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IMPROVED INJECTIONS

INVENTION FIELD

The invention refers to methods for the parenteral injection of medicines. In particular,
a hypodermic syringe, typically used in 'the administration of medicaments, in which
drugs' or vaccines are stabilised in a porous matrix contained in the barrel of the
syringe.

BACKGROUND

The syringe has a long history. A type of syringe with a barrel and plunger was in use
in Roman times. However, pharmaceuticals have only been routinely injected using
the hypodermic needle and syringe since their invention around 160 years ago.
Surprisingly, the appearance and basic design of the syringe has changed littie In
more than a century and a half since then. A series of refinements has led to the
highly efficient standard disposable syringe of today which still works in the same way
as the original device. Sixteen billion syringes are used annually. The enduring
popularity indicates an impressive “fitness for purpose”. However serious drawbacks
do exist and are only tolerated because no effective solution to them has yet been
devised.

The first drawback is that the standard syringe as supplied must be manually filled at
the time of injection with a precisely aspirated dose of the pharmaceutical. This is
usually done from a separately supplied vial containing the drug in solution. Apart
from the cost and inconvenience of supplying the via), this process sometimes leads to
aspiration of an incorrect dose or even the incorrect arugs being filled from the wrong
vial and injected.

A syringe that was supplied pre-filled with the correct dose already in it would be a
cheaper and safer alternative. Several attempts have been made to develop and

popularise such pre-filled syringes (WO96/40077/, WQ099/27983) but pre-filled syringes
also suffer from serious drawbacks. Firstly, although an empty syringe can be stored

indefinitely at room temperature, when pre-filled with more labile drugs, they need
refrigerated storage. Because the standard plastic syringes are slightly permeable to
water vapour they cannot be used to store drugs dissolved in water except for a short
time. Otherwise the drug maybe damaged by over-concentration and the correctness

SUBSTITUTE SHEET (RULE 26)
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of the dose becomes uncertain. Alternatively, glass syringes, which are impermeabie
to water vapour, can be used but they add to the cost of injections and aiso constilute
a sharps hazard. Broken glass syringes may injure both the patient and the health

Workey.

Secondly, although the necessity of refrigerating most unstable drugs can De
ameliorated by drying the drug {usually in conjunclion with siabilising agents} the
results are less than perfect. Drugs that are freeze-dried in ampoules are siill
refrigerated for prolonged storage and still nesd to be aspirated info the syringe atter
re-hydration.  An alternative, drying drug solutions inside the syringe iisell, can de
employed. For effective usability, the dried drug must be in a finely divided form so as
to dissolve immediately on rehydration. This dried form can be achieved by either
freeze drying (WOBG/274883) or vacuum foam drying (WOBG/40077). These are
difficult and expensive processes. Drugs freeze dried in this way are usually kept
refrigerated for optimum stability. However, carefully formuiated and processed
vacuum foam drying can provide a room-temperature-storable, safe and convenient
product. However there is a large variability in the degree of foam formation wilh
many syringes falling to foam at all. The formidable manufacturing difficulties of
achieving successful drving within the syringe containing the pharmaceutical in liquid
form and the high cosis have stifled uptake of the process. A further technical
disadvantage is that dried products of this type still require several minutes o
redissolve compistely and are not suitable as immediately injectable formuiations.

This problem is particularly acute in the vaccine industry since virtually all vaccines are
unstable to some degree and are required {0 be held in refrigeraled slorage. This
“eold chain”. which must exiend all the way from the factory to provincial depotls, is
unrefiable and freguently breaks down. In 2008 $17 billion worth of vaccines wers
administered woridwide. Between 20086 and 2015 the cost of scaling up coverage and
delivering new vaccines woerldwide is expected {o rise to $76 billion (WHGO, UNICEF,
World Bank, Siale of the world’s vaccines and immunization, 3rd ed. Gensva, Worlg
Health Organization, (2000)). The World Health Organization (WHO) point out that
this will not be possible using standard vaccineg formats ("Revolutionizing
immunizations.” Jodar L., Aguado T, Lioyd J and Lambert P-H. Genetic Engineering
News Feb 15 (1988)). The cost of the cold chain for the vaccine indusiry and for non-
governmental health organizations running immunization campaigns is enormous. the
WHO has estimated that just the maintenance cost of the cold chain is over 3200
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million annually. In addition, immunization campaigns may reach only those living-
olose 1o the last link of the cold chain. Because of breakaowns in corredt temperaiure
storage between 50 and 70% of all vaccines are damaged (PATH. Preventing
Accidental Freezing in the Cold Chain: An Intreduction to Cold Chain Freezing and
Some Options for Reducing it {2003})). A most imporiant requirement of any new
nrocess for stabilising and delivering vaccines is determined by the very large cost of
world-wide vaccination efforts. The expensive technologies described above are of no

oractical use in most areas.

Vaccination campaigns require medically trained staff o ensure that the dose is
sorrectly injected and shows no obvious signs of degradation. The need o reconstifule
vials of some vaccines, such as measies, yellow fever and BCG, in the field i1s aiso a
serious concern. Upon rehydration these vaccines become unstable again and cannot
be stored. They must be injected promptly after reconstitution, which is often not
possible in mass vaccination campaigns. Reconstifution must be done precisely to
ensure correct dosage and i also intreduces a polential source of contamingtion whicn
nas led o clinical disasters.

it is often necessary {0 give more than one vaccine al a session and f multivalent
vaccines are not available due to the chemical incompatibility of some of the
components this may require 2 or more injections. The WHO has highlighted these
oroblems by actively encouraging research info the nexi generation of siabis
multivalent vaccines which are presented in single injections and have no need {or
refrigeration (J. Lioyd. Technologies for vaccing delivery in the 21st century. Word
Health Croanization Geneva (2000} in colfaboration with Deparirnent OF Vacoines And
Biologicals UNICEF., Lloyd J. and Aguado MT. Pre-Filled monodose Injection
Devices: A safety standard for new vaccines, or a revolulion in the delivery of
immunizations? WHO publication May (1988). Aguado M T., Jodar L., Lioyd J,
Lambert P H. General Policy issues: injeciable solid vaccines: a role in future
immunization?” WHO publication No A58781).

INVENTION SUMMARY

To address the problems described above this invention proposes a conventional
pharmaceutical syringe comprising a pharmaceutical material stabilised in a soiuble
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dry glass coaling the surfaces of the voids in a compressible porous mainx which is
iocated within the barre! of the syringe between the plunger and the needle fitling.

Upon drawing the water into the syringe the soluble glass rapidiy dissolves {0 reigase
the pharmaceutical material info the water for injection. Compression of the porous
mairix at the end of the injection sircke ensures delivery of the complete dose of
yaggine,

Accordingly, the syringe of the present invention is suitable for the administration of &
iguid-carried pharmaceutical {0 a palient. The syringe contains & pharmaceutical
stabilized in a giass that is soluble in a carrier liguid {(e.g. water, saline) and thal s In &
compressible porous malnix located in the barrel of the syringe, 8¢ that the glass
dissolves in the carrier liquid thereby releasing the pharmaceutical inlo the carrier
Houid for administration {o the palient.

A wide rangs of bioactive molecules may be stabilized by drying in soluble glasses,
parficutarly sugar glasses (see e.g., US4801319, GBZ187191, US5855448). These
dry, stabilized actives are unaffected by high or freezing temperatures 1The
mechanism underlying the remarkable stabilization of molecules by certain sugars is
the ahility of drving solutions to undergo glass-ransformation rather than
crystallisation. The disaccharide irehalose readily forms stable glasses (Green JL. &
Angel CA Phase relations and vitrification in saccharide water solufions and the
irehalose anomaly J Phys, Chem. 83 2880-2882 (1988)) and has excellent stabilising
properties.

One of the advantages of the present invention is that the compressible porous matrix
having the pharmacsutical-containing glass in it can be dried oulside the syringe and
then inserted it into the syringe during the manufacturing step in a form that can easily
and cheaply be manufactured and stored at ambient temperature without deterioration,
and can be used immediately without any sel up. The drying can be achieved by air
drying, which is a convenient and low cost way of drying the glass that contains the
pharmaceutical.

The provision of stable, ready-{o-inject dose formulations that are relatively
inexpensive and packed in the syringe itself greatly reduces cosis since the additional
storage and delivery costs for other eguipment are saved. This is a particular
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advantage with multiple component formulations containing more than one active
ingredient, such as multivalent vaccines. Difficulties with chemical incompatibility of

multiple components are reduced since they are stored in a dry, stable form. Further,

the need for providing multiple phials containing the various active ingredients is

avolded.

