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Technical Field 1111 IN The present invention relates to a syl
_formulation, the distinguishing features of which are that mmmmmmmmwmiar

in formand is administered via the nasgl nucosa. Specifically,.dhe
present invention 10 relates to a granul ated conposition of insufin for
4 nasal admnistration as a therapelESCRIPRIOBNt for diabetes. Background

Art 15 At present, the insulin used in the clinical treatnent of diabetes
is in the formof an injectable forrmulation, and in nost cases is self-

adm ni stered by COMPOSITHUN 6 F INSTILEN FOR N ASAPLSDMINISTRATIONe
characteristics of this type of drug are such that the patient nust self-

adm ni ster before neals, once to four tinmes a day for life. This

t r oubl esgneTg&ﬂ;cgfﬁi ¢ is only one of the many problens associated with
the treatnent of diabetes. Preparations for nasal adm nistration have been
proposed as a renedy to the difficulties associated w th subcutaneous
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nore of the 30 particle dianefers ranged from75 - 149 gm can be obtai ned
after di ssﬂ!‘?ﬁaﬁ@upﬁﬂﬁqtﬁlqm r diahqtes. freeze-drying, mxing the soluble
insulin thus obtained with crystalline cellulose, and sifting. In
conparison with the above-nenti oned JP-6242888-B, JP- 1059841-A

(cor r espondBagkgrowrmd d48326- Al ) with regard to high 35 hydrophilic drugs,
hi gh i pophilic drugs and peptides with high nol ecul ar

15 At present, the insulin used in the clinical treatment of diabetes is
in the form of an injectable formulation, and in most cases is self-
administered by a comparatively simple subcutaneous injection. The
characteristics of this type of drug are such that the patient must self-
administer before meals, once to four times a day for life. This troublesome

20 procedure is only one of the many problems associated with the treatment
of diabetes.

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 pm 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
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*000002* 2 | weight, describes an excellent exanple of conpositions with
superior nasal absorption and increased nmaxi mum bl ood concentrati ons.
.‘According to this official gazette, this action effect can be positively
achi eved using a water- absorbing and basic gel-form ng base such as

hydr oxypropyl cel lul ose in 5 conbinati on with aggregate crystalline
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formul ati ons, for nasal_ adm nistration _including ese related prior arts.
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20 with a ppréparlaaodl arreter of | ess than 150 gm which in conparison with
exi sting conposit ificantly i ncreaseﬁai nsul i n absorption etr]1 abl i ng
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I nvention rel ates to powdered insulin 25 conposition for nasal
adni ni st r at Inshuding tl&?ﬁp@%@dopﬂpévﬁi‘é? edAiqempositionridatt wilk gnable nasal
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crystalli nelmeambs@dggﬁe@nwbsmlm as,l ﬂlreméfmm still meetleddi anet er range
of 10 - 350 gmin one part or across the whole particle area. 30 Mreover,
the present invention relates to powdered insulin conposition for nasal
adm ni st& at Discloswate efotheobedentiopowdered 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
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particle dlé)rmst gm.in one p r_across the 3 whol e
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area. Anoth Begmtbeggr&spmg%rﬁ%@ﬁSBeBM 305984 31A usey peral | i ne
solubilized powdered insulin and a special, aggregate crystalline cellulose

20 with a particle diameter of less than 150 pm, which in comparison with
existing compositions, significantly increases insulin absorption enabling
enhanced therapeutic efficacy in the treatment of diabetes patients.

The present invention is based on this knowledge.
Accordingly, the present invention relates to powdered insulin

256 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 um 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 pum in one part or across the



cel r'ul ose aggregate as a carrier for preparing a granul ated conposition for
nasal absorption, containing insulin, for the treatnent of diabetes (in 5

. Which 90 wwor nore of the particles in the said aggregated crystalline
cellulose has a cribriformparticle diangter range of 10 - 350 gmin one
part or across the whole area). A further node of the present invention

rel ates to shobeaegeutic nethod for diabetes, spraying a granul ated
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treatnment. Brief Description of ng changes
i n serum i neellulese haseatarthrifomn aarmlezbamﬂtearrasge ofdh® ni 330 am on @ie each

preparation -, a preparation with Avicel(r)

PH- F20; - pbi’:’t éai‘y%fr}gga%lfl on WI%(%)AVI cel(r) PHF20 (solubilized insulin);

