Powder Conposi tions for Inhalation The present
invention is concerned with powder fornul ations for
use in dry powder inhalers (DPls) and nethods of
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hqu)[d? P (IJblzc! 1Cntcract1 %s a.ans Eydroplﬂfl‘ir gl%ttegglé azrg gssfegsry to slilzsperse This is
owing to the capillary force that is generated due to interstitial moisture condensation
between contiguous particles, which may be in evidence at ambient air. relative humidity
values of about 50 %. In addition, porous hydrophilic particles often confain moisture
trapped in pores. The capillary force gencrated by this mechanism is about 10 times
stronger than other inter-particulate forces. Between particles of hydrophobic character,
capillary forces are less in evidence, which means that strong inter-particﬁlate especially

present in hydrophilic compounds are generally not an issuc for hydrophobic particles.
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Salfb,ut hil&ly:is @@{aﬁa’-&h@r&h coxE;sahﬁm& smlvatefmtar More generally,
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Another method of characterizing a hydrophilic drug is by measuring its contact angle
20 against water. In particular, hydrophilic drugs for the purpose of the present invention may
be characterized by a water contact angle smaller than 90 °, more particulardy smaller than

80 °, even more particularly smaller than 70 °.

Notwithstanding the generality of the present invention, ha{ring regard to the foregoing, the
present invention is particularly advantageous when employed in the formulation of
25 hydrophilic drugs.

The following drug substances in particular can be employed in formulations of the present

invention:

Active substances may be chosen from beta-mimetics such as Levalbuterol, Terbutalin,
Reproterol, Salbutamol, Salmeterol, Formoterol, Fenoterol, Clenbuterol, Bambuterol,
30 Tulobuterol, Broxaierol, Indacaterol, Epinephrin, Isoprenaline or Hexoprenaline; an

Anticholinergic such as Tiotropium, Ipratropium, Oxitropium or Glycopyrronium; a
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Am | oride or Furosem de; a pain killer such as
Mor phi ne, Fentanyl, Pentazocine, Buprenorphine,
Pet hidine, Tilidine, Methadone or Heroin; a potency
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Hor rmnes and hornone nodul ators including insulin,

pr Ehysipldgically actiysensteinsesuelf asipepsict hormongs, pitadings, eraith factors,

in %&oﬁ's't’hcﬁil 3n Sg{%%ﬂfo‘v%@ui&fsyﬁeﬁﬁ $htoR actiy BY ind cdnBatdhd Peripheral

cocrystal s ure

ous systems, factors acting on humoral electrolytes and hemal substances, factors

acting on bone and skeleton, factors acting on the gastrointestinal system, factors acting on
the immune system, factors acting on the respiratory'system, factors acting on the genital

organs, and enzymes;

Hormones and hormone modulators including insulin, proinsulin, C-peptide of insulin, a

mixrure of insulin and C-peptide of iasulin, hybrid insulin cocrystals (Nature
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LHRH, naf arelin acktate, |euproli
acetate, follicle stimulating hornone, glucagon,
prostagl andins, estracliols, testosterone, and other
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Entletinglagiepymespkaryosyin PIOE%E?H (S‘Pﬂ‘ i‘ﬁ@éﬂ%ﬂﬁ%faﬁ‘f’{eﬂm

bone formati on and proliferation peptide (O&, The
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cof actors i ncl pancrease, ara
hy%trda?rgzﬂ‘o%]sl@ 32&1’1])?%[3{ hzmﬂq—re]fltp lE%lF ﬁ)rmatt and prohferatlon
St pepfdeGOGRAHe EMBODISInAAS €, 1857 12928 aidithivir nmahds,a:gﬂmm and

tr e 20chynot rypsi nogen, plasmni nogen,
st%{lga%ggﬁl ng’se adenyl cyclase, and superoxide

di snmut ase_ ( SCOD); _Vacci nes i ncl ude. Hepat,i ti N
( nEExpesand ?Pﬁﬂb%"“faﬁﬁﬁf ipqlidine papcreasenlraspEPEIRRsS g&”?‘f‘ﬂ\ggs%
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pl atel et-derived cell growth factor (PDG), and
hepatios)iictde Hoptitis B, MMR (measles, mumps, and rubella), and Polio vaccines;

