatment. There was no tumor regression in the free drug 

group. It was noticed that the liposomal fODnulations ofTopotecan at a given dose were 

more toxic than the free drug. There was gastrointestinal toxicity. The animals receiving 

liposomal Topotecan developed diarrhea and suffered body weight loss averaging about 

14% at its peak. While in the non-targeted liposomal group the animals recovered, except 

one (12.5%) that had persistent 15% weight loss at the end of study, in the F5-targeted 

group five animals (41.6%) developed tenninal morbidity and expired; and two more 

(16.7%) had persistent weight loss of about 15%. In the control group and free drug 

group, there was no weight loss or treatment-related morbidity. 

2 971:1=9.4  EXAMPLE 26. In vitro uptake of liposomal and immunoliposomal Topotecan by
HER2-overexpressing cancer cells. 102071This study addressed the capacity of Topotecan-loaded
anti-HER2- immunoliposomes prepared according to the invention to deliver Topotecan specifically
into HER2-overexpressing cells in cell culture. The (immuno)liposomes were prepared and loaded with
Topotecan using TEA-Pn method of Example 19. HER-2 overexpressing human breast carcinoma
cells (SKBr-3, ATCC) were grown in modified McCoy 5A medium (without tricine) supplemented with
10% fetal calf serum, 50 ughnl", streptomycin sulfate and 50 U/ml penicillin G (complete growth
medium) in T-75 flasks at 37C, 5% CO2, to confluency. The cells were harvested by trypsinization,
inoculated into 24-well cell culture plates at 150,000 cells/well in 0.5 nth of the complete growth
medium, and allowed to acclimate overnight. The medium was replaced with 0.5 mL of complete
growth medium containing Topotecan formulations at the selected concentration in the range of
0.01-0.1 mM phospholipid. Triplicate wells were used for each condition. Control wells were incubated
in the absence of drug and/orliposomes (to obtain background readings for drug assay). The plates
were incubated with slow agitation at 37C, 5% CO2 for 4-8 hours. The media were aspirated, and the
cells were rinsed 4 times with 1 mL portions of cold Hanks balance salt solution containing Ca and Mg
salts. The cells were solubilized by adding 0.1 InT of 1% Triton X-100 in water, and the amount of drug
in the cell lysates was determined by fluorometry (Example 71). The standard curve was obtained in
the range of 10-2500 rig Topotecan/well, and fit to second order polynomial (to account for
self-quenching at higher drug concentration) after  79 subtracting the cell autofluorescence
background. When a microplate fluorometer was used, die filter selection was 400/30 urn for
excitation; 530/25 run for emission. Both cuvette- and microplate fluoronneters gave the same results.
102081The results of two experiments are summarized in "fable 20 below. There was prominent
cellular uptake of HER2-targeted liposomal drug (50-300 times higher than of no-targeted liposomal
Topotecan). Interestingly, uptake of free Topotecan was also significantly lower than of HER2-targeted
immunoliposomal Topotecan. This may be explained by rapid hydrolysis of the camptothecin lactone
ring of Topotecan molecule in the cell growth medium in the presence of serum, generating the
carboxylate form of the drug which may have lower cell permeability and lower cytotoxicity. In
summary, the ability of cell-targeted, interrializable, ligand-conjugated immunoliposomes to deliver
Topotecan intracellularly was confirmed. Table 20. In vitro cellular uptake of Topotecan liposomes and
anti-HER2 immunoliposomes containing TEA-Pn (nd, not determined). For liposome characteristics
see Table 12. Liposome concentration, mM phosphol ipid . Topotecan concentration t.tg/mL Exposure
Erne, hours Topotecan uptake by SK-Br-3 cells. ig/100,000 cells  
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EXAMPLE 30. Maximum tolerated dose (MTD) of free and iiposomal 
Topotecan in mice given in 3 weekly Lv. in,iections. 

This study used a liposome Topotecan fonnulation prepared as in to Example 

29, except the triethylammonium polyphosphate solution was replaced with 

triethylammonium sucrose octasulfate solution having 0.65 M triethylammonium, pH 6.2; 

and for extrusion 80-nm polycarbonate membrane tilters were used instead of 100-nm. 

Volume-weighted liposome size detennined by quasi-elastic light scattering method in 

Gaussian approximation (QELS) was 95.1± 19.6 nm (average±SD); drug/lipid ratio was 

369.1± 18.3 mg/mmol phospholipid. Five-six week old female Swiss-Webster mice (18-

20 g) in the groups of two received three i.v. (tail vein) injections of free or liposomal 

Topotecan on a once-a-week schedule, starting from the dose of 2 mg/kg Topotecan base 

per injection and increasing to each subsequent group by the factor of 1.8 to the dose of 

37.8 mg/kg. Immunoliposomal Topotecan was not included in this study. Animal body 

weight and general health was monitored daily. Progressive weight loss of more than 20% 

or natural death at any time in any of two animals in a group during the period often days 

since the beginning of treatment were considered indicative of the toxic dose. According 

to the animal mortality and weight data MTD was detennined to fall within the range of 

11.7-21 mg/kg for free Topotecan, and 2.0-3.6 mg/kg for liposomal (Prototype 2) 

Topotecan. In the second study, the mice received injections of the free, iiposomal, or F5-

immunoliposomal Topotecan (prepared from the liposomal Topotecan of this Example as 

described in Example 29) with the doses from 2.0 mg/kg (liposomallimmunoliposomal 

Topotecan) or 12 mg/kg (free Topotecan), and increased to each subsequent group by the 

factor of 1.15 until the dose next to the upper range of the established MTD interval was 

achieved. The highest dose that did not result in death or tenninal morbidity in any of the 

animals was considered an MTD and was found to be 18.4 mg/kg for free Topotecan, 3.0 

mg/kg for liposomal Topotecan, and 3.0 mg/kg for immunoliposomal Topotecan. Thus, 

liposomal Topotecan showed greater toxicity than the free drug. 

(0222} 

EXAMPLE 31. Antitumor efficacy ofliposomal Topotecan in BT-474 
xenograft model at the range of O.12S-1.0xMTD 

The Topotecan liposomes and F5-immunoliposomes of Exampie 30 were used 

in this study. BT-474 subcutaneous xenografts were raised in nude mice as in Example 

29. At day 18 after tumor cell inoculation the animals with tumors (105-345 cubic mm, 

:.;" 

Non-targeted liposomes F5- I inmunoliposomes Free drug 0.1 15.5 4 1.45+0.09 163+5.7 nd 0.01 1.55
4 0.185+-0.03 60.2+2.0 nd 



86 

average about 200 cubic mm) were randomized into treatment groups of 6 animals/group, 

and a control group of 8 animals/group. The animals received free or liposomal 

Topotecan at 1 xMTD, 0.5xMTD, 0.25xMTD, or 0.125xMTD at three i.v. (tail vein) 

injections at day 19,23, and 27 post tumor inoculation. The control group received 

injections of physiological saline. The tumor sizes and animal body weights were 

monitored as in Example 29. To obtain animal body weight measurements, the tumor 

weight (calculated from the tumor size assuming tumor density of J .0) was subtracted 

from the total animal weight measurements. All drug formulations at MTD showed 

antitumor activity (Figures 13A-13D). There was no significant difference in efficacy 

between free and liposomal drug given at their respective MTD or at identical fractions 

(112, 114, or 1/8) thereof. Thus, liposome encapsulation of the drug using TEA-SOS 

gradient resulted in about 6-fold increase in antitumor activity, but also in the similar 

increase in drug toxicity. Dynamics of animal body weights revealed that all treatments 

were non-toxic except the treatment with free Topotecan at MTD which showed transient 

decrease in body weight (about 15% of the pre-treatment value) that later resolved 

(Figure 14). 

(02231 

EXAMPLE 32. Preparation and targeted in vitro cytotoxicity of Topotecan 
liposomes prepared using triethylammonium sucrooctasulfate entrapment 
method. 

Liposomal Topotecan was prepared generally following the procedure of 

Example 18, using the entrapped solution ofTEA-SOS having 643 mM TEA, pH 5.7, 

osmolality 530 mmollkg, and drug/phospholipid ratio of 170 mg/mmol. The liposomes 

had 155 mg drug/mmol phospholipid; 90% loading efficiency, and particle size 105 nm. 

These liposomes were incubated with the micellar solution of F5-PEG-DSPE conjugate at 

about 30 scFv per liposomes (15 mg antibody/mmol phospholipid) at 60°C for I hour 

generally as described in Example 19. Antibody-conjugated liposomes were separated by 

SEC using Sepharose CL-4B and fonnulated into HBS-6.5 HEPES-buffered saline. 

There was no detectable change in drug/lipid ratio during the attaclunent of anti-HER2 

scFv (F5). 

[0224] The uptake of Topotecan fommlations by cancer cells was determined as 

follows. HER2-overexpressing human breast adenocarcinoma cells (SK-Br-3, A TCC 

HTB-30) were plated into 24-well cell culture plates at 150,000 cells/well and acclimated 

0.033 5.0 8 3.62+2.03169.6+13.7 5.56+0.91  EXAMPLE 27. Cytotoxicity of liposomal and
immonoliposomal Topotccatt against HER2-Overexpressing Cancer Cells In Vitro. 102091Once the
capacity of anti-HER2 Topotecan immunoliposomes for intracellular drug delivery into
HER2-overexpressing cancer cells was established (Example 26), it was important to ensure that the
internalized liposomes can release the drug in its active form. To this end, in vitro cytotoxicity of the
free Topotecan (i.e., Topotecan formulated as a solution), liposornal Topotecan, and
anti-HER2-immunoliposomal Topotecan was studied. The liposomal Topotecan formulations were
prepared, and SKBr-3 cells were grown and harvested as described in Example 26. The cells were
inoculated into 96-well  80 cell culture plates at 5,000 cells in 0.1 mL of the complete growth medium,
in triplicate, and left to acclimate overnight. Edge-most rows and columns of the plate were left empty.
Sterile preparations of Topotecan liposomes, immunoliposornes, or free drug (freshly prepared by
diluting Topotecan 20 ing/mL stock, pH 3, into unbuffered saline to 2 mg/mL) were diluted with
complete drug medium to achieve concentrations starting from 90, 30, or 10 pg/mL and serially diluted
down in the medium by the factor of 3. The media in the wells were replaced with 0,2 mL of
drugiliposome dilutions , and incubated at 37C, 5% CO2, for specified time (4-6 hours). One well in
each row was incubated with drug-free medium to serve as a non-treated control. The drug-containing
media were aspirated from the wells, the cells were rinsed with 0.2 mL of drug-free medium, and 0.2
mi. of fresh drug-free medium was added to all wells. The plates were incubated for 4 days at 37C, 5%
CO2. Without medium change, 0.03 ITIL of the 2 mg/mL solution of a tetrazoiium dye (Thiazolyl Blue,
1VITT) (Sigma Chemical Co.) in serum-free medium was added to each well. The plates were
incubated for additional 2-3 hours at 37C, 5% CO2. The media were aspirated, and the wells were
filled with 0.2 mL of 70 vol.% aqueous isopropanol, 0.075 N HO, and agitated gently until the fonnazan
dye dissolves (15-30 min). The optical density of the formazan solutions was determined using
microplate photometer at 540 nm. The cell viability as % of non-treated control was calculated as the
ratio of the optical density in the experimental wells to the optical density in the wells containing
non-treated cells, corrected for background. The data were plotted against the drug concentration, and
the IC50 dose was estimated graphically from intersection of the viability-concentration curve with the
50% viability line. 102101The results are presented in Figure 9. The drug dose resulting in 50% growth
inhibition (IC50) for free Topotecan or non-targeted liposomal Topote can was in excess of 30 tigimL;
for F5-Immunoliposornal Topotecart, 0.15 fig/MU These results are consistent with the targeted drug
uptake data  Si EXAMPLE 28. Comparative stability and plasma pharmacokinetics of liposomal and
F5-immunoliposomal Topotecan in mice. 
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overnight. The cells were incubated (in triplicate) with F5-targeted and non-targeted 

liposomal Topotecan in complete growth medium at liposome concentrations of 0.1 mM 

and 0.01 mM for 4 hours at 37°C. The cells were rinsed 4 times with Hanks' Balanced 

Salt Solution, solubilized in 0.1 % Triton X-I 00 - 70% acidified isopropanol mixture 1: 10, 

and the amount of cell-associated Topotecan per well was determined by fluorometry. 

The results (mean ± standard en'or) are summarized in Table 22. The targeted liposomes 

delivered 100-300 times more drug into the targeted cells than nontargeted liposomes. 

Table 22. Uptake ofliposomal Topotecan by SK-Br-3 breast carcinoma cells. 

FonnuJation 

Non-targeted liposome 

HER2-targeted liposome 

. Ratio: TargetedlNon-targeted 

Topotecan uptake at 0.1 Topotecan uptake at 0.01 

mM phospholipid, ng/well mM phospholipid, ng/well 

4.76 ± 0.24 0.607 ± 0.088 

533.8 ± 13.7 197.0 ± 4.6 

112.1 ± 8.6 324 ± 55 

[0225] Cytotoxicity of these Topotecan fonnulations against SKBr-3 breast cancer 

cells was detennined as described in Example 27. SKBr-3 cells were inoculated into 96-

well plates at 5,000 cells/well, acclimated overnight, and incubated with increasing 

concentrations (0.004-30 ~g/mL) offree, liposomal, or F5-immunoliposomal Topotecan 

in cell growth medium for 4 hours at 37°C. The drug-containing media were removed 

and the cells were allowed to grow in the drug-free medium for 72 hours. The quantity of 

viable cells per well was detennined using Thiazolyl Blue(MTT) tetrazolium assay and 

expressed as % of that of control (non-treated) cells. The results are presented on Figure 

10. Topotecan immunoliposomes were more cytotoxic (lCso 0.15-0.5 ~g/mL) than non- . 

targeted Topotecan liposomes (Ie so 2': 3.1. ~g/mL) and free Topotecan (ICso 2': 2.3 ~g!mL) 

EXAMPLE 33. In vivo stability of Topotecan liposornes of different size. 

(0226) The liposomes containing TEA-Pn were prepared as in Example 22 using 

extrusion 12 times through 100 nm pore size polycarbonate membranes or additionally 

12 times through 50 nm pore size polycarbonate membranes. Topotecan (TPT) was 

added at a ratio of 150 Ilg /llmo1 phospholipid .. The loading was completed at 58°C for 

45 min a hot water bath, followed by quenching on ice. The efficiency of loading for the 

50-nm- and 100-nm-extruded liposome was 126.80 ± 19.24 Ilg TPT/~mol PL (84.5 ± 

102111Topotecan liposomes containing radioactive lipid label [3H]-CHE at 1.5 mCiimmol*of
phospholipid were prepared according to Examples 11 and 19 using an ethanol lipid solution
mixing-extrusion procedure under the following conditions: gradient-forming salt solution: 0.643 N
triethylammonium sucrose octasulfate; polycarbonate membrane extrusion: 15 passages through 2
stacked PCTE filters, 80 nm pore size; Topotecan loading: drugiphospholipid input ratio 350 mg/mmol
(calculated for Topotecan free base); F5 seFv conjugation was performed as described in Example 19.
The liposomes had the following characteristics: [0212/Size by QELS: weight average 1012 nm;
standard deviation, 20.1 nm. 102131Drug encapsulation: Topotecan liposomes (Topo-Ls) 359.327.4
mg/mmol phospholipid; Topotecan F5scFv-irnmunoliposomes (Topo-F5-1Ls) 326.315.9 ing/mmol
phosphol ipi cl. 102141The study was performed generally as in Example 22. The groups of nine male
Swiss Webster mice (8-10 week old, 24-27 g) were injected via tail vein with Topo-Ls, Topo-F5ILs, or
freshly prepared Topotecan I Ing/mL, in unbuffered saline, at the dose of 5 mg Topotecan base per kg
of the body weight (equivalent to the lipid dose of 14-16 timol of phospholipidtkg body weight). At 1
hour, 8 hour, or 24 hour post injection time points, 3 animals per time point were exsanguinated via
open heart punction under Ketainine/Xylazine anesthesia, the blood was collected into tubes
containing PBS-EDTA, and assayed for Topotecan (fluorometry) and liposorne lipid (by radioactivity
scintillation counting). The amounts of drug and lipid dose remaining in the blood at given time points
were calculated from the administered dose being taken as 100%, assuming the blood amount per
animal as 6.3% of the body weight, and packed blood cell fraction of 45%. The amount of drug
remaining encapsulated in the liposomes at each time point was calculated for each animal individually
by comparing drug/lipid radioactivity ratio of the plasma samples with that of the injected liposomes.
The amount of free Topotecan in the plasma samples collected at 1 hour post injection was less than
1% of the injected dose (indeed, they were below the detection limit of our assay method); therefore,
further time points of the free Topotecan group were not studied. Because of the fast blood clearance
82 and low blood levels of free Topotecan we assumed that essentially all Topotecan found in the
blood at all time points represents liposomally encapsulated Topotecan. [0215jThe results are
summarized in Table 21 below. Remarkably, the liposomes prepared according to the invention
retained 79-85% of the original drug load even 24 hours after injection into the bloodstream of the
animals. The differences between average plasma values of the lipid or drug between the liposome
and immunoliposome groups were in the range of 1.8-13.6% and were close to, or within the range of,
assay errors. Probabilities of the null hypothesis between the liposome and immunoliposome group
with regard to drug or lipid values at each time point, calculated using Student's t-test, were in the
range of 0.543-0.938. We conclude that the differences in residual blood levels of the drug or lipid
between the two preparations were negligible and statistically indistinguishable. Table 21. The
amounts of Liposome lipid, Topotecan, and of Topotecan remaining encapsulated in the liposomes in
the plasma of mice at various time points post i.v. injection. Time post injection Lipid, % of injected
dose Drug, % ofDrug/Lipid, % of pre- injected doseinjection value 
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12.8 %) and 148.48 ± 10.26 Ilg TPT/llmo1 PL (99.0 ± 6.8 %), respectively. Female Swiss 

Webster mice in the groups of three were injected intravenously with one of the two 

formulations of Ls-TPT at a dose of 5 mg TPT/kg. The mice were sacrificed after 6 h 

and the blood was collected. Plasma was analyzed for TPT and liposome lipid as 

described in Example 22. The results are presented in Table 23. 

Table 23.111 vivo stability of Ls-TPT of different sizes loaded using TEA-Pn entrapment 

method. 

Liposome size, nm Drug in plasma, % Liposome lipid in 

of injected dose 

74.2 ± 21.6 32.93 ± 1.97 

96.4 ± 29.3 33.26 ± 3.56 

plasma, % of 

injected dose 

45.7 ± 2.2 

37.6 ± 5.3 

Drug/lipid ratio, % of pre­

injection value 

72.06 ± 5.5l 

88.41 ± 15.68 

EXAMPLE 34. Synthesis and liposome encapsulation of 6-(3-aminopropyl) 
ellipticine (6-APE). 

(02271 6-(3-aminopropyl)ellipticine was prepared from ellipticine in a two-step 

method based on the procedure by Werbel et aI., J. Med. Chem. 1986, v.29, p.1321-1322. 

501.4 mg of ellipticine base (NSC 71795) (Aldrich Chemical Co.) was stirred with 

approximately 100 mg of sodium hydride (Sigma; washed with anhydrous petroleum 

ether) in 5 !TIl of dry dimethylformamide (DMF) at room temperature for 30 min. To this 

mixture, a solution of 678 mg ofN-bromopropylphtalimide (Aldrich) in 2 mL of dry 

DMF was added dropwise. The purple-colored reaction mixture was stirred under argon 

overnight, treated with I mL of water, and poured into 60 ml of water. The mixture was 

extracted twice with 25 mL of methylene chloride, the extract was dried over anhydrous 

sodium sulfate, and 'passed through a layer of neutral alumina. The alumina layer was 

rinsed twice with 10 mL of methylene chloride and the combined filtrate and rinses were 

brought to dryness in vacuum. The product was stirred overnight with 20 ml of absolute 

ethanol and 2 ml of anhydrous hydrazine at room temperature. The obtained slurry was 

filtered under vacuum, a yellow filtrate was diluted with 50 mL of 0.2 N NaOH and 

extracted with two portions (75 mi and 50 ml) of chloroform. The chlorofonn extract was 

dried over Na2S04 and brought to dryness in vacuum. Crude product (yield 408 mg) was 

F5-conjugated liposomal Topotecan (Topo-F5ILs):  1 hour 57.584.95 55.457.23 96.147.32 8 hours
35.373.84 34.185.87 96.3111.92 24 hours 15.5111.84 12.309.02 79.368.03  Liposomal Topotecan
(unconjugated) (Topo-Ls):  
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chromatographed on silica 60 column eluted isocratically with chloroform-methanol 

mixture (7:3 by volume), saturated with dry trimethylamine. The fractions eluted in a 

second yellow-colored band, following un-reacted el1ipticine, were shown to contain the 

desired compound in approximately 30% yield. The structure was confirmed by IH_ 

NMR. TLC: Rr 0.29-0.31 (Silica 60; CHCb-MeOH 7:3 by volume, saturated with 

trimethylamine). Ellipticine, Rr 0.81-0.83. The obtained compound was converted into 

dihydrochloride salt by dissolving in anhydrous ethanol and titration with 6 N HCI 

solution in dry isopropanol. The orange crystals of 6-APE dihydrochloride (NSC 176328) 

were filtered out, rinsed with ether, and dried in vacuum. Yield of dihydrochloride 86%. 

10228] The liposomes were prepared by hydration of the neat lipid fi1m ofDSPC, 

Cholesterol, and PEG(M.w. 2,000)-DSPE (3:2:0.015 molar ratio) in a solution of 

trimethylammonium polyphosphate (TMA-Pn) at O.S M TMA, pH S.6, at 60°C, followed 

by six cycles of rapid freezing (-78°C) and thawing (60°C), and extrusion ten times 

through two stacked SO-nm pore size polycarbonate filters. Unencapsulated TMA-Pn was 

removed using a Sepharose CL-4B column eluted with HEPES-Dextrose (5 mM HEPES, 

S % Dextrose, pH S.S). The liposome size was 8S.7 ± 32.1 nm. 

10229] Concentrated 6-APE solution (10 mg/ml) was added to the TMA-Pn-containing 

liposomes at a drug-to-phospholipid ratio of 100 Ilg APE/llmo\ phospholipid, the mixture 

was incubated at 58°C for 4S min, and quickly cooled down on ice for IS min. 

Unencapsulated drug was removed by gel chromatography on a Sephadex G-7S column 

eluted with HEPES-Dextrose buffer (S mM HEPES-Na, S % dextrose, pH 6.S). 

Liposome-entrapped APE was then quantitated by spectrophotometry as in Example 71, 

and liposome phospholipid was detennined using the extraction assay of Example 70. 

The drug encapsulation was practically quantitative. 

[0230] 

EXAMPLE 35. Preparation ofHER2-targeted immunoliposomal6-APE and 
cytotoxicity of 6-APE formulations against HER2-overexpressing BT-474 
breast cancer cells ill vitro. 

Liposomes with encapsulated 6-APE (Ls-APE) were prepared as in Example 

34 above. Anti-HER2 immunoliposomes with encapsulated 6-APE (FS-lLs-APE) were 

prepared from Ls-APE by the method of Example 19. An MTT-based cell viability assay 

of Example 27 was used to detennine the cytotoxicity of 6-APE delivered as a solution, 

Ls-APE, or as HER2-targeted FS-ILs-APE against HER2-overexpressing human breast 

1 hour 58.889.51 57.639.45 97.905.29 8 hours 39.611.99 38.821.49 98.064.44 24 hours 15.843.85
13.452.64 85.257.03  EXAMPLE 29. Antitumor efficacy of liposomal and anti-HER2- immunoliposomal
Topotecan in ST-474 xenograft model. 102161In this study we used the first prototype Topotecan
immunoliposomes that use triethylammonium-polyphosphate gradient for drug entrapment. The
liposomes were  83 
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carcinoma cells (BT-474). The cells were exposed to drug-containing media for 6 hours, 

and post-incubated in drug-free medium for 3 days. The results are shown on Figure 15. 

The ICso for free APE is 0.26 Ilg APE/mi, for F5-ILs-APE was 0.756 Ilg APE/ml, and for 

nontargeted Ls-APE was 51.0 Ilg APE/ml. There was a 67.5 fold difference in activity 

between targeted and nontargeted liposomal 6-APE, indicating a considerable targeted 

delivery effect. 

EXAMPLE 36. EGFR-targeted immunoliposomal formulations of 6-APE and 
cytotoxicity against cancer ceUs il1 vitro. 

[0231} 6-APE-loaded liposomes were prepared as described in Example 34. EGFR-

targeted immunoliposomes were prepared by attachment ofEGFR-specific Fab' antibody 

fragments as follows. An EGFR-specific IgG MAb C225 (cetuximab, ERBITUXTM, 

lmc10ne Systems) was digested with pepsin to produce (Fab'h fragments. Purified 

(Fab'h fragments were reduced by treatment with 10-20 mM 2-mercaptoethylamine for 

15 min at 37 DC, and Fab' fragments were purified by gel filtration using Sephadex G-25. 

The presence of reactive thiol groups was typically about 0.9 thiol groups per protein 

molecule (quantified using Ellmann's reagent). C225Fab' were covalently conjugated to 

an amphiphilic linker Mal-PEG-DSPE (Avanti Polar Lipids, AL) in aqueous solution at 

pH 6.2-6.5 and protein-linker molar ratio of 1:4 for 2-4 hours at room temperature, or 

overnight at 4-6°C, to produce C225Fab'-PEG-DSPE conjugate with the yield 30-50 % of 

the protein. This micelle-fol111ing conjugate was separated from non-reacted protein by 

size exclusion column chromatography on 3% agarose - 4% polyacrylamide beaded gel 

(Ultrogel AcA34, obtained from Sigma Chemical Co.), eluted with HBS-6.S buffer. The 

conjugate was recovered in void volume fractions. Immunoliposomal 6-APE was formed 

by incubating these liposomes with C225 Fab' -PEG-DSPE with drug-loaded liposomes at 

the ratio of30 mg C225 proteinlmmolliposome phospholipid for 30 min at 60°C, 

quenching on ice for IS min, and purifying the immunoliposomes by gel chromatography 

on a Sepharose CL-4B column also eluted with HBS-6.5 buffer (the liposomes appear in 

or near the void volume of the column). 

[02321 MDA-MB-468 EGFR-overexpressing human breast cancer cells and MCF-7 

human breast cancer cells with low EGFR expression (ATCC, Rockville, MD) were 

cultured in their supplier-recommended growth media, and the cytotoxicity of free, 

liposomal, and anti-EGFR-immunoliposomal 6-APE against these cells was studied 

prepared generally following the methods of Examples 11 and 19. Lipid matrix components - DSPC
(Avant' Polar Lipids; 3 mot. parts), Cholesterol (Calbiochem, 98.3%; 2 mol. parts) and
methoxy-PEG(2000)-DSPE (Avanti Polar Lipids, 0.015 mol. parts) - were combined with 100% ethanol
USP to give the solution containing 0.5 mM phospholipid at 60C. The ethanol lipid solution was diluted
at 60C with the aqueous triethylammonium polyphosphate solution (0.608 M triethylamine, 0.65 N
phosphate, pH 6.1, osmolality 531 mmol/kg), mixed thoroughly, and extruded 10 times through 2
stacked polycarbonate membranes with the pore size of 100 nm (Nuclepore. Corning) using
thermostatic(' gas-pressure extruder (Lipex Biomembranes) at 60C. The extruded Liposomes were
chilled on ice, and unencapsulated triethylammonium polyphosphate was removed by gel
chromatography on Sepharose CL-4B using 5% dextrose-5 inIvi HEPESNa buffer, pH 6.5, as eluent.
The Liposome size was 103.8+.351 mu by WIS. 'The liposomes in this buffer were incubated with
Topotecan hydrochloride at 60C for 30 min. at the ratio of 0.35 mg Topotecan base per umol of
phosnholipid. At the end of incubation, the Liposomes were chilled on ice and chromatographed on
Sephadex G-75, einem 20 mly1 HEPES-Na, 135 mivl NaC1, pH 6.5, to remove any unencapsulated
drug. The drug content was determined by tluorometry, and the lipid content by phosphate assay as
previously reported. Liposomal Topotecan so obtained has 365.4+23.1 mg Topotecan base per mrnol
of phospholipid. To prepare HER2-targeted Topotecan iinmunoliposoines, a portion of this liposomal
Topotecan preparation was incubated with the purified conjugate of anti-HER2 seFv F.5 and
maleimido-PEG-DSPE linker generally as described in Example 19. Briefly, F5-PEG-DSPE conjugate
in aqueous 10% sucrose-10 mM Na citrate solution, pH 6.5, was combined with Topotecan liposomes
at the ratio of 15 mg protein per mmol of Liposome phospholipid, and incubated at 60C for 30 min. The
incubation mixture was chilled on ice and chromatographed on Sepharose CL-4B, eluent 20 rnM
HEPES-Na, 135 mM NaCI, pll 6.5, to remove any unincorporated scFy conjugate. The drug-to-lipid
ratio decreased by 14% following this additional incubation. 102171The Topotecan Liposome and
immunoliposome formulations containing 1-2 ingimL of Topotecan were passed through 01 micron
sterile syringe filter, dispensed aseptically into polypropylene vials and stored at 4-6C for up to 1
month before use.  S4 102181Free Topotecan was freshly prepared by dissolving Topotecan
Hydrochloride powder at 2 ing/mL in 5% dextrose and sterilized by passage through 0.2-micron
syringe filter. 102191A HER2-overexpressing BT-474 human breast adenocarcinoma xenograft model
was established as described in Example 10. At day 13 post tumor inoculation, the animals having
tumors in the range of 120-350 cubic mm were selected and randomized into 3 treatment and I control
group of 12 animals each. At days 14, 18, and 21 post tumor inoculation the mice were treated with
i.v..(tail vein) injections of Topotecan formulations at the per injection dose of 5 mg/kg body weight, or
with equal volume of physiological saline. General health of the animals was monitored daily. Tumor
sizes and body weights were monitored twice weekly for up to day 53 post tumor inoculation. The
animals whose tumors reached 20% of the body weight, or those with progressive weight loss
reaching 20% or more were euthanized. 102201Figures II and 12 show the tumor growth and animal
body weight data, respectively. Liposornal Topotecan formulations were more active in tumor growth
suppression than the free drug, and F5-targeted liposornal formulation was more active than the
non-targeted one. The average tumor sizes at the end of the observation period. were significantly
different among the treatment groups (p values by non-paired 2-tailed Student's t-test were1.2xle for
free v. immunoliposomal drug, 0.000114 for free v. liposomal drug, and 0.00718 for liposornal v.
immunoliposoinal drug). Thus., [iposornally encapsulated Topotecan was more active than the free
drug, and anti-HER2 immunoliposomal Topotecan was more active than non-targeted liposomal drug.
In the liposomal and immunoliposomal group, after initial regression, tumor regrowth occurred within
10 days of the last treatment. There was no tumor regression in the free drug group. It was noticed
that the liposomal formulations of Topotecan at a given dose were more toxic than the free drug. There
was gastrointestinal toxicity. The animals receiving liposomal Topotecan developed diarrhea and
suffered body weight loss averaging about 14% at its peak. While in the non-targeted liposomal group
the animals recovered, except one (12.5%) that had persistent 15% weight loss at the end of study, in
the 1-75-targeted group five animals (41.6%) developed terminal morbidity and expired; and two more
(16.7%) had persistent weight loss of about 15%. In the control group and free drug group, there was
no weight loss or treatment-related morbidity.  SS  EXAMPLE 30. Maximum tolerated dose (MID) of
free and liposomal Topotecau in mice given in 3 weekly i.v. injections. 102211This study used a
liposome Topotecan formulation prepared as in to Example 29, except the triethviammonium
polyphosphate solution was replaced with triethylammonium sucrose octasulfate solution having 0.65
M trietbylammonium, pH 6.2; and for extrusion 80-nm polycarbonate membrane filters were used
instead of 100-nrn. Volume-weighted liposome size determined by quasi-elastic light scattering
method in Gaussian approximation (QELS) was 95.119.6 nm (average-a:SD); drug/lipid ratio was
369.1+18.3 mg/mmol phospholipid. Five-six week old female Swiss-Webster mice (18- 20 g) in the
groups of two received three iv. (tail vein) injections of free or liposomal Topotecan on a once-a-week
schedule, starting from the dose of 2 mg/kg Topotecan base per injection and increasing to each
subsequent group by the factor of 1.8 to the dose of 37.8 mg/kg. Immunoliposomal Topotecan was not
included in this study. Animal body weight and general health was monitored daily. Progressive weight
loss of more than 20% or natural death at any time in any of two animals in a group during the period
of ten days since the beginning of treatment were considered indicative of the toxic dose. According to
the animal mortality and weight data ml-D was determined to fall within the range of 11.7-21 mg/kg for
free Topotecan, and 2.0-3.6 mg/kg for liposomal (Prototype 2) Topotecan. in the second study, the
mice received injections of the free, liposomal, or F5- immunoliposomal Topotecan (prepared from the
liposornal Topotecan of this Example as described in Example 29) with the doses from 2.0 mg/kg
(liposomal/immunoliposomal Topotecan) or 12 mg/kg (free Topotecan), and increased to each
subsequent group by the factor of 1.15 until the dose next to the upper range of the established MTD
interval was achieved. The highest dose that did not result in death or teiminal morbidity in any of the
animals was considered an MTD and was found to be 18.4 mg/kg for free Topotecan, 3.0 mg/kg for
liposomal Topotecan, and 3.0 mg/kg for immunoliposomal Topotecan. Thus, liposomal Topotecan
showed greater toxicity than the free drug. 
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according to the method of Example 27 The cells were incubated with drug-containing 

media for 6 hours, followed by 3 days post-incubation in the drug-fi-ee medium. The 

results are shown in Figure 16. In MDA-MB-468 cellS' IC50 tor the free 6-APE was about 

0.1 Ilg/ml, and for C225-ILs-APE about 0.9 Ilg/ml. In MCF-7 cells ICso was about 0.1 

for the free 6-APE was about 0.5 ~lg/ml , and for C225-ILs-APE about 14 ~tg/mL ICso of 

Ls-APE in both cell lines was >30 ~lg/m1. Thus, EGFR-targeted 6-APE-loaded 

immunoliposomes demonstrated antigen-specific cytotoxic activity in EGFR­

overexpressing MDA-MB-468 breast cancer cells, but not in MCF-7 breast cancer cell 

that do not overexpress EGFR. In MCF-7 cells, the targeted and nontargeted 6-APE 

liposomes were equally active. 

