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(57) Abstract

A process for solubilizing in water and in aqueous vehicles sparingly water—soluble pharmaceutically active substances, comprising the
following operations: 1) forming a complex of the pharmaceutically active substance with a pharmaceutically acceptable non—ionic polymer
capable of forming complexes with said substance, and isolating the complex in solid form; 2) dissolving again the thus obtained complex
in an aqueous medium by means of a pharmaceutically acceptable surfactant. The method allows to markedly increase the water-solubility
of pharmaceutically active organic compounds which are intrinsically poorly or negligibly soluble in water, in order to obtain preparations
that are stable in aqueous solution and contain therapeutically and commercially useful concentrations of active ingredient.
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PROCESS FOR SOLUBILIZING PHARMACEUTICALLY ACTIVE
INGREDIENTS IN WATER AND IN AQUEQUS VEHICLES

SPECIFICATION

The present invention concermns a process for solubilizing pharma-
ceutically active ingredients in water and in aqueous vehicles. More specifi-
cally, this invention relates to a working procedure by means of which it is
possible to remarkably increase the water-solubility of pharmaceutically ac-
tive organic compounds that are intrinsically sparingly or negiigibly water-
soluble, so as to obtain preparations stable in aqueous solution having thera-
peutically and commercially useful concentrations of active ingredient.

As it is known, the poor water-solubility that characterizes many
pharmaceutically active substances often results in major difficulties in the
formulation, particularly in the event that easily sterilizable and administrable
homogeneous aqueous solutions are desired. This particularly occurs in the
fields of liquid preparations for topical ophthalmic, rhinologic, otologic, gyne-
cologic, dermatologic use and for use on the oral mucous membranes, but it
may also occur in the field of compositions for systemic administration, in
particular parenteral administration (i.e. injectable solutions).

Considering specifically the ophthaimic field, it is known that there are
many active ingredients sparingly soluble in water which would be extremely
advantageous and effective if they could be topically administered in the form
of eye-drops, or the effectiveness or ease of application of which would be
increased if the concentration of the existing preparations could be increased.
By way of example, there may be cited antiglaucoma agents (forskolin,
dapiprazole), anti-cataract agents (tolrestat), non-steroidal anti-inflammatory
drugs (piroxicam), steroidal anti-inflammatory drugs (formocortal), glucoside
vasoprotective agents (rutin), fluoro-quinolone antibacterial drugs (rufloxacin),
antibiotics (amphotericin B). In all of the preceding cases, the water-solubility
of the active ingredient is so slight that the marketing of ophthalmic solutions

based on the said actives is made impossible or unprofitable, or that the
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concentrations of the producible preparations are drastically limited. For in-
stance, tolrestat has been shown to be remarkably active in inhibiting aldose
reductase, and this makes it quite interesting as an anticataract agent. It
would be extremely useful if tolrestat could be employed in topical ophthalmic
preparations rather than by systemic administration, since this would consid-
erably reduce its side effects. The latter, on the contrary, are not totally neg-
ligible when the product is administered systemically. Moreover, a topical
formulation would enhance the drug distribution in the ocular tissues. How-
ever, eye-drop forms of tolrestat are not presently on the market, very likely
owing to the fact that said active principle is practically insoluble in water
(0.75 mg/100 g of water, at 20°C).

Over the years, various methods for increasing the solubility, and
accordingly increasing the ease of formulation and the bioavailability, of
sparingly water-soluble drugs have been studied and proposed. All said
methods can be classed into one or another of the following groups:

A) chemical modifications:

1) introduction of a ionic or ionizable group;

2) introduction of a group that lowers the meiting point;
B) physico-chemical solubilization techniques:

1) micellar solubilization by means of surface-active agents;

2) complexation and formation of solid solutions and suspensions by

means of polymers.

The transformation of the active ingredient into a ionic or ionizable
derivative (as per A1 above) is a very common solubilization method (see,
e.g., S. Yalkowsky e W. Morozowich, in: Drug Design, Vol. 9, E.J. Ariens Ed.,
Academic Press, New York, 1980; G.L. Amidon et al., in: Design of Biophar-
maceutical Properties Through Prodrugs and Analogues, Am. Pharm. Assoc.,
Washington, 1977, p. 281; N.J. Harper, J. Med. Pharm. Chem., 1, 467
(1959)). If the drug has free hydroxy groups hemisuccinates, phosphates,
dimethyl amino acetates, amino acid esters may be formed; if, on the other
hand, a carboxy group is available, esters may be formed (with amino acids,
choline, dimethyl ammino ethyl alcohol, etc.). The basis of this method lies in
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the relationship between solubility and pH for weak acids and bases. Said
basis is valid only to the point where the total solubility approaches the solu-
bility of the ionic species (i.e. salts) (see S.F. Kramer and G.L. Flynn, J.
Pharm. Sci., 61,1896 (1972)).

