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PROCESS FOR PREPARINGA LYOPHILISED 
MATERIAL 

[0001] This invention relates to a process for providing 
lyophilised materials and to apparatus for use in such a pro 
cess. 

[0002] Lyophilisation is a Well known process in the phar 
maceutical and vaccines industries in Which a dispersion, eg 
a solution or suspension, of a material in a carrier liquid, 
normally aqueous, is froZen then exposed to reduced pressure 
to cause the liquid to evaporate, e. g. to perform a sublimation 
transition from the froZen to the vapour state. This process 
makes it possible to WithdraW Water contained in a material to 
make the material more stable at ambient temperature and 
thus to facilitate its conservation. A typical lyophilisation 
process is disclosed in EP-A-0 048 194. 
[0003] Normally the dispersion is contained in a container 
typically a vial, Which is exposed to the reduced pressure so 
that the liquid can evaporate out through an opening of the 
container eg the open mouth of a vial. Vial closures are 
knoWn Which can be mated With a vial mouth in a ?rst, upper, 
position leaving a vent for the escape of evaporating liquid, 
and Which can be moved doWnWard into a second position 
When the lyophilisation process is complete to seal the vial. 
Typically vials Which such closures in their upper, vented, 
position are arranged in a tWo dimensional array on a shelf for 
freezing and then exposure to a reduced pressure. Plural 
shelves are stacked vertically above each other With the 
underside of an upper shelf above the closures of vials on the 
shelf beloW, and When the lyophilisation process is complete 
upper shelves are loWered onto the closures of vials on the 
shelf immediately beloW to push the closures into the loWer 
closed position. 
[0004] Numerous types of apparatus are knoWn for per 
forming the lyophilisation process on such containers, gen 
erally comprising a chamber Which can be hermetically 
closed With the containers inside and inside Which suitable 
conditions of temperature and reduced pressure can be main 
tained. 
[0005] A speci?c type ofvial With a closure is disclosed in 
WO-A-04/0l83l7 but is not disclosed therein for use in a 
lyophilisation process. 
[0006] Some problems of knoWn lyophilisation processes 
using the above described vials are that the mouth openings 
and vents of these knoWn vials alloW opportunity for ingress 
of contamination after a dispersion of the material has been 
introduced into the vial, e.g. during the subsequent stages of 
loading the vial containing the dispersion onto shelves suit 
able for the lyophilisation apparatus and of transporting such 
vials to the lyophilisation apparatus. 
[0007] It is an object of the present invention to address 
these problems, and to offer further advantages, as Will be 
disclosed beloW. 
[0008] In a ?rst aspect this invention provides a process for 
preparing a lyophilised material comprising: 
[0009] providing a container bounded by an envelope hav 
ing a penetrable region and containing a dispersion of the 
material in a carrier liquid, 
[0010] With the penetrable region penetrated With a pen 
etrator such that the penetrator provides a conduit through the 
envelope to provide communication betWeen the inside and 
outside of the container When the penetrator has penetrated 
the penetrable region, 
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[001 1] evaporating the carrier liquid out of the container via 
the conduit, 
[0012] WithdraWing the penetrator from the penetrable 
region. 
[0013] Such a process may be performed by providing a 
container bounded by an envelope having a penetrable region 
and containing a dispersion of the material in a carrier liquid, 
penetrating the penetrable region With the penetrator such 
that the penetrator provides a conduit through the envelope to 
provide communication betWeen the inside and outside of the 
container When the penetrator has penetrated the penetrable 
region, evaporating the carrier liquid out of the container via 
the conduit, then WithdraWing the penetrator from the pen 
etrable region. 
[0014] The container may be a vial, eg a typical pharma 
ceutical vial, made of glass or plastics material, having a 
mouth opening closed by an elastomeric closure e.g. Which 
plugs into the mouth opening, and the penetrable region may 
comprise a region of this elastomeric closure. In such a con 
struction the combination of vial and closure comprise the 
said envelope. 
[0015] Evaporation of the carrier liquid out of the container 
via the conduit may be by generally conventional lyophilisa 
tion conditions, e. g. maintaining the dispersion at a tempera 
ture such that the carrier liquid is froZen, and application of 
reduced pressure so that the froZen liquid sublimates directly 
from the solid to the vapour state. Suitable conditions of 
temperature and reduced pressure are for example disclosed 
in the Example of EP-A-0 048 194. 
[0016] By “penetrates” and derived terms as used herein is 
included at least partially penetrates, and the term includes 
opening a communication passage through the penetrable 
region, for example actual passage of the penetrator from one 
surface of the envelope to another, e. g. puncturing and physi 
cally disrupting of the envelope, expansion of an already 
existing hole by means of the penetrator, disruption of a 
Weakened area of the envelope by the penetrator to create an 
opening through the envelope. 
[0017] The penetrable region may comprise a previously 
formed puncture hole. For example such a previously-formed 
formed puncture hole may have been formed by driving a 
puncturing means such as a needle through the penetrable 
region. Such a needle may be a holloW ?lling needle Which 
has been passed through the envelope and via Which the 
dispersion has been introduced into the vial, the needle then 
subsequently WithdraWn, and the liquid so introduced may 
subsequently be cooled and froZen for lyophilisation. For 
example such a needle may be passed through the elastomer 
closure of a vial. Typically With a suitable thickness of the 
elastomer material of the closure the elastic nature of the 
closure causes the elastomer material to close When the 
needle has been WithdraWn, to thereby close the residual 
needle hole suf?ciently to reduce the possibility of contami 
nants entering the vial via the puncture hole before the hole 
can be sealed. This offers the advantage that after introducing 
the liquid into a vial using a ?lling needle there is much less 
opportunity for contamination to enter the vial than Would be 
the case With the above-mentioned knoWn vial in Which, after 
a liquid has been introduced into the vial, the closure is 
inserted into the vial mouth but in a partly open vented state. 
Also, advantageously after ?lling using such a ?lling needle 
and leaving a closed puncture hole the vial may be inspected 
through its transparent Wall for particles, With less threat of 
contamination than Would be With the knoWn vials. 
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[0018] The process of the invention may therefore include 
the preceding step of providing the container bounded by an 
envelope having a penetrable region therein by passing a 
holloW ?lling needle through the envelope, introducing the 
dispersion into the container via this needle, then subse 
quently WithdraWing the needle to leave a residual puncture 
hole in the closure. Preferably such a ?lling needle has a 
pyramidal point, as it is found that such a needle cuts a hole in 
controlled directions. Preferably such a pyramidal point has 
three faces to cut the hole in three controlled directions. A 
preferred construction of such a ?lling needle is for example 
disclosed in WO2004/096l 14. 
[0019] A suitable construction of such a vial and closure is 
that disclosed in WO-A-04/0l 8317, speci?cally as disclosed 
in and With reference to FIG. 6 thereof. Such a vial has an 
upWardly-facing mouth opening bounded by a rim, and a 
closure system comprising an elastomer closure part shaped 
to sealingly engage With the mouth opening, having a loWer 
surface facing the interior of the vial and an opposite upper 
surface facing aWay from the vial, and capable of being punc 
tured by a needle, and a clamp part able to engage With the 
vial, particularly With the rim of the mouth opening, and able 
to bear upon the upper surface of the closure part to hold the 
closure part in a closing relationship With the mouth opening, 
the clamp part having an aperture therein through Which a 
region of the upper surface of the closure part is exposed When 
the clamp part is engaged With the vial. 
[0020] In this embodiment the said exposed region of such 
an elastomeric closure, suitably When previously punctured 
by a needle as described above, may comprise the penetrable 
region. An advantage of such a vial is that it may be provided 
sealed by the closure and With a sterile interior, e.g. sterilised 
by radiation, or for example When made in a sterile state by 
the manufacturing process disclosed in WO2005/005l28. 
[0021] The process preferably comprises the further step of 
sealing or otherWise covering the penetrable region after the 
penetrator has been WithdraWn from the penetrable region. 
[0022] In another aspect the invention provides apparatus 
suitable for use in the process described herein comprising: 
[0023] a penetrator capable of penetrating a penetrable 
region of a container bounded by an envelope having a pen 
etrable region therein and containing a dispersion of the mate 
rial in a carrier liquid such that the penetrator When penetrat 
ing the penetrable region provides a conduit through the 
envelope to provide communication betWeen the inside and 
outside of the container When the penetrator has penetrated 
the penetrable region, 
[0024] means to cause the penetrator to penetrate the pen 
etrable region, 
[0025] means to evaporate the carrier liquid out of the con 
tainer via the conduit, 
[0026] means to WithdraW the penetrator from the pen 
etrable region. 
[0027] Suitable embodiments of the process, containers 
suitable for use With the process, and the apparatus, and 
Working relationships betWeen them Will noW be described. 
[0028] The penetrator may be suitable to form a hole or 
enlarge a pre-existing hole through the penetrable region of 
the envelope, eg through the elastomer closure of a vial. The 
penetrator may be shaped, eg in cross section, to provide a 
conduit through the envelope When the penetrator has pen 
etrated the envelope. In an embodiment the penetrator may 
comprise a generally tubular member having an end adapted 
to penetrate the penetrable region eg a pointed end. Alterna 
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tively the penetrator may have one or more concavity in its 
outer surface to provide such a conduit betWeen the penetrator 
and the adjacent surface of the penetrable region. Typically 
such an end may be generally pointed. For example the pen 
etrator may comprise a generally conical member, e. g. a 
holloW cone With an open base or an opening adjacent its 
base, and an opening adjacent its apex, With a conduit passing 
through the penetrator, e.g., linking the opening at the apex 
and the open base, such that its apex may penetrate the pen 
etrable region and vapour of the carrier liquid may enter the 
apex, pass through the holloW interior of the cone and exit via 
the conduit. Such a conduit should be of suitable dimensions 
to alloW How of the vapour of the evaporating liquid at a 
suf?cient rate that lyophilisation can be achieved in an accept 
able time, i.e. similar to knoWn lyophilisation processes, 
Which Will be knoWn to those in the art. To achieve this, 
typically at its narroWest the conduit should have a cross 
section of at least 1 mm, preferably 2 mm or more. 