EXAMPLE 37. Pharmacokinetics of liposomal6-APE in rats. 

[02331 Liposomes with entrapped TEA-Pn solution (557 mM phosphate groups, 500 

mM TEA, pH 5.8, osmolality 480 mmollkg) and lipid composition of DSPC, cholesterol, 

and PEG-DSPE (molar ratio 3:2:0.015) were prepared as in Example 11 above. Ethanolic 

solution of the lipids was combined at 60°C with 10 volumes of the aqueous TEA-Pn 

solution, and extruded ten times through two stacked 80 nm pore size polycarbonate 

membranes. Unencapsulated TEA-Pn was removed using a Sepharose CL-4B column 

eluted with MES-Dextrose (5 mM MES-Na, 5 % Dextrose, pH 5.5). The liposome size 

was 92.3 ± 23.3 nm by QELS. A non-exchangeable radioactive lipid label eH]-CHE was 

included in the lipid matrix at 0.5 mCi/mmol phospholipid. The liposomes were loaded 

with 6-APE as described in Example 34. 

[0234] The phannacokinetic study followed the protocol of Example 9. Female Sim 

Albino rats (9 weeks, 200 g) were injected i.v. at a dose of 10 mg 6-APE/kg. Blood was 

drawn at prescribed time points and the plasma was analyzed for 6-APE by fluorometry. 

Plasma aliquots (0.05-0.2 m1) were mixed with 1-2 mL of 90% aqueous isopropanol-O.l 

N Hel, and the 6-APE was quantified by fluorescence as in Example 71. The lipid was 

quantified by eH]-CHE radioactivity scintillation counting. 

[0235) The results are shown in Figure 1 7 . The blood half-life (tl/2) of the drug was 

13.7 hours and of the liposome lipid 16.6 hours (panel A). The half-life of the drug 

release from liposomes was 77.9 hours, demonstrating remarkable encapsulation stability 

(panel B). 

EXAMPLE 31. Antitumor efficacy of liposomal Topotecan in BT-474 xenograft model at the range of
0.125-1.0xMTD 102221The Topotecan liposomes and F5-immunoliposomes of Example 30 were used
in this study. BT-474 subcutaneous xenografts were raised in nude mice as in Example 29. At day 18
after tumor cell inoculation the animals with tumors (105-345 cubic ram,  86 average about 200 cubic
mm) were randomized into treatment groups of 6 animals/group, and a control group of S
animals/group. The animals received free or liposornal Topotecan at IxMTD, 0.5xMTD, 0.25xMID, or
0.125xMID at three iv. (tail vein) injections at day 19, 23, and 27 post tumor inoculation. The control
group received injections of physiological saline. The tumor sizes and animal body weights were
monitored as in Example 29. To obtain animal body weight measurements, the tumor weight
(calculated from the tumor size assuming tumor density of 1.0) was subtracted from the total animal
weight measurements. All drug formulations at MTD showed antitumor activity (Figures 13A-13D).
There was no significant difference in efficacy between free and liposonial drug given at their
respective MTD or at identical fractions (1/2, 1/4, or 1/8) thereof Thus, liposome encapsulation of the
drug using TEA-SOS gradient resulted in about 6-fold increase in antitumor activity, but also in the
similar increase in drug toxicity. Dynamics of animal body weights revealed that all treatments were
non-toxic except the treatment with free Topotecan at MTD which showed transient decrease in body
weight (about 15% of the pre-treatment value) that later resolved (Figure 14). EXAMPLE 32.
Preparation and targeted in vitro eytotoxieity of Topoteean liposomes prepared using
triethylammonium snerooetasulfate entrapment method. 102231Liposomal Topotecan was prepared
generally Following the procedure of Example 18, using the entrapped solution of TEA-SOS having
643 mM TEA, pH 5.7, osmolality 530 mmol/kg, and cimg/phospholipid ratio of 170 ing/mmol. The
liposomes had 155 mg drug/111mM phospholipid; 90% loading efficiency, and particle size 105 inn.
These liposomes were incubated with the micellar solution of F5-PEG-DSPE conjugate at about 30
scEv per liposomes (15 ma antibody/mmol phospholipid) at 60C for I hour generally as described in
Example 19. Antibody-conjugated liposomes were separated by SEC using Sepharose CL-4B and
formulated into EIBS-6.5 HEPES-buffered saline. There was no detectable change in drug/lipid ratio
during the attachment of anti-HER2 seFv (E5), [02241The uptake of Topotecan formulations by cancer
cells was determined as follows. HER2-overexpressing human breast adenocarcinoma cells (SK-Br-3,
ATCC HTB-30) were plated into 24-well cell culture plates at 150,000 cells/well and acclimated  87
overnight. The cells were incubated (in triplicate) with F5-targeted and non-targeted liposomal
Topotecan in complete growth medium at liposome concentrations of 0.1 mM and 0.01 mM for 4 hours
at 37C. The cells were rinsed 4 times with Hanks' Balanced Salt Solution, solubilized in 0.1% Triton
X-100 - 70% acidified isopropanol mixture 1:10, and the amount of cell-associated Topotecan per well
was determined by fluorometry. The results (mean  standard en-or) are summarized in Table 22. The
targeted liposomes delivered 100-300 times more drug into the targeted cells than nontargeted
liposomes. Table 22. Uptake of liposomal Topotecan by SK-Br-3 breast carcinoma cells.
FormulationTopotecan uptake at 0.1Topotecan uptake at 0.01 
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EXAMPLE 38. Synthesis and liposomal encapsulation of 2-(2-(N,N­
diethylamino )ethyl)ellipticinium (2-DAE). 

(0236] 2-(2-(N,N-diethylamino)ethyl-ellipticinium chloride (NSC 359449) is an anti-

cancer ellipticine derivative which is prepared by alkylation of ellipticine with 2-(N,N­

diethylamino)ethylchloride in methanol in the presence of triethylamine (see WerbeI, 

L.M., Angelo, M., Fry, D.M., and Worth, D.F.J. Med. Chem. 1986, 29:l321-1322). 

Liposomes containing entrapped TEA-Pn were prepared as described in Example 37. 2-

DAE.2HCl was incubated with the TEA-Pn liposomes in 5 mM HEPES-Na, 5% 

Dextrose, pH 7.4, at a 2-DAE-to-phosholipid ratio of 100 !lg/l.unol. The amount of 

loaded drug was 88.2 !lg APE/flmol PL (efficiency 88.2 %). 

EXAMPLE 39. Pharmacokinetics of liposomal 2-DAE in r'ats. 

[02371 Blood phannacokinetics ofliposomal 2-DAE (Example 38) was studied in rats 

as in Example 37. The t\12 of2-DAE was 17.8 hand of the liposome lipid matrix, 18.2 h 

(A). The half-life of the drug release from liposomes in the blood was t1l2 677 h (B). 

Thus, these liposomes were extraordinalily stable against drug leakage in the 

bloodstream. 

EXAMPLE 40. Loading of vinorelbine into liposomes using TEA-Pn method. 
The effect of pH. 

[0238] The liposomes were prepared by the ethanol injection method as in Example 11 

using TEA-Pn solution of 0.608 M TEA, 0.65 M phosphate groups, pH 6.1, and 

osmolality 531 mmoilkg, and lipid suspension extrusion 15 times through two stacked 

100 nm pore size polycarbonate membranes. The resulting liposome size was 108.3 ± 

17.1 nm by QELS Vinorelbine (VRB) in the fonn of stock solution ofvinorelbine 

bitartrate 10 mg/mL USP was added to the liposomes in aqueous 5 mM HEPES-Na, 5% 

dextrose, pH 6.5, at a drug-to-phospholipid ratio of 350 !lgl!lmol, the pH was adjusted to 

the desired value using 1-5 N NaOH. and the mixture was incubated at 58±2 °C for 30 

min. The mixture was then chilled on ice for 15 min, and unencapsulated drug was 

removed by Sephadex G-75 gel filtration chromatography, eluting with HBS-6.5 buffer 

(20 mM HEPES-Na, 135 mM NaCI, pH 6.5). Aliquots of purified liposomes were then 

solubilized in acid isopropanol and analyzed for vinorelbine using spectrophotometry at 

270 nm. Liposome phospholipid was quantified using the phosphate assay of Bartlett 

(1959) after methanol-chloroform ex traction. 

mM phospholipid, ng/well mM phospholipid, ng/well Non-targeted liposome4.76  0_240.607  0.088
HER2-targeted liposome533.8  13.7197.0  4.6 Ratio: Targeted/Non-targeted112.1  8.6324  55
'102251Cytotoxicity of these Topotecan formulations against SKBr-3 breast cancer cells was
determined as described in Example 27. SKBr-3 cells were inoculated into 96- well plates at 5,000
cells/well, acclimated overnight, and incubated with increasing concentrations (0.004-30 pg/mL) of
free, liposomal, or F5-immunoliposomal Topotecan in cell growth medium for 4 hours at 37C. The
drug-containing media were removed and the cells were allowed to grow in the drug-free medium for
72 hours. The quantity of viable cells per well was determined using Thiazolyi Blue(MTT) tetrazolium
assay and expressed as % of that of control (non-treated) cells. The results are presented on Figure
10. Topotecan immunoliposomes were more cytotoxic (1050 0.15-0.5 pg/mL) than non-targeted
Topotecan liposomes (1050 3.1. pg/mL) and free Topotecan (iCso 2.3 pg/mL) EXAMPLE 33. In vivo
stability of Topotecan Liposomes of different size. [02261The liposomes containing TEA-Pn were
prepared as in Example 22 using extrusion 12 times through 100 am pore size polycarbonate
membranes or additionally 12 times through 50 urn pore size polycarbonate membranes. Topotecan
(TPT) was added at a ratio of 150 pg /prriol phospholipid.. The loading was completed at 58 C for 45
min a hot water bath, followed by quenching on ice. The efficiency of loading for the 50-nm- and
100-nm-extruded Liposome was 126.80  19.24 ug TPT/prnot PL (84.5   88 12.8%) and 148.48 = 10.26
pg TPT/prnol PL (99.0 = 6.8 %), respectively. Female Swiss Webster mice in the groups of three were
injected intravenously with one of the two formulations of Ls-TPT at a dose of 5 mg TPTIkg. The mice
were sacrificed after 6 h and the blood was collected. Plasma was analyzed for TPT and liposorne lipid
as described in Example 22. The results are presented in Table 23. Table 23. In vivo stability of
Ls-TP'f of different sizes loaded using TEA-Pn entrapment method. Liposome size, nm Drug in
plasma, ALiposome lipid inDrug/lipid ratio, % of pre- of injected doseplasma, % ofinjection value
injected dose  
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[02391 The calculated dntg-to-lipid ratios after loading were as shown in table 24. 

Vinorelbine loading was quantitative (i.e. practically 100%) and independent of pH in 

the studied range. 

Table 24. Vinorelbine loading into liposomes with entrapped TEA-Pn at various pH 

values of external buffer 

pH 

4.5 

5.0 

5.75 

6.25 

7.0 

Drug-to-phospholipid ratio (Jlg/Jlmol) Loading efficiency (%) 

351.2 ± 52.88 100.4 ± 

347.6 ± 6.35 99.3 ± 1.8 

355.2± 1 1.2 101.5 ± 3.2 

377.0±21.5 107.7 ± 6.6 

374.3 ± 29.58 106.9 ± 9.0 

EXAMPLE 41 Liposomal vinorelbine prepared by TEA-Pn method at 
various drug/lipid ratios: encapsulation efficiency and in vivo stability in 
mice. 

[0240] Liposomes with entrapped TEA-Pn solution were prepared according to 

Example 40 except that eI-I]-CHE was included in the lipid matrix at 1.5 mCi/mmol 

phospholipid. The liposome size was 98.5 ± 34.3 nm by QELS. The liposomes were 

mixed with vinorelbine bitartrate USP in aqueous buffer of 5 mM HEPES-Na, 5% 

dextrose, pH 6.5 at the dntg-to-phospholipid ratio of 150-450 mg VRB/mmol, and 

incubated at 58±2 °C for 30 min. No pH adjustment was made following the addition of 

the drug. The vinorelbine-Ioaded liposomes (Ls-VRB) were isolated and analyzed for the 

drug and phospholipid as in Example 40. 

[02411 Female five-six week old Swiss Webster mice (Harlan Bioresearch) in the 

groups of three were injected intravenously with Ls-VRB-Pn at a dose of 5 mg VRB/kg. 

The lipid dose varied according to the degree ofloading and can be determined from the 

above calculated dntg-to-lipid ratios. At 8 hours or 24 hours post injection, the animals 

were anesthetized, exsanguinated, and the blood was collected on ice into weighed tubes 

containing known amounts of PBS with 0.04% EDT A . The blood cells were separated by 

centrifugation, and the supematants were analyzed for liposome lipid by eHJ-CHE, 

radioactivity scintillation counting and for vinorelbine using HPLC as follows. The 

samples were spiked with vinblastine (intemal standard), extracted with diethyl ether, 

74.2 21.6 32.93  1.97 45.7 = 2.2 72.06  5.51 96.4 + 29.3 33.26  3.56 37.6 5.3 88.41 15.68  EXAMPLE
34. Synthesis and liposoine encapsulation of 6-(3-atninopropyl) ellipticine (6-APE).
1022716-(3-aminopropyl)ellipticine was prepared from ellipticine in a two-step method based on the
procedure by Werbel et al., .1. Med. Chem. 1986,  v.29, p.1321-1322. 501.4 mg of ellipticine base
(NSC 71795) (Aldrich Chemical Co.) was stirred with approximately 100 mg of sodium hydride (Sigma;
washed with anhydrous petroleum ether) in 5 ml of dry dimethylfonnamide (DMT) at room temperature
for 30 mm. To this mixture, a solution o1678 mg of N-bromopropylphtalimide (Aldrich) in 2 mL of dry
DMF was added dropwise. The purple-colored reaction mixture was stirred under argon overnight,
treated with I mL of water, and poured into 60 ml of water. The mixture was extracted twice with 25 mL
of methylene chloride, the extract was dried over anhydrous sodium sulfate, and passed through a
layer of neutral alumina. The alumina layer was rinsed twice with 10 int, of methylene chloride and the
combined filtrate and rinses were brought to dryness in vacuum. The product was stirred overnight
with 20 ml of absolute ethanol and 2 ml of anhydrous hydrazine at room temperature. The obtained
slurry was filtered under vacuum, a yellow filtrate was diluted with 50 mL of 0.2 N NaOH and extracted
with two portions (75 ml and 50 ml) of chloroform. The chloroform extract was dried over Na2SO4 and
brought to dryness in vacuum. Crude product (yield 408 mg) was 
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evaporated, and the residues were dissolved in the mobile phase consisting of aqueous 50 

mM triethylammonium acetate (pH 5.5) and acetonitrile (58:42 by volume) The samples 

were loaded on a Cl8 reverse phase silica column (Supelco C- 18 column, 250 mm x 4 mm 

i.d., particle size of 5 J.lm) preceded by a C-18 guard column. The column was eluted 

isocratically with the above mobile phase at a flow rate of 1.0 ml/min. VRB was detected 

using an absorbance detector at 280 nm. Typical retention times for VRB and vinblastine 

(internal standard) were 9.1 min and 7.8 min, respectively. 

[0242] The results are shown in Table 25. The loading efficiency decreased with the 

increase in drug/lipid ratio, from practically 100% at 150 mg/mmol to about 66% at 450 

mg/mmol. It was noted that the addition of vinorelbine bitartrate at the ratios of over 250 

mg vinorelbine per mmol phospholipid caused substantial acidification of the Jiposome 

suspension (pH <4.0) that lead to reduced loading efficiency. Thus, the need for pH 

control dUling the drug loading step was established. The amounts ofliposome matrix 

detected in the blood after 8 hours were in the range of 30.4 ± 6.6 % of injected dose 

(%id) to 38.6 ± 5.2 %id without apparent relation to the absolute amount of injected lipid. 

After 24 hours there was still from 6.4 %ID to 14.8 %ID of the lipid matrix detectable in 

the blood. The amount of drug that remained encapsulated after 8 hours varied from 37% 

to 63%. However, as 24 hours post injection the drug levels dropped below detection 

limit of the employed analytical method. 

Table 25. Encapsulation efficiency and in vivo drug retention ofliposomal vinorelbine 

prepared at different drug/lipid ratios using TEA-Pn method (without loading buffer pH 

adjustment). The drug retention data are mean ± SD (N=3). 

Vinorelbine/phospholipid ratio 

Input, mg/mmol, Output, mg/mmol, 

calculated measured 

150 156 

250 238 

350 260 

450 299 

Encapsulation 

efficiency, % 

104.0 

95.2 

74.3 

66.4 

% drug remaining encapsulated at 

8 hours post injection 

36.6 ± 4.2 

56.3 ± 1.3 

65.9±2.3 

63.0±4.1 

89 chromatographeci on silica 60 column eluted isocratically with chloroform-methanol mixture (7:3 by
volume), saturated with dry trimethyl amine. The fractions eluted in a second yellow-colored band,
following un-reacted ellipticine, were shown to contain the desired compound in approximately 30%
yield. The structure was confirmed by IHNMR. TLC: Rf 0.29-0.3 1 (Silica 60; CHC13-Me0H 7:3 by
volume, saturated with trimethylamine). Ellipticine, R(0.81-0.83. The obtained compound was
converted into dihydrochloride salt by dissolving in anhydrous ethanol and titration with 6 N HC1
solution in dry isopropanol. The orange crystals of 6-APE dihydrochloride (NSC 176328) were filtered
out, rinsed with ether, and dried in vacuum. Yield of dihydrochloride 86%. 102281The liposomes were
prepared by hydration of the neat lipid film of DSPC, Cholesterol, and PEG(M.w. 2,000)-DSPE
(3:2:0.015 molar ratio) in a solution of trirnethylammonium polyphosphate (TMA-Pn) at 0.5 M TMA, pH
5.6, at 60C, followed by six cycles of rapid freezing (-78C) and thawing (60C), and extrusion ten times
through two stacked 50-nm pore size polycarbonate filters. Unencapsulatecl TMA-Pn was removed
using a Sepharose CL-413 column eluted with HEPES-Dextrose (5 inN4 HEPES, 5 % Dex trose, pH
5.5). The liposome size was 85.7  32.1 urn. 102291Concentrated 6-APE solution (10 mg/m1) was
added to the TMA-Pn-containing liposomes at a drug-to-phospholipicl ratio of 100 itg APE/nmol
phospholipid, the mixture was incubated at 58C for 45 min, and quickly cooled down on ice for 15 min.
Unencapsuiated drug was removed by gel chromatography on a Sephadex 0-75 column elated with
HEPES-Dextrose buffer (5 mM HEPES-Na, 5 % dextrose, p1-1 6.5). Liposome-entrapped APE was
then quantitated by spectrophotometry as in Example 71, and liposome phospholipid was determined
using the extraction assay of Example 70. The drug encapsulation was practically quantitative.
EXAMPLE 35. Preparation of 1-IER2-targeted immunoliposomal 6-APE and cytotoxicity of 6-APE
formulations against HER2-overexpressing BT-474 breast cancer cells in vitro. 102301Liposomes with
encapsulated 6-APE (Ls-APE) were prepared as in Example 34 above. Anti-HER2 immunoliposornes
with encapsulated 6-APE (175-Its-APE) were prepared from Ls-APE by the method of Example 19. An
MTT-based cell viability assay of Example 27 was used to determine the cytotoxicity of 6-APE
delivered as a solution, Ls-APE, or as LER2-targeted F5-1Ls-APE against HER2-overexpressing
human breast  90  carcinoma cells (ST-474). The cells were exposed to drug-containing media for 6
hours, and post-incubated in drug-free medium for 3 days. The results are shown on Figure 15. The
IC50 for free APE is 016 pg APE/ml, for F5-IEs-APE was 0.756 lig APE/ml, and for nontargeted
Ls-APE was 51.0 ug APE/ml. There was a 67.5 fold difference in activity between targeted and
nontargeted liposomal 6-APE, indicating a considerable targeted delivery effect. EXAMPLE 36.
EGFR-targeted immunoliposomal formulations o16-APE and cytotoxicity against cancer cells in vitro.
[023116-APE-loaded Liposomes were prepared as described in Example 34. EGER- targeted
immunoliposomes were prepared by attachment of BEIER-specific Fab' antibody fragments as follows.
An EGFR-specific IgG MAb C225 (cettiximab, ERBITUrm, Imclone Systems) was digested with pepsin
to produce (Fabl2 fragments. Purified (Fab'), fragments were reduced by treatment with 10-20 inivl
2-rnercaptoethylamine for 15 min at 37 C, and Fab' fragments were purified by gel filtration using
Sephadex G-25. The presence of reactive thiol groups was typically about 0.9 thiol groups per protein
molecule (quantified using Ellmann's reagent). C225Fab were covalently conjugated to an amphiphilic
linker Mal-PEG-DSPE (Avanti Polar Lipids, AL) in aqueous solution at pH 6.2-6.5 and protein-linker
molar ratio of 1:4 for 2-4 hours at room temperature, or overnight at 4-6C, to produce
C225Fabl-PEG-DSPE conjugate with the yield 30-50 % of the protein. This micelle-forming conjugate
was separated from non-reacted protein by size exclusion column chromatography on 3% agarose -
4% polyacrylamicle beaded gel (Ultrogel AcA34, obtained from Sigma Chemical Co.), eluted with
HBS-6.5 buffer. The conjugate was recovered in void volume fractions. Immunoliposomal 6-APE was
formed by incubating these liposomes with C225 Fab'-PEG-DSPE with drug-loaded liposornes at the
ratio of 30 mg C225 proteiMmtnol liposorne phospholipicl for 30 min at 60C, quenching on ice for 15
mm, and purifying the immunoliposumes by gel chromatography on a Sepharose CL-48 column also
eluted with HBS-6.5 buffer (the liposomes appear in or near the void volume of the column).
102321NIDA-MB-468 EGER-overexpressing human breast cancer cells and MCF-7 
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EXAMPLE 42. Vinorelbine loading into liposomes using TEA-SOS method 
at various drug/lipid ratios. 

[0243] TEA-SOS liposomes for drug loading were prepared as in Example 40 except 

that the TEA-SOS solution with 0.65 M TEA, pH 5.4, osmolality 521 mmollkg was used 

instead ofTEA-Pn solution, and the liposomes were extruded through 80 nm pore size 

polycarbonate membranes. The liposome size was 86.6 ± 12.9 nm by QELS. VRB was 

added to the liposomes in aqueous 5 mM HEPES-Na, 5% Dextrose, pH 6.5, at various 

dmg-to-phospholipid ratios, and the mixture was subsequently incubated at 60°C for 30 

min. The VRB-Ioaded liposomes were then isolated and analyzed as in Example 40. 

[0244] The calculated dmg-to-lipid ratios in the VRB liposomes are shown in Table 

26. Remarkably, as opposed to polymeric anion assisted loading, vinorelbine loading in 

the liposomes with polyanionized sugar (sucrose octasulfate) was practically quantitative 

independently of the dmg/lipid ratio for up to 450 mg VRB/mmol phospholipid, and only 

slightly less (88%) at 550 mg VRB/mmol phospholipid. 

Table 26. Dependence ofvinorelbine loading into liposomes on drug-to-lipid ratio 

Total 

VinoreJbine/phospholipid ratio, l11g/mmol Loading efficiency (%) 

Encapsulated into liposomes 

150 159.9 ± 11.5 106.6±8.1 

250 255. ± 12.4 ,102.2 ± 5.1 

350 381.8 ± 16.3 109.1 ± 5.1 

450 456.1 ± 29.5 lOlA ± 6.6 

550 486.2 ± 26.0 88.4 ± 4.2 

EXAMPLE 43. Preparation of HER2-targeted immunoliposomes loaded 
with vinorelbine by TEA-Pn method, and comparative blood 
pha.-macokinetics of HER2-targeted and nontargeted vinorelbine Hposomes 
in rats. 

[02451 Anti-HER2 scFv FS-PEG-DSPE conjugate was prepared as in Example 19. 

HER2-targeted vinorelbine immunoliposomes were prepared by incubation of non­

targeted vinorelbine liposomes (Example 41, loaded at dmg/phospholipid ratio of350 

mg/mmol) with F5-PEG-DSPE conjugate (Example 19) in aqueous 20 mM HEPES-Na, 

135 mM NaCl, pH 6.5 buffer at the protein/phospholipid ratio of 15 mg/mmol at 60°C 

human breast cancer cells with low EGER expression (ATCC, Rockville, MD) were cultured in their
supplier-recommended growth media, and the cytotoxicity of free, liposomal, and
anti-EGFR-immunoliposomal 6-APE against these cells was studied  91 according to the method of
Example 27 The cells were incubated with drug-containing media for 6 hours, followed by 3 days
post-incubation in the drug-free medium. The results are shown in Figure 16. In MDA-MB-468 cells
IC50 for the free 6-APE was about 0.1 pg/ml, and for C225-11,s-APE about 0.9 pglini. In MCF-7 cells
1050 was about 0.1 for the free 6-APE was about 0.5 tig/m1 , and for C225-1.Ls-APE about 14 jig/ml.
IC50 of Ls-APE in both cell lines was >30 uginil. Thus, EGFR-targeted 6-APE-loaded
immunoliposomes demonstrated antigen-specific cytotoxie activity in EGERoverexpressing
MDA-MB-468 breast cancer cells, but not in IMCF-7 breast cancer cell that do not overexpress EGER.
In MCF-7 cells, the targeted and nontargeted 6-APE liposomes were equally active. EXAMPLE 37.
Pharmacolcineties of liposomal 6-APE in rats. 102331Liposomes with entrapped TEA-Pn solution (557
mM phosphate groups, 500 mM TEA, pH 5.8, osmolality 480 mmot/kg) and lipid composition of DSPC,
cholesterol, and PEG-DSPE (molar ratio 3:2:0.015) were prepared as in Example 11 above. Ethanolic
solution of the lipids was combined at 60C with 10 volumes of the aqueous TEA-Pn solution, and
extruded ten times through two stacked 80 nm pore size polycarbonate membranes. Uneneapsulated
TEA-Pn was removed using a Sepharose CL-4B column eluted with NIES-Dextrose (5 niM MES-Na, 5
% Dextrose, pH 5.5). The liposome size was 92.3  23.3 rim by QELS. A non-exchangeable radioactive
lipid label [31-0-CHE was included in the lipid matrix at 0.5 mCi/mmol phospholipid. The Liposomes
were loaded with 6-APE as described in Example 34. 102341The pharrnacokinetic study followed the
protocol of Example 9. Female Sim Albino rats (9 weeks, 200 g) were injected i.v, at a dose of 10 mg
6-APE/kg. Blood was drawn at prescribed time points and the plasma was analyzed for 6-APE by
fluorometry. Plasma aliquots (0.05-0.2 nil) were mixed with 1-2 mL of 90% aqueous isopropano1-0. N
BC!, and the 6-APE was quantified by fluorescence as in Example 71. The lipid was quantified by
[31-1]-CHE radioactivity scintillation counting. [02351The results are shown in Figurel 7. The blood
half-life (t1,2 ) of the drug was 13.7 hours and of the liposome lipid 16.6 hours (panel A). The half-life
of the drug release from Liposomes was 77.9 hours, demonstrating remarkable encapsulation stability
(panel B).  92 EXAMPLE 38. Synthesis and liposomal encapsulation of
2-(2-(N,Ndiethylamino)ethyl)ellipticinium (2-DAE). 1023612-(2-(N,NAliethy1amino)ethyl-ellipticinium
chloride (NSC 359449) is an anti- cancer ellipticine derivative which is prepared by alkylation of
ellipticine with 241,0- diethylarnino)ethylchloride in methanol in the presence of triethyl amine (see
Werbel, L.M., Angelo, M., Fry, D.M., and Worth, D.F. I Med. Chem. 1986, 29:1321-1322). Liposomes
containing entrapped TEA-Pn were prepared as described in Example 37. 2- DAE.2HC1 was
incubated with the TEA-Pn liposomes in 5 mM HEPES-Na, 5% Dextrose, PH 7.4, at a
2-DAE-to-phosholipid ratio of 100 ug/umol. The amount of loaded drug was 88.2 ug APE/urriol PL
(efficiency 88.2 %). EXAMPLE 39. Pharmacokinetics of liposomal 2-DAE in rats. 
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for 30 min. Unincorporated F5 conjugate was removed by gel chromatography on a 

Sepharose 4B column eluted with the same buffer. Non-targeted liposomes (Ls-Pn-VRB) 

and HER2-targeted ones (F5-ILs-Pn-VRB) were administered i.v. to female Albino rats 

(8-9 weeks old; 200 g) at a dose of 5 mg VRB/kg. At various time points, blood was 

collected as described in Example 9, and analyzed for VRB and the Iiposome lipid as in 

Example 41. Blood half-life of the liposome lipids and the 50% drug release time were 

calculated from the lipid concentration-time plots or by drug/lipid ratio-time plots, 

respectively, by finding best fit to monoexponential kinetics using the MICROSOFT 

EXCEL (Microsoft Corp.) spreadsheet TREND function. The results (Figure 18) indicated 

that both targeted and non-targeted vinorelbine liposomes had identical drug and lipid 

phallnacokinetics with lipid half-life of about 12.1 hours and 50% drug release time of 

about 4.3 hours. 

102461 

EXAMPLE 44. Preparation and comparative in vivo stability of vinorelbine 
liposomes prepared using ammonium and substituted ammonium salts. 

Ammonium dextran sulfate (DS-A) solution with pH 5.8, O. 65 M NH/, 

osmolality of 390 mmollkg, and triethylammonium dextran sulfate solution (DS­

TEA)with pH 6.0, O. 65 M NH/, osmolality 465 mmollkg, were prepared from Dextran 

sulfate with mol. weight 10,000 (Sigma Chemical Co.) according to the method of 

Example 4, using titration with 12.4 M aqueous ammonia or neat triethylamine, 

respectively. Ammonium sulfate (S-A) aqueous solution 325 mM, pH 5.1, osmolality 

703 mmollkg, was prepared from analytical grade ammonium sulfate. All three solutions 

contained less than 1 % Na+ of the total cation content. Liposomes entrapping these 

solutions were prepared using the ethanol mixing-extrusion method of Example 41 

(DSPC/CholesteroI/PEG-DSPE 3:2:0.015 molar ratio). Radioacti~e lipid label eHJ-CHE 

was included in the lipid matrix at 1.5 mCilmmol phospholipid. Extrusion step consisted 

of 10 passages through two stacked 0.1 J.un polycarbonate membranes. VRB was added to 

the liposomes in 5 mM HEPES-Na, 5% Dextrose, pH 6.5, at a drug-to-phospholipid ratio 

of350 mg/mmol, the pH was adjusted to 6.5 using 1 N NaOH, and the mixture was 

incubated at 58-60C °C for 30 min. The reaction was then chilled on ice for 15 min, and 

unencapsulated drug was removed using Sephadex G-75 gel filtration chromatography, 

eluting with aqueous 20 mM HEPES-Na, 135 mM NaCl, pH 6.5. The purified, 

vinorelbine-loaded liposomes were analyzed for VRB spectrophotometrically and for 

102371Blood pharmacokinetics ofliposomal 2-DAE (Example 38) was studied in rats as in Example
37. The t112 of 2-DAR was 17.8 h and of the liposome lipid matrix, 18.2 h (A). The half-life of the drug
release from liposomes in the blood was tv, - 677 h (B). Thus, these liposornes were extraordinarily
stable against drug leakage in the bloodstream. EXAMPLE 40. Loading of vinorelbine into liposomes
using TEA-Fix method. The effect of pH. [0238]The iiposomes were prepared by the ethanol injection
method as in Example 11 using TEA-Pn solution of 0.608 M TEA, 0.65 M phosphate groups, pH 6.1,
and osmolality 531 mmol/kg,, and lipid suspension extrusion 15 times through two stacked 100 nm
pore size polycarbonate membranes. The resulting liposome size was 108.3  17.1 nm by QEES
Vinorelbine (VRB) in the form of stock solution of vinorelbine bitartrate 10 mR/int., USE was added to
the liposomes in aqueous 5 mM HEPES-Na, 5% dextrose, pH 6.5, at a drug-to-phospholipid ratio of
350 pgiumol, the pH was adjusted to the desired value using 1-5 N NaOH. and the mixture was
incubated at 582C for 30 min. The mixture was then chilled on ice for 15 mm, and unencapsulated
drug was removed by Sephadex G-75 gel filtration chromatography, eluting with 1-IBS-6.5 buffer (20
rnM HEPES-Na, 135 InM NaCl, pH 6.5). Aliquots of purified liposornes were then solubilizecl in acid
isopropanol and analyzed for vinorelbine using spectrophotometry at 270 nm. Liposome phospholipid
was quantified using the phosphate assay of Bartlett (1959) after methanol-chloroform extraction.  93
10239]The calculated drug-to-lipid ratios after loading were as shown in Table 24. Vinorelbine loading
was quantitative (i.e. practically 100%) and independent of pH in the studied range. Table 24.
Vinorelbine loading into liposomes with entrapped TEA-Pn at various pH values of external buffer
pHDrug-to-phospholipid ratio (pgiumol)Loading efficiency (.7a 4.5351.2  52.88100.4  15.2 5.0347.6
6.3599.3  1.8 5.75355.2 11.2101.5  3.2 6.25377.0  21.5107.7  6.6 7.0374.3  29.58106.9  9.0
EXAMPLE 41 Liposomal vinorelbine prepared by TEA-Pn method at various drug/lipid ratios:
encapsulation efficiency and in vivo stability in mice. [0240]Liposomes with entrapped TEA-Pn solution
were prepared according to 
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phospholipid using the phosphate assay of Bartlett (1959) (see Examples 70, 71). Blood 

phmmacokinetics of the liposomal lipid and drug was studied in rats as in Example 43. 

