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COMPOSITIONS FOR INJECTABLE IN-SITU BIODEGRADABLE

IMPLANTS

TECHNICAL FIELD

The present invention is related to implantable compositions for extended drug-delivery

devices comprising certain drugs. Specifically, the present invention is related to

compositions for injectable in-situ forming biodegradable implants.

BACKGROUND ART

Sustained-release delivery devices are a usually very satisfactory administration method

for certain drugs, in particular (but not limited to) drugs for patients in need of a

treatment for diseases such as schizophrenia. Some treatments for disorders usually

involve daily oral tablets or solutions. However, one of the intrinsic problems of these

treatments is the dissociation of some schizophrenic patients from the treatment,

moreover when it consists of a daily medication, leading to irregular or inconstant

treatments and favouring the appearance of psychotic crisis. Moreover, this kind of

therapy gives rise to high differences in the plasma levels (measured as the difference

between Cmax and Cmin) in patients, therefore usually affecting the patient's mood. On

the contrary, sustained-release delivery devices provide a drug administration method

able to cover a patient for long time periods with just one dose and without the need of

caregivers to pay attention to a daily medication, and where more homogeneous plasma

levels in the patient are desirable.

One of the most usual ways to administer certain drugs presently is through the use of

depot injections. Depot injections allow careful control of drug usage (as opposed to

orally administered drugs) and ensure regular contact between the caregivers' team and

the patient, where overall treatment efficacy and/or side effects may be identified.

Furthermore, it is easy to identify defaulters and prepare interventions. However, in situ

forming implants currently described in the state of the art cannot properly control drug

release from the implant, and fail to allow obtaining therapeutic plasma levels in a bi-



weekly administration protocol, with reasonable differences between maximum and

minimum concentrations.

For example, the long-acting injectable risperidone formulation, Risperdal Consta®, is

the first depot atypical antipsychotic drug in the market. It is an intramuscular

risperidone-containing PLGA microparticles formulation and is intended to deliver

therapeutic levels of risperidone by bi-weekly administrations. However, due to the

inherent lag phase of most microparticle-based products, the patient is required to

supplement the first weeks with daily doses of oral risperidone after first

administration. Approximately three weeks after a single intramuscular injection of

Risperdal Consta® and concurrent daily doses of oral risperidone, the microspheres

release sufficient risperidone in the systemic circulation that the patient can discontinue

supplementation with daily doses of the oral therapy. However, this period of oral

supplementation could be a risk factor of non-compliance. Also, the presence on the

body of two doses at the same time could be a potential risk of adverse events, such as

irregular formulation behaviour and toxicity.

The compositions and devices of the invention, on the contrary, can evoke therapeutic

drug plasma levels from the first day and for at least 14 days, avoiding the need of

supplementary oral daily therapy from the administration moment. These compositions

can also reduce the differences between Cmax and Cmin as observed with daily-

administered oral tablets and subsequently may reduce variations in the patient mood. In

addition, they can also cover a period within administrations that is at least as long as

the period covered by currently marketed extended-release risperidone formulations.

The compositions of the invention are based on a biodegradable copolymer poly(DL-

lactide-co-glycolide) matrix. These polymers have been used for many years in medical

applications like sutures described in US 3,636,956 by Schneider, surgical clips and

staples described in US 4,523,591 by Kaplan et al, and drug delivery systems described

in US 3,773,919 by Boswell et al. However, most of the existing formulations using

these biodegradable polymers require manufacturing of an implantable device in solid

form prior to the administration into the body, which device is then inserted through an



incision or is suspended in a vehicle and then injected. In such instances, the drug is

incorporated into the polymer and the mixture is shaped into a certain form such as a

cylinder, disc, or fibre for implantation. With such solid implants, the drug delivery

system has to be inserted into the body through an incision. These incisions are

sometimes larger than desired by the medical profession and occasionally lead to a

reluctance of the patients to accept such an implant or drug delivery system.

Injectable biodegradable polymeric matrix implants based on lactic acid, glycolic acid

and/or their copolymers for sustained release have already been described in the state of

the art. For instance, US 5,620,700 issued to Berggren describes a bioerodible oligomer

or polymer material containing drug for local application into a diseased tissue pocket

such as a periodontal pocket. However, the material requires heating to high

temperatures to become sufficiently fiowable to allow the injection, so that hardening of

the material after cooling to the body temperature conforms the implant.

US 6,673,767 issued to Brodbeck describes procedures to obtain in situ forming

biodegradable implants by using biocompatible polymers and biocompatible low water-

miscible solvents. According to this document, a viscous polymeric solution containing

the drug that upon injection releases the drug in a controlled manner can be obtained

through the use of low water-soluble solvents. In this document, low water-soluble

solvents (less than 7% miscibility in water) are used as a method to reduce the release of

the drug in aqueous mediums, allowing initial drug releases of 10% or lower during the

first 24 hours. However, in our experience, the use of water-immiscible and/or low

water-miscible solvents cannot satisfactorily control the initial in vivo release of

risperidone during the first 24 hours. For example, the use of benzyl alcohol, a solvent

specifically included in US 6,673,767, causes very high plasma levels of risperidone in

the first 3 days and then the plasma levels decrease to very low levels in 7 days, whereas

the use of N-methyl pyrrolidone, a solvent with a much higher water solubility, provides

much smaller initial plasma levels of risperidone and therefore a better control of the

release of the drug during the first 5 days after the injection. This effect on the release of

risperidone is completely unexpected from US 6,673,767.



US 6,331,31 1, again issued to Brodbeck, also discloses injectable depot compositions

comprising a biocompatible polymer such as PLGA, a solvent such as N-methyl-2-

pyrrolidone and a beneficial agent such as a drug, further comprising an emulsifying

agent such as polyols. However, the compositions disclosed do not perform

satisfactorily when the beneficial agent is risperidone because the use of a two-phase

composition with emulsifying agents accelerates implant hydration and increases

effective releasing surface area, impairing the control on the initial burst release and

originating a fast decrease in drug release from the first days to the following ones.

US 4,938,763, issued to Dunn et al, discloses a method for an injectable in situ forming

implant. A biodegradable polymer or copolymer dissolved in a water-miscible solvent

with a biologically active agent either is dissolved or dispersed within the polymeric

solution. Once the polymeric solution is exposed to body fluids, the solvent diffuses and

polymer solidifies entrapping the drug within the polymer matrix. Even though patent

4,938,763 discloses the use of water miscible solvents for obtaining in situ forming

polymeric implants, however this document discloses a number of polymers and

solvents and even proportions between the different ingredients that do not produce a

satisfactory implant with the appropriate release characteristics, particularly when the

implant contains risperidone as active principle.

Another way to avoid surgery to administer these drugs is the injection of small-sized

polymeric particles, microspheres or microparticles containing the respective drug. For

instance, US 4,389,330 and US 4,530,840 describe a method for the preparation of

biodegradable microparticles. US 5,688,801 and US 6,803,055 are related to the

microencapsulation of 1,2-benzazoles into polymeric particles to achieve a drug release

over extended periods of time in the treatment of mental disorders. These microparticles

require re-suspension into aqueous solvents prior to the injection. On the contrary, the

compositions of the invention are injected as a liquid or semisolid formulations that

precipitate by solvent diffusion after the injection and forms a single (not

multiparticulate) solid implant.



Based on these previous patents, US 5,770,231 describes a method for producing

risperidone and 9-hydroxy-risperidone biodegradable microparticles for sustained

release by dissolving the drug within an organic phase. However, the use of organic

solvents that are able to dissolve the risperidone mostly or completely gives rise to very

high initial plasma levels of risperidone due to the diffusion of the drug along with the

diffusion of the solvent.

US 7,1 18,763 describes two methods of making multi-phase sustained-release

microparticle formulations based on the combination of different particle sizes or

microparticles exhibiting different release profiles. The combination of two different

release profiles allows the release of the drug for periods longer than two weeks.

However, in practice this combination requires a mixture of particles from at least two

different batches, involving the multiplication of end product specifications and

increasing batch-to-batch variability. On the contrary, the compositions of the present

invention provide an easier method for the production of an implant or single unit

implantable device allowing constant and effective plasma levels during a period

comprising from the first day up to at least 14 days, avoiding irregular initial burst of

the drug.

In addition, although microparticle formulations can be administered by injection, they

cannot always satisfy the demand for a biodegradable implant because they sometimes

present difficulties in the large-scale production. Moreover, in case of any medical

complication after injection, they are more problematic to be removed from the body

than implantable compositions such as those of the invention.

There is also a number of prior art documents disclosing sustained-release delivery

devices comprising a drug, PLGA as polymer and a water-miscible solvent such as n-

methyl-pyrrolidone (NMP) or dimethyl sulfoxide (DMSO). However, in practice the

experiments disclosed nearly in every case use NMP as solvent (WO 2004081 196, WO

2001035929, WO 200815361 1) or need different additives to control the initial burst

(WO 2000024374, WO 2002038185, WO2008 100576), whereas the compositions of



the invention show satisfactory release profiles using DMSO as solvent and without the

need of any additional additive to control the initial burst of the composition.