[0029] The conduit may incorporate a barrier Which is per 
meable to gases but obstructs the passage of particles and in 
particular of microorganisms to thereby reduce the likelihood 
of contamination entering the container. Such a barrier may 
comprise a thin permeable membrane, for example made of a 
sterile ?ltration media. 
[0030] In a ?rst embodiment of the process and apparatus 
of the invention, the penetrator may be mountable on the 
container, e. g. on a vial, so that the penetrator can be moved, 
suitably reciprocally, from a ?rst position in Which the pen 
etrator is outside the container and does not penetrate the 
penetrable region, to a second position in Which the penetra 
tor penetrates the penetrable region, and preferably then back 
toWards a ?rst position in Which the penetrator is outside the 
container and does not penetrate the penetrable region. 
[0031] In one form of this ?rst embodiment, the penetrator 
may be provided in combination With a guide Whereby the 
penetrator may be mounted on the container. Such a combi 
nation comprises a further aspect of this invention, compris 
ing: 
[0032] a penetrator adapted to penetrate a penetrable region 
of the envelope of a container to thereby provide a conduit 
through the envelope to provide communication betWeen the 
inside and outside of the container When the penetrator has 
penetrated the penetrable region, and 
[0033] a guide Which is mountable on the container to 
thereby support the penetrator so that the penetrator can be 
moved from a ?rst position in Which the penetrator does not 
penetrate the penetrable region to a second position in Which 
the penetrator penetrates the penetrable region, and option 
ally back toWard a ?rst position in Which the penetrator does 
not penetrate the penetrable region. 
[0034] For example a guide may be removably mounted on 
the container, capable of supporting and guiding the penetra 
tor for such movement. In an embodiment, particularly suit 
able for the above-mentioned generally conical penetrator, 
and particularly When the container is a vial With an elasto 
meric closure, the guide may comprise a generally cylindrical 
sleeve or part sleeve Within Which the penetrator is movable, 
suitably reciprocally. 
[0035] In a preferred construction of this last-mentioned 
apparatus, the penetrator and the guide may be made inte 
grally, eg of plastics material by means of injection mould 
ing. In this construction the penetrator and guide may be so 
made initially linked by one or more thin frangible integral 
link and With the penetrator in the ?rst position, so that so that 
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as the penetrator is moved from the ?rst position toward the 
second position severance of the link(s) occurs. 

[0036] When the vial is of the above-mentioned type dis 
closed in WO-A-04/0l83l7 such a guide may be mountable 
upon the vial by removable engagement With the clamp part. 
In a preferred type of vial disclosed in WO-A-04/0l83 l 7 the 
clamp part is itself provided With means for engagement of a 
cover part, being the groove 37 disclosed in FIG. 1 of WO-A 
04/018317, and the guide may engage in a snap-?t With such 
a groove. It may be preferable to engage such a removable 
guide With the container such as a vial before any liquid 
content in the vial is froZen, as engagement features such as a 
snap-?t engagement may become brittle and lose their resil 
ience at the loW temperatures normally used for freeZing 
liquids in lyophilisation processes. 
[0037] The penetrator may be caused to penetrate the pen 
etrable region by relative movement of the penetrator and the 
container such that the end adapted to penetrate the pen 
etrable region contacts the penetrable region and penetrates it. 
For example if the penetrator comprises a tubular member 
With a pointed end or apex of a cone this may be a movement 
parallel to the longitudinal axis of the tubular member or 
base-apex axis of the cone. 

[0038] This movement may be caused by application of a 
force to the penetrator to urge the penetrator in this direction. 
As mentioned above it is common practice in the art of lyo 
philisation to arrange vials for exposure to a reduced pressure 
in a tWo dimensional array on a shelf, and to stack plural 
shelves vertically above each other for exposure. Therefore in 
the process the application of force to the penetrator to urge 
the penetrator in the ?rst position toWard the second position 
direction may be achieved by arranging containers, e.g. vials, 
in a tWo dimensional array on a shelf, then causing a member 
to bear upon the penetrator to urge the penetrator in this 
direction. Such a member may comprise part of a vertically 
upper adjacent shelf caused to bear upon the penetrator to 
urge the penetrator in this direction. During the process of 
evaporation of the liquid this member e.g. upper shelf may 
bear upon the penetrator to maintain the penetrator in posi 
tion. 

[0039] The penetrator, and/ or guide may incorporate suit 
able vent means e. g. apertures so that contact of such a shelf 
With the penetrator does not impede out?oW of vapour of the 
carrier liquid through the conduit. 
[0040] In another form of this ?rst embodiment a penetrator 
is provided Which is itself mountable on the container, such as 
a vial, in a position in Which the penetrator is penetrating the 
penetrable region, eg the elastomeric closure of a vial. 