- ZS -, a prepar aAi irther imode oﬁrthe)prlébbnﬂﬁhivention relatepriepartherapeutid h
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ig.1l. Fig Jsagrap show gc nges. 1 n u in concentrations
after 30 i nfiSkmngau; r#ﬁ?‘ls’ieﬁ faréébﬁt aﬂia %\i‘qwlé%éﬂ]b‘h’g]%e‘i
monkeys. -lgpd 9opwwaéfqa i/étdf E &y t)a]ﬂi? ééiiul WY lon
wi th Avicel (n - & 0 pr eggir at |ro§1 wth Avi cg ?g%eél%’% aé
prepar ati onC nlﬁowm@étleh)dllametmsang&oﬁulg 350 wlallgroaprpa;ﬁmavgoaﬂwd‘rﬂges in
serum gl uco taat i i St LA

preparati onarﬁnfégaﬁ(gér?o ﬁastﬂ%ﬁa?/?aw he Pfe%% gsp co&rlée%s%%nc" P%}%Insm n
Fi g. 3. Hi g.desasfonagr tiviealiabetic hepagpmenitn ser um gl ucose concentrati ons
after 5 intranasal adm nistration of each preparation in cynonol gus
nonkeys. -, a preparation with Avicel (r) PHF20; - ~ -, a preparation
with Avi cel BrjeffDescrjitiq Of Drdwinngs;, -6-, a preparation with Avicel (r)

PH F20 (25 - 38 gn); -x-,a preparation with Avicel(r) PHF20 (38 - 53 gm;

-*-, a preparation with Avicel(r) PHF20 (25 - 53 gm; - -, a preparation
Wi th Avicel Fig. 1Fi|§'d:§'£h1ﬂ1<51§owﬁ% Brigeslin, seduR{ ARAIH édi{beh'tfa{h(ﬁi@ &bk 1)
PH F20 (>53 gm. i,.s a graph show ng changes in serum gl ucose

concent¥ht i sa%a&f’éradmmwtéﬂagalof@@ﬁh Breparatiamineyreroplgnsapankeys ¢in
cynonol gus gRRESNSition with Avicel® PH-F20; - B -, a preparation with Avicel® PH-F20

(solubilized insulin); -&-, 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 intranasal administration of each preparation in cynomolgus monkeys. - ¢ -,
a preparation with Avicel® PH-101; - m-, a preparation with Avicel® PH-301;
-0 -, a preparation with Avicel® PH-F20; -*-, a preparation with Avicel® PH-
M15.

36 Fig. 4is a graph showing changes in serum glucose concentrations after



The*| egends correspond to those in Fig.5. 15 Fig. 7 is a graph show ng
changes in seruminsulin concentrations after intranasal adm nistration of
_‘a preparation with Avicel (r) PHF20 as a carrier in humans. 20 Fig. 8 is a
graph show ng changes in serum gl ucose concentrations after intranasal
adm ni stration of a preparation with Avicel(r) PHF20 as a carrier in
humans. Besintivadasdladntaristratign @fteacherepaeatiowin 2gnémpldus monkeysmdi fi ed or

unnodi fi ed jI.Flsgl in used in tretat l}ng . di b%t es in humans can be used with
the present 1Pfvestdicorrespond todboge inFg3, 1 5i n Accordingly, the term
"Insulin' as used here is deened to nean all types in current or future
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present invention can be described as "non-solubilized powdered insulin.
Wth regard to this, solubilized powdered insulin, including insulin other

than the dpgerd hed ghapie shoRing ehulbs 28 GerlfIVERIRRe! ddRUbttatiohst MRécal |y
understood to be a _substance that has _itself becone solubi]ized by neans of
10 the knowHtrenawl admipistration ofceadh preparation emmnslgwsmyséwal

terms, sol uphbi dsrt%ﬁé%%oﬁﬁncot%ﬁog@iﬁ. eg by freeze-drying after producing
aq [ E&F ;

an acidifie ueous 1 nsufin solution neans of a specific surfactant.
| nsul i nlpowder as descri bed above can be of a finely powdered crystalline

or non-crys | A S finer in ¢ arison w.th the . 1 artd cul ate
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be of an entp¥dIBtTHYBPze. Generally, the various forns of insulin
mar keted in the formof nedicinal powder can be used w thout alteration.

20 Fig. 8 is a graph showing changes in serum glucose concentrations after
intranasal administration of a preparation with Avicel® PH-F20 as a

carrier in humans.

Best Mode for Carrying Out the Invention
25
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 TInsulin’ 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
1soinsulin, genetically modified human insulin or its variants thereof.
Powder forms of these types of insulin or insulin that is only slightly
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



20 Cenerally, “aggregated crystalline cellulose' as used in the present

I nvention is refined fromthe water-insoluble part of a-cellulose that is
_‘obtained as a pulp fromplant fiber and partially de-polynerized with acid.
It is possible to use aggregated crystalbine cellul ose obtained fromrayon
fiber etc. provided that it neets the purpose of the present invention. 25
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referenceto particle _size 1'n this statenen al | n to nean
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a part ther ebof are acceplt atbl e if they
tained as a pulp from plant ﬁber and partially de-polymerized with acid.

It is possible to use aggregated crystalline cellulose obtained from rayon
fiber etc. provided that it meets the purpose of the present invention.