In a first aspect, the invention provides a syringe comprising a pharmaceutical in a
soluble glass, wherein the soluble glass is in a compressible porous matrix. In a
second aspect, the invention provides a compressible porous matrix insert
comprising a pharmaceutical in a soluble glass, which insert is suitable for insertion

Into the barrel of a syringe.

In relation to the first aspect, the invention provides a pharmaceutical syringe,
comprising a syringe barrel, and having a compressible porous matrix in the syringe

barrel, wherein the compressible porous matrix has in it a pharmaceutical in a soluble

glass.

In relation to the second aspect, the invention provides a compressible porous matrix
insert for inserting into the barrel of a syringe for delivery of the pharmaceutical to a
subject, which insert is a body of a compressible porous matrix having in it a

pharmaceutical in a soluble glass.

Preferred or optional features of the invention will now be set out. These may be
applied singly or in any combination with any aspect or development of the invention

described herein, unless the context demands otherwise.

The term syringe refers to a pharmaceutical syringe, which is a syringe suitable for
delivery of a pharmaceutical to a subject, particularly parenteral delivery of a
pharmaceutical to a subject (a subject may also be referred to herein as a patient).
The term syringe used herein encompasses any pharmaceutical injection device, for
example a device used for mass inoculations. A syringe typically comprises a barrel,

which is a compartment for holding or receiving a liquid for injection, and a plunger for

CA 2896377 2018-04-25
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actuating discharging of the liguid from the barrel for delivery of the liguid 1o a subject.
The plunger may be fitted into one end of the barrel, while the other end of the barrel
has an outlet connected to, or connectable {o, a neadle (e.g. a hypodermic neegie) or
a tubing or further medical apparatus. A syringe piunger typically has & sealing
member al one end, which fits tightly into the syringe barrel to form a water-tight seal
The sealing member is also referred to herein as a seal. In use, depression of the
piunger info the barrel drives fluid (air and/for liguid) from the barrel, out of the outiet al
the needle end of the syringe, whereas outward drawing of the plunger draws fiuid iNto
the barrel, in through the needle end of the syringe. The drawing of fiuidintoc a
syringe may be referred to as aspiration. The driving of fluid out of the syringe may be
refarred to as expelling or discharging or, in the context of delivery of fluid to a patient,
ineciing.

Refore the syringe of the present invention is used for the delivery of a pharmaceutical
o a subiect, itis in a stored state. The syringe in s slored stale may have the plunger
at least partially in the barrel, or the plunger may be outside the barrel. The plunger
may be packaged separately from the barrel. In its stored siate the needie end of the
syringe may be connected or altached to a needie, or the needia may be supplhed
separately in which case there is no needle connacted or attached {o the needie end
of the syringe. The syringe in iis stored state may contain the compressibie porous
matrix inside the barrel andfor the matrix may be atiached to the seal of the piunger.
The syringe in its stored state is typically stored in air and has air in the barred. inits
stored state there is no carrier liguid in the syringe bamrel. The syringe may de

provided in ils stored state in a sterile and/or vacuum packed packaging.

Porosity is the fraction of voids in a material. If the porosity of a material is ¢, then its
Porosity can be expressed has a value between 0-1 or as a percentage between O-
100% where in the percentage indicalas the void fraction in the matenal. Porous
matrices suitable for use in the present invention may have porosities of up o aboud
70%, up to about 80%, up to about 85%, up {0 about 890%, up to about 85% or up {o
about 88%. Porous matrices suitable for use in the present invention may have
porosities of at least about 50%, at least about 80%, at least about 70%, al least about

80%., at least about 80% or at least about 85%. Porous matrices suitable for use in



CaA 02896377 2015-06-25

WO 2013/1109356 PCT/GB2013/050183

10

15

20

£5

30

7
the invention may hava porosities of about 40-85%, about 50-85%, about 80-85%,
about 70-05% or about 80-85%.

The porous matrices of the present invention preferably have a pore size of between
about 1 micron and about 2 mm, between about 10 micron and abouwt 1 mm, or
between about 10 micron and about 100 micron. The pore size refers 1o the mean

Dore diametsr

The specific surface area of a porous matrix such as a foam is the amount of surface
area within a given volumes or mass of foam. The porous matrices for use in the
present invention provide a large surface area on which a solulion of a glass-forming
material may be dried to provide a matrix with a glass in it. The porous matrices of the
invention preferably have a high specific surface area. The porous matrices of the
invention preferably have a specific surface area of about 0.1-100 mig, about 1-100
m%qg, about 5-100 m¥g, about 10-100 m*g, about 0.1-20 m*/g, about 1-20 m*g, about
5-20 m¥g, about 10-20 m%g, about 10-50 m%/g, about 10-500 m*/g, about 50-500
m?g, at least about 0.1 m%g, at least about 1 m</g, at least about 10 m¥g, or about
10m?ig or about 20mg.

A compressible material accepts reduction in volume by applied pressure to form &
compact. A compressible material or product may also be termed a compliant material
or product. Compressibility in the conlext of the present invention can be measured
and/or expressed as the ratio of the original nen-comprassed volume (o the volume of
the compressed compact. A compressible matrix for use in the present invention may
have comprassibility of about 5:1 or more, meaning that is volume in s non-
compressed state is about five imes or mors greater than ds volume in i
compressed stale. A compressible matrix for use in the present invention may have &
compressibility of about 2.1 or more, about 3:1 or more, about 4.1 or more, about 201

or more, about 10:1 or more, about 20:1 or more, or about 50:1 or more.

A compressible porous matrix may be a solid foam body, which is 8 body comprising
pockets or cells of gas in & solid. The foam is preferably open cell foam, L.e. a foam in
which some, or most of, the gas pockets or cells connect with each other and 1o the

outside of the foam body. Pockels or cells of a porous matrix may aiso be referred (o
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as voids. Preferred foams are celiulose foams, melaming foams and hydrophiiic
reticulated polyether foams. The porous matrix may be formed from catiuiose,
nolyvethyiene, polypropylens, polyesier, polyether polyurethane, polyurethane,

polyviny! acstate, melamine formaldehyde resin or natural sponge.

The compressibie porous matrix s preferably insoluble. That is, the compressible

norous matrix is insoluble in a carrier liquid {(e.g. water, saling), specifically, it s

insoluble in the carrier liguid that is to be used {o deliver the pharmaceutical o the

subiect. Preferably the compressible porous malnix i3 insoiuble in walsr.

A compressible porous matrix may be in the form of a block, & cylinder, or a prism,
optionally an elongate biock, cylinder or prism, which may have a circular or a non-
circular {(e.g. rectangular) cross section. A matrix in the form of an elongate block
may be inseried, or contained in, a syringe barrel such that the siongate biock is
lengthways along the longitudinal axis of the syringe barrel, A compressibie porous

matrix may also be referred o as a compressible porous supporting structure.

A glass is a non-crystaliing solid. In particular, & glass is a hard, brittle non-crystalline
solid. Glasses are amorphous solids, meaning that their structure iacks the reguiarnity
of crystalline solids. Glasses may be defined as those non-crystaliing solids wiich
exhibit a transition in behaviour (the glass fransition) with temperature. The term
“‘glass” herein refers (o any glassy material or glassy substance, that is, any non-
crystailine or amorphous soiid. in particular, the term giass herein relates {0 organic
glass, and refers {o any solid formed from an organic glass-forming matenal. A glass

suitable for use in the present invention is a soluble giass.

Glass-forming malerials include amino acids, sugars, sugar alcohols, carbohydrates,
carbohydrate derivatives and polyols (including carbohyarate and non-carbohydrale
polyols) as described herein. The glass-forming material may be any non-reaciive
glass-forming sugar such as trehalose, raffinose or sucrose or mixtures of sugars or
any other carbohvdrate glass-former. Glass-forming materials are ailso referred {0
herein as stabilisers, stabilising excipients, or preservatives, because a

oharmaceutical may be stored in the glass formed from the glass forming malenal
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without substantial losses in activity by denaturation, aggregation or ofher

mechanisms.

A glass may be produced by preparing a solution of a glass-forming matenal in a
solvent. which solution may be referred to as a preservative solution or a stabiliser
solution. For example a solution comprising about 5-50% wiv, about 10-30% wiv | or
about 10-50% wiv glass-forming material, or a sclution comprising about 5%, about
7.5%. about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about
40% . about 45% or about 50% w/iv glass-forming material. The glass-forming matena

may be trehalose. The glass for use in the present invention is prepared by drying @
solution of glass-forming material, for example by air drying. The glass-torming

material in the glassforming solution vitrifies upon drying. in particular, the glass of

the present invention may be prepared by preparing a solufion of 10-30% w/v

trehalose and drying the solution, preferably by air drying. In the preparation of
glasses for use in embodiments of the invention, a pharmaceutical is also included in
the glass-forming solution. Upen drying of the glass-forming solution, the
oharmaceutical is stabilised in the glass. Such a glass may be referred 10 as a

charmaceautical-containing glass.