(0247] The results are shown in Figures 19-20, and in Table 27. Liposomes loaded 

with triethylammonium dextransulfate were compared with those loaded using 

ammonium salt of dextran sulfate. Unexpectedly, those loaded using the 

triethylammonium salt were considerably more stable than those loaded using ammonium 

salt. The phannacokinetics of the liposomal carrier itself was similar with the three 

different fonnulations and was thus primarily dependent on the lipid composition 

employed. Leakage of vinorelbine from Ls-VRB loaded using triethylammonium dextran 

sulfate was about three times slower than from those loaded using ammonium 

dextransulfate. The liposomes loaded using ammonium sulfate had the fastest drug 

leakage rate. 

Table 27. Comparative in vivo stability of drug encapsulation into liposomes using 

entrapped ammonium and substituted ammonium salt. 

Fonnulation, Liposome size, Blood hal f-Ii fe Time to 50% drug release 

liposome-entrapped nm, mean±SD of the lipid in the blood, hours 

salt (by QELS) matrix, hours 

DS-TEA 120.8 ± 28.5 9.5 ± 3.3 66.3 ± 13.4 

DS-A 107.8 ± 15.4 11.2 ± 0.6 22.9 ± 1.7 

S-A 114.5. ± 15.6 10.7 ± 0.2 1.77 ± 0.16 

EXAMPLE 45. PI'eparation and ill vivo stability of vinOl'elbine loaded 
liposomes of various size. 

[02481 eH]-CHE-labeled liposomes (1.5 mCi/mmol phospholipid) with entrapped 

solution oftriethylammonium sucrose octasulfate (0.65 M TEA, pH 6.4, osmolality 502 

mmollkg) were prepared by the ethanol mixing-extrusion method of Example It. The 

extrusion step contained 15 passages through two stacked polycarbonate membranes with 

the pore size of 0.05, 0.08, or 0.1 11m. Vinorelbine loading, isolation ofvinorelbine 

liposomes, and Iiposome characterization followed the method of Example 40. Female 

Albino rats (8-9 weeks old; 200 g) were used to study Iiposome ill vivo stability. 

Liposome lipid and drug pham1acokinetics was studied in rats as in Example 43. 

Example 40 except that [31D-CHE was included in the lipid matrix at 1.5 mCiimmol phospholipid. The
liposome size was 98.5  34.3 run by QELS. The liposomes were mixed with vinoreibine bitartrate USP
in aqueous buffer of 5 mM HERBS-Na, 5% dextrose, pH 6.5 at the drug-to-phospholipid ratio of
150-450 mg VR13/mmol, and incubated at  "C thr 30 min. No pH adjustment was made following the
addition of the drug. The vinorelbine-loaded liposomes (Ls-VR13) were isolated and analyzed for the
drug and phospholipid as in Example 40. [02411Female five-six week old Swiss Webster mice (Harlan
Bioresearch) in the groups of three were injected intravenously with Ls-VRB-Pn at a dose of 5 mg
VRB/kg. The lipid dose varied according to the degree of loading and can be determined from the
above calculated drug-to-lipid ratios. At 8 hours or 24 hours post injection, the animals were
anesthetized, exsanguinated, and the blood was collected on ice into weighed tubes containing known
amounts of PBS with 0.04% ETTA . The blood cells were separated by centrifugation, and the
supernatants were analyzed for liposomc lipid by CRECHE, radioactivity scintillation counting and for
vinorelbine using HP LC as follows. The samples were spiked with vinblastine (internal standard),
extracted with diethyl ether,  94 evaporated, and the residues were dissolved in the mobile phase
Consisting of aqueous 50 mNI triethylammonium acetate (pH 5.5) and acetonitrile (58:42 by volume)
The samples were loaded on a Cig reverse phase silica column (Supelco C-18 column, 250 mm x 4
mm id., particle size of 5 pm) preceded by a C-18 guard column. The column was eluted isocratically
with the above mobile phase at a flow rate of 1.0 ml/min. VRB was detected using an absorbance
detector at 280 am. Typical retention times for VRB and vinbiastine (internal standard) were 9.1 min
and 7.8 mm, respectively. [0242]The results are shown in Table 25. The loading efficiency decreased
with the increase in drug/lipid ratio, from practically 0094 at 150 ingimmol to about 66A at 450
mg/mmol. It was noted that the addition of vinorelbine bitartrate at the ratios of over 250 mg
vinorelbine per mmol phospholipid caused substantial acidification of the liposome suspension (pH
<4.0) that lead to reduced loading efficiency. Thus, the need for pH control during the drug loading
step was established. The amounts of Liposome matrix detected in the blood after 8 hours were in the
range of 30,4  6.6% of injected dose (%id) to 38.6  5.2 %id without apparent relation to the absolute
amount of injected lipid. After 24 hours there was still from 6.4 %ID to 14.8 %ID of the lipid matrix
detectable in the blood. The amount of drug that remained encapsulated after 8 hours varied from 37%
to 63%. However, as 24 hours post injection the drug levels dropped below detection limit of the
employed analytical method. Table 25. Encapsulation efficiency and in vivo drug retention of liposomal
vinorelbine prepared at different drug/lipid ratios using TEA-Pn method (without loading buffer pH
adjustment). The drug retention data are mean  SD (N=3). Vinorclbinotphospholipid ratio% drug
remaining encapsulated at 8 hours post injection Input, mg/mmol, calculated Output, mgirrimol,
measured Encapsulation efficiency, %  150 156 
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[02491 The results are shown in Figures 21,22, and in the Table 28 below. Liposomes 

extruded through 0.05, 0.08, and 0.1 11m polycarbonate filters were compared and shown 

to have similar drug and liposomaJ carrier pharmacokinetics, as well as a similar extent of 

contents leakage. The drug release from the liposomes in blood was characterized by the 

50% release times in the range of approximately 40-80 hours, well above 24 hours. 

Table 28. Characterization of vinorelbine liposomes. 

Liposome size, Drug load, Loading Blood half-life of Time to 50% 

nm, mean ± SD mg/mmol efficiency, % the lipid matrix, drug release in 

(by QELS) phospholipid hours the blood, hours 

87.6 ± 28.1 35204± 13.9 100.7 ± 4.0 14.6 ± 0.7 39.7± 3.1 

98_5 ± 15.1 322.6 ± 22.7 92.2 ± 6.5 13.0 ± 0.2 47.9 ± 3.8 

109.6 ± 24.6 357.0 ± 10.5 102.0 ± 3.0 14.3 ± 0_3 78.0 ± 104 

EXAMPLE 46 . Preparation of HER2-targeted vinorelbine iiposomes using 
TEA-SOS entrapment method, and pharmacokinetics of HER2 scFv-targeted 
and non-targeted immunoliposomal vinorelbine in rats. 

10250] Liposomes were prepared, loaded with vinorelbine at the 350 mg/mmol drug-

phospholipid ratio, and analyzed as described in Example 43, except that TEA-80S 

solution of Example 45 was substituted for TEA-Pn solution. Extrusion step included 15 

passages through 0.08 11m pore size polycarbonate filters. The liposome size was 95.0 ± 

26.0 nm by QELS. F5scFv-linked anti-HER2 vinorelbine immunoliposomes were 

prepared from these vinorelbine liposomes, and blood pharmacokinetics of the liposomal 

lipid and dmg of HER2-targeted and nontargeted liposome vinorelbine was studied in rats 

as described in Example 43_ Circulation half-life of the liposome lipid was 11.4 hours and 

10.3 hours, and the 50% drug release time was 30.9 hours and 30_3 hours for F5-ILs-VRB 

and Ls-VRB, respectively. Thus, the lipid and drug pharmacokinetics of Ls-VRB and F5-

ILs-VRB was very close, indicating that the introduction of the scFv-PEG-D8PE 

conjugate neither affected clearance ofthe carrier itself nor resulted in increased leakage 

of the drug from the carrier while in the circulation (Figs. 23, 24). 

104.0 36.6 = 4.2 250 238 95.2 56.3  1.3 350 260 74.3 65.9  2.3 450 299 66.4 63.0  4.1  95 EXAMPLE
42. Vinorelbine loading into lipOsomes using TEA-SOS method at various drug/lipid ratios.
102431TEA-SOS liposomes for drug loading were prepared as in Example 40 except 
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EXAMPLE 47. Preparation and pharmacokinetic properties of vinorelbine 
liposomes comprising non-ionic lipid derivatives of poly(ethylene glycol). 

[0251} Methoxy-PEG (Mol. weight 2,000)-derivative of synthetic C2o-ceramide (PEG-

ceramide) was obtained from Northern Lipids, Inc., Canada .. Methoxy-PEG(Mol. weight 

2,000)-distearoylglycerol (PEG-DSG) (SUNBRIGHT GS20) was from NOF Corp., 

Japan. 

[0252] Liposomes having the lipid composition ofDSPC, cholesterol, and PEG-lipid 

(PEG-ceramide or PEG-DSG) in the molar ratio of3:2:0.3 and entrapped TEA-SOS 

solution (0.65 M TEA, pH 6.4, osmolality 502 mmollkg) were prepared by the ethanol 

mixing/extrusion method of Example 11. The extrusion step included two passages 

through two stacked polycarbonate membrane filters 2 times using pore size 0.2 !lm and 

10 times using 0.08 [lm pore size. The liposomes were loaded with vinorelbine at the 

drug/phospholipid ratio of 350 mgimmol, characterized by size, drug, and lipid 

concentration, and their pharmacokinetics was studied in rats as in Example 46. Both 

fonnulations showed prolonged circulation time of the lipid matrix and slow release of 

the drug in vivo, with at least 50% of the drug remaining encapsulated after 24 hour in the 

blood ill vivo, as shown in the Table 29 below. 

Table 29 Characterization ofvinorelbine liposomes with various PEG-lipids. 

PEG-lipid Liposome size, Drug load, Loading Blood half-life Time to 50% drug 

nm, mean± SO mg/mmol efficiency% of the lipid release in the blood, 

(by QELS) phospholipid matrix, hours hours 

PEG-ceramide 103.3 ± 30.9 291.4±18.0 83.26 ± 5.14 14.0 102.7 

PEG-DSG 101.3 ± 20. J 359.3 ± 7.2 I02.7±2.! 15.1 24.6 

(02531 Remarkably, the increased PEGylation of these liposomes (PEG lipid content 

about 5.7 mol.% of the total lipid) had practically no effect on the liposome blood 

circulation longevity compared to the similar, size-matched liposomes having low 

PEGylation of about 0.3 mol. % of total lipid (Example 45, 109.6 nm, tl/2=14.3 hours; 

98.5 nm, t 1i2=13.0 hours). 

that the TEA-SOS solution with 0.65 M TEA, pH 5.4, osmolality 521 mmolikg was used instead of
TEA-N solution, and the liposomes were extruded through 80 nm pore size polycarbortate
membranes. The liposome size was 86.6  12.9 nm by QELS. VRB was added to the liposomes in
aqueous 5 InM HEPES-Na, 5% Dextrose, pH 6.5, at various drug-to-phospholipid ratios, and the
mixture was subsequently incubated at 60 C for 30 min. The VRB-loaded Liposomes were then
isolated and analyzed as in Example 40. 10244lThe calculated drug-to-Lipid ratios in the VRB
liposomes are shown in Table 26. Remarkably, as opposed to polymeric anion assisted loading,
vinorelbine loading in the Liposomes with polyanionized sugar (sucrose octasulfate) was practically
quantitative independently of the drug/lipid ratio for up to 450 mg VRB/minol phospholipid, and only
slightly less (88%) at 550 ing VRB/mmol phospholipid. Table 26. Dependence of vinorelbine loading
into Liposomes on rug-to-lipid ratio V lorelbinelphospholipid ratio, mg/mmol Loading efficiency (%)
Total Encapsulated into liposomes  150 159.9 11.5 106.6  8.1 950 255. 12.4 .102.2 -- 5.1 350 381.8
16.3 109.1thz 5.1 
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EXAMPLE 48. Preparation of HER2-targeted liposomal vinorelbine and 
cytotoxicity of free, HER2-targeted, and non-targeted liposomal vinorelbine 
against MDA-MB-453 cells in vitro. 

[02541 Vinorelbine-loaded liposomes (Ls-VRB) were prepared as in Example 42 

(without eH]-CHE) using drug loading at pH 6.0 and 350 [lg vinorelbine/[lmol 

phospholipid. Anti-HER2 immunoliposomal vinorelbine (F5-ILs-VRB) was fonned by 

incubating these liposomes with F5-PEG-DSPE conjugate as described in Example 19 

and 42 above, except that [3H]-CHE was not added. "Free" vinorelbine was prepared by 

dilution of vinorelbine bitartrate 10 mg/ml solution USP into the cell culture medium. 

[0255} MDA-MB-453 are human breast adenocarcinoma cells (American Type 

Culture Collection, Rockville, MD) that moderately overexpresses HER2 receptor (about 

3x I 04 to 1 x 1 05 copies/cell). Cytotoxicity ofVRB delivered as the free drug, as 

nontargeted liposomal vinorelbine, or as HER2-targeted (F5)-immunoliposomal 

vinorelbine against MDA-MB-453 cells was detennined as described in Example 27, 

except that the cells were plated in 96 well microtiter plates under the supplier­

recommended growth conditions (Leibowitz L-15 with 10% fetal calf serum, no CO2 

supplementation) at a density of 10,000 cells/well, and the drug formulations were added 

in a series of 1:3 stepwise dilutions starting with 0.03-0.1 mg/ml. The cell viability data 

were plotted against drug concentration (Figure 25) and drug concentrations required to 

reduce the cell viability to 50% (lCso) were estimated from the graphs. ICso of F5-

targeted vinorelbine liposome 0.06 }lg/ml) was close to that of the free drug (0.07 }lg/ml) 

and substantially lower than that of non-targeted liposomes (2.2 }lg/ml). This represents a 

37-fold enhancement in activity as a result of cancer cell-specific targeted delivery of the 

drug. 

[02561 

EXAMPLE 49. Cytotoxicity of free, HER2-targeted, and non-targeted 
liposomal vinorelbine against CaLu-3 cells ill vitro. 

The liposomes and methods of the previous example (Example 48) were used 

to study cytotoxicity of free vinorelbine, Ls-VRB, and FS-ILs-VRB in HER2-

overexpressing human non-small cell lung carcinoma cells CaLu-3 (American Type 

Culture Collection, Rockville, MD). The cells were grown in RPMI-1460 medium with 

10% fetal calf serum in the presence of 5% CO2. The results are shown in Figure 26. The 

IC so for free VRB was 1.2 [lg/mJ, 10 [lg/ml for FS-ILs-VRB, and 50 Jlglml for 

450 456.1 .- 29.5 101.4 -.... 6.6 550 486.2 - 26.0 88.4 ti: 42  EXAMPLE 43. Preparation of
HER2-targeted immunoliposomes loaded with vinorelbine by TEA-Pit method, and comparative blood
pharmacolcinetics of HER2-targeted and nontargeted vinorelbine liposomes in rats. [02451Anti-HER2
scEv FS-PEG-DSPE conjugate was prepared as in Example 19. HER2-targeted vinorelbine
immunoliposomes were prepared by incubation of non-targeted vinorelbine liposornes (Example 41,
loaded at druglphospholipid ratio of 350 mg/rnmol) with F5-PEG-DSPE conjugate (Example 19) in
aqueous 20 rriM HEPES-Na, 135 rnM NaC1, pH 6.5 buffer at the proteiniphospholipid ratio of 15
mg/rninol at 60C  96 for 30 min. Unincorporated F5 conjugate was removed by gel chromatography on
a Sepharose 48 column eluted with the same buffer. Non-targeted liposomes (Ls-Pn-VRB) and
HER2-targeted ones (F5-1Ls-Pn-VRB) were administered iv. to female Albino rats (8-9 weeks old; 200
g) at a dose of 5 mg VRB/kg. At various time points, blood was collected as described in Example 9,
and analyzed for VRB and the liposome lipid as in Example 41. Blood half-life of the liposome lipids
and the 50% drug release time were calculated from the lipid concentration-time plots or by drug/lipid
ratio-time plots, respectively; by finding best -fit to monoexponential kinetics using the MICROSOFT
EXCEL (Microsoft Corp.) spreadsheet TREND function. The results (Figure18) indicated that both
targeted and non-targeted vinorelbine liposomes had identical drug and lipid phannaeokinetics with
lipid half-life of about 12.1 hours and 50% drug release time of about 4.3 hours. EXAMPLE 44.
Preparation and comparative in vivo stability of vinorelbine liposomes prepared using ammonium and
substituted ammonium salts. 102461Ammonium dextran sulfite (DS-A) solution with p1-1 5.8, 0. 65 NI
N1-14+, osmolality of 390 mmoilkg, and triethylammonium dextran sulfate solution (DSTEA)with pH
6.0, 0. 65 M NH4", osmolality 465 mmolikg, were prepared from Dextran sulfate with mol. weight
10,000 (Sigma Chemical Co.) according to the method of Example 4; using titration with 12.4 M
aqueous ammonia or neat miethylamine, respectively. Ammonium sulfate (S-A) aqueous solution 325
rriM, pH 5.1, osmoiality 703 mmol/kg, was prepared from analytical grade ammonium sulfate. All three
solutions contained less than I % Na of the total cation content. Liposomes entrapping these solutions
were prepared using the ethanol mixing-extrusion method of Example 41
(DSPC/Cholesterol/PEG-DSPE 3:2:0.015 molar ratio). Radioactive lipid label CHFCHE was included
in the lipid matrix at 1.5 mCi/mmol phospholipid. Extrusion step consisted 
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nontargeted Ls-VRB. This represents a 5-fold enhancement in liposome-encapsulated 

drug activity as a function of targeted delivery to the cells. 

EXAMPLE 50. Cytotoxicity of free, HER2-targeted, and non-targeted 
liposomal vino.'elbine against SKBr-3 cells in vitro. 

10257] The liposomes and methods of Example 48 and the were used to study 

cytotoxicity of free vinorelbine, Ls-VRB, and F5-ILs-VRB in HER2-overexpressing 

human breast carcinoma cells SKBr-3 (American Type Culture Collection, Rockville, 

- MD), except that the cells were grown in the modified McCoy 5A medium with 10% fetal 

calf serum in the presence of 5% CO2, plated at a density of 5,000 cells/well, and the 

drug was incubated with the cells for 6 h. 

(0258] The results are shown in Figure 27. The ICso for free VRB was 0.28 flg/ml, 

0.17 flg/ml for F5-ILs-VRB, and 0.8 flg/ml for nontargeted Ls-VRB. This represents a 

4.7-fold enhancement in drug activity as a function of targeted delivery. 

[02591 

EXAMPLE 51 III vivo antitumor efficacy of liposomal vinorelbine in HT29 
human colon cancel' xenografts in mice, 

Small unilamellar vesicle liposomes (93.2 ± 26.4 nm by QELS) were prepared 

from distearoylphosphatidylcholine, cholesterol, and PEG-DSPE (3:2:0.045 molar ratio) 

by hydration from a concentrated ethanolic solution in an aqueous solution of 

triethylammonium sucroseoctasulfate (0.6 M triethylammonium, pH 5.7-6.2), followed 

by repeated extrusion through polycarbonate membranes (100 nm pore size), removal of 

extraliposomal polyanionic salt, and loading with vinorelbine by incubation with the 

liposomes in isoosmotic buffer pH 6.5, drug/lipid ratio of325 mg VRB/mmol 

phospholipid, at 60°C as described in Example 42. 

[0260] Female BALB/c homozygous nude mice (6-8 weeks, weighing 17-20g) were 

injected subcutaneously in the flank area with 1 x 1 06 of HT -29 human colon carcinoma 

cells (American Type Culture Collection, Rockville, MD). Starting with day 16 post­

tumor inoculation, when the mean tumor diameter reached 5-8 mm, the mice were 

randomly divided into three groups of six animals each and treated with free or liposomal 

vinorelbine at a dose of 5 mg/kg through the tail-vein every three days for a total of four 

injections. For the control group, mice were treated with an equal volume of saline. The 

tumor size of each mice was measured using a caliper and the tumor volume was 

of 10 passages through two stacked 0.1 tIM polycarbonate membranes. VRB was added to the
liposomes in 5 mM HEPES-Na, 5% Dextrose; pH 6.5, at a drug-to-phospholipid ratio of 350 mg/mmol,
the pH was adjusted to 6.5 using I N NaOH, and the mixture was incubated at 58-60C "C for 30 min.
The reaction was then chilled on ice for 15 min, and unencapsulated drug was removed using
Sephaclex G-75 gel filtration chromatography, eluting with aqueous 20 mM HEPES-Na, 135 mM NaCI,
pH 6.5. The purified, vinorelbine-loaded liposornes were analyzed for VRB spectrophotometrically and
for  97 phospholipid using the phosphate assay of Bartlett (1959) (see Examples 70, 71). Blood
phannacokinetics of the liposomal lipid and drug was studied in rats as in Example 43. [0247]The
results are shown in Figures 19-20, and in Table 27. Liposomes loaded with triethylammonium
dextransulthte were compared with those loaded using ammonium salt of dextran sulfate.
Unexpectedly, those loaded using the triethylammonium salt were considerably more stable than
those loaded using ammonium salt. The phannacokinetics of the liposomal carrier itself was similar
with the three different formulations and was thus primarily dependent on the lipid composition
employed. Leakage of vinorelbine from Ls-VRB loaded using triethylammoniuin de an sulfate was
about three times slower than from those loaded using ammonium dextransulfatc. The liposornes
loaded using ammonium sulfate had the fastest drug leakage rate, Table 27. Comparative in vivo
stability of drug encapsulation into liposomes using entrapped ammonium and substituted ammonium
salt. Formulation, liposome-entrapped Liposome size, nm, mean 1. SD Blood half-life of the lipid Time
to 50% drug release in the blood, hours salt (by QELS) matrix, hours  DS-TEA 120.8  28.5 
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calculated using the fonnula: (tumor length)x(tumor width)2/2. To assess treatment­

related toxicity, the animals were also weighed twice weekly. Liposomal vinorelbine was 

shown to be considerably more efficacious in suppressing the growth ofHT-29 tumors 

that free vinorelbine, causing tumors to regress, while in the free drug group the tumors 

always continued to grow (Figure 28). There was little change in animals' body weight 

during the course of treatment indicating that the treatment was well tolerated, and that 

liposomalization did not increase the drug toxicity (Figure 29). 

[02611 

EXAMPLE 52 In vivo antitumor efficacy of liposomai vinorelbine against c-
26 syngeneic murine colon cancer tumors. 

Liposomal vinorelbine and free vinorelbine were prepared as in Example 48. 

Male BALB/c mice (6-8 weeks, weighing 17-20g) were inoculated subcutaneously with 

2x 1 05 of C-26 murine colon carcinoma cells. At day 17 post-inoculation, when the mean 

tumor diameter reached 5-8 mm, mice were randomly divided into six treatment groups 

offive animals/group. The tumor bearing mice were injected through the tail-vein with 

free vinorelbine at 6 mg/kg, 8 mg/leg, or 12 mg/kg, and with liposomai vinorelbine at 4 

mg/leg or 6 mg/kg every three days for a total of four injections. For the control group, 

mice were injected with equal volume of nonnal saline. Tumor sizes and animals body 

weights were followed as in Example 51. Liposomal vinorelbine even at 4 mg/kg, was 

considerably more efficacious in reducing the tumor growth than free drug at 12 mg/kg 

(Figure 30), The animal body weights in the course of treatment showed little change 

« 1 0% decrease) indicating that the toxicity ofliposomal vinorelbine was not increased 

compared to that of free drug (Figure 31). 

EXAMPLE 53 III vivo antitumor efficacy of HER2-targeted IiposomaI 
vinorelbine against BT-474 human breast cancer xenograft tumors in mice: 
effect of loading counter-ion. 

[0262] VRB-loaded liposomes 99.5 ± 10.2 nm in size were prepared by the TEA-Pn 

method of Example 41 and TEA-SOS method of Example 42, respectively, except that 

[3H]-CHE was not added. VRB was loaded at the drug/phospholipid ratio of350 

mg/mmol. HER2-targeted liposomal vinorelbine was fonned by incubating these 

liposomes with F5-PEG-DSPE conjugate (see Example 19) as described in Example 43. 

BT-474 HER2-overexpressing human breast carcinoma xenografts were raised in 

homozygous nude mice as in Example 10. At day 25 post tumor cell inoculation, when 

9.5 1 3.3 66.3  13.4 DS-A 107.8  15.4 11.20.6 22.9 1.7 S-A 114.5. 1 15.6 10.7  0.2 t.77 0.16
EXAMPLE 45. Preparation and in vivo stability of vinorelbine loaded liposornes of various size.
[0248][3M-04E-labeled liposornes (1.5 mCi/mmol phospholipid) with entrapped solution of
triethylarnmonium sucrose octasulfate (0.65 M TEA, pH 6.4, osmolality 502 mind/kg) were prepared by
the ethanol mixing-extrusion method of Example 11. The extrusion step contained 15 passages
through two stacked polycarbonate membranes with the pore size of 0.05, 0.08, or 0.1 pm. Vinorelbine
loading, isolation of vinorelbine liposomes, and liposome characterization followed the method of
Example 40. Female Albino rats (8-9 weeks old; 200 g) were used to study Liposome in vivo stability.
Liposome lipid and drug phammeokineties was studied in rats as in Example 43.  98 [02491The
results are shown in Figures 21, 22, and in the Table 28 below. Liposomes extruded through 0.05,
0.08, and 0.1 urn polycarbonate filters were compared and shown to have similar drug and liposomal
carrier pharmacokinetics, as well as a similar extent of contents leakage. The drug release from the
liposornes in blood was characterized by the 50% release times in the range of approximately 40-80
hours, well above 24 hours. 
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the tumors reached about 200 mm3 in size (range 144-309 mm\ the mice were 

randomized into four groups of eight animals/group, and treated i.v. with S mg/kg of free 

VRB, FS-ILs-VRB with Pn as a counter-ion, or FS-ILs-VRB with SOS as a counter-ion, 

at a dose of S mg/kg weekly for a total of three injections. The control group received 

equal volume of normal saline. The tumors and animal body weights were monitored as 

in Example 10. HER2-targeted liposomal vinorelbine loaded using sucrose octasulfate 

was noticeably more efficacious in reducing tumor growth than the same targeted 

construct loaded using poly(phosphate), and both immunoliposomal preparations were 

considerably more efficacious than free vinorelbine when administered at a dose of S mg 

VRB/kg (Figure 32). The drug-treated mice demonstrated little change in weight 

indicating that the treatment was well tolerated (Figure 33). 

[02631 

EXAMPLE 54. III vivo antitumor efficacy of HER2-targetcd liposomal 
vinOl"elbine against BT-474 human breast cancer xenograft tumors in mice: 
effect of PEGylation. 

The liposomes ofDSPC and cholesterol in the molar ratio 3:2 were prepared 

according to Example 48 by hydration of the lipid matrix ofDSPC, cholesterol, and PEG­

distearoylglycerol with PEG mol. weight 2,000 (GS-20, NOP Corp., Japan) at a molar 

ratio 3 :2:0.0 IS ( IfO.5%PEG fI
) or 3:2:0.3 (If 10%PEG If

) via ethanolic solution method in an 

aqueous triethylammonium sucroseoctasulfate, followed by membrane extrusion 

according to Example 48. VRB was loaded into the jiposomes at the drug/phospholipid 

ratio of350 mg/mmo!. FS immunoliposomal yinorelbine was formed by incubating these 

liposomes with FS-PEG-DSPE conjugate (Example 19) as described in Example 43. 

Nude mice with BT-474 xenografts were raised and treated i.v. with free VRB, F5-ILs­

VRB- tf O.5%PEG", or FS-ILs-VRB-"IO%PEG" at 5 mg/kg as in Example 53. As shown in 

Figure 34 , F5-ILs-VRB with higher PEGylation provided with a non-ionic PEG lipid 

delivative PEG-DSG was noticeably more efficacious in reducing tumor growth than FS­

ILs-VRB with lower amount ofPEG-DSG, while both preparations were more active 

than the free drug. 

(0264} 

EXAMPLE 55 III vivo antitumor efficacy of EGFR-targeted iiposomal 
vinorelbine against U87 human brain cancer xenograft tumors in mice. 

The liposomes (86.6 ± 12.9 nm in size by QELS) with encapsulated 0.65 M 

TEA-SOS solution were prepared and loaded with VRB according to Example 42. Anti-

Table 28. Characterization of xinorelbinel posomes. Liposome size,Drug load,LoadingBlood half-life of
Time to SO% nm, mean  SDmg/mmolefficiency, 86the lipid matrix,drug release in (by
QELS)phospholipidhoursthe blood, hours 87.6d: 28.1 352.413.9 100.7 + 4.0 14.6 0.7 39.73.1 98.5
15.1 372.6  72.7 92.7  6.5 13.0 et, 0.2 47.9 3.8 109.6  24.6 357.0 10.5 102.0  3.0 14.3  0.3 
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EGFR-immunoliposomal VRB (C225Fab'-ILs-VRB) was prepared by incubation of 

VRB liposomes with the PEG-DSPE conjugate of an anti-EGFR antibody Fab' fragments 

as described in Example 36. 

10265] Male NCR llu/nu mice (5-6 weeks, weighing 17-20 g) were injected 

subcutaneously in the flank area with 1 x 1 07 ofU87 human glioblastoma cells (ATCC) 

suspended in the growth medium in a total volume of 150)l1. When the tumor reached an 

average size 0[250 mm3
, mice were randomly divided into four groups of 10-12 animals. 

The mice were treated with three weekly i.v. injections of "free" VRB, nontargeted Ls­

VRB, or C225Fab'-ILs-VRB at a dose of 5 mg VRB/kg .. The control group received an 

equal volume of saline. The tumor sizes and animal body weights were monitored as in 

Example 10. C225-Fab' -ILs-VRB was noticeably more efficacious in suppressing the 

growth of EGFR-overexpressing human brain cancer xenograft tumors than either non­

targeted liposomal vinorelbine or free vinorelbine at an equal dose (Figure 35). 

[02661 

EXAMPLE 56. Preparation and phal-macokinetics of doxorubicin 
encapsulated in the liposomes using triethylammonium sulfate method. 

Liposomes with various lipid matrix composition (as indicated in the table 

below) were formed as described in Example 2. N-GlutaryJ-DSPE (Glu-DSPE) was from 

A vanti Polar Lipids, AL, USA. A neat lipid film was formed from the lipid solution in 

chloroform using rotary evaporati,on, trace volatiles were removed under vacuum (90 )lm 

Hg, 2 hours), the lipid film was hydrated in a triethylammonium sulfate (TEA-S04) 

solution (0.65 N TEA), subjected to six cycles of rapid freeze and thaw, and extruded 

through two stacked 0.1 )lm pore size polycarbonate filters ten times and through two 

stacked 0.05 )lm pore size polycarbonate filters ten times. For lipid matrix quantification 

in the blood samples, eHJ-CHE was included in the lipid matrix at 0.5-1.5 mCi/mmol 

phospholipid. The liposomes with entrapped TEA-S04 solution were loaded with 

doxorubicin according to Example 2. The liposomes in HEPES-buffered saline (20 mM 

HEPES-Na, 135 mM NaCl, pH 6.5) were incubated with doxorubicin hydrochloride 

(drug/phospholipid ratios of 140-170 mg/mmol) at 60°C for 45 min followed by 

quenching on ice and removal of unencapsulated doxorubicin by gel chromatography. 

Doxorubicin was assayed by spectrophotometry (Example 71), and phospholipid was 

assayed by Bartlett method (Example 70). The properties of resulting liposomes are 

summarized in Table 30 below. 

