Title - Inprovenents in the absorption of therapeutic agents across nucosal
menbranes or the skin Field of the Invention This invention relates to the
enhancemend 20fo/@bsar pti on of therapeutic agents across wrata@sbowsmizganes or
the skin. In particular, the inventionconcerns the use of a hydroxy fatty
acid ester of polyethylene glycol for enhancing transmucosal or transdermal
delivery of a pharmaceutically active therapeutic agent. The invention al so
relates to conp03|t|ons and met hods for adm nistration of a
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t he nasal cavity.

Background of the Invention

Administration of therapeutic agents to the mucosa is well known in the art.
Therapeutic agents can be delivered to the nasal cavity, the vaginal cavity,
pulmonarily, buccally, sublingually, rectally, orally and to the eye for the local
treatment of diseases or for a systemic effect.

Delivery of drugs via the absorptive mucosa, eg the buccal, nasal, ocular, oral,
sublingual, rectal, and vaginal mucosae, offers distinct advantages over other
routes of administration. In particular, these body cavities are easily accessible,
so administration is convenient. Therapeutic agents administered via a mucosal
route, except via the gastrointestinal tract, are transported directly into the
systemic circulation and therefore avoid first-pass metabolism. Mucosal routes of
delivery also provide the potential for a rapid pharmacological response, especially
the nasal and pulmonary routes of delivery. Lipophilic drugs such as propranolol
and fentanyl are readily absorbed through the nasal mucosa, resulting in a high
bioavailability.



Despite the advantages of nucosal routes of delivery, many therapeutic
agents, such as peptides and proteins and hydrophilic small nol ecul ar
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mul tiple daily dosing by injection is necessary and results in
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The mucosal membranes provide a protective barrier against the outside
environment and are lined by epithelial cells which provide a barrier to the entry of
toxins, bacteria and viruses. Pathways involved with transport of therapeutic
agents across mucosal membranes include transcellular and paracellular
transport. In the transcellular route, therapeutic agents may be transported by a
passive or carrier-mediated transport system. The passive, transcellular route
involves permeation across the apical cell membrane, the intracellular space and
basolateral membrane and is limited to relatively small hydrophobic compounds.
Larger compounds may be absorbed by endocytosis, but this mechanism is
selective, eg to particular classes of molecule and structural analogues of naturally
transported analogues, and generally excludes compounds of a highly polar
nature. Paracellular transport allows larger more hydrophilic therapeutic agents
across mucosal membranes by passive diffusion across the intercellular junctions
of the epithelium. Paracellular transport of therapeutic agents is therefore
restricted by the tight epithelial junctions.



other simlar opioids. More comonly, they are |arge, high nol ecul ar weight
nol ecul es and transport is inhibited on account of their size and their
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"bi ol ogi es", such as peptides and prote ns, polynucleic acids, SiRNA RNA
and antigens, since these are nostly |arge nol ecul ar wei ght nol ecul es of a
pol ar nature. This problemis exacerbated by the discovery of increasing
nunbers of biologies due to growth in biotechnology research and scientific
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“I'nhal ation Delivery of Therapeltic Peptides and Proteins”, Adjei and QGupta
(eds.) Mmxaetrbtedkby thendischlaryYdrikereasiog umbieds-of 8iblagids bye Go grewithi ino,

[1ium Brandt ohnson and a ntranasal delivery: Physicochem cal and
TherapeutblI Qeggrbcjgg%reqw&haﬁg}#ﬁnklﬁ%?svm; 1-24. However, absorption
enhancers enpl oyed previously in nasal studies, such as salicylates, bile
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devel opecdhtinistered via the gastrointestinal tract. Delivery through a mucosal membrane

such as that found lining the nasal cavity would provide an important alternative

route of delivery with limited enzymatic degradation.

In order to improve the transport of these drugs across mucosal surfaces
formulations that include absorption enhancers have been employed with some
success, especially when delivered by nasal administration. Absorption agents
used to date include surfactants, gelling microspheres and the bioadhesive
polymer, chitosan. Examples of these systems have been reviewed by lllum and
Fisher in “Inhalation Delivery of Therapeutic Peptides and Proteins”, Adjei and
Gupta (eds.) Marcel Dekker Inc, New York (1997), 135-184 and by Costantino,
lllum, Brandt, Johnson and Quay, Intranasal delivery: Physicochemical and
Therapeutic Aspects, Int J Pharm, 337, 2007, 1-24.

However, absorption enhancers employed previously in nasal studies, such as
salicylates, bile salts and bile salt derivatives, phospholipids and
lysophospholipids, sodium lauryl sulphate and cyclodextrins and chitosan
derivatives, have in some cases been shown to result in irritation or damage to the

mucosal membrane.



deliver therapeutic agents across a nucosal nenbrane, but problens reported
have included irritation, malabsorption and cl earance of the therapeutic
agent prewenviongozuccessful absorption into the systen ectiGRubsaisise. Many
exci pi ents such as polyethyl ene glycol jand gl ycofurolum (US 5,397,771 ) can
be highly viscous and therefore unsuitable for intranasal and nucosal
delivery. WD 03/070280 describes the use of nono- and diglycerides having
the formula GO R HC- O R2 H2C-O R3 wherein R 1, R2 and R3 are sel ected
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Compost t MOV AP BbIs i artieal sk icoRalde el n a hydr ophobi c
medi um The hydr ophobi ¢ nedi um can consi st of aliphatic, cyclic, or

aromati c nol ecul es. Exanples of suitable aliphatic hydrophobic nedi um

i ncl ude WEe0IHD70280 dascrdags\tbehsexnf ndnp-yarsr diglycerides yayiogrthedermwaher s and
esters. Exanples of suitable cyclic hydrophobic nmediuminclude terpenoids,
chol esterol, chol esterol deFi&af@vRB% and chol esterol esters. Exanples of
aromati ¢ hydrophobi c nedi umppelsdre benzyl benzoate. The conposition is
further suppl enmented by rrenpr&ngikéli di zi ng agent which can be linear,
branched, cyclical or aromat®e

wherein R1, R2 and R3 are selected from the group consisting of from Cg-Cos fatty
acids, PEG polymers and hydrogen, provided that at least one of R1, R2 and R3 is
a Ce-Cys fatty acid residue and at least one of R1, R2 and R2 is a PEG polymer

residue, for use as absorption enhancing and as mucoadhesive agents.

WO 2004/064757 describes the use of N,N-dimethylglycine, thioctic acid, sebacic
acid and shikimic acid and salts thereof for enhancing the absorption of a

pharmaceutically active agent through mucosal membranes.

WO 2006/097793 describes compositions for translocating therapeutically active
molecules through biological membranes by including molecules in a water-
soluble composition. The water-soluble composition can be immersed in a
hydrophobic medium. The hydrophobic medium can consist of aliphatic, cyclic, or
aromatic molecules. Examples of suitable aliphatic hydrophobic medium include
mineral oil, monoglycerides, diglycerides, triglycerides, ethers and esters.
Examples of suitable cyclic hydrophobic medium include terpenoids, cholesterol,
cholesterol derivatives and cholesterol esters. Examples of aromatic hydrophobic
medium include benzyl benzoate. The composition is further supplemented by
membrane fluidizing agent which can be linear, branched, cyclical or aromatic

alcohols.



al cohol s. WO 03/ 099264 descri bes conpositions for vaginal, buccal or nasa
delivery of drugs and cryoprotection of cells and enbryos. The conpositions
consi st oloaorangi7ani zabl e gl ycol derivative in conbi natcercBrddnsass
pharmaceutically active agent. The non-g4 oni zabl e gl ycol derivative may be
further conbined with a nucoadhesive agent and a |lipophilic or hydrophobic
carrier for adhesion to, and transport through, a nucosa. A non-ionizable
gl ycol derivative is a conjugate of aliphatic glycol or a conjugate of
aliphatic glycol with aliphatic or aromatic al cohol or esters. The

non-ioni zabl e glycol derivative is selected fromthe group consisting of a
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their small size. WO2006/1 08556 refers to the use of an adm xture of
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t he active agent enables inproved delivery of that agent
form a pre-suspension followed by homogenisation. The particles produced
generally have an average particle size of less than about 1000nm and are not
rapidly soluble. Surfactants with phospholipids conjugated with a water soluble or
hydrophilic polymer are used to coat the particles. Solutol® HS15 is given as an
example of a suitable surfactant, and in Example 5 it is stated that “The
stabilisation that occurs as a result of homogenisation is believed to arise from
rearrangement of surfactant on the surface of the particle. This rearrangement
should result in a lower propensity for particle aggregation (page 31, lines 29-32)”.
Thus, surfactant is used to stabilise the particles and prevent agglomeration. The
described particles are purported to show improved bioavailability because of

increased dissolution due to their small size.

WQ02006/108556 refers to the use of an admixture of surfactant and phospholipid
to solubilise poorly soluble active agents, eg corticosteroids, in colloidal form.
Macrogol hydroxystearate (Solutol® HS15) is one of the exemplified surfactants.
The improved solubility of the active agent enables improved delivery of that agent
to the intended site. For example, the formation of colloidal solutions improves
delivery by nebuliser (advantages discussed on page 46 line 8 — page 47, line 22).



to the intended site. For exanple, the formation of colloidal solutions

| nproves delivery by nebuliser (advantages di scussed on page 46 line 8 -
page 47, Wwore10a2y37009/ 32089 rel ates to a pharmaceuti calpCT@y20®idsi 38
conprising mcelles in an aqueous nedi wherein the mcelles conprise a

| i pophilic glucocortocosteriod and one and only one pharmaceutically
acceptabl e surfactant. The surfactant is used in | ow concentrations of |ess
than 5% w w of the total conposition weight (page 7, linesl -2) in order to
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wat er-in-oil mcroenul sion which upon further dilution in aqueous nedi um
80 gast Il G 0855050 and US2006/088592 describe a composition for oral delivery of a

poorly absorbed drug. The composition includes the drug, an enhancer for

increasing absorption of the drug through the intestinal mucosa, and a promoter,

which alone does not increase the absorption of the drug, but which further

increases the absorption of the drug in the presence of the enhancer. In Example

12, paclitaxel is solubilised using Solutol® or tocopheryl succinate polyethylene

glycol as solubiliser. The enhancer and promoter used in Example 12 are sucrose

stearate and glucosamine, respectively.

US2007/082016 relates to pharmaceutical compositions in the form of a
microemulsion preconcentrate comprising a d—amino-y-hydroxy-w-aryl-alkanoic
acid amide renin inhibitor in an absorption enhancing carrier medium comprising
(a) a lipophilic component; (b) a high HLB surfactant; and (c) a hydrophilic
component. The preconcentrate provides a spontaneously dispersible water-in-oil
microemulsion which upon further dilution in agueous medium, eg gastric fluids,
converts to oil-in-water microemulsion. Suitable high HLB surfactants include, but
are not limited to, non-ionic efflux inhibiting and thereby absorption enhancing
surfactants (paragraph [0037]). Solutol® HS15 is listed as a suitable efflux
inhibitor (paragraph [0038]).



converts to oil-in-water mcroemul sion. Suitable high HLB surfactants

i nclude, but are not limted to, non-ionic efflux inhibiting and thereby
absor pt i omoentvangi7ag surfactants (paragraph [0037]). SolparaE2o)o/dstlss i s
listed as a suitable efflux inhibitor (paragraph [0038]).W001/19335 is
concerned with vacci ne conpositions in which the antigen is encapsulated in
vesicles allow ng delivery of the antigen through nucous nenbranes. The
vesicles are multilanellar vesicles with an onion-like structure having an
internal liquid crystal structure forned by a stack of concentric bilayers
based on anphiphilic agents alternating with | ayers of water, an agueous
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an ethoxylated derivative of vitamin E and/or a polyethylene glycol fatty acid ester

such as Solutol® HS15 is used to solubilise the corticosteroid in order that it may

be delivered by nebulisation or nasal delivery.

US2005/058702 describes an approach to facilitating the translocation across
biological barriers of negatively charged molecules that are themselves unable to
cross such barriers (which molecules are referred to as "effectors"). The approach
involves formulating the effector with an ionic liquid forming cation. It is disclosed
that the formulation may also contain a mixture of at least two substances selected
from the group consisting of a non-ionic detergent, an ionic detergent, a protease
inhibitor, and a reducing agent. The Examples disclosed include several such
substances, including Solutol® HS15, though the concentrations of that ingredient
and others are not specified. The Example formulations are said to be
administered rectally or by injection into an intestinal loop.