In summary, there still exists a need of compositions and devices for sustained-released

delivery systems providing a controlled, constant release of the drug from the very first

day, avoiding irregular initial bursts, and showing controlled release profile during

prolonged periods of time.

SUMMARY OF THE INVENTION

Therefore, the compositions already described in the state of the art do not cover the

existing needs in large periods of treatment, such as chronic treatment compositions,

kits and devices.

The solution is based on the fact that the present inventors have identified that the initial

burst release of the drug can be satisfactorily controlled in a formulation releasing the

active ingredient during at least 14 days by controlling at least one of the following

three factors in any combination thereof:

■ the viscosity of the polymeric solution. Throughout the present specification, by

"polymeric solution" it is understood the combination of the polymer and the

solvent where it is dissolved. If not otherwise specified, viscosity values of

polymeric solutions are given in Pa.s units, measured at 25°C;

■ the intrinsic or inherent viscosity (r|i h) of the polymer. Throughout the present

specification the "intrinsic viscosity" is defined as the ratio of the natural

logarithm of the relative viscosity, η , to the mass concentration of the polymer,

c, i.e.:

r|inh= (In r|r)/c

the relative viscosity (η ) being the ratio of the viscosity of the solution η

to the viscosity of the solvent η , i.e.:

η = η/ r

If not otherwise specified, the intrinsic viscosity values throughout the present

specification are to be understood as measured at 25°C in chloroform at a

concentration of 0.1%. The value of intrinsic viscosity is considered in the



present specification, as commonly accepted in the art, as an indirect indicator of

the polymer molecular weight. In this way, a reduction in the intrinsic viscosity

of a polymer, measured at a given concentration in a certain solvent, is an

indication of a reduction in the polymer molecular weight (IUPAC. Basic

definitions of terms relating to polymers 1974. Pure Appl. Chem. 40, 477-491

(1974); and

■ the water solubility of the active ingredient to be included in the composition.

By adequately controlling certain combinations of these factors, the release from the

implant during at least the first 14 days can be precisely controlled, allowing

satisfactory release profiles from the very first day until at least 14 days, and achieving

in most cases more than 1 days and up to 6 months following a single administration.

In the implantable compositions of the invention, compositions and kits are provided in

which a solid polymer or copolymer is dissolved in a solvent, which is non-toxic and

water miscible, to form a liquid solution, to which the drug is provided. When these

compositions are exposed to body fluids or water, the solvent diffuses away from the

polymer-drug mixture and water diffuses into the mixture where it coagulates the

polymer thereby trapping or encapsulating the drug within the polymeric matrix as the

implant solidifies. The release of the drug then follows the general rules for diffusion or

dissolution of a drug from within a polymeric matrix and is also released by polymer

erosion/degradation.

The injectable compositions of the invention can therefore form a

suspension/dissolution/dispersion within a biodegradable and biocompatible polymeric

solution that can be parenterally administered for example by means of a syringe and a

needle and which solidifies inside the body by solvent diffusion, thereby forming the

implant.

The compositions of the invention comprise at least a polymer, a solvent and a drug

having certain selected ranges and ratios of at least one the following parameters in any

combination:



■ The water solubility of the drug;

■ The intrinsic viscosity of the polymer; and/or

■ The viscosity of the polymeric solution.

Some of the key points that the formulations of the invention show improvements over

the state of the art are:

Stability, by using a solid product for reconstitution previous to injection;

Pharmacokinetic profile:

■ Onset: The compositions of the invention show plasma therapeutic levels

since the first day, avoiding the 2-3 weeks lag time that some of the currently

marketed long-term product shows.

■ Duration: The compositions of the invention may allow an increase in the

interval between administrations as compared to currently marketed long-

term product.

Levels: The compositions of the invention induce better sustained plasma levels,

and with lower differences between Cmax and Cmin than the currently marketed

long-term product.

Accordingly, a first aspect of the invention is directed to a method for the preparation of

an injectable depot composition, comprising the steps of:

a) mixing a biocompatible polymer which is a polymer or copolymer-based on

lactic acid and/or lactic acid plus glycolic acid having a monomer ratio of lactic

to glycolic acid in the range from 48:52 to 100:0, wherein the polymer has an

inherent viscosity in the range of 0.20-0.48 dl/g, with a drug having a water

solubility lower than 2 mg/ml and/or a metabolite or a prodrug thereof in any

combination, wherein the drug is selected from the group consisting of fentanyl,

olanzapine, risperidone and letrozole;

b) mixing the mixture obtained in step a) with a water-miscible solvent having a

dipole moment of about 3.7-4.5 D and a dielectric constant of between 30 and

50,

characterised in that the viscosity of the polymer solution comprising the polymer and

the solvent is adjusted to the range of between 0.50 and 3.0 Pa.s,



DETAILED DESCRIPTION OF THE INVENTION

The compositions of the invention comprise at least a polymer or polymer matrix, a

solvent and a drug.

The polymer or polymer matrix is preferably a biocompatible and biodegradable

polymer matrix. In order not to cause any severe damage to the body following

administration, the preferred polymers are biocompatible, non-toxic for the human

body, not carcinogenic, and do not induce significant tissue inflammation. The

polymers are preferably biodegradable in order to allow natural degradation by body

processes, so that they are readily disposable and do not accumulate in the body. The

preferred polymeric matrices in the practice in this invention are selected from poly-

lactide and poly-glycolic acid copolymers mixed in a ratio from 48:52 to 100:0, with an

inherent or intrinsic viscosity preferably in the range of 0.16-0.60 dl/g, and more

preferably between 0.25-0.48 dl/g, measured in chloroform at 25°C and 0.1%

concentration. The concentration of the polymeric component in the compositions of the

invention is preferably comprised in the range of 20-50%, (expressed as the percentage

of polymer weight based on total polymeric solution component) and more preferably

between 30-40%.

The preferred solvents are non-toxic, biocompatible and appropriate for parenteral

injection. Solvents susceptible of causing toxicity should not be used for the injection of

any material into any living body. More preferably, selected solvents are biocompatible

in order not to cause any severe tissue irritation or necrosis at the injection site.

Therefore, the solvent is preferably classified as class III, according to ICH Guidelines.

For the formation of the in-situ implant, the solvent should preferably diffuse quickly

from the polymeric solution towards surrounding tissues when is exposed to

physiological fluids. Solvent diffusion should also lead to the formation of a polymer

precipitate that retains the active ingredient, effectively controlling the release of the

active ingredient for at least 14 days have been achieved in certain cases up to now.

Consequently, the solvent is preferably water miscible, and more preferably showing



certain polarity characteristics. In this term, polarity is considered as a function of three

parameters: water miscibility, dipole moment and dielectric constant. The solvent is

preferably a polar aprotic solvent with a high solubility in water, having a dipole

moment in the range of 3.7-4.5 D at 25°C, and a dielectric constant in the range of 30-50

at 25°C. The most preferred solvents are DMSO, NMP and PEG.

The drug is preferably selected from a poorly water-soluble drug, with a water

solubility lower than 2 mg/ml at 20°C. Solubility of the drug in DMSO is not a critical

parameter, as the composition described can effectively control drug diffusion when the

drug is either dissolved or suspended in solid form in the ready-to -inject liquid

composition. Biologically active agents include substances capable of producing

biological effect locally or either systemically, being, for example, antipsychotics,

hormones, vaccines, antiinflamatory agents, antibacterial agents, antifungal agents,

antiviral agents, analgesics, antiparasitic agents, substances capable of regulating

cellular or tisular survival, growth of function, antineoplasic agents, narcotic

antagonists, and precursors or prodrugs. In a preferred embodiment of the invention, the

drug is selected from the group consisting of risperidone, olanzapine, letrozole or

phentanyl.

One of the main factors controlling the initial release of the composition of the

invention is the viscosity of the polymeric solution. The "polymeric solution", which is

defined as the combination of the polymer matrix and the solvent where it is dissolved,

has a preferred viscosity in the range of 0.20-7.0 Pa.s, more preferably between 0.7-3.3

Pa.s, and most preferably about 0.7-2.0 Pa.s.

Optionally, an alkaline agent with low water solubility such as lower than 0.02 mg/ml

can be included within the polymer matrix. Preferred alkalinising agents are alkaline or

alkaline-earth hydroxides such as magnesium hydroxide. Preferably, the alkaline agent

is Mg(OH)2 at a molar ratio between 2/3 and 2/5, expressed as the molar ratio of drug to

Mg(OH)2. More preferably, the particle size of the magnesium hydroxide is below 10

microns.



In another preferred embodiment, the injectable depot composition is sterile as a

finished product. More preferably, the biocompatible polymer is sterilized, previously to

its aseptic filling process, by using irradation in the range 5-25 KGy. In another

embodiment, the biocompatible polymer is sterilized, previously dissolved in a solvent,

by a filtration process in a filter with a 0.22 µιη pore size. Alternatively, the drug and/or

the biocompatible polymer of the composition may be subjected to terminal sterilization

processes, preferably by irradiation in the range 5-25 KGy.

