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Anest hetic Background of the Invention The present i nventiMAh &%t es to
sanbebness for liquid inhalation anesthetics, norepgargsoaaissely, to

al um num contai ners that are suitable for storing hal ogenat ed i nhal ati on
anest hetics. Containers, such as those of the present invention, are used
to store the liquid 10 anesthetic agent, and to dispense it to a device
for adm nistering the agent to a patient These devices are known in the art
~as "vaporizers', which mate w th-1t-he container, receive the liquid
"anesthetic through an orifice in the container, vaporize the anesthetic,
mx it wth oxygen and optionally other gases, and nete out the gaseous

m xture to the patient. 15 Inhalation anesthetics have traditionally been
stored in glass containers. These containers, however, possess certain
drawbacks. G ass requires careful. handling to avoid breakage, and when

br eakage does occur, pContaintr for Iihadationddesthefiairy may occur. In addition, it
has been theorized that the inhalation 20 anesthetic nay react with
conponents of the glass, leading to certain degradation products. C f. US
Pat ent Ngwkgwgggoﬁééﬁménﬂ&pber of patents have taught the use of plastic
cont ai ners I nhal ation anesthetics and, in partlcular sevof | urane. For
exanpl e, US Patent No. 4,250,334 teaches the use of ' Tel-F plastic for a
contaln for

_ vofl urane cKel - B 4 8. to be the trade
natre fo EJ'PV‘??%I%B(@ t8§ﬁﬁog%gerwrﬁg@n@ﬁzﬁ%@ﬂg,ﬁ%ﬁg6 t eaches the use
~of @ ' more particularly, to aluminum containers that are suitable for storing '

halogenated inhalation anesthetics.

_ Containers, such as those of the present invention, are used to store the liquid
10 anesthetic agent, and to dispense it to a device for administering the agentto a
| patient. These devices are known in the art as “vaporizers’, Which mate with
the containér, receive the liquid anesthetic through an orifice in the container,
vaporize the anesthetic, mix it with oxygen and optionally other gases, and
mete out the gaseous mixture to the patient.
15 7
 Inhalation anesthetics have traditionally been stored in glass containers. These
containers, however, possess certain drawbacks. Glass requires careful
MMg to avoid breakage, and when breakage does occur, product is lost and
injury may occur. In addition, it has been theorized that the inhalation
20 anesthetic may react with components of the glass, leading to certain
degradation products. C.f. US Patent No. 5,990,176.

A number of patents have taught the use of plastic containers for inhalation
anesthetics and, in particular, sevofturane. For example, US Patent No.
25 4,250,334 teaches the use of “Kel-F” plastic for a container for holding
| sevoflurane. “Kel-F” is understood to be the trade name for
chiorotrifluorocthylene. US Patent No. 5,679,576 teaches the use ofa
container lined with PTFE, or polyteirafluoroethylene, for holding
sevoflurane. US Patent No. 5,505,236, teaches the use of a plastic container




container lined wiwth PTFE, or pol ytetrafluoroethylene, for holdin
sevofl urane. US Patent No. 5,505,236, teaches the use of d‘MFQE?W%
corweignaeiss March 2005 WO 02/ 22195 PCT/ USO1/ 25550 2 mﬁ%ﬁrﬁg ggggéation
anesthetic. Wile not specifically nam ng the inhalati QUR tic, it is
bel i eved that the comercial enbodi ment of the systemshown in the '236
patent has been used with the anesthetic sevoflurane. Despite the

exi stence of these patents teaching plastic containers to hold sevofl urane,
a 5 nunber of additional patents haye recently issued that have taught the
‘use of particular types of plastic for containers to hold sevoflurane.