The method of lowering the melting point (see A2 above) is based on
the concept that, in order to be solubilized, the molecules have to leave the
crystal lattice. Any modification of the molecule that lowers the melting point,
and thus reduces the energy of the crystal lattice, tends to increase the
solubility thereof in any solvent (see, e.g., N.J. Harper, Progr. Drug Res., 4,
221 (1962)).

More than 3000 scientific publications had as their subject-matter, in
the last twenty years, the micellar solubilization of drugs by means of surface-
active agents (as per B1 above) (see, e.g., A.T. Florence, "Drug Solubilization
in Surfactant Systems" in: "Techniques of Solubilization of Drugs”, S.H. Yalk-
owsky Ed., Vol. 12, Marcel Dekker, New York, 1981, pp. 15-89; P.H. Elworthy
et al., "Solubilization by Surface-Active Agents", Chapman and Hall, London,
1968).

This technique has some limiting factors, such as, for instance: 1) the
limited solubilizing ability of the micelles; 2) the possible short term and long
term toxicity of surfactants, and 3) the simuitaneous solubilization of other
components of the formulation, such as preservatives, flavoring agents and
dyes, with resulting alteration of the stability and activity. Coming back to the
example of tolrestat, the only possibility that appears to have been found at
an experimental level in order to administer the drug as eye-drops is to pro-
duce a suspension (1% by weight) of tolrestat in an aqueous solution contain-
ing a non-ionic surfactant, i.e. Tween 80 (or polysorbate 80). Such composi-
tion could be stored (at 4°C) for a limited time only, and had to be resus-
pended by shaking it every time before use. It is apparent that such a solution
cannot be proposed for developments at the industrial and commercial level.

The formation of complexes, solid solutions and solid dispersions by
means of the use of suitable polymers (as per B2 above) is another class of
widely employed methods for increasing the water-solubility of pharmaceuti-
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cally active substances.

With respect to the formation of solid solutions and suspensions, it is
known that in several cases it is possible to increase the solubility of a sub-
stance even by means of a simple physical mixture. In such a case the active
ingredient is incorporated in a suitable hydrophilic carrier, which increases
the solubility and the bioavailability thereof without any particular chemical
bonds originating between the drug and the polymer matrix. The difference
between a solid solution and a solid dispersion can be defined in terms of the
form of the active ingredient: in a solid solution the active is present in the
amorphous molecular form, while in a dispersion said active is present in a
crystalline form, as fine as possible.

Even more widespread and studied is the case where the interaction
between polymer and drug is such as to give rise to a true complex, wherein
chemical bonds of a non-covalent nature are involved. As complexing poly-
mers employed in the pharmaceutical field there may be cited, inter alia,
polyethylene glycols, polypropylene glycols, cyclodextrins, carboxymethyicel-
lulose, polyvinylpyrrolidone (PVP) (see, e.g., T. Higuchi et al., J. Am. Pharm.
Ass., Sci. Ed., 43, 393, 398, 456 (1954); ibid., 44, 668 (1955); ibid., 46, 458,
587 (1957); J. L. Lach et al., Drug Standards, 24, 11 (1956); M. Nakano et al.,
J. Pharm. Sci., 65, 709 (1976)).

Co-precipitation is one of the most widespread methods for the prepa-
ration of complexes with increased solubility. By this method the substance
and the polymer are dissolved in an organic solvent in which they are both
soluble, and the solution is then evaporated at atmospheric pressure, under
vacuum, by spray-drying or by lyophilization, to yield a dry product actually
made of the complex of the treated drug. Such complexes can also be ob-
tained by applying other methods, such as grinding and mixing the ingredi-
ents in a mill, or by extrusion of a paste containing the two products together
with a minor amount of water, etc..

In devising a working method for solubilizing drugs by complexation it
is necessary to take into account the molecular weight of the polymer, since
the solubility of the active ingredient directly depends thereon. In general, low
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molecular weights are more suitable than medium to high molecular weights.
The solutions stability is normally good for a great number of substances, with
a maximum of two years for phenytoin co-precipitated with PVP having M.W.
= 50,000 (R. Jachowicz, Int. J. Pharm., 35,7-12 (1987)).