A compressible porous matrix may have in it a glass comprising a pharmaceutical. A
porous matrix provides a large surface area on which a glass-forming solution ¢an be
dried. The surface of the matrix comprises the external surfaces of the matrix and the
internal surfaces which are formed by the pore-forming pockets, cells, or voids or the
matrix. Upon drying, the glass-forming solution forms a glass in the porous matrix; n
this context, a glass in the porous matrix is a glass on al least some of the infemai
surfaces of the matrix, Le. the surfacss formed by the pore-forming pockats, cells, or
voids of the matrix. The internal surfaces of the malrix are thus coaled with glass.
The matrix may be referred to as coated with glass, or impregnated with glass.

The pharmacesutical in the glass is preferably stabilised in the glass. Such a
pharmaceutical may be lermed herein a glass stabilised pharmaceutical, a stabiiisad
sharmaceutical, or a stable pharmaceutical in a glass. The term stable or stabilised
refers to a substance, such as a phammacautical, which sssentially refains its physical
and chemical stability and integrity upon storage. In particular a stable or stabilised
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substance is a pharmacsutical (such as a therapeutic protein or a vaccing) that refains
ts activity, for example its biclogical or therapeutic activity, upon storage. Various
analytical technigues for measuring stability of proteins are known and are reviewed in
Jones, A Adv. Drug Delivery Rev. 10:29-80 (1983). Stability andfor activity can pe
measured following storage at a selected temperaturs for a selected time period.
Biclogical or therapsutic activity may be measured for example as enzymatlic activity,
sinding activity (&.g. binding of an antibody {o its antigen) or ability Lo elici a spscilic

result or response in vilro or in Vivo.

The stable or stabilised pharmaceutical of the invention may be one which retains at
‘sast about 30%. at least about 40%, at least about 0%, at least about 80%, at least
about 70%. at least about 80%, at least about 80%, at least about 85%, al least about
08% or at least about 89% activity following storage fora period of upfo 1, 2,3, 4, 5, 6,
aor7daysorupic 2, 4, 8 or 12 weeks, orupte 1,2, 3, 4, 6,8, 12, 24 or 36 monins at
a temperature of between 10-80°C, 10-80°C, 10-40°C, 20-50°C, 20-40°C, or at about
18°C, 20°C, 258°C, 37°C, 45°C, 50°C, 80°C, or 70°C. For example, a stable or
stabilised pharmaceutical the invention may be one which retains af least about 80%
activity following storage for 2, 4, 8 or 12 weeks at 37°C, or may be one which retains
at least about B0% activity following sforage for about 2, 4, 8 or 12 weeks al 45°C.
Percentage activity refers o the activily of the pharmaceutical after storage as a

percentage of the activity of the same pharmaceutical in fresh {non-stored} form,

The term “soiuble” refers o a substance that is capable of being dissolved inor as i n
a fluid. The term soluble herein may refer {0 a substance, such as a giass, that s
aoluble in a solvent such as water and/or an agqueous solvent such as physiclogical
saline. inthe context of the present invention such a solvent may be termed a carrier
Hquid., The term soluble may refer to a substance, such as a glass, that is scluble in ol
and/or an organic soivent. in the context of the present invention a scluble glass is

preferably soiubie in water.

Conversely the term “insoluble” refers to a substance that is not capable of being
dissolved in a fluid. The term insoluble hersin may refer {© a compressibie porous
mairix that is inscluble in 2 solvent such as water andfor an aquaous solvent such as

physiciogical saline. in the context of the present invention such a solvent may be
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termed a carrier quid. The {erm insoluble may refer {0 a compressible porous matrix
that is insoluble in ol andfor an organic solvent. in the context of the present invention

a compressible porous malnix is preferably insoiuble in waler.

Preferably, a soluble glass is a dry soluble glass. The term "dry” refers to a glass
having a residual moisture content of about 0.1-10% wiw, 0.1-5% wiw, about 0.1-2.5%
wiw, about O 1-1% wiw, about 0.05-1%wiw, about (.1% wiw, aboul 0.5% wiw, about

1% wiw, about 2.5% whiw, about 5% wiw, or about 10% wiw.

The term “pharmaceutical’ refers to any pharmaceutical material, pharmaceutical
agent, or pharmaceutical product, including therapeutic agents, drugs, and
nrophylactic agents such as vaccines. The pharmaceutical may be any biogctive
substance. Pharmaceuticals include vaccines, anti-inflammatory drugs, analgesics,
antiarihritic drugs, antispasmodics, antidepressants, antipsychotics, tranguiliisers,
antianxisty drugs, narcotic antagonists, antiparkinsonism agents, cholinergic agonists,
chemotherapeutic drugs, immuncsuppressive agents, antiviral agents, antimicrobial
agents, appetite suppressants, anticholinergics, antismelics, antinistaminics,
antimigraine agents, coronary, cersbral or peripheral vasodiiators, hormonal agents,
contraceptives, antithrombotic agents, diurelics, antihypertensive agents,

cardiovascular drugs, opioids, and the like.

Pharmaceuticals may be any type of substance. Such substances inciude, bul are not
Himited to, subceliular compositions, cells, bacteria, viruses and molecules including,
but not limited {o, lipids, organics, proteins and peptides {(synthetic and natural),
peptide mimetics, hormones (peptide, steroid and corticestersid), D and L amino acid
polyimers, oligosaccharides, polysaccharides, nucleotides, oligonuclectides ana
nucleic acids, including DNA and RNA, protein nucleic acid hybrids, small molecules
and physiclogically aclive analoguss thereof. Further, the modifiers may be derved
from natural sources or mads by recombinant or syninstic means and iNciudgs

analogues, agonists and homologs.

Pharmaceuticals may be substances which are prophylactically aclive. In particular,
such substances include immunogens such as vaccines. Suitable vaccines inciude,

but are not limited to, live and atlenuated viruses, nuciectide vecliors encoding
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antigens, live and aftenuated bacteria, antigens, antigens plus adjuvants and haptens
coupled to carriers. Parlicularly preferred are vaccines effective against diphineria,
tetanus, periussis, botulinum, cholera, Dengue, Hepatitis A, B, C and k&, Hasmophius
influenza b, herpes virus, Helicobacterium pylod, influenzg, Japanese encephalitis,
meningococct A, B and C, measles, mumps, papilloma virus, pneumocoecet, polio,
rubella, rotavirus, respiratory syneytial virus, Shigella, tuberculosis, yeliow fever and
sombinations thereof. The antigenic component of vaccings may aiso be produced Dy
molecular bislogy techniques to produce recombinant peptides or fusion proteins
containing one or more portions of a
protein derived from a pathogen. For instancs, fusion proteins containing an antigen
and the B subunit of cholera toxin have baen shown {0 induce an iImmune response
the antigen. Sanchez et al. (1888) Froc. Nalll A cad Sci. USA 86:481- 485, Vaccines
are particularly suitable for incorporation info the single-dosage composifion. They are
stable indefinitely under ambient condifions and can be redissolved in sterie diluent
immediately before inoculation. Prefarably, the immunogenic composition contains an
amount of an adjuvant sufficient {o enhance the immune response o the immunogen.
Suitable adiuvants include, but are not limited to, aluminium salts, calcium pnosphate,
sgualene midures (SAF-1), muramyl peplide, saponin derivatives, mycobacterium cell
wall preparations, monophosphoryllipid A, mycolic acid derivalives, non-ionic biock

copolymer surfactants, Quil A, cholera toxin B subunit, pelyphosphazene and

derivatives, and immunostimulating complexes (1ISCOMs) such as those describea by
Takahashi et al. (1980} Natfure 344.873-875. For veterinary use and for production of
antibodies in animals, antigenic componeants of Freund's adjuvant can be used. As
with all immunogenic compositions, the immunologically effective amounts of the
immunogens must be determined empirically. Factors {0 be considered includs the
immunogenicity, whether or not the immunogen will be complexed with or covalently
attached to an adiuvant or carrier protein or other carrier, route of administration and
the number of immunising dosages to be administered. Such factors are known inthe
vaceine art and it is well within the skill of immunologisis {o make such determinations
without undue experimentation. Multiple pharmaceitticals can be inciuded in the
syringe of insert of the present invention. Thus, the syringe or insert may contain two

or more different vaccines, for exampls 2, 3, 4 or 5 different vaccines.



