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T -ON 5 Trepresent—Tniventiomn provi des
a novel transdernal formul ati on containing the pharmaceutically active
conpound 3-[4-(hexyl oxy)-1, 2,5-thiadiazol -3-yl]-1, 2,5, 6-tetrahydro-1-
nethylpyr|q§9§%§&§nonel|ne) 10 Xanomel i ne, peHpsdelaiddsai N U S
Pat ent No ('345), is a conmpound having nuscarinic activity
whi ch can be useful for the treatnment of Al zheiner's D sease. As set
forth in the '345 patent, xanoneline can be prepared in a 15 solid form
for oral use, in the form of supp05|tor|es for rectal adm nistration,

or inthe formof sterile injectable solutions for parenteral use. A
formul ation for a typical t abl r wever, the patent does
not suggest that it would MMM% e to prepare a
transdermal 20 xanoneline patch fornul ation. Appl i cants have
di scovered that the transdernal - xanonel i ne patch formulation of this

I nventi on provides suprising beneficial effects. The present invention
provi des > a nethod for treating Al zheiner's disease with fewer side 25
effects than are typi cild preasenti ahednvidh prsweidesiec novelageanstiermake

xanomeline. go 1 atord A8 LTRY EREHhhLRe R i ddi1S HRLE Y @BmBLaNG des
3-[4-(hexyloxy)-1,2,5-thiadiazol-3-y1]-1,2,5,6-tetrahydro-1-
methylpyridine (xanomeline).

10
Xanomeline, described in U.S. Patent No. 5,043,345

{'345), is a compound having muscarinic activity which can be
useful for the treatment of Alzheimer's Disease. As set
forth in the '345 patent, xanomeline can be prepared in a

15 solid form for oral use, in the form of suppositories for
rectal administration, or in the form of sterile injectable
solutions for parenteral use. A formulation for a typical
tablet is provided; however, the patent does not. suggest that
it would be possible or desirable to prepare a transdermal

20 xanomeline patch formulation.

' Applicants have discovered that the transdermal
xanomeline patch formulation of this invention provides
suprising beneficial effects. The present invention provides
a method for treating Alzheimer's disease with fewer side

25 effects than are typically associated with muscarinic
agonists like xanomeline.

The transdermal formulation of this invention provides
consistent dosage of the active ingredient, achieves

30 sustained plasma concentration of the pharmaceutically active
agent, and encourages patient compliance.

The present invention provides a transdermal
xanomeline patch formulation comprising an effective amount
35 of xanomeline, from 0.1 to 10 parts by weight azone, from 30
to 69.8 parts ethanol, 29 to 50 parts by weight water, from 0



consi stent dosage of the active ingredient, achieves 30 sustained plasna

concentration of the pharnmaceutieatly active — agent, and encourages

pati ent conpliance. The present invention provides a

tor ans]ger mal xanomel i ne patch fornul ati on conprising an effective anmount
35 of xanonel | mO0.1 to 10 parts by wei ght azone, from

69.8 parts et hyr#gﬁ to 50 parts by wei éht vvgter fromO P%Q‘msssmokﬁ
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- 2- to 30 parts by wei ght propyl ene glyﬁol and 1 to 5 parts by

wei ght Kl ucel HF. Further, thefe is provided a transdernal

xanonel i ne péd, Ay oy %&IQ@ 838?§fé¢§1bﬁ§1 gLestlﬁﬁdaﬂUHBtsoﬁaré% by

xanonel i ne and from about 7 acrylate a ive here is
provided a trans¥RtgRt st WRerein xanomeline is inti mately
distributed in a matri x. Further, thereAﬁsiimi'wiadd@/a tiranedesmpl oxameme hine

transder nmal ﬁé§E§Hﬁ¥ %ﬁ?q%%ggg i%?ﬁé”hﬁ“gﬂ¥éé%&%g §R°§£§e8£ive anount

10 of xanoneli Y. melght et hanol rom 2to
14.9 parts KiSucexangmeline and from ah?’f‘i 1719, tq net 8% §°|5V89F8eﬁd]ée%‘f?md f or

treat 11 ng I I Al zdwéreri s phcdded aoapansdéngnaaximaucsi ehiergixaraneheline is
trans erma y us o] As used herein
"xanonel i ne" ++\91n?a* efl%f?ﬁs%mh%a in %qnatrl(f'phar maceuti cal |y

accept abl e salt or sol vat dddi¢iesplly, tl???éef#see?xt?é@@eﬁsap%?’é?‘?%ﬁ“a]ﬂ'he
transder mal xanog@hdmel s PJatch fhemiLaei ownsompridiagpaasebtetbife@tamdunt

provide SUry 08 EhhoRSild,CldbnPBSPEL 4P part By WAGRE! BENLABL Snd@rom
2 to 14.9 parts Klucel HF.

Finally, there is provided a method for treating
Alzheimer's disease comprising administering xanomeline
transdermally using a patch formulation.

15

As used herein "xanomeline* shall refer to the free
base, a pharmaceutically acceptable salt or solvate thereof.
The free base is preferred. The transdermal xanomeline patch
formulations of the present invention provide surprising

20° beneficial properties. The xanomeline tablet was associated
with undesired parasympathomimetic effects when administered
to humans. Applicants have discovered that the transdermal
patch formulation can minimize such effects while providing
higher sustained plasma levels of the pharmaceutically active
25 agent.

Although the transdermal patch formulations claimed
herein are preferred for the transdermal delivery of
xanomeline, other transdermal formulations may be employed.
Percutaneous or transdermal delivery of pharmacologically

30 active agents has become feasiblé in recent years largely due
to vehicles therefor which allow increased permeation of said
agents into the body surface to which applied. Such agents
which may be useful for the preparation of a xanomeline
transdermal patch formulation include, but are not

35 necessarily limited to, dimethylsulfoxide {U.S. Patent No.
3,551,554); various l-substituted azacycloalkan-2-ones such
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3,551,554, (y.s4 PaReRY o4 £056H51BA3)4, 3D6589Bat8nOS81aE, 5’51:!.55(5,4667,
4,562,075, 4,405,616, 4,326,893, 3,989,816, 4,130,667,
4,130,643, 4,046,886, 3,952,099, 3,896,238, 3,472,931,

15 3,903,256, 4,335,115, 4,557,934, and 4,568,343 are hereby
incorporated by reference in their entirety.

