24 FEBRUARY 2006 1 DESCRI PTION COWPOSI TI ON OF 1 NSULI N FOR NASAL

ADM NI STRATION 5 Technical Field The present invention rel 2aFEBRUARY 2006
pharmaceutical fornulation, the distinguishing features of which are that
it is granular in formand is admnistered via the nasal nucosa.
Specifically, the present invention 10 relates to a granul ated conposition
of insulin for nasal adm nistrati DESGREPTIPNr apeutic treatnment for

di abet es. Background Art 15 At present, the insulin used in the clinical
treatment of diabetes is in the formof an injectable formulation, and in
nost cases i s GOMPOSITIONSOS BUSUILIN FORNASALADMINISFERATION aneous
injection. The <characteristics of this type of drug are such that the
patient nust self- adm nister before nmeals, once to four times a day for
life. TFEhi : 20 procedure is only one of the many problens
associ -ét egr%h@g@@ﬁ@% reatment of diabetes. Preparations for nasal

adm ni stration have been proposed as a renedy to the difficulties

associ ated w th,subcut aneous adm ni fttratti on.h For e&ﬁr@i@ﬂ@ﬂ '.nsuHén

formul ation in wCRTSENARYSRORHEPSEE P & BNIEMALGHAE gedns 8 20 -

150 m usidiﬁltiﬁ%ﬁ?h@ﬂxéﬁ@ﬁt@@s' of eddichsare Bhat 6t isahanudar WAsforascrdad in
n

JP-6242888-B.. Under .the suggestion that _Physialogical polypeptides for
nasal nuccskpimstesedignthe nasabipusesa e Cé&%umee'pr??ﬁQ%i%"‘?ﬂté%r ation,

the prgcti 1 I Sa |y L ; | ation
R o B e A S P

can be obttheranewtic tneatmiens fox/fliapetessul in in 0. 1IN HC1, freeze-drying, m xing
the soluble insulin thus obtained with crystalline cellulose, and sifting.
In conparison with the above-nentioned JP-6242888-B, JP- 1059841-A
(correspoBhackgroandPAPM3326- A1) with regard to high 35 hydrophilic drugs,

hi gh i pophilic drugs and peptides with high nol ecul ar 24 FEBRUARY 2006 2
wei ght, describes an excel |l ent exanpl e of conpositions with superior nasal

absor pki on and igmcpraead txinsuibueed it Ahe eliniadl tPBstm éne of didletes id hi s
of ficial gazett this action effect can be positively achleved,u5|ﬂg a
[ul ose

wat er - ab%rﬁmgfoam Badpc piectable rforgmyagions adl HPEsbh GASED Pl 68

in 5 combifyatingstebd Nbpoar eBaifiratively?! ditdile CEUbUARR0RE RARLIGHE THENET er
greater than 150 gmon” the contrary to JP-6242888-B_ suggesting that_a

rel ativel gheragteristics iof| ehigi tympet of dsng2are sudo thatitheppatient aausk sele
preparatl %%niﬁ?%ﬁfefox‘e“&eﬁis‘?%%% tb %&f%%és Qad‘Télgz 3¢ 1141 ‘?ngﬁiﬂo%'%tlé’%xﬁé‘e 10
practical application of 1nsdltn fornu At 1 ons rnasal adm ni strati on

i ncl u@bng prbesmredsairdy qe of the manyApreblposi associatedtwith |thectradtmentsal
adm ni st raﬁi o%r ch insulin for practical use and particularly markedly

i ncreased® gé CWP¥sul i n absorption, is, therefore, still needed.

Preparations for nasal administration have been proposed as a

remedy to the difficulties associated with subcutaneous administration.

For example, an insulin formulation in which 90 w/w% of the particle

25 diameters ranged from 20 - 150 pm, using crystalline cellulose as a basic

material was described in JP-6242888-B. Under the suggestion that

‘Physiological polypeptides for nasal mucosal absorption are preferably

water-soluble’ in this preparation, the practical example described in the

said publication show a formulation in which 90 w/w% or more of the

30 particle diameters ranged from 75 - 149 um can be obtained after

dissolving insulin in 0.1N HCI, freeze-drying, mixing the soluble insulin
thus obtained with crystalline cellulose, and sifting.

In comparison with the above-mentioned JP-6242888-B, JP-

1059841-A (corresponding to EP-943326-A1) with regard to high

35 hydrophilic drugs, high lipophilic drugs and peptides with high molecular



15 Di sclosure of the Invention The present inventors have found a nasal
conposition that unlike those described in the foregoing JP246PEBBEARY 2066
JP-1059841- A uses non- solubilized powdered insulin and a special, aggregate
crystalline cellulose 20 with a particl & di aneter of less than 150 gm which
in conparison wth existing conpositions, significantly increases insulin
absor pt i on veeight, depcribesan excellent sxample affcomupsitions phth superins masst

di abet es pai ol i i i . 4 i .

Accor di ngl SR BuG eFeB aXARbbEPldoR GRERGIMcH AdtthesHthis
conposi t i onffical gazetteathisractionaeffect ¢drabe gositvredy arhipmdiesiag a nsatern and

its carrier, aggregat crystaldine cellulose, the distinguishing features
of which arag’sf’ﬁgf‘gt HBSgQ?%XﬁéJJP}'IHI?g%ﬁ- §‘6(§hlﬁsl ﬁ¥ ,xygﬁgpg%guy ot nor e
of sai dscr yehdihhfienC ikl agerebads eesistallite eluldye fofr papaclel dignditaret er
range of 10 - 350 gmin one part or across the whole particle areg.gItSO

Mor eover , tieatsredan 16Aviert parthectantaary o phRifdt2d8 i sheaestivgtsat a on for
nasal adm niphiah O&nmagla?ﬁpi%oﬂfﬁnﬁﬁerp%% edlBﬁ.SEM ?s a}?{b‘?efrteﬁ %@r HET
urose, t shihg fe 0

aggregated crystailine c se, e di st1ngui ures Ich are
that the sairdparstidn.n i s not only non-sol ubilized but solubilized, and 85

w w0 or nore of rsr?id cr séﬁilline cgllulo e a reqqate Q@S a %5 cribriform
particle dianete YERYE ob S0P LS8l ng‘ﬁl 8F?eglg%Y 37 PORafe Iy RUARY
2006 3|1Pholpeaariﬁﬂ. laﬁp@icbeimnrr@deiﬁulhhefommﬂeﬁb?s nfoe N iagal ra?dmixﬁstﬁa:liaxsedof a
crystalline cellulose aggreqate as a carrier for prepari a anul at e
conposi t i oﬂn?]b‘ﬁm%égéﬁe &'gg"lﬂegtﬁnaﬂ? agbht a‘grﬁﬁoﬁﬁ)qsﬁiﬁitﬁf‘?f‘ﬁﬁpﬁﬁég{er &&8fent of
di abet es (igAnpinibtratiofi0 ofV Mfulin TBF EpicticAP WY tand %ﬁarti@uliﬁysﬁiﬁk@gg} egat ed

crystalline cellulose has a cribriformparticle dianmeter_ range of - 350
min one pacteased aasabinsulin ahaomptioneay, tharefore asill neededt t he present
invention relates to a therapeutic nethod for diabetes, spraying a

granul at ed conposition conposed of 10 powdered insulin and its carrier,
aggr egabed Disykisaice iofichednivendimm (t he di stinguishing features of which are
that the said insulin is non-solubilized, and 90 w w%or nore of said
crystalline cellul ose aggregate has a cribriformparticle dianeter range of
10 - 350 min on&hwmpresentadarontors teaverforingl aressal icoimpdsitomabat widvkd y of