81781437

13
The compressible porous matrix insert of the invention is a body of compressibie
porous matrix having in it a glass which contains a pharmaceutical, which is suitable
for insertion into the barrel of a syringe. The syringe of the present invention has such
a compressible porous matrix pre-inserted in its barrel. The compressible porous
o  matrix may be in the form of a block, a cylinder, or a prism, optionally an elongate
block, cylinder or prism, which may have a circular or a nen-circular (e.g. rectangular)

cross section.

The compressible porous matrix may comprise a coloured substance. The coloured

10  substance may be an inert, non-toxic, injectable substance which is present on the
matrix in addition to the pharmaceutical. Alternatively the pharmaceutical itself may be
a coloured substance. The coloured substance may be present on the external
surfaces of the matrix, or additionally or alternatively on the infemal surfaces of the
matrix. The coloured substance gives a colour to the matrix when the syringe barrel

15  contains a carrier liquid, which colour is reduced following depressicn of the plunger in
the syringe barrel to discharge the carrier liquid from the syringe. During use of the
syringe, when the carrier liquid comprising the pharmaceutical is forced out of the
outlet at the needle end of the synnge barrel, at least some of the coloured substance
flows away from the matrix, thereby reducing the colour of the matrix. The reduction in

20  colour of the matrix is thus associated with successiul delivery of the pharmaceutical.
The user of a syringe containing the matrix is able to determine whether the
pharmaceutical has been delivered to the subject.

The present invention also provides methods for producing the syringes and inserts of

25  the invention, as well as methods of using and uses of the syringes and inserts in the

delivery of a pharmaceutical to a subject.

The present invention provides a method of producing a pharmaceutical syringe or a
compressible porous matrix insert. The method comprises contacting a compressible
30 porous matrix with a solution of a glass-ferming material containing a pharmaceutical.
The solution of glass-forming material containing the pharmaceutical may entar the
celis of the matrix by capillary action, and thereby coat the internal surfaces of the
matrix (the surfaces formed by the cells). Contacting the matrix with the glass-forming
solution may comprise dipping the matrnix partially or completely into the solution, or

CA 2896377 2017-10-06
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spraying the mairix with the glass-forming solution.  The matrix is then dned,
preferably air dried, such that the glass-forming solution in the matrix dries to form a
glass which comprises the phammaceutical.  The method may turther comprise
treating the matnx with a blocking agent before contacting it with the giass forming
solution. Alternatively or additionally, the method may further comprise trealing the

matrix with a surfaciant.

The present invention also provides a method of pre-loading a syringe with a
pharmaceutical, comprising insernting the compressible porous matrix insert of the
invention inlo the barrel of g syringe. Any conventional syringe may be used, and
thereby pre-loaded with pharmacsutical. The amount of pharmaceutical present in the
alass on the compressible porous maitrix ingert may correspond {0 a fixed or

predeterminad dose of that pharmaceutical.

The invention also provides a method of preparing a pharmacsutical for adminisiration
or delivery {(&.g. injection) {0 a subject. in this method the compressible porous matrix
insert of the invention is inserted inte the barrel of a syringe, as described above, and
then a carrier iquid is forced through the compressible porous matnx so that the
pharmaceutical becomes dissolved or dispersed in the carrier liquid prior to delivery 1o
the patient. in this method, after insartion of the insert into the barre! of the syringe, a
carrier liguid {e. g. waler, saling) is drawn info the syrnge. The carrer liquid may {hen
arer the matrix by capillary action, causing the glass on the matrix {o dissoive. The
pharmacsutical thus becomes dissolved, suspended, or dispersed in the carmer iguid.
When the camer liquid is then forced out of the syringe by depressing the plunger the
matrix is compressed, theraby forcing the carrier liquid out of the matny, such that the

charmaceutical in which it is dissolved or suspended is forced out of the syrings.

The invention aiso provides a method of using a syringe or insert of the invention for
detlivering or administering a pharmaceutical {0 a subject {i.e. a patientj. The method
may comprise the method of preparing a pharmaceutical for adminisiration or delivery
to a subject as described above, and then delivering the pharmaceutical to the patient
by the normal injection process of depressing the plunger of the syringe which
compresseas the porous matrix {o expel the pharmaceutical into the injecled liquid and

thereby into the patient.
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The invention also provides a kit of parts, comprising a compressible porous matrix
nsert of the invention, a syringe barrel, and a syringe plunger. The insert is sutable
for inserting into the syringe barrel. The kit may further comprise a carrier liquid, which
5  carrier liquid is an aqueous solvent or an organic solvent. In use the carrier liquid acts
as a solvent for dissolving the glass, such that the pharmaceutical in the glass
hecomaes dissolved, suspended or dispersed in the carrier lguid. The kit may further

comprise a needle for connecting to the needie end of the syringe barrel.

10 The carrier liguid is a lguid Tor carrying the pharmaceutical for delivery {0 a subject.
The carrier liquid acts is a solvent for the glass in which the pharmaceulical is
contained. The carrier fiouid may be an agueous solvent {an aqueocus liquid) or an
organic solvent (an organic liquid). Preferred camier liquids are water (specitically
sterile water for injection, or bacteriosiatic water for injection} and saline {specifically

15  physivlogical saline).

The present invention also provides a pharmaceutical syringe or comprassibie porous

matri insert as described herein, wherein the insert is fixed {o the seal of a syringe

olunger. The insert may be fixed {o the seal by any means, for example by a gius or a
20  fastening. The syringe plunger bearing the insert is suitable for use with a syninge

barrel to provide an operable syringe.

An example of the invention, and experimental resuils underiying the present

invention, will now be described by referring o the accompanying drawings:

23
Figure 1 Shows the improved syringe as supplied with the dry pharmaceutical in a
DOreUs matrix in the barrel
Figure 2 is a transverse cross section showing the rehydrated porous mainx and iis

relationship with the walis of the barrel

30 Figure 3 shows the filling of the syringe with sterile water or saline and rehydration of
the vaccine for injection
Figure 4 shows the injection of the solubilised pharmaceutical and it's expuision from
the porous matrix by compression
Figure 5 shows the resulls of experimental example 3.

35  Figures 6A and 8B show the results of experimential exampie 3.
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Figuraes 7A and 7B show the resulls of expernimenial exampile 6.

DETANILED DESCRIPTION OF THE FIGURES

Figure 1a: Axial cross-seclion through a syringe containing the pre-loaged porous
matrix. The syringe is illustrated in the configuration as it 18 in storage. The synnge
barrel 1 has an open end 2 through which is inserted a plunger 3 with an attached
sealing member 4 making a water-tight seal with the barrel which housses the dried
porous matrix 5 containing the glass-siabilised product. The porous mairix 15 ocated
inside the barrel between the sealing member and the needie end with iis altached
hypodermic needie 8. The dashed line 7 is the location of the transverse cross seclion
iy Figure 1o

Figure 1b: Transverse cross section of one configuration of the porous malsix, after #
has been rehydrated to iis original dimensions, showing the circular barrel of the
syringe 8§ containing a porous sponge of rectangular cross section 8 which makes
contact with the barrel inner surface only at the comers leaving a circle-segiment
shaped space on each of the sides which allows the free passage of any trapped ai
during purging of the syringe. The axiai cross sections of figures 18, 4, 3 and 4 are
made at the {ocation of the dashed line 10,

Figure 20 Axial cross-section through a syringe containing the porous malnix B
rehydrated after the needie 6 is inserted info a vial of slerile water for injection 11, by
withdrawal of the plunger 12 which rehydrates the porous malnx @ wilh the aspirated
water 13 and dissolves the glass stabilised vaccine.

Figure 3 Axial cross-section through a syringe confaining the porous matrix i the
inverted position, after the air has been expelled through the needle, ready for

njection.

Figure 4: Axial cross-section through a syringe containing the porous matrix at the

point of injection when the needle is inserted into the subculaneous, intramuscular or

infravenous iocation 14. By depressing the plunger completely o the needie end, the
oorous matrix is compressed 15 to expel the full dose info the injection site 16.
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Figure 5 Aluminium hydroxide was dried in 7.8% wiv, 15% wfv and 30% w/iv lrehaiose
buffer and recoversd up to 30 days after storage at §5°C. Recovery was measured by
column sedimentation. At 15% wiv trehalose concentration and above this agjuvant (s
recoversd fully intact,

Figure 8A;. Recovered dried HepB shows long term stability afler storage at varnous
temperatures for six months. The majority of the vaccing is recovered in intact form
sxcept at 70°C. Control is fresh {(non-stored) vaccing.

