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Polymeric conjugates of doxorubicin with pH-regulated release of the drug and a

method of preparing

Technical Field

The invention concerns a new method of preparation of water-soluble polymeric cancerostatics
that allow for targeted transport and regulated release of cytostatics in the organism, preferably in
the tumor tissue and tumor cells. Polymeric cancerostatics are prepared directly via
copolymerization with a monomer containing a cancerostatic in its structure. The use of

polymeric conjugates focuses on targeted therapy of tumor diseases in humane medicine.

Background Art

The development of new pharmacologically-potent substances, including cancerostatics, has been
more and more focusing on new forms that allow for specific action of the active drug only in a
certain tissue or even in a certain cell type. Targeted drugs find their use especially in the fields
where side effects of the active ingredient can result in damage of healthy parts of the organism.
Preparation of targeted drugs involves more and more the use of macromolecules — polymers,
both natural and synthetic. In the past, a large number of polymeric conjugates of cancerostatics
was prepared and studied and it was demonstrated that in most cases, it is necessary to ensure
release of the original low-molecular cytotoxic substance from its polymeric form for the
polymeric drug form to be pharmacologically effective. Of course, connecting a cytostatic to a
water-soluble polymer via a chemical bond also allows for a radical increase of solubility of
insoluble or low-soluble drugs and significantly decreases their toxicity. Last but not least, the
higher molecular weight of the polymers prevents fast release of the drug from the organism via
glomerular filtration and, thus, ensures prolonged time of its circulation in blood and retention in
the organism, and, hence, higher bioavailability of the drug. It is advantageous to ensure the
release of the cytostatic from the polymeric carrier via a biodegradable spacer, used to connect the
drug to the polymer, the degradation of which in the target tissue leads to targeted and regulated
release of the drug in the tissue. An important group of the above described drugs is polymeric

drugs prepared on the basis of copolymers of N-(2-hydroxypropyl)methacrylamide (HPMA). A
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review of the hitherto obtained results in this field is very well elaborated in G.S. Kwon and in J.
Kopecek et al. [Kopecek et al. 2000, Kwon 2005]. Recently, studies were published on
preparation and working of polymeric drugs in which cancerostatic doxorubicin is bound to a
polymeric carrier based on HPMA copolymers via a hydrolytically instable hydrazone bond
[Etrych et al. 2001 and 2002, Rihova et al. 2001, Ulbrich et al. 2003, 2004a, 2004b] and the
substances were patented [Ulbrich et al.]. The described drugs showed a significant decrease of
side effects on the organism, especially the toxic ones, and simultaneously a significant increase
of antitumor effectiveness compared to the commonly used low-molecular cytostastics [Rihova et

al. 2001, Kovar et al. 2004, Hovorka et al. 2002].

Synthesis of such conjugates was performed first by a polymer-analogous reaction of polymeric
4-nitrophenyl esters (ONp) with hydrazine and later by copolymerization of HPMA with
mathacryloylated hydrazides protected with N-Boc (ferc-butyloxycarbonyl) group. Later, a new
method of preparation of polymeric conjugates was developed which included preparation of the
6-(methacryloylamino)hexanoylhydrazine monomer and its copolymerization with HPMA. The
method represented a significant progress in synthesis and allowed for precise regulation of the
molecular weight of the polymeric precursors and the final product [Etrych patent]. In all the
mentioned methods, the drug was bound to the polymeric precursor containing free hydrazide

groups via polymer-analogous reaction.

The object of this invention is a new method of preparation of polymeric cytostatics based on
HPMA copolymers with doxorubicin bound via a pH-labile hydrazone bond to a polymeric
carrier. The method that we propose allows incorporating the drug in the structure of polymeric
conjugate directly via copolymerization of HPMA with a monomer containing doxorubicin,
connected to the polymerizable group with a hydrazone bond through a spacer, i.e. without the
need for subsequent reaction of binding the drug spacer to the polymeric precursor. The use of the
mentioned monomer in the synthesis allows to prepare polymeric conjugates with precisely
defined structure of the polymeric chain that contains only monomeric units of HPMA and

monomeric units carrying the hydrazone-bound drug.
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Disclosure of Invention

The invention consists essentially in a method of preparation of a polymeric conjugate of a
HPMA copolymer with doxorubicin bound to the polymer via various spacers containing
hydrolytically cleavable hydrazone bonds. The method consists of two-step synthesis involving
synthesis of monomers, namely HPMA and methacryloylated derivatives of amino acids and
oligopeptides, terminated with doxorubicin connected via the hydrazone bond, and direct
synthesis of polymeric conjugates via copolymerization with the mentioned monomer containing

the cancerostatic doxorubicin bound by a covalent hydrazone bond.