di abetic patients at, suffj.cignt i.nsull es .f ffective diabetic
roatnent | thoreoessiihad tn i fapermaano24epat B and B oPlaft Libipstnenanges
in serum i BgMIbiRzEP PpoRlerad inBaliAf4rtd a2§hdciall aesadatdadiFyBtAlihatdePlfde €ach
preparation in cynono] gus nonkeys. - a grepar ation with Avicel (r) _PH F20;
DAl 28 praphrapasticly drametercdf lessphamp 450 () geiich Audcomparisen: with |
preparatio i j 104 =Ky ; i - Avi PH 101
(sol ubili zgﬁ%%@?@%gggaﬁg%égﬂch negngcgﬁﬁéﬁsg\%ﬁ %ﬁ‘gh@‘gﬁg@“ﬁ és‘tgglrbl(ljlnl%)%l ucose
concent r at ieshgnaéd sherdpeutimeffishcyntimithe treadment of fdiabetis pagizatsat i on in
cynonol gus nonkeys. T n coryes h in Fig. 1. Fig. 3is a
graph show ng ch)ét%’ge srelggné%rgﬁer#?or%hﬁ }ig%e@g&nlgg}%%%}(f%g SHfter
Accordingly, the present invention relates to powdered insulin
25 composition for nasal administration that composed of powdered insulin
and its carrier, aggregated crystalline cellulose, the distinguishing features
of which are that the said insulin is non-solubilized, and 90 w/w% or more
of said crystalline cellulose aggregate has a cribriform particle diameter
range of 10 - 350 pm in one part or across the whole particle area.
30 Moreover, the present invention relates to powdered insulin
composition for nasal administration that composed of powdered insulin
and its carrier, aggregated crystalline cellulose, the distinguishing features
of which are that the said insulin is not only non-solubilized but solubilized,
and 85 w/w% or more of said crystalline cellulose aggregate has a

35 cribriform particle diameter range of 20 - 60 um in one part or across the



30 intranasal adm nistration of each preparation in cynonol gus nonkeys- -~ a
preparation with Avicel (r) PH 101; - ~ -, a preparation w t24 FERBREARY)2006
PH 301; -A-, a preparation with Avicel(r) PH F20; -*-, a preparation with
Avicel (r) PH M15. 35 Fig. 4 is a grapls showi ng changes in serum gl ucose
concentrations after 24 FEBRUARY 2006 4 intranasal adm nistration of each
preparati orw}idle(aya@rml gus nmonkeys. The | egends correspond to those in

Fig.3. Fig. 5is chan es in,seru | ucose ¢, ncentr i ons

af? er 5 ignt r anadd) %Bﬁfqﬂ‘tet‘\?%‘?ﬁ%ﬁeﬁ? (RIS 3&?33‘19 %@"?1 6@%“
nonkeys. ce]zluﬁ)sﬁr%%@égéteo@s Wi diridrifor b(rél)aﬁfﬂgl:a?@ranul’éted camiPositas@iforon Wit h
Avicel (r) PH F2Q 0 repar ation with Avi §n‘$1 E)) PH— F20 (25

- 38 n); -nasal ghseption; 6ﬁ"%alphng\\m§e iy Yfopihe) dreagments g

th
B ePar 8! O o $149 o hoRoF He p201cteR i suifl AeeReRiPELALD, %“ (553
m. Fig. GCeBuh)sgrhmh ascmhnﬁgmhmlgmi;e |dmametem@hge:0£e1(boriiﬁéhpnaunm after

i ntranasal ni strat on of, eachy preparation in cynonol gus nonkeys. The
| egends corplaéglﬁloﬁﬁrqs8 bﬁ&%}é()]]er?rﬁ% 5. 15 Fig. 7 is a graph show ng changes

in seruminsulinA éaaberrmbiend tid piresdnit ideasin aclates $b raatth@fap:éutac

preparatio Avi c PH F20.as a carrier_in humans. 20 Fig s a
gr aph showmét‘l@aa sdelaﬁ F UPRIGVIRSsR BEAEAT9d GAIRROSAOR, comwpﬁ%ag%a

adm ni gpr atpbW’deQéd arRubRArAld Gbs Véatrﬁef\V'a%E%é Qte&"‘b Qaﬂﬁlea ceHﬁIdéee the
humans. Best Mdde for Carrying I nve ion form of 1fied or

unnodi fi ed distingwighingfeatures eﬁwhm@l am Hvat e $endn@ﬁuh§ mawméolubd@rzad th the
present in ti ardl H]” I

[ nsul in' \élliglraugebg Yher e iog eemshft%)ahransg#sq %Ay(%glélq{)%gc%ﬁ%&g% Z*Qutaure
clinical usa,brifamnr[galtthée shamepiry sardeoof t@l-135030mant bue tpyirasrtduad)ssothmurran
|nsuI|n|ncI n nsulln reflndb in uI|n ci ne
i nsulin, ﬁ?lfvjy?t?e sl FRGSY | ﬁﬁﬁﬁ patien ﬁsq.}l $‘f‘ﬁiebeéﬂ S@’iﬂ
nodi fi @51 huag@s forsdil effective QEabeaic ﬁ-@éﬁnéﬂﬂ@r eof . Povvder forms of t hese types
of insulin or insulin that is only slightly soluble in water or al nost

i nsoluble in water (Corresponding to 1 g of 35 powdered insulin requiring

sol vent i nByxeEPes@ipieBlofMDraRingess than 24 FEBRUARY 2006 5 10000 ni, or
in excess of 10000 rﬁri see 13t Japan Pharmacopoeia, Principles of

Qperation A-51) even if nodified, can also be preferably used wth the

present | ”E‘x‘ggi[ ilﬁ}? gﬁa%ﬁ%hto%h tc'fi%flgoé"fn QErdxﬂﬁthﬂndc%ﬁﬁghﬂ%‘ﬂm%a{t‘tgPs' y I's

slightly & V\{ater I'Nso e I n wa I ns n used with
t he pr@8enintranasal zidmimahra:teom eb eaalbprbmatmnnnscmmcblgus adhombeyiered,

i nsul in. t ard t. i.zed d insulin. kHchudl
insulin ot ﬁﬁepfﬁ?%n&g gh (?él@’ﬁ“iﬂol (‘% ,ap V\ggr fion With Alicel f’lﬂf'%lfbg
(solubilized insulin); -A-, a preparation with Avicel® PH-101; -*-, a

preparation with Avicel® PH-101 (solubilized insulin).

25 Fig. 2 is a graph showing changes in serum glucose concentrations after
intranasal administration of each preparation in cynomolgus monkeys.

The legends correspond to those in Fig.1.

Fig. 3 is a graph showing changes in serum insulin concentrations after

30 1intranasal administration of each preparation in cynomolgus monkeys. -¢-,
a preparation with Avicel® PH-101; - -, a preparation with Avicel® PH-301;
-0 -, a preparation with Avicel® PH-F20; -*-, a preparation with Avicel® PH-
M15.

35 Fig. 41s a graph showing changes in serum glucose concentrations after



t he descri bed above 'non-sol ubilized powdered insulin, is typically
understood to be a substance that has itself becone sol ubili EEEBUABXn@%f
10 the known net hod of treatmnment described in JP-6242888-B. In general
terns, solubilized insulin can be obtained by freeze-drying after producing
an acidified aqueous insulin solution by neans of a specific surfactant.

| nsul i n powdartrasassadmhsdtrabioneofeach prephratidn necyng@oobiprsedonkeyst al | i ne

or non-crystalline structure, finer in arison with the 15 particulate
cel | ul ose deibﬁlﬁﬁ%f‘ Safoéfesﬂﬂl‘ﬁdctr‘?rﬁ’t?ﬁf) égg'gggr egated crystalline cellul ose.

