WO 02/ 22195 PCT/ US01/ 28550 -1 Container for Inhalation Anesthetic
Background of the Invention 5 The present invention relates to containers
for |iquiwioonbabati on anesthetics, nore particularly, toral/usimssso
containers that are suitable for storing hal ogenated inhalation

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 with tte container, receive the liquid
anesthetic through an orifice in the container, vaporize the anesthetic,
mx it with 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. d ass requires cargfihinertgghii@nl Seai@icd breakage, and when
breakage does occur, product TS Tost and 1njury nay occur. In addition, it
has been theorized that the inhalation 20 anesthetic nay react with
conmponent s of t%gl%&%ibf{hﬁgf% to certain degradation products. Cf. US
Pat ent No. 5,99 ,i X nunber pat ents have taught the use of plastic
cont ai ners for inhalation anesthetics and, in particular, sevofl urane. For
exanpl e, Pat 4 t %} < | astic for
a contai ne for qﬁgpﬁsem llflverfe%l\(/’o qat}g%ﬂgon ?%Etha‘%d%& gjrms co’ Ee t he trade

nane for chlor miamfadrhmﬂammﬂmahﬁnmmh@tﬁmremhtdrbsulﬁblsﬁﬁ,sﬁﬁﬁgteaches t he use
of a

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 agent to 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
Inhalation anesthetics have traditionally been stored in glass containers. These
containers, however, possess certain drawbacks. Glass requires careful
handling 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, sevoflurane. 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
chiorotrifluoroethylene. US Patent No. 5,679,576 teaches the use of a
container lined with PTFE, or polytetrafluoroethylene, for holding
sevoflurane. US Patent No. 5,505,236, teaches the use of a plastic container



container lined with PTFE, or polytetrafluoroethylene, for holding

sevofl urane. US Patent No. 5,505,236, teaches the use of a plastic

cont ai new@\W®@/AH22195 PCT/ USO01/ 28550 -2 with an inhal ati poT/aResisht i c.
Wil e not specifically namng the inhalation anesthetic, it is believed
that the comercial enbodi nent of the systemshown in the '236 patent has
been used with the anesthetic sevoflurane. Despite the existence of these
patents teaching plastic containers to hold sevoflurane, a 5 nunber of
addi ti onal patents have recently issued“fhat have taught the use of
particul ar types of plastic for containers to hold sevoflurane. See, e.g.
US Patent Nos. 6,074,668 (polyethyl ene napthal ate), 6,083,514

(pol ynet hyl pent ene) and 6, 162, 443 (pol ypropyl ene, pol yet hyl ene and
ionomeric resins). The present invention presents an alternative type of 10
contai ner (al unj,fsg mraaatﬁﬁlaﬂesa@ﬁ@fWHétﬂ& spdcificalithdnhifg the Gihatadibier s f or

i nhal ati on anesthetics made of certain plastics, have  been proposed. C f.
WO 99/ 34762, USmeshetis: it iydelieved Bratithe semigrrgiabermtgiment of thedysigs! shawant

Appl i cation Pubﬂn'tﬁ@%é}f&te‘ﬂ@has‘ﬂ&r@tﬁ@é—@ﬁﬁ%%ﬁ&ﬂéﬁe sé%ﬂﬁxﬁnelﬁeﬁ;l@%e' c containers
are less likely to break than gl ass contai ners, are still susceptible
to breakage undexisteneeithesa patents eachinglastic Wﬁ‘éW@'fO hO flangsa i cs tend to
be vapor Rer Mearer 8 dadiioh phidfts biVAatahi PR Bl BRL aghiQne REGAPE L e

cont ai ner "and anbi ent vapors [0 enter the contal ner ov%r time, leading to
8055| bl e cont anpanmmla@Wpemfsﬁastl@ffmSont@nﬁsmlwﬂdr@mﬂlamﬂ §9¢3]ee§0tU& o 20

ef ormati on whep_.e which may be required
during processi ﬁaéelgﬁggﬁbgg&g‘ﬂ%%%@?%ﬁéegﬁ{pr%ﬂal@%’t| on’ anest heti c- cont alqnl ng
cont ai ners. Nor @olyerethylpeireied bnd 1 6248t (halypropyléreypolwtintmg and gani ¢ sol vent

ionomeric resins). The present invention presents an alternative 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.

