
Compositions for Treating Parkinson's Disease
Description The present invention relates to
compositions comprising apomorphine for providing
improved treatment of diseases and disorders of the
central nervous system, including Parkinson's Disease.
In particular, the apomorphine is to be administered
via pulmonary inhalation. Parkinson's Disease
Parkinson's Disease was first described in England in
1817 by Dr James Parkinson. The disease affects
approximately 2 of every 1,000 people and most often
develops in those over 50 years of age, affecting both
men and women. It is one of the most common
neurological disorders of the elderly, and
occasionally occurs in younger adults. In some cases,
Parkinson's Disease occurs within families, especially
when it affects young people. Most of the cases that
occur at an older age have no known cause. The
specific of symptoms that an individual experiences
vary, but may include tremor of the hands, arms, legs,
jaw and face; rigidity or stiffness of the limbs and
trunk; bradykinesia or slowness of movement; postural
instability or impaired balance and coordination as
well as severe depression. Untreated, Parkinson's
Disease progresses to total disability, often
accompanied by general deterioration of all brain
functions, and may lead to an early death. The
symptoms of Parkinson's Disease result from the loss
of dopamine-secreting (dopaminergic) cells, in the
substantia nigra of the upper part of the brainstem.
The exact reason for the wasting of these cells is
unknown, although both genetic and environmental
factors are known to be important. There is no known
cure for Parkinson's Disease. The goal of treatment is
to control symptoms, and medications aim to do this
primarily by increasing the levels of dopamine in the
brain. The most widely used treatment is L-dopa in
various forms. However, this treatment has a number of
drawbacks, the most significant beingthat, due to
feedback inhibition, L-dopa .results in a reduction in
the endogenous formation of L-dopa (and hence
dopamine), and so eventually becomes
counterproductive. Over time, patients start to
develop motor fluctuations, which oscillate between
"off times, a state of decreased mobility, and "on"
times, or periods when the medication is working and
symptoms are controlled. It is estimated that 40% of
Parkinson's patients will experience motor
fluctuations within 4-6 years of onset, increasing by
10 percent per year after that. The average
Parkinson's Disease patient experiences 2-3 hours of
"off-time" each day. These include handwriting
problems, overall slowness, loss of olfaction, loss of
energy, stiffness of muscles, walking problems, sleep
disturbances, balance difficulties, challenges getting
up from a chair, and many other symptoms not related
to motor functions, such as sensory symptoms (e.g.
pain, fatigue, and motor restlessness); autonomic
symptoms (e.g. urinary incontinence and profuse
sweats); and psychiatric disorders (e.g. depression,
anxiety and psychosis). One therapeutic approach
involves the administration of apomorphine, which is a
morphine derivative and dopaminergic agonist. First
mooted as a treatment for Parkinson's Disease as early
as 1951, the first clinical use of apomorphine was
first reported in 1970 by Cotzias et al, although its
emetic properties and short half -life made oral use
impractical. The use of apomorphine to treat
Parkinson's Disease is effective because of the drug's
strong dopaminergic action. However, orally
administered apomorphine is associated with an onset
period of about 30 to 45 minutes during which the
patient suffers unnecessarily. Now, a mote common
route of administration is by subcutaneous injection.
When apomorphine is injected under the skin, it has
been shown to bring about an "on" time consistently in
7-10 minutes and to maintain the effect for all areas
of fluctuations - motor, sensory and psychiatric - for
a period of about 60 minutes.Whilst apomorphine can be
used in combination with L-dopa, the usual intention
in the later stages of the disease is to wean patients
off L-dopa, as by this stage they will probably be
experiencing significant discomfort from off-periods.
Apomorphine has a low incidence of neuropsychiatry
problems, and it has thus been used in patients with
severe neuropsychiatric complications due to oral anti
parkinsonian drugs. Injections of apomorphine may help
specific symptoms such as off-period pain, belching,
screaming, constipation, nocturia, dystonias, erectile
impotence, and post-surgical state in selected
patients who may not otherwise be candidates for
apomorphine. For subcutaneous administration, the
usual dose of apomorphine is 2 mg (provided in a
volume of 0.2 ml) per delivery, and it is not
recommended to exceed 6 mg in a single off-period
because the risk of sensitisation to apomorphine does
not outweigh the benefit of the larger doses. The
British National Formulary (BNF) recommends that the
usual range (after initiation) of a subcutaneous
injection is 3 to 30 mg per day to be administered in
divided doses. Subcutaneous infusion may be preferable
in those patients requiring division of injections
into more than 10 doses daily. The maximum single dose
is 10 mg, with a total daily dose by either
subcutaneous route (or combined routes) that is not to
exceed 100 mg. The recommended continuous subcutaneous
infusion dose is initially 1 mg/hour daily and is
generally increased according to response (not more
often than every 4 hours) in maximum steps of 500
mg/hour, to usual rate of 1 to 4 mg/hour (14 to 60
mg/kg/hour). The infusion site is to be changed every
12 hours and infusion is to be given during waking
hours only; 24-hour infusions are not advised unless
the patient experiences severe night-time symptoms.
Intermittent bolus boosts may also be needed. However,
frequent injection of low doses of apomorphine are
often inadequate in controlling the disease symptoms,
and in addition to the pain caused by repeated
injection, these repeated injections inconvenience the
patient, often resulting in non-compliance.-
AApomorphine can be administered via subcutaneous
infusion using a small pump which is carried by the
patient. A low dose is automatically administered
throughout the day, reducing the fluctuations of motor
symptoms by providing a steady dose of dopaminergic
stimulation. However, an additional person (often a
spouse or partner) must be responsible for maintenance
of the pump, placing a burden on this caregiver. Of
the adverse effects observed with apomorphine
administration, nausea and vomiting, and hypotension
are the most significant. In light of these adverse
effects, the BNF reports that patients are often given
anti-emetic prophylaxis three days prior to the
initiation of apomorphine therapy and it is
recommended that this continue for eight weeks after
the apomorphine treatment has finished.. Furthermore
drowsiness (including sudden onset of sleep),
confusion, hallucinations, injection-site reactions
(including nodule formation and ulceration), less
commonly postural hypotension, breathing difficulties,
dyskinesia during "on" periods, haemolytic anaemia
with levodopa, rarely eosinophilia, pathological
gambling, increased libido and hypersexuality are also
reported. Anti-emetic therapies that may be used
include domperidone or trimethobenzamide (trade name
Tigan). The term "parkinsonism" refers to any
condition that involves a combination of the types of
changes in movement seen in Parkinson's Disease and
often has a specific cause, such as the use of certain
drugs or frequent exposure to toxic chemicals.
Generally, the symptoms of parkinsonism may be treated
with the same therapeutic approaches that are applied
to Parkinson's Disease. A dry powder formulation
suitable for intranasal delivery of apomorphine is the
focus of European Patent No. 0 689 438. The powder
formulation comprises particles of apomorphine having
a diameter in the range of 50-100 mm in order to avoid
accidental pulmonary deposition. Published studies by
Britannia Pharmaceuticals Ltd examine the use of
nasally administered apomorphinecompositions of this
kind and have indicated that the onset of
pharmaceutical effects is delayed, and the efficacy of
these medicaments is reduced in comparison to
subcutaneously delivered apomorphine in terms of the
percentage decrease in off-period time. Furthermore,
some nasal irritation was reported. Nasal apomorphine
formulations have been evaluated by Nastech Inc. for
the treatment of Erectile Dysfunction (ED) and Female
Sexual Dysfunction (FSD). Although this route of
administration presents advantages over the
conventional sublingual route of administering
apomorphine for treating this condition, intranasal
administration does have a number of drawbacks. The
nasal cavity presents a significantly reduced
available surface area compared to the lung (1.8 m2
versus 200 m2) . The nasal cavity is also subjected to
natural clearance, which typically occurs every 15-20
minutes, where ciliated cells drive mucus and debris
towards the back of the nasopharynx. This action
results in a proportion of the apomorphine which is
administered to the nose being swallowed, whereupon it
is subjected to first-pass metabolism. In contrast,
clearance mechanisms in the lung have minimal
opportunity to influence absorption as apomorphine
rapidly reaches the systemic circulation via transfer
across the alveolar membrane. Challenges to the nasal
mucosa, such as congestion or a "bloody" nose will
also have a negative impact upon drug absorption
following nasal administration. Furthermore, the nasal
passage shape and dimension influence drug absorption.
Not only are the passages different between patients
but there is also a change in shape and dimensions
within a patient at different times during the day.
Consequently, nasal delivery devices must overcome
this significant challenge to ensure reproducible and
targeted drug delivery. To ensure delivery to the
target site nasal devices typically employ a
"forceful" spray which can result in an undesirable
sensation. Conversely, inhalers, including dry powder
inhalers such as the Vectura's active inhaler device
Aspirair(r) or their passive device Gyrohaler (r),
produce a patientfriendly drug "cloud" with minimal
oral and throat deposition.Furthermore, extensive
literature describes local apomorphine-attributed
irritation following intranasal administration with a
number of patients reporting episodes of severe or
disabling nasal complications including irritation,
crusting, blockage, bleeding, burning immediately
after dosing and vestibulitis leading to premature
discontinuation of study treatment. - Nevertheless,
the apomorphine nasal powder developed by Britannia
Pharmaceuticals is said to offer a rapid onset that is
comparable to subcutaneous injection and much faster
than oral dosing, as well as bioavailability that is
also comparable to the subcutaneous route of
administration. It has now been discovered that the
delivery of apomorphine by pulmonary inhalation
provides increased delivery efficiency, increased
bioavailability and consistent absorption with an
ultimately faster and more predictable clinical effect
compared to other routes of administration. US Patent
No. 6,193,954 (Abbott Laboratories) relates to
formulations for pulmonary delivery of dopamine
agonists. The dopamine agonist is in the form of a
microparticle or powder and is to be delivered to the
lung dispersed in a liquid vehicle. US Patent No.
6,514,482 (Advanced Inhalation Research, Inc.) claims
a method of providing "rescue therapy" in the
treatment of Parkinson's Disease in which particles of
apomorphine are delivered to the pulmonary system.
Rescue therapy normally refers to non-surgical medical
treatment in life-threatening situations. However,
despite the unpleasantness of Parkinson's Disease, the
symptoms are not life threatening and this patent
would therefore appear to relate to "rescue" from
off-period symptoms. As used within US Patent No.
6,514,482, "rescue therapy" means on-demand, rapid
delivery of a drug to a patient to help reduce or
control disease symptoms. In the prior art, the
dopamine agonist compositions and the methods of
treating Parkinson's Disease involve administering
fixed doses of apomorphine at the onsetof off-period
symptoms. This does not provide the optimal treatment.