Figure 88:  Antibody response of groups of 5 mice given three different doses of
Hepatitis B vaccine either fresh or stabilised in trehalose with siorage at 55°C for two
months. All responses are equivalent to fresh vaccine within the variability of the

assay.

Figure 7A: Recovery of adjuvanied tetanus vaccine after drying in trehalose buffer
and storage for more than eight months., While non-siabilised vaccine iost some
activity on drying and all activity on slorage, stabilised vaccine was recovered intact.
Recovery of intact vaccine was delermined by immunoassay.

Figure 78: Antibody levels measured in three groups of 10 mice al 4, 8 or 12 weeks
after injiection with either fresh (non-stored) vaccine or two different dried formulations
of trehalose buffer (freh 1 and treh 2} stored at 37° prior (¢ injection  The immung
response of the mice {o both dried preparations was equivalent {o fresh vaccine within

the variability of the assay.

Obvicusly, variations can be made (o the described format without depariing from the
substance of the invention. For exampie, the product could be g vaceine drug or any
biological material that would normally be subject to degradation if stored in hquid
solution or suspension. This includes products such as hormones, protein and viral
vaccines and genetic material. The glass forming material couid be any non reaciive
glass-forming sugars such as trehalose, raffinose or sucrose or mixtures of sugars or
any other carbohydrate glass-former; also glass-forming amine acias such as
monosodium giutamate (MSG), monosodium aspartate (MOSA) or a MSGAMSA mixture
or other soluble stabilising glasses or mixtures of the above could be used,; ang the
syringe could be either a standard syrings or an auto-disable syringe or other liguid
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delivery device or a device for mass inoculations. in an alternative embodiment, the
carrier Hauld could be an emulsion of the oll-in-water or waler-in-oil type and as such
the active product could become associated with the agqueous phase of the emuision
as the agueous phase dissolves the glass. In a further alternative, an oil solvent could
he used in conjunction with a hydrophobic pharmaceutical stabilised in an oii soluble
glass.

DETAILED DESCRIPTION

The present invention is an improvement on the syringes typically used o give
parenieral injections of pharmacsutical agents. I incorporates the pharmacsulica
material stabilised by drying it in a solution of a stabilising excipient, for exampile
irehalose, to form a glass in a three dimensional and compressible porous matrix
which is then located within the barrel of a conventional plastic syringe betwean (he
niunger and the needie fitling. This syringe can then be stored for prolonged periods
at ambient temperatures and is ready for instant use. Upon drawing up the waler for
injection, capiliary aclion draws the solvent liquid into the porous matrix and the
soluble glass therein rapidly dissolves to release the pharmaceutical into the liguid for
injection. A significant advaniage of the present invention is thal # uses no additional
housings and is designed o be made with minimal change {o exisling manufaciunng
srocesses. in use it also requires no changes from standard injection technique and
requires no raining. It is therefore of minimat cost.

in a preferred realisation of the present invention the pharmaceutical material is dried
in a compressible porous matrix in a wide range of possible sizes and s then
introduced into the barrel of an appropriately sized syrings, which syringe fypicaily has
an internal volume larger than the matrix. Thus even a large volume of porous matrix
san be accommodated in the syringe and a conseguently large volume of active
nroduct dned therein,

For example a compressible porous malrix in the form of a rectangular block
measuring 6 mm x & mm x 10 mm in iis non-compressed state, and having a giass
comprising a pharmaceutical in it, may be infroduced into the barrel of a 2 mi syninge
{a syrings having a maximum dispensing volume of 2 mi}. in this example the
compressible porous matrix in its non-compressed state occupies 18 % of the volume
of the syringe barmrel {the nominal infernal volume of the syrings).  The compressiblie
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porous matrix in its non-compressed state may occupy at least about 10%, at least
about 20%, at least about 30%, at least about 40%, at least about 509%, at least about
6%, at least about 70%, at least aboul 80%, atl least about 80%, about 10-80%, gbout
20-80%, about 30-80%, about 40-80%, about 50-80%, aboutl 10%, about 20%, about
30%, about 40%, about 50%, about 80%, aboul 70%, aboul 8U% or about 80% of the
volume of the syringe barrel into which it is to be inserted for use. Typical syringes for
use in the present inveniion will have voiumes of petwesn aboul 1-10 mi, and
therefore typical compressible porous matrix blocks for use in the present invention
may have volumes of between about 0.1-8 mi {100-8000 mm”) depending on which
size of syringe they are 1o be insered nio for use. The volume of a syringe refers (o
the volume of the barrsl of the syringe, that is the internal volume of the cylinagrical
compartment in the syrings which holds the hiquid for injection {sg, for example, a "4mi
syringe” has a barrel volume of 2mi). The compressible porous malrix may be biased
towards s non-compressed (expandsd) state, which means that during use
depression of the syringe plunger is needed in order {0 force the porous mairx into s
comprasased form. ”

in addition to the standard disposable plastic syringes a variety of other injectors
maybe used. These include without resiriction, glass syringes, aulo-disable syringes,
retractable needie syringes and othear injection devices., Such devices may have a
compartment for holding a liguid for injection comprising a compressibie porpus matrix
insert of the inventien. The compressible porous matrix of the invention may bs
syitable for inserting into the liguid-holding compariment of such a device. inus the
prasent invention provides a method of storing and or transporting a pharmaceutical
stabilized in a glass that is soluble in a carrier liguid, wherein the pharmaceutical is
stored in a compressible porous supporting structure in a passage for the flow of the
said liquid so that the ageni can be administered by aspirating the carner iguid info ihe
spaces or pores of the supporting struciure and then causing the liquid to be expelied
through the passage and thence {0 the patient as the porous supporting structure s
comprassed.

Many drugs and highly muitivalent vaccines can easily be stabilised in the syringe with
a minimal reguirement for pricr concentration. A normal injection procedurs S used in
which the practitionsr inserts the needie into a vial of sierle water or saline and
withdraws the regquired volume of liquid info the syrings and then injects the aclive
nroduct into the patient. This is the procedure currently used and is familiar to heailth
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care workers, thereby reducing the need for additional training and the chances of
error. Indeed, because the appropriate dose is already in the syringe as supplied, any
arror in the volume of liguid aspirated {(providing it is sufficient to dissolve {he
sharmaceutical) does not alter the dose delivered to the patient

in ancther novel realisation of the present invention the porous matrix containing the
nharmaceutical product is easily compressed after rehydration. The aspiration of the
water starts the dissolution of soluble glass containing the pharmaceutical as the liquid
nermeates the porous matrix by capiliarity. For injection, the plunger of the syringe is
depressed, preferably fully depressed, causing the compression of the porous matrix
thus expelling the liquid contained therein, preferably all, or essentially all of the liquid
contained therein, and the full dose of the pharmaceutical is delivered info the patient.
The injection process can also be made to aclivale the disabling step of an aulo-
disable syringe rendering it incapable of reuse.

A compressible porous matrix comprising a pharmaceutical is a compressible porous
matrix insert, suitable for inserting info the barrel of a syringe for use in aslivery of the
sharmaceutical. in use, the compressible porous matrix is compressed by the action
of depressing the syringe plunger, that is, the action of urging the synnge plunger
fowards the needle end of the syringe barrel. In use, the syringe plunger draws a
volume of solvent, or carrier liguid, {e.g. sterile water, saline) into the barrel of the
syringe by the action of raising the plunger, that is the action of urging the syringe
plunger towards the open end of the syringe barrel {(away from the needie end of the
syringe barrel). The solvent rehydrates the porous matrix. The solvent is drawn inlo
the porous matrix and dissolves the glass in which the pharmaceutical is comprised,
such that the pharmaceutical becomes dissolved or suspended in the carrier liguid.
The plunger is then depressed to deliver the pharmacsutical 1o a subject.  This
depression of the plunger compresses the porous matrix into its compressed slafe.

The compressibility of the porous matrix is advaniageous because the action of
comprassing the porous matrix forces pharmaceutical out of the porous matrix, whers
it would otherwise tend to be held in the carrier liguid by the capillanty ¢f the porous
matrix. The action of compressing the porous matrix forces the pharmaceutical out of
the syringe for delivery fo a subject. Preferably in use the aclion of depressing the
syringe plunger is capable of forcing out of the syringse (i.e. discharging or expeliing
from the syringe barrel) at least about 60%, at least about 70%, atl least about 80%, at
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least about 80%, at ieast about 95%, st least about Y8%, at least about 88% or

substantially 100% of the pharmaceutical, that is the pharmaceutical that was in the
giass.

