(12) STANDARD PATENT (11) Application No. AU 2008339100 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Drug delivery system for administration of a water soluble, cationic and amphiphilic
pharmaceutically active substance

International Patent Classification(s)

AG61K 47/48 (2006.01) AG61P 35/00 (2006.01)
A61K 9/14 (2006.01)
Application No: 2008339100 (22)  Date of Filing:  2008.12.18

WIPO No:  WO09/078803

Priority Data

Number (32) Date (33) Country
PCT/SE2007/001129 2007.12.19 SE
Publication Date: 2009.06.25

Accepted Journal Date: 2015.08.27

Applicant(s)
Ardenia Investments, Ltd.

Inventor(s)
Aleksov, Julian;Lokot, Igor

Agent / Attorney
Pizzeys Patent and Trade Mark Attorneys, GPO Box 1374, BRISBANE, QLD, 4001

Related Art
US 2004/0048923 A1




woO 20097078803 A1 I 000 0000 OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

0 A OO0

(10) International Publication Number

WO 2009/078803 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
25 June 2009 (25.06.2009)

(51) International Patent Classilication: (74) Agent: BERGENSTRAHLE & LINDVALL AB; Per
AGIK 47/48 (2006.01) AGIP 35/00 (2006.01) Bjerndell, Box 17704, S-118 93 Stockholm (SE).
A61K 9/14 (2006.01)

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/SE2008/051516 kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

(22) International Filing Date:
18 December 2008 (18.12.2008)

(25) Filing Language: English IL,IN, IS, JP, KT, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
(26) Publication Language: English LR, LS, I'T, LU, LY, MA, MD, ME, MG, MK, MN, MW,
(30) Priority Dati: MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
PCT/SE2007/001129 RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

19 December 2007 (19.12.2007)  SE ;& TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(71) Applicant (for all designated States except US): ARDE-

NIA INVESTMENTS, LTD. [GB/GB]; First Floor, 45 (84) Designated States (unless otherwise indicated, for every

Welbeck Street, London Greater London WIG8DZ (GB). kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventors/Applicants (for US only): ALEKSOYV, Julian ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
[SE/SE]; Karins Allé 6, S-181 44 Lidingd (SE). LOKOT, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
Igor [BY/SE]; Ferlinsgatan 59 nb, S-754 28 Uppsala (SE). FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

[Continued on next page]

(54) Title: DRUG DELIVERY SYSTEM FOR ADMINISTRATION OF A WATER SOLUBLE, CATIONIC AND AMPIHIPIIILIC
PHARMACEUTICALLY ACTIVE SUBSTANCE

(57) Abstract: A drug dclivery system (DDS)
Water soluble Water soluble drug for administration of a water soluble, cationic,

" . and amphiphilic pharmaceutically active substance
anionic surfactant in protonated form (API) which DDS comprises poorly waler soluble

nanoparticles formed by the API together with a Na-salt
of N-all- trans-retinoyl cysteic acid methyl ester and/or
a Na-salt of N-13-cis-retinoyl cys- teic acid methyl
cster. A pharmaccutical composition comprising such
a DDS. Methods for preparation of such a DDS and such
a pharmaceutical composition. Use of such a DDS and
pharmaceutical composition for treatment of cancer.

Electromagnetic
{ionic) interaction

Hydrophobic non-
polar interaction

non-covalent water

Fig. 1 X
insoluble complex



WO 2009/078803 A1 IN ) 0A0 0000 0010 00O

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF,CG, Published:
CL CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). = —  with international search report



10

15

20

25

30

WO 2009/078803 PCT/SE2008/051516

Drug delivery system for administration of a water soluble,
cationic and amphiphilic pharmaceutically active substance

Field of the invention
This invention relates to a drug delivery system for administration of amphiphilic cati-
onic pharmaceutically active substances, a pharmaceutical composition comprising
such a drug delivery system, and a method for the preparation of such a drug deliv-
ery system. The invention also relates to the use of such a drug delivery system for
the preparation of a medicament for the treatment of cancer.
Furthermore the invention also relates to a method for enhancing the drug efficiency
of amphiphilic pharmaceutically active substances, and to a method for increasing
the bioavailability of amphiphilic pharmaceutically active substances.

Background
Two important parameters related to the efficaciousness of drugs are the “therapeutic
index” (also known as the “therapeutic ratio”) and the “therapeutic window”. The
therapeutic index is a comparison of the amount of a therapeutic agent that causes
the therapeutic effect to the amount that causes toxic effects. Quantitatively, it is the
ratio given by the dose required to produce the toxic effect divided by the therapeutic
dose. A commonly used measure of therapeutic index LDsp divided by EDsg. The
therapeutic window is a parameter for estimation of drug dosage which can treat dis-
ease effectively while staying within the safety range. It is the range between the
EDsp and the starting point of LDsp curve. It is believed that adjustment of this pa-

rameter can help to avoid most of the potential side effects.

Pharmaceuticals with narrow therapeutic windows are common and are frequent in
groups such as, for instance, antiarrhythmics, anticonvulsants, cardiac glycosides,

aminoglycosides, cytotoxics, and immunosuppressants.

A large majority of antitumor agents have a very narrow therapeutic window. One
way of improving the therapeutic index of such agents is to use suitable infusion
regimens. ldeally, the drug concentration is maintained inside the therapeutical win-
dow for a desired time range, after which it quickly leaves the body. Prolonged infu-
sions have in general showed god efficacy with few side effects. For instance pro-
longed infusion is the most efficient way to reduce cardiotoxicity of doxorubicin, one
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of the mostly used anticancer drugs. However, prolonged infusions (sometimes up to
72 hours) are expensive and inconvenient. Accordingly, great efforts have been
made to mimic such infusions by the use of drug delivery systems which can ensure
slow release of the active ingredient from various kinds of drug depots. Drug delivery
systems comprising such depots are usually provided by way of encapsulation of
drugs into nanoparticle of various polymers, polymerosomes, liposomes, or micro-

emulsions.

However, in order to protect itself against hostile intruders of different kind (such as
viruses, bacteria and fungal spores) human and animal bodies have developed
mechanisms to remove or disintegrate particles larger than about 50 nm. The Re-
ticulo-Endothelial System (RES), a part of the immune system, is the most effective
destructor of such particles. The probability for a particle to be targeted by RES in-

creases dramatically with increasing particle size.

Many drugs are provided in a cationic amphiphilic form, such as for instance drugs
that have one or more amino groups in their structure. In acid environment these
drug substances are transformed into salts, e.g. hydrochlorides, sulphates, lactates
or tartrates, and exist predominantly in a protonated form. These transformations in-
crease the solubility of the drugs in aqueous solutions and make it possible to use
these solutions for i.v. infusions. After infusion the environment is switched to slightly
basic as pH of blood is approximately 7.4, which results in deprotonation of the
drugs. This in turn reduces the solubility of the substances, which improves the
PK/PD properties of the drug by increasing the grade of protein binding, accelerating
penetration of the substances into cells as well as decreasing renal clearance. A lot
of antineoplastic drugs are provided in a cationic amphiphilic form, and the described
way of administration is applied for drugs as, for instance, doxorubicin and its ana-
logues (epirubicin, daunorubicin, idarubicin), vinca alkaloids (vinblastine, vincristine,

vinorelbine), amsacrine, mitoxantrone, topotecan and irinotecan.