It would be highly beneficial to be able to readily
determine the appropriate dose of apomorphine to suit
the specific needs of an individual patient. This
would ensure that the minimum necessary dose is
administered. Such a self-titrating system should be
flexible, to enable the dose to be tailored to the
patient without the need 



for different strength presentations. The system
should also allow the self-titrating to be on-going,
with the patient able to constantly change the dose of
apomorphine to meet his or her symptoms and needs.
This is desirable for a number of reasons, not least
in order to minimise the adverse side effects
associated with the treatment (including emesis) and
to reduce the risk of apomorphine sensitisation. It is
a further aim to reduce "off-periods" experienced by
the patient as much as possible and, if possible, to
avoid such off-periods altogether. It is desirable to
achieve this without the need to administer
excessively large doses of apomorphine (especially in
terms of the daily dose administered to the patient
over a 24-hour period). It is also clearly desirable
to provide a composition or treatment regimen which
the patient is able to self-administer, reducing the
burden on the care-giver. A safe and convenient,
pain-free route of administration is clearly
preferable to constant and frequent injections or a
permanent infusion pump. A medication which alleviates
this dependency while allowing ease of delivery for
frequent administration of apomorphine would clearly
be an advantage. A formulation that is capable of
maintaining an extended duration of response would
provide the patient with a window in which they could
self administer the next dose, thereby negate the need
for caregiver assistance. A method of administration
which reduces the emetic effects of apomorphine would
obviously be advantageous.It is also desirable to
provide apomorphine compositions which are stable ovet
time under normal storage conditions, in order to
avoid the significant expense associated with the
disposal of spoiled medicine. In particular,
therefore, there is a need for a composition
comprising apomorphine in a stable, dry powder form
suitable for the straightforward administration of low
doses of drug with a sufficiently low induction of
emesis and rapid onset of pharmacological effects to
facilitate self-titration and optimisation of levels
of medication. Nasal administration of apomorphine
results in a Tmax of approximately 15 minutes.
Pulmonary administration results in a Tmax of less
than 1 minute in some patients. This is thought to be
equivalent to the Tmax observed following subcutaneous
administration. Pulmonary administration has greater
bioavailability than nasal administration. This, in
turn, means that nasal doses need to be increased in
order to compensate for the lower bioavailability. In
the Apokyn (r) information sheet dated April 2004, it
is stated that apomorphine hydrochloride is a
lipophilic compound that is rapidly absorbed (time to
peak concentration ranges from 10 to 60 minutes)
following subcutaneous administration into the
abdominal wall. After subcutaneous administration,
apomorphine appears to have bioavailability equal to
that of an intravenous administration. Apomorphine
exhibits linear pharmacokinetics over a dose range of
2 to 8 mg following a single subcutaneous injection of
apomorphine into the abdominal wall in patients with
idiopathic Parkinson's disease. Based upon the
assertion that the bioavailability of subcutaneously
administered apomorphine is equal to that of
intravenously administered apomorphine, it is
surprising that the bioavailability of apomorphine
administered by pulmonary inhalation is comparable, if
not greater than the bioavailability following
subcutaneous injection. This is most
unexpected.Summary of the Invention In a fitst aspect
of the present invention, a dry powder composition
comprising apomorphine for administration by pulmonary
inhalation is provided, for treating conditions of the
central nervous system, including Parkinson's Disease
(PD). The combination of lung pathophysiology and
inhaled apomorphine attributes result in rapid and
consistent systemic exposure which translates into a
rapid and predictable therapeutic effect, both of
which are key requirements when considering improved
treatments of PD. Preferably, a Tmax of as little as 1
minute is observed. The majority of patients achieved
conversions (that is, the onset of the therapeutic
effect) within 10 minutes of inhaling apomorphine.
Some patients reported conversion from the "off to the
"on" state as quickly as 2 minutes after
administration of the apomorphine by pulmonary
inhalation. In one embodiment, the composition
comprises a dose of apomorphine to be administered to
a patient, the amount of apomorphine being up to 15
mg, 14 mg, 13 mg, 12 mg, 11 mg, 10 mg, 9 mg, 8 mg, 7
mg, 6 mg or up to 5 mg. Preferably the dose is at
least 1 mg, 2 mg, 3 mg or 4 mg. The dose may be a
figure comprised within a range defined by any of the
lower dose values with any of the higher dose values,
for example at least 1 mg and up to 15 mg, at least 2
mg and up to 15 mg, at least 3 mg and up to 15 mg, at
least 1mg and up to 14 mg, at least 1 mg and up to 13
mg, and so on. In one aspect the dose is a Nominal
dose. The Nominal Dose (ND) is the amount of drug
metered in the receptacle (also known as the Metered
Dose). This is different to the amount of drug that is
delivered to the patient which is referred to a
Delivered Dose. The fine particle fraction (FPF) is
normally defined as the FPD (the dose that is < 5 mm)
divided by the Emitted Dose (ED) which is the dose
that leaves the device. The FPF is expressed as a
percentage. Herein, the FPF of ED is referred to as
FPF (ED) and is calculated as FPF (ED) (FPD/ED) x
100%.The fine particle fraction (FPF) may also be
defined as the FPD divided by the Metered Dose (MD)
which is the dose in the blister or capsule, and
expressed as a percentage. Herein, the FPF of MD is
referred to as FPF (MD), and is calculated as FPF (MD)
= (FPD/MD) x 100%. In a preferred embodiment, the dose
is administered to the patient as a single dose
requiring just one inhalation. In one embodiment, the
dose is preferably provided in a blister or capsule
which is to be dispensed using a dry powder inhaler
device. Alternatively, the dose may be dispensed using
a pressurised metered dose inhaler (pMDI). Typically,
administration of a dose of the compositions according
to the present invention will result in a fine
particle dose (FPD) of about 2 to about 6 mg, and
preferably of about 4 mg of apomorphine. These doses
are administered to the pulmonary mucosa and the
apomorphine is absorbed. In yet another embodiment,
the doses of the apomorphine composition are to be
administered to the patient as needed, that is, when
the patient experiences or suspects the onset of an
off-period. This provides an "on-demand" treatment. In
this embodiment, a single effective dose of
apomorphine may be administered. Alternatively,
multiple smaller doses may be administered
sequentially, with the effect of each dosing being
assessed by the patient before the next dose is
administered. This allows self-titration and
optimisation of the dose. In another embodiment, the
composition provides a daily dose, which is the dose
administered over a period of 24 hours, of between
about 30 and about 110 mg. The daily does will often
be divided up into a number of doses. Preferably, the
daily dose is between about 50 and about 80 mg. These
daily doses may be administered at a single instance
(usually involving multiple inhalations), but it is
expected that the daily dose will be spread out over
the 24 hour period with patients receiving, on
average, 2-3 separate single administrations, although
some patients may receive 5-6 doses, with a daily
extreme of 10 doses of 11 mg per dose, i.e. 110 mg in
a 24 hour period. It is important to note that the
dose recommendations vary depending on medical
authority with a single dose of 10 mg and 6 mg and a
maximum daily doseof 100 mg and approximately 25 mg
being recommended in Europe and the United States of
America respectively. In another embodiment, the
composition allows doses to be administered at regular
and frequent intervals, for example intervals of about
60 minutes, about 45 minutes, about 30 minutes, about
20 minutes, about 15 minutes or about 10 minutes,
providing maintenance therapy to avoid the patient
experiencing off-periods comparable to the effect of
the infusion pump mentioned above. In such an
embodiment, the individual doses administered at the
chosen intervals will be adjusted to provide a daily
dose within safe limits, whilst hopefully providing
the patient with adequate relief from symptoms. For
example, each individual fine particle dose would
preferably provide in the order of about 0.5 mg to
about 7 mg apomorphine, more preferably 2 mg to 6 mg,
more preferably 3 mg to 5 mg, and most preferably
about 4.5 mg. A fine particle dose within this range
will be possible from nominal dose of about 0.8 mg to
11.5 mg, 3 mg to 10 mg and about 7 mg respectively. In
one aspect each individual fine particle dose would
provide in the order of about 0.5 mg to about 3 mg
apomorphine, and in one aspect would provide about 1.6
mg. If the dosing takes place over a period of 11.5
hours (when the patient is awake) and at 10 minute
intervals, this will provide a daily dose of 110 mg.
According to one embodiment of the present invention,
a composition comprising apomorphine is provided,
wherein the administration of the composition by
pulmonary inhalation provides a Cmax within less than
about 10 minutes and preferably within about 5 minutes
of administration, with about 2 minutes of
administration or even within 1 minute of
administration. Preferably, the Cmax is provided
within 1 to 5 minutes. In a further embodiment of the
present invention, the administration of the
composition by pulmonary inhalation provides a dose
dependent Cmax. In accordance with another embodiment
of the present invention, a dose of apomorphine is
inhaled into the lungs and said dose is sufficient to
provide a therapeutic effect in about 10 minutes or
less. In some cases, the therapeutic effectis
experienced within as little as about 5 minutes, about
2 minutes or even about 1 minute from administration.
In another embodiment of the invention, the
administration of the composition by pulmonary
inhalation provides a terminal elimination half-life
of between 30 and 70 minutes. In yet another
embodiment, the administration of the composition by
pulmonary inhalation provides a therapeutic effect
with a duration of at least 45 minutes, preferably at
least 60 minutes. In a clinical trial, a mean duration
of the therapeutic effect of 75 minutes was observed.