WO 2006/024138 describes a pharmaceutical formulation having thermoreversible
properties, comprising (a) an antimicrobial agent, (b) a poloxamer mixture
containing at least two poloxamer polymers, and (c) a hydroxyl fatty acid ester of

polyethylene glycol, wherein the formulation is solid at room temperature and is a



adm nistered rectally or by injection into an intestinal |oop. W 2006/ 0241
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containing at |east two pol oxamer polynrers, and (c) a hydroxyl fatty acid
ester of polyethylene glycol, wherein the fornulation is solid at room
tenperature and is aliquid-gel at body tenperature. In preferred

enbodi ments, the hydroxy fatty acid ester of polyethylene glycol is
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describes how the effects of Solutol(r) on the oral absorption of the
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mechani sns;. the authors concl uded that CYP450 inhibition is |likely to be
t he nmj orNHRERRMI $ni oA &xmaTRlRer QW58 (ptF40 family of enzymes) and P-Gp may

have played a part (Bravo Gonzalez et al, Improved oral bioavailability of
cyclosporin A in male Wistar rats. Comparison of a Solutol® HS15 containing self-
dispersing formulation and a microsuspension, Int. J. Pharm. 245 (2002) 143-151).

The paper describes how the effects of Solutol® on the oral absorption of the
water-soluble drug colchicines have also been investigated. The high solubility of
colchicines means that the increase in oral absorption is unlikely to be due to
increased drug solubility in the intestinal fluids due to Solutol. Inhibition of P-Gp
and/or CYP450 are suggested as possible mechanisms; the authors concluded
that CYP450 inhibition is likely to be the major mechanism of enhanced absorption
in this case, as CYP450 concentrations are high and P-Gp concentrations are low
(Bittner et al, Improvement of the bioavailability of colchicine in rats by co-
administration of D-alpha-tocopherol polyethylene glycol 1000 succinate and a
polyethoxylated derivative of 12-hydroxy-stearic acid, Arzneim-Forsch, 52 (2002)
684-688).

It is also reported that Solutol® HS15 significantly increased digoxin transport

across an everted rat gut sac in vitro, an effect attributed to the inhibition of drug
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There remains an urgent need for the development of efficient, non-toxic

absorption enhancer systems that will enable a therapeutically relevant transport

of high molecular weight and/or hydrophilic compounds across mucosal surfaces.

Transdermal drug delivery — the delivery of drugs across the skin and into
systemic circulation — may also be an advantageous route of drug delivery,
particularly because of the relative accessibility of the skin. However, transdermal
delivery is also hampered by the problems mentioned above for drug delivery
across mucosal membranes. The skin’s low permeability limits the number of
drugs that can be delivered in this manner, with the result that many hydrophilic
compounds and/or compounds of high molecular weight are not currently
deliverable by the transdermal route. Without the use of absorption enhancers,
many drugs will not diffuse into the skin at a sufficient rate to obtain therapeutic
concentrations. A particular concern for transdermal delivery is the possibility that
a local irritation will develop at the site of application. There remains a need for
the development of efficient, non-toxic absorption enhancer systems for enhancing

the transport of high molecular weight and/or hydrophilic drug compounds.
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conbi nati on of a hydroxy fatty acid ester of polyethylene glycol and a

t herapeutic agent is adm nistered to the skin. Thus, according to a first
aspect ofSumhmannoblfeilnwentiaiere i s provi ded the use, in a pharnaceuti cal
conposition, of an absorption enhancer conprising a hydroxy fatty acid
ester of polyethylene glycol, as an agent for enhancing absorption of a

t her apeutWwe hagerliscoveassthat mineasahyderb faeact dsher sfdolyethylene glycol is
administered to a mucosal surface, such as the nasal cavity, in combination with a
therapeutic agent, the therapeutic agent is absorbed across the mucosal surface
to a much higher degree than if the hydroxy fatty acid ester of polyethylene glycol
were not present in the formulation. The same absorption enhancement may be
observed when a combination of a hydroxy fatty acid ester of polyethylene glycol
and a therapeutic agent is administered to the skin.

Thus, according to a first aspect of the invention, there is provided the use, in a
pharmaceutical composition, of an absorption enhancer comprising a hydroxy fatty
acid ester of polyethylene glycol, as an agent for enhancing absorption of a

therapeutic agent across a mucosal membrane or the skin.

By “enhancing absorption” across a mucosal membrane or the skin is meant an
improvement in the movement or transport of the therapeutic agent across the
mucosal membrane or the skin of a mammal. Generally, the increase in degree
of absorption is at least 10% compared to the absorption of the composition
without a hydroxy fatty acid ester of polyethylene glycol, more preferably an
increase of at least 25%, or of at least 50%, and most preferably an increase of at
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absorption is the measurement of plasma glucose levels to assess the level of

absorption of insulin. By definition, when a medicament is administered

intravenously, its bioavailability is 100%. However, when a medicament is

administered by another route (eg orally or nasally), its bioavailability normally

decreases due to incomplete absorption, efflux of the absorbed drug and/or drug

metabolism.

By “therapeutic agent” is meant any chemical compound or agent which is
pharmacologically active and exhibits a therapeutic effect when administered to a
mammal, including human subjects. It may be a synthetic or naturally-derived
substance, including substances that are derived from living sources such as

humans, animals or microorganisms and grown in specially engineered cells.

Therapeutic agents include but are not limited to low molecular weight drugs,
nucleic acids, proteins, peptides and antigens. Nucleic acids include, but are not
limited to, DNA, cDNA, RNA, siRNA, RNAi. Other large molecular weight
therapeutic agents may include conjugates of such molecules, eg with polymers or

cell-penetrating peptides.
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they are not weII absorbed across biological membranes.

c) Active transport — influx or efflux. P-glycoprotein (P-Gp) is an ATP-dependent
membrane transporter protein that actively transports xenobiotics out of cells.
Immunohistochemical and functional studies have shown P-Gp to be expressed
on the apical side of epithelial cells, including those found in the liver, pancreas,
kidney, colon, jejunum and nasal mucosa, in mice, cows and humans. In
humans, P-Gp is the product of the MDR-1 gene. By exporting absorbed drugs,
P-Gp is thought to play a significant role in the disposition of its substrates,
resulting in poor bioavailability and reduced activity of therapeutic compounds.
Substrates of P-Gp include natural products (derived from plants, fungi, bacteria
and sponges) and their minor variants, synthetic compounds and small
hydrophobic peptides no longer than four amino acids long. The function of P-Gp
can be studied both in vitro (in cell cultures (eg Caco-2) and ex vivo models (eg
everted rat gut)) and in vivo using known substrates and inhibitors of P-Gp to

probe the transporter protein’s activity.

4) Drug metabolism/degradation. Enzymes present in biological cavities (such as

the stomach), the liver and localised at biological membranes can degrade the
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Class Il - High Permeability, Low Solubility: The bioavailability of these products is

limited by their solvation rate. A correlation between the in vivo bioavailability and

the in vitro solvation can be found.

Class Il - Low Permeability, High Solubility: The absorption is limited by the
permeation rate but the drug is solvated very fast.

Class IV - Low Permeability, Low Solubility: These compounds have a poor
bioavailability. Usually they are not well absorbed over the intestinal mucosa and
a high variability is expected.

The present invention is believed to be particularly suitable for enhancing the
delivery of drugs that fall within Class Il of the above classification, and to
peptides, proteins, polynucleic acids, SIRNA, RNA and antigens that are not
normally considered part of the BCS system, but which exhibit high solubility and
low permeability.
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may be considered to have "low permeability" if the permeation coefficient, eg

measured in a Caco-2 cell monolayer, is less than 1 x 10 cm/second.
Alternatively, the threshold may be set at less than 1 x 10 cm/second, or less

than 1 x 10 cm/second.

A particular advantage of the present invention is that it allows and/or improves the
delivery of therapeutic agents to the respiratory tract, in particular pulmonary
delivery, and to the nasal or buccal cavities. Delivery via these mucosal
membranes is particularly convenient, and the therapeutic agent may be
transported directly into the systemic circulation, thus avoiding degradation from
stomach acid, bile, digestive enzymes and other first-pass effects. As a result,
these routes of delivery provide the potential for an improved onset of action, lower
dosing and more accurate dosing, and may thus enhance the efficacy and safety
profile of the therapeutic agent. As an alternative to oral administration, these
alternative routes would benefit patients with swallowing disorders and patients

suffering from nausea.

Thus, according to a second aspect of the invention, there is provided a
pharmaceutical composition comprising a therapeutic agent and an absorption

enhancer comprising a hydroxy fatty acid ester of polyethylene glycol , which



suffering fromnausea. Thus, according to a second aspect of the invention,
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adm nistration to the nucosal nenbranes of the nasal cavity, buccal cavity
and/or respiratory tract. The rapid onset of the therapeutic effect of a

t herapeutic agent contained in a conposition according to the invention nay
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Compositions administered to the mucosal membranes of the nasal cavity, buccal
cavity and/or respiratory tract may preferably be in the form of a spray, aerosol or
dry powder, including spray-dried or freeze-dried particles, microspheres or
nanoparticles. Additional compositions that are preferred for buccal delivery are
buccal or sublingual tablets, pastilles or lozenges, or compositions in the form of a
thin film. Thin film drug delivery (also known as orally dissolving thin film) refers to
a thin film strip similar in size, shape and thickness to a postage stamp, which is
typically placed on or under the tongue or along the inside of the cheek and
allowed to dissolve.

Despite the problems associated with delivery involving the gastrointestinal tract,
oral delivery remains a popular and acceptable route for the administration of
therapeutic agents. The present invention is beneficial in the oral delivery of
therapeutic agents because it allows the improved transport of drugs across the
gastrointestinal tract. Absorption of drugs takes place in the small intestines and
the colon. Compositions for oral delivery are typically produced as tablets or

capsules, or in liquid form.



t herapeutic agents. The present invention is beneficial in the oral
delivery of therapeutic agents because it allows the inproved transport of
drugs acrweotdmeoygastroi ntestinal tract. Absorption of ecugs@kssispl ace in
the small intestines and the colon. Coggositions for oral delivery are
typically produced as tablets or capsules, or in liquid form Conpositions
in a particulate formare particularly useful for the delivery of

t herapeutic agents to nucosal nenbranes. In particular, dry powders are
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mucosal = i AHaHY gt'e PHE- skin, and until now have preferably been
adm ni stered by alternative routes such as injection or infusion. This
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mor e spedinsc Bl & padiowtsreaspeat oftbedhverjiopathare i providEba canyosdioaci al Iy to
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The present invention is particularly useful for the delivery of therapeutic agents

that would otherwise be poorly absorbed by a mucosal membrane or the skin, and
until now have preferably been administered by alternative routes such as injection
or infusion. This generally applies to therapeutic agents having a large molecular
weight, more specifically a molecular weight greater than 1000, and especially to
large hydrophilic molecules, and also to small molecular weight molecules that are
hydrophilic.

Hydrophilicity may be expressed in terms of "log P". Log P is the logarithm of the
partition coefficient, P, where P is the ratio of concentrations of an un-ionized
compound in the two phases of a mixture of two immiscible solvents at equilibrium,
one solvent being water and the second a hydrophobic solvent, most commonly
octanol. Hence log P is a measure of differential solubility of the substance
between the water and the hydrophobic solvent, ie a measure of hydrophilicity or
hydrophobicity. Hydrophobic compunds will have a high log P and hydrophilic
compounds a low or negative log P. In general, the present invention may be
useful in improving the absorption of any molecule for which log P is less than 3.
Some drugs have a log P of less than 2.5, or less than 2.0, or less than 1.5, or less
than 1.0, and drugs that partition preferentially in the aqueous phase will have a
negative log P.
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P. The use of a hydroxy fatty acid ester of polyethylene glycol as an agent
for enhanci ng absorption of a hydrophilic therapeutic agent owes nothing to
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therapeutic agent across a mucosal menbrane or the skin, which nmethod
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large molecules with molecular weights greater than 1000, which would otherwise

be unsuitable for mucosal or transdermal delivery.

The present invention is believed to offer a significant advance in the delivery of
therapeutic agents and hence the treatment of disease in humans and animals. In
a further aspect of the invention there is provided a method of enhancing
absorption of a therapeutic agent across a mucosal membrane or the skin, which
method comprises (a) providing a composition comprising the therapeutic agent
and an absorption enhancer comprising a hydroxy fatty acid ester of polyethylene
glycol, and (b) administering the composition to said mucosal membrane or the
skin.