25
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, leading to neasurable inpurities in the inhalation anesthetic.
25 Cont aiwenx2fie5 sevofl urane have al so been nmade of stai PCPESOI88® . For
exanpl e, US Patent No. 5,990,176 descri bes a container nade 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 WD 02/22195 PCT/ US01/ 28550 -3 Patent No. 6,008,273
descri bes an epoxy resin for coating thé-inside of a metal container for
use as a food or beverage container. Summary of the Invention 5 The
present invention overcones the drawbacks of the prior art by providing a
pharmaceuti cal product conprising a hal ogenated inhal ati on anesthetic
stored w thin an alum num container. It has been found that al um num
contai ners propide Nt 6,068,238lesdrBELAN dpb¥y rebil @6rlc0RHS tRdsiISHRImeAr r i er
properties that are 10 well-suited for storage and handling of such
i nhal ati on anestdaaines £or uphas afged ¢r bhsHerage cORPHEM i s 1i ght i n wei ght,
resistant to heat-deformation, easily recycled and protects the inhal ation
anesthetic fromlight-induced degradation. |In further enbodinents, the
cont ai ner is prSwhman ofifledneentien i fice for filling or 15 renoving the
halogenatgp i nhal ati on anesthetic, and a closure for the orifice. The
closure preferably has a lining that helps the closure retain the desirable
char act eri st i csTh predest iaventiomovereooes giedeywbagiistof theatriovat iy, providingkosur e may
'tl)'ﬁ e provided w lglpan%ac\ég%icya?pr%agc? gti)jrlqyrisgn%ra Ha?o%gﬁa@d' iﬁ%latﬁlal? axIelst%Wicosftorg&eSt hetic.
within an aluminum container. It has been found that aluminum containers

provide structural integrity, inertness and vapor-barrier properties that are
10 well-suited for storage and handling of such inhalation anesthetics. In
addition, aluminum is light in weight, resistant to heat-deformation, easily

recycled and protects the inhalation anesthetic from light-induced degradation.

In further embodiments, the container is 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 unique to the particular inhalation anesthetic housed in the container 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 bottle-shaped.



closure may al so be provided with indexing elenments specially configured
and 20 unique to the particular inhalation anesthetic housed in the

cont ai newo 02/kabp ensure the anesthetic is adm nistered parysSoy2853ve
vaporizer for which it is designed. The al um num container may al so be
provided with a lining for added 25 inertness. Typically, the container

w ll be bottle-shaped. WO 02/22195 PCT/ US01/ 28550 -4 Detailed Description
of the Invention Hal ogenated inhal ati on anesthetics are well known and
commercially available. These include-4evofl urane
(fluoronethyl-2,2,2-trifluoro/1/(tri 5 fluoronethyl)ethyl ether),
desflurane (2-difluronethyl 1,2,2,2-tetrafluoroethyl ether), isoflurane
(1-chloro-2,2,2-trifluoroethyl difluoromethyl ether), enflurane
(2-chloro-1,1,2-trifluoroethyl difluoronethyl ether), nethoxyflurane

(2, 2-di chl or o- | plalidfhdiaiaeh By he TREhydn et her) and hal ot hane (2-brono-2-
chloro-1,1,1-trifluoroethane), all of which are |iquids at anbient
conditions. 10 Al um num containers suitable for use in the present

i nvention are ] ' - aqvai [ Eﬁy | be manuf act ured
in the size andﬁglg @%@h%‘,}@éﬂe ﬁeggﬁicg%rﬁ%?rlfg%ﬁ ia(nrﬁi @ I ceﬁ&%lwhal ation

anest heti cs ar eawilthientheye inclodmerefimbreyflesmbnethddh2triflumid/i/(tdol d cont ai ners
are bottl e-shap i i i 0 nout h
(orifice) eSc an bg&lcgcé}g?tg%ll)etsﬂﬂﬁgthﬁtﬁg@r%gk%g%go%% Iil’%iaz ﬂ%%%gﬂﬁ\ggog n <1;1i ners of

t he present i nvethérn),doflnmye (echlarnl®, Brifluntoethgldliflucbbrhdtyl gthet)he prior art

hypothesi zes t haty, 8l 4B B9 9%:RIERED aibilord@R5 ether), methoxyfurane
(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, i.e. they
15 are outfitted with a neck whose mouth (orifice) can be sealed shut with a

closure.