Generally, these multiple powders adhere to the surface of particulate
cellulose or_to the surface of mcrostructures (E, g. pores), or. can . also be

of an encapsHl&t? 1§ sEraph ChAPARE |GRaNERS 1) 598U gl‘%ﬁroﬁﬁ ORCeREations aftelket ed
oo the form aleARALA AhiRRHGRHonCENeR) BREThticldAHt PhoRbRNHonklys.

General |y, “aggregated crys ne ce as used I n t € prese
i nvention i s eredipmephrfatum with Armcel®PHsB20ib|m- vaamxtepcai*atzmnemlthlI13ozsagel?0 WH- is

obt ai ned as f t fiber d artiall d th acid.
ot o sar pfeBite0 s il 20 ey alitn PR el PRL RV EE  BE R s o
{\/i) ber etc. pb@é@aiﬁdlohhahthtf}j\ﬁeﬁ@SPH?E2OL(EBOSQS|33funi)he*prQsﬂ‘etpalrﬁtieﬁtwﬂfhf 25
reover, er rom Avi ce , ar. | as
descri bed | n g%fg'if€398&5 6‘ 128-Ba E]‘]ﬁpélfiti%ﬂlﬂl 1%%51%’2%3@%

can if I’lﬁpESFﬁ{)){,+ -bg pregaraso Wit AGREE PH -1 >3 NkPh- speed i npact or air
flowtype pulverizer, and/or the bulk density increased by fine

pul verization, after which aggregated crystalline cellul ose of required 30

bartic e agopg0ay Ge Sl £ PRRnRGRP AANEE: Y SBh5 AL BRcOluALbhL U or use

with the pres i'nvention I'n aggregated crys I'ne cellulose
can usual | y betrapasaluadmibistritiqolofmeadly qireparatsordasceyimdokgusy moarktysher e

isnolimt its an de 0 ol ri.zation provided that it neets the

pur pose of ti@eé%g?ﬂ %feﬁp%\lfgno%‘ﬁg éﬁegétly, however, crystalline

cel l ul osgs having a 24 FEBRUARY 2006 6 rrean pol yneri zati on degree between 15
. deally .30 and 50 can be sel ected.

and 400, nor?éé)r f.er abl 20.and 2“2%‘,
Although t heFigi & ingt 2E4Rl SBOPERE TRIERE iHGRamugh iBanIan \roRgeR TAEORS | tiTos o
that can be irhhged aahﬁmswmo@ ofbl bré;%ﬁltfoh QfitR- Aolcelw B3- B2 a5

preferabl e and, 0.22 - g/cm 3 is ideal. These bul k density val ues
accord to neé%ﬂﬁ@n@nlﬁuwnﬁhe Scott Volunmeter. The principal factors
demanded for aggregated crystalline cellulose that can be used with the
present invention are the size and distributive pattern of the crystalline
cel | ul 0s20 paFig.c8 és a graplt sheowingiichanges inggreyaghicoshemmespirationd aftert he

™" 350 gm par iafSal pABRhRARIRCr A pBditioR RiR R PR R '

ref erence tocm'[etnmllmmane. in this statement shall be taken to nean
“cribriformparticle diameter', obtained fromrepeated sifting wth
standard screens, equal to the arithnetic or geonetric nmean of such 15

screens unl eBespMedefdreCaiiag Odihilse khveht®én aggregate, particularly in
conbinati on with non- solubilized insulin powder can be used. 'A part or

whol e ar#a' can, be
Any form of modified or unmodified insulin used in treating

diabetes in humans can be used with the present invention, regardless of
its origin. Accordingly, the term ‘Insulin’ as used here is deemed to mean all
types in current or future clinical use, having the same physiologically
30 activity as that of human insulin including human insulin, refined bovine
insulin, refined porcine insulin, semi-synthesized human insulin, human
isoinsulin, genetically modified human insulin or its variants thereof.
Powder forms of these types of insulin or insulin that is only shghtly
soluble in water or almost insoluble in water (Corresponding to 1 g of

35 powdered insulin requiring solvent in excess of 1000 mL and less than



defined as, conformng to the particle size distribution as shown; for
exanple, in Avicel (r) PH 101 or PH 301, in which 90 w w% or 243EBRIjARY, 200
particles are distributed, for exanple, over a range of 10 - 150 m as part
of a dianeter of 10 - 350 gm or in whbch 90 w w%or nore of the particles
are distributed over a whole area of 10 - 350 gm These ranges, extending
over a wholl8089 emlefor an- exadsnef Jdi00Q0pmLy: seerb¥f Janamdepmpacapgeiat hey

conply to ' [ tal | l.Lul [ an be
25 "ot ai ne  JIobIE Kb QRESE Ak B TG calf 36 FESEABRH el

Cheni cal | ndtlsthé preséat int¢mtioms Avicel (r) PH 101, PH 301, and PH M5 and
may be used in the base forym aor obtai.ned.by.gradi ng. A particle f.ange

ext endi ng over a ?ﬂeﬁ’ﬁrteg‘%fty% 951683'3‘&? 8?3 dt?‘f(g Rrﬁé(f"e%?%’ ¥of ggﬁpl e,
agg { ﬁga5 ed tsélhllﬁé a Iwidlgl_' 6{‘3 blxgb?ﬁiglsiommizigfwaﬁ@, maﬁ?usai edgth ghe \ggé%mr nor e
0 e particles are djstribufed over appr oxj mat el y .gm_, -

appr oxi mat &Kﬁlﬁywca&pbﬁoﬂﬁw}éﬂdy a5 nonéﬁfﬁpgﬁﬁ%i d?%é@eéﬂﬂn%‘b]ﬁow}?ﬁt ely 25
- approxi \ : : guh'na . ; [ re

pr ef er abl g?é %gcﬁflﬂgl?f fgglulﬁ%%(gyo: rg ll%ix-l-lié 0 o%ﬂgﬂ%ﬁ‘g@gﬁdjﬁg%&rﬁgﬁga@? used

as commer cthe | desFikadi hbove. non-sadubilizeds) powdersd | inssdin,aggr dynpicallyavi ng a

particle dia I BRU S L | o nt | \ ordent
and gel -f OP&H%QS%B%égO Egtag?llf@%%?%%é h%g%ggﬁe%?’&r %IOIWEMEI}B«%%S étﬁe use
cryst akdi nehe oo srettiod of trastmene dederbed ans JEF6BR2888LB0 In igensralwn as
preferred pode, an the use of cr stgl{l.i n ce{l ul ose haviaﬁg a 8art.i cle

di amet er ofeTdH SO zgfljgsulip gangke 8 Ef'}Begrl?aYc LEELE CEY R AE ST PIOEHE™Sr esent
i nventi on, spheidiGed ey AdHsaa8hRE sobitish @h’l 1hB8n§ of hWpesHibwrthétaim! €
preferable particle dianeter ranges as the described abqgve, even_when used

onl'y crystal | i nelnsailinnoseders agodescatbed above pank bl of pefingly pewderedabi | ity
t o achi eve,.sj.gmnfiCcant L IBE(11hBS Yt S i : al,

adm ni st ra’?ll%}osg of so UEL}SPrefgd thgoﬁﬁﬂggmﬁ?l ??gg f1}{(; (?;rlllgﬁ ll'lﬁ&?nbvclztgl Felllrei son
with the ppadicuatec¢liulese des¢nbedlater, whish ¢ompedep aggragatest enys bent
and gel - f or a [ ' 5 ) tj c r r.ef esred
nor e speci F‘l’tr}:&lg%s?%ﬁ%g&cg*‘%‘% gggﬁé% %%%%%ér%s agﬁll‘g&[a ﬂg ughga‘%‘%{#%ﬁg (gfi]d

ef fect s i nphrtieylate céllulese buttothe surfaceed mizrosteuctires {§.@ paes), drean

di stributi f 15 10 w whoqr,.l ess of Rpartigle diameters  below.25 m. 20 -
50" wat of 238rts OF aaplraiutacin Sad. GahkbG thealRiFNs oS Heonet
di ameters giakbadd ihethe fingof aivdiciRal powdeican Brduddd WAHOUR! alt&&%io.
particle dianmet eézggi'( e 20 particle as 100 %

edi ng 53 taking the entiry
Particlarly fav SR e@éit@ﬁn& gelulaseras sisediinoths PRegent
substant | alyenon 9 16ANEA! foRPthb Cwatdi- AUBRAIE PEHOBE Hedllylble fifitns

"substantially do not contain' _as used in the present_specification _or
i nventi on shtginedastaarulp fronyrplantgbemand mastigllypdepelimenrzod wisheaid. 25

pe e 20y WA 188 ok ST CONARp SN A0S O

fiber etc. provided that it meets the purpose of the present invention.