Among the polymers that are employed for the formulation with spar-
ingly water-soluble active ingredients, PVP shows quite marked complexing
and solubilizing properties (see, e.g., S. Keipert et al., Pharmazie, 28, 145-
183 (1973); W. Scholtan, Makromol. Chem., 11, 131-230 (1953); A.A. Kas-
sem et al, Pharm. Ind., 41, 1220-1223 (1979); G. Jurgensen, Dissertation
"Komplexbildung zwischen Pharmaka und makromolekularen Hilfsstoffen",
Zurich, 1966; S. Keipert et al., Pharmazie, 35, 35-40 (1980); T. Hosono et al.,
J. Pharm. Sci., 69, 824-826 (1980); J.A. Plaizier-Vercammen and R.E. De
Neve, J. Pharm. Sci., 69, 1403-1408 (1980); 70, 1252-1256 (1981); 71, 552-
556 (1982), J.A. Plaizier-Vercammen, J. Pharm. Sci., 72, 1042-1044 (1983)).
A typical example is the PVP-iodine complex, the preparation of which dates
back at least to 1955 (U.S. patents No. 2,706,701, No. 2,826,532 and No.
2,900,305, all to GAF Chemical Corporation). The whole amount of iodine
present in said preparations is complexed, except very few p.p.m. of free
iodine (H.U. Schenck et al., J. Pharm. Sci., 68, 1505-1509 (1979)). The limit-
ing factors of this method for solubilizing iodine are the acid reaction condi-
tions in the aqueous solutions (pH = 2) and the fact that the complexes are
prone to decomposition at increasing pH.

One of the first examples of solubilization of pharmaceutically active
molecules by complexation with PVP is disclosed by U.S. patent No.
3,089,818, published in 1963 (assigned to Baxter Laboratories, Inc.). Said
document discloses the use of polyvinylpyrrolidones as complexing agents for
polypeptide antibiotics substantially insoluble in water, and comprises the
following steps: dissolving both the antibiotic and the polymer in non-aqueous
organic solvents wherein both products are soluble, and then removing the
solvent, thereby obtaining a dry complex. in comparison with the starting
antibiotic, said complex shows an appreciably enhanced water-solubility.

Also within the frame of the methods disciosed above, the U.S. patent
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No. 4,900,775, published in 1990 (assigned to GAF Chemicals Corp.), pro-
poses a method for solubilizing highly water-insoluble organic compounds by
means of a complexation with PVP, in which method the whole operation of
complex formation is carried out in an aqueous medium. Specifically, the
insoluble active ingredient is suspended in an aqueous solution of PVP, and
then the suspension is heated under stirring up to a temperature below 100°C
(preferably, 60-85°C) for a period of time sufficient to the formation of a clear
solution (preferably comprised between 1 and 1.5 hours). The solution can be
used as such or it can be evaporated to give a powder of the complex.

Although the above method has, according to the authors, the advan-
tage of not using organic solvents, it necessarily requires the heating of the
actives for periods of time that are not negligible. In addition, the increase in
solubility attainable appears to be of the same order of magnitude as that
offered by the conventional processes effecting the complexation in an or-
ganic solvent.

For many of the pharmaceutical substances listed in the foregoing the
solubility levels that can be achieved with one or another of the methods
disclosed above are still insufficient to make their use in commercial products
in aqueous solution proposable. As an example, it is enough to consider that
tolrestat, when treated with a solubilization technique employing complexation
with PVP, can increase its original solubility of 0.00075% (w/w) to a value of
0.05% (w/w). This figure cannot be proposed for a commercial application of
the product in the form of eye-drops. Better results, albeit still insufficient for
an industrial development, are obtained with the solubilization by means of
surface-active agents. By optimizing the choice of the surfactant and the
relevant amounts, a solubility of the order of 1.2% (w/w) can be attained.

Thérefore, it is an object of the present invention to devise a method
for treating pharmaceutically active substances poorly soluble in water, which
method affords resulits, in terms of the overall increase of the amount of active
that may be stably solubilized in water, superior to the resuits that can be
presently achieved by the known techniques. In this context, "sparingly (or
poorly, slightly, scarcely) soluble pharmaceutically active substances” are
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meant to be all those compounds having a biological activity the water-
solubility of which, at room temperature, is too low to make commercially
hroposable, sufficiently active or advantageous any agueous preparations
containing said compounds as active ingredients.

To that aim, the knowledge acquired since long time about the inter-
actions between surfactants and other components of a pharmaceutical com-
position has been initially considered. In particular, the interactions between
surfactants and those polymer molecules that are normally present in the
liquid formulations as rheological modifiers or suspension stabilizers have
been considered. As a matter of fact, it is known that such interactions may
affect the surfactants ability to solubilize the active ingredients. In particular,
the interactions between surface active agents and polymers such as poly-
ethylene glycol had aiready been studied (M.N. Jones, J. Colloid Interface
Sci., 23, 36 (1967)), as well as those between surfactants and polypropylene
glycol (M.J Schwuger, J. Colloid interface Sci., 43 491 (1973)), polyvinylpyr-
rolidone (M.L. Fishman, Ph.D. Thesis, Polytechnic Inst. of Brooklyn), polyvinyl
alcohol (M.N. Breuer and i.D. Robb, Chem. Ind., 530 (1972)). It had been
found that such interactions increase with the hydrophobic character of the
macromolecule (H. Arai and S. Hovin, J. Colloid Interface Sci., 30, 372
(1969); T. Isemura e A. Imanishi, J. Polymer Sci., 33, 337 (1958)). Such
studies, however, exclusively consider situations where the surfactant and the
organic polymer are present at the same time in solution in the aqueous me-
dium where the active ingredient is also possibly present, and do not offer
any suggestion for the development of working solubilization methods differ-
ent from the aiready known ones.