78.0 1.4  EXAMPLE 46 . Preparation of 1-{ER2-targeted vinorelbine liposornes using TEA-SOS
entrapment method, and pharmacoldneties of ITEM sefv-targeted and non-targeted immunoliposomal
vinorelbine in rats. 102501Liposomes were prepared, loaded with vinorelbine at the 350 trigirarnol
drug- phospholipid ratio, and analyzed as described in Example 43, except that TEA-SOS solution of
Example 45 was substituted for TEA-Pn solution. Extrusion step included 15 passages through 0.08
pm pore size polycarbonate filters. The Liposome size was 95.0  26.0 nm by QELS.F.Sselly-linked
anti-HER2 vinorelbine immunoliposomes were prepared from these vinorelbine Liposomes, and blood
pharmacokinetics of the liposomal lipid and drug of HER2-targeted and nontargeted Liposome
vinorelbine was studied in rats as described in Example 43. Circulation half-life of the liposome Lipid
was 11.4 hours and 10.3 hours, and the 50% drug release time was 30.9 hours and 30.3 hours for
F5-ILs-VRB and Ls-VRB, respectively. Thus, the lipid and drug phannacokineties of Ls-VRB and F5-
1Ls-VRE was very close, indicating that the introduction of the scEv-PEG-DSPE conjugate neither
affected clearance of the carrier itself nor resulted in increased leakage of the drug from the earner
while in the circulation (Figs. 23, 24).  99 EXAMPLE 47. Preparation and pharmacokinetic properties of
vinorelbine liposomes comprising non-ionic lipid derivatives of poly(ethylene glycol).
102511Methoxy-PEG (Mol. weight 2;000)-derivative of synthetic C20-ceramide (PEG- ceramide) was
obtained from Northern Lipids, Inc., Canada.. Methoxy-PEG(Mol. weight 2,000)-distearoylglycerol
(PEG-DSG) (SUNBR1GHT 0820) was from NOD Corp., Japan. 102521Liposomes having the lipid
composition of DSPC, cholesterol, and PEG-lipid (PEG-ceramide or PEG-DSG) in the molar ratio of
3:2:0.3 and entrapped TEA-SOS solution (0.65 M TEA, pH 6.4, osmolality 502 rnmolikg) were
prepared by the ethanol mixing/extrusion method of Example 11. The extrusion step included two
passages through two stacked polycarbonate membrane filters 2 times using pore size 0.2 um and 10
times using 0.08 um pore size. The liposomes were loaded with vinorelbine at the druglphospholipid
ratio of 350 mgimmol, characterized by size, drug; and lipid concentration, and their pharmacokinetics
was studied in rats as in Example 46. Both formulations showed prolonged circulation time of the lipid
matrix and slow release of the drug in vivo, with at least 50% of the drug remaining encapsulated after
24 hour in the blood in vivo, as shown in the Table 29 below. Table 29 Characterization of vinorelbine
liposomes with various PEG-lipids. Liposome. size,Drug load,LoadingBlood half-life Time to 50% drug
rim, mean  SDnagimmolalt ciency%of the lipidrelease in the blood, (by QEL.S)phospholipidmatrix,
hourshours PEG-ceramide 
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Table 30. Properties ofliposomal doxorubicin at various lipid'compositions. 

Lipid composition (molar ratio) Liposome size, nm drug/phospholipid 

(mean ± SD by QELS) (mg/minol) 

DSPCIChoI/PEG-DSPE (3:2:0.015) 81.8 ± 27.3 

DSPCIChol (3:2) 79.1 ± 27.9 

DSPCIChoIlGlu-DSPE (2.85:2:0.15) 83.6 ± 27.2 

163.6 ± 4.4 

137.0 ± 17.5 

141.7 ± 10.4 

DSPCICho!/PEG-DSPE (2.7:2:0.3) 83.7 ± 23.1 17S.0± 6.8 

[0267} Blood phannacokinetics of these doxorubicin-containing liposomes having 

lipid composition of DSPCIChollPEG-DSPE 2.7:2:0.3 was studied in rats at a singie i.v. 

dose of 5 mg doxorubicin/kg as described in Example 9. The liposomes were long 

circulating (half-life of about 28 hours) (Figure 36). The stable doxorubicin-to­

phospholipid ratio indicated that the fonnulation was remarkably stable against the drug 

leakage in the circulation, losing less than 25 % of the drug over a 48-hour time period. 

EXAMPLE 57. Doxorubicin-loaded liposomes and anti-HER2 
immunoliposomes prepal"ed by TEA-sulfate method: prepal"ation and in vivo 
antitumor efficacy against HER2-overexpressing human breast cancer 
xenografts. 

[0268] Doxorubicin-loaded liposomes having various lipid compositions and 

properties (listed in the table below) were prepared as described in Example 56. 

Doxorubicin-loaded anti-HER2 immunoliposomes were prepared from doxorubicin­

loaded liposomes by co-incubation with anti-HER2 scFv F5-PEG-DSPE conjugate 

(approx. 30 scFv/liposome) as described in Example 19. NCR f1ulnu mice bearing the 

subcutaneous human breast tumor xenograft (BT-474) were raised, treated (in groups of 

10-12 animals) with liposomal or anti-HER2 immunoliposomal doxorubicin at a dose of 5 

mg/kg once weekly for a total of three weeks once the tumors reached an average size of 

200 mm3
, and the tumor progression and animal body weights were monitored as 

described in Example 29" For non-targeted doxorubicin liposome fonnulations, the lipid 

compositions containing no PEG-DSPE, 0.5 mo1.% PEG-DSPE, or 10 mol.% PEG­

DSPE, were studied; for F5-immunoliposomal doxorubicin, the fommlations with 0.5 

mol.% PEG-DSPE and 10 mo1.% PEG-DSPE were studied (here the quantity of PEG­

DSPE is expressed as mol. % ofliposome phospholipid). The results (Figure 37, Table 

31) demonstrated that all doxorubicin treatments were effective in retarding the tumor 

growth. On the basis of tumor sizes at day 53 post inoculation, the differences in tumor 

103.3 30.9 291.418.0 83.26 5.14 14.0 102.7 PEG-DSG 101.3  20.1 359.3  7.2 102.7 2.1 15.1 24.6
102531Remarkably, the increased PEGylation of these Liposomes (PEG lipid content about 5.7 mol.%
of the total lipid) had practically no effect on the liposome blood circulation longevity compared to the
similar, size-matched fiposomes having low PEGylation of about 0.3 mat. % of total lipid (Example 45,
109.6 nm; t1,2-14.3 hours; 98.5 nm, t1y2=13.0 hours). 
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growth inhibition among all three non-targeted liposome groups did not raise to statistical 

significance (ANOV A p=0.081), but the immunoliposome doxorubicin was significantly 

more efficacious than non-targeted liposomal doxorubicin (ANOV A p=S.Sx I 0. 1°), the 

"I O%PEG-DSPE" formulation being more efficacious than "O.S%PEG-DSPE" (Student's 

t-test, p=0.027). In the" 10%PEG-DSPE" FS-ILs group, the tumors regressed to I mm3 or 

less in 67% of animals, while in "O.S%PEG-DSPE" FS-ILs group only in 9%. In the 

control group (saline treatment) the tumors exceeded the acceptable size limit of 15% 

body weight at day 38-43. 

Table 31. Liposomal doxorubicin in vivo antitumor efficacy study: liposome 

characteristics and treatment outcomes. 

Lipid composition Liposome drug/phospholipid 

SIze, nm ratio, mg/mmol 

(mean ± SD) (mean ± SD) 

DSPC/ChoI/PEG-DSPE 83.4 ± 23.3 136.7 ± 6.7 

(3:2:0.015) 

DSPCICho! (3:2) 80.5 ± 26.6 lS1.2± 1.9 

DSPC/Chol/PEG-DSPE (2.7:2:0.3) 81.0±24.7 140.1 ± 4.2 

DSPCIChoI/PEG-DSPE not measured 140.7 ± 2.8 

(3:2:0.015) + FS scFv-PEG-DSPE 

DSPC/Chol/PEG-DSPE (2.7:2:0.3) not measured 132.9 ± 2.2 

+ FS scFv-PEG-DSPE 

EXAMPLE 58 Preparation of liposomai vinblastine and blood 
pharmacokinetics of !iposomal vinblastine in rats. 

Average tumor size 

at day 58, mmJ 

(mean ± SEM) 

490 ± 74 

587 ± 61 

365 ± 60 

119± 39 

15.5 ± 7.6 

(02691 Liposomes with entrapped aqueous TEA-80S solution (0.65 M TEA, pH 6.4, 

osmolality 502 mmollkg) and size 99.5 ± 10.2 nm (mean± SD by QELS) were prepared 

by the method of Example II using extrusion 2 times through two stacked 0.2 [1m 

polycarbonate membranes and ten times through two stacked 0.08 [1m polycarbonate 

membranes. Vinblastine (VBL) in the form of vinblastine sulfate USP was added at a 

drug-to-phospholipid ratio of 150 mg/mmol. The pH of the drug-liposome mixture was 

adjusted to 6.5 using I N NaOH, and the mixture was subsequently incubated at 60 DC for 

30 min. The reaction was then cooled on ice for 15 min and unencapsulated drug 

100 EXAMPLE 48. Preparation of HER2-targeted liposomal vinorethine and eytotoxicity of free,
HER2-targeted, and non-targeted liposomal vinorethine against MDA-MB-453 cells in vitro. 102541V
norelbine-loaded Liposomes (Ls-VRB) were prepared as in Example 42 (without( likalE) using drug
loading at pH 6.0 and 350 ug vinorelbinelmnol phospholipid. Anti-HER2 immunoliposomal vinorelbine
(F5-1Ls-VRB) was formed by incubating these liposomes with F5-PECI-DSPE conjugate as described
in Example 19 and 42 above, except that [3I-1]-CHE was not added. "Free" vinorelbine was prepared
by dilution of vinorelbine bitartrate 10 mg/MI solution USP into the cell culture medium.
102551MDA-MB-453 are human breast aclenocarcinoma cells (American Type Culture Collection,
Rockville, MD) that moderately overexpresses HER2 receptor (about 3x104 tolx105 copies/cell).
Cytotoxicity of VRB delivered as the free drug, as nontargeted liposomal vinorelbine, or as
HER2-targeted (F5)-immunoliposomal vinorelbine against MDA-MB-453 cells was determined as
described in Example 27, except that the cells were plated in 96 well microliter plates under the
supplier-recommended growth conditions (Leibowitz L-15 with 10% fetal calf serum, no CO2
supplementation) at a density of 10,000 cells/well, and the drug formulations were added in a series of
1:3 stepwise dilutions starting with 0.03-0.1 mg/ml. The cell viability data were plotted against drug
concentration (Figure 25) and drug concentrations required to reduce the cell viability to 50% (1050)
were estimated from the graphs. 1050 of F5- targeted vinorelbine liposome 0.06 fig/m1) was close to
that of the free drug (0.07 ng/m1) and substantially lower than that of non-targeted liposomes (2.2
['gimp. This represents a 37-fold enhancement in activity as a result of cancer cell-specific targeted
delivery of the drug.  EXAMPLE 49. Cytotoxicity of free, HER2-targeted, and non-targeted liposomal
vinorelbine against CaLti-3 cells in vitro. 102561The liposomes and methods of the previous example
(Example 43) were used to study cytotoxicity of free vinorelbine, Ls-VRB, and F5-ILs-VRB in HER2-
overexpressing human non-small cell lung carcinoma cells CaLu-3 (American Type Culture Collection,
Rockville, MD). The cells were grown in RPMI-1460 medium with 10% fetal calf serum in the presence
of 5% CO2. The results are shown in Figure 26. The IC50 for free VRB was 1.210 ig/m1 for
F5-ILs-VRB, and 50 ugiml for  101 nontargeted Ls-VRB. This represents a 5-fold enhancement
liposonae-encapsulated drug activity as a function of targeted delivery to the cells. EXAMPLE 50.
Cytotoxicity of free, HER2-targeted, and non-targeted liposomal vinorelbine against SICEr-3 cells in
vitro. 102571The liposomes and methods of Example 48 and the were used to study eytotoxicity of
free vinorelbine, Ls-VRB, and 175-1Ls-VRB in HER2-overexpressing human breast carcinoma cells
SKBr-3 (American Type Culture Collection, Rockville, MD), except that the cells were grown in the
modified McCoy 5A medium with 10% fetal calf serum in the presence of 5% CO,,, plated at a density
of 5,000 cells/well , and the drug was incubated with the cells for 6 h. 102581The results are shown in
Figure 27. The IC50 for free VRB was 0.28 pg/ml, 0.17 ttgiml for F5-ILs-VRB, and 0.8 ig/m1 for
nontargeted Ls-VRB. This represents a 4.7-fold enhancement in drug activity as a "'Unction of targeted
delivery. 
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removed using Sephadex G-75 gel filtration chromatography, eluting with 5 mM HEPES­

Na, 135 mM NaCl, pH 6.5. The purified liposomes were then analyzed for VBL 

spectrophotometrically and for phospholipid by Bartlett method as in Examples 70 and 

71. eH]-CHE was included in the· formulation at a ratio of 1.5 mCi/mmol phospholipid. 

The liposomal vinblastine had 152.4 ± 12.0 mg VBLlmrnol phospholipid (quantitative 

encapsulation). 

[0270} Blood pharmacokinetics ofthe liposomal vinblastine in female Albino rats (8-9 

weeks old; 200 g) at a dose of 5 mg VBLlkg was studied as described in Example 9. 

Vinblastine was quantified in blood plasma samples as described in Example 41 (using 

vinorelbine as internal standard). Vinblastine liposomes showed good circulation 

longevity (plasma half-life of the lipid component 12.8 ± 0.04 hours) (Figure 38) and very 

good stability against drug leakage from the liposomes with greater than 70 % of the 

initial vinblastine load remaining encapsulated after 24 h (Figure 39). The post-injection 

time to achieve release of 50% of the encapsulated drug was found to be 40.6 ± 1.2 hours. 

10271) 

EXAMPLE 59 Preparing Hposomes loaded with vincristine using TEA-SOS 
method and the effect of pH on the loading efficiency. 

Liposomes with the size of 86.6 ± 12.9 nm (by QELS), lipid composition of 

DSPCIChoIlPEG-DSPE in the molar ratio of3:2:0.015 and entrapped aqueous TEA-SOS 

solution (0.65 M TEA, pH 5.4, osmolality 521 mmol/kg) were prepared by the method of 

Example 11 using extrusion step of 15 passages through two stacked 0.08 )1111 pore size 

polycarbonate membranes. Vincristine (VCR) was added to the liposomes in 5 mM 

HEPES-Na, 5% dextrose aqueous buffer, pH 6.5, as vincristine sulfate at a drug-to­

phospholipid ratio of 350 )1g vincristine/)1moJ phospholipid, the pH was adjusted to the 

indicated ratio using I N NaOH, the mixture was incubated at 60°C for 30 min, chilled 

on ice for 15 min, and the liposomes were separated from unencapsulated drug using 

Sephadex G-75 gel filtration chromatography, eluting with HBS-6.5 (20 mM HEPES, 135 

mM NaCl, pH 6.5). The purified Iiposomes were then analyzed for vincristine by 

spectrophotometry using absorbance at 265 nm after solubilization in acid isopropanol, 

and for the phospholipid content using the phosphate assay of Bartlett (1959). 

[0272} The results are shown below in Table 32. The drug loading was in excess of 

90% in the range of pH 4.5-7.5, and practically quantitative at pH 5.0-7.5. At pH 3.5, 

EXAMPLE 51/n vivo antitumor efficacy of liposomal vinorelbine in 11129 human colon cancer
xenografts in mice. 102591Small unilamellar vesicle liposoirtes (93.2 + 26.4 run by QELS) were
prepared from distearoylphosphatidylcholine, cholesterol, and PEG-DSPE (3:2:0.045 molar ratio) by
hydration from a concentrated ethano lie solution in an aqueous solution of triethylammonium
sucroseoctasul fate (0.6 M triethylammonium, pH 5.7-6.2), followed by repeated extrusion through
polycarbonate membranes (100 am pore size), removal of extraliposomal polyanionic salt, and loading
with vinorelbine by incubation with the liposomes in isoosmotic buffer pH 6.5, drug/lipid ratio of 325 mg
VRB/mmol phospholipici, at 60C as described in Example 42. 102601Female BALB/c homozygous
nude mice (6-8 weeks, weighing 17-20g) were injected subcutaneously in the flank area with I x106 of
HT-29 human colon carcinoma cells (American Type Culture Collection, Rockville, MD). Starting with
day 16 post-tumor inoculation, when the mean tumor diameter reached 5-8 mm, the mice were
randomly divided into three groups of six animals each and treated with free or liposomal vinorelbine at
a dose of 5 mg/kg through the tail-vein every three days for a total of four injections. For the control
group, mice were treated with an equal volume of saline. The tumor size of each mice was measured
using a caliper and the tumor volume was  102 calculated using the formula: (tumor length)x(tumor
width)2/2. To assess treatment-related toxicity, the animals were also weighed twice weekly.
Liposomal vinoreIbine was shown to be considerably more efficacious in suppressing the growth of
HT-29 tumors that free vinorelbine, causing tumors to regress, while in the free drug group the tumors
always continued to grow (Figure 28). There was little change in animals' body weight during the
course of treatment indicating that the treatment was well tolerated, and that liposomalization did not
increase the drug toxicity (Figure 29). EXAMPLE 52 In vivo antitumor efficacy of liposomal vinorelbine
against C26 syngetteic mumble colon cancer tumors. (02611Liposomal vinorelbine and free
vinorelbine were prepared as in Example 48. Male BALM mice (6-8 weeks, weighing 17-20g) were
inoculated subcutaneously with 2x1OD of C-26 murine colon carcinoma cells. At day 17
post-inoculation, when the mean tumor diameter reached 5-8 mm, mice were randomly divided into six
treatment groups of five animals/group. The tumor bearing mice were injected through the tail-vein
with free vinorelbine at 6 mg/kg, 8 mg/kg, or 12 mg/kg, and with liposomai vinorelbine at 4 mg/kg or 6
mg/kg every, three days for a total of four injections. For the control group, mice were injected with
equal volume of normal saline_ Tumor sizes and animals body weights were followed as in Example
51. Liposomal vinorelbine even at 4 mg/kg, was considerably more efficacious in reducing the tumor
growth than free drug at 12 mg/kg (Figure 30), The animal body weights in the course of treatment
showed little change (<10% decrease) indicating that the toxicity of liposornal vinorelbine was not
increased compared to that of free drug (Figure 31). EXAMPLE 53 In vivo antitumor efficacy of
FIER2-targeted liposomal vinorelbine against BT-474 human breast cancer xenograft tumors in mice:
effect of loading counter-ion. 10262]VRB-loaded liposomes 99.5  10.2 nm in size were prepared by the
TEA-Pn method of Example 41 and TEA-SOS method of Example 42, respectively, except that
[31-1]-C1-1E was not added. VRB was loaded at the drua/phospholipid ratio of 350 ing/rnmol.
HER2-targeted liposornal vinorelbine was formed by incubating these liposomes with F5-PEG-DSPE
conjugate (see Example 19) as described in Example 43. BT-474 HER2-overexpressing human breast
carcinoma xenografts were raised in homozygous nude mice as in Example 10. At day 25 post tumor
cell inoculation, when  103 the tumors reached about 200 mm3 in size (range 144-309 mm3), the mice
were randomized into four groups of eight animals/group, and treated i.v. with 5 ing/kg of free VRB,
175-ILs-VRB with Pn as a counter-ion, or F5-1Ls-VRB with SOS as a counter-ion, at a dose of 5
mg./kg weekly for a total of three injections. The control group received equal volume of normal saline.
The tumors and animal body weights were monitored as in Example 10. HER2-targeted liposomal
vinorelbine loaded using sucrose octasulfate was noticeably more efficacious in reducing tumor growth
than the same targeted construct loaded using poly(phosphate), and both immunoliposomal
preparations were considerably more efficacious than free vinorelbine when administered at a dose of
5 mg VRB/kg (Figure 32). The drug-treated mice demonstrated little change in weight indicating that
the treatment was well tolerated (Figure 33). EXAMPLE 54. In vivo antitumor efficacy of
11ER2-targeted liposomal vinorelbine against BT-474 human breast cancer xenograft tumors in mice:
effect of PEGylatiott. 
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which is the pH observed in the liposome mixture after addition of the drug, but without 

pH adjustment, the loading was considerably lower. 

Table 32. pH-Dependence of vincristine loading into liposomes with entrapped TEA­

SOS. 

pH 

3.5 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

Drug/phospholipid ratio, J..lg/J..lmol 

39.7 ± 4.9 

327.2 ± 20.6 

360.6 ± 5.8 

371.2 ± 30.2 

347.7 ± 20.4 

347.7 ± 20.9 

377.3 ± 22.2 

371.5 ± 24.9 

Loading efficiency (%) 

1l.3 ± 0.2 

93.5 ± 5.4 

103.0 ± 1.7 

106.1 ± 9.1 

99.3 ±·5.8 

99.4 ± 5.9 

107.8 ± 6.8 

106.1:1::7.6 

EXAMPLE 60. P.-eparing liposomes loaded with vincristine using TEA-SOS 
method: effect of the drugllipid ratio on the loading efficiency. 

[0273] SOS-TEA-containing liposomes were prepared as in Example 59 and loaded 

with vincristine sulfate at a drug-to-phospholipid ratio of 150-550 J..lg vincristine/J..lmol 

phospholipid at pH 6.5 according to the procedure of Examp1e 59. The liposomes purified 

from unencapsulated drug were then analyzed for VCR by spectrophotometry and for the 

liposome phospholipid using the assay of Bartlett (1959). The drug loading efficiency 

was in excess of 90% over the whole studied range of drug/lipid ratios, and was 

practically quantitative between 150-450 flg vincristine/J..l.mol phospholipid (Table 33). 

[02631The liposornes of DSPC and cholesterol in the molar ratio 3:2 were prepared according to
Example 48 by hydration of the lipid matrix of DSPC, cholesterol, and PEGdistearoylglycerol with PEG
mot. weight 2,000 (05-20, NC.)F Corn., Japan) at a molar ratio 3:2:0.015 ("0.5%PEG") or 3:2:0.3
("10%PEG") via ethanolic solution method in an aqueous triethylammonium sucroseoctasulfate,
followed by membrane extrusion according to Example 48. VRB was loaded into the liposorncs at the
drug/phospholipid ratio of 350 mg/mmol. E5 immunoliposomal vinorelbine was formed by incubating
these liposomes with F5-PEG-DSPE conjugate (Example 19) as described in Example 43. Nude mice
with BT-474 xenografts were raised and treated i.v. with free VRB, F5-ILsVRB-"0.5%PEG", or
F5-ILs-VRB-"10%PEG" at 5 mg/kg as in Example 53. As shown in Figure 34 , F5-1Ls-VRB with higher
PEGylation provided with a non-ionic PEG lipid derivative PEG-DSG was noticeably more efficacious
in reducing tumor growth than F.5- ILs-VRB with lower amount of PEG-DSG, while both preparations
were more active than the free drug. EXAMPLE 55 In vivo antitumor efficacy of EGFR-targeted
liposomal vinorelbine against U87 human brain cancer xenograft tumors in mice.  104
EGFR-immunoliposomal WE (C225Fabt-ILs-VRB) was prepared by incubation of VRB liposornes with
the PEG-DSPE conjugate of an anti-EGER antibody Fab' fragments as described in Example 36.
(02651Male NCR mihm mice (5-6 weeks, weighing 17-20 g) were injected subcutaneously in the flank
area with lx 107 of U87 human glioblastoma cells (ATCC) suspended in the growth medium in a total
volume of 150 ul. When the tumor reached an average size of 250 mm3, mice were randomly divided
into four groups of 10-12 animals. The mice were treated with three weekly i.v. injections of "free"
VRB, nontargeted LsVRB, or C225Fab'-11-s-VRB at a dose of 5 mg VRB/kg.. The control group
received an equal volume of saline. The tumor sizes and animal body weights were monitored as in
Example 10. C225-Fab'ALs-VRB was noticeably more efficacious in suppressing the growth of
EGER-overexpressing human brain cancer xenograft tumors than either non-targeted liposomal
vinorelbine or free vinorelbine at an equal dose (Figure 35).  EXAMPLE 56. Preparation and
pharmacolcinetics of dosorubiein encapsulated in the liposornes using triethylammonium sulfate
method. 102661Liposomes with various lipid matrix composition (as indicated in the table below) were
formed as described in Example 2. N-Glutaryl-DSPE (Giu-DSPE) was from Avanti Polar Lipids, Al_,
USA. A neat lipid film was formed from the lipid solution in chloroform using rotary evaporation, trace
volatiles were removed under vacuum (90 um Hg, 2 hours), the lipid film was hydrated in a
triethylammoniuin sulfate (TEA-SO4) solution (0.65 N TEA), subjected to six cycles of rapid freeze and
thaw, and extruded through two stacked 0.1 pm pore size polyearbonate filters ten times and through
two stacked 0.05 um pore size polycarbonate filters ten times. For lipid matrix quantification in the
blood samples, [31-1}-CHE was included in the lipid matrix at 0.5-1.5 mCiimmol phospholipicl. The
liposomes with entrapped TEA-SO4 solution were loaded with doxorubicin according to Example 2.
The liposomes in HEPES-buffered saline (20 mM HEPES-Na, 135 mM NaCI, pH 6.5) were incubated
with doxorubicin hydrochloride (drug/phospholipid ratios of 140-170 inginarnol) at 60 C for 45 min
followed by quenching on ice and removal of unencapsulated doxorubicin by gel chromatography.
Doxorubiein was assayed by spectrophotometry (Example 71), and phospholipici was assayed by
Bartlett method (Example 70). The properties of resulting liposomes are summarized in Table 30
below,  105 Table 30. Properties of liposomal doxorubicin at various lipidcompositions Lipid
composition (molar ratio)Liposome size, rundrug/phospholipid (mean d: SD by QELS) (rng/mmol)
DSPC/Chol/PEG-DSPE (3:2:0.015)81.8 Jc. 27.3163.6  4.4 DSPC/Chol (3:2)79.1 27.9137.0 17.5 
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Table 33. Vincristine loading into jiposomes containing TEA-SOS at different drug-to­

lipid ratios. 

Input drug-to-phospholipid 

()lg/Ilmol) 

Encapsulated drug-to­

phospholipid ()lg/Ilmol) 

Loading efficiency (%) 

(0274] 

150 

250 

350 

450 

550 

163.6 ± 6.6 

251.1 ± 17.0 

347.7 ± 20.9 

452.0 ± 18.8 

52f.6 ±24.9 

109.0 ± 4.8 

100.5 ± 6.8 

99.4± 5.9 

100.4 ± 4.2 

94.8 ± 4.3 

EXAMPLE 61. Preparing immunoliposomal vincB'istine and cytotoxicity of 
liposomal and immunoliposomal vinc.-istine against cancer cells ill vitro. 

Liposomal vincristine (Ls-YCR) was prepared as desctibed in Example 59 

using the drug/phospholipid ratio of 350 mg/mmol. HER2-specific F5-immunoliposomal 

vincristine (F5-ILs-VCR) was prepared from the liposomal vincristine by co-incubation 

with anti-HER2 scFv F5-PEG-DSPE conjugate as described in Example 19. "Free" 

vincristine (VCR) solution was prepared by dilution of vincristine sulfate USP in water, 

followed by sterile filtration. Cytotoxicity ofYCR, Ls-VCR, and F5-ILs-VCR against 

HER2-overexpressing human breast carcinoma cells SKBr-3 (A TCC) was detennined by 

MIT-based cell viability assay using the procedure of Example 27, wherein the cells 

were inoculated into 96-well microtiter plates at 5,000 cells/well, acclimated overnight, 

and incubated with the drug-containing media for 4 hours, followed by post-incubation in 

a drug-free medium for 3 days. The results are shown on Figure 40. The IC50 was 75 

ng/ml for free VCR, I I ng/ml for F5-ILs-VCR, and 3 )lg/m! for Ls-VCR. The targeted 

liposomal vincristine prepared according to the invention was 6.8 times more active than 

the free drug, and 273 times more active than non-targeted liposomal drug, showing 

substantial enhancement in anticancer activity as a function of cell-specific drug delivery. 

EXAMPLE 62 Blood pharmacokinetics of Ls-VCR in rats. 

[0275] Liposomes with entrapped SOS-TEA solution (0.65 M TEA, pH 5.8, 

osmolality 530 mmol/kg), and lipid composition of DSPC/ChoIlPEG-DSPE (molar ratio 

3:2:0.015), also containing eH]-CHE at 1.5 mCi/mmol phospholipid, were prepared by 

DSPC/Chol/Glu-DSPE (2.85:2:0.15)83.6  27.21412  10.4 DSPC/Chol/PEG-DSPE (2.7:2:0.3)83.7 3:
23.1175.0 6.8 [02671Blood pharmzicokinetics of these doxorubicin-containing liposomes having lipid
composition of DSPC/Chol/PEG-DSPE 2.7:2:0.3 was studied in rats at a single iv. dose of 5 mg
doxorubicinikg as described in Example 9. The Liposomes were long circulating (half-life of about 28
hours) (Figure 36). The stable doxorubicin-tophospholipid ratio indicated that the formulation was
remarkably stable against the drug leakage in the circulation, losing less than 25 % of the drug over a
48-hour time period. EXAMPLE 57. Doxoruhicin-loaded liposomes and anti-fIER2 immunoliposomes
prepared by TEA-sulfate method: preparation and in vivo antitumor efficacy against
HER2-overexpressing human breast cancer xenografts. [0268]Doxorubicin-loaded Liposomes having
various lipid compositions and properties (listed in the table below) were prepared as described in
Example 56. Doxoruhicin-loaded anti-HER2 immunoliposomes were prepared from doxorubicinloaded
Liposomes by co-incubation with anti-HER2 sclTv F5-PEG-DSPE conjugate (approx. 30
scEv/liposome) as described in Example 19. NCR IM/1711 mice bearing the subcutaneous human
breast tumor xenograft (BT-474) were raised; treated (in groups of 10-12 animals) with liposomal or
anti-11ER2 immunoliposomal doxorubicin at a dose of 5 mg/kg once weekly for a total of three weeks
once the tumors reached an average size of 200 rnm3, and the tumor progression and animal body
weights were monitored as described in Example 29. For non-targeted doxorubicin liposome
formulations; the lipid compositions containing no PEG-DSPE, 0.5 mol.% PEG-DSPE, or 10 mol.%
PEGDSPE, were studied; for F5-immunoliposotnal doxorubicin, the formulations with 0.5 mol.%
PEG-DSPE and 10 mol.% PEG-DSPE were studied (here the quantity of PEGDSPE is expressed as
mol. % of liposorne phospholipiti). The results (Figure 37, Table 31) demonstrated that all doxorubiein
treatments were effective in retarding the tumor growth. On the basis of tumor sizes at day 53 post
inoculation, the differences in tumor  106 growth inhibition among all three non-targeted liposome
groups did not raise to statistical significance (AN OVA 7,0.081), but the immunoliposome doxorubicin
was significantly more efficacious than non-targeted liposoinal doxorubicin (ANOVA p=5.5x I 011), the
"10%PEG-DSPE" formulation being more efficacious than "0.5%PEG-DSPE" (Student's t-test,
p-0.027). In the"10%PEG-DSPE" 175-1Ls group, the tumors regressed to 1 inm3 or less in 67% of
animals, while in "0.5%PEG-DSPE" 175-ILs group only in 9%. In the control group (saline treatment)
the tumors exceeded the acceptable size limit of 15% body weight at day 38-43. Table 31. Liposomal
doxorubicin in vivo antitumor efficacy study: liposome characteristics and treatment outcomes. Lipid
composition Liposome size, nm (mean  SD) druginhospholipid ratio, mg/mmol (mean  SD) Average
tumor size at day 58, mm3 (mean  SEM) DSPC/Chol/PECi-DSPE (3:2:0.015) 
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the method of Example J I using extrusion step of 10 passages through two stacked 

polycarbonate membranes with the pore size of 80 run or 100 nm. The liposomes were 

loaded with VCR at pH 6.5, drug/phospholipid ratio of350 mg/mmol, as described in 

Example 59. The VCR-loaded liposomes were administered i.v. to female albino rats 

(180-220 g) at a dose of 5 mg VCR/kg, and the blood pharmacokinetics of the drug and 

the liposome lipid was studied as described in Example 9. Th~ amount of VCR in the 

blood samples was quantified by HPLC as described in Example 41, except that the 

volume ratio of aqueous triethylammonium acetate (pH 5.5) and acetonitrile in the mobile 

phase was 65:35. The typical retention time for VCR was 8.8 min. The results are shown 

in Figure 41 and Table 34. Both preparations had extensive circulation longevity (blood 

half-lives of 12-17 hours). Liposomal vincristine was remarkably stable against drug 

leakage in both preparations (half-release time over 120 hours) (Figure 42). 

Table 34. Characteristics of Ii po somes loaded with vinctistine at 350 mg/mmol 

phospholipid using TEA-SOS method. 

Extrusion Liposome Drug load, t1l2P lipid, tll2~ VCR, 

pore size, run size, nm mg/mmol hours hours 

(mean ± SD) phospholipid 

80 101.2 ± 20.2 347.7 ± 20.93 17.5 ± 1.5 16.0 ± 2.0 

100 125.6 ± 32.0 366.8± 18.11 12.1 ± 0.7 12.0 ± 0.8 

EXAMPLE 63. Blood pharmacokinetics of Ls-VCR in rats at various 
drug/lipid ratios. 

[02761 Liposomes with entrapped 80S-TEA solution (0.65 M TEA, pH 6.4, 

tll2 VCR 

release, hours 

>120 

Not detectable 

osmolality 485 mmol/kg), and lipid composition of DSPCICholiPEG-DSPE (molar ratio 

3:2:0.015) also containing eHJ-CHE at 1.5 mCi/mmo! phospholipid were prepared by the 

method of Example 11 using extrusion step of 10 passages through two stacked 

polycarbonate membranes with the pore size of 50 nm or 80 nm. The liposomes were 

loaded with VCR at pH 6.5 as described in Example 59 by adding a stock 20 mg/mL 

aqueous VCR sulfate solution at the calculated dmgllipid ratios of 100,200, or 350 

mg/mmol phospholipid. The efficiency of drug loading was over 96% for all 

preparations. The VCR-loaded liposomes were administered i.v. to female albino rats (8-9 

week old, 190-220 g) at a dose of 5 mg VCR/kg, and the blood pharmacokinetics of the 

83.4 = 23.3 136.7k 6.7 490  74 DSPC/Choi (3:2) 80.5  26.6 151.71 1.9 587 1 61
DSPC/Chol/PEG-DSPE (2.7:2:0.3) 81.0 4: 24.7 140.1 -1 4.2 365  60 DSPC/Chol/PEG-DSPE
(3:2:0.015) + E5 scEv-PEG-DSPE not measured 140.72.8 119 1 39 DSPC/Chol/PEO-DSPE
(2.7:2:0.3) not measured 132.9 1- 2.2 
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drug and the liposome lipid was studied as described in Example 62. The results are 

shown in Table 35. Liposomal vincristine had good circulation longevity (blood half-life 

of the drug about 20-30 hours) and was exceptionally stable at all studied sizes and drug­

to-lipid ratios (half-life of drug release over 93 hours). 