25 Moreover, the size of that derived from Avicel®, or a variant thereof, as

described in JP-3912469-B, JP-5638128-B, JP-6121201-B, and JP-0538732-

B, can if necessary, be reduced by processing with a high-speed impact or

air flow-type pulverizer, and/or the bulk density increased by fine

pulverization, after which aggregated crystalline cellulose of required

30 particle aggregate size can be obtained by classification or sifting for use
with the present invention.

This kind of aggregated crystalline cellulose can usually be

produced by de-polymerization as described above and there is no limit to

its mean degree of polymerization provided that it meets the purpose of the

35 present invention. Generally, however, crystalline cellulose having a



- 500 ww, and nore preferably 1:2 - 100. Conposition that accord to the
present invention can be prepared 30 by honpgeni zi ng t he abZVEEBRUARY2606
powdered insulin and aggregated crystalline cellulose by a standard (for
exanpl e, a blender, a mixer). The anbiént conditions can be controlled,
relative humdity should not exceed 60 % and_ideally should be below 40 %
at room t emganapolyaeriziier degree petween dguaned £00p merecpreferablye2@ andhn 10 m

nay be re d; | R\E ee ' on the
ba>s/i s of {TgélﬁrOﬁm%dﬁ(ggag@éx%g%tgﬁbeﬁ }%;&F%}?égﬁslﬁfﬁéégﬁﬁ?@? er ent
form that anctredaggrdgaedrorgstallinaveetivlose that can belditilized,tthatheith a
above- nent i oned conposi.tions,..accept.abl e vid at ey do.no xert
any effect Bﬁﬁﬂ?ﬁ?{f}yt@ot%' g&%@‘é‘géf pf'ﬁ%)rgéﬁp%@g%%gi'rgléﬁlg}l%ﬂ?ma’ré]eaﬁhi s

i ncl udes otihgke balk densitpvabesLadiird tb dhSasuasfiddtBit the Bects Movahietes,

antiseptics, and absorptiqon acgel erants. For . exanple, other carrigers m ght
i ncl ude cel | ul oseTb%ndl}'bli‘Bpélasgﬁ?ﬁo%?s eRpangedpriopy [ageregats ,crystaﬁme

hydr oxypr Og%hﬂ&%@%h%%#éﬁ ¥eCusdd wﬁhhﬁ%grhg@xﬁsﬁw&&i&?%ﬁ-@ fed sz and

i
JP-1059841- A, When other carrier or di lbﬁ agents, are 10 used in this
manner, it distridegiveapatéerthaf theerystallom ealbHesobasiicled that censtitutecthe

Accor di ng { t f_pr rat.i opn, of e . 4.Nn i n the
proporti onég%jfel’é%(g%ep@ger?nes rlgél)saeéiﬁésagb% é:ﬁ%){il'ggp@r ?gl?%ﬂei \r?%m’gg‘%}i ﬁﬁﬁgg’ used,
parti cud ar purti¢ies ishsuld pc@umpar tdnge, ofl@ -nF0 pau tpartiadhy] wr 900/ %56 @adg. 1/ 50
and above) gr when exci {rgpts as nentioned above are not used, the particle

di aneter ofPP%T I ERET & Youti on of the granul ated conposition obtained is

substantial ly thgubasgueift réRbede tHAUME G dn CEHIS! sthkément csdlliese
‘used. However if the particle dianeter. of the granul ated conposition
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di aneter. %tg{ ?E%}ﬁ]iﬁgugstg%%’iﬁﬁ t’?’hieﬁfgﬂlgﬂ as usﬂgéé}ﬁetﬁﬁﬁgéé&%gisﬁl&?ﬂ i on
shal | be tateans undessothenwidenstatetl.f f erence in conparison with the control

di ameter of 10 Y%gnd Jgqallvae et eaberbiian, T ARpIIEI6RTROR thgR Of the

nasal ly adm ni stered 1 nsul’l I'ne € present invention can,
when conpasdabilizezb mvadin @ueddeoomoshd ivsed, ‘AgErever wdrde kadelay chngltbei nsul i n

absorption., Accordi ngl t he granul at ed,.gonposi t;i gn.,of,.. t he present. pnvention
enabl es t hgeé?%‘gt%n?o%fprﬁ'ﬂ%e{oegﬁﬁypﬁﬁgépngﬂﬁi ﬂfsgﬂbé&t’r"dh i osg‘gﬁnén{bf. 30
Nasal adm gxghpdd,iianAeiceBPH-g0ansy RERE0COhith D0 mFwiIo 0T Mloge Wi the any

devi ce capabl e .of efficient delivery via the nasal osa,. and device
al r eady? onpﬁﬁédﬁﬁﬁk%@ls(téﬁb’.tﬁat*"irzeéla,mlﬂﬁi aYer 3 ERRETH &ﬁ%m%w used

as they arg.didhRto®gf 10M3G0 YRS br APRHIEK 98! ®/WASEr ndrdSf THEPArBiLREEHet 0 35
di abetes patients wll vary according to individual cases and the severity
of 24 FEBRUAstbnbtet oger a whole area of 10 - 350 pm. These ranges, extending
over a whole area of 10 - 150 um, or a part thereof are acceptable if they
comply to the present invention. Crystalline cellulose such as this can be
25  obtained from the FMC Corporation of the United States and the Asahi
Chemical Industrial Co., Ltd. as Avicel® PH-101, PH-301, and PH-M15 and
may be used in the base form or obtained by grading.
A particle range extending over a whole area of 20 - 60 pm, or part
thereof; for example, aggregated crystalline cellulose in which
30 approximately 85 w/w% or more of the particles are distributed over 20 -
approximately 40 pm, 20 - approximately 55 pm, approximately 25 -
approximately 38 um, approximately 25 - approximately 53 um or
approximately 38 - approximately 53 pm is more preferable. Specifically,
Avicel® PH-F20 or PH-M15 can be graded or used as commercially

35 available. While crystalline cellulose aggregate having a particle diameter
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solution and freéze-drying of powdered, water-soluble insulin (27.7

| U ng) 16 obtl&iwiedboroy less gfpa%dqda@n&h@sgleﬂow@?ﬁ)ﬂm,he above- nent i oned

crystallin and the conposition for

nasal 24 FEBR&&’I—E{?@%?@%M%%%?% ?ég%{ﬂg?}ﬁg\;lﬁ%ggg]m nistered to cynonol gus
monkeys (n20)- 60 RnayYeafoiarede digoresers greatenltbahad& dni ramd sprtonb8nsmul i n
concentratioas after admnistration are shown in Table 1 (nean value SD).
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respectj vel egarding Table 1 are shown in Tables 2 to 5. 24
FEBRUA éét"ﬁ% asc@ﬁ %.

