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POROUS PARTICLES

INTRODUCTION

[0001] The present invention relates to a process for preparing porous particles. More

particularly, the invention relates to a process for preparing porous particles comprising an

active ingredient. The present invention also relates to porous particles and solid dosage

forms obtained by the described process.

BACKGROUND OF THE INVENTION

[0002] The abuse or misuse of medications represents an ongoing challenge for public

health authorities. Whether intentional or accidental, the improper use of prescription

medicaments has the potential to cause serious harm, ranging from reduced efficacy of the

drug, to an increased expression of side effects and addictions.

[0003] Drug abusers have devised a variety of ways for achieving the "high" associated with

improper substance use. A primitive, yet effective, technique sees a user crush or pulverize

one or more oral dosages for subsequent administration via other routes, such as snorting,

smoking or injecting. More elaborate methods involve extracting active ingredients from

pharmaceuticals with the aid of household solvents or spirits like vodka, and even kitchen

appliances, such as microwaves.

[0004] The threat to public health posed by improper drug use has prompted numerous

public health authorities to task drug manufacturers with developing improved tamper-proof

technologies. One approach has been to provide analgesic compositions comprising both

agonistic and antagonistic ingredients, with the antagonistic effect designed to dominate

when the composition is administered by an abusive route, such as by injection.

[0005] Other tamper-proof techniques have focused around so-called aversion technologies,

which aim to discourage the would-be abuser by making the process more difficult and less

pleasurable. Such approaches have involved using gelling agents to prevent a user from

drawing the substance into a syringe, or including additives to cause increased burning and

irritation in the nasal passages when snorted.

[0006] However, with abuse rates having quadrupled in the decade from 1990 to 2000 2,

there remains a constant need for improved tamper-resistant technologies.

[0007] The present invention was devised with the foregoing in mind.



SUMMARY OF THE INVENTION

[0008] According to a first aspect of the present invention there is provided a process for

the preparation of a plurality of porous particles comprising at least one active ingredient

present within the pores, wherein the percentage release of the active ingredient from the

pores of the particles into simulated intestinal fluid is greater than or equal to the percentage

release of the active ingredient from the pores of the particles into 40% vol/vol ethanol in 0.1

M HCI, the process comprising the steps of:

a) providing a mixture comprising water and HCI, said mixture having a pH of

less than or equal to 2.5,

b) adding to the mixture of step a) an inorganic porous particle monomer such

that the molar ratio of water to the inorganic porous particle monomer is less

than or equal to 12.5,

c) adding to the mixture of step b) at least one active ingredient, wherein the at

least one active ingredient comprises an opioid or opioid derivative,

d) drying the mixture resulting from step c) at a temperature of greater than or

equal to 60 °C,

e) milling the material resulting from step d) to a particle size of 25-500 µηι , and

f) drying the resulting porous particles at a temperature of greater than or equal

to 60 °C.

[0009] According to a second aspect of the present invention there is provided a plurality of

porous particles obtainable, obtained or directly obtained by a process defined herein.

[0010] According to a third aspect of the present invention there is provided a tamperproof or

abuse-deterrent dosage form comprising a plurality of particles as defined herein.

[0011] According to a fourth aspect of the present invention there is provided a solid-dosage

form comprising a plurality of particles as defined herein.

[0012] According to a fifth aspect of the present invention there is provided a particle

comprising a porous substrate and at least one active ingredient present within the pores,

wherein the at least one active ingredient is an opioid or opioid derivative and the particle has

a particle size of 25-500 µηι and a moisture content of less than or equal to 6% by weight,

and wherein

i . the percentage release of the at least one active ingredient from the particle in an

aqueous solution of pH 6.8 at 37 is 30-50 after 1 hour, 45-65 after 2 hours, 60-

80 after 4 hours and 85 or more after 10 hours, and



ii. the percentage release of the at least one active ingredient from the particle in a

solution of 40% vol/vol ethanol in 0.1 M HCI at 37 °C is 40 or less after 30

minutes, 50 or less after 1 hour and 65 or less after 2 hours.

[0013] According to a further aspect of the present invention there is provided a process for

the preparation of a plurality of porous particles comprising at least one active ingredient

present within the pores, the process comprising the steps of:

a) providing a mixture comprising water and HCI, said mixture having a pH of

less than or equal to 2.5,

b) adding to the mixture of step a) an inorganic porous particle monomer such

that the molar ratio of water to the inorganic porous particle monomer is less

than or equal to 12.5,

c) adding to the mixture of step b) at least one active ingredient,

d) drying the mixture resulting from step c) at a temperature of greater than or

equal to 60 °C,

e) milling the material resulting from step d) to a particle size of 100-400 µηι , and

f) drying the resulting porous particles at a temperature of greater than or equal

to 60 °C.