One group of therapeutic agents that may advantageously be administered to a
mammal via a mucosal route such as the nasal cavity, or via a transdermal route,
in accordance with the present invention, are those intended to produce an
immune response, eg antigens or vaccines. By enhancing absorption of the agent
across the mucosal membrane or the skin, the resulting immune response is

improved.



skin. One group of therapeutic agents that nmay advantageously be

adm nistered to a manmal via a nmucosal route such as the nasal cavity, or
via a trawederomgbsmoute, in accordance with the present pPCmGBINF1188r €
those intended to produce an i mune reggonse, eg antigens or vaccines. By
enhanci ng absorption of the agent across the nucosal nenbrane or the skin,
the resulting i mune response is inproved. Nucleic acids are a further group
of therapeutic agents that nay advantageously be adm nistered to a nanmal
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pref err e P67 @Ptﬁfleé‘ﬁée%?'?/gﬁ‘lthﬁ ¥SHGdroxy fatty acid ester used in the
experinents that are described in the Exanples below is the product
comercially avail abl e from BASF under the trade name Sol utol (r) HS1 5.

Sol ut ol ( Detsd iy fdhaldoventddd by wei ght of pol ygl ycol nono- and

di esters of 12-hydroxysteahc acid (principally the nonoester of

pol yet hyl ene gl ycol 660 and 12-hydroxystearic acid) and about 30% by wei ght
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hydroxystearate). One source of the preferred polyethylene glycol 660 hydroxy
fatty acid ester used in the experiments that are described in the Examples below
is the product commercially available from BASF under the trade name

Solutol® HS15. Solutol® HS15 comprises about 70% by weight of polyglycol
mono- and diesters of 12-hydroxystearic acid (principally the monoester of
polyethylene glycol 660 and 12-hydroxystearic acid) and about 30% by weight of
free polyethylene glycol (in particular polyethylene glycol 660). Solutol® HS15 is
soluble in water and ethanol. Solutol® HS15 is presently the most preferred

absorption enhancer for use in the invention.

It has been found that the use of a combination of hydroxy fatty acid ester of
polyethylene glycol in combination with free polyethylene glycol, as is present in
Solutol® HS15, may produce superior absorption enhancement than the use of
hydroxy fatty acid ester of polyethylene glycol alone. Thus, in a preferred
embodiment, the absorption enhancer comprises from about 30% to about 90% by
weight of hydroxy fatty acid ester of polyethylene glycol, and from about 10% to
about 50% by weight of free polyethylene glycol.

In the following, the term "absorption enhancer” should be taken to mean the

hydroxy fatty acid ester of polyethylene glycol or, where free polyethylene glycol is



pol yet hyl ene glycol in conbination with free polyethylene glycol, as is
present in Solutol(r) HS1 5, may produce superior absorption enhancenent
t han t he weeonfo2bardr oxy fatty acid ester of pol yet hyl enecglgodosizee.
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and 2000 Da, more preferably less than 1000 Da, and most preferably less than
800 Da. The average molecular weight of the polyethylene glycol is preferably
greater than 200 Da and more preferably greater than 400 Da. The average
molecular weight of the polyethylene glycol is preferably between 200 and 1000
Da, or between 400 and 800 Da. It will be appreciated that in any given grade of
polyethylene glycol, there will be a distribution of molecular weights. The
polyethylene glycol may also be a blend of two or more different grades, and

hence the molecular weight distribution may be bi- or polymodal.

The amount of absorption enhancer present in compositions prepared in
accordance with the present invention is preferably at least 0.001% by weight of
the total composition, more preferably at least 0.1% by weight of the total
composition, more preferably at least of 1% by weight of the total composition,
more preferably at least of 2% by weight of the total composition, and most

preferably at least 5% by weight of the total composition.

The amount of absorption enhancer present in compositions prepared in
accordance with the present invention is preferably no more than 99% by weight of

the total composition, more preferably no more than 40% by weight of the total
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10% by weight of the total composition.

The use of the absorption enhancer may be expected to enhance the absorption
of any therapeutic agent across a mucosal membrane or the skin. However, the
present invention is particularly useful for enhancing the absorption of therapeutic
agents that would otherwise be poorly absorbed across a mucosal membrane or
the skin.

The invention is useful for the delivery of small molecule therapeutic agents having
a low molecular weight. By the term “low molecular weight” is meant a molecular

weight of less than about 1000 Da.

The invention has particular utility for the delivery of low molecule weight
therapeutic agents which are hydrophilic, eg morphine.

Low molecular weight therapeutic agents with a level of hydrophilicity that presents
a problem with regard to delivery across a mucosal membrane or the skin usually
have a log P value less than about 3. Examples of small drug molecules with a
log P value less than 3 include morphine, alfentanyl, butorphanol and
buprenorphine.
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carotenes, celecoxib, cerivistatin, cetirizine, chlorpheniramine, cholecalciferol,
cilostazol, cimetidine, cinnarizine, ciprofloxacin, cisapride, clarithromycin,
clemastine, clomiphene, clomipramine, clopidrogel, codeine, coenzyme QIO,
cyclobenzaprine, cyclosporine, danazol, dantrolene, dexchlopheniramine,
diclofenac, dicoumarol, digoxin, dihydro epiandrosterone, dinydroergotamine,
dihydrotachysterol, dirithromycin, donepezil, efavirenz, eposartan, ergocalciferol,
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nelfinavir, nifedipine, nilsolidipine, nilutanide, nitrofurantoin, nizatidine,
omeprazole, oprevelkin, osteradiol, oxaprozin, paclitaxel, paricalcitol, paroxetine,

pentazocine, pioglitazone, pizofetin, pravastatin, prednisolone, probucol,
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capecitabine; capreomycin sulfate; cefamandole nafate; cefazolin sodium;
cefepime hydrochloride; cefixime; cefonicid sodium; cefoperazone; cefotetan
disodium; cefotoxime; cefoxitin sodium; ceftizoxime; ceftriaxone; cefuroxime axetil;
cephalexin; cephapirin sodium; cholera vaccine; chrionic gonadotropin; cidofovir;
cisplatin; cladribine; clidinium bromide; clindamycin and clindamycin derivatives;
ciprofloxacin; clondronate; colistimethate sodium; colistin sulfate; cortocotropin;
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famiciclovir; fludarabine; fluoxetine; foscarnet sodium; ganciclovir; granulocyte
colony stimulating factor; granulocyte- macrophage stimulating factor; growth
hormones-recombinant human; growth hormone-bovine; gentamycin; glucagon;

glycopyrolate; gonadotropin releasing hormone and synthetic analogs thereof;



hydr ochl ori de; bl eomycin sulfate; calcitonin human; cal citonin sal non;
carbopl ati n; capecitabine; capreonycin sulfate; cefamandol e naf ate;

cef azol i nweadioup37aef epi ne hydrochl ori de; cefixine; cef eoraBo®adi1ss]

cef operazone; cefotetan disodium cefobgxine; cefoxitin sodium
ceftizoxime;, ceftriaxone; cefuroxine axet|I cephal exi n; cephapirin sodi um
chol era vacci ne; chrionic gonadotropin; C|dofovir; cisplatin; cladribine;
clidiniumbromde; clindanycin and clindanycin derivatives; ciprofloxacin;

cosynt r og TRHE SN GERL b et Tnehoniibg Subboft EaIETREERI A o
def or oxawirog vadeineliradtivatetl; Hapgatitis Bieirnopaesite imactivated| Bogdrih sedlimam ne and

diatri zoate sodi um dicyclonm ne; didanosine; dirit hron%m n;. dopam ne
hydr ochl dhqigavir 8%'?@*85'@“'5@@%““&)3(@%’?@ dﬂ‘i%'ﬁ“bmr%énteﬂ@% mcﬁﬁ)l'%'ﬂm editronate

di sodi
epi nephr 1M R ey G AR DR NE RSP e I o RIS, ' T

fam ci cl ansulin ddtermhar mtbenf&a‘pnfdlptmcehhenferori bstzaipratropiod bmmlgan0| clovir;

granul ocyte col gny stimulatin tor ranul ocyt e- es |rrulat|ng
Pator R es Aot ehats s enrhnains Vs de0 e d el e ReERTR G,

gent a”VC'IéLl rBlide 8880te; IEVFRRYER! ﬁﬁ&m%ﬁ%‘ﬁﬁtlfn%fﬁ?/cfrﬁé@rﬂfdtﬂgs h@bﬂ@é\ﬁr and

synthetic anal ogs t her'eof; GaRH, ' gonadorel | n; gr epaf | oxaci n; henophi 'us B
conj ugat eometioxany); Iela@atbeﬂ R1aANIDl; MreasiescVinS Vacoote; memdgocbem@at vacana virus

vacci ne inact.i vat ed ari odi u L ndi navi.r fate: inf VI rus
vace! ne: ekl meRsepldle HERE: s SSH e miiantiies v RO PP ey

i nsul i n pré&bsessolamiid; inflethdPhiin hpgrdchibrizep afdtioprdidH In&zadilah 8bdieim;| nsul in
detemir; interferon al pha; interferon beta; ipratropium brom de;

i sof osf arW'MéCUFB-HB&hB%’@eeﬁB%VWh\@C@Ir\euﬁedg@'@ﬁﬂbso i O@@$tr‘g§mnﬁeucovohn
cal ¢l um J SHRI e R Binyt SYRLEORAGGRin! dASBINGATL AR b emE! 1

derivati ves onaC|h measl 65 virus

vacci ne; dmenamoolpedajna\t@gwylttmm rmnhr@mtesnsommhepzmtmbmum brorliele;
mesal m ne; net hanam ne; nethotrexate; nethscopolamne; netfgormn
hydr ochl &alr@(@tmﬁepewqqlrmpewmlmq ‘Sﬁt@g@ﬁxtgnpentostatm pentoxifylline;

periciclovir; pentagastrin; phentolamine mesylate; phenylalanine; physostigmine
salicylate; plague vaccine; piperacillin sodium; platelet derived growth factor-
human; pneumococcal vaccine polyvalent; poliovirus vaccine inactivated,;
poliovirus vaccine live (OPV); polymixin B sulfate; pralidoxine chloride; pramlintide;
pregabalin; propofenone; propenthaline bromide; pyridostigmine bromide; rabies
vaccine; residronate; ribavarin; rimantadine hydrochloride; rotavirus vaccine;
salmetrol xinafoate; sincalide; small pox vaccine; solatol; somatostatin;
sparfloxacin; spectinomycin; stavudine; streptokinase; streptozocin;
suxamethonium chloride; tacrine hydrochloride; terbutaline sulfate; thiopeta;
ticarcillin; tiludronate; timolol; tissue type plasminogen activator; TNFR : Fc; TNK-
tPA; trandolapril; trimetrexate gluconate; trospectinomycin; trovafloxacin;
tubocurarine chloride; tumor necrosis factor; typhoid vaccine live; urea; urokinase;
vancomycin; valaciclovir; valsartan; varicella virus vaccine live; vasopressin and
vasopressin derivatives; vecoronium bromide; vinblastin; vincristine; vinorelbine;
vitamin B12; warfarin sodium; yellow fever vaccine; zalcitabine; zanamavir;

zolandronate; zidovudine.
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vitam n Bl2: rfarin .sodium. yellow fever vaccine: zal.citabine, zanamavir;
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folinic acid, furosemide, gabapentin, ganciclovir, granisetron, hydralazine,

hydrochlorothiazide, imidapril, isoniazid, lamivudine, letrozole, levitirazetam,

levofloxacin, levothyroxine, lisinopril metformin, methionine, methotrexate

methyldopa, s-methylmethionine, morphine, nadolol, niacin, nicorandil,

nicotinamide, nifurtimox, nizatidine, olopatadine, ondansetron, oseltamivir,

paracetamol, penicillamine, perindopril, phendimetrazine, phenoxymethylpenicillin,

pravastatin, prednisolone, primaquine, procaterol, promethazine, propylthiouracil,

pseudo-ephedrine, pyrazinamide, pyridostigmine, pyridoxine, rabeprazole,

ranitidine, ribavirin, riboflavin, risedronic acid, rizatriptan, stavudine, sumatriptan,

taltirelin, tamsulosin, tegafur, tenofovir, terazosin, tetracycline, thiamine, thioctic

acid, topiramate, trimetazidine, trimethoprim, valacyclovir, valsartan, voglibose,

zalcitabine, zidovudine, zolmitriptan.