It is contemplated that the trahsdermal patch
formulations of this invention will f£ind utility in both
humans and animals, i.e., will have both medical and

20 veterinary applications for providing increased percutaneous
absorption of the pharmaceutically active agent. As used
herein, the term "percutaneous" refers to the passagé of such
agents through skin (typically intact).

The transdermal formulations of the present

25 invention may be administered using a variety of devices
which have been described in the art. For example, such
devices include, but are not limited to those described in
U.S. Patent Nos. 3,598,122, 3,598,123, 3,710,795, 3,731,683,
3,742,951, 3,814,097, 3,921,636, 3,972,995, 3,993,072,

30 3,993,073, 3,996,934, 4,031,894, 4,060,084, 4,069,307,
4,077,407, 4,201,211, 4,230,105, 4,292,299, and 4,292,303
each of which is hereby incorporated by reference in its
entirety. The dosage forms of the present invention may
incorporate certain pharmaceutically acceptable excipients

35 which are conventional in the art. These include, but are
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over the period gdtdh,mehdeapecsnd Tdos®ition of the patient to be treated,
and the like. Such conventional dosage titration techniques,

familiar to the skilled artisan, may be utilized to determine
15 the amount of xanomeline present in the ultimate
pharmaceutical dosage form for any specific situation.

The pharmacologically active xanomeline is
administered by known techniques such as placing the patch
containing said agent and transdermal formulation therefor on

20 a body surface and maintaining said source on said body
surface in agent and composition transmitting relation
thereto.

One of the transdermal xanomeline patch
formulations utilizes ethanol, water, azone, and optionally

25 propvlene glycol to enhance the permeation of the
pharmacologically active xanomeline. As noted supra., azone
is known to be useful for transdermal permeation enhancement
and is chemically 1l-dodecylazacyloheptan-2-one. Azone can be
prepared as described in U.S. Patent No. 4,316,893, hereby

30 incorporated by reference.

Formulation of the claimed compositions may be
achieved by conventional methods, as by the simple mixing of
all components thoroughly. The artisan will appreciate that
compositions containing diols other than propylene glycol and

35 alcohols other than ethanol (i.e., 2-propanol) may find
utility in transdermal xanomeline compositions as a component



amounts wi ||l vary dependi ng the anount of pharnacol ogi cal |y active
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WO 96/ 23463 parts by weight ethanol, from 0 to 20 pBCEEUB)6weOGE
propvlene glycol, from 35 to 45 parts water, and from 2.5 to
3.5 parts Klucel HF. One preferred embodiment is to omit
15 propylene glycol from the formulation.
There is provided a transdermal formulation patch

wherein an effective amount of xanomeline is intimately
distrubuted in a matrix. One such preferred matrix is a
pressure sensitive adhesive.

20 Further, there is provided a transdermal xanomeline
patch formulation comprising an effective amount of
xanomeline and from about 50 to 99.9% by weight acrylic
adhesive. A preferred range of acrylic adhesive comprises
from about 65 to about 99.8% by weight acrylic adhesive. A

25 further preferred range of acrylic adhesive comprises from
about 70 to about 98% by weight acrylic adhesive. Another
preferred range for the acrylate adhesive is from about 80 to
98 parts by weight. The acrvlate adhesive is commercially
available and may be purchased for example, from the National

30 Starch and Chemical Corporation, Bridgewater, New Jersey
08807, catalog number 80-1054. The acrylate adhesive
typically contains 48% solids in 33% ethyl acetate/28%
heptane/34% isopropancl/5% toluene by weight.

Additionally, there is provided a transdermal

35 xanomeline patch formulation comprising an effective amount

of xanomeline, from 85 to 97 parts by weight ethanol and from



of the fornulation. To the extent that such fornulation exhibits the
characteristics of +he—present conpositions,  —~ such fornulattons are
considered to fall within the scope of the present invention. 5

The present invention provides a transdernal xanomel i ne patch
formulation c ﬁ@iﬁ an effective anount of xanonel i ne, Eéf

10 parts by we qgg azone, from 30 to 69.8 parts ethanol, to parts
by wei ght water, fromO to 30 parts by wei ght propylene glycol, and 1
to 5 parts by 10 wei ght Klucel HF. Preferred.ranges for the fornulatron

i nclude from2 to 4 parts by wei ght azone, PoanO to 55 parts by
werght ethanol . 3rgn: g%QjZ:BakiﬁcQY e ghélucel FORY Qn%oﬂdm\éf@ial];jom 35
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cognitive function of the forebrain and hippocampus of
mammals. T

Xanomeline tablet formulation has been administered

to mild and moderately severe Alzheimer's Disease patients.

20 Such tablet formulation of xanomeline was associated with
undesired parasympathomimetic effects when administered to a
group of subjects. Surprisingly, the presently claimed .
transdermal formulations of xanomeline can minimize or
eliminate such effects while maintaining a consistent,

25 desirable plasma concentration of the pharmacologically
active agent.

This invention provides a method for treating a
condition associated with modulation of a muscarinic receptor
with minimal or no parasympathomimetic effects comprising

30 administering xanomeline transdermally. Examples of such
conditions associated with modulation of a muscarinic
receptor include, but are not in any way limited to decreased
cognition, Alzheimer's Disease, and severe painful
conditions. Preferred transdermal patch formulations include

35 but are not limited to a patch formulation comprising an
effective amount of xanomeline, azone, ethanol, water,
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by wei ght e?ﬁgﬁgff;nd 2.5to 3.5 parts Klucel HF or o? ép app?bprlate
gel ling agent. Anot her preferred range for such formul ati ons conpri ses
from about 93 to about 95 parts by mglght et hanol and from about 3

to about 3.5 parts gelling agent. The conpound xanonel i ne can

be prepared t 5 3 24 et
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xanonel i ne, i Q:?r%%l is n;(.trégen-phosphorus The artisan will
recognize that other conditions will be effective as well;
however, the present conditions are provided as guidance to

assist the artisan in choosing the most desired parameters

20 for the present conditions.
Suitable enhancers may be additionally be alcohols
like 1,2 propane @iol. 1,3 butylene glycol, l-hexadecanol, 2-
hydroxy fatty alcochols, 2-octyldodecanol, 2-propancl, benzyl
alcohol, cetylstearyl alcohol, diethylene glycol, dipropylene
25 glvcol, dodecanol, ethanol, glycerol, hexanediol, octanol,
oleyl alcohol, panthenol, phenylcthanol, polyethylene
glycols, or polypropylene glycols, or fatty acids like capric
acid, linoleic acid, lauric acid, myristic acid, n-valerianic
acid, pelargonic acid, also other physiologically acceptable
30 low molecular acids like e.g. 3-phenylpropionic acid, acetic
acid, adipic acid, benzoic acid, salicyclic acid or their
skin compatible salts.
Similarly, sulphates and sulphonates of fatty
acids, like sodium cetylstearyl sulphate sodium lauryl
35 sulphate may be used advantageously. Esters of the formula
[(CH3 (CH2)nCOOIxR, in which m is an integer from 8 to 16,
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-7- optionally propyl ene glyest and Kl ucel HF;, an effective anount
of xanoneline intimately distributed in a matrix; an ef fective anount

of xanomeline and an acrylic adhesive; an effective anount of
xanonel i ne, ethgpo d Klucel HF; 5 described herein.
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conai ti ons.