it has now been found that it is possible to drastically increase the
water-solubility of pharmaceutical compounds that are scarcely soluble in
water by applying a procedure consisting of two subsequent steps, in the first
one of which the pharmaceutical compound is co-precipitated with a non-ionic
complexing polymer and the resulting compilex is then dried, and in the sec-
ond one of which the complex is again solubilized by means of a non-ionic
surface active agent. By applying said procedure, which essentially consists
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in a combination of the two methods disclosed above under B1 and B2, it is

possible to solubilize pharmaceutical actives in amounts well above the

amounts afforded by the individual use of each one of said methods, and also
well above, often more than twice, the sum of the said amounts.

Accordingly, the present invention specifically provides a process for
solubilizing in water and in aqueous vehicles sparingly water-soluble pharma-
ceutically active substances, comprising, in sequence, the following opera-
tions:

1) forming a complex of such pharmaceutically active substance with a
pharmaceutically acceptable non-ionic polymer capable of forming com-
plexes with said pharmaceutically active substance, and isolating the
complex in solid form;

2) dissolving again the thus obtained complex in an aqueous medium by
means of a pharmaceutically acceptable non-ionic surfactant.

Preferably, the operation 1) is carried out by dissolving in one or more
organic solvents, separately or together, said pharmaceutically active sub-
stance and said non-ionic polymer, then pooiing the two solutions together in
the event that the dissolution has been carried out separately, and co-
precipitating the resulting complex by evaporation of the said one or more
solvents. Specifically, the relative amounts of the above ingredients are pref-
erably such that the composition of the resulting overall solution is as follows:

from 0.05% to 10% of pharmaceutically active substance;

from 1% to 50% of non-ionic polymer; and

from 5% to 50% of one organic solvent or of a mixture of organic sol-
vents,

all of the above percentage amounts being by weight.

Thereafter, the solvent or the mixture of solvents are evaporated by
applying one of the known methods mentioned above in connection with the
formation of complexes of pharmaceutical actives, thereby bringing the com-
plexed product in the dry form.

The section of the process according to the invention referred to as 2)

is preferably carried out by adding water or an aqueous vehicle and from 1%
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to 50% of a non-ionic surfactant to said complex in solid form, thereby obtain-
ing a stable and surprisingly concentrated solution of the active ingredient.

The non-ionic polymers that can be employed as complexing agents
in the first section of the proposed process are suitably chosen among poly-
vinylpyrrolidone (PVP), cyclodextrins, polyethylene glycol (PEG), polypropyl-
ene glycol (PPG), cellulose ethers (such as methylicellulose, ethylcellulose,
hydroxypropylcellulose, hydroxypropylmethyiceilulose, etc.) and dextran. Par-
ticularly preferred is PVP, and specifically a soluble PVP having average
molecular weight comprised in the range from 2,000 to 1,500,000, with pref-
erence for the lower molecular weights, comprised between 2,000 e 55,000.

As it is known, polyvinylpyrrolidone is a polyvinyl polymer of N-vinyi-
2-pyrrolidone, obtained by radical polymerization of vinylpyrrolidone in water
or in isopropy! alcohol (R. Vieweg et al., Kunststoff-Handbuch XI, Carl-
Hanser-Verlag. Munich, 1971, pp. 5568-569; Ullmann’s Encyclopedia of Indus-
trial Chemistry, 5th ed., Vol. 21, VCH, 1992, pp. 752-754). In the linear chain
form (which is also referred to as “povidone”) PVP is readily water-soluble,
and it is also soluble in many organic solvents. The cross-linked polymer form
(also referred to as “crospovidone”) is insoluble in virtually all common sol-
vents.

PVP is described in the corresponding monographs "Polyvidonum"
and "Povidone" of the latest editions of the European Pharmacopoeia, of the
italian Pharmacopoeia, of USP 23 etc.. In these Pharmacopoeias the molecu-
lar weight of soluble PVP is expressed in terms of the value of a K parameter
(H. Fikentscher, Cellulosechemie, 13, 58-64 e 71-74 (1932)), which is calcu-
lated from the relative viscosity in water and forms part of the commercial
name. For instance, both in the Plasdone® line by GAF Chemicals Company
and in the Kollidon® line by B.A.S.F. several grades of PVP are available, with
various K-values (such as 12, 17, 25, 30 and 90 for Kollidon®). Such values
correspond to various ranges of average molecular weight (in practice, from a
M.W. of about 2000-3000 for Kollidon® 12 PF to a M.W. of 1,000,000-
1,500,000 for Kollidon®90 F).

