1 A TRANSDERVAL DRUG DELI VERY DEVI CE The present invention is
concerned with a transdermal drug delivery device for the

pr e-treat ngatzoindrdsk eat ment of poi soning by hi ghly toXigger/ge2o00/001382
or ganophosphates as well as a nethod for its manufacture. 5 The

threat posed by chemical warfare agents, and in particular, by nerve
agents such as the highly toxic organophosphate conpounds soman,
sarin, tabun and agent VX has taken on new significance in recent
times. 10Present nedical- counterneasures are based in part on

treatment with parasynpeiRexssEiRAL DRUSOELRERYIIEVIERNPOUNS prior to
exposure. For exanple, the present UK in-service nerve agent

pre-treat ment ThebrefchlARBShtidhal todgen@n with al ragsdérinli g delive®Ndedibe for the

pyri dostigm ne brom de prior to exposure and intramuscul ar injection
of atropine, prafegoisntrawstiodrascangbyivihhf torieortobihowhary aexpgosure. 15
The pre-treatnent set is not particularly convenient to use and does
not al ways pr eévesthed foREprePH¥e i on on exposure to nerve agent so that
t he post-exposure treatnent nust often be undertaken by a second
person. There has, therefore, been considerable interest in the

devel opment ofpngw, o?ed%&@l%ﬁ’@mﬁfam &, ﬁﬁ%hm{cﬁg{ iéUSAe}’v%ﬁée%gfc ve

20agai nst poi soni ng y toxic rganop osp I'cacy of

physosti gni ne of @ htgln@ thNiorkdnBitb RS cddfpoih@l WmaR AR Pl S0BkAOVKS Wwel |
known but its use has been limted by its short half life and side

effects such asstenseaw sigaifitanterigreaenchimie@duced cogni tive function. 25

10 Present medical countermeasures are based in part on treatment with parasympatho-
mimetic (cholinergic) compounds prior to exposure. For example, the present UK in-
scrvice nerve agent pre-treatment set (NAPS) relies on oral administration of
pyridostigmine bromide prior to exposure and intramuscular injection of atropine,
pralidoxime mesylate and avizafone following exposure.

15
The pre-treatment set is not particularly convenient to use and does not always
prevent incapacitation on exposure to nerve agent so that the post-exposure treatment
must often be undertaken by a second person. There has, therefore, been considerable
interest in the development of new pre-treatinents which are more fully protective

20  against poisoning by highly toxic organophosphates.

The efficacy of physostigmine for the pre-treatment of nerve agent poisoning is well
known but its use has been limited by its short half life and side effects such as
nausea, vomiting and reduced cognitive function.

25
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2 A nunber of animal studies have shown that sub-acute and acute

i njections of physostigm ne and a parasytnpathol ytic

(anti chol iwengiseu738donpound such as scopol am ne or tri heeqrpteeneodgizszan
be nore protective agai nst nerve agent poisoning as conpared to

i njection of physostigm ne alone (Anderson, D.R et al., in Drug
5Chem Toxicol. 1991, 14(182), 1-19 and Lim D.K et al., in

Phar maeol . Bi ochem Behav., 1989, 31, 2633-639). O her ani nal studies
have shown that sub-acute and acute injections of physostigm ne and
scopol am ne orA EPREeE R aHBH| s dpwe shpwR dgt pubacitn anguichie dnipatigs Ffor
exposure to 13%},soman as .conpared to sub-acu

.e i njection of
physost i gni ne RFPHEGR Hidshe ra§¥“&?§‘lgwceé?““f}\fléncfgbglp)m%‘g‘gi 5 nE (von

Bredow, J. et ' Lo TOX] : : - and
Cim DK et afeevishle SRR e i b Bk fbeonye fdRbened aeck BoeiE 20T
system for theaskSﬁ;ﬁEeHﬁ@ﬁnj&fion%f&ﬁ%@Q@%ﬁf&ﬁ;ﬁ@gﬁﬁérs?o@,nbmg et A5 il bayy, D.
et al., in Proc. 3d Int. Synp. Protection Agai nst Chem cal rfare
Agents, Uren, (heedbdxicoll 1991614018200 1-198Q LiSUPK. £ al.C DIrPhbrsdac]. Hioclern.
physosti gm ne patch (or pad) and a scopol am ne patch (Scopodern(r)).
The "two pat cHBehayd¥@Mi @3$Mwn to be protective in guinea pigs and
pigs for exposure to 1.5 LD50 soman. 20The sanme systemis reported to
provi de protection in pigs against 2.5 LD50 soman at bl ood pl asma
concentrati ondﬂt%\(gl. ol.am ne.great er than

s of .physosti g ne and sco
170 ng it and B Fiiy B ekl B vl ogR B SR04t
Int. Synp. Profech ‘ég&i feyp et GR! profliledh GundENESor Rp8&INeI M
Sweden, 8-12 (J)dune E‘g@ : ‘gﬁew G il th Yl r oy
10 soman as compared to sub-acute injection of physostigmine with diminished side
effect due to physostigmine (von Bredow, I. et al., in Fundam. Appl. Toxicol., 1991,

17, 782-78% and Lim, D.K. et al,, ibid, 1991, 16, 482-489).

A long-acting transdermal system for the treatment of organophosphate poisoning
15 (Levy, D. et al., in Proc. 3 Int. Symp. Protection Against Chemical Warfare A gents,
Umea, Sweden, 11-16 June 1989, Suppl.) consists of a physostigmine patch (or pad)
and a scopolamine patch (Scopoderm®). The “two patch” system is shown to be

protective in guinea pigs and pigs for exposure to 1.5 LDsp soman.

20 The same system is reported to provide protection in pigs against 2.5 LDsp soman at
blood plasma concentration levels of physostigmine and scopolamine greater than 1.0
ng mit and 0.1 ng ml™! respectively (Levy, A et al., in Proc. 4" Int. Symp. Protection

Against Chemical Warfare Agents, Stockholm, Sweden, 8-12 June 1992).



A human study in Al zheinmer patients involving repeated application of
physosti gm ne patches al one showed that a stable blood. plasm
concent r atworzodoeeds7 whi ch is protective in pigs can be paaiimu@eho13s2
wi t hout adverse side effect other than skin irritation. 5 The
transdermal therapeutic systemis clainmed to be protective in humans
w t hout side effect on the basis of "two patch" systemstudies in
pi gs show ng protection at blood plasga concentration |evels of
physosti gm ne above 1 ng,/mlL and in hunmans show ng t he absence of
nausea, vom tiggnangudiinhizslnhe pdibys iBtoBMighipeaatapslang esphisigatavi our
at 10bl ood pl asma concentration | evels of physostigmne of 0.3 + 0.1
ng/ M. EP O 732324108 shesvedliso acamhieetrlovgdplavmt hroscetitranons Geal natlich is

t herapeutic systemfor the prophylaxis and/or treatnment of poisoning
by hi ghly t oxipeotsstigainopgfopshae ecckivrp gtithers aiversppidareifect |ofhetiise sbses a
"two patch" systemand a "two-in-one" patch 15system whi ch consists
of a single pé?@ﬂmbontalnlng a separate adhesive matrix for each of
physostigmne and scopol amine. These prior art transdcrnl

t herapeuti ¢ systens are, however, inconvenient to use and unsuitable
for long |ast 'Tﬂgtrﬁgd@fqﬁa@ﬁb@&unc s?s%gﬁgélﬁllnécyto Of pritedribd Lﬂﬁlynaﬂpglt[lohtlﬁ%e
personnel. 20 The scopol ani ne patch Scopod%rne of the "two patch”
syst em nust b@ﬁmmﬁmmbahhmd%&&@mﬁa@ﬁaﬁdma&hep@ﬂﬂﬁeﬁ§ﬁ@¥mmpﬁﬂwﬁet|ve

equi pnment can interfere with its adhesion.
plasma eoncentration levels of physostigmine above 1 ng/ml and in humans showing

the absence of nausea, vomiting and statistically significant changes in behaviour at

10  blood plasma concentration levels of physostigmine of 0.3 + 0.1 ng/ml.