The polymeric drug prepared according to the invention is characterized by the fact that its
structure is constituted by a hydrophilic water-soluble copolymer containing units of HPMA and
units of a methacryloylated derivative of amino acids or oligopeptides, terminated with
doxorubicin connected to the amino-acid or oligopeptide residues (spacers) via a pH-sensitive
hydrolytically-cleavable hydrazone bond. The spacers can be constituted by individual amino
acids, oligopeptides or other structures, allowing their termination with the hydrazide group and
connection of doxorubicin to the same by hydrazone bond. The content of comonomeric (Dox
containing) units in the copolymer can be from 0.5 to 10 mol. %. The copolymer does not contain

any other poorly defined units, e.g. methacryloylated hydrazides.

The polymer with the chemically-bound cytostatic is stable during circulation in the bloodstream,
the hydrazone bond between doxorubicin and the polymer is relatively stable under physiological
conditions of the bloodstream (pH 7.4). After extravasation and entrapment in tumors, the
molecularly-dissolved conjugate penetrates into individual tumor cells via pinocytosis and, due to
the decrease of pH from the extracellular pH 7.4 to intracellular pH 5 to 6, hydrolysis of the
hydrazone bond, release of cytostatic in the target cell and hence activation of its cytotoxic effect
should take place. The feasibility of the above proposed mechanism of action of the polymeric
drugs according to the invention is demonstrated by experiments of modeled release of
doxorubicin from the polymeric carrier. The results of siad tests are presented in the experimental

part of the application.

Synthesis of monomers starts from synthesis of the HPMA monomer via the method described

earlier [Ulbrich 2000]. Synthesis of methacryloyl(aminoacyl)hydrazides differing in the structure
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of the acyl component is very similar in all the prepared monomers and is performed using the
procedure described earlier [Ulbrich patents, Etrych patent]. This synthesis starts from
methacryloylation of the methyl ester of the hydrochloride of the respective amino acid or
oligopeptide with methacryloylchloride, performed in dichloromethane in the presence of
anhydrous sodium carbonate. The resulting product is converted to a methacryloylated
aminoacylhydrazine by hydrazinolysis of the respective methyl ester with hydrazine hydrate,
performed in a solution in methanol or 2-propanol. Preferably, the aminoacyl in the
methacryloyl(aminoacyl)hydrazines can be glycyl, glycylglycyl, B-alanyl, 6-aminohexanoyl, 4-
aminobenzoyl or a complex acyl derived from the oligopeptides GlyPheGly, GlyLeuGly or
GlyPheLeuGly. As an example of synthesis of a methacryloyl(aminoacyl)hydrazine, synthesis of

6-methacroyl(aminohexanoyl)hydrazide is presented in Example 1.

Preparation of (methacryloylamino)acylhydrazide-doxorubicins starts from the binding reaction
of doxorubicin hydrochloride to methacryloyl(aminoacyl)hydrazines producing the hydrazone
bond. The reaction is preferably performed in methano! under catalysis with a defined amount of
acetic acid with addition of an inhibitor. The reaction can be performed also in dimethylsulfoxide,
dimethylformamide, dried ethanol or dimethylacetamide. If solvents other than methanol are used,
the reaction proceeds well but the yields are lower. The influence of the spacer structure on the
course of the binding reaction is minimal. For achieving the optimal yield of the bond and
minimal content of unbound doxorubicin, it is important in any case to adhere to the
concentrations of the reactants and acetic acid in the reaction mixture: 19 mg/ml concentration of
doxorubicin (DOX), 51 mg/ml concentration of acetic acid. The optimal reaction time is 24 h at
25 °C. The above specified conditions are optimal, resulting in maximal yields. The reaction can
be performed also under slightly modified reaction conditions, adjusted to the type of the solvent
used as well as that of (methacryloylamino)acylhydrazide. If a lower DOX concentration is used
(10 mg/ml), it is necessary to work at higher temperature (up to 35 °C), the concentration of acetic
acid can be decreased down to 35 mg/ml, or alternatively the reaction time can be extended (up to
28 hours). At a higher DOX concentration (30 mg/ml) it is advantageous to increase the
concentration of acetic acid up to max. 60 mg/ml and to shorten the reaction time to 20 hours, or
alternatively to decrease temperature to 20 °C. For removing the free drug from the product a
small addition of the poly(HPMA-co-MA-AH-NHNH,) polymer can be preferably used, the

hydrazide groups of which will bind the unreacted doxorubicin (DOX). The reaction mixture is
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subsequently purified by gel filtration, preferably in a LH-20 column in methanol. After
concentrating, the monomeric DOX derivative fraction is isolated by precipitation in diethyl ether.
Preparations of 6-(methacryloylamino)hexanoylhydrazide-doxorubicin and of methacroyl-
glycylphenylalanylleucylglycylhydrazide-doxorubicin are presented as examples of synthesis of

(methacryloylamino)acylhydrazide-doxorubicins in the experimental part.