In a further embodiment, the composition comprises at
least about 70% (by weight) apomorphine, or at least
about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
(by weight) apomorphine. In a yet further embodiment,
the compositions according to the present invention
are for use in providing treatment of the symptoms of
Parkinson's Disease or for preventing the symptoms
altogether. The patient is preferably able to
administer a dose and to ascertain within a period of
no more than about 10 minutes whether that
administered dose is sufficient to treat or prevent
the symptoms of Parkinson's Disease. If a further dose
is felt to be necessary, this may be safely
administered and the procedure may be repeated until
the desired therapeutic effect is achieved. This
self-titration of the apomorphine dose is possible as
a result of the rapid onset of the therapeutic effect,
the accurate and relatively small dose of apomorphine
and the low incidence of side effects, including
emesis. It is also important that the mode of
administration is painless and convenient, allowing
repeated dosing without undue discomfort or
inconvenience. According to a second aspect of the
present invention, blisters, capsules, reservoir
dispensing systems and the like are provided,
comprising doses of the compositions according to the
first aspect of the invention.According to a third
aspect of the present invention, inhaler devices are
provided for dispensing doses of the compositions
according to the first aspect of the invention. In one
embodiment of the present invention, the inhalable
compositions are administered via a dry powder inhaler
(DPI). In an alternative embodiment, the compositions
are administered via a pressurized metered dose
inhaler (pMDI), or via a nebulised system. According
to a fourth aspect of the present invention, processes
are provided for preparing the compositions according
to the first aspect of the invention. According to a
fifth aspect of the present invention, methods of
treating diseases of the central nervous system, such
as Parkinson's Disease are provided, the treatment
involving administering doses of the compositions
according to the first aspect of the invention by
pulmonary inhalation. Alternatively, the use of
apomorphine in the manufacture of a medicament for
treating diseases of the central nervous system, such
as Parkinson's Disease is 



provided, wherein the apomorphine is to be
administered by pulmonary inhalation. In a preferred
embodiment, the apomorphine is in the form of a
composition according to the first aspect of the
present invention. New methods of treating diseases of
the central nervous system, such as Parkinson's
Disease are provided, using new pharmaceutical
compositions comprising apomorphine which are
administered by pulmonary inhalation. These methods
achieve the desired therapeutic effect whilst avoiding
the side effects associated with the administration of
apomorphine, especially when apomorphine is
administered in the relatively large doses usually
associated with treating conditions such as
Parkinson's Disease. It will be understood that
particular embodiments described herein are shown by
way of illustration and not as limitations of the
invention. The principal features of this invention
can be employed in various embodiments without
departing from thescope of the invention. Those
skilled in the art will recognize, or be able to
ascertain using no more than routine study, numerous
equivalents to the specific procedures described
herein. Such equivalents are considered to be within
the scope of this invention and are covered by the
claims. AUpublications and patent applications
mentioned in the specification are indicative of the
level of skill of those skilled in the art to which
this invention pertains. All publications and patent
applications are herein incorporated by reference to
the same extent as if each individual publication or
patent application was specifically and individually
indicated to be incorporated by reference. The use of
the word "a" or "an" when used in conjunction with the
terra "comprising" in the claims and/or the
specification may mean "one," but it is also
consistent with the meaning of "one or more," "at
least one," and "one or more than one." The use of the
term "or" in the claims is used to mean "and/or"
unless explicitly indicated to refer to alternatives
only or the alternatives are mutually exclusive,
although the disclosure supports a definition that
refers to only alternatives and "and/or." Throughout
this application, the term "about" is used to indicate
that a value includes the inherent variation of error
for the device, the method being employed to determine
the value, or the variation that exists among the
study subjects. As used in this specification and
claim(s), the words "comprising" (and any form of
comprising, such as "comprise" and "comprises"),
"having" (and any form of having, such as "have" and
"has"), "including" (and any form of including, such
as "includes" and "include") or "containing" (and any
form of containing, such as "contains" and "contain")
are inclusive or open-ended and do not exclude
additional, unrecited elements or method steps. The
term "or combinations thereof as used herein refers to
all permutations and combinations of the listed items
preceding the term. For example, "A, B, C, or
combinations thereof is intended to include at least
one of: A, B, C, AB, AC, BC, or ABC, and if order is
important in a particular context, also BA, CA, CB,
CBA, BCA, ACB, BAC, or CAB. Continuing with this
example, expressly included are combinations that
contain repeats of one or more item or term, such as
BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so
forth. The skilled artisan willunderstand that
typically there is no limit on the number of items or
terms in any combination, unless otherwise apparent
from the context. All of the compositions and/or
methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the
present disclosure. While the compositions and methods
of this invention have been described in terms of
preferred embodiments, it will be apparent to those of
skill in the art that variations may be applied to the
compositions and/ or methods and in the steps or in
the sequence of steps of the method described herein
without departing from the concept, spirit and scope
of the invention. AU such similar substitutes and
modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of
the invention as defined by the appended claims.
Detailed Description of the Invention The present
invention relates to high performance inhaled delivery
of apomorphine, which has a number of significant and
unexpected advantages over previously used modes of
administration. The mode of administration and the
compositions of the present invention make this
excellent performance possible. However, it is
important that the apomorphine is delivered in such a
way that will allow rapid absorption of an accurate
and consistent amount of apomorphine to provide a
predictable therapeutic effect. This is made more
difficult because of the relatively large amount of
drug that must be administered. The advantages for
this pulmonary route of administration are improved
safety, reduced exposure variability resulting in
reduced incidence of dyskinesia, more rapid onset of
action compared to subcutaneous and a non-invasive
route of administration. Apomorphine Compositions for
Pulmonary Inhalation Since the effective treatment of
PD requires the delivery of a relatively large dose of
apomorphine there are significant technical hurdles to
overcome. To date, dry powder inhaler devices have
tended to deliver doses of up to 3 mg of powder
oroccasionally up to 20 mg. Doses delivered by
pressurised metered dose inhalers are of the order of
1 mg to 3 mg. In contrast, it is intended to provide a
dose of some 11 mg of a dry powder composition
comprising apomorphine in a single inhalation in order
to provide an effective and user-friendly treatment of
PD. The volume (dose) of the dry powder formulations
according to the invention to be administered by
inhalation may be as high as 40 mg, and in one aspect
may be as high as 50 mg. When the dose of powder
composition is so large, it is envisaged that the
Nominal Dose will be in the region of 7 mg and the FPD
approximately 4 mg. In the past, many of the
commercially available dry powder inhalers exhibited
very poor dosing efficiency, with sometimes as little
as 10% of the active agent present in the dose
actually being properly delivered to the user so that
it can have a therapeutic effect. This low efficiency
is simply not acceptable where a high dose of active
agent is required for the desired therapeutic effect.
The reason for the lack of dosing efficiency is that a
proportion of the active agent in the dose of dry
powder tends to be effectively lost at every stage the
powder goes through from expulsion from the delivery
device to deposition in the lung. For example,
substantial amounts of material may remain in the
blister/ capsule or device. Material may be lost in
the throat of the subject due to excessive plume
velocity. However, it is frequently the case that a
high percentage of the dose delivered exists in
particulate forms of aerodynamic diameter in excess of
that required. It is well known that particle
impaction in the upper airways of a subject is
predicted by the so-called impaction parameter. The
impaction parameter is defined as the velocity of the
particle multiplied by the square of its aerodynamic
diameter. Consequently, the probability associated
with delivery of a particle through the upper airways
region to the target site of action, is related to the
square of its aerodynamic diameter. Therefore,
delivery to the lower airways, or the deep lung is
dependant on the square of its aerodynamic diameter,
and smaller aerosol particlesare very much more likely
to reach the target site of administration in the user
and therefore able to have the desired therapeutic
effect. Particles having aerodynamic diameters of less
than 10 mm tend to be deposited in the lung. Particles
with an aerodynamic diameter in the range of 2 mm to 5
mm will generally be deposited in the respiratory
bronchioles whereas smaller particles having
aerodynamic diameters in the range of 0.05 to 3 mm are
likely to be deposited in the alveoli. So, for
example, high dose efficiency for particles targeted
at the alveoli is predicted by the dose of particles
below 3 mm, with the smaller particles being most
likely to reach that target site. In one embodiment of
the present invention, the composition comprises
active particles comprising apomorphine, at least 50%,
at least 70% or at least 90% of the active particles
having a Mass Median Aerodynamic Diameter (MMAD) of no
more than about 10 mm. In another embodiment, at least
50%, at least 70% or at least 90% of the active
particles have an MMAD of from about 2 mm to about 5
mm. In yet another embodiment, at least 50%, at least
70% or at least 90% of the active particles have
aerodynamic diameters in the range of about 0.05 mm to
about 3 mm. In one embodiment of the invention, at
least about 90% of the particles of apomorphine have a
particle size of 5 mm or less. Particles having a
diameter of less than about 10 mm are, however,
thermodynamically unstable due to their high surface
area to volume ratio, which provides significant
excess surface free energy and encourages particles to
agglomerate. In a dry powder inhaler, agglomeration of
small particles and adherence of particles to the
walls of the inhaler are problems that result in the
active particles leaving the inhaler as large
agglomerates or being unable to leave the inhaler and
remaining adhered to the interior of the device, or
even clogging or blocking the inhaler. The uncertainty
as to the extent of formation of stable agglomerates
of the particles between each actuation of the
inhaler, and also between different inhalers and
different batches of particles, leads to poor dose
reproducibility. Furthermore, theformation of
agglomerates means that the MMAD of the active
particles can be vastly increased, with agglomerates
of the active particles not reaching the required part
of the lung. Consequently, it is essential for the
present invention to provide a powder formulation
which provides good dosing efficiency and
reproducibility, delivering an accurate and
predictable dose. Much work has been done to improve
the dosing efficiency of dry powder systems comprising
active particles having a size of less than 10 mm,
reducing the loss of the pharmaceutically active agent
at each stage of the delivery. In the past, efforts to
increase dosing efficiency and to obtain greater
dosing reproducibility have tended to focus on
preventing the formation of agglomerates of fine
particles of active agent. Such agglomerates increase
the effective size of these particles and therefore
prevent them from reaching the lower respiratory tract
or deep lung, where the active particles should be
deposited in order to have their desired therapeutic
effect. Proposed measures have included the use of
relatively large carrier particles. The fine particles
of active agent tend to become attached to the
surfaces of the carrier particles as a result of
interparticle forces such as Van der Waals forces.
Upon actuation of the inhaler device, the active
particles are supposed to detach from the carrier
particles and are then present in the aerosol cloud in
inhalable form. In addition or as an alternative, the
inclusion of additive materials that act as force
control agents that modify the cohesion and adhesion
between particles has been proposed. However, where
the dose of drug to be delivered is very high, the
options for adding materials to the powder composition
are limited, especially where at least 70% of the
compositions is made up of the apomorphine as is
preferred in the present invention. Nevertheless, it
is imperative that the dry powder composition exhibit
good flow and dispersion properties, to ensure good
dosing efficiency. The term "ultrafine particle dose"
(UFPD) is used herein to mean the total mass of active
material delivered by a device which has a diameter of
not more than 3 mm. The term "ultrafine particle
fraction" is used herein to mean the percentage of
thetotal amount of active material delivered by a
device which has a diameter of not more than 3 mm. The
term percent ultrafine particle dose (%UFPD) is used
herein to mean the percentage of the total metered
dose which is delivered with a diameter of not more
than 3 mm (i.e., %UFPD = 100*UFPD /total metered
dose). The terms "delivered dose" and "emitted dose"
or "ED" are used interchangeably herein. These are
measured as set out in the current EP monograph for
inhalation products. "Actuation of an inhaler" refers
to the process during which a dose of the powder is
removed from its rest position in the inhaler. That
step takes place after the powder has been loaded into
the inhaler ready for use. In one embodiment of the
present invention, the composition used for treating
conditions of the central nervous system, including
Parkinson's Disease via inhalation comprises a dose of
from about 1.5 mg FPD of apomorphine (that is,
apomorphine, apomorphine free base, pharmaceutically
acceptable salt(s) or ester(s) thereof, based on the
weight of the hydrochloride salt). The dose
may-comprise from about 100 to 1500 mg FPD of said
apomorphine. 