We have found that some porous matrices aithough hydrophilic, absorb waler siowly.
This problem can be overcome and water uptake greatly accelerated by the addition of
small quantities of an inert biccompatible surfactant {0 the glass-forming solution pror
fo loading the matrix with the pharmaceuiical in the stabilising soiution and drying.
When such a syringe eventusily comes 10 be used, the surfaciant dried in the matrix
faciitates the uplake of solvent and the rapid rahg}draiim of the glassified product.
The use of surfactant in the samse way can even render certain hydrophobic foams
suitable as matrices for waler-soluble products. Bxamples of suilable surfactants
inciude withowt limitation polyoxyl castor oids, polysorbales and other injectabls
surfactanis approved by regulatory authoriies.

in some cases however, the recovery of the product may be reduced by
physicochemical binding of the substance to the surfaces of the porous malre. This
can be overcome by prior treatment of the porous matrix with a blocking agsnt
optionally followed by washing to remove surplus biocking agent and re-drying.
Exampies of biocking agenis include, without imilation, proteins like cassinsg or serum
atbumins, surfactants such as the polysorbate delergents Tween 20 or Tween 80 or
polymers such as polwvinyt pyrrolidone or polyvinyl alconhols,

in manufacture of the present invention, the pharmacsutical product 18 mixed, sither
dissolved or in suspension, with preservalive solution. it is absorbed by capiliarty inlo
the porous malrix and then dried by any simple process such as air drying, vacuum
drying, freeze drving efc. Preferably it is dried oulside the syringe. Preferably, the
oreservative solution {glass-forming solution) is dried by air drying o form a gliass {i.e.
a non-crystalline solid). Air drving 1s convenient, inexpensive, and may be done at any
ambient temperature {(e.g. room temperature}, at about 15°C or higher, about 20°C or

higher, about 25°C or higher, about 307C or higher, al about 4070 or higher, at about

50°C or higher, at about 80°C or higher, at about 70°C or higher, at about 10°C {o
about 70°C, at about 10°C 1© about 607°C, at about 1070 {0 about §0°C, at aboul 20°C
to about 70°C, at about 20°C o about L0, at about 20°C {o about 50°C,. at aboud
20°C {0 about 40°C, at about 15°C {0 about 45°C, at abouf 20°C {0 about 40°C or at
about 18°C to 25°C. Air drving may be done at atmospheric pressure {approximately
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100 kPa). The preservative solution may be dried by air drying overnight, or over a
neriod of about 1, 2, 4, 8, 18 or 24 hours or more. A low relative humidity may be used
during drying, for example of between about 0-20% or 2-10%. Glass formation may
optionally be facilitated by using & solution purged of any less soluble sohds Ly
filtration and/or by boiling.  Drying a preservative solution on a porous mainx oulside
the syringe is convenient and low cosi, compared with methods of drying a
nreservative solution while it is inside the barrel of the syringe. This is al least partly
because drving a preservatlive solution on a porous malrix outside the barrel of the

syringe may be done by air drving, rather than vacuum drying or fregze drying.

in the present invention a pharmaceutical is included in the glass-forming solution
nefore drying and is stabilised in the resullant glass. Methods for siabilising products
such as pharmaceuticals (including biclogical therapeutics) are known and are
described for example in US 4,892,318, GB2187181, USH055448, WOBG/40UTY and
WO2011/088837.  In the present invention, the glass containing the siabilised
oharmaceutical may form a laver on the surfaces of the voids or ceils in the
compressible porous matrix.  The relative thinness of this layer means that the
sharmaceutical-containing glass dries very rapidly and thoroughly ang then
subsequently dissolves relatively quickly upon contact with a8 solvent that may be
drawn into the barmrel of a syringe for injection {(e.9. sterile waler or saline}.

Examples of pressrvatives include, without limitation, trehalose, raffinose or sucrose
and structural isomers thereof or midures of these or any other carbohvdrate glass-
former, glass-forming amino acids such as monosodium glutamate (MSG),
monoscdium aspartate (MSA) or 2 MSG/MSA mixiure or cther soluble stabilising
glasses may also be used. The manufacluring process requires minimal additional
squipment to that currently used. Because the volume of each of the porous malnces
used with any particular product at the same they can be loaded with the correct dose
of product by precise delivery to each dry matrix insert when the dose s uniformiy
distributed by capillary action.

Alternatively because the capillarity of sach porous matrix insert precisely made from
the same batch is essentially the same, each insert will naturally aspirate the same
volume of drug from bulk solution. For pharmacsuticals where the dose is not
axcessively critical, this can provide a simple and inexpensive method for dosing the
syringes with standard doses of pharmaceutical. The improvement is made by simpily
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inserting the dried porous matrix info a standard syringe, such as a disposable plastic
one, so that costs are little affecied, making these improved stable products
competifively priced with exisiing ones.

The nature of the porous matrix insert used in the syringe & not restricted and
alfezrnatives maybe obvious io those skilled in the art. A porous, open-cell foam or
sponge has been found {o be ideal bul flexible woven or felted fabric on which the
active product is glass-dried and which is then folded or crumpled into the syringe
barrel can also work, in fact, any compressible porous mairnx whether made by
foaming or by woven or felted fibres is suitable. The porous matrix should be of high
grade, sterilisable, suitabls for housing parenterally injectable substances and that it is
not particle or fibre-shedding nor contains toxic exiraciable chemicals. The porous
mairix should be insoluble. The malrx, which is compressed againsi the aperture {o
the needie by the plunger, should not obsiruct the aperture. In praclice, appropriale
matrices with good open cell structure are still fully porous when compressed and do
not suffer from this problem. For the usual waler soluble pharmacsuticals a preferred
feature is that the porous matnix be of a hydrophilic nature in order {0 readiy absorn
the solution of pharmaceutlical by capillanty and {0 redissolve i for injection. bExampie
materials in the manufacture of the porous malrix include, without imitation, open cell
foamed materials such as celiviose or melamine foams,; feited malernial such as
polyesier fibre locked neediefelf or woven fabrics such as sik, cotlon or synthelic
hydrophilic fabrics that are sufficiently soft {0 be foidsd, crumpled or compressed for
insertion into the syringe barrel. Preferred matrices are celiulose foam, polyurethane
foam and mealaming fcam.

in a preferred embodiment of the invention, simple refinements of the porous malnx
render the syringe easier to use. Afler the aspiration of the waler there remains 3
volume of air in the syringe that was present before aspiration and it must be removed
by venting before injection. { is also important {6 avoid forcing the air through the
porous matrix insert thereby displacing the liquid when venting the air before injeclion.
To preserve the simplicity and familianty of use, the air should be vented by the usual
manosuvre, of expelling the air by holding the syringe vertically with needie uppermost
and driving the air out through the needie by depressing the plunger until the syringe
contains liquid only. Preferably, therefore, the compressible porous matrix is shaped
and/or sized to provide a gap for passage of air through or arcund the matrix when {he
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matrix is inserted in the syringe barrel, for allowing passage of air through the gap on
venting of the syrings.