Particularly favored are such aggregated crystalline cellulose that
substantially do not contain particle diameters below 10 pm.
The term ‘substantially do not contain’ as used in the present specification
or invention shall be taken to mean no particle or present only a small
25  percentage.
When according to the present invention, the mixing ratio of
powdered insulin and the aggregated crystalline cellulose is adjusted to 1:1
- 500 w/w, and more preferably 1:2 - 100.
Composition that accord to the present invention can be prepared
30 by homogenizing the above-mentioned powdered insulin and aggregated
crystalline cellulose by a standard (for example, a blender, a mixer). The
ambient conditions can be controlled, relative humidity should not exceed
60 % and ideally should be below 40 % at room temperature.
Subsequently, if required, particles of less than 10 pm may be removed;

35 however, the inventor needed no removal operations on the basis of their
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experience.

Compositions in a different form that accord to the present
invention are, in addition to the above-mentioned compositions, acceptable
provided that they do not exert any effect contrary to the purpose of the

5 present invention, and this includes other carriers or base materials,
excipients, preservatives, antiseptics, and absorption accelerants. For
example, other carriers might include cellulose conductors such as
hydroxypropylcellulose, hydroxypropylmethylcellulose, or methylcellulose
as described in JP-1059841-A. When other carrier or diluting agents, are

10 used in this manner, it is desirable that the compositions obtained be
cribrated.

According to the method of preparation of the present invention,
when the proportions of powdered insulin and aggregated crystalline
cellulose used, particularly the insulin proportion, are not particularly high

15 (e.g. 1/50 and above) or when excipients as mentioned above are not used,
the particle diameter or particle distribution of the granulated composition
obtained is substantially the same as that of the aggregated crystalline
cellulose used. However if the particle diameter of the granulated
composition significantly exceeds that of the aggregated crystalline

20 cellulose, it is desirable that the composition be sifted to obtain the
specified particle diameter. The term ‘substantially the same’ as used in
this specification shall be taken to mean a maximum difference in
comparison with the control diameter of 10 % and ideally, no greater than
5 %.

25 The composition of the nasally administered insulin thus obtained
for the present invention can, when compared to conventional compositions,
achieve remarkably high insulin absorption.

Accordingly, the granulated composition of the present invention
enables the treatment of diabetes by nasal administration to patients.

30 Nasal administration of such granulated composition is possible using any
device capable of efficient delivery via the nasal mucosa, and devices
already on the market (e.g.Jetlizer, Unisia Jecs Corporation.) may be used
as they are.

The maximum or most appropriate dose to be administered to

35 diabetes patients will vary according to individual cases and the severity of
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the condition, and can not therefore be readily prescribed. However, a
medical specialist can, in consideration of serum insulin and glucose
concentrations and efficacy following normal subcutaneous injection,
determine the appropriate dosage in reference to the results of

5 administration to both cynomolgus monkeys and healthy adult humans
shown below.

Accordingly, the present invention also relates to a therapeutic
method for diabetes using the granulated insulin composition mentioned
above.

10 The present invention shall further be explained details of nasal
delivery of granulated insulin according to the present invention and
specific comparative examples, but it is not intended that the present
invention be restricted to these. The insulin used in these examples was
recombinant human insulin supplied by Intergene Co., Ltd.

15
Pharmacokinetic and Pharmacological Studies in Cynomolgus Monkeys

Unless specified, six male monkeys (body weight: 3 - 7 kg) in each
study group were nasally administered once and serum insulin and glucose
20 concentrations were measured chronologically.
Insulin and glucose concentrations were measured by Enzyme
Immune Assay (EIA) and Glck * G-6-PDH, respectively.
Each pharmaceutical preparation was placed in a capsule, and
administered intranasally with an administration device (Jetlizer, Unisia
25  Jecs Corporation).
6)) 35 mg of powdered water-insoluble insulin (28.7 IU/mg), received
as described above, and crystalline cellulose compositions [Asahi Chemical
Industrial Co., Ltd.: Avicel® PH-101 and Avicel® PH-F20 (965 mg of each)],
were thoroughly mixed in a mortar to prepare nasal administration
30 compositions. 100 mg of powdered water-insoluble insulin was then
dissolved in 1 mL of 0.1 N-hydrochloric acid, and water-soluble insulin was
prepared by adding 40 mL of purified water to the insulin solution and
freeze-drying. 36 mg of powdered, water-soluble insulin (27.7 IU/mg)
obtained by this procedure and 964 mg of the above-mentioned crystalline

35 cellulose were thoroughly mixed, and the composition for nasal
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administration was administered to cynomolgus monkeys (n=6).
Pharmacokinetic parameters calculated from serum insulin concentrations
after administration are shown in Table 1 (mean value + SD).
Serum insulin concentration and glucose concentration-time curves
5 of each nasal absorption formulation stated above are shown in Tables 1
and 2, respectively. Raw data regarding Table 1 are shown in Tables 2 to
5.
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Table 1
Kind of tios Dosage Number of Crmax Tuax | Tie AUCo_4
né of preparation (IUMbody) | animals | (U/mL)| ) | () | WU h/mL)
AVICEL 16 6 449.35| 0.33] 0.75 361.55
PH-F20 +183.66 | £0.10 | +0.33 +167.55
(water-insoluble insulin)
Present AVICEL 16 6 176.45| 0.28| 0.86 157.33
invention PH-F20 +143.46 | £0.13 | +0.44 +138.12
(water-soluble insulin)
AVICEL 16 6 164.73| 0.33| 0.78 129.78
PH-101 +70.76 | £0.10 | +0.26 + 78.45
(water-insoluble insulin)
AVICEL 16 6 153.95| 0.20] 0.96 102.88
Comparison | PH-101 £31.96|40.07 |£0.79|  + 24.16
(water-soluble insulin)
Remarks:

Cmax: maximum blood concentration of insulin

Tmex: time to reach maximum blood concentration

T1e! time for maximum blood concentration to decrease by half

AUC¢-4: whole area under the blood concentration curve from 0-4 hours
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Table 2: Administration of AVICEL PH-F20 (water-insoluble insulin)
(chronological change in insulin concentration)

Animal Insulin (pU/mL)

No. 0 10 min 20 min 30 min 40 min 1hr 2 hrs 4 hrs
1 60.8 225.2 239.6 194.6 149.8 66.9 10.0 2.3
2 24.1 349.0 632.0 529.5 412.5 181.2 45.4 15.9
3 18.8 220.3 708.0 663.0 471.5 201.4 35.6 3.5
4 2.9 124.4 274.5 307.0 224.0 61.4 16.6 5.4
5 76.1 287.0 413.5 384.5 214.0 105.5 20.8 6.4
6 20.4 396.0 370.0 211.0 95.9 24.9 9.2 4.8

Average 33.85 266.98 439.60 381.60 261.28 106.88 22.93 6.38

Standard 28.18 98.01 190.70 | 18477 | 14864 70.49 14.60 4.88

deviation
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Table 3: Administration of AVICEL PH-F20 (water-soluble insulin)
(chronological change in insulin concentration)
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Animal Insulin (uU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr " 2 hrs 4 hrs
1 3.8 385.0 434.0 392.0 322.0 123.2 18.4 2.3
2 7.0 72.6 58.6 32.2 28.5 14.0 5.7 6.7
3 3.4 71.4 98.2 116.3 85.7 29.4 11.3 1.3
4 3.2 51.2 32.0 18.4 10.8 5.6 3.0 7.9
5 2.8 228.1 247.0 235.6 171.8 924 14.6 4.8
6 2.7 137.6 108.0 65.7 37.9 19.1 14.0 1.3

