Pharmaceutical forns with inproved pharmacoki netic properties The present
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In addition, drug formulations having a delayed release of cGMP phosphodiesterase inhibitors
have been described (WO 00/24383). Such drug formulations can solve the problem of the rapid
20  decrease in the plasma concentrations. However, delayed-release drug formulations are large and,
for some of the patients, difficult to swallow. Furthermore, they do not address at all the problem

of the low bioavailability of vardenafil.

Furthermore, drug formulations of cGMP phopshodiesterase inhibitors which disintegrate in the
mouth have been described. US 6,221,402 describes a drug formulation inter alia for active
25  compounds for impotence in which the active compound-containing core is coated inter alia with a
polymer insoluble in saliva. US 2002/0002172 describes a drug formulation of the c¢cGMP
phosphodiesterase inhibitor sildenafil which disintegrates in the mouth and which contains the
active compound as a poorly water-soluble free base. Such drug formulations which disintegrate in
the mouth have the advantage of being easy to take by the patient since the drug formulation
30 already disintegrates in the mouth. However, they neither increase bioavailability nor provide

longer retention of plasma concentrations. Since the patient swallows the disintegrated drug
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dissolves at 25°C in 10 ml of physiological saline and when the release rate from the drug

formulation in 900 ml of physiological saline within the first 5 minutes is at least 70% (37°C, USP

paddle stirrer apparatus, SO revolutions per minute).

A further aspect of the invention is the application of an optimized method of administration for
25  the preparations according to the invention. Usually, transmucosal drug formulations are brought
into contact with the mucosa as long and as intensively as possible, for example by sticking an
active compound-containing film to the mucosa of the mouth. If this is not desired or not possible,
tablets are generally swallowed with a little liquid. It has been found that both procedures have a
negative effect on the obtainable bioavailability of vardenafil. In contrast, the bioavailability of
30 vardenafil can be increased when the patient places the drug formulation according to the
invention into the oral cavity, waits until it has disintegrated in the mouth and subsequently
swallows the resulting solution or suspension. Accordingly, the drug formulations according to the
invention are packed in a primary packaging, for example a plastic bottle or a blister pack, and
provided with a label or an information leaflet in which the administration procedure mentioned is

35  described.
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as neaning drug formul ati gns where the_ disintegration _tine (nethod of t he
the “active compound is suitably mixed with sugars, sugar alcohols disintegrants or other

substances which promote disintegration, and also with further auxiliaries, such as surfactants,
lubricants, flow regulators, flavourings, colorants or fillers, and compacting the mixture in a
tableting machine. Preference is given here to using sugar alcohols, such as mannitol or sorbitol, in
25  particular in a concentration (based on the finished tablet) of from 40% to 99%. Alternatively, the
vardenafil salt may be dissolved or suspended in an aqueous solvent together with auxiliaries such
as sugars, sugar alcohols, polymers or surfactants, and the solution or suspension is metered into
blister wells and subjected to a freeze-drying process. Likewise alternatively, the vardenafil salt
may be dissolved or suspended in an organic solvent together with auxiliaries such as film-
30 formers, plasticizers, flavourings and colorants and be processed into a film. Also possible is a
solvent-free film preparation using meltable film formulations. After the preparation, the films are

cut into pieces corresponding to an individual dose.
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2 g of vardenafil, 0.1g of ascorbyl palmitate, 0.5 g of a-tocopherol and 7.8 g of trometamol are

20  dissolved in 250 g of Polysorbat 20, 400 g of 1,2 propylene glycol, 250 g of ethanol 96 %, 35.8 g

of 1 M hydrochloric acid and 52.6 g of water. 5 ml of this solution (corresponds to 10 mg of

vardenafil) are administered to 10 volunteers sublingually for 15 minutes. In the cross-over

comparison, the 10 mg vardenafil tablet described in Comparative Example 1, which is swallowed

with water, is administered to the volunteers as a reference. The relative bioavailability of the

25  sublingually administered solution is 18.9 %.

