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Anest hetic Background of the Invention The present invention relates to

cont ai e 4 bfihk favedhisd ati on anesthetics, nore particularly, to
al um num cofital ners that are suitable for storing '

5 The present invention relates to containers for liquid inhalation anesthetics,
" 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




. anesthetics

hal ogenat ed i nhal ati on anest hetics. Containers, such as those of the
present invention, are used to store the |iqui d 10 anest I‘f’e't”f'r&ha%int and

towowpapss it to a device for adm ni steri ng t he agent QQQ#PF{%J nt These
devices are known in the art as "vaporizers', which {)

contai ner, receive the liquid anesthetic through an orifice in the

contai ner, vaporize the anesthetic, mx it with oxygen and optionally

ot her gases, and nete out the gaseous mxture to the patient. 15

I nhal ati on anesthetics have traditipnally been stored in glass containers.
‘These containers, however, possess certain drawbacks. d ass 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
i nhal ati on 20 anesthetic may react with conponents of the glass, leading to
~certain degradation products. C.f. US Patent No. 5,990,176. A nunber of

patents hwithat mhg]mon mesﬂmc oWhileant speciRallpnnaihg thomhhBhsd ati on
tgi&éfﬁr sevof,l urane, For exanple, US Patent No.

4, 250, 334@@@8‘%&% e pemmercigl exehadimens of thesysfemishewnf or  hol di ng
sevofl ur ’ (iaTel<]

chl orotr?%‘ﬁﬁlllj%rigg ﬁg’?tgﬁib U égten%iﬁngﬁeégge@?ggﬁggﬁgmﬁ% use of a

cont ai neremtmoﬁﬂmbﬁmmhm@p}ﬁsmmmtdmmﬁeﬁd’l&bﬁmﬁmafnera hol di ng

sevof | ur ent 5. 505, 236, .teaches the use of a plastic

con?al ne?n“%ltﬁ%?fé?t‘?‘% %‘5%}’% B%g%ﬂ baysdaughifhesaint | nhal at i on
anest het i gartiotiirl@ped OF pRERSHoL bothinds RS HHRG F&Wﬁeg%ghosa”e“ hetic, it is

bel i eved that the commerci al enbodi nent in the '236

pat ent ha%at%’ébhsté@'lﬂ,ﬁﬁ&mobh@Y&nemmbﬂab),@BﬁSMr ane. Despite the

exi stenc | astic cqontainers to hold sevofl urane,
a'b nunbeqp @t aﬁgj%f] i@a‘?% (ﬁgb’ﬁ SRR RYYsIsdensfodhat have taught the
~use of  ionomeric resins). The present mvention 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,

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




particul ar types of plastic for- containers to hold sevoflurane. See, e.g.
US Patent Nos. 6,074,668 (polyethylene napthal ate), 6, 083 ¥drgh 2005 ’
(wologrridsyl pent ene) and 6, 162, 443 (pol ypropyl ene, poP&§EURY/2858¢ and
“ionomeric resins). The present invention presents an alternative type of 10
container (alum num to hold sevoflurane |In addition, containers for

i nhal ati on anesthetics made of certain plastics have been proposed. C.f WO
99134762, US Patent Nos. 6,074,668 and 6,162,443 and US Patent Application
Publ i cation No. US 2001/0000729 AB- While 15 plastic containers are |ess
likely to break than glass containers, they are still susceptible to

br eakage under comon use conditions. Mreover, many plastics tend to be
vapor perneable, allow ng the inhalation anesthetic to escape the