Synthesis of polymeric conjugates of doxorubicin — HPMA copolymers with methacryloylated
derivatives of amino acids and oligopeptides, terminated with doxorubicin connected via the
hydrazone bond, is based on direct radical copolymerization of HPMA with corresponding

methacryloylated DOX derivatives of formula II

The polymerization is performed in solution using methanol, ethanol, dimethylsulfoxide or
dimethylformamide as the polymerization medium. The polymerization is initiated with heat-
degradable radical polymerization initiators based on azo or peroxy initiators.
Azobis(isobutyronitrile) (AIBN), azobis(isocyanovaleric acid) (ABIC) or diisopropylpercarbonate
(DIP) can be preferably used. The polymerization temperature depends on the respective initiator
and the solvent used (50 to 60 °C for AIBN, ABIC in methanol, ethanol, DMF and DMSO, 40 to
50 °C for DIP). A usual time of polymerization is 15 to 24 hours. Preparation of all polymeric

conjugates via radical polymerization is analogous; for example, copolymerization of HPMA
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with a methacryloylated DOX derivative is presented in Example 3. Compared to the earlier used
polymer-analogous binding reaction of DOX to the polymeric precursor poly(HPMA-co-MA-AH-
NHNH;), the direct copolymerization of HPMA with a methacryloylated DOX derivative results

in exactly defined polymeric conjugates.

Polymeric conjugate is a copolymer of HPMA with methacryloylated derivatives of amino acids

and oligopeptides, terminated with doxorubicin, connected with the hydrazone bond, of formula I

being characterized in that it contains 90 to 99.5 mol. % of HPMA and 10 to 0.5 mol. % of

(methacryloylamino)acylhydrazide-doxorubicin units.

There has been introduced an abbreviation for the spacers in the side chains of the conjugates and
monomers in the structural schemes herein - SP; is the aminoacyl in methacryloylacylhydrazide-
doxorubicins, e.g. glycyl, glycylglycyl, B-alanyl, 6-aminohexanoyl (AH), 4-aminobenzoyl or a
complex acyl derived from the oligopeptides GlyPheGly, GlyLeuGly, GlyLeuPheGly and
GlyPheLeuGly.
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Brief Description of Drawings

Figure 1 represents a scheme of structure of the methacryloylated derivatives of amino acids and
oligopeptides, terminated with doxorubicin connected via the hydrazone bond

((methacryloylamino)-acylhydrazide-doxorubicin)).

Figure 2 represents a scheme of structure of conjugate 1 — copolymer of HPMA and a
methacryloylated derivative of amino acids and oligopeptides, terminated with doxorubicin

connected via the hydrazone bond (x =40 to 335, y =1 to 25).

Figure 3 represents a graph of release rate of DOX from polymeric conjugate 1 and from the
polymeric conjugate prepared via polymer-analogous reaction (patent Etrych) in a buffer with pH

5 (model of intracellular environment).

Figure 4 represents a graph of release rate of DOX from polymeric conjugate 1 and from the
polymeric conjugate prepared via polymer-analogous reaction (patent Etrych) in a buffer with pH
7.4 (model of bloodstream).

Examples

Example 1: Synthesis of monomers

HPMA was prepared according to the procedure that was described earlier [Ulbrich et al. 2000].
Elementary analysis: calculated 58.8 % C, 9.16 % H, 9.79 % N; found 58.98 % C, 9.18 % H,
9.82 % N. The product was chromatographically pure.

6-(methacryloylamino)hexanoylhydrazide  (N'-(6-hydrazino-6-oxohexyl)-2-methylacrylamide)
(MA-AH-NHNH,;) was prepared according to the procedure that was described earlier [Ulbrich
patents, Etrych patent].