It is also disclosed a kit comprising a first container, preferably a syringe, containing a

freeze-dried polymer such as PLGA and at least a drug (optionally containing

additionally a low water soluble pH modifier agent, for instance Mg(OH)2) in the

appropriate amounts and a second container, likewise syringes, vials, devices or

cartridges, all of them being disposable or not, containing the water-miscible solvent.

When required, the contents of both containers are combined, for example through a

connector or by using male-female syringes, vials, devices or cartridges, all of them

being disposable or not, and mixed each other so that the compositions according to the

invention are reconstituted, for example by moving forwards and backwards the

plungers of the syringes. In a preferred embodiment the containers are connectable

through a connector device. Illustrative preferred embodiments are shown in Figure 53

(syringes connected through a connector device) and in Figure 54 (syringes connected

through a direct thread).

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Rivastigmine and Bemiparin release profile from implants obtained in

Comparative Example 1. Results are expressed as % drug released from implants as

function of time.

Figure 2. Rivastigmine plasma levels profile in New Zealand rabbits induced by

implants obtained in Comparative Example 1. Results are expressed as the

concentrations of Rivastigmine as function of time.

Figure 3. Fentanyl and Olanzapine release profile from implants obtained in Example

1. Results are expressed as % drug released from implants as function of time.



Figure 4. Risperidone and Letrozole release profile from implants obtained in Example

1. Results are expressed as % drug released from implants as function of time.

Figure 5. Risperidone plasma levels profile in New Zealand rabbits induced by implant

obtained in Example 1. Results are expressed as the sum of the concentrations of

Risperidone and its active metabolite 9-hydroxide-risperidone as function of time.

Figure 6. Letrozole plasma levels profile in New Zealand rabbits induced by implant

obtained in Example 1. Results are expressed as the concentrations of Letrozole as

function of time.

Figure 7. Fentanyl plasma levels profile in New Zealand rabbits induced by implant

obtained in Example 2 . Results are expressed as the concentrations of Fentanyl as

function of time.

Figure 8. Olanzapine plasma levels profile in New Zealand rabbits induced by implant

obtained in Example 2 . Results are expressed as the concentrations of Olanzapine as

function of time.

Figure 9. Fentanyl release profile from implants obtained in Example 3 . Results are

expressed as % Fentanyl released from implants as function of time.

Figure 10. Fentanyl plasma levels profile in New Zealand rabbits induced by implants

obtained in Example 3 . Results are expressed as the concentrations of Fentanyl as

function of time.

Figure 11. Fentanyl plasma levels profile in New Zealand rabbits induced by implants

obtained in Example 3 . Results are expressed as the concentrations of Fentanyl as

function of time.

Figure 12. Olanzapine release profile from implants obtained in Example 4 . Results are

expressed as % Olanzapine released from implants as function of time.

Figure 13. Olanzapine release profile from implants obtained in Example 4 . Results are

expressed as % Olanzapine released from implants as function of time.

Figure 14. Olanzapine plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 4 . Results are expressed as the concentrations of

Olanzapine as function of time.

Figure 15. Risperidone release profile from implants obtained in Example 5 . Results

are expressed as % Risperidone released from implants as function of time.



Figure 16. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 5 . Results are expressed as the sum of the concentrations

of Risperidone and its active metabolite 9-hydroxide-risperidone as function of time.

Figure 17. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 5 . Results are expressed as the sum of the concentrations

of Risperidone and its active metabolite 9-hydroxide-risperidone as function of time.

Figure 18. Letrozole release profile from implants obtained in Example 6 . Results are

expressed as % Letrozole released from implants as function of time.

Figure 19. Letrozole plasma levels profile in New Zealand rabbits induced by implants

obtained in Example 6 . Results are expressed as the concentrations of Letrozole as

function of time.

Figure 20. Letrozole plasma levels profile in New Zealand rabbits induced by implant

obtained in Example 6 . Results are expressed as the concentrations of Letrozole as

function of time.

Figure 21. Fentanyl release profile from implants obtained in Example 7 . Results are

expressed as % Fentanyl released from implants as function of time.

Figure 22. Fentanyl plasma levels profile in New Zealand rabbits induced by implants

obtained in Example 7 . Results are expressed as the concentrations of Fentanyl as

function of time.

Figure 23. Olanzapine release profile from implants obtained in Example 8. Results are

expressed as % Olanzapine released from implants as function of time.

Figure 24. Risperidone release profile from implants obtained in Example 9 . Results

are expressed as % Risperidone released from implants as function of time.

Figure 25. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 9 . Results are expressed as the sum of the concentrations

of Risperidone and its active metabolite 9-hydroxide-risperidone as function of time.

Figure 26. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 9 . Results are expressed as the sum of the concentrations

of Risperidone and its active metabolite 9-hydroxide-risperidone as function of time.

Figure 27. Letrozole release profile from implants obtained in Example 10. Results are

expressed as % Letrozole released from implants as function of time.



Figure 28. Letrozole release profile from implants obtained in Example 10. Results are

expressed as % Letrozole released from implants as function of time.

Figure 29. Letrozole plasma levels profile in New Zealand rabbits induced by implants

obtained in Example 10. Results are expressed as the concentrations of Letrozole as

function of time.

Figure 30. Letrozole plasma levels profile in New Zealand rabbits induced by implant

obtained in Example 10. Results are expressed as the concentrations of Letrozole as

function of time.

Figure 31. Fentanyl and Risperidone release profile from implants obtained in

Comparative Examples 2-3. Results are expressed as % drug released from implants as

function of time.

Figure 32. Olanzapine, Risperidone and Letrozole release profile from implants

obtained in Comparative Examples 2-3. Results are expressed as % drug released from

implants as function of time.

Figure 33. Fentanyl plasma levels profile in New Zealand rabbits induced by implants

obtained in Comparative Examples 2-3. Results are expressed as the concentrations of

Fentanyl as function of time.

Figure 34. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Comparative Examples 2-3. Results are expressed as the sum of

the concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figure 35. Fentanyl release profile from implants obtained in Example 14. Results are

expressed as % Fentanyl released from implants as function of time.

Figure 36. Risperidone release profile from implants obtained in Example 15. Results

are expressed as % Risperidone released from implants as function of time.

Figure 37. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 15. Results are expressed as the sum of the

concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figure 38. Letrozole release profile from implants obtained in Example 16. Results are

expressed as % Letrozole released from implants as function of time.



Figure 39. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 17. Results are expressed as the sum of the

concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figure 40. Risperidone release profile from implants obtained in Example 18. Results

are expressed as % Risperidone released from implants as function of time.

Figure 41 Risperidone release profile from implants obtained in Example 18. Results

are expressed as % Risperidone released from implants as function of time.

Figure 42. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 18. Results are expressed as the sum of the

concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figure 43. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 18. Results are expressed as the sum of the

concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figure 44. Risperidone release profile from implants obtained in Example 19. Results

are expressed as % Risperidone released from implants as function of time.

Figure 45. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 19. Results are expressed as the sum of the

concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figure 46. Risperidone plasma levels profile in New Zealand rabbits induced by

implants obtained in Example 19. Results are expressed as the sum of the

concentrations of Risperidone and its active metabolite 9-hydroxide-risperidone as

function of time.

Figures 47 and 48. Ilustrative embodiments of syringes usable in the present invention.

EXAMPLES

The following examples illustrate the invention and should not be considered in a

limitative sense thereof.



Throughout the present description, without limitation and in connection with the in vivo

examples, for "Initial Burst" or initial release it is meant the sum of the plasma levels of

the drug from the moment of the injection until the third day after the administration. In

the case of Risperidone as drug, the plasma levels comprise both risperidone and 9-OH-

risperidone, which sum is also called "the active moiety" throughout the present

description.

Comparative Example 1: Implantable composition including a drug having a

water solubility > 2mg/mL (example not according to the invention).

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent, thereby forming the so-called "polymeric solution", and subsequently

adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from each formulation of this example was evaluated according to the

following procedure: The amount of formulation corresponding to 25 mg of drug was

injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was 250 ml phosphate buffer pH= 7.4. The

flasks were then placed into an oven at 37°C and kept under horizontal shaking at 50

rpm. At previously scheduled time points (2h, Id, and periodically up to 14 days), 5 ml

of release medium was collected and replaced with fresh buffer and the amount of drug



present in the sample was determined by UV spectrophotometry for rivastigmine base

and tartrate, and nephelometry in the case of bemiparin. The profile of drug released

from the implants of this example is shown in Figure 1. The results are expressed as %

drug released from implants as a function of time.

As it can be observed in this Figure 1, the release of rivastigmine tartrate and bemiparin

during the first 24 hours turned to be completely uncontrollable, being higher than 70%

of the injected amount. In the case of rivastigmine base, the release was substantially

lower, however it was also quite high during the first 24 hours, close to 15% of the

injected amount and close to 35% in the first 48 hours and 80% after 5 days, therefore

producing a high drug release by diffusion process and a consequent incapacity of the

formulation to control the release of the drugs.

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The rivastigmine formulations of this example were intramuscularly injected to New

Zealand White rabbits weighing an average of 3 kg. The amount injected corresponded

to a dose of 30 mg rivastigmine and the formulation was intramuscularly placed in the

left hind leg using a syringe with a 20G needle. The total number of rabbits per

formulation was 3 . After injection, plasma levels were obtained at 0, 4h, Id, 2d, 4d and

7d.

