-1 Nasal pharmaceutical conposition of piribedil The present invention relates
to a pharmaceutical conposition for the nasal adnministration. 5 of piribedil.
Piribedil is a dopam ne agoni st which stimulates dopam ne receptors and the
cerebral and peripheral dopam nergic pathways. Piribedil has hitherto been
adm nistered by the oral route in the form of prolonged-release tablets to be
swal  owed with half a gl aggsfbnatdb&utical npoatich dbiib&di | tablets are useful in
10 the treatnment of chronic pathol ogical cognitive and neurosensory deficit in
the elderly patient, in the ancillary treatnment of intermttent claudication
in chronic occlusive arteriopathies in the lower linbs and in the treatnent
of Parkinson's disease. Piribedil nay al so be adm ni stered by the injectable
route in order to inprove the Pai nful manifestations of arteriopathies in

i schaeni c &R¢ preRent dpyastippealates to,a pharmacsubisahgampasitioy for the npsaliadgumigisation.

Phar macoki gﬁihﬁecﬁi“di es in humans have shown that the bioavailability of

pi ri bedi | the oral route is lowin relation to the parenteral route and is
subj ect to considerable variation wthin one and the sane individual and from
one indivigual .to another. The cur.rentl rketed formof piribedi.l is a
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active ingﬁgiﬁh@mdoﬁgnﬁggﬂgkm}@s i n humans have shown that, for the 50 ng
dose, therapeutic levels are spread out, over a period lasting nore than 24
hours. However, especially for the treatnent of Parkinson's disease, the | ow
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such Parkinson's patients that rapi d-action formbe made,. . .
10 t?le treatment of chronic patho?ogica? cogx%tive and neurosensory d%ﬁcrt in the elderly

patient, in the ancillary treatment of intermittent claudication in chronic occlusive

arteriopathies in the lower limbs and in the treatment of Parkinson's disease.

Piribedil may also be administered by the injectable route in order to improve the painful
manifestations of arteriopathies in ischaemic attack, sometimes in association with surgical

15 treatment.

Pharmacokinetic studies in humans have shown that the bioavailability of piribedil by the
oral route is low in relation to the parenteral route and is subject to considerable variation

within one and the same individual and from one individual to another.

The currently marketed form of piribedil is a prolonged-release form allowing gradual
20 absorption and release of the active ingredient. Kinetic studies in humans have shown that,
for the 50 mg dose, therapeutic levels are spread out over a period lasting more than

24 hours.

However, especially for the treatment of Parkinson's disease, the low bioavailability of
piribedil and the inter- and intra-individual variations in concentration have resulted in the
25 search for a new formulation allowing those problems to be solved. In addition, it was

especially desirable for such Parkinson's patients that a rapid-action form be made
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-2 The pharmaceutical conpositions of the present invention nake it possible
not only to solve the known problens of the prol onged-rel ease form but al so
to offer a superior nedical service which especially allows the quality of
life of patients to be inproved. Being highly vascul arised, the nasal nucosa
is especially well suited to the rapid 52absorption of piribedil provided that
the pharnmaceutical formis matched to the characteristics of this active

i ngredient. Mre especially, the pharmaceutical conpositions according to the
invention are characterised in that they conprise piribedil or a

phar maceut Thalphgmzeceettahisbmpssitionst dfethegiresenb prvienhiert imake it pedstde ot pnly tand one
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sui tabl e device allow ng the anmount of piribedil that 1s required for .
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pi ribedil Ctlargptaisticabf thistweade ingrédientf orm of the base. The cycl odextrins that
may be used in the pharmaceutical conpositions according to the invention

are, nore specifically, P-cyclodextrins. Anmong the 43-cycl odextrins there nmay
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is around 1.7 (RAMEB). In nasal solutions, preference is
10 The pharmaceutical compositions according to the invention are provided in the form of
aqueous solutions or powders which can be administered to humans with the aid of a
suitable device allowing the amount of piribedil that is required for obtaining the

appropriate therapeutic effect to be delivered on each spray.