Delivery across a mucosal membrane of therapeutic agents that are large
molecules, with a high molecular weight, is often difficult. Hence, the present
invention has particular utility for the delivery of large molecule therapeutic agents,
in particular therapeutic agents with a molecular weight greater than about 1000,

or greater than 2000, or greater than 4000.
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neurophysin, copeptin, neuropeptide Y, neuropeptide AF, PACAP-related peptide,
pancreatic hormone, peptide YY, urotensin, intestinal peptide, adrenocorticotropic
peptide, epidermal growth factor, prolactin, luteinising hormone releasing hormone
(LHRH), LHRH agonists, growth hormone releasing factor, somatostatin, gastrin,
tetragastrin, pentagastrin, endorphins and angiotensins. Thyrotropin releasing
hormone, tumour necrosis factor, granulocyte-colony stimulating factor,
granulocyte-macrophage-colony stimulating factor, macrophage-colony stimulating

factor, heparinase, vascular endothelial growth factor, enzymes and glycoproteins.

Since peptides and protein drugs such as insulin and human growth
hormone(hGH) are hydrophilic and have a large molecular weight they are not
substrates for P-Gp. Hence, the increased bioavailability that has been
demonstrated using the absorption enhancer of the present invention with
peptides and proteins in the nasal cavity cannot be due to inhibition of P-Gp efflux.
Furthermore, since insulin and hGH are not substrates for CYP3A, the known
inhibition of this drug metabolising enzyme by the absorption enhancer cannot be
responsible for the increased bioavailability.
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cycl osporwoepiomeyizaci n, tyrosi ne, enkephalin, tyrotropi rcTeiBa®iosgisor none,
follicle stimulating hornone, |euteiniggng hornmone, vasopressin, and
vasopr essi n anal ogs, catal ase, superoxide disnutase, interleukin-II,
interferons, colony stinmulating factor, tunmour necrosis factor, nelanocyte
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identified by neasuring the transport of the drug across a cell nonol ayer,
eg of Cadieraberii¢ §ge|atmgngé/wgg§pﬁla/ contain one or more excipients and/or a

pharmaceutically acceptable carrier.

The nature of the one or more excipients will depend on various factors including
the form of the composition, the nature of the therapeutic agent, the method of
administration, dose and desired rate of release of the therapeutic agent etc. All
excipients that are known for use in pharmaceutical compositions are
contemplated for use in the present invention. Typical excipients include
antiadherents, binders, bioadhesive agents, buffers, coatings, disintegrants, fillers,
diluents, gelling agents, thickening agents, colours, flavourings and preservatives,
sorbents, sweeteners and salts, as well as agents which are known to interact with
the therapeutic agent, for example to form inclusion or salt-bridge complexes, and
promote the controlled release of the therapeutic agent, such as cyclodextrins and

ion exchange resins.

Pharmaceutically acceptable excipients may be used to prolong retention of the
composition on the mucosa, particularly in compositions for nasal administration.
Thus, compositions of the present invention may preferably comprise additional

excipients such as bioadhesive agents, gelling agents or thickening agents.



t he measurement in the presence of a known P-Gp inhibitor or under other
condi tions known to reduce the activity of P-G (eg reduced tenperature). A
reduct i orwDotvazags7ur ansport under such conditions is i ngccais®/3iisshe drug
being a substrate for P-G. O all theogpecific drugs |isted above, those
of particular interest are those that fall into one of the categories

descri bed above as being particularly useful in the invention, eg those
that are hydrophilic (eg those having a low |l og P val ue) and/or those that
are not substrates for P-G or CYP-3A. Conpositions of the present

i nvention conprise the absorption enhancer and a therapeutic agent, and
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Phar maceughdanbihy| agifigdseatNie).exci pients may be used to prolong retention of
t he conposition on the nucosa, particularly in conmpositions for nasal

adm ni stration. Thus, conpositions of the present invention may preferably
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whi ch adHemsulatiorid® be developed that provide effective delivery of the therapeutic

agent(s) contained in the formulations, without recourse to complex formulation

types. For instance, the formulations may be free or substantially free of

phospholipids or the like, and may not comprise liposomes or vesicles. Similarly,

as the drugs of primary interest in relation to the invention are hydrophilic, the

formulations may not be micellar solutions or microemulsions. Similarly, although

additional absorption enhancers may be included, the presence of such materials

may not be necessary, and the composition may be free or substantially free of

additional absorption enhancers, including such materials as amino acid

derivatives and aminosugars. Likewise, the composition may not contain an ionic

liquid forming cation or the like.

The compositions of the present invention may be free or substantially free of
poloxamers. Generally, the compositions of the present invention do not have
thermoreversible properties.

By “substantially” free is meant in the context of the present application that the
composition contains an amount of the ingredient in question, eg poloxamers, that
is nil or is so low as to have no significant effect on the properties of the

composition. The concentration of such an ingredient may therefore be less than



mucosa) include crystalline cellul ose, carbopol and hydroxypropyl

cellulose. It may be desirable for conpositions of the present invention to
gel on combaoctooehish the mucosa, at |east to sone extent pcEGBIPIKES1BR

sui table gelling agents include but arggnot linmted to pectin, collagen,

al gi nates and gel atine. Thi ckening agents (also referred to as viscosity
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include but are not Iimted to hydroxypropyl nethyl cellul ose (HHWD,
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derivatives, phospholipids, lysophospholipids, polyacrylic acid, hyaluronic acids,
sodium caprate and aminated gelatin. Additional absorption enhancers are
preferably included in a total amount of up to 10% by weight of the total

composition.

The present invention may be of particular utility in the delivery of therapeutic
agents to the nasal cavity.

The present invention may be of particular utility in the delivery of therapeutic
agents to the respiratory tract, including to the lungs.

The present invention may be of particular utility in the delivery of therapeutic
agents to the buccal cavity.

The present invention may also be of utility in the delivery of therapeutic agents via

the skin.

The present invention may also be of utility in the delivery of therapeutic agents by
administration to the gastro-intestinal tract, eg by oral or rectal administration.
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pressurised aerosols.

Nasal inserts are designed to overcome the rapid mucociliary clearance of the
nasal cavity, contacting the nasal mucosa and therefore delivering drug for a
prolonged period of time. Suitable nasal inserts include lyophilized nasal insert
formulations based on bioadhesive polymers, such as carageenan, Carbopol,
chitosan, hydroxypropyl methylcellulose, sodium alginate, sodium carboxy
methylcellulose, polyacrylic acid, polyvinyl pyrrolidone and xantham gum.
Lyophilized inserts rehydrate on contact with the mucosal surface to form a more
concentrated and viscous gel than could normally be administered easily to the
nasal cavity. Other suitable forms of nasal insert include absorbent materials pre-
treated with an absorption enhancer and a therapeutic agent in accordance with

the present invention.

Sprays, aerosols and powders may also be suitable for administration to the

respiratory tract.

Compositions suitable for delivery to the buccal cavity include solutions and gels
(and self-gelling compositions), as well as buccal or sublingual tablets, pastilles or

lozenges, or compositions in the form of a thin film.



suitable form eg a spray, aerosol, dry powder, oral tablet or capsule,
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adm ni stration to the nmucosal nenbraneggof the nasal cavity include
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designed to overcone the rapid nmucociliary clearance of the nasal cavity,
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nor e contﬁeMmpbeidoarmdm;jri'singJa sgleitioh foat il ispEnsidn rio enmed dugobis naetiium crebed
easily to the. na§¥£ cavi t Q her Eu tabl e forns_of nasal |nserttopclude
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aerosol s and powders may al so be suitable for adn1n|strat|on to’the

respi r at @ap artlie thedwpotsing atiquisipreadliiseddry demprassedt propedabiugasal cavity

I ncl ude lyti,ons _and gels (and, self- eII I tiaons

buccal on B rvars eEfide LA ey 38 peoPeS e RYeRV s it gnis Ty ¢ ne
form of g pRis3ufibédblyerh@titbpérste@pumip Adidréed gfbligh BhefteiiRe nberleul ation
types include creans, ointnents, gels and transdermal patches. A

conposi t |Aowp¢6@hﬁasgh&maﬁf@mmti%hcws@s%m%mﬁaweutwgﬁw@a@ermﬂ @m can be
dissolved in an aqueous medium, which is filled into a bottle with a metered spray
pump. Pump actuation by the patient delivers the drug in fine droplets into the

nasal cavity.

Aerosol and spray devices used to administer therapeutic agents by inhalation into
the lungs are commonly referred to as nebulizers. Most common are jet
nebulizers which use a compressed air source to produce an aerosol. Other
nebulizers that are available include electronic nebulizers, wherein the aerosol is
created by the vibration of membranes or meshes. Piezoelectric and ultrasonic
nebulisers may also be used.

The composition comprising a therapeutic agent in accordance with the invention
may be formulated in particulate form, eg in the form of spray-dried or freeze-dried
particles, microspheres or nanoparticles. The particles may be delivered as a dry
powder, for example by nasal insufflation or oral inhalation, or they may be used to
fill capsules, may be compressed with other excipients to form a tablet, or
suspended in a pharmaceutically acceptable carrier to form a suspension or

emulsion.

Powder delivery devices for nasal insufflation typically comprise a manually

operated pump that produces a cloud of particles when compressed. Inhalers



adm nistrated as a spray or aerosol. By aerosol we refer to an airborne

m st of liquid particles. The di spensing systemfor such a formul ati on may
typi cal | ywbeom/mesr4or bottle that contains a |iquid prepsurgsea/ d3yiss
conpressed, propellant gas. Simlarly,gsprays of liquid particles may be
produced by devices in which the quui% I's pressurised by a hand-operated
punp and forced through an atom zer nozzle. A typical nasal spray

formul ati on consists of the therapeutic agent suspended or dissolved in an
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agents by inhalation into the lungs are commonly referred to_ as nebulizers.
Most coMBha%rpéoi I@hak%mrez@r%mmimeqefénaaléaﬁﬁwgsé&yﬁwd@émmeée&% pr oduce

an aeros i | e | t 1
nebul i Zeﬂg?s%%ﬁéleﬁgt?r#g %ﬁ%%fgﬁéﬁg%ﬁggyggbgﬁ Iﬁﬁﬁ@kg@g{ f(%)rﬁrﬁodf'sﬁﬁg nr anes or
meshes. Roermedtest witlc aaridenicarrées coich asdbatose e eneser ahtsiedairibmdghThe

conposition. conprisin t her apeyti c agent i|n_accordance t he invention
8af cisagotiedals dfie PO

may be f SEMACPEIAN BaF CIIAATLEIAE NGPOWGET I {H ?%Pﬁ?'&argné'tﬁg}hﬁrq%d or

f reeze- dipshiPHdUdH BFeabh HORPIS" eteFed'@0P Mhaldrs @ontalh@ grassurdeas may be
delivered as a dry powder, for “exanple by nasal i1nsufflation or oral

i nhal at i gnopellant gey witiypdrticles sdispended In itapstuation ofifye devicemnpeaseed wit h
ot her excipients to forma.tablet, or suspended in a phar eutically
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devi ces fpopdlRmRbrédisUhid @obils WHRitcald tapiBUAS6ratedTRES@LhY irPagr at ed punp
t hat produces a cloud of particles when conpressed. Inhalersmay be used to

del i ver F&resof dhe perideptatisinaglesty the WIes. | ungs to treat respiratory

di seases, eg asthma. Dry powder inhalers and netered dose inhalers (or

aerosol inhalers) are common types of inhaler device. Dry powder inhalers
Compositions according to the present invention may be manufactured in the form

in which they are intended to be delivered, or may be supplied as separate
components to be combined prior to administration. For example, it is envisaged
that a particulate form of the composition comprising a therapeutic agent could be
suspended or dissolved in a suitable vehicle prior to administration.

The nanoparticles herein can be produced by a range of methods as described in
the literature, for instance Champion et al, Proc Natl Acad Sci USA, 104, 2007,
11901-4; Chattopadhyay et al, Adv Drug Deliv Rev, 59, 2007, 444-53; Chou et al,
J Mater Sci Mater Med, 2007 Jun 19; [Epub ahead of print]; Schaffazick et al,
Pharmazie, 62, 2007 , 354-60; Almeida et al, Adv Drug Deliv Rev, 59, 2007,
478-90; Muller, Colloid Carriers for Controlled Drug Delivery and Targeting, CRC
Press, 1991; and Jorg Kreuter (ed), Colloidal Drug Delivery Systems, Marcel
Dekker, 1994. Examples include nanoprecipitation, phase separation,
emulsification, self-assembly, high pressure homogenization, complexation and

ionic gelation.