The kinetics of the plasma levels corresponding to the rivastigmine was evaluated. The

profile of the plasma levels of the rivastigmine is shown in Figure 2 . As it can be

observed in this Figure, the injection of an amount of formulation equivalent to 30 mg

rivastigmine to New Zealand White rabbits resulted in very high initial plasma levels

followed by a rapid decrease, with no significant plasma levels from day 2 onwards.

These results are in accordance with in vitro findings, which demonstrates the rather

poor control on the initial drug release achieved when drugs with solubility >2 mg/ml

are used in the formulations of the invention.



Example 1: Implantable composition including a drug with water solubility < 2

mg/mL.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from each formulation of this example was evaluated according to the

following procedure depending on the formulated drug: The amount of formulation

corresponding to 9, 10, 25 or 3 mg of fentanyl, olanzapine, risperidone or letrozole was

injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was phosphate buffer pH= 7.4 (100 ml for

fentanyl and 250 ml for the remaining drugs). The flasks were then placed into an oven

at 37°C and kept under horizontal shaking at 50 rpm. At previously scheduled time

points (2h, Id, and periodically up to 21, 42 or 58 days), 5 ml of release medium was

collected and replaced with fresh buffer and the amount of drug present in the sample

was determined by UV spectrophotometry (fentanyl, olanzapine, risperidone) or HPLC-

FLD (letrozole). The profile of drug released from the implants of this example is

shown in Figure 3 (fentanyl, olanzapine) and Figure 4 (risperidone, letrozole). The

results are expressed as % drug released from implants as a function of time.



As it can be observed in Figure 3 and Figure 4, the release of the four drugs was

controlled to a different extent depending on the drug, but in all cases a certain control

was obtained at least during 1 days. None of the drugs showed a high initial burst

release, such release being less than 10% during the first 24 hours and less than 15%

during the first 3 days in all the cases.

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The risperidone and letrozole formulations of this example were intramuscularly

injected to New Zealand White rabbits weighing an average of 3 kg. The amount

injected corresponded to a dose of 15 mg risperidone or 5.4 mg letrozole, and the

formulation was intramuscularly placed in the left hind leg using a syringe with a 20G

needle. The total number of rabbits per composition was 3 . After injection, plasma

levels were obtained at 0, 4h, Id, 2d, 3d, 5d, 7d, 10, 14d and periodically up to 35d and

56d, respectively.

The kinetics of the drug plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of the risperidone (active moiety,

corresponding to risperidone plus its pharmacologically equivalent metabolite 9-OH-

risperidone) and letrozole is shown in Figure 5 and Figure 6, respectively. As it can be

observed in these Figures, the injection of an amount of formulation equivalent to 15

mg risperidone or 5.4 mg letrozole to New Zealand White rabbits resulted in controlled

initial plasma levels, conferring to the compositions a duration of at least 2 1 and 49

days, respectively, with constant levels until the drug is completely released when

plasma levels decline.

Example 2 : Implantable composition including a drug with water solubility < 2

mg/mL (continuation).

In the present example, the composition of the implantable formulation was as follows:



Drug Polymer Polymer Polymer Solvent

lactic/glycolic Inherent Solution

ratio Viscosity Viscosity

(dL/g) (Pa.s)

Fentanyl 50:50 0.40 6.77 DMSO

Olanzapine 50:50 0.40 1.85 DMSO

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The formulations of this example were intramuscularly injected to New Zealand White

rabbits weighing an average of 3 kg. The amount injected corresponded to a dose of 4.2

mg fentanyl or 46.2 mg olanzapine, and the composition was intramuscularly placed in

the left hind leg using a syringe with a 20G needle. The total number of rabbits per

formulation was 3 . After injection, plasma levels were obtained at 0, 4h, Id, 2d, and

periodically up to 14d and 36d, respectively.

The kinetics of the drug plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of the fentanyl and olanzapine is shown in

Figure 7 and Figure 8, respectively. As it can be observed in these Figures, the injection

of an amount of composition equivalent to 4.2 mg fentanyl or 46.2 mg olanzapine to

New Zealand White rabbits resulted in controlled initial plasma levels, conferring to the

compositions a duration of at least 14 and 28 days, respectively, with constant levels,

particularly in the case of olanzapine, until the drug is almost completely released when

plasma levels decline.

The results of this example, together with Example 1, show that drugs having a water

solubility lower than 2 mg/mL can be satisfactorily used in the implantable formulations

of the invention.

Example 3 : Different inherent viscosities of the polymer for the drug Fentanyl.

In the present example, the composition of the implantable formulation was as follows:



lactic/ Inherent Solution

glycolic Viscosity Viscosity

ratio (dL/g) (Pa.s)

A Fentanyl 50:50 0.40 1.12 DMSO

B Fentanyl 50:50 0.40 6.77 DMSO

C Fentanyl 75:25 0.20 0.43 DMSO

D Fentanyl 75:25 0.20 1.95 DMSO

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from formulations A and C of this example was evaluated according

to the following procedure: The amount of formulation corresponding to 9 mg of

fentanyl was injected from prefilled syringes into flasks having a pre-warmed release

medium by using a 2 1G needle. The release medium was 100 ml phosphate buffer pH=

7.4. The flasks were then placed into an oven at 37°C and kept under horizontal shaking

at 50 rpm. At previously scheduled time points (2h, Id, and periodically up to 20d), 5

ml of release medium was collected and replaced with fresh buffer and the amount of

fentanyl present in the sample was determined by UV spectrophotometry. The profile of

fentanyl released from the implants of this example is shown in Figure 9 . The results are

expressed as % drug released from the implants as a function of time.

As it can be observed in this Figure 9, the release of the fentanyl is better controlled

when 0.40 dL/g inherent viscosity polymer (composition A) is used instead of 0.20 dL/g

(composition C). The higher inherent viscosity polymer is capable of controlling the

initial burst during first 24 hours, such burst being lower than 10% in the case of 0.40

dL/g, whereas it is above 10% in the case of 0.20 dL/g polymer. After 3 days, in the

case of 0.20 dL/g inherent viscosity the release is close to 30%>, and close to 60%> after

10 days, whereas in the case of 0.40 dL/g viscosity the release is below 15% and 30%

after 3 and 10 days respectively.



In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The fentanyl formulations of this example were intramuscularly injected to New

Zealand White rabbits weighing an average of 3 kg. The amount injected corresponded

to a dose of 4.2 mg fentanyl, and the formulation was intramuscularly placed in the left

hind leg using a syringe with a 20G needle. The total number of rabbits per composition

was 3 . After injection, plasma levels were obtained at 0, 4h, Id, 2d, 4d, 7d, lOd and 14d.

The kinetics of fentanyl plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of fentanyl is shown in Figure 10 and Figure

11. As it can be observed in these Figures, the injection of an amount of formulation

equivalent to 4.2 mg fentanyl to New Zealand White rabbits resulted in better controlled

initial plasma levels (first 3 days) when a polymer with an inherent viscosity of 0.40

dL/g (compositions A and B) instead of 0.20 dL/g (compositions C and D) was used.

Example 4 : Different inherent viscosities of the polymer for the drug Olanzapine.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.



In vitro releaseprofile:

The drug released from composition A, C, D and E of this example was evaluated

according to the following procedure. The amount of formulation corresponding to 10

mg of olanzapine was injected from prefilled syringes into flasks having a pre-warmed

release medium by using a 21G needle. The release medium was 250 ml phosphate

buffer pH= 7.4. The flasks were then placed into an oven at 37°C and kept under

horizontal shaking at 50 rpm. At previously scheduled time points (2h, Id, and

periodically up to 2 Id or 49d), 5 ml of release medium was collected and replaced with

fresh buffer and the amount of olanzapine present in the sample was determined by UV

spectrophotometry. The profile of olanzapine released from the implants of this example

is shown in Figure 12 and Figure 13. The results are expressed as % drug released from

implants as a function of time.

As it can be observed in Figure 12, the release of the olanzapine is not satisfactorily

controlled when a 0.20 dL/g inherent viscosity formulation (formulation C) is used

instead of 0.43 dL/g (formulation A), the latter showing an overall faster drug release in

spite of the fact that the former formulation comprises a 75:25 lactic/glycolic polymer

with a degradation time slower than a 50:50 one, probably due to a high diffusion

process resulting in the shown incapability to retain the drug. On the other hand, the

formulation with 0.43 dL/g inherent viscosity showed a controlled drug release until the

polymer started to degrade (around 10 days). Figure 13 shows how polymers with

inherent viscosity of 0.30 and 0.38 dL/g are also capable to satisfactorily control the

initial olanzapine release until at least the time when the polymer begins to degrade,

namely around 2 1 days for 75:25 lactic/glycolic polymer (formulation D) and longer

than 49 days for 100:0 lactic/glycolic polymer (formulation E).