In another embodiment of the present invention, the
composition used for treating conditions of the
central nervous system, including Parkinson's Disease
via inhalation comprises a nominal dose of from about
4 mg of apomorphine (that is, apomorphine, apomorphine
free base, pharmaceutically acceptable salt(s) or
ester(s) thereof, based on the weight of the
hydrochloride salt) said dose may achieve from about
1.5 -3.5 mg FPD of said apomorphine, such as 2.5 - 3.5
mg FPD when delivered from a passive dry powder
inhaler. In another embodiment of the present
invention, the dose of the powder composition
delivers, in vitro, a fine particle dose of from about
400 mg to about 6000 mg of apomorphine, such as from
about 400 mg to about 4000 mg of apomorphine (based on
the weight of the hydrochloride salt), when measured
by aMultistage Liquid Impinger, United States
Pharmacopoeia 26, Chapter 601, Apparatus 4 (2003), an
Andersen Cascade Impactor or a New Generation
Impactor. Preferably, the dose delivers, in vitro, a
fine particle dose from about 400 to about 5000 mg,
and in one aspect a fine particle dose from about 400
to about 4000 mg of apomorphine. In the context of the
present invention, the dose (e.g., in micrograms) of
apomorphine or its pharmaceutically acceptable salts
or esters will be described based upon the weight of
the hydrochloride salt (apomorphine hydrochloride).
The tendency of fine particles to agglomerate means
that the FPF of a given dose can be highly
unpredictable and a variable proportion of the fine
particles will be administered to the lung, or to the
correct part of the lung, as a result. This is
observed, for example, in formulations comprising pure
drug in fine particle form. Such formulations exhibit
poor flow properties and poor FPF. In an attempt to
improve this situation and to provide a consistent FPF
and FPD, dry powder compositions according to the
present invention may include additive material which
is an anti-adherent material and reduces cohesion
between the particles in the composition. The additive
material is selected to reduce the cohesion between
particles in the dry powder composition. It is thought
that the additive material interferes with the weak
bonding forces between the small particles, helping to
keep the particles separated and reducing the adhesion
of such particles to one another, to other particles
in the formulation if present and to the internal
surfaces of the inhaler device. Where agglomerates of
particles are formed, the addition of particles of
additive material decreases the stability of those
agglomerates so that they are more likely to break up
in the turbulent air stream created on actuation of
the inhaler device, whereupon the particles are
expelled from the device and inhaled. As the
agglomerates break up, the active particles may return
to the form of small individual particles or
agglomerates of small numbers of particles which are
capable of reaching the lower lung.The additive
material may be in the form of particles which tend to
adhere to the surfaces of the active particles, as
disclosed in WO 1997/03649. Alternatively, the
additive material may be coated on the surface of the
active particles by, for ' example a co-milling method
as disclosed in WO 2002/43701. Preferably, the
additive material is an anti-adherent material and it
will tend to reduce the cohesion between particles and
will also prevent fine particles becoming attached to
surfaces within the inhaler device. Advantageously,
the additive material is an anti-friction agent or
glidant and will give the powder formulation better
flow properties in the inhaler. The additive materials
used in this way may not necessarily be usually
referred to as anti-adherents or anti-friction agents,
but they will have the effect of decreasing the
cohesion between the particles or improving the flow
of the powder. The additive materials are sometimes
referred to as force control agents (FCAs) and they
usually lead to better dose reproducibility and higher
FPFs. Therefore, an additive material or FCA, as used
herein, is a material whose presence on the surface of
a particle can modify the adhesive and cohesive
surface forces experienced by that particle, in the
presence of other particles and in relation to the
surfaces that the particles are exposed to. In
general, its function is to reduce both the adhesive
and cohesive forces. The reduced tendency of the
particles to bond strongly, either to each other or to
the device itself, not only reduces powder cohesion
and adhesion, but can also promote better flow
characteristics. This leads to improvements in the
dose reproducibility because it reduces the variation
in the amount of powder metered out for each dose and
improves the release of the powder from the device. It
also increases the likelihood that the active
material, which does leave the device, will reach the
lower lung of the patient. It is favourable for
unstable agglomerates of particles to be present in
the powder when it is in the inhaler device. As
indicated above, for a powder to leave an
inhalerdevice efficiently and reproducibly, the
particles of such a powder should be large, preferably
larger than about 40 mm. Such a powder may be in the
form of either individual particles having a size of
about 40 mm or larger and/or agglomerates of finer
particles, the agglomerates having a size of about 40
mm or larger. The agglomerates formed can have a size
of 100 mm or 200 mm and, depending on the type of
device used to dispense the formulation, the
agglomerates may be as much as about 1000 mm. With the
addition of the additive material, those agglomerates
are more likely to be broken down efficiently in the
turbulent airstream created on inhalation. Therefore,
the formation of unstable or "soft" agglomerates of
particles in the powder may be favoured compared with
a powder in which there is substantially no
agglomeration. Such unstable agglomerates are stable
whilst the powder is inside the device but are then
disrupted and broken up upon inhalation. It is
particularly advantageous for the additive material to
comprise an amino acid. Amino acids have been found to
give, when present as additive material, high
respirable fraction of the active material and also
good flow properties of the powder. A preferred amino
acid is leucine, in particular L-leucine, di-leucine
and trileucine. Although the L-form of the amino acids
is generally preferred, the D- and DL-forms may also
be used. The additive material may comprise one or
more of any of the following amino acids: aspartame,
leucine, isoleucine, lysine, valine, methionine,
cysteine, and phenylalanine. Additive materials may
also include, for example, metal stearates such as
magnesium stearate, phospholipids, lecithin, colloidal
silicon dioxide and sodium stearyl fumarate, and are
described more fully in WO 1996/23485, which is hereby
incorporated by reference. Advantageously, the powder
includes at least 80%, preferably at least 90% by
weight of apomorphine (or its pharmaceutically
acceptable salts) based on the weight of the powder.
The optimum amount of additive material will depend
upon the precise nature of the additive and the manner
in which it is incorporated into the composition. In
some embodiments, the powder advantageously includes
not more than 8%, more advantageously not more than 5%
by weight of additive material based on the weight of
the powder. As indicated above, in some cases it will
be advantageous for the powder to contain about 1% by
weight of additive material.In other embodiments, the
additive material or FCA may be provided in an amount
from about 0.1% to about 10% by weight, and preferably
from about 0.15% to 5%, most preferably from about
0.5% to about 2%. When the additive material is
micronised leucine or lecithin, it is preferably
provided in an amount from about 0.1% to about 10% by
weight. Preferably, the additive material comprises
from about 3% to about 7%, preferably about 5%, of
micronised leucine. Preferably, at least 95% by weight
of the micronised leucine has a particle diameter of
less than 150 mm, preferably less than 100 mm, and
most preferably less than 50 mm. Preferably, the mass
median diameter of the micronised leucine is less than
10 mm. If magnesium stearate or sodium stearyl
fumarate is used as the additive material, it is
preferably provided in an amount from about 0.05% to
about 10%, from about 0.15% to about 5%, from about
0.25% to about 3%, or from about 0.5% to about 2.0%
depending on the required final dose. In a further
attempt to improve extraction of the dry powder from
the dispensing device and to provide a consistent FPF
and FPD, dry powder compositions according to the
present invention may include particles of an inert
excipient material, which act as carrier particles.
These carrier particles are mixed with fine particles
of active material and any additive material which is
present. Rather than sticking to one another, the fine
active particles tend to adhere to the surfaces of the
carrier particles whilst in the inhaler device, but
are supposed to release and become dispersed upon
actuation of the dispensing device and inhalation into
the respiratory tract, to give a fine suspension. The
inclusion of carrier particles is less attractive
where very large doses of active agent are to be
delivered, as they tend to significantly increase the
volume of the powder composition. Nevertheless, in
some embodiments of the present invention, the
compositions include carrier particles. In such an
embodiment, the composition comprises at least about
10% (by weight) apomorphine, or at least about 15%,
17%, or 18% or 18.5% (by weight) apomorphine.
Preferably, the carrier particles arepresent in small
amount, such as no more than 90%, preferably 85%, more
preferably 83%, more preferably 80% by weight of the
total composition, in which the total apomorphine and
magnesium stearate content would be about 18.5% and
1.5% by weight respectively. Carrier particles may be
of any acceptable inert excipient material or
combination of materials. For example, the carrier
particles may be composed of one or more materials
selected from sugar alcohols, polyols and crystalline
sugars. Other suitable carriers include inorganic
salts such as sodium chloride and calcium carbonate,
organic salts such as sodium lactate and other organic
compounds such as polysaccharides and
oligosaccharides. Advantageously, the carrier
particles comprise a polyol. In particular, the
carrier particles may be particles of crystalline
sugar, for example mannitol, trehalose, melezitose,
dextrose or lactose. Preferably, the carrier particles
are composed of lactose. Thus, in one embodiment of
the present invention, the composition comprises
active particles comprising apomorphine and carrier
particles. The carrier particles may have an average
particle size of from about 5 to about 1000 mm, from
about 4 to about 40 mm, from about 60 to about 200 mm,
or from 150 to about 1000 mm. Other useful average
particle sizes for carrier particles are about 20 to
about 30 mm or from about 40 to about 70 mm. In an
alternate embodiment, the carrier particles are
present in small amount, such as no more than 80%,
preferably no more than 70%, more preferably no more
than 60%, more preferably no more than 50% by weight
of the total composition. Where the carrier is present
in an amount of 80% then in one aspect the total
apomorphine and magnesium stearate content would be
18% and 2% by weight respectively. As the amount of
carrier in these formulations changes, the amounts of
additive and apomorphine will also change, but the
ratio of these constituents preferably remains
approximately 1:9 to about 1:13.In an alternate
embodiment, the formulation does not contain carrier
particles and comprises apotnorphine and additive,
such as at least 30%, preferably 60%, more preferably
80%, mote preferably 90% more preferably 95% and most
preferably 97% by weight of the total composition
comprises of pharmaceutically active agent. The active
agent may be apomorphine alone or it may be a
combination of the apomorphine and an anti-emetic drug
or another drug which would benefit Parkinson's
Disease patients. The remaining components may
comprise one or more additive materials, such as those
discussed above. In a further embodiment the
formulation may contain carrier particles and
comprises apomorphine and additive, such as at least
30%, preferably 60%, more preferably 80%, more
preferably 90% more preferably 95% and most preferably
97% by weight of the total composition comprises the
pharmaceutically active agent and wherein the
remaining components comprise additive material and
larger particles. The larger particles provide the
dual action of acting as a carrier and facilitating
powder flow. In a preferred embodiment, the
composition comprises apomorphine (30% w/w) and
lactose having an average particles size of 45-65 mm.
The compositions comprising apomorphine and carrier
particles may further include one or more additive
materials. The additive material may be in the form of
particles which tend to adhere to the surfaces of the
active particles, as disclosed in 



WO 1997/03649. Alternatively, the additive material
may be coated on the surface of the active particles
by, for example a co-milling method as disclosed in WO
2002/43701 or on the surfaces of the carrier
particles, as disclosed in WO 2002/00197. In one
embodiment, the additive is coated onto the surface of
the carrier particles. This coating may be in the form
of particles of additive material adhering to the
surfaces of the carrier particles (by virtue of
interparticle forces such as Van der Waals forces), as
a result of a blending of the carrier and additive.