. .S |ta§: ngance S ..be addition gbé be
al cohol s | ket’fic%?:'tfbar?é‘scﬂp thaja ebﬁ?@?‘é‘%?‘dﬁ/ﬁ? ny 1l Ehhhdlake ot o
hydroxy fatty al c@hol2;ethyidiepvdddebbihalate-prydemaiddeageizykhe combosholon.
cetyl stearyl al cohol, di et ytiRie cBhpeRhds HPER YA QiRrat2 ag8bigOkct Ho8 €SN e
et hanol , glygﬁ{ol hexanediol, o Langh . I; | al ohﬁl, panthegol,
phenyl ct hanol1® pof§¥d SHkshence s&"?c Qw b’?"g‘b %p?‘glpffﬂxé’ 859| §eBr sdimetng ¢y
acids |ike capricsulfoxidel of idediesvdémathy]l $alfoxidesi amidgsi $ike dtethyl-m-
n-val erianic 861 Sanite A(HaRIthyAC E8rmahsfe Ot it RS IOUREERahbYamide, N2N
accept abl e . . . . . . .
dimethyl acetamide, amines like diethanolamine or triethanol
amine, ethylene glycol derivatives like ethoxylated castor
15 o0il, oleylalcohol/PEG-5-~ether, glycerol ethers with
polyethylene glycol, diethylenglycol monomethylether,
diethylenglycol monoethylether, terpenes and terpenoids like
menthol, thymol, cineol, isobornyl acetate, limonene and
finally further compounds not belonging to a specific
20 chemical defined group but known to those skilled in the art
to be used for that purpose, e.g. dimethicon, sgualen,
dimethyl isosorbide, lecithine, glycofurol, urea, N-methyl

pyrrolidone.
25 Acrylic Copolymers

Acrylic copolymers are understood to be more specifically
copolymers prepared from esters of acrylic acid and
methacrylic acid with C1 to Cig alcohols, dimethylaminoethanol
30 or other suitable alcoholic components, vinyl acetate, vinyl
pyrrolidone, styrene, butadiene, acryl nitrile or other
suitable compounds with a vinyl group.
The following examples are provided to more fully
illustrate the invention claimed herein. The examples are
35 provided for illustrative purposes only and are not intended
to limit the scope of the invention in any way.



30 low nolecular acids like e.g. 3-phenyl propionic acid, acetic aci d,

adiprc—acid;—benzoi ¢ aci d;—satTTycrTTcactraor thnerr Skim~conpatible ™
salts. Simlarly, sulphates and sul phonates of fatty

acids, like sodiumcetylstearyl sul phate sodiumlauryl 35 sulphate nmay be

used advant Esters of the formula

gﬂf?f : : luss ﬂu
[CH[err](CA?err err]COQ [err]R in which mis an |nteger ro 9
WO 96/ 23463 PCT/U896/00504

- 8- preferably from8 to 12; nis 1 QL 2, preferably 1 and Ris a

| ower al kyl (Cerr] to (Jerr] re5|due but also conpounds |ike 1.3

di acetin, capric/caprylic trlglycerldq__;' gr opyl adi pat e, et hyl

ol eat e, ethylene gl ycol (di- ._5 nonost ear at e,
gl ycerol hydroxystearate, gifes . ar8=Ggenat ed cast or
oil, oleic acid estersa 0.5 brsampnenofa&ammﬁéﬁmﬂeﬂﬁra&sbae& wake di et hyl

pht hal ate or - dissolled %nebh§h§X¥E) epﬂ&?dis (2 t %12dd800'9 Qac?m%n on

conp03|t|on oun dvan eous
the 10 dfug ehiadR &nskign 5t Lo Mem'é %mmyd@sle slgco i werayadded

sul foxi de or godaty |t miktaxedeitRneeisrinde d emh)yl slinple of Glatdw de,
oY1 ko! A iy oS! Al GEOA b S el lag nTTRLAY! acEtam de,

am nes |ike han am ne or am ne co
derivatives |suapansiony| aFdnaddyi of .13 g @f Klsiaal &ﬁéohéﬂﬁﬁEGDSCbeher

gl ycerglh letthﬁﬁﬁcﬁfuztéw aéld tsﬁ@}r‘téahﬁhelﬂﬁ tﬁtlxé/qgl#céil Rlally lieBplysel. 'ghe

nonone e er | e en co (0) y P S an

ter penoi @ | iTture ﬁ@ﬁtﬁg¥ t%?% 4 @Eﬁfﬁyl écgfﬁt% SETRLH e
and fi nalthe fﬁnmwéuategnppaﬁnsrﬁ@ta?medeﬁ@w@d bexeipewasbi i spenser iy al
defined groupsyiiindeQWeo! 8 kBessvekile sk itkddiRiedthal adhbQiPe Hp&ded Or that

pur pose, e.g. dinethicon, squalen, di met hyl i sosorbi de, Iecithine,
gl ycofurol, urea, N—nethyl
Time Concentration in Dog
15 a
1 2 Mean + SEM
0 0 0 0 0+£0
3 18 11 10 10.7¢ 6.0
6 27 16 16 19.7x 4.5
20 8 26 17 15 19.3+ 4.2
12 16 13 14 14.3+ 1.1
15 12 10 12 11.3+ 0.8
24 7 8 10 8.3x 1.1
28 6 8 9 7.7+ 1.1
25 32 4 7 8 6.3+ 1.5
- 48 3 6 8 5.7+ 1.8
54 0 4 5 3.0+ 1.8
72 0 0 0 0+ 0