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The olanzapine formulations B and D of this example were intramuscularly injected to

New Zealand White rabbits weighing an average of 3 kg. The amount injected

corresponded to a dose of 46.3 mg olanzapine, and the composition was intramuscularly

placed in the left hind leg using a syringe with a 20G needle. The total number of



rabbits per composition was 3 . After injection, plasma levels were obtained at 0, 4h, Id,

2d, 4d, 7d, lOd and periodically up to 56 days.

The kinetics of olanzapine plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of olanzapine is shown in Figure 14. As it

can be observed in this Figure, the injection of an amount of formulation equivalent to

46.2 mg olanzapine to New Zealand White rabbits resulted in constant and controlled

initial plasma levels (first 3 days) when a polymer with an inherent viscosity of 0.38 and

0.43 dL/g was used, with duration periods of 49 and 28 days respectively.

Example 5: Different inherent viscosities of the polymer for the drug Risperidone.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from formulations A, C, and D of this example was evaluated

according to the following procedure: The amount of formulation corresponding to 25

mg of risperidone was injected from prefilled syringes into flasks having a pre-warmed

release medium by using a 21G needle. The release medium was 250 ml phosphate



buffer pH= 7.4. The flasks were then placed into an oven at 37°C and kept under

horizontal shaking at 50 rpm. At previously scheduled time points (2h, Id, and

periodically up to 49d), 5 ml of release medium was collected and replaced with fresh

buffer and the amount of risperidone present in the sample was determined by UV

spectrophotometry. The profile of risperidone released from the implants of this

example is shown in Figure 15. The results are expressed as % drug released from

implants as a function of time.

As it can be observed in Figure 15, the release of the risperidone is not satisfactorily

controlled when polymers having 0.20 and 0.22 dL/g inherent viscosity values

(Formulations D and A, respectively) were used instead of 0.40 dL/g (Formulation C),

the latter formulations showing faster drug releases in spite of the fact that the 75:25

lactic/glycolic polymer (composition D) has a degradation time slower than a 50:50

polymer. These low inherent viscosity polymers demonstrate their inability for an

adequate control of the drug release, probably due to the fact that they evoke high drug

diffusion processes. Once again, 0.40 dL/g inherent viscosity polymers show a well-

controlled drug release until the polymer starts to degrade (around 14 days).

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The risperidone compositions B, C, D, E and F of this example were intramuscularly

injected to New Zealand White rabbits weighing an average of 3 kg. The amount

injected corresponded to a dose of 15 mg risperidone, and the composition was

intramuscularly placed in the left hind leg using a syringe with a 20G needle. The total

number of rabbits per composition was 3 . After injection, plasma levels were obtained

at 0, 4h, Id, 2d, 4d, 7d, lOd and periodically up to 28 days.

The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figures 16 and 17. The results are expressed as the sum of the risperidone plus 9-OH-

risperidone concentrations (ng/ml) as a function of time, since the therapeutic activity of

9-OH-risperidone is substantially equivalent to that of risperidone. As it can be



observed in these Figures, the injection of an amount of composition equivalent to 15

mg risperidone to New Zealand White rabbits resulted in poorly controlled plasma

levels when a low inherent viscosity polymer, 0.20 and 0.22 dL/g was used

(Formulations D and B, respectively). Composition D is incapable to satisfactorily

control the initial drug release, eliciting high initial plasma levels and a subsequent fast

decrease, whereas composition B cannot avoid an uncontrollable release, showing a

profile with two plasma peaks. On the other hand, polymers with higher inherent

viscosity (0.30-0.40 dL/g) induced moderate initial plasma levels during first 24 hours

followed by sustained levels during at least 28 days.

Example 6: Different inherent viscosities of the polymer for the drug Letrozole.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug release from composition A, B and C of this example was evaluated according

to the following procedure: The amount of formulation corresponding to 3 mg of

letrozole was injected from prefilled syringes into flasks having a pre-warmed release

medium by using a 21G needle. The release medium was 250 ml phosphate buffer pH=

7.4. The flasks were then placed into an oven at 37°C and kept under horizontal shaking

at 50 rpm. At previously scheduled time points (2h, Id, and periodically up to 94d



depending on the profile), 5 ml of release medium was collected and replaced with fresh

buffer and the amount of letrozole present in the sample was determined by HPLC-

FLD. The profile of letrozole released from the implants of this example is shown in

Figure 18. The results are expressed as % drug released from implants as a function of

time.

As it can be observed in Figure 18, the release of the letrozole is not controlled when a

0.20 dL/g inherent viscosity polymer (Formulation B) was used instead of 0.38 or 0.43

dL/g (Formulations C and A, respectively), the former showing a faster drug release

probably due to high drug diffusion processes. On the other hand, 0.38 and 0.43 dL/g

inherent viscosity polymers showed controlled drug release for at least 63 days or more

(Formulation A).

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The letrozole compositions A, C and D of this example were intramuscularly injected to

New Zealand White rabbits weighing an average of 3 kg. The amount injected

corresponded to a dose of letrozole of 5.4 mg (composition A and C) or 16.2 mg

(composition D), and the composition was intramuscularly placed in the left hind leg

using a syringe with a 20G needle. The total number of rabbits per composition was 3 .

After injection, plasma levels were obtained at 0, 4h, Id, 2d, 4d, 7d, lOd and

periodically up to 56 days.

The kinetics of letrozole plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of letrozole is shown in Figure 19 and Figure

20. As it can be observed in the Figure 19, the injection of an amount of formulation

equivalent to 5.4 mg letrozole to New Zealand White rabbits resulted in controlled

initial plasma levels (first 3 days) with a duration period of at least 56 days when

polymers having an inherent viscosity of 0.38-0.43 dL/g were used. Hence, an inherent

viscosity of 0.30 dL/g (Figure 20) resulted in an adequate control of the initial plasma

levels followed by constant plasma levels for at least 35 days.



Example 7: Different viscosities of the polymeric solution for the drug Fentanyl.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from Formulations A and B of this example was evaluated according

to the following procedure: The amount of formulation corresponding to 9 mg of

fentanyl was injected from prefilled syringes into flasks having a pre-warmed release

medium by using a 2 1G needle. The release medium was 100 ml phosphate buffer pH=

7.4. The flasks were then placed into an oven at 37°C and kept under horizontal shaking

at 50 rpm. At previously scheduled time points (2h, Id, and periodically up to 20d), 5

ml of release medium was collected and replaced with fresh buffer and the amount of

fentanyl present in the sample was determined by UV spectrophotometry. The profile of

fentanyl released from the implants of this example is shown in Figure 21. The results

are expressed as % drug released from implants as a function of time.

As it can be observed in this Figure 21, the release of the fentanyl it is better controlled

when a polymer solution having a viscosity of 1.12 Pa.s is used instead of 0.18 Pa.s.

The low viscosity polymer solution (Formulation A) fails to control the release of

fentanyl, allowing a diffusion of 30% of the drug during the first 24 hours, whereas the

higher viscosity polymer solution (composition B) allowed a controlled release for 2 1

days.



In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The fentanyl Formulations B and C of this example were intramuscularly injected to

New Zealand White rabbits weighing an average of 3 kg. The amount injected

corresponded to a dose of 4.2 mg fentanyl, and the composition was intramuscularly

placed in the left hind leg using a syringe with a 20G needle. The total number of

rabbits per composition was 3 . After injection, plasma levels were obtained at 0, 4h, Id,

2d, 4d, 7d, 10d and l4d.

The kinetics of fentanyl plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of fentanyl is shown in Figure 22. As it can

be observed in this Figure, the injection of an amount of composition equivalent to 4.2

mg fentanyl to New Zealand White rabbits resulted in controlled initial plasma levels

(first 3 days) when the viscosity of polymer solution of composition is in the range

1.12-6.77 Pa.s, and a duration of around 14 days.

Example 8: Different viscosities of the polymeric solution for the drug Olanzapine.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:



The drug released from the formulations of this example was evaluated according to the

following procedure: The amount of formulation corresponding to 10 mg of olanzapine

was injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was 250 ml phosphate buffer pH= 7.4. The

flasks were then placed into an oven at 37°C and kept under horizontal shaking at 50

rpm. At previously scheduled time points (2h, Id, and periodically up to 2 1d or 49d), 5

ml of release medium was collected and replaced with fresh buffer and the amount of

olanzapine present in the sample was determined by UV spectrophotometry. The profile

of olanzapine released from the implants of this example is shown in Figure 23. The

results are expressed as % drug released from implants as a function of time.

As it can be observed in Figure 23, the release of the olanzapine is satisfactorily

controlled at the initial moment and later on when polymers having different

lactic/glycolic ratios (from 50:50 to 100:0) were used in formulations with a viscosity of

the polymeric solution in the range of 0.46-3 .16 Pa.s.

Example 9: Different viscosities of the polymeric solution for the drug Risperidone.