Methacroylglycylphenylalanylleucylglycylhydrazide (MA-Gly-D,L-PheLeuGly-NHNH,) was

prepared according to the procedure that was described earlier [Etrych patent].
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6-(Methacryloylamino)hexanoylhydrazide-doxorubicin (MA-AH-NHN=DOX)
6-(Methacryloylamino)hexanoylhydrazide (40 mg, 0.188 mmol) was dissolved in 6 ml of
methanol at room temperature. The solution was poured into a reaction vessel in which
doxorubicin.HCI (115 mg, 0.198 mmol) was placed and the suspension was stirred vigorously.
310 pl of acetic acid was added to the suspension and reaction mixture was stirred at 25 °C for 24
hours. The reaction process was monitored by TLC - Silicagel 60 Fysq4 plates
(methanol:chloroform:acetic acid 2:8:1, Rf(DOX) = 0.75, RMA-AH-NHN=DOX)= 0.9). During
the course of the reaction, the suspension was gradually dissolved and the solution was
homogenous after 20 hours of reaction. After 24 hours, 100 mg of the poly(HPMA-co-MA-AH-
NHNH;) copolymer was added to the homogenous mixture (to bind the residual free DOX) and
the reaction mixture was stirred at room temperature for another 4 hours. The product was
purified from polymeric and low-molecular impurities by means of gel chromatography in a
column (30 cm x 30 cm) filled with Sephadex LH-20 in methanol. The low-molecular fraction
was concentrated to 2 ml and the product was precipitated into 30 ml of diethyl ether. The product
was sucked off, washed with a small amount of diethyl ether, and dried in vacuo until constant
weight. The yield was 110 mg of the product (79 %) with the melting point 172 to 175 °C. TLC
(methanol:chloroform:acetic acid 2:8:1): one stain at Rf= 0.9. MALDI-TOF MS: 762 (M+Na).

Methacroylglycylphenylalanylleucylglycylhydrazide-doxorubicin (MA-GFLG-NHN=DOX)

Preparation of MA- GFLG-NHN=DOX was performed under similar conditions as in the case of
MA-AH-NHN=DOX. Methacroylglycylphenylalanylleucylglycylthydrazide (122 mg, 0.258
mmol) was dissolved in 8.2 ml of methanol at room temperature. The solution was poured into a
reaction vessel in which doxorubicin.HCI (157 mg, 0.271 mmol) was placed and the suspension
was stirred vigorously. 420 pl of acetic acid was added to the suspension and reaction mixture
was stirred at 25 °C for 24 hours. The course of the reaction was monitored by TLC — Silicagel 60
Fys4 plates (methanol:chloroform:acetic acid 2:8:1, Rf{(DOX)= 0.75, Rf(MA-GFLG-
NHN=DOX)= 0.95). During the course of the reaction, the suspension was gradually dissolved
and the solution was homogenous after 19 hours of reaction. After 24 hours, 130 mg of the
poly(HPMA-co-MA-AH-NHNH,) copolymer was added to the homogenous mixture (to bind
residual free DOX) and the reaction mixture was stirred at room temperature for another 4 hours.
The product was purified from polymeric and low-molecular impurities by means of gel

chromatography in a column (30 cm x 30 cm) filled with Sephadex LH-20 in methanol. The low-
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molecular fraction was concentrated to 2.5 ml and the product was precipitated into 40 ml of
diethyl ether. The product was sucked off, washed with a small amount of diethyl ether, and dried
in vacuo until constant weight. The yield was 210 mg of the product (78 %) with the melting point
179 to 182 °C. TLC (methanol:chloroform:acetic acid 2:8:1): one stain at Rf= 0.95. MALDI-TOF
MS: 1023 (M+Na).

Example 2: Synthesis of a polymeric conjugate — Conjugate 1 — a copolymer of HPMA with
MA-AH-NHN=DOX

The poly(HPMA-co-MA-AH-NHN=DOX)] copolymer was prepared via solution radical
copolymerization of HPMA and MA-AH-NHN=DOX in methanol at 60 °C.