Alternatively, the additive material may be smeared
over and fused to the surfaces of the
carrierparticles, thereby forming composite particles
with a core of inert carrier material and additive
material on the surface. For example, such fusion of
the additive material to the carrier particles may be
achieved by co-jet milling particles of additive
material and carrier particles. In some embodiments,
all three components of the powder (active, carrier
and additive) are processed together so that the
additive becomes attached to or fused to both the
carrier particles and the active particles. In one
illustrative embodiment, the compositions include an
additive material, such as magnesium stearate (up to
10% w/w) or leucine, said additive being jet-milled
with the particles of apomorphine and/or with the
lactose. In certain embodiments of the present
invention, the apomorphine formulation is a "carrier
free" formulation, which includes only the apomorphine
or its pharmaceutically acceptable salts or esters and
one or more additive materials. Advantageously, in
these "carrier free" formulations, at least 90% by
weight of the particles of the powder have a particle
size less than 63 mm, preferably less than 30 mm and
more preferably less than 10 mm. As indicated above,
the size of the apomorphine (or its pharmaceutically
acceptable salts) particles of the powder should be
within the range of about from 0.1 mm to 5 mm for
effective delivery to the lower lung. Where the
additive material is in particulate form, it may be
advantageous for these additive particles to have a
size outside the preferred range for delivery to the
lower lung. The powder includes at least 60% by weight
of the apomorphine or a pharmaceutically acceptable
salt or ester thereof based on the weight of the
powder. Advantageously, the powder comprises at least
70%, or at least 80% by weight of apomorphine or a
pharmaceutically acceptable salt or ester thereof
based on the weight of the powder. Most
advantageously, the powder comprises at least 90%, at
least 95%, or at least 97% by weight of apomorphine or
a pharmaceutically acceptable salt or ester thereof
based on the weight of the powder. It is believed that
there are physiological benefits in introducing as
little powder as possible to the lungs, in particular
material other than the active ingredient to be
administered to the patient. Therefore, the quantities
in which the additive material is added arepreferably
as small as possible. In one aspect the powder,
therefore, would comprise more than 99% by weight of
apomorphine or a pharmaceutically acceptable salt or
ester thereof. Apomorphine can exist in a free base
form or as an acid addition salt. For the purposes of
the present invention apomorphine hydrochloride and
the apomorphine free base forms are preferred, but
other pharmacologically acceptable forms of
apomorphine can also be used. The term "apomorphine"
as used herein includes the free base form of this
compound as well as the pharmacologically acceptable
salts or esters thereof. In a preferred embodiment, at
least some of the apomorphine is in amorphous form. A
formulation containing amorphous apomorphine will
possess preferable dissolution characteristics. A
stable form of amorphous apomorphine may be prepared
using suitable sugars such as trehalose and
melezitose. In addition to the hydrochloride salt,
other acceptable acid addition salts include the
hydrobromide, the hydroiodide, the bisulfate, the
phosphate, the acid phosphate, the lactate, the
citrate, the tartrate, the salicylate, the succinate,
the maleate, the gluconate, and the like. As used
herein, the term "pharmaceutically acceptable esters"
of apomorphine refers to esters formed with one or
both of the hydroxyl functions at positions 10 and 11,
and which hydrolyse in vivo and include those that
break down readily in the human body to leave the
parent compound or a salt thereof. Suitable ester
groups include, for example, those derived from
pharmaceutically acceptable aliphatic carboxylic
acids, particularly alkanoic, alkenoic, cycloalkanoic
and alkanedioic acids, in which each alkyl or alkenyl
moiety advantageously has not more than 6 carbon
atoms. Examples of particular esters include formates,
acetates, propionates, butryates, acrylates and ethyl
succinates. The free base of apomorphine is
particularly attractive in the context of the present
invention as it crosses the lung barrier very readily
and so it is anticipated that its administration via
pulmonary inhalation will exhibit extremely fast onset
of thetherapeutic effect. Thus, any of the
compositions disclosed herein may be formulated using
the apomorphine free base. Alternatively, apomorphine
hydrochloride hemi-hydrate is also a preferred form.
Pharmacokinetics The concept of bioavailability within
the desired time period is of therapeutic interest is
paramount importance when avoiding "off" periods. When
this is achieved, rapid therapeutic relief is ensured.
In one embodiment of the present invention, a Nominal
Dose includes about 400 to about 1600 mg of
apomorphine hydrochloride, and the dose provides, in
vivo, a mean Cmax of from about 3.03  0.71 ng/ml to
about 11.92  1.17 ng/ml. The Cmax for any dose of
apomorphine occurs between 1 and 30 minutes after
administration pulmonary inhalation, and preferably
after between 0.1 and 5 minutes and most preferably
between 0.1 and 2 minutes. The terminal elimination of
the drug is approximately one hour for any dose. The
elimination half life for a dose of apomorphine
delivered by pulmonary administration for the
treatment of erectile dysfunction has been reported to
be approximately 60 min. The elimination half life for
a dose of apomorphine delivered by pulmonary
administration for the treatment of Parkinson's
Disease as disclosed herein was approximately 20-60
minutes. Thus, a composition comprising apomorphine
according to the present invention provides a Cmax
within 1 to 5 minutes of administration upon
administration of the composition by pulmonary
inhalation. The Cmax is dose dependent. This rapid
absorption of the apomorphine upon inhalation allows
the administration of these compositions to provide a
therapeutic effect in about 10 minutes or less. The
compositions according to the present invention also a
terminal elimination half-life of between 30 and 70
minutes following pulmonary inhalation. The
significance of these pharmacokinetics for the
compositions of the present invention is that they
show that inhalation of the apomorphine compositions
results in a consistent Tmax of between 1 and 3
minutes with very little
patient-to-patientvariability. This is in contrast to
the Tmax observed following subcutaneous
administration of apomorphine which varies from 10 to
60 minutes and exhibits great patient-to-patient
variability. Preparing Dry Powder Inhaler Formulations
Where the compositions of the present invention
include an additive material, the manner in which this
is incorporated will have a significant impact on the
effect that the additive material has on the powder
performance, including the FPF and FPD. In one
embodiment, the compositions according to the present
invention are prepared by simply blending particles of
apomorphine of a selected appropriate size with
particles of additive material and/or carrier
particles. The powder components may be blended by a
gentle mixing process, for example in a tumble mixer
such as a Turbula (trade mark). In such a gentle
mixing process, there is generally substantially no
reduction in the size of the particles being mixed. In
addition, the powder particles do not tend to become
fused to one another, but they rather agglomerate as a
result of cohesive forces such as Van der Waals
forces. These loose or unstable agglomerates readily
break up upon actuation of the inhaler device used to
dispense the composition. Compressive Milling
Processes In an alternative process for preparing the
compositions according to the present invention, the
powder components undergo a compressive milling
process, such as processes termed mechanofusion (also
known as 'Mechanical Chemical Bonding') and
cyclomixing. As the name suggests, mechanofusion is a
dry coating process designed to mechanically fuse a
first material onto a second material. It should be
noted that the use of the terms "mechanofusion" and
"mechanofused" are supposed to be interpreted as a
reference to a particular type of milling process, but
not a milling process performed in a particular
apparatus. The compressive milling processes work
according to a different principle to other milling
techniques, relying on a particular interaction
between an inner element and a vessel wall, and they
are basedon providing energy by a controlled and
substantial compressive force. The process works
particularly well where one of the materials is
generally smaller and/or softer than the other. The
fine active particles and additive particles are fed
into the vessel of a mechanofusion apparatus (such as
a Mechano-Fusion system (Hosokawa Micron Ltd) or the
Nobilta or Nanocular apparatus, where they are subject
to a centrifugal force and are pressed against the
vessel inner wall. The powder is compressed between
the fixed clearance of the drum wall and a curved
inner element with high relative speed between drum
and element. The inner wall and the curved element
together form a gap or nip in which the particles are
pressed together. As a result, the particles
experience very high shear forces and very strong
compressive stresses as they are trapped between the
inner drum wall and the inner element (which has a
greater curvature than the inner drum wall). The
particles are pressed against each other with enough
energy to locally heat and soften, break, distort,
flatten and wrap the additive particles around the
core particle to form a coating. The energy is
generally sufficient to break up agglomerates and some
degree of size reduction of both components may occur.
These mechanofusion and cyclomixing processes apply a
high enough degree of force to separate the individual
particles of active material and to break up tightly
bound agglomerates of the active particles such that
effective mixing and effective application of the
additive material to the surfaces of those particles
is achieved. An especially desirable aspect of the
processes is that the additive material becomes
deformed in the milling and may be smeared over or
fused to the surfaces of the active particles.
However, in practice, these compression milling
processes produce little or no size reduction of the
drug particles, especially where they are already in a
micronised form (i.e. <10 mm). The only physical
change which may be observed is a plastic deformation
of the particles to a rounder shape.Other Milling
Procedures The process of milling may also be used to
formulate the dry powder compositions according to the
present invention. The manufacture of fine particles
by milling can be achieved using conventional
techniques. In the conventional use of the word,
"milling" means the use of any mechanical process
which applies sufficient force to the particles of
active material that it is capable of breaking coarse
particles (for example, particles with a MMAD greater
than 100 mm) down to fine particles (for example,
having a MMAD not more than 50 mm). In the present
invention, the term "milling" also refers to
deagglomeration of particles in a formulation, with or
without particle size reduction. The particles being
milled may be large or fine prior to the milling step.
A wide range of milling devices and conditions are
suitable for use in the production of the compositions
of the inventions. The selection of appropriate
milling conditions, for example, intensity of milling
and duration, to provide the required degree of force
will be within the ability of the skilled person.
Impact milling processes may be used to prepare
compositions comprising apomorphine according to the
present invention, with or without additive material.
Such processes include ball milling and the use of a
homogenizer. Ball milling is a suitable milling method
for use in the prior art co-milling processes.