[0041] Such a penetrator may as above comprise a gener 
ally conical member, and may be made of plastics material by 
means of injection moulding. Such a penetrator may be 
mountable on the container such as a vial by means of a snap 
?t engagement. When the vial is of the above-mentioned type 
disclosed in WO-A-04/0l83l7 such a penetrator may be 
mountable upon the vial by removable engagement With the 
clamp part thereof, Which as mentioned above is itself pro 
vided With means for engagement of a cover part, being the 
groove 37 disclosed in FIG. 1 of WO-A-04/0l83l7, and the 
penetrator may engage in a snap-?t With such a groove. For 
example such a penetrator may comprise the conical member 
at least partly surrounded by a skirt extending in the cone 
base-apex direction, the skirt having snap-?t engagement 
means adjacent the rim furthest from the cone base. The 
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conduit through the penetrator may be closed by a barrier 
membrane Which alloWs gases to pass through but not par 
ticulate contaminants. 

[0042] It may be preferable to engage such a penetrator 
With the container such as a vial before any liquid content in 
the vial is froZen, as engagement features such as a snap-?t 
engagement may become brittle and lose their resilience at 
the loW temperatures normally used for freeZing liquids in 
lyophilisation processes. 
[0043] In use this form of penetrator may be mounted eg 
by the snap ?tting onto a vial, penetrating the elastomeric 
closure so that the liquid may be evaporated from the vial, 
typically after being froZen solid. Thereafter the penetrator 
may be removed from its mounting on the vial. To facilitate 
the mounting of the penetrator on the container a mounting 
tool may be provided to bear upon the penetrator so that for 
example a snap-?t engagement engages. To facilitate the 
removal of the penetrator from the container a removal tool 
may be provided. In one construction snap ?t means on the 
penetrator may be provided With a disengagement means, for 
example a pivot lever upon Which the removal tool may bear 
to disengage the snap-?t engagement. 
[0044] In a second embodiment of the process and appara 
tus of the invention, plural containers, e.g. vials, may be 
situated on an upWard facing surface of a loWer shelf, and a 
vertically adjacent upper shelf may comprise plural penetra 
tors, and the upper and loWer shelves may be moved relatively 
toWard each other, so that the penetrators thereof are thereby 
moved reciprocally from a ?rst position in Which the penetra 
tor does not penetrate the penetrable region, to a second 
position in Which the penetrator penetrates the penetrable 
region, and back into a ?rst position in Which the penetrator 
does not at least partly penetrate the penetrable region. 
[0045] An apparatus is therefore provided particularly suit 
able for this second embodiment of the process, comprising a 
loWer shelf having an upWardly facing surface suitable for 
locating plural containers, e.g. vials, thereon, and a vertically 
adjacent upper shelf having a doWnWard facing surface Which 
comprises plural penetrators, the upper and loWer shelves 
being movable relatively toWard each other, so that the pen 
etrators thereof are thereby moved from a ?rst position in 
Which the penetrator does not penetrate the penetrable region, 
to a second position in Which the penetrator penetrates the 
penetrable region, and reciprocally back toWards a ?rst posi 
tion in Which the penetrator does not penetrate the penetrable 
region. 
[0046] Such upper and loWer shelves and the penetrators of 
this apparatus of the second embodiment may be made of 
metals suitable for lyophilisation processes, eg stainless 
steel. 

[0047] In thus second embodiment the upper shelf may be 
moveable doWnWardly toWard the loWer shelf, or the loWer 
shelf may be moveable upWardly toWard the loWer shelf, or 
the upper shelf may be moveable doWnWardly and the loWer 
shelf may be moveable upWardly. 
[0048] In this second embodiment each penetrator may 
comprise a generally conical member With its apex pointing 
doWnWardly from a loWer surface of the upper shelf toWard 
the loWer shelf, eg a holloW cone With a opening adjacent its 
apex, and an open base, such that its apex may penetrate the 
penetrable region and vapour of the carrier liquid may enter 
the apex, pass through the holloW interior of the cone and exit 
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via the open base, e. g. as described above. Such a penetrator 
may be made integrally With the upper shelf, or may be 
attached to the upper shelf. 
[0049] This second embodiment of the apparatus may com 
prise an upper shelf having an upWard facing surface on 
Which are situated plural containers such as vials, and verti 
cally adjacent to this ?rst upper shelf there may be a further 
upper shelf Which comprises plural penetrators above this 
upWard facing surface, and this further upper shelf may be 
moved analogously to the upper shelf described above. The 
further upper shelf may itself have an upWard facing surface 
on Which are situated plural vials, so that plural such shelves 
may be stacked vertically relative to each other. 
[0050] The Weight of an upper shelf may be su?icient to 
maintain the penetrator, in both embodiments of the appara 
tus, in the second position penetrating the penetrable region, 
eg of an elastic closure against the elasticity of the closure, 
and/ or upper and loWer shelves may be held together during 
the evaporation procedure. Thereafter the upper and loWer 
shelves may be moved relatively vertically apart so that the 
penetrator is moved toWard the ?rst position. The elasticity of 
an elastomeric closure can tend to urge the penetrator out of 
the second position. 
[0051] When the Weight of an upper shelf is used to hold the 
penetrator in the second position, penetrating the penetrable 
region, the elasticity of eg an elastomeric closure may be 
insuf?cient to subsequently urge the penetrator from the clo 
sure back toWards the ?rst position. In such a situation means 
may be provided to move the upper and loWer shelves rela 
tively closer together and relatively further apart, and such 
means may be conventional means knoWn for raising and/or 
loWering shelves. For example the vertically adjacent shelves 
may be resiliently biased toWard the ?rst position, for 
example by a spring means betWeen them. 
[0052] Force applied to the penetrator and/or restraint of 
movement of the penetrator, e. g. the Weight of an upper shelf 
bearing doWnWards upon the penetrator, may be necessary to 
maintain the penetrator in the second position penetrating an 
elastic closure against the elasticity of the closure. When such 
force or restraint is released eg by increasing the vertical 
separation betWeen the loWer and upper shelves until the 
upper shelf no longer bears on the penetrator, the elastic Will 
tend to spring back to eject the penetrator from the closure. 
Increasing the vertical separation may be done Whilst the 
elastomer closure is at the reduced temperature and then 
alloWing the closure to Warm toWard ambient temperature, or 
alternatively the closure may be alloWed to Warm to ambient 
temperature before increasing the vertical separation. 
[0053] The penetrator may be WithdraWn from the pen 
etrable region toWard the ?rst position by a movement of the 
penetrator relative to the container such that the end adapted 
to penetrate the penetrable region is WithdraWn from the 
penetrable region. Suitable means to WithdraW the penetrator 
from the penetrable region may use the elasticity of the elas 
tomer material of a vial closure. 

[0054] For example in processes and apparatus comprising 
a loWer shelf upon Which plural vials may be arranged in a tWo 
dimensional array, and a second shelf vertically above the ?rst 
shelf and able to be moved doWnWardly, suitable means may 
comprise a means to move the upper and loWer shelves apart. 
Such means may be generally conventional as used in lyophi 
lisation processes. 
[0055] Alternatively the upper and loWer shelves may be 
biased toWard the above-mentioned ?rst position. 
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[0056] When the process of the invention is a lyophilisation 
process in Which the dispersion is maintained at a temperature 
such that the carrier liquid is froZen, and sublimating the 
liquid directly from the solid to the vapour state under 
reduced pressure, at such reduced temperatures an elastomer 
as used for a vial closure is likely to become less elastic, 
hindering the ability of a penetrator to penetrate an elastomer 
closure. Therefore it is preferred that the penetrator penetrates 
such a closure before the liquid has been froZen by the 
reduced temperature. The elasticity of the elastomer material 
of a vial closure may be employed to move the penetrator 
back toWard a ?rst position in Which the penetrator is outside 
the container and does not extend through the penetrable 
region. The elastic nature of such a closure Will tend to close 
the penetration hole resulting from the penetration by the 
penetrator, and Will tend to spring back to eject the penetrator 
from the closure. The elastomer material of a vial closure can 
become less elastic at loWer temperatures. Therefore When 
the process of the invention is the above-mentioned lyophili 
sation process it is preferred to alloW the temperature of the 
closure to rise toWard, preferably to, ambient temperature 
before WithdraWing the penetrator, so that the elasticity of the 
closure is more effective. 