Comparative Example 3

Low and slow absorption of vardenafil mesilate from a drug formulation for administration via the

mucosa of the mouth

For in each case 15 minutes, a tablet consisting of 2.39 mg of vardenafil monomesilate, 0.0986 mg
30  of methane sulphonic acid, 20 mg of mannitol, 2 mg of croscarmellose sodium, 25.3 mg of
microcrystalline cellulose, 1 mg of magnesium stearate and 0.25 mg of finely divided silica is

administered sublingually to 10 volunteers. The disintegration time of the tablet is 4 minutes. In
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Lack of increased bioavailability in the case of a non-inventive tablet which rapidly disintegrates

in the mouth

11 volunteers each receive a tablet which rapidly disintegrates in the mouth and consists of
20  10.7 mg of vardenafil dihydrate (corresponds to 10 mg of vardenafil), S mg of ground succinic
acid, 0.484 mg of yellow iron oxide, 0.066 mg of red iron oxide, 1.1 mg of apricot flavour, 4.4 mg
of aspartam, 6.6 mg of magnesium stearate and 191.65 mg of Pharmaburst® (commercial mixture
of auxiliaries from SPI). This tablet, which rapidly disintegrates in the mouth, is non-inventive
since the release of active compound in 900ml! of physiological saline at 37°C and 50 rotations per
25  minute in the USP paddle stirrer apparatus is only 40% in 5 minutes, and the dissolution rate
criterion according to the invention is thus not met. In the cross-over comparison with the

reference tablet listed in Comparative Example 1, the relative bioavailability is 101.8 %.

Example 6

Demonstration of increased bioavailability for an inventive tablet which rapidly disintegrates in

30  the mouth

12 volunteers each receive a tablet which rapidly disintegrates in the mouth and consists of

11.85 mg of vardenafil hydrochloride trihydrate, 0.55 mg of yellow iron oxide, 0.075 mg of red
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bi oavai lability _for an . inventive tablet.which rapidly disintegrates i 0

P he raut b 1w b By e Foielioh PTG ATt e 1eaRP PO g Rt dnrbled i n

t he mout fy an s Shé Fiefire 1XA dixyl r&bect@gldenafi | hydrochl oride tihydrate,
0.55 ng of yg¥?om19ron %Eidg,p%§b§% ng of ?ed -6- iron oxide, 0.75 ng of
apricot flavour, 0.125 ng of neohesperidin di hydrochal cone, 2.50 ng of
aspartane, OEmmmpled of finely divided silica, 3.125 ng of nagnesium stearate
and 105.4 ng of Pharmaburst(r). At 25C, about 10.4 ng (corresponds to 8.8

my of vardengbhlasrARd drhiSeR8800valilifity 4654 RlerdtRE 1Ak: WHRNGRFEY WidnEgREOMEd
di ssolve in 10 m of physiological saline. The active 5 conpound release in

900 nml of phipsmopthgi cal saline at 37C and 50 rotations per mnute in the USP
paddl e stirrer apparatus is 73%in 5 mnutes. Thus, the solubility and

di ssol ution §alg,GEdd @srchgecemcd%ﬁiemhiwdism gglﬁ%g{t@&ﬂqumﬁﬁ E%dT%n it sTBlAf hve

bi oavai l ability, conpared to the reference descri bed Fn Conparative
Exanpl e 15 i vardeddfihhy@iteshlonde tipdmidi H35Dmarofeeclbdw fret pxidp dxHdengekred dred okide,