30 - Example 2
' Transdermal Formulation without Polvethviene Glvcol
A 0.5 g sample of xanomeline free base was
dissolved in 13.0 g of ethanol (200 proof). A 0.75 g sample
of azone was added to the ethanol mixture with stirring. An
35 11.25 g sample of water was added to the mixture. The
) mixture was a clear solution. Finally, 0.75 g of Klucel was



pyrrolidone. 25 Acrylic Copol yners ' Acrylic copolynmers are
understood to be nore specifically copol yrmers prepared fromesters of
acrylic acid and met hacrylic acid with CJerr] to (Jerr] al cohols,

di met hyl am noet hanol 30 or other suitable al coholic conponents, vinyl
acetate, vinyl ol idone, styrene, butadiene, acryl nitrpiRusdensNoiC’
sui tabl e conpounds wth a vinyl group. The foll ow ng exanpl es
are provided to nore fully illustrate the invention clained herein. The
exanpl es are 35 provided for illustrative puyrposes only and are not

i nt ended tolimt the scope of the invention in any way. WO
96/ 23463 added to the mixture and stird¥dlAHel8/ @Ha0kiucel was

-9- Exanple 1 ) Transder nal _f.or ation Free Ba

A 0.5 g sanpl e of B3SRRFRAA]G ne TREeBIKERES \WRS all%‘i%&l"véﬁaf‘ﬂ 89§5§§ hgurs. a
et hanol (200 prodf)0 A sanghegofanheefofmulHEt imprepaded 8s0dgsatibedthefein
propyl ene gl ycol %% t tHanwla Ped RS tLfL) 10
g sanpl e of vvaterv\‘g\g ed? S %&gegyt gy%ﬂxggﬁi xturea. Thtg%iturgpéva% élﬁéc}%)ﬁ%yl
suspensi on. Fional3Res} Ve SYSEEMK| ucel was added to the m xture and
stirred until the Klucel was dispersed. The 10 mxture was allowed to

stand for 24 hour A 2.0 g sanpl e of ak Lo repared as
Time corl :f[i(rg:rﬂg ik ﬂog

descri bed herein was dispensed_bhy . syringe | reservoir-type
transder nal adheanMm

1 2. 3 ___Mean + SEM

10 0 0 0 0 0+0

3 . 19 12 4 11.7+ 5.3

6 24 17 6 15.7+ 6.4

9 18 11 4 11.0% 4.9

12 12 9 5 8.7+ 2.5
15 15 9 8 3 6.7+ 2.3

24 6 5 3 4.7+ 1.1

28 9 4 0 4.3x 3.2

32 7 3 0 3.3+ 2.5

48 3 0 3 2.0x 1.2
20 54 0 0 0 0+ 0

72 0 0 0 0+ 0

Time Concentration in Monkey

hours post applicarion ng/ml Plasma
25 1 2 3 Mean + SEM

0 0 0 0 040

3 50 59 65 58+ 5.3

6 44 50 59 51t 5.3

8 39 45 45 431 2.5
30 12 25 42 41 36+ 6.7

15 25 34 37 22+ 11.8

24 14 13 16 14.3x 1.1

28 12 8 8 9.31

32 9 7 7 7.7+ 0.8
35 48 5 5 4 4.7+

54 2 2 2 2+ 0

72 0 0 Q 0+ O



Ti me Concentration in Dog 15 hours post application

ngtt— Pl-asta- T Z 3 7T Mean + T
SEM 0 0 0 0 00 3

19 11 10 10.7 6.0 6 27 16
16 19. 7 dovehss® 26 17 19.3
4.2 124’ 3 16 13 14 15“?5“9%0504 15

12 10 12 11.3 0.8 24 7 8
10 8.3 1.1 28 118 8 9 7.7+ 1.1
25 32 4 7 8 6.3 1.5 48

3 6 8 5.7[err] 1.8 54 0

g O[err]5 @’at?é§8[se\rvrelrelagplled 7t:zo the shavedE)ggﬁﬁFeog eagh rhesulsr ansder nal
For mul ati on wonkeyt. Pol yet hyl ene d ycol A 0.5 g sanple of
xanonel i ne free base was dissolved in 13.0 g of ethanol (200 proof). A
0.75 g sapple .of azone was added to thg e;hanol m xture with stirring.
An 35 11225 g sanple of water was a e mxture. The m xt ure
was a clear solution. Finally, 0.75 g of Klucel was WO 96/ 23463

PCT/ US96/ 00504 Irqasdeqmal.Xangmeélns_Ln;%ﬁh added to the
m xture and stirred until the ucel was | SPer se The m xture was

allowed to stand for 2& heotirg.sample of xagomgdpne Ereeneas®d Wi ation
prepared as dessbibed DRI €715 g ofathdindnenged-pyos¥yi Ngrhémtzd 125 g

reserv0|£0tyg mp&anggeﬁfaéel gelling agent was added to the solution and
stirred until dispersed. The gel was allowed to stand for 24
hours. A 2.0 g sample of the formulation prepared as such
was dispensed by syringe into a reservoir-type transdermal
adhesive system.

15 The patches prepared as stated herein were applied
to rats. The rats were killed in pairs at various time
points after application and the rat brains were removed and
frozen. The binding of the M1 antagonist ligand, 3H-
pirenzepine, to muscarinic receptors in the brain was

20 determined. The decreaée in binding is indicative of drug or
active metabolite present in the brain. The effect of the
drug after oral administration lasts less than 6 hours.