US 2004048923 describes a group of retinoids including among numerous others the
sodium salt of N-(all-trans-retinoyl)-L-cysteic acid methyl ester and the sodium salt of
N-(13-cis-retinoyl)-L-cysteic acid methyl ester. It is stated that the substances make it
possible to manufacture new micelle formulations of poorly soluble pharmaceutical
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compounds like paclitaxel and docetaxel. The teaching of US 2004048923 does not
aim for the provision of formation of smaller nanoparticles with decreased water

solubility and improved encapsulation capacity.

Short summary of the invention
It would be desirable to be able to create a drug delivery system for administration of
water soluble amphiphilic cationic pharmaceutically active substances which system
would provide for formation of smaller nanoparticles with decreased water solubility
and improved encapsulation capacity. This would give better PK/PD properties and

improve the therapeutic indexes of the administered drug.

One object of the present invention is to provide such a drug delivery system.

Thus, one aspect of the invention relates to a drug delivery system for administration
of a pharmaceutically active substance that is a cationic amphiphile by itself and has
a solubility per se in water of at least 4 mg/ml, which drug delivery system comprises
nanoparticles having solubility in water below 0.1 mg/ml, said nanoparticles being
formed by said substance in association with a sodium salt of the methyl ester of N-
all-trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-retinoyl cys-

teic acid, or a combination thereof.

The inventive drug delivery system provides for nanoparticles smaller than about 50
nm and an encapsulation capacity of the methyl ester excipient (expressed as the
ratio of the weight of the excipient to the weight of encapsulated drug) of about 1.2.

Brief description of the drawings
The present invention will be described in closer detail in the following description,
examples and attached drawings, in which

Fig. 1 is a scheme showing the formation of essentially water insoluble nanoparticles
by association of cationic amphiphile with a sodium salt of the methyl ester of N-all-
trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-retinoyl cysteic
acid, or a combination thereof.
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Fig. 2 shows the dependence of the size of the particles formed by sodium salt of
methyl ester of N-13-cis-retinoyl cysteic acid and doxorubicin hydrochloride (w/w ratio
2.3:1) on the concentration of doxorubicin. Solvent: aqueous solution of NaCl (130
mmol), CaCl, (2 mmol) and MgCl, (0.8 mmol).

Fig. 3 shows the kinetics of dissolving particles after dilution of a formulation of so-
dium salt of methyl ester of N-all-trans-retinoyl cysteic acid and doxorubicin hydro-
chloride in w/w ratio 2.1:1. Solvent: aqueous solution of NaCl (5.9 mg/mL), KCI (0.3
mg/mL), CaCl, (0.295 mg/mL), MgCl, hexahydrate (0.2 mg/mL), Sodium acetate (4.1
mg/mL). Dilution from 2 to 0.04 mg/mL doxorubicin.

Fig. 4 shows the size distribution by volume of formulation obtained by reconstitution
of freeze-dried mixture of doxorubicin, sodium salt of methyl ester of N-all-trans-reti-
noyl cysteic acid and sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid
(w/wiw 1:1.05:1.05) in solution of NaCl (9 mg/mL), doxorubicin concentration 0.5
mg/ml.

Description of embodiments of the invention
Before the present invention is disclosed and described, it is to be understood that
this invention is not limited to the particular configurations, process steps, and mate-
rials disclosed herein as such configurations, process steps, and materials may vary
somewhat. Itis also to be understood that the terminology employed herein is used
for the purpose of describing particular embodiments only and is not intended to be
limiting since the scope of the present invention will be limited only by the appended

claims and equivalents thereof.

It must be noted that, as used in this specification and the claims, the singular forms

a”, “an”, and “the” include plural referents unless the context clearly dictates other-

wise.

In this specification, unless otherwise stated, the term "about” modifying the quantity
of an ingredient in the drug delivery systems or compositions of the invention or em-
ployed in the methods of the invention refers to variation in the numerical quantity
that can occur, for example, through typical measuring and liquid handling proce-
dures used for making concentrates or use solutions in the real world; through inad-
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vertent error in these procedures; through differences in the manufacture, source, or
purity of the ingredients employed to make the drug delivery systems or compositions
or carry out the methods; and the like. The term “about” also encompasses amounts
that differ due to different equilibrium conditions for a composition resulting from a
particular initial mixture. Whether or not modified by the term "about”, the claims in-

clude equivalents to the quantities.

In this specification, unless otherwise stated, the term "pharmaceutically acceptable
carrier," means a non-toxic, inert solid, semi-solid or liquid filler, diluent, encapsulat-

ing material or formulation auxiliary of any type.

In this specification, unless otherwise stated, the term “drug delivery system” refers to
a formulation or device that delivers therapeutic agent(s) to desired body location(s)

and/or provides timely release of therapeutic agent(s).

In this specification, unless otherwise stated, the term "pharmaceutically active sub-
stance" encompasses any substance that will produce a therapeutically beneficial
pharmacological response when administered to a host, including both humans and

animals.

In this specification, unless otherwise stated, the term “particle size” refers to the Z-
average diameter as measured by dynamic light scattering with the use of red laser

with a wavelength of 633 nm.

In this specification, unless otherwise stated, the term “nanoparticle” refers to a mi-

croscopic particle whose size is measured in nanometres.

In this specification, unless otherwise stated, the term “solubility” of a substance re-
fers to the ability of that substance to be dissolved in a specified solvent at about
room temperature, by which is meant from between about 15 °C to about 38 °C.

In this specification, unless otherwise stated, the term "cytotoxic compound” refers to

a compound that has the ability of arresting the growth of, or killing, cells.
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In this specification, unless otherwise stated, the term "cytostatic compound” refers to
a compound that has the ability of bringing cells, although not necessarily lysed or
killed, into a permanent non-proliferative state.

In this specification, unless otherwise stated, the term "derivative” refers to a com-
pound formed from the original structure either directly, by a chemical reaction of the
original structure, or by a "modification” which is a partial substitution of the original
structure, or by design and de novo synthesis. Derivatives may be synthetic, or may

be metabolic products of a cell or an in vifro enzymatic reaction.

In one embodiment the nanoparticles of the inventive drug delivery system have
solubility in water below 0.01 mg/ml.

In another embodiment the pharmaceutically active substance is non-covalently as-
sociated with the sodium salt of the methyl ester of N-all-trans-retinoyl cysteic acid,
the sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or a combination

thereof.

The cationic pharmaceutically active substance may, for instance, have one or more
amino groups; the counter-anion may, for instance, be chloride, sulphate, lactate, or
tartrate. The substance may be of natural, synthetic, or semi-synthetic origin.

In one embodiment the pharmaceutically active substance is a cytotoxic or a cy-
tostatic compound; in one aspect of this embodiment the cytotoxic or cytostatic com-
pound is a protonated form of doxorubicin, mitoxantrone, epirubicin, daunorubicin,
idarubicin, topotecan, irinotecan, vinblastine, vincristine, vinorelbine, amsacrine, pro-
carbazine, mechlorethamine, or a combination thereof; in a specific aspect said com-
pound is a protonated form of doxorubicin; in another aspect said compound is a
protonated form of mitoxantrone.