Table 35. Characteristics ofliposomes loaded with vincristine using TEA-SOS method at 

various drug/lipid ratios. 

Extrusion Liposome VCR, mg/mmol tl/2 lipid, tl/2 VCR, tl/2 drug 

pore size, size, nm phospholipid hours hours release, 

nm (mean ± SD) added encapsulated hours 

50 76.8±27.2 100 96.1 ± 3.0 35.6 ± 2.7 30.3 ± 4.0 227 ± 96 

200 193.3 ± 3.9 20.8 ± 2.2 IS.4±0.7 244 ± 130 

350 375.2 ± 10.0 24.S ± 0.9 19.6±0.9 93.2 ± 6.7 

80 101.6 ± 25.3 100 104.5±2.1 33.0± 7.6 26.S ± 4.S 153 ± 10 

EXAMPLE 64. Preparation of HER2-targeted Iiposomal vincristine and 
antitumor efficacy of non-targeted and HER2-targeted liposomal vincristine 
against HER2-overexpressing human breast cancel' xenografts in mice. 

[0277] Vincristine-loaded liposomes (Ls-VCR-SOS) using TEA-SOS method were 

prepared according to Example 63 (with omission ofeH]-CBE component) using 50 nm 

pore size membrane extrusion and drug loading at drug/phospholipid ratio of 100 

mg/mmoL F5 immunoliposomal vincristine (F5-ILs-VCR) was formed by incubating Ls­

VCR-SOS with anti-BER2 scFv F5-PEG-OSPE conjugate (Example 19) as described in 

ExampJe 43. Vincristine-loaded liposomes using TEA-citrate (Ls-VCR-Cit) were 

prepared similarly to Ls-VCR-SOS liposomes, except that triethylammonium citrate 

solution (prepared by titrating aqueous citric acid with neat triethylamine to pH 5.1 and 

adjusting the concentration to 0.65 M triethylamine) was substituted for TEA-SOS 

solution. The treatment study design followed the method of Example 10. Subcutaneous 

xenograft tumors ofBT-474 human breast carcinoma were raised in nude mice, and when 

the tumors reached the size of 250 mm3 (range 144-309 mm3
) the mice in the groups of 

eight to nine, were treated with free VCR, Ls-VCR, or F5-1Ls-VCR at a weekly i.v. dose 

of 2 mg VCRlkg for a total of three weeks, starting at day 19 post tumor inoculation. The 

tumor sizes and animal body weights were monitored as desfribed in Example 10. For the 

15.5 -1 7.6  E5 scFv-PEG-DSPE EXAMPLE 58 Preparation of liposomal vinblastine and blood
pharmacokineties of liposomal vinblastine in rats. [02691Liposomes with entrapped aqueous
TEA-SOS solution (0.65 N4 TEA, p'1 6.4, osmolality 502 mmol/kg) and size 99.5 1. 10.2 am (mean SD
by OELS) were prepared by the method of Example 11 using extrusion 2 times through two stacked
0.2 pm polycarbonate membranes and ten times through two stacked 0.08 pm polycarbonate
membranes. Vinblastine (VBL)-in the form of vinblastinci sulfate USP was added at a
drug-to-phospholipid ratio of 150 mg/mmol. The pH of the drug-Liposome mixture was adjusted to 6.5
using 1 N NaOH, and the mixture was subsequently incubated at 60C for 30 min. The reaction was
then cooled on ice for 15 min and unencapsulated drug  107 removed using Sephadex G-75 gel
filtration chromatography, eluting with 5 rnM HEPESNa, 135 mM NaCI, pH 6.5. The purified liposomes
were then analyzed for VBL spectrophotometrically and for phospholipid by Bartlett method as in
Examples 70 and 71. {3F1]-CHE was included in the-formulation at a ratio of 1.5 mei/mmol
phospholipid. The liposomal vinblastine had 152.4  l 2.0 mg VBLImmol phospholipid (quantitative
encapsulation). 102701Blood pharmacokinetics of the liposomal vinblastine in female Albino rats (8-9
weeks old; 200 g) at a dose of 5 mg VBL/kg was studied as described in Example 9. Vinblastine was
quantified in blood plasma samples as described in Example 41 (using vinorelbine as internal
standard). Vinblastine liposornes showed good circulation longevity (plasma half-life of the lipid
component 12.8  0.04 hours) (Figure 38) and very good stability against drug leakage from the
liposonies with greater than 7004 of the initial vinblastine load remaining encapsulated after 24 h
(Figure 39). The post-injection time to achieve release of 50% of the encapsulated drug was found to
be 40.6J: 1.2 hours. EXAMPLE 59 Preparing liposomes loaded with yincristine using TEA-SOS
method and the effect of pH on the loading efficiency. 102711Liposomes with the size of 86.6  12.9 nm
(by OELS), lipid composition of DSPC/Chol/PEG-DSPE in the molar ratio of 3:2:0.015 and entrapped
aqueous TEA-SOS solution (0.65 M TEA, pH 5.4, osmolality 521 mmol/kg) were prepared by the
method of Example 11 using extrusion step of 15 passages through two stacked 0.08 pm pore size
polycarbonate membranes. Vincristine (VCR) was added to the liposomes in 5 mM HEPES-Na, 5%
dextrose aqueous buffer, pH 6.5, as vincristine sulfate at a drug-tophospholipid ratio of 350 pig
vincristinelpmol phospholipid, the pH was adjusted to the indicated ratio using 1 N NaOH, the mixture
was incubated at 60C for 30 min, chilled on ice for 15 min, and the liposornes were separated from
unencapsulated drug using Sephadex G-75 gel filtration chromatography, eluting with HBS-6.5 (20
m1A. HEPES, 135 mM NaC1, pH 6.5). The purified liposomes were then analyzed for vincristine by
spectrophotometry using absorbance at 265 nm after solubilization in acid isopropanol, and for the
phospholipid content using the phosphate assay of Bartlett (1959). 102721The results are shown
below in Table 32. The drug loading was in excess of 90% in the range of pH 4.5-7.5, and practically
quantitative at pH 5.0-7.5. At pH 3.5,  
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control group, mice were treated with an equal volume of saline. The differences in tumor 

sizes between the treatment groups were statistically assessed at day 63 post tumor 

inoculation using Marm-Whitney test. The dynamics of average tumor size in the groups 

is shown in Figure 43. FS-ILs-VCR demonstrated maximum efficacy when compared to 

either Ls-VCR or free VCR, causing at day 63 complete tumor regressions in six out of 

eight animals (75%). Ls-VCR-Cit was also effective, causing complete tumor regressions 

still observed at day 63 in two out of nine animals (22%), however, it was less effective 

than F5-ILs-VCR (p<0.005). Ls-VCR-SOS and free VCR were equally effective (p>0.2) 

and less effective than either FS-ILs-VCR or Ls-VCR-Cit. Thus, surprisingly, with cell­

targeted delivery, a liposomal drug encapsulated using a polyvalent anion of the present 

invention proved more efficacious than the drug liposomally encapsulated via non­

binding anion. Animal body weight dynamics showed that all liposomal VCR 

preparations were less toxic than free VCR, causing less body weight loss during 

treatment (Figure 44). 

[02781 

EXAMPLE 65. Preparation of EGFR-targeted iiposomal vincristine and 
antitumor efficacy of non-targeted and EGFR-targeted liposomal vincristine 
against EGFR-overexpressing human brain cancer xenografts in mice. 

Vincristine-loaded liposomes (Ls-VCR) were prepared using TEA-SOS 

method as in Example 64. EGFR-targeted immunoliposomal vincristine was prepared by 

co-incubation of the liposomes with anti-HER2 Fab' C22SFab-PEG-DSPE conjugate as 
., 

described in Example 36. 

(02791 Male NCR l1ulnu mice (5-6 week old, weighing 17-20 g) were injected 

subcutaneously in the flank area with 0,15 ml of the cell growth medium containing 

1 x I 07 U87 human glioblastoma cells stably expressing epidermal growth factor receptor 

(HER J) mutant EGFRvIlI. At day 11 when the mean tumor size reached 300-400 mmJ
, 

the mice were randomly divided into four groups of 10-12 animals/group. Treatments 

with free VCR (vincristine sulfate I mg/mL in saline), Ls-VCR, or C225Fab-ILs-VCR at 

i.v. dose of 1.5 mg/kg were administered on days 11, 18, and 25 post tumor inoculation. 

Mice in the control group were similarly injected with an equal volume of nonnal saline. 

The tumor sizes and mouse body weights were monitored as in Example 10. The results 

are shown in Figure45. All animals treated with VCR formulations showed retardation of 

tumor growth compared to control animals. There was no significant difference between 

108 which is the pH observed in the liposome mixture after addition of the drug, but without pH
adjustment, the loading was considerably lower. Table 32. pH-Dependence olvincristine loading into
liposomes with entrapped TEA-SOS. pHDrugiphospholipid ratio, uthunolLoading efficiency (%)  3.5 4.5
5.0 5.5 6.0 6.5 7.0 7.5  39.7  4.9 327.2  20.6 360.6  5.8 371.230.2 347.7  20.4 347.7  20.9 377.3  92.2
37L5  24.9 11.3  0.2 93.5  5.4 103.0 1.7 106.1 9.1 99.3 ,5.8 99,4  5.9 107_8 1 6.8 106.1  7.6
EXAMPLE 60. Preparing Liposomes loaded with vineristine using TEA-SOS method: effect of the
drug/lipid ratio on the loading efficiency. [0273]SOS-TEA-containing liposomes were prepared as in
Example 59 and loaded with vincristine sulfate at a drug-to-phospholipid ratio of 150-550 ug
vincristine/umol phospholipic1 at pH 6.5 according to the procedure of Example 59. The liposomes
purified from unencapsulated drug were then analyzed for VCR by spectrophotometry and for the
liposome phospholipid using the assay. of Bartlett (1959). The drug loading efficiency was in excess of
90% over the whole studied range of drug/lipid ratios, and was practically quantitative between
150-450 ug vincristinelp.mol phospholipid (Table 33).  109 Table 33. Vincristine loading into liposomes
containing TEA-SOS at different drug-tolipid ratios. Input drug-to-phospholipid (gittmol ) Encapsulated
drug-to- 
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the groups treated with free VCR and Ls-VCR. EGFR-targeted C225Fab-ILs-VCR was 

more efficacious than free or non-targeted liposomal VCR. 

EXAMPLE 66. Preparation of liposomes with entrapped triethylammonium 
inositol hexaphosphate (TEA-IHP) solution. 

[0280] A polyanionized polyol, inositol hexaphosphate (IHP) dodecasodium salt, was 

obtained from Sigma (St.Louis, MO). Aqueous solution containing 0.65 M 

triethylammonium and 0.681 M of phosphate groups, pH 6.5, and osmolality of 718 

mmoI/kg, was prepared by ion-exchange on the Dowex 50Wx8-200 cross-linked 

sulfonated polystyrene resin followed by titration with neat TEA and dilution with water 

according to the procedure of Example 4. The residual sodium content was less than 1 % 

of the sum of cations. Dry lipids (150 ~mol DSPC, 100 f-lmol Chol, 0.75 f-lmol PEG­

DSPE) were dissolved in 0.5 ml of 100% ethanol USP at 60 DC and mixed with 4.5 ml of 

triethylammonium inositol hexaphosphate solution pre-heated to the same temperature. 

The ethanol was partially removed by rotary evaporation at 30-40 mm Hg and 40-45°C 

until the mixture showed no bubbling. The lipid suspension was then extruded at 60-65 

DC IS times through two stacked 0.1 llm pore size polycarbonate membranes. The 

resulting liposomes were 104.3 ± 39.0 nm in size by QELS. The unencapsulated 

triethylammonium IHP was removed by gel chromatography on a Sepharose 4B column, 

eluted with 5 mM HEPES-Na, 5% dextrose, pH 6.5 buffer, and the liposomes were 

quantified by phospholipid concentration using Bartlett's method with extraction 

according to Example 70. 

EXAMPLE 67. Loading of drugs into liposomes with entrapped TEA-IHP 
solution. 

[02811 The liposomes of Example 67 were loaded with CPTII or vinorelbine 

Vinorelbine was loaded at a drug-to-phospholipid ratio of 175 or 350 g/mol, and CPTll 

at a ratio of250 or 500 glmol. The drugs were added to the liposomes in the HEPES­

dextrose buffer (Example 67) at the input drug/phospholipid ratios, indicated below (see 

Table 36). If necessary, the pH was adjusted to 6.5-6.8 using 1 N NaOH. The mixtures 

were incubated at 60°C for 30 min, cooled down on ice for 15 min, and 

chromatographed on a Sephadex G-25 gel filtration column, eluted with 5 mM HEPES­

Na, 145 mM NaCl, pH 6.5. Aliquots of the purified liposomes were solubilized in 

acidified methanol and analyzed by spectrophotometry (Example 71). Phospholipid was 

phospholipid (ugiumol) Loading efficiency (%) 150 163.6 6.6 109.0 4.8 250 25E117.0 100.5  6.8 350
347.7  20.9 99.4* 5.9 ,150 452.0  18.8 100.4  4.2 550 521.624.9 94.8  4.3  
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quantified by the method of Bartlett (1959) with extraction (Example 70). Both drugs 

loaded quantitatively (i.e., practically 100%) into the liposomes, as shown below in Table 

36. 

Table 36. Properties of drugs loaded into liposomes with entrapped inositol 

hexaphosphate. 

Drug Input drug/lipid ratio, Encapsulated drug/lipid ratio, Loading efficiency, % 

g/mol phospholipid g/mol phospholipid 

Vinorelbine 175 175.3 ± 8.0 

Vinorelbine 350 352.3 ± 11.8 

CPT-II 250 265.1 ± 11.2 

CPT-II 500 5J8.7±27.8 

EXAMPLE 68. Chemical stability of free or liposomal CPT -11 in the 
presence of mouse plasma ill vitro. 

100.2 ± 4.5 

100.6 ± 3.3 

106.1 ± 4.7 

103.7 ± 5.8 

(0282) In the body, CPT-II, which is a pro-drug, undergoes chemical transfonnation 

to fonn an active drug metabolite known as SN-38. Both SN-38 and CPT-II are also 

converted from their active lactone fonns into an inactive products known as a SN-38 or 

CPT-II carboxylates. In this Example the effect ofliposomalization of CPT-II in 

accordance with the present invention on the CPT-II chemical conversion into these 

products in the presence of blood plasma was studied. Liposomes with entrapped 

triethylammonium sucroseoctasulfate (0.65 M TEA, pH 6.4, osmolality 485 mmollkg) 

and lipid composition of DSPC, Cholesterol, and PEO-DSPE in a molar ratio of3:2:0.0 15 

were prepared according to Example 11, using extrusion ten times through two stacked 

0.08 flm polycarbonate filters. The liposomes were 87.4 ± 19.2 nm in size by QELS. 

CPT-II was loaded at approximately 500 mg of CPT-I I base/mmolliposome 

phospholipid by incubation in an aqueous 5 mM HEPES-Na, 5% dextrose, pH 6.5, at 60 

°C for 30 min., followed by quenching on ice for 15 min. The CPT -II-loaded liposomes 

were then purified on a Sephadex 0-75 column eluted with HEPES buffered saline (5 

mM HEPES, 145 mM NaCI, pH 6.5). The resulting CPT-II liposomes had 536.5 ± 

20.1mg CPT-I lImmol of phospholipid. Free CPT-II solution was prepared by freshly 

dissolving lrinotecan Hydrochloride USP at 1 mg/ml in 144 mM aqueous NaC!, acidified 

EXAMPLE 61. Preparing irnmunoliposomal vincristinc and cytotoxicity of liposomal and
immunoliposornal vincristine against cancer cells in vitro. 102741Liposomal vincristine (Ls-VCR) was
prepared as described in Example 59 using the drug/phospholipid ratio of 350 mg/mmol.
HER2-spccific F5-imrnunoliposomal vincristine (F5-ILs-VCR) was prepared from the liposomal
vincristine by co-incubation with anti-HER2 scFv E5-PEG-DSPE conjugate as described in Example
19. "Free" vincristine (VCR) solution was prepared by dilution of vincristine sulfate LISP in water,
followed by sterile filtration. Cytotoxicity of VCR, Ls-VCR, and F5-ILs-VCR against
HER2-overexpressing human breast carcinoma cells SKBr-3 (ATCC) was determined by MTT-based
cell viability assay using the procedure of Example 27, wherein the cells were inoculated into 96-well
microtiter plates at 5,000 cells/well, acclimated overnight, and incubated with the drug-containing
media for 4 hours, followed by post-incubation in a drug-free medium for 3 days. The results are
shown on Figure 40, The IC50 was 75 nglin1 for free VCR, 11 ng/rnl for F5-11s-VCR, and 3 ugitinl for
Ls-VCR. The targeted liposomal vincristine prepared according to the invention was 6.8 times more
active than the free drug, and 273 times more active than non-targeted liposomal drug, showing
substantial enhancement in anticancer activity as a function of cell-specific drug delivery. EXAMPLE
62 Blood pharmacolcinetics of Ls-VCR in rats. 102751Liposomes with entrapped SOS-TEA solution
(0.65 N4 TEA, pH 5.8, osmolality 530 mmol/kg), and lipid composition of DSPC/Chol/PEG-DSPE
(molar ratio 3:2:0.015), also containing [3I1]-CHE at 1.5 rnCiimmol phospholipid, were prepared by
110 the method of Example 11 using extrusion step of 10 passages through two stacked
polycarbonate membranes with the pore size of 80 nm or 100 nm. The liposomes were loaded with
VCR at pi I 6.5, drug/phospholipicl ratio of 350 rrigimmol, as described in Example 59, The
VCR-loaded liposomes were administered iv. to female albino rats (180-220 g) at a dose of 5 mg
VCR/kg, and the blood phannacokincties of the drug and the liposome lipid was studied as described
in Example 9. The amount of VCR in the blood samples was quantified by HPLC as described in
Example 41, except that the volume ratio of aqueous triethylammonium acetate (pH 5.5) and
acetonitrile in the mobile phase was 65:35. The typical retention time for VCR was 8.8 min. The results
are shown in Figure 41 and Table 34. Both preparations had extensive circulation longevity (blood
half-lives of 12-17 hours). Liposomal vincristine was remarkably stable against drug leakage in both
preparations (half-release time over 120 hours) (Figure 42). Table 34. Characteristics of liposomes
loaded with vincristine at 350 mghnmol phospholipici using TEA-SOS method.
ExtrusionLiposomeDrug load,twp lipid,tu2p VCR,ti.12 VCR pore size, mu size,
rimmghnntolhourshoursrelease, hours (mean  SD) phospholipid 80101.2+ 20.2347.7. 20.9317.5
1.516.0  2.0>120 100125.6 4, 32.0366.8 18.1112.1 th 0.712.0  0.8No' detectable EXAMPLE 63. Blood
pharmacokineties or Ls-VCR in rats at various drug/lipid ratios. [02761Liposomes with entrapped
SOS-TEA solution (0.65 M TEA, pH 6.4, osmolality 485 nunol/kg), and lipid composition of
DSPC/CholIPEG-DSPE (molar ratio 3:2:0.015) also containing1,314]-CHE at 1.5 mCihmuol
phospholipid were prepared by the method of Example 11 using extrusion step of 10 passages
through two stacked polycarbonate membranes with the pore size of 50 mu or 80 um. The liposomes
were loaded with VCR at pH 6.5 as described in Example 59 by adding a stock 20 mg/la-IL aqueous
VCR sulfate solution at the calculated drug/lipid ratios of 100, 200, or 350 mgimmol phospholipid. The
efficiency of drug loading was over 96% for all preparations. The VCR-loaded liposomes were
administered i.v to female albino rats (8-9 week old, 190-220 g) at a dose of 5 mg VCRikg, and the
blood phamlacokinetics of the 
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to pH 3 with diluted HCL Ten-l-ll aliquots dffree or liposomal CPT-It or free CPT-I] 

were mixed with 90 l-ll of heparin-stabilized mouse plasma (Harlan Bioproducts, USA) 

and incubated at 37 DC in a shaking water'bath. At a given time point liposome samples, 

in tlipiicate, were chromatographed on Sepharose CL-4B size exclusion columns (2 ml 

bed volume) eluted with HBS-6.5, and the drug-containing fractions were detected by 

fluorescence. The first (void volume) and second (trailing) drug-containing peaks were 

collected and considered as the liposomally encapsulated and released drug fractions. The 

samples were extracted with 400 [11 of ice-cold methanol by vortexing for lOs followed 

by centrifugation at 14,1 OOxg for 5 min. The supernatants were analyzed for CPT-II 

and its conversion products by HPLC using modification of a method by Warner and 

Burke, J Chromatogr., Ser. B Biol71ed. Sci. Appl. 1997, vol. 691, p.161-71. The mobile 

phase consisted of 3% triethylammonium acetate pH 5.5 (solution A) and acetonittile 

(solution B) delivered at 1.0 mi/min in a linear gradient of20 vol%B to 50 vo1.%B in 14 

min. The eluted products were detected by fluorescence with an excitation at 375 nm and 

emission at 500 nm. The retention times were 5.3 min (CPT-II carboxylate), 6.8 min 

(SN-38 carboxylate), 9.3 min (CPT-II) and 11.0 min (SN-38). The results (Table 37) 

indicated that while free CPT-II and CPT-II released from the liposomes underwent 

conversion, intraliposomal CPT - [ 1 was quite stable. 

Table 37. Conversion of free and liposomal CPT-II into SN-38 and carboxylate fOllTIS in 

mouse plasma in vitro. 

Sample Time, hours CPT-Il, % SN-38, % 

lactone carboxylate lactone carboxylate 

Free CPT-II 2 1.9 ± OA 35.2± 1.9 4A± 0.1 58.4± 2.1 

12 <0.1 11.5± 0.9 9.9 ± 0.8 78.6± 1.3 

24 <0.1 <0.1 22.5 ± 9.8 77.5 ± 9.8 

Ls-CPT-II 12 97.7±0.1 <0.1 2.3 ± 0.1 <0.1 

( encapsulated) 24 97.7 ± 0.1 <0.1 2.3 ± 0.1 <0.1 

Ls-CPT-II 12 60.5 ± lOA 25.0±7.1 5.0 ± 0.3 9.5 ± 3.0 

(released) 24 78.3 ± 6.7 14.0 ± 5.2 6.5 ± 0.5 l.2±1.7 

drug and the Liposome lipid was studied as described in Example 62. The results are - shown in Table
35. Liposome' vincristine had good circulation longevity (blood half-life of the drug about 20-30 hours)
and was exceptionally stable at all studied sizes and drugto-lipid ratios (half-life of drug release over
93 hours). Table 35. Characteristics of liposomcs loaded with vincristine using TEA-SOS method at
various drugllipid ratios. Extrusion LiposomeVCR, mg/mmolhi) lipid,tIn VCR,tin drug pore size,size,
nmphospholipidhourshoursrelease, TIM(mean 1 SD) added encapsulatedhours 50 76.8 27.2 100 96.1
1: 3.0 35.6 2.7 30.3  4.0 227  96   200 193.33,9 20.8  2.2 
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EXAMPLE 69. In vivo chemical stability of free or liposomal CPT-II in rats. 

102831 Liposomal CPT-II was prepared as in Example 68 using triethylammonium 

sucroseoctasulfate having 0.65 M TEA, pH 6.4, and osmolality 502 mmol/kg. The 

liposome size was 98.5 ± 18.4 nm, and CPT-II encapsulation was 510.1 ± 16.5 mg CPT­

lllmmol phospholipid. The liposomaJ and free CPT-II was administered intravenously 

at the dose of 25 mg/kg into female Albino rats (180-220 g) with indwelling central 

venous catheters, and the blood samples were withdrawn at intervals over the period of 48 

hours. The blood samples were mixed with ice-cold PBS containing 0.04% EDT A and 

quickly centrifuged to remove blood cells. Aliquots of the supernatant fluids were 

assayed for CPT-II, SN-38, and their carboxylate forms by HPLC as in Example 68 

above. The results are shown in Figures 46 and 47. Whereas the free CPT-II was 

cleared very rapidly, being undetectable after 30 min, the liposomal CPT-II was 

persistent in the circulation (tl/2 15.2 hours) with 37.8 % of the drug in the blood at 24 h, 

and approximately 10 % of the drug still in the circulation after 48 h. There was no 

detectable conversion of the liposomal fonn of CPT-I I to either SN-38 or the carboxylate 

form of CPT-I I. Free CPT-II, i.e. administered as a solution, cleared from the 

circulation quite fast (half-life of about 16 min), and there was appreciable conversion to 

the carboxylate fonn of the drug. 

EXAMPLE 70. Quantification of the liposome phospholipid. 

[0284] Modified acid digestion - blue phosphomolybdate method 1. This method is 

modified after Bartlett (1959). 10-20 ml aliquots of liposomes are placed into heat­

resistant glass tubes, digested by heating with 0.5 ml of ION suI furic acid for 2 hours at 

1 10-1 30°C, mineralized by addition of 50 ml of 9% hydrogen peroxide, and heated for 

additional 30 min. until no hydrogen peroxide is detected by an indicator paper strip. The 

digested samples at ambient temperature are diluted with 1 ml of 0.2% aqueous 

ammonium molydbate, mixed with 0.1 ml of 5% aqueous ascorbic acid, and incubated on 

a boiling water bath for 10 min. The absorbance of reduced phosphomolybdate complex 

is measured at 800 nm and compared to a standard curve concurrently produced using 

inorganic phosphate standard solutions. 

[0285} Modified acid digestion - blue phosphomolybdate method 11. This method is a 

modification ofthe method by Morrison (1964). 5 [11 aliquots ofliposomes having 1-10 

18.4  0.7 244 130   350 375.2[0.0 24.8  0.9 19.6 1 0.9 93.2  6.7 80 101.6 1 25.3 100 104,5 2.1 33.0 7.6
26.8 4.8 1531 10  EXAMPLE 64. Preparation of HER2-targeted liposomal vincristine and antitumor
efficacy of non-targeted and HER2-targeted liposomal vincristine against HER2-overcxpressing human
breast cancer xenografts in mice. 
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mM phospholipid are mixed with 60 III of concentrated sulfuric acid and 10 III of 30% 

hydrogen peroxide in heat-resistant glass tubes. The mixtures are heated at 200-220°C for 

10 min., diluted with 0.7 III of deionized water, mixed with 10 III of 10% aqueous sodium 

sulfite, incubated on a boiling water bath for 5 min, and chilled down to ambient 

temperature. 200 III of 2% aqueous ammonium molybdate and 10 III of 10% aqueous 

ascorbic acid are added, and the samples are incubated on a boiling water bath for 10 min. 

Samples are quickly chilled to ambient temperature, and the absorbance of reduced 

phosphomolybdate complex is detennined at 825 nm against the blank sample. The 

amount of phospholipid is detennined from the standard curve obtained in the same run 

using standard solutions having 2, 4, 6, 8, and 10 mM potassium dihydrogen phosphate. 

[02861 Extraction method. 25-1 00 ~tl aliquots ofliposomes are extracted 3 times with 

200 ~tl portions of methanol-chlorofonn mixture (l:2 by volume). The organic phases are 

combined in a heat-resistant glass tube, and the solvents are removed in vacuum. The 

residues are treated with ION sulfuric acid and further assayed for phosphorus according 

to the method I above. 

[02871 Unless indicated othervvise, the analytical data are presented as the mean ± 

standard error of triplicate runs. 

EXAMPLE 71. Quantification of drugs in the liposomes. 

(02881 Spectrophotometric quantification. Aliquots of liposomes (1 0-50 ~ll) are mixed 

with! mL of70 vol. % aqueous isopropanol containing 0.075-0.1 N HCI, and the 

absorbance against the blank sample is measured at the following wavelengths: 

doxorubicin, 485 nm; CPT-II and topotecan, 372 nm; ellipticines, 306 nm, vinorelbine, 

270 nm; vincristine and vinblastine, 265 nm. The amount of drug is detern1ined by 

comparison to a concurrently run standard curve. 

[02891 Fluorometric qual1tification. Aliquots of lip os orne-containing samples (e.g., 

blood plasma) are diluted with acidified isopropanol (0.02-0.1 m! aliquots: 1 mL of70% 

isopropanol-0.075 N HC!; >0.1 m! aliquots: 90% isopropanol-O.! N HC! to 1 mL). If 

protein precipitation occurs, the samples are incubated on ice 1-2 hours and clarified by 

centrifugation 10 min at 12,1 OOxg. The fluorescence of the supernatants is measured at 

the following wavelengths: CPT-II, excitation 370 nm, emission 423-425 nm; 

10277]Vineristineloaded liposomes (Ls-VCR-SOS) using TEA-SOS method were prepared according
to Example 63 (with omission of [3:bl]-CHE component) using 50 urn pore size membrane extrusion
and drug loading at drug/phospholipid ratio of 100 mg/minor. F5 immunoliposomal vincristine
(F5-ILs-VCR) was formed by incubating LsVCR-SOS with anti-HER2 sch: F5-PEG-DSRE conjugate
(Example 19) as described in Example 43. Vincristine-loaded Liposomes using TEA-citrate
(Ls-VCR-Cit) were prepared similarly to Ls-VCR-SOS liposomes, except that triethylammonium citrate
solution (prepared by titrating aqueous citric acid with neat triethylamine to pH 5.1 and adjusting the
concentration to 0.65 M triethylamine) was substituted for TEA-SOS solution. The treatment study
design followed the method of Example 10. Subcutaneous xenograft tumors of BT-474 human breast
carcinoma were raised in nude mice, and when the tumors reached the size of 250 min3
(range144-309 min) the mice in the groups of eight to nine, were treated with free VCR, Ls-VCR, or
F5-1Ls-VCR at a weekly iv. dose of 2 mg VCR/kg for a total of three weeks, starting at day 19 post
tumor inoculation. The tumor sizes and animal body weights were monitored as described in Example
10. For the  112 control group, mice were treated with an equal volume of saline. The differences in
tumor sizes between the treatment groups were statistically assessed at day 63 post tumor inoculation
using Mann-Whitney test. The dynamics of average tumor size in the groups is shown in Figure
43.F:5-Ms-VCR demonstrated maximum efficacy when compared to either Ls-VCR or free VCR,
causing at day 63 complete tumor regressions in six out of eight animals (75%). Ls-VCR-Cit was also
effective, causing complete tumor regressions still observed at day 63 in two out of nine animals
(22%), however, it was less effective than F5-ILs-VCR (p<0.005). Ls-VCR-SOS and free VCR were
equally effective (p>0.2) and less effective than either 1'5-Ms-VCR or Ls-VCR-Cit. Thus, surprisingly,
with cell-targeted delivery, a liposomal drug encapsulated using a polyvalent anion of the present
invention proved more efficacious than the drug liposomally encapsulated via nonbinding anion.
Animal body weight dynamics showed that all liposomal VCR preparations were less toxic than free
VCR, causing less body weight loss during treatment (Figure 44). EXAMPLE 65. Preparation of
EGFR-targeted liposomal vincristine and an tituinor efficacy of non-targeted and EGER-targeted
liposoinal vincristine against EGFR-overexpressing human brain cancer xenografts in mice.
102781Vincristine-loaded liposomes (Ls-VCR) were prepared using TEA-SOS method as in Example
64. EGFR-targeted immunoliposomal vincristine was prepared by co-incubation of the liposomes with
anti-HER2 Fab' C225Eab-PEG-DSPE conjugate as described in Example 36. [02791Male NCR nu/nu
mice (5-6 week old weighing 17-20 g) were injected subcutaneously in the flank area with 0.15 ml of
the cell growth medium containing lx l0 U87 human glioblastoma cells stably expressing epidermal
growth factor receptor (HER I) mutant EGFRAII. At day 11 when the mean tumor size reached
300-400 imr13, the mice were randomly divided into four groups of 10-12 animals/group. Treatments
with free VCR (vincristine sulfate I mg/mL in saline), Ls-VCR, or C225Fab-ILs-VCR at i.v. dose of 1.5
mg/kg were administered on days 11, 18, and 25 post tumor inoculation. Mice in the control group
were similarly injected with an equal volume of normal saline. The tumor sizes and mouse body
weights were monitored as in Example 10. The results are shown in Figure45. All animals treated with
VCR formulations showed retardation of tumor growth compared to control animals. There was no
significant difference between  113 the groups treated with free VCR and Ls-VCR. EGFR-targeted
C225Fab-ILs-VCR was more efficacious than free or non-targeted liposomal VCR. EXAMPLE 66.
Preparation of liposomes with entrapped triethylammonium inositol hexaphosphate (TEA-DIP)
solution. 
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Topotecan; excitation 380-385 nm, excitation 520.-525 nm; ellipticines, excitation 306 

nm, emission 520 nm. The amount of drug is calculated from concurrently run standard 

curves after subtraction of the blank fluorescence. 

EXAMPLE 72. Effect of lipopolymers on the loading efficiency of vinorelbine 
into Iiposomes. 