EP 0 732 924 Al is also concerned with a transdermal therapeutic system for the
prophylaxis and/or ftreatment of poisoning by highly toxic organophophate
compounds in humans. It discloses a “two patch” system and a “two-in-one” patch
15 system V-Jhich consists of a single patch containing a separate adhesive matri); for each

of physostigmine and scopolamine.

These prior art transdermal therapeutic systems are, however, inconvenient to use and
unsuitable for long lasting protection — especially of military and like personnel.

20
The scopolamine patch (Scopoderm®) of the “two patch” system must be worn
behind the ear and other necessary, protective equipment can interfere with its.

adhesion.



4 Further, the skin contacting area of the "two-in-one patch” is so
| arge that it cannot be |ocated on a suitable part of human body for
good adheswono@ndrsseari ng properties w thout interferemrga/dpromonss:
necessary, protective equi pnent. 5A good adhesion is an acknow edged
prerequisite for safe and effective operation of transdermal drug
delivery systens (Wkovich, AM et al., Fur. J. Pharnaceut.

Bi ophannaceut., 2006, 64, 1-8). Fhe present invention generally
ainms to |nprove on this situation by providing a 10transdermal drug
del i very devi dartist, thykih peajacting aisa efiily “dro-iene reich eltvdy bt it THECIFE esent

inventors have surprisingly found that_the inprovenent can be
obtai ned by a T*‘é‘h%‘ﬁ%?%ﬁ“ﬂff‘&é hiepaan; Body for é%@ﬁ‘@‘és"i“r?“%ﬂl‘*"é‘ﬁg B‘Bﬁﬁ“"‘s

physosti gm ne ) are proy t oget.her in a single
adhesi ve matr Iv.athout m%ofgrenc gycgleeil_']iéec S5 ¥ proleqivee f%la?te 15wi t hout

functionality. Accor d| ngl y, in one aspect the present invention
provides a transdernmal drug delivery device for the pre-treatnent and
treatment of POESOBILBGHNEYaricRdIvdde plefeqiléi@ @FQafe and effective operation of

transdermal drug delivery systems (Wokovich, A.M. et al., Eur. J. Pharmaceut.

Biopharmaceut., 2006, 64, 1-8).

The present invention generally aims to improve on this situation by providing a

10 transdermal drug delivery device of smaller size and/or better adhesion.

The present inventors have surprisingly found that the improvement can be obtained
by a transdermal drug delivery device in which both physostigmine and scopolamine
are provided together in a single adhesive matrix comprising a neutral polyacrylate

15 without functionality.

Accordingly, in one aspect, the present invention provides a transdermal drug delivery
device for the pre-treatment and treatment of poisoning by highly toxic organo-
phosphates, in the form of a matrix system comprising a backing layer, a drug
20 containing adhesive layer and a release liner, in which the drug containing adhesive
layer comprises a neutral polyacrylate without functionality having a uniform

dispersion of a parasympathomimetic and a parasympatholytic therein.

Those skilled in the art will appreciate that the backing layer and the release liner will

25  comprise a material which is impermeable to the components of the drug containing



phosphates, in the formof a matrix system conprising a backing

| ayer, a drug 20 containing adhesive layer and a release liner, in
whi ch t he wougieaarssai ni ng adhesi ve | ayer conprises a neditrG32009/001332
pol yacryl ate wi thout functionality having a uniformdispersion of a
par asynpat hom tnetic and a parasynpatholytic therein. Those skilled
inthe art will appreciate that the backing | ayer and the rel ease
liner wwll 5 adhesive |layer and that sthe material of the rel ease
liner will also permt its easy renoval fromthe device. As used
her ei n, ref er edleaye tager andithagthe ontendl i tig relehsye Siey evill alye perma vt repya
uniform 5 dispersion of a parasynpathom netic and a '

par asynpat hol yinevalfierksdsvicsr e ref erences to that |ayer having

par asynpat hom neti c-and parasynpat hol ytic di ssolved therein or to
that | ayer including sonme or all of the parasyrnpathom netic and/ or

par asympat Nol i i fledil YSh@kld 86, &0f BuahIASaHSE0 LS 51y o LEREHeNces

to a neutral polyacrylate w thout nct i Ity afe reféerences to a

pol ymer or s€O-dREd:MSESt a YhradMpRischfifietio hndPpadSymphth Sy RGhek ihi: fdier@dsy mer  or

co-polymer is substantially free fromany functional group capabl e of
provi di ng for t€thassed liavikg paepsipathbr@imp] aydipaias @fipa ol ol is 61 ti@eid @r
interaction with the parasynpathom netic or parasynpatholytie. 15
Such ref erencés thet |l4yer imluging s¢roubmpll of ehey prleyspatoninesc red/orepas-ences
to polyacrylates which are substantially free from carboxylic acid,
am no and hydegRrbeECR FaEline B ps .

10 As used herein, references to a neulral polyacrylate without functionality are
references to a polymer or co-pelymer of an ester of an acrylic acid which polymer or
co-polymer is substantially frce from any functional group capable of providing for
cross-linking of the polymer or co-polymer or for interaction with the parasympatho-
mimetic or parasympatholytic,

15
Such references will, in particular, be understood to be references to polyacrylates

which are substantially free from carboxylic acid, amino and hydroxy functional

groups.

20 In a preferred embodiment, the neutral polyacrylate without functionality comprises a
co-polymer of 2-ethylhexyl acrylate and vinyl acetate, such as the commercially

available Durotak® 4008,



20l n a preferred enbodi nent, the neutral polyacrylate w thout
functionality conprises a co-polynmer of 2-ethyl hexyl acrylate and

vi nyl acetwbepovauzs7 as the comerci al |y avail abl e Dur otrak{cB206b@9832 6
O her suitable neutral polyacrylates wi thout functionality include
comercially avail abl e acryl ate pol yners Durotak(r) 9088 and
Durotak(r) 9301 as well as the acrylate co-polynmer Durotak(r) 901A.
5The device may conprise a single matrgi x in which both actives are
provi ded t oget her but enbodi ments in which both actives are provided
t oget her i n mauer tshiglle OftetralGlolyhotyl@gsewallogO fpamsdlb] eclud cdnattdrdally

par asynpat hom neti cs conprise indirect cholinesterase inhibitors, in
10 parti cul ar avglaibanpltte posueh Tasighiy H88 tahdy urek® Hept yd ptily sodki gm ne,
neostigm ne, rivastigm ne, pyridostignm ne and denarcari um and

physi ol ogi cal |y ceptivst Ousgk®S0ther eof . Ct her suitable indirect
chol i nesterase inhibitors include donepezil, edrophonium

15gal ant ham ne, tetrahydroacridin, velnacridine, taurine in opti cally

pure or racemg, {Jé%fcmn (gomi?)Q%s 'sl%l lgg{al%%lm &ﬁué’}cb tianJ ate Er%c}gﬁ Jalid€of -
The parasynpatho t erap § I ses in
optically pureuQfnhodiments in which both actives are provided together in more than one matrix

are also possible.