o Pl SaT PSR AL MR DO o bl 10
mg of finely divided silica, 2 mg of magnesium stearate and 69.11 mg of Pharmaburst®. At 25°C,
91% of the active compound employed dissolves in 10 ml of physiological saline. The active
compound for release in 900 ml of physiological saline at 37°C and 50 rotations per minute in the
20  USP paddle stirrer apparatus is 78% in 5 minutes. Thus, the solubility and dissolution rate criteria
according to the invention are met. For comparison, a customary tablet to be swallowed with water
consisting of the following components: 5.926 mg of vardenafil hydrochloride trihydrate
(corresponds to 5 mg of vardenafil), 75.419 mg of microcrystalline cellulose, 4.35 mg of
crosslinked polyvinylpyrrolidone, 0.435 mg of colloidal silica, 0.87 mg of magnesium stearate,
25  1.664 mg of hypromellose, 0.555 mg of Macrogol 400, 0.455 mg of titanium dioxide, 0.092 mg of
yellow iron oxide and 0.007 mg of red iron oxide is administered in the cross-over method. The
relative bioavailability, compared to this reference tablet, is 149.6%. Even up to 12 hours after
administration of the tablet according to the invention, the plasma concentrations are higher than

those following administration of the standard tablet.

30 Example8

Demonstration of increased bioavailability for an inventive tablet which rapidly disintegrates in

the mouth



Exanpl e 7 Denonstration of increased bioavailability for an inventive tabl et
which rapidly disintegrates in the nouth 11 volunteers each receive a
tabl et which disintegrates in the nouth ant- consists of 5.93 ng of 15
vardenafil hydrochloride trihydrate, 0.352 ng of yellow iron oxide, 0.048 ny
of red iron TifdRowing céBpdilntd farapiliried Gh af plovshshare Dix08 690 Obf MeObiELEatddhdfi

di hydr ochal cone,_ .1.60 of partane, 0.40 of finely divided silica, 2
my of rragneshyﬂﬁ?f’@?%‘gr gg‘f%ﬁégéé.°i&°<g§aﬁffpfﬁ’+éﬁrﬁ%l§8?%?fl(4r‘% ofyeligncron ogifley 17+ he
active compqytnds arl Qu&d ast 959l ¥ PhdrRathPst®l 3021 oPRURLONREHUE S oS8t hBhesplhEin
active conpound for release in 900 ni_of physiological saline at 378 and 50
rotations pekhydrashaleonenl 00igeof 2epatyape pdddl e st Fherasbugsh pAhepaygler mixpgodsimixsl in

m nutes. sThusyhie w'?tﬂ'z‘dlt_zg bt fierPBidiadd $R0d Wid Qlvel %&Jgt%rdb(?ﬁ I sie ?E‘I‘H{s%iﬁ&ré;

the invention are net. For conparison, a custonary tablet to be swallowe
with wat er migedsinsttumbleoiith 25 § of neguesigmetzagterfend sunufes ARG tatgetqiresy,cthelBmistfeid |

O ooty or el BUAFER Semb g R0 L Tl ke PSR hybotbef R

0.435 nmy of feehkoitdagth sf hicasds N. Bof cop@ison)agieshittableeahidh &, to BB swkalG4d REth Of

hypronel | ose, 0.555 H$U0f Macr.ogol 400, 0.455 ng%of titani um di oxi de, 0,092
o]

nmg of yel | o¥§Tra8A WRihgernsisty of tpiellpgingreompeperisod’- 6% B8 of yardenafihihgdrachdernden

the crosfy Oughydit HofespbhR to Q@h@%ﬂﬁd&iaﬁ?}’ﬁlﬁ 178D gl of Yoicr &R PRAR R L el Qodels 85 m
reference tablet, Is 139:6@6 Even u& to 12 hours after ‘adm nistration o
the tabl et afcomseinked pAdycimdpyrrolidonei R85 mief prllgiiabsilicont é hmeanf mpgresimest¢rrajher
than those | 1 D | i ) I
Domonst at | SRUSH A hCE Sae o ph B PR 174 YE pEVALERI 08 B Fme o lyfRoBS
rapi dly di silt&gnabegeliow irdnhuxideoantl 19.013 -mgléfaed obd oxitla admipoered by therogossioxed