The microsphere formulations herein can be produced by a range of methods as
described in the literature, for instance Cleland, Solvent Evaporation Processes for

the Production of Controlled Release Biodegradable Microsphere Formulations for



present a neasured dose of the therapeutic agent in dry powder form

usual ly in conbination with an inert carrier such as |actose. The user

i nhal es awo 2bfwoesyd t he device to entrain and di saggr egate/dBre09pBN3er to
form aerosol particles that are small gpough to reach the lungs. Metered
dose inhalers contain a pressurized propellant gas with particles suspended
init. Actuation of the device releases a single netered dose of liquid
propel l ant that contains the particles. The volatile propellant breaks into

dropl ets i i v , Syl k4\NYnh N 3N . |. of fine
par i ol od TErreRleS ARy g BREhE! Pl talr Pord ot 8 RBor ¢ e
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i ntended to be delivered, be supplied as separate conmponents to be

or na

conbi ned Eb@ﬁ%h”@'d:’r&ﬂm"ﬁ(@tﬂ%‘ﬂ&éa 199%: detti gt al, SAPpHGAtOASd t hat a
articul (Wa); - gt I S| ; L C tscoul d be
guspende§@rer§?tsmsag L%a(}efoﬁﬂg@ﬁdl) %cgliagcd\?g{s(‘t: g@%rljfé(lj&gﬁ)c')ﬁgﬁ%één,i\]ﬁg iogn. The
nanopar t iGorgsollbd Releass 24098, @fuésd Thg naicrasphered maytbeoteddedde sodidited i n

the literatuyr for instance Chanpion et al .. Proc Natl Acad Sci. USA, 104,
2007, 11601100 tslaeTe a6y SHE 19 DAGoN P IRAeRes, O1560530kinS T 3.
Chou et ghe inboMbdratioPor eXaibRntdVifat aRBPthe diudiGnal fBpErtRR&HInST Print];

Schaffazick et al, Pharmazie, 62, 2007 , 354-60; Al neida et al, Adv Drug
DeNv Rev th&apead0zagenat78-90; Muller, Colloid Carriers for Controlled Drug

Delivery and Targeting, CRC Press, 1991 ; and Jorg Kreuter (ed), Coll oidal
Drug Delivery Systens, Marcel Dekker, 1994. Exanpl es i ncl ude

nanopr eciTpiet &idoPptiorP BRI En GEe PAERbE MborSotatsd i Batrhaftix sfehé pasifsdbymali gh
pressure honpgeni zation, conplexation and ionic gelation. The m crosphere

f or mul at idgradhesedito thessunircepr btk € By P inageposhteqdn el 812X 8EEEr i bed i n
the lit L ' t ti P f th
product | GA 6.8 oy R 1o e ta Bl R PR Gapner e For mul ati ons

f or Ther apeuti cs and Vacci nes, Biotechnol Prog, 14(1 ) , 102-1 07, 1998;

Tracy, . : . .
Y Polymers used for production of the nanoparticles and microspheres include:

(a) synthetic biodegradable polymers such as polyesters including poly(lactic
acid), poly(glycolic acid), copolymers of lactic and glycolic acid, copolymers of
lactic and glycolic acid with poly(ethyleneglycol), poly(e-caprolactone),
poly(3-hydroxybutyrate), poly(p-dioxanone), poly(propylene fumarate); modified
polyesters such as poly(ether ester) multiblock copolymers such as those based
on poly(ethylene glycol) and poly(butylenes terephthalate); poly(ortho esters)
including polyol/diketene acetals addition polymers as described by Heller in ACS
Symposium Series 567, 292-305, 1994; polyanhydrides including poly(sebacic
anhydride) (PSA), poly(carboxybiscarboxy phenoxyphenoxyhexane) (PCPP),
poly[bis(p-carboxyphenoxy) methane] (PCPM), copolymers of SA, CPP and CPM,
as described by Tamada and Langer in Journal of Biomaterials Science — Polymer
Edition, 3, 315-353,1992 and by Domb in Chapter 8 of the Handbook of
Biodegradable Polymers, Domb and Wiseman (ed), Harwood Academic
Publishers; poly(amino acids); poly(pseudo amino acids) including those described
by James and Kohn in pages 389-403 of Controlled Drug Delivery Challenges and
Strategies, American Chemical Society, Washington DC; Polyphosphazenes

including derivatives of poly[(dichloro) phosphazene], poly[(organo)



Devel opnent and Scal e-up of a Mcrosphere Protein Delivery System

Bi ot echnol Prog, 14(1 ) , 108-1 15, 1998; Debenedetti et al, Application of
Super cri twoabiokl2e7ds for the Production of Sustained DelpCyasBroidasises,
Journal of Controlled Rel ease, 24,19933327-44. The mi crospheres may be

nodi fied to exhibit controlled rel ease characteristics, eg by controlling
the degree of crosslinking or by the incorporation of excipients that alter
the diffusional properties of the therapeutic agent The absorption

enhancer d f or may be

adher ed tpg%%RIII&é zc&qw?%% %#’”Ib%é IIV%&I%@gI por a?&ﬁIotI(I’@I %ﬁd matrix of the
parti cl eBiogngmyetiey, &2 a0ad 089 1996 sl faa@©ogfmér’een<ﬂaﬂhgcmese Bebotiowds used
for production of the nanoparticles and m crospheres include; (a) synt heti c

bi odegr adXdHeYGh K terpatienal Wousna) @f Pheraaseutics, (IQﬁn%5§r859( 19945 ¢ aci d),

pol y(glycolic acid), copolyners of lactic and glycolic acid, copolyners of
| actic and glycolic acid with poly(ethyl eneglycol), poly(e-caprolactone),

pol y( 3- hydy syntheti/nan-jodegoaydipe potyraersrseich gsotigyirpmbyrherseintiudargat e) ;
dified I t ly(eth t | tiblock I h
Those. badbleify e snaV SRS ErYABI pCsiRE b P YeERNFem SO RS HIRE S )
I t I t ¥l
fosir | ped b T factatey sEOGRaI ROl AR aES Gy dilondpaaninrer s as

pol yan hy@CEMG, polg(agdylicpqid)l ol yiehetbacrytia bgidi. pyagripsn)ides,
| hox h PCPP) . .
Dol Y1 b s (O BRR RS PO RETES. HaERi fend BFO e cimeghy! slsrangh com
as descrWr@%aﬁ@@vmymmamegony@tyﬂm aad defivaiwisabahal s Sci ence -
Pol ymer Edition, 3, 3 15-353,1 992 and by Donb in Chapt er 8 of the Handbook

of Bi odegradabl e Pol yners, Donb and Wseman (ed), Harwood Academ c
Publ i sher sy ] j.ds d 1 I I Lng. those
P Rk B oA SBA opReBe g B R 022,
Chal | engasarahdcellulose and derivatives including ethylcellulose, methylcellulose,
ethylhydroxy-ethylcellulose, sodium carboxymethylcellulose; collagen; gelatin;
dextran and derivatives; alginates; chitin; and chitosan.

Preferred polymers include non-biodegradable polymers such ester urethanes or
epoxy, bis-maleimides, methacrylates such as methyl or glycidyl methacrylate,
tri-methylene carbonate, di-methylene tri-methylene carbonate; biodegradable
synthetic polymers such as glycolic acid, glycolide, lactic acid, lactide,
p-dioxanone, dioxepanone, alkylene oxalates, modified polyesters such as
poly(ether ester) multiblock copolymers such as those based on poly(ethylene
glycol) and poly(butylenes terephthalate); and caprolactones such as

gamma-caprolactone.

Typically, a polymer or combination of polymers which is inert to the therapeutic
agent will be used.

Suspension formulations may be prepared by a range of methods as described in
the literature, for instance in Lieberman H A, Rieger M M and Banker G S,
Pharmaceutical Dosage Forms: Disperse Systems 2" Ed, Marcel Dekker Ltd

press, 1996, which includes examples of emulsions and colloidal suspensions.



Strategies, Arerican Chem cal Society, Washington DC, Pol yphosphazenes

i ncl udi ng derivatives of poly[(dichloro) phosphazene],

pol y[ (or gmo@ppiashazenes], polyners descri bed by SchaclktTigB2Bisatsesinol ogy
and Bi oengi neering, 52, 102-1 08, 199634and azo pol yners including those
described by Lloyd in International Journal of Pharmaceutics, 106, 255-260,
1994; (b) synthetic non-bi odegradabl e pol yners such as vinyl polyners

i ncl udi ng pol yet hyl ene, pol y(ethyl ene-co-vinyl acetate), polypropyl ene,

pol yvi nylch (Mol i C VY] . al ymers
bF vi gt TiFce PR O ¥ B Bhg (SR Rl AR DeRBErECRth ¢

aci d), pohsthodykaoweds thepattyamet thase yaudelBIPL QY QIS WGMS-MPaGELMEhy| ene
gl ycol), poly(dinethyl| siloxane), polyurethanes, polycarbonates, .
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derivativeées 1 ncluding ethylce ose, nethylc

et hyl hydmoembedneydrctbkelskirose, sodi um car boxynet hyl cel | ul ose; col | agen
gelatin; dextran and derivatives; alginates; chitin; and chitosan
Preferred pol ynmers include non-bi odegradabl e pol yners such ester urethanes

or epoxy,THal ifvémticH WiIldRsw bEBILE Y BY @%e BIeliRs naRIiMtingexahpresdy!

nmet hacryl ate, tri-nethylene carbonate, di-nethylene tri-nmethylene
car bonat e; bi odegradabl e synthetic polynmers such as glycolic acid,

gl ycol i d%r' l.actic tEIlCi d, | aciti ge, p- di oxanone, di oxepanone, al kyl ene

oxal at es,—@m—%{m—such as poly(ether ester) rmultiblock

copol ymers such as those based on pol y(ethyl ene glycol) and pol y(butyl enes
terepht hal ate); and caprol actones such as gamma-caprol actone. Typically, a

pol yner drigwerbsheis die Berosoiageeshangs itbload givepse fSprrguendawieyels agent
W Il be W@lgogvipﬁ%fﬁg&ﬁ!iu‘?t’?arﬁ%él“éhﬂ#n‘éigﬂlﬁtié‘%f Rguﬁrﬁl 8%@@@%9% v%p[irié‘ge of met hods

as descri iterature, nst ance erman Ri eger M M
and Bankeobn€efrations of Solutol® HS15, compared to the percentage change in blood

glucose following a single subcutaneous injection of soluble insulin.

Figure 2 shows the serum levels of human growth hormone (hGH) following a
single intranasal administration of hGH in 5% w/v Solutol® HS15 and a
subcutaneous injection of soluble hGH.

Figure 3 shows the serum levels of hGH following a single intranasal
administration of hGH microparticles prepared in supercritical carbon dioxide
(CO2) with poly(lactic-co-glycolide) (PLGA), polylactide (PLA) and Solutol® HS15.

Figure 4 shows shows the percentage change in blood glucose in Sprague Dawley
rats following a single intransasal administration of insulin dissolved in Solutol®
HS15, Lipopeg® 10-S and Protasan® UP CL213.

Figure 5 shows the percentage change in blood glucose after intranasal
administration of insulin with Solutol® HS15, individual components of Solutol®
HS15, and a subcutaneous injection of insulin.