Suitable parasympathomimetics comprise indirect cholinesterase inhibitors, in
10  particular, carbamates such as physostigmine, heptylphysostigmine, neostigmine,
rivastigmine, pyridostigmine and demarcarium and physiologically acceptable salts

thereof.

Other suitable indirect cholinesterase inhibitors include donepezil, edrophonium,
15  galanthamine, tetrahydroacridin, velnacridine, taurine in optically pure or racemic

form and physiologically acceptable salts thereof.

The parasympatholytic preferably comprises a tropane alkaloid in optically pure or
racemic form or a physiologically acceptable salt thereof - but other parasympatho-
20 lytics such as trihexylphenidyl, biperiden, profenamine, dexetimide, etanautine and
orphenadrine may be used. Suitable tropane alkaloids include atropine, benzotropine,

tropatepine and scopolamine.

The area weight of the drug containing adhesive layer and the % weight ratio of

25  parasympathomimetic to parasympatholytic may be chosen in line with the thera-



racem c formor a physiologically acceptable salt thereof - but other
parasynpat ho- 20 |lytics such as trihexyl phenidyl, biperiden,

pr of enam M@ 20@xetsm de, etanautinc and oThenadri ne maycChyscB28@0b01382
Sui t abl e tropane al kal oi ds i ncl ude atropi ne, benzotropine,
tropat epi ne and scopol am ne. The area wei ght of the drug containing
adhesive | ayer and the % weight ratio of 7 peutic index of the
actives to deliver long lasting (12 te 72 hours) bl ood pl asna
concentration | evels of parasynpathom netic and parasynpathol ytic
(rati o betweempe8iclin@n@df 12 adivies RlRET 1684 YastingI Th 2 @upy BbeChlishe

agai nst poi soni ng by organophosphates and w thout side effects due to
one or ot her tcheptiniesls of paropepathmbodiirent parasyrpathelaim (wee gHveeof t he
drug containinq adhesive layer is 100 g/n2 or nore. It may, for
exanpl e, be bétweBfh 18 tErEDRYky/ Hpchar®e PrAteqisg t 28Tt aPOBIEEWEEN 100

and 350 g/nR2. In this enbqdipent he % wei ght ratio. of

par asympat honi HETPEPAFALY HEEhLIes e 6l BT I B or 35 to
45:1, for exanple, 40:1. In a preferred enmbodi ment, the drug
cont ai ni ng adhesi ve | ayer includes a perneation enhancer. Suitable

perneation enhafe@mBodiBM:, BE a6 OS&Roff thaaiiid cGﬁaiQiB%’MﬂesQ@ Bdr ¢ 00 G f
octyl - 15 phenol, octyl phenyl ether, propyl eneglycol,

pol yet hyl enegloygoi. [t REGfor ekampeatietbitetdnd 0] toBHG/ADO, if pdrdicylagBitel&n | N
particular C4 to C22 straight chain fatty acids such as oleic acid,

| i nol ei ¢ aci d 18hdndadfhisen’ alti disandodiment.ythe G dveigbt etis of iparapapatheeul ar

i sopropyl myristate, nethyllaurate, cherin nonool eat e and propyl ene
gl ycol nDnooIé&?@@mﬁﬂﬁﬁﬁﬁﬁﬂwéﬁﬁﬂﬁépg{Oﬂﬁ%3%@#ﬁééﬁﬁﬁﬁm@ﬁW§ncer is also
a tacicifiﬁy. A suitabl e perneati on enhancer which is also a
tackifier 1's oleic acid.

In a preferred embodiment, the drug containing adhesive layer includes a permeation

enhancer.

Suitable permeation enhancers may be chosen from the group consisting of octyl-
15  phenol, octylphenylether, propyleneglycol, polyethyleneglycol (PEG), in particular,
PEG 400, fatty acids, in particular C4 to Cp; straight chain fatty acids such as oleic
acid, linoleic acid and adipic acid and fatty acid esters, in particular,
isopropylmyristate, methyllaurate, glycerin monooleate and propylene glycol
monooleate,
20
Advantageously, the permeation enhancer is also a tackifier. A suitable penmeation

enhancer which is also a tackifier is oleic acid.



8 The % wei ght of permeation enhancer in the drug containing adhesive
| ayer nmay be generally chosen to help deliver protective blood plasm
concent r atwonodeaveks of each drug and w thout side effectssplou@obaspne
or other of the drugs. 5The % wei ght of perneation enhancer nay, for
exanple, be 2.5 to 15 % in particular 5%to 10% of the drug
cont ai ni ng adhesive layer. In a preferred enbodi nent, in which the
parasynpat hom netic is physostigm ne, sthe parasynpathol ytic is
scopol am ne and the perneation enhancer is oleic acid, the area

10wei ght of t ITibe thrwugeht dipe@iestion gnhadtkeis itheaintgap@iningadB80e gphernaghe t he %
area weight ratio of physostigmne to scopolamine to oleic acid is
respectivel y aprswily doses igglp deliepprotetias blegs psggipoacegivdien lthesrash of the
device to the skin, it is also preferred that the device includes an
addi ti onal adN@PvEVilgysfe diFde s 8 prAtsr FAsidmety bounds the drug
15cont ai ni ng adhesi ve | ayer. Advantageously, the additional adhesive
| ayer has reduced flowability as conpared to the drug containing

adhesive | ay €/ The %%1@1&1’\9@&%% gnﬁe@ll:&l _rrralz,qw-exa%%]_eb@e 2odi§ %Pi.'ﬂ glgréél(ljapes ive

| ayer may be included as described in European patent 1
5% 1o 10% of the drug containing adhesive layer.

In a preferred embodiment, in which the parasympathomimetic is physostigmine, the
parasympatholytic is scopolamine and the permeation enhancer is oleic acid, the area
10 weight of the drug containing adhesive layer is 300 g/m” and the % area weight ratio

of physostigmine to scopolamine to oleic acid is respectively about 40:1:40,

In order to ensure good adhesion of the device to the skin, it is also preferred that the
device includes an additional adhesive layer which circumferentially bounds the drug

15  containing adhesive layer.

Advantageously, the additional adhesive layer has reduced flowability as compared to

the drug containing adhesive layer, and is without cold flow.

20  The additional adhesive layer may be included as described in European patent 1 062
926 B1. It may, in particular, be provided by an overtape comprising a laminate of a

high tack, acidic polyacrylatc adhesive layer and a backing layer.



926 Bl. It may, in particular, be provided by an overtape conprising
a lam nate of a high tack, acidic polyacryl atc adhesive | ayer and a
backi ng | ayer009/197383 used herein the expression "aci di eqatpradrgisei e”
refers to a polynmer or co-polynmer of an ester of an acrylic acid

whi ch pol ymer or co-pol yner conprises between 8 to 30 % wei ght of
carboxylic acid functional group. 5In one enbodinent, the acidic

pol yacryl ate adhesive is also a co-polyner of an ester of an acrylic
acid and vinyl acetate, for exanple, Durotalc(r) 2051. It will be
under st ood t hats used henib ddieeation faridivfiledrylan’ ©fend apdyniesorpp-paiimded, t he
backi ng | ayer of the overtape forns the backing |ayer for the device
- and an 10i némestni ofgn radik pegywhidhnelymerer ca-godymgr epgetishbearan hitp 2dhesi ve
layer will be necessary. Of course, the intervening backing |ayer
will conprise /a“’ﬁﬂttB?QHéP"%?%dnf“‘i‘cgmia%‘é‘Pweabl e to the conmponents of
the drug contai ni ng adhesive layer. but will not circunferentially
bound the drug containing adhesive |layer. In any case, the additional
adhesi ve | ayer \V 4R e gl 00: QR ool ard.edlar,

bet ween 2089/9/ tl%glﬁtegh%ﬁ??r?gé“'}ﬂﬁbg?ﬁygf eagﬁr{gé’g@‘én%%%i"r#é’nﬂ"t’{g 2 T oh the
addi ti onal adiesi¥gli¢ R¥ehd Visyl QM| Bedande, DivoRNMBEdsaPE, the area wei ght
of the adhesive layer is 25 g/n2. The area size of the overtape may
be chosen to increase overall adhesion of the device to the skin -
and may have a skin contacting width of between 1 nmand 10 nm 10

It will be understood that in embodiments in which an overlape is provided, the

backing layer of the overtape forms the backing layer for the device — and an

10  intervening backing layer for the drug containing adhesive layer will be necessary.