Average 3.82 157.65 162.97 143.37 109.45 47.28 11.17 4.05

Standard 1.61 128.89 | 152.17 | 144.96 | 119.19 48.49 5.81 2.85

deviation
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Table 4: Administration of AVICEL PH-101 (water-insoluble insulin)
(chronological change in insulin concentration)

Animal Insulin (uU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 8.2 80.4 63.9 32.0 19.4 8.8 3.4 3.3
2 5.2 83.0 162.8 125.6 96.2 44.7 9.7 2.7
3 12.7 159.6 265.0 265.5 211.4 103.0 16.8 5.1
4 2.7 113.1 182.2 160.3 73.5 41.0 4.8 3.2
5 4.5 62.6 89.8 40.8 23.8 13.1 5.1 3.3
6 5.4 184.7 207.7 120.2 56.5 35.7 5.6 5.5

Average 6.45 113.90 161.90 124.07 80.13 41.05 7.57 3.85

Standard 3.54 48.60 74.76 85.72 70.65 33.77 5.00 1.15

deviation
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| W head of insulin was nasally admnistered, the nost favordEBRYARN 2806
absorption was seen in the order water-i nsol ubl e insulin with Avicel (r)

PH F20, followed by water-soluble insuli;m with Avicel (r) PH F20,

wat er-insoluble insulin with Avicel (r) PH 101 5 (all these are the present

invention), water-sol ublfei “:5> n wth AJicel ( 1 (conparison), and
it is clear that the comgpsgt|gns gccqrdiing|to|thec pEesent invention
reached significantly hi se&gn i nsul i“;n %9”?\?1;” ati gBs, in conparison with
t he conparative conposi tlisbnS" c§ubsaquq§n expnpl are of studies
conducted with water-i ns@ uBl ® | nsjul i|n, |whilch|shpw gogd absorption, using
various crystalline aggriegate] chrrji erjs flor |[nasal j adm nji stration. 35ngy of
powder ed wat er -i nsol ubl iI’lSJ| in (i128.17 U ng), recej ved as descri bed above,
and crystalline cellul oge [Asah C."nenLi cqh lIndustri al ., Ltd.: Avicel(r)
PH 101 and Avicel (r) PH 3% 1@, A (el () P_I?}-I-l\lﬂzg, and Avicel (r) PH M5 (965
ng of each)], were thord | y| td 26L0=i rbﬁé B0 als 1 O pr epar e nasal
adm ni stration conpositilo a?RJI h | was admini steyed to cy[I@nol gus
nmonkeys (n=6). Phar macoHl netl ¢ bparjaneter|s g¢al ¢ul ated from sef@m insulin
concentrations after admnistration are shcrwn inf Tabl e 6 (ne value f SD).
20 Seruminsulin and gl ycose ¢ongentrati gn-tfi mg CLEVES af t er sal
admi ni stration of corrpousns’,;‘de@r%b@ 4BOve | & £Sshown i reFiXs. 3 and 4.
Raw data relating to Fid. ® afels i [FaQas Sy Eo 10, 24£°FEBRUARY 2006 17
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CAJCTof . PO~ mv’l%%ier CllOWS {iat V%WﬂlggdCOMnsuWn was nasally
administered, the most favorable insulin absorption was seen in the order
water-insoluble insulin with Avicel® PH-F20, followed by water-soluble
insulin with Avicel® PH-F20, water-insoluble insulin with Avicel® PH-101

5 (all these are the present invention), water-soluble insulin with Avicel® PH-
101 (comparison), and it is clear that the compositions according to the
present invention reached significantly high serum insulin concentrations

in comparison with the comparative composition.

10 @ Subsequent examples are of studies conducted with water-insoluble
insulin, which show good absorption, using various crystalline aggregate
carriers for nasal administration. 35mg of powdered water-insoluble
insulin (28.7 IU/mg), received as described above, and crystalline cellulose
[Asahi Chemical Industrial Co., Ltd.: Avicel® PH-101 and Avicel® PH-301,

15  Avicel® PH-F20, and Avicel® PH-M15 (965 mg of each)], were thoroughly
mixed in a mortar to prepare nasal administration compositions, and each
was administered to cynomolgus monkeys (n=6). Pharmacokinetic
parameters calculated from serum insulin concentrations after
administration are shown in Table 6 (mean value + SD).

20 Serum insulin and glucose concentration-time curves after nasal
administration of compositions described above are shown in Figs. 3 and 4.

Raw data relating to Fig. 3 are shown in Tables 7 to 10.
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Table 6
, Dosage |Number| Cuax Tmax | Tz | AUCo4
Kind of
.| @QU/body) of |(WUmL)| W | (W | WU W
preparation .
animals mL)
AVICEL 16 6 164.73} 0.33] 0.78 129.78
PH-101 +70.76 | £0.10 | £0.26 +78.45
AVICEL 16 6 353.57{ 0.39| 0.65 328.13
PH-301 +174.91 {+0.14 | £0.10| £162.93
AVICEL 16 6 449.35! 0.33| 0.75 361.55
PH-F20 +183.66 | £0.10 | £0.33 | *167.55
AVICEL 16 6 225.401 0.28| 1.09 214.57
PH-M15 + 89.70 | £0.08 | £0.53 +72.37
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Table 7: Administration of AVICEL PH-101 (chronological change in insulin concentration)

Animal Insulin (pU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 8.2 80.4 63.9 32.0 19.4 8.8 3.4 3.3
2 5.2 83.0 162.8 125.6 96.2 44.7 9.7 2.7
3 12.7 159.6 265.0 265.5 211.4 103.0 16.8 5.1
4 2.7 113.1 182.2 160.3 73.5 41.0 4.8 3.2
5 4.5 62.6 89.8 40.8 23.8 13.1 5.1 3.3
6 5.4 184.7 207.7 120.2 56.5 35.7 5.6 5.5

Average 6.45 | 113.90 | 161.90 | 124.07 80.13 41.05 7.57 3.85

Standard 3.54 48.60 74.76 85.72 70.65 33.77 5.00 1.15

deviation
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Table 8: Administration of AVICEL PH-301 (chronological change in insulin coneentration)

Animal Insulin (uU/mL)

No. 0 10 min 20 min 30 min 40 min 1hr 2 hrs 4 hrs
1 9.1 129.7 77.0 41.1 24.2 19.1 1.8 1.5
2 20.5 447.5 586.0 385.0 241.0 73.8 18.6 5.3
3 9.4 185.9 239.0 367.5 313.5 225.7 77.6 4.2
4 22.7 263.0 387.0 397.5 293.5 203.3 40.0 11.6
5 10.9 419.0 469.5 326.5 234.8 119.2 24.9 7.1
6 7.4 141.2 167.6 171.2 122.4 79.2 19.9 3.8

Average 13.33 264.38 321.02 281.47 204.90 120.05 30.47 5.58

Standard | o 0| 13999 | 10309 | 14391 | 110.72 80.11 26.14 3.47

deviation




Table 9: Administration of AVICEL PH-F20 (chronological change in insulin concentration)
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Animal Insulin (uU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 60.8 225.2 239.6 194.6 149.8 66.9 10.0 2.3
2 24.1 349.0 632.0 529.5 412.5 181.2 45.4 15.9
3 18.8 220.3 708.0 663.0 471.5 201.4 35.6 3.5
4 2.9 124.4 274.5 307.0 224.0 61.4 16.6 5.4
5 76.1 287.0 413.5 384.5 214.0 105.5 20.8 6.4
6 20.4 396.0 370.0 211.0 95.9 24.9 9.2 4.8

Average 33.85 266.98 439.60 381.60 261.28 106.88 22.93 6.38

Standard .

deviation 28.18 98.01 190.70 184.77 148.64 70.49 14.60 4.88
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Table 6 shows that when 16 IU/head of insulin was nasally
administered, the most favorable insulin absorption was seen in the order
Avicel® PH-F20, followed by Avicel® 301, Avicel® PH-M15, and Avicel® PH-
101 in that order, and it is clear that the compositions according to the

5 present invention reached significantly high serum insulin concentrations
in comparison with the comparative composition. AUCos (WU-h/mL) of
Avicel® PH-F20 was about three times that of Avicel® PH-101 (see Fig. 3).
Avicel® PH-101 and Avicel® PH-F20 were produced serially; Avicel® PH-101
being chopped and pulverized to form Avicel® PH-F20. The method of

10 producing Avicel® 301 and Avicel® PH-M15 was different from that of
Avicel® PH-101. Avicel® PH-F20, Avicel® 301, Avicel® PH-M15, and Avicel®
PH-101 have bulk densities of 0.23, 0.39, 0.53,and 0.29 g/cm3, respectively.