The aluminum containers of the present invention maiy be lined or unlined.
Although the prior art hypothesizes that aluminum oxide present in glass

20 containers 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 to provide the aluminum container
with an inert lining to prevent the formation or release of flakes or small
particles of aluminum during the manufacture of the container and formation

25 of threads on the neck of the container. These flakes, while not a problem
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.



20 containers may | ead to degradation of the inhalation anesthetic, it has
been found that no such degradati on problem arises in the present

i nventi owo otaeyer, in some cases it nay be desirabl e torpT/@SIIEB5I0he

al umi num container wth an inert lining to prevent the formation or

rel ease of flakes or small particles of alum numduring the manufacture of
the container and formation 25 of threads on the neck of the container.
These fl akes, while not a problem froma safety standpoint, may appear in
the liquid anesthetic and be unpleasiﬁé‘fronla cosnetic or visual
standpoint. Therefore, it is desirable to prevent formation of particles
or flakes during the bottle manufacturing process. WO 02/22195

PCT/ US01/ 28550 -5 Suitable Iining naterials are those which denonstrate no
significant solubility in the inhalation anesthetic, i.e. do not render

the inhal ati on gpesicRidetmatsHals@dihese WikS®nlohttafOndHdiifidadd sSlubiliey ude
| acquers and enanel s, and preferabl contai n an epoxyphenolic Tesin.

Exanpl es of | i ninfhe ihelationsnesthetint cqtonat readeris halptiop aaesdhiefiabl e i ncl ude Type
Nos. 7407P and JQd0yElfifesf fufhd 1sin@ﬂwéfasqs‘ﬁfs%§|€hﬁl (3Thid p:Bedslyshausen,

CGermany. 7407P i's a highly f-exlb[e 't ner suitable for alum num containers
havi ng a t hi cknesnainan gpoxyphehalicaesin. Ewanmples of bringmatgrdnthetsxyphenol i ¢ resin

having a solid gﬁé t 18 401ﬁ;§ i Vi scosity
of about 9% sec.8 ﬁg%ll%aggﬁ%ﬁcgg%gﬂ%ibfoﬁbﬁm% gﬁ%ut . gljghl\génﬁ ﬂ The

thi ckness of t héndusirieChemip GyebH, SodellpnscoeGermiany. AHPIH is ahigblydlexiblee
containers of the. pr at%?eglor LS QML h%xﬁ@’aeth%ﬂné’sg b {;-‘i/? fi@bns! gl | N9 OF
renovi ng the hal'ogenated | nhalati on anes IC, as well "as a tlosure for

t he is based upon 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 about 0.99 g/ml. The thickness of the liner may be less for certain

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 éontainers. The cap may
be screw-on, snap-on or of a more elaborate design for fitting with

20  commercially available vaporizers which are used to dispense the inhalation
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 polytetrafluoroethylene (PTFE). One such
lining 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.



15 orifice. The closure should be chosen so as not to conprom se the
characteristics of the container, nanely, it should provide structural

i nt egritwo or/epi ness and vapor barrier properties. The cPopus&/assiol
typically be a cap, 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 fitting with 20 commercially avail abl e vapori zers which are used to

di spense the inhalation anesthetics. %e cl osure maybe nade of al um num or
other nmetal, or of a polynmer material . “Particularly preferred are closures
that are lined with the aforenentioned |acquers, or with a

pol ytetrafl uoroet hyl ene (PTFE). One such Ilining is coomercially avail able
under the nanme "Plytrax 100" and has a PTFE 25 facing with a pol yet hyl ene

f oam backi ng, available from Norton Performance Plastics Corporation, 150
Day Road, V\ayneAﬁ&nﬁl%éO&léﬁlg&re RapbPsrotided witkh valmadstmiBRbAs efer f or mance
Plastics. WO 02/22195 PCT/ USQ1/ 28550 -6 Alternatively, the closure may be
provi ded with ahsyely&alyeassmly. mes g glogure ﬁ%eﬂm“h\%ﬂ?%m‘fs‘?@’ﬁﬁ?ﬁ/" means a

cl osure provi de,@gmﬁrigfﬁ;w&ﬁﬁéénemcvehaﬁcms@fes afeSEH IAbvAG hbaw of the
anesthetic. Such closures are well known in the art, c.f. US Patent Nos.

