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Description

FIELD OF INVENTION

[0001] The present invention regards the field of processes for grinding powders, in particular for pharmaceutical
use. A process is described, carried out in a vibrational mill, for obtaining high and reproducible amounts of drug in a
highly soluble and bioavailable form.

PRIOR ART

[0002] The formulation and administration of scarcely soluble or insoluble drugs is one of the major problems in
pharmaceutical research. Frequently, such drugs show an insufficient absorption in the gastro-intestinal tract and,
consequently, a poor bioavailability. This leads to the production of formulations with high dosage of active principle
that often must be administered several times a day to maintain a blood-plasma concentration that has therapeutic
efficacy.
[0003] The factors that affect the solubility and the rate of dissolution of the molecules in water are linked to the
chemical-physical properties, such as the crystalline form, the grain size, the surface area and the wettability. By ad-
equately modifying these parameters, it is possible to improve the chemical-physical properties designed to favour the
solubility of the molecules in water.
[0004] High-energy co-grinding (or mechanical-chemical activation) of crystalline drugs with inert substances (car-
riers), such as polymers or inorganic compounds, is a technique that enables the modification of the chemical-physical
properties of the drugs and, consequently, improves their solubility in water. High-energy co-grinding enables in par-
ticular:

- thermodynamic activation of the drug by means of destructuring of the crystal and formation of amorphous phase
and/or nanocrystalline structures inside the carrier (Nakai et al. Chem. Pharm. Bull. 25, 3340, 1977; Kawano et
al. J. Pharm. Dyn. 5, S4,1982)

- reduction in the dimensions of the particles of carrier containing the active principle, with consequent contribution
to increasing the rate of dissolution of the drug itself.

[0005] The vibrational mill is an apparatus used for high-energy co-grinding. The mill is generally made up of a
cylindrical chamber, or reactor, lined with inert material, inside which high-density grinding means are set. The grinding
means are bodies with a defined shape, weight, volume and surface area, which are set in varying numbers inside the
reactor and not fixed thereto; they are therefore free to move in response to mechanical stresses exerted, outside the
reactor, by a vibratory mechanism.
[0006] To carry out grinding (and activation of the drug in the carrier), the mill is charged with a pre-set amount of
grinding means and of powder to be ground, and then set in vibration. The grinding (and activation) is carried out by
compression of the powder between the surfaces of the various grinding means in free roto-vibrational motion.
[0007] The vibratory mechanism is provided by an electric motor attached to the reactor, with respect to which two
eccentric counterweights are positioned in an adjustable manner. The stresses exerted on the reactor cause a roto-
vibrational motion of the grinding means. The transfer of energy from the motor to the grinding chamber thus depends
upon the power of the motor and the weight and position of the two counterweights with respect to one another, which
determine the amplitude of vibration of the chamber in the three cartesian axes. The mills are built in such a way as
to allow adjustments of the weight and position of the counterweights with respect to one another (also referred to as
guide angle), thereby modifying the amplitude of vibration and energy transmitted. The power of the motor is, instead;
fixed and constant. (DM28L Food Grade Vibrational Mill. Sweco Manual).
[0008] The grinding means contained in the mill are generally cylindrical bodies with flat or curved (dome-shaped)
bases, made of high-density material, typically metal or metal oxide, for example, aluminium oxide, zirconium oxide or
steel. The material constituting the grinding means is moreover characterised by a high consistency and resistance to
impact, with the evident purpose of not releasing fragments into the powder being ground. WO-A-96 32 931 discloses
a co-prinding process on which the preamble of claims 1 and 9 are based.
[0009] The capacity to activate the drug thermodynamically in the carrier and to reduce the dimensions of the particles
of the carrier containing the active principle (i.e., in the final analysis to increase the rate of dissolution of the drug and
its solubility) depends upon a wide range of factors. A difficulty linked to the use of vibrational mills lies in the fact that
the effectiveness of grinding varies in an unforeseeable way in relation to the composition of the powder and to the
quantity introduced into the mill. Therefore, it is not possible to pre-determine a standard amount of filling of the mill
to achieve optimal grinding, because this amount varies unforeseeably from one powder to another; for example, given
the same powder/grinding means weight ratio and the same grinding conditions, results are obtained that are qualita-
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tively very different using different drug-carrier mixtures. Therefore, for each different mixture subjected to grinding,
the operator is forced to carry out numerous calibration tests, varying parameters such as the powder/grinding means
ratio, until the condition for optimal activation is found. These tests are particularly burdensome not only in so far as
they are lengthy and laborious, but also because operating outside the optimal conditions readily causes overheating
of the mill, with consequent degradation of the active principle, damage to the grinding means, and sometimes damage
to the mill itself. All this renders the application of high-energy co-grinding particularly burdensome and far from ver-
satile.
[0010] There is therefore evident the need for a co-grinding process such as to obtain with greater ease a constant
and high activation of the powders undergoing grinding. It is moreover particularly desirable to have a process that
leads easily to the above results, irrespective of the chemical-physical characteristics of the powders themselves.