In the pharmaceutical compositions according to the invention, the piribedil is in the form

15 of the base or a pharmaceutically acceptable salt.
The piribedil is preferably used in the form of the base.

The cyclodextrins that may be used in the pharmaceutical compositions according to the
invention are, more specifically, B-cyclodextrins. Among the B-cyclodextrins there may be
mentioned, without implying any limitation, methylated or partially methylated B-
20 cyclodextrins, hydroxypropyl-B-cyclodextrin and sulphobutyl ether-B-cyclodextrin.
Preferred cyclodextrins are partially and randomly methylated cyclodextrins. Partially and
randomly methylated cyclodextrin is preferably cyclodextrin wherein the degree of
substitution by methyl groups is around 1.7 (RAMEB). In nasal solutions, preference is

given to the addition of cyclodextrins.




given to the addition of cyclodextrins. -3 The anmount of piribedil (equival ent
of base) in the pharnmaceutical conpositions according to the invention that
are solutions ranges from10 to 500 ny, preferably from 100 to 400 ng and the
anount of cyclodextrin ranges from75 to 3750 ng, preferably from 750 to 3000
ng, for a final aqueous solution of 10 M3-5 Preferably, for a final aqueous
solution of 10 m, the anount of piribedil (equivalent of base) is 100 ng and

the amount Bfe Affunt ag{;iﬁbeal (Beuplafilt 67 6dsePthé pRarkf2C8ddh éo?np%‘éﬁioﬂyaqcsmngggeous

solutions may be rendered isotonic by the addition of sodium chloride,
exanpl e. THe thélimfentipe thajuare soluionsiringes fram gletoed b me, gu¢fembbd from E0kbyo t he

addi tion of, ..hydrochloric acid., 10 I.n the phar eid.cal co itio
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fromO.1 t®080 nig ford iR agidonskslatibdof 00 M my, and the anmount of cyclodextrin
ranges from7.5 to 75 ng. Cinical studies carried out in Parkinson's patients

usi ng the pharmaceutical conpositions according to the invention have shown
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formulation : Piribedil base
........................................................... 100mg 20 RAMEB

R The: aqueous solutions-may be rendered- isotonic-by the-addition: of sodium chloridé,>@r U
Sodium chloride ... ... . e 68

my | N hydresemplsr iThe ¢ df thy. aqueous solutions is preferably, adjusted to, 6 by the addition of . . . . pH

?0 Errifieqn%9£%ﬂﬁkqw%. .......................................................

10 In the pharmaceutical compositions according to the invention that are powders, the
amount of piribedil ranges from 0.1 to 20 mg, preferably from 1 to 10 mg, and the amount

of cyclodextrin ranges from 7.5 to 75 mg.

Clinical studies carried out in Parkinson's patients using the pharmaceutical compositions

according to the invention have shown excellent tolerance in humans, better bioavailability
15 and increased efficacy compared to the oral form currently marketed.

The following Examples illustrate the invention without limiting it in any way.

EXAMPLE1 :

Solution formulation :
20 RAMEB ... oottt eeeresessesesesssssssasssnenaasnnes 750 mg

IN hydrochloric acid, Q.S......ccccernmiervincenireereeeeeeeen pH 6

Purified Water, Q.s......ccoccreeeeeirinirenseieeeee e 10 ml

25 This pharmaceutical composition is administered using a metering pump delivering 100 pl

of solution, or 1 mg of piribedil base, on each spray.