It is important to consider that polymers such as PVP are not made of
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molecules all having the same molecular weight, rather they are mixtures
comprising various proportions of molecules with different molecular weights.
In the ideal case, such molecular weights have a gaussian distribution. These
mixtures may be evidenced and characterized with the help of the gel-
permeation chromatography. In general, said mixtures may contain up to a
maximum of 15-20% of lower molecular weight fractions and about 20% of
fractions of higher molecular weight. Also ultrafiltration, with perfectly sized
membranes, may serve to ascertain said proportion, as well as electrophore-
sis (M. de Vos et al., Proceedings of the 2nd Int. Symp. on Povidone, Uni-
versity of Kentucky, Lexington, 1987, pp. 10-23).

The aqueous solutions of PVP may be sterilized in autoclave (20 min.
at 120°C) with no modifications of their molecular weight as a result of this
treatment. Another remarkable property of soluble PVPs is their ability of
strongly reducing the irritative effects of many active ingredients. Said irrita-
tive effects may be quite considerable, for instance, in the field of ophthaimic
drugs.

The molar ratios between active ingredient and complexing polymer
can be chosen, preferably, in a quite wide range: from about 1:0.1 to about
1:100, depending upon the molecular weight of the drug, on its structure, on
the type and the average molecular weight of the non-ionic polymer em-
ployed. In the specific case of PVP and in the frame of the working examples
presented further on, the molar ratios vary from 1:0.25 to 1:7.5, but it is evi-
dent that different values are possible with compounds different from those
shown in the exampies.

As concerns the organic solvents suitable for the dissolution and co-
precipitation operation recited under 1), such solvents are preferably chosen
from the group consisting of: monohydric alcohols with 14 carbon atoms,
ketones (such as acetone), chlorinated solvents (such as chioroform and
methylene chloride).

The formation of the PVP-drug complex is confirmed by the existing
literature (K.H. Frémming et al., J. Pharm. Sci., 70, 738-743 (1981); J.A.
Plaizier-Vercammen and R.E. De Neve, cited above.; S.A. Botha e AP. L6t-



WO 99/04823

10

15

20

25

30

PCT/IT98/00206
-11 -

ter, Drug Dev. Ind. Pharm., 15, 1843-1853, (1989), 16, 673-683, (1990)). The
latter two authors have used, for detecting the PVP-drug complex, the method
of differential scanning calorimetry (DSC). This method was also applied in
the experimentation connected with the present invention.

Specifically, as is shown by way of example in the enclosed figure
with reference to the case of the PVP-tolrestat complex, the compliexes ob-
tained from the operation 1) of the process according to the invention were
subjected to differential scanning calorimetry analysis, and their behaviour
was compared with that of tolrestat and of PVP alone. For the analysis, ex-
actly weighed samples of the materials were heated at a rate of 5 kcal/min in
a temperature range from 100 to 250°C. As it may be ascertained from the
thermograms so obtained, shown in the figure, the formation of the complex is
confirmed by the fact that in the corresponding thermogram (curve c) the
endothermal fusion peak of tolrestat (curve a) has disappeared.

The non-ionic surface-active agents suitable for carrying out the
process of the present invention comprise in general all non-ionic surfactants
known for use in the pharmaceutical field, and, specifically: fatty acid esters
of saccharose, fatty alcohol ethers of oligoglucosides (such as, e.g., the akyl-
polyglucosides known with the name “Triton”), fatty acid esters of glycerol
(such as, e.g., glycerol mono/distearate or glycerol monolaurate), fatty acid
esters of sorbitan (such as the “Span’s), as well as ethoxylated non-ionic
surfactants, containing polyoxyethylene chains in their molecule (these being
referred to by many other names, common and registered, such as polyethyi-
ene glycol, polyethylene oxide, POE, PEG, PEO, Macrogol, Carbowax,
Polyox o Polyoxyl). The latter comprise, specifically, polyethoxylated fatty
acid esters of sorbitan (namely, the polysorbates, such as e.g. the “Tween’s),
fatty acid esters of poly(ethylene oxide) (such as, e.g., polyoxyethylene
stearates), fatty alcohol ethers of poly(ethyiene oxide) (e.g., polyoxyethylated
laury! ether), alkylphenol ethers of poly(ethylene oxide) (e.g., polyethoxylated
octylphenol), polyoxyethylene-polyoxypropylene block copolymers (also
known as poloxamers, such as “Pluronic’), and ethoxylated fats and oils

(such as, e.g., ethoxylated castor oil, or polyoxyethylated castor oil, also
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known as polyethylene glycol-glyceryl triricinoleate)

According to a preferred embodiment of the invention, the surfactant
employed for the solubilization of the drug-polymer complex is polyethylene
glycol-giyceryl triricinoleate (PEG-GTR).