Phar maceuti cal Dosage Forns: Disperse Systens 2nd Ed, Marcel Dekker Ltd
press, 1996, which includes exanples of emnul sions and col |l oi dal

suspensi one.2itwm2edrgor pti on enhanci ng effect accordi ng t ecriésoevmserssi on can
be nonitored with nethods known in theasart and these include HPLC, LGC M5,
LG M- M5, GC- M5, spectroscopy and ELI SA assays. The enhanced absorption of
the therapeutic agent can be a result of a direct effect of the absorption
enhancer on the nucosal menmbrane or the skin. The invention will now be

illustrate \
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di ssolved in varying concentrations of Solutol (r) HS1 5, conpared to the

per cent age change in bl ood glucose follow ng a single subcutaneous
injectio '

grow h h@%resp%%tdé"ﬁf%%’bgﬁ zli&glkﬁﬂég I rlgﬁgés%a agm %ﬁ%rnzﬁaﬁéﬂgg hGH in
5% w' v SdiD4 pé(mealhiy deressiCalusdibelld.aneous i njecti on of soluble hGH Figure
3 shows the serumlevels of hGH follow ng a single intranasal

adm nistration of hGH mcroparticles prepared in supercritical carbon

di oxi de (Higd#k %ﬁ&N@ﬂié’éﬁf@&W%&tﬁO@ W5 8)lielt@ifereRPENH @htia@8né BRA) and

Sol ut ol (r)™ HS1 . Figure 4 shows shows the percentage change in bl ood

gl ucose |FrD45petaige@|nha\ﬂoeqssr@asoﬂo¢ellew ng a single intransasal

adm nistration of insulin dissolved in Solutol (r) HS15, Lipopeg(r) 10-S and
Protasan(r) UP CL21 3 . Figure 5 shows the percentage change in bl ood

gl ucose #Hxaekplent ranasal administration of insulin with Solutol (r) HS1 5,
i ndi vi dual” conponents of Solutol (r) HS1 5, and a subcutaneous injection of

insulin.Figure 6 shows the effect of Solutol(r) HS1 5 on transepitheli al
monol ayen SR ATPE ST S AR AT R Bhel i Sy SRR O 5 °
appl i ed @olgtof® 118 s@l otieentangingMemonto 40% w/v in 0.063M phosphate buffered

saline (PBS). The formulations were then administered intranasally to Sprague

Dawley rats at 4 lU/kg and blood samples taken at frequent intervals up to 2 hours

after administration. Blood glucose was measured using a standard glucose

meter and insulin determined in the plasma by an enzyme linked immunosorbant

assay (ELISA).

A group of rats was also administered with insulin dissolved in PBS via

subcutaneous injection as comparison to the intranasal doses.

The results are shown in Figure 1.

Solutol® HS15 formulations at 7.5% and 10% w/v in PBS were most effective at
promoting the transport of insulin across the nasal mucosa showing a decrease in

plasma glucose levels of 70%, as compared to control insulin solutions which

showed a decrease of 15 %.

Example 2



FD4 perneability across Calu-3 cells. Figure 8 shows the effect of

Solutol (r) HS1L 5 applied at different concentrations on FD4 perneability
across Cawo-281002b37s. Exanple 1 Insulin (avail abl e from Scgros2Madsish) was
di ssol ved in varying concentrations ofg&olutol (r) HS1 5 solutions ranging
froml to 40% w v in 0.063M phosphat e %uffered saline (PBS). The

formul ati ons were then adm nistered intranasally to Sprague Dawl ey rats at
4 | U kg and bl ood sanples taken at frequent intervals up to 2 hours after

ona i neut el el ateoR B HRLRRAR i BRGS Sl Ba N eaBr gt ©
assay ( Eld BA)wiBgutl® HE15 sdistivain RBSO Heirsolusidemes theh adnfinistéraddd ssol ved

in PBS via subcutaneous injection as conparison to the intranasal doses.
The resulIRsagye Dendorrath inraasally at aslasedpta 9f p810/k0 ABH POMAAreALo at 7. 5%

and 10% ‘é”’ulﬁcbﬂ%ngﬁuc‘s%ﬁﬁnigﬁﬁﬁoﬁgfgﬁ%Kﬁ HH PReIPIVER imﬁ?%éﬁtﬁﬁ b of
insulin across the nasal mucosa sho

g a decrease in plasma glucose |evels
of 70% aeteronped by enaymeninked imnsuiasorisaritassan$El8A)ustookve doarsdafterease of
15 % Exanpl.e. ?H man growt h hornmone (hGH) (obtained from Bi oker (Sardinia))
was di ssERBSIRYAN 506w/ v Sol utol (r) HSL 5 sol ution in PBS. The sol ution
was then adm nistered to Sprague Dawl ey rats intranasally at a dose rate of
5 ng/ kg and conpared to a subcutaneous adm nistration of 5 ng/kg hGH hGH

| evel s i AMhehiessks are skown detiguné 2ed by enzyne |inked i mmunosor bant assay
(ELI'SA) up to 24 hours after admnistration. The results are shown in
Figure 2 . The 5%w v Solutol (r) HS1 5 fornul ati on was effective at

enhanci NgHeE,twASHRGI®¥S15 formulation was effective at enhancing the transport of
hGH across the nasal mucosa with a bioavailability of 17% compared to
subcutaneous administration. The bioavailability of hGH administered nasally

without an absorption enhancer is less than 1%.

Example 3

To prepare hGH loaded microparticles, micronised hGH, PLGA, PLA and Solutol®
HS15 was added to a pressure vessel. The vessel was sealed and CO, was
introduced. The temperature was raised to above 32°C, and the pressure
increased above 76 bar. Under these conditions CO; becomes supercritical and
dissolves into the polymer, which becomes liquefied. The liquefied polymer, hGH
and Solutol® HS15 were then mixed and microparticles of a suitable size for
injection were formed by solidification after the drug/polymer mixture was atomized
and depressurised. hGH loaded microparticle formulations containing PLGA, PLA
and PEG 600 were also prepared using the same method. The microparticles
were administered to Sprague Dawley rats intranasally at a dose rate of 5mg/kg
hGH and compared to a subcutaneous administration of hGH. Blood samples
were taken up to 24 hours after administration and hGH levels in the serum were

determined by enzyme linked immunosorbant assay (ELISA).

The results are shown in Figure 3.



hGH across the nasal nucosa with a bioavailability of 17% conpared to
subcut aneous adm ni stration. The bioavailability of hGH adm ni stered

nasal | y wDhowo2es74absor pti on enhancer is | ess than 1% pEraymb®/31iB8
prepare hGH | oaded microparticles, m c%ﬁni sed hGH, PLGA, PLA and Sol utol (r)
HS1 5 was added to a pressure vessel. e vessel was sealed and CO2 was

i ntroduced. The tenperature was rai sed to above 320C, and the pressure

i ncreased above 76 bar. Under these conditions CO becones supercritical and
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adm ni stration of hGH Blood sanples were taken up to 24 hours after

adm ni st rgti or] :ﬁnd hGH | evels in the serum were determ ned by enzyne |inked
I MUNOSO ay (ELISA). The results are shown in Figure 3 .hGH was
detected in the serumafter intranasal adm nistration of the

PLGA/ PLA/ Sol utol (r) HS1 5 mcroparticles with a peak serum concentration of
27. 6 ng/ Mhissieidyeempsree thepeaifainsamncs dthe atsongionwiznaiees of He innentien ser um

after intranasal adnm ni.stration of mi arti cl containin GA/ PLA/
Sol it of ( WY& BEEREH ERhoRTerd el BB slasl 20 Bl BPRSRESH e
absor pti @hlgRRzAASFINHRIcINgEtheeRal Aiesorptibm ok Mn #PRAS PThemRBRsREET S

pol yet hyl ene gl ycol -20 stearate and chitosan chloride, for enhancing the

nasal abg$hghfenoidheiimention that was sisedmeasdbesioptmerrialiiadieerSagtol®e

P nventi ofyd iah iR T BNEE, RSO GleRe Y yddi 28Ukt aratt Wadl ((fdpeg® 10-s,
available from Lipo Chemicals Inc, and the chitosan product was Protasan® UP
CL213, available from Novamatrix®. Protasan® UP CL213 is based on a chitosan
in which 75-90% of the acetyl groups are deacetylated.

Insulin was dissolved in a 5% and 10% w/v solution of LipoPeg® 10-S in PBS or a
0.5% w/v solution of Protasan® UP CL213 in distilled water at pH 5.0. The
formulations were compared to insulin dissolved in Solutol® HS15 at 5%, 7.5%
and 10% w/v in PBS. The formulations were then administered intranasally to
Sprague Dawley rats at 4 1U/kg and blood samples were taken at frequent
intervals up to 2 hours after administration. Blood glucose was measured using a
standard glucose meter and insulin concentrations determined in the plasma by
ELISA.

The results are shown in Figure 4.

Solutol® HS15 at 7.5% and 10% w/v in PBS was more effective then Protasan®
UP CL213 and LipoPeg® 10-S in promoting the absorption of glucose across the
nasal mucosa. Insulin dissolved in Solutol® HS15 at 5% w/v in PBS gave a
similar reduction in glucose compared to the Protasan® UP CL213 and the

Lipopeg® 10-S concentrations tested.



HS1 5 produced by BASF, the polyethylene glycol-20 stearate was Li popeg(r)
10-S, available fromLipo Chemcals Inc, and the chitosan product was

Pr ot asan(wp 20R/@23 3, avail able from Novamatri x(r). PretasgB(e9osussCL21 3
is based on a chitosan in which 75-90%g@f the acetyl groups are
deacetylated. Insulin was dissolved in a 5% and 10% w v sol ution of

Li poPeg(r) 10-Sin PBS or a 0.5% w v solution of Protasan(r) UP CL21 3 in
distilled water at pH 5.0. The fornul ati ons were conpared to insulin

di ssolved in Solutol (r) HS1 5 at 5% 7.5% and 10% w v in PBS. The

formul ati ons were then admnistered intranasally to Sprague Dawl ey rats at
4 1U kg dénipledd- Paspadratonver 8 sohkim fat infra@asenddrimigtratiohscamaihidg? hour s
after admnistration. B

met er anr?-5%QWvVi$D|H & h g P & 2 a
results are shown in Figure 4 . Solutol(r) HS1 5 at 7.5%and 10% w v in PBS
was nore effective then Protasan(r) UP CL21 3 and LipoPeg(r) 10-S in

pr onot i ndngrediembsor pti on of gl ucose across the nasal nmucosa. Insulin

di ssolved in Solutol(r) HS1 5 at 5% w v in PBS gave a simlar reduction in
gl ucose conpared to the Protasan(r) UP CL21 3 and the Lipopeg(r) 10-S
concent r 3igoA . HEI ¢hoESRER! Kuffered gémgpgfspn of a solution for intranasal
adm nistration containing 7.5% w v Solutol (r) HS1 5 and hunan growt h

hor none (MhSgHpolutgl®ediSddt s 100m 0. 063M phosphat e buffered saline (PBS) 7.5g
Sol ut ol (r1)0 HS%G%I O hGH Method To 100m of PBS was added 7.5g of

Sol utol(r)n?% . The solution was gently heated to 40 C whilst stirring
until a clear solution was produced and all the

Method

To 100ml of PBS was added 7.5g of Solutol® HS15. The solution was gently
heated to 40°C whilst stirring until a clear solution was produced and all the
Solutol® HS15 had dissolved. The solution was then stored at 2-8°C prior to use.
1ml of the 7.5% wi/v Solutol® HS15 solution was then added to 10mg of hGH. The
solution was ready for intranasal dosing once all the hGH had dissolved.

Example 6 — Preparation of a suspension of hGH loaded microparticles for

intranasal administration

Ingredients

0.5g carboxy methyl cellulose

5g mannitol

0.1ml Tween 80

100ml distilled water

250mg hGH loaded PLGA/PLA/Solutol® HS15 microparticles

Method



Solutol (r) HS1 5 had dissolved. The solution was then stored at 2-8C prior
to use. 1m of the 7.5%w v Solutol(r) HSL 5 solution was then added to
10ng of hebl.2oimeezael uti on was ready for intranasal dosi rgT@B2e0%alsiisshe hCH
had di ssol ved. Exanple 6 - Preparationggf a suspension of hGH | oaded

m croparticles for intranasal admnistration Ingredients 0.5g carboxy

nmet hyl cel lul ose 5g mannitol 0.1 m Tween 80 100m distilled water 250ng
hGH | oaded PLGA/ PLA/ Sol utol (r) HS1 5 mcroparticles MethodhGH | oaded
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ot epar e Nt adERABIRG0attEts thadabiiteq Wi A PLI A SO b ais 18" 2,
aqueous iwgre@reparedelsing supseraaticd iCQ, with@ Séftivle\sizabsiowy10®irylArcel | ul ose,
5.0%w v mannitol and 0.1 % v/v. Tween 8(% was prepared. ZSOHR of .
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of a sol S'\{/%/m nolt?ﬂ Pﬁ@ tr021n‘§svéf/ agﬁﬁm%gtpﬁgﬁﬁgghtﬁorﬁgﬁwbﬁoé? r\";m%ﬁﬁ?@l (r)
HS1 5 anduspspead ohotral dhigjestiorvekick aldgdmisiptared arteanégabp by tpipdtte) atHS1 5
10m distilled water Method The risperidone and Solutol (r) HS1 5 were m xed
and the M&eAUreddRae 60 C. The water was al so heated to 60 C and
stirred thoroughly into the m xture. The

Example 7 — Preparation of a solution for intranasal administration containing
40% w/v Solutol® HS15 and risperidone

Ingredients

213mg risperidone
4g Solutol® HS15
10ml distilled water

Method
The risperidone and Solutol® HS15 were mixed and the mixture heated to 60°C.
The water was also heated to 60°C and stirred thoroughly into the mixture. The

formulation was then ready for intranasal delivery.