Growth factors include nerve growth factors (NGF, NGF-2/NT-3), epidermal growth factor
(EGF), fibroblast growth factor (FGF), insulin-like growth factor (IGF), transforming
growth factor (TGF), platelet-derived cell growth factor (PDGF), and hepatocyte growth
factor (HGF);

Factors acting on the cardiovascular system including factors which control blood pressure,
arteriosclerosis, etc., such as endothelins, endothelin inhibitors, endothelin antagonists
described in EP 436189, 457195, 496452 and 528312, JP [Laid Open] No. H-3-
94692/1991 and 130299/1991, endothelin producing enzyme inhibitors vasopressin, renin,
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DBy AR b K80 RO o
QO'SH]ONkSZ)] Badnet@EpF811975 (U. S. Pat. No. 3,959, 247),
JP [Laid Open] No. 52-116465/1977 (U.S. Pat. No.
4, BRfdrskbthpon th2 pekubidtesbikpnsénninclbdisy wéretinabd gaginpn t he
gastrointestinal systemincluding secretin and
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hemal substances i ncl udi ng factors which control
heTPRGY Erdeatiraien. pigrardhaletiyie) e e el iprspasenEHionp fugh as
| Ocﬁlcﬁ&ﬂﬁ; @ptipFotdin 10 BGi, hirGdi6 1T amdniCal Gitdre@Nil it adikpiop mokaildl E

di n. Al i nt rceIIuIar adhesi on
&%cul “ﬁ?ﬁ“ "'“ﬂTYP%%%EEQH SRenpl ary cel | adhesi on
factors; Factors acting on the kidney and urinary
t rEpstorsiapting 9p the kiduey 7ed gnaRraghipclyding suistnpes Whighregubite the
f UfithdtibOOE th kidnd®, slidh B Brgtin-dStikeB naGuriiic pepide @NPY,efld urctensin;
natriuretic peptide (BNP), and urotensin; 15Factors
Wa%rs%ﬁch Q8 oh B s&8OGEan® En%&lﬁg 206k WHich &mfr@l%%n%tt%%%e
control the sensifivit t he various organs, suc

asvaEPH STEate Bichoas subskReR erapeutlc agents, such as

paclitaxel, nytonycin C, BCNU, and doxor ubi ci n;
Chemotherapeutic agents, such as paciitaxel, mytomycin C, BCNU, and doxorubicin;

Factors acting on the immunée system including factors which control inflammation and
malignant neoplasms and factors which attack infective microorganisms, such as

chemotactic peptides and bradykinins; and

Naturally occurring, chentically synthesized or recombinant peptides or proteins which
may act as antigens, such as cedar pollen and ragweed pollen, and these materials alone or

together with coupled to haptens, or together with an adjuvant.

The present invention is particularly useful in the formulation of hydrophilic and moisture
sensitive active substances, such as the salt forms of any of the compounds mentioned
above such as the chloride, bromide, iodide, nitrate, carbonate, sulphate, methylsulphate,
phosphate, acetate, benzoate, benzensulphonate, fumarate, malonate, tarirate, succinate,

citrate, lactate, gluconate, glutamate, edeniate, mesylate, pamoate, pantothenate or
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A method of formulating powder formulations hereinabove described forms yet another

aspect of the present invention.

The fonnulatiqns of the present invention may be prepared in such a manner that the drug
is first brought in contact with tht:, appropriate amount of force-controlling agent. Close .
contact of particles of force-controlling agent with drug particles is necessary and
important to achieve a reduction of the auto-adhesion forces established in the bulk drug
powder. The close contact can be achieved by methods known to the skilied person,
Particularly, screening both drug and agent through a narrow sieve gives a neat dispersion
of both particle populations. Appropriately sized sieves for this operation are ¢.5. 25 to
250 micrometer size {500 io 60 mesh according to BS 410}, more particulariy 25 1o 180
micrometer (500 to 85 mesh according fo BS 410}, even more particularly 25 to 90
micrometer (500 to 170 mesh according to BS 410).
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25 to 250 mcrometer size (500 to 60 nmesh. according
t 5BE410), nore particularly 25 to 180 nicrometer
(500 to 85 mesh according to BS 410), even nore, ~
15 péftordingiya e jnvation progees S Rerkitt apect 5pethed el pragucings h
ap&etionthidionsBenAding fine drug particles comprising the step of blending one or
more pharmacologically active compound with a forcecontrolling apent in a powder

blender. In yet another embodiment of the present disclosure there is provided a method of
producing powder formulations comtaining fine drog particies coinpris'mg the step of co-