See, e.g., US Patent Nos. 6,074,668 (polyethylene napthalate), 6,083,514
(pol ynet hyl pent ene) and 6, 162, 443 (pol ypropyl ene, pol yet hyl ene and .

i ononeric resins). The present invention presents an alternative type of 1
~container (alumnun) to hold sevoflurane. In addition, containers for

i nhal at i owithae sibhlation snextidtic.oWHilerotspeciflcaly n&ninBaNeinhBgsH Proposed. C. f WO
-.99134762, U -PatentE%ps. 8@0 4,668 and 6,162,443 and US Patent Application
Publ i cat i BIFSREHC: Has beigyrd Bebths sommergpl smbodiment of thesystomishower s are | ess

by i o itk blgik 1l 8% (508 bANTEL SneghBEY loBubl besgiBECPLI DL @ 10

br eakage under comon use conditions. reover, e ics tend to be

vapor per ¢tsigsice of tebopitends tehehingiplabtit coninimone st lidd sevoflaranescape t he

contai ner d_apbiegnt yvapors.to enter .the container over tine, leading to

pos3di bl e_%%eﬁﬁf%‘gﬁ@?ﬂ?ﬁ%%Pa‘fﬂrﬁﬁnﬁX 1359pH Shehbave tanelt duppeet to 20

def or mat | @irioue ty R BOFRMJ for BhfRLAY, hERRETGHIERS sl hydRy be required

during processing and treatnent of the iInhalation anesthetic-containing -

cont ai nerBatentoa 874,665 (palvathylene naptbathie),iG083GiMe st rong organi ¢ sol ven
(polymethylpentene) and 6,162,443 (polypropylene, polyethylene and '

ionomeric resins). The present invention presents an aliemative type of

10 container (aluminum) to hold sevoflurane.

In addition, containers for inhalation anesthetics made of certain plastics have
been proposed. C.f. WO 99/34762, US Patent Nos. 6,074,668 and 6,162,443
and US Patent Application Publication No. US 2001/0000729 Al. While

15 plastic containers are less likely to break than glass containers, they are; still
susceptible to breakage under common use conditions. Moreover, many
plastics tend to be vapor permeable, allowing the inhalation anesthetic to
escape the container and ambient vapors to enter the container over time,
leading to possible contamination. Also, plastic containers are subject to

20 deformation when exposed to elevated temperatures, which may be required

| during processing and treatment of the inhalation anesthetic-containing
- containers. Moreover, inhalation anesthetics have strong organic solvent

properties, which typically will dissolve and/or react with the plastic material,
leading to measurable impurities in the inhalation anesthetic,

Containers for sevoflurane have also been made of stainless steel. For

example, US Patent No. 5,990,176 describes a container made of glass, plastic ' :
or stainless steel for holding sevoflurane. Metal containers have been used for

various types of pharmaceutical products, as well as .food and beverages. US




properties, which typically will dissolve and/or react with the plastic
material, l|eading to neasurable inpurities in the i nhal at? YA<RA heti c.
®eotoajnesss for sevoflurane have al so been nade of stBERUEGH2EE®el . For
~exanmpl e, US Patent No. 5,990,176 describes a contai ner made of gl ass,
plastic or. stainless steel for holding sevoflurane. Metal containers have
been used for various types of pharmaceutical products, as well as food
and beverages. US 4 March 2005 WO 02/22195 PCT/ US01/ 28550 3 Patent No.
6,008, 273 descri bes an epoxy restA-for coating the inside of a netal
‘container for use as a. food or beverage container. Summary of the

I nvention The present invention overcones the drawbacks of the prior art.
An aspect of the invention provides a pharnmaceutical product conprising a
.hal ogenat ed i nhal ati on anesthetic contained wthin an alum num contai ner.