i | oughsh i xer: 697 g.qf. micronized vardenafil  h hlorid
i Dydr at o, gt B Sl G A AR e R A Ea et Asd A2 el [ow 1 7 on

oxide, 0.6% of red iron oxide and 95% of Pharmaburst(r), 30g of apricot
flavour,15 cEmpeohesperidin di hydrochal cone, 100 g of aspartane and 3518
g of Pharmaburst(r). The powder m xture is mxed in 5 a tunbler with 25 g of

finely divided silica and sieved throygh a 0.5 ieve, This mxture is
miwed i n ¢ IRPLPGR PRLORPG G i e e BDy PoRUIson el 1446 ot
t abl et pr essyardehslfyiosh1Gklic tARNERE, msmgroenﬁ@o&wmmetcemum, IORNEF drédpbAliche
having a mass of 17 n?h a di aneter of mm and a . =
and 80 kg of calcium silicate. The granules are then mixed with: 1 kg of finely divided silica,
0.5 kg of sucralose, 1 kg of pulverulent orange flavour and 2 kg of sieved magnesium stearate. The
20  finished mixture is compacted in a rotary press to give tablets having a diameter of 7 mm and a

mass of 125 mg.

Example 10

The following components are mixed: 21.4 kg of vardenafil dihydrate, 60 kg of ground succinic
acid, 1.1 kg of sucralose and 342.1 kg of Pharmaburst® B2, 13.2 kg of sieved magnesium stearate
25  and 2.2 kg of pulverulent orange flavour. The mixture is compacted to tablets having a diameter of
9 mm and a mass of 220 mg (corresponds to a dose of 10 mg of vardenafil). At 25°C, 10 mg of
vardenafil and 30 mg of succinic acid dissolve completely in 10 ml of physiological saline. The
dissolution rate of the tablets is 90% in 5 minutes in the USP paddle stirrer apparatus with 900 ml

of physiological saline, at 37°C and 50 rotations per minute.



fracture strength of about 35 N. For conparison, a customary tablet which is
to be swallowed wth water and which consists of the foll ow ng conponents:
23.705 ng of vardenafil hydrochloride 10 t8+hydrate (corresponds to 20 ny of
vardenafil), 141.797 nmg of mcrocrystalline cellulose, 885 ng of
crosslinked pdle/vi nyl pyrrolidone, 0.885 ng of colloidal silica, 1.77 ng of
magnesi um stearate, coated with: 3.385 ng of hypronellose, 1.128 ng of
Macrogol 400, 0.925 ng of titaniumdioxide, 0.188 ng of yellow iron oxide
and 0.015 ng of red iron oxiddlfEa eﬁFEFé?‘%‘G"SBgV #82ldy 0ss- over  net hod.
The rel ative bioavailability, conpared to this reference tablet, is 128.2 %
15 Exanple 9 The foll ow ng conponents aream xed and then subjegted to dry
granulation on a roll: 18.96 kig of vardenafil hydrochloride trihydrate,

76.54 kg of microcrystalline cerisliasRcdigdrolik iBfenféP$POVEEIMMRry @PEt 8Be kg Of

calciumsilicate. The granul es ghghiRefly Ssnega 4 ihhe 1 KOsiobbd@ity wlleyi ded

silica, 0.5 kg of sucralose, |1 kg of pulygrulent or r‘ggg_ﬁfcg@%l&%,@r@.zlbg of

si eved magnesi um stearate. The 2 eokaé%;Q@é,d;@}@n!ﬁ%)i $ conpacted in a rotary
' 0 and a

press to give tablets having a drfanete mass of 125 ng.
Exanmpl e 10 Fhe-fottow L 7GOTTPO . —A—frrof—vardenatt—
di hydr at e, d succinic acid,;”“1/1 kg of [sucral 605¢ Y 342. 1 kg