Of course, the intervening backing layer -will comprise a malerial which is
impermeable to the components of the drug containing adhesive layer but will not

circumnferentiaily bound the drug containing adhesive layer.

15
In any case, the additional adhesive layer may have area weight below 50 g/m?, in
particular, between 20 g/m’ to 40 g/m”. In a preferred embodiment, in which the
additional adhesive layer is provided by an overtape, the area weight of the adhesive
layer is 25 g/m”.

20

The area size of the overtape may be chosen to increase overall adhesion of the device

to the skin — and may have a skin contacting width of between 1 mm and 10 mm.



I n one enbodi ment, the skin contacting area of the drug containing
adhesive layer is 21 cnR and the skin contacting width of the

addi ti onalwedb®auwe7 | ayer is 4 mmor 7 mm 5The rel easedrideboormeysshbe
a conventional oversized type - and in enbodi nents including an
overtape, it will be understood to contact both the drug containing
and the additional adhesive layer. It nmay be a polyester or a

pol yet hyl ene terephthalate liner, in particular, a transparent

pol yet hyl ene terephthalate |liner 7 such as PrinelinerTM PET 1-s 50
nn. 10 I n a prlefwrembelingmbddiskie pntactinglated ohyje dve caniajping adlheverlokeiase
liner is scored in a region thereon which overlays part of the

addi ti onal adHésmyad| t‘afysgw Aty IRt P gddidnsaladistivg 126F 5 48P o The

pul |l -off tag reduces the possibility of cold flow and contam nation
of persons or "8lrfaces through or follow ng contact with, the drug
cont ai ni ng adhesive 15| ayer. The backing | ayer and intervening

backi ng | ayer may conprise a sheet or liner of a polyolefin,

pol yest er, spoliyyirdiiabd GRAEas Mk Qr dd@n@nalfoRRlynEE Dane ifrehsddinahs 201 t
has been found, however, that drug stability in the device is greatly
i nproved by avweiudingan bagipengwiildie lusdefsabd toh@nteke both ehe \ikig Cbntairamy @dm t
light. It is preferred, therefore, that the backing foil is

subst ant i al | y tierpdditionaleddhasive taydri gimay be B polyestep prea eabisrlenvderenhthelpter ef or e,
t he backing | ayer conprises a | am nate consisting. of pignmented

pol yet hyl ene &R% &rPagieylsh fieniparEabrrlyethel5en CHPHIarceer IR NP R t hat
known by the rﬁag,g,l%crolt_c;ap%km 1109. 5The device nmay include a cover
sheet for the BacKi ng ¥oi'f"™ and be provi ded with

10
In a preferred embodiment including overtape, the release liner is scored in a region
thereon which overlays part of the additional adhesive layer whereby to provide a
pull-off tag. The pull-off tag reduces the possibility of cold flow and contamination
of persons or surfaces through or following contact with, the drug containing adhesive
15 layer.

The backing layer and intervening backing layer may comprise a sheet or liner of a

polyolefin, polyester, polyvinylidene chloride or a polyurethane material.

20 It has been found, however, that drug stability in the device is greatly improved by
avoiding backing foils for the device which can admit light. It is preferred, therefore,

that the backing foil is substantially impermeable to light.



sui tabl e protective packagi ng such as a seal ed pouch (Cinmacraft).
The cover sheet protects against the device sticking to its packagi ng
as a resulwoabooguemard col d fl ow and preferably conprirges:E2009/001382
transparent pol yethylene terephthal ate sheet. 10 The transdernmal drug
delivery device of the present invention is nuch nore convenient to
use than the prior art transdermal systens - because the neutral
pol yacrylate without functionality capm support both actives in a
single matri x and a hi gher nmean flux of parasynpathom netic over a
sust ai ned per il checembodinpa rieckfdre) tpdagkagriyeatoeprident lanthiata gorsatidpoxyl i ¢
acid or al cohol functional groups. 15 The present invention provides
a single pat civigmen¢d palethylspmaidesn dimisiugi3gpasnpoasd polyexy) stdhan e
"two-in-one" patch of the prior art - which delivers blood plasm
concentrat i on FEPY GO EE Pt Honi neti c and parasynpat hol ytic
whi ch are protective agai nst poisioning by highly toxic
or ganophosphat es and w t hout side 20effect due to either drug (up to
72 hours). A SHRLLGE lschu@ laZ 8L RRR £5 1R Bhdid % AARRAS PovidePEFRUSE the
patch can be nore easily |located at sites on the human body providing
for better adR@ebleProbElé Qhckiding soB as iaRkaB fpBUcR RCIANBN O LTS Eovier dkRCL i ve
equi pnent. 12 The neutral polyacryl ate adhesi ve w t hout
functional ity paieso aginstuhadsicd gickiag tdév paclaging pcdredul of @kwakickldifiywt o col d
flow - as conpared to the "two-in-one" patch of the prior art. 5The
devi ce accor d|aFfb’“tf@fa*ﬂh@mp’r'?é%‘e‘ﬁatnsﬂaﬁ\}@ﬁwl&lFﬂF tsreghyfialagishest. f or prophyl axi s
agai nst poi soni ng by chem cal warfare agents such as sarin, sarum
tabun and agent VX as well as poisoning by organophosphate pesti ci des

SUCh. as erJm Or*sggmal%ﬂul Odré%% v:@ehgfst he ?rei%rt 11 tlogsls mgl Chcl)rgrf gs,

fospirate, naft don an achl orvinp It may
al so be sui tah}lerﬁ‘enf Q& us@rﬂ%nttﬁ@%ﬁo%ﬁttraﬁsﬂdmhrs@ﬁénﬁemecéﬂie BOLSQR Eb@y by

chem cal s other than organophosphates whi ch act on the central
ner vous syst erylie &itBdubfuh@ibnaigéar sufportldyth bdiftestan & §iayhe mdirixAkl Ehigher
mean flux of parasympathomimetic over a sustained period as compared to
polyacrylates including carboxylic acid or alcohol functional groups.
15
The present invention provides a single patch - of much smaller size (39 cm® or less)
than the “two-in-one” patch of the prior art — which delivers blood plasmma
concentration levels of parasympathomimetic and parasympatholytic which are

protective against poisioning by highly toxic organophosphates and without side

20  effect due to either drug (up to 72 hours).

A smaller patch size enables better adhesion - because the patch can be more easily
located at sites on the human body providing for better adhesion and/or minimal

interference by other proteciive equipment.