.contai ner and anbi ent vapors to enter the container over tine, leading to
possi bl e contam nation, Al so, plastic contai.ners.ar sfub' ect to 20

def or matHatsat Npch0@BEdeacrhss éPéW?g%‘@aﬁ?%{}‘géfm@%? carflnﬁrﬁtl be required
during pr j - f gt nNhal ati on anest heti c-contai ni ng
“cont ai ne%ﬁ@%ﬁ%%ﬁ%%%ﬁﬁ{%@?ﬁgﬁﬁg hetics have strong organic sol vent
properties, which typically will dissolve and/or react with the plastic

mat eri al | eadi to measurable inpurities in the inhal ati on anestheti c.
Cont ai né“@?%?“gg\%@'fe@?‘%e have al so been made of stainless steel. For
exanpl e, US Patent No. 5,990,176 describes a container made of gl ass,
plastic or stainless steel for holding sevoflurane. Metal containers have
been usegle fdsentVidieh@insoleypams afie plaabasks exitthec pifor grto A cBect £§ tigelNYendian f ood
and beverages. US 4 rch k haeh e SRER dntRatent No.

6, 008, 27’?"%’338PP%@gcegf/ﬁcag%r(%é%Q?%mspyﬁn%rh glg%%t%%eﬁgﬁté he inside of a netal

cont ai neg;iiR bn AN ontdinad IDhadieve fapd tidnhainen cofamesr y of t he

I nvention The present invention overcones the dr %:ks of the prior art.
An aspedlm‘dfie stHctrphiaisgrilgneriness and vapor-batrier propertics at 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 unique to the particular inhalation anéesthetic housed in the condainer to help
-ex'lsure 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.




provi des a pharmaceutical product conprising a hal ogenated inhal ation
anesthetic contained w thin an al umi num container. It hadM#ew¥¥8und t hat
al uwormarezent ai ners provide structural integrity, inerpapsSopiise >
vapor-barrier properties that are ‘| o well-suited for storage and handling
of such inhalation anesthetics. In addition, alumnumis |[ight in weight,
resistant to heat-deformation, easily recycled and protects the inhalation
anesthetic fromlight-induced degradation in further enbodi nents, the
contai ner may be provided with an ogi.fice for filling or 15 renoving the
"hal ogenat ed i nhal ati on anesthetic, and a closure for the orifice. The
closure preferably has a lining that hel ps the closure retain the desirable
characteristics of the alum numcontainer. Alternatively, the closure maybe
provided with a valve assenbly for regulating the flow of anesthetic. The
cl osure may al so be provided with indexing elenments specially configured
and uni qlietdiled Diescripdivhiof tednvémidal at i on anesthetic housed in the container
to help ensure the anesthetic i.s adm nistered only by the vaporizer for
which it is designed. The al um num contai ner may al so be provided with a

lining fo imskti i.cal Lner.wll be

bott | g- shgipe .4 dI\/tar Chﬁ%%?sg%ﬁ%ﬁ%ggn@%%g%ggy 4 Detailed

Descri pt i eveiloblet Aleseninelndé sevoflaiang éhmt@tethylrm) attiifldord/igei-net i cs are wel |
kno and ,comer.ci.al,l avajl gbl e. _These include sevof] urane

(f1 dorome %Ogl,egl,yg)pbﬁ?th@'g&gsﬁmq (2’¢‘%PWI1MJ?‘&WW@FM1), def | ur ane
(2-dif|ur@mglg 7 s I . | | ur ane
(1-chloro-2 ’%?&ﬁ%&(ﬁ%ﬁ%ﬁéﬂﬁgﬁﬂet ﬁg%%tﬁglr%tﬁéﬁ’enf | urane

(2-chlor oenflmaie @rdhiorads H2i orothylifhowenédsy] ettidrl micthoxpfiimaxyf | ur ane

(2,2-dich rho |- dif roet,hyl | . ether)  and_hal ot hane (2 brono- 2-
chl oro- 1?2%',8“’%10-1‘?{1?% %@@P&?Sﬁ%ﬁ&@ ‘g%:r) 6?%‘%@?%'2"?% ds at ambi ent
condi ti onshlohOl,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