[0290] Liposomes composed ofDSPC 200 molar parts, cholesterol 133 molar parts, 

and poly( ethylene glycol)(moL weight 2,000)-derivatized lipids PEG-DSPE (! -20 molar 

parts) or PEG-DSG (20 molar parts),and containing encapsulated 0.65 M TEA-SOS 

solution were prepared according to the method of Example 11, using 80 nm pore size 

membrane for extrusion step. The liposomes were loaded with vinorelbine at the 

drug/phospholipid ratio of350 mg/mmol and purified from unencapsulated drug 

according to the method of Example 40. The liposomes were assayed for drug and lipid 

content as described in Examples 70, 71, and for the Ii po some size by QELS using 

volume-weighted Gaussian approximation. The results (Table 38) indicated that while 

anionic PEG derivative, PEG-DSPE, at the amount of more than I mole % of the 

liposome phospholipid (0.3 mole % of the total lipid), had negative effect on the drug 

loading efficiency, the neutral derivative, PEG-DSG, surplisingly, did not affect the 

loading efficiency even at 9.1 mole % of the liposome phospholipid (5.7 mole % of total 

lipid). 

Table 38. Properties ofvinorelbine liposomes prepared by TEA-SOS method at various 

amounts of PEG-lipid derivatives. 

PEG-lipid 

PEG-DSPE 

PEG-DSPE 

PEG-DSPE 

PEG-DSPE 

PEG-DSPE 

PEG-DSPE 

PEG-DSG 

PEG-lipid 

amount, mol. % 

of total lipid 

0.3 

0.6 

1.S 

2.9 

4.0 

5.7 

5.7 

Liposome size, 

nm (mean SD) 

lOS ± 32 

110± IS 

104± 35 

94± 33 

100 ± 36 

103 ± 31 

97 ± 36 

D(Ug load, Loading 

mglmmol efficiency, % 

phospholipid encapsulation 

359.5 ± 17.8 102.7 ± 5.2 

346.6 ± 14.5 99.0±4.1 

332.0 ± 14.0 94.9 ± 3.S 

259.8 ± 9.5 74.2 ± 2.0 

155.4 ± 7.0 44.4 ± 0.9 

61.2±5.2 17.5±0.3 

362.7 ± 14.2 103.6 ± 4.2 

L02801A polyanionized polyol, inositol hexaphosphatc (IHP) dodecasodium salt, was obtained from
Sigma (St.Louis, MO). Aqueous solution containing 0.65 M triethylammonium and 0.681 M of
phosphate groups, pH 6.5, and osmolality of 718 ramol/kg, was prepared by ion-exchange on the
Dowex 50%8-200 cross-linked sulfonated polystyrene resin followed by titration with neat TEA and
dilution with water according to the procedure of Example 4. The residual sodium content was less
than 1% of the sum of cations. Dry lipids (150 !Imo' DSPC, 100 pmol Chol, 0.75 pmol PEGDSPE) were
dissolved in 0.5 ml of 100% ethanol LISP at 60C and mixed with 4.5 ml of triethylammonium inositol
hexaphosphate solution pre-heated to the same temperature. The ethanol was partially removed by
rotary evaporation at 30-40 mm Hg and 40-45C until the mixture showed no bubbling. The lipid
suspension was then extruded at 60-65 C 15 times through two stacked 0.1 um pore size
polycarbonate membranes. The resulting liposomes were 104.3  39.0 nni in size by QELS. The
unencapsulated triethylarninoni um 1.1.1P was removed by gel chromatography on a Sepharose 4B
column, eluted with 5 inM flEPES-Na, 5% dextrose, pH 6.5 buffer, and the liposomes were quantified
by phospholipid concentration using Bartlett's method with extraction according to Example 70.
EXAMPLE 67. Loading of drugs into Liposomes with entrapped TEA-Ill? solution. 102811The
liposomes of Example 67 were loaded with CPTII or vinorelbine Vinorelbine was loaded at a
drug-to-phospholipid ratio of 175 or 350 g/Mol, and CP11.1 at a ratio of 250 or 500 gimol. The drugs
were added to the liposomes in the HEPESdextrose buffer (Example 67) at the input drugiphospholipid
ratios, indicated below (see Table 36). If necessary, the pH was adjusted to 6.5-6.8 using 1 N MOH.
The mixtures were incubated at 60C for 30 min., cooled down on ice for 15 min, and chromatographed
on a Sephadex G-25 gel filtration column, eluted with 5 rnivi REPESNa, 145 mlvt NaCl, pH 6.5.
Aliquots of the purified liposomes were solubilized in acidified methanol and analyzed by
spectrophotometry (Example 71). Phospholipid was  114 quantified by the method of Bartlett (1959)
with extraction (Example 70). Both drugs loaded quantitatively (i.e., practically 100%) into the
Eposomes, as shown below in Table 36. Table 36. Properties of drugs loaded into liposomes with
entrapped inositol hexaphosphate.    Drug Input drug/lipid ratio, g/mol phospholipid Encapsulated
drug/lipid ratio, glmol phospholipid Loading efficiency, % Vinorelbine 
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EXAMPLE 73. Effect of intraliposomal drug-trapping agent on the blood 

longevity of CPT-II in mice. 

(0291] Liposomes with entrapped 0.65 N solutions oftriethylammonium (TEA) or 

triethanolammonium (TEOA) salts of inositol hexaphosphate (IHP, phytic acid) or 

sucrose octasulfate were prepared and loaded with CPT-II at 500 g/mol phospholipid 

following general procedure of Example 66. The liosomes were administered 

intravenously to Swiss-Webster mice in the dose of 5 mg CPT-iI/kg body weight. 

Twenty four hours later, the mice were anesthetized, and exsanguinated via open heart 

puncture. The blood was collected, analysed for CPT-II content in the blood plasma by 

HPLC as described in Exampe 68, and the drug amount was expressed as % of injected 

dose remaining in the blood (%10). TEOA-IHP was less effective in improving the blood 

longevity of the drug than TEA-IHP, TEOA-SOAS, and TEA-SOS (Table 39). 

Table 39. CPT-II remanence in the blood 24 hours following intravenous administration 

of CPT-II liposomes in mice. 

Intrali po somal drug-trapping agent 

TEOA-IHP 

TEA-IHP 

TEOA-SOS 

TEA-SOS 

%ID remaining in the blood 

2.74 ± 0.54 

5.86 ± 0.20 

7.03 ±0.17 

11.32 ± 0.46 

EXAMPLE 74. Drug loading into Iiposomes containing 1.05 N 
diethylammonium sucrose octasuifate 

[0292} Aqueous solution of 1.05 N diethylammonium sucrose octasulfate (OEA-SOS) pH 

6.0, osmolarity 727 mmollkg, was prepared using ion-exchange/titration method of 

Example 6 using neat diethylamine (99.5% purity). The lipid matrix of 3 molar parts 

DSPC, 2 molar parts Cholesterol, and 0.015 molar parts PEG2000-0SPE, was formulated 

into liposomes (volume-weighted average size 92.4 nm) in the presence of DEA-SOS 

solution, and CPT-II was loaded in the liposomes as various drug/lipid input ratios using 

the method of Example 11. Non-encapsulated drug was removed by gel-chromatography, 

and the amount of encapsulated drug per unit lipid (drug/lipid output ratio) was 

175 175.31 8.0 100.2 :la- 4.5 Vinorelbine 350 352.3  11.8 100.6 - 3.3 CPT-11 250 265.1  11.2 106.1 d:
4.7 CPT-I I 500 518.7  27.8 103.7  5.8   EXAMPLE 68. Chemical stability of free or liposomal CPT-11
in the presence of mouse plasma in vitro. 102821In the body, CPT-11, which is a pro-drag, unciergoes
chemical transformation 
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detennined. Encapsulation efficiency was calculated as % of drug/lipid output ratio 

relative to input ratio. The results are shown in Table 40. The loading achieved it's 

maximum level of about 1.76 mol drug per mol phospholipid (1.67-1.70 mol drug/g total 

lipid), which is in good agreement with the amount (1.78 mol diethylammonium!mol 

phospholipid) based on the diethyammonium content of the liposomes, assuming 

stiochiometric exchange of intraliposomaJ diethylammonium ions for the drug molecules 

and estimated intraiiposomal entrapped volume of approximately 1.7 lImol phospholipid. 

Table 40. Loading of CPT-l I in DSPC/Chol/PEG-DSPE liposomes containing 

1.05 N DEA-SOS. 

Drug/lipid input ratio, mollg Drug/lipid output ratio, mol/g Encapsulation efficiency, % 

1.25 

1.50 

1.80 

2.06 

2.20 

2.42 

[0293J 

1.247 ± 0.038 99.8 ± 3.0 

1.534 ± 0.052 102.3 ± 3.5 

1.669 ± 0.043 92.7 ± 2.4 

1.690 ± 0.054 82.0 ± 2.6 

1.704 ± 0.062 77.5 ± 2.8 

1.685 ± 0.103 69.6 ± 4.3 

Unless indicated otherwise, the analytical data are presented as the mean ± 

standard error of triplicate runs. The rat plasma phannacokinetic data are the mean ± 

standard error of duplicate runs. 

[02941 Although the invention has been described with reference to the presently 

preferred embodiment, it should be understood that various modifications can be made 

without departing from the spirit of the invention. Accordingly, the scope of the invention 

should be determined with reference to the appended claims, along with the full scope of 

equivalents to which such claims are entitled. The disclosures of all cited articles and 

references, including patent applications and publications, are incorporated herein by 

reference for all purposes. 

to form an active drug metabolite known as SN-38. Both SN-38 and OPT-II are also converted from
their active lactone forms into an inactive products known as a SN-38 or CPT-11 carboxylates. In this
Example the effect of liposomalization of OPT-11 in accordance with the present invention on the
CPT-11 chemical conversion into these products in the presence of blood plasma was studied.
Liposomes with entrapped triethylammonium sucroseoctasulfate (0.65 M TEA, pH 6.4, osmolality 485
rnmol/kg) and lipid composition of DSPC, Cholesterol, and PEG-DSPE in a molar ratio of 3:2:0.015
were prepared according to Example 11, using extrusion ten times through two stacked 0.08 gm
polycarbonate filters. The liposomes were 87.4 19.2 nm in size by QELS. CPT-1 I was loaded at
approximately 500 mg of CPT- I I baseimmol liposome phospholipid by incubation in an aqueous 5
mM HEPES-Na, 5% dextrose, p11 6.5, at 60 C for 30 min., followed by quenching on ice for 15 min.
The CPT- I 1-loaded liposomes were then purified on a Sephadex 0-75 column eluted with HEPES
buffered saline (5 naM HEPES, 145 triM NaCI, pH 6.5). The resulting CPT-11 liposomes had 536.5
20. lmg CPT-1 l/mmol of phospholipid. Free CPT-11 solution was prepared by freshly dissolving
ninotecan Hydrochloride LISP at 1 mg/m1 in 144 roM aqueous NaC1, acidified  11$ to pH 3 with
diluted Hel. Ten-pt aliquots office or liposomat CPT-1 I or free CPT-11 were mixed with 90 pl of
heparin-stabilized mouse plasma (Harlan Bioproducts, USA) and incubated at 37 C in a shaking water
bath. At a given time point liposome samples, in triplicate, were chromatographed on Sepharose
CL-4B size exclusion columns (2 ml bed volume) eluted with HBS-6.5, and the drug-containing
fractions were detected by fluorescence. The first (void volume) and second (trailing) drug-containing
peaks were collected and considered as the liposomally encapsulated and released drug fractions.
The samples were extracted with 400 n1 of ice-cold methanol by vortexing for 10s followed by
centrifugation at 14,100xg for 5 min. The supernatants were analyzed for CPT-II and its conversion
products by HPLC using modification of a method by Warner and Burke, J Chromatogr., Ser. B
Blamed. Sci. Appi. 1997,  vol. 691, p.I61-71. The mobile phase consisted of 3% triethylammonium
acetate pH 5.5 (solution A) and acetonitrile (solution B) delivered at 1.0 ml/min in a linear gradient of
20 vol%B to 50 vol.%13 in 14 mild The eluted products were detected by fluorescence with an
excitation at 375 nm and emission at 500 nm. The retention times were 5.3 min (CPT-11 carboxylate),
6.8 min (SN-38 carboxylate), 9.3 min (CPT-11) and 11,0 min (SN-38). The results (Table 37) indicated
that while free CPT-1 I and CPT-11 released from the liposomes underwent conversion, intraliposomal
CPT-1 I was quite stable. Table 37. Conversion of free and liposomal CPT-11 into SN-38 and
carboxylate forms in mouse plasma in vitro. Sample Time, hours CPT-11, %   SN-38, %    iactone
carboxylate tactone 
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What is claimed is: 

\. A composition comprising a liposome in a medium, said liposome having 

an interior space separated from the medium by a membrane comprising 

one or more lipids, wherein the interior space of said liposome contains a 

substituted ammoni urn having a formula 

wherein N is an ammonium nitrogen atom, each ofRj, R2, R3, ~ is 

independently a hydrogen atom or an organic group having each 

independently not more than 8 carbon atoms, and in totality not more than 

18 carbon atoms inclusive, wherein at least one ofR" R2, R3, ~ is an 

organic group; 

wherein the organic group is independently alkyl, alkylidene, heterocyclic 

alkyl, cyc1oalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted 

derivative thereof, optionally including a S, 0, or N atoms forming an 

ether, ester, thioether, amine, or amide bond; and 

wherein at least three ofR!, R2, R3, ~ are the organic groups; or at least 

one of the organic groups has a secondary or tertiary carbon atom directly 

linked to the ammonium nitrogen atom; and 

wherein said interior space also comprises an anion. 

2. The composition of Claim I wherein the organic groups independently 

each have not more than 6 carbon atoms. 

3. The composition of Claim I wherein the organic groups have in totality 

not more than 16 carbon atoms. 

carboxyl ate Free CPT-I1 2 12 24 1.9* 0.4 <0.1 <0.1 35.2+ 11.5+ 1,9 0.9 4.4+ 0.1 9.9 --la 0.8 22.5  9.8
58.4+ 2.1 78.6* 1.3 77.5  9.8 Ls-CPT-I1 (encapsulated) 12 24 
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4. The composition of Claim 1 wherein the organic groups have in totality 

not more than 12 carbon atoms. 

5. The composition of Claim 1 wherein said substituted ammonium forms 

a true solution in water. 

6. The composition of Claim 1 wherein substantially all said substituted 

ammonium is contained within said interior space of the liposome. 

7. The composition of Claim 1 wherein said substituted ammonium is 

phannaceutically inert. 

8. The composition of Claim 1 wherein said substituted ammonium is 

selected from the group consisting of isopropyl ethyl ammonium, 

isopropylmethylammonium, diisopropylammonium, tert­

butylethylammonium, dicychohexylammonium, morpholinium, 

pyridinium, piperidinium, pyrrolidinium, piperazinium, lert­

butylammonium, 2-ammonio-2-methylpropanol-l, 2-ammonio-2-

methyl-propandiol-l ,3, tris-(hydroxyethyl)-ammoniomethane, N,N'­

diethyl-ethanolammonium, N,N',N"-tris-(2-hydroxyethyl)ammonium, 

N, N'-bis-(2-hydroxyethyl)ethylammonium, trimethylammonium, 

triethylammonium, diethylmethylammonium, 

diisopropylethylammonium, triisopropylammonium, N­

methylmorpholinium, J -(2-hydroxyethyl)piperidinium, 1-

methylpyrrolidinium, 1, 4-dimethylpiperazinium, 

tetramethylammonium, tetraethylammonium, and tetrabutylammonium 

9. The composition of Claim 1 wherein the concentration of the substituted 

ammonium in the interior space of the liposome is higher than the 

concentration of the substituted ammonium in the liposome-containing 

medium. 

97.7  0.1 97.7 + 0.1 <0.1 <0.1  2.3  0.1 2.3 + 0.1 <0.1 <0.1 Ls-CPT-11 (released) 12 24 60.5  10.4 78.3
6.7 25.0 7.1 14.0  5.2 5.0 0.3 6.51 0.5 
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10. The composition of Claim 1 wherein the concentration of the substituted 

ammonium in the interior space is at least about a concentration of 0.05 

M, 0.1 M, 0.2 M, 0.5 M, 0.6 M, or 0.7 M. 

11. The composition of Claim I wherein the concentration of the substituted 

ammonium in the interior space is about 0.65 M. 

12. The composition of Claim I wherein the anion is a divalent anion, a 

trivalent anion, a polyvalent anion, a polymeric anion, a polyanionized 

polyol, or a polyanionized sugar. 

13. A composition comprising a liposome in a medium, said liposome 

having an interior space separated from the medium by a membrane 

comprising one or more lipids, wherein said interior space comprises an 

anion selected from the group consisting of a polyanionized polyol or 

polyanionized sugar, and wherein said liposome comprises a 

transmembrane gradient effective for retention of an entity within said 

liposome. 

14. The composition of Claim 13 wherein said transmembrane gradient is 

an ion gradient, an ammonium ion gradient, a pH gradient, an 

electrochemical potential gradient, a solubility gradient, or a gradient of 

a substituted ammonium ion comprising at least one C-N bond. 

IS. The composition of any ofthe Claims 1 tol4 wherein said anion 

comprises 

(i) a polyol moiety selected from the group consisting of a 

monosaccharide, a disaccharide, a linear polyhydroxylated compound, a 

cyclic polyhydroxylated compound, an aliphatic alcohol having more 

than one hydroxyl group, an alicyclic alcohol having more than one 

hydroxyl group, or a heterocyclic alcohol having more than one 

hydroxyl group, and 

9.5 3.0 1,2  1.7  116 EXAMPLE 69, In vivo bhernical stability of free or liposomall CPT-11 in rats.
102831Liposomal CPT-1 I was prepared as in Example 68 using triethylammon um sucroseoctasulfate
having. 0.65 M TEA, pH 6.4, and osmolality 502 mmolikg. The liposome size was 98.5  18.4 nm, and
CPT-11 encapsulation was 510.1  16.5 mg CPT-1 limmol phospholipid. The liposomal and free CPT-1
I was administered intravenously at the dose of 25 mg/kg into female Albino rats (180-220 g) with
indwelling central venous catheters, and the blood samples were withdrawn at intervals over the
period o148 hours. The blood samples were mixed with ice-cold PBS containing 0.04% EDTA and
quickly centrifuged to remove blood cells. Aliquots of the supernatant fluids were assayed for CPT-11,
SN-38, and their carboxylate forms by HPLC as in Example 68 above. The results are shown in
Figures 46 and 47. Wherea.s the free CPT-I I was cleared very rapidly, being undetectable after 30
mm, the liposomal CPT-I I was persistent in the circulation (t112 15.2 hours) with 37.8 % of the drug in
the blood at 2411, and approximately 10 % of the drug still in the circulation after 48 h. There was no
detectable conversion of the liposomal form of CPT-11 to either SN-38 or the carboxylate form of
CPT-11. Free CPT-11, i.e. administered as a solution, cleared from the circulation quite fast (half-life of
about 16 min), and there was appreciable conversion to the carboxylate form of the drug. EXAMPLE
70. Quantification of the liposome phospholipid. [0284]Modified acid digestion - blue
phosphomolybdate method I. This method is modified after Bartlett (1959). 10-20 ml aliquots of
Liposomes are placed into heat-resistant glass tubes, digested by heating with 0.5 ml of ION  sulfuric
acid for 2 hours at 110-130C, mineralized by addition of 50 ml of 9% hydrogen peroxide, and heated
for additional 30 min. until no hydrogen peroxide is detected by an indicator paper strip. The digested
samples at ambient temperature are diluted with 1 ml of 0.2% aqueous ammonium molydbate, mixed
with 0.1 ml of 5% aqueous ascorbic acid, and incubated on a boiling water bath for 10 min. The
absorbance of reduced phosphomolybdate complex is measured at 800 am and compared to a
standard curve concurrently produced using inorganic phosphate standard solutions.  117 mM
phospholipid are mixed with 60 p.1 of concentrated sulfuric acid and 10 pl. of 30% hydrogen peroxide
in heat-resistant glass tubes. The mixtures are heated at 200-220C for 10 min.., diluted with 0.7 p.I of
deionized water, mixed with 10 p.1 of 10% aqueous sodium sulfite, incubated on a boiling water bath
for 5 min, and chilled down to ambient temperature. 200 ul of 2% aqueous ammonium molybdate and
10 pl of 10% aqueous ascorbic acid are added, and the samples are incubated on a boiling water bath
for IC min. Samples are quickly chilled to ambient temperature, and the absorbance of reduced
phosphomolybdate complex is determined at 825 nm against the blank sample. The amount of
phospholipid is determined from the standard curve obtained in the same run using standard solutions
having 2, 4, 6, 8, and 10 InM potassium dihydrogen phosphate. 102861Extraction method_ 25-100 pl
aliquots of liposomes are extracted 3 times with 200 pl portions of methanol-chloroform mixture (1:2 by
volume). The organic phases are combined in a heat-resistant glass tube, and the solvents are
removed in vacuum. The residues are treated with ION sulfuric acid and further assayed for
phosphorus according to the method I above. 102871Unless indicated otherwise, the analytical data
are presented as the mean  



124 

(ii) linked to said polyol moiety, at least two strongly anionic functional 

groups. 

16. The composition of Claim 15 wherein at least one of said strongly 

anionic functional groups is a sulfuric acid ester, a phosphoric acid 

ester, a boric acid ester, a sulfonic acid group, a phosphonic acid group, 

a thiocarbonic acid group, a dithiocarbonic acid group, a derivative 

thereof, or an analog thereof 

17. The composition of Claim 15 wherein said polyol moiety is selected 

from the group consisting of arabinose, ribose, xylose, glucose, 

galactose, sorbose, fructose, maltose, sucrose, lactose, trehalose, 

ethylene glycol, prolylene glycol, glycerol, treitol, erythritol, 

pentaerythritol, ribitol, arabitol, sorbitol, mannitol, lactitol, maltitol, 

fructitol, glucitol, xylitol, or inositoL 

18. The composition of Claim 15 wherein said polyanion is polysulfated 

sucrose having from 3 to 8 sulfate groups per molecule. 

19. The composition of Claim 15 wherein said polysulfated sucrose is 

sucrose octasul fate. 

20. The composition of Claim 15 wherein said polyanion is inositol 

hexaphosphate. 

21. The composition of Claim 15 wherein the concentration of said anion in 

said liposome interior is at least about 0.05, O. I, 0.2, 0.5, 0.6, 0.7, or 1.0 

gram-equivalent/L. 

22. The composition of Claim 15 wherein the concentration of said anion in 

said liposome interior is about 0.65 gram-equivalentiL or about 1.0 

gram-equivalent/L 

standard error of triplicate runs. EXAMPLE 71. Quantification of drugs in the liposomes.
102881Spectrophotometric quantification. Aliquots of liposornes (10-50 n1) are mixed with 1 inL of 70
vol. % aqueous isopropanol containing 0.075-0.1 N HO!, and the absorbance against the blank sample
is measured at the following wavelengths: doxorubicin, 485 nm; CPT-II and topotecan, 372 nm;
ellipticines, 306 mu, vinore.lbine, 270 nm; vincristine and -vinblastine, 265 urn. The amount of drug is
determined by comparison to a concurrently run standard curve. [0289]Fluorometric quantification.
Aliquots of liposome-containing samples (e.g., blood plasma) are diluted with acidified isopropanol
(0.02-0.1 ml aliquots: I mL of 70% isopropano1-0.075 N HCI; >0.1 ml aliquots: 90% isopropanoI-0.1 N
1-101 to 1If protein precipitation occurs, the samples are incubated on ice 1-2 hours and clarified by
centrifugation 10 min at 12,100xg. The fluorescence of the supernatants is measured at the following
wavelengths: CPT-11, excitation 370 nm, emission 423-425 rim;  118 Topotecan, excitation 380-385
nm, excitation 520-525 am; ellipticincs, excitation 306 urn, emission 520 ntis, The amount of drug is
calculated from concurrently nut standard curves after subtraction of the blank fluorescence.
EXAMPLE 72. Effect of lipopolymers on the loading efficiency of vinorelbine into liposomes.
[0290)Liposomes composed of DSPC 200 molar parts, cholesterol 133 molar parts, and poly(ethylene
glyeol)(mol. weight 2,000)-derivatized lipids PEG-DSPE (1-20 molar parts) or PEG-DSG (20 molar
parts),and containing encapsulated 0.65 M TEA-SOS solution were prepared according to the method
of Example 11, using 80 rim pore size membrane for extrusion step. The liposomes were loaded with
vinorelbine at the chugiphospholipid ratio of 350 mg/mmol and purified from unencapsulated drug
according to the method of Example 40. The liposomes were assayed for drug and lipid content as
described in Examples 70, 71, and for the liposome size by QELS using volume-weighted Gaussian
approximation. The results (Table 38) indicated that while anionic PEG derivative, PEG-DSPE, at the
amount olmore than 1 mole % of the liposome phospholipid (0.3 mole % of the total lipid), had
negative effect on the drug loading efficiency, the neutral derivative, PEG-DSG, surprisingly, did not
affect the loading efficiency even at 9.1 mole % of the liposome uhospholipid (5.7 mole % of total
Table 38. Properties of vinorelbine liposonies prepared by TEA-SOS method at various amounts of
PEG-lipid derivatives. PEG-lipid PEG-lipid amount, mol. % of total lipid Liposome size, nm (mean SD) 
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23. The composition of any of the Claims 1 - 22 further comprising an 

entity other than said substituted ammonium and said anion. 

24. The composition of Claim 23 wherein the entity is a globally cationic 

entity, a therapeutic entity, or a detectable marker. 

25. The composition of Claim 23 wherein said entity is present in said 

interior space at a concentration which exceeds the concentration of said 

entity in said medium. 

26. The composition of Claim 23 wherein said medium is essentially free 

from said entity. 

27. The composition of Claim 23 wherein molar ratio of said entity to the 

totality of said lipids is at least about 0.05, at least about 0.1, at least 

about 0.2, at least about 0.3, at least about 0.5,at least about 0.7, or at 

least about l.0. 

28. The composition of Claim 24 wherein said therapeutic entity is an 

antimicrobial therapeutic, antiviral therapeutic, or an anti-neoplastic 

therapeutic. 

29. The composition of Claim 24 wherein said therapeutic entity is an 

aminoglycoside antibiotic or a fluoroquinolone derivative. 

30. The composition of Claim 28 wherein said therapeutic entity is selected 

from a group consisting of: a topoisomerase inhibitor, a 

farnesyltransferase inhibitor, a tyrosine kinase inhibitor, a cydin­

dependent kinase inhibitor, a phosphatase inhibitor, an aurora kinase 

inhibitor, a microtubule depolymerizing agent, a microtubule stabilizing 

agent, an alkylating agent, an enzyme, an enzyme inhibitor, a histone 

deacetylase inhibitor, an antimetabolite, a receptor-binding agent, a 

Drug load, mg/mmol phospholipid Loading efficiency, % encapsulation PEG-DSPE 0.3 L08  32 359.5 +
17.8 102.7 +- 5.2 PEG-DSPE 0.6 110 + 18 346.6 14.5 99.0 + 4.1 PEG-DSPE 1.8 10435 332.0  14.0
94.9 + 3.8. 
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honnone, a honnone antagonist, a nucleotide, a polynucleotide, a 

derivative of any of the foregoing, a pro-drug of any of the foregoing, 

and an analog of any of the foregoing. 

31. The composition of Claim 28 wherein said anti-neoplastic therapeutic is 

selected from a group consisting of an anthracyc1ine compound, a 

camptothecin compound, a vinca alkaloid, an ellipticine compound, a 

taxane compound, a wortmannin compound, a pyrazolopyrimidine 

compound, a derivative of any of the foregoing, a pro-drug of any of the 

foregoing, and an analog of any of the foregoing. 

32. The composition of Claim 24 wherein said therapeutic entity is selected 

from a group consisting of: doxorubicin, daunorubicin, mitomycin C, 

epirubicin, pirarubicin, rubidomycin, carcinomycin, N­

acetyladriamycin, rubidazone, 5-imidodaunomycin, N-

acetyl daunomycin, daunoryline, mitoxanthrone, camptothecin, 9-

aminocamptothecin, 7-ethyicamptothecin, 10-hydroxycamptothecin, 9-

nitrocamptothecin, 10, Il-methylenedioxycamptothecin, 9-amino-J 0, 11-

methylenedioxycamptothecin, 9-chloro-1 0, 11-

methylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, 

silatecan, (7-( 4-methylpi perazinomethylene )-10, ll-ethylenedioxy-

20(S)-camptothecin, 7-( 4-methylpiperazinomethylene )-10,11-

methylenedioxy-20(S)-camptothecin, 7-(2-N-isopropylamino)ethyl)­

(20S)-camptothecin, vincristine, vinblastine, vinorelbine, vinflunine, 

vinpocetine, vindesine, ellipticine, 6-3-aminopropyl-ellipticine, 2-

diethylaminoethyl-ellipticinium and salts thereof, datelliptium, 

retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a 

pro-drug of any of the foregoing, and an analog of any of the foregoing .. 

33. The composition of Claim 24 wherein said therapeutic entity is selected 

from a group consisting of: an antihistamine ethylenediamine derivative, 

bromphenifamine, diphenhydramine, an anti-protozoal drug, quinolone, 

iodoquinol, an amidine compound, pentamidine, an antihelmintic 

PEG-DSPE 9.9 94  33 259.8 d: 9.5 74.2  2.0 PEG-DSPE 4.0 100  36 155.4 + 7.0 44.4  0.9 PEG-DSPE
5.7 103  31 61.2 + 5.7 17.5  0.3 PEG-DSC; 5.7 97 --1-. 36 
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compound, pyrantel, an anti-schistosomal drug, oxaminiquine, an 

antifungal triazole derivative, fliconazole, itraconazole, ketoconazole, 

miconazole, an antimicrobial cephalosporin, cefazolin, cefonicid, 

cefotaxime, ceftazimide, cefuoxime, an antimicrobial beta-Iactam 

derivative, aztreopam, cefmetazole, cefoxitin, an antimicrobial of 

erythromycine group, erythromycin, azithromycin, clarithromycin, 

oleandomycin, a penicillin compound, benzylpenicillin, 

phenoxyrnethylpenicillin, cloxacillin, methicillin, nafcillin, oxacillin, 

carbenicillin, a tetracycline compound, novobiocin, spectinomycin, 

vancomycin; an antimycobacterial drug, aminosalicyc1c acid, 

capreomycin, ethambutol, isoniazid, pyrazinamide, rifabutin, rifampin, 

clofazimine, an antiviral adamantane compound, amantadine, 

rimantadine, a quinidine compound, quinine, quinacrine, chloroquine, 

hydroxychloroquine, primaquine, amodiaquine, mefloquine, an 

antimicrobial qionolone, ciprofloxacin, enoxacin, lomefloxacin, 

nalidixic acid, norfloxacin, ofloxacin, a sulfonamide; a urinary tract 

antimicrobial, nitrofurantoin, trimetoprim; a nitroimidazoles derivative, 

metronidazole, a cholinergic quatemary ammonium compound, 

ambethinium, neostigmine, physostigmine, an anti-Alzheimer 

aminoacridine, tacrine, an anti-Parkinsonal drug, benztropine, biperiden, 

procycIidine, trihexylhenidyl, an anti-muscminic agent, atropine, 

hyoscyamine, scopolamine, propantheline, an adrenergic compound, 

dopamine, serotonin, albuterol, dobutamine, ephedrine, epinephrine, 

norepinephrine, isoproterenol, metaproperenol, salmetrol, terbutaline, a 

serotonin reuptake inhibitor, an ergotamine derivative, a myorelaxant of 

a curare series, a central action myorelaxant, baclophen, 

cyclobenzepine, dentrolene, nicotine, a nicotine recepto'r antagonist, a 

beta-adrenoblocker, acebutil, amiodarone, a benzodiazepine compound, 

ditiazem, an antiarrhythmic drug, diisopyramide, encaidine, a local 

anesthetic compound, procaine, procainamide, lidocaine, flecaimide, 

quinidine; an ACE inhibitor, captopril, enelaprilat, fosinoprol, quinapril, 

ramipril; an opiate derivative, codeine, meperidine, methadone, 

morphine, an antilipidemic, fluvastatin, gemfibrosil, an HMG-coA 

367.7 + 14.2 103.6  4.7  119 EXAMPLE 73. Effect of intraliposomal drug-trapping agent on the blood
longevity of CPT-I I in mice. 102911 Liposomes with entrapped 0.65 N solutions of triethylammonium
(TEA) or triethanolammonium (1E0A) salts of inositol hexaphosphate (IBP, phytic acid) or sucrose
octasullate were prepared and loaded with CPT-11 at 500 g/mol phospholipid following general
procedure of Example 66. The liosornes were administered intravenously to Swiss-Webster mice in
the dose of 5 mg CPT-1 1/kg body weight. Twenty four hours later, the mice were anesthetized, and
exsanguinated via open heart puncture. The blood was collected, analysed for CPT-11 content in the
blood plasma by HPLC as described in Exampe 68, and the drug amount was expressed as % of
injected dose remaining in the blood (AID). TE0A-IIIP was less effective in improving the blood
longevity of the drug than TEA-111P, TEOA-SOAS, and TEA-SOS (Table 39). Table 39. OPT-I 1
remanence in the blood 24 hours following intravenous administration of CPT-11 Liposomes in mice.
Intraliposomal drug-trapping agent%ID remaining in the blood TE0A-11-1112.74  0.54 TEA-IHP5.86
0.20 TWA-SOS7.03 = 0.17 TEA-SOS11.32 0.46 EXAMPLE 74. Drug loading into liposomes containing
1.05 N diethylammoriium sucrose octasulfate [0292] Aqueous solution of 1.05 N diethyiammonium
sucrose octasulfate (DEA-SOS) pH 6.0, osmolarity 727 rinnol/kg, was prepared using
ion-exchange/titration method of Example 6 using neat diethylamine (99.3% purity). The lipid matrix of
3 molar parts DSPC, 2 molar parts Cholesterol, and 0.015 molar parts PEG2000-DSPE, was
formulated into Liposomes (volume-weighted average size 92.4 nm) in the presence of DEA-SOS
solution, and CPT-11 was loaded in the Liposomes as various drug/lipid input ratios using the method
of Example 11. Non-encapsulated drug was removed by gel-chromatography, and the amount of
encapsulated drug per unit lipid (drug/lipid output ratio) was  120 determined. Encapsulation efficiency
was calculated as % of drug/lipid output ratio relative to input ratio. The results are shown in Table 40.
The loading achieved its maximum level of about 1.76 mol drug per mei phospholipid (1.67-1.70 niol
drug/g total lipid), which is in good agreement with the amount (1.78 mol diethylarnmoniumnnol
phospholipid) based on the diethyamrnonium content of the liposomes, assuming stiochiometric
exchange of intraliposornal diethylammonium ions for the drug molecules and estimated intraliposomal
entrapped volume of approximately 1.7 1/niol phospholipid. Table 40. Loading of CPT-1 tin
DSPC/Chol/PEG-DSPE liposomes containing 
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inhibitor, pravastatin, a hypotensive drug, c1onidine, guanabenz, 

prazocin, guanethidine, granadril, hydralazine, a non-coronary 

vasodilator, dipyridamole, an acetylcholine esterase inhibitor, 

pilocarpine, an alkaloid, physostigmine, neostigmine, a derivative of any 

of the foregoing, a pro-drug of any of the foregoing, and an analog of 

any of the foregoing. 