151 n a second aspect, the present invention provides a nethod for the
manuf acture of a transdermal drug delivery device for pre-treatnent
and treat mgoto®@f1487 soni ng by highly toxic organophosphatrassz000/001382
conprising the steps of i) coating a first release liner and a second
rel ease liner with a solution conprising a neutral polyacrylate
adhesive without functionality, a parasynpathom netic and a
parasynpatholytic ii) drying the 20 roated release liners at a

t enperature between 50C and 120C whereby to obtain a first |am nate
and a second [ThsrpewrelepobvacsHath adhpsing veithet fopctiomalitsialsp nrpvidesHersd devick ayer

H ) applying a backing |ayer to the drug containing adhesive |ayer of
the first |am“ﬁgbélasﬁgk%w}‘# Aoy 1 HsopRarE e e [tvpdrone hratcl pf Bsdither eby
to obtain a thirtrd | am nate and iv) fusing the the drug containing
adhesi ve | ayef"of the second laninate with the drug 25cont ai ni ng
adhesive layer of the third lamnate. 13 The drug contai ning

adhesi ve solution may be obtained, for exanple, by the prelimnary
steps of addi Nge agvitBan@lgi6 (®OpretbdtQivefonds PakRSs Yorpadphoadsr®bihe and a
parasynpat holytic to a solution of a neutral polyacrylate w thout
functional ity paisghing bp cheorial Varfapegtsahicion sai) sancg nsbun mdepdayVXacet at e
wth mxing. O course, other solvents and tenperatures may al so be
suitabl e and ™ emouierngoby eargtnoptefnbesh eprsticates t fweh g8l broménvinlps. | be
chosen in the appropriate ratio having regard to the coating step i)
and the desi r SYOEEMIEPIGR i RYPS dighlomves Jaspiftien gefRlos A RiPRI S8 HES | ve

| ayer. 1In onete(?rg;%%g‘ii. nt, the coating step i) provides for coating
the first and second release liners with the drug contai ni ng adhesi ve
solution ify two or nore |lanes, for exanple, in three or four |anes.
O course, the lanes on each liner should be appropriately positioned
in relation ta@acisoteneablbr frdieafihPAa @SatBEnt oh Boifokisy BY cigh@Ps 151 V) .
In a preferred enbodi nent, the nmethod provides that the first and
second r el easethki timorgancphaeptotes €loehtagch nwietcbrtiahreseus spstegsin psimuarchiapng t hat
the dried adhesive |ayers of the | am nates obtained by step ii) each
have an area WweibyhidgPr efrAtdEcont ai ni ng adhesi ve

15 TIn asecond aspect, the present invention provides a methed for the manufacture of a
transdermal drug delivery device for pre-treatment and treatment of poisening by
highly toxic organophosphates, comprising the steps of i) coating a first release liner
and a second release liner with a solution comprising a neutral polyacrylate adhesive
without functionality, a parasympathomimetic and a parasympatholytic ii} drying the

20  coated release liners at a temperature between 50°C and 120°C whereby to obtain a
first laminate and a second laminate each having a drug containing adhesive layer iii)
applying a backing layer to the drug containing adhesive layer of the first laminate
and removing the release liner therefrom whereby to obtain a third laminate and iv)
fusing the the drug contaiﬁing adhesive layer of the second laminate with the drug

25  containing adhesive layer of the third laminate.



20 above 50 g/ n2 and contai n parasynpat hom nietic and

parasynpat holytic in a % weight ratio of respectively 40: 1. The
met hod maywal2zsw/ieBapri se the further step of v) cutti ngarfes2bionerss:2
| ayer | am nate obtained fromthe fusing step so as to obtain one or
nore devices according to the 25present invention. 14 The cutting
step v) may, in particular, provide that each device includes an
oversi ze release liner or backing lay& - but it is preferred that
the oversize release liner is obtained by replacing the cut rel ease
liner. 5 As ndhe idoigeepniaivingeadhasive selstidnciaayrhg opfpissd, ifercéxawiele.aty &¢ert ape.
The met hod may, therefore, conprise the further steps of vi)
providing a tWF‘i"P}mP’é(ISEfass%fﬁdfhﬁ%fm Wﬁ“ﬂ‘ca?‘”lu%\‘i}‘e‘?f adﬂa"aé)ﬁ“p%fé‘?“ﬂ?“&“c dnd a

pol yacryl ate adhesi v
applying a badkt Sﬁ/m p?ﬂgo A Ef\? %{‘Hm 3 3%‘#@@ °1yacr lllat heo}’tre’@(u)?c(%onamly an‘% enovi ng

the rel ease "o%rnalfyfg,@m;tromhmgrﬁleaaylta&ta@e%aalnmmﬁ@ overtape and i x)
adhering the overtape to the backing llayer of a 10l ami nate cut from
the lam nate fromstep iv) so that it circunferentially bounds the
drug contai ni ng adhesive layer. In that case, the cutting step v) may
provi de for cuifcoung, aher tdiensxokgspdractsinmy alsayesuitibteom theembimset| ayer

| am nate so as to provide circunferential adhesion of the overtape
15around one @Grcheprrrongn Af thetodusion wilibd chosas inrthe RRIMOPHELS rafip bAvind &sgardf ur t her
cutting step X grovi di ng one or nore fi nlghed devi ces. O her

enbodi nent s of® { %’a?ﬁﬁtsﬁB% a0 1f dpEed aispAFENL ‘F"r%‘ﬁl‘l"l‘?em\“%‘f’%%ﬁh?f&e

descri ption oflayt he first aspect of the invention.

10
In one embodiment, the coating step i) provides for coating the. first and second
release liners with the drug containing adhesive solution in two or more lanes, for
example, i|.1 three or four lanes. Of course, the lanes on each liner should be
appropriately positioned in relation to each other for the purposes of the fusing step
15 iv).

In a preferred embodiment, the method provides that the first and second release liner
are each coated with three lanes providing that the dried adhesive layers of the
laminates obtained by step ii) each have an area weight of drug containing adhesive
20 above 50 g/m’ and contain parasympathomimictic and parasympatholytic in a %

weight ratio of respectively 40:1.

The method may also comprise the further step of v) cutting the five layer laminate
obtained from the fusing step so as to obtain one or more devices according to the

25  present invention.



20 It wll, in particular, be apparent that the method may use
physosti gm ne as parasynpat hom netic, scopolam ne as
par asynpatwol2ga%18738hd ol ei ¢ aci d as perneati on enhancerpCavcB2pianvide
that the first and second rel ease |iner are given one or nore drug
cont ai ni ng adhesive | ayers providing that the one or nore dried
| ayers on the 25|l am nates obtained by step ii) each have an area
wei ght of drug containing adhesive 1B above 150 g/n2 and a % wei ght
rati o of parasynpat hom neti c: parasynpat hol ytic: perneati on enhancer
of respecti vellye g@ting:siep v) nay, B PeViFa, raasiedliat each devise dnslipss ap AVEEFET on
provides for a kit _of parts conprising at least 5 one transdernal
drug delivery "teds Ler &E@B‘F‘Eﬁ A" © Bttt Prefered thaSBR eYersEE IR Nt i on
in suitable progttaﬁgdtbi ve .pac leitpegasgﬂdera non- adhesi ve bandage, for
exanpl e, a conpr essron ban age, suitable for covering the whol e of
the device in use: The present invention is now described with
reference to the follow ng drawi ngs and 10 Exanpl es in which
Figure 1 i aGrassonsesiovd @l devicamayodisoandudans daswam! 108 hicihed yaglevi ce
according to a preferred enbodi nent of the present invention;
Fi gure 2 showsheeefae€ hanmise the fugher steps fvipprosdditpodthideletsh et Bgr ur e of
a transdermal delivery device according to a preferred enbodi nent of
the present 15f#naedicipplppcrylate adhesipy wigrehy 13 optging foirth fgmispte; vidarpkiing 2
contacting si ge of a transgermal device accordi 0 _anot her
preferred enbodiwéiyede iFA %er'g%yéh erfoh VEh B8 tﬁ%ﬁ}em?‘“"‘ therclrom
whereby to obtain an overtape and ix) adhering the overtape to the backing layer of a
10  laminate cut from the laminate from step iv) so that it circumferentially bounds the

drug containing adhesive layer.