In the present example, the composition of the implantable formulation was as follows:

Formulation Drug Polymer Polymer Polymer Solvent

lactic/ Inherent Solution

glycolic Viscosity Viscosity

ratio (dL/g) (Pa.s)

A Risperidone 50:50 0.40 0.04 DMSO

B Risperidone 50:50 0.40 0.18 DMSO

C Risperidone 50:50 0.40 1.12 DMSO

D Risperidone 50:50 0.40 6.77 DMSO

E Risperidone 75:25 0.38 0.66 DMSO

F Risperidone 100:0 0.30 0.26 DMSO



The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from compositions A, B, C, and D of this example was evaluated

according to the following procedure: The amount of formulation corresponding to 25

mg of risperidone was injected from prefilled syringes into flasks having a pre-warmed

release medium by using a 21G needle. The release medium was 250 ml phosphate

buffer pH= 7.4. The flasks were then placed into an oven at 37°C and kept under

horizontal shaking at 50 rpm. At previously scheduled time points (2h, Id, and

periodically up to 49d), 5 ml of release medium was collected and replaced with fresh

buffer and the amount of risperidone present in the sample was determined by UV

spectrophotometry. The profile of risperidone released from the implants of this

example is shown in Figure 24. The results are expressed as % drug released from

implants as a function of time.

As it can be observed in the Figure 24, the release of the risperidone it is absolutely not

controlled when the viscosity of the polymer solution was 0.04 Pa.s, and not

satisfactorily controlled in the case of 0.18 Pa.s, where an initial drug release higher

than 15% during first 24 hours, and close to 25% during first 3 days, was observed. On

the other hand, higher polymer solution viscosities, in this example 1.12 and 6.77 Pa.s,

resulted in a suitable control of the drug release, allowing prolonged release times for at

least 35 days.

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The risperidone Formulations C, D, E and F of this example were intramuscularly

injected to New Zealand White rabbits weighing an average of 3 kg. The amount

injected corresponded to a dose of 15 mg risperidone, and the composition was

intramuscularly placed in the left hind leg using a syringe with a 20G needle. The total

number of rabbits per composition was 3 . After injection, plasma levels were obtained

at 0, 4h, Id, 2d, 5d, 7d, lOd and periodically up to 35 days.



The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figures 25 and 26. The results are expressed as the sum of the risperidone plus 9-OH-

risperidone concentrations (ng/ml) as a function of time, since the therapeutic activity of

9-OH-risperidone is substantially equivalent to that of risperidone. As it can be

observed in these Figures, the injection of an amount of composition equivalent to 15

mg risperidone to New Zealand White rabbits resulted in satisfactorily controlled

plasma levels in all cases when polymer solution viscosities in the range 0.26-6.77 Pa.s

where used, thereby providing therapeutic plasma levels after 4 hours, and sustained

plasma levels from the 3rd day until at least 2 1 days.

Example 10: Different viscosities of the polymeric solution for the drug Letrozole.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from Formulations A, B, D and E of this example was evaluated

according to the following procedure: The amount of formulation corresponding to 3

mg of letrozole was injected from prefilled syringes into flasks having a pre-warmed



release medium by using a 21G needle. The release medium was 250 ml phosphate

buffer pH= 7.4. The flasks were then placed into an oven at 37°C and kept under

horizontal shaking at 50 rpm. At previously scheduled time points (2h, Id, and

periodically depending on the obtained profile), 5 ml of release medium was collected

and replaced with fresh buffer and the amount of letrozole present in the sample was

determined by HPLC-FLD. The profile of letrozole released from the implants of this

example is shown in Figure 27 and Figure 28. The results are expressed as % drug

released from implants as a function of time.

As it can be observed in these Figures, the release of the letrozole is satisfactorily

controlled in all cases where polymeric solutions having a viscosity in the range 0.26-

1.62 Pa.s were used. All the formulations showed an initial release below 10% during

first day. As Figure 27 shows, both 50:50 (Composition A) and 75:25 (Composition B)

lactic/glycolic polymer satisfactorily control the release of letrozole, although the

release rate was logically slower (with a consequent longer duration period) for the

75:25 polymer. A polymer with a 100:0 lactic/glycolic ratio (Figure 28, Compositions D

and E) also resulted in a satisfactory initial and sustained control.

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The letrozole compositions A, C and E of this example were intramuscularly injected to

New Zealand White rabbits weighing an average of 3 kg. The amount injected

corresponded to a dose of letrozole of 5.4 mg (Formulation A) or 16.2 mg

(Formulations C and E), and the composition was intramuscularly placed in the left hind

leg using a syringe with a 20G needle. The total number of rabbits per composition was

3 . After injection, plasma levels were obtained at 0, 4h, Id, 2d, 3d, 5d, 7d, lOd and

periodically up to 56 days.

The kinetics of letrozole plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of letrozole is shown in Figure 29 and Figure

30. As it can be observed in the Figure 29, the injection of an amount of composition

equivalent to 16.2 mg letrozole to New Zealand White rabbits resulted in controlled

initial plasma levels (first 3 days) with a duration period of at least 2 1 days when the



viscosity of the polymer solution was 1.20-1.45 Pa.s, and using 75:25 or 100:0

lactic/glycolic polymers. Also, the injection of an amount of composition equivalent to

5.4 mg letrozole with a composition involving a polymer solution viscosity of 1.62 Pa.s

(Figure 30) resulted in satisfactorily controlled initial plasma levels followed by

constant plasma levels for at least 42 days using a 50:50 lactic/glycolic polymer.

Comparative Examples 2-3: Implantable formulations including a low water

miscible solvent (example not according to the invention).

In the present example, the composition of the implantable formulation was as follows:

BB: benzyl benzoate

BA: benzyl alcohol

AA: acetic acid

In vitro releaseprofile:

The drug release from compositions B, D, E, F, and G of this example was evaluated

according to the following procedure, variable depending on the formulated drug: The

amount of formulation corresponding to 9, 10, 25 or 3 mg of fentanyl, olanzapine,

risperidone or letrozole was injected from prefilled syringes into flasks having a pre-

warmed release medium by using a 21G needle. The release medium was phosphate

buffer pH= 7.4 (100 ml for fentanyl and 250 ml for the remaining drugs). The flasks

were then placed into an oven at 37°C and kept under horizontal shaking at 50 rpm. At



previously scheduled time points (2h, Id, and periodically up to 28 days, depending of

each compostions), 5 ml of release medium was collected and replaced with fresh buffer

and the amount of drug present in the sample was determined by UV spectrophotometry

(fentanyl, olanzapine, risperidone) or HPLC-FLD (letrozole). The profile of drug

released from the implants of this example is shown in Figure 37 and Figure 38. The

results are expressed as % drug released from implants as a function of time.

As it can be observed in these Figures, low water miscible solvents such as benzyl

benzoate and benzyl alcohol resulted unsuitable for their use in injectable long lasting

implantable systems according to the invention, since their drug release profile is too

fast for the desired targets, and resulted uncontrollable, as it can be observed based on

the high initial drug release during first days.

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The fentanyl and risperidone formulations of this example were intramuscularly injected

to New Zealand White rabbits weighing an average of 3 kg. The amount injected

corresponded to a dose of 4.2 mg fentanyl or 15 mg risperidone, and the composition

was intramuscularly placed in the left hind leg using a syringe with a 20G needle. The

total number of rabbits per composition was 3 . After injection, plasma levels were

obtained at 0, 4h, Id, 2d, and periodically up to 14d and 28d, respectively.

The kinetics of the drug plasma levels corresponding to the each composition was

evaluated. The profile of the plasma levels of the fentanyl and risperidone (active

moiety, corresponding to risperidone plus its pharmacologically equivalent metabolite

9-OH-risperidone) is shown in Figure 39 and Figure 40, respectively. As it can be

observed in Figure 39, fentanyl implantable compositions based in low water miscible

solvents as benzyl benzoate, benzyl alcohol and acetic acid evoke huge initial plasma

levels during first day, followed by a fast release with almost no levels from the 2nd day.

In the case of risperidone (Figure 40), the use of same low water miscible solvents

result in very high initial plasma levels (first 4 hours) and, as for fentanyl, followed by a

very fast decrease to low plasma levels, therefore failing to achieve the objective of

sustained plasma levels during at least 14 days.



Example 11: Use of different water-soluble solvents having different polarities for

drug Fentanyl.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from the formulations of this example was evaluated according to the

following procedure: The amount of formulation corresponding to 9 mg of fentanyl was

injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was 100 ml phosphate buffer pH= 7.4. The

flasks were then placed into an oven at 37°C and kept under horizontal shaking at 50

rpm. At previously scheduled time points (2h, Id, and periodically up to 20d), 5 ml of

release medium was collected and replaced with fresh buffer and the amount of fentanyl

present in the sample was determined by UV spectrophotometry. The profile of fentanyl

released from the implants of this example is shown in Figure 41. The results are

expressed as % drug released from the implants as a function of time.

As it can be observed in Figure 35, the release of the fentanyl is well controlled and

sustained for at least 2 1 days when the solvent used, probably due to its high water

miscibility, shows certain polarity characteristics such as large dipole moment (3.7-4.5

D) and high dielectric constant (30-50) as those used in this example.



Example 12: Use of different water-soluble solvents having different polarities for

the drug Risperidone.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from the formulations of this example was evaluated according to the

following procedure: The amount of formulation corresponding to 25 mg of risperidone

was injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was 250 ml phosphate buffer pH= 7.4. The

flasks were then placed into an oven at 37°C and kept under horizontal shaking at 50

rpm. At previously scheduled time points (2h, Id, and periodically up to 42d), 5 ml of

release medium was collected and replaced with fresh buffer and the amount of

risperidone present in the sample was determined by UV spectrophotometry. The

profile of risperidone released from the implants of this example is shown in Figure 36.