It.has been found that al um num containers pro |de ‘i Q%Ct u%ﬁ integrity,
i ner t nedateahboyaPSH2 Balortriies g GRERE 188 1pHRP ited for

storage cgggm@%q Dg Of oS HEDeveRRl BhiafRr.anest hetics. In  addition, alum num

is light™1n weight, resistant to heat-deformation, easily recycled and
protects the i nhal ation anesthetic fromlight-i nduced degradation in
further enbodl , _the container may be provided with an orifice for
filli ng mf Y O‘E he hal ogenat ed i nhal ati on anesthetic, and a

clgsure for the orlflce The closure preferably has a |ining that hel ps the
closure retain the desirable characteristics of the alum num cont ai ner.
Alter nat—ﬁhqurééenthH@nﬁan@Jéfcﬁnﬁaym drapbackis ché thenprich ad. Y aseed $E difpinyertio

regul ating the flow o BME MBI Meshetoeomtinsd ded wi t h
i ndexi nd" Idé?rﬁﬁ'i’?mg'ﬁaéj aa'i)rPii&ngén Fiq"'gsﬂg-gﬁalg%d uni que to the particul ar

i nhal at i Wimid b skl chitatsad It Hastteen éamildbatehntiouih ebptainers
provide structural integrity, inertiess and vapor-barrier properties that are
10 well-suited for storage and handling of such inhalation anesthetics. In
addition, alominum is light in weight, resistant to heat-deformation, easily
recycled énd protects the inhalation anesthetic from light-induced degradation.
| In further embodiments, the container hay be provided with an orifice for filling or
15 removing the halogenated inhalation anesthetic, and a closure for the orifice.
The closure preferably has a lining that helps the closure retain the desirable
characteristics of the aluminum container. Alternatively, the closure may be
provided with a valve assembly for regulating the flow of anesthetic. The
closure may also be provided with indexing elements specially configured and
20 upique to the particular inhalation anesthetic housed in the coniainer to help
ensure the anesthetic is administered only by the vaporizer for which it is
designed. |

The aluminum container may also be provided with a lining for added
25 inertness. Typically, the container will be botile-shaped.




ensure the anesthetic is adm nistered only. by the vaporizer for which it is
desi gned. The al um num cont ai ner may al so be provided\Mtr4M?WW%mﬁg for
addwd o2imnerst ness. Typically, the container will be botpbp g&ﬁﬂg 4 March ¢
2005 WO 02/ 22195 PCT/ US01/ 28550 -4 Detail ed Description JP the Tnvention
Hal ogenat ed i nhal ati on anesthetics are well known and commercially

avai |l abl e. These include sevoflurane (fluoromethyl 2,2, 2-trifluoro/1/(tri f
luoromet hyl )ethyl ether), def lurane (2-difluronethyl
12,2,2-tetrafluoroethyl ether), is@flurane (1-chloro-2,2,2-trifluoroethyl
“di fl uoronet hyl ether), enflurane (2-chloro-1,1,2-trifl uoroethyl

di fl uoronet hyl ether), nethoxyflurane (2,2-dichloro-I,I-difluoroethyl"

nmet hyl ether) and hal ot hane (2 bronp-2- ehloro- 1, 1, 1 -trifluoroethane),
all of which are liquids at anmbient conditions. 10 Al um num cont ai ners
suitable for use in the present invention are comercially available. .
Typi cal | y Detdile§ Dssdription ofdipdnesaitished i n the size and shape of the gl ass
containers in which inhalation anesthetics are currently conmercially
sold. Commercially sold containers are bottl e-shaped, i.e. they 15 are

out {1 t t ed phidgbndled BEKIHB SRR hrd ALH khGE afPbelifo el ed shut with a

cl osure. The al um num contai ners of the presen q@% Y on may be |ined or
unl.i ned. awilabiouJheseiecipdé sevofintané (fhmtdirathyle? D hdfluabiiiRum oxi de present

Qﬂe t ﬁZf i ??‘@%@ﬁ@iﬁ%ﬁ%&m I Eﬁg?fa&wt&ﬁugwgglﬁ% |m02r Ises in
the presegihed) WeMirh@{1-chloro-2,2,2-triflucroethyl difiuoromethyl ether),
enflurane (2~chloro-1,1,2-trifluoroethyl diffuoromethyl ether), methoxyflurane
(2.2-dichloro-1,1-difluoroethyl methyl ether) and halothane (2-bromo-2-
chloro-1,1,1-trifluoroethane), all of which are liquids at ambient conditions.