In that case, the cutting step v) may provide for cutting of the excess backing layer
from the five layer laminate so as to provide circumferential adhesion of the overtape
15  around one or more laminates - and the method may include a further cutting step x)

providing one or more finished devices.

Other embodiments of the method will be apparent from the foregoing description of
the first aspect of the invention.

20
It will, in particular, be apparent that the method may use physostigmine as para-
sympathomimetic, scopelamine as parasympatholytic and oleic acid as permeation
enhancer and prolvide that the first and second release liner are given one or more drug
containing adhesive layers providing that the one or more dried layers on the

25 laminates obtained by step ii} each have an area weight of drug containing adhesive



Figures 4 a), b) and c) are graphs showi ng respectively bl ood plasna
concentration | evies of physostigm ne and of scopolam ne as well as
bl ood pl aswe 22@AEHE? i nhi bition | evels as a function of RIMEB2@VeIIER
device of Figure 3. Referring now to Figure 1, a transdernmal drug
delivery device according to a preferred enbodi nent of the present

i nvention conprises a rectangul ar patch, generally designated 10. 16
The patch conprises a single matrix 115 (hash line, downward left to
right) of Durotak(r) 4098 adhesive containing dissolved

physost i gni ne,abee apdartianta &ndeiglt eitio ephesymbaflvenisdic:parspnpadobiing f ace
of the adhesive matrix 11 contacts a renovable release |iner 13 and
its opposite framsativnehanserf tegpeeiivelyd®l-¢si ve backing |ayer 12. The

devi ce includes an overtape 14 in the formof a |am nate conprising a
backi ng foil 15 provided with a layer 16 of Durotak(r) 2051 adhesive

(hash line, vard cﬁi’ t]tm lﬁesenq u}ver%gn rfwdes(f 3 a;?(h% pa?%«?omg dl%ll’é%at least

third aspe
C|rcunferent|a ? 03 FiX suc Ive | ayer

16 contactss thg, &memp&hg&hl@y@erm;gcca@g% toi&e ﬁrﬁlaé‘p@a%fdh& RS 4ntidrSinON

faces which are opposite kin contacting face of the matrix.

Ref erri ng nowgigbkl gueive, patilag@ngTeundlf aGlohtedhede biagpat@he@ipiEi gure 1
i nvol ves the steps 15of adding an ethanolic solution of physostigm ne
and scopol am nemgressian isodagt, i soirbBffor covering the whole of the device in use.

The present invention is now described with reference to the following drawings and
10 Examples in which
Figure | is a cross-sectional view of a transdermal delivery device according
to a preferred embodiment of the present invention;
Figure 2 shows a scheme illustrating a method for the manufacture of a
transdermal delivery device according 1o a preferred embodiment of the present
15 invention;
Figure 3 is a view of the skin contacting side of a transdermal device
according to another preferred embodiment of the present invention; and
Figures 4 a), b) and ¢) are graphs showing respectively blood plasma
concentration levles of physostigmine and of scopolamine as well as blood plasma

20  AChE inhibition levels as a function of time for the device of Figure 3.

Referring now to Figure 1, a transdermal drug delivery device according to a
preferred embodiment of the present invention comprises a rectangular patch,
generally designated 10.

25



Durotak(r) 4098 and oleic acid with m xing. The resultant solution
is spread onto two separate continuous rel ease sheets 13 in three

cor r espondwogodoan®s? of equal anpunt. The rel ease sheet @EvEsPEABEF2t O
an oven 20train for drying of the |anes at tenperatures of 50C, 75C,
110C and 120C. After cooling of the resultant [am nates to room
tenperature, a backing liner 12 is adhered to the drug contai ning
adhesi ve matrices of one lam nate andldts rel ease sheet 13 is
subsequently renoved (right hand side of Figure 2). 17 The |am nate
wi t hout rel eadde Phfelerommisgss? Fpghs Batdx j Iht Gask die atotvnviard Heft Werigbingtnat e

wi t hout backi | i ne 2 to obtain a fused |am.nate in which a nunber
of i scrore miLFTBA R SIE D SPGB BRI FFfer 12
and rel ease sheet 13. 5 The fused lam nate is passed to a die cutter
whi ch cuts away excess backing liner fromeach matrix 11 so as to
provi de a nunber of discrete |am nates including a continuous rel ease
liner 13. Meanwhile, an overtape i-s prepared (left hand side of
Figure 2) by dImneaadiongctihl fabusfaicakiRsizObariont @ntacts akeagide tleaenind3 and
passing the coated release |liner to an oven train for drying at
successi ve t enpewddts@prasitedice §OEts PRCocclidigdagkmg ly@0E. After cooling to
roomtenperature, a backing foil 15 is applied to the adhesive | ayer
16. The overtape so obtained is pressed into contact with the

| am nat es i ncl_ydin thF 15contti nuqus, rTI ease | i ner 13.s0 ;bh% it

provi des an addf £GRAICERFREI @ 1Ay 16T RAF EF IS RUREE ATF TS v
bounds' each 11 I i . am nat e
so obt ai ned irrg%l{){as)si)g;e%te?gﬁaé:‘g‘fmeP%%ﬁu%%ﬁ%ﬁéﬁﬂ%gfésd%ﬁE‘n%%mjyr;ﬂ?r Joof

devi ces W {h 3RnPVBlch | Z&ialLhRaG@uhBRfaliyl Bounds the matrix 11 such that the

adhesive layer 16 contacts the the backing Iayer 12 and the release liner 13 on faces

which are opposite to the skin contacting face of the matrix.

Referring now to Figure 2, the manufacture of the patch of Figure 1 involves the steps
15  of adding an ethanolic solution of physostigmine and scopolamine to a solution of

Durotak® 4098 and oleic acid with mixing.

The resultant solution is spread onto two separate continuous release sheets 13 in
three corresponding lanes of equal amount. The release sheets are passed to an oven

20  train for drying of the lanes at temperatures of 50°C, 75°C, 110°C and 120°C .

After cooling of the resultant laminates to room temperature, a backing liner 12 is
adhered to the drug containing adhesive matrices of one laminate and its release sheet
13 is subsequently removed (right band side of Figure 2).

25



20 Referring now to Figure 3, a transdennal drug delivery device
according to another preferred enbodi nent of the invention conprises
an oval paWeRIYEA®EBal |y designated 10 of substanti al | y PETFB2£§9/001382
conposition to the patch described in relation to Figure 1. 18
However, the oval patch includes a transparent release |iner 13 which
is scored in a region overlaying part of the additional adhesive
| ayer 16 so as to provide a pull-off t’ag 17 reducing the likelihood
of cold flow and,contami nati on fromhandling the device. Exanmple 1
An oval patch 8f “ERF ‘6‘8’8&‘%’8?‘?3?1@“‘*&ﬂa‘sﬁesé e gPnEY “’étﬁélje %‘B}‘ﬁ‘t&i ns a
single matrix Y=Y, 300.. . r e : el ght 25
vﬁt ou?%%?)g%&m:eg Iﬁ to QoQan‘gé HEEda}EMIE%{/&t \Llﬁ&] a b& §isWak .

g/ n2 and has the ng conposition: rix: skin contacting
area 21 cn? ( QiR 16 9R handAMed Osilded Tk BRINE BRr PR %% B, Scopol am ne

free base0.25 % by wt Oeic acidl0% by wt- Matri x adhesi ve: Dur ot ake
490879. 75 %y wt :
5  The fused laminate is passed to a die cutter which cuts away excess backing liner

from each matrix 11 so as to provide a number of discrete laminates including a

continuous release liner 13.

Meanwhile, an overtape is prepared (left hand side of Figure 2) by spreading
10 Durotak® 2051 onto a release liner 13 and passing the coated release liner to an oven
train for drying at successive temperatures of 50°C, 75°C, 110°C and 120°C. Afier

cooling to room temperature, a backing foil 15 is applied to the adhesive layer 16,

The overtape so obtained is pressed into contact with the laminates including the
15  continuous release liner 13 so that it provides an additional adhesive layer 16 which

circumferentially bounds each matrix 11 and contacts the release liner 13,

The laminate so obtained is passed to a die cutter which cuts out a number of devices
with an oversize release liner 13.

20
Referring now to Figure 3, a transdermal drug delivery device according to another
preferred embodiment of the invention comprises an oval patch generally designated

10 of substantially similar composition to the patch described in relation to Figure 1.



-15Rel ease liner:PrimelinerT" PET100 pm 1-s Backi ng | ayer: Host aphan
SP MNI 515 p. m Overtape: skin contacting width 7 nmm Adhesi ve: Dur ot ake
2051 20Bawbiney/fmisy : Scot chpakTM 1109 A study of mean HdresB2009/001382
physostigm ne from patches containing a single matrix of simlar area
wei ght and drug conposition (15% by wei ght physostigm ne, 0.2% by

wei ght scopol am ne and 10% by wei ght oleic acid) was nmade in relation
to a nunber 19 of different polyacryisate adhesives in an in vitro
(rmouse) skin perneation nodel (Durrheim H et al. J. Pharm Soc.,
1980, 69(7), HekeviB@ke. ovillpecinincleles shiowmrie(tTalbdse lidey 13 Whith ms¢orgghn £l ux i s
obtained for the neutral polyacrylates 5 containing hydroxyl
functional gr &8 cxslavempsEroé the pdlitioaal aghagivedayrs oe b RRsyidgia(PHGOE

functional group _(other t .este - strongly suggesting .the formner
as nost suitaﬁﬁéjﬁﬁ¢mﬂ%ﬂPU§gpﬂﬁlﬁ%%@é@ﬁﬁwgcgr%ﬁﬁmgfgg a%%ﬂ%@ﬁtration
| evel s of pbyﬁgﬁ%jgﬁine.

5
Example 1
An oval patch of skin contacting area 34 cm® (or 39 cm®) contains a single matrix of
area weight 300 g/m? and overtape of area weight 25 g/m’ and has the following
compasition:
10 Matrix: skin contacting area 21 em? (or 25 em?):
Physostigmine free base 10 % by wt
Scopolamine free base 0.25 % by wt
Oleic acid 10 % by wt
Matrix adhesive: Durotak® 4908 79.75 % by wt
-15 Release liner: Primeliner™ PET 100 pm 1-s
Backing layer: Hostaphan SP MN15 15 um
Overtape: skin contacting width 7 mm
Adhesive: Durotak® 2051
- 20 Backing foil: Scotchpak™ 1109

A study of mean flux of physostigmine from patches containing a single matrix of
similar area weight and drug composition (15% by weight physostigmine, 0.2% by

weight scopolamine and 10% by weight oleic acid) was made in relation t0 a number



Tabl e! : 10Pol vacryl at e AdhesiveMean flux rate Durotak(r) 2510 -
neutral, hydroxyl containing73 p.g/cnh DurotakO0 2287 - neutral,

hydr oxyl cE¥0t280%i478§77 sg/ cnh 15Durot ak(r) 4098 - neut reIT/GRUECINOLAS2
functional group58 ug/cnRl-1 However, a human study using the

i dentical patches reveals the surprising result (Table 2) that bl ood
pl asma concentration | evels of physostigm ne are nuch higher in
20humans for neutral polyacrylates w hout functionality as conpared

to the neutral polyacrylates with hydroxyl functionality.
of different polyacrylate adhesives in an in vifro (mouse) skin permeation model

(Durrheim, H. et al. J. Pharm. Soc., [980, 69(7), 781-786).

The model shows (Table 1) that a high flux i{s obtained for the neutral polyacrylates
5  containing hydroxyl functional groups as compared to neutral polyacrylates without
functional group {(other than ester) — strongly suggesting the former as most suitable

for delivering protective blood plasma concentration levels of physostigmine.

Table I:

10 Polvacrylate Adhesive Mean flux rate
Durotak® 2510
- neutral, hydroxyl containing 73 pg/em’h
Durotak® 2287
- neutral, hydrox yl containing 77 pgfem’h

15 Durotak® 4098
- neutral, without functional group 58 pg/em’h

However, a human study using the identical patches reveals the surprising result
(Table 2) that blood plasma concentration levels of physostigmine are much higher in
20  humans for neutral polyacrylates without functionality as compared to the neutral

polyacrylates with hydroxy! functionality.

25



20 Tabl e 2: Pol yacryl ate Adhesi veConcentration Durotak(r) 2510 -
neutral hydroxyl containing4.1 ng/nL 5Durotak0 2287 - neutral

hydr oxyl ceot2e09m478§2. 1 ng/ ml Durotak(r) 4098 - w t hout PCT/GB2009/001382
functionality8.9 ng/m 10Fi gure 4 shows bl ood plasma concentration

| evel s of physostigmne (a) and scopol am ne (b) delived by the patch
of Exanple | (repeated application every 72 hours). As nmay be seen
hi gh bl ood plasma concentration | evel ® of physostigmne are rapidly
obt ai ned and mai ntai ned over about 24 h. Thereafter the concentration
| evel s decreadebless about half their highest value and gradually

di m ni sh over the remai nder 150f the 72 hour period. The % bl ood

pl asma AChE i nhi bi ti onBobasrvlatgadbesive 5 sjni | ar cotSRUBOR 1 emmi ns at
protective | evels overD&gg&Mﬂﬁ$e of the 72 hoqr peri od.

- neutral hydroxyl containing 4.1 ng/ml
5 Durotak® 2287

- neutral hydroxyl containing 2.1 ng/ml

Durotak® 4098

- without functionality 8.9 ng/ml

10 TFigure 4 shows blood plasma concentration levels of physostigmine (a) and
scopolamine (b) delived by the patch of Example 1 (repeated application every 72
hours). As may be seen high blood plasma concentration levels ol physostigmine are
rapidly obtained and maintained over about 24 h. Thereafter the concentration levels
decrease to about half their highest value and gradually diminish over the remainder

15  of the 72 hour period. The % blood plasma AChE inhibition {c) follows a similar

course but remains at protective levels over the whole of the 72 hour period.



71 CLAIMS 1. A transdermal drug delivery device for the
pre-treatnment and treatnent of poisoning by highly toxic

or ganophosphates in humans, in the formof a matrix system conprising
a backing layer, a drug containing adhesive |ayer and a release 5
liner, in which the drug containing adhesive |ayer conprises a
neutral polyacrylate w thout functieopaiygy having a uniform

di spersion of a parasynpathom metic and a parasynpathol ytic therein.

2. A device accor gi figsdefnatlofte rﬂeﬁve Bevidi 61 1hE Eb?e lﬂ{ah'xgmfz%t @dafdleRof
adhesi ve layer 10 has an area wel g t above 100 n? and @6me|ght

rati o of par t i

devi ce accor )r%g&?ggp%mé’ﬂﬁ]tgﬁ Whﬁﬁ%ﬁ%m&%ﬁéhﬁ% gqﬁa}hﬁpa ot

Beryi at o and Se;.kﬁy?é‘!%pffsﬁg%tbﬁ%a' ip. 43l P RUPR MRl 55099@”

pr ecedi ng the dru ont ain adhe5|ve ' ncl udes
B e meati‘on T8 inEbft e g Oniialad BN HHRRETE S sy p el

Claim conprisi ng an addl ti onal adhesive 20 | ayer which

ci r cunf er ent i "gPY BEHAMERENY R B EBHHIRPRPRG! adrﬁfé%r%hqna%ﬁw #d has
reduced flowability conpared thereto, and is without cold flow 6.
A devi ce accd}ﬂﬂFW@a@@‘Y‘@ th§#5, in which the drug containi ng adhesive

| ayer has area size about 21 cnR2 and the additional adhesive |ayer
has area about 14 cn? 25and skin contacting width 7 nun. o..

1. A device according to Claim 1, in which the drug confaining adhesive layer
10 has an area weight above 100 g/m” and % weight ratio of parasympathomimetic to

parasympatholytic about 40:1.

3. A device according to Claim 1 or Claim 2, in which the neutral polyacrylate

without fanctionality is a co-polymer of 2-ethylhexyl acrylate and viny! acetate,

4. A device according to any preceding Claim, in which the drug containing

adhesive layer includes a permeation enhancer.

5. A device according to any preceding Claim, comprising an additionat adhesive
20 layer which circumferentially bounds the drug containing adhesive layer and has

reduced flowability compared thereto, and is without cold flow.

6. A device according to Claim 3, in which the drug contairing adhesive layer
has area size about 21 cm” and the additional adhesive layer has arca about 14 cm?

25  and skin contacting width 7 mm.



22 7. A device according to Claim®6, in which the additional
adhesive layer is provided by an overtape of area wei ght about 25
g/n2. 8. A device according to any one of Clains 5to 7, in which

t he additional 5adhesive | ayer conprises an acidic polyacrylate. 9.
A device according to any one of Clains 5 to 8, in which the rel ease
liner is scored in a region of overlap mﬁth part of the additional

adhesi ve | ayer whgrghy éécgr ¥l ERid BY lfn thé ddlﬁr&al Ja?hesl%eqﬁyérqg

according to any precedi a| m I'n the
i nper neabl et ihg to any precedlng Claim

in which tr?é""g%" a ynﬁﬁ?‘#@eoﬁg nﬁ‘ﬁ tca gtoj Lostignine or a

physi ol ogi cally acceptable salt thereof. 12. A device according to
any preceding Claim in which the parasynpatholytic is scopolanine or
a physiolo caIIy acceptabl e salt thereof. 2013. A device according to
any pr ecedl%hg Charsiics Acopisingnto Py ps RESIAIBA Selthaniehich the additiona

5 adhesive layer comprises an acidic polyacrylate.

9. A device according to any one of Claims 5 to 8, in which the release liner is
scored in a region of overlap with part of the additional adhesive layer whereby to
provide a pull-off tag.

10
10. A device according to any preceding Claim, in which the backing layer is

impermeable to light.

11. A device according to any preceding Claim, in which the parasympatho-

15  mimetic is physostigmine or a physiologically acceptable salt thereof.

12. A device according to any preceding Claim, in which the parasympatholytic is

scopolamine or a physiologically acceptable salt thereof.

20 13, A device according to any preceding Claim, in which the permeation enhancer

is oleic acid.

14. A method for the manufacture of a transdermal drug delivery device for pre-
treatment and treatment of poisoning by highly toxic organophosphates, comprising

25  the steps of i) coating a first release liner and a second release liner with a solution



is oleic acid. 14. A nethod for the manufacture of a transdernmal drug
delivery device for pre- treatnment and treatnent of poisoning by
hi ghly toxic organophosphates, conprising 25the steps of i) coating a
first release liner and a second release |liner with a solution 23
conprising a neutral polyacrylate adhesive wi thout functionality and
a parasynpathom netic and a parasynpatholytic ii) drying the coated

rel ease |i psihfristiz @ neWRET FéliHceyIREt ¥BRE VO Okitidl fhdlfonthi§r 8RY 4 Qara-

obtain a first |lam nate and a second | am nate each having a drug

containi ”gsﬁ%{%ﬁﬁfrﬂﬁleﬁ@!ﬁd al ﬂa&&s@ﬁﬁh& t‘glﬁz r%?yﬁ}g% kiR0cdaBNClelch®: Bndr)Gt AT UY

cont ai ni ng "adhesi ve | ayer of t fir e and renoving the
rel ease Ii ¥her 1 j L. i
fusi ng the&?rﬁgltag'? %g&é@%} al nlaglgnggﬁ:egp%/%w}g%gw%? %{#gﬁﬂggg%%agﬁg?ﬁoﬁ%t e
with the dyu ont ai.ni.n dhesi ve .l ayer .of . the.third |aginate. 1Q15. A
et hod acc BPRING S4eB e 2R A AL Cunlfnipd Eisy Y ST ppLring B Fpgins layo
provi di pg third rel.ease liner w | ayer of an acjdi i
pol yacr¥yl aﬁ‘@ d&%‘é’é’?%"%‘g'lﬁé"b’ﬁ?%yﬁ ‘Efﬁg%ﬁﬁt g”?‘&"i‘}? F'Pf‘a Teqavigtae relgase liner
appl yi ng a _backing_ | a%/er to the_ adhesjve | ayer vili il)1 rempvi ng the
rel ease | i HereligReVBE§OY & Aigianthid lypisate spd Tuniysing the g dlrag, epntaiming
overtape to_a |am nate obtained by cutting the lamnate fromstep iv)
so that i tadiepivetayer efithe sapqopd Iapoata deth the doawepnipbreg pdlicsiye avheef the
| ayer. 16. A nethod according to any one of Clainms 14 or Claim15, in
whi ch t he thaddsympet homi netic i s physostignmine or a physiologically
acceptable salt thereof. 20 17. A nethod according to any one of
Clains 14 to 16, in which the
10 15. A method according to Claim 14, comprising the further steps of vi) providing

a third release liner with a layer of an acidic polyacrylate adhesive whereby to obtain

a fourth laminate, vii) applying a backing layer to the adhesive layer viii) removing

the release liner whereby to obtain an overtape and ix) adhering the overtape to a

laminate obtained by cutting the laminate from step iv) so that it circumferentially

15  bounds the drug containing adhesive layer.

16. A method according to any one of Claims 14 or Claim 15, in which the

parasympathomimetic is physostigmine or a physiologically acceptable salt thereof.

20 17. A method according to any one of Claims 14 to 16, in which the

parasympatholytic is scopolamine or a physiologically acceptable salt thereof.

18. A method according to any one of Claims 14 to 17, in which the solution used
in step i) includes oleic acid as a permeation enhancer.

25



par asynpat hol ytic is scopol am ne or a physiologically acceptable salt
t hereof. 48. A method according to any one of Clainms 14 to 17, in

whi ch the solution used in step i) includes oleic acid as a
perneati on enhancer. 24 19.A kit of parts conprising at |east one
transdermal drug delivery device according to any one of Clains 1 to
13 in protective packagi ng and a non-adhesi ve bandage for covering

the whol e ofg t hey QRVHE Bartd) chiBfrising at least one transdermal drug delivery device

according to any one of Claims 1 to 13 in protective packaging and a non-adhesive

bandage for covering the whole of the device in use.