20 micronising one or more pharmacologically éctirve*compound witﬁ a force-controlling
agent. Preferred powder blenders include diffusion blenders and tumble blenders.

The blending step described above is preferably carried out as one of a series of blending
steps described below. .

In a first step, one or more drugs and force-controjling agent are mixed together in such a
25 way that the agent adheres to the surface of the drug particles either as a particulate coating
or as a continuous or discontinuous film. As stated hereinabove, the treated drug particles
may pcssess appropriate properties that enable them to be used alone in a dry powder
ichaler device. However, if desired they may be further mixed with a carrier material,

Accordingly, in an optional step the treated fine drug particles are mixed with a carrier
30 material. This mixing step is preferably carried out in a powder blender for a period not
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gllbmend 'u&emﬁft ﬁﬁﬁ&k&ms%ﬁ% I'RRh i bnsid a&ﬁﬁf mﬁmag sfthd i With

endi ng steps_descri be i en. . ne
o TGRS RS, SHAFIPTHEES PR e gPhleyh o i e
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the s i :
p aPFieE u{y %%gmpout inr;%ogﬁéll YieaL. 1€ Lxgérr& thed B8 otR3 bRnding step is
carried out. However, it may be deemed necessary to perform additional blending and

sieving steps to achieve a final powder formulation of suitable quality.

To ensure the powder ingredients are of the appropriate particle size it is customary to
prepare the ingredients by screening throngh appropriate sized sieves, eg. 25 to 500
micrometer size (500 to 30 mesh according to BS 416), more particularly 63 to 250
micrometer (240 to 60 mesh according to BS 410).

In order that the fine drug paricles are inhalable, i.e. in order that they can pass into the
deep lung such as the terminal and respiratory bronchioles and the alveolar ducts and sacs,
they must be in particulate form having a mean particle diameter (measured as the mass
mean aerodynamic diameter} of at most about 10 micrometers, e.g. from 1 to 10
micrometers, and preferably 110 6 rﬁicrometers, even more preferably 1 to 4 micrometers.
Such micro-fine particles can be obtained in a manner known per se, for example by

micronisation, controlied precipitation from selected solvents, or by spray drying.
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or as a continuous or discontinuous film As stated
her ei nabove, the treated drug particles may priswaca
appropriate properties that enable themto be used

a dry powder inhaler device. Howev
Qezgqjl’r%gdn% hey may be further 1in xed with a ca?r 'mépgoosmwn
mat eri al . Accordingly, in an optional step t he.
treated fine drug particles are mxed with a carrier
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ot dligsnublk@idel bngjors hueleiciasid saynericexdoay wlso bdowennbacd accbrdmyo the
deced NGRS Sﬂ{eXenBQ.ﬁHSE ff H%l@ﬂg%c}tﬂ ﬂﬁmgg e.d %&ﬂﬂ' and

si'eving steps to achi eve I na ornul ati1 on
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arfestit inl RfoRP I 0iREbIAL. 8. alpsinidDr Bthérlc@iftrick) with sGitaBlk SdiBénes to

to are the ingredients by screening through
PG ET ToRT R UF ARSEIORE SIS {0 500 i o omet er

size (500 to 30 nmesh according to BS 410), nore

p fFarties patgrials ergipyedmust be initherferenf syfiqiontip lageg paticleriizstpuch that