The results are expressed as % drug released from implants as a function of time.

As it can be observed in Figure 36, the release of the risperidone is better controlled

when DMSO was used as solvent rather than dioxane: The initial release is lower in the

case of DMSO, and very significant differences among the solvents tested were

observed during first 7 days. When DMSO is used, the formulation is capable of



retaining a sustainable drug diffusion during at least 14 days. On the other hand, a

continuous drug diffusion was observed when dioxane was used, thus resulting in faster

releases and lower duration time periods for the possible therapeutic effect. This fact

reveals that the water miscibility is not the only characteristic of the solvent to take into

account in order to design and develop injectable in situ implantable formulations. The

use of high polar solvents (DMSO) instead of lower ones (Dioxane) induces a faster

implant hardening and thus originating a lower drug diffusion during implant formation.

In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The risperidone compositions B and C of this example were intramuscularly injected to

New Zealand White rabbits weighing an average of 3 kg. The amount injected

corresponded to a dose of 15 mg risperidone, and the composition was intramuscularly

placed in the left hind leg using a syringe with a 20G needle. The total number of

rabbits per composition was 3 . After injection, plasma levels were obtained at 0, 4h, Id,

2d, 5d, 7d, lOd and periodically up to 35 days.

The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figure 37. The results are expressed as the sum of the risperidone plus 9-OH-

risperidone concentrations (ng/ml) as a function of time, since the therapeutic activity of

9-OH-risperidone is substantially equivalent to that of risperidone. As it can be

observed in this Figure, the injection of an amount of composition equivalent to 15 mg

risperidone to New Zealand White rabbits resulted in well controlled initial plasma

levels (first 3 days) when high polar aprotic water miscible solvents having a dipole

moment 3.7-4.5 D and dielectric constant 30-50 is used. This is in accordance with

previously presented results regarding in vitro release of both fentanyl and risperidone,

where as expected, solvents which show a controlled and sustained in vitro release have

the capacity to reproduce the same behaviour following in vivo administration, and

eliciting initial controlled and sustained plasma levels for at least 2 1 days, thus

minimizing the difference between Cmax and Cmin plasma levels.



Example 13: Use of different water-soluble solvents having different polarities for

the drug Letrozole.

In the present example, the composition of the implantable formulation was as follows:

The implantable formulations were prepared by completely dissolving the polymer in

the solvent and subsequently adding the drug in said polymeric solution.

In vitro releaseprofile:

The drug released from the formulations of this example was evaluated according to the

following procedure: The amount of formulation corresponding to 3 mg of letrozole

was injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was 250 ml phosphate buffer pH= 7.4. The

flasks were then placed into an oven at 37°C and kept under horizontal shaking at 50

rpm. At previously scheduled time points (2h, Id, and periodically up to 3Id), 5 ml of

release medium was collected and replaced with fresh buffer and the amount of

letrozole present in the sample was determined by HPLC-FLD. The profile of letrozole

released from the implants of this example is shown in Figure 38. The results are

expressed as % drug released from implants as a function of time.

As it can be observed in the Figure 38, and in accordance with Examples 14 and 15, the

release of the letrozole is well controlled when water miscible solvents having a large

dipole moment (3.7-4.5 D) and dielectric constant (30-50) such as NMP and DMSO are

used instead of lower polar solvents (Dioxane), the latter showing a faster diffusion to

body liquids and thus a faster hardening of the implant, especially during the initial

release, therefore reducing the drug diffusion phenomenon.



Example 14: Study of the addition of a pH modifier.

The same risperidone implantable formulations were prepared by completely dissolving

the polymer in the solvent (DMSO) and subsequently dispersing the drug in the

mentioned polymeric solution with the optional addition of an alkaline agent such

magnesium hydroxide.

Polymer corresponds to a 50:50 lactic/glyco ic, inherent viscosity 0.40 dL/g polymer.

In vivo plasma levels after intramuscular administration to New Zealand rabbit

The risperidone compositions of this example were intramuscularly injected to New

Zealand White rabbits weighing an average of 3 kg. The amount injected corresponded

to a dose of 15 mg risperidone and the composition was intramuscularly placed in the

left hind leg using a syringe with a 20G needle. The total number of rabbits was 2 . After

injection, plasma levels were obtained at 0, 4h, Id, 2d, 3d, 5d, 7d, lOd, 14d, 17d, 21d,

24d, 28d, 3Id, 35d, 38d and 42d.

The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figure 39. The results are expressed as the sum of the risperidone plus 9-OH-

risperidone concentrations (ng/ml) as a function of time, since the therapeutic activity of

9-OH-risperidone is substantially equivalent to that of risperidone. As shown in the

cited figure, the injection of an amount of formulation corresponding to 15 mg

risperidone to New Zealand White rabbits resulted in initial plasma levels starting from

4h post-administration up to at least 23 days. However, by the use of an alkaline agent



within the polymer matrix, a more sustained plasma levels starting from 4h post-

administration, and an enlargement of the time where therapeutic risperidone plasma

levels is achieved, up to at least 32 days.

Example 15: Study of the effect of sterilization by irradiation.

In the present example, the composition of the risperidone implantable formulations

was as follows, always maintaining the same amounts of drug, polymer and solvent:

The implantable formulations were prepared by direct reconstitution of the contents of 2

prefilled syringes, a first one with a mixture of polymer and risperidone, and a second

one with the solvent. The syringes were connected.

The syringe containing polymer plus risperidone mixtures was sterilized by β-

irradiation in the range 5-25 KGy. As shown in the table, two different polymers were

tested, one being a 50:50 polymer with mean Mw 27,020 g/mol, either non-irradiated or

irradiated at 10, 15 or 25 Kgy (Formulations A-D), and the other one being a polymer

with mean Mw 39,708 g/mol, either non-irradiated or irradiated at 15 or 25 Kgy

(Formulations E-G).



Formulations A and E received sterilization irradiations evoking different compositions

due to the losses in polymer molecular weight during the process. However, the

resulting inherent viscosity was never below 0.25 dL/g in any case, and the polymer

solution viscosity was maintained between the range 0.26-6.77 Pa.s, which range was

previously studied and found adequate for this kind of long lasting implantable

formulations (Example 9).

In vitro releaseprofile:

The drug released from compositions of this example was evaluated according to the

following procedure: The amount of formulation corresponding to 25 mg of risperidone

was injected from prefilled syringes into flasks having a pre-warmed release medium by

using a 21G needle. The release medium was 250 ml phosphate buffer pH= 7.4. The

flasks were then placed into an oven at 37°C and kept under horizontal shaking at 50

rpm. At previously scheduled time points (2h, Id, and periodically up to 28 days), 5 ml

of release medium was collected and replaced with fresh buffer and the amount of

risperidone present in the sample was determined by UV spectrophotometry. The

profile of risperidone released from the implants of this example is shown in Figure 40

and Figure 4 1. The results are expressed as % drug released from implants as a function

of time.

As it can be observed in the Figure 46, the release of the risperidone from the same

formulation either non irradiated (composition A) or irradiated at different levels

(compositions B, C and D) in the range 5-25 KGy resulted in very similar profiles

because the inherent viscosity of the polymer and the viscosity of the polymer solution

were still within the preferred range of 0.25-0.48 dL/g and 0.20 to 7 Pa.s, respectively.

Figure 4 1 shows how the other polymer with a higher Mw (39,708 g/mol) (composition

E) which presents an slightly slower release profile, once it is irradiated (compositions F

and G) presents a release profile closer to the non-irradiated lower Mw polymer

(composition A), due to the loss of molecular weight during sterilization process, which

leads to a composition with a polymer inherent viscosity and polymer solution viscosity

inside preferred ranges.



In vivo plasma levels after intramuscular administration to New Zealand rabbit:

The risperidone compositions A, B, C, D and G of this example were intramuscularly

injected to New Zealand White rabbits weighing an average of 3 kg. The amount

injected corresponded to a dose of 15 mg risperidone, and the composition was

intramuscularly placed in the left hind leg using a syringe with a 20G needle. The total

number of rabbits per composition was 3 . After injection, plasma levels were obtained

at 0, 4h, Id, 2d, 5d, 7d, lOd and periodically up to 28 days.

The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figure 42 and Figure 43. The results are expressed as the sum of the risperidone plus

9-OH-risperidone concentrations (ng/ml) as a function of time, since the therapeutic

activity of 9-OH-risperidone is substantially equivalent to that of risperidone. As it can

be observed in these Figures, the injection of an amount of composition equivalent to 15

mg risperidone to New Zealand White rabbits resulted on very similar plasma levels as

could be predicted since in vitro behaviour was very similar after irradiation. Figure 42

and 43 revealed not substantial changes in the plasma levels of the risperidone active

moiety when a formulation comprising 27,020 g/mol mean molecular weight polymer

was irradiated at 10, 15 and 25 KGy, because key parameters such as the inherent

viscosity of the polymer and the viscosity of the polymeric solution viscosity are still

within the previously determined preferred range of 0.25-0.48 dL/g and 0.20 to 7 Pa.s,

respectively.