PEG-GTR is obtained by reaction of glyceryl triricinoleate with ethyl-
ene oxide. In particular, the grade having the most suitable molecular weight
for the purpose of the invention is produced with 35 moles of ethylene oxide
per mole of glyceryl triricinoleate. The compound is described in the mono-
graph "Macrogol 1500 glyceroltriricinoleat" of DAC 1986, 3rd Suppl., and in
the monograph "Polyoxyl 35 castor oil" of the National Formulary 18. Accord-
ing to NF 18, polyoxyl 35 castor oil is a triricinoleate ester of ethoxylated

glycerol, with minor amounts of polyethylene glycol ricinoleate and of the
corresponding free glycol.

The product is a light yellow, very viscous liquid (772 mPa.s at 25°C),
having relative density of 1.06, very soluble in water; its aqueous solutions
have pH 7. It is marketed under the registered trademark Cremophor EL®
(B.A.S.F.), and is used as an emuisifying and solubilizing agent. It is also
employed to solubilize active ingredients for injectable solutions (see, e.g.,
the U.S. patent No. 4,075,333, concerning the solubilization of vitamin com-
positions in non-aqueous media, for the production of injectable prepara-
tions).

As pointed out in the foregoing, the process according to the inven-
tion is particularly effective in increasing the solubility of drugs that are diffi-
cultly soluble in aqueous media, or the water-solubility of which is very low or
practically null. By way of examples of cases where the method proposed was
shown to be particularly advantageous there may be cited the pharmaceuti-
cally active substances mentioned in the introduction, namely forskolin,
dapiprazole, tolrestat, piroxicam, formocortal, rutin, rufloxacin and ampho-
tericin B.

Some experimental results showing the superior effectiveness of the
solubilization method according to the invention are reported in the following

summary table. In this table, the solubility of each drug in water is compared
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with the solubility obtainable with the complexation method (with PVP) and
with the solubility obtainable with the micellar solubilization method with sur-
factants (with PEG-GTR). In all cases it is evident that the combined method
according to the invention affords solubility increases that are largely greater

5 than the sum of the increases obtainabie with each one of the prior art meth-
ods.
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TABLE: Amounts of drugs solubilized at 20°C in water, with PVP, with PEG-
GTR and with the method of the invention

Drug Solubilizing agent Amount Amt. of drug solubi-
(% wiw in water) lized at 20°C (% wiw)
Tolrestat none 0.00075
PVP (M.W. = 10,000) 18.0 0.05
PEG-GTR 6.0 0.60
PVP + PEG-GTR (18.0 +6.0) 1.50
PVP (M.W. = 10,000) 18.0 0.05
PEG-GTR 8.0 0.80
PVP + PEG-GTR (18.0 +8.0) 2.0
PVP (M.W. = 10,000) 18.0 0.05
PEG-GTR 10.0 1.20
PVP + PEG-GTR (18.0 + 10.0) 3.0
Piroxicam none 0.0017
PVP (M.W. = 10,000) 20.0 0.081
PEG-GTR 25 0.13
PVP + PEG-GTR (20.0 + 2.5) 0.50
Forskolin  none 0.0029
PVP (M.\W. = 10,000) 30.0 0.03
PEG-GTR 10.0 0.05
PVP + PEG-GTR (30.0 + 10.0) 0.20
Rutin none 0.0125
PVP (M.W. = 2000-3000) 30.0 0.37
PEG-GTR 10.0 0.074
PVP + PEG-GTR (30.0 + 10.0) 1.0
Formocortal none 0.008
PVP (M.W. = 10,000) 18.0 0.0022
PEG-GTR 5.0 0.0252
PVP + PEG-GTR (18.0 +5.0) 0.10
Rufloxacin  none 0.029
PVP (MW .= 44,000-54,000) 15.0 0.24
PEG-GTR 1.0 0.03
PVP + PEG-GTR (15.0 +1.0) 0.30
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Other conventional formulative ingredients, suitable for the specific
use of the product considered, may be added to the soiution obtained accord-
ing to the teachings set forth in the foregoing. For instance, in the case of
ophthalmic solutions one or more tonicity adjusting agents may be added,
and to this aim the products known in the pharmaceutical art may be em-
ployed, such as, e.g., sodium chioride, potassium chloride, mannitol, dex-
trose, boric acid, propylene glycol. in addition, acids or bases may be added
as pH adjusting agents, as well as buffers, such as Sérensen phosphate
buffer or the sodium acetate - acetic acid system. The composition may also
comprise preservatives and antimicrobial agents, such as benzalkonium
chloride, sodium merthiolate, p-oxybenzoic acid esters, chlorbutanol, etc.,
and, finally, chelating agents such as the sodium salts of ethylenediamine
tetraacetic acid (EDTA).