[0014] According to a further aspect of the present invention there is provided a particle

comprising a porous substrate and at least one active ingredient present within the pores,

wherein the particle has a particle size of 100-400 µηι and a moisture content of less than or

equal to 6% by weight, and wherein

i . the percentage release of the at least one active ingredient from the particle in an

aqueous solution of pH 6.8 at 37 is 30-50 after 1 hour, 45-65 after 2 hours, 60-

80 after 4 hours and 85 or more after 10 hours, and

ii. the percentage release of the at least one active ingredient from the particle in a

solution of 40% vol/vol ethanol in HCI at 37°C is 40 or less after 30 minutes, 50 or

less after 1 hour and 65 or less after 2 hours.

DETAILED DESCRIPTION OF THE INVENTION

Processes of the invention

[0015] As described hereinbefore, the present invention provides a process for the

preparation of a plurality of porous particles comprising at least one active ingredient present

within the pores, wherein the percentage release of the active ingredient from the pores of



the particles into simulated intestinal fluid is greater than or equal to the percentage release

of the active ingredient from the pores of the particles into 40% vol/vol ethanol in 0.1 M HCI,

the process comprising the steps of:

a) providing a mixture comprising water and HCI, said mixture having a pH of

less than or equal to 2.5,

b) adding to the mixture of step a) an inorganic porous particle monomer such

that the molar ratio of water to the inorganic porous particle monomer is less

than or equal to 12.5,

c) adding to the mixture of step b) at least one active ingredient, wherein the at

least one active ingredient comprises an opioid or opioid derivative,

d) drying the mixture resulting from step c) at a temperature of greater than or

equal to 60 °C,

e) milling the material resulting from step d) to a particle size of 25-500 µηι , and

f) drying the resulting porous particles at a temperature of greater than or equal

to 60 °C.

[0016] It has surprisingly been found that particles prepared according to the above-

described process present a number of advantages, most notably in the field of drug delivery.

Until now, drug abusers have been endowed with a variety of methods for extracting active

ingredients from prescription pharmaceuticals, which may then be concentrated to higher

dosages for subsequent recreational use. Perhaps the most effective technique involves the

use of one or more solvents to leach out the active ingredients from high-dosage controlled-

release prescription medicaments. This so-called "dose-dumping" may also occur

accidentally, whereby the simultaneous consumption of particular solvents, often ethanol

present in alcoholic beverages, can induce the medicament to release its load almost

instantaneously. Whether intentional or accidental, dose-dumping of this type can lead to

abnormal quantities of the active ingredient in the blood steam, provoking a loss of efficacy,

or an increased risk of side-effects and dependencies. The present invention now provides a

novel means of significantly reducing the viability of such dose-dumping techniques by a

means of accessing porous particles that release the active ingredient encapsulated therein

at different rates in aqueous and alcoholic media. When compared with the release profile

under physiological conditions, particles prepared according to the above-described process

have been demonstrated to retard the release of the encapsulated active ingredient in

alcoholic media, thus rendering the aforementioned dose-dumping techniques impractical, if

not impossible. Particles prepared according to the above-described process therefore

present a means of realising tamper-proof and abuse-deterrent medicaments. Furthermore,

by varying the above-outlined processing parameters, the release profile of the resulting



particles can be tailored according to a patient's needs. In addition to the above, the particles

prepared according to the above-described method have been demonstrated to gradually

(rather than immediately) release the encapsulated active ingredient under physiological

conditions, at a pharmaceutically acceptable rate.

[0017] In addition to the foregoing advantages, the inorganic nature of the particles prepared

according to the above-described process addresses the tendency of drug misusers to crush

pharmaceuticals in an attempt to release the active ingredient contained therein. The relative

hardness of the particles prepared according to the above-described process means that

they are difficult, if not impossible, to crush using standard mortar and pestle.

[0018] In an embodiment, the at least one active ingredient is added at a quantity designed

for extended release. More suitably, the at least one active ingredient is an opioid, opium

derivative, or an opiate drug, including their isomers, esters, ethers and any salts thereof.

More suitably, the at least one active ingredient is a drug defined as a "controlled substance"

in the USA Controlled Substance Act, the Single Convention on Narcotic Drugs 1961 or the

Misuse of Drugs Act 1971 .

[0019] In another embodiment, the active ingredient comprises one or more of oxycodone,

hydrocodone, oxymorphone, morphine, hydromorphone, dihydrocodeine, naloxone, or

codeine, or a pharmaceutically acceptable salt thereof. Most suitably, the active ingredient is

oxycodone, or a pharmaceutically acceptable salt thereof. Ethanol dose-dumping is an issue

for almost all extended release medicaments, whose high dosages present an attractive

target for drug misusers. Although opioid painkillers, in particular oxycodone, are incredibly

potent analgesics, they can also lead to devastating addictions, thereby underlining the

importance of the tamper-proof particles disclosed herein.