10
Aluminum containers suitable for use in the present invention are
commercially available. Typically, they will be manufactured in the size and
shape of the glass containers in which inhalation anesthetics are currently
commercially sold. Commercially sold containers are bottle-shaped, ie. they
15 are outfitted with a neck whose mouth (orifice) can be sealed shut with 2

closure.

The aluminum containers of the present invention maiy be lined or unlined.
Althongh the prior art hypothesizes that aluminum oxide present in glass
20 coniainers may lead to degradation of the inhalation anesthetic, it has been
found that no such degradation problem arises in the present invention.
. However, in some cases it may be desirable {o provide the aluminum container
‘with an inert lining to prevent the formation or release of fiakes or small
particles of aluminum during the manufacture of the confainer and formation
25 of threads on the neck of the container. These flakes, while not a problem : r
- from a safety standpoint, may appear in the liquid anesthetic and be |
unpleasing from a cosmetic or visual standpoint. ‘Therefore, it is desirable to
prevent formation of particles or flakes during the bottle manufacturing

process.




However, in sonme cases it may be desirable to provide the al um num
container with an inert lining to prevent the formation dtMiehé¥Se of

f1 akes2oz19smal | particles of alum numduring the mang{g4tdy psed, the
container and formation of threads on the neck of the container. These f
| akes, while not a problem froma safety standpoint, nmay appear in the

| i quid anesthetic and be wunpleasing froma cosnetic or visual standpoint.
~Therefore, it is desirable to prevent formation of particles or flakes
during the bottle manufacturing propcess. 4 March 2005 WD 02/22195

- PCTIUSO / 28550 Suitable lining nmaterials are those which denonstrate no

- .of about 90 sec. DIN 4 mn 20 C, a densit

significant solubility in the inhalation anesthetic, i.e. do not render
the inhal ati on anesthetic wunusable. These lining materials include

| acquers and enanels, and preferably contain an epoxyphenolic resin.
Exanples of lining materials that are 5 commercially avail abl e include Type

Nos. 7407Buitahlt lrdudmelpiiplsfareoinddGRich datoistimicaoGhgnfi@ntysiditipodel shausen,
Ger many. r. suitable for alum num containers

J407P.is .a highly flexible . |inpe
havi ng a %ﬁ%ﬁgiago%@%&fﬁc’ﬁﬁc G rendeptheiinhalation quegtstic epoxyphenol i ¢ resi n
havi ng a amishisleC i ok, 01 kyered viscosit
out 50" Hog” TSR Ty mAGRHH ineRlaf Bl ersing A bR T Ve
t hi cknesscafap pe cpaxyphenoliy rdsin. | Bxsmplasof isinganaicrizdpfhi at i ons. The

" amivi ng. (oo ARy BRAREN oo e tsn e 70 B &b 0BA. ¢l osur e for

the 15 orlidiside-ChamicGanH; Bogdldithenbeeahage ronise the .
e 7 e o y gy MRy AP

char acteri',stic,s of the container, nanely, it sho ruct ural

i ntegri t ylerswgablefox alugrienmy sordanesa haviag 2 Prickmess ofcfs 14 Mimons, mwlir e wi | |
typi cal | YishGse +p3R epoxyphenolic resin having a solid content of about 30 parts by
' weight, a delivered viscosity of about 90 sec. DIN 4 mm 20 °C, a density of
10 about0.99 g/ml. The thickness of the liner may be less for certam '
applications.