According to other embodiments of the present invention there is also provided:
- the use of the inventive drug delivery system for the preparation of a medicament
for the treatment of cancer, and to a method for the treatment of cancer wherein the
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inventive drug delivery system is administered in a therapeutically effective amount to
a patient in need of such treatment; and

- the use of the inventive pharmaceutical composition for the preparation of a me-
dicament for the treatment of cancer, and to a method for the treatment of cancer,
wherein the inventive pharmaceutical composition is administered in a therapeutically

effective amount to a patient in need of such treatment.

Another embodiment of the invention relates to a pharmaceutical composition com-
prising a pharmaceutically acceptable carrier and a drug delivery system of this kind.
In one aspect of this embodiment the pharmaceutically active substance is a cyto-
toxic or a cytostatic compound; in one aspect of this embodiment the pharmaceutical
composition may be provided in the form of an aqueous solution, a gel, a cream, an

ointment, a tablet, a capsule, or a softgel.

Such a composition may be prepared by, for instance, mixing an aqueous solution of
a pharmaceutically active substance which comprises one or more protonated amino
group(s), e.g. a hydrochloride, sulphate, lactate, or tartrate, with more than one
equivalent of sodium salt of the methyl ester of N-all-trans-retinoyl cysteic acid, so-
dium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or combination thereof, per

amino group. This is illustrated by the below formula, showing a hydrochloride exam-
ple:

(Drug-NH3)™ CI', + n AnSurfact-O"Na* — (Drug-NH3)™ AnSurfact-O7, + n NaCl

in which

the term “AnSurfact-O™ denotes an anion of methyl ester of N-all-trans-retinoyl cys-
teic acid, or methyl ester of N-13-cis-retinoyl cysteic acid, or combination thereof;
and

the term “(Drug-NHs)™” denotes a pharmaceutically active substance with protonated

amino group(s)
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As seen, n equivalent(s) of AnSurfact-O" binds to (Drug-NH;)™ forming an essentially
water insoluble complex according to the formula, and the rest amount of AnSurfact-

O is applied for ensuring the solubility of the complex obtained.

The excess of AnSurfact-O™ can be in the range of 0.2 — 10 equivalents. Pure water
or different aqueous solutions can be used as a solvent in this process. These novel
composition obtained by mixing of ammonium salts of the drug with AnSurfact-O" can
be used directly or freeze dried for further use.

A further embodiment of the invention relates to the use of a sodium salt of the
methyl ester of N-all-trans-retinoyl cysteic acid, a sodium salt of the methyl ester of
N-13-cis-retinoyl cysteic acid, or a combination thereof, in the preparation of such a
drug delivery system.

A further embodiment of the invention relates to the use of a sodium salt of the
methyl ester of N-all-trans-retinoyl cysteic acid, a sodium salt of the methyl ester of
N-13-cis-retinoyl cysteic acid, or a combination thereof, for hydrophobation of a cati-
onic amphiphilic substance which has a solubility per se in water of at least 4 mg/ml;
in one aspect of this embodiment said cationic amphiphilic substance is a cytotoxic or
a cytostatic compound.

Another embodiment of the invention relates to a method for the preparation of a
drug delivery system for administration of at least one pharmaceutically active sub-
stance that is a cationic amphiphile by itself and has a solubility per se in water of at
least 4 mg/ml, wherein said substance is combined with a sodium salt of the methyl
ester of N-all-trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-
retinoyl cysteic acid, or a combination thereof to form nanoparticles having a solubil-
ity in water below 0.1 mg/ml; in one aspect of this embodiment said sodium salt of
the methyl ester of N-all-trans-retinoyl cysteic acid, sodium salt of methyl ester of N-
13-cis-retinoyl cysteic acid, or combination thereof is non-covalently bound to said
substance. In a further aspect of this embodiment the substance is combined with an
excess of about 0.2-10 equivalents of said sodium salt of the methyl ester of N-all-

trans-retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-retinoyl cysteic



10

15

20

25

30

WO 2009/078803 PCT/SE2008/051516

acid, or combination thereof. In a specific embodiment of the embodiment the

nanoparticles have solubility in water below 0.01 mg/ml.

In one aspect of this embodiment the sodium salt of the methyl ester of N-all-trans-
retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or
combination thereof is mixed in a mol/mol ratio of 1:1 with a hydrochloride, sulphate,
lactate, or tartrate of doxorubicin or analogue thereof, such as epirubicin, daunorubi-
cin, or idarubicin; topotecan; irinotecan; or amsacrine to provide nanoparticles that

are essentially non-soluble in water.

In a case of pharmaceutically active substances with more than one amino groups,
such as for instance mitoxantrone and vinca alkaloids, the amount of methyl ester of
N-all-trans-retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-retinoyl cys-
teic acid, or combination thereof should correspond to the number of protonated

amino groups.

Another embodiment of the invention relates to a method for the preparation of
pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
drug delivery system according to any one of claims 1-8, wherein said drug delivery
system is combined with an amount of about 0.2-10 equivalents, based on the cati-
onic charge of the amphiphile comprised in the drug delivery system, of the methyl
ester of N-all-trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-
retinoyl cysteic acid, or a combination thereof.

Another embodiment of the invention relates to a method for enhancing the drug effi-
ciency of at least one pharmaceutically active substance that is a cationic amphiphile
by itself and has a solubility per se in water of at least 4 mg/ml, wherein said sub-
stance is combined with a sodium salt of the methyl ester of N-all-trans-retinoyl cys-
teic acid, a sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or a combi-
nation thereof to form nanoparticles having a solubility in water below 0.1 mg/ml; in
one aspect of this embodiment said sodium salt of the methyl ester of N-all-trans-
retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or
combination thereof is non-covalently bound to said substance.
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In a further aspect of this embodiment said substance is combined with an excess of
about 0.2-10 equivalents of said sodium salt of the methyl ester of N-all-trans-retinoyl
cysteic acid, sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or combina-
tion thereof. In a specific embodiment of the embodiment the nanoparticles have
solubility in water below 0.01 mg/ml.

Another embodiment of the invention relates to a method for increasing the bioavail-
ability of at least one pharmaceutically active substance that is a cationic amphiphile
by itself and has solubility per se in water of at least 4 mg/ml,

wherein said substance is combined with a sodium salt of the methyl ester of N-all-
trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-retinoyl cysteic
acid, or a combination thereof to form nanoparticles having a solubility in water below
0.1 mg/ml; in one aspect of this embodiment the sodium salt of the methyl ester of N-
all-trans-retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-retinoyl cysteic
acid, or combination thereof is non-covalently bound to said substance. In a further
aspect of this embodiment said substance is combined with an excess of about 0.2-
10 equivalents of said sodium salt of the methyl ester of N-all-trans-retinoyl cysteic
acid, sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or combination
thereof. In a specific embodiment of the embodiment the nanoparticles have solubility
in water below 0.01 mg/ml.