840 mg of HPMA and 165 mg of MA-AH-NHN=DOX (18 w. % of the monomers) was dissolved
in 5.7 ml of methanol and 67 mg of ABIN (1.2 w. %) was added to the solution. After filtration,
the polymerization mixture was charged, in an argon atmosphere, into a polymerization reactor
(20 ml volume) situated in a thermostat. Nitrogen was introduced above the surface for several
additional minutes. The temperature of the polymerization mixture was set at 60 °C and the
polymerization proceeded under stirring (50 rpm) in the nitrogen atmosphere. The polymerization
mixture was taken out of the thermostat after 22 hours, cooled to room temperature in a bath, and
the polymer was isolated by precipitation with ethyl acetate (100 ml in total). The precipitated
polymer was isolated by filtration through S4 fritted glass. The precipitate was washed with ethyl
acetate and dried at room temperature in vacuo in a membrane pump for about 1 hour. The
polymeric product was purified from low-molecular impurities and unbound drug using gel
chromatography in a column filled with Sephadex LH-20 in methanol. The polymeric fraction
was entrapped, concentrated in a vacuum rotatory evaporator until the volume of 5 ml, and the
copolymer was isolated by precipitation with 50 ml of ethyl acetate. The product was driec until

constant weight.

The total DOX content was determined spectrally. M. and M, were determined by liquid
chromatography (LC AKTA) with detection based on light dispersion (DAWN DSP Multiangel
detector, Wyatt).
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Characterization of the polymeric drug: the yield of polymerization reaction: 750 mg (75 %),
total DOX content 10.8 weight %, free DOX content 0.35 % of the total DOX content, molecular

weight M. = 34000, polydispersity index M.l M.=172.

Example 3: Synthesis of a polymeric conjugate — Conjugate 2 — a copolymer of HPMA with
MA-AH-NHN=DOX

The poly(HPMA-co-MA-AH-NHN=DOX)] copolymer was prepared via solution radical
copolymerization of HPMA and MA-AH-NHN=DOX in methanol at 60 °C by the same method
as in Example 2, with the difference that the composition of polymerization mixture was as
follows: 770 mg of HPMA, 235 mg of MA-AH-NHN=DOX, 5.7 ml of methanol, 67 mg of ABIN
(1.2 weight %). Isolation and purification of the product was performed via the same method as in
Example 2. Characterization of the polymeric drug: the yield of polymerization reaction: 740 mg
(74 total DOX content 16.5 weight %, free DOX content 0.45 % of the total DOX content,

molecular weight M ., = 32800, polydispersity index M ./ M .= 1,78.

Example 4: Synthesis of a polymeric conjugate — Conjugate 3 — a copolymer of HPMA with
MA-GFLG-NHN=DOX

The poly(HPMA-co-MA-GFLG-NHN=DOX) copolymer was prepared via solution radical
copolymerization of HPMA and MA-GFLG-NHN=DOX in methanol at 60 °C by the same
method as in Example 2, with the difference that the composition of polymerization mixture was
as follows: 700 mg of HPMA, 183 mg of MA-GFLG-NHN=DOX, 5 ml of methanol, 64 mg of
ABIN (1.3 weight %). Isolation and purification of the product was performed via the same
method as in Example 2. Characterization of the polymeric drug: the yield of polymerization
reaction: 670 mg (76 %), total DOX content 10.5 weight %, free DOX content 0.32 % of the total

DOX content, molecular weight M ., = 34800, polydispersity index M./ M.=182.

Example 5: Release of doxorubicin from grafted polymeric conjugates
The amounts of doxorubicin released from polymeric conjugates after their incubation in a
phosphate buffer with pH 5.0 (0.1 M phosphate buffer containing 0.05 M NaCl), modeling the

intracellular environment, and in a phosphate buffer with pH 7.4, modeling the bloodstream
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environment, were measured. The amount of released DOX in the incubation solution was
determined bymeans of HPLC (Shimadzu). In predetermined intervals, 50 pl of the incubation
solution were sampled and analyzed in a TSKGel G 3000x] column, isocratic flow 0.5 ml/min of
the mobile phase composed of the methanol:acetate buffer pH 6.5 mixture (80 : 20 vol. %). The
amount of DOX was calculated from the areas of peaks of free and bound DOX (UV-VIS
detection at 488 nm). After incubation of the conjugates (5 mg/ml concentration) in the
physiologic environment at 36 °C (phosphate buffer, pH 7.4), only a small amount of the dfug is
released (up to 10 %/24 hours) (Figure 4); on the contrary, the release rate of DOX from the
grafted polymeric conjugates, and hence the activation rate of the cytotoxic drug, is high in the
slightly acidic environment at pH 5.0 (Figure 3). The drug release rates of drug release at pH 7.4
and pH 5 from the polymeric conjugates prepared via direct copolymerization using 6-
(methacryloylamino)acylhydrazide-doxorubicines are fully comparable with those detected for
the hydrazone conjugates prepared via polymer-analogous reaction (PA reaction) [Etrych patent].
The results of measurements of in vitro release rate of the active drug from the polymeric carrier
in the environment modeling the blood medium (in transport of the drug through the organism)
and in intracellular environment of the target cell confirm suitability of using the proposed

polymeric cytostatic for tumor-specific therapies.
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CLAIMS

1. A polymeric drug in the form of a conjugate of a copolymer of N-(2-
hydroxypropyl)methacrylamide HPMA with doxorubicin, bound to the polymer by means

5 of spacers containing hydrolytically cleavable hydrazone bonds, of formula I

wherein SP, represents an aminoacyl spacer, x =40 to 335, y =1 to 25,
10

consisting of from 90 to 99.5 mol. % of HPMA units and from 10 to 0.5 mol. % of

doxorubicin-containing comonomeric units.