A higher molecular weight polymer (39,708 g/mol), with inherent viscosity out of the

preferable range (0.58 dL/g), once it is irradiated at 25 KGy (since higher molecular

weight polymers suffered proportionally higher molecular weight losses during

irradiation), led to a polymer with inherent viscosity within the preferred range and an

still adequate viscosity of the polymer solution of 1.78 dL/g. The higher molecular

weight polymer after 25 KGy irradiation resulted extremely close to the non-irradiated

lower one (27,020 g/mol), thereby allowing adequate long lasting implantable systems,



and experimenting a very similar in vivo behaviour (plasma levels profile) as observed

in Figure 43.

Example 16: Study of reconstitution of the formulations.

Risperidone implantable formulations were prepared with the following composition:

Polymer corresponds to a 50:50 lactic/glycolic, inherent viscosity 0.40 dL/g polymer.

The risperidone selected for the compositions of this example showed a usual particle

size distribution between 25-225 microns (not more than 10% of drug particles with a

particle size smaller than 15 microns, and not more than 10% larger than 225 microns).

Three different methods were applied to reconstitute the composition:

A) Vial. The polymeric solution was prepared by weighing the appropriate

amounts of polymer and solvent and mixing them by vortexing until the polymer had

completely dissolved in the solvent. Then, the appropriate risperidone amount was

added to the polymeric solution and an homogeneous suspension was obtained by

vortexing.

B) Syringes. The risperidone, the polymer and the solvent were weighed

independently in glass syringes. The polymeric solution was then prepared by

connecting the respective syringes by a fluid connector so that the solvent was moved

from the syringe containing it to the syringe containing the polymer and then making

several forward-backward cycles from one syringe to the other by pushing the

respective plungers. Once the polymer is completely dissolved in the solvent, the third

syringe containing the risperidone was connected and an homogeneous suspension was

then obtained by doing several additional cycles.



C) Freeze-drying. Polymer and risperidone were freeze-dried in a prefilled glass

syringe and the solvent was placed in a second syringe. The syringes were connected by

a fluid connector and then the solvent was moved to the syringe containing the freeze-

dried polymer-risperidone mixture and finally several forward-backward cycles were

repeated until a homogeneous suspension was achieved.

Preparation methods B and C can also be carried out by direct connection of syringes

using female-male luer syringes.

In vitro releaseprofile:

The risperidone released from formulations corresponding to the 3 methods was

evaluated according to the following procedure: the amount of formulation

corresponding to 25 mg of risperidone was injected from prefilled syringes into flasks

by using a 21G needle followed by the careful addition of a pre-warmed release

medium. The release medium was 250 ml phosphate buffer pH= 7.4. The flasks were

then placed into an oven at 37°C and kept under horizontal shaking at 50 rpm. At

previously scheduled time (2h, Id, 3d, 7d, lOd, 14d, 17d, 21d, 24d, 28d, 3 Id and 35d), 5

ml of release medium was collected and replaced with fresh buffer, and the amount of

risperidone amount present in the sample was determined by UV spectrophotometry.

The profile of risperidone released from the implants is shown in Figure 44. The results

are expressed as %Risperidone released from the formulation as a function of time. As

it can be observed in Figure 44, the release profile of the implantable formulations

prepared by the three different methods was the same during first 2 weeks. However,

after 14 days the preparation method A (vial) resulted in a slightly slower release rate,

probably due the higher porosity of the implants formed by the other 2 methods because

of the air introduced to the formulation during the reconstitution process.

In vivo plasma levels after intramuscular administration to New Zealand rabbit

The risperidone compositions of this example were intramuscularly injected to New

Zealand White rabbits weighing an average of 3 kg. The amount injected corresponded

to a dose of 15 mg risperidone and the composition was intramuscularly placed in the



left hind leg using a syringe with a 20G needle. The total number of rabbits was 2 . After

injection, plasma levels were obtained at 0, 4h, Id, 2d, 3d, 5d, 7d, lOd, 14d, 17d, 21d,

24d, 28d, 3Id, 35d, 38d and 42d.

The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figure 45. The results are expressed as the sum of the risperidone plus 9-OH-

risperidone concentrations (ng/ml) as a function of time, since the therapeutic activity of

9-OH-risperidone is substantially equivalent to that of risperidone. As it can be seen in

the cited Figure, the injection of an amount of formulation corresponding to 15 mg

risperidone to New Zealand White rabbits resulted in initial plasma levels starting from

4h post-administration up to at least 28 days. The methods consisting on reconstitution

of a formulation pre-filled in different containers by their mixing (Methods B and C)

evoked slightly higher initial plasma levels. This could be due to the higher porosity,

and consequently higher initial diffusion, of the implantable formulations prepared by

these two methods in comparison with Method A (preparation inside a vial). This fact

could be also the reason for their higher plasma levels during the first week after

administration.

In vivo plasma levels after intramuscular administration to Beagle dog

The risperidone formulations of this example were also intramuscularly injected to

Beagle dogs weighing an average of 10 kg. The amount injected corresponded to a dose

of 25 mg risperidone and the composition was intramuscularly placed in the left hind

leg using a syringe with a 20G needle. Total number of dogs was 3 . After injection,

plasma levels were obtained at 0, 4h, Id, 2d, 3d, 5d, 7d, lOd, 14d, 17d, 21d, 24d, 28d,

3Id, 35d, 38d and 42d.

The kinetics of the plasma levels corresponding to the risperidone active moiety was

evaluated by measuring both risperidone and its active metabolite 9-OH-risperidone in

the plasma samples. The profile of the risperidone active moiety plasma levels is shown

in Figure 46. The results are expressed as the sum of the risperidone plus 9-OH-



risperidone concentrations (ng/ml) as a function of time, since the therapeutic activity of

9-OH-risperidone is substantially equivalent to that of risperidone. As it can be seen in

the cited Figure, the injection of an amount of formulation corresponding to 25 mg

risperidone to Beagle dogs resulted in well-controlled initial plasma levels with

sustained and similar levels up to at least 35 days using different preparation methods

such as prior elaboration of polymeric solution followed by drug addition (vial, method

A) or by direct reconstitution starting from solid components (syringes, method B).

Conclusions

The above experiments clearly demonstrate that, in an injectable depot composition

intended to release a drug contained therein, the initial burst release of the drug can be

satisfactorily controlled by controlling at least one of the following factors:

■ the viscosity of the polymeric solution;

■ the intrinsic or inherent viscosity (r|i h) of the polymer; and

" the water solubility of the drug.

By adequately controlling at least one of these factors, the release of the drug from the

implant can be precisely controlled during at least the first 14 days and up to 6 months

following a single administration. The injectable compositions of the invention can

therefore form a suspension/dissolution/dispersion within a biodegradable and

biocompatible polymeric solution that can be parenterally administered for example by

means of a syringe and a needle and which solidifies inside the body by solvent

diffusion, thereby forming the implant.



CLAIMS

1) A method for the preparation of an injectable depot composition, comprising the

steps of:

a) mixing a biocompatible polymer which is a polymer or copolymer-based on

lactic acid and/or lactic acid plus glycolic acid having a monomer ratio of lactic

to glycolic acid in the range from 48:52 to 100:0, wherein the polymer has an

inherent viscosity in the range of 0.20-0.48 dl/g, with a drug having a water

solubility lower than 2 mg/ml and/or a metabolite or a prodrug thereof in any

combination, wherein the drug is selected from the group consisting of fentanyl,

olanzapine, risperidone and letrozole;

b) mixing the mixture obtained in step a) with a water-miscible solvent having a

dipole moment of about 3.7-4.5 D and a dielectric constant of between 30 and

50,

characterised in that the viscosity of the polymer solution comprising the polymer and

the solvent is adjusted to the range of between 0.50 and 3.0 Pa.s,

2 . The method according to claim 1, wherein the solvent is DMSO.

3 . The method according to claims 1 or 2, wherein the drug is risperidone.

4 . The method according to any one of previous claims, further comprising the step of

adding to the composition a low water-soluble pH modifier agent.

5 . The method according to claim 4, wherein the low water-soluble pH modifier agent is

Mg(OH)2 at a molar ratio drug:Mg(OH)2 between 2:3 and 2:5.

6 . The method according to any one of previous claims 1-5, wherein the composition is

sterilized.

7 . The method according to claim 6, wherein the sterilization is carried out by sterilising

at least one of the drug and the biocompatible polymer by irradiation in the range 5-25



KGy.

8. The method according to any one of previous claims, wherein the drug and the

biocompatible polymer are provided in a first container and the water-miscible solvent

is provided in a second, separate container, wherein the contents of both containers are

mixed when required.

9 . The method according to claim 8, wherein at least one of the first and second

containers is a syringe, a vial, a device or a cartridge, either disposable or not.

10. The method according to claim 9, wherein the containers are syringes which are

connectable through a connector device or through a direct thread.

11. The method according to claim 10, wherein the mixing of the contents of the first

and second syringes is performed by moving forward and backwards the plungers of the

syringes.
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