The nanoparticles of the inventive drug delivery system provide for lower polarity and
decreased water solubility, which in turn lead to improved cell membrane penetration

and stronger binding to proteins, leading to increased potency.

The invention will be illustrated in closer detail in the following non-limiting examples.

EXAMPLES
MATERIALS AND METHODS
The formulations used were either freshly prepared or obtained by reconstitution of
freeze dried pharmaceutically active substances with a sodium salt of the methyl es-
ter of N-all-trans-retinoyl cysteic acid, a sodium salt of the methyl ester of N-13-cis-
retinoyl cysteic acid, or a combination thereof, by a specified solution for reconstitu-

tion.

10
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Doxorubicin was purchased from Mercian Corporation, Japan. Mitoxantrone, Topo-
tecan and Irinotecan were purchased from Chemtronica KB, Sweden. Adriamycin
and Doxil were purchased from pharmacy stores and reconstituted according to

manufacturers prescribing information.

The particle size of the formulations was measured by dynamic light scattering
method with the use of a red laser (633 nm, Nano-ZS, Malvern Instruments Ltd). Av-
erage values of three independent measurements were calculated for plotting of par-

ticle size. Y-error bars are composed by +/- standard deviation of the measurements.

For evaluation of cytotoxicity in vitro cells of different human tumour cell lines were
purchased from American Type Culture Collection (Rockville, Md., USA): Human
Breast Adenocarcinoma Cell Line MDA-MB-231 (ATCC-HTB-26, Lot 3576799), Hu-
man Ovary Adenocarcinoma Cell Line SKOV-3 (ATCC-HTB-77, Lot 3038337) and
Human Lung Non-Small Cancer Cell Line A549 (ATCC-CCL-185, Lot 3244171).
MDA-MB-231 cells were propagated in MEM culture medium with 2 mM L-glutamine,
10% fetal bovine serum (FBS) and antibiotics. SKOV-3 cells were cultured in
McCoy’s 5A culture medium, supplemented with 1,5 mM L-glutamine, 10% FBS and
antibiotics. All media and supplements were purchased from Sigma-Aldrich Co. (St.
Louis, Mi., USA). Cell propagation of all lines was carried out in BD Falcon™ 25 or
75 cm? cultivation flasks (Becton Dickinson Labware). A549 cells were cultured in
Ham’s F-12 culture medium with 1 mM L-glutamine, 10% FBS and antibiotics. Cell
propagation of all lines was carried out in BD Falcon™ 25 or 75 cm? cultivation

flasks.

Drug cytotoxicity testing was carried out using BD Falcon™ 96-well cultivation plates
for adherent cells (Becton Dickinson Labware). These plates were seeded by cells at
8x10° cells/well for MDA-MB-231, at 10x10° cells/well for SKOV-3 or at 6x10°
cells/well for A549 in a volume of 200 pl/well. Both flasks and cultivation plates were
incubated for cell growth at 37° C in a humidified atmosphere of 95% air and 5%
CO..

11
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The cell cultures in the cultivation plates were allowed to adhere for 24 hour of incu-
bation. On day 1 after cell seeding 4 pL solutions of the formulations to be tested with
different concentrations in appropriate solvents were added to wells with cultures
(dose — response experiments). In the control cultures 4 pL of the solvents were
added as solvent control. The cells were incubated within 2-4 consecutive days. At
the end of the incubation period adherent cells were detached by trypsinization and
the number of viable cells was counted using trypan blue exclusion test and a hemo-
cytometer. All experiment were performed at least tree times and data were derived
from an average of three determinations each in four replicates. The results were
expressed as mean cell number + SE and the differences between control and test
series evaluated by means of Student’s t-test. The drug cytotoxicity was evaluated
based on the extent of cell growth inhibition. The cell growth inhibition by the tested
drugs was calculated as follows:

Cell growth inhibition % = Conirol — Test Series % 100

Control

In control series 4 uL of different solvents used for drug testing were added to cul-
tures as negative solvent controls. The differences between these control series were

insignificant; therefore an average of negative controls was applied for calculations.

Solutions of generic compounds like doxorubicin hydrochloride, mitoxantrone di-
hydrochloride, topotecan hydrochloride etc., as well as their commercial formulations
were used as positive controls. The differences in growth inhibition by these drugs in
different solvents were insignificant; therefore an average inhibition of positive con-

trols was applied for calculations.

The mean ICsy £ SE was calculated on the basis of at least three separate experi-

ments.

Enhancement factors (EF) were calculated by dividing 1Cso of the control comparison

drug with 1Csp of the inventive formulation.

12
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Example 1
Transformation of doxorubicin hydrochloride into deprotonated form

20 mg doxorubicin hydrochloride (0.034 mmol), which is soluble in water in an
amount of more than 25 mg/ml, was dissolved in 10 ml of water. 3.4 ml of sodium
hydroxide (0.01 M) was added to the solution while stirring. During the mixing a fine
precipitation emerged. The precipitate was separated by centrifugation of the test
tube at 3000 rpm for 10 min. The supernatant was removed and the precipitate was
shaken with 10 ml of water followed by a new centrifugation. After three additional
washing procedures as described above the supernatant was filtered through a 0.2
mm filter in order to remove possible large aggregates of the product. The solubility
of doxorubicin in amine form was measured by UV method at wavelength 495 nm
and was equal to 0.015 mg/ml.

Example 2
Transformation of mitoxantrone dihydrochloride into deprotonated form

26 mg mitoxantrone dihydrochloride (0.05 mmol) was dissolved in 10 ml of water. 10
ml sodium hydroxide (0.01 M) was added to the solution while stirring. During the
mixing a fine precipitation emerged. The precipitate was separated by centrifugation
of the test tube at 3000 rpm for 10 min. The supernatant was removed and the pre-
cipitate was shaken with 10 ml of water followed by a new centrifugation. After three
additional washing procedures as described above the supernatant was filtered
through 0.2 mm filter in order to remove possible large aggregates of the product.
The solubility of mitoxantrone in amine form was measured by UV method at wave-

length 660 nm and was equal to 0.03 mg/ml.

Example 3
Transformation of topotecan hydrochloride into deprotonated form

23 mg topotecan hydrochloride (0.05 mmol) was dissolved in 10 ml of water. 5 ml
sodium hydroxide (0.01 M) was added to the solution while stirring. During the mixing
a fine precipitation emerged. The precipitate was separated by centrifugation of the
test tube at 3000 rpm for 10 min. The supernatant was removed and the precipitate
was shaken with 10 ml of water followed by a new centrifugation. After three addi-
tional washing procedures as described above the supernatant was filtered through
0.2 mm filter in order to remove possible large aggregates of the product. The solu-
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bility of topotecan in amine form was measured by UV method at wavelength 385 nm

and was equal to 0.09 mg/ml.