[0020] The term "opioid derivative" used herein will be understood to mean any known

compound which acts as an opioid receptor agonist resulting in a therapeutically useful

analgesic effect and is an alkaloid containing a pentacyclic core motif, and any acceptable

pharmaceutical salts thereof.

[0021] In another embodiment, the at least one active ingredient may further comprise a non-

opioid drug, such as a stimulant (e.g. pseudoephedrine). Alternatively, the opioid or opioid

derivative may be the only active ingredient present within the pores of the particles.

[0022] In an embodiment, the percentage release of the active ingredient from the pores of

the particles when 200 mg of the particles are placed in 900 mL of simulated intestinal fluid

for 2 hours under stirring at 100 rpm is greater than or equal to the percentage release of the

active ingredient from the pores of the particles when 200 mg of the particles are placed in

900 mL of 40% vol/vol ethanol in 0.1 M HCI for 2 hours under stirring at 100 rpm. Although



the release properties of the particles have been expressed with respect to 40% vol/vol

ethanol in 0.1 M HCI, it should be noted that the particles of the invention would be equally

expected to exhibit beneficial release characteristics at other concentrations of ethanol

(ranging from 5-100% vol/vol), or in other solvents (e.g. acetone).

[0023] Suitably the simulated intestinal fluid is pH 6.8 aqueous phosphate buffer at 37°C ±0.5

°C, and the 40% vol/vol ethanol in 0.1 M HCI is at 37 C ±0.5 C . The above-outlined test

conditions represent the standard conditions specified by the United States Pharmacopoeia

(Chapter 7 1 1). In case of discrepancy between the above-outlined test conditions and the

standard conditions defined by the United States Pharmacopoeia, the standard conditions

shall prevail.

[0024] In another embodiment, the percentage release of the active ingredient into 40%

vol/vol ethanol in 0.1 M HCI after 2 hours is less than or equal to 75%. Suitably, the

percentage release of the active ingredient into 40% vol/vol ethanol in 0.1 M HCI after 2

hours is less than or equal to 70%. More suitably, the percentage release of the active

ingredient into 40% vol/vol ethanol in 0.1 M HCI after 2 hours is less than or equal to 65%.

Even more suitably, the percentage release of the active ingredient into 40% vol/vol ethanol

in 0.1 M HCI after 2 hours is less than or equal to 60%. Even more suitably, the percentage

release of the active ingredient into 40% vol/vol ethanol in 0.1 M HCI after 2 hours is less

than or equal to 55%. Even more suitably, the percentage release of the active ingredient into

40% vol/vol ethanol in 0.1 M HCI after 2 hours is less than or equal to 50%. Most suitably, the

percentage release of the active ingredient into 40% vol/vol ethanol in 0.1 M HCI after 2

hours is less than or equal to 45%.

[0025] In another embodiment, the percentage release of the active ingredient into the

simulated intestinal fluid after 2 hours is less than or equal to 75%. The particles prepared

according to the present method exhibit gradual (rather than immediate) release of the

encapsulated active ingredient under physiological conditions, at a pharmaceutically

acceptable rate. Suitably, the percentage release of the active ingredient into the simulated

intestinal fluid after 2 hours is less than or equal to 70%. Most suitably, the percentage

release of the active ingredient into the simulated intestinal fluid after 2 hours is less than or

equal to 67.5%.

[0026] In another embodiment, in addition to the addition of the at least one active ingredient,

step c) also comprises adding to the mixture of step b) one or more other compounds, such

as, for example, pharmaceutically-acceptable excipients. The one or more other compounds

may be added before, after or at the same time as the at least one active ingredients are

added to the mixture of step b).



[0027] In another embodiment, step b) comprises adding to the mixture of step b) two or

more active ingredients, and optionally one or more other compounds, such as, for example,

pharmaceutically-acceptable excipients.

[0028] In another embodiment, the quantity of the at least one active ingredient added in step

b) is 0 - 12.3 wt% based on the weight of the inorganic porous particle monomer. Suitably,

the quantity of the at least one active ingredient added in step b) is 1.5 - 9.6 wt% based on

the weight of the inorganic porous particle monomer. More suitably, the quantity of the at

least one active ingredient added in step b) is 5.1 - 9.6 wt% based on the weight of the

inorganic porous particle monomer. Even more suitably, the quantity of the at least one active

ingredient added in step b) is 5.5 - 7.2 wt% based on the weight of the inorganic porous

particle monomer

[0029] In another embodiment, step a) comprises providing a mixture comprising water and

HCI, said mixture having a pH in the range of 0.25 - 2.5. Suitably, step a) comprises providing

a mixture comprising water and HCI, said mixture having a pH in the range of 0.25 - 2.25.