3 Avicel® PH-F20 derivatives were classified into particle diameters
15 (see Table 11 for sieve distribution), of 20 - 25 pm (hereafter F-20 20 - 25
pum), 25 - 38 um (hereafter F-20 25 - 38 um), 38 - 53 um (hereafter F-20 38 -
53 um), 25 - 53 pm (hereafter F-20 25 - 53 um), 53 pm or below (hereafter
F-20 53 um or below), and 53 pum or above (hereafter F-20 53 um or above)
and nasally admilnistered to cynomolgus monkeys as carriers, prepared in
20 the proportions described above, for water-insoluble insulin (16 IU/head)
and serum insulin and glucose concentrations were measured.
Pharmacokinetic parameters calculated from serum insulin concentrations

after administration are shown in Table 12 (mean value + SD).
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Table 11
Sieve-through Sieve-through Sieve-through
particle diameter | amount (g) rate (%)
(um)
20-25 1.98 6.6
25-38 12.35 41.2
38 — 53 13.20 44.0
53 or more 2.14 7.1
29.67 98.9
Total
o (Loss amount: 0.33g) | (Loss rate: 1.1%)
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Table 12
Kind of . Uommwm Number OBmx HB@N M‘H\w >.G.OoL
0 reparation
ne of prep (IU/Mody) | of animals | (WU/mL) (h) (h) (uU- h/mL)

F20 16 6 449.35 0.33 0.75 361.55

+183.66 +0.10 +0.33 +167.55
F20 16 6 191.95 0.25 0.74 156.33
20 — 25 um +51.11 +0.09 1+0.11 +62.74
F20 16 6 291.45 0.22 0.91 227.75
95 — 38 yum +113.75|  +0.08|  +0.31 +168.21
F20 16 6 364.82 0.22 0.62 256.89
38 — 53 um +209.04|  0.08|  +0.11 +167.69
F20 16 6 232.90 0.31 0.93 203.69
95 — 53 ym +118.64|  +0.12|  +0.36 +128.28
F20 16 6 280.20 0.25 1.23 218.81
mmw {m or mem HH@%.@@ HOO@ HO.@@ HH@W.OW
F20 16 6 194.68 0.28 1.01 169.61

1+ w C'~ JC) Cnr NOOCnQ NQ) CJ' C) 0 47CDC+7CQoGDw 40) 00INC)
cnC) 000i Da) C) 00i O 1-) wenOi - 00r wr 00COCCCOr CNAAWCNCA H - w

adm ni stration of preparations describe2Z4 above are shown in Figs.

Raw data relating to Fig. 5 are shown in Tables 13 -
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Serum insulin and glucose concentration-time curves after nasal
administration of preparations described above are shown in Figs. 5 and 6.
Raw data relating to Fig. 5 are shown in Tables 13 - 19.
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Table 13: Administration of F20 (chronological change in insulin concentration)

Animal Insulin (uU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 60.8 225.2 239.6 194.6 149.8 66.9 10.0 2.3
2 24.1 349.0 632.0 529.5 412.5 181.2 45.4 15.9
3 18.8 220.3 708.0 663.0 471.5 201.4 35.6 3.5
4 2.9 124.4 274.5 307.0 224.0 61.4 16.6 5.4
5 76.1 287.0 413.5 384.5 214.0 105.5 20.8 6.4
6 20.4 396.0 370.0 . 211.0 95.9 24.9 9.2 4.8

Average 33.85 266.98 439.60 381.60 261.28 106.88 22.93 6.38

Standard | .0 1 98.01 | 190.70 | 18477 | 148.64 70.49 14.60 4.88

deviation
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Table 14: Administration of F20 20 - 25 um (chronological change in insulin concentration)
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Animal Insulin (WU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 24.4 184.1 160.1 91.9 60.1 28.2 5.0 7.0
2 13.1 271.5 230.3 198.6 128.7 66.1 20.7 3.4
3 17.6 209.4 223.6 190.4 144.0 71.7 31.2 7.7
4 5.9 120.2 111.6 90.6 61.5 46.4 6.2 2.4
5 10.4 152.4 173.0 88.6 48.9 12.9 4.4 3.6
6 13.8 152.4 179.3 119.1 65.8 35.5 5.8 4.5

Average 14.20 181.67 179.65 129.87 84.83 43.47 12.22 4.77

Standard | - o 53.55 43.71 51.36 40.58 22.58 11.16 2.12

deviation
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Table 15: Administration of F20 25 - 38 um (chronological change in insulin concentration)

Animal Insulin (uWU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 13.4 217.7 185.0 102.3 66.3 59.6 10.7 9.5
2 44.1 181.5 334.0 221.9 145.6 67.4 16.0 9.0
3 14.0 341.0 500.0 449.0 368.0 196.2 74.9 6.3
4 13.3 216.9 125.2 53.6 39.4 17.6 9.5 8.1
5 8.3 200.6 152.6 79.9 54.1 21.3 7.4 6.2
6 2.6 279.5 171.8 73.9 47.2 26.3 32.3 6.4

Average 15.95 239.53 244.77 163.43 120.10 64.73 25.13 7.58

Standard |, 47 50.61 | 14477 | 15216 | 127.42 67.68 25.99 1.48

deviation
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Table 16: Administration of F20 38 - 53 pm (chronological change in insulin concentration)

Animal Insulin (pU/mL)

No. 0 10 min 20 min 30 min 40 min 1hr 2 hrs 4 hrs
1 6.9 237.5 193.6 112.1 62.5 33.9 12.7 1.4
2 10.4 508.5 633.0 440.5 414.0 114.8 16.0 4.1
3 8.3 419.5 604.5 484.5 336.5 83.9 16.9 2.4
4 45.3 351.0 333.5 305.5 180.7 100.5 17.4 2.9
5 9.0 233.8 204.5 68.7 32.4 12.4 2.6 3.5
6 9.7 129.1 96.1 54.3 38.9 16.0 4.9 4.8

Average 14.93 313.23 344.25 244 .27 177.50 60.25 11.75 3.18

Standard | ) o3 139.14 | 225.81 192.01 | 164.14 44.94 6.45 1.22

deviation
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Table 17: Administration of F20 25 - 53 um (chronological change in insulin concentration)

Animal Insulin (0U/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 39.3 1405 80.2 41.7 23.5 100 | Hemolysis 4.1
2 7.1 82.1 120.8 58.4 38.7 14.8 3.7 6.2
3 5.8 102.5 235.8 269.0 197.4 116.9 31.7 6.8
4 40.0 181.5 389.0 337.0 262.0 111.0 22.3 12.0
5 7.0 247.0 3475 286.5 207.9 127.6 27.3 7.8
6 9.2 130.6 124.6 80.3 488 34.6 12.0 5.0