Example 4
Formation of particles consisting of doxorubicin in protonated form and methyl ester

of N-all-trans-retinoyl cysteic acid in deprotonated form

Agueous solutions of sodium salt of methyl ester of N-all-trans-retinoyl cysteic acid (2
ml, 5 mg/mL) and doxorubicin hydrochloride (6 ml, 2 mg/ml) were mixed in a 10 ml
test tube. During the mixing a fine precipitation emerged. The precipitate was sepa-
rated by centrifugation of the test tube at 3000 rpm for 10 min. The supernatant was
removed and the precipitate was shaken with 10 ml of water followed by a new cen-
trifugation. After three additional washing procedures as described above the super-
natant was filtered through 0.2 mm filter in order to remove possible large aggregates
of the product. The solubility of the obtained particles was measured by UV method
at wavelength 350 nm and was equal to 0.0002 mg/ml.

Example 5
Formation of particles consisting of mitoxantrone in diprotonated form and two

equivalents of methyl ester of N-all-trans-retinoyl cysteic acid in deprotonated form

Aqgueous solutions of sodium salt of methyl ester of N-all-trans-retinoyl cysteic acid (2
ml, 5 mg/mL) and mitoxantrone dihydrochloride (5.2 ml, 1 mg/ml) were mixed in a 10
ml test tube. During the mixing a fine precipitation emerged. The precipitate was
separated by centrifugation of the test tube at 3000 rpm for 10 min. The supernatant
was removed and the precipitate was shaken with 10 ml of water followed by a new
centrifugation. After three additional washing procedures as described above the su-
pernatant was filtered through 0.2 mm filter in order to remove possible large aggre-
gates of the product. The solubility of the obtained particles was measured by UV
method at wavelength 660 nm and was equal to 0.002 mg/ml.

Example 6
Formation of particles consisting of topotecan in protonated form and methyl ester of

N-all-trans-retinoyl cysteic acid in deprotonated form

Aqueous solutions of sodium salt of methyl ester of N-all-trans-retinoyl cysteic acid (2
ml, 5 mg/mL) and topotecan hydrochloride (4.7 ml, 2 mg/ml) were mixed in a 10 ml
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test tube. During the mixing a fine precipitation emerged. The precipitate was sepa-
rated by centrifugation of the test tube at 3000 rpm for 10 min. The supernatant was
removed and the precipitate was shaken with 10 ml of water followed by a new cen-
trifugation. After three additional washing procedures as described above the super-
natant was filtered through 0.2 mm filter in order to remove possible large aggregates
of the product. The solubility of the obtained particles was measured by UV method

at wavelength 364 nm and was equal to 0.024 mg/ml.

Example 7
Preparation of a formulation of doxorubicin with sodium salt of methyl ester of N-all-

trans-retinoyl cysteic acid and sodium salt of methyl ester of 13-cis-retinoyl cysteic

acid

50 ml doxorubicin hydrochloride solution (8.6 mg/ml) was added drop-wise under stir-
ring to 200 ml of a solution containing sodium salt of methyl ester of N-all-trans-reti-
noyl cysteic acid (3 mg/mL) and sodium salt of methyl ester of 13-cis-retinoyl cysteic
acid (3 mg/ml) in 500 ml round-bottom flask. Stirring was continued for an additional
20 min. The doxorubicin concentration in the obtained formulation was 1.6 mg/ml.
The solution obtained was filtered through 0.2 mm filter and freeze dried. The filtra-

tion did not result in reduction of doxorubicin concentration.

Example 8
Preparation of a formulation of topotecan with sodium salt of methyl ester of N-all-

trans-retinoyl cysteic acid

Methanol stock-solutions of topotecan hydrochloride (120 ml, 1.09 mg/ml) and so-
dium salt of methyl ester of N-all-trans-retinoyl cysteic acid (32 ml, 15 mg/ml) were
mixed in a 500 ml round-bottom flask and evaporated in vacuo. 120 ml sodium chlo-
ride solution (9 mg/ml) was added to the residue obtained after evaporation, and the
mixture was stirred until it became clear and transparent (approx. 20 min). The con-
centration of topotecan in the obtained solution was 1 mg/ml, corresponding to a
topotecan hydrochloride concentration of 1.09 mg/ml. The solution obtained was fil-
tered through 0.2 mm filter. The filtration did not result in reduction of topotecan con-

centration.
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Example 9
Preparation of a formulation of irinotecan with sodium salt of methyl ester of N-all-

trans-retinoyl cysteic acid

Methanol stock-solutions of irinotecan hydrochloride trihydrate (100 ml, 1.15 mg/ml)
and sodium salt of methyl ester of N-all-trans-retinoyl cysteic acid (27 ml, 15 mg/ml)
were mixed in a 500 ml round-bottom flask and evaporated in vacuo. 100 ml of water
was added to the residue obtained after evaporation and the mixture was stirred until
it became clear and transparent (approx. 30 min). The concentration of irinotecan in
the obtained solution was 1 mg/ml, corresponding to an irinotecan hydrochloride tri-
hydrate concentration of 1.15 mg/ml. The obtained solution was filtered through 0.2
mm filter and freeze dried. The filtration did not result in reduction of irinotecan con-

centration.

Example 10
Investigation of the dependence of particle size formed by sodium salt of methyl ester

of N-13-cis-retinoyl cysteic acid and doxorubicin hydrochloride (w/w ratio 2.3:1) on

the concentration of doxorubicin.

Solutions were prepared by reconstitution of freeze dried samples consisted of the
mixture of sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid and doxorubi-
cin with w/w ratio 2.3:1 in aqueous solution containing (130 mmol), CaCls (2 mmol)
and MgCl, (0.8 mmol).

Table 1
Concentration of Average particle size,
doxorubicin, mg/ml am St. dev.

0.004 317 3

0.1 31.3 1.7

0.3 40.7 12

1 55.7 77

3 69.0 43

As shown in Table 1 and Fig. 2 a decrease of concentration results in a decrease of
particle size in a range of concentrations 0.1-3 mg/ml. Further dilution does not influ-

ence on the particle size.
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Example 11
Investigation of the kinetics of dissolving of particles.

A starting solution was prepared by dissolving a freeze dried sample of a mixture of
sodium salt of methyl ester of N-all-trans-retinoyl cysteic acid and doxorubicin hydro-
chloride in w/w ratio 2.1:1 in an aqueous solution of NaCl (5.9 mg/mL), KCI (0.3
mg/mL), CaCl, (0.295 mg/mL), MgCl, hexahydrate (0.2 mg/mL) and sodium acetate
(4.1 mg/mL) to a doxorubicin concentration of 2 mg/ml. The starting solution was di-
luted 50 times to a doxorubicin concentration of 0.04 mg/ml, the obtained solution
was vigorously stirred on the vortex for 10 seconds and used directly for measure-

ments of average particle size.

Table 2
Time after dilution, min Average particle size, St. dev.
nm
1.5 61.1 59
2 50.0 33
42.7 26
40.3 3.3
20 40.7 25
60 34.6 2.1
120 31.3 0.9
300 30.9 1.6

As shown in Table 2 and Fig. 3 the rate of decreasing of particle size is slowed down

with time until almost insoluble particles are formed.