Centrifugal and planetary ball milling are especially
preferred methods. Alternatively, a high pressure
homogeniser may be used in which a fluid containing
the particles is forced through a valve at high
pressure producing conditions of high shear and
turbulence. Shear forces on the particles, impacts
between the particles 



and machine surfaces or other particles, and
cavitation due to acceleration of the fluid may all
contribute to the fracture of the particles. Suitable
homogenisers include EmulsiFlex high pressure
homogenisers which are capable of pressures up to 4000
bar, Niro Soavi high pressure homogenisers (capable of
pressures up to 2000 bar), and Microfluidics
Microfluidisers (maximum pressure 2750 bar). The
milling process can be used to provide the
microparticles with mass median aerodynamic diameters
as specified above. Homogenisers may be more suitable
than ball mills for use in large scale preparations of
the composite active particles.The milling step may,
alternatively, involve a high energy media mill or an
agitator bead mill, for example, the Netzsch high
energy media mill, or the DYNO-mill (Willy A. Bachofen
AG, Switzerland). If a significant reduction in
particle size is also required, co-jet milling is
preferred, as disclosed in the earlier patent
application published as WO 2005/025536. The co-jet
milling process can result in composite active
particles with low micron or sub-micron diameter, and
these particles exhibit particularly good FPF and FPD,
even when dispensed using a passive DPI. The milling
processes apply a high enough degree of force to break
up tightly bound agglomerates of fine or ultra-fine
particles, such that effective mixing and effective
application of the additive material to the surfaces
of those particles is achieved. These impact processes
create high-energy impacts between media and particles
or between particles. In practice, while these
processes are good at making very small particles, it
has been found that neither the ball mill nor the
homogenizer was particularly effective in producing
dispersion improvements in resultant drug powders in
the way observed for the compressive process. It is
believed that the second impact processes are not as
effective in producing a coating of additive material
on each particle. Conventional methods comprising
co-milling active material with additive materials (as
described in WO 2002/43701) result in composite active
particles which are fine particles of active material
with an amount of the additive material on their
surfaces. The additive material is preferably in the
form of a coating on the surfaces of the particles of
active material. The coating may be a discontinuous
coating. The additive material may be in the form of
particles adhering to the surfaces of the particles of
active material. Co-milling or co-micronising
particles of active agent and particles of additive
(FCA) or excipient will result in the additive or
excipient becoming deformed and being smeared over or
fused to the surfaces of fine active particles,
producing composite particles made up of both
materials. These resultantcomposite active particles
comprising an additive have been found to be less
cohesive after the milling treatment. At least some of
the composite active particles may be in the form of
agglomerates. However, when the composite active
particles are included in a pharmaceutical
composition, the additive material promotes the
dispersal of the composite active particles on
administration of that composition to a patient, via
actuation of an inhaler. Milling may also be carried
out in the presence of a material which can delay or
control the release of the active agent. The
co-milling or co-micronising of active and additive
particles may involve compressive type processes, such
as mechano fusion, cyclomixing and related methods
such as those involving the use of a Hybridiser or the
Nobilta. The principles behind these processes are
distinct from those of alternative milling techniques
in that they involve a particular interaction between
an inner element and a vessel wall, and in that they
are based on providing energy by a controlled and
substantial compressive force, preferably compression
within a gap of predetermined width. In one
embodiment, if required, the microparticles produced
by the milling step can then be formulated with an
additional excipient. This may be achieved by a spray
drying process, e.g. co-spray drying with excipients.
In this embodiment, the particles are suspended in a
solvent and co-spray dried with a solution or
suspension of the additional excipient. Preferred
additional excipients include trehalose, melezitose
and other polysaccharides. Additional pharmaceutical
effective excipients may also be used. In another
embodiment, the powder compositions are produced using
a multi-step process. Firstly, the materials are
milled or blended. Next, the particles may be sieved,
prior to undergoing mechanofusion. A further optional
step involves the addition of carrier particles. The
mechanofusion step is thought to "polish" thecomposite
active particles, further rubbing the additive
material into the active particles. This allows one to
enjoy the beneficial properties afforded to particles
by tnechanofusion, in combination with the very small
particles sizes made possible by the jet milling. The
reduction in the cohesion and adhesion between the
active particles can lead to equivalent performance
with reduced agglomerate size, or even with individual
particles. High shear blending Scaling up of
pharmaceutical product manufacture often requires the
use one piece of equipment to perform more than one
function. An example of this is the use of a
mixer-granulator which can both mix and granulate a
product thereby removing the need to transfer the
product between pieces of equipment. In so doing, the
opportunity for powder segregation is minimised. High
shear blending often uses a high-shear rotor/stator
mixer (HSM), which has become used in mixing
applications. Homogenizers or "high shear material
processors" develop a high pressure on the material
whereby the mixture is subsequently transported
through a very fine orifice or comes into contact with
acute angles. The flow through the chambers can be
reverse flow or parallel flow depending on the
material being processed. The number of chambers can
be increased to achieve better performance. The
orifice size or impact angle may also be changed for
optimizing the particle size generated. Particle size
reduction occurs due to the high shear generated by
the high shear material processors while it passes
through the orifice and the chambers. The ability to
apply intense shear and shorten mixing cycles gives
these mixers broad appeal for applications that
require agglomerated powders to be evenly blended.
Furthermore conventional HSMs may also be widely used
for high intensity mixing, dispersion, disintegration,
emulsification and homogenization. It is well known to
those skilled in the production of powder formulations
that small particles, even with high-power,
high-shear, mixers a relatively long period of "aging"
is required to obtain complete dispersion, and this
period is not shortened appreciably by increases in
mixing power, or by increasing the speed of rotation
ofthe stirrer so as to increase the shear velocity.
High shear mixers can also be used if the
auto-adhesive properties of the drug particles are so
that high shear forces are required together with use
of a force-controlling agent for forming a
surface-energyreducing particulate coating or film.
Spray Drying and Ultrasonic Nebulisers Spray drying
may be used to produce particles of inhalable size
comprising the apomorphine. The spray drying process
may be adapted to produce spray-dried particles that
include the active agent and an additive material
which controls the agglomeration of particles and
powder performance. The spray drying process may also
be adapted to produce spray-dried particles that
include the active agent dispersed or suspended within
a material that provides the controlled release
properties. Furthermore the dispersal or suspension of
the active material within an excipient material may
impart further stability to the active compounds. In a
preferred embodiment the apomorphine may reside
primarily in the amorphous state. A formulation
containing amorphous apomorphine will possess
preferable dissolution characteristics. This would be
possible in that particles are suspended in a sugar
glass which could be either a solid solution or a
solid dispersion. Preferred additional excipients
include trehalose, melezitose and other
polysaccharides. Spray drying is a well-known and
widely used technique for producing particles of
active material of inhalable size. Conventional spray
drying techniques may be improved so as to produce
active particles with enhanced chemical and physical
properties so that they perform better when dispensed
from a DPI than particles formed using conventional
spray drying techniques. Such improvements are
described in detail in the earlier patent application
published as WO 2005/025535. In particular, it is
disclosed that co-spray drying an active agent with an
FCA under specific conditions can result in particles
with excellent properties which perform extremely well
when administered by a DPI for inhalation into the
lung. It has been found that manipulating or adjusting
the spray drying process can result in the FCA being
largely present on the surface of the particles. That
is, the FCA isconcentrated at the surface of the
particles, rather than being homogeneously distributed
throughout the particles. This clearly means that the
FCA will be able to reduce the tendency of the
particles to agglomerate. This will assist the
formation of unstable agglomerates that are easily and
consistently broken up upon actuation of a DPI. It has
been found that it may be advantageous to control the
formation of the droplets in the spray drying process,
so that droplets of a given size and of a narrow size
distribution are formed. Furthermore, controlling the
formation of the droplets can allow control of the air
flow around the droplets which, in turn, can be used
to control the drying of the droplets and, in
particular, the rate of drying. Controlling the
formation of the droplets may be achieved by using
alternatives to the conventional 2-fluid nozzles,
especially avoiding the use of high velocity air
flows. In particular, it is preferred to use a spray
drier comprising a means for producing droplets moving
at a controlled velocity and of a predetermined
droplet size. The velocity of the droplets is
preferably controlled relative to the body of gas into
which they are sprayed. This can be achieved by
controlling the droplets' initial velocity and/or the
velocity of the body of gas into which they are
sprayed, for example by using an ultrasonic nebulise!
(USN) to produce the droplets. Alternative nozzles
such as electrospray nozzles or vibrating orifice
nozzles may be used. In one embodiment, a USN is used
to form the droplets in the spray mist. USNs use an
ultrasonic transducer which is submerged in a liquid.
The ultrasonic transducer (a piezoelectric crystal)
vibrates at ultrasonic frequencies to produce the
short wavelengths required for liquid atomisation. In
one common form of USN, the base of the crystal is
held such that the vibrations are transmitted from its
surface to the nebuliser liquid, either directly or
via a coupling liquid, which is usually water. When
the ultrasonic vibrations are sufficiently intense, a
fountain of liquid is formed at the surface of the
liquid in the nebuliser chamber. Droplets are emitted
from the apex and a "fog" emitted.Whilst USNs are
known, these are conventionally used in inhaler
devices, for the direct inhalation of solutions
containing drug, and they have not previously been
widely used in a spray drying apparatus. It has been
discovered that the use of such a nebuliser in spray
drying has a number of important advantages and these
have not previously been recognised. The preferred
USNs control the velocity of the particles and
therefore the rate at which the particles are dried,
which in turn affects the shape and density of the
resultant particles. The use of USNs also provides an
opportunity to perform spray drying on a larger scale
than is possible using conventional spray drying
apparatus with conventional types of nozzles used to
create the droplets, such as 2-fluid nozzles. The
attractive characteristics of USNs for producing fine
particle dry powders include: low spray velocity; the
small amount of carrier gas required to operate the
nebulisers; the comparatively small droplet size and
narrow droplet size distribution produced; the simple
nature of the USNs (the absence of moving parts which
can wear, contamination, etc.); the ability to
accurately control the gas flow around the droplets,
thereby controlling the rate of drying; and the high
output rate which makes the production of dry powders
using USNs commercially viable in a way that is
difficult and expensive when using a conventional
two-fluid nozzle arrangement. USNs do not separate the
liquid into droplets by increasing the velocity of the
liquid. Rather, the necessary energy is provided by
the vibration caused by the ultrasonic nebuliser.
Further embodiments, may employ the use of ultrasonic
nebuliser (USN), rotary atomisers or
electrohydrodynamic (EHD) atomizers to generate the
particles. 



Delivety Devices The inhalable compositions in
accordance with the present invention are preferably
administered via a dry powder inhaler (DPI), but can
also be administered via a pressurized metered dose
inhaler (pMDI), or even via a nebulised system.In a
dry powder inhaler, the dose to be administered is
stored in the form of a nonpressurized dry powder and,
on actuation of the inhaler, the particles of the
powder are expelled from the device in the form of a
cloud of finely dispersed particles that may be
inhaled by the patient. Dry powder inhalers can be
"passive" devices in which the patient's breath is the
only source of gas which provides a motive force in
the device. Examples of "passive" dry powder inhaler
devices include the Rotahaler and Diskhaler
(GlaxoSmithKline), the Monohaler (MIAT), the GyroHaler
(trademark) (Vectura) the Turbohaler (Astra-Draco) and
Novolizer (trade mark) (Viatris GmbH). Alternatively,
"active" devices may be used, in which a source of
compressed gas or alternative energy source is used.