The containers of the present invention will have an orifice for filling or
removing the halogenated inhalation anesthetic, as well as a closure for the
15 orifice. The closure should be chosen so as not to compromise the
" characteristics of the container, namely, it should provide structural integrity,
inertness and vapor barrier properties. The closure will typically be a cap,
such as those used on commercially available glass r:‘.ontainers. The cap may
be screw-on, snap-on or of 2 more elaborate design for fitiing with
20 commercially available vaporizers which are used to dispense the tnhalation
anesthetics. The closure may be made of aluminum or other metal, or of a
~ polymer material. Particularly preferred are closures that are lined with the
aforementioned lacquers, or with a polytetraffucroethylene (PTFE). One such
Iining is commercially available under the name “Plytrax 100” and has a PTFE
25 facing with a polyethylene foam backing, available from Norton Performance
- Plastics Corporation, 150 Day Road, Wayne NJ 07470-4699, a subsidiary of
Saint-Gobain Performance Plastics, |




such as those used on commercially avail abl e gl ass containers. The cap may
be screw on, snap-on or of a nore el aborate design for fitﬁ"i"?f@h%ﬁo?h 20

conmw@hghsdoky avail abl e vaporizers which are used to di i nhal ation:
~anesthetics. The closure nmay be made of al um num or otﬁ‘gf/%rgrg{/%%soor of a

pol ymer material. Particularly preferred are closures that are lined with
the af oréenentioned | acquers, or with a pol ytetrafl uoroethyl ene (PTFE). One
such ‘lining is commercially avail able under the nanme "Plytrax 100" and has
‘a PTFE facing with a pol yet hyl ene. §oam backi ng, available from Norton
‘Performance Plastics Corporation, 150 Day Road, Wayne NJ 074704699, a
subsidiary of Saint-Gobain Perfornmance Plastics. 4 March 2005 WO 02/ 22195
- PCT/'US01/ 28550 6 Alternatively, the closure may be provided with a val ve
assenbly. As used herein, "valve assenbly” nmeans a closure provided with
at | east one valve for regulating flow of the anesthetic. Such closures

are wel | - Aiemativaly, theclesute may be provilddavigtng valos assbmbl5 . Lifke@nd 5, 617, 906.
tely, close the orifice of the

These valye .asgenblies, serve to, altern
cont ai nerh%w‘%afﬁﬂ}@smﬁqmmmw of weith ot feastomavalvader and open the

or [ 11 c byl ok B H3klehiic!ishith biSnrol RN LT RloshOn L 1 ¥y anest het i ¢ to
the vaporizer. Like caps, valve assenblies nay be screwed of snapped onto
t he cont aVA&ateniNos. 5,508 236iavd 5,617906. Theswabwe ssmymbiles peoxiteled Wit h i ndexi ng

el egents | | ow .t he. contai ner to nmate .only with a vaporizer having

cor espon&%ﬁ%&i%?#&o °§r?ﬁhes‘?°nﬁ‘??t‘_h %“’%ﬁ&f&m@?ﬂt“?‘i’&t an anest hetic

i s adm ni Séaredcaidiver] HaQPBR the BRI AyZ S infeRloti ihd Was designed. 15

In a preferred enbodinent, the container is bottle-shaped, whose neck
vaporizer to deliver anesthetic to the vaporizer. Like caps, valve assemblies

may be screwed or snapped onto the container.

10 - In addition, these closures may be provided with indexing elements that allow
the container to mate only with a vaporizer having comresponding indexing
elements. This helps to ensure that an anesthetic is administered only through

the vaporizer for which it was designed.

15 In a preferred embodiment, the container is bottle-shaped, whose neck
(orifice) is sealed closed with a cap or valve assembly. The neck may be
threaded, to allow screw-on of the cap or valve assembly. The valve assembly
may be provided with indexing elements having a configuration that is unique
and specific to the particular inbalation anesthetic stored in the container. The

20 indexing elements helps assure that the container storing a particular
inhalation anesthetic will only mate to a vaporizer designed for that inhalation
. anesthetic. The container size and shape may be varied to indicate a particular

type of inhalation anesthetic as weil as to avoid mistaken mixing of different
types of anesthetics in a vaporizer. Various alloys of aluminum may be used '