Biological evaluation — Examples 12-15

In vitro experiments on different malignant cell culture lines like breast adenocarci-
noma, ovary adenocarcinoma and lung non-small cell cancer showed that the activity
of formulations of cationic amphiphilic compounds depends dramatically on the na-
ture of counter ions as well as morphology of nanoparticles. The use of the methyl
ester of N-all-trans-retinoyl cysteic acid, the methyl ester of N-13-cis-retinoyl cysteic
acid, or combinations thereof reduces the solubility of the cationic amphiphilic com-
pounds, which facilitates the transport of the compounds through cell membrane re-

sulting in increased potency of such formulations.
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The following commercial formulations were used as references in the below Exam-

ples: DOXIL® (doxorubicin hydrochloride formulated into pegylated liposomes), NO-

VANTRONE® (mitoxantrone hydrochloride), ADRIAMYCIN® (doxorubicin hydrochlo-

ride), HYCAMTIN® (topotecan hydrochloride), and CAMPTO® (irinotecan hydrochlo-
5 ride)

Example 12
Comparative Evaluation of Cytotoxicity of the Formulations in Cultures of Human

Breast Adenocarcinoma MDA-MB-231 Cell Line.
10 Formulations containing mixtures of nanoparticles of the methyl ester of N-all-trans-

retinoyl cysteic acid and the methyl ester of N-13-cis-retinoyl cysteic acid were pre-
pared by dissolving freeze dried powder in appropriate aqueous solutions. Dilutions
of commercial formulations were made according to instructions of the manufactur-

ers. The results are set forth in Table 3 below.

15
Table 3
Particle EF EF
Formulation Solvent ‘ ICs0 day 3 ICso day 4
size, nm day 3 day 4
® (1.9£0.13) x (5.1+0.17)
ADRIAMYCIN 9 mg/ml NaCl - = - " -
10 x 10
DOXIL® 50 mg/ mi 100 (2.3 £0.15) x 0.08° (2.8 £0.10) 0.18°
glucose 10° ' x 107 '
Doxorubicin-Na salt of
methy! ester of N-all-
trans-retinoyl cysteic
) (2.0£0.17) x . | (1.4£0.07) .
acid-Na salt of methyl | 9 mg/ml NaCl 34 10° 9.5 10° 3.6
X
ester of N-13-cis-reti-
noyl cysteic acid
1:1.1:1.1 (wiw/w)
NOVANTRONE® 50 mg/ ml (7.5+0.38) x (5.1+0.21)
glucose 10°® x 10°
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Table 3
Particle EF EF
Formulation Solvent ‘ ICs0 day 3 ICso day 4
size, nm day 3 day 4
Mitoxantrone-Na salt
of methyl ester of N-
all-trans-retinoyl cys-
, ) 50 mg/ ml (8.1+£0.29) x p | (2020.12) b
teic acid-Na salt of - o 9.3 o 26
glucose 10 x 10
methyl ester of N-13-
cis-retinoyl cysteic acid
1:3.4:3.4 (wiw/w)
® (9.2+£1.4)x 10 (4.4 £0.33)
HYCAMTIN 9 mg/ml NaCl - 7 - 10° -
X
6 mg/ml
NaCl, 0.3
Topotecan-Na salt of
mg/ml KClI,
methyl ester of N-all-
calcium chlo-
trans-retinoyl cysteic
) ride hexahy- (1.7 £0.12) x . | (1.4£0.19) c
acid-Na salt of methyl 14 5 54 8 3.1
drate 0.4 10 x 10
ester of N-13-cis-reti-
) ) mg/ml CaCl,
noyl cysteic acid .
dihydrate, 3.1
1:3.4:3.4 (wiw/w)
mg/ml Na
lactate
® (3.0 £ 0.09) x (3.2+0.10)
CAMPTO 9 mg/ml NaCl - s - 6 -
10 x 10
6 mg/mi
NaCl, 0.3
Irinotecan-Na salt of
mg/ml KCI,
methy! ester of N-all-
calcium chlo-
trans-retinoyl cysteic
) ride hexahy- (8.1 +£0.19) x 4 | (1.8£0.11) q
acid-Na salt of methyl 12 " 3.7 " 1.7
drate 0.4 10 x 10
ester of N-13-cis-reti-
mg/ml CaCl,
noyl cysteic acid .
dihydrate, 3.1
1:3.4:3.4 (w/w/w)
mg/ml Na
lactate

Enhancement factors were calculated versus: ADRIAMYCIN®, "NOVANTRONE®,
°HYCAMTIN® and ‘CAMPTO®.
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Example 13

Comparative Evaluation of Cytotoxicity of the Formulations in Cultures of Human

PCT/SE2008/051516

Ovary Adenocarcinoma SKOV-3 Cell Line

Formulations containing mixtures of nanoparticles of the methyl ester of N-all-trans-

retinoyl cysteic acid and the methyl ester of N-13-cis-retinoyl cysteic acid were pre-

pared by dissolving of freeze dried powder in appropriate agueous solutions. Dilu-

tions of commercial formulations were made according to instructions of the manu-

facturers. The results are set forth in Table 4 below.

Table 4
Particle EF EF
Formulation Solvent ICso day 3 IC5q day4d
size, nm day 3 day 4
® (8.5+0.27) x (4.8 £ 0.16)
ADRIAMYCIN 9 mg/ml NaCl - 5 - 8 -
10 x 10
50 mg/ ml glu- 4.8+0.18) x 8.0+0.27
DOXIL® gma 100 ( % ) 0.02° ( = ) 0.06°
cose 10 x 10
Doxorubicin-Na salt of
methy! ester of N-all-
trans-retinoyl cysteic
) (5.2 +0.25) x . | (28£0.1) .
acid-Na salt of methyl 9 mg/ml NaCl 34 10° 1.6 10° 1.7
x
ester of N-13-cis-reti-
noyl cysteic acid
1:1.1:1.1 (w/w/w)
50 mg/ mi glu- 9.6 £ 0.45) x 1.8+£0.32
NOVANTRONE® gme - ( ; ) | o A
cose 10 x 10
Mitoxantrone-Na salt
of methyl ester of N-
all-trans-retinoyl cys-
. ) 50 mg/ ml glu- (2.0 £ 0.09) x , | (9.2£0.12) b
teic acid-Na salt of - 9 4.8 10 20
cose 10 x 10
methyl ester of N-13-
cis-retinoyl cysteic acid
1:3.4:3.4 (w/w/w)
® (3.5+£042)x (1.0 £0.27)
HYCAMTIN 9 mg/ml NaCl - 10% - 10° -
X
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Table 4
Particle EF EF
Formulation Solvent ) ICs5p day 3 IC5 day4
size, nm day 3 day 4
6 mg/ml NaCl,
Topotecan-Na salt of | 0.3 mg/ml KCI,
methyl ester of N-all- calcium chlo-
trans-retinoyl cysteic ride hexahy-
) (5.0 +0.22) x . | (2.1£0.08) .
acid-Na salt of methyl | drate 0.4 mg/ml 14 107 70 10° 48
X
ester of N-13-cis-reti- CaCl, di-
noyl cysteic acid hydrate, 3.1
1:3.4:3.4 (wiw/w) mg/ml Na lac-
tate
® (4.2+0.18) x (4.0+0.19)
CAMPTO 9 mg/ml| NaCl - 5 - - -
10 x 10
6 mg/ml NaCl,
Irinotecan-Na salt of 0.3 mg/ml KClI,
methyl ester of N-all- calcium chlo-
trans-retinoyl cysteic ride hexahy-
(1.2 £ 0.09) x 4 | (42£0.27) g
acid-Na salt of methyl | drate 0.4 mg/ml 12 10° 3.5 10° 9.5
X
ester of N-13-cis-reti- CaCl, di-
noyl cysteic acid hydrate, 3.1
1:3.4:3.4 (wiw/w) mg/ml| Na lac-
tate

Enhancement factors were calculated versus: ADRIAMYCIN®, P’NOVANTRONE?®,
°HYCAMTIN® and ‘CAMPTO®.