[0057] When the evaporation operation is completed the 
pressure Within the container may be returned to atmospheric 
by the ingress of a sterilised atmosphere e.g. air or an inert gas 
(herein the term “sterile” and derived terms means any reduc 
tion of the level of undesirable matter such as micro-organ 
isms etc. to a level Which is acceptable in the ?eld of lyophi 
lised materials such as drugs or vaccines). This is preferably 
done before the penetrator is WithdraWn so that such an atmo 
sphere may enter the container via the conduit, and before the 
elastic closure of a vial has sprung back to close the puncture 
hole. 
[0058] Suitably the apparatus also comprises means to 
reduce the temperature of the carrier liquid to a temperature at 
Which it is froZen solid. Such means may comprise a hermeti 
cally sealable refrigerated enclosure in Which the container 
and penetrator, and suitably the means to cause the penetrator 
to at least partly penetrate the penetrable region and the means 
to WithdraW the penetrator from the penetrable region, may be 
enclosed. 
[0059] Suitably the apparatus also comprises means to 
evaporate the carrier liquid out of the container via the con 
duit. Such means may comprise a conventional vacuum 
chamber as used in conventional lyophilsation processes to 
apply reduced atmospheric pressure to the liquid in its froZen 
state. 

[0060] Suitably the apparatus also comprises means to 
returned the pressure to atmospheric by the ingress of a steri 
lised atmosphere When the evaporation operation is com 
pleted. 
[0061] Suitably the apparatus also comprises means for 
providing a penetrable region by forming a puncture hole in 
the envelope. For example such means may comprise a hol 
loW ?lling needle Which can be passed through the envelope, 
for example through the elastomer closure of a vial, and via 
Which the dispersion may be ?lled into the vial, and Which can 
be subsequently WithdraWn. Such means may be as discussed 
above. 
[0062] Therefore a preferred sequence of operations for the 
process of this invention is ?rstly to introduce the liquid into 
the container, then to penetrate the penetrable region With the 
penetrator, then to reduce the temperature of the liquid in the 
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container until it is frozen, then to evaporate the froZen liquid 
to thereby lyophilise the content, then to alloW the tempera 
ture of the closure to rise toWard ambient temperature, then to 
return the pressure toWard atmospheric, then to WithdraW the 
penetrator. 
[0063] Preferably in a subsequent step of the process the 
residual hole through the penetrable region left by the pen 
etrator is sealed. This may be achieved in various Ways. For 
example in one Way the material of the envelope, eg the vial 
closure, may be melted eg by application of heat or other 
radiation and alloWed to cool and set. Such a process is for 
example disclosed in US-A-2002/0023409 and WO-A-2004/ 
026735. Additionally or alternatively a cover means may be 
attached to the container to close the site Where the penetrator 
has penetrated the container. Alternate sealing means may be 
used, for example ?xing a sealing means such as a patch or 
?uid substance Which subsequently sets, to the penetration 
site. It may be advantageous to remove the above-mentioned 
removable guide, if used, from the container before this seal 
ing operation. The containers may be transferred by suitable 
means such as a conveyor to a station Where a sealing opera 
tion may be performed to seal the penetration site. 
[0064] After sealing the residual hole through the pen 
etrable region left by the penetrator, if the container is a vial of 
the type disclosed in WO-A-2004/018317 a cover part as 
disclosed therein may be engaged With the vial to cover the 
noW-sealed penetrable region. 
[0065] Suitably the apparatus also comprises means for 
sealing the residual hole through the penetrable region left by 
the penetrator, Which may be achieved in various Ways, as 
discussed above. Such means may comprise a means to direct 
laser radiation at the site of the residual hole. 
[0066] Suitably, if the container is a vial of the type dis 
closed in WO-A-04/018317 the apparatus may comprise 
means to engage a cover part With the vial to cover the sealed 
penetrable region. 
[0067] Therefore an overall process of the invention may 
comprise the steps of: 
[0068] introducing a dispersion of the material in a carrier 
liquid into a vial closed by an elastomer closure by passing a 
holloW ?lling needle through the elastomer closure and intro 
ducing the liquid through the needle, then WithdraWing the 
needle to leave a residual puncture hole through the closure; 
[0069] penetrating the elastomer closure With a penetrator 
such that the penetrator provides a conduit through the enve 
lope to provide communication betWeen the inside and out 
side of the container When the penetrator has penetrated the 
penetrable region; 
[0070] reducing the temperature of the liquid so that the 
liquid freeZes solid; 
[0071] evaporating the carrier liquid out of the container via 
the conduit by means of reduced atmospheric pressure; 
[0072] causing the temperature of the elastomer closure to 
rise toWard, preferably to, ambient and preferably re-pres 
surising the inside of the vial With a sterile atmosphere; 
[0073] WithdraWing the penetrator from the penetrable 
region, then preferably sealing the residual puncture hole. 
[0074] In a further aspect the invention provides a container 
suitable for use in a process or apparatus of the ?rst embodi 
ment as described above, having a penetrator moveably 
mounted thereon, eg on a vial, the penetrator being move 
able reciprocally from a ?rst position in Which the penetrator 
is outside the container and does not penetrate the penetrable 
region, to a second position in Which the penetrator penetrates 
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the penetrable region such that the penetrator provides a 
conduit through the envelope to provide communication 
betWeen the inside and outside of the container When the 
penetrator has penetrated the penetrable region, and prefer 
ably back toWard a ?rst position in Which the penetrator is 
outside the container and does not penetrate the penetrable 
region. 
[0075] In this last-mentioned apparatus the penetrator may 
be as described for the preceding aspects of the invention, and 
may be mounted on a guide as described above. For example 
in an embodiment particularly suitable for container being a 
vial, and the above-mentioned tubular or conical penetrator, 
the guide may comprise a generally cylindrical sleeve or part 
sleeve Within Which the penetrator is reciprocally movable. 
[0076] Suitable and preferred features of such a container 
having a penetrator moveably mounted thereon are as dis 
cussed above. 
[0077] The invention also provides the use of such a con 
tainer having a penetrator moveably mounted thereon in a 
process and apparatus of the ?rst and second aspects of this 
invention. 
[0078] The invention Will noW be described by Way of 
non-limiting example only With reference to the accompany 
ing draWings Which shoW: 
[0079] FIGS. 1 and 2. A vial With a penetrator in ?rst and 
second positions. 
[0080] FIG. 3. An overall schematic process. 
[0081] FIG. 4. A vial on a loWer shelf and a upper shelf 
comprising penetrators. 
[0082] FIG. 5. A schematic vieW of an arrangement accord 
ing to FIG. 4. 
[0083] FIG. 6. A schematic vieW of an alternative arrange 
ment according to FIG. 4. 
[0084] FIG. 7. A perspective vieW of a combination of 
penetrator and guide. 
[0085] FIGS. 8 and 9. TWo sectional vieWs of the combina 
tion of FIG. 7. 
[0086] FIGS. 10, 11 and 12. Sectional vieWs of a penetrator 
mounted on a vial. 