256 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



conply to the present invention. Crystalline cellulose such as this can be
25 obtained fromthe FMC Corporation of the United States and the Asahi

. Chemcal Industrial Co., Ltd. as Avicel(r) PH 101, PH 301, and PH ML5 and
may be used in the base formor obtainedsby grading. A particle range
extending over a whole area of 20 - 60 m or part thereof, for exanple,
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base materials in - 1059841- A (or, EP-943326-Al), the use crystalline
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100 - 250 mis shown as e practica _ present 1 nvention,
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of solubilized ar @On'so .ubilized 10 insulin in conparison with the prior
arts (even Fyoveln theinentieety. i oi'nt|y with water absorbent and gel -forming

base material s i nSulbselffel84eférence fRphititleasiz¥ #f ¢hiy sefefitnt SPALIHd C
crystalline cellul ose, églmé]gpqycan achi eve such actions _and effects incl ude,
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m taking the entq p i O tj.c v _f.avor are such
aggregat ed cryst aTlﬁlﬁng%g%lﬁltagg’%%%gt ]Ipf%& C?Ezgﬁﬁ"{’i a I%)s’ aﬂ&}éﬁg]t%ﬁcgﬁﬂéi ?ign
particl e disoebidizedbmismlinl pomdeFhmnt benusalibsAapartabt ywhelenatea® @ahaibe  as
used in the esent spegification or invention shall be taken to .nmgan no
particle ordeﬁ%esirﬁs’ o‘%‘@%“%ﬁf’ the P&&P&E%%%.dﬁﬁﬁ&“%%o%i%“ﬁb"f%
present i nverdmple, ihevicel®i PH- 161 oe RH-3009vdewhith 00ukivsandnidie cfolecgat ed
cryst aléo‘ nepé:ret\{cigsl grseedljs%riﬁglceuds, tfgx('j e)tcgmll)lel, over a range of 10 - 150 pm as part of

a diameter of 10 - 350 um, or in which 90 w/w% or more of the particles are

distributed over a whole area of 10 - 350 pm. These ranges, extending
over a whole area of 10 - 150 pum, 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 um, approximately 25 -
approximately 38 pm, approximately 25 - approximately 53 pm or
approximately 38 - approximately 53 pm is more preferable. Specifically,
Avicel® PH-F20 or PH-M15 can be graded or used as commercially
36  available. While crystalline cellulose aggregate having a particle diameter



- 500 ww, and nore preferably 1:2 - 100. Conposition that accord to the
present invention can be prepared 30 by honbgeni zing the above-nentioned

. ‘powdered insulin and aggregated crystalline cellulose by a standard (for
exanpl e, a blender, a mxer). The anbié€ht conditions can be controlled,
relative humdity should not exceed 60 % and ideally should be bel ow 40 %
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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;

356 however, the inventor needed no removal operations on the basis of their



al ready on the market (e.g.Jetlizer, Unisia Jecs Corporation.) may be used
as they are. The nmaxi num or nost appropriate dose to be admnistered to 35
_‘di abetes patients will vary according to individual cases and the severity
of 9 the condition, and can not thereforg be readily prescribed. However, a
medi cal specialist can, in consideration of seruminsulin and gl ucose
. concentr at i experaenteef fi cacy fol | owi ng normal subcut aneous injection,

determ ne the appxopri ate dosage i ef erence t he results,of 5
adni ni stration toé?)lglpﬂg%%’c?nﬁpg&s %@sﬁ% P@ﬁ% t {0 %uh hearresenth oun
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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

36  diabetes patients will vary according to individual cases and the severity of



adm ni stration was adm ni stered to cynonol gus nonkeys (n=6).
Phar macoki netic parameters cal culated from seruminsulin concentrations
_after administration are shown in Table 1 (nean value SD). Seruminsulin
concentration and glucose concentration-8ime curves 5 of each nasal
absorption fornul ation stated above are shown in Tables 1 _and 2,
- respect i vel the pandifions andaean mptTehrreforeabe rendily prestribeds Howevey, a1

Ic 3 2 Cg~g?cg%:ﬂg@al sp&iddiSt cBnih0%bnsiFedLiéR 68 seruhPidulin £hd Sudods a0
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).
(1) 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 " Dosage | Number of Craax Tmax | Tie AUCo_4
1id ot preparation (IU/body) | animals uWU/mL) | (B | () | (WU W/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 |+0.07|20.79|  + 24.16
(water-soluble insulin)
Remarks:

Cmeax- maximum blood concentration of insulin

Thax- time to reach maximum blood concentration

Tise: time for maximum blood concentration to decrease by half

AUCq-4: whole area under the blood concentration curve from 0-4 hours




C~' 9Cot eof 00Nt | - Db. )

.1 00L~~PO00 N)

a 13 (DD

[N) 0Qot Qpo i - - +C0000 ~Q7 O

cQ00s 9901t c~O (GDO000CI~G chi

wdo; pcncCc. ~ 000

- - 4- - 30ndt

~

fo

(0]
0000CAt "
. '~~~C~- PCA[ ~C-~.