Example 8 - Comparison of the effect of a hydroxy fatty acid ester of polyethylene

glycol, free polyethylene glycol and a combination of two such substances

The following materials were investigated:

Polyethylene glycol 600 (PEG600)

¢ Polyethylene glycol-12-Hydroxystearic acid (PEG-HSA)

¢ Polyethylene glycol-12-Hydroxystearic acid-Polyethylene glycol (HSA-PEG-
HSA)

e 12-Hydroxystearic acid (HSA)



formul ati on was then ready for intranasal delivery. Exanple 8 - Conparison
of the effect of a hydroxy fatty acid ester of polyethylene glycol, free
pol yet hylwoeoglogezss and a conbi nati on of two such subst eores206vs5iB8l owi ng
materials were investigated: Polyethyjhgne glycol 600 (PEGS00)

Pol yet hyl ene gl ycol -1 2-Hydroxystearic acid (PEG HSA) Pol yet hyl ene

gl ycol -1 2-Hydroxystearic acid-Pol yet hyl ene gl ycol (HSA-PEGHSA)

12- Hydr oxyst eahc acid (HSA) Solutol (r) HS1 5 The PEG HSA and HSA- PEG HSA
wer e prepared refl wxing pol yet hyl ene gl ycol 600 (PEG 600) and

12- Hydr oxysf eﬁ%mtgﬁéﬁl%& under argon at 120 C using nethane sulfonic
acid. All chem cals were purchased from Signma Al drich. Four conponents were

tested in vivo. The follow n& conponents were dissolved into 0.063M
phosphat dheuPEerHah anteHSIMRER-HSA wake Beprgvied byreslwotg polyetayigne glyrolt i on

The | onePObgntenEPa) P 120 g siedr At RBISA e PO Tl L Bl Sy et co

sol ubi I'i tnyethtiné lseenicrdoRt.i All sherfieals owape pardhasdd $ooh GighmaAighicsphat e buf f er
were then used to prepare 1 ng/niL insulin solutions and adm ni stered
intranasally to nale Sprague Dawl ey rats at a rate of 41U kg. All

formul at i cWﬁfp%n%ﬁFE;/\R}Er%t Rt W it aThE k@%l%%@ﬁ&)ﬁ)ﬁ%ﬂ% Wefe disBol

i nserted approxi mate mminto the nost were housed in
limted attods863Marwspheatechuifer dtding eoatentetiond belowdi ty were nai ntai ned at
21 C 2C and 55% 15%rel ative respectively; the roons were lit with
artificial light for 12 hours each day. Bl ood sanples were collected from

the PEG 600 — 10% w/v solution
PEG-HSA — 10% wi/v Solution
HSA — 0.37% solution
HSA-PEG-HSA — 2% solution

The lower concentrations of HSA and HSA-PEG-HSA were used due to restricted

solubility of these materials.

The components dissolved in phosphate buffer were then used to prepare 1
mg/mL insulin solutions and administered intranasally to male Sprague Dawley
rats at a rate of 4lU/kg. All formulations were administered with a Gilson pipette
and the tip was inserted approximately 5mm into the nostril. The animals were
housed in limited access rooms where the temperature and humidity were
maintained at 21°C + 2°C and 55% * 15% relative respectively; the rooms were lit
with artificial light for 12 hours each day. Blood samples were collected from the
tail vein of the rats at 0 min (Pre-dose) and 5, 15, 30, 60 and 120 minutes after
administration into heparinized tubes, centrifuged and the plasma collected.
Blood glucose was measured immediately at each sampling point using a one
touch Ultra 2 glucose meter (LifeScan, UK).

The blood glucose levels in Figure 5 show that, in these experiments, the Solutol®
HS15 produced a substantial drop in blood glucose levels, whereas the individual
materials (PEG, PEG-HSA, HSA, HSA-PEG-HSA), at the concentrations used in



tail vein of the rats at O mn (Pre-dose) and 5, 15, 30, 60 and 120 m nutes
after admnistration into heparinized tubes, centhfuged and the pl asna

col | ect edvoBhmadoglhtucose was neasured i medi ately at eaebTszBIpéYosgIspoi nt
using a one touch Utra 2 glucose netejq(LifeScan, UK). The bl ood gl ucose

|l evels in Figure 5 show that, in these experinents, the Solutol (r) HS1 5
produced a substantial drop in blood glucose | evels, whereas the individual
materials (PEG PEG HSA, HSA, HSA-PEG HSA), at the concentrations used
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denonst r Hegep ticandid esngugebthaptrepesmbeatian ol E6 andiRPG-H$ANsmucosal
absorption enhancer. Exanple 9 - Investigation of mechani smof action of

Sol ut ol ( PeMenstratessparticy @Ry AosRIPPERIES a5t 3 b aTfisians Heapmalross) abseiptiqly es

Cal u-3 cel s uEere grown to confluence in 75 cnB flasks at 5% CO2, 37C. Once
conf | uent, tHe cells were seeded onto Transwells (r) with plasm
oxygen-treated polystyrene nenbranes ( 12 mmdi anmeter, 0.4 nmm pore size) at

a seedi ng den it of 100,000 cells per wel|.. After seed| g the cells were
mai nt ai n&enpled dayestigation of meal [OfEd 50

anti bi ot it,cg{n@mljd@%ééb%tfmg h . rum concent ration 100 U ni p,ni cillin, 0.1
ng/ M streptonmycin an : ny anphotericin B) and L-d utam ne (final
medi um concentration 2nmV). During the culturing period, cell medium was

changed e other day. Cell growth and tight junction formation was
assessed aég{%]e%@%’r%%nt s of transepithelial electrical resistance (TEER -

an indi cagdigrs <9é||stwglétg7rbwrrmbic@rrnf|g_é@¢é 975 cifiifigBkavar 89Pe0L087TESl eveey ot her
day starti ng from day post - seedi ngaﬁ dai |y TEER measurenents were avoi ded
pay

due to tenpeert ha ¢ellp werecsaadesanip dyenswelitagdth Plasmareygenteeatedsur ement

process, A E8AE39emBlaredd 2 hAdighatr B9 pdrB%iRd H Y Ltifhg density
of 100,000 cells per well. After seeding, the cells were maintained at 5% COo,
37°C in EMEM supplemented with FBS (10%), antibiotic/antimycaotic (final medium
concentration 100 U/ml penicillin, 0.1 mg/ml streptomycin and 0.25 pug/ml
amphotericin B) and L-Glutamine (final medium concentration 2mM). During the
culturing period, cell medium was changed every other day. Cell growth and tight
junction formation was assessed by measurements of transepithelial electrical
resistance (TEER - an indication of tight junction opening), which were performed
every other day starting from day 7 post-seeding (daily TEER measurements were
avoided due to the possibility of cell monolayer damage, both from the
measurement process, and leakage of ions from electrodes). The background
resistance was taken into account by measuring the resistance across ‘blank’

membranes (without cells) and subtracting this from the monolayer TEER.

Caco-2 cells were grown to confluence in 75 cm? flasks at 5% CO., 37°C. Once
confluent, the cells were seeded onto Transwells® at a seeding density of 200,000
cells per well. After seeding, the cells were maintained at 5% CO,, 37°C in
Dulbeco’s Modified Eagles Medium (DMEM) supplemented with
antibiotics/antimycotic, FBS and L-glutamine (as described for Calu-3 cells), which
was changed every other day. A time period of 21 days was allowed in order for



resi stance was taken into account by nmeasuring the resistance across

" bl ank' menbranes (without cells) and subtracting this fromthe nonol ayer
TEER. Cacwo2omal2b®awere grown to confluence in 75 cnB flpesicB2a69/B148802,

37C. Once confluent, the cells were segsled onto Transwells (r) at a seeding
density of 200,000 cells per well. After seeding, the cells were maintained
at 5% CO2, 37C in Dul beco's Mdified Eagl es Medi um (DVEM suppl enented with
anti biotics/antinmycotic, FBS and L-glutam ne (as described for Calu-3
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performed on day 2 1 post-seeding. b) Measurenent of TEER TEER was neasured
using an EVOM Vol t ohmeter (World Precision Instrunments, UK), equipped with

a pair of ‘W@ﬁﬁ' es. Cell nonol ayers incubated with HBSS (pH 6.0
b&i ca a%@léggéngERd

and 7.4 a ateral, respectively) for the initial 2 hours and
wi t h EMENTHER evas mbasunedriesing ed BBAOMhéoltaremeterdVWontl Phecigibanges in TEER
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Solutol (r)HS1L 5 was dissol ved i n HBSS/ HEPES buffer .4 at t'he follow ng
concent r anifialnd hoars1ad @ith EMBMo@yerrig) dereqused disdppiretedence aad the3 cel | s

human bronchi al kthelial cel,l line). TEE S asured before the

et on cOAREES In SPER SieuRbeftey as ieFonef S et RE LTS tRBRi®' ot o' munber of
i nt er val BdcrbtUMdTOE ERed 0@ theGitep ivashtedbetdd Bbfrthemedasuremlents oas. The
cells were incubated wi th enhancer solutions for 2 hours after which the

cel | s welCXPRERIGEES WREE Pad@Red i WiPtigatedr mal medi umin order to assess TEER
reversibility (a measure of toxicity). The decrease in TEER after addition
of the Solutol(r) HS1 5 solutions (see Figure 6)

d) Effect of Solutol® HS15 on TEER

Solutol®HS15 was dissolved in HBSS/HEPES buffer pH 7.4 at the following
concentrations: 0.10, 0.02, 0.005, 0.0001%, and applied to Calu-3 cells (human
bronchial epithelial cell line). TEER was measured before the addition of Solutol®
HS15 to provide baselines values and at a number of intervals following the
addition of the Solutol® HS15 solutions. The cells were incubated with enhancer
solutions for 2 hours after which the cells were washed and incubated with normal

medium in order to assess TEER reversibility (a measure of toxicity).

The decrease in TEER after addition of the Solutol® HS15 solutions (see Figure 6)
to about 50% of the baseline value indicates that the Solutol® HS15 has a minor
effect on tight junction opening. As a comparison, chitosan (a well known tight
junction opener) decreased the TEER, under the same conditions, to about 5% of
the baseline value.

e) Effect of Solutol® HS15 when applied at different concentrations on FD4
permeability across Calu-3 and Caco-2 cells

Solutol® HS15 solutions were prepared at concentrations of 0.005, 0.02, 0.1% w/v
in HBSS/HEPES buffer, pH 7.4 with FITC-dextran Mw 4400 (FD4). The solutions

were applied to cell monolayers and two cell lines were used, Calu-3 cells



to about 50% of the baseline value indicates that the Solutol (r) HS1 5 has
a mnor effect on tight junction opening. As a conparison, chitosan (a well
known ti gWwD 2p1omed37en opener) decreased the TEER, under the/cao®/aorsditions,
to about 5% of the baseline value. e) Egfect of Solutol(r) HS1 5 when
applied at different concentrations on FD4 perneability across Cal u-3 and
Caco-2 cells Solutol (r) HS1 5 solutions were prepared at concentrations of
0.005, 0.02, 0.1 %wWv in HBSS/ HEPES buffer, pH 7.4 with FITC dextran Mwv

4400 (F At | L,ed: cel, | eRs: two cell
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(i ntesti malsok¢ral permegabilftpiot ahe FObesO hatasurdd beremabr basotatetaltsaengiing was
measured by requl ar basol ateral sanpling and the FD4 was quantified by

f | uor esc @gidhaddd wareventifed by dugresegneameasuremedhe basol ateral FD4
concentration is higher when applied with the Solutol (r) HS1 5 sol utions
for the Calu-3 cell lines conpared to the control solutions. However,
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control. As shown in Figure 8, the“increase in FD4 concentration for the
Sol ut ol ( IsjgnifRant diftdrance heivw@erathedccansentistiommot 9olulal®atiS b5 tested aaditee i cal |y

signi ficant =0 ) A0t can therefore . be concluded fromthe cell
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therefore be concluded from the cell culture experiments that Solutol® HS15 has
only a minor effect on tight junction opening. Hence, a transcellular pathway is

likely to be the predominant mechanism of action.



