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BACKGROOND OF THE | NVENTI ON 15 Medi cal bandages for adm nistering a drug,

for exanple a vasodilator, to the skin are known to the prior art. For 5
exagple, in United States Patent No. 3,742,951 as issued to Zaffaroni, (
there is disclosed a nedical bandage conprising 20 a backi ng nenber

defining one surface of the bandage, a pressure sensitive adhesive defining
the ot her surface of the bandage, and di sposed between the surfaces a drug
reservoir. The reservoir in one enbodinent is a solid matrix forned of a

pol ymeric mat eftﬁg h%méﬂ&; d%ggcdiage&%ech tniB?Ii?éi'l Eaadaglwem&:émtrl X
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Unidfed st asasi£9§ea&iw§ 8 dkfg 409 tREUSHE ftd AAIY Ak 0Pt olbhiged iperinsdr bbed
a medi cal S dage f dnlnlsterlng drug percutaneously in"which the drug
may be m Srth a transport 30 agent ‘tthat enhances 't he penetration of *
t he skin by the_drug. The- main conponents of this bandage are a backing
nenber, a drug reservoir |ayer, a microporous nenbrane, and a contact
adheS|ve | ayer. The patent indicates-the rate of drug adnminis- tration is ¢
coﬁﬁrolled by the rate at which drug diffuses fromthe reservoir through -

t he m croporous nenbrane Ighé§bRDUkB|b%dfﬁfﬂfﬁvfﬁ*fak No. 3,996, 934

|s%yed to Zaffaroni,

Medical bandages for adminiétefing a drug, for example
a vasodilator, to the skin are known to the prior art. For
example, in United States Patent No. 3,742,951 as issued
to Zaffaroni, there is d1sclosed a medical bandage comprising
20 a backing member defining one surface of the bandage, a presé(.-
sensitive adhesive defining the other surface of the bandage,
and disposed between the surfaces a-drug reservoir. The
reservoir in one embodiment is a solid matrix formed of a
polymeric material having the drug dispersed therein. The
& - polymeric matrix is permeable to the passage of drug and -
it releases it to a rate conttolliﬁg membrane for metering
the flow of drug from the device.
In United States Patent No. 3,797,494 issued to Zaffaroni,
there is described a medical bandage for administering drug
percutaneously in which the drug may be mixed with a transport
30 agent that enhances the penetration of the skin by the drug.
The main-cdmponents of this bandage are a backing member,
a drug reservoir layer, a microporous membrane, and a contact
adhesive layer. The patent indicates the rate of drug adminis-
tration is controlled by the rate at which drug diffuses
from the reservoir thtough the microporous membrane. 1In

35 United States Patent No. 3,996,934 issued to Zaffaroni, a

Vs



-2- medi cal bandage is disclosed conprising a backing menber, a reservoir, .
a rel;ease rate control’'ling nenbrane, and=2-fastening systemfor securing/ ™
t.he bandage to the patient. In United States Patent Nos. 4,031,894 and -
4,262;003h”p3§entee Ur quhart et_él di scl osed a nedi cal bandage conprisin
reservoir B hFﬁérbBﬂﬁﬂS%ﬂkf;ﬂﬂ%@kﬂﬁﬁdeﬁ@mprﬁalpclyibGCHjngﬂuﬁdheu§ed for
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a2 further advancement in medical bandages can be made by

15 - providing a medical bandage that can deliver drugs from low
to high diffusion rates, and at a substantially constant rate
useful for the management of medical situations where such
need occurs. | .
20 OBJECTS OF THE INVENTION

Accordingly, it is an'objgct'of this invention to provide
a medicallbandage for enhanced continuous administration of
\_J therapeutically effective amounts of drugé-to the skin over
a period of time. | -

Another object of the invention is to provide a reliable
and easy to use medical bandage for continuously administering
controlled amounts of drugs through the skin. |

1t is a further object of this invention to provide a
medical bandage for the transdermal delivery of a drug, parti-
30  cularly a vasodilator, and which medical bandage is compatible

with the skin and administers the drug at a substantially

constant rate up to high therapeutically effective dosages over
time. ' -
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constant rate up to high therapeutically effective dosages over tine.,

-3- Ack p{dlng to the present invention, therefore, there is provjded a .

t hef apautiic systemin the formof a bandage for adn1n|st€r|ng a drug, the
systengpépr|3|ng 5 : a) a backing nménber that is substantially

i nperneabl e to the passage of- drug; b) a reservoir adjacent to a surface of
t he backi ng menber, the reservoir cQmyising a fluid that is a carrier fek\
a drug, a rheologlcal agent sel ected 10 fromthe group consisting of -y
cel lulosic, polysaccharide and silicon-containing agents and a drug; and,

c) a nenbrane adj acent to a surface of the reservoir remte fromthe

backi ng nenbscco?aiﬂgweabmeeﬁb@saﬁ:%ﬁﬂﬁb:gyﬁm ng nmenber to form
al5  fluid-tight system t menbrane formed of a po ynerlc mat eri al

that control thépe istprovidedeastheirapeitiio @ystem sirstehe £HPRM oD ects,
features and advantages of this invention will be apparent to those skllled .

in the 20 aabenfage for administetdny igptdrig pfthdiesyspention, the
drawi ngs and the acconpanyi ng cl-ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS
In the draw egeprising:are not drawn to scale, but are 5 set forth
for illustrating the invention, the drawings are '
5 a) a backing member thet is substantially
impermeable to the passage of drug;
b) a reeérvoir:édjecent to a surface of the
‘backing member, the reservoir comprising a fluid that
is a carrier for a drug, a rheological agent selected
10 from the greup consisting of cellulosic, polysaccharide
and silicon-containing agents and a drug and,
¢) a membrane adjacent to a surface of the ;;,
reservoir remote from the baeking member, said membrane
being contacted by the backing member to form a
15 fluid-tight system, the membrane formed of a polymeric
material that controls the rate of release of drug from o/

the systemn.

Other objects, features ahd advantages of this
invention will be apparent to those skilled in the

20 art.from the deteiled description of_the ihwention,
the drawihgs and the accompanying claims.



invention;, Figure 2 is a bottomview of the medical bandage nade 10 .
with a pull- tab for removing a release liner prior to use; Figure 3 i f% |
of .Figure .]; Figure 4 is an enbodi nent of the nedical bandage of Figur
as seen in opened secti ONgREEFUDHESERIPTEONE GEC AU PHRPENGSEN | n opened
strd@;ure 15 W th T%E—gangage—gérrnrng—a—neans-?ur-p|acrng the
tmhtrol- glycerin frﬂmt:ﬁeneelaﬁahfb@ndmeh @t@f Fid?ié@:iwﬂ sté %éélp'él gsegchrag
pl asma conceptratign itro err af,f orde a ne cal , banda
DETA L ED DERSS Fheesh Eorr il iekrarine ENATRLORs (FhS HEarHOEn, foe
adm ni stered 25 ip a _caontrolled th eut j.calyl ective an
benefi ci al anDuntF{%uYﬁefskfn 0#°3nvéﬁ %3 %Qﬁ é?ﬁsstﬂvb eg
medi cal bandage ss gde n r
confortabl e reteﬁ? %§€% 2 hg éogﬂﬁﬂoﬁ @1%Qﬁ%&eﬁgﬁ§ %:E%%gage q%géaﬁg
f or percutaneous. ggg% S4r n -gr t c
regi ons for trans P#Iﬁ il%mgnf:gt.’grgl %g: rituog’ag'r gﬁréggrnéfse%%d g i?ﬂl bandage
bandage 10 can mﬂ&gﬁ?é HugsSBAPembodiMmentS o0 W medi ¥l bandage of
Figure 1 as seen in opened section; |
15 .. with the bandage defining a means for placing the bandage
' on the patient;
. glycerin from a medical bandage; and

' Figure 7 is a graph depicting the plasma concentration

as- follows: Figure 1 |s a top view of a medical bandage provrded by the

cross-sectional view of the medical bandagfe of Figure 1 as seen through

bandage on the patient; Figure 6 is a graph depicting the release rate of

there is praas degll bow®ei cal bandage containlng a useful drug that is

human pati eriy ostee inpentbaged periqd of time. Figure 1 |IIustrates a

shaped and srizh aopublataheﬁorangmp&tlagt i@orredrease i inetirpe bot ctOegsens

f okear ns, atfo "%ﬁe%tastERn threughhdrizo@f Figune }i ke. Nbdlcm
Figure 5 is a medical bandage seen in opened structure
Figure 6 is a graph depicting the release rate of nitro-

of nitroglycerin afforded by a medical bandage.

20

DETAILED DESCRIPTION OF THE INVENTION

In accordance with this invention, there is provided a
medical bandage containing a useful drug that is administered
25 in a controlled therapeutically effective and beneficial
-amount to the skin of an animal, particularly the skin of a
human patient over a prolonged period of time.
Figure 1 1llustrates a medical bandage 10 that is designed
and adapted for easy placement and comfortable retention on the
30 skin. Medical bandage 10 can be shaped and sized for placement
and retention on various anatomic regions for percutaneous
‘administration of a drug to a patient. The anatomic regions
- for transdermally administering drug are represented by the
forearms, abdomen, chest, back, thigh, buttock and the like.
Medical bandage 10 can have various shapes, such as oblong, as
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'seen in Figure 1, or nedical bandage 10 can be square, rectan- gular,,
"round,~tenvex in appearance, and the like. Figure 1is a 5 . , top view
of megdi bandage 10, and it is the s&ructural backing nenber 11 of

) The tern1top Is used to indicate the visual side of the
bandage;” which side is positioned distant froma skin receptor when the
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ggc![ ana{ﬁgggﬂgl gr@%%@eﬁl%ea andaﬁégo%?uéﬁégrggel 18 u%et%na{?erarégseen
i n openefinterdedoPUTHOSE . ustrating the structure of bandage 10.  In 20

Figures 3, 4, Fagdre 20b3ndage ddb&dBlié SBSt o6 AEdTRAIChahlidgwtiglef i nes
othe top f% bEndag 10. B}Hdﬁé%nenber 11 erv S as protecti v cover for

bandage FrpnggFngﬂ ?o° hEhgahaad éseaﬁ$QQ9

substantceht;ckeanthcaﬁmwﬁﬁﬂﬁec ﬁ@mdﬁﬂeelﬂofrﬁﬂhQﬁﬁémb%ﬁ (ﬁﬁﬁb ugh
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1sdisclosuggy, and it is stripped free of medical bandage 10 immediately
before use. :

Figures 3, 4, and 5 are cross'sectional embodiments'of .
medical bandage 10 of Figure 1, and they are seen in opened- .-.-
section for illustrating the structure of bandage 10. In ~—

20 Figures 3, 4, and 5, bandage 10 comprises a backing member

11 that defines the top of bandage 10. Backing member 11
serves as a protective cover for bandage 10, it imparts
structural support to the bandage, and it substantially keeps
components' in bandage 10 from escaping the bandage. Backing
member 11 is made from a material 12 that is substantially
impermeable to the components in béndage 10, or member 11 is -
made from a combination of materials such as a composite, or
a laminate to yield a backing member that is substantially
impermeable to the passage of components in bandage 10.
Representative examples of materials used for manufacturing
30 . medical bandage 10 are presented later in the disclosure.

A reservoir 13, adjacent to backing member 11, is posi-
tioned immediately below and in contact with one surface
14 of backing member 1l. Reservoir 13 bears on its surface
distant from backing member 11 a membrane 16 for controlling
the release of drug 17, represented by dots, from medical

35 bandage 10. In the bandage as seen in Figures 4 and 5, outer
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A reservoir 13, adjacent to backing nmenber 11, is posi- tioned i mediately
below and in contact with one surface 14 of backing nmenber 11.. Reservoir ¢:™
13 bears on its surfdce di stant from backing nmenber 11 a nenbrane 16 for
controlling the release of drug 17, represented by dots, from-nedical 35
bandage. 1Q. I n the bandage as seen'in Figures 4 and 5, outer edges 18"

of backlng menber 11 will overlay edges 19 of reservoir 13, and they will
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15 21, and it is formed of a fluid to viscous material permeable
to the passage of drug 17. A description of which follows in
the djsclosure. Reservoir 13 also contains a rheology agent °
T~ 22, represented by dashes. Reservoir 13 contains a dosage unit
_ " amount of drug 17 that is supplied to release rate controlling
20 membrane 16 thfogghout-the medical history of bandage 10. ‘The
dosage amount comprises a supply of drug for one hour, for
eight hours for a normal night sleep, for 24 hours applied once
s daily, for 48 hours or longer. _In'p:acticing the'therapeutic
method of drug administration, a single medical bandage can be
on the skin, more than one medical bandage can be on the skin,
-and the medical bandage can be applied topically success1vely
for the intended result. . '
Rate controlling membrane 16 has one surface in contact |
with reservoir 13. ‘Membrane 16, adjacent to reservoir 13,
is formed_of a material that is dense or microporous, and it

25

30 - is a polymeric material that controls the rate of drug release
from reservoir 13. Membrane 16 permits the passage of drug 17
at a rate dependent on the solubility of drug therein, as well
as on the thickness of the membrane. The dosage rate per area
of medical bandage 10, or the flux. of drug, thus is controlled
to the exterior of the bandage by regulating the composition,

35 N thickness of membrane 16 and the diffusion coefficient of the
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skin, nore than one nedi cal bandage can be on the skin, 25 .
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23 are such that ayer 23 does not constitute a significant
permeation barrier to the passage of drug, and it should
preferably be substantially mor e permeable to the passage of
drug than membrane 16, and it is at least as permeable to

drug as membrane 16. The adhesive used for the present RS

~ purpose are dermatologically acceptable and it permits the

20
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bandage to be easily removed from the skin after the period

~ of drug administration.

Medical bandage 10 also may include a telease liner 24
in contact with adhesive layer 23. Release liner 24 protects g;
the bandage, and just prior to use it is pulled away from
adhesive layer 23 and discarded. Release liner 24 is made from
a material that is substantially impermeable to the passage
of drug. The same material used for backing member 11 may
be used to make release liner 24 provided they are strippable
materials and compatible with medical bandage 10. In a
preferred embodiment, the release liner is made with”a.pull'
tab to facilitate removal of the liner from bandage 10 before
use.

Turning to materials used for manufacture of medical
bandage 10, and more specifically to backing member 11, backing
member 11 comprises occlusive and non-occlusive, flexible
and non-flexible materials. Examples of materials that can
be used as backing member 11 are polYmetichatetials such as
low to high density polyethylene, polypropylene, polyethylene
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drug thapn nenbrane 16, and it is at |east as perneable to drug as nenbr
16. .The adhesive used for the present rpose are dermatol ogically

acceptable and it permts the bandage t%ybe easily renmoved fromthe ski
after the period 20, =~ of drug adnjnistration. Medical bandage 10 al so ma

i ncl ude a ?%W%&Eﬁhﬁlﬁﬁﬁszmﬁlﬁ%orﬁ%tt% thikelhesh480) afbe Dackhime paterials
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Lo TRt e1 o 8ey°Ha’ 8 RIRMNEC Rl JBALER) sHE I Y5nl e RSl tenpiey
and nq())nI ocpd)h%etzhyl{ehexuld é.amdmammlftaxgtlhemmwuhalasllaﬁaalq)lmmd of
i as 3ot aFEA ol S SDANIIAL SREASRARINIES OO M et L
pol yet hyl eof aluménephwias aataspomyi/ snheld; hendi laelanusxa, fovmeshadi ehe
o ey oq 050tIBeR- by e NP A0Ceaf " e CbibINRG JanBidlof P
priesent | y pleménuadamdbcmmn yester makeshthelfilm substantiialliesd gned:
11 ol sotosaT parriel’ed ¥he Badb BUETOE A1et0s 0 Wik, TWd i 1ot o
densi ty poetbyhener¥inyl aaﬁefmtemmbme: emableﬂ &h%@wlc;rmvmate to
15. . be sealed to the other membranes compr1sing the medical S
bandage. Siliconized polymers, such as siliconized polyalkylene
terephthalate also can be used, alone, or in the laminate.
The backing member also includes a laminate comprising a
' a;w) lamina of polyethylene terephthalate on which aluminum is vapor
20 deposited, which is adhered to a lamina formed of ethylene-vinyl
acetate copolymer thtough an intermediate binding agent such
as a polyurethane adhesive, or an ionomer sold as Surlyn® .
by DuPont. Ilonomer refers to a class of polymers in which
s ionized carboxyl groups create ionic cross-links in the inter-
. molecular structures. Ionomers include polyacrylic acids,
polyalkylacrylic acids, polymethacrylic acid, polyethacrylic
acid, polyacrylamides, polyolefins, and the like. "lonomers are
described in Encylcopedia of Polymer Science And Technology,
Vol. 6, pages 420 to 431, 1967, and in Enczcloged1a of Chem1ca1 |
Technology, Vol. 10, page 229, 1980.
.30 The materials forming reservoir 13 of medical bandage 10
comprise a continuous phase formed of a fluid containing a
rhedlogical'agent and a drug. Generically, the term fluid as
used for the purpose of this invention includes naturally
occurring and synthetic oils. The oils may be selectéd from
.7 2. organic and inorganic oils,
such as animal, fruit, marine, mineral, nut, plant, sylvan
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/the pol yester pol yethyl ene terephthal ate on which a thin |ayer.of
aI u \gv vvas vapor deposited, and a |ami na formed of .thé copol yner .
“et hyRéne/vi nyl acetate. The conbi nedq awi na of al um num and the pol-yester .
makes e filmsubstantially a totale barrier to the passage of diffusing
drug. The use of ethylene-vinyl acetate copolyner enables the nultilam nate
to 15 be sealed to the other nenbranes conprising the nedical bandage.

Siliconized pol yrand vege:l:abkeseileom Exempdryy Rilsnerecddpenhal ate al sk
can be used, -alone, or in the |aninate. The_backing nenber al so includes a
| ami nat e corrpri siherring.i vhale, p‘@%‘?é@ﬁ‘}b cAdmonds p PEATIIIC SE8aMACch

al um numis vapor 20 deposi t ed, h is adhered to a | am na fornmed of
et hyl ene- vi nyl acﬁ%ﬁ@co%%twe?ﬁf oﬁéﬁvﬁn PALE nT8PSeE%hi fATRY agent such
as a pol yuret hane -agdhesi ve, or_an, i ononer sol d ig Surlyn[err] by DuPont.

| onomer refers tc?ocil’ %s %‘F"mm?sap HnghotdSieze boxyl gr oups
i i, i s 5
Ionorrelros )altre des)c/%fr@e%% %#c)y igpégggl §$§P8BWSS%H§ ?ga%% chnol ogy,
33:({1 ?P E§3§Z 2oPeduisd adngd: °9ﬁdbl’rheggih B 1ol MY Bl ool 00
el ononcroe 8 BIRA 8fug S68HLANSISHRN2IBICUE hedmearitelch oML 2 1 Y,
pur pose of Lhi ' iyensaegagecheiarupsl ULY hy eemeting vl @y mgiC Ol |S.

The oils may be selectéd from organrc and inorganic oils,
ani mal , Mo uit, nedndedragscane, sﬂablep&ﬁnthesm\@a so e \vapiggd e oils.

Exenplary oils are liver, .
can be stored essentially free of drug
degradation. The fluid is essentially impermeable
in the backing member and the rate controlling o
membrane, thereby avoiding migration of fluid from -*f;:
15 the.reservoir.ﬁ The silicene fluids are non toxic,
| nonallergenic and physiologically inert. The
silicone fluids are commerically available in a
range of viscosities from inviscid to viscous,
end they can e#hibit newtonian to non-newtonian
20 behavior. They are available in a range of
B viscoeities; ﬁemely from 1 £o'100,ooo centistokes
cts, and'higher. The use of silicone fluids
possessing high viscosities facilitates the
manufacture of the bandage ‘because there is less
opportunity for the higher viscosity fluids to tlcw
during'sealing.procedures. Representation silicone



herring, .whal e, babassu, al nond, peanut, sesane, castor, cottonseed, olive,
pal ni. rapseed, corn, soybean, :eucal yptus and tung oils. In a 5

preferred enbodi pent, silicone fluid, also called silicone oil, is used ﬁb{
form ng the reservoir because drugs can be easily mixed into the fluid Eﬁ:\)
hi gh drug loading, the fluid is perneable to the passage of drugs, it \s—~
conpati ble with drugs 10 and drugs are stable in the fluid so the
bandage can be stored essentially ffe® of drug degradation. The fluid is
essentially inperneable in the backifig menber and the rate controlling _
menbr ane, thereby avoiding mgration of fluid from 15 the reservoir.
The silicone flui dsfan¢dsotncdude, ddmethydisjddiconen€lMdds ol ogical ly inert.
The silicone fluids are comerically available in a range of viscosities
frominviscid to vinethylphenylsdjoxysidicone favkdbnidiPhempbslIe¥Yoni an
20 behavior. They are available in a range of viscositieges,, pamely
from1 to 100,000 cehlicosecfludd, mlmlgnmlsg-‘cﬁmﬂﬁsﬂé-%ﬁ%ﬂ s £ ui ds

possessi ng -hi gh viscosities facilitates_t

because there is | eBStHFASFLFAIOFOPTORYIS ;{EﬁﬁgSﬁégﬁqu; ?Pﬁiggn?§9$|ow
dimet hyl o111 cone 71 BPATCHDERPIBHORTet s GO she MRar ohBHOIS | oy
et hyl Ui 11 or bpr opFREHAR: O fitt Pretiravty bresent in the
-~ reservoir is about 10 to 90 wt %, and more
preferaﬁly about 30 to 65 wt %. These percentages
are based on a total reservoir weight of about

5 mg to 15 g per therepeutic system.

" ""The theo'logical “agénf'is addéd to the reservoir for

. its thixotropic and thickening properties. The agent is

used as an aid in forming the continuous phase, for modifying,
usually for reducing the ability of the fluid to flow which
results in an increased viscosity of the continuous phase and
for gelling the fluid. The agent also is used for essentially
eliminating slump, or run in the reservoir leading to controlled

release from the bandage, and for preventing settling of drug

during storage. The combination of the fluid, for example

a silicone oil, and the rheological agent leads to a reservoir,
- comprising in a p:esently'preferred embodiment, a gel, that



pol ydi pet hysi | oxane fluid, and the like. The ampunt of fluid preferably

about

pre%é?ggin the reservoir is about 10ito 90 w % and. nore preferably about
30 tQ/

5 wt % These percentages are based on a total reéervoir weirght  of
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S ALagkaBilf abith MU OEEUGAL o Fuctn oo RRETNUH G, L1 D201
éaﬁiﬁﬁﬁﬁnsogﬁmqﬂrgi%t&%%t aBYRUAF APdCh 28T BRI AtGhe 8 kappa-
ceardy a\, 2BLEA tTUFANN) g #60f6R ) 1bhse! b¥ad) gumiMd\eidde hypnea,
r?%yff?h%ia% %hgﬁﬂgfﬂ§¥£ﬂinggfgctin, perctin, xanthan, sclero-
glucan, dexttan,'amyidse, émylosepéctih;'dextrin and the like.
The cellulose agents include cellulose, cellulose derivatives,
alkylcellulose, hydroxyalkylcellulose derivatives ﬁherein the’
alkyl group is 1 to 7 carbons, carboxyalkylcellulose, and the .
alkali metél_derivatives thereof. Exemplary rheological ~
cellulose agents include substituted and unsubstituted celluloses;
such as cellulose, methyl cellulose, ethyl cellulose, propyl
cellulose, hydroxypropyl cellulose, hydroxyethyl cellulose,
sodium carboxymethyl cellulose, and the like. The presently
preferred rheological agents include compounds containing
silicone such as fumed silica, reagent grade'sand,_précipitated
silica, amorphous silica, colloidal silicon dioxide, fused
silica, silica gel, quartz and particulate siliceous materials
commercially available as Syloid®, Cabosil®, Aerosil®, and
Whitelite®. The amount of silicone compound used for the
present purpose usually is about 0.1% by weight to 25% by weight,
and more preferrably 1% to 10% by weight of the total reservoir.
The drugs that can be incorporated into reservoir 13
comprise drugs that can be administered percutaneously through
skin for passage into the systemic circulation. 1In a presently
preferred embodiment, the drugs are vasodilators, with a

more preferred group of vasodilators including nitrites,
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karaya, gum tragacanth, guar gum |ocust bean gum quince 15 psyl li \\
okra gum arabi nogl.-actin,. perctin, “xanthan, sclero- glucan, dextran, f-7">5
anyl ose, anyl osepecti’n, dextrin and the like. The cellul ose agents inctlde
cellul ose, cellulose derivatives, alkylcghlul ose, hydroxyal kyl cel | ul ose
derivatives wherein the alkyl group is™L To-7 carbons,

car boxyal kylcel l ul o

t he_: | kal i tal, derjvati th f.

Exenpt ary rheol ogi c:ﬂ?itgggﬁPbggggﬁ@ﬁPgeisﬁg égg %%gg%%v%%erseré?
unsubstituted cellul gses.. s asacell ul oge. et cel ] ul ose, yl

|l ul ose, | cePRERES ¥ﬁﬁ BP3Y08Pe ﬁE@ngﬁaﬁﬁi iﬂﬁ} %é%i
ggl I 3I 822, g(r)g%m g%&f ¥ et h li S%ZEI ‘Eg';nﬂ:g% ea!lig%e.lm‘fi?eﬁ esently 25
preferred rheologica ggeﬁgé éngﬁu conpounds cdntaini Nng si.licone such as
¢ d silica, i . L _ \Lica,
cgrfoi3;|'§?|iLgﬁg§P%§?§§g2¥§§g§n§PP??E?ES5|.céigé#%ﬁﬁhar gﬁgn rggéégﬁlate

siliceous nategial s § I ql | | rgd . il[err],
Aerosilferr], e‘:?':md V\h??gja?tag[%r lrtfs Bﬁehg’%?ﬁ&oﬁ‘%gﬁ ?y(::rgngiger? conpound used
for the 30 presenlaeubaE§e§b§!ébhb1 1000 i tholby derMei bl osed 5% by
wei ght, and nore preferrably 1% to 10% by wei ght of the total reservoir.
The drugs that can beéni betaplagtode B0 optionally bh alpha Skactoss, t hat
can be adm ni stered percutaneously through skin for passage into the -
systemi ¢ circul ati onThénvaspddleatbry nitroglyctrdrbqadily pérmeatgs are
vasodi lators, with a 35 nore preferred group of vasodilators including
nitrites, - 12 - throughshumanr skinast Jhe reshltis off transdermdl sugars
and polyols. Those drugs include anyl nitrate, glyceryl trinitrate, also
known as nitro@ycer Ehuxnmepsyrenents imssigae dndieate e mnge ofich as 1
to 30%nnitroglycerin_on_99 to 76% o 2 .

o 10-12 pg/cm“-hr at 30°C and of 75-90 pg/cm€ hr

at 37°c. Generally, the therapeutic release
- rate for a typical medical bandage provided by

e the invention for administering nitroglycerin
15  1is a flux of 10-2000 ph/hr, with an average
releasing surface o£_$-50 cm?f A preferred
enbodiment for a medibél bandage releasing nitro-
glycerin is about 20 o 1200 pg/hr-cmz. Other .
vasodilators useful for the p:eseﬁt'purpdée are
20 octyl nitrate;"sodiuﬁ:nitrate, clonitrate,
 erythrityl tetrenitrate, isosorbide dinitrate,
mannitol hexanitrate, pentaerythritol
tetranitrate, pentrintrol, triethanoclamine
trinitrate, trolnitrate phosphate (triethanclamine
25 trinitrate diphosphate), and the like. The amount
|  of drug preferably in the reservoir ranges from

about 0.1% by weight to about 70% by weight,



|l actose, preferably 10%nitroglycerin absorbed on beta-|actose or

optionafly on al pha | actose. The vasodilator nitroglycerin readily .
per me hrough human skin. The reSults of transdermal 10 . flux..
measu ts in vitro indicate a range of 10-12 pg/[err] -hr at [err] and

of 75- [err] hr at [err]. Generally, the therapeutic release rate for a
typi cal nedical bandage provided by'%he I nvention for adm ni stering .
nitroglycerin 15 is a flux of 10 2000 [err]/hr, with an average -t
rel easi ng surface of 5-50 [err]. referred enbodi nent for a nedical '
bandage rel easi nyhenein thqungrcen Lareobaged2on petotalr-[err]

O her vasodil ators useful for the present purpose are 20 octyl nitrate,
sodiumnitrate, HWQiQEWQ#SH#WQ#)@bQﬁﬁrQHStFﬁt@5 8sBe¥r bi de dinitrate,

(il Mttt Y e
R S el SR L
:Snngt:]ce) rlgsgr\egrr%m?&ﬁ&?. eﬁ@%ﬁnﬁ%‘d"?&'}ﬁg 9‘&?0 P&F& \gs'he drug | oadi ng
medi cal program ang}#ﬁ)l S pre %’@yé‘% ﬁ%b%%)#ﬂ%gi%s; Y‘Sﬁ? Oﬂgugl I.y

about by weight; usually about

\o/
5 mg to 1000 mg of vasodllator. The vasddilarore are widely
used to relieve the pain associated with angina pectoris, for

" the prevention of angina and in hypertension, for the relaxation
of the involuntary muscles of the blood vessels ma1n1y the
arteries and arterioles, for 1ncreasing the flow of blood
therein, and for increasing oxygenation from vasodilation,
mainly for increasing the supply of oxygen to the heart. Thei\;:
bandage can be worn continuously for lessening the incidence of
angina pectoris,_particulariy nocturnal angina. The drugs are
known in Cutting's Handbook of Pharmacology, Sixth Editionm, |
Chapter 24, 1979, published by Appleton-Century-Crofts, New York.
' Membrane 16, is a release rate controlling polymeric \;
material for governing the amount of drug released from medical
bandage 10 over time. The membrane can be selected to deliver

L]



5 ng to 1000 ng of vasodilator. The vasodilators are widely used to rel”
t he pain associated wi'th angi na pectoris, for the prevention of angina
i.n hypertension, for the relaxation of thg involuntary nuscles of the

vessel s mainly the arteries . and arterioles, for increasing the flow of

bl ood .t her.egpygagd E%a‘t’écr].%%%' %&%%ﬁﬁﬂgﬁ %]?}Pﬂ%ﬁ’%‘sé’f' R Qginmab?' ¥hkO"

increasing t es supply of ~oxygen to t dage can

contenuous| HePBE aPesSER; b QQQnQRNﬁﬁiiﬁe%uQF%&.%%c#o??Ee phightdyanbpve
noct ur nal aﬂsenae:iﬁaabdmist &ra%éwwva tg10Pn $ Hmébeeé 8f a membrane

i eeol Otnar, delsvers Atnevite s SlaEhily didher LIk chan, the skin, or
fcont rol ldl n@kliéeinygermak&t @blsalib‘l@r u%im/mn ing ttige ammb ég@}‘sﬂtdgtéqhg&&dd for
rom nedl ca n g ver, ti,me e ra an e S ecte

oty e Ao BB 88 Eos’ el iR a1 Bt ToRy, “0fe f8Rs & 4Ee heBhE aRe T b L 4150
can be chosaashnedetheecummn;mu mnnnﬂenancqﬁnfyaam@w9rohke¢ereﬁebsb|rpCe

Q?TSh"f a"e eiﬁﬁs)@attﬁ-éﬁeﬁgzethg &%’H&iﬂ?ﬁ@é‘é&?@é p%&éf%ﬁraﬂd%ﬁ?ond
t he bandageaszéehpuqups@doﬁor Monearen heln| the ceds @opfil axt veme ke | pasmeabtlc

menbrane 165phg0 RAsmy ?%ﬁﬁt '1§r gﬂ-(lh FIMJY FORNGE Qfsé‘fég?tﬁghbggnéekﬁgze

rate for initia ion o |strat|on period an
hour, peri odf@skEiefet] elﬂe@H§%§¥u9 fdrug reaethe jeammab 1énsikhn-neRBP§ﬁ§en'

16\bas the ﬁuﬁibéoﬂoQ§mér%aT8ﬂ/ﬂ§¥ﬂ¥ EtéiE“cdﬁ@iélPiﬁ tﬁ@mﬂ?hh¥elﬁ of
drug to the,ma | Tan,skin Repres atlve ners f rmn ate
controlli ngiﬂﬁmﬁng oiyoledins i}/cﬂsefﬁq{lsy% p%'l‘@e?ﬂ YBF@gXiB“e’
pol ypr opyl epolyamﬁﬂam,dpblylédt)eﬁst erah;eléné-emw&fmwé atepolpaeyyesegmented
segneps ed - copolymer of butylene terephthalate 33% and polytetramethylene
ether tetephthalate 67%, segmented copolymer of propylene
terephthalate 58% and polytetramethylene ether terephthalate, _
_' block copolymer of tetramethylene terephthalate-polytetramethylene
s ether glycol terephthalate, ethylene-vinyl acetate copolymer,
20 ethylene-vihYl methylacetate copolymer, ethyleme-vinyl ethylacetate
' copolymer, ethylene-vinyl propylacetate-copolymer, polyisoprene,
polyactyilonitrilé,_ethylene-propylene copolymer, and the like.
' Contact adhesive layer or lamina 23 directly below rate
s controliiﬁg membrane 16 comprises an adhesive that is essentially
: free of property of stripping skin cells upon the removal of
the medical bandage. Representative adhesives include a -
mixture of 2-cyanoacrylate and dimethyl methylenemalonate,
monomeric ester of alpha-cyanoaérylic acid, cross-linked
‘copolymer of dimethylaminoethylmethacrylate and an alkyl
acrylate, adhesive composition comprising a hydrocolloid gum,
30 pblyisobutylene and cross-linked dextran,'silicone medical
adhesive, mineral oil-polyisobutylene adhesive, and the like.
The adhesive optionally can contain a rheological agent that
imparts thixotropic characteristics to the adhesive, aids in
increasing its cohesiveness and bond strength, imparts slump
control, maintains the medical bandage on the skin and lets it
35 be easily removed therefrom at the end of the drug delivery

25



15 ~7¢opol ymer of butyl ene terephthal ate 33% and pol ytetranet hyl ene et her

polytetr anet hyl ene et her terephthal at bl ock copol yner of . tetramethyl ene

_ te«;z;{ralate 67% segnmented copolyne&rot propyl ene terephthal ate 58% and
h 1
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and the $ﬁ#§ingﬁgteghg ghas ve layer or lamina 23 directly below rate
| ane

control TTHG 18 , _conprises an adhesive that is essentially free -of
propert§ueh a8srifyned) sidicecand tpenlike asmprgsentedceacdies ibatirege.

Repr eseghab 14 cation VOB OfbHELLF, TEhel s e YRIOGCE kh b ndad plligmet V!
met hyl enemal onat e, mononeric ester of al pha-cyanoacrylic acird, cross-I|inked
copol yn#FUBh @iaTilienlas Hoed nyasedhdatora: dhatd th veleasedr yherefrathas ve
CONPOSi 40PN IR Pulse @vdgemhhg' dose with tHE"y*éf?QHt ¥heteatidr
cross-| nied dextrgp, sillcohe dical, adheslve, m ner a . _
oi|-p_o|§$ bBaTyRendtamaat 8, suRatent iglily constanpesrateogurdng ithecan
cont ai ndér BBBhODEC AthGfiedi ¢ 42! t tERRMeRtLN MU MRhGulbabRCh EE‘%t h‘b&g‘d&d&w
adhesive,- aids in |n§$ea§én8 L ts coBesmv ness and bond strength, |m% rts
slunp cpmegenously hlen ¢¢ HBEPCA ebéﬁ‘gﬁé‘{ﬁl ieaboup Bmdi% &0s 204 by
be easihgighepved therefromat the end of the drug delivery - 15 - i;}
period. The eol ogi cal ents eful for ‘this pyrpose,.in a presently
preferred en@gﬁ ase Z‘P}ﬂ%rsiliai éBnFo@G!ﬁ%' r’fl’r‘l’é_’I c@)fi‘b_ﬁ%ﬁﬂs %é&ﬁfa?-?f ARy
silica pedoved |just 3o ivesedt efecitl exemplifiied i) f ifabheNembOdiipid | V.
t he adheﬁlve al so can cqftaln 8 grug partli%eﬂlg'abvasodllangr, that is
rel easciPEhEARE, Jiaterials used for the backing ember, provi ed they
| are removable or made removable by siliconizing the material.
~ Other release liners include siliconized polyester, poly(l,l-
dihydroperfluoroctylmethacrylate), fumed silica in silicone
rubber, ‘end-capped siliconizéd polyethylene terephthalate, N
polytetrafluoroethylene, cellophane, treated paper, siliconizdu~
paper, siliconized kraft paper, aluminized paper, paper cbated'
with polyethylene,'a film of polyvinyl chloride having titanium
~dioxide dispersed therein, and'the like. The release liner may
- be formed with dimples for decreasing contacting surface with
the adhesive layer, and it may also be formed with a pull-tab
for making it easier for removing it from the bandage.

- The term Freon® as used herein generically denotes
perfluqrodimethylcyclobutane; octafluorocyclobutane; perfluoro-
¢yclobutane; bromotrifluoromethane; tetrafluoromethahé; tri-
fluoromethane; 1,2-dichlorofluoroethane; l-dichlorofluoro-2- _
chlorodifluorcethane; 1,2-difluorochloroethane; l-difluorochloro-
2-trifluorcethane; 1,2-trifluoroethane; chlorodifluoromethyl-
methane; and the like. The term solvent as used herein denotes
inert organic solvents such as ethers, lower.alkanols, halo-
genated solvents, petroleum distillate having a boiling range
of 60° to 160°C, and the like, such as ethanol, isopropyl
alcohol, diethyl ether, chloroform, tetrahydrofuran, and the like.

The following examples are presented for further illustrat-
ing the medical bandage of the invention, its manufacture
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an initial pulse or primng dose, with the systemthereafter delivering
drug.at a substantiall'y constant rate during the duration of the nedical
treatment... The anount of agent conpound honogenously bl ended into the
adhesive is gbout 0.1%to 20% by weight. The release liner 24 in cont
wi th adhesive |layer 23 and renoved just prior to use is exenplified
one .enbodi nent the same materials used fdé the backi ng nenber, provi
t hey_are renovabl e or made renpvabl e by silicOnizing the material. OTer
rel ease liners include siliconized pol yester, poly(l, 1-

di hydr operfl uoroctyl nethacrylate), fumed silica in silicone rubber,

end- capped siliconi Z&ﬂi %gg_ Iéegf {e,lgigggébal iﬁethgob*hglbg_gfsl Reoet hyl en'e,

cel | ophane, treated paper, ‘I cont z aper,. siliconlze raft paper,

al umi ni zed paper . panaipGAGEl dbhPrPeliE EHbCERerapbLLTCOEyRt i

chloride having tit oxXl| I spersed therein, and the |ike.

The rel ease |iner 1 ggf [ reASHhe Geyatasidey
surface with the agﬂﬁz?sgs ayeﬁ%wgﬁh itnggﬁég%gé gggforned with a pull-tab
for making it easi eryféke M@ VIMTtI partoist iselyndegeighi€iies parrtzon[err]
as used herein generically denotes perfluorodinethyl cycl obut ane;

oct af | uor ocy® obut anser ewhdned owhighl hsuequéyvalentottoi Wedghdet hane;
tetrafl uoromet hane; tri- fluoronethane; 1,2-dichlorofl uoroethane; ’

| - di chl orof | uor o- 2- pétcentii f | ThecexampZesl arednbitudndended dichane;

| -\dif |l uorochloro- 2-trifluoroethane; 1,2-trifl uoroethane;

chl or odi f | uor omet hyl1imft hthe; invention| inecanyhmanmemn.sol vent as used
herei n denotes 30. i nert organic solvents such as ethers, |ower

al kanol s, hato- genated solvents, petroleumdistillate having a boiling
range of [err] to [err], and the like, such as ethanol, isopropyl alcohol,
di ethyl ether, chloroform tetrahydrofuran, and the like. The foll ow ng
exanpl es are presented for further illustrat- ing the medical bandage of
the invention, its manufacture 35 '
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and its rate of release. In the exanmpl es=the conponents conprising the
t herapeutic systemare set forth in weilght ‘percent, and in-the instances

mhere/k e unit part is used, it signifies parts 5 per hundred-which is .
- equi valext\to wei ght percent. The exanples are not intended to limt the

i nveption\jn any nmanner. EXANVPLE 1 A bandage for the adm nistration of a

drug repared as follows: first, a drug release rate controlling —

mgmbr was prepared by blending 4 kilograms, kg, of ethylene-vinyl st
acet ate copol yner having a vinyl BXAMBIE cpntent of 7.5 wei ght percent,

w % and 2 kg of ethyl ene-vinyl afeétate.copol ynmer having a viny acetate
content of 12 wt% in a V-blender to produce a honogenous blend. Next, the
blend was el bahdage €wtr ther admiv id kst foW0BEfi 8clrlgOhagmpridpatted iddn
havi ngﬁﬁt Vi nygiac t_ate_dco_nten of 9 w% A sectii? was cyt fromthe
filmf st 151188, A AnyE & Jedte gantrallipng. pemorane: fas

£ St v e B Sl s I e‘*“ég?“??’f‘hv}uﬁ,aﬁ‘s‘ff i

and.tozﬁﬁhiiéﬁfgﬁggag§bﬁr§§83 {%ﬁéﬁéﬁﬁﬁﬁﬁpéQﬂFS°§o.uSigﬁqﬁ§3<ﬁiﬁ°?ﬂﬁ%

one suwWtke aida2ckg eéceithylemesiiryheacetyte 260 polymerahavdagla/ neimy

the ovACEEERS YRR BE012 3?2? i LYK Ethadtctp,paogyss B, N ERns

to 0. 0ddlend. t iiext, Ather blend sras/ dfled rimto han certirudersitoi ydelddhesi ve, -

layer 02 AROR620% bih, 2 HIUERI NP FAPERE 2 onbE GG VAR Of
content of 9 wt%. A section was cut from the film for use in

- making the bandage. Then, a silicone medical adhesive solution,

in Freon®-113 solvent, or trichlorotrifluoroethane, containing
18.5% solids, was evaporated until the solid content was 55%,

and to this was added 10% isopropyl alcohol. This solution was
cast onto one surface of a cut section of ethylene-vinyl P

20 acetate copolymer film. The solvent was evaporated in an ovenExij-
The film on its removal from the oven had a dry adhesive layer

of about 0.0015 to 0.0025 inches, 0.038 to 0.063 mm, thick.

After its removal from the oven the silicone adhesive layer was.
laminated with a protective substrate liner consisting of -
0.002 inch, 0.05 mm, thick dimpled polyvinyl chloride film to ~
yield a trilaminate. : | B

Next, a drug reservoir was prepared as follows: first, 55

| part of pharmaceutically acceptable 10% nittoglyéeiiﬁ-laetggeu__
was dry blended with 1.5 parts of colloidal silicon dioxide and
passed through a 40 mesh, 0.42 mm, screen. The blend was

30 transferred to the bowl of a planetary mixer and to this was
added 43.5 parts of silicone medical fluid, 100 centistokes.
The materials were blended for about ome-half hour to yield a
homogenous drug reservoir.

Next, a layer of the drug reservoir, about 0.5 mm thick,

~ and containing about 25 mg of nitroglycerin, was deposited onto
the other available surface of the ethylene-vinyl acetate

15
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0.002 ingh, 0.05 mm thick dinpled polyvinyl chloride filmto yield a

tri.lam nate. Next, .a drug reservoir was prepared as follows: first, 55
part of pharnaceutlcally acceptabl e 10% nitrogl ycerin-| actose was dry o
bl ended-with 1.5 parts of coll oidal silict® dioxide and passed through §;§£L
mesh, 0.42 mm screen. The blend was 30 ° transferred to the bow of e

pIaneIary moopolambt of i s wh$laddaﬂnﬂaiﬁ1pgrﬁtsobutuﬂ(pyﬁiphﬁbyxﬁréétbﬂ

yield a homayuto FOSiT FE SodegFiErfnr " MHehla B3R sRE Bedlbar. dtg o 10e
‘about Q.5 mmqhﬁeﬂbykenecnmrephthglabeuallﬁznymcﬁonnmanjqﬂhymenewwmnyl :
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shape with a drug rel easing surface of .about 8 cmby 2.7 cm nomnal, a

reservoir containing 50 ng of nltroglyﬁghMpLEaQq manuf actured to del i ver in
vitro —

15 Following the procedure of Example 1, a medical bandage

" 'was prepared having an elliptical shape with a drug releasing

surface of about 8 cm by 2.7 cm, nominal, a reservoir containing

I~ - 50 mg of nitroglycerin, and manufactured to deliver in vitro -
— about 800 ug/hr of nitroglycerin.

EXAMPLE 3

Following the procedure of Example 1, a medical bandage
was prepared having an elliptical drug releasing surface of
about 9 cm by 3.4 cm, nominal, with a drug reservoir containing
75 mg of nitroglycerin, and designed to deliver in vitro about
1200 ug/hr of nitroglycerin.

25

. EXAMPLE &

30 Following the procedure of Example 1, a medical bandage
was prepared comprising an elliptical drug releasing surface of
"about 3 cm by 1 cm,'nomihal;'with a drug reservoir containing
‘about 13 mg of nitroglycerin, and rated to deliver about
200 ug/hr of nitroglycerin. ' '

35 -



-about 800 [err]/hr of nitroglycerin. 20 EXAMPLE 3 Fol | owm ng the procedure
of Exanple 1, a nedical bandage was prepared having an eIILpt[caI drug
{s™NIg surface of about 9 cm by 3. 4¢5n1 nom nal, with'a drug reservoir
75 mg of nltroglycerlﬂ and deS|gned to deliver.in viiro
PO [err]/hr of nitroglycerin. EXAVPLE 4 30 - Following the
w'e of Exanple 1, a nedical bEXMMPLENS prepared conprising an
elliptical drug releasing surface of about 3 cmby 1 cm nominal, with ass
drug reservoir containing about 13- ng of nltroglycerln and rated to -
del i ver about &0irygrreleaser rater GQD}EG&LHHEB@G iealrawdage fong rel ease
ate conddiiniie dEthgatohiedssy b BOTHRIEIUI A1y | 9PEEEL L Ve Samqunt

'therapeutlca i ve, anmoun drug n was
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stable d u reserv0|r or mu lon contarnin
gms of nitroglycerin adsorbed on lactose compt1sing

active nitroglycerxn was added to the mixer. The n1troglycerin-
lactose was blended into the gelled silicone fluid at a stirring

w

15 - speed of 100 RPM for 10 minutes, to produce a uniform, stable
drug reservoir formulation containing 50 mg of nitroglycerin
for each gram of reservoir. . _ .

Next, a thin layer of silicone medical adhesive solutior ..
comprising 18.5%_solids in trichlorotrifluoroethane was cast
20 onto cellophane using a casting knife set at 0.012 inches,
0.3 mm, wet gap thickness. The solvent was evaporated in an
air current, to yield an adhesive film 0.002 inches, 0.05 mm,
thick. Then, an ethylene-vinyl acetate copolymer film, having
a vinyl acetate content of 9 wt%, and 0.002 inches thick, was *‘}
laminated to the adhesive film using a two roll laminator. The
25 lamination was done at 50 psig and at a laminating speed of
10 feet per minute.
500 mg of the drug reservoir was placed onto the ethylene=-
vinyl acetate copolymer surface of a backing member. The
member comprises ethylene-vinyl acetate copblyme: aluminum
30 - vapor deposited on polyethylene terephthalate in laminar
arrangement with a lamina of high density polyethylene. The
.periphery of the backing member extended about 3 mm outward
' from the reservoir. Next, the release liner comprising
cellophane adhesive ethylene-vinyl acetate copolymer laminate
was positioned over the drug reservoir with its peripheries,

35 about 2 mm, extended outward from the reservoir. The ethylene-



For each,gram of reservoir. hbxt, a thin.,layer of silicone nedical adhesiyve
sol ution conprising 18.5% solids i‘n trichlorotrifluoroethane was cast 2@~ -
onto cel |l ophane usi.ng a casting knife setget 0.012 inches, 0.3 nm wet (g&g
t hi ckness. The sol vent ‘was evaporated in.an air current, to yield an’~ ™=
adhesive film 0,002 inches, 0..05 mMm l,ck.,JJhen, an ejhyl ene-vin acet a
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cel | ophane égﬁgg#\?gc%ﬁ% \ei'l?rle-"i' : aatce%}get e%%%gfynegg?am na?%?wasa
positi oned over -the drug reservoir with its peripheries, 35 about 2
mm ekPended outward fromthe reservoigxAMPLE &t hyl ene- 20 vinyl acetate
copol yner of the liner was placed in fontact wth the reservoir. The
peri phery of the backing nenber was pressed around the reservoir and beat
seal ed to the cofthleyprioceidure df Byxample Iiiwl fotlowed bnanthds emampilees a

i U ogl yoor PAERnddr 08 BEAMARRE S Plondtlen AEERYSkbefy BECRRY, shat.
nitroglycerin thevimeddcal thandage: off tihbsitexidmple;]the uaspdilptqrois

EXAMPLE 6 ¢riethanolamine trinitrate.
15 "'

EXAMPLE 7

A medical bandage is made by following the procedure of )

.~  Example 5, with the vasodilator in the bandage octyl nitrate.

o 20 | o | | |
© EXAMPLE 8

A drug reservoir was prepared as follows: first, 727
\» . parts of medically acceptable silicone fluid, 10,000 cs, was
blended with 15 parts of fumed silica and 7 parts of amorphous
silica in a high shear ‘mixer until a consistent stiff gel was
" obtained. Then, using low shear, 250 parts of isosorbide
dinitrate-lactose was blended into the gel to produce the drug
reservoir formulation. The isosorbide dinitrate-lactose
comprises 20% of the active drug, isosorbide dinitrate, a
30 ‘vasodilator useful for relaxing smooth muscles in blood vessels,
and 80% lactose. The reservoir contained 50 mg of isosorbide
dinitrate_per.graﬁ of gel. The reservoir was used in the
procedufes of Example 1 and Example 5 for manufacturing medical
bandages having round and square shapes respectively. The
bandages, in operation, deliver a therapeutically effective
35 amount of the vasodilator for a period greater than 24 hours.

25



! The -procedure of Exanple 1 is followed in this exanple with all the .
manuf act uri'ng procedures naintained,&ﬁxcept that in the medical. bandage -of
t hi s fexanpl e, the vasodilator is triethanolamine trinitrate.. 15 EXAVMPLE 7 A.
medi bandage is made by fol | owi E¥AMREEpScedure of Exanple 5, with the
vasod{ Mgt or in the bandage octyl nitrate. 20 EXAMPLE 8 A drug reservoir was
prepared as follows: first, 727 parts of medically. acceptable silicone - .
fluid, 10,0004 dsediwalpbandegewfon admimistesring iopitally nitirgghrces et

ang phoygs 2 nadéi bé Clollodshi I 12893 mddi¥all ;&ﬁ%dé s:ms%&a@nédﬁ&é fe0th
was obt al ned._Thepn, USIng I'ow_ shear, 2%9 p?(t of . 1 sosor bl de _
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del i ver winyhkragatateatopodineryi havihig aawinytl ccethate asonitént ooff 8% a

per i od_ g 631 £} Daped4ohP" Ehe adfEAVRE 1Snft Y cal bandage for
adm ni stering topircally nitroglyceri[err] was nade as follows: first,

medi cal grade silicone adhesive in Freon[err] solution containing 18.5 wt%

-solids vas cag) Bg!of cRadeeallsiitchnd’ 't IRARE" poBRfideckyls MTox anls! 35pe
cs, was added to a mixer, and the 8 kg of colloidal silicon

15  dioxide was added to the mixer. The fluid and said silicon

" dioxide were blended at high shear until all the colloidal

silicon dioxide was comminuted and well blended to produce'a

stiff gel. The gel wasltransferred to a low shear blender, and

110 kg of therapeutically acceptable 10% nitroglycerin on o

lactose was added to the blender. The blender was turned on, ./

and the ingredients blended to a uniform gel containing 55 mg -

of nitroglycerin per gram of gel.

20

Next, a layer of nitroglycerin-silicone gel was deposited ”;_
_ onto the other surface of the ethylene vinyl acetate copolymer ~/
25  of the protective liner, while keeping the outer rim of the
copolymer free of gel. Then, a backing member comprising
pigmented medium density polyethylene-aluminum'Vapor deposited
on polyethylene terephthalate-ethylene vinyl acetate copolymer
was laminated to the free surface of the gel. The lamination
was carried out under partial vacuum to lessen entrapped air.
The peripheral edge of the backing member was pressed around
the gel and sealed to the protective_liner to yield a self-
contained medical bandage. The bandage exhibited a release
- rate of 400 ug/hr at 32° C, '

30

35



‘an oven. The dry adhesive | ani na mas.about'0.0015 to 0.0025 inches, 0.038
fo 0.063 mm thick. Next, to the adhesive paper 10 | am nate, after its

femoval from'the oven, a film of et hyl'epg- *vinyl acetate copol ymer, havix
a vinyl acetate content of 9% was |aninated onto the adhesive | aninat e ‘82\
oac

kg of nedical silicone fluid, polydinmethylsjloxane, 350 cs, was added

m xer, and the 8 kg of col | oi dal éﬂ!ﬂﬂﬂﬂﬁiE.Q_lﬁioxide was added to the™

m xef;. The fluid and said silicon d|0X|de were bl ended at hlgh shear unti l

all the CO||OId% T | i,con |0X|de co nut ed, ang wel | nded to
gdiLowing

produge a stiff e \pLoGe O F BX P L€ weﬁéasa| ARdagesng’
110 kg of weeeaps wﬁla&dd yebaate efpf aﬁ&oloa&mibieeayﬁefaaeoafl gelleasewaf added

to the ble rned t he ,i ngredients Ien ed
to a uni fo?ﬁ:ﬁ le-g&'nt"g m%o%f ‘Eozgél ge ?ﬁ" /bFa oP15ZP8 Né‘)?trma
| ayer of natrGQPycenamdyﬂZQﬂmugthr a@ﬁnttmmglyedrbntattBa°oCher surface of
the ethyl ene vinyl acetate copol yner 25 of the protective liner, while
~keeping the outer rimof the copolyner free of gel. Then, a backing menber
conprising pi gmented nedi um densi ty BXANRBEE V1 3ne- al umi num vapor deposited
on pdlO/et hyl ene terephthal at e-et hyl ene vinyl acetate copol yner was

lam nated to the free surface of the-gel. The lam nation was carried_out
under partial vécGFU& FaserMinHasprepared a9 followszphéizBtadd@7of the

TP A i *@%ﬁ‘?' e heRandage e rted a
relBase rg iegﬂegquggﬁﬁgngagﬁs Pffga an 18 pargs of amorp ous
~silica in a high shear mixer unt11 a stiff gel was produced.
Then, using a low shear mixer, 250 parts of isosorbide dinitrate-
15 lactose comprising 20% of the drug and 80% of lactose was added
- to the mixer and blended into the gel to produce the drug |

reservoir.

k,,# . 500 mg of the drug reservoir was placed onto the ethylene-
20 vinyl acetate copolymer surface of a backing member. The
' member comprises ethylene-vinyl acetate copolymer=-aluminum
coated polyethyleme terephthalate-polyethylene laminate. The
outer edge of the backing member was pressed downward along the
.} .. edge of the reservoir, and sealed to a laminate comprising
block copolymer of tetramethylene terephthalate-polytetramethy-

25 1ene ether glycol terephthalate-adhesive-celiophane. The
copolymer was in contact with the reservoir, and on peeling the
cellophane from the bandage, it releases, when in opetation a
therapeutically effective amount of the vasod11ator for treating
angina pectoris.

30

EXAMPLE 14 -

The procedure of Example 13 was repéated with all condi-
tions as before, except the copolymer in this bandage used for

. governing the rate of delivery was segmented copolymer of.
- 35 -
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S 10-12 Follow ng the procedure of exanple 9, nedical bandages' were

that in vitro exhibited a rate of rel ease of 200 [.err]/hr of

cerin at [err]; 800 [err]/hr o itroglycerln at Terr]; and, 1200

of nitroglycerin at [err]. EXAWMPLE 13 10 A drug reservoir was.
Iloms first, 727 parts of medically acceptable silicone
imu%% dopolytetirameitbyleme h&hnnts of

‘ﬁﬁ?&fté&ﬁ

rate

ear ni xer 250 arts of Isosor
4 act ose cgﬂﬁrf’#\rﬁlﬁp ol & 1F T ‘gm‘ép%ﬁ)e BPm) qEeb8ASRES aa&@@}'&Rﬁl{mally
m xer andeBPEecd¢dei lalmoume ﬁelrﬁéﬁ \mmklli:t A lpatasngygmeslear% tc%Qa.O d”ilblﬁythe
drug reseLyo a t o .the ethyl ene- vinyl acetate copolyrer
Pace cPY obhykRR Bonthis, Heaty,

surface o

Thte nenber ‘conprises ethylene-vinyl acetate

copol ymer - al umi num coat ed pol yet hyl ene terepht hal at e- pol yet byl ene | ani nat e.

The outer edge of the backing nmenp X ressed downward al ong the edge of
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Then, using a low shear mixer, - 250 parts of isosorbide dinitrate-

lactose, comprising 20% of the drug and 80% of lactose was
added to the mixer and blended into the gel to produce a drug
reservoir. ' '

Next, 500 mg of the drug reservoir was placed onto the
ethylene-vinyl acetate copolymer surface of a backing member»_.
The member is a laminate. compr1sing ethylene-vinyl acetate

copolymer-aluminum coated polyethylene terephthalate-polyethylene.

The edges of the backing member were pressed downward along the
reservoir and sealed to a drug release rate controlling membrang
comprising ethylene ethacrylate having an acrylate content of
18%. Ihg_bandage'is topically applied to an animal by a strip

of tape, an elastomeric arm band, or other mechanical means.

The delivery of a vasodilator from a therapeutic delivery
system made according to the invention was demonstrated by the
following study. A therapeutic delivery system manufactured as
a circular shaped medical bandage was used for delivering
transdermally the vasodilator. The medical bandage is a
laminate comprising from the top on occlusive backing member
which member is a laminate comprising high density polyethylene
in laminar arrangement with aluminized polyethylene terephthalate
and a lamina of ethylene-vinyl acetate copolymer, a reservoir
lamina adjacent to the latter copolymer which reservoir comprises

1



23 butyl ene terephthal ate 33% and pol ytetranet hyl ene ether terephthal aL\e
67% .The nedi cal system .when-in operation after 5 the cel |l ophane
stri pped therefrom feleases a therapeutx\)é ally effective anount of t ‘)
vasodi |t or for increasing the supply ofXbxygen to the heart. - EXA

10 A drug reservoir was prepared as follows: first, 730 parts
of medically acceptable silicone fluid, 350 cs, is blended with 15 parts of
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subjects. Fzgure 7 depicts the nitroglycerin plasma concentra-
‘tion, normalized to one cm? area of application as a functionm
- of time for the twelve patients. Other bnadages containing from
5 mg to 1000 mg of nitroglycerin produced similar results.

15

A The words "Surlyn™, "Syloid", "Cabosil", "Aerosil", "White .].i'be"_,
"'Cellophane" and "Freon" used herein are all Registered Trade

Marks.



whi ch nmenber is a | am nate conprising high density polyethylene in | ami nar
arrangenent with al um ni zed pol yet hyl ene terephthal ate 'and a | am na of

ethylene vi nyl acet at

Aat/i onal formu
fCerin-1| act ose,
I ng | am na of
ni troglycerin j gﬁg
to the skin ofbiAﬁ

rate controlling | am
" conprising cel kophane
stripped fromThe ban

e copolynmer, a reservoir 35 1 amina adjacent to

4 eJ copol ymer whi ch reservoir conprises medi cal, gelled silicone

| ary coll odial sjilicon dioxide and

and adj acent t®Sthe reservoir a release rate £
et hyl ene-vinyl acetate copol yner, through which o
ased fromthe reservoir after the bandage is affixed -
n patient. A contact  adhesive | am na adjacent to the
na hol ds the bandage on the skin. A strippable | am na

dezeagje g?'c';htezieg)%gﬁ, agé;} g%?%élon ?ﬂeogfq Ins The

ol case rate of ABBCFEY, LR FRRAH YR hE ¥ gh f ol et s o

twel ve vquntee&mﬁghgl Jects Figure 7 depicts the nitroglycerin plasna

concentra- tion
of time for the twelv
1000 nmg of nitroglyce

ormal zed to one cn2 area.of . application as a function 15

e pati el .a YddlEing Welitoes et aisi ng from5 g to

rin produced simlar results. The words " Surlyn

"Syloid", "Cabgabstantielldy limperdledbie ite the Grassepanct dndg Freon used

her ei n are all Regi st

therapeutic systemin the fo) & neénrub@xtddﬁaadntntetersugfacdrug, the\/

systen1conpr|3|ng
of the

ered Trade Marks. - CLAI M5: 1.

backlns member, the reservo;r comprlszng

a £lu1d that is a carrier for a drug, a rheological

‘agent selected from the group consisting of cellu-

losic, polyeaccharide'and silicen—containing agents

and a drug; and,

c) a membrane adjacent to a surface of
the reservoir remote from the backlng member, sald
membrane belng contacted by the backing member to _
form a fluid-tight System,_the membrane formed Q;J_

_

of a polymeric material that conmtrols the rate of

release of drug from the systemn.

2.

The therspeutic system in the form

of a bandage'for administering the drug according

to Claim 1, wherein the system comprises an

adhesive for holding the therapeutic system on a

. drug recipient.

#c L WS ik
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a) a backi-ng nenber that is substantially inperneable to the passage of
drug;- b) a reservoi-r adjacent -to a surface of the backing nmenber, the
reservoir conprising-a fluid that is a carrier for a drug, a rheol ogic
agent selected fromthe group consisting of cellu- losic, polysacchardder
and silicon-containing agents and a drug; ,and, c) a nmenbrane adjacen
surface of the reservoir renote fromthe bgcki ng nmenber, said nenbran
bei g contacted by the backing nenber to-{¥ma fluid-tight system the

menbrane fornmed of a polyneric material that controls the rate of rel ease
of drug fromthe system 2. . The therapeutic systemin the form
of a bandage for aém’ ni stering t RaeirtRpRaReriinsyYsten im thewfiorsin t he

system conprises an ,adhesive for, hol djng the therapeutic systemon a drug
reci pi ent. 3, ofa %and&ﬂﬁaﬂqna%§ﬂ§§4§$ea%95wﬁhm dregiaceepdingbandage

T g R, T 8 e EER AR o
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the reservoir, andyesrddalf Shd § Beniid PFbIFIRE s oLgRcuUtic system

before it is placed on a drug recipre her apeuti c
systemin the forMadhesive, which lamina is substantially '

U

- impermeable to the passage of fluid, rheological
- agent and drug comprising the reservoir, and is
adapted to be stripped from the therapeutic

system before it is placed on a drug recipient.

\x,f A The_thérapeutic system in the form
of a bandage for administering the drug according
to any of Claims 1 to 3, wherein the fluid is a
gelled oil, the rheological agént is silicon
B , dioxide that.forms a gél with_the fluid, and the

drug is in the gel.

_5. The therapeutic system in the form
of a bandage'ror administering the drug according
to any one of claims 1 to 3 wherein the fluid in

the reservoir is gelled silicone oil.

6. '~ The therapeutic system in the form
of a bandage for administering the drug according

Yo any preceding claim wherein the drug is a'

I




of a béndage for admnistering the drug according to any of Clains 1 .t0 3,
wherein the fluid is a gelled oil, the rheological agent” is sili-con dioxi-de
that for a gel with the fluid, and the drug is in the gel. 5.

-

The therapeutic systemin the formof a bandage for adm nistering the drug
accor to any one of clains 1 to 3 erein the fluid in the reservoir is
.gelle I cone oi.l. 6. The" fherapeutic systemin the formof a
bandage for adm nistering the drug according to any precedi ng clai m wher &en
the drug is a ‘vasadi | ator. 7. + The therapeutic systemin the
formof a banda&@sP IFfistering the drug according to any one of clains

1 to 5 wherein the drug in'the reservoir i's nitroglycerin. 8.
The therapeutic systemin the formof a bandage for adm nistering the drug

accordi ng to any preceding cl g yﬁ$§ | LA+ I plaSemd | @M nat e
- conprising a Ia?%‘na of al um nialeg%l po yﬁﬁ'ﬁgﬁe@?&égﬁh%ﬁgﬁgﬁﬂa am na of
an iononer, and . 3 | ARi4}s ¥ Iéﬁﬁﬁ" t ol
The therapeuti cogys _ ?ﬁ@rﬁ%?%r m o eﬁé gﬁ%ﬁeﬁ%r%ﬁi%@?ﬁﬁ#&_ t he drug
according to anyePihyPiond WfMelaims 716" S knbbeilackend g is a |
| am nate conprising a | amna of polyethylene, a lamna of allum nized -
pol yet hyl ene-  t ajhepiridudmécimnis ani trogRyoerealyl ene-vinyl acetate

. 8. The therapeutic system in the form
of a bandage £or'adminiStering the drug'éccordins
to ény preéedihg élaim,'whérein the backihg
' member is a laminate comprising a lamina of
.gluminized polyethylene-terephthalate, a lamina
of an ionomer, and & lamina of ethylene-vinyl N

acetate copolymer.

9. ' The therapeutic system in the form

of a bandage fqr adﬁinistérins the drug acdording
to any one of claims 1 to 7 wherein the'baéking.
member is a laminate comprising a lamina of
polyethyiene, a iamina.of aiuminized pblyeﬁhylene-
terephthalate and a lamina of ethylehésvinyl.acetate

copolymer.

10. The therapeutic system in the form

‘of a bandage for administering the drug according

L



copol yner. 10. The therapeutic systemin the formof a bandage
for,adm ni stering thé drug according to any one of clains 1 to 7 wherein
sthe backi-ng nenber contacts the rate controlling nenbrane, an adhesi IS
in contact with said nenbrane, and a | amina of polyvinyl chloride i ¥ ¢
contact with the adhesive. 11. The therapeutic systemin N&e€-Por m
of -a bandage for adm nistering the drug according to any one of clains 1 to
7 Wherein the backing nenber contacts the te controlling nenbrane, an
adhesive is in contact wth said nenbrane, ~and a | am na of Kraft paper is
in contact with the adhesive. 12. The therapeutic systemin the
form of a bandagetboangdigne difeidladmsd dolP ALersinKHS mkm? of clains
1 to 7 wherein the backing nenber conprises a | amna of polyethylene in

| ami nar ar r angenemenbierh canttagzitea tife date okl ing mdbrane epht hal at e
and a |l am na of ethylene- vinyl acetate copolynmer; the reservoir conprises
gel l ed silicone fknoi ddhesiveodsdiimxictmtanty withossarid axenbramé , t &md
vasodi |l ator nitroglycerin; the nenbrane that controls the rate of rel ease

i s ethyl ene-vi nyl 8ademing ofpPolyminyinchdonidfirsigcin cagtact with

the adhesive.'

1. | The therapeutic system in the form
of a bandage for administering the drug according
to any one of élaims 1l to 7 wherein the backing
.member contacts the rate cdntrolling-membréne, an
~adhesive is in contact wiﬁh said membrané, and a
- lamina of Kraft paper is in contact with the

adhesive.

- 12. The therapeutic system in the form
— : . of a bandage for administering the drug according
to any one of claims 1 to 7 wherein the backing
member comprises a lamina of polyethylenme in
lamipar arrangement with a lamina of aluminized
polyethyléne-terephthalaﬁe and a lamina of ethylene-
vinyl acetate copolymer; the reservoir comprises
©. gelled ‘silicone fluid, silicon dioxide, and a

-dosage amount of the vasodilator nitroglycerin;
thé.membrane that controls the rate of release is

ethylene-vinyl acetate copolymer; and an adhesive
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isS in contact w

th the menbrane. 13.

The therapeutic systenrin

the formof a bandage for adm nistering the drug according to any one of -

cl ai ns
pol yet
ethyle
fluid,
nitroglycerin; t

he menbrane that controls the rate of release is

to 7, wherein the backing nenber conprises a | amna of alum nized
-therephthal ate, a |l am na ofg4ononer, and a | am na of:

yl acetate copol yner; the Fé%i

{f con di oxi de, and a dosage anount of the vasodil ator

Fwoir conprises gelled silicone

|/'

et hyl ene-vi nyl adst Anecoossicpmmithariienmemhranee is in contact with the

The therapeutic systemin the formof a bandage for

adm ni stering the drug according to any one of clains 1 to 5 where the drug

nitrate. 15. - ‘The t herapeutic gzsten1in the form of .

menbr ane. 14.

is isosorbide di
a bandage for ad
wherein the sili
colloidal silico
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cqon agent, in the reservour is fumed silicon diQxide or
Aol Bengese Lo, ginintstering B drue arapeaiPe. sust em

in the formof a,bandage for adnnisterin he drug, acgcordjng, to_any
precedi ng cl ai m WRePB¥n 90fe e§§ﬁ)‘5‘f§' ioﬁf?al 'hs"#?%%"% e%aggbasrrg of drlg
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that is rel eased
The t herapeutic
according to

polyethylene-therephthalate, a lamina of ionomer,
and a lamina of ethylene-vinyl acetate copolymer;
the reservoir comprises gelled silicome fluid,

silicon dioxide, and a dosage amount of the

- vasodilator nitroglycerin; the membrane that:

controls the rate of release is ethylenme-vinyl
acetate copolymer; and an adhesive is in.contact

with the membrane.

14, The therapeutic system in the form
of a bandage for administering the drug according
to any one of claims 1 to 5 where the drug is

isosorbide dinitrate.

15.. .~ The therapeutic system in the form

- of a bandage for administering the drug according to

any preceding claim, wherein the.silicon agent in
the reservour is fumed silicon dioxide or colloidal

silicon dioxide.
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~any preceding claimwherein the nenbrane that controls the rate of rel ease
is ethyl ene-vinyl acetate copol yner. 18. _ The therapeutic system
in the-formof a bandage for administering the drug according to any
preceding cl ai mwhereinh the bandage is desi gned for applying to the n
for adm nistering transdermally the drug_in a therapeutically effecpiyk

anount over time. 19. A therapeutic systemas clained in
andsgubstantially as described in any cneg pfsthe specific exanples
her ei nbefore set.forth. 20. A therapeutic systemas clained in
‘Claim1 and substantially as described with reference to the acconpanying
dr awi ngs. 1e6. - The therapeutic system in the form

of & bandage for administering the drug éccording
to any preceding claiﬁ wherein the reserﬁoir'
contains from 5 mg to 1000 mg of drug that is
released at the rate of 10 ng/hr to 2000 pg/hr.

17. The therepeutic system in the form of
a bandage for administering the drug according to
any.préceding claim wherein the membrane that
contrdls the rate of release is ethylene-vinyl
acetate copolymer. |

e _ . .

' 18. The therapeutic system in the form

of a bandage rof-administering the drug according

to any preceding claim wherein the bandage is

L_~ designed for applying to the skin for administering
.tggnsderhally the drug in a thérapeuticalij effective

amount over time.

19. A therapeutic system as claimed in
Claim 1 and substantially as described in any

- one of -the specific examples hereinbefore set forth.

20. A therapeutic system as claimed in
Claim 1 and substantialiy as described with'

reference to the accompanying drawings.
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