25 Thi s pharmaceutical conposition is adm nistered using a nmetering punp
delivering 100 Al  of solution, or 1 ng of piribedil base, on each spray. -4
EXAMPLE 2 Solution fornulation : Piribedil base

........................................................... 400 nmy RAMEB

......................................... 4o .. ... ... 3000 N 5
Sodium chl oride .. ... 65
nmg IN hydrochloric acid, Q.S ....... .. e e e e e pH

6 Purified wat er, 0.5 .. ... e e
10 M Thi s EXAMPIdERti cal conposition is adm nistered using a netering punp
del i veri ngslgo. lBrf°Of splution, or 4 ng of piribedil base, on each spray. 10

EXAVPLE 3 ANt i on : Piribedil base

<+ - Pinbedilbase L aiadca s 400mg oo e e 2 gy 1§A¥58
MaNNi t 0 RAMEB......coovmeveereerrvrremereesessemssssmssmsmmmsnmnnnnnnnnen 3000mg

...... st Aaeas g o e e e e ... 3 g 15
Thi's phar na@8W AedEsmyysiton-rsauminrsrerdd Bing a powder spray

del i veri ng 1RChy#ochloric@yd]Qrs.... Of...2..00..0f .. pi.L.i.begH 6 base, on each spray. EXAMPLE
4 Powder fornulation : Piribedil base, mcronised

oo ... Purified water, q.S.....coooooricniesnnns e, IO"'H{"P mko Manni t ol
...................................................................... 5 ny

Thi s pharmaceutical conposition is adm nistered using a powder spray
del i ver i ng This phgrméceupicaldempositionl & admgninistepsdrusimgia netezing puorp dedivbringt G0/ul

of solution, or 4 mg of piribedil base, on each spray.

10  EXAMPLE3;

Powder formulation :

Piribedil base .........ccccceeririiiincniniiricnrseenecne e 2mg
RAMEB ...ttt sttt esenasnne 15 mg
Mannitol ..........ooveeeieiiinii e 3mg
15 This pharmaceutical composition is administered using a powder spray delivering 20 mg of

powder, or 2 mg of piribedil base, on each spray.

EXAMPLE 4 :

Powder formulation :

Piribedil base, micronised ..........cccceeveeveervercreerercnnnnnn. 10 mg
20 Mannitol ...........ccoeeercenerieeeeeece et 5mg

This pharmaceutical composition is administered using a powder spray delivering 15 mg of

powder, or 10 mg of piribedil base, on each spray.




-5 Powder formulation : Piribedil nononethanesul phonate
......................... 2.65 ng Lactose
.................................................................. 17.35 ng 5
Thi s pharmaceutical conposition is adm nistered using a powder spray
delivering 20 ng of powder, or 2 ng of .@+sibedil base, on each spray.
CLI NI CAL STUDI ES KI NETI CS, TOLERANCE AND BI QCAVAI LABI LI TY STUDY | N HEALTHY
VCLUNTEERSE@@%Qpﬁﬂgg% was carried out in 24 healthy volunteers in order to
assess the rance of the pharnmaceutical conposition according to the
i nventi on @oedat feomuladokt netics of the formulation. This study was carried
out using the formul ati on descri bed in Exanpl.e 1, admnistered wth the aid
of a neteritph‘@bﬁﬁlﬁr%or@z%‘%]i‘?nﬁﬂﬁswge -400-gi--of 2 PBon on each spray. The 15

doses of pilifedi!| tested are as follows : G7Bsw@e 0.25 ng, 0.5 ng, 1 ng and 2
ng, adm nistered using two sprays each of 100 pl. By neans of this test it
has been possible to show that the | ocal tolerance of the pharnaceutical
conposj tion.accordi ng..tq the i.nventi.on .is ver ood to the 2 dose The
Fosu b of ToRERrRafRabd sonabibuT B adEiisBreinneliORuter bty § v BB R0RREE s
concent r at ipgwdéCol g @Xtpitibealilbale odach sfrapbout 14 ng/m . This dose
corresponds to the mninum effective plasma concentration found to have a
therapeutic effect on the trenors of Parkinson's patients when the latter are
treated by the injectable route.%¥%§ﬁ§9§gggggggénun1concentration i s obtained
15 to 25 mnutes after adm nistra , - these results it has been
possi bl e to deduce that the bioavailability of piribedi

KINETICS, TOLERANCE AND BIOAVAILABILITY STUDY IN HEALTHY

VOLUNTEERS

10 A study was carried out in 24 healthy volunteers in order to assess the local tolerance of
the pharmaceutical composition according to the invention and also the kinetics of the

formulation.