AGHEA o Biadil hidict 4fing nhatufRdtete hindt AN obddRiohd. ﬁ&y@ﬁdﬁﬂi also be

o (i) ot BT O el e e ot Bl

respiratory bronchloles and the al veol ar ducts and
sacs, they nust be in particulate formhaving a nean
particle dianmeter (nmeasured as the mass nean
aerodynam c di aneter) of at nost about 10

m croneters, e.g. from1 to 10 m croneters, and
prefesably 1 to 6 mcroneters, even nore preferably
Ito 4 mcroneters. Such micro-fine particles can be
obtai ned in a manner known per se, for exanple by

m croni sation, controlled precipitation from sel ected
sol vents, or by spray drying. The anmount of drug
enpl oyed may vary within wide limts depending on the
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| ow doses of drug can be enployed, for exanple about

5 to 5000 microgranms, nore particularly 5 to 500

gn For drugs that are intended to ﬁ%&nnammmr141
el1vered systemically through the |ung, one nmay

hi gher doses to take into account issues relatlng to
absorption through the lung and into the bl ood

pl ag'bgm’{l \-I%%nage%l rl)ééh P%Sc %ﬂngeg% n?_ -u-ruﬁ%s Tglr IES m%%n altre%\é%amm
' p ar tianirpeflahously th ¢ migromptersitand pefembly 50 @ﬁaﬁmxcmmeters
Expressed as a concentration based on the t ot al
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aChﬁﬁﬁ’d@anI%ﬁ a&gn@&%gﬁgaafnm%gwge l'ﬁéﬁfe dagérsgﬁme

carrier nmateri Yp! ca
car PIEseht inverian o plae uqqﬁtymtyquﬂoe@elmersuthat mm@urdfty ofigapises

99%&9&1:1}9%59@&0&&1&}9&& dbsip@sticular 50 to 99% by
wei ght ependi ng on the particular dilution desired

and of oII|
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i nh contains exactly the desired dose of drug. In
this regard the exact dose may be delivered in a
single shot or nmultiple shots. Dilution 20is al so

- useld atfidth afferCtherd QVyEHeVidddl X b I IdES cd \R¥ipRSin ?Qﬁ&vder as defined above.
nacroscoplc propertles such as flomabl ity, and to

bal dhe ive cohes ve, for

ac t e S u%r e{naod(l:men oF the I]%resen disclosm' ﬁe(r)e s IQJJT% ugeg da V@%?J 0? ﬁr%atmg a

fo ﬁﬁcawr@ﬁwn mmnéling a@@ma@mg maiemr ingead Mcéa Bermnelegital

or pewdagh®le siab@riched wibihy mebddadthe dieciosot.i gonucl eot i de or

short nucleic acid sequences may also be fornul ated

ac &or dith gsped, théte isaBpided apharmavdogidabpowdEhas deBnathabove for use in the

?iﬁkﬁhgﬂgfége&aﬁk ,0oth RNA (e.g. siRNA. nRNA,

ozyznes, aptane "and DNA (e.g. cDNA or genom c

DNfYle prek 3 %h%@in%n&ﬁér @f:‘&%’pe&.@zs Ri?e%éﬁf{&tsuéh'lnﬁlé‘ ﬁosE %ﬂlr?f

a vect or plasmd or other construct
suﬁ@&ﬁﬁg@ﬁﬂﬂﬂﬂﬂ%&ﬁﬁ@?%ﬁﬁ%ﬁwmﬁﬁmcontroI expreSS|on

(i.e. a pronoter sequence). Carrier materials

e mvtultiyteek inhalets nigey comtait A exséraninnf &y powdef ihaticemébibs/teds ar gyen

P -aﬁtlnhx‘éhseof ﬁ{z&&uﬁy&&cst. Ji}l?e:ttcrm “therapentic dose(s)” as used herein means ax
amount of inhalation formulation containing & requisite amount of drug to ilficit a
therapeutic effect, e.g. to alleviate, prevent or inhibit the particular condition to be treated,
when delivered to a patient. A therapeutic dose may be delivered with one or more
actuations of 2 DPI device. This is becanse the amount of powder that can be deltvered to 2
patient without irritating the patient, e.g. making the paﬁent congh, or what can reasonably
or comfortably be delivered within 2 single inspiration, is fimited to about 50mg per
actuation, more particularly 25mg psi‘ actuation. Accordingly, depending on the nature of
the drug and the nature and severity of the condition to be treated, one or more actuations
may be necessary per numbezr of hcurs per day, for any number of days, weeks, months
and so-forth.