[0087] Referring to FIGS. 1 and 2, a pharmaceutical vial 10 
is shoWn in longitudinal section, being a vial of the type 
disclosed in WO-A-04/ 18317. This vial 10 comprises a gen 
erally cylindrical body 11 made of a clear plastics material 
having an upper mouth 12, Which is closed by an elastomer 
plug closure 13 having an upper domed region 14. The clo 
sure 13 is held in place on the vial body 11 by a plastics 
material clamp part 15, Which snap ?ts over the ?ange 16 of 
vial body 10. The combination of vial body 10 and plug 
closure 13 comprise an envelope as referred to herein. 
[0088] The vial 10 contains an aqueous solution 17 of a 
vaccine material to be lyophilised after subsequently being 
froZen into a solid plug by reducing its temperature. The 
closure 13 has a puncture hole 18 passing completely through 
it. The solution 17 has been previously introduced into vial 10 
by a process of radiation sterilising the interior of the vial 10, 
passing a holloW ?lling needle (not shoWn) through the clo 
sure 13, introducing the solution 17 into the vial 10 via this 
needle, then subsequently WithdraWing the needle to leave the 
puncture hole 18. The closure 13 is suf?ciently elastic that 
after the needle has been WithdraWn the elastomer material of 
the closure springs together to physically close the puncture 
hole 18 by compressing the sides of the hole 18 together. 
[0089] A penetrator 20 is shoWn moveably mounted on the 
vial 10. Penetrator 20 comprises a generally holloW conical 
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member with its apex pointing downwardly toward the upper 
outer surface of the closure 13. The conical member 20 has an 
opening 21 at its apex with a narrowest cross section ca. 2 

mm, and has an open base and has a hollow interior. The 
conical member 20 is moveably mounted on the vial 10 by 
means of the member 20 being reciprocally moveable within 
a cylindrical guide 30 which is removeably mounted on the 
clamp part 15, by means of the guide 30 having a snap ?t bead 
31 adjacent its lower end which can snap-?t engage with a 
groove 19 in the outer surface of the clamp part 15. To facili 
tate the reciprocal movement of the member 20 within the 
guide 30 the member 20 is integrally provided with an outer 
collar 22 which is a close conforming sliding ?t inside guide 
30. 

[0090] The penetrator 20 can be moved reciprocally from a 
?rst position seen in FIG. 1 in which the penetrator 20 is 
outside the vial 10 and does not at least partly penetrate the 
penetrable region 14 of the closure 13. In this position the 
penetrator 20 is resting on the upper surface of the part 14, 
adjacent to the puncture hole 18. The penetrator 20 is move 
able from this ?rst position to a second position seen in FIG. 
2 in which the apex of the penetrator 20 at least partly pen 
etrates the penetrable region 14 of the closure 12. 
[0091] The penetrator 20 has been moved from the ?rst 
position shown in FIG. 1 into the second position seen in FIG. 
2 by means of the member 40 which is situated above the 
assembly of vial 10, penetrator 20 and guide 30. In practice 
plural vials 10 are arranged in a two dimensional array on a 
?rst shelf 50, and further shelves of vials 10 (not shown) are 
stacked vertically shelf 50. The member 40 comprises part of 
a vertically adjacent shelf which bears upon the penetrator 20 
to urge the penetrator 20 into the second position shown in 
FIG. 2. This may be achieved by loading the shelves 40, 50 
into a rack (not shown) which supports them with a vertical 
spacing to achieve this. The collar 22 of penetrator 20 has an 
upper part 23 with apertures 24 therein in communication 
with apertures (not shown) in guide 30. A barrier membrane 
25 which is permeable to gases but obstructs the passage of 
particles is provided across the open base of the conical 
member 20. Additionally the upper rim of part 23 may be 
castellated. 

[0092] As is seen in FIG. 2 in this position the pointed apex 
of the penetrator 20 has partly penetrated the domed upper 
part 14 of the closure 13 by forcing open the puncture hole 18, 
and forcing apart the parts of the elastomer of the closure 
immediately adjacent to the puncture hole 18. These adjacent 
elastomer parts 110 are forced toward the interior of the vial 
10. In the position shown in FIG. 2 the opening 21 and the 
hollow interior of the conical member 20 and apertures 24 
comprise a conduit between the interior of the vial 10 and the 
exterior. 

[0093] In the con?guration shown in FIG. 2 the assembly of 
vial 10, penetrator 20 and guide 30 have been cooled to a 
temperature which maintains the solution 17 froZen solid and 
then exposed to a reduced atmospheric pressure. The carrier 
liquid of solution 17 has evaporated by sublimation, its 
vapour escaping through the conduit formed by the opening 
21 and the hollow interior of the conical member 20 and 
apertures 24, until the vaccine dissolved therein is left as a 
lyophilised solid 111. 
[0094] When the lyophilisation process is completed the 
interior of the vial 10 can be re-pressurised by allowing a 
sterile gas such as air to enter the vial. 

Jun. 25, 2009 

[0095] The shelf 40 is then raised, i.e. to a position corre 
sponding to FIG. 1. The elasticity of the elastomer material of 
the closure 13 is employed to move the penetrator 20 back 
toward a ?rst position corresponding to FIG. 1. The elastic 
nature of the closure tends to close the penetration hole seen 
in FIG. 2 resulting from the penetration by the penetrator 20 
and tends to force the penetrator 20 toward the position shown 
in FIG. 1. The force applied to the penetrator 20 and the 
restraint of movement of the penetrator 20 by the upper shelf 
40 maintains the penetrator 20 in the position shown in FIG. 
2 extending through the elastic closure 13. When the shelf 40 
is raised away from the penetrator 20 this force and restraint 
is released and the elasticity of the closure 13 springs the 
penetrator back into the ?rst position as shown in FIG. 1 . Also 
the elasticity of the closure 13 physically closes the puncture 
hole 18. 

[0096] Thereafter the guide 30 may be detached from the 
vial 10. The residual hole 18 through the closure 13 may be 
sealed, which may for example be achieved by the known 
process of directing a beam of laser radiation at the puncture 
hole 18 to melt the adjacent elastomer material and subse 
quently allow the molten material to set and seal the puncture 
site. A cover part (not shown) may then be engaged with the 
clamp part 15 to cover the now-sealed penetrable region 18. 

[0097] An alternative construction (not shown) of penetra 
tor 20 may have a conical member 20 with a pointed apex, but 
with one or more external concavity e. g. groove which when 
the member 20 is in a position corresponding to FIG. 2, form 
a conduit between the sides of the hole 18 and the penetrator 
20 through which the carrier liquid of the solution 17 can 
escape. 

[0098] FIGS. 3A to 3M schematically show an overall pro 
cess. 

[0099] In FIG. 3A an empty vial 10 with its closure 13 and 
clamp part 15 is shown, its interior being sterile as a result of 
radiation sterilisation or sterile manufacture. 

[0100] In FIG. 3B a ?lling needle 60 is passed through 
closure 13, creating a puncture hole 18, and the solution 17 of 
a material to be lyophilised is introduced into vial 10 via 
needle 60. 