More suitably, step a) comprises providing a mixture comprising water and HCI, said mixture

having a pH in the range of 0.4 - 2.0. More suitably, step a) comprises providing a mixture

comprising water and HCI, said mixture having a pH in the range of 0.4 - 1.25. Most suitably,

step a) comprises providing a mixture comprising water and HCI, said mixture having a pH in

the range of 0.4 - 0.6. In an embodiment, step a) comprises providing a mixture comprising

water and HCI, said mixture having a pH of approximately 0.5 or 2 . In a particular

embodiment, step a) comprises providing a mixture comprising water and HCI, said mixture

having a pH of approximately 2 .

[0030] In another embodiment, step b) comprises adding to the mixture of step a) an

inorganic porous particle monomer such that the molar ratio of water to the inorganic porous

particle monomer ranges from 4.0 - 12.5. Suitably, step b) comprises adding to the mixture of

step a) an inorganic porous particle monomer such that the molar ratio of water to the

inorganic porous particle monomer ranges from 5.5 - 12. More suitably, step b) comprises

adding to the mixture of step a) an inorganic porous particle monomer such that the molar

ratio of water to the inorganic porous particle monomer ranges from 5.5 - 6.5. In an

embodiment, step b) comprises adding to the mixture of step a) an inorganic porous particle

monomer such that the molar ratio of water to the inorganic porous particle monomer is

approximately 6 or 12 . In a particular embodiment, step b) comprises adding to the mixture of

step a) an inorganic porous particle monomer such that the molar ratio of water to the

inorganic porous particle monomer is approximately 6 .



[0031] It will be understood that the term "porous particle monomer" denotes an inorganic

monomeric compound that is capable of reacting with itself under appropriate conditions to

form an inorganic polymer. In an embodiment, the porous particle monomer is at least one

alkoxysilane. Suitably, the porous particle monomer is at least one alkoxysilane selected from

tetraethylorthosilicate (TEOS), tetramethoxysilane (TMOS), triethoxy-monoethylsilane

(TrEES), triethoxy-mono-n-butylsilaneTrEnBS) and triethoxy-mono-t-butylsilane (TrEtBS).

Most suitably, the porous particle monomer is tetraethylorthosilicate, having the following

structure:

[0032] As discussed hereinbefore, from the standpoint of hardness, the inorganic nature of

the particles prepared according to the process of the invention makes them highly resistant

to crushing using standard kitchenware (e.g. pestle and mortar).

[0033] In another embodiment, either or both of drying steps d) and f) are performed at a

temperature of 60-90 °C. Suitably, either or both of steps d) and f) are performed at a

temperature of 60-85 °C. More suitably, either or both of steps d) and f) are performed at a

temperature of 70-85 °C.

[0034] In a particular embodiment, either or both of steps d) and f) are performed at a

temperature of 75-85 °C.

[0035] In another embodiment, either or both of steps d) and f) are performed for at least 24

hours. Suitably, step d) is performed for at least 72 hours. Suitably, step f) comprises drying

the resulting porous particles such they have a moisture content of less than or equal to 1%

by weight.

[0036] In a particular embodiment, both steps d) and f) are performed at a temperature of 75-

85 °C, step d) is performed for at least 72 hours, and step f) comprises drying the resulting

porous particles such they have a moisture content of less than or equal to 1% by weight.

[0037] In another embodiment, step e) comprises milling the material resulting from step d)

to a particle size of 150-350 µηι . Suitably, step e) comprises milling the material resulting

from step d) to a particle size of 185-350 µηι . More suitably, step e) comprises milling the

material resulting from step d) to a particle size of 300-330 µηι .



[0038] It will be understood that particle sizes quoted herein refer to the range of particles

present with diameters in the specified ranges following fractionation using test sieves. The

specific size distribution of these particle populations is then also determined using a laser

diffraction technique. Typically the d50, as determined by laser diffraction, is within ±10% of

the midpoint of the targeted size range by sieve fractionation. As a consequence of the

sieving process, the fractionated particle population usually contains a proportion of particles

outside the targeted particle diameter range as seen in the particle size distribution

established by laser diffraction.

[0039] In another embodiment, step e) comprises milling the material resulting from step d)

to a particle size of 50-400 µηι . Suitably, step e) comprises milling the material resulting from

step d) to a particle size of 50-350 µηι .

[0040] Alternatively, step e) comprises milling the material resulting from step d) to a particle

size of 100-400 µηι .