The therapentic dose will depend largely on the nature of the drug, the condition of the
patient, and the nature and severity of the condition to be treated. A thsmpeun., dose may
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filling operations. They should al so be | arge enough
such that they are not inhalable into the deep Iung.
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material will have a neanlparticle dianmeter
(nmeasured as the npss nean aerodynam c di aneter) of
about 10 to 500 microneters, and preferably 50 to 300
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Met hod i's

descrii ||very to the Lungs pll6 to
119““69%?3‘??&1@ dg Inpaios 3peqtding fwanal@ftefe@ﬁ@wmms with a
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pre-separator should be coated in the same way or should contain 10 mil of a suitable

solvent. Comnect the apparatus to a flow system comprising flow control valve, two-way

valve, timer and vacuum pump.

The test is conducted at a flow rate adapted to the internal resistance of the inhaler device
drawing 4 litres of air through the apparatus. At high flow rates it may be necessary to
remove the lowest stages from the stack. For adjustment of the flow rate connect a flow
meter, calibrated for the volumetric flow eaving the meter, to the induction port. Adjust

the flow control valve fo achieve steady flow through the system at the required rate.



a standard Buchner Funnel. The di scharged dose is
captured on the glass sinter of the Funnel, and can
be washed off, and the dose determ ned usi ng HPLC
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to the standard USP apparatug, and is generally
considered to be an equival ent of the DUSA apparat us.
Fine particle fraction nmeasured 30according to the
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St at es ar macopoei as. For exanple
foswmhaﬁﬁtlmymm the present invention neet the

requi renent set out in the USP26- NF21 chapter <601>

" Delsindstieaiit apasaus Narkfollynfeinyve. thel filebead gxttattahe active ingredient into
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Oct ober 199 Still her§ b&}fﬂ% se. ofth
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pataniity @Bdrug coatainpdintcachloihe mhatohm_reeofsa}mtbl e of
penetrating the deep lung, e.g. having a dianeter of

lA% Fﬁﬁ]cﬁéﬁi@ﬁc ARRF drflg depbiited &{j@%ﬂi&?ﬁpﬂﬁ&s&ﬁ@@ &ﬁiliﬁe&ﬁhsbéf d}dg%er
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Fraction asurenen
Andese-dEthe ek eas & oviyide thisgrneg be Selanusiperepettethuf act urer' s

| NSfaig bt TBteMkérive @ cumulative mass vs. cut-off diameter of the respective stages.
Calculate the Fine Particle Dose (FPD) by interpolation the mass of drug less than 5 pm. If

necessary, and where appropriate, plot the cumulative fraction of drug versus cut-off

diameter on log probability paper, and use this plot to determine values for the Mass
Median Aerodynamic Diameter (MMAD) and the Geometric Standard Deviation (GSD).

Example 1
Formulation 1

A powder formulation consisting of glycopyrrolate (glycopyrronium bromide), magnesium

stearate and lactose monohydrate is formed as follows: Glycopyrrolate and magnesium
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is airtight. To ensure efficient particle capture,
coat each plate with a high viscosity liquid

‘Wgﬁaﬁﬁﬁhﬁg froma volatile solvent. The Fe-ngﬂﬁﬁ&%@ 041
shoul RH

be coated in the sank8 way or should contain
m of a suitable solvent. Connect the apparatus to a
fl ow system conprising flow control valve, two-way
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The dry powder blend achieved has an inhomopeneous aspect when assessed visually and
under the microscope. The blend homogeneity test gives a relative standard deviation of

the drug content of the withdrawn samples of more than 5 %.
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After filling the formulations in the DPI devices, the devices are allowed to stand for at
lcast 24 hours before testing.

The aerodynamic particle size distribution is determined using the Andersen Cascade
Impactor Mark II, equipped with pre-separator and 8 stages, designed and calibrated for
60L/min flow rate (abparatus D of the Eur. Pharmacopoeia 4.4 section 2.9.18). The fine
particie dose is the amount of drug that is found on the stages 2 to the filter stage of this
apparatus.