0

12

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 4125 181.2 45.4 15.9
3 18.8 220.3 708.0 663.0 4715 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 4135 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 | 26698 | 439.60 | 381.60 | 261.28 106.88 22.93 6.38

MMHWMM 28.18 98.01 190.70 184.77 148.64 70.49 14.60 4.88




00

-000CC~-~P rP 000co00CcWJIW7 14
00i - DOooco

nCAM00 00WAbocCD 00

~rPC~~P[~ 0 0

NDt - , DCAM

CDD

co00c~D tD Un w O~
C n

13

Table 3: Administration of AVICEL PH-F20 (water-soluble 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 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 1163 85.7 29.4 113 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 92.4 14.6 48
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 4728 | 1117 4.05

MMMMHM 1.61 12889 | 152.17 | 14496 | 119.19 48.49 5.81 2.85




~ CD p_.

Table 4: Administration of AVICEL PH-101 (water-insoluble insulin)
(chronological change in insulin concentration)
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Animal Insulin (WU/mL)

No. 0 10 min 20 min 30 min 40 min 1hr 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

deviation 3.54 48.60 74.76 85.72 70.65 33.77 5.00 1.15
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15 Avicel (r) PHF20, and Avicel(r) PH M5 (965 ng of each)], were
thoroughly mxed in a nortar to prepare nasal adm nistration conpositions,
.'‘and each was adm nistered to cynonol gus nonkeys (n=6). Pharmacoki netic
paraneters cal cul ated from seruminsulifd6concentrations after

adm nistration are shown in Table 6 (nmean value f_ SD). 20 Seruminsulin and

. gl ucose concent r atable- tli showsr ﬂé%t avhen A6shU/headniohi sudin gwasfnasally

t d t
tcgmé?s', E,Ogrﬁ%ﬂ‘gﬁ%&%@h gﬁ{@staf?@?ﬁlgig"}ngtghﬁ %%or;gu&{'%fs sedth BRY 348} at i ng
Dos ageNu nbew@trwiimkﬂhlb 2WidGhind Wit]m dAmfce 1@ BH-d2) dolloived) bi) ¢atét-solnble

pr epar ati on, aniimal s AV 730..33 129 PH-.10 7 0. 26
78. 45 AVI CEIRESEY @%@Q@;@% 0, S8 iR faluhled Sl Wagh dvidele P14
AV CEL165644&JBﬂQes%we7tﬁ@€iﬂre5&1ﬂhivEﬁ%ﬁ$ watbriddulidifgubh with Av1ce1® PH-

AVI CEL166225, 400. 281. 092 700. 080. 53 72.37 18
MbGi 00000 o301 ¥pimnanigo d iEdodisn Bhatihe cAmRAsHAGDS GEEedny 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| Cmax | Tmax | Tie | AUCo4
Kind of
.| TU/body) of |(WUmL)| () | () | 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 6 353.571 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 6 225.40| 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 (WU/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

deviation 3.54 48.60 74.76 85.72 70.65 33.77 5.00 1.15




Table 8: Administration of AVICEL PH-301 (chronological change in insulin concentration)
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tO(c) ¢ CD co Wcc

Animal Insulin (pU/mL)

No. 0 10 min 20 min 30 min 40 min 1 hr 2 hrs 4 hrs
1 9.1 129.7 77.0 41.1 24.2 19.1 18 15
2 20.5 4475 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 7.6 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 | 26438 | 321.02 | 281.47 | 20490 | 120.05 30.47 5.58

MMMMMM 6.54 | 139.22 | 193.09 | 14391 | 110.72 80.11 26.14 3.47
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Table 9: Administration of AVICEL PH-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 g 98.01 | 19070 | 18477 | 148.64 7049 |  14.60 4.88

deviation




G

000m

r.

00

c

cQlocncccnop ~

~:a; ~coc~~0000

21

Table 10: Administration of AVICEL PH-M15 (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 18.0 264.0 223.9 125.0 69.2 37.5 11.8 6.6
2 10.2 309.5 348.0 289.0 202.1 126.5 26.8 8.9
3 6.6 158.9 194.4 179.1 145.5 102.2 25.4 7.2
4 23.6 118.5 140.1 94.5 60.3 67.6 40.0 22.8
5 19.1 288.0 277.0 136.0 71.9 38.2 14.2 17.2
6 24.9 89.5 117.9 105.6 55.6 26.3 17.8 19.0

Average 17.07 204.73 216.88 154.87 100.77 66.38 22.67 13.62

Standard |, o 94.06 86.09 71.97 59.63 4033 | 10.38 6.91

deviation
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cocaoooi ~caa~m 22 Table 6 shows that when 16 | U head of insulin was
.'nasally adm nistered, the nost favorable insulin absorption was seen in
the order Avicel(r) PH F20, followed by22Avicel (r) 301, Avicel (r) PH M5,
and Avicel(r) PH 101 in that order, and it is clear that the conpositions
. according to the Fableeershows, éhat owhenadbedUdiend fofc amsulin hivgh sasally