34. The composition of Claim 24 wherein at least 90% of said entity 

remains encapsulated in the liposome after 6 months at 2 - 8°C. 

35. The composition of Claim 24 wherein at least 80% of said entity 

remains encapsulated in the liposome after 2 years at 2 - 8°C. 

36. The composition of Claim 24 wherein said entity is encapsulated in the 

liposomes of said composition at a first entity-to-lipid ratio, and wherein 

24 hours following administration of said composition into the 

bloodstream of a mammal, said entity remains encapsulated in said 

liposomes at a second entity-to-lipid ratio wherein the second entity-to­

lipid ratio is over 50%, at least 60%, or at least 70% of the first 

substance-to-lipid ratio. 

37. The composition of Claim 36 wherein the entity is a vinca alkaloid, an 

analog thereof, or a derivative thereof. 

38. The composition of Claim 36 wherein the entity is vinorelbine. 

39. The composition of Claim 36 wherein said mammal is a rat. 

40. A composition comprising a liposome comprising one or more lipids 

and an anti-neoplastic therapeutic entity encapsulated therein at an 

entity-to lipid molar ratio of at least about 0.10, 

1.05 N DEA-SOS.   Drug/lipid input ratio, mol/gDrug/lipid output ratio, molig Encapsulation efficiency,
% 1.95 1.50 1.247  0.038 1.534  0.052 99.8  3.0 102.3 if 3.5 1.80 1.669  0,043 99.7 + 2.4 2.06 1.690
0.054 82.0  2.6 
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wherein said liposome composition has in vivo anti-neoplastic activity 

at least a four-fold higher than the anti-neoplastic activity of the entity in 

a free non-liposomal fonn, and 

wherein the toxicity of said liposome composition administered to a 

mammal is equal or less than the toxicity of said entity administered to 

said mammal in a free non-liposomal fonn. 

41. The composition of Claim 40 wherein the toxicity of said liposome 

composition administered to a mammal is at least two times less or at 

least three times less than the toxicity of said entity administered to said 

mammal in a free non-liposomal fonn. 

42. The composition of Claim 40 wherein the toxicity of said Jiposome 

composition administered to a mammal is at least four times less than 

the toxicity of said entity administered to said )TIammal in a free non­

liposomal fonn. 

43. The composition of Claim 40 wherein the entity is a pro-drug. 

44. The composition of Claim 40 wherein said entity is a camptothecin 

topoisomerase I inhibitor, a camptothecin prodrug, an analog thereof, or 

a derivative thereof. 

45. The composition of Claim 44 wherein said camptothecin prodrug is 

irinotecan. 

46. The composition of Claim 44 wherein said entity administered into the 

bloodstream of a mammal has a half-release time from said liposomes 

of at least 10 hours. 

2.20 1.704  0.062 77.5  2.8 2.42 1.685  0.103 69.6  4.3 [0293] Unless indicated otherwise, the
analytical data are presented as the meantk  standard error of triplicate runs. The rat plasma
phannacokinetic data are the mean  standard error of duplicate runs. [02941Although the invention
has been described with reference to the presently preferred embodiment, it should be understood that
various modifications can be made without departing from the spirit of the invention. Accordingly, the
scope of the invention should be determined with reference to the appended claims, along with the full
scope of equivalents to which such claims are entitled. The disclosures of all cited articles and
references, including patent applications and publications, are incorporated herein by reference for all
purposes.  121 What is claimed is: A composition comprising a liposome in a medium, said Liposome
having an interior space separated from the medium by a membrane comprising one or more lipids,
wherein the interior space of said liposome contains a substituted ammonium having a formula 
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47. The composition of Claim 44 wherein said entity administered into the 

bloodstream of a mammal has a half-release time from said liposomes 

of at least 24 hours. 

48. The composition of Claim 44 wherein said liposome comprises a 

polyanion selected from a group consisting of a polyanionized sugar and 

polyanionized polyol. 

49. The composition of Claim 48 wherein said polyanion is sucrose 

octasulfate, or inositol hexaphosphate. 

50. The composition of Claim 44 wherein said liposome comprises a 

biodegradable polyanionic polymer. 

51. The composition of Claim 50 wherein the biodegradable polyanionic 

polymer is polyphosphate. 

52. The composition of Claim 44 wherein said liposome contains a 

substituted ammonium compound having a formula 

wherein N is an ammonium nitrogen atom, each ofR], R2, R}, ~ is 

independently a hydrogen atom or an organic group having each 

independently not more than 8 carbon atoms, and in totality not more than 

18 carbon atoms inclusive, wherein at least one ofR I , R2, R3, ~ is an 

orgamc group; 

wherein the organic group is independently alkyl, alkylidene, heterocyclic 

alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted 

derivative thereof~ optionally including a S, 0, or N atoms fonning an 

ether, ester, thioether, amine, or amide bond; and 

R.,_(R2-)1\r(-R3)-R4 wherein N is an ammonium nitrogen atom, each of RI, 12.24 R3, R4 is
independently a hydrogen atom or an organic group having each independently not more than 8
carbon atoms, and in totality not more than 18 carbon atoms inclusive, wherein at least one of RI, R2,
R3, R4 is an organic group; wherein the organic group is independently alkyl, alkylidene, heterocyclic
cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted derivative thereof, optionally including a
3, 0, or N atoms forming an ether, ester, thioether, amine, or amide bond; and wherein at least three of
RI, R2, R34, R4 are the organic groups; or at least one of the organic groups has a secondary or
tertiary carbon atom directly linked to the ammonium nitrogen atom; and wherein said interior space
also comprises an anion. The composition of Claim I wherein the organic groups independently each
have not more than 6 carbon atoms.  122 4. The composition of Claim 1 wherein the organic groups
have in totality not more than 12 carbon atoms. 5. The composition of Claim I wherein said substituted
ammonium forms a true solution in water. 6. The composition of Claim 1 wherein substantially all said
substituted ammonium is contained within said interior space of the liposome. 7. The composition of
Claim I wherein said substituted ammonium is pharmaceutically inert. 8. The composition of Claim 1
wherein said substituted ammonium is selected from the group consisting of isopropylethyl
ammonium, isopropylmethylammonium, dlisopropylaminonium, butylethylammonium,
clicychohcxylammonium, morpholimum, pyridinium, piperidinium, pyrrolidinium, piperaziniurn,
tertbutylammonium, 2-ammonio-2-methylpropano1-1, 2-ammonio-2- methyl-propandio1-1,3,
tris-(hydroxyethyl)-ammoniornethane, N,Ndiethyl-ethanolammonium,
N,N',N"-tris-(2-hydroxyethyl)ammonium, N, N'-bis-(2-hydroxyethypethylammonium,
trimethylammonium, triethyla.mmonium, diethylmethylammonium, diisopropyiethylainmonium,
triisopropylarnmonium, Nmethylmorpholinium, 1-(2-hyclroxyethyppiperidini urn, 1- methylpyrrolidinium,
1, 4-dimethylpiperazinium, tetramethylammonium, tetraethylammonium, and tetrabutylammonium 9.
The composition of Claim I wherein the concentration of the substituted ammonium in the interior
space of the liposome is higher than the concentration of the substituted ammonium in the
liposome-containing medium.  123 10.The composition of Claim 1 wherein the concentration of the
substituted 
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wherein at least three ofR1, R2, R3, Rt are the organic groups; or at least 

one of the organic groups has a secondary or tertiary carbon atom directly 

linked to the ammonium nitrogen atom. 

53. The composition of any of the Claims 40-52 wherein said topoisomerase 

inhibitor is entrapped at a concentration of at least about 0.30 mole drug 

per mol. lipid. 

54. The composition of any ofthe Claims 40-53 wherein said topoisomerase 

inhibitor is entrapped at a concentration between about 0.40 mole drug 

per mole lipid and about 1.7 mole drug per mole lipid. 

55. The composition of Claims 40-54 wherein said mammal is a mouse. 

56. The composition of any of the Claims 40-55 wherein said anti-tumor 

activity is determined in vivo in an HT-29 tumor model or a BT-474 

tumor model. 

57. The composition ofClailTIs 46-47 wherein said mammal is a rat. 

58. A composition for administering a vinca alkaloid drug, comprising 

liposomes in a medium, said liposomes having an interior space and a 

membrane separating said interior from said medium, said membrane 

comprising one or more lipids, said Iiposomes comprising a vinca 

alkaloid drug entrapped in the liposomes at a first drug/lipid ratio, . 

wherein 24 hours following administration of said composition into the 

bloodstream of a mammal, the vinca alkaloid drug remains entrapped in 

aid liposomes at a second drug/lipid ratio which is over about 50% of 

said first drug/lipid ratio. 

59. The composition of Claim 58 wherein said second drugllipid ratio is at 

least about 60% of said first dmg/lipid ratio. 

ammonium in the interior space is at least about a concentration of 0.05 NI, 0.1 N4, 0.2 NI, 0.5 M, 0.6
M, or 0.7 M. The composition of Claim 1 wherein the concentration of the substituted ammonium in the
interior space is about 0.65 M. 12. The composition of Claim I wherein the anion is a divalent anion, a
trivalent anion, a polyvalent anion, a polymeric anion, a pol),Fanionized polyol, or a polyanionized
sugar. 13. A composition comprising a liposome in a medium, said liposome having an interior space
separated from the medium by a membrane comprising one or more lipids, wherein said interior space
comprises an anion selected from the group consisting of a polyanionized polyol or polyanionized
sugar, and wherein said liposome comprises a transmembrane gradient effective for retention of an
entity within said liposome. I 4.The composition of Claim 13 wherein said transmembrane gradient is
an iomgradient, an ammonium ion gradient, agradient, an electrochemical potential gradient, a
solubility gradient, or a gradient of a substituted ammonium ion comprising at least one C-N bond.
15.The composition of any of the Claims 1 tol4 wherein said anion comprises (i) a polyol moiety
selected from the group consisting of a monosaccharide, a disaccharide, a linear polyhydroxylated
compound, a cyclic polyhydroxylated compound, an aliphatic alcohol having more than one hydroxyl
group, an alicyclic alcohol having more than one hydroxyl group, or a heterocyclic alcohol having more
than one hydroxyl group, and  124 (ii) linked to said polyol moiety, at least two strongly anionic
functional groups. 16. The composition of Claim 15 wherein at least one of said strongly anionic
functional groups is a sulfuric acid ester, a phosphoric acid ester, a boric acid ester, a sulfonic acid
group, a phosphonic acid group, a thiocarbonic acid group, a dithiocarbonic acid group, a derivative
thereof; or an analog thereof 17. The composition of Claim 15 wherein said polyol moiety is selected
from the group consisting of arabinose, ribose, xylose, glucose, galactose, sorbose, fructose, maltose,
sucrose, lactose, trehalose, ethylene glycol, prolylene glycol, glycerol, treitol, erythritol, pentaerythritol,
ribitol, arabitol, sorbitol, mannitol, lactitol, maltitol, fructitol, glucitol, xylitol, or inositol. 18. The
composition of Claim 15 wherein said polyanion is polysullated sucrose having from 3 to 8 sulfate
groups per molecule. 19. The composition of Claim 15 wherein said polysulfated sucrose is sucrose
octasul fate. 



132 

60. The composition of Claim 58 wherein said second drug/lipid ratio is at 

least about 70% of said first drug/lipid ratio. 

61. The composition of Claim 58-60 wherein said first drug/hpid molar 

ratio is at least 0.05, at least 0.1, or at least 0.2. 

62. The composition of Claim 61 wherein said first drug/lipid mass ratio is 

at least about 0.05 mg/mmol, at least about 0.1 mg/mmol, or at least 

about 0.3 mg/mmol. 

63. The composition of any of the Claims 58-62 wherein said liposomes 

comprise an inside/outside transmembrane ion gradient effective for 

retaining of the drug within the liposomes. 

64. The composition of any of the Claims 58-63 wherein said interior space 

comprises a polyanion selected from the group of polymeric polyanion, 

polyanionized polyol, or polyanionized sugar. 

65. The composition of Claim 63 or 64 wherein said interior space 

comprises ammonium ion or a substituted ammonium ion. 

66. The composition of Claim 65 wherein the substituted ammonium ion is 

a primary ammonium, a secondary ammonium, a tertiary ammonium, 

or a quaternary ammonium ion. 

67. The composition of Claim 63 or 64 wherein said interior space 

comprises a substituted ammonium ion having a fonnula 

wherein N is an ammonium nitrogen atom, each ofRl , R2, R3, ~ is 

independently a hydrogen atom or an organic group having each 

independently not more than 8 carbon atoms, and in totality not more 

20. The composition of Claim 15 wherein said polyamon is inositol hexaphosphate. 21. The
composition of Claim 15 wherein the concentration of said anion in said liposome interior is at least
about 0.05, 0.1, 0.2, 0.5, 0.6. 0.7, or 1.0 gram-equivalent/L.  125 23. The composition of any of the
Claims 1 - 22 further comprising an entity other than said substituted ammonium and said anion. 24.
The composition of Claim 23 wherein the entity is a globally cationic entity, a therapeutic entity, or a
detectable marker. 25. The composition of Claim 23 wherein said entity is present in said interior
space at a concentration which exceeds the concentration of said entity in said medium. 26. The
composition of Claim 23 wherein said medium is essentially Free from said entity. 27. The composition
of Claim 23 wherein molar ratio of said entity to the totality of said lipids is at least about 0.05, at least
about 0.1, at least about 0.2, at least about 0.3, at least about 0.5,at least about 0.7, or at least about
1.0. 28. The composition of Claim 24 wherein said therapeutic entity is an antimicrobial therapeutic,
antiviral therapeutic, or an anti-neoplastic therapeutic. The composition of Claim 24 wherein said
therapeutic entity is an aminoglycoside antibiotic or a fluoroquinolone derivative. 30.The composition
of Claim 28 wherein said therapeutic entity is selected from a group consisting of a topoisomerase
inhibitor, a farnesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclindependent kinase inhibitor,
a phosphatase inhibitor, an aurora kinase inhibitor, a microtubule depnlymerizing agent, a microtubule
stabilizing agent, an alkylating agent, an enzyme, an enzyme inhibitor, a historic deacetylase inhibitor,
an antimetabolite, a receptor-binding agent, a  126 hormone, a hormone antagonist, a nucleotide, a
polynucicotide, a derivative of any of the foregoing, a pro-drug of any of the foregoing, and an analog
of any of the foregoing. 3kThe composition of Claim 28 wherein said anti-neoplastic therapeutic is
selected from a group consisting of an anthracycline compound, a camptothecin compound, a vinca
alkaloid, an ellipticine compound, a taxane compound, a wortmannin compound, a pyrazolopyrimidine
compound, a derivative of any of the foregoing, a pro-drug of any of the foregoing, and an analog of
any of the foregoing. 
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than J 8 carbon atoms inclusive, wherein at least one ofR), R2, R3, ~ is 

an organic group; 

wherein the organic group is independently alkyl, alkylidene, heterocyclic 

alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted 

derivative thereof, optionally including a S, 0, or N atoms forming an 

ether, ester, thioether, amine, or amide bond; and 

wherein at least three of R 1, R2, R3, ~ are the organic groups; or at least 

one of the organic groups has a secondary or tertiary carbon atom directly 

linked to the ammonium nitrogen atom; and 

wherein said interior space also comprises an anion. 

68. The composition of Claim 65 wherein said polyanion is comprised in 

said interior space at a concentration of at least 0.05 gram-equivalent/L, 

at least 0.2 gram-equivalent/L, at least 0.5 gram-equivalent per liter, or 

at least 0.6 gram-equivalent/L. 

69. The composition of any of the Claims 58-68 wherein said vinca alkaloid 

drug is vincristine, vinblastine, vinorelbine, vinflunine, vindesine, 

vinpocetine, an analog thereof, or a derivative thereof. 

70. The composition of Claim 69 wherein said vesicJe-fonning lipid 

comprises phosphatidylcholine and cholesteroL 

71. The composition of Claim 70 wherein said phosphatidylcholine is 

selected from the group consisting of a natural lecithin, a hydrogenated 

natural lecithin, a synthetic lecithin, 1,2-distearoyl-lecithin, 1,2-

dipalmitoyl-lecithin, 1,2-dimyristoyl-lecithin, 1,2-dioleoyl-Iecithin, 1-

stearoyl-2-0Ieoyl-lecithin, and I-palmitoyl-2-01eoyllecithin. 

32. The composition of Claim 24 wherein said therapeutic entity is selected from a group consisting of:
cloxorubicin, daunonthicin, mitomycin C, epirubicin, pirambicin, rubidomycin, carcinomycin.
Nacetyladriamycin, rubidazone, 5-imidodaunomycin, Nacetyldaunornycin, daunoryline, miroxanthrone,
camptothecin, 9- arni nocarnptothecin, 7-ethylcamptothecin, 10-hydroxycamptothecin, 9-
trocamptothecin, 10,11 -methyl enedioxycamptothecin, 9-amino- I 0,11- methylenedioxycamptothecin,
9-chloro-10,11- methylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, silatecan, (744-methyl
pi perazinomethyl ene)-10,11-ethyl enedioxy- 20(S)-camptothecin,
7-(4-methylpiperazinomethylene)-10,11- methylenedioxy-20(S)-eamptothecin,
7-(2-N-isopropylarnino)ethyl)- (20S)-camptothecin, vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine, 6-3-aminopropyl-ellipticine, 2-- diethylaminoethyl-ellipticinium and
salts thereof, datelliptiuin, retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a
pro-drug of any of the foregoing, and an analog of any of the foregoing.. 33. The composition of Claim
24 wherein said therapeutic entity is selected from a group consisting of: an antihistamine
ethylenediamine derivative, bromphenifamine, diphenhydramine, an anti-protozoal drug, quinolone,
iodoquinol, an amidine compound, pentarnidine, an antihelmintic  127 compound, pyrantel, an
anti-schistosomal drug, oxaminiquine, an antifungal triazole derivative, fliconazole, itraconazole,
ketoconazole, miconazole, an antimicrobial cephalosporin, cefazolin, cefonicid, cefotaxime,
ceftazimide, cefuoxime, an antimicrobial beta-lactam derivative, aztreopam, cefrnetazole, cefoxitin, an
antimicrobial of erythromycine group, erythromycin, azithromycin, clarithromycin,  oleandomycin, a
penicillin compound, benzylpenicillin, phenoxymethylpenicillin, cloxacillin, methicillin, nafcillin, oxacillin,
carbenicillin, a tetracycline compound, novobiocin, spectinomycin, vancomycin; an antimycobacterial
drug, aminosalicycic acid, capreomycin, ethambutol, isoniazid, pyrazinamide, rifabutin, rifainpin,
clofazirnine, an antiviral adamantane compound, amantadine, rimantadine,, a quinidine compound,
quinine, quinacrine, chloroquine, hydroxychloroquine, primaquine, amodiaquine, mefioquine, an
antimicrobial qionolone, ciprofioxacin, enoxacin, lornefloxacin, nalidixic acid, norfloxacin, ofloxacin, a
sulfonamide; a urinary tract antimicrobial, nitrofurantoin, trirnetopritm a nitroirniciazoles derivative,
metronidazole, a cholinergic quaternary ammonium compound, arnbethinium, neostigmine,
physostigmine, an anti-Alzheimer aminoacridine, tacrine, an anti-Parkinsonal drug, benztropine, bit
eriden, procyclidine, trihexylhenidyl, an anti-muscarinic agent, atropine, hyoscyamine, scopolamine,
propantheline, an adrenergic compound, dopamine, serotonin, albuterol, dobutamine, ephedrine,
epinephrine, norepinephrine, isoproterenol, metaproperenol, salmetrol, terbutaline, a serotonin
reuptake inhibitor, an ergotamine derivative, a myorelaxant of a curare series, a central action
myorelaxant, baclophen, cyclobenzepine, dentrolene, nicotine, a nicotine receptor antagonist, a
beta-adrenoblocker, acebutil, amiodarone, a benzodiazepine compound, ditiazem, an antiarrhythrnic
drug, diisopyramicle, encaidine, a local anesthetic compound, procaine, procainamide, lidocaine,
flccaimide, quinidine; an ACE inhibitor, captopril, enelaprilat, fosinoprol, quinapril, ramipril; an opiate
derivative, codeine, rneperidine, methadone, morphine, an antiiipidemic, fluvastatin, gemfibrosil, an
HMG-eoA  128 inhibitor, pravastatin, a hypotensive drug, clonidine, guanabenz, prazocin,
guanethidine, granadril, hydralazine, a non-coronary vasodilator, dipyridamole, an acetylcholine
esterase inhibitor, pilocarpine, an alkaloid, physostigmine, neostiginine, a derivative of any of the
foregoing, a pro-drug of any of the foregoing, and an analog of any of the foregoing. 34. The
composition of Claim 24 wherein at least 90% of said entity remains encapsulated in the liposome
after 6 months at 2 - 8.C. 35. The composition of Claim 24 wherein at least SO% of said entity remains
encapsulated in the liposome after 2 years at 2 - 8 C. 36. The composition of Claim 24 wherein said
entity is encapsulated in the liposomes of said composition at a first entity-to-lipid ratio, and wherein 24
hours following administration of said composition into the bloodstream of a mammal, said entity
remains encapsulated in said Liposomes at a second entity-to-lipid ratio wherein the second
entity-tolipid ratio is over 50%, at least 60%, or at least 70% of the first substance-to-lipid ratio. 
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72. The composition of Claim 70 wherein said phosphatidylcholine and said 

cholesterol are contained in molar ratio of about 3:2. 

73. The composition of any of the Claims 58-68 wherein said lipids 

comprises a neutral PEG-lipid derivative or an anionic PEG-lipid 

derivative. 

74. The composition of Claim 73 wherein said neutral PEG-lipid derivative 

is from about 0.1 mol. % to about 10 mol. % ofthe totality of said 

lipids. 

75. The composition of Claim 73 wherein said neutral PEG lipid derivative 

is PEG-ceramide or PEG-diacylglycerol. 

76. The composition of Claim 73 wherein said anionic PEG-lipid derivative 

is contained at less than 1 mol% of the total lipid. 

77. The composition of Claim 76 wherein said anionic PEG-lipid derivative 

is N-(PEG)-diacyl-phosphatidylethano lamine. 

78. The composition of any of the Claims 58-77 wherein said mammal is a 

rat. 

79. A composition for administering a vinca alkaloid drug, comprising 

liposomes in a medium, said liposomes having an interior space and a 

membrane separating said interior from said medium, said membrane 

comprising lipids, 

wherein said lipids comprise lecithin and cholesterol in the molar ratio of 

about 3:2; and 

37. The composition of Claim 36 wherein the entity is a vinca alkaloid, an analog theredf, or a
derivative thereof. 38. The composition of Claim  36 wherein the entity is vinorelbine. 39. The
composition of Claim 36 wherein said mammal is a rat. 40. A composition comprising a liposome
comprising one or more lipids and an anti-neoplastic therapeutic entity encapsulated therein at an
entity-to lipid molar ratio of at least about 0.10,  129 wherein said liposome composition has in vivo
anti-neoplastic activity at least a four-fold higher than the anti-neoplastic activity of the entity in a free
non-liposornal form, and wherein the toxicity of said liposome composition administered to a mammal
is equal or less than the toxicity of said entity administered to said mammal in a free non-liposomal
form. 41.The composition of Claim 40 wherein the toxicity of said liposome composition administered
to a mammal is at least two times less or at least three times less than the toxicity of said entity
administered to said mammal in a free non-liposomal form. 42,The composition of Claim 40 wherein
the toxicity of said liposome composition administered to a mammal is at least four times less than the
toxicity of said entity administered to said mammal in a free nonliposornal form. 43. The composition of
Claim 40 wherein the entity is a pro-drug. 44. The composition of Claim 40 wherein said entity is a
camptothecin topoisomerase i inhibitor, a camptothecin prodrug, an analog thereof; or a derivative
thereof. 45. The composition of Claim 44 wherein said camptothecin prodrug is irinotecan. 46. The
composition of Claim 44 wherein said entity administered into the bloodstream of a mammal has a
half-release time from said I iposomes of at least 10 hours.  130 
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wherein said vinca alkaloid drug is contained in said liposomes at the 

drug/lipid ratio from about 0.15 mgimmollecithin to about 0.55 mg/mmol 

lecithin; and 

wherein said interior space also contains a biodegradable polyanionic 

polymer, a polyanionized polyol, or a polyanionized sugar; and 

wherein said polymer or sugar is contained in said interior space of the 

liposomes at a concentration from about 0.5 gram-equivalent/L to about 

1.0 gram-equivalent/L; and 

wherein said vinca alkaloid drug is vinorelbine, vincristine, or vinblastine. 

80. The composition of Claim 79 wherein said polyanionized sugar is 

sucrose octasulfate. 

81. The composition of Claim 80 also comprising an ionically neutral 

poly(ethylene glycol)-lipid derivative in the amount from about 0.1 

mol.% to about 10 mol.% of the total lipid. 

82. The composition of Claim 81 wherein said poly(ethylene glycoJ)-lipid 

derivative is poly(ethylene glycol)-dialkylglycerol, poly(ethylene 

glycol)-diacylg\ycerol, or poly(ethylene glycol)-ceramide, wherein 

molecular weight of poly( ethylene glycol) portion of said poly( ethylene 

glycol)-lipid derivative is from about 250 to about 10,000. 

83. The composition of Claim 80 also comprising an anionic poly( ethylene 

glycol)-lipid derivative in the amount from about 0.1 mol.% to about 0.9 

mol.% of the total lipid. 

84. The composition of Claim 83 wherein said anionic poly(ethylene 

glycol)-lipid derivative is PEG-phosphatidylethianolamine, wherein 

47. The composition of Claim 44 wherein said entity administered into the bloodstream of a mammal
has a half-release time from said liposomes of at least 24 hours. 48. The composition of Claim 44
wherein said liposorne comprises a polyanion selected from a group consisting of a polyanionized
sugar and polyanionized polyol. 49. The composition of Claim 48 wherein said polyamon is sucrose
octasulfate, or inositol hexaphosphate. 50. The composition of Claim 44 wherein said liposome
comprises a biodegradable polyanionic polymer. 51. The composition of Claim 50 wherein the
biodegradable polyanionic polymer is polyphosphate. 57.The composition of Claim 44 wherein said
liposome contains a substituted ammonium compound having a formula  wherein N is an ammonium
nitrogen atom, each of RI, R2, R3, R4 is independently a hydrogen atom or an organic group having
each independently not more than 8 carbon atoms, and in totality not more than 18 carbon atoms
inclusive, wherein at least one of RI, R2, R3, R4 is an organic group; wherein the organic group is
independently alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a
hydroxy-substituted derivative thereof, optionally including a S, 0, or N atoms forming an ether, ester,
thioether, amine, or amide bond; and  131 wherein at Least three of R. R2, R3, Rzi are the organic
groups; or at least one of the organic groups has a secondary or tertiary carbon atom directly linked to
the ammonium nitrogen atom. 53. The composition of any of the Claims 40-52 wherein said
topoisomerase inhibitor is entrapped at a concentration of at least about 0.30 mole drug per mol. lipid.
54. The composition of any of the Claims 40-53 wherein said topoisomerase inhibitor is entrapped at a
concentration between about 0.40 mole drug per mole lipid and about 1.7 mole drug per mole lipid. 55.
The composition of Claims 40-54 wherein said mammal is a mouse. 56. The composition of any of the
Claims 40-55 wherein said anti-tumor activity is determined in vivo in an HT-29 tumor model or a
BT-474 tumor model. 57. The composition of Claiths 46-47 wherein said mammal is a rat. 
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molecular weight of the poly( ethylene glycol) portion of said 

poIy(ethylene glycol)-lipid derivative is from about 250 to about 10,000. 

85. The composition of any of the Claims 79-84 wherein half-release time 

of said vinca alkaloid drug from said liposomes in the blood circulation 

of a mammal is over 24 hours. 

86. The composition of Claim 85 wherein the mammal is a rat. 

87. A composition comprising a Iiposome having an interior space and 

comprising a taxane compound wherein said taxane compound is 

contained essentially within the interior space of said liposome. 

88. The composition of Claim 87 wherein said taxane is ionically neutral 

molecule. 

89. The composition of Claim 88 wherein the molecular structure of said 

taxane does not comprise a hydrophilic polymer moiety. 

90. The composition of any of the Claim 87-89 wherein the amount of said 

encapsulated taxane is at least 0.05 mole per mole of said lipid. 

91. The composition of Claim 89 wherein the amount of said encapsulated 

taxane is at least 0.1 mole per mole of said lipid. 

92. The composition of any of the claims 87-92 wherein said interior space 

is essentially free from a solubilizing aid selected from a micelle­

forming surfactant compound and a cyc10dextrin compound. 

93. The composition of any of the Claims 87-92 wherein said taxane is 

pac1itaxel or docetaxel. 

58. A composition for administering a vinca alkaloid drug, comprising liposomes in a medium, said
liposomes having an interior space and a membrane separating said interior from said medium, said
membrane comprising one or more lipids, said liposornes comprising a vinca alkaloid drug entrapped
in the liposomes at a first drug/lipid ratio, wherein 24 hours following administration of said composition
into the bloodstream of a mammal, the vinca alkaloid drug remains entrapped in aid liposomes at a
second drug/lipid ratio which is over about 50% of said first drug/lipid ratio. 59. The composition of
Claim 58 wherein said second drug/lipid ratio is at least about 60% of said first drug/lipid ratio.  132 60.
The composition of Claim 58 wherein said second drug/lipid ratio is at least about 70% of said first
drug/lipid ratio. 61. The composition of Claim 58-60 wherein said first drug/lipid molar ratio is at least
0.05, at least 0.1, or at least 0.2. 62. The composition of Claim 61 wherein said first drug/lipid mass
ratio is at least about 0.05 mg/mum], at least about 0.1 mg/mmol, or at least about 0.3 mg/mmol. 63.
The composition of any of the Claims 58-62 wherein said liposomes comprise an inside/outside
trartsmembranc ion gradient effective for retaining of the drug within the liposomes. 64. The
composition of any of the Claims 58-63 wherein said interior space comprises a polyanion selected
from the group of polymeric polyanion, polyanionized polyol, or polyanionized sugar. 65. The
composition of Claim 63 or 64 wherein said interior space comprises ammonium ion or a substituted
ammonium ion. 66. The composition of Claim 65 wherein the substituted aminoniurn ion is a primary
ammonium, a secondary ammonium, a tertiary ammonium, or a quaternary ammonium ion. 67. The
composition of Claim 63 or 64 wherein said interior space comprises a substituted ammonium ion
having a formula  wherein N is an ammonium nitrogen atom, each of RI, R2, R3, RA is independently
a hydrogen atom or an organic group having each independently not more than 8 carbon atoms, and
in totality not more  133 than 18 carbon atoms inclusive, wherein at least one of RI, R2, R3, R4 is an
organic group; wherein the organic group is independently alkyl, alkylidene, heterocyclic alkyl,
cycloalkyl, aryl, alkenyl, cycloalkenyl, or a hydroxy-substituted derivative thereof, optionally including a
S, 0, or N atoms forming an ether, ester, thioether, amine, or amide bond; and 
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94.' The composition of any of the preceding claims wherein said lipids 

comprise a lipid derivatized with a hydrophilic polymer. 

95. The composition of Claim 94 wherein said hydrophilic polymer­

derivatized lipid comprises up to 20 mole % of the totality of said lipids. 

96. The composition of Claim 94 wherein said hydrophilic polymer­

derivatized lipid comprises less than I mole % of the totality of said 

lipids. 

97. The composition of Claim 94 wherein said liposome has blood 

circulation longevity in a mammal ofless than two times higher than the 

circulation longevity of an identically composed liposome except for the 

absence of said hydrophilic polymer-derivatized lipid. 

98. The composition of Claim 97 wherein said mammal is a rat. 

99. The composition of Claim 96 wherein said hydrophilic polymer­

derivatized lipid comprises from about 0.1 mole % to about 0.9 mole % 

of the totality of said lipids. 

100. The composition of any of the Claims 94-99 wherein said hydrophilic 

polymer is poly(ethylene glycol), or a derivative thereof. 