[0101] In FIG. 3C the ?lling needle 60 has been withdrawn 
from the closure 13, leaving the residual puncture hole 18, 
which is closed by the adjacent elastomer material of closure 
13 springing back under its elasticity. 
[0102] In FIG. 3D the penetrator 20, the guide 30 and the 
membrane 25 are assembled. FIG. 3D shows a guide 30 
which is a part cylindrical sleeve comprising an upper ring 
shaped frame 32 and lower resilient snap-?t legs 33. 
[0103] In FIGS. 3E and 3F a ?tting tool 70 is used to engage 
the combination of penetrator 20 and guide 3 0 with the vial 10 
containing the solution 17. 
[0104] In FIG. 3G the ?tting tool 70 has been disengaged 
from the assembly 20,30, and the vial 10 plus the assembly 
20,30 has been arranged on a lower tray 50, with an upper tray 
40 spaced vertically above with a similar array of vials 10 (not 
shown) thereon. The penetrator 20 is resting on the top of the 
closure 13. 

[0105] In FIG. 3H the shelf 40 is lowered relative to the 
lower shelf 50, and bears on the penetrator 20, as in FIG. 2. 
The penetrator 20 at least partly penetrates closure 13, elas 
tically forcing back the elastomer material of the closure 
adjacent the puncture hole 18. 
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[0106] In FIG. 3I With shelves 40,50 in the same con?gu 
ration as in FIG. 3H the temperature has been reduced so that 
the solution 17 is froZen solid. 
[0107] In FIG. 3] the froZen solution 17 has been exposed at 
the reduced temperature to a reduced atmospheric pressure so 
that the vapour of the froZen liquid of the solution 17 subli 
mates out through the penetrator 20 to leave the material as a 
dry lyophilised solid 111. 
[0108] In FIG. 3K the lyophilisation process is complete, 
all the liquid has sublimed from the froZen solution 17, the 
vial has been re-pressurised With a sterile atmosphere e.g. 
nitrogen, and the temperature of the vial 1 0 and its closure has 
been alloWed to rise to ambient. Shelf 40 has been lifted from 
its position of bearing on penetrator 20 so that the elasticity of 
the closure 13 springs the penetrator 20 upWards toWard the 
?rst position. 
[0109] The steps shoWn in FIGS. 3G to 3K may take place 
inside a generally conventional lyophilisation freeZe-drier, 
and the loWering and raising of shelves 40 may be performed 
by generally conventional machinery. 
[0110] In FIG. 3L the assembly 20,30 has been disengaged 
from vial 10. A de-?tting tool (not shoWn) may be used for 
this purpose, and conveniently the vials 10 have a loWer 
?ange 112 alloWing a holding means (not shoWn) to hold the 
vial doWn against the upWard pulling force of such a de-?tting 
tool. The elasticity of closure 13 again causes the puncture 
hole 18 to close. 

[0111] In FIG. 3M a laser beam 80 has been directed at the 
elastomer material adjacent to puncture hole 18 to seal this 
hole, as described above. 
[0112] From FIG. 3 it can be seen that at no time after the 
vial 10 has been ?lled until the vial 10 is in the lyophilisation 
chamber is the vial 10 open to the environment Where it might 
be contaminated. Also the vials as at FIG. 3C may be 
inspected for particulate contamination Without fear of fur 
ther contamination, as the elasticity of the closure 13 holds 
the puncture hole 18 closed. 
[0113] Suitable conveyors etc. may be used to transport the 
vials 10 through this process, and suitable automatic machin 
ery may be used to assemble the parts 20,30 and to engage this 
assembly With the vials 10. The stack of shelves 40,50 may be 
moved up and doWn vertically by knoWn means, e. g. hydrau 
lically. The parts 20, 30 may be re-usable after suitable clean 
ing and sterilisation. 
[0114] FIGS. 4 and 5 illustrate a process of the second 
embodiment and a suitable apparatus. Referring to FIG. 4 
plural vials 10 of the type disclosed in WO-A-04/0l83l7 are 
shoWn. The vials 10 are situated on an upWard facing surface 
40 of a loWer shelf 41. The surface 40 is provided With 
centering plugs 42, typically cones, Which ?t into a corre 
sponding socket in the base of vials 10 to securely locate the 
vials 10 in a predetermined position on shelf 40. There is a 
vertically adjacent upper shelf 43. Shelves 41,43 are made of 
metal, e.g. stainless steel. Extending from the loWer surface 
44 of upper shelf 43 are plural penetrators 45A, 45B, 45C, 
45D, 45E. Each penetrator 45A, 45B, 45C, 45D, 45E com 
prises a generally conical member With its apex pointing 
doWnWardly from the loWer surface 44 of the upper shelf 43 
toWard the loWer shelf 40. Penetrators 45A,45B,45C,45D and 
45E are each a holloW cone With a hole 46 adjacent its apex, 
With an open base such that its apex may penetrate the pen 
etrable region of closure 13 of a vial 10 and vapour of the 
carrier liquid may enter the apex, pass through the holloW 
interior of the cone and exit via the open base analogously as 
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described above. Penetrators 45A,45B and 45E are shoWn in 
section to illustrate their construction. Penetrators 45A,45B, 
45C,45D and 45E are made integrally of metal With the upper 
shelf. Above and in contact With the upper surface 47 of shelf 
43 is a sterile ?lter sheet 48 Which can alloW gases to pass 
through but prevents passage of particles, and ?lter sheet 48 is 
itself held in place by an upper plate 49 With apertures passing 
through corresponding to the positions of the open bases of 
the penetrators 45A-E. In FIG. 4A penetrators 4A-C are in a 
?rst position in Which the penetrators 4A-C are outside vials 
10 and do not penetrate the closures 13 ofvials 10. In FIG. 4A 
the penetrators 45B,45C are in a position analogous to the 
penetrators 20 in FIG. 3G. 
[0115] FIG. 4B shoWs hoW upper shelf 43 is moved doWn 
Wardly relative to loWer shelf 41 into a second position in 
Which penetrator 45D penetrates the closure 13 of vial 10. In 
this position the holloW interior of the penetrator 45D alloWs 
vapour of froZen carrier liquid to escape from vial 10 via hole 
46 and the open base of the cone. In FIG. 4B the penetrator 
45D is in a position analogous to the penetrator 20 in FIG. 
3H-3J. 

[0116] FIG. 4C shoWs hoW the upper shelf 43 is then 
returned back into a ?rst position in Which the penetrator 45E 
is outside the vial 10 and does not penetrate the closure 13. In 
FIGS. 4B and 4C the ?lter 48 and plate 49 are omitted for 
clarity. In FIG. 4C the penetrator 45E is in a position analo 
gous to penetrators 20 in FIG. 3G. 
[0117] Referring to FIG. 5 an arrangement of a loWer shelf 
41 With vials 10 thereon i.e. as shoWn in FIG. 4 is shoWn. In 
FIG. 5A the upper shelf 43 is raised so that penetrators 45 are 
in their ?rst position, i.e. as in FIGS. 4A and 4C. In FIG. 5B 
the upper shelf 43 is in its loWerposition so that penetrators 45 
are in their second position as shoWn in FIG. 4B. The upper 
and loWer shelves 41,43 are biased into this second position as 
shoWn in FIG. 5A by springs 50 positioned Within telescoping 
tubular housings 51,52. In FIG. 5B springs 50 are in their 
compressed state. In the arrangement shoWn in FIGS. 4 and 5 
vials 10 may be positioned on the loWer shelf 41 With the 
upper shelf 43 absent, then the upper shelf 43 may be posi 
tioned over loWer shelf 41. The telescoping spring housings 
51,52 help to position the penetrators 45 over vials 10 and 
guide the penetrators 45 toWard vials 10 as the upper shelf 43 
is loWered toWard the loWer shelf 41 against the bias of 
springs 50. The upper shelf 43 may be held in the position 
shoWn in FIG. 5B against the bias of springs 50 during the 
step of evaporating the froZen carrier liquid out of the vials 10 
by a suitable means eg a stop. 