Some examples of the production of aqueous solution compositions
by means of the process according to the invention are reported below, for
illustrative purposes only, with specific reference to the ophthalmic field. It is
evident, however, that the persons skilled in the art will easily formulate solu-
tions suitable for use in other fields, by adding the appropriate excipients.

EXAMPLE 1
Tolrestat g 30
PVP (M.W. = 10,000) g 180
Cremophor EL® g 100
benzalkonium chloride g 0.01
Sérensen phosphate buffer pH 7,4 g.s. t0 100.00 g

The solution is prepared by the following procedure:

3 g (8.4 mmoles) of tolrestat are dissolved in 50 mi of acetone. Sepa-
rately, 18 g (1.8 mmoles) of PVP (M.W. = 10,000) are dissolved in 50 mi of
acetone. The two solutions, pooled together, are evaporated to dryness in a
rotary evaporator at room temperature, and the complex thus formed is kept
overnight under vacuum, in order to completely eliminate the residual sol-
vents.

The complex is then mixed with 10.0 g of PEG-GTR and, while stir-
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ring, the phosphate buffer containing benzalkonium chloride previously dis-
solved therein is added.

The solution thus obtained is filtered and packaged.

EXAMPLE 2

Formulation: as in Exampie 1.

Preparation: 3 g (8.4 mmoles) of toirestat are dissolved in 50 ml of
acetone. 18 g (1.8 mmoles) of PVP (M.W. = 10,000) are added to the solu-
tion. After having obtained a clear solution, the mixture is dried in a rotary
evaporator at room temperature. The complex thus formed is treated as in the
previous example, and 10.0 g of PEG-GTR are then added, completing the
preparation as described in said example.

EXAMPLE 3

Formulation: as in Exampie 1.

Preparation: 3 g (8.4 mmoles) of tolrestat and 18.0 g (1.8 mmoles) of
PVP (M.W. = 10,000) are dissolved according to the method of Example 1 or
the method of Example 2, and the solution is then evaporated by spray-
drying.

The complex obtained is then mixed with 10.0 g of PEG-GTR, com-
pleting the preparation as described in Example 1.

EXAMPLE 4

Formulation: as in Example 1.

Preparation: the same procedure as in Example 1 (first variant), or the
same procedure as in Example 2 (second variant), is followed, repliacing
acetone with methyl alcohol.

EXAMPLE 5

Formulation: as in Example 1.

Preparation: the same procedure as in Example 1 (first variant), or the
same procedure as in Example 2 (second variant), is followed, replacing
acetone with chioroform.

EXAMPLE 6

Formulation: as in Example 1.

Preparation: the same procedure as in Example 1 (first variant), or the
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same procedure as in Example 2 (second variant), is followed, replacing
acetone with a mixture of chloroform and methyl aicohol.

EXAMPLE 7
Tolrestat g 15
PVP (M.W. = 10,000) g 18.0
Cremophor EL® g 6.0
benzalkonium chloride g 001
Sérensen phosphate buffer pH 7,4 q.s. t0 100.00 g

The solution is prepared by the same procedure as in Exampie 1,
except that the amounts employed are those listed above.

EXAMPLE 8
Formulation: as in Example 7, except for the buffer.
Preparation: the same procedure as in Example 1 is followed, replac-
ing the Sérensen phosphate buffer with distilled water.

EXAMPLE 9
Tolrestat g 30
PVP (M.W. = 10,000) g 180
saccharose monolaurate g 120
methyl p-oxybenzoate g 01
Sérensen phosphate buffer pH 7,4 q.s. t0 100.00 g

The solution is prepared by the same procedure as in Example 1,
replacing the non-ionic surfactant Cremophor EL® with saccharose monolau-
rate and the preservative benzalkonium chloride with methyl p-oxybenzoate.

EXAMPLE 10
Piroxicam g 0580
PVP (M.W. = 10,000) g 200
Cremophor EL® g 25
benzalkonium chloride g 001
isotonic phosphate buffer pH 7,4 q.s. t0 100.00 g

The solution is prepared by the following procedure:

0.50 g (1.5 mmoles) of piroxicam and 20.0 g (2 mmoles) of PVP
(M.W. = 10,000) are treated following the same procedure as in the first part
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of Example 1. The complex thus obtained is then mixed with 2.5 g of PEG-

GTR, completing the preparation as described in the second part of Example
1.

EXAMPLE 11
Piroxicam g 0.50
PVP (M.W. = 10,000) g 200
Cremophor EL® g 25
sodium merthiolate g 0.005
distilled water q.s.t0100.00 g

The solution is prepared by the following procedure:

0.50 g (1.5 mmoles) of piroxicam and 20.0 g (2 mmoles of PVP (M.W.
= 10,000) are treated following the same procedure as in the first part of Ex-
ample 1. The compliex thus obtained is then mixed with 2.5 g of PEG-GTR,
completing the preparation as described in the second part of Example 1, but

replacing the benzalkonium chioride preservative with sodium merthiolate and
the buffer solution with distilled water.