The percent of control ex vivo pirenzepine binding at 6 hours
was 33%, at 12 hours 15%, at 24 hours 26%, and at 48 hours -

25 53%. The mean plasma concentration using this patch
formulation was as follows:

30 Time Mean Plasma Concentration (ng/ml) + SEM
6 109.8 + 35.53
12 152.4 x 30.18
24 115.9 + 43.02
48 28.07 x 5.995



5 adhesive system Ti me Cbncentratlon i n Dog

hours post application - 'ng/m Plasm e T 1
2 3 Mean + SEM 10 O 0 0
0- O[err]O 3 19 12 11. 7+
53 6 24 17 6 1 n@
18 11 WOSBYS 110 4.9 12 Poinfagbosss
9 5 8.7 2.5 15 15 9
3 6.7 2.3 24 6 2 5 3 4.7
1.1 28 9 2 0  4.3err] 3.2
32 7 3 0 3.3[err] 2.5 48
3 0 3 2.0[err] 1.2 20 _54 0
0 0 O[err] O 72 Example 4 0 0
0 00 Ti me ; - larentima Ak Lo AGhé&si hour s
post application ng/ m Pl 1 £ 2
3 vean + SEM 0 .ﬁﬁﬂﬁ)%@ sample o xa%Pmellne fﬁfe bas£ was0 00
3 5 dissolved Ip 41.6 g ofgpressure %gmsuyg[%,aﬂryg;g adhegive
44 50 (cat 5%numibdr B803-1054,8National Starch and Chemical9
45 45 4§ . 12 .. qg§% $
a1 36 6.7 1 ogpgrgglogy Bridgewater, Nﬁg Jersey .7). The3 §Xt55e was
11. 8 24 agitated for 2 hoursign a threggroller milils The Bistnfe lwas
58 ; coat<7ad alc%ﬂg; tgxes l3egg§280f a 3 mBl thibkStelelise l%ﬁgr using
5 4 10 4§7¥nb§i coat§§¥prov1d1ng a 20 mil gap. Ehe 20 mil gap
2 2[err] O provides an effective 20 mil thick coatimg of the fOrmulation
Oferr] O on the release liner. The sample was allowed to air dry for
24 hours. The sample was laminated on polyester backing.
The patches prepared as stated herein were applied
15 to rats. The rats were killed in pairs at various time
points after application and the rat brains were removed and
frozen. The binding of the M1 antagonist ligand, 3H-
pirenzepine, to muscarinic receptors in the brain was
determined. The decrease in binding is indicative of drug or
20 active metabolite present in the brain. The effect. of the
drug after oral administration lasts less than 6 hours.
The percent of control ex vivo pirenzepine binding at 6 hours
was 101%, at 12 hours B9%, at 24 hours 75%, and at 48 hours
105%.
25 A transdermal xanomeline patch formulation in
acrylic adhesive was prepared substantially as described
supra; however, the patch formulation comprised 10.8 g
xanomeline per m? (18% by weight) and 60 g of acrylic
adhesive per m? (82% by weight). Individual 25 cm? patches
were prepared to provide 27.2 mg of xanomeline free base per

30

patch. The patches were applied to the shaved abdomen of
rats and the shaved chest of monkeys. The patches were
removed at 24 hours.



WD 96/ 23463 PCT/ US96/ 00504
-1+—— —=Pat ches wer e —apptted—totie—staved-Thest—of—each T hesus -

nonkey. 5 Exanpl e 3

Transder mal Xanoneline in Cel A 1.0 g sanple of xanoneline
free base di ssolved in 47.5 g of ethanol (200-proo fobsog 1-5 0
10 sanpl e%%@el gel ling agent was added to the sol uti%ér:{"g%%

stirred until dispersed. The gel was allowed to stand for 24 hours. A
2.0 g sanple of the formulation prepared_ﬁs_ such was di spensed by
syringe into a reservoir-type transder nal adhesi ve system 15

The patches prepared as stated herein were applied to rats. The rats
were killed in pairs at various tine points after, application and the

rat brains were renpved and Meay, RRasnp CoReRRtEAtHon FR MRtant agoni st
ligand, 3H pi rengdmene, to(nusmhlriyniSEMeceptors in the Weain was 20
determ ned. The decreasgyin binQi%gSi% pndsgative of drug on active
metabolite present in the brain. _The effect of the drug after oral
administration lasts 120 than 6 7nddPsx 0-98&ne percent of céntrol ex vivo
pi renzepi ne binding at4®tours 11.20as+38%88at 12 hours 15% 3at 24 hours
26% and at 48 hours 3% e an pl concentrationqusing this
pat ch formul ati on265V\7a0505as fo;il%da/srgr'g + E'%%{raT' 3l\/ls\an Pl asna

Concentration (ng/ni) 8<Kv 68.261 + 1.193 109.8 35353 12
152.4 30.18 24  10.00 9.576115090043. 02 48 1
28.07 51995 15.00 12.284 + 3.107 3
18.00 9.435 & 1.540 3
24.00 - 10.870 £ 0.319 3
30.00 0.522 + 0.268 3
15 Two such adhesive patches were applied to the
shaved chest of each monkey. The patches were removed at 24
hours.
Mean Plasma Concentration in Monkey
20 Time {(na/ml) =+ SEM N
1.50 25.750 £ 2.160 3
3.00 35.467 x 1.840 3
6.00 31.070 x+ 2.352 3
9.00 31.300 £ 1.578 3
25 12.00 30.230 1 3.413 3
24.00 27.037 1+ 1.868 3
28.00 8.917 £+ 3.301 3
32.00 4.867 + 2.622 3
48.00 1.080 = 0.571 3

30
One such adhesive patch was applied to the chest of

each monkey. The patches were removed at 24 hours.



WD 96/ 23463 PCT/ US96/ 00504 _

-12- Exanpl e 4 Transder mal Xanoneline in Acrytic Adhesive
A 600 ng sanple of xanoneline free base was 5 dissolved in 41.6 g of
pressure sensitive acrylic adhesive (cat. nunber 80-1054, Nati onal

Starch and Cheig Cor poration, Bridgewater, New Jersey %ﬁﬁ%@%md&
%&%3 e m xt upﬁ

m xt ure was a ed for 2 hours on a three roller mll.

was coated along the length of a 3 m!| thick release liner using 10 a
knife coater providing a 20 m| gap. The 20 m,_ gap provi des an
effective 20 m | thick coating of the fornul ation .on the rel ease liner.
The sanple was allowed to air dry for 24 hours. The sanple was

| am nat ed on pol yest er backi ng. The patchges prepared as
stated herein were applied 15 to rga® ﬂneﬂﬁaFenﬁegérﬂ PR D Monke¥s at

various tine poi nts affisse appl i daaimh) andSEMe rat brajns wer¥ renoved

and frozen. The bindinggf the @’I}gg@t%g@r@@g | i gand, 3H
pi renzepine, to nuscarinic receptors in_ the b n was determ ned. The

decrease in bPndi ng is i nd & ive oP‘ﬁ?Zlgio}'é‘g“; active netabolite pr esent
in the brain. The effect «&.00he 9d759 afeeBO0Dral admnistrati®n |asts

| ess than 6 hours. They pey cent gf 489nLrplq£x Vvivo pirenzeping binding
at 6 hours was 101% at_ 12 hours 89%  ai 24 hours 75% and at 48 hours
105% 25 A transdefal xafoh®Pihel pH%h fornul ation in3
acrylic adhesive was prepa4dosubst anssal tyo a888%lescri bed Supsa;
however, the,patch fornmul atd conpri sgg 10 xanonel i ne pgr nferr]
(18% by wei gf]itB) and 60 g ﬁg'gc%ryl i ci' gga’dhoe'?i[\gle per njerr] (82(%?by
wei ght). Individual 25 cn®2®ches 80800eted ft¥pared to provide 27.2 ng of
xanonel i ne free base per 48.00 0.123 £ 0.072 3