[0041] The process of the invention is a sol-gel process. Sol-gel processes involve the

production of solid materials from small starting monomers by conversion of the monomers

into a colloidal solution (sol) that acts as the precursor for an integrated network (gel) of either

discrete particles or network polymers. Having regard to the present process, step c) can be

conducted at any point during the sol-gel process, such that the at least one active ingredient

may be added immediately after step b) is performed (in which case the mixture of step b) is

still a free flowing solution), or the at least one active ingredient may be added once the

solution has begun to gel. In an embodiment, the mixture of step b) is stirred for a period of 0-

22 hours prior to the addition of the at least one active ingredient in step c). Suitably, the

mixture of step b) is stirred for a period of 2-20 hours prior to the addition of the at least one

active ingredient in step c). In another embodiment, the maximum viscosity at room

temperature of the mixture of step b) prior to the addition of the at least one active ingredient

in step c) is 2.0 Pa.s. Suitably, the maximum viscosity at room temperature of the mixture of

step b) prior to the addition of the at least one active ingredient in step c) is 0.4 Pa.s. More

suitably, the viscosity at room temperature of the mixture of step b) prior to the addition of the

at least one active ingredient in step c) is approximately 0.3 Pa.s.

[0042] In a particular embodiment, the mixture of step b) is stirred for a period of 16-20 hours

prior to the addition of the at least one active ingredient in step c). Suitably, the mixture of

step b) is stirred for a period of approximately 18 hours prior to the addition of the at least one

active ingredient in step c).

[0043] In another embodiment, the at least one active ingredient is added to the mixture of

step b) when the temperature of the mixture is 17-26 C.



Particles of the invention

[0044] As described hereinbefore, the present invention provides a plurality of particles

obtained, directly obtained, or obtainable by a process described herein.

[0045] As described hereinbefore, the present invention also provides a particle comprising a

porous substrate and at least one active ingredient present within the pores, wherein the at

least one active ingredient is an opioid or opioid derivative and the particle has a particle size

of 25-500 µηι and a moisture content of less than or equal to 6% by weight, and wherein

i . the percentage release of the at least one active ingredient from the particle in an

aqueous solution of pH 6.8 at 37°C is 30-50 after 1 hour, 45-65 after 2 hours, 60-

80 after 4 hours and 85 or more after 10 hours, and

ii. the percentage release of the at least one active ingredient from the particle in a

solution of 40% vol/vol ethanol in 0.1 M HCI at 37 °C is 40 or less after 30

minutes, 50 or less after 1 hour and 65 or less after 2 hours.

[0046] The retarded release rate of the encapsulated active ingredient in alcoholic media

when compared with that under physiological conditions makes the porous particles of the

invention attractive from a drug delivery standpoint. Moreover, the particles of the invention

release their payload gradually (rather than immediately) under physiological conditions, at a

pharmaceutically acceptable rate. Furthermore, from the standpoint of hardness, the

inorganic nature of the particles of the invention renders them highly resistant to drug misuse

techniques that involve crushing pharmaceuticals with standard kitchenware equipment (e.g.

pestle and mortar).

[0047] Release measurements quoted herein were obtained under standard conditions, as

specified by the United States Pharmacopoiea (USP) guidelines, using a Distek USP I

apparatus (basket dissolution tester). 900 mL of dissolution media (pH 6.8 phosphate buffer

or 40% EtOH/0.1 M HCI) is first de-gassed and then equilibrated to 37 °C ±0.5 °C. 200 mg of

the particles are then added to 150 mesh baskets and submerged into the dissolution media

and stirred at 100 rpm. At the necessary time points, 9 mL of dissolution media was removed

using a Distek autosampler and analysed for active ingredient content by UV/Vis

spectroscopy.

[0048] It will be understood that the moisture content quoted herein in relation to the finished

particles denote the moisture content when the particle has reached an equilibrated state in

an air atmosphere at room temperature.



[0049] It will also be understood that the percentage release values quoted herein relates to

the mass of the active ingredient released relative to the mass of the active ingredient

contained within the particle prior to contacting the particle with the aqueous or alcoholic

solution.

[0050] It will also be understood that terms such as "after 1 hour" and "after 2 hours" used

herein indicate an exact period of time. Hence, the term "after 1 hour" refers to a

measurement being taken after exactly 1 hour has elapsed.

[0051] In an embodiment, the percentage release of the at least one active ingredient from

the particle in a solution of 40% ethanol in 0.1 M HCI at 37 °C is 25 or less after 30 minutes,

30 or less after 1 hour and 45 or less after 2 hours. Suitably, the percentage release of the at

least one active ingredient from the particle in a solution of 40% ethanol in 0.1 M HCI at 37 °C

is 20 or less after 30 minutes, 25 or less after 1 hour and 35 or less after 2 hours.