The syringe of the invention may have a gap for the passage of air during venting of
the syringe, which gap is presant between the matrix and the inner wall of the syringe
harrel. When the syringe confains a carrier liguid and the needie end of the syringe is
held uppermost, the gap allows air bubbles to move o the outlet at the needie end of
the syringe and to be expelled from the syringe before injection. Such a gap can be
orovided in a syringe barrel of circular cross section by providing a comprassible
porous insert which is a block, cylinder or prism having a non-circular cross section, for
example a cuboidal or rectangular block or a cylinder having an oval cross seclion.
Venting of the syringe can also be facilitaied by various modificalions ncluding making
the porous matrix insert non-circular, for exampie square, in cross seclion and located
inside the circular barrel without lateral compression. For exampie, when the porous
matrix insert is sguare in cross seclion any air trapped belween the porous matrix
insert and the plunger s easily vented around the insert via the circle-segment shaped
qaps betwesn the flal sides of the nsert and the circular inner surface of the barrel.
Capillary forces in the matrix ensure the liguid remaing in the insert duning s venling.
A similar refinement can also be achieved by fabricaling the porous malnx as a
cvlindrical shape with an external diameter smailer than the internal diameter of the
barrel or as a hollow cylinder fitting snugly in the bamel. Other formats of the porous
matrix {0 achieve easy air venting are obviously possible and are evident to the skilled
oractitioner. In a further realisation the porous matrix inserl containing the stabilised
nharmaceutical material is fixed to the seal at the end of the syringe plunger so that
entrained air is naturally located above the insert during the venting manosuvre. ine
porous mairix insert may be fixed o the seal by, for exampie, g giug or a fasiening.
The geometry of the insert may then vary from a cenfrally located cylinder, a cyiinder
that occupies the full diameter of the syringe barrel, or alternative shapes and sizes
that facilitate rapid release of the contained stabilised pharmaceutical. The Ccross-
sectional diameter, or cross-sectional maximum widih {(width at the widest point of the
fransverse oross section: transverse to the longitudinal axis of the syrings when
inserted), of the porous malrix insert may be smalier, around the same as, or larger
than the internal diameter of the syringe barrel. T the cross-sectional diametsr, or
maximum width, of the porous matlrix insert s larger than the internal diameter of the
syringe barrel, then the insert may be inserted into the barrel with igteral comprassion.
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A further refinement can be the addition of an inert, non toxic, injectable, coloured
substance to the active product, thus allering the observed colour of the porous matrix
insert when it is absorbed and driegd. The colour can be made speciiic to the particular
charmacsutical thus identifyving which product is present in the syringe and ensuning
the injection of tha correct one. After use, the colour flushes from the porous matrix
along with the active product thus uncovering the nafive colour of the matrix
Compieteness of colour change can demonstrale injection of the full dose of active
oroduct. Also, the loss of colour in the porous matrix shows that the syringe has been
used and reduces the possibility of accidental reuse. Suitable coloured substances

nclude fluorescein.

Of course the guantity of pharmaceutical material stored and deliversd in this method
described herein can vary over g very wide range by tailoring the size of the porous
matrix insert to fit any size of syringe. Since the porous matny 8 chosen o have a
very high capacily to absorb water {of the order of 50 millilitres per gramj), there is
needead liltle or no additionsal increase in the size or the bulkiness of the syrings {0
accommodaie the porous malrix insert. Theoretfically, there is no physical limit {o the
size of the syringe or the contained insert

The present invention is further ilustrated by the foliowing 7 txamples hal are
Hlustrative and are not infended to be imiting in their scope.

EXAMPLES

in these siudies of the glass-forming solutions used contained dissolved {rehalose at a
concentration of 10-20% wiv or 10-30% wiv. The solulions were either dried by air
drying at about 80°C, or spray drying at about 45°C,

Example 1: Materials suitable as the porous matrix. A programme of seleclion for
the properties of the optimal porous matrix screened 30 foams, sponges and fibrous
folts some of which were rejected because they were non absorbent closed-cell foams
or of inappropriaste pore sizes. Analysis of the remaining open cell matrices dentilied
as foamed materials possessing most of the properties required, celluiose foam,
melamine foam and hydrophilic reticulated polysther foam. A comparison of these
showed that cellulose foam (FT-SPX Foam Techniques, Northanis, NN8 0GR, UK)
was superior to the others in that i was very absorbent, sasy {0 wash clean and
sterilise, free of plasticisers and other toxic additives, dried rapidly and evenly and was
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nexpensive. Commercial Melamine foam (FT-11M Basotect, density 11 kg/m’, Foam
Techniques, Northants, NNB 8GR, UK} also hydrated instantly on re-wetling without
antrapped air budbles and was soft and very compressidle on injection releasing
nearly all of the absorbed liguid.

Example 2: Testing reiease of model product. A model system was used (o
axaming the hehavicur of a porous malrid in the syrings. Rectangular plocks of
celiulose Toam measuring 8 mm x 6 mm x 10 mm were saturated with 10 % wiv sugar
giass forming solution containing a red Carmoising dye and piaced in an oven at 40°
(>, it was {ully dried within 2 hours with slight but obvious shnnkage. 1t was loaged into
a 2 mi plastic syrings. 0.8 mi of water was then aspirated into the syninge. The dry
porous mairix immediately filled with water by capiilary action, regained ifs previous
volums when wet and the dve began to dissolve info the water. The aw bubble was
readily expelled from the syringe in the usual way. The liquid was then injected
dropwise into a glass vesssal by depressing the plunger to fully compress the porous
malrix insert.  All or nearly all of the dve appearsd in the receiving vessel. Un
withdrawing the plunger affer injeclion the porous mainx insert partialiy re-expanded 1o
reveal that the Carmoisine had been expelied so that the porous malnx had nearly

revarted to s native colour with only a pale residual pink colour.

Example 3: Recovery of particulate aluminium hydroxide adjuvant. The possibie
antrapment of colioidal parlicles or aggregates within the pores of the mailnix was
tested by using the approved vaccine adjuvant Alummium hydroxide. Recovery of this
material is assential for the use of vaccines in the syrings since a major proporion of
the vaccine antigens are physicochemically bound o the adjuvant and would be lost if
significant entrapment occurred. This colioidal subsiance in aguecus suspension was
mixed with trehaiose solution and dried Measuremeant of the guantity of adiuvant
ioaded and the amount recovered indicated recovery of about 80% of the adjuvant.
The results of this experiment are shown in Figure 2. In embodimenis of the invention,
the colloidal substance in agueous suspansion may be mixed with trehalose and dried
i 8 porous celluiose porous matnx dblock., Thne biock could be inseried into the barrel
of a 2 mi syringe and 0.6 mi of water aspirated {o measure the recovery of aluminium
nydroxide adjuvant. Alr may be expelled and the contents of the syringe injected into
a vial. Based on the results shown in Figure 5, measurement of the guantity of
adiuvani loaded into the porous mainx would be expected {0 indicate recovery of
about 80% of the adjuvant.
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Example 4: Recovery of mode!l protein pharmaceutical. Alkaline phosphatase
anzyme was used as a model protein for stability and recovery studies. H was (caded
and drigd in 2 porous matrix. Some malrices were placed infe stability studies. The
recovery of protein from the matrx was then measured. Substantially all the protein as
measured by enzymatic acltivity was recoverad even afler storage at 37°C or 45° C for
three months, Varigtion of the numerical result is the result of variability in the assay.
These results indicate approximately 100% recovery of active profein. The resulls of
this experiment are shown in Table 1, below. In embodiments of the invention a
protein of interest may be loaded and dried in a porous matnx block {e.g. a celiuiose
norous matrix block). The block could then be placed In a8 syrings. Some syringes
sould then be placed in stabilily sludies ¢ measure recovery of proiein from the
matrix. Based on the resulis shown in Table 1, below, substantially aill the prolein as
measured by enzymatic aclivity would be expected {0 be recovered afier siorage at
45°C for three months.

[ . 4 44 44 33 23 23 40 42343 4
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Exampie §. Recovery of adjuvantied Hepatitis B vaccine, The agiuvanied vaccine
Hepatitis B was dried in a {rehalose buffer. Some werg sel up for stabiily sludies
{rasults shown in figure B8A), others used for recovery sxperiments and a third sel were
put invto stability studies and aRer a period wers {ested for thair immunogenicity in mice
{results shown in figure 8B). The resuils showed that immediale recovery, recovery
after stabiily studies and immunogenicity of this vaccine were all equivaient {0 fresh

Varcine.
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Example & Hecovery of adjuvanted tefanus foxoid vaccine. To confirm the

generality of the findings adjuvanied {elanus {oxoid vaccing was drnied as above on a
porous matrix.  Some were set up for sighility studies, others used for recovery
sxperiments (resulls shown in figure 7A} and a third sel were pul nio stabilily study
conditions and after a pericd were lested for their immunogenicity in mice by
measuring serum antibodies {resulls shown in figure 78). The results showed that
immediate recovery and, recovery atter stabiiity siudies and immunogenicity of {his

vaccine were aill eguivalent (o fresh vacoing,

Example 7 Potency of recovered stabilised vacoing. 10 ensure that the protective
ciinical effect of vaccination is retained when using this technology, syringes loaded
with stabllised telanus vacoine as in exampie & are used 0 vaccinale mice which are
then challenged with a lethal dose of aclive tetanus toxan, i s shown that ihe
siabilised vaccing and syringe provide the normal levels of protection by 2 resull In
which control mice are killed, whereas mice immunised with sither fresh vaccine or the

stabilised vacoine survive {he challenge.

STATEMENTS OF INVENTION

The following numbered statements set out aspecis of the invention and form part of

the description.

1. A pharmaceutical syringe comprising a8 pharmacsutical material stabilised In &
soluble dry glass coating the surfaces of the voids in a compressible porous matrix
which is located within the barrel of the syringe dsiween the plunger and the
needie fitting.