Pprocess.
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Al um num contai ners suitable for use in the present invention are
comercially available. Typically, they will be manufacturt®@fh2®Re size
andvosbapesof the glass containers in which inhalati Oﬁl'c%'fi?s?ﬁ)%@%ocs are
currently comercially sold. Conmercially sold containers are

bottl e-shaped, i.e. they 15 are outfitted with a neck whose nouth (orifice)
can be sealed shut with a closure. The al um num contai ners of the present
~invention may be lined or unlined. Although the prior art hypothesizes

t hat al um num oxi de present in glass-20 containers may | ead to degradation
- of the inhalation anesthetic, it has been found that no such degradation
probl em arises in the present invention. However, in sone cases it may be
desirable to provide the alum numcontainer wth an inert lining to
prevent the formation or release of flakes or small particles of alum num
during the manufacture of the container and formation of threads on the
neck of tSeitab&nﬁlénglmaten'ﬂsamhbselwﬂﬁelsdembﬁsheteﬂﬁtsigﬁmagbgcﬁmm‘?r om a safety

st andpoi nt , ,, may- ear .n.the liquid anesthetic and be wunpleasing froma

cosnetic 8’?"“9?%18%&8% B?’Hfzéol*ﬂ%F"éﬁdSF e mhalation gaesthelisl e to  prevent

f ormat i ong@isailar Théedkemi b HE § Pt I ng process.
s RtE R la@g%ér%ﬁnﬁ ab gfﬁ’l nlﬁéﬁ%’%&ri als are

T

t hose whi eofitaie A ARQXyRkenolio resing ixkinplastof $ininghmdtérials thatere he i nhal ati on

anest het i |, e n r.ender~.the_in {i theti nusabl e. These
I n?ng' ma oé]ﬁh %fclsaﬂ?(r‘)\lg lﬁh!? ?@Eﬁ%@?ﬁﬁdg‘@i@@@ﬁ{img@@%ﬁ#y contain an
epoxy phenhbidusris-€hishic @ﬁ@EpBeﬁelﬂfauéejnPGBﬁnd%t WJ@P?sﬁmgngeﬁibﬁe commercial l'y

avai |l abl e_,i ncl ude Type Nos. 7407P and 794 _' HI/F from ndustri e- Chem e
GrbH, BodWnes guitablsfor contafprphavinga Hiicknegs dfl &4 hfiarons, amder sui tabl e for

al um num i ' . | ss. of. 8-14 m crons, an I s based upon
e_poxyphen{g'f%ig‘lt’:aaruisg{1 %p Pnghgréssg:i lifagﬂ: oanﬁogiﬂtcg'a@ta(g]cﬁ%fm@pﬁ%gg by weight, a
del i ver edweighta delivereaf visdositit ofbosied0. sebl DINM fird 280CG déhsRepsi ty Of
10 about0.99 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 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, |




to about 0.99 g/m . The thickness of the |liner may be Iess for certain _
applications. The containers of the present invention wl 14 Va2 orifice _

f onwbighhreg or renoving the hal ogenated inhal ation angst /%%Biﬁ s§S wel |l as
~a-closure for the 15 orifice. The closure should be chosen 2 ot to
conprom se the . characteristics of the container, nanely, it should
provide structural integrity, inertness and vapor barrier properties. The
closure will typically be a cap, such as those used on conmercially

‘avai | abl e gl ass containers. The capgoay be screw on, snap-on or of a nore
‘el aborate design for fitting with 20 commercially avail abl e vapori zers

whi ch are used to dispense the inhalation anesthetics. The closure may be
~made of alum numor other netal, or of a polyner material. Particularly
preferred are closures that are lined with the aforementioned |acquers, or
with a polytetrafluoroethylene (PTFE). One such lining is comercially
avai | abl eAliemetively¢handomre fay be providid widtng viies agemblyE Adedng with a

pol yet hyl%ﬁ_gx f‘g@En backl Iﬂ%glﬁléi bI e frggggortoag Perfo(rypngn;_e Pl astics
Cor porati gajth ahleashone yrlve forof
Sai nt - Gobaila aegﬁemmnggm@aa Sheh ok 200D 07 2495 T/ LSO 28550