3 actuations of the formulations of Example 1 and 2 are discharged into the particle sizing
apparatus specified above by pulling 4 L of air through the apparatus at a set flow rate of
60 L/min. Delivered and aerosolised drug particles are classified in accordance with their
particle momentum achieved in the flow which depends on the equivalent aerodynamic

particle size. Thus fractions of the dose are deposited at different parts or collecting stages
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3. A method according to any of the claims 1 or 2 wherein the mixing or
blending is carried out in a diffusion blender, tumble blender, bin blender or conical

blender, or a high shear mixer.

4. A pharmaceutical powder for inhalation obtainable by the method of any of
claims 1 to 3 wherein the powder comprises fine particles of a drug and particles of a
force-controlling agent, wherein the particles of said force-controlling agent are
disposed on the surface of the active particles as either a particulate coating, or as a

continuous or discontinuous film.

5. A pharmacological powder for inhalation obtainable by the method of any of
claims 1 to 3 wherein the powder comprises fine particles of a drug, particles of a
carrier material for supporting drug particles, and force-controlling agent particles,



of the apparatus, in accordance with the aerodynam c
particle size of the drug particles. Rut fraction is
col l ected, adjusted to volune and anal ysed usi ng HMG
HPLC anal ysis of Formul at2on | showed that the fine
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12. A method or powder according to any of the preceding claims wherein the
drug is selected from those drugs having a contact angle against water that is less than
90°.

13. A method or powder according to any of the claims 1 to 11 wherein the drug is
selected from those drugs having an octanol-water partition coefficient (log P) smaller
than 2.

12. A method or powder according to any of the claims 1 to 11 wherein the drug is
selected from the group consisting of a beta-mimetic selected from the group
consisting of Levalbuterol, Terbutalin, Reproterol, Salbutamol, Salmeterol,
Formoterol, Fenoterol, Clenbuterol, Bambuterol, Tulobuterol, Broxaterol, Epinephrin,



claims 1 to 3 wherein the powder conprises fne
particles of a drug and particles of a
force-controlling agent, wherein the particles of
said force-controlling agsnt are di sposed on the
surface of the active particles as either a
particul ate coating, or as a continuous or
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powder according to any of the preceding clains .
or Phgpiglaspine;tpveteinsy peptidon OHarpaptiges gelypeptideprnodeaming peids

upts,of 0. .01 to.5 0%Dby. wei abi. -hod or
el RORAE s bailed gk eidtF il lign gilecy e Wbl
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or_ di -sacchari des such as glucose, |actose, lactose
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ovalbumin; glucagon; ACTH; oxytocin; phosphorylase b; alkaline phosphatase-
secretin; vasopressin; levothyroxin; phatase; beta-galactosidase; parathyroid hormone,
calcitonin; fibrinogen; polyaminoacids selected from DNAse, alphal antitrypsin;
polylysine, polyarginine; angiogenesis inhibitors or pro- immunoglobulins; moters;
somatostatin and analogs; casein; collagen; gelatin; soy protein; and cytokines;
immunoglobulins; peptide hormones, cytokines, growth factors, factors acting on the
cardiovascular system, factors acting on the central and peripheral nervous systems,
factors acting on humoral elecirolytes and hemal substances, factors acting on bone
and skeleton, factors acting on the gastrointestinal system, factors acting on the
immune system, factors acting on the respiratory system, factors acting on the genital
organs, and enzymes; hormones and hormone modulators including insulin,
proinsulin, C-peptide of insulin, a mixture of insulin and C-peptide of insulin, hybrid

insulin cocrystals; growth hormone, parathyroid hormone, luteinizing hormone-
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a particulate coating, or as a continuous or discontinuous film and wherein the powder

has a blend homogeneity with a relative standard deviation of drug content of less

than 5%.

17.  The pharmaceutical powder of claim 16, wherein the powder has a blend
homogeneity with a relative standard deviation of drug content of less than 3%.

18. A DPI device comprising a powder according to any of the claims 1 to 17.
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19. A pharmacolbgical powder as claimed in any of claims 1-13 or 21 for use in

the treatment of a medical condition.