25 for the container, and still fall within the scope of the present invention. The )
container may be a boitle sized container for holding the final drug product, or |
may be in a larger tank or drum size for use during shipping, mixing or ' *
holding of the inhalation anesthetic in the buik drug _fbnh orin a crude |
manufactured form awaiting final distillation. Also, the aluminum may be in




(orifice) is sealed closed with a cap or valve assenbly. The neck may be
threaded, to allow screwon of the cap or val ve assenbly."‘[ﬁ'@r e
assembdy2198my be provided with indexing el enents havi@qngmgﬂ@%L uration
that is uni.que and specific to the particular inhalation tHetic stored
in the container. The 20 indexing el enents hel ps assure that the container
storing a particular inhalation anesthetic will only nate to a vapori zer

| ~designed for that inhalation anesthetic. The container size and shape may

be varied to indicate a particul ar.7type of inhalation anesthetic as well
‘as to avoid m staken mixing of different types of anesthetics in a

vapori zer. Various alloys of alum numnay be used for the container, and
still fall within the scope of the present invention. The container nay be
"a bottle sized container for holding the final drug product, or may be in
a larger tank or drumsize for use during shipping, mxing or holding of

t he i nhal tht ferm offeliicp ot fngiet layériud ahothér pelaf dotsdd subinasa Flasie nanufactured
formawaiting, final distillation. Al so, the alumnummy be in 4 March 2005
VI)02/22f§§ﬁ%b%§@§9¥72850 the formof a liner or inner |ayer of another
type of container, such as a plastic or steel container. 4 March 2005 WD
02/ 22195 8 5 10 What is clained is: PCT/11SO /2850 1. A pharmaceuti cal
product conprising a hal ogenated inhal ation : '




anest hetic contained within an alum num container. 2. The pharnaceuti cal
product of claim’ wherein the hal ogenated inhalation an Mereh 2005 5
semesope2isom t he group conprising sevoflurane, desflpFEpagesds38f! Ur ane,
enfl urane, nethoxyflurane and hal othane. 3. The pharnmaceutical product of
claiml or 2 wherein the interior of the alum num container is provided
with an inert lining. 4. The pharnmaceutical product of claim3 wherein the
inert lining 15 conprises a |acquer or an enanel. 20 25 5. The _
pharmaceuti cal product of claim| .08-2 further conprising an orifice for
filling or renoving the hal ogenated inhal ati on anesthetic fromthe
container and a closure for the orifice. 6. The pharnaceutical product of
claim| wherein the container is bottle-shaped. 7. The pharnmaceuti cal
product of claim5 wherein the closure conprises a cap. 8. The
pharmaceutical product of claim5 wherein the closure conprises a valve
assenbl y Whrt selpned isng fl ow of the hal ogenated inhal ati on anestheti c.
30 :

1. = A pharmaceutical product comprising a halogenated inhalation

anesthetic contained within an aluminum container.

2. The pharmaceutical product of claim 1 wherein the halogenated
inhalation anesthetic is selected from the group comprising
sevoflurane, desflurane, isoflurane, enflurane, methoxyflurane and
halothane.

10
3. The pharmaceutical product of claim 1 or 2 wherein the interior of

the aluminum container is provided with an inert Hning.

4, The pharmaceutical product of claim 3 wherein the inert lining

15 comprises a lacquer or an enamel.

5. The pharmaceutical product of claim 1 or 2 further comprising an
orifice for filling or removing the halogenated inhalation anesthetic
from the container and a closure for the orifice.

20 ‘
6. The pharmaceutical product of claim 1 wherein the container is
bottle-shaped.

7. The pharmaceutical product of claim 5 wherein the closure

25 - comprises a cap. -}

s -

8. The pharmaceutical product of claim 5 wherein the closure
comprises a valve assembly for regulating flow of the halogenated
inhalation anesthetic. |

30