[0052] In another embodiment, the particles have a moisture content of less than or equal to

5% by weight.

[0053] In another embodiment, the particles have an average particle size of 125 - 375 µηι .

Suitably, the particles have an average particle size of 150-350 µηι . More suitably, the

particles have an average particle size of 185-350 µηι . Most suitably, the particles have an

average particle size of 300-330 µηι .

[0054] In another embodiment, the particles have an average particle size of 50-400 µηι .

Suitably, the particles have an average particle size of 50-350 µηι .

[0055] Alternatively, the particles have an average particle size of 100-400 µηι .

Applications

[0056] As described hereinbefore, the present invention also provides tamper-proof, or

abuse-deterrent, particles comprising a plurality of particles as defined herein.

[0057] The tamper-proof or abuse-deterrent particles of the present invention present an

effective means of reducing, or even eliminating, the viability of dose-dumping drug misuse

techniques. The particles prevent a user from achieving a rapid extraction of an active

ingredient, either in vitro (i.e. intentionally), or in vivo (i.e. accidentally), thereby reducing the

risk of users developing health issues linked to side effects, dependencies, or reduced

efficacy of drugs. The surprising and advantageous characteristics of the particles in aqueous

media mean that the efficacy of the tamper-proof, or abuse-deterrent, particles under

physiological conditions is not compromised.



[0058] In another embodiment, the tamper-proof/abuse-deterrent particles are provided as a

solid dosage form.

[0059] As described hereinbefore, the present invention also provides a solid dosage form

comprising a particle defined herein.

[0060] In one embodiment, the solid dosage form is intended for oral or sublingual

administration.

[0061] In another embodiment, the solid dosage form comprises a particle defined herein,

wherein the particle comprises two or more pharmaceutically active compounds.

[0062] In another embodiment, the solid dosage form is an extended release dosage. Given

that extended release dosages often contain high quantities of active ingredients, they pose

an attractive target for drug misusers.

[0063] The solid dosage form comprises at least one opioid or opioid derivative active

ingredient. Although opioids are widely used for their analgesic benefits, they are increasingly

targeted by drug misusers. Suitably, the opioid is oxycodone or a pharmaceutically

acceptable salt thereof.

[0064] In another embodiment, the solid dosage form is suitable for use as, or alongside, an

abuse-deterrent medicament.

EXAMPLES

[0065] Examples of the invention will now be described, for the purpose of reference and

illustration only, with reference to the accompanying figures, in which:

Fig. 1 shows percentage release of oxycodone HCI from Example 1 particles in a) pH 6.8

aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square symbol).

Fig. 2 shows percentage release of oxycodone HCI from Example 2 particles in a) pH 6.8

aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square symbol).

Fig. 3 shows percentage release of oxycodone HCI from Example 3 particles in a) pH 6.8

aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square symbol).

Fig. 4 shows percentage release of oxycodone HCI from Example 4 particles in a) pH 6.8

aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square symbol).

Fig. 5 shows percentage release of oxycodone HCI from Example 5 particles in pH 6.8

aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square symbol).



Fig. 6 shows percentage release of oxycodone HCI from Comparator C 1 particles in a) pH

6.8 aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square

symbol).

Fig. 7 shows percentage release of oxycodone HCI from Comparator C2 particles in a) pH

6.8 aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square

symbol).

Fig. 8 shows percentage release of oxycodone HCI from Comparator C3 particles in a) pH

6.8 aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square

symbol).

Fig. 9 shows percentage release of oxycodone HCI from Comparator C4 particles in a) pH

6.8 aqueous buffer solution (diamond symbol), and b) 40% ethanol/HCI solution (square

symbol).

Fig. 10 shows a) percentage release of oxycodone HCI from Example 3 particles in neat

ethanol; and b) percentage release of oxycodone HCI from Example 3 particles in neat

acetone.

Preparation of particles

[0066] Deionised water and hydrochloric acid were mixed to achieve the starting pH values

shown in Table 1. Tetraethoxyorthosilane (TEOS) (3.50 kg, 16.80 moles) was then added.

The reaction beaker was covered and left to stir at room temperature. Oxycodone

hydrochloride (252 g , 7 17.80 mmoles) was subsequently added to the reaction mixture at the

appropriate time point indicated in Table 1. After 18 hours the beaker covering was removed

and the reaction left to stir at room temperature until gelling occurred. Portions of the wet gel

were placed in an oven at 60 or 80 °C for a minimum of 24 hours. The resulting sol-gel glass

chunks were then milled to the desired product particle size range. The milled powders were

then put back in the oven at 60 or 80 °C until the moisture content of the samples had

reached a minimum value.