[0118] Referring to FIG. 6 the upper shelf 43 has an upWard 
facing surface 60 on Which are situated plural vials 10 in a 
manner analogous to that in FIGS. 4 and 5. Vertically adjacent 
to this upper shelf 43 there is a further upper shelf 61 Which 
comprises plural penetrators 451 above this upWard facing 
surface. The shelves 43 and 61 are biased apart by springs 62 
positioned Within telescoping tubular housings 63,64 in a 
manner analogous to FIG. 5. This further upper shelf 61 may 
be moved doWnWardly toWard shelf 43 analogously to the 
Way shelf 43 may be moved doWnWardly toWard loWer shelf 
41 as described above With reference to FIG. 5. The further 
upper shelf 61 may itself have an upWard facing surface 65 on 
Which are situated plural vials (not shoWn), so that plural such 
shelves may be stacked vertically relative to each other. 
[0119] The arrangement shoWn in FIGS. 4-6 can be used in 
a process analogous to FIG. 3. Vials 10 containing a solution 
of a material to be lyophilised may be positioned on loWer 
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shelf 41 and upper shelf 43 may be positioned as shown in 
FIGS. 4A and 5A. Upper shelf 43 may then be lowered, e.g. 
against the bias of springs 50, into the position as shoWn in 
FIGS. 4B and 5B so that penetrators 45 penetrate the closures 
13 of vials 10. The carrier liquid in the vials 10 may then be 
froZen by exposure to reduced temperature. The froZen car 
rier liquid may then be evaporated out of vials 10 via the 
penetrators 45. The vials 10 may then be re-pressurised With 
a sterile atmosphere such as nitrogen and their temperature 
alloWed to rise toWard ambient. Then the upper shelf 43 may 
be raised relative to the loWer shelf 41 so that the shelves 
43,41 are in the position shoWn in FIGS. 4C and 5A. 
[0120] Thereafter the vials 10 may be removed from loWer 
shelf 41 and the residual puncture hole 18 in the closure 13 
sealed With a focused laser beam as in FIG. 3M 
[0121] The process and apparatus illustrated in FIGS. 3, 4, 
5 and 6 is suitably respectively performed and located inside 
a sterile enclosure the temperature of Which can be controlled 
betWeen ambient and a temperature at Which the carrier liquid 
is froZen, and the atmospheric pressure of Which can be 
controlled betWeen ambient and a reduced atmospheric pres 
sure. 

[0122] Referring to FIGS. 7, 8 and 9 a combination 70 of a 
penetrator 71 and a guide 72 is shoWn, in FIGS. 8 and 9 being 
shoWn mounted on a vial 10. The penetrator 71, as seen more 
clearly in FIGS. 8 and 9 comprises a generally conical mem 
ber 73, With a holloW interior 74 and an opening 75 at its apex. 
The apex of this conical shaped member is adapted to pen 
etrate a penetrable region, being puncture hole 18 in an elas 
tomeric closure 13 of vial 10. The penetrable region of the 
closure 80 comprises a residual puncture hole (not shoWn) 
Which has been made by a ?lling needle (not shoWn) used to 
introduce a liquid content (not shoWn) for lyophilisation into 
the vial 81. 
[0123] The guide 72 comprises a generally cylindrical 
sleeve Within Which the penetrator 71 is mounted. As shoWn 
in FIG. 8 the penetrator 71 is in its ?rst position, With the apex 
75 of the conical penetrator 73 pointed doWnWards as seen, 
the penetrator 71 not penetrating the closure 13, and With ca. 
1 mm space betWeen the apex 75 of the penetrator 71 and the 
upper (as seen) surface of the closure 13. 
[0124] The penetrator 71 and guide 72 are made integrally 
of plastics material, and are so made initially linked by plural 
(six are shoWn there may be more or less) thin frangible 
integral links 76 With the penetrator in its ?rst position as 
shoWn in FIG. 8. 
[0125] As shoWn in FIG. 9 the penetrator 71 has been 
moved analogously as shoWn in FIGS. 1 and 2 toWards a 
second position so that the penetrator 71 thereby penetrates 
the closure 13, opening the residual puncture hole 18. Sever 
ance of the links 76 occurs. The liquid content of vial 10 is not 
shoWn in FIGS. 8 and 9. 
[0126] The penetrator 71 has an upper rim With openings 77 
corresponding to the vents 24 of FIG. 1. The guide 72 is 
removably mounted on vial 10 by a snap-?t connection analo 
gous to that of FIG. 1, using the resilient ?ngers 78 Which 
engage With the groove 19 of vial 10. A barrier membrane 
analogous to that 25 of FIG. 1 Which is permeable to gases but 
obstructs the passage of particles may be provided across the 
open base of the conical member 73. 
[0127] Referring to FIGS. 10, 11 and 12 a penetrator 100 is 
shoWn mounted on a vial 10 of the type previously shoWn. 
Penetrator 100 comprises a generally conical member 101 
analogous to the penetrators exempli?ed above, and made of 
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plastics material by means of injection moulding. The pen 
etrator 100 is mounted on the clamp part 15 of the vial 10 by 
means of a snap ?t engagement. This snap-?t engagement is 
provided by a skirt 102 extending in the cone base-apex 
direction and surrounding the conical member 101, the skirt 
102 having snap-?t engagement ?ngers 103 means adjacent 
the rim furthest from the cone base Which engage, as above, 
With a groove on the clamp part 15. The conduit 104 through 
the conical member 101 of the penetrator is closed by a barrier 
membrane 108 eg as shoWn across the open base of the 
holloW conical interior Which alloWs gases to pass through but 
not particulate contaminants. The barrier membrane prevents 
the ingress of contaminants into the interior of the vial 10 
through the conduit 104 of the penetrator 100. 
[0128] As shoWn in FIGS. 10, 11 and 12 the penetrator 100 
is mounted on the vial 10 in a position in Which the penetrator 
is penetrating the residual puncture hole (not shoWn) in the 
elastomeric closure 13 of the vial 10 in a manner analogous to 
the above. The mounting is achieved by means of mounting 
tool 105 bearing doWnWards upon the penetrator 100 to oper 
ate the snap-?t engagement. 
[0129] With the penetrator 100 and vial 10 in the con?gu 
ration shoWn in FIG. 11, froZen liquid content (not shoWn) in 
vial 10 can be evaporated out through the conduit 104, as 
above. 
[0130] When the evaporation is complete the penetrator 
100 is removed from the vial 10. This is achieved as shoWn in 
FIG. 12 by means of a removal tool 106 Which bears upon the 
upWardly extending part of pivot lever 107, the operation of 
Which in relation to one of the ?ngers 103 is shoWn, to thereby 
disengage the snap-?t engagement. The elasticity of the clo 
sure 13 can then spring the penetrator out of its penetrating 
relationship With the closure 13. 