Examples of suitable active devices include Aspirair
(trade mark) (Vectura) and the active inhaler device
produced by Nektar Therapeutics (as covered by US
Patent No. 6,257,233). It is generally considered that
different compositions perform differently when
dispensed using passive and active type inhalers.
Passive devices create less turbulence within the
device and the powder particles are moving more slowly
when they leave the device. This leads to some of the
metered dose remaining in the device and, depending on
the nature of the composition, less deagglomeration
upon actuation. However, when the slow moving cloud is
inhaled, less deposition in the throat is often
observed. In contrast, active devices create more
turbulence when they are activated. This results in
more of the metered dose being extracted from the
blister or capsule and better deagglomeration as the
powder is subjected to greater shear forces. However,
the particles leave the device moving faster than with
passive devices and this can lead to an increase in
throat deposition. It has been surprisingly found that
the compositions of the present invention with their
high proportion of apomorphine perform well when
dispensed using both active and passive devices.
Whilst there tends to be some loss along the Lines
predicted above with the different types of inhaler
devices, this loss is minimal and still allows a
substantial proportion of the metered dose of
apomorphine to bedeposited in the lung. Once it
reaches the lung, the apomorphine is rapidly absorbed
and exhibits excellent bioavailability. Particularly
preferred "active" dry powder inhalers are referred to
herein as Aspirair(r) inhalers and are described in
more detail in WO 2001/00262, WO 2002/07805, WO
2002/89880 and WO 2002/89881, the contents of which
are hereby incorporated by reference. It should be
appreciated, however, that the compositions of the
present invention can be administered with either
passive or active inhaler devices. In an alternative
embodiment, the composition is a solution or
suspension, which is dispensed using a pressurised
metered dose inhaler (pMDI). The composition according
to this embodiment can comprise the dry powder
composition discussed above, mixed with or dissolved
in a liquid propellant such as HFA 134a or HFA 227. In
a yet further embodiment, the composition is a
solution or suspension and is administered using a
pressurised metered dose inhaler (pMDI), a nebuliser
or a soft mist inhaler. Examples of suitable devices
include pMDIs such as Modulite(r) (Chiesi), SkyeFineTM
and SkyeDryTM (SkyePharma) . Nebulisers such as Porta-
Neb(r), InquanebTM (Pari) and AquilonTM, and soft mist
inhalers such as eFlowTM (Pari), AerodoseTM (Aerogen),
Respimat(r) Inhaler (Boehringer Ingelheim GmbH),
AERx(r) Inhaler (Aradigm) and MysticTM (Ventaira
Pharmaceuticals, Inc.). Where the composition is to be
dispensed using a pMDI, the composition comprising
apomorphine preferably further comprises a propellant.
In embodiments of the present invention, the
propellant is CFC-1 2 or an ozonefriendly, non-CFC
propellant, such as 1,1,1,2-tetrafluoroethane (HFC
134a), 1,1,1,2,3,3,3-heptafluoropropane (HFC-227),
HCFC-22 (difluororchlorome thane), HFA-152
(difluoroethane and isobutene) or combinations
thereof. Such formulations may require the inclusion
of a polar surfactant such as polyethylene glycol,
diethylene glycol monoethyl ether, polyoxyethylene
sorbitan monolaurate, polyoxyethylene sorbitan
monooleate, propoxylated polyethylene glycol,
andpolyoxyethylene lauryl ether for suspending,
solubilizing, wetting and emulsifying the active agent
and/or other components, and for lubricating the valve
components of the MDI. Summary In conclusion the
advantages of pulmonary delivery may be summarised as
follows. The increased delivery efficiency and
bioavailability achieved by pulmonary delivery present
the opportunity to achieve required efficacy at an
apomorphine dose level approximately three-times lower
than that studied with intranasal delivery and
ultimately a superior risk:benefit profile. Pulmonary
delivery via oral inhalation, not being subject to
some of the complexities surrounding nasal
administration, results in more rapid and consistent
systemic exposure which translates to an accelerated
and surprisingly predictable therapeutic response.
These parameters are key unmet clinical needs when
considering the treatment of many disorders of the
central nervous system, and Parkinson's Disease in
particular. Pulmonary delivery of apomorphine
constitutes a more patient friendly administration
route, which is associated with a superior local
tolerability profile, with no evidence of the
administration site adverse events reported with
intranasal delivery. Examples Example 1: Spray Dried
Apomorphine Feasibility batch: Apomorphine
hydrochloride (5.04 g, Batch No. GRN 0436) was
dissolved in 250 ml purified water resulting in a 2%
w/v total solids feedstock. The feedstock was spray
dried using a bespoke Mini Spray Dryer with an inlet
temperature of 155 0C and an atomisation pressure of 3
bar. The geometric particle size of the resultant
spray dried powder (Batch No. RDD/07/095) was
determined using a Sympatec Particle Size Analyser,
the mean of three analyses was as follows: XlO (mm):
1.05X50 (mm): 1.91 X90 (mm): 3.15 X99 (mm): 4.12 Scale
up batch: Apomorphine hydiochlori.de (14.9 g, Batch
No. GRN 0436) was dissolved in 750 ml purified water
resulting in a 2% w/v total solids feedstock. The
feedstock was spray dried using a bespoke Mini Spray
Dryer with an inlet temperature of 1550C and an
atomisation pressure of 3 bar. The geometric particle
size of the resultant spray dried powder (Batch No.
RDD/07/096) was determined using a Sympatec Particle
Size Analyser, the mean of three analyses was as
follows: XlO (mm): 1.10 X50 (mm): 2.10 X90 (mm): 3.49
X99 (mm): 4.43 Example 2: pMDIs Preparation of pMDIs:
The powders comprising pure micronised apomorphine
hydrochloride were measured into pMDI cans. Metering
valves were clamped onto the cans, and these were back
filled with HFA 134a propellant. Each can was shaken
vigorously to generate a dispersion. In Vitro
measurement of pMDIs: An Andersen cascade impactor was
used to characterise the aerosol plumes generated from
each of the pMDIs. Air-flow of 28.3 litres per minute
was drawn through the impactor, and 10 repeated shots
were fired. Each pMDI was shaken and weighed in
between each actuation. The drug deposited on each
stage of the impactor, as well as drug on the device,
throat and rubber mouthpiece adaptor was collected
into a solvent, and quantified by HPLC. The low
solubility of apomorphine hydrochloride within
ethanol-based HFA 134a pMDI formulations makes
solution pMDI technology unavailable for apomorphine
at high drug loading (600 mg/dose). Previously a low
dose (<25 mg/50 ml) HFAl34a/HFA 227 solution
formulation has been produced but only at high ethanol
contents (50% w/w). An apomorphine analogue may be
used to formulatehighly efficient solution
formulations at the desirable dose range of 100 to 500
mg/50 ml . Nine formulations (see Table 1 and Table 2)
were manufactured. Visual assessment of 600 mg/50 ml
formulations (see Figures 1-4) found that the
apomorphine rapidly sedimented in pure HFAl 34a and
that small additions of absolute ethanol (5% w/w) and
oleic acid (0.04% w/w) did not noticeably slow the
sedimentation rate. Reduction of the drug
concentration (300 mg/50 ml) was investigated in
Formulations 4-6 (see Figures 5-8). Apomorphine was
again observed to rapidly sediment in pure HFAl 34a.
Small additions of absolute ethanol (2.5% w/w) and
oleic acid (0.02% w/w) did not noticeably slow the
sedimentation rate. When a HFA 227 apomorphine (264
mg/50 ml) suspension was manufactured (see Table 2)
apomorphine was observed to cream (float) (see Figures
9-12) indicating that the density of the apomorphine
particles is somewhere between that of HFAl34a (1.226
g/ml) and HFA 227 (1.415g/ml). The addition of HFAl34a
to the HFA 227 suspension allowed the density of the
apomorphine to be matched at a composition of
approximately 60(% w/w) HFA 227 and 40(%w./w) HFAl 34a
indicating that the density of apomorphine is about
1.33 g/ml. It may be possible to develop a highly
volatile suspension formulation using a combination of
HFA 227 & HFA 134a at a 60:40(% w/w) ratio. The high
volatility of the formulation could lead to highly
efficient atomisation and good <5 mm delivery. It is
expected that the formulation will be compatible with
Bespak BK630 series 0.22-0.30 mm actuators, although
small amounts of ethanol (2% w/w) may be required to
suppress rapid propellant flashing near the actuator
orifice such that blockage (if a problem) can be
addressed. The use of 3M coated (Dupont 3200 200) cans
and Valois DF31 50 ml valves should function well with
this type of formulation and facilitate consistent
through can life delivery performance. The lack of
excipients may lead to good formulation
stability.Table 1: Apomorphine, details of
formulations manufactured (all formulations
ultrasonicated for two minutes before visual
assessment . Table 2: Apomorphine HFA 227 and HFAl 34a
combination formulations (all formulations were
ultrasonicated for two minutes before visual
assessment . 1.3415 g/ml Table 3: Results Example 3:
Active /Passive DPIs Mechanofused apomorphine with
magnesium stearate formulations that are subsequently
combined Combined formulations i.e. comprising
different particles: (a) Apomorphine hydrochloride
with magnesium stearate covering:Micronised
apomorphine hydrochloride and magnesium stearate were
combined in a weight ratio of 75: 25. This blend
(~20g) was then milled by a mechanofusion process as
follows. The powder was pre-mixed for 5 minutes at-900
rpm. The machine speed was then increased to ~4, 800
rpm for 30 minutes. During the milling treatment the
mechanofusion apparatus is run with a 1 mm clearance
between element and vessel wall, and with cooling
water applied via the cooling jacket. The composite
active particles were then recovered from the drum
vessel. (b) Apomorphine hydrochloride with less
magnesium stearate covering: The experiment was
repeated using the same procedure but the active
particle and homogenised magnesium stearate were
combined in the ratio 95:5, and milled for 60 minutes
at 4,800 rpm. (c) Combine formulations (a) and (b)
together to obtain rapid onset from Formulation (b)
and delayed dissolution from Formulation (a): Samples
of the apomorphine hydrochloride formulations (a) and
(b) were mixed in a Turbula Mixer for 10 minutes at a
speed of 32 rpm. (d) Apomorphine formulation with
microparticulate additive on the surface of the
apomorphine particles to reduce interp articulate
cohesion and upon actuation from a dry powder inhaler
will result in an extended inhaled bolus. Example 4:
Lactose Formulation - 30% micronised apomorphine HCl
with 70% 



lactose (45-63 mm) The lactose was sieved to give
samples with particles with a range of diameter from
45-63 mm. The first sieve screen size used was 63 mm.
Successive samples of approximately 500 ml were sieved
mechanically for 5 minutes. The second sieve screen
size used was 45 mm. Successive samples of
approximately 250 ml were sieved mechanically for 10
minutes. To prevent blinding of the sieve by the
lactose particles the 45 mm screen was vacuumed after
two samples. Samples were taken from those particles
which had passed through the 63 mm sieve but remained
on top of the 45 mm sieve. Those particles could be
considered to have a diameter between 45-63 mm.