[0067] Table 1 shown below provides processing parameters and characterisation data for

Examples 1-5, as well as for Comparators C 1-C4.



Table 1 - Preparation variables for desirable uncoated formulations

[0068] Particle size ranges were achieved by sieving the milled sol-gel particles using

appropriate combinations of 53, 150, 250 and 355 µηι sieves. The particle size range for

each formulation was then analysed for its particle size distribution using a Malvern

Mastersizer 2000 fitted with a dry-state laser diffraction analyser

Release studies

[0069] Standard conditions as specified by the United States Pharmacopoiea (USP)

guidelines were followed, using a Distek USP I apparatus (basket dissolution tester).

[0070] 900 mL of dissolution media (pH 6.8 phosphate buffer or 40% EtOH/0.1 M HCI) was

first de-gassed and then equilibrated to 37 °C ±0.5 °C. 200 mg of the formulation with the

desired particle size distribution was added to 150 mesh baskets and submerged into the

dissolution media and stirred at 100 rpm. At the necessary time points (30, 60 and 120

minutes for EtOH/HCI media and 1, 2 , 4 , 6 , 8 and 10 hours for phosphate buffer) 9 mL of

dissolution media was removed using a Distek autosampler and analysed for oxycodone

content by UV/Vis spectroscopy. All release studies were repeated in triplicate.

[0071] The results are provided in Table 2 below, and in Figs. 1-9.



Table 2 - Release of oxycodone HCI in 40% EtOH/0.1 M HCI and pH 6.8 phosphate buffer

[0072] It is clear from the data appearing in Table 2 , and illustrated in Figs. 1-9, that porous

particles prepared according to the process of the invention (Examples 1-5) exhibit markedly

improved release characteristics when compared with particles that have been otherwise

prepared. Not only do Examples 1-5 demonstrate significant retardation of active ingredient

release in alcoholic media, but they also show a gradual (as opposed to immediate) release

of the active in aqueous phosphate buffer, which is in line with the values observed with the

market leading product.

[0073] Fig. 10 compares the percentage release of oxycodone HCI from Formulation 3 into

neat acetone and neat ethanol over the course of 60 minutes. The conditions of the

experiment were identical to those used when investigating release into 40% vol/vol ethanol

in 0.1 M HCI. The data show that release of the active ingredient is retarded to an even

greater extent in neat ethanol and acetone.

[0074] While specific embodiments of the invention have been described herein for the

purpose of reference and illustration, various modifications will be apparent to a person

skilled in the art without departing from the scope of the invention as defined by the

appended claims.
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CLAIMS

1. A process for the preparation of a plurality of porous particles comprising at least one

active ingredient present within the pores, wherein the percentage release of the active

ingredient from the pores of the particles into simulated intestinal fluid is greater than or

equal to the percentage release of the active ingredient from the pores of the particles

into 40% vol/vol ethanol in 0.1 M HCI,

the process comprising the steps of:

a) providing a mixture comprising water and HCI, said mixture having a pH of less

than or equal to 2.5,

b) adding to the mixture of step a) an inorganic porous particle monomer such that

the molar ratio of water to the inorganic porous particle monomer is less than or

equal to 12.5,

c) adding to the mixture of step b) at least one active ingredient, wherein the at least

one active ingredient comprises an opioid or opioid derivative,

d) drying the mixture resulting from step c) at a temperature of greater than or equal

to 60 °C,

e) milling the material resulting from step d) to a particle size of 25-500 µηι , and

f) drying the resulting porous particles at a temperature of greater than or equal to

60 °C.

2 . The process of claim 1, wherein the at least one active ingredient comprises an opioid or

opioid derivative selected from oxycodone, codeine, hydrocodone, dihydrocodeine,

morphine, oxymorphone, hydromorphone, naloxone or a pharmaceutically acceptable

salt thereof.

3 . The process of claim 1 or 2 , wherein the at least one active ingredient comprises an

opioid or opioid derivative selected from oxycodone, oxymorphone, hydrocodone,

morphine or a pharmaceutically acceptable salt thereof..

4 . The process of claim 1, 2 or 3 , wherein the at least one active ingredient comprises

oxycodone or a pharmaceutically acceptable salt thereof.

5 . The process of any preceding claim, wherein the percentage release of the active

ingredient from the pores of the particles when 200 mg of the particles are placed in 900

mL of simulated intestinal fluid for 2 hours under stirring at 100 rpm is greater than or

equal to the percentage release of the active ingredient from the pores of the particles



when 200 mg of the particles are placed in 900 mL of 40% vol/vol ethanol in 0.1 M HCI

for 2 hours under stirring at 100 rpm.