2. A pharmaceutical syringe according to statement 1 characterised in that the porous
matrix is comprassible.

3. A pharmaceutical syringe according 1o statement 1 or 2 characterised in that the
pOrous matrix is a sponge.

4. A pharmacsulical syringe according to statement 1 or 2 charactensed in that the
DOroUsS matrix s a fibrous body.

5. A pharmacsutical syringe according to statement 2, 3, or 4 characlerised in that
the porous body is formed from a natural matenal

8. A pharmaceutical syringe according o siatement £, 3 and/or 4 characterised in
that the porous matrix is formed from a synthetic plastics material.

7. A pharmaceulical syringe according to statement & characterised in that the porous
body s formed from a natural sponge.
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A pharmaceutical syringe according o statement 2, 3 and/or 4 charactensed In
that the porous matrix is formed from cellulose, polyethvlene, polypropyiens,
nolyestier, polysther polyurethane, polyvinyl acetate or melamine formaldehyde
resin.

A pharmaceutical syringe according o statements 2, 3, 4, 5, 6, 7 or 8
characterised in that the porous matrix has a funclional pore size of belwesn 1
micron and 2 mm.

A pharmaceutical syringe according to statements 2, 3, 4, 5, 6 7 or &
characterised in that the porous matrix has a funcilional pore size of between 10
microns and fmm.

A pharmaceutical syringe according o stalemenis £, 3, 4, &, & 7 of &
characterised in that the porocus malnx has a functional pore size of between 10
microns ang 100 microns.

A pharmaceutical syrings according (o statement 4 characlerised in that the glassy
substances forms a coating on the surface of the fibres or pores thus delining
spaces allowing the iquid 1o pass through.

A pharmaceutical syringe according (o statement 1 characterised in that the camer
HOud 18 aqusous.

A pharmaceutical syringe according to statement 1 characterised in that the camer
Hquid (s an organic soivent.

A pharmaceutical syringe according to any previous statement charactensed in
that the porous mainix is treated with 3 blocking agent.

A gharmaceutical syringe according o any previous statement characlerised in
that the porous mainx is trealed with a suriactant.

A pharmaceutical syringe according to statement 1 characterised in that the porous
matrix is hydrophilic for the application of water soluble glassy substances ang
hydrophobic for the apphication of oil soluble glagssy substancss.

A pharmaceutical syrings according o any previous statement characterised in
that the giass is an amino acid glass, a sugar giass, a hydrophobically modified
sugar giass, a carbohydrate glass, or mixtures thereol the syringe being for the
administration of a liguid-carried pharmaceutical {0 a patient characterised by an
active pharmaceutical material stabilized in a glassy matenal that is solubie in the
Hauid and that forms a coating on supporting means localed in the passage so that
the glassy material will dissolve in the liguid thereby releasing the pharmaceutical
into the liquid.



CaA 02896377 2015-06-25

WO 2013/1109356 PCT/GB2013/050183

30

19. A method of storing and or fransporting a biological agent siabilized i a glassy
substance soluble in a carmer liguid characterised in that the biclogical agent is
stored in a comprassible porous supporting structure in g passage for the tlow of
the said liquid so that, the agent can be administered by aspirating the camer liguid

2 into the spaces or pores of the supporting structure and then causing the liquid to
be expelled through the passage and thence to the patient as the porous
supporting structure is compressed.

20. A method of preparing a pharmaceutical prior to adminisiration to a palient in
which a carrier liguid is caused o flow along a passage containing an active

10 ingredient stabilised by a glassy substance so that the agent becomes dissolved or
dispersed in the liguid prier to delivery o the patient.

21. A pharmacsutical syringe defining a spongy or fibrous body and giassy malenal
stabilising an active ingredient deposited on the porss of the porous matnix or the
fibres of the fibrous body, the coated pores or fibres defining spaces between them

15 whereby a solvent can pass through the matrix dissolving the giassy substance.
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CLAIMS:

1. A pharmaceutical syringe comprising a syringe barrel, the syringe barrel
containing a compressible porous matrix, wherein the compressible porous matrix

has In it a pharmaceutical in a soluble glass.

2. The pharmaceutical syringe according to claim 1, wherein the compressible

porous matrix in a non-compressed state occupies at least 10% of the volume of the

syringe barrel.

3. A compressible porous matrix insert for inserting into the barrel of a syringe
for delivery of the pharmaceutical to a subject, which insert is a body of a

compressible porous matrix having in it a pharmaceutical in a soluble glass.

4. The pharmaceutical syringe according to claims 1 or claim 2, wherein the

compressible porous matrix has a compressibility of 2:1 or more.

5. The compressible porous matrix insert of claim 3, wherein the compressible

porous matrix has a compressibility of 2:1 or more.

0. The pharmaceutical syringe according to any one of claims 1, 2 and 4
wherein a gap for the passage of air during venting of the syringe is present between

the matrix and the inner wall of the syringe barrel.

7. The pharmaceutical syringe or compressible porous matrix insert according
to any one of claims 1 to 6, wherein the compressible porous matrix is in the form of

an elongate block.

8. The pharmaceutical syringe or compressible porous matrix insert according

to any one of claims 1 to 7, wherein the compressible porous matrix is in the form of a

block having a non-circular cross section.

9. The pharmaceutical syringe or compressible porous matrix insert according

to claim 8 wherein the block has a rectangular cross section.

CA 2896377 2018-04-25
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10. The pharmaceutical syringe or compressible porous matrix insert according

to any one of claims 1 to 9, wherein the compressible porous matrix is a foam, a

sponge, or a fibrous body.

11. The pharmaceutical syringe or compressible porous matrix insert according
to claim 10, wherein the compressible porous matrix is cellulose foam, polyurethane

foam, or melamine foam.

12. The pharmaceutical syringe or compressible porous matrix insert according
to any one of claims 1 to 11, wherein the compressible porous matrix has a

functional pore size of between:
a) 1 micron and 2 mm;
b) 10 micron and 1mm; or
c) 10 micron and 100 micron.

13. The pharmaceutical syringe or compressible porous matrix insert according
to any one of claims 1 to 12, wherein the porous matrix is hydrophilic for the

application of water soluble glassy substances.

14, The pharmaceutical syringe or compressible porous matrix insert according
to any one of claims 1 to 13, wherein the porous matrix is hydrophobic for the

application of oil soluble glassy substances.

195. The pharmaceutical syringe or compressible porous matrix insert according
to any one of claims 1 to 14, wherein the pharmaceutical is stabilised in a soluble

dry glass on the compressible porous matrix.

16. The pharmaceutical syringe or compressible porous matrix insert according
to any one of claims 1 to 15, wherein the glass is an amino acid glass, a sugar glass,

a hydrophobically modified sugar glass, a carbohydrate glass, or a mixture thereof.

CA 2896377 2018-04-25
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17. The pharmaceutical syringe or compressible porous matrix insert according

to claim 16 wherein the glass is a trehalose glass.

18. A method of producing a pharmaceutical syringe or compressible porous

matrix insert according to any one of claims 1 to 16, comprising

contacting a compressible porous matrix with a solution of a glass-forming

material, which solution contains a pharmaceutical, and

drying the solution to form a glass in the compressible porous matrix, which

glass comprises the pharmaceutical.

19. The method according to claim 18, comprising treating the compressible
porous matrix with a blocking agent before contacting the matrix with the solution of

glass-forming material containing the pharmaceutical.

20. The method according to claim 18 or claim 19, comprising treating the

porous matrix with a surfactant.

21. A method of pre-loading a syringe with a pharmaceutical, comprising
Inserting the compressible porous matrix insert according to any one of claims 3 or 5

to 17 into the barrel of a syringe.

22. A method of preparing a pharmaceutical for administration to a subject, the
method comprising inserting the compressible porous matrix insert according to any
one of claims 3 or 5 to 17 into the barrel of a syringe, wherein a carrier liquid is forced
through the compressible porous matrix so that the pharmaceutical becomes

dissolved or suspended in the carrier liquid prior to administration to the patient.

23. A kit of parts comprising a compressible porous matrix insert according to

any one of claims 3 or 5 to 17, a syringe barrel and a syringe plunger.

24 The kit of parts according to claim 23, further comprising a carrier liquid

iIncluding a solvent, wherein the solvent is

CA 2896377 2018-04-25
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a) an agueous solvent; or
b) an organic solvent.
25. The pharmaceutical syringe or compressible porous matrix insert according

to any one of claims 3, 5, 7 to 17 or 23 to 24, wherein the insert is fixed to the seal of

O asyringe plunger.

CA 2896377 2018-07-18
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