1. A process for preparing a lyophilised material compris 
ing: 

providing a container bounded by an envelope having a 
penetrable region and containing a dispersion of the 
material in a carrier liquid, 

penetrating the penetrable region With a penetrator such 
that the penetrator provides a conduit through the enve 
lope to provide communication betWeen the inside and 
outside of the container When the penetrator has pen 
etrated the penetrable region, 

evaporating the carrier liquid out of the container via the 
conduit, and 

WithdraWing the penetrator from the penetrable region. 
2. (canceled) 
3. The process according to claim 1 Wherein the container 

is a vial, having a mouth opening closed by an elastomeric 
closure, and the penetrable region comprises a region of this 
elastomeric closure. 

4. The process according to claim 1 Wherein evaporating 
the carrier liquid out of the container via the conduit is per 
formed by 

maintaining the dispersion at a temperature such that the 
carrier liquid is froZen, and 

applying reduced pressure so that the froZen liquid subli 
mates directly from the solid to the vapour state. 

5. The process according claim 1 Wherein the penetrable 
region comprises a previously-formed puncture hole in the 
penetrable region. 

6. An apparatus suitable for use in the process according to 
claim 1 comprising: 
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a penetrator capable of penetrating a penetrable region of a 
container bounded by an envelope having a penetrable 
region therein and containing a dispersion of the mate 
rial in a carrier liquid such that the penetrator When 
penetrating the penetrable region provides a conduit 
through the envelope to provide communication 
betWeen the inside and outside of the container When the 
penetrator has penetrated the penetrable region, 

means to cause the penetrator to penetrate the penetrable 
region, 

means to evaporate the carrier liquid out of the container 
via the conduit, and 

means to WithdraW the penetrator from the penetrable 
region. 

7. The apparatus according to claim 6 Wherein the penetra 
tor comprises 

a generally tubular member having an end adapted to pen 
etrate the penetrable region, and 

one or more concavity in its outer surface 

that provides a conduit betWeen the penetrator and the adja 
cent surface of the penetrable region. 

8. The apparatus according to claim 6 Wherein the penetra 
tor comprises a generally conical member With a opening 
adjacent its apex, an open base or an opening adjacent its 
base, and a conduit passing through the penetrator linking 
these tWo openings, such that its apex may penetrate the 
penetrable region and vapour of the carrier liquid may enter 
the apex, pass through the holloW interior of the conical 
member, and exit. 

9. The apparatus according to claim 6 Wherein the penetra 
tor is mountable on a container so that the penetrator can be 
moved from a ?rst position in Which the penetrator is outside 
the container and does not penetrate the penetrable region, to 
a second position in Which the penetrator penetrates the pen 
etrable region. 

10. The apparatus according to claim 9 Wherein the pen 
etrator is in combination With a guide, the combination com 
prising: 

a penetrator adapted to penetrate a penetrable region of the 
envelope of a container to thereby provide a conduit 
through the envelope to provide communication 
betWeen the inside and outside of the container When the 
penetrator has penetrated the penetrable region, and 

a guide Which is mountable on a container to thereby sup 
port the penetrator 

such that the penetrator can be moved from a ?rst position in 
Which the penetrator does not penetrate the penetrable region 
to a second position in Which the penetrator penetrates the 
penetrable region, and optionally back toWard a ?rst position 
in Which the penetrator does not penetrate the penetrable 
region. 

11. The apparatus according to claim 10 Wherein the pen 
etrator comprises a generally conical member, and the guide 
comprises a generally cylindrical sleeve or part sleeve Within 
Which the penetrator is movable, and Which may be mounted 
on a vial. 

12. The apparatus according to claim 10 Wherein the pen 
etrator and the guide are made integrally of plastics material 
and are made initially linked by one or more thin frangible 
integral link With the penetrator in the ?rst position, so that so 
that as the penetrator is moved from the ?rst position toWard 
the second position severance of the link occurs. 

13. The apparatus according to claim 6 further comprising 
a loWer shelf having an upWardly facing surface suitable for 
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locating plural containers thereon, and a vertically adjacent 
upper shelf having a doWnWard facing surface Which com 
prises plural penetrators, the upper and loWer shelves being 
moved relatively toWard each other, so that the penetrators 
thereof are thereby moved reciprocally from a ?rst position in 
Which the penetrator does not penetrate the penetrable region, 
to a second position in Which the penetrator penetrates the 
penetrable region, and optionally back toWards a ?rst position 
in Which the penetrator does not at least partly penetrate the 
penetrable region. 

14. The apparatus according to claim 13 Wherein each 
penetrator comprises a generally conical member With its 
apex pointing doWnWardly from a loWer surface of the upper 
shelf toWard the loWer shelf. 

15. The process according to claim 1 performed in the 
folloWing order: 

introducing the dispersion of the material in a carrier liquid 
into the container, 

penetrating the penetrable region With the penetrator, 
reducing the temperature of the liquid in the container until 

it is froZen, 
evaporating the froZen liquid to thereby lyophilise the con 

tent, 
alloWing the temperature of the container to rise toWard 

ambient temperature, 
returning the pressure toWard atmospheric, and 
WithdraWing the penetrator. 
16. The process according to claim 15 Wherein the con 

tainer is a vial With an elastomeric closure, the penetrable 
region comprises a puncture hole in an elastomer vial closure, 
and Wherein the process further of comprises sealing the 
residual puncture hole. 

17. An apparatus suitable for use in a process according to 
claim 1 comprising: 

a penetrator adapted to penetrate the penetrable region of 
the envelope of the container to thereby provide a con 
duit through the envelope to provide communication 
betWeen the inside and outside of the container When the 
penetrator has penetrated the penetrable region, and 

a guide Which is mountable on the container to thereby 
support the penetrator so that the penetrator can be 
moved from a ?rst position in Which the penetrator does 
not penetrate the penetrable region to a second position 
in Which the penetrator penetrates the penetrable region, 
and optionally back toWard a ?rst position in Which the 
penetrator does not penetrate the penetrable region. 

18. The apparatus according to claim 17 characterised in 
that Wherein the penetrator comprises 

a generally tubular member having an end adapted to pen 
etrate the penetrable region, and 

one or more concavity in its outer surface that provides a 
conduit betWeen the penetrator and the adjacent surface 
of the penetrable region. 

19. The apparatus according to claim 17 Wherein the pen 
etrator comprises a generally conical member With an open 
ing adjacent its apex, an open base or an opening adjacent its 
base, and a conduit passing through the penetrator, such that 
its apex may penetrate the penetrable region and vapour of the 
carrier liquid may enter the apex, pass through the holloW 
interior of the conical member, and exit. 

20. The apparatus according to claim 17 Wherein the pen 
etrator comprises a generally conical member, and the guide 
comprises a generally cylindrical sleeve or part sleeve Within 
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Which the penetrator is movable, and Which may be mounted 
on a vial having an elastomeric closure. 

21. The apparatus according to claim 17 Wherein the pen 
etrator and the guide are made integrally of plastics material 
and are made initially linked by one or more thin frangible 
integral link With the penetrator in the ?rst position, so that as 
the penetrator is moved from the ?rst position toWard the 
second position severance of the links occurs. 

22. An apparatus suitable for use in a process according to 
claim 1 Wherein the penetrator is itself mountable on the 
container in a position in Which the penetrator is penetrating 
the penetrable region of the container. 
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23. The apparatus according to claim 22 Wherein the pen 
etrator comprises a generally conical member, and Which is 
mountable on the container by means of a snap ?t engage 
ment. 

24. The apparatus according to claim 22 Wherein the pen 
etrator comprises a conical member at least partly surrounded 
by a skirt extending in the cone base-apex direction, the skirt 
having snap-?t engagement means adjacent the rim furthest 
from the cone base. 