Example 14

Comparative Evaluation of Cytotoxicity of the Formulations in Cultures of Human

Lung Non-Small Cancer Cell Line A549

Formulations containing mixtures of nanoparticles of the methyl ester of N-all-trans-
retinoyl cysteic acid and the methyl ester of N-13-cis-retinoyl cysteic acid were pre-
pared by dissolving of freeze dried powder in appropriate aqueous solutions. Dilu-

tions of commercial formulations were made according to instructions of the manu-

facturers. The results are set forth in Table 5 below.
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Table 5
Particle size, EF EF
Formulation Solvent ICs5p day 3 IC5 day4
nm day 3 day 4
® (1.2 £0.09) x (2.7+£0.21)
ADRIAMYCIN 9 mg/ml NaCl - 5 - 8 -
10 x 10
DOXIL® 50 mg/ mi 100 (1.9+£0.18) x 0.06° (1.4 £ 0.08) 0.19°
glucose 107 ' x 107 '
Doxorubicin-Na salt of
methy! ester of N-all-
trans-retinoyl cysteic
. (2.6 £0.15) x . | (8210.15) A
acid-Na salt of methyl | 9 mg/ml NaCl 34 10° 4.6 10° 4.4
X
ester of N-13-cis-reti-
noyl cysteic acid
1:1.1:1.1 (wiw/w)
NOVANTRONE® 50 mg/ ml (2.1 £0.06) x (1.1£0.02)
glucose 107 x 107
Mitoxantrone-Na salt
of methyl ester of N-
all-trans-retinoyl cys-
. ) 50 mg/ ml (9.0 £ 0.34) x b | (3.7 £0.09) b
teic acid-Na salt of - 10 2.3 0 3.0
glucose 10 x 10
methyl ester of N-13-
cis-retinoyl cysteic acid
1:3.4:3.4 (wiw/w)
® (26 £0.21) x (7.3 £ 0.33)
HYCAMTIN 9 mg/ml NaCl - 5 - 5 -
10 x 10
6 mg/mi
NaCl, 0.3
Topotecan-Na salt of
mg/ml KCl,
methyl ester of N-all-
calcium chlo-
trans-retinoyl cysteic
ride hexahy- (7.2 +£0.22) x (1.0 £ 0.05)
acid-Na salt of methyl 14 . 3.6° . 7.3°
. ) drate 0.4 10 x 10
ester of N-13-cis-reti-
mg/ml CaCl,
noyl cysteic acid
dihydrate, 3.1
1:3.4:3.4 (w/w/w)
mg/ml Na
lactate
® (2.5+0.26) x (8.5 +0.36)
CAMPTO 9 mg/ml NaCl - 10° - 10° -
X
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Table 5
Particle size, EF EF
Formulation Solvent ICs5p day 3 IC5 day4
nm day 3 day 4
6 mg/mi
) NaCl, 0.3
Irinotecan-Na salt of
mg/ml KCl,
methy! ester of N-all- i
) ) calcium chlo-
trans-retinoyl cysteic )
] ride hexahy- (7.8 £0.53) x 4 | (6.720.29) J
acid-Na salt of methyl 12 - 3.2 7 12.7
drate 0.4 10 x 10
ester of N-13-cis-reti-
o mg/ml CaCl,
noyl cysteic acid .
dihydrate, 3.1
1:3.4:3.4 (w/w/w)
mg/ml Na
lactate

Enhancement factors were calculated versus: ADRIAMYCIN®, °"NOVANTRONE®,
°*HYCAMTIN® and ‘CAMPTO®.

Example 15: A One Month Toxicity Study of Formulation “Doxorubicin-Sodium Salt of

the Methyl Ester of N-all-trans-retinoyl Cysteic Acid-Sodium Salt of the Methyl Ester
of N-13-cis-retinoyl Cysteic Acid (w/w/w 1:1.05:1.05)" in Rats
The tested formulation was prepared by reconstitution in saline of freeze dried mix-

ture of Doxorubicin-Sodium Salt of the Methyl Ester of N-all-trans-retinoyl Cysteic
Acid-Sodium Salt of the Methyl Ester of N-13-cis-retinoyl Cysteic Acid.

The experiment was performed in 58 male and 58 female SPF Wistar rats of the
strain HanTac:WH (GALAS). The animals were allocated to 4 groups: Group 1 (0.9
% saline), Group 2 (Doxorubicin 6 mg/kg), Group 3 (title formulation 4 mg/kg) and
Group 4 (title formulation 6 mg/kg). Group 2 receives the same dosage of doxorubi-
cin as Group 4 and acts as a positive control for direct comparison with Group 4.
Treatment was performed by intravenous injection once weekly. As severe treatment
related clinical signs were seen in Groups 2 and 4 after 3 doses (after dosings on
Days 1, 8 and 15) all animals were not dosed on Day 22, but dosing was resumed on
Day 29. As resuming, dosing on Day 29 resulted in intolerable clinical signs and as it
was judged that several animals would have to be euthanized, the pre-mature termi-
nation on Day 33 of Groups 2 and 4 was decided. Groups 1 and 3 received the fifth
dose on Day 36 and were terminated on Day 39. Clinical signs, body weight, food
consumption, ophtalmoscopic examination, clinical pathology, urinalysis, urine mi-

croscopy, readings of the bone marrow, organ weight recordings, macroscopical and
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microscopical examinations were used as criteria to disclose any adverse side effect.
Furthermore, blood samples were collected for toxicokinetic evaluation on Day 1. In-
travenous administration of the title formulation at doses of 4 and 6 mg/kg/day once
weekly for 5 and 4 repeated doses, respectively, caused severe treatment related
findings at the clinical observations, body weight recordings, food consumption re-
cordings, at the haematological and clinical chemistry analysis, at the bone marrow
readings, at the organ weight measurements and at the histopathological examina-
tions. Toxicological findings after repeated doses were expected for the tested cy-
tostatic formulations containing Doxorubicin. Several animals were euthanized in
each of Group 2, 3 and 4 due to severe treatment related clinical signs. In addition,
one animal was found dead in each of Groups 2 and 4. Pronounced lowering in body
weight and lower body weight gain were seen in all groups treated with the title for-
mulation and Doxorubicin when compared to the control animals. The toxicity profile
of the title formulation was similar to Doxorubicin with exception that signs such as
severe itching and scratching around the neck (including self inflicting wounds) were
more severe in the positive control Group 2. Also a severe sign of toxicity was fluid-
filled abdomens which was only observed in the positive control Group 2.