AU, 4 (AUnARE) Wé%t%é o5t BRI, skl AifsoFFBA e et BERS o8
Avicel (1) PHvidel® PSEE2B] follcyed b&\A\aedal@rE)O PiAViC® HH-MI 5 ¢ ghd rAviedl® - wer e
Avi col (1) PHOESS thitleoffen ot F0olsRBar A APTERPPnE REaTIR fOcBHg 1)
PH ML5 wais girddedit Reh tiom ﬁeﬂéhe&fmgrﬂﬁbﬁﬁ‘ﬂfrrﬁl Rheltin nfswﬁe cohderftihiis®s
Avicel (r) 301, Avicel(r) 5, and Avi cel O PH. 101 have {)ul Kk de |t|es

of 0.23, 0.8y, com@aﬁ%@dmﬂz@ / eQraP aratays cpmpasifion. 3) Alkog ety f
derivatives ApgRige ;:aﬁpf‘ggs' arbgw tRALd tith ﬁiﬁﬂ@ﬁz Oi}%sl@lﬁlz-lé?ﬁf (;fe%bivfg 1333 or

sieve distributlon ereafter F
(hereafter AvREI®BH-188 and Aggel® E?-Qrmrealfmduceﬁi serighy; Awgelf) PH2H) 1 53 m

h ft F- 5
E)eF(r)\(/av)a, Zadﬁgé%pgﬁ%?pé(gove P Hg‘? gg%wé&ﬂgﬁgﬁ gszé)ve)ﬁg)% etﬁ{é@;ﬁy
admi | ni sd er pl:bdtmmgnAwméBuBOﬂmaﬁéyAvmel%i’iHMl& wps efiffeeent fircid thet of

Proporti ons xgeafd bR 1o 2P OXGicel PPHRLE, AviefY 4T, avita¥ P M15, and ASEs

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
16 (see Table 11 for sieve distribution), of 20 - 25 um (hereafter F-20 20 - 25
um), 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 um or below (hereafter
F-20 53 um or below), and 53 um 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).



and*seruminsulin and glucose concentrations were neasured. _
Phar macoki netic parameters cal culated from seruminsulin concentrations
Jafter adm nistration are shown in Table 12 (nmean value SD). 23 Table 11

Si eve-t hroughSi eve-t hroughSi eve-t hrough2garticl e di anmeteranount (g)rate (%
(m 20 - 251.986.6 25 - 3812.3541.2 38 - 5313.2044.0 53 or nore2.147.1

. 29.6798.9 Total (Loss anount: 0.33 Jallesd rate: 1.1% 24 ol CAtoWDt, ,-)

WAENt s) 00t DCAt"DOXoLID -~O0: O OO A 00 cow00cn oBBBB I-tC) (D | d
0 c~acaac~a+~(D 07 - Z:r :
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
Total 29.67 98.9
(Loss amount: 0.33g) | (Loss rate: 1.1%)
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Table 12
Kind of preparation UOWNWG Number OBmx a—.JEmN eﬂ\m >GOOL»
arati
prep (IU/body) | of animals | (WU/mL) | () (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 pm +51.11 +0.09 +0.11 +62.74
F20 16 6 291.45 0.22 0.91 227.75
25 — 38 pm +113.75 +0).08 10.31 1168.21
F20 16 6 364.82 0.22 0.62 256.89
38 — 53 um 1209.04 +0.08 +0.11 +167.69
F20 16 6 232.90 0.31 0.93 203.69
25 - 53 pm +118.64 +0.12 +0.36 +128.28
F20 16 6 280.20 0.25 1.23 218.81
F20 16 6 194.68 0.28 1.01 169.61




25 Seruminsulin and glucose concentration-tinme curves after nasal
adm ni stration of preparations descri bed above are shown in Figs. 5 and 6.
. Raw data relating to Fig. 5 are shown in Tables 13 - 19. 26 (DCDG t%®OCl O
aoo' ~caw ¢ n w o0 Woowcice 1--a00 wwgo, c 0c400toc aa 00oc~, cnooa~ 00 w
wMo mCA co -100 o000 oo tso o~~. ccrtocn
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 4125 181.2 454 15.9
3 18.8 220.3 708.0 663.0 4715 201.4 35.6 3.5
4 2.9 124.4 274.5 307.0 924.0 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 48

Average 33.85 | 26698 | 439.60 | 381.60 | 261.28 | 106.88 22.93 6.38

Standard )| o o 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 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
1 244 184.1 160.1 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 6.33 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 (nU/mL)

No. 0 10 min 20 min 30 min 40 min 1hr 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 | 23953 | 244.77 163.43 120.10 64.73 25.13 7.58