SUMMARY

[0011] A process is described for the activation (increased solubility and bioavailability) of drugs. The process, which
is carried out in a vibrational mill, is characterised by the use of given proportions between the physical mixture made
up of drug and pharmaceutical carrier and the empty volume comprised among the grinding means contained inside
the mill. The process leads to obtaining powders for pharmaceutical use in which the drug has a high and constant
degree of activation. This result is obtainable irrespective of the nature of the drug and carrier used, and of their weight
ratio.

DESCRIPTION OF THE FIGURES

[0012]

Figure 1: Sectional view of grinding means
Figure 2: Example of instrument for measuring dissolution kinetics.

2a - Six-blade agitator (front view)
2b - Six-blade agitator (top view)
2c - Vessel + breakwater

[0013] Dimensions in Figures

2a: I = 2 cm; II = 6 cm;
2b: III 2 mm; IV = 60°; V = 6 cm
2c: VI = 16 cm; VII = 1.3 cm; VIII = 0.3 cm

DETAILED DESCRIPTION OF THE INVENTION

[0014] The subject of the present invention is a process for the preparation of drug-carrier composites, performed
by co-grinding a drug-carrier mixture in a vibrational mill, said process being characterised in that:

- the vibrational mill contains grinding means of a cylindrical shape, with flat or convex bases, having diameter and
height, independent of one another, of between 0.4 cm and 3 cm, a dimensional ratio (rd) of between 0.5 and 2,
and a curvature ratio (rc) of between 0 and 0.5.

- a volume of drug-carrier mixture of between 35% and 100% of the empty volume comprised between the grinding
means (interstitial volume Vi) is used.

[0015] The vibrational mill is a known instrument, and its operating principles have been described above in the
discussion of the prior art.
[0016] The dimensional ratio of the grinding means (rd) is expressed as rd = d/h, where d is the diameter and h is
the height of the grinding means (see Figure 1). The curvature ratio (rc) is expressed as rc = r/d, where r is the height
of the spherical cap and d is the diameter of the grinding means (see Figure 1). Preferred grinding means are those
in which the dimensional ratio (rd) is between 0.65 and 1.5, the curvature ratio (rc) is between 0 and 0.4, and in which
the diameter and height are, independently of one another, between 0.6 cm and 1.3 cm.
[0017] The grinding means are made of impact-resistant and high-density material (preferably with a density greater
than 3 g/cm3); examples of such materials are aluminium oxide, zirconium oxide or steel.
[0018] The grinding means are introduced into the mill in the quantities commonly used for this type of apparatus.
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By way of reference, the grinding means occupy from 20 to 90%, preferably from 40% to 85% of the total internal
volume of the grinding chamber.
[0019] By interstitial volume (Vi) is meant the volume of the empty spaces comprised between all the grinding means
present in the mill. The measurement of (Vi) is performed by introducing into the mill a liquid, for example water, and
interrupting the addition of liquid when no part of the means present exceeds in height the level of the liquid, i.e.,
covering completely all the grinding means: the interstitial volume available is thus occupied by the liquid. The interstitial
volume (Vi) is calculated simply by measuring the volume of used liquid or else, by measuring the difference in weight
of the mill before and after the addition of the liquid and calculating the (Vi) via the density of the used liquid. Once it
has been measured, the liquid is discharged, for example through an opening made in the base of the mill, and the
residue of liquid is eliminated, for example by means of blowing in air. Next, the mill is charged with a volume of powder
(mixture of drug and carrier) of between 35% and 100 % of the (Vi) previously calculated. By "mixture" is meant simply
the physical ensemble of the two powders. The effective pre-mixing of drug and carrier before introduction into the mill
is altogether optional. Preferably, the drug and carrier are added in the mill as two distinct powders, taking, however,
care to make sure that the sum of their volumes falls within the aforesaid range of 35-100% of (Vi).
[0020] The weight of powder corresponding to the volume required may be easily calculated once the density of the
powder (tapped density) is known: this value may be calculated in accordance with standard procedure (see, for ex-
ample. the test described by European Pharmacopoeia, 3rd ed., 1997, page 141).
[0021] The mill is then operated according to standard grinding conditions (as indicated in the technical manual of
the equipment in use). Once grinding is completed, the activated powder is discharged from the mill and recovered.
[0022] Hence, in an operative embodiment, the process is carried out as follows:

- the mill is filled with a pre-set number of the aforesaid grinding means;
- the interstitial volume (Vi) comprised between the grinding means present in the mill is determined;
- the mill is filled with a volume of mixture of drug and carrier of between 35 and 100% of Vi;;
- the mill is operated, carrying out co-grinding;
- the activated drug-carrier mixture is recovered from the mill.

[0023] The drug-carrier composites obtained by the present process show a high rate of dissolution of the drug. In
particular, it has been found that, operating in the drug-carrier mixture/(Vi) volumetric ratio indicated above, stable and
constant degrees of activation are obtained, irrespective of the nature of the drug-carrier mixture used. The process
that forms the subject of the invention allows thus to obtain, via simple operating procedures, drug-carrier composites
with high and reproducible degrees of activation.
[0024] In an advantageous variant of the process that forms the subject of the invention, once the (Vi) for a mill
charged with the grinding means has been determined, it is possible repeat n further cycles of co-grinding in the same
mill with the same grinding means on n further batches of powders (which may be composed of the same or different
components), taking care to use said further batches in a volumetric amount of between 35% and 100% of the (Vi) as
initially calculated. This variant, which is especially useful when the mill is used cyclically on an industrial scale, allows
to obtain amounts of powders (even different from one another), which are highly activated and have a constant degree
of activation.
[0025] The thus composite obtained may be used as such as an administrable powder for pharmaceutical uses, or
may be further transformed, by means of known technologies and with the possible addition of pharmaceutical excip-
ients, into pharmaceutical formulations suitable for administration, such as tablets, minitablets, capsules, microcap-
sules, granulates, pellets, suspensions, solutions, ointments, creams, implants or programmed-release devices, etc.
[0026] As far as the nature of the carrier co-ground with the drug is concerned, substantially any pharmaceutical
excipient which is solid in normal conditions (for example, with a melting point, or decomposition temperature, higher
than 90°C) is usable as carrier in the present process. Non-limiting examples of carrier are cross-linked or linear pol-
ymers, such as cross-linked polyvinylpyrrolidone (PVP-CL), cross-linked carboxymethyl cellulose (croscarmellose),
polacrilin potassium, starch and its derivatives such as sodium starch glycolate (SSG), cyclodextrins, cellulose and its
derivatives; non-polymeric carriers such as silica or alumina are equally usable. Preferably, for the purpose of a higher
activation, α-cyclodextrin, β-cyclodextrin or hydroxypropyl-β-cyclodextrin are used.
[0027] The present process may be carried out with any active principle of solid consistency under normal conditions
(for example, with a melting point higher than 45°C). The process of the invention is particularly advantageous for the
drugs of low or no solubility in water, since it is on these products that the phenomenon of activation is most evident.
Particularly low-solubility drugs are the ones defined as "Class II" and "Class IV" drugs according to FDA/CDER Guid-
ance for Industry. Waiver of in-vivo bioavailability and bioequivalence studies for immediate-release solid oral dosage
forms based on a Biopharmaceutical Classificafion System. August 2000. Non-limiting examples of these products are
cox-2 inhibitors, antiinflammatory drugs such as nimesulide, piroxicam, naproxene, ketoprofen, ibuprofen and diacer-
heine, antifungal drugs such as griseofulvin, itraconazole, fluconazole, miconazole and ketonazole, bronchodilators/
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anti-asthmatic drugs such as zafrilukast, salbutamol, beclomethasone, flunisolide, clenbuterol, salmeterol and budes-
onide, steroids such as estradiol, estriol, progesterone, megestrol acetate, medroxyprogesterone acetate, antihyper-
tensive /antithrombotic/ vasodilator drugs such as nefedipine, nicergoline, nicardipine, lisinopril, enalapril, nicorandil,
cetiprolol and verapamil, benzodiazepines such as temazepam, diazepam, lorazepam, fluidiazepam, medazepam and
oxazolam, antimigraine drugs such as zolmitriptan and sumatriptan, antilipoproteinemic drugs such as fenofibrate,
lovastatin, atorvastatin, fluvastatin, and simvastatin, anti-viral / antibactetial drugs such as tosufloxacin, ciprofloxacin,
ritonavir, saquinavir, nelfinavir, acyclovir and indinavir, immunodepressant drugs such as tacrolimus, rapamycine and
didanisine, anti-histaminic drugs such as loratadine, antitumour drugs such as etoposide, bicalutamide, tamoxifen,
doclitaxel and paclitaxel, antipsychotic drugs such as risperidone, antiosteoporotic drugs such as raloxifene, anti-con-
vulsant drugs such as carbamazepin and phenytoin, analgetic/narcotic drugs such as oxycodone, hydrocodone, mor-
phine and butorpanol, muscle relaxant such as tinazadine, anti-ulcerative drugs such as famotidine. For the purposes
of the present process the term "drug" comprises also the mixtures of two or more drugs.
[0028] By way of indication, the carrier and the drug are used in a weight ratio of between 12:1 and 0.5:1, preferably
between 5:1 and 1:1.
[0029] The invention is now described with reference to the following non-limiting examples.