Average 18.07 14737 | 21632 | 17882 | 129.72 69.15 19.40 6.98

Standard | . 59.49 129.21 132.48 |  104.22 54.94 11.44 2.78

deviation
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Table 18: Administration of F20 53 pm or less (chronological change in insulin concentration)

Animal Insulin (pU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 30.7 285.5 242.0 154.7 88.9 51.0 7.5 5.4
2 11.3 348.5 342.0 220.6 135.0 34.6 17.8 8.4
3 3.7 330.0 464.5 367.5 287.5 125.0 81.1 10.7
4 12.3 76.4 83.6 50.8 28.0 14.8 7.5 14.1
5 18.8 81.6 56.9 17.5 18.0 16.6 6.8 6.8
6 23.9 373.5 417.5 278.0 127.3 45.6 7.2 5.8

Average 16.78 249.25 267.75 181.52 114.12 47.93 21.32 8.53

Standard 9.69 134.99 17069 | 13426 97.94 40.59 29.59 3.35

deviation
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Table 19: Administration of F20 53 pm or more (chronological change in insulin concentration)

Animal Insulin (WU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 6.6 84.2 90.5 61.5 44.5 17.3 11.2 6.0
2 4.6 273.5 334.5 147.5 99.7 49.4 8.4 7.9
3 1.6 130.8 221.1 195.3 202.3 176.2 19.3 7.4
4 13.6 129.8 133.4 77.2 78.8 35.5 11.3 10.1
5 10.5 260.5 225.0 147.6 120.1 55.6 10.6 4.5
6 3.8 119.1 131.7 71.8 26.1 27.4 8.3 9.2

Average 6.78 166.32 191.03 116.82 100.25 60.23 11.52 7.52

Standard 4.49 79.91 95.11 54.32 57.14 58.52 4.04 2.05

deviation
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administered, insulin absorption with unclassified F-20 particles and
aggregated crystalline cellulose preparations with a particle distribution
across a partial region of the diameter range was slightly lower than the

5 maximum serum insulin concentration of F-20; however, it was
significantly higher than that of the comparative composition. As a
reference, the raw data of intravenous administration of insulin injection

solution are shown in Table 20.
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Phar macol ogi cal Trials in Humans A conpé88ition with Avicel (r) PH F20 as the
carrier was_ nasal ly adm n| stered once and serumijnsulin and gl ucose
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5 measured chronologically.

Insulin and glucose concentrations were measured by Enzyme
Immune Assay (EIA) and Glck « G-6-PDH, respectively.
Each pharmaceutical preparation was placed in a capsule, and
administered intranasally with an administration device (Jetlizer, Unisia
10  Jecs Corporation).
35 mg of powdered water-insoluble insulin (28.7 IU/mg), was
thoroughly mixed in a mortar with 965 mg of Avicel® PH-F20 (hereafter F-
20) and nasally administered to three healthy adult males.
Pharmacokinetic parameters calculated from serum insulin concentrations
15  after administration are shown in. Table 21 (mean value + SD). Serum
insulin and glucose concentration-time curves after nasal administration of
compositions described above are shown in Figs. 7 and 8. Raw data

relating to Fig. 7 are shown in Table 22.

20
Table 21
, Dosage Number Cmax | Tmex | Tiz | AUCo.2
Kind of
.. | dU/mody) of (WUmL)| () | () | (WU -h
composition )
examinee mL)
F20 16 3 21.80| 0.28| 1.34 25.28
+0.85|+0.09 | +0.73 +5.88
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shows that granul ated conpositions related to the present invention show
favorabl e seruminsulin concentrations aid are excellent nasal

adm ni stration agents (refer to Fig. 7 and 8). 5 ] ndustrial | i cabilit

G anul at ed corrpogf% lg &l &é‘?‘&% that B&I}‘H@tﬂfég@ﬁpsliWrﬁ ate e pERsenty Y
adm ni st er eghef t{HRAEE v?hfa'vﬂféﬂlg'§é9uﬂi“i’ﬁ§h]9§'dg_ﬁéenﬁ%%hbsyaﬁ&dareeéideﬂe%t Ly
i ncrease blood insulin concentrations. Accordingly, the present 10 invention
can be uti|nasa asmpnstrationagends (paferta Eig Ttavat 8hr ovi de such conposi tions
as well as by other nedical industries. 24 FEBRUARY 2006 38 CLAIMS A

granul at ed conposition for nasal adm nistration conposed of powdered

i nsul i n ;/andindwsstealrAgplicability

Granulated compositions relating to the present invention when
nasally administered to mammals, including human beings, readily and
efficiently increase blood insulin concentrations. Accordingly, the present

10 invention can be utilized by pharmaceutical producers that provide such

compositions as well as by other medical industries.



aggregated crystalline cellulose, the distinguishing features of which are
that the said insulin is not solubilized, and that the crys24dEBREARY 2006
cellul ose aggregate has a cribriformparticle dianmeter range of 10 - 150 m
in one part or across the whole area, and the said granul ated conposition
has a particle diameter falling substantially within the range of that
prescribed for the said crystalline cellul ose aggregate. 2 The conposition
as described in daim1, in which 85 3w or nore crystalline cellulose
aggregate has a cribriformparticle dianmeter range of 20 - 60 min one
part or across the whole area. 3 The conposition as described in daiml,
having a cribriformparticle dianeter range distributions of : 10 w w or

| ess of particle dianeters below 25 @marv® - 60 w W of particle diameters
of 25 - 38 m 20 - 60 wwwof particle diameters greater than 38 m and up
to 53 m and 10 wwor |ess of particle diameters exceeding 53 m taking
the entireg partl Clgera%%lla%d% bm %ﬁ%ﬁoswbkonnagadesgrdmtielqslt@aglahm 1,
having a crysigh bQ% celdpl ogeReRsht Y AsDi20 - alab5 HEMBoaprAeprt hod for
preparing a 9@2& SHOMPAGLEL O AT cem@a%sadmtrﬂétrdqts'tq Ao Rt A5ni ng
insulin, in whiGH, i asu’dn gad bt }rcearEhQE t%%grs%ﬁe y%;&ﬁh ”ﬁoa

cel lul ose, are &neogsl y M (p%lortl ;an

which th d t | .U 0 f
the said i?;/stalgﬁlrleﬁgéf?e%ia%]o oasegoagyleéo'zﬂﬁ b2l %% fg%i 3?%?? g”me °
di amet er range‘lctlg1 1020 #OmT P 0&“5‘&?%52

said granulate composition a partlcle
diameter falling substantially w1th1n the range of
that prescribed for the said crystalline cellulose
aggregate.

2 The composition as described in Claim 1, in which 85
w/w% or more crystalline cellulose aggregate has a
cribriform particle diameter range of 20 - 60 um in
one part or across the whole area.

3 The composition as described in Claim 1, having a
cribriform particle diameter range distributions of

10 w/w% or less of particle diameters below 25 um,

20 - 60 w/w% of particle diameters of 25 - 38 um,

20 - 60 w/w% of particle diameters greater than 38 um
and up to 53 um, and

10 w/w% or less of particle diameters exceeding 53

[

um, taking the entire particle as 100 %.

4 The composition as described in Claim 1, having a
crystalline cellulose density of 0.20 - 0.65 g/cm’.

5 A method for preparing a granulated composition for
nasal administration, containing insulin, in which
insulin and its carrier, aggregated ~crystalline
cellulose, are homogeneously mixed in proportions of
1:2 - 100, and in which the said insulin is not
solubilized, and in which 90 w/w% or more of the said
crystalline cellulose aggregate has a cribriform
particle diameter range of 10 - 150um in one part or
across the area.