15

9.0g Xanomeline free base'are dissolved in 9%91g of an acrylic
adhesive solution (solids content 50.0%, cat. number 901--

20 1052, National Starch & Chemical, Zutphen, The Netherlands).
The mixture is stirred for at least 0.5 hours and is coated
on a 4 mil siliconized polyethylene terephthalate release
liner to provide a coated layer of 60 g/m2 (based on dried
matter). The wet layer is dried for 30 minutes at room

25 temperature, then for 10 minutes at 50°C. The sample was
laminated on a l-mil-backing layer of polyetylene
terephthalate.

Test samples of approximately 5 cm? are punched for in vitro

30 skin permeation experiments on pig ear full thickness skin
(Franz type diffusion cell, at 37°C; phosphate buffer pH 4.4
as receptor fluid). A mean (n=3) cumulative permeated amount
of 46 png Xanomeline was found after 24 hours.



A

patch. The patches were applied to the shaved abdonmen of rats and the
shaved—ehest—of nDnkeys——?he—parches—weref —Tenoved-at—2Z—hour s.

WD 96/ 23463 PCT/ US96/ 00504

-.13- Mean Pl asma Concentration in Rat

1.750 W 63 3 5 2.00 7.198 Oégg%

3 4.00 11.211 0. 883

6. 00 10.398 1.251 _#%_ 8.00 8.261
[err] 1.193 3 0. 00 9.576 [err] 0.000

1 10 15.00 - 12. 284 3-ﬁ2§m%13 6 3

18. 00 9.435 1.540 _ ..24..00 10. 870
0. 319 Ny - . = 11{7. 1 -#g * = . [ ;= . . £ il4 "‘_7 »';

3 15 Two such adhesi ve patches wer e applled to the shaved
chest of eac t 4. hp r

ean Pl asqm E* ‘n?ﬁ%%l?% FEES SEIE SR Vel lin 851900 an |
N : acry 150a es1g§ qgkptgquﬂ§ollds content 50 0%, cat. number
3.00 353@111D62n]nat86ﬁa1 Starch & Chehical, Zutphen, Thé&O 31. 070
2.352 9. 00. 31.300 [err] 1.578

3 25 Nethff.lBBds’o" 30.230 3.413 3

The mixture is stirred for at least 0.5 hours and is coated
10 on a 4 mil siliconized polyethylene terephthalate release
liner to provide a coated layer of 60g/m? (based on dried
matter). The wet layer is dried for 30 minutes at room
temperature, then for 10 minutes at 50°C. The sample was
laminated on a l-mil-backing layer of polyethylene
15 terephthalate.

Test samples of approximately 5 cm? are punched for in vitro
skin permeation experiments on pig ear full thickness skin
(Franz type diffusion cell, at 37°C; phosphate buffer pH 5.5

20 as receptor fluid). A mean. (n=3) cumulative permeated amount
of 102 pg Xanomeline was found after 24 hours.

25
18.0g Xanomeline free base are dissolved in 82g of an acrylic
adhesive solution (solids content 50.0%, cat. number 901~
1052, National Starch & Chemical, Zutphen, The Netherlands]).

30 The mixture is stirred for at least 0.5 hours and is coated
on a 4 mil siliconized polyethylene terephthalate release
liner to provide a coated layer of 60 g/m? (based on dried
matter). The wet layer is dried for 30 minutes at room
temperature, then for 10 minutes at 50°C. The sample was

35 laminated on a l-mil-backing layer of polymethacrylic
copolymer.




24. 00 27.037 1.868 3 28. 00 8. 917

3.301 —3—- 32.00 ~— 4.867 [erT]—27622

3 48. 00 1.080 [err] 0.571 3 30

One such adhesi ve patch was applied to the chest of each nonkey. The
pat ches were r v 24 hours. WO 96/ 23463

PCT/ US96/ 00504%%&5 - 14- PCT/USI6/00504
Mean Pl asnma Concentration in Mnkey Ti me (ng/mM) + SEM
N 1.50 6.940 0.205 -16- 3 5

3.00 9.897 1.642 3 6. 00 9. 757

0. 802 3 9.00 9.433 1.140

3 12. 00 9.760_ 1.160, 5 3 i ,
24. 00 9. 330 @esfgsamples of approximatgdy S cmé are punghed forpipgyitro
0.101 skin p8rmeation experinght80on pif. &0 fUlXFhickness skin

3 4 L%#% : 70,
Exanpl e 5 {eldnz ng%s effn%l%gr?oer]f%l'i 2c |3n %&:r%/ ?%}E&heééu\fefer PH 5.5
9.0g Xanonel i N f PEeTBaSRtAF L idol védgMEAN01H=41 SrMEtatAVe Permeakeds ppeunt
solution (solids e@nBaptus0.XkgomsAlinenwaise folfd- affer IDbhousatl.i onal Starch
& Chem cal, Zutphen, The Netherl ands).

Examples 5 to 7 illustrate the dependence of xanomeline

permeation rate on the concentration of the drug.

10
According to Fick’s law, one would expect a linear increase
in diffusion (and permeation ) rate with increasing drug
concentration. However, the following results based on the
examples show an unexpected increase.
15
Xanomeline Concentration in Permeated after 24 hours
dry adhesive matrix (% w/w) pg/cm?
18 46 {Example
20 5)
28.5 102 {Example
6) '
36 332 {Example
7) '
25

The values had been derived from clear solutions of the drug
in the adhesive. Unfortunately, the saturation limit of
about 23-28% (w/w) in this polymer limits the utilization of
this unexpected advantage of highly enriched xanomeline

30 Dreparations. It is concluded from this unexpected results
that an optimum formulation has to contain a slightly
subsaturated, saturated or even supersaturated amount of
xanomeline for best performance.