This example demonstrates that nanoparticle formulation “Doxorubicin-Sodium Salt
of the Methyl Ester of N-all-trans-retinoyl Cysteic Acid-Sodium Salt of the Methyl Es-
ter of N-13-cis-retinoyl Cysteic Acid (w/w/w 1:1.05:1.05)" has a lower toxicity as com-

pared to identical concentrations of conventional formulation of Doxorubicin.

Although the invention has been described with regard to certain embodiments, in-
cluding the best mode presently known to the inventors, it should be understood that
various changes and modifications as would be obvious to one having the ordinary
skill in this art may be made without departing from the scope of the invention as set

forth in the claims appended hereto.
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Claims
1. A drug delivery system for administration of a pharmaceutically active
substance that is a cationic amphiphile by itself and has a solubility per se in wa-
ter of at least 4 mg/ml, wherein the drug delivery system comprises nanoparticles
smaller than about 50 nm having a solubility in water below 0.1 mg/ml, said
nanoparticles being formed by said substance in association with a sodium salt of
the methyl ester of N-all-trans-retinoyl cysteic acid, a sodium salt of methyl ester

of N-13-cis-retinoyl cysteic acid, or a combination thereof.

2. A drug delivery system according to claim 1, characterized in that said

nanoparticles have a solubility in water below 0.01 mg/ml.

3. A drug delivery system according to claim 1 or 2, characterized in that
said substance is non-covalently associated with a sodium salt of the methyl ester
of N-all-trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-reti-
noyl cysteic acid, or a combination thereof.

4. A drug delivery system according to any preceding claim, characterized

in that said substance is a cytotoxic or a cytostatic compound.

5. A drug delivery system according to claim 4, characterized in that said
cytotoxic or cytostatic compound is a protonated form of doxorubicin, mitoxan-
trone, epirubicin, daunorubicin, idarubicin, topotecan, irinotecan, vinblastine, vin-
cristine, vinorelbine, amsacrine, procarbazine, mechlorethamine, or a combination

thereof.

6. A drug delivery system according to claim 5, characterized in that said

compound is a protonated form of doxorubicin.

7. A drug delivery system according to claim 5, characterized in that said

compound is a protonated form of mitoxantrone.

8. A drug delivery system according to any one of claims 4-7 for use in

treatment of cancer.



2008339100 28 Jul 2015

25

30

- 26 -

9. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and the drug delivery system according to any preceding claim.

10. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and the drug delivery system according to any one of claims 4-7.

11. A pharmaceutical composition according to claim 9 or 10 in the form of

an aqueous solution, a gel, a cream, an ointment, a tablet, a capsule, or a softgel.

12. Use of a sodium salt of the methyl ester of N-all-trans-retinoyl cysteic
acid, a sodium salt of the methyl ester of N-13-cis-retinoyl cysteic acid, or a com-
bination thereof in the preparation of a drug delivery system according to any one
of claims 1-8.

13. A method for the preparation of a drug delivery system for administration
of at least one pharmaceutically active substance that is a cationic amphiphile by
itself and has a solubility per se in water of at least 4 mg/ml, wherein said sub-
stance is combined with a sodium salt of the methyl ester of N-all-trans-retinoyl
cysteic acid, a sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or a
combination thereof to form nanoparticles smaller than about 50 nm having a

solubility in water below 0.1 mg/ml.

14. A method according to claim 13, wherein a sodium salt of the methyl es-
ter of N-all-trans-retinoyl cysteic acid, a sodium salt of methyl ester of N-13-cis-
retinoyl cysteic acid, or a combination thereof is non-covalently bound to said
substance.

15. A method according to any one of claim 13 or 14, wherein said

nanoparticles have a solubility in water below 0.01 mg/ml.

16. A method for the preparation of pharmaceutical composition comprising
a pharmaceutically acceptable carrier and a drug delivery system according to
any one of claims 1-8, wherein said drug delivery system is combined with an
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amount of about 0.2-10 equivalents, based on the cationic charge of the amphi-
phile comprised in the drug delivery system, of the methyl ester of N-all-trans-reti-
noyl cysteic acid, a sodium salt of methyl ester of N-13-cis-retinoyl cysteic acid, or

a combination thereof.

17. A method for enhancing the drug efficiency of at least one pharmaceuti-
cally active substance that is a cationic amphiphile by itself and has a solubility
per se in water of at least 4 mg/ml, wherein said substance is combined with a
sodium salt of the methyl ester of N-all-trans-retinoyl cysteic acid, a sodium salt of
methyl ester of N-13-cis-retinoyl cysteic acid, or a combination thereof to form

nanoparticles having a solubility in water below 0.1 mg/ml.

18. A method according to claim 17, wherein a sodium salt of the methyl es-
ter of N-all-trans-retinoyl cysteic acid, a sodium salt of the methyl ester of N-13-
cis-retinoyl cysteic acid, or a combination thereof is non-covalently bound to said
substance.

19. A method according to claim 17 or 18, wherein said substance is com-
bined with an excess of about 0.2-10 equivalents of said sodium salt of the methyl
ester of N-all-trans-retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-

retinoyl cysteic acid, or combination thereof.

20. A method according to any one of claim 17-19, wherein said nanoparti-

cles have a solubility in water below 0.01 mg/ml.

21. A method for increasing the bioavailability of at least one pharmaceuti-
cally active substance that is a cationic amphiphile by itself and has a solubility
per se in water of at least 4 mg/ml,

wherein said substance is combined with a sodium salt of the methyl ester of N-
all-trans-retinoyl cysteic acid, a sodium salt of the methyl ester of N-13-cis-retinoyl
cysteic acid, or a combination thereof to form nanoparticles having a solubility in
water below 0.1 mg/ml.
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22. A method according to claim 21, wherein a sodium salt of the methyl es-
ter of N-all-trans-retinoyl cysteic acid, a sodium salt of the methyl ester of N-13-
cis-retinoyl cysteic acid, or a combination thereof is non-covalently bound to said

substance.

23. A method according to claim 21 or 22, wherein said substance is com-
bined with an excess of about 0.2-10 equivalents of said sodium salt of the methyl
ester of N-all-trans-retinoyl cysteic acid, sodium salt of methyl ester of N-13-cis-

retinoyl cysteic acid, or combination thereof.

24. A method according to any one of claim 21-23, wherein said nanoparti-

cles have a solubility in water below 0.01 mg/ml.

25. A method for the treatment of cancer, characterized in that a drug deliv-
ery system according to any one of claims 1-8 is administered in a therapeutically

effective amount to a patient in need of such treatment.

26. Use of a drug delivery system according to any one of claims 1-8 for the

preparation of a medicament for the treatment of cancer.

27. A method for the treatment of cancer, characterized in that a
pharmaceutical composition according to any one of claims 9-11 is administered

in a therapeutically effective amount to a patient in need of such treatment.

28. Use of a pharmaceutical composition according to any one of claims 9-

11 for the preparation of a medicament for the treatment of cancer.
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