This study was carried out using the formulation described in Example 1, administered
with the aid of a metering pump which delivers 100 pl of solution on each spray. The

15 doses of piribedil tested are as follows : 0.1 mg, 0.25 mg, 0.5 mg, 1 mg and 2 mg,
administered using two sprays each of 100 pl.

By means of this test it has been possible to show that the local tolerance of the
pharmaceutical composition according to the invention is very good up to the 2 mg dose.
The results of the kinetics parameters have shown the following :

20 - The maximum concentration (C max) at the 2 mg dose is about 14 ng/ml. This dose
corresponds to the minimum effective plasma concentration found to have a therapeutic
effect on the tremors of Parkinson's patients when the latter are treated by the injectable
route.

- The said maximum concentration is obtained 15 to 25 minutes after administration.
25 - From these results it has been possible to deduce that the bioavailability of piribedil

administered by the nasal route is from 50 to 70 %.



adm ni stered by the nasal route is from50 to 70 % -6 CLAINM 1.

Phar maceutical conposition in the formof an aqueous solution or powder for
the nasal admnistration of piribedil, characterised in that it conprises : -
piribedil or a pharnaceutically acceptable salt thereof, - optionally a
cyclodextrin, 5 - one or nore pharmaceutiécal | y accept abl e exci pients. 2.

Phar maceutical conposition according to claiml1, characterised in that the
piribedil is in the formof the base.cBAIM&ar maceuti cal conposition according
to either claiml or claim2, charactérised in that the cyclodextrin is a
partially nmethylated G -cyclodextrin. 10 4. Pharnaceutical conposition

accordi ng to a| . ar | i [ Q4

&3- cycl ode;{ rlfﬂnan\ll/\lgéee?uelf%%t% h@%& gléfrl z’gﬂ‘&%ggﬁ%‘ I g%g%@%%él{#ﬁ%dgfgog&e I|1assalar ound
1.7. 5. Phar naisitistraddn efpifbeadil, characierised dh that it eompyisesne of clainms 1 to 4,
characterised in that, for a final_ agueous solution of 10 m, the anmount of
piribedil is from Pibedil 9pa phyymacgicgly acrspigblesalt herecddextrin of from 75 to
3750 ng. 15 6. Pharpmceutical sition according to any one of clainms 1 to
4, characterised i ﬁ%?%g?',ac&ﬁlgﬁgﬁg’ conposition is in powder form the anount

of pirgbedil is tr @ﬂéQ“;,of@};aﬂna&ﬁﬁmyfaaéep@m@wan@j cycl odextrin of from
7.5 to 75 ny.

2. Pharmaceutical composition according to claim 1, characterised in that the piribedil is

in the form of the base.

I»

Pharmaceutical composition according to either claim 1 or claim 2, characterised in

that the cyclodextrin is a partially methylated B-cyclodextrin.

10

>

Pharmaceutical composition according to claim 3, characterised in that the cyclodextrin

is a B-cyclodextrin wherein the degree of substitution by methyl groups is around 1.7.

I

Pharmaceutical composition according to any one of claims 1 to 4, characterised in
that, for a final aqueous solution of 10 ml, the amount of piribedil is from 10 to 500 mg

for an amount of cyclodextrin of from 75 to 3750 mg.

15

[

Pharmaceutical composition according to any one of claims 1 to 4, characterised in
that, when the composition is in powder form, the amount of piribedil is from 0.1 mg to

20 mg for an amount of cyclodextrin of from 7.5 to 75 mg.