2 . A pharmaceutical conposition conprising a therapeutic agent and an
absorption enhancer conprising a hydroxy fatty acid ester of polyethylene
gl ycol , whocbhiomepgresition is in a formsuitable for adnporsiB2e4d9mEmsso t he
mucosal nenbranes of the nasal cavity,gpuccal cavity and/or respiratory
tract. 3 . A pharnmaceutical conposition conprising a therapeutic agent and
an absorption enhancer conprising a hydroxy fatty acid ester of

pol yet hyl ene gl ycol and a therapeutic agent, wherein the conmposition is in
a partic |ﬁﬁ%forn1 4 . The use of an absorption enhancer conprising a
hydr oxy acid ester of polyethylene glycol in the manufacture of a
medi canent conprising a therapeutic agent, wherein, in use, absorption of

t he therapeutic agent across a nucosal nenbrane or the skin is enhanced. 5
A nmet hdd of Thgndgeadt arﬂh@@mécﬁﬁt&%@mﬁoﬁﬁ@n, @B%@?ﬁ@ﬁ%‘ﬁn&m@ﬂp@ﬁ ng a

t her apeut i LA S‘Ibﬁ& | t i c agent
across atdr?lﬁnc%%a %]ygﬁ%ﬁggg}! Iaﬁ?gésg TR J%’i‘k%ﬁ%@l{éﬁﬁﬁscﬂ‘e@ﬁgﬁ“ conpri ses
i ncl udi ngnaaneibg@atzormivnesiiateeapadigadgesit mgrasshy drumogalf memprace or &sd er  of
pol yet hyl ine glycol in the conposition. 6 . A nethod of adm nistering a

t her apeut*™agent via a nucosal nenbrane or the skin, which nethod
conprises applying to the nucosal nenbrane or the skin a pharnaceuti cal
conposition conprising the therapeutic agent and an absorption enhancer
conprisi g a Wydhaxyadeaticgl carpositiore compripvgyetieybpeidicagansland an The use,
conposi tion or. nmet hod accordi.ng to, an recedi. | ai rein the hydroxy
Fatty: acioadlion ianse, Gomprang Lriatnd FEBCRH dsrru ReniEhe shBhy r oxy
fatty acivhi€stempoSition 19 &%6m SOIENE fdr samidiistiERibRad ties eRicdsap t o any
preceding claim wherein the absorption enhancer conprises a hydroxy fatty

aci d est @nergbransisytthg nagal ¢avty obucaal cayibeand/py easpiiaéery tecy.col . 9 . The
use, conposition or nethod according to Caim8, wherein the
3. A pharmaceutical composition comprising a therapeutic agent and an
absorption enhancer comprising a hydroxy fatty acid ester of polyethylene glycol

and a therapeutic agent, wherein the composition is in a particulate form.

4. The use of an absorption enhancer comprising a hydroxy fatty acid ester of
polyethylene glycol in the manufacture of a medicament comprising a therapeutic
agent, wherein, in use, absorption of the therapeutic agent across a mucosal

membrane or the skin is enhanced.

5. A method of manufacturing a pharmaceutical composition comprising a
therapeutic agent, wherein, in use, absorption of the therapeutic agent across a
mucosal membrane or the skin is enhanced, which method comprises including an
absorption enhancer comprising a hydroxy fatty acid ester of polyethylene glycol in
the composition.

6. A method of administering a therapeutic agent via a mucosal membrane or
the skin, which method comprises applying to the mucosal membrane or the skin a
pharmaceutical composition comprising the therapeutic agent and an absorption
enhancer comprising a hydroxy fatty acid ester of polyethylene glycol.



absor pti on enhancer conprises from about 30%to about 90% by wei ght of
hydroxy fatty acid ester of polyethylene glycol, and from about 10%to
about 50%vbyowaizgiTh of free pol yethyl ene glycol. 10 . TireTICB2009%03M38Si ti on
or nethod according to any precedi ng c%/gi m wherein the anmount of
absorption enhancer is at |east 0.001 % by weight of the total conposition,
preferably at least 0.1 % by weight of the total conposition, nore
preferably at |east of 1% by weight of the total conposition, nore

pr ef er abloy at f [ QR an t
prefer abl7¥ at 11“3'2@ © %S}Hﬁ) R?ﬁn trﬂ%ﬁto;&haeétgqhgttggngg)g% 'ﬁtée%lma\?lﬂgrgj@e
conposi t itiee hydrdxgtfhm;daaudceyta asfgodlyaetawtenerwwt isGhalysthylen e%wona@er ein the
anount of absorfptl on.enhancer is no nore than 99% by wei ght of the total
conposi t iNyArOxyrfattyegil §S186 nore than 40% by wei ght of the t ot al
conposition, nore preferably no nore than 20% by wei ght of the total
conposition, nore preferably no nore than 15% by wei ght of the total
conposi t idn, é’rhrda mmmommisﬁmtnmnemwmcmordiag td %y lpyecedigdp clairh, wherdiot al

conpositio he use oSiti n or hod. a ord y one of
G e 166 255RHERETRATRY GATDRRED? MESBY geI b Acl el PAueBYBE® oh to oo
by wei ghtg\adol bRE fidet @Iy @tgg@gglgq*ém, preferably 0.1 %to 40% by wei ght of
the total” ‘conposition,” nofre pretferably 1% to 20% by wei ght of the total

conposition, nore preferably 2% to0l5% by wei ght of the t ot al corrposi tion,
and npst ref ably 5% to 00/ b t.al 05| i on ) The
foe. Toomshert o e, Rehieds e ehmPfigt deDhg o Cadift o ERH Hebor o1 s i e

t her apeutabeoﬁm@htertmcer te®pHseatrem a5 30% o ab@ut 9% byldteighhef use,
conposition or nmethod according to any preceding claim ‘wherein the

t her apeutyeraxydaity rgis! estabrerelyeihylasiegycalr azd Epm akeutailyato aboot 5% . The
use, co &%éggﬁ? Sgg&@gg]ﬁé}geo&gb&g to any preceding claim wherein the

t her apeut ogicvdrug.

10.  The use, composition or method according to any preceding claim, wherein
the amount of absorption enhancer is at least 0.001% by weight of the total
composition, preferably at least 0.1% by weight of the total composition, more
preferably at least of 1% by weight of the total composition, more preferably at
least of 2% by weight of the total composition, and most preferably at least 5% by
weight of the total composition.

11.  The use, composition or method according to any one of Claims 1 to 9,
wherein the amount of absorption enhancer is no more than 99% by weight of the
total composition, preferably no more than 40% by weight of the total composition,
more preferably no more than 20% by weight of the total composition, more
preferably no more than 15% by weight of the total composition, and most
preferably no more than 10% by weight of the total composition.

12.  The use, composition or method according to any one of Claims 1 to 9,
wherein the amount of absorption enhancer is 0.001% to 99% by weight of the
total composition, preferably 0.1% to 40% by weight of the total composition, more
preferably 1% to 20% by weight of the total composition, more preferably 2% to



16 . The use, conposition or method according to any preceding claim
wherein the therapeutic agent is a peptide, protein or nucleic acid. 17 .
The use, worpomizb37an or net hod according to Caim 16, wereTaB0G951188

t herapeutic agent is a nucleic acid sehjgcted fromthe group consisting of
DNA, cDNA, RNA, siRNA and RNAI. 18 . The use, conposition or mnethod
according to any one of Clains 1 to 15, wherein the therapeutic agent is an
antigen or vaccine. 19 . The use, conposition or nethod according to any

Phe. Bi oprrtaeds YRS LpFod BB gREL AL ASEhrerBiaehy 8 B I eBrebh! or
met hod aeftaliotgl domnpasitigri.ecedi ng cl aim wherei n the pharnmaceuti cal

conposition additionally conprises one or nore excipients and/or a
pharmaceutical ly acceptable carrier.2 1. The use, conposition or nethod

accordi ngat o GFh%'JT’l]E@%on\’ﬁb%‘itﬂn%rérﬂﬁh%‘&aéd&?&% it&%bx%??ﬁbﬁ%k%ﬂn?@%?é-iﬁnglz! y

conpri ses a bioadhesive ‘agent, I'ng agent~an ning’ agent.

The use, thetEraptutimagentrieshotbgale vahu legs tharaalyoydr&cedi ng cl aim wherein

t he pharnmaceutical conposition conprises one or nore additional therapeutic
agents. 23. The use, conposition or nethod according to any preceding

claim whgr el MHNGsRBIMERERIBN Srdhe FRIRATOHIAG t&@%@r@&‘diﬁ@@laﬂh, v hggain

addi ti onal absorption enhancers. 24. The use, conposition or ne

accor di nghe thethpeuiagenittased malérulardaeight gedaterbiban@biooth 1860ancer i s
selected fromthe group consisting of cyclodextrin and cycl odextrin
derivatives, bile salts, poly-L-arginine, chitosan and chitosan

derivatives, phesidEcoripdsitionysranbeeeddordifg to BAY Ye&dading ciaéh dwhBieah ur oni ¢
aci ds, sodium caprate and am nated gel atin.
the therapeutic agent is a biologic drug.

16.  The use, composition or method according to any preceding claim, wherein

the therapeutic agent is a peptide, protein or nucleic acid.

17.  The use, composition or method according to Claim 16, wherein the
therapeutic agent is a nucleic acid selected from the group consisting of DNA,
cDNA, RNA, siRNA and RNA..

18.  The use, composition or method according to any one of Claims 1 to 15,

wherein the therapeutic agent is an antigen or vaccine.

19.  The use, composition or method according to any preceding claim, wherein
the therapeutic agent falls within Class Il of the Biopharmaceutics Classification

System.

20. The use, composition or method according to any preceding claim, wherein
the pharmaceutical composition additionally comprises one or more excipients

and/or a pharmaceutically acceptable carrier.



25. The use, conposition or nethod according to aim20 or Claim2 1,
wherein the anmount of additional absorption enhancer is no nore than 10% by
wei ght ofwbheidmbal conposition. 26. The use, conpositi eoT@BWNIZORS
according to any preceding claim whergyn the mucosal nenbrane is the
nasal , buccal, pul nonary, vaginal or rectal nucosa. 27. The use,
conposition or nethod according to Caim 26, wherein the nucosal nenbrane
is the nasal, buccal or pul nonary nucosa. 28. The use, conposition or

met hod acgor di I ' | ai | e Lthaon is for

or al adm%ﬁi'st rﬂ% %sﬁe%@% g%ﬁ%@%@#@o@"ﬁ@ﬁ% E%é'ﬁh%@%% th(nég to any

pr ecedi nphalaiateutidaé cempot hien EHiitiorety icorfdrises pisisatihesive agent, gbkingor m of a
spray, aerosol, dry powder, oral tablet or capsule, buccal or sublingual

t abl et @@%Fﬁﬂ@/%}/h'ﬂ&%@'ﬁ@@ge%ssary, suppository, enemm, drops, or a thin

film 30. The use, conposition or method according to Caim29, wherein the
phar maceuti cal conposition is in the formof a spray, aerosol, dry powder,

buccal o0r22sublTihegusd, coatdositionparshethoe awcording ngeny re@edimg olaim| whefeii. The
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agents.

23. The use, composition or method according to any preceding claim, wherein
the pharmaceutical composition comprises one or more additional absorption

enhancers.

24.  The use, composition or method according to Claim 23, wherein the
additional absorption enhancer is selected from the group consisting of
cyclodextrin and cyclodextrin derivatives, bile salts, poly-L-arginine, chitosan and
chitosan derivatives, phospholipids, lysophospholipids, polyacrylic acid, hyaluronic
acids, sodium caprate and aminated gelatin.

25. The use, composition or method according to Claim 20 or Claim 21,
wherein the amount of additional absorption enhancer is no more than 10% by
weight of the total composition.

26. The use, composition or method according to any preceding claim, wherein

the mucosal membrane is the nasal, buccal, pulmonary, vaginal or rectal mucosa.

27. The use, composition or method according to Claim 26, wherein the

mucosal membrane is the nasal, buccal or pulmonary mucosa.

28. The use, composition or method according to any preceding claim, wherein

the composition is for oral administration.
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29. The use, composition or method according to any preceding claim, wherein
the pharmaceutical composition is in the form of a spray, aerosol, dry powder, oral
tablet or capsule, buccal or sublingual tablet, pastille or lozenge, pessary,

suppository, enema, drops, or a thin film.

30. The use, composition or method according to Claim 29, wherein the
pharmaceutical composition is in the form of a spray, aerosol, dry powder, buccal

or sublingual tablet, pastille or lozenge, or a thin film.

31.  The composition according to Claim 3, wherein the composition is in the
form of spray-dried or freeze-dried particles, microspheres or nanoparticles.