Standard | 7 59.61 144.77 152.16 127.42 67.68 25.99 1.48

deviation




Table 16: Administration of F20 38 - 53 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 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

MM“H“NWMM 14.93 139.14 225.81 192.01 164.14 4494 6.45 1.22

zOCf | - P/ 7CT10CA ~~W- ,~ O C~ |
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Table 17: Administration of F20 25 - 53 pm (chronological change in insulin concentration)

00D ~0CAco00 o0i ~0600-cu
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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 39.3 140.5 80.2 41.7 23.5 10.0 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 7.0 247.0 347.5 286.5 207.9 127.6 27.3 7.8
6 9.2 130.6 124.6 80.3 48.8 34.6 12.0 5.0

Average 18.07 147.37 216.32 178.82 129.72 69.15 19.40 6.98

Standard |, o o 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 (uU/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 75 5.4
2 11.3 3485 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 18.8 816 56.9 175 18.0 16.6 6.8 6.8
6 23.9 3735 4175 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

MMMHM 9.69 13499 | 17069 | 134.26 97.94 40.59 29.59 3.35
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Table 19: Administration of F20 53 um 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 61.5 445 17.3 11.2 6.0
2 4.6 2735 334.5 1475 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 45
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

MMMMHM 4.49 79.91 95.11 54.32 57.14 58.52 4.04 2.05
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- Table 12 shows that when 16 IU/head of insulin was nasally
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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Table 20: Intravenous administration (chronological change in insulin concentration)

L~|“ -
m : Animal Insulin (WU/mL) ,.
3 ~_ No. 0 2 min 5 min 10 min 15 min 30 min 1hr 2 hrs
& m 1 9.7 1489.0 671.0 224.6 76.1 19.0 5.5 1.3
mv. S m 2 4.8 1626.0 482.0 378.0 231.5 64.2 6.7 0.8
nm ©Q 3 10.0 1330.0 947.0 454.0 285.5 86.5 14.2 1.5
(&) (@]
SES 4 22.3 982.5 391.5 265.0 150.1 43.2 6.6 2.1
<H
8o ® 5 | 204 1039.0 525.0 235.5 107.2 19.9 5.3 2.3
“ 2 Average 13.44 | 129330 | 603.30 311.42 |  170.08 46.56 7.66 1.60
[N @] w
52 Standard
. o 7.54 279.11 217.04 100.27 87.01 29.10 3.71 0.61
. e deviation
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00 000CA CA mw 0~01 Ct ~cn- PCDO 33 Table 12 shows that when 16 | U head
of insulin was nasally admnistered, insulin absorption wth unclassified
. F-20 particles and aggregated crystalline cellul ose preparations with a
particle distribution across a partial gegion of the dianeter range was
slightly Iower than the 5 maxi mum seruminsulin concentration of F-20;

- however, it Fb?e&mﬂoﬁiﬁéﬁ@&ﬁH'BhaWo%’@ﬁ”Iﬁ?&tinoﬁu%§0”par ative
conposition. As a reference, the raw data of Intravenous adm nistration of

insulin injection solution are shown in Table 20. 34 CDCACP., CoNDo

oN)o4c. 0 ~00 cawy-gom{i3gitfon-GFith2 ARel® P26 asCthe crit? was nasally

administered once and serum insulin and glucose concentrations were

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 | Tmax | Tiwe | AUCo-2
Kind of

... | (IU/Mody) of WUmL)| () | (W | (uU-h/

composition .

examinee mL)

F20 16 3 21.80( 0.28| 1.34 25.28
+0.85 +£0.09 | +£0.73 + 5.88




0007 000 cn oCA o0 00 4 ~' ¢n00' v~ agocOoW-4 00i ~lcncn CI O 0 CDmmmrc
ontc[.~cnkop cu~cnc~~v~Cc~, to owenO0Ow 35 Pharmacoki netic and

. Pharmacol ogical Trials in Humans A conposition with Avicel (r) PH F20 as the
carrier was nasally adm nistered once ard seruminsulin and gl ucose
concentrations were 5 neasured chronologically. Insulin and gl ucose

- concentrations were neasured by Enzyne |mune Assay (ElIA) and d ck
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20) “and nasally adm nistered to three healthy adult nales. Pharnmacokinetic
paraneters cal cul ated fromseruminsulin concentrations 15 after

cadm nistration are shown in Table 21 (nean value SD). Serum insulin and
gl ucose concentration-time curves after gasal admnistration of
conpositions described above are shown in Figs. 7 and 8. Raw data relating

to Fig. 7 are sho i . I :
of DosggeNu mber mﬁ%{i}}%ﬁé@kﬁ/&iﬁg ¢ %Qfﬁgg‘iﬁg? ?@/dr%g??rl% f%?%elf} ?10/ t}%:eo r%sg In{c ion
exani neenl) irpentiap shesofperablezserran insslio. gowendratids a6d @20 excellentWO