EXPERIMENTAL PART

Materials and methods

[0030] The density of the mixtures of powders (drug and carrier) was determined in accordance with the test described
in the European Pharmacopoeia, 3rd Edition (tapped density). The density was measured after carrying out 2000 beats
with the prescribed instrument
[0031] The dissolution kinetics test in conditions of supersaturation (at least 10 times higher than the solubility value
of the drug) was carried out in accordance with Nogami et al. (Chem. Pharm. Bull. 14, 329, 1966). The test was
conducted using a six-blade turbine in a 1-L vessel in which three breakwaters were inserted. The shape and dimen-
sions of the turbine and breakwaters are given in Figure 2. The following operating conditions were used:

[0032] The solution was sampled at intervals of time and filtered. The concentration of active principle was determined
by means of spectrophotometric measurement (UV visible) or HPLC.

EXAMPLE 1

Determination of the interstitial volume (Vi)

[0033] A determined quantity of grinding means was poured into a vibrational mill. The interstitial volume (Vi) was
determined by pouring in a quantity of water until the surface level of the bed of grinding means was reached. The
experimental values for the various mills used are given in Table 1.

Solvent Buffered aqueous solution, pH=1.2
Volume 500 mL
Temperature 37°C
Turbine rate 250 rpm
Positioning of turbine 2.5 cm from bottom
Quantity of specimen equivalent to 10 times the solubility of the drug in the medium

Table 1

Example 1A 1B 1C

Mill Sweco DM3 Sweco DM28 William-Boulton 3DM

Material of grinding means Al oxide Al oxide Al oxide

Geometry of grind. means
Diameter - d (cm) 1.3 1.3 0.6
Height - h (cm) 1.3 1.3 0.8
Dimensional ratio - rd 1 1 0.75
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EXAMPLE 2

[0034] In a Sweco DM28 mill, filled with grinding means according to the conditions of Example 1B, different quantities
of Nimesulide and β-cyclodextrin (β-CDX) were poured in a weight ratio 1:3, according to what appears in Table 2.
[0035] The density of the physical mixture Nimesulide/β-CDX 1:3 w/w was 0.50 g/mL.
[0036] The solubility of the Nimesulide raw material was 10 µg/mL.