EXAMPLE 12
Forskolin g 020
PVP (M.W. = 10,000) g 300
Cremophor EL® g 100
benzalkonium chloride g 0.01
distilled water g.s. 10 100.00 g

The solution is prepared by the following procedure:

0.20 g (0.48 mmoles) of forskolin and 30.0 g (3 mmoles) of PVP
(M.W. = 10,000) are treated following the same procedure as in the first part
of Example 1. The complex thus obtained is then mixed with 10.0 g of PEG-
GTR, completing the preparation as described in the second part of Example
1.

EXAMPLE 13

Rutin g 10
PVP (M.W. = 2000-3000) g 30.0
Cremophor EL® g 100
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benzalkonium chioride g 0.01
distilled water g.s.t0 100.00 g

The solution is prepared by the following procedure:

1.0 g (1.63 mmoles) of rutin and 30.0 g (12 mmoles) of (M.W. = 2000-
3000) are treated following the same procedure as in the first part of Example
1. The complex thus obtained is then mixed with 10.0 g of PEG-GTR, com-
pleting the preparation as described in the second part of Example 1.

The present invention has been disclosed with particular reference to
some specific embodiments thereof, but it should be understood that modifi-
cations and changes may be made by the persons skilled in the art without
departing from the scope of the invention as defined in the appended claims.
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CLAIMS
1. A process for solubilizing in water and in aqueous vehicles sparingly
water-soluble pharmaceutically active substances, comprising, in se-
guence, the following operations:
forming a complex of such pharmaceutically active substance with a
pharmaceutically acceptable non-ionic polymer capable of forming com-
plexes with said pharmacedutically active substance, and isolating the
complex in solid form;
dissolving again the thus obtained compiex in an aqueous medium by
means of a pharmaceutically acceptable non-ionic surfactant.

2. A process according to claim 1, wherein said operation 1) is carried

out by dissolving in one or more organic solvents, separately or together, said
pharmaceutically active substance and said non-ionic polymer, then pooling
the two solutions together in the event that the dissolution has been carried

out separately, and co-precipitating the resulting complex by evaporation of

~ said one or more solvents.

3. A process according to claim 2, wherein said operation 1) com-

prises the following steps:

1a)

1b)

combining and mixing up to dissolution, separately or together, said
pharmaceutically active substance and said non-ionic polymer with said

one or more organic solvents, in such a way that the composition of the
resuiting overall solution is as follows:

from 0.05% to 10% of pharmaceutically active substance;
from 1% to 50% of non-ionic polymer; and

from 5% to 50% of one organic solvent or of a mixture of organic sol-
vents,

all of the above percentage amounts being by weight; and

evaporating said one or more solvents to give said complex in solid
form.

4. A process according to claims 2 or 3, wherein said operation 2)

comprises the following step:

2a)

adding water or an aqueous vehicle and from 1% to 50% of a non-ionic
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surfactant to said compiex in solid form.

5. A process according to any one of the preceding claims, wherein
said pharmaceutically acceptable non-ionic polymer capable of forming com-
plexes is chosen from the group consisting of: polyvinyipyrrolidone (PVP),
cyclodextrins, polyethylene glycal (PEG), polypropylene glycol (PPG), celiu-
lose ethers and dextran.

6. A process according to claim 5 wherein said non-ionic polymer is
soluble PVP, having an average molecular weight comprised in the range
from 2,000 to 1,500,000.

7. A process according to any one of the preceding claims, wherein
said non-ionic surfactant is chosen from the group consisting of: fatty acid
esters of saccharose, fatty aicohol ethers of oligoglucosides, fatty acid esters
of glycerol, fatty acid esters of sorbitan, polyethoxylated fatty acid esters of
sorbitan, fatty acid esters of poly(ethylene oxide), fatty alcohol ethers of
poly(ethylene oxide), alkyiphenol ethers of poly(ethylene oxide), polyoxyeth-
ylene-polyoxypropylene block copolymers, ethoxylated fats and oils.

8. A process according to claim 7 wherein said surfactant is polyeth-
ylene glycol-glyceryl triricinoleate (PEG-GTR).

9. A process according to any one of claims 2-8, wherein said one or
more organic solvents are chosen from the group consisting of: monohydric
alcohols with 1-4 carbon atoms, ketones, chlorinated solvents.

10. A process according to any one of the preceding claims, wherein
said pharmaceutically active substance is chosen from the group consisting

of: forskolin, dapiprazole, tolrestat, piroxicam, formocortal, rutin, rufloxacin,
amphotericin B.
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