9) COCTL Q- IQ.QCD, Boni Ak LEMS ot fo FHOGHRsy, O OBt O PO-00CD
5 Industrial Applicability

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.
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CAco[ . ) C. 00 OOCp00 37 Table 21 shows that granul ated conpositions related
. to the present invention show favorable seruminsulin concentrations and
are excellent nasal administration agenyg (refer to Fig.7 and 8). 5
I ndustrial Applicability Granul ated conpositions relating to the present
« invention when CLAIMS

1 A granulated composition for nasal administration composed of
powdered insulin and its carrier, aggregated crystalline cellulose,
the distinguishing features of which are that the said insulin is not
solubilized, and that 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 area, and the said granulated
composition has a particle diameter falling substantially within the
range of that prescribed for the said crystalline cellulose aggregate.

2 The composition as described in Claim 1, in which the crystalline
cellulose aggregate does not contain particles whose cribriform
particle diameter substantially exceeds 150 pm.

3 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 pm in one part or across the whole area.

4 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 pm,

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

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

10 w/w% or less of particle diameters exceeding 53 pm, taking the
entire particle as 100 %.

5 The composition as described in Claim 1, having a crystalline
cellulose density of 0.20 - 0.65 g/cm3.

6 A granulated composition for nasal administration composed of
powdered insulin and its carrier, aggregated crystalline cellulose,
the distinguishing features of which are that the said insulin is



nasally adm nistered to manmal s, including human beings, readily and
efficiently increase blood insulin concentrations. Accordingly, the present
.10 invention can be utilized by pharmaceutical producers that provide such
conpositions as well as by other nedical ghndustries. 38 CLAIMS A granul at ed
conposition for nasal adm nistration conposed of powdered insulin and its

< carrier, aggregat eshlgbstaid ith I ¢ S L, Shi f s of
which are that the said insuli ﬁt |CB§ r%ylt“%g%rl_ ll}i)él‘lél g%%%lg%g&‘?tﬁ%dﬁvﬁv}‘%%%or

nore of said cryst2ggrpgateckas alcsthrifonygparjidle diametercrangei f20n fArtmdhe

di anet er range of - 0 I r 0SS 4 whol e area, and the

sai d granul at ed c%%p&’s%?i 81? %dggssgn%szﬁfé?lg 8?%%@&‘1 REFI P?féiesg}'ﬁ?f"'lﬁﬁe al ly

within the range compasitiophesa particle aliameterstalling subsgintially eettidl thee

te. 2 Th et ] desard bed in Claimd, i ich th
Crystanline col 1 aRoRs UohRERERSIRRALORERe OGP PR pe et bsmameate.

cribriform particle dianeter substantially exceeds 150 m 3 The
conposition as desgribed in.Claiml, in_which W W or nore crystalline
cel | ul ose agﬁr egat e sh FOMPASHELOR | ?%rdﬁsﬁla"tb\gac% afaé%t@erha‘flaﬁgé efibpiforme0 m

in one part or achpesficld\@iamiter rahea distrib®ion’dyposi tion as described in
Claiml, having a cribriform particle dianmeter range distributions of: 10

W W% or | ess of particle dianeters below 25 m 20 - 60 w w¥ of particle

di aneters of 25 - 1@8“,;{3,%2(9.\,\1”-?3\%&%%1\{’{818% %ér&f‘q:b%ﬂ%jvggea}%@rs greater than 38

mand up to 53 m_and 10 o of 1 ess of par ters exceeding 53
m taking the ent20re6Qa/'wiebtpartidediamesersid 250n3®ait,i on as described in

Claim 1, having aogry, i - |yul ensity, of .0.20 - 0.65 g/ 6 A
granul at ed corrposizt%i oﬁd gl élr”b/‘l’qngg %%%%‘ﬁ?&eg i%"ﬁ‘y“&e&rfﬁ’@%%s 4m aﬁawﬂ%f‘gg?»
insulin and its cam, and aggr egated crystalline cellulose, the

and that 85 wwss a0 oY o 1Bl Sficte,diamgtezsiporebot A emgaking dboa
cribriform parti cleatitepaeticle 4008 %f 20 - 60 min one part or across the

whol e area, and the said granulated conposition has a particle dianeter
falling substantially wwthin the range of that prescribed for the said
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a granulated composition for nasal absorption, containing insulin,
for the treatment of diabetes (in which 90 w/w% or more of the
particles in the said aggregated crystalline cellulose has a
cribriform particle diameter range of 10 - 350 pm in one part or

across the whole area).

9 The use as described in Claim 8, in which 85 w/w% or more of
crystalline cellulose aggregate has a cribriform particle diameter
range of 20 - 60 um in one part or across the whole area, and does
not contain particles whose cribriform particle diameter
substantially exceeds 150 pm.