[0037] As emerges from Table 2, the rate of dissolution was comparable for Examples 2B to 2D, whilst it decreased

Table 1 (continued)

Example 1A 1B 1C

Curvature ratio - rc 0 0 0.33

Quantity of grinding means (kg) 80 1800 400

Interstitial volume - Vi (L) 11 245 55
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noticeably in Example 2E (Vri = 105%), and was not even measurable on account of the failure to obtain of the product
in the case of 2A (Vri = 33%).

EXAMPLE 3

[0038] In a William-Boulton 3DM mill, filled with grinding means according to the conditions of Example 1C, different
quantities of Ibuprofen and sodium starch glycolate (SSG) were poured in a weight ratio 1:1, according what appears
in Table 3.
[0039] The density of the physical mixture Ibuprofen/PVP-CL 1:1 w/w was 0.64 g/mL.
[0040] The solubility of the Ibuprofen raw material was 73 µg/mL.

[0041] The rate of dissolution was comparable for Examples 3B to 3D, whilst it decreased noticeably in Example 3E.
[0042] From the set of Examples 2-3 (see Tables 2-3), made with different mixtures in terms of drug, carrier and their
mutual proportions, it was found that the rate of dissolution (degree of activation) of the obtained products remained
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high and constant within the values of Vri claimed. This shows that the application of the process that forms the subject
of the invention enables to obtain powders with a high and constant degree of activation to be obtained, irrespective
of the nature of the drug, of the carrier, and of the their weight ratios.
[0043] If, instead, the powder/grinding means weight ratio (w/w) had been used as reference (rather than the powder/
(Vi) volumetric ratio that forms the subject of the present invention), the interval within which activation is constant
would have varied from one powder to another, as follows:

Nimesulide: β-cyclodextrin (Examples 3B-3D) 1:44-1:15
Ibuprofen: SSG (Examples 4B-4D) 1:35 -1:12

[0044] Therefore, the use of this parameter would have required, for each powder, a series of calibration tests to
determine the useful interval, a procedure that is now rendered superfluous by the present invention.

Claims

1. A process for the preparation of drug-carrier composites, performed by co-grinding of a drug-carrier mixture in a
vibrational mill, said process being characterised in that:

- vibrational mill containing co-prinding is performed in a grinding means of a cylindrical shape, with flat or
convex bases, said grinding means having: diameter and height, independently of one another, of between
0.4 cm and 3 cm, a dimensional ratio (rd) of between 0.5 and 2, and a curvature ratio (rc) of between 0 and
0.5; where

- a volume of drug-carrier mixture of between 35% and 100% of the empty volume comprised between the
grinding means (interstitial volume Vi) is used.

2. The process according to Claim 1, where the grinding means have a diameter and height, independently of one
another, of between 0.6 cm and 1.3 cm, a dimensional ratio (rd) of between 0.65 and 1.5, and a curvature ratio
(rc) of between 0 and 0.4.

3. The process according to Claims 1-2, where the grinding means occupy from 20% to 90 % of the total internal
volume of the grinding chamber.

4. The process according to Claims 1-3, where the grinding means are made of aluminium oxide, zirconium oxide
or steel.

5. The process according to Claims 1-4, where the carrier is a solid substance for pharmaceutical use chosen among
cross-linked polymers, linear polymers, and non-polymeric carriers.

6. The process according to Claims 1-5, where the carrier and the drug are used in a weight ratio of between 12:1
and 0.5:1.

7. The process according to Claims 1-6, where the composite obtained by co-grinding is further transformed, with
the possible addition of excipients for pharmaceutical uses, into pharmaceutical formulations suitable for human
or animal administration.

8. The process according to Claim 7, where said pharmaceutical formulations are chosen among tablets, minitablets,
capsules, microcapsules, granulates, pellets, suspensions, solutions, ointments, creams, implants or programmed-
release devices.