101. The composition of any of the Claims 94-100 wherein said hydrophilic 

polymer-derivatized lipid is a poly( ethylene glycol)-derivatized 

phospholipid, a poly(ethylene glycol)-derivatized diacylglycerol, a 

poly( ethylene glycol)-derivatized dialkylglycerol, a poly( ethylene 

glycol)-derivatized ceramide, a poly(ethylene glycoI)-derivatized fatty 

acid, a poly(ethylene glycol)-derivatized fatty alcohol, or a 

poly(ethylene glycol)-derivatized sterol. 

wherein at least three of RI, Pc', R3, R4 are the organic groups; or at least one of the organic groups
has a secondary or tertiary carbon atom directly linked to the ammonium nitrogen atom; and wherein
said interior space also comprises an anion. 68. The composition of Claim 65 wherein said polyanion
is comprised in said interior space at a concentration of at least 0.05 gram-equivalent/L, at least 0.2
gram-equivalent/L, at least 0.5 gram-equivalent per liter, or at least 0.6 gram-equivalent/L. 69. The
composition of any of the Claims 58-68 wherein said vinca alkaloid drug is vincristine, vinblastine,
vinorelbine, vinflunine, vindesine, vinpocetine, an analog thereof, or a derivative thereof. 70. The
composition of Claim 69 wherein said vesicle-forming lipid comprises phosphatidylcholine and
cholesterol. 71. The composition of Claim 70 wherein said phosphatidylcholine is selected from the
group consisting of a natural lecithin, a hydrogenated natural lecithin, a synthetic lecithin,
1,2-distearoyl-lecithin, 1,2- dipahnitoyl-lecithin, I ,2-dimyristoyl-lecithin, 1,2-dioleoyl-lecithin, 1-
stearoy1-2-olcoyl-lecithin, and 1-palmitoy1-2-oleoyl  134 72. The composition of Claim 70 wherein said
phosphatidylcholine and said cholesterol are contained in molar ratio of about 3:2. 73. The
composition of any of the Claims 58-68 wherein said lipids comprises a neutral PEG-lipid derivative or
an anionic PEG-lipid derivative. 74. The composition of Claim 73 wherein said neutral PEG-lipid
derivative is from about 0.1 mol. 'A to about 10 mol. /c. of the totality of said lipids. 75. The composition
of Claim 73 wherein said neutral PEG lipid derivative is PEG-ceramide or PEG-diacylgl ycerol- 76. The
composition of Claim 73 wherein said anionic PEG-lipid derivative is contained at less than 1 mol% of
the total lipid. 77. The composition of Claim 76 wherein said anionic PEG-lipid derivative is
N-(PEG)-diacyl-phosphatidylethanolamine. 78. The composition of any of the Claims 58-77 wherein
said mammal is a rat. 79. A composition for administering a vinca alkaloid drug, comprising liposomes
in a medium, said liposomes having an interior space and a membrane separating said interior from
said medium, said membrane comprising lipids, wherein said lipids comprise lecithin and cholesterol in
the molar ratio of about 3:2; and  
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102. The composition of any of the Claims 94-101 wherein said hydrophilic 

polymer is poly(ethylene glycol) having at least three ethylene glycol 

units. 

103. The composition of any of the Claims 94-1 ° 1 wherein said hydrophilic 

polymer is poly(ethylene glycol) having molecular weight from about 

200 to about 10,000. 

104. The composition of any of the Claims 94-101 wherein said hydrophilic 

polymer is poly(ethylene glycol) having molecular weight from about 

500 to about 5,000. 

105. The composition of any of the preceding claims wherein said liposome 

comprises a targeting moiety. 

106. The composition of Claim 105 wherein said targeting moiety is a 

protein, a peptide, a polysaccharide, a polynucleotide, natural small 

molecule, a synthetic small molecule, a combination thereof, or a 

derivative thereof. 

107. The composition of Claim 105 wherein said targeting moiety is a 

naturally, synthetically, or recombinantly produced protein comprising 

an antigen binding sequence of an antibody. 

108. The composition of Claim 105 wherei'n said targeting moiety is an 

antibody, an antigen-binding fragment thereof, a single-chain protein 

comprising the antigen-binding polypeptide sequences of an antibody, a 

single-domain antibody, an analog of any of the foregoing, or a 

derivative of any of the foregoing. 

109. The composi tion of Claim 105 wherein said targeting moiety is linked 

to said Iiposome membrane and exposed to said medium. 

135 wherein said vinca alkaloid drug is contained in said liposomes at the drug/lipid ratio from about
0.15 mg/mmol lecithin to about 0.55 ing/mmol lecithin; and wherein said interior space also contains a
biodegradable polyanionic polymer, a polyanionized polyol, or a polya.nionized sugar; and wherein
said polymer or sugar is contained in said interior space of the liposomes at a concentration from
about 0.5 gram-equivalentIL to about 1.0 grain-equivalent/I..; and wherein said vinca alkaloid drug is
vinorelbine, vincristine or vinblastine. 80. The composition of Claim 79 wherein said polyanionized
sugar is sucrose octasulfate. 81. The composition of Claim 80 also comprising an ionic:ally neutral
poly(ethylene glycol)-lipid derivative in the amount from about 0.1 mol.% to about 10 mol.% of the total
lipid. 82. The composition of Claim 81 wherein said poly(ethylene derivative is poly(ethylene
glycol)-dialkylglycerol, poly(ethylene glycol)-diacylglyeerol, or poly(ethylene glycol)-eeramide, wherein
molecular weight of poly(ethylene glycol) portion of said poly(ethylene glycol)-lipid derivative is from
about 250 to about 10,000. The composition of Claim SO also comprising an anionic poly(ethylene
glycol)-lipid derivative in the amount from about 0.1 mol../0 to about 0.9 mot.% of the total lipid. 84.The
composition of Claim 83 wherein said anionic poly(ethylene glycol)-lipid derivative is
PEG-phosphatidylethianolamine, wherein  136  molecular weight of the poly(ethylene glycol) portion of
said poly(ethylene glycol)-lipid derivative is from about 250 to about 10,000. 85. The composition OT
any of the Claims 79-84 wherein half-release time of said vinca alkaloid drug from said liposomes in
the blood circulation of a mammal is over 24 hours. 86. The composition of Claim 85 wherein the
mammal is a rat. 87. A composition comprising a Liposome having an interior space and comprising a
taxane compound wherein said taxane compound is contained essentially within the interior space of
said Liposome. 
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110. The composition of Claim 109 wherein said linked targeting moiety 

comprises a hydrophilic polymer that links said liposome membrane to 

said moiety. 

Ill. The composition of Claim 110 wherein said hydrophilic polymer is 

poly( ethylene glycol). 

112. The composition of Claim III wherein said poly(ethylene glycol) has 

molecular weight from about 250 to about 30,000. 

113. The composition of any of the Claims 104-112 wherein said targeting 

moiety effects internalization of said liposome in a cell. 

114. The composition of any of the Claims 104-112 wherein said targeting 

moiety selectively binds to a receptor tyrosine kinase, a growth factor 

receptor, an angiogenic factor receptor, a transfelTin receptor, a cell 

adhesion molecule, or a vitamin receptor. 

115. The composition of Claim 114 wherein said tyrosine kinase receptor is a 

growth factor receptor 

116. The composition of Claim 115 wherein said tyrosine kinase growth 

factor receptor is an EGFR, ErbB-2 (HER-2), ErbB-3 (HER3), or ErbB-

4 (HER4). 

117. The composition of Claim 114 wherein said angiogenic factor receptor 

is bFGF receptor, or VEGF receptor. 

118. The composition of Claim I t 4 wherein said cell adhesion molecule is 

an integrin. 

119. The composition of any of the claims 113-118 wherein said cell is a 

malignant cell. 

88. The composition of Claim 87 wherein said taxane is ionically neutral molecule. 89. The
composition of Claim 88 wherein the molecular structure of said taxane does not comprise a
hydrophilic polymer moiety. 90. The composition of any of the Claim 87-89 wherein the amount of said
encapsulated taxane is at least 0.05 mole per mole of said lipid. 91. The composition of Claim 89
wherein the amount of said encapsulated taxane is at least 0.1 inole per mole of said lipid. 91The
composition of any of the claims 87-92 wherein said interior space is essentially free from a
solubilizing aid selected from a micellefoiming surfactant compound and a cyclodextrin compound.
93.The composition of any of the Claims 87-92 wherein said taxane is paclitaxel or docetaxel.  94..The
composition of any of the preceding claims wherein said lipids comprise a lipid derivatized with a
hydrophilic polymer. 95. The composition of Claim 94 wherein said hydrophilic polymerderivatized lipid
comprises up 10 20 mole % of the totality of said lipids. 96. The composition of Claim 94 wherein said
hydrophilic polymerderivatizeci lipid comprises less than 1 mole % of the totality of said lipids. 97. The
composition of Claim 94 wherein said liposome has blood circulation longevity in a mammal of less
than two times higher than the circulation longevity of an identically composed Liposome except for the
absence of said hydrophilic polymer-derivatized lipid. 98. The composition of Claim 97 wherein said
mammal is a rat, 99. The composition of Claim 96 wherein said hydrophilic polymerderivatized lipid
comprises from about 0.1 mole % to about 0.9 mole % of the totality of said lipids. 100. The
composition of any of the Claims 94-99 wherein said hydrophilic polymer is poly(ethylene glycol), or a
derivative thereof 101. The composition of any of the Claims 94-100 wherein said hydrophilic
polymer-derivatizecl lipid is a poly(ethylene glycol)-derivatized phospholipid, a poly(ethylene
glycol)-derivatized diacylglycerol, a poly(ethylene glycol)-derivatized dialkylglycerol, a poly(ethylene
glycol)-derivatized ceramide, a poly(ethylene glycol)-derivatized fatty acid, a poly(ethylene
glycol)-derivatized fatty alcohol, or a poly(ethylene glycol)-derivatized sterol. 
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120. A method of encapsulating an entity into a liposome comprising a step 

of contacting the composition 0 f any of the Claims 1 - 22 with the entity 

for the time sufficient for said substance to become encapsulated into 

said liposome. 

121. The method of Claim 120 wherein at least a portion of said entity enters 

the liposome interior space. 

122. The method of Claim 120 wherein at least 90% of said entity enters the 

liposome interior space. 

123. The method of Claim 120 wherein the proportion of said entity that 

becomes encapsulated into the liposomes is at least 80%, at least 90%, 

or at least 95%. 

124. The method of Claim 120 wherein the entity is a globally cationic 

entity, a therapeutic entity, or a detectable marker. 

125. The method of Claim 120 wherein molar ratio of said entity to the 

totality of said lipids is at least about 0.05, about 0.1, about 0.2, or about 

0.3. 

126. The method of Claim 120 wherein said therapeutic entity is an 

antimicrobial therapeutic, antiviral therapeutic, or an anti-neoplastic 

therapeutic. 

127. The method of Claim 120 wherein said therapeutic entity is an 

aminoglycoside antibiotic or a fluoroquinolone derivative. 

128. The method of Claim 124 wherein said therapeutic entity is selected 

from a group consisting of: a topoisomerase inhibitor, a 

famesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclin-

138 102. The composition of any of the Claims 94-101 wherein said hydrophilic polymer is
poly(ethylene glycol) having at least three ethylene glycol units. 103. The composition of any of the
Cairns 94-101 wherein said hydrophilic polymer is poly(ethylene glycol) having molecular weight from
about 200 to about 10,000. 104. The composition of any of the Claims 94-101 wherein said hydrophilic
polymer is poly(ethylene glycol) having molecular weight from about 500 to about 5,000. 105. The
composition of any of the preceding claims wherein said liposome comprises a targeting moiety. 106.
The composition of Claim 105 wherein said targeting moiety is a protein, a peptide, a polysaccharide,
a polynticleotide, natural small molecule, a synthetic small molecule, a combination thereof, or a
derivative thereof 107. The composition of Claim 105 wherein said targeting moiety is a naturally,
synthetically, or recornbinantly produced protein comprising an antigen binding sequence of an
antibody. WS.The composition of Claim 105 whercih said targeting moiety is an antibody, an
antigen-binding fragment thereof, a single-chain protein comprising the antigen-binding polypeptide
sequences of an antibody, a single-domain antibody, an analog of any of the foregoing, or a derivative
of any of the foregoing.  139 110.The composition of Claim 109 wherein said linked targeting moiety
comprises a hydrophilic polymer that links said liposorne membrane to said moiety. III.The
composition of Claim 0 wherein said hydrophilic polymer is poly(ethylene glycol). 112. The composition
of Claim i 11 wherein said poly(ethylene glycol) has molecular weight from about 250 to about 30,000. 
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dependent kinase inhibitor, a phosphatase inhibitor, an aurora kinase 

inhibitor, a microtubule depolymerizing agent, a microtubule stabilizing 

agent, an alkylating agent, an enzyme, an enzyme inhibitor, a histone 

deacetylase inhibitor, an antimetabolite, a receptor-binding agent, a 

h0ll110ne, a honnone antagonist, a nucleotide, a polynucleotide, a 

derivati ve of any of the foregoing, a pro-drug of any of the foregoing, 

and an analog of any of the foregoing. 

129. The method of Claim 124 wherein said therapeutic entity is selected 

from a group consisting of an anthracycline compound, a camptothecin 

compound, a vinca alkaloid, an ellipticine compound, a taxane 

compound, a wortmannin compound, a pyrazolopyrimidine compound, 

a derivative of any of the foregoing, a pro-drug of any of the foregoing, 

and an analog of any of the foregoing. 

130. The method of Claim 124 wherein said therapeutic entity is selected 

from a group consisting of: doxorubicin, daunorubicin, mitomycin C, 

epirubicin, pirarubicin, rubidomycin, carcinomycin, N­

acetyladriamycin, rubidazone, 5-imidodaunomycin, N-

acetyl daunomycin, daunoryline, mitoxanthrone, camptothecin, 9-

aminocamptothecin, 7 -ethylcamptothecin, 10-hydroxycamptothecin, 9-

nitrocamptothecin, 10, Il-methylenedioxycamptothecin, 9-amino-l 0, 11-

methylenedioxycamptothecin, 9-chloro-1 0, 11-

methylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, 

silatecan, (7 -( 4-methylpiperazinomethylene)-1 0, ll-ethylenedioxy-

20(S)-camptothecin, 7-(4-methylpiperazinomethylene)-1 0, 11-

methylenedioxy-20(S)-cam ptothecin, 7 -(2-N-isopropylamino )ethyl)­

(20S)-camptothecin, vincristine, vinblastine, vinorelbine, vinflunine, 

vinpocetine, vindesine, ellipticine, 6-3-aminopropyI-ellipticine, 2-

diethylaminoethyl-ellipticinium and salts thereof, datelliptium, 

retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a 

pro-drug of any of the foregoing,.<!-nd an analog of any of the foregoing .. 

113. The composition of any of the Claims 104-112 wherein said targeting moiety effects
internalization of said iiposome in a cell. 114. The composition of any of the Claims 104-112 wherein
said targeting moiety selectively binds to a receptor tyrosine kinase, a growth factor receptor, an
angiogenic factor receptor, a transferrin receptor, a cell adhesion molecule, or a vitamin receptor. 115.
The composition of Claim 114 wherein said tyrosine kinase receptor is a growth factor receptor
11.6.The composition of Claim 115 'wherein said tyrosine kinase growth factor receptor is an EGER,
ErbB-2 (HER-2), ErbB-3 (FlER,3), or ErbB4 (HER4). 117. The composition of Claim l4 wherein said
angiogenic factor eceptor is bFGE receptor, or VEGT receptor. 118. The composition of Claim I [4
wherein said cell adhesion molecule is an integrin. 119. The composition of any of the claims 113-118
wherein said cell is a malignant cell.  140 120. A method of encapsulating an entity into a liposome
comprising a step of contacting the composition of any of the Claims I -22 with the entity for the time
sufficient for said substance to become encapsulated into said liposome. 121. The method of Claim
120 wherein at least a portion of said entity enters the Liposome interior space. 122. The method of
Claim 120 wherein at least 90% of said entity enters the liposome interior space. 123. The method of
Claim 120 wherein the proportion of said entity that becomes encapsulated into the liposomes is at
least 80%, at least 90%, or at least 95%. 124. The method of Claim 120 wherein the entity is a globally
cationic entity, a therapeutic entity, or a detectable marker. 125. The method of Claim 120 wherein
molar ratio of said entity to the totality of said lipids is at least about 0.05, about 0.1, about 0.2, or
about 0.3. 126. The method of Claim 120 wherein said therapeutic entity is an antimicrobial
therapeutic, antiviral therapeutic, or an anti-neoplastic therapeutic. 177.The method of Claim 120
wherein said therapeutic entity is an 
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131. The method of Claim 124 wherein said therapeutic entity is selected 

from a group consisting of: an antihistamine ethylenediamine derivative, 

bromphenifamine, diphenhydramine, an anti-protozoal dmg, quinolone, 

iodoquinol, an amidine compound, pentamidine, an antihelmintic 

compound, pyrante1, an anti-schistosomal dmg, oxaminiquine, an 

antifungal triazole derivative, fliconazoie, itraconazole, ketoconazoie, 

miconazole, an antimicrobial cephalosporin, cefazolin, cefonicid, 

cefotaxime, ceftazimide, cefuoxime, an antimicrobial beta-Iactam 

derivative, aztreopam, cefmetazole, cefoxitin, an antimicrobial of 

erythromycine group, erythromycin, azithromycin, clarithromycin, 

oleandomycin, a penicillin compound, benzylpenicillin, 

phenoxymethylpenicillin, cloxacillin, methicillin, nafcillin, oxacillin, 

carbenicillin, a tetracycline compound, novobiocin, spectinomycin, 

vancomycin; an antimycobacterial dmg, aminosalicyclc acid, 

capreomycin, ethambutol, isoniazid, pyrazinamide, rifabutin, rifampin, 

clofazimine, an antiviral adamantane compound, amantadine, 

rimantadine, a quinidine compound, quinine, quinacrine, chloroquine, 

hydroxychloroquine, primaquine, amodiaquine, mefloquine, an 

antimicrobial qionolone, ciprofloxacin, enoxacin, lomefloxacin, 

nalidixic acid, norfloxacin, ofloxacin, a sulfonamide; a urinary tract 

antimicrobial, nitrofurantoin, trimetoprim; a nitroimidazoles derivative, 

metronidazole, a cholinergic quaternary ammonium compound, 

ambethinium, neostigmine, physostigmine, an anti-Alzheimer 

aminoacridine, tacrine, an anti-Parkinsonal dmg, benztropine, biperiden, 

procyclidine, trihexylhenidyl, an anti-muscarinic agent, atropine, 

hyoscyamine, scopolamine, propantheiine, an adrenergic compound, 

dopamine, serotonin, albuterol, dobutamine, ephedrine, epinephrine, 

norepinephrine, isoproterenol, metaproperenol, salmetrol, terbutaline, a 

serotonin reuptake inhibitor, an ergotamine derivative, a myorelaxant of 

a curare series, a central action myorelaxant, bac1ophen, 

cyc1obenzepine, dentrolene, nicotine, a nicotine receptor antagonist, a 

beta-adrenoblocker, acebutil, amiodarone, a benzodiazepine compound, 

ditiazem, an antiarrhythmic drug, diisopyra~ide, encaidine, a local 

aminoglycoside antibiotic or a fluoroquinolone derivative. 128.The method of Claim 124 wherein said
therapeutic entity is selected from a group consisting of a topoisomerase inhibitor, a
famesyltransferase inhibitor, a tyrosine kinase inhibitor, a cyclin-  141 dependent kinase inhibitor, a
phosphatase inhibitor, an aurora kinase inhibitor, a micrombule depolyrnerizing agent, a microtubule
stabilizing agent, an alkylating agent, an enzyme, an enzyme inhibitor, a historic deacetylase inhibitor,
an antimetabolite, a receptor-binding agent, a hormone, a hormone antagonist, a nucleotide, a
polynucleotide, a derivative of any of the foregoing, a pro-drug of any of the foregoing, and an analog
of any of the foregoing. 129. The method of Claim 124 wherein said therapeutic entity is selected from
a group consisting of an anthracycline compound, a carnptothecin compound, a vinca alkaloid, an
ellipticine compound, a taxane compound, a wortmannin compound, a pyrazolopyrimidine compound,
a derivative of any of the foregoing, a pro-drug of any of the foregoing, and an analog of any of the
foregoing,. 130. The method of Claim 124 wherein said therapeutic entity is selected from a group
consisting of: doxorubicin, daunorubicin, mitomycin C, epirubicin, pirarubicin, rubidomyein,
carcinomyein, Nacetyladriamycin, rubiciazone, 5-imidoclaunomycin, Nacetyklaunornycin, daunoryiine,
mitoxanthrone, camptothecin, 9- aminocamptothecin, 7-ethylcarnptothecin, 10-hydroxycamptothecin,
9- nitrocamptothecin, 10,11-methylenedioxycamptothecin, 9-amino-10,11-
metivienedioxycamptothecin, 9-chloro-10,11- methylenedioxycamptothecin, irinotecan, topotecan,
lurtotecan, silatecan, (7-(4-methylpiperazinornethylene)-10,1 I -ethyl enedi oxy20(S)-camptothecin,
7-(4-methylpiperazinomethylene)-10,11- methylenedioxy-20(S)-carnptothecin,
7-(2-N-isopropylamino)ethyly (20S)-camptotheein, vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine, 6-3-anainopropyl-ellipticine, 2- diethylaminoethyl-ellipticinium and
salts thereof, datelliptium, retelliptine, paclitaxel, docetaxel, a derivative of any of the foregoing, a
pro-drug of any of the foregoing,,and an analog of any of the foregoing..  142 131.The method of Claim
124 wherein said therapeutic entity is selected from a group consisting of: an antihistamine
ethylenediamine derivative, brompheni famine, diphenhydramine, an anti-protozoal drug, quinolone,
iodoquinol, an amidine compound,.pentamidine, an antihelmintic compound, pyrantel, an
anti-schistosomal drug, oxaminiquine, an antifungal triazole derivative, fliconazole, itraconazole,
ketoconazole, miconazole, an antimicrobial cephalosporin, cefazolin, cefonicid, cefotaxime,
ceftazimide, cefuoxime, an antimicrobial beta-lactam derivative, aztreopam, cefinetazole, cefoxitin, an
antimicrobial of erythromycine group, erythromycin, azithromycin, clarithromycin, oleandomycin, a
penicillin compound, benzylpenicillin, phenoxymethylpenicillin, cloxacillin, methicillin, nafcillin, oxacillin,
carbenicillin, a tetracycline compound, novobiocin, spectinomycin, vancomycin; an antimycobacterial
drug, aminosalicycic acid, capreomycin, ethambutol, isoniazid, pyrazinamide, rifabutin, n ampm,
clofazimine, an antiviral adamantane compound, amantachne, rimantadinc, a quinidine compound,
quinine, quinacrine, chloroquine, hydroxychloroquine, primaquine, arnodiaquine, mefloquine, an
antimicrobial qionolone, ciprofloxacin, enoxacin, lomefloxacin, nalidixic acid, norfloxacin, ofloxacin, a
sulfonamide; a urinary tract antimicrobial, nitrofurantoin, trimetoprim; a nitrohnidazoles derivative,
rnetronidazole, a cholineraic quaternary ammonium compound, ambethinium, neostigmine,
physostigmine, an anti-Alzheimer aminoacridine, tacrine, an anti-Parkinsonal drug, benztropine,
biperiden, procyclidine, triliexylhenidyl, an anti-muscarinic agent, atropine, layoscyamine, scopolamine,
propantheline, an adrenergic compound, dopamine, serotonin, albuterol, dobutamine, ephedrine,
epinephrine, norepinephrine, isoproterenol, rnetaproperenol, salmetrol, terbutaline, a serotonin
reuptake inhibitor, an ergotamine derivative, a myorelaxant of a curare series, a central action
myorelaxant, baclophen, cyclobenzepine, dentrolene, nicotine, a nicotine receptor antagonist, a
beta-adrenoblocker, acebutil, amiociarone, a benzodiazepine compound, ditiazem, an antiarrhythmic
drug, diisopyramide, encaidine, a local  143 
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anesthetic compound, procaine, procainamide, lidocaine, flecaimide, 

quinidine; an ACE inhibitor, captopril, enelaprilat, fosinoprol, quinapril, 

ramipril; an opiate derivative, codeine, meperidine, methadone, 

morphine, an antilipidemic, fluvastatin, gemfibrosil, an HMG-coA 

inhibitor, pravastatin, a hypotensive drug, clonidine, guanabenz, 

prazocin, guanethidine, granadril, hydralazine, a non-coronary 

vasodilator, dipyridamole, an acetylcholine esterase inhibitor, 

pilocarpine, an alkaloid, physostigmine, neostigmine, a derivative of any 

of the foregoing, a pro-drug of any of the foregoing, and an analog of 

any of the foregoing. 

132. The method of any of the Claims 120-131 wherein said contacting is in 

an aqueous solution. 

133. The method of Claim 132 wherein said aqueous solution has pH in the 

range of about 4 to about 7. 

134. The method of Claim 132 wherein said aqueous solution has ionic 

strength equivalent or less than that of 50 mM sodium chloride. 

135. The method of Claim 132 wherein said aqueous solution has ionic 

strength equivalent or less than that of20 mM sodium chloride. 

136. The method of Claim 132, wherein the aqueous solution has pH 

between about 6.0 and about 7.0, and the entity is a vinca alkaloid, an 

analog thereof, or a derivative thereof. 

137. The method of Claim 136 wherein the pH of the aqueous solution of 

about 6.5, and the entity is vinorelbine. 

138. The method of Claim 135 wherein the pH ofthe aqueous solution is 

between about 5 and about 7, and the substance is a camptothecin 

detivative. 

anesthetic compound, procaine, procainamide, lidoeaine, flecaimicle, quinidine; an ACE inhibitor,
captopril, enelaprilat, fosinoprol, quinapril, ramipril; an opiate derivative, codeine, meperidine,
methadone, morphine, an antilipidemic, fluvastatin, gemfibrosil, an HMG-coA inhibitor, pravastatin, a
hypotensive drug, clonidine, guanabenz, prazocin, guanethidine, granathil, hythalazine, a
non-coronary vasodilator, dipyridamole, an acetylcholine esterase inhibitor, pilocarpine, an alkaloid,
physostiginine, neostigrnine, a derivative of any of the foregoing, a pro-drug of any of the foregoing,
and an analog of any of the foregoing. 132. The method of any of the Claims 120-131 wherein said
contacting is in an aqueous solution. 133. The method of Claim 132 wherein said aqueous solution
has pH in the range of about 4 to about 7. 134. The method of Claim 132 wherein said aqueous
solution has ionic strength equivalent or less than that of 50 inlv1 sodium chloride. 135. The method of
Claim 132 wherein said aqueous solution has ionic strength equivalent or less than that of 20 inM
sodium chloride. 136. The method of Claim 132, wherein the aqueous solution has pH between about
6.0 and about 7.0, and the entity is a vinea alkaloid, an analog thereof or a derivative thereof. 137. The
method of Claim 136 wherein the pH of the aqueous solution of about 6.5, and the entity is vinorelbine.
138. The method of Claim 135 wherein the pH of the aqueous solution is between about 5 and about
7, and the substance is a camptothecin derivative  144 139. The method of Claim 139 wherein the pH
of the aqueous solution is between about 5.0 and about 6.5 , and the substance is Topotecan or
hinotecan. 140. The method of Claim 134 or 135, wherein following said contacting, the ionic strength
of said aqueous solution is increased to more than that of 50 mM sodium chloride. 141. The method of
Claim 140 wherein said ionic strength value is increased to at least that of 100 mM. sodium chloride.
142,The method of Claim 141 wherein said ionic strength value is increased to at least that of 150 ni.M
sodium chloride. 143.A method for preparing a liposomes containing an encapsulated entity, 
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139. The method of Claim 139 wherein the pH of the aqueous solution is 

between about 5.0 and about 6.5, and the substance is Topotecan or 

Irinotecan. 

140. The method of Claim 134 or 135, wherein following said contacting, the 

ionic strength of said aqueous solution is increased to more than that of 

50 mM sodium chloride. 

141. The method of Claim 140 wherein said ionic strength value is increased 

to at least that of 100 mM sodium chloride. 

142. The method of Claim 141 wherein said ionic strength value is increased 

to at least that of 150 mM sodium chloride. 

143. A method for preparing a liposomes containing an encapsulated entity, 

said process comprising the steps of: 

(a) providing a pre-entity of said entity; 

(b) encapsulating said pre-entity into a liposome having an interior space; 

(c) providing a condition inside the liposome to convert said encapsulated 

pre-entity into said entity within the interior space of said liposome to 

obtain said entity in a liposomally encapsulated fom1 

wherein said entity is an organic compound or a compound comprising a 

coordination complex of a metal of the platinum group. 

144. The method of Claim 143 wherein said encapsulating step comprises 

contacting the pre-entity with said liposome having a transmembrane 

said process comprising the steps of:  (a) providing a pre-entity of said entity; (b) encapsulating said
pre-entity into a liposome having an interior space;  (c) providing a condition inside the liposome to
convert said encapsulated pre-entity into said entity within the interior space of said liposome to obtain
said entity in a liposomally encapsulated form wherein said entity is an organic compound or a
compound comprising a coordination complex of a metal of the platinum group. 144.The method of
Claim 143 wherein said encapsulating step comprises contacting the pre-entity with said liposome
having a transmernbrane  145 gradient for the time sufficient for encapsulation of said derivative into
said liposome. 145. The method of Claim 144 wherein said transrnembrane gradient is an ion gradient,
a pH gradient, an electrochemical potential gradient, or a solubility gradient. 146. The method of Claim
144 wherein said ion gradient is a gradient of an ion selected from the group of ammonium ion, and a
substituted tbmi of ammonium ion comprising at least one C-N bond. 147. The method of Claim 144
wherein said pre-entity is a globally cationic derivative of the entity. 148. The method Claim 143
wherein said compound is a pharmaceutical. 149. The method of Claim 148 wherein said organic
compound is a taxane compound ISO.The method of Claim 149 wherein said taxane compound is
paclitaxel or docetaxel. 151. The method of Claim 149 wherein said pre-entity comprises an ester of
the hydroxyl group in any of the positions T or?' of the taxane molecule wherein said ester comprises a
titratable amine. 



145 

gradient for the time sufficient for encapsulation of said derivative into 

said liposome. 

145. The method of Claim 144 wherein said transmembrane gradient is an 

ion gradient, a pH gradient, an electrochemical potential gradient, or a 

solubility gradient. 

146. The method of Claim 144 wherein said ion gradient is a gradient of an 

ion selected from the group of ammonium ion, and a substituted form of 

ammonium ion comprising at least one C-N bond. 

147. The method of Claim 144 wherein said pre-entity is a globally cationic 

derivative of the entity. 

148. The method Claim 143 wherein said compound is a pharmaceutical. 

149. The method of Claim 148 wherein said organic compound is a taxane 

compound 

150. The method of Claim 149 wherein said taxane compound is paclitaxel 

or docetaxel. 

151. The method of Claim 149 wherein said pre-entity comprises an ester of 

the hydroxyl group in any of the positions 2' or 7' of the taxane molecule 

wherein said ester comprises a titratable amine. 

152. The method of Claim 151 wherein said pre-entity is 2'-( 2-(N,N'­

diethylamino)propionyl)-paclitaxel or 2'-( 2-(N,N'-

diethylamino )propion yl)-docetaxel. 

153. The method of Claim 143 wherein said condition is a change in pH. 

152. The method of Claim I 51 wherein said pre-entity is 2'-( 2-(N,N'-
diethylamino)propiony1)-paclitaxel or 2'-( 2-(1\1"Nrdiethylamino)propionyl)-docetaxel. 153. The method
of Claim 143 wherein said condition is a change in pH.  146 154. The method of Claim 143 wherei aid
condition is an enzymatic cleavage of a labile bond. 155. The method of Claim 143 wherein said
condition is the process of hydrolysis, photolysis, radiolysis, thiolysis, ammonolysis, reduction,
substitution, oxidation, or elimination. 156. A kit for providing a liposomally encapsulated entity,
comprising the composition of any of the claims 1 - 22, an instruction for using the composition to
encapsulate an entity, and optionally, in a separate container, the entity. 157. A kit of Claim 156
wherein the entity is a globally cationic substance, a therapeutic entity, or a detectable marker. 158. A
composition of any of the Claims 1-119 wherein the liposome comprises a substituted ammonium
compound having in a aqueous solution at ambient temperature a pKa value of at least 8.0, at least
8.5, at least 9.0, at least 9.5, or at least 10.0. 159. A method of any of the Claims 120-142 wherein the
composition contacted with the entity comprises a Liposome, said liposome comprises a substituted
ammonium compound having in a aqueous solution at ambient temperature a pKa value of at least
8.0, at least 8.5, at least 9.0, at least 9.5, or at least 10.0. 
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154. The method of Claim 143 wherein said condition is an enzymatic 

cleavage of a labile bond. 

155. The method of Claim 143 wherein said condition is the process of 

hydrolysis, photolysis, radio lysis, thiolysis, ammonolysis, reduction, 

substitution, oxidation, or elimination. 

156. A kit for providing a liposomally encapsulated entity, comprising the 

composition of any of the claims I - 22, an instruction for using the 

composition to encapsulate an entity, and optionally, in a separate 

container, the entity. 

157. A kit of Claim 156 wherein the entity is a globally cationic substance, a 

therapeutic entity, or a detectable marker. 

158. A composition of any of the Claims 1-119 wherein the liposome 

comprises a substituted ammonium compound having in a aqueous 

solution at ambient temperature a pKa value of at least 8.0, at least 8.5, 

at least 9.0, at least 9.5, or at least 10.0. 

159. A method of any of the Claims 120-142 wherein the composition 

contacted with the entity comprises a liposome, said liposome comprises 

a substituted ammonium compound having in a aqueous solution at 

ambient temperature a pKa value of at least 8.0, at least 8.5, at least 9.0, 

at least 9.5, or at least 10.0. 