of Phar maburst(r),.B2, ,13.2 kg |of si nesim stearate 25 and 2.2 kg of

pul ver ul ent %‘r(g‘néaé flg‘% ur. The rrixﬁé?g(llﬁﬂgg'cgsr%rp cted|to tablets having a

di anet er of 8 nm and %gr}ﬁgs of| 220 ny ?gfuﬁzponds to a dose”gf 391% ng of
aril*ari g é acid

vardenafil).>"t 25C, of | varden . .30 ng of succifi (
di ssol ve conpletely i ]10 m o phy_sb‘gjgﬁ@!%géozal i ne.| The 0.% @55%[?6 on rate

of the tablétms is 90%fh 5 minutes in addl e {stirrér ppar’a)us with

900 m  of physiologic salinge, at 37 O rotatiions per, Ju e. -8-
Tabl e 1 Phar'tacoki neti[ﬁ par anet ers of A\%{?Q%r}gfll A B| Tabl et4'(§]égjgb)di ng to
the invention Custonary tablet|to be which rapidly disintegrates in the

swal | owed with water nmouth geol nmean geo. % CV (N = 12) geo.nean geo. % CV (N
= 12)

tmax as median (minimum-maximum)

f1 as point estimate (90% confidence interval)



AUC [g*h/L] 32.2 (32.0) 22.8 (38.2) f", (A B [% 140.9 (120.2 - 165.2) C
[g/L] 7.51 (43.9) 7.35 (39.5) t ~[h] 0.875 (0.50-2.50) 0.75 (0.50-2.00)

t12 [h] 4.12 (22.1) 4.08 (24.0) t.x as mefian (m ni num nmaxi mrum f., as
point estimte (90% confidence interval) -9- Patent clainms 1. Drug

formul ati on phfegbcidiié Nt egrates rapidly in the nmouth and conpri ses
vardenafil, “characterized in that at |east 80% of the vardenafil dose in

t he substance form enpl oyed djissolves at 25C in 10 m of physi ol ogi cal
saline and the rabPeoorpdptioaswhich disntepsatesy (agidly o theumaltth GRd i cRmPDESS Hardspafil,
physi ol ogi cal _sal g ibdd iR thdd Gt febdi %b%ﬁ)f%er‘%@eﬁaﬁlrhots@ﬁl d»)@&’ub@tagéu B %ﬁlbfopar
apparatus at 50 rotations per mnute at Is at least 70% 2.

formul ati on accor dissolyes ot Z3°giim10 mlcd mbyaldpmgﬂ welind end fthel raterpftrhleaSF:(from tilk daug
salt wth.an aci var. il -wth rml ati cordi ng
to Claim>, corrprfigf“ﬁlatlo\?alrgg 625’; PfFV’VP(%‘ab lcﬁlﬁgrufe efa‘cl)rr1 Fﬂ\ég?s élwytfs hiUSP ol
hydrochl ori de tri ftirfit afparatd at S0 rogutibrpetinfiitein 3BT Bradieag 70%. Cl ai m 3,
conprising vardenafil hydrochloride or vardenafil hydrochloride trihydrate

in mcronize formvvlth mean r size of.less than 20.pm . 5. Drug
formul ati on gccor@f“ﬁgfo aé‘l‘?ﬂ)a Pdg‘? %&a“f t@@“s@ém#ﬁ@tﬁ?%ﬂﬁ%%lbwm of

sugar al cohol s. 4cid or vardenafil with an acid.

3. Drug formulation according to Claim 2, comprising vardenafil hydrochloride or vardenafil
10 hydrochloride trihydrate.
4. Drug formulation according to Claim 3, comprising vardenafil hydrochloride or vardenafil

hydrochloride trihydrate in micronized form with a mean particle size of less than 20 pum.

5. Drug formulation according to any of claims 1 to 4, comprising from 40% to 99% of sugar

alcohols.