9. The process for the preparation of a given number (n) of drug-carrier batches with a constant degree of activation,
performed by means of n cycles of co-grinding of the corresponding drug-carrier mixtures in a vibrational mill, said
process being characterised in that:

- vibrational mill containing co-prinding is performed in a grinding means having a cylindrical shape, with flat or
convex bases, having: diameter and height, independently of one another, of between 0.4 cm and 3 cm, a
dimensional ratio (rd) of between 0.5 and 2, and a curvature ratio (rc) of between 0 and 0.5; where
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- a volume of drug-carrier mixture of between 35% and 100% of the empty volume comprised between the
grinding means (interstitial volume Vi) is used, and in which the interstitial volume Vi is determined only once
and is used as a reference for all the n grinding cycles.

Patentansprüche

1. Verfahren zur Herstellung von Wirkstoff-Träger-Zusammensetzungen, durchgeführt durch gemeinsames Vermah-
len einer Wirkstoff-Träger-Mischung in einer Schwingmühle, dadurch gekennzeichnet, dass

- das gemeinsame Vermahlen in einer Schwingmühle durchgeführt wird, enthaltend Mahlmittel zylindrischer
Form mit flachen oder konvexen Grundflächen, wobei diese Mahlmittel aufweisen: Durchmesser und Höhe,
unabhängig voneinander, zwischen 0,4 cm und 3 cm, ein Dimensionsverhältnis (rd) zwischen 0,5 und 2 und
ein Krümmungsverhältnis (rc) zwischen 0 und 0,5; wobei

- ein Volumen der Wirkstoff-Träger-Mischung zwischen 35% und 100% des zwischen den Mahlmitteln vorhan-
denen Leervolumens (interstitielles Volumen Vi) verwendet wird.

2. Verfahren gemäß Anspruch 1, wobei die Mahlmittel unabhängig voneinander einen Durchmesser und eine Höhe
zwischen 0,6 cm und 1,3 cm, ein Dimensionsverhältnis (rd) zwischen 0,65 und 1,5 und ein Krümmungsverhältnis
(rc) zwischen 0 und 0,4 aufweisen.

3. Verfahren gemäß der Ansprüche 1-2, wobei die Mahlmittel 20% bis 90% des inneren Gesamtvolumens der Mahl-
kammer einnehmen.

4. Verfahren gemäß der Ansprüche 1-3, wobei die Mahlmittel aus Aluminiumoxid, Zirkoniumoxid oder Stahl herge-
stellt sind.

5. Verfahren gemäß der Ansprüche 1-4, wobei der Träger eine Festsubstanz zur pharmazeutischen Verwendung ist,
ausgewählt aus vernetzten Polymeren, linearen Polymeren und nicht-polymeren Trägern.

6. Verfahren gemäß der Ansprüche 1-5, wobei der Träger und der Wirkstoff in einem Gewichtsverhältnis zwischen
12:1 und 0,5:1 verwendet werden.

7. Verfahren gemäß der Ansprüche 1-6, wobei die durch gemeinsames Vermahlen erhaltene Zusammensetzung
weiter in pharmazeutische Formulierungen, die zur Verabreichung an Mensch und Tier geeignet sind gegebenen-
falls unter Zugabe von Korrigentien für pharmazeutische Verwendungen umgewandelt wird.

8. Verfahren gemäß Anspruch 7, wobei die pharmazeutischen Formulierungen ausgewählt sind aus Tabletten, Mi-
nitabletten, Kapseln, Mikrokapseln, Granulaten, Pellets, Suspensionen, Lösungen, Salben, Cremes, Implantaten
oder Mittel für programmierte Freisetzung.