6 . The process of claim 5 , wherein the simulated intestinal fluid is pH 6.8 aqueous

phosphate buffer at 37°C ±0.5 C , and the 40% vol/vol ethanol in 0.1 M HCI is at 37 C

±0.5 °C.

7 . The process of claim 5 or 6 wherein the percentage release of the active ingredient from

the pores of the particles when 200 mg of the particles are placed in 900 mL of simulated

intestinal fluid for 2 hours under stirring at 100 rpm is greater than the percentage

release of the active ingredient from the pores of the particles when 200 mg of the

particles are placed in 900 mL of 40% vol/vol ethanol in 0.1 M HCI for 2 hours under

stirring at 100 rpm.

8 . The process of claim 5 , 6 or 7 , wherein the percentage release of the active ingredient

into 40% vol/vol ethanol in 0.1 M HCI after 2 hours is less than or equal to 75%.

9 . The process of any of claims 5 to 8 , wherein the percentage release of the active

ingredient into 40% vol/vol ethanol in 0.1 M HCI after 2 hours is less than or equal to

70%.

10. The process of any of claims 5 to 9 , wherein the percentage release of the active

ingredient into 40% vol/vol ethanol in 0.1 M HCI after 2 hours is less than or equal to

65%.

11. The process of any of claims 5 to 10 , wherein the percentage release of the active

ingredient into the simulated intestinal fluid after 2 hours is less than or equal to 70%.

12. The process of any preceding claim, wherein the quantity of the at least one active

ingredient added in step b) is 0 - 12.3 wt% based on the weight of the inorganic porous

particle monomer.

13. The process of any preceding claim, wherein step a) comprises providing a mixture

comprising water and HCI, said mixture having a pH in the range of 0.25 - 2.25.



14. The process of any preceding claim, wherein step b) comprises adding to the mixture of

step a) an inorganic porous particle monomer such that the molar ratio of water to the

inorganic porous particle monomer ranges from 4.0 - 12.5.

15 . The process of any preceding claim, wherein the inorganic porous particle monomer is a

silane, capable of forming a silicate

16 . The process of any preceding claim, wherein the inorganic porous particle monomer is

tetraethoxyorthosilane.

17 . The process of any preceding claim, wherein the at least one active ingredient is added

to the mixture of step b) when the temperature of the mixture is 17-26 °C.

18 . The process of any preceding claim, wherein either or both of steps d) and f) are

performed at a temperature of 60-90 °C.

19. The process of any preceding claim, wherein either or both of steps d) and f) are

performed at a temperature of 60-85 °C.

20. The process of claim 18 or 19 , wherein either or both of steps d) and f) are performed for

at least 24 hours.

2 1 . The process of any preceding claim, wherein step e) comprises milling the material

resulting from step d) to a particle size of 50-400 µηι .

22. The process of any preceding claim, wherein the viscosity of the mixture resulting from

either or both of steps b) and c) increases prior to performing the next step.

23. The process of any preceding claim, wherein the mixture of step b) is stirred for a period

of 0-22 hours prior to the addition of the at least one active ingredient in step c).

24. The process of any preceding claim, wherein the maximum viscosity at room

temperature of the mixture of step b) prior to the addition of the at least one active

ingredient in step c) is 0.3 Pa.s.

25. The process of any preceding claim, wherein the mixture of step b) is stirred for a period

of 2-20 prior to the addition of the at least one active ingredient in step c).

26. The process of any preceding claim, wherein the process is a sol-gel process.



27. The process of any preceding claim, wherein step f) comprises drying the resulting

porous particles such they have a moisture content of less than or equal to 1% by

weight.

28. A plurality of porous particles obtainable by the process according to any preceding

claim.

29. The plurality of porous particles of claim 28, wherein the moisture content of the particles

is less than or equal to 6% by weight.

30. A tamper-proof dosage form comprising a plurality of particles of claim 28 or 29.

3 1. A solid dosage form comprising a plurality of particles of claim 29 or 30.

32. A particle comprising a porous substrate and at least one active ingredient present within

the pores, wherein the at least one active ingredient is an opioid or opioid derivative and

the particle has a particle size of 25-500 µηι and a moisture content of less than or equal

to 6% by weight, and wherein

i . the percentage release of the at least one active ingredient from the particle in an

aqueous solution of pH 6.8 at 37°C is 30-50 after 1 hour, 45-65 after 2 hours, 60-

80 after 4 hours and 85 or more after 10 hours, and

ii. the percentage release of the at least one active ingredient from the particle in a

solution of 40% vol/vol ethanol in 0.1 M HCI at 37 °C is 40 or less after 30

minutes, 50 or less after 1 hour and 65 or less after 2 hours.
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