The m xture is s st 0.5 hours and is coated on a 4 ml
s-l—l—l—eem—z-ed—pol y m‘m F al'a't*e‘ﬂ'a'ea’s"e—-—r'i ner—to provide a — T
coated | ayer of 66 gfnjerm (sbased on dried matter). The wet |ayer is

«dried for 30 m nutes at room 25 n for 10 m nutes at
.50[err] C mpl e was I g mil - backi

"pol yetyle glﬂsya?erephthalate. S FEPEAGEQi of juu£§$£
*fare punched for in vitro 30 skin on experinents on i g ear fuI

= TS BY

t hi ckness skin (Franz type diffusiop cell, at 37[ei“|“l

buffer pH 4.4 as receptor fluid). 'Frean (n=3) curru

anount of 46 [err]g Xanoneline mag;iﬂugd after 24 h

96/ 23463 PCT/U896/00504

- 15- Transdermal Xanomeline in Acrylic Adhesive 14: 3¢

Xanonel i ne 1ree base Arteaissiesmaddxppossl ize aratgh Drawletionadhesi ve
sol ution (sgbh 99%]%35 a‘ioa‘é%véaingﬁélai)&ﬁt an ¥¥eckd%é a¥Buhengk Starch &

Ch |, Zut d t d f
a1 eaotS o ERGTLingG Srom BEPUE Dol ohd L0 BRTES Y SRtPEaogeRse iPhne.
t er epht hal agkovnte| Hadw 69.8 pne‘l:St ethanyl defrom ahicart 128y &0 60 dagtatby based
on dried i%ié %Fét:erTh%r‘éﬁt ahéﬁ@roléodiﬁ% tY b%ov@l%ﬁ;eﬁrébyi@ﬂg‘

te eratur tes at 50[err C The "sa
Al gl co d %rom about % to é wéig t ge??;ng agent.

10 2. A transdermal xanomeline patch formulation of Claim
1, wherein the formulation contains 0 parts by weight
propvlene glycol.

3. A transdermal xanomeline patch formulation of
15 Claims 1 to 2, wherein the gelling agent is Klucel HF.

4. A transdermal xanomeline patch formulation
comprising as an active ingredient an effective amount of
xanomeline and from about 88 to 99.8% acrylate adhesive.

20 .
5. A transdermal xanomeline patch of Claim 4 wherein
the formulation contains from about 80-98% acrylic adhesive.

6. A transdermal xanomeline patch formulation

25 comprising as an active ingredient an effective amount of
xanomeline, from about 80 to 97 parts by weight ethanol and
from about 2 to 20 parts gelling agent.

7. A transdermal xanomeline patch of Claim 6 wherein
30 the weight of ethanol is from about 85 to 97 parts and
gelling agent is about 2 to 15 parts gelling agent.

8. A transdermal xanomeline patch formulation of
Claims 6 to 7 wherein the gelling agent is Klucel HF.

35
9. 2 xanomeline transdermall using a patch formulation
as claimed in any one of Claims 1 to 8 for use in treating a



| am nated on a 1- nil-backinT Iaier of pol yethyl ene 15 terephthal ate.

Test sanpl es of ﬁmmmllmlﬂ |E m2 are punched for in vitro skin
per neati on exper

full

di ffusion cell, af 37 C osphate buf

mean (n=3) cu perneated anount

found after %%%33

Tr ansder nal Xanonellne in Acrylic Adhesive 25 18. Og Xanonellne free

base are dissolved in 82g of an acrylic qpe5|ve solution (solids

content 50.0% cat. nunber 901- 1052, Nati‘onal Starch & Chenmical,

Zut phen, The Net hasl@rdoh. assa0idbed ndtHimeddattibnr of Aamstatixaat 0.5

hours and i s coated on a 4 ml siliconized pol yethyl ene terephthal ate

rel ease li ner 6 P%Vlde a coated layer of 60 g/nferr] (based on dried

matter). The wet Iayer Is dried for 30 m nutes at room t enper at ur e,

t1 henI fgr &0 m lnutle)s at 50|[Qr Eb%.uia?laarﬁﬁ e:l\uaml 35whepehat efle ofordition is
m | - backi ng .l ay t hac ic copol yner. WO

96/ 23463 | Xfderastd LGRIREE. PCT/ US96/ 00504

-16- Test sanples of approximately 5 cnferr] are punched for in vitro

skin perneation epperinent g @BriRhfa€idn fd IcllainclongBerekhnthe condition is
Alzheimer's disease.

(Franz type

t hi ckne
' eceptor fluid). A

10 12. A transdermal patch formulation comprising as an
active ingredient an effective amount of xanomeline.

13. A patch formulation as claimed in Claim 12, wherein
the xanomeline is intimately distributed in a matrix.

15
14. A patch formulation as claimed in Claims 12 to 13,
wherein the matrix comprises a pressure-sensitive adhesive.

15. A patch formulation as claimed in Claims 12 to 14,
20 wherein the pressure-sensitive adhesive comprises. an acrylic

adhesive.

16. A patch formulation as claimed in Claims 12 to 14,

wherein the matrix comprises a pressure-sensitive adhesive

25 selected from the group consisting of polymers and copolymers
of alkyl esters of acrylic acid and methacrylic acid, the
alkyl group having from 1 to 18 carbon atoms, athylen-
copolymers of vinyl acetate with ethylene or with any of the
afore-mentioned acrylic and methacrylic esters, polyvinyl

30 pyrrolidone and copolymers of vinyl pyrrolidone, vinyl:
acetate or with any of the afore-mentioned acrylic and
methacrylic esters.

17. A transdermal patch formulation as claimed in
35 cClaims 12 to 16 which additionally contains a permeation
enhancer. '

This Sheet Has Been Replaced
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(Franz ty , at 37[err]C phosphate buffer pH5.5 5 as
‘i Iw =2) cu 32 [erTjyg—
Xanonelln 24 hours. Exanples 5 to 7 illustrate the

dependence of xanonel i ne : the concentration of the
drug. 10 %@r ding to Fi 4 HIS SHEET WS B expect a Jineatoldsr ease
in diffusi e permeat i on|) ratRERUACEDI ncrepsi ng drug concentrati on.