9. Verfahren zur Herstellung einer vorgegebenen Anzahl (n) von Wirkstoff-Träger-Chargen mit konstantem Aktivie-
rungsgrad, durchgeführt mittels n Zyklen des gemeinsamen Vermahlens der entsprechenden Wirkstoff-Träger-
Mischungen in einer Schwingmühle, dadurch gekennzeichnet, dass

- das gemeinsame Vermahlen in einer Schwingmühle durchgeführt wird, enthaltend Mahlmittel zylindrischer
Form mit flachen oder konvexen Grundflächen mit einem: Durchmesser und einer Höhe, unabhängig vonein-
ander, zwischen 0,4 cm und 3 cm, einem Dimensionsverhältnis (rd) zwischen 0,5 und 2 und einem Krüm-
mungsverhältnis (rc) zwischen 0 und 0,5, wobei

- ein Volumen der Wirkstoff-Träger-Mischung zwischen 35% und 100% des zwischen den Mahlmitteln vorhan-
denen Leervolumens (interstitielles Volumen Vi) verwendet wird,

und in welchem das interstitielle Volumen Vi nur einmal bestimmt wird und als Referenz für alle n Mahlzyklen
verwendet wird.
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Revendications

1. Procédé pour la préparation de composites produit pharmaceutique-véhicule accompli par co-broyage d'un mé-
lange produit pharmaceutique-véhicule dans un broyeur à vibrations, ledit procédé étant caractérisé en ce que
le co-broyage est accompli dans un broyeur à vibrations contenant des moyens de broyage de forme cylindrique
avec des bases plates ou convexes, lesdits moyens de broyage ayant: diamètre et hauteur, indépendamment l'un
de l'autre, entre 0, 4 cm et 3 cm, un rapport de dimension (rd) compris entre 0,5 et 2, et un rapport de courbure
(rc) compris entre 0 et 0,5; où

- un volume du mélange produit pharmaceutique-véhicule compris entre 35% et 100% du volume vide compris
entre les moyens de broyage (volume interstitiel Vi) est utilisé.

2. Procédé selon la revendication 1, où les moyens de broyage ont un diamètre et une hauteur, indépendamment
l'un de l'autre, compris entre 0,6 cm et 1,3 cm, un rapport de dimension (rd) compris entre 0,65 et 1,5 et un rapport
de courbure (rc) compris entre 0 et 0,4.

3. Procédé selon les revendications 1-2, où les moyens de broyage occupent de 20% à 90% du volume interne total
de la chambre de broyage.

4. Procédé selon les revendications 1-3, où les moyens de broyage sont faits d'oxyde d'aluminium, d'oxyde de zir-
conium ou d'acier.

5. Procédé selon les revendications 1-4, où le véhicule est une substance solide pour usage pharmaceutique choisie
parmi des polymères réticulés, des polymères linéaires, et des véhicules non polymériques.

6. Procédé selon les revendications 1-5, où le véhicule et le médicament sont utilisés à un rapport pondéral compris
entre 12:1 et 0,5:1.

7. Procédé selon les revendications 1-6, où le composite obtenu par co-broyage est encore transformé, avec l'addition
possible d'excipients pour des usages pharmaceutiques, en formulations pharmaceutiques appropriées pour ad-
ministration humaine ou animale.

8. Procédé selon la revendication 7, où lesdites formulations pharmaceutiques sont choisies parmi comprimés, mini-
comprimés, capsules, micro-capsules, granulés, boulettes, suspensions, solutions, onguents, crèmes, implants
ou dispositifs à libération programmée.

9. Procédé pour la préparation d'un nombre donné (n) de lots produit pharmaceutique-véhicule avec un degré cons-
tant d'activation, accompli au moyen de n cycles de co-broyage des mélanges produit pharmaceutique-véhicule
correspondants dans un broyeur à vibrations, ledit procédé étant caractérisé en ce que:

- le co-broyage est accompli dans un broyeur à vibrations contenant des moyens de broyage ayant une forme
cylindrique, avec des bases plates ou convexes, ayant: diamètre et hauteur, indépendamment l'un de l'autre,
compris entre 0,4 cm et 3 cm, un rapport de dimension (rd) compris entre 0,5 et 2, et un rapport de courbure
(rc) compris entre 0 et 0,5; où

- un volume du mélange produit pharmaceutique-véhicule compris entre 35% et 100% du volume vide compris
entre les moyens de broyage (volume interstitiel Vi) est utilisé,

et où le volume interstitiel Vi est déterminé une seule fois et est utilisé comme référence pour tous les n cycles de
broyage.
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