5, 505, 236 and 5U8 PateniOps. A6\l §.61580% ilesewlvegssembligspseres tay t er nat el v,

cl ose the ,ori f'ﬁt%natel%bﬁs&ﬁ Bﬁﬁd%%ﬂfﬂ{e%mapk{%mmhﬁfe%ogfofm&e tic fromthe
cont ai ner, and open the ori |ce by way of interaction wth 't vapori zer
to deliver anesﬁheﬁhqzcon@mhend/m@oihezmﬁcehYWey ekiptsracticyl wigh ’@ISSean ies may be
screwed or snap 0 t osures nmay
be provided wit ﬁﬁﬁ%%&vﬁ%pgfg&ﬁkﬁ ‘' Rat DAl %%Mﬁﬁ? §k8§%$§$§§§h%% mate only
with a vapori zemaylhclscmgved@r srepprdrodiothe condnerng

10 In addition, these closures may be provided with indexing elements that allow
the container to mate only with a vaporizer having corresponding 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 inhalation 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 well 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 bottle 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 bulk drug form or in a crude

manufactured form awaiting final distillation. Also, the aluminum may be in



el ements. This helps to ensure that an anesthetic is adm nistered only
through the vaporizer for which it was designed. 15 In a preferred

enbodi mrewoQ otk ont ai ner is bottl e-shaped, whose neck (peTAREIEdR5350s seal ed
closed with a cap or valve assenbly. The neck may be threaded, to all ow
screw-on of the cap or valve assenbly. The val ve assenbly may be provided
with indexing elenments having a configuration that is unique and specific
to the particular inhalation anesthetic_stored in the container. The 20

i ndexi ng el enments hel ps assure that t he’cont ai ner storing a particular

i nhal ation anesthetic will only mate to a vaporizer designed for that

i nhal ati on anesthetic. The contai ner size and shape maybe varied to
indicate a particular type of inhalation anesthetic as well as to avoid

m staken m xing of different types of anesthetics in a vaporizer. Various
al  oys of al um pumRHAERY 2 iRt Sthef RydrQF atdliRr 6B btdMiner,10eh &tapldstié al | Wi t hin
t he scope of the present invention. The container nmay be a bottle sized
cont ai ner for helstehepntaerf i nal drug product, or may be in a larger tank
or drum size for use during shipping, mxing or holding of the inhalation
anesthetic in the bulk drug formor in a crude manufactured form awaiting
final distillation. Also, the alum num my be in WO 02/ 22195 PCT/ US01/ 28550
-7 the formof a liner or inner |ayer of another type of container, such as
a plastic or steel container. WD 02/22195 PCT/US01/28550 -8- What is
clainmed is: 1. A pharmaceutical product conprising a hal ogenated inhal ation



anesthetic contained within an alum num container. 5 2. The pharnmaceuti cal
product of claim1 wherein the hal ogenated inhalation anesthetic is

sel ect ed woomaibe group conprising sevoflurane, desfl uraper/Usecfssior ane,
enfl urane, nethoxyflurane and hal othane. 10 3. The pharnaceuti cal product
of claiml1l or 2 wherein the interior of the alum numcontainer is provided
with an inert lining. 4. The pharnaceutical product of claim3 wherein the
inert lining 15 conprises a |acquer or _an enanel. 5. The pharnaceuti cal
product of claiml or 2 further conprisﬁﬁg an orifice for filling or
removi ng the hal ogenated inhal ati on anesthetic fromthe container and a
closure for the orifice. 20 6. The pharmaceutical product of claiml
wherein the container is bottle-shaped. 7. The pharnaceuti cal product of
claim5 wherein the closure 25 conprises a cap. 8. The pharnaceuti cal
product of cl aiwwWogheu.the closure conprises a valve assenbly for
regul ating fl ow of the hal ogenated inhalation anesthetic. 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 lining.

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.
8. The pharmaceutical product of claim 5 wherein the closure

comprises a valve assembly for regulating flow of the halogenated

inhalation anesthetic.
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