2. The polymeric drug according to claim 1, wherein the aminoacyl group SP; is selected

15 among the glycyl, glycylglycyl, B-alanyl, 6-aminohexanoyl, 4-aminobenzoyl groups or a

complex acyl derived from the oligopeptides GlyPheGly, GlyLeuGly, GlyLeuPheGly or
GlyPheLeuGly.

3. A method for the preparation of the polymeric conjugate of formula I according to claims

20 1 or 2, characterized by direct copolymerization of the doxorubicin-containing monomer

of formula II
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wherein SP; is as defined in claim 1,

with HPMA in a molar ratio of 90 to 99.5 : 10 to 0.5.

4. The method according to claim 3, characterized in that polymerization is performed in the
medium of methanol, ethanol, dimethylsulfoxide or dimethylformamide and is initiated

with heat-degradable radical polymerization initiators.

5. The method according to claims 3 or 4, characterized in that the radical polymerization
initiators are selected from the group consisting of azobis(isobutyronitrile) AIBN,

azobis(isocyanovaleric acid ABIC and diisopropylpercarbonate DIP.

6. The method according to claim 5, characterized in that the initiator is selected from the

group of AIBN or ABIKC and the reaction takes place at 50 to 60 °C for 15 to 24 hours.

7. The method according to claim 5, characterized in that DIP is selected as the initiator and

the reaction takes place at 40 to 50 °C for 15 to 24 hours.
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10.

11.

12.

13.

14.

15.

16

The method according to claims 3 to 7, characterized in that the monomeric unit of
formula II is prepared by reaction of doxorubicin hydrochloride with
methacryloyl(aminoacyl)hydrazines of formula MA-SP;NHNH,, wherein MA is
methacryloyl and SP; is as defined in claim 1, in an organic solvent in the presence of

acetic acid.

The method according to claim 8, characterized in that in the starting mixture, the
concentration of doxorubicin is selected in the range of from 10 to 30 mg/ml and the

concentration of acetic acid ranges is selected in the range of from 35 to 60 mg/ml.

The method according to claim 9, characterized in that in the starting reaction mixture, the
concentration of doxorubicin hydrochloride is 19 mg/ml and that of acetic acid is 51

mg/ml.

The method according to any of claims 8 to 10, characterized in that the reaction is

performed at a temperature of 20 to 35 °C for 20 to 28 hours.

The method according to claim 11, characterized in that the reaction is performed at 25 °C

for 24 hours.

The method according to claims 8 to 12, characterized in that, after completion of the
reaction, a copolymer of HPMA with methacryloylated(aminoacyl)hydrazide is used to

remove excess doxorubicin.

The method according to claims 8 to 13, characterized in that the reaction medium is
constituted by an organic solvent selected from the group consisting of methanol,

anhydrous ethanol, dimethylsulfoxide, dimethylformamide and dimethylacetamide.

The method according to claim 14, characterized in that the reaction medium is

constituted by methanol.
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HO

Figure 1. Scheme of the structure of methacryloylated derivatives of amino acids and oligopeptides terminated

with doxorubicin connected via the hydrazone bond ((methacryloylamine)-acylhydrazide-doxorubicin)).

H,C

Figure 2. Scheme of the structure of conjugate 1 — a copolymer of HPMA and a methacryloylated derivate of
amino acids and oligopeptides terminated with doxorubicin connected via the hydrazone bond (x = 40 to 335, y
=1 to 25).
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Figure 3. Graph of DOX release rate from polymeric conjugate 1 and the polymeric conjugate prepared via

polymer-analogous reaction (patent Etrych) in a buffer with pH 5 (model of intracellular environment).
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Figure 4. Graph of DOX release rate from polymeric conjugate 1 and the polymeric conjugate prepared via

polymer-analogous reaction (patent Etrych) in a buffer with pH 7.4 (model of bloodstream).



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings

