2250920 "TI TLE: CEnDtIC Punps The |nvent|on relates to-osnotic punps capabl e
of delivering a fluid over a prolonged period of' tine. 50920 Because of
t heir node of action, dosage requi renents, secondary ef_ects, or toxicity,
some therapeutic agents require continuous parenteral adninistration over
prolonggd periods of tine. Traditionally, dntlnuous ‘parenteral delivery
has been. acconplished with an i.ntravenous drli p apparatus. Intravenous drip
appar atuses are, however, bulky and fragile, and require i'nmpbilization
(and frequently hospltallzatlon) 10 of the patient The devel opnent of new
parenteral ly delivered pharnmaceutical ‘agents, particul arly peptides and
pepti de deri.vatives, together with the desire to provide.a neans of
parenteral delivery that does not severely restrict the activity of- the
reci pi ent, hagppast to the devel opnment of numerous devices for the

anbul atory parenteral delivery of 15 pharmaceuti cal agents. These devices
i ncl ude m crocapsul es, |iposonmes, patches, and nechanical punps. Mechani cal
punps are a pmmfavourabl e nmeans for effecting the parenteral

delivery of a flui De ui} . ﬁ%ﬁ
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the punp. Bat tREplen periodofime. ot ors, infl at ed bal | oons, and the vapour
pressure of voIat|Ie liquids, have all been used to prOvide the notive

force to: dr|ve parent eral _del.i ver S usin these met hods r the
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first dest?i bef hepasse and Nel son (1955) AustraL J. Exp. Bi oI 33: 415-420.
A typi cal Rose-Nel son osnotic -2-" punp ‘i ncl udes a chanber cont ai ni ng

water, -a chanber C'ﬁptc?evgfopgxetsna <|> ne%vnf)jarentcraﬂy delivered pharmaceuncal agcnts particularly.
_ pepndes and peptide derivatives, together with the desire to provide a means of parenteral
delivery that does not severely restrict the activity of the rec1p1ent has led to the
" development of numerous devices for the ambulatory parenteral delivery of
15 pharrhaceuﬁCal agents. These devices _inciude microcapsules, liposomes, patches, and
| mechanical pumps. '

-

i Mechanical pumps are a "particul'arly favourable means for effecting the parenteral
| dehvery of a fluid over a prolonged period of time. In these devices, a motive force is
applied to a liquid, expelling the hqutd from the body of the pump. Battery operated
20 motors, inflated balloons, and the vap_our pressure of volatile liquids, have all been used
to provide the motive force to drive parenteral delivery pumps. Pumps using these
" methods for the expulsion of a liquid from the pump body suffer from one or more major
| disadva_ntageé. Chief among these disadvantages are complexity, high cost (which
renders single use disposable devices impractical), unreliability, and the inability to
25  deliver small (millilitre) volumes | ' |

Ambulatory infusion devices have also been powered by osmotic pumps, which
eliminate many of the disadvantages described above and, in parncular allow for single-
use disposable devices. Osmotically driven infusion pumps were first described in Rose
and Nelson (1955) Austral. J. Exp. Biol. 33:415-420. A typical Rose-Nelson osmotic



chanber containing, the pharnmaceutical agent to be delivered. The water . *
chamber is separated fromthe 'salt chamber by a'vigid menbrane that is

- permeabl e to water but not to salt, i.e. a seni perneabl e nenbrane. The sal t

'-chanber i s separated fromthe chanbez-contalnlng t he pharmaceuti cal agent
by an inpermeable "~ noveable partition, typically an inperneable ;

. resi'li gumpeinchedes al chambeatcantaining ewatérpva ahanchesh contaising salt;
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‘agent (PPNEPYW-ed is added to the punp and the pump activated = W
separately by the addition of a hydr ogel . US Pat.ent Speci fications. Nos.
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gﬁg& : &h%e;ﬁ@(ah@aeﬁte@a;@bers, and serves (tJo expel the pharmaceutlcal agent

from the pump. US Patent Specmcatlon No. 4552561 descrlbes an rnfusron- o
_device wherein the agent to be delivered is added to the pump and the pump
. activated separately by the addition .of a hydrogel US Patent Specifications \.J
| '-Nos 4838862 and 4898582 descnbe osmot:c pumps m whlch the osmotrc
driving fluid and the drug are ‘loaded lnto the pump prior to use, and the pump
'actwated by a separate manual manlpulatlon performed at the tlme of use

The mventlon provudes an osmotrc pump housed |n a syrrnge body and
compnsmg a dehvery chamber, an osmotic saIt chamber, |mpermeable moveable
pressure responsrve means between the dellvery chamber and the osmotic salt
chamber, a moveable osmotlc fluid chamber dlsposed between two pistons for |

. containing a source of osmotic fluid, a semlpermeable membrane between the-' :
osmotic salt chamber and the source of osmotic fluid,. and a fluid barrier for

| isolating the source of osmotic fluid from the osmotnc salt chamber, the fluid
barrler bemg capable of mactlvatlon when the osmotlc pump IS to be used

A pump according to the.inVention may be supp‘lied -with_ ‘the agent to be



-3- di spensed prel'oaded in the dellvery chanber, or with the agent to be

di spensed prel oaded in a storage chanber from V\/m ch it is introduced to the
delivgry chanber immediately prior to use. Such a storage chamber may be
det achabl e fromthe punp, or may be wi th8n the punp between the delivery
chamber, &nd the osnotic salt#chanber. In some cases; the agent to be

di spens“e‘d idispensedopreloatitd inghe delivieey dhambery . oremllhr theriagent tofbe wWispensed
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pressure r‘?ﬁ#b&hﬂﬂdftbgmﬁﬂ?\’iﬁg@@ﬁe%ll% aﬁsmbeﬁhﬁneaufawpmyt@esavved
under manual control e pre-biassed to nove and hel'd by a | ocking

means, release of which alloms t he plunger to nove under the pre-applied
bi as. Such Thepupranigensiescof fpaitsisn i pupep svdordiigedo theeirveritibroanay eve rsueh

o . e RBL AR Bon 9,5 qRnufAR o o, borpenf o B LR o
_ the delivery chamber immediately prlor to use from a detachable storage
- chamber (or from two such detachable storage chambers), the increase in
pressure in the delivery chamber effects the inactivation of the fluid barrier.
~ Such a pump is described as loading activated. - When, however, the agent to
be delivered is stored entirely within the delivery chamber or is stored partly in
v ~ the delivery chamber and partly in a storage chamber within the pump,
inactivation of the fluid barrier may be effected by an increase in pressure
resulting from movement of a plunger. - The plunger may be moved under
manual control or may be pre-biassed to move and held by a locking means,
. release of which allows the plunger to move under the pre-applied blas Such a

pump is described as plunger activated.. '

_The, fluid barrier may be a rupturable membrane, such as a sheet of foil,
especially aluminium foil. Inactivation of such a fluid barrier is effected by
rupturing it when the pump is to be used. The foil sheet would extend across
the, pump to prevent osmotic fluid from contacting the semipermeable
membrane, The fluid barrier may alternatively be a piston moveable, when the
osmotic pump is to be used, from a position in which it isolates the source of
osmotic fluid from the semipermeable membrane to a position in which it allows
fluid communication between the source of esmotic fiuid and the semipermeable



rupturing it when the punp is to be used. The foil sheet woutd extend -
across the punp to prevent osnmotic fluid from centacting the seni perneable
menbrane. The fluid barrier may alternatively be a piston noveable, when
the osnotic punp is to be used, frooga position in which it isolates the
~source of osnmotic fluid from the sem per meabl'e nenbrane to a positio
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serves as an.end closure to-the osnotic fluid chanber. The osnoti ¢ punps
- accor dirpg Irﬁpéﬁﬁeeﬂtéeﬁ‘ie\%hHIBYpﬂe%sﬁﬁé irégp6Asive ﬁ!'ne?drisgl‘1‘i?ay€>lﬁtﬁ‘.ér at piiﬁon':@f at he.

| oadi nglex%levn%ee%rgne The r}Jls?'nt())tp PU OrhamrﬁgerdW|ﬁ be I%se at one end by the
' fluid - barrier until use . of the pump, and will - communicate with the

- semipermeable membrane. -following inactivation of the fluid: barrier.” The
0sm'otio fluid chamber is closed at its other end: by a"pistori -In embodiments
'which are activated by movement of :a plunger, the p|unger IS preferably
connected to the plston which serves as-an end closure to the osmotic fluid

Py

~ chamber. - : . R e u

The osmotic pumps - accordmg to the mventlon may be activated-in a single
operation. For the loadmg actlvated pumps, this operatlon would be Ioadlng the

- discharge chamber with the agent to be dlspensed or- wrth one component of - -
the agent. For the plunger activated pumps, this operatxon would be depressmg ’
the plunger or releasing the locking means thereby allowmg the pre-biassed

- plunger to move. All user initiated pre—lnstallatlon procedures are collapsed into
a single step, greatly srmpllfymg the procedure and ehmlnatlng the possibility of
the user performing steps out of order, omitting a step (e g. activating the pump
without first loading it), introducing contaminhation mto the material to be
delivered, or introducing delay which' would lead to the inactivation of a labile
agent. Preferably, the 'p'lur'_ig‘er activated pumps  are provided with a plunger
stop to limit the travel _'of'"'the ‘plunger. The stop may be so placed that the
agent to be dispensed is delivered. to the exact point of dispensation, e.g. the

ton mhlch-,
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dlscharge chanber ‘Wi th the agent to be dlspensed or with one conponent of
the agent. For the plunger activat'ed punps, this operation would be
depressing the plunger or releasing the | ocking means thereby allowi ng the
pre-bi assed plunger to_nove. Al user ingtiated pre-installation procedures
are cohlapsed into a 5|ngle step, greatly sinplifying the procedure and

el {ﬂt nat{ ng :Gﬁapﬂ%ﬂe%ldé Yieedld op ﬁeﬂle,pwértemg trclmle;t eenmmtgaef beraiemuch as
omtting a,Ste W t hou oadi n
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del ay which would lead to the inactivation of a |abile agent. Preferabl Y,
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di spensed the dikmtrDecmldmcI osmaticatividoto the eemiperpeeeuemamteage t'ﬁée pressure
tipof ad ésgf‘dlﬁ]\?? eRECElIRURL EZH FovBiidipoitldtt MY B oBATbIRS filkd ik fof

as 30 minu Iclent osnotic pressure is l‘ Liﬁ 8? ?\ure
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W ﬁgs Sp0¥9R§ chanibi, | Ties pp e@éﬁl‘éuﬂiorla ferPRdtion fdftuablt-preesereen aneuummeteand
nmenbr ane ssure r onsi:ve.end closure ve
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decr easi ngto heyvevaperation bt osamtic flufd accuringdering Btosage. event S the
formati on of back-pressure or air bubbles and allows the punp to be used in

any position. It also allows the punp to respond to any evaporatlon of
osm%‘r c | inexpansive ivegsiomsi af) tbeovsmetic| pempsnef theiaventian ean diecfakricated

punps” of 't agnh eraé §hbssBle Gastibs sgiéhgeet eﬂhé HOUsiH neeabém@haw §6arh¥ a8 tfer

The hou3| ng .ne contaln no r ot 0| nts h-in .rease e
expense of IPPBuMEtic inGredse el?’k%?’?“-??og ‘I'"ena‘?&a h &l “:e

illustrated with reference to the drawi ngs In the dlfferent enbodl ments’ "

cumeral <. | he; VA o fiGsRated BiR kg 3. e [l gaReE, TR Eftgarap
accordi ng emttddamemtenslnowri imi the airawiags, diket partsl ave cidentifiednbyl the saroe
line A-A o]‘. ék%gﬂkm%lg §ﬁ%8%§9ﬂﬁ% pi ston being a conponent of the

punp of Figure I gure i's a perspettive view of the sem perneabl e
piston of Figure 2; Figure 4 is a sectional view of a part of another

osmotic: pu%ﬁécpiﬁb%dtibﬁdlﬂnew of an osmotic pump according to the invention;

i Figure 2 is a sectional view, taken a_long the line A-A of FigUre 1, of a
sem_ip_ermeable' piston being a component of the pump of Figure 1;

i\ Figure 3 is a perspective view of the'_semi_perme_ab'le piston of Figure 2;

Figure 4 is a sectlonal wew of a part of another osmotic pump accordtng to the
tnventlon '

Figure 5'is a sectional 'vi'ew taken: along the Ii'ne_' B-B of Figure 4,

Figure 6 ts a perspecttve view of a semlpermeable prston being a component of
the pump of Frgure 4;

Figure 7 is a sectional view of yet another osmotic pump accordrng to the
mventron, ' -

Figure 8 is a sectronal vrew of a further osmotlc pump accordmg to the
invention; - S ' S



invention; Figure 5 is a sectional viewtaken along the I'ine' B-B of .Fi gute

"~ 4; Figure 6 is a perspective view of a seni permeabl e piston being a

conponent of the punp of Figure 4; Figure 7 is a sectional view of yet
anot her osnotic punp according to the invention; Figure 8 is a sectional

:._..VI ew of a further osnmotic punp according to the |nvent|on -6-. Fi gurﬁ Oa
-and 9b are sectional:views - of a yet furtlﬁer osnotic. punp., accordl ng: IoYhe :

i nvention, Figure 9a’ showi ng the punp in'its unactivated condition and: -
Fi gure 9b show ng the punp in its activated condition; “Figures | Ga and IGa__

. are sectio Vi a-still further _osnot u accordln to,.the 5
“invention, ri%?"b‘& i‘ M%?B"?‘lle“wwfwfﬁtténh% g’tlp?%ﬁ RYOPACEPTHIRg, 1o the
Figure 10bfm¢mldong Higtﬁemarrmalwfing tthe paimp/ it &ts xgmedvate@mﬁnmm aref Figre oY O

Flgurelo avmn an .o t rrpaccmgtot e invention
conpri ses 5%\ dth \’&l“hﬁ? 3@88@% ‘& delivery chamber 5, an osnotic
salt chanber 7, an i rrper nmeabl e delivery p| st on 6 separating the del i'very

chanber S Fidlich 1 48 0708l oGRSl ARl i) W SRRRD B, 12

xidin

t he osndt i dnventione Kiguse 107 swmtthe pysaRbin its upactivagedaeondition anduﬁsguefdah d-

barrier 10558&111%:‘9& W&;@m@%ﬁm}ﬂ chamber 7 fromthe osnotic fluid
chanber 12. The hou$ing 2 i-s formed with a charging/ delivery nozzle 3 :

comuni cating-with -the 15 delivery chanber ‘5. The nozzle 3. is of a shabe
and size to al IWnheeferemensigiren bﬁtw&almdgarmta&namﬁﬁhﬁraec&rm /t0 B@eS

et 0l i “%@8_5% 2 B0 SRR B B i ah U

del i very clchaﬂnber‘li"' 1Sy _"lddelwerygastpn(&sepamungtﬁealehuwr@an@eaﬁdromme _
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with a val ve

seni per meaffludy mmegnea&lems@n&mmdms itheipsmotic aﬂtjcwert'h from thei osmaptic’
conpri ses gidBRithBer moaﬁd £fluiddarfiér 0Fof ﬁalar:ag thOSSAGK: S Makbes 7 WS the

extends a sem. Wg =¥ rre rane 96. The sem perrreabl e: rrenbrane 1S .n
contact wi ™) R

_ .The housmg 2 is formed thh a chargmgldehvery nozzle 3 commumcatmg with the
15 - dehvery chamber 5. The nozzle 3i is ofa shape and size to allow easy ¢ connecuon to small
dtameter catheters or syringes, preferably bemg companble with Luer-Lock connection
systems. Although a smgle nozzle 3 is preferred for both chargmg of and dehvery from '
- the delivery. chamber 5, separate ﬁttmgs (not shown) for chargmg and for dehvery could

‘be provided. The dehvery chamber S may also be prov1ded thh a valved port (not ™

20 shown) for the expulsxon of air bubbles

- The seﬂiipermeable' piston '9' also shown in' FlgureSZ and 3 of the drawings,
comprises an annular portion 92 with a central passage 94 across which extends a :
sermpermeable membrane 96. The semtpexmeable membrane is in contact with a wick 8.
Stops 11 are provided to limit the travel of the sennpermeable piston 9 in the direction

25 away from the nozzle 3. The osmotic fluid chamber 12 is closed by an end plston 14.
| Stops 15 are provxded to limit the travel of the end piston 14 in the dxrecuon away from
the nozzie 3. :

The housing 2 may be machined or moulded from a suitable heat resistant,

- chemically inert, stenhzable, rigid material, e. g. polyvmylchlonde, polycarbonate,
30 medium or high densxty polyethylene, or stainless. steel ‘The housing 2 may be
transparent to allow the user to monitor the status of the drug or of the osmotic fluid. In

-



Sttops 11 are provrded tolimt the traveI of : the sem perneabl e piston 9 in
the direction 25 away from the nozzle 3. The osnotic fluid chamber 12 is
closed by an end piston 14. Stops 15 are provided to limt the travel of
the end piston 14 in the direction away fromthe nozzle 3. The housing 2
may bewngchined or noul ded froma suitable heat resistant, chemically
inert, Sterilizable, rigid material, e. g. BolyV|nyIchIor|de
polycarbonate 30 - medi um of. hi gh den5|ty pol yet hy| ene, or stainless
steel. The housing 2 may be transparent to allow the user to nonitor the

status of the dru or of the 0s f.l ui I n cu t.he
housi ng 2 can M"SQS é‘bﬂﬁ?‘ﬁg@m‘hsb&%’p%@a@m“ai’ﬁmﬂmnge
syringe by si rbglmplachndnﬁmrpens:wmotm&aﬁbnatshomas tisermial aeltingofithe barrel torformf
t he barrel t ops 11 and 15. The pistons 6 and 14 can be
fabricated fr#ﬁ%“rfg‘fp&rﬁ léhr ch are inpervious to 5 the fluids and

ot her substances used wth the punp and which give a good seal bet ween the
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plungers are ta ernea | St Si r .to the
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The sem per neablabovedésctibed, 9pifaké ﬁmktrrghascammdéhlmasagm fithe disideediameter
fabricated fromone of the cvrémﬁlj_hlgs es% or ethers, e.g. cellulose
acet\‘a’fe or “cel t'r‘i'o%“’ﬁﬁt o ‘?“er 10 is fabricated froma
material which is inperneable to the 15 osrmtrc fluid and which is easily

oot sali o sul 1 SyibEable FERNE fuflaf 93¢ pishnels s Lmi*'ﬂ*e ks,

chl oride, pot mwdedwnhmmmm%rﬂ’bmmm@b&mm gamss
preferred osmyké ﬁaishge ol éﬂbeﬁsnéﬂed HEmBHErithe ESIMiIObcIRIPEF ethers] €.V ERlose

t hough any conbi hati© @ salt, solvent, and sem per neabl e nefrbrane
t hat can gener’ﬁ?’é‘eﬁit"ﬂl P’&rﬁ“%%‘ﬁntlc pressure can be used. Paranmeters
inportant in the choice of osnotic salts and fluids, and the preferred
vol unmes t her eof e ussed .t ed ates_Pate Speci ficati
4838862 and 40347% H 16 154‘J BribSEd théth S omaterial Whibf ¢ mpeme% et
-15.  osmotic fluid and which is easily ruptured by movement of the semipermeable piston 9,

¢. g. aluminium foil.
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Osmotic salts suitable for use in the osmotic salt chamber 7 include sodium
chloride, potassium chloride, magnesium sulphate and sodium sulphate. The preferred
osmotic fluid for use in the osmotic fluid chamber 12 is water, though any combination

20  of salt, solvent, and semipermeable membrane that can generate sufficient osmotic
pressure can be used. Parameters important in the choice of osmotic salts and fluids, and
the preferred volumes thereof, are discussed in United States Patent Specifications Nos.
4338862 and 4034756.

The wick 8 can be fabricated from filter paper or any porous material capable of

25  absorbing and conducting the osmotic fluid. The wick 8 is optional, serving in some
~ embodiments to keep the osmotic fluid in contact with the semipermeable membrane 96.

In the instant embodiment, as more fully described hereinbelow, as the volume of the
osmotic fluid chamber 12 decreases, the end piston 14 moves towards the nozzle 3,
preventing the formation of a bubble in the osmotic fluid chamber 12 and acting to keep

30. the osmotic fluid in contact with the semipermeable membrane 96, eliminating or



«

The wick 8 can be fabricated fromfilter paper or any porous material
" capabl e of 25 absor bi ng and *conducting the osnotic fluid. The wick 8 is
optional, serving.in sone enbodi nents to keep the osnotic fluid in contact
with the seni pernmeabl e nenbrane 96. In the instant enbodiment, as nor e
-fully described hereinbel ow, as the vol une of the osnotic f1 ui d chann%g

" .decreases, the end piston 14 noves towards the nozzle 3; preventing t

formation of a bubble in the osnotic fluid chanber 12 and-acting to keep 30
" the osnotic fluid in contact with the sem perrreable menbr ane 96,

.ellmnatl nin eed for a wick 8. Thi nt of'the end
pi ston 14 gﬁ%ﬁﬂﬁéﬁ%ﬁ?%ﬂpﬁrm BYFment Gglﬂ!?fe’ﬂeﬂi iéggﬁﬁ@ RsfopFevent
osnoti.c f i buitdiapbfbackpressaretinatiebsimotic Auitichamber 12.be del ivered is’ '

introduced, under pressure, into the delivery chamber. 5 (e. g. by a.
di sposabl e. syringe connected to the nozzle 3), forcing the dellvery 5
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p; rentcagﬁil?1 rmnhhmncnlxﬂplmnienrnfshe)semxpeqmeabre pstonﬂcmmmntmmprﬁrddfaheﬂgi?:ry e of
i st on u _
.ltohe fluid barri el,Bﬁegérh gdvlbga{egrm? r&rgT?ﬂégQ?arb gﬁsés)gfwgwgqih“ 8"@@?%

chanber 12WayHromighe naezled) is eoxmqilesimdslmitpe mhenavq!e@ﬁnharssuﬁpenmabm t he
0SMDLi.C.SHidtor YANDEH extra 8RRy Brelchuriod) HRUph oﬁﬂeplﬁlg\j!\fg?f 15 &rbst t@ﬂ?vélgf fify ce

t her eby gener at ed h dellv r I'ston the nozz
reduci ng Fﬂg l@a‘é&r q’ré“‘g @%ﬂgmmge%nd forcing the li'quid in the
delivery chanber 5 through the nozzle 3 20 to the dellvery site. As. the -
vol u of - os QS Of i luid c 12 de ea es, the end
OLTES Sl Ot O 1 AR HSRRR. o S S 8 e BRRT N ool
t he osnot iflnid chamberhthithrough thewick Bsuqdnheesnunpermeabbrmmbmneo% dnteatheum i n
the osnot iggmbtidi anges
't he Vol amons St HARARE 7 Brmekp i (Ghialf e F“sﬁ%ﬂf*r L DSAGC ik e 7000
chanber 5 &fFaermteq, dée'emerfielwmopmn & tosvagds the apg2lp msiucmg the volume of the
o delivery chamber 5 and forcing the hquld in the dehvery chamber 5 through the nozzle 3""
20 to the delivery site. As the volume of osmotic fluid in' the osmotic fluid chamber 12
. deereases, the.end piston 14'is displaced from its initial posmon ] decrease the volume
.. of the osmotic fluid chamber 12 and thus prevents the formanon of a vacuum in the
. osmotic fluid chamber 12, .

R

| The deliVery piston 6 is sensitive 1o changes in the volume of the chambers (5,7)on
25  cither side. When the delivery chamber 5 is filled with a liquid, the delivery piston 6
_responds. to an-increase in the volume of the dehvery chamber 5 by forcing the
semipermeable piston 9 against the ﬂuxd barrier 10, thereby rupturing it. Later, the
delivery piston 6 responds to an increase in the volume of the osmotic salt chamber 7
- (due to the inflow of osmotic fluid) by decreasing the volume of the dehvery chamber5
30" . and thereby expelling its. coments AR ' |

 The osmoti_c pump is.=-suitable for the delivery of any agent o_r.-__eéﬁibinaﬁon of agents
that would normally be administered parenterally, including natural, synthetic, or



responds te an incréase in the volune of -the delivery chanber 5 by forC|ng
t he semi permeabl e piston 9 against the fluid barrier 10, thereby rupturing
it. Later, the delivery piston 6 responds to an increase in the vol une of

t he osnDtic salt chanber 7 (due to the inflow of osnmotic fluid) by
decreagi'ng the volume of the.delivery chanber 5 30 and thereby expelling
its coR¥ents. The osnotic punp is suitable%-or the delivery of any agent or
conbi nati on of agents that mould normal |y be adm ni;st.ered parenterally, '
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Various components of the osmotic pump above described may be replaced by
: ~other components of similar function but different construction. For example, the
.20 delivery piston 6 can be replaced by another pressure responsive mechanism such as a
flexible impermeable membrane or diaphragm. Any other mechanism, which is
impermeable to the salts and fluids used, and that (a) can translate an increase in the
volume of the delivery chamber 5 into movement or preéssure that directly or indirectly
triggers flow of osmotic fluid into the osmotic salt chamber 7 and (b) can translate an
25. increase in the volume of the osmotic salt chamber 7 into a decrease in the volume of the
delivery chamber 5, can be used.. |

Flexible membranes impermeable to the salts, fluids, and agents used with the osmotic
pump can be fabricated from a wide range of materials known to those skilled in the art,
30 e. g from latex rubber, polyisoprene, butyl rubber, nitrite rubber, or copolymers of
' styrene/butadiene. If the osmotic pump is to be stored for long periods of time, the
membrane may be faced with a thin layer of aluminium foﬂ to prevcnt degradanon by
. other components or contents of the device. - "



25 increase in the volume of the osmptic salt chanber 7’'into a decrease in»
t he volune of the delivery chanber 5, can be used. Fl exi bl e nenbranes
i nperneable to the salts, fluids, and agents used with the osnotic punp can
be fabricated froma mﬁde range of materials known to those skilled in the
cart, 30 e. g. fromlatex rubber, polyisoprene, butyl rubber, nltrltq;ﬁ%
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rubber, or copol ynmers of ‘styrene/butadi¥he. If .the osnotic punp ist

stored for long periods of time, the nenbrane may be faced.with a thi n
layer of aluminiumfoil to prevent degradation by other conponents or:

- contents of the devi ce. - The fluid barrier 10 i.s not restricted to

rupturabl e di 3B nrfbgérbamerdeﬁsﬂah@% %WWHWMW WG&PW:
prevents A échaiisRi which (4)i fevenisthe mvaémwﬁmha mba@egmau@@tor to

an increase e.volune of the delivery er ). I onds 0 a -
 pressure Skﬂﬁgﬁjﬁ?ﬁr@ﬁgﬂmlwgﬁ'ﬂl 'B‘F 5@9’ %% ‘s'?éPP $he
vol urme of tc5a bmdselmmmnc&emard:fécﬁyoniddtmdgbyaﬁﬁﬁereasfelmltﬁe voluktensf i NtO

dopi ot antth ﬁ%%@%ﬁ?&%”s e R A B R i L o

pi ston 9, tlvusctlnggenhg wictivition. iFigurts 4arm| 6pdepwmamahgmaﬁte lﬂané taesier. rIarllwed

som por mepedBZe BEJek foh 48 . Pl Sorie0 30380 Phuod ibed 11

sem per mehvebeen repoved; r'mglqua@ga?tmsm W&Bp%d wdselude a fuid passaspahm

ST S el o i g oo 2 s 5
delivily ® §a‘¥%ﬁb&eﬁﬁ%§gﬁ@3‘;ﬂ8 FRsMOSY anguig: %b g'gth& g‘(m in®

~Figure 4 map&ﬁesnhmmhextehameém@em&mbm&mmthe osmotic fluid
chanber 12 into the osnotic salt chanber 7. Upon an increase.in.15 the -
“vol umre- of the delivery chanmber 5, the seni permeabl e piston 23 igs .di spfaced,
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~to be inj [ The end pi ston 14 is
attached §§E§gp unéé%ﬁﬂef‘gkc I OF t’o =ukési’g %Pﬁ%f%@éé’g‘“aew ce can be stor ed at
a tenperature whi-ch preserves -the stability-and = - : -
The osmotic pumps described with reference to Fxgures 1 to6 of the drawmgs are'. .

20 | loadmg-acuvated ‘This featum is.not essential, as will now be descnbed with reference to J
- Figure 7 of the drawings:. The embodiment here shown is similar to that desctibed with _
- reference to Figures 1 to’ 3of the drawings, but is supplied with the agent to be mJected--T o
~ preloaded in the delivery chamber 5. The end piston 14 is attached to a plunger 16. Prior o
to use, the loaded device can be stored at a temperature which preserves the. stabxhty and

25  activity of the agent. -

The pump is activated by the application of pressu:fe to the phi'_nger 16, causﬁg the

-end piston 14 to travel towards the fluid barrier 10, rupturing it and allowing osmotic
~ fluid to pass from the osmotic fluid chamber 12 through the semipermeable membrane 96
and into the osmotic salt chamber 7. Forward stops 17 are provided to arrest the travel of
30 the semipermeable pxston 9 and prevent premature discharge of the contents of the
delivery chamber 5. As osmotic fluid enters the osmotic salt chamber 7, increasing the
'volume. thereof, the dehvery piston 6 is displaced towards the ‘nozzle: 3, expelling the
contents of the delivery chamber 5. Expansion of the osmotic salt chamber 7 exerts
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25 activity of the agent. The punp i s activated by the application of
pressure to the plunger 16, causirng.the end piston 14 to travel towards the
fluid barrier 10, rupturing it and allowi ng osnotic fluid to pass fromthe
osnotic fluid chanber 12 through the sem perneabl e nmenbrane 96 and into the
osnoti g Salt chanber 7. Forward stops 17 are provided to arrest the travel
of 30 the seni per neabl e piston 9 and prevent- premature di scharge of the
contents of the delivery chapber 5. As osnotic fluid enters the osnotic
salt chanber 7, increasing the’volume thereof, the delivery piston 6 is

di spl aced tomards t he nozzle 3, expel ling the contents of the delivery
chanber 5. ERisasvst on ‘tosemipsrincahie pistem® but its mewel towands thesstops b} issarresteddy t o
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" In another alternative 'embodi'ment_, the senﬁpénneable'piston 9, Wic'k'S, fluid
barrier 10°and piston stops 11 can be replaced by the fluid passage 21, piston stops 22
and semipermeable piston 23 as described with reference to Figures 4 t6' 6 of the .
25 drawings, but preferably modified so that the scmlpermeable piston 23 is displaced
* towards the nozzle 3 during activation.

_ The osmotic pumps of the invention may be supplied with a detachable storage

" chamber, as shown in Figure 8 of the drawings. The left hand side of Figure 8 shows an

. ‘osmotic pumip as described in Figure 1. This is connected by a connector 25 to a storage

30 ~ chamber unit 28. The storage chamber unit 28 includes a storage chamber 29, a piston
- and plunger assembly 30, stops 31 and, optionally, a septum 32. In use, the osmotic

* pump is coupled by the connector 25 to the storage chamber unit 28. The plunger 30 is



towards the nozzle 3 during activation. The osnotic punps of the-invention =
may be supplied with a detachable storage chianber, as shown in Figure 8 of
‘the drawi ngs. The left hand side of Figure 8 shows an osnotic punp as _
described in Figure 1. This is connected by a connector 25 to a storage 30
~.-Chamber unit 28. The storage chanber unit 28 includes a storage chantfyer; 29
.a piston and plunger - assenbly 30, stops3%1 and, optionally, a septunf35

use, the osnotic punp is coupled by the connector 25 to the storage- chanber

unit 28. The plunger 30 is .. -12- depressed, breaki.ng the septum 32, -
forcing t of the stora r-29 ‘t-hrou connector 25 nd
into the ) Whakine b6 S, 4. 00R30e egsaﬁﬁwn%naf His, 6P gty 28"

activati nghrohgh dml:onmcm 26 .and| Imosheaqlelnféﬂy chambertSmf thb losmbnc pﬁmphrhepabyt o n '
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- delivery: Figure 9 punp- before_activation
the punp &P?Mc?tsﬁl‘&t gsﬁbml‘ W@& W%}S’FE@!& ng the plunger -
- 16. The punp in Flgures 9a and 9b is essentlally a conbi nati on of the punp
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. The pump in Figures 9a and 9b i is essennally a combination of the pump shown in
Figure 7 and a two chamber syringe, e. g. a TURM syringe. However, the dehvery-
20 chamber 5 has been replaced by first and second’ storage chambers 51 and 52

respecnvely, separated by a chamber separanon piston 53. A fluid. passage 541 is formed
in the housing 2. In the macuvated condition shown in Figure 9a, the fluid passage is '
_ between the nozzie 3 and the prston 53,50 that there is no commumcauon ‘between the -
. chambers 51 and 52. The first storage chamber 51 contains a first agent to be delivered,
25 e.g.an injection vehicle, while the second storage chamber contains a second agent to be.
. dehvered e.g.a lyophrhzed, powdered or liquid agent, the ﬁrst and second agents being
intended to be mixed prior to delivery and delivered t_oge_rher. L

__  As prevrously mdrcated, the pump is actwated by depressmg the plunger 16, whlch

) ' ruptures the fluid barrier 10 and dxsplaces the osmouc ﬂurd in osmotic ﬂurd chamber 12,
30 .' the sermpermeable piston 9, the osmotic salt in the osmotic salt chamber 7, the delrvery
) | prston 6, the ﬁrst agent to be dehvcred and the chamber separanng plStOIl 53, all towards
‘the nozzle 3. As thrs drsplacement proceeds the chamber separatron piston 53 passes

over the ﬂu1d passage 54 and the first agent to be dehvered flows from the first storage



25 e. ¢. arrinjection vehlcle mhlle the second storage chanber contains a
second agent to be delivered, a Iyophlllzed powdered or Iiquid agent,
the first and second agents beingllntended to be mxed prior to delivery
and delivered together. As previously indicated, the punp is activated by
depre53|ﬁg t he plunger 16, which ruptures the f|UId barrier 10 and
dlsplaétﬁ the osnmotic fluid in osnotic fluild-chanber 12, 30 the :
sem permeabl e piston 9, the osnDtlc salt in the osmotic salt chamber 7, the.
delivery piston 6, the first#agent to be delivered and the chanber
separating piston 53, all towards the nozzle 3. As this dlsplacenent

proceeds, t he chamberct] tegnghhe Snidpassags S4ang intedhe spend siesage qhaanqgaéz,a«gberm
e harbor f5|1r ; L?Wou § wilh e sloll¥gea b Gistnd n'Ft“és'a&"fd“r‘*‘% PRIERIS is malngat

52, where it ﬁ‘?‘? éﬁiggg"&rfgg‘ég@ﬁtw Bﬁdﬁlé"eﬁ'é &ecqnp&grag%d@phpﬁ §2
pl unger - 16 is aﬂ@tﬁu@iﬂg&ﬂe vblunse mheiﬁiﬁ@tdrﬁéd dhaédber 51 td Eszehtislly z0EPessufe B8

delivered.into.,the cond or hanmber 52 [ cing the valune,of the
T et St or e Binaen 26 SaRen R R eI er bl Bisk Y £ ket Son 35, HisnOkp in ¢

E_B.I nt ai ggd anﬁgm Bb. @muqmgagmbﬂieestqpsﬁ@rev&nenhgamd of tthepseniipermenablepiston Hin -
i gure t

se?n per neabl e “pi ng? nﬁlreiﬁi[sﬁ’rbgﬁgfl’ﬁg%pﬁﬁﬁ%%cm sﬁ.gé({)gkst %ﬁtsg‘?%nd aﬁﬁ% t?ge
activated. Thdekivered argrhothy disposeddn thetsecond magechmbe@&awmm a thpdslm:ry n
the_second st ghifGerCs) A eﬁ&v&f piston@dndl cRgm B?x?tegﬁlahaﬁ ér'as

t he{del i very plston 6 an separ ati on

ctin 0 I’ as
10 Yhe d&fi vaedelivery pistess Pemetq flyidflows froush diegic m%? B?S?@h
pi ston 9 i ntookho6tioSERIchambat 7, Edtdihgah eaehﬁaycplmnt(bﬁwebwmtsymalﬁzm 3 and

(6,53) towards_t I he tents of the delivery
chanber. (52, Sf P@ﬁ%&’&“’ﬁﬁg‘%ﬂ%&‘ﬁ%ﬁgﬁ (ﬁ’ﬁ?&’?ﬁqsgﬁg‘r enmbodi ment of an osnoti:c- -

punp. This enbodi ment can be nanuf actured froma two conpart nment syrl nge,

F ofo"10b hove FLBRRE 00810k M 3 R BTGRP P 860 5o, oAl

Fi gure 10b shows er ac I ncl'udes a
made from a Tmhod;mentg@n be mangfaghged froge laj twear wmnmm syringe, [¢e)g 1Bl

| per meable MefRAG Figite 108 RSP He DD be ﬁﬁ%nan &Fiéhr&"ibﬁ@h??sﬁ%pump

.osnotic salt, Sen per nea ra y ri
passage 62, a afigh Thequgp wludeya bausstg 2 mad 'sypinge 2 9gEE 3:

}‘ I UIk d storage aZﬁh;re@hﬂﬁhfbér 53a flexibeith ; Edble anembma mgﬁrosizﬁmeadaﬂ ehamb¢rd7
| ocking 1201 hid Shidl's aRBBEC 9 1505 RS bl 3o OBl el st
‘renovi ng 't he Ipassagei62,raseparation pistan 63 ki osmotidBuidebambrer 12, ah@smotic fluid storage
.20  chamber 13, an end piston 14, a plunger 16, and a locking means 18 for the plunger 16.
' Before activation, the osmotic fluid chamber 12 is empty and preferably under vacuum.
Activation consists of removing the locking means 18 which allows the vacuum in the
osmotic fluid chamber 12 to draw thi_: separation piston 63 and the end piston 14 towards
the nozzle 3. When separation piston 63 reaches the flnid passage 62, osmotic fluid flows
25" from the osmotic fluid storage chamber 13 into the osmotic fluid chamber 12 and into
contact with the semipermeable membrane 59. As osmotic fluid flows through the
semipermeable membrane 59 and into the osmotic salt chamber 7, the volume of the
" delivery chamber 5 is décreased and the contents of the delivery chamber 5 are expelled.

ﬂ
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I

~osnotic fluid-chanber 12 to draw the separat+en——p+—et—en——63—and—t—he end +
pi ston 14 towards the nozzle 31 Wen separatiQ hes the fI uid
~passage 62, osmotic fluid flows 25 fromthe P@Uw MM rage chanber
13 into the osnotic fluid chanber 12 and into

'_'."_-_'.sem permeabl e nenbrane 59. As osnDtig4fluid rows through t he seni per¥reabl e
~ ‘nembrane 59 and into the osnotic salt chanmber 7, the vol une of the det very

a syringe b

chanber 5 is decreased :and the contents of the delivery chamber 5 are.

expelled. cras L M S* -14- CLAI NS 1. An osnotic. punp housed in.
odv—aé% conprising a delivery chanber, an osmotic salt chanber,

|nperneable nmoveabl e pressure tesponsi-ve neans’ betmeen the delivery chanber

gnfl t he ;)srmtl ctsa&rt @émabe{pummmbuesmwrmgfel biodiyc v condpeisinged -
“ne vveen WO on or .contal ni c :
- sem per mabpg‘ﬁ%ﬁbfﬁrﬁﬁmﬁ’gf'\/\eaéh ?ﬁ'é‘%?m‘%“c @%b%ﬁ”ﬁ%ﬁo r&h#@ﬁe%%\ﬁ?%%leof_

osnotic fl upnbssmd aesponsiveameans fbetween athmgdehleers'omh:ambier ogndt ithe

fluid from baeARTLLE éﬁ%{nb%'?a@erno\;e%néb'aédoge "AG Q;xmbsapa@p%sea

“inactivation e osnD
accor di ng. betweenmtwe npigions fWe GOnLRINIRGr & eﬁ"OUf@Gn’pﬁfl s‘é‘-ﬁf“&t@hefé‘é'déha

foil, -the fQéhlb@rrﬁSamupwrﬁsmﬂeerbétheeasrtﬁélésmm 's%ltt %lﬁ%yé.ecbn& theAn
osm)t i c punp according to, cl | m1l or cb \rq/n Fag perrreabl e
menbr ane. exEeHIRe £ 8 '§‘qt|fef @80 Bal 955:5’3(5?'95 or {aglating, Oﬁougpe of an
-Oﬁrmt ic purrbsﬂ?tw ciluigt tfeornl unen dsrotishisalt. chbmtmmmmy f]b.urslt dugrder dsa\nmghl ch
- the seni perea et ween i '
the osnoti cc?Pﬁ#@ gﬁ 3&%@ %ggs{e% 8%3092 é&nﬁgs' £i tp%np according. th |

claim1 in which the f|UId bar.ri er -conpri ses a pi ston noveabl.e;, when the

~osmtic pu"?r' s t gdrﬁata?cdw Hg' B¢ dlé‘in’t’ml' & Wh.drﬁ%etmﬁdtgﬁrfc ur ce

of osnbtic ui d mperrrea nbrane to a position i

~allows flui eowﬁm eathqﬁ ofb@cllméeﬂ foelrkelnsdupé'éredowft%hﬁhe @smp PcPU‘HHd
_ t he . is to be used

3. .. An osmotrc pump accordlng to clarm _1 or clarm 2 in whrch the
_ semrpermeable membrane extends across - the central _passage of an

annular plston

4. An osmotrc pump accordlng to clarm 3 in whrch the annular_'

prston across which. the semlpermeable membrane extends IS one of the
two pistons between whrch the osmotic flurd chamber is dlsposed . Q '
5. An' osmotic pump acco'rdirn'g'.to claim 1 in which th’e ﬂuid barrier

comprlses a plston moveable, when the osmotic pump is to be used, from
a position in whrch it rsolates the source of osmotrc fluid from: the"
semrpermeable membrane to a posmon in which .it allows fluid -
communication- between the “source of osmotic fluic_l and the
semrpermeable membrane |

6. An osmotic pUmp according to claim 5 in which the piston
comprises an impermeable face, an annular skirt dependent from the face
and an aperture’ in the skirt and in which the semipermeable -membrane-_
extends across the aperture.

7. - An osmoticpump- according to claim 6 in which the movement of



séni per neabl-e menbr ane. 6. An osnotic punp according to claim 5 in

whi ch the piston conprises arinpérmeabl e face, *an annular skirt dependent
fromthe face and an aperture in the sklrt and |n”£ﬂ m nmeabl e
menbr ane extends across the aperture. 7. An os II umpﬂlﬁmu)mlng to
claimg i'n which the novenent of 515_ MIS " t e piston
bri ngs ¥he semni permeabl e nenbrane into regi ster vmth a bypass passage 8.

An osnotic punp according to,apy of clainms 5 to 7 in which the piston which
forms the fluithdapiston bﬂngﬁ‘letlﬁ $dmipermeabié onrerhbtime intdi igistee odtwtac

fluid chamber | S ed 9. . An.osnpotic punp according to any precedi ng
claimin whi cthRg S% ﬁ% ??ﬁa%bl e noveabl e pressure responsive neans is a '
piston.. 10. . An osnotic punp according to any of clains 1 to 8 in which

the inperneabl g Oﬁ@rbkﬁmo?fcﬁgﬁmfacéﬁ?&ﬂ@%‘o"%ny”@ﬁ@% Jh§ § tF:' ?%Wvﬁl%h the

menbr ane. 11. aim furt
conprising a sp@t@géwbmrﬁefms dihesflyid rhyraﬁr agqne tqf the dwq pesteaswettvmen

punp or a partwhictt Y88 cAmale Fuid ERembeiNis HigPésEd. punp according to -claim
11 in which the storage chanmber is detachable. 13. An osnotic punp

according to claim1l in which the storage chanber is between the osnotitc-
salt chanber agd t heAgebsm@tic poapheaccerdinghto aoyt préceding tdigins imnabich the

Co ho used. 1ambenieghbahPyb e itesktalrdeptFiiie ashs B S PLch": o

activated by the | oading of the delivery chanber with an agent to be

deln%xered by the, punﬂno?sﬁ‘qotd& néu@fij’ Ec@ér%?%@ﬁn?%ﬁ&lauﬁ@ 1 1078 IRSWRIdIF the

according to any 0 s activated by novenent of a

plunger. 16. impermpeaRlec moveakle oIpstHieo ERSRORSIYE| MRANEH lsheaplﬂﬁﬁ'&'e
IS membrane. .

11, An osmotic pump according to any preceding claim further
comprising a storage chamber for storing an agent to be delivered by the
pump or a part of such an agent.

12. An osmotic pump according to claim 11 in which the storage
chamber is detachable.

13. An osmotic pump according to claim 11 in which. the storage
chamber is between the osmotic salt chamber and the delivery chamber

o and the contents of the storage chamber are introduced into the delivery
chamber when the osmotic pump is to be used. -

14, An osmotic pump according to any preceding claim which is
activated by the loading of the delivery chamber with an agent to be
delivered by the pump or with a part of such an agent.

15. An osmotic pump according to any of claims 1 to 13 which is
activated by movement of a plunger.

16. An osmotic pump according to claim 15 in which the plunger is
connected to one of the two pistons between which the osmotic fluid
chamber is disposed.



connected to one aof the two pistons between whi ch tThe osmotic Tl uid chanber -

s di sposed. *C L MS * -16- 17. rding to claim
15 or claim 16 in which the novement of the ﬁﬂmmumﬂ'mgﬂl y controlled.
sur

18. An osnotic punp according to claim15 or .ctal er conprising
'ocki ng means for the plunger and i41éshich the plunger is biassed to ,rmv’e
upon rel ease of the locking neans. 19.  An osnptic punp subst anti all

described herein with reference to Figures 1 to 3 of the draw ngs. 20.: _
osnoti c puff. subsﬁtmmsmd)ﬂuy mnnﬂmurdm@ te iclaim Wt br cldior décin’ MiEthees 1 :

| to 3 of thﬁ&}ﬁ%ﬂggg ﬁhéb "ﬁaﬂgeﬁﬁ-ﬁ%ﬁ& 6 of the draw ngs. 21.

An osnotic punp Su escri erein with reference to Figure
7 of the draw ngs. 22. An osm)tlc punp substantially as described herein

with referegce t@fi@ametiR Purhpeadéaiiingsto 2daim M8 @¥MBldim PMEPfurther

- substantially as.described here th reference to Figures, 9a and 9b of .
" The draw ngeMBSIsIng IREKINGNEENS i85 Wi SlungeTang In \&8&9 theaP it iow 1

T ef erence btasEedwmmollaaupod rélédseodf theelodkivg nyEans.

el
19-' ~ An-osmotic pump substantrally as descnbed herern wrth reference :

to Figures 1 to 3 of the. drawmgs

- 20. ‘An osmotic "purn_p_ substantially as described herein With_ref_-erence . U
to Figures: 1 to 3 of the drawings as modified by Figures 4 to 6 of the =
dr’awings.' '

21. An osmotic pump substantially as descnbed herein with reference'
to Figure 7 of the drawings.

22, An osmotic pump substantlally as described hereln W|th reference
- to. Flgure 8 ‘of the drawings. '

23. An osmotic pump substantlally as descrlbed hereln with reference
-to:Figures 9a and 9b of the drawings.

24, ‘An osmotic pump substantlally as. descrlbed hereln wnth reference V
to Figures 10a and 10b of the drawings. . |