6 Alternatively, the closure ma rovi e’assenbly. As used
her ei n, "U&ﬂ"atellhggelﬁﬂ()ﬁ,%ﬁmadiﬁd?a%sﬂ‘hesqmrad)maﬁmhbheﬁ lBepde theast one val ve

for regu w.of the est hetic. Suych .closures are wel | known in the

art® c.f. ‘h%i}?t%zfti thg é] g?%gm%ﬁﬁaow@e@ofm@%m% ve assenblies,

serve to, ﬁ'@;ﬂ|th@édjﬁ]ﬁdryandqipgﬁﬁmt&ﬁic@IHwa%ﬂ£ hjg R,Fﬂ]%éﬁer to mnimze Ioss
e oril

of anesthetic¢c fromthe container, pen t I ce by way of
i nt er act i WRoTiFarHo deliver anpstbetic torthe Manmiméisikanwma asséoblidse vapori zer.

Li ke cap be screwed or snapped onto the container.
oY B KRR Mg on

10 I'n ad 1 on OVI ded with indexing el enents that
al | ow
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




the container to mate only with a vaporizer having correspondi ng i ndexi ng
el enments. This helps to ensure that an anesthetic is adnin?yﬁﬁpgﬂﬁbnly

t howpoighy22ibke vaporizer for which it was designed. 15 IIJ& :fiﬁﬁfses”ed
enbodi ment,. the container is bottle-shaped, whose neck I?g | is seal ed
closed with a cap or valve assenbly. The neck may be threaded, to allow
screwon of the cap or valve assenbly. The valve assenbly nay be provided

| ~With indexing elenents having a configuration that is unique and specific

to the particular inhalation anesthgetic stored in the container. The 20
‘indexi ng el enents hel ps assure that the container 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 nmay be varied to
indicate a particular type of inhalation anesthetic as well as to avoid
m st aken m xing of different types of anesthetics in a vaporizer. Various
al | oys of thalferm ofiariivesyr heectlager offafsthed @pe 6 dodtddes, sudlas Spladtle fal | within

t he scope of ihe present invention. The container may be a bottle sized
cont ai ner e $APg the final 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 aluminumnmay be in 4 March 2005 WO 02/22195 -
PCT/ USO01/ 2850 the formof a liner or inner |ayer of another type of
~container; such as a plastic or steel container. 4 March 2005 WO 02/ 22195
8 5 10 What is clainmed is: PCT/US01/ 2850




1. A pharneceutical product conprising a hal ogenated inhal ation_ _anest heti c
cont ai ned within an al uni num container. 2. The phar maceut i t¥feh¥uct of
cl s¥ooz/22desrei n the hal ogenated inhal ation anestheti CP¢ﬁU?@f/ﬁgg@d fromthe
group conprising sevoflurane, desflurane, isoflurane, enflurane, ‘
met hoxyfl urane and hal ot hane. 3. The pharnmaceutical product of claiml or
2 wherein the interior of the alum numcontainer is provided with an inert
lining. 4. The pharmaceutical product of claim3 wherein the inert lining
15 conprises a |l acquer or an enanelg-20 25 5. The pharnmaceutical product of
claiml| or 2 further conmprising an orifice for filling or renoving the
hal ogenat ed i nhal ati on anesthetic fromthe container and a closure for the
orifice. 6. The pharmaceutical product of claiml| wherein the container is
bottle-shaped. 7. The pharmaceutical product of claim5 wherein the closure
conprises a cap. 8. The pharmaceutical product of claim5 wherein the
cl osure %apsmlmnetmsval ve assenbly for regqgul ati ng flow of the hal ogenated
i nhal at i on 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 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