FHowever, the follow ng resul ts—pased—om The exanpl es show an unexpect ed
i ncrease. 15 Xanonel i ne Concentr at i—Qﬂ) in Perneated after 24
hour s dry adhesive matrix (% w w) pg/cnferr] 18
46 QEKa”D|e 2@ Bransdermal patch ¥brmulation as claimed in Claiml02

(Exanpl e kﬂfg&ln t?ﬁe E%Er 1(13§§§$q§erpvaa ?moun t of A t

(Exanpl e Thes e rom cl ear sol ucfl ons of
t he drug Palrr\'—st ey afehébr—véef%)ﬁf%# thithdhe Fotehe amaunt o0 f orhe imatriay,

about 23- 28%&%\@11&1@ bhESoRéY NEondt iHdentld)e edtcll hizag i Bie Mdnhancdd)i £

unexpect g’f‘ﬁa of hi ghly enriched xanoneline 30 preparations. It is
concl ude uﬁexpect ed results that an optinmum fornul ati on has
to contai n a slightly subsat urated, saturated or even supersaturated

amount of 19 xanonel anerhRsadaRd1 Fb'Htchf ReRlation as claimed in
Claims 17 to 18 wherein the permeation enhancer is azone.

10 20. A transdermal patch formulation as claimed in
Claims 12 to 19, wherein the xanomeline is present in an
amount of from 0.1 to 35% referred to the total weight of the
matrix.
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-17- ¢l ai ns 1. A transder nal

xanonel i ne patch f ' I sing as an active ingredient an

ef fective anmount m,m m’rmmmtmllom about 0.1 to 10 parts by weight azone,
fromabout 30 to 69.8¢part o etshamol, from about 29 t VELgh
wat er, fromabout 0 to 30 parts by weight propylene céﬁgﬁhﬂﬁygﬁﬁﬁ? fput

lto 5 parts by weight gelling agent. 2. A qﬂﬂgde | ya lj§ ne
patch formulation of Caimi, wherein the fornulatio 'E?E%' g&@i by
wei ght propyl ene gl ycol. 3. Atra §derna| xanonellne patch

fornmulation of . Clains 1 to 2, wherein the gelllng agent is Klucel HF. 4.
A transdermal xanoneline patch fornmul ation conprising as an active
ingredient an effective amunt of xanomel gnd from about 88 to 99.8%
acryl ate adhesi ve. 5. A transderﬂﬂsﬂxanonellne patch of Claim4
wherein the fornulation contains from about 80-98% acrylic adhesive. 6.

A transdernal xanonel i nezpai ]%&grgg bgnhd@ A rabhlnatos®ri sing from
about 80 to 97 parts by me?gﬁ? et hano nP?onla gﬂt to 20 %arts gelllng

agent and an arﬁ?&&ﬁriéﬁ-nﬁaﬁénﬂll?Fetlt"f?atmi%e@%?%‘ét@v@ﬁ‘f&c iVeatreita
condi tion aSSOGda’ﬂleél\ihbh st | Addwuin oQfi @onﬂscﬁdiﬁ’ﬂ ber %@gharazong from

A transdermal p rein the we t bout

85 to 97 partsa}r‘?ﬁl1 II| %g]gérﬁ a5k 5%861“ Obr %19%% %&ut% ngg?l%g Otrﬁ%
welght water, from about 0 to 30 parts by weight propylene
glycol, and from about 1 to 5 parts by weight gelling_agegp.

2. A transdermal xanomeline patch formulation of
Claim 1, wherein the formulatlon contains 0 parts by weight
propylene glycol.

3. 'A-transdérmaljxanomeline patch formulation of
Claims 1 to 2, wherein the gelling agent is Klucel HF.

4. A transdermal xanomeline patch formulation
comp;ising'as an active ingredient an effective amount of
xanomeline and from about 88 to 99.8% acrylate adhesive.

5. A transdermal Xanomeline patch of Claim 4 wherein
the formulation contains from about 80-98% acrylic adhesive.

6. A transdermal xanomeline patch prepared using a
formulation comprising from about 80 to 97 parts by weight
ethanol, from about 2 to 20 parts gelling agent and an
amount of xanomeline that is effective for treating a
condition associated with modulation of a muscarinic
receptor.

7. A transdermal patch of Claim 6 wherein the weight
of ethanol is from about 85 to 97 parts and gelling agent is
about 2 to 15 parts gelling agent.
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- 18- 8. A transder nal xanorreline patch formul ati.on of Clains 6 to 7

wherein the gelli ng”ﬂﬂmml Imjmnm Q. A.)La,nomel ine
transdermal | -using on as cl ainmed |n A@iﬁﬁ- s 1 to

5for use in treating 4 cbndition "associated with QREET

muscari ni c receptor. 10. A formul ation of C t he
condition is decreased cognition. 11. A for "hﬁ”ﬁf Ctm_m
wherein the condition is Al zheiner's di sease. 12. A patch

formul ation as conprising a pressure- sagsitive adhesive matrix and an
anount of xanoneline that is effective for treating a condition associ ated
W th nodul ation -of a nuscarinic receptor. . 13. A patch fornul ati on as
claimed-in Gaim 12, wderensdéieabressmedisenpatclefadhdsitioncofipri ses an

acrylic adh%éi“fhs 6 to 7 wherein the gelling agent is Klucel HF.

9. A xanomeline transdermall using a patch
formulation .as claimed in any one of Claims 1 to 5 for use
in treating a condition associated with modulation of a

muscarinic receptor.

10. } A.formulatlon of c1a1m 9 wherein the condltlon is

decreased cognltlon.

11. A formulation of Claim 9 wherein the condition is

Alzheimer's disease.

12. A patch formulation as comprising a pressure-
sensitive adhesive matrix and an amount of xanomeline that
is effective for treating a condition associated with

modulation of a muscarinic receptor. .

13. A patch formulation as claimed in Claim 12,
wherein the pressu:e—sensitive adhesive comprises an acrylic

adhesive.

14. A patch formulation as claimed in Claims 12 and

13, wherein the pressure-sensitive adhesive is éelected from
the group consistihg_of polymers and copolymers of alkyl “
esters of acrylic acid and methacrylic acid, the alkyl group
having from 1 to 18 carbon atoms, athylen-copolymers of
vinyl acetate with ethylene or with any of the afore-
mentioned acrylic and methacrylic esters, polyvinyl
pyrrolidone and copblymers of vinyl pyrrolidone, wvinyl
acetate or with any of the afore-mentioned acrylic and
methacrylic esters.
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