10 The use as described in Claim 8, having a cribriform particle
diameter range distributions of:

10 w/w% or less of particle diameters below 25 pm,
20 - 60 w/w% of particle diameters of 25 - 38 pm,
20 - 60 w/w% of particle diameters greater than 38 pm and up to 53



particle dianeter range distributions of: 10 wwbor |ess of particle
di aneters below 25 m 20 - 60 wwW¥bof particle dianmeters of 25 - 38 m 20
~ 60 ww¥of particle dianmeters greater than 38 mand up to 53 m and 10
W W or | ess of particle dianeters exceeging 53 m taking the entire
particle as 100 % 8 The use of crystalline cellul ose aggregate as a

. carrier for prepanigngdeo ¥/4oABELE L S '
containing insulin, for the ttr)e%t?ﬂgﬁ?ﬁr@g%agg‘g?{e%t I %%P@ﬁ%@% gﬁ%%r
nore of the partin@eandn the said aggregated crystalline cellul ose has a
cribriformparticl igge I e of . - Q. m.in one rt or,.acrpss the
whol e area). 9 Thelﬁug'{a é’s&géessgrl ea&‘%*chel%agpﬁfeg,s e?‘ﬁe%&%fléﬁgﬁw‘iﬁ@%%% tﬁﬁre of
crystal line cell ulentereagatieclaae10@9.a cribriformparticle dianmeter range

of 20 - 60 min one part or across the whole area, and does not contain
particles whose cribriformparticle diameter substantially exceeds 150 m

10 The use dad desg@y idethid foraipFeParifigviangranelated f@hipdamisn CF& et er
range distributions of; 10 w wbor |ess of_ particle dianeters below 25 m
20 - 60 W w6 of pAFFHEIKTflenetantaingngansulingivhich ingdinanehiss carmier, cl e

di aneters greater 40 fcl
di aneters greater aggg{]gggdgbgﬁjﬂal&gxe% gbe??%l&n%’ gﬁ% %gﬁ&f%/ggo{irsq{'egg&%{i if
particle di anet er Prexasemsngf 532 m 108kiand tine which i the paid iinbelinsisl@0t% 11
A et hod for prepagims: r : : L Jo} | _.adm nistr.ation,
containing insuli %&H@ghgﬁﬁc@wgbﬁaﬁﬁm%/@% %gré‘llg{é? ?’ﬁﬁﬁgﬁf’égaﬁ”&%aﬁne
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100, and in mhichﬁéae sai.d insuli sol ubilized, and in which 90

W W% or nore of t glé}lan@pﬁsqagﬂ:p?ﬁ:g%osgg}lp@rgge aggregate has a cribriform

particle diameter range of 10 - 350 min one part or across the area. 12 A
et hod of R0 oL GREE 58 b el B o e o olBRee
o o1 i 11760, 2 G0 S o ! TSR | gemogated
ystalline cellulose (the distinguishing features of which are that
the said insulin is non-solubilized, and 90 w/w% or more of the said
crystalline cellulose aggregate has a cribriform particle diameter
range of 10 - 350 pm in one part or across the whole area), is
sprayed into the nasal cavity of diabetes patients in a dosage that
contains insulin in a sufficient amount to be an effective treatment
for diabetes.

13 The therapeutic method as described in Claim 12, in which 85
w/w% or more of crystalline cellulose aggregate has a cribriform
particle diameter range of 20 - 60 pm in one part or across the
whole area, and does not contain particles whose cribriform particle
diameter substantially exceeds 150 pm.

14 The therapeutic method as described in Claim 12 having a
cribriform particle diameter range distributions of:

10 w/w% or less of particle diameters below 25 pm,
20 - 60 w/w% of particle diameters of 25 - 38 pm,
20 - 60 w/w% of particle diameters greater than 38 pm and up to 53



crystalline cellul ose aggregate has a cribriformparticle dianeter range
of 10 - 350 min one part or across the whole area), is sprayed into the
hasal cavity of diabetes patients in a dosage that contains insulinin a
sufficient amount to be an effective tregfnment for diabetes. 13 The

t herapeutic nmethod as described in daim1l12, in which 8 w w%bor nore of
. crystalline cell uluqﬁ’eamgr egate has a cribriform particle dianmeter range

of 20 - 60 min one part or_across the whole area, and does not contain
particles whose crlilbwiwyr ox esstofmarticle dimmeters exseedingd3 ynpxtakiulg th60 m
14 The therapeuti af bped in Claim12 having a cribriform
particle di anmet er%Pgﬁég)%g?lg'?erl E@?O}%S of: 10 wwhor |less of particle
dianeters below 25 m 20 - 60 ww¥ of particle dianeters of 25 - 38 m 20
- 60 wwoof particle dianeters greater than 38 mand up to 53 41 m and 10
wW W or | ess of particle dianmeters exceeding 53 m taking the entire
particle as 100 %