Samples of the lactose particles obtained in the above
step were treated by mixing the lactose particles with
active particles of apomorphine hydrochloride
(particlesize dq.5: 2.2 mm), A 210 g sample of the
lactose particles and 90 g sample of the active
apomorphine hydrochloride particles were placed into
the 2 L volume Diosna bowl by transferring
approximately 50% of the lactose and adding all of the
apomorphine hydrochloride, the remaining 50% was
placed on top sandwiching the active particles. The
lactose and apomorphine hydrochloride particles were
pre-mixed using the Diosna mixer for 72 seconds at 214
rpm with the chopper set at 30 rpm. The particles were
then mixed for 7 minutes at 857 rpm with the chopper
set at 30 rpm, this process was stopped at 1 minute
intervals and the sides of the bowl scraped down. The
mixture was passed manually through a 315 mm sieve
screen. The mixture was returned to the Diosna and
mixed for 72 seconds at 214 rpm with the chopper set
at 30 rpm. Table 4 : Performance results
Pharmacokinetic results : Apomorphine was rapidly
absorbed with peak apomorphine plasma concentration
observed 1-3 minutes post-inhalation. Dose
proportionality was observed for AUC(0_t ) , AUC(0.)
and Cmax. Table 5: ResultsNote: The 400 mg dose was a
20% apomorphine in a 80% lactose blend. The 1000 and
1600 mg doses were 30% apomorphine in a 70% lactose
blend. These results suggest a dose-proportional 3- to
5.7-fold increase in the apomorphine plasma
concentration. Safety results: Few patients
experienced treatment emergent adverse events (TEAEs)
and there were no notable differences in incidence or
types of TEAEs among the treatment groups. Nominal
Doses of 400 mg, 1000 mg and 1600 mg were well
tolerated. Most common TEAEs at < 24 h post dose were
nervous system disorders. Example 5: 90% Micronised
Apomorphine hydrochloride with 10% Magnesium stearate
- Active/Passive DPIs Samples of the active particles
of apomorphine hydrochloride were treated by mixing
with particles of magnesium stearate. 40 g of
magnesium stearate particles were added to 360 g of
apomorphine hydrochloride particles (particle size
d0-5 : 2.2 mm) and mixed in a Turbula Mixer for 10
minutes at a speed of 32 rpm. The mixture was sieved
by passing through a 315 mm sieve screen. The mixture
was then passed through a jet mill at a rate of 5
g/min using 8 bar venturi pressure and5 bar grind
pressure. The mixture was then passed manually through
a 315 mm sieve screen. Table 6: Performance data
Example 6: 50% jet milled apomorphine hydrochloride
and magnesium stearate (Example 2) mixed with 50%
lactose mechanofused with magnesium stearate (a)
Extrafine lactose (with an approximate particle size
d0 5of 30 mm) was mechanofused with 5% magnesium
stearate using the Hosokawa Nanocular. (b) Samples (5
g) of carrier particles produced in step (a)
containing lactose and 5% by weight particles of
magnesium stearate were combined with 5 g samples of
the mixture from Example 5 by high shear mixing for 10
minutes. Several 12 mg samples of the mixture were
transferred to Aspirair blisters for in-vitro
assessment using the Aspirair dry powder inhaler.
Table 7: ResultsExample 7 : Co-jet milled 98%
micronised apomorphine hydrochloride with 2% leucine
Samples of the active particles of apomorphine
hydrochloride were treated by mixing with particles of
leucine. 3 g of leucine particles were added to 147 g
of apomorphine hydrochloride particles (particle size
d0 5: 2.2 mm) and mixed in a Turbula Mixer for 10
minutes at a speed of 32 rpm. The mixture was sieved
by passing through a 315 mm sieve screen. The mixture
was passed through a jet mill at a rate of 5 g/min
using 8 bar venturi pressure and 5 bar grind pressure.
The mixture was sieved manually through a 315 mm sieve
screen. Several 6 mg samples of the mixture were
transferred to Aspirair blisters for invitro
assessment using the Aspirair dry powder inhaler.
Table 8: Results Example 8: Diosna blend Apomorphine
particles were prepared using a Hosakowa ASlOO Jet
Mill resulting in a D0 5 of 1.9 mm. To manufacture the
final formulation comprising Apomorphine18.5% (w/w),
magnesium stearate 1.5% (w/w) and Lactose (Respitose
SV003) 80% (w/w), the three components were screened
separately with a Quadro(r) Comil(r)using a 813 mm
screen size at a speed of 1000 rpm until completion. A
pre-blend was made of the lactose and magnesium
stearate using the Diosna mixer at 1500 rpm for 1
minute. Approximately 50% of the lactose and magnesium
stearate pre-blend was removed from the Diosna bowl
and a sample of the active apomorphine hydrochloride
was placed on top of the remaining lactose and
magnesium stearate pre-blend. The removed lactose and
magnesium stearate pre-blend was then replaced on top
of the apomorphine hydrochloride layer thereby
"sandwiching" the active particles. This formulation
was then processed at 600 rpm for 6 minutes. The
completed formulation was filled into blisters with an
Omnidose filling machine and loaded into a passive
device. The formulation was assessed using an Anderson
Cascade Impactor at 57 L/minute with 5 actuations per
assessment. Table 9 : Results Example 9: PowderHale
formulation: Co-jet Milling followed by MCB Samples of
the active particles of apomorphine hydrochloride were
treated by mixing with particles of magnesium
stearate. 40 g of magnesium stearate particles are
added to 360 g ofapomorphine hydrochloride patticles
(particle size 05: 2.2 mm) and mixed in a Turbula
Mixer for 10 minutes at a speed of 32 rpm. (a) The
mixture was sieved by passing it through a 315 mm
sieve screen. The mixture was then passed through a
Jet Mill (Hosakowa AS50S) at a rate of 5 g/min using 8
bar venturi pressure and 5 bar grind pressure. The
mixture was then passed manually through a 315 mm
sieve screen. (b) Samples (80 mL) of co-jet milled
formulation (a) were milled by a mechanofusion process
as follows. The machine was initially run at 5% of the
maximum speed for 5 minutes. The machine speed was
then increased to 20% of the maximum speed for 5
minutes. Finally the machine was run at 80% of the
maximum speed for 10 minutes. During the milling
treatment the mechanofusion apparatus was run with a 3
mm clearance between element and vessel wall with the
cooling water applied via the cooling jacket. The
resultant active particles were recovered from the
drum vessel. The completed formulation was filled into
blisters by hand and loaded into an Aspirair(r)
device. The formulation was assessed using an Anderson
Cascade Impactor at 60 L/minute with 5 actuations per
assessment. Table 10: Results Example 10: Co-jet
Milling followed and high shear blending with lactose
(a) Samples of the active particles of apomorphine
hydrochloride were treated by mixing with particles of
magnesium stearate. 40 g of magnesium stearate
particles were added to360 g of apomorphine
hydrochloride particles (particle size J 0-5: 2.2 mm)
and mixed in a Turbula Mixer for 10 minutes at a speed
of 32 rpm. The mixture was sieved by passing through a
315 mm sieve screen. The mixture was then passed
through a Jet Mill (Hosakowa AS50S) at a rate of 5
g/min using 8 bar venturi pressure and 5 bar grind
pressure. The mixture was then passed manually through
a 315 mm sieve screen. (b) A sample of 33 g of co-jet
milled formulation (a) and 117 g of lactose particles
were placed into the IL volume Diosna bowl by
transferring approximately 50% of the lactose and
adding all of (a), the remaining 50% was placed on top
sandwiching the co-jet milled particles. The lactose
and (a) were pre-mixed using the Diosna mixer for 1
minute at 214 rpm with the chopper set at 30 rpm. The
particles were then mixed for 6 minutes at 1000 rpm
with the chopper set at 30 rpm, this process was
stopped at 1 minute intervals and the sides of the
bowl scraped down. The mixture was passed manually
through a 160 mm sieve screen. The mixture was
returned to the Diosna and mixed for 1 minute at 250
rpm with the chopper set at 30 rpm. The completed
formulation was filled into blisters by hand and
loaded into a passive device. The formulation was
assessed using an Anderson Cascade Impactor at 57
L/minute with 5 actuations per assessment. Table 11:
ResultsExample 11: Co-jet Milling followed by MCB is
then high shear blended with lactose (a) Samples of
the active particles of apomorphine hydrochloride were
treated by mixing with particles of magnesium
stearate. 40 g of magnesium stearate particles were
added to 360 g of apomorphine hydrochloride particles
(particle size d0 5: 2.2 mm) and mixed in a Turbula
Mixer for 10 minutes at a speed of 32 rpm. The mixture
was sieved by passing through a 315 mm sieve screen.
The mixture was then passed through aJet Mill
(Hosakowa AS50S) at a rate of 5 g/min using 8 bar
venturi pressure and 5 bar grind pressure. The mixture
was then passed manually through a 315 mm sieve
screen. (b) Samples (80 ml) of the co-jet Milled
formulation (a) was milled according to the following
mechanofusion process. The machine was initially run
at 5% of the maximum speed for 5 minutes. The machine
speed was then increased to 20% of the maximum speed
for 5 minutes. Finally the machine was run at 80% of
the maximum speed for 10 minutes. During the milling
treatment the mechanofusion apparatus was run with a 3
mm clearance between element and vessel wall and with
the cooling water applied via the cooling jacket. The
resultant active particles were then recovered from
the drum vessel. (c) A sample of 33 g of co-jet milled
formulation (a) and 117 g of lactose particles were
placed into the IL volume Diosna bowl by transferring
approximately 50% of the lactose and adding all of
(a), the remaining 50% was placed on top thereby
sandwiching the co-jet milled particles. The lactose
and (a) were pre-mixed using the Diosna mixer for 1
minute at 214 rpm with the chopper set at 30 rpm. The
particles were then mixed for 6 minutes at 1000 rpm
with the chopper set at 30 rpm, this process was
stopped at 1 minute intervals and the sides of the
bowl scraped down. The mixture was passed manually
through a 160 mm sieve screen. The mixture was
returned to the Diosna and mixed for 1 minute at 250
rpm with the chopper set at 30 rpm. The completed
formulation was filled into blisters by hand and
loaded into a passive device. The formulation was
assessed using an Anderson Cascade Impactor at 57
L/minute with 5 actuations per assessment.Table 12:
Results: Example 12: Lactose and magnesium stearate
(a) Samples of lactose particles and magnesium
stearate particles were screened through a 813 mm
screen using a Quadro(r) Comil(r) at 1000 rpm. Samples
of lactose particles were treated by mixing the
lactose particles with particles of magnesium
stearate. A 480 g sample of lactose particles and 12 g
sample of magnesium stearate particles were placed
into the 2L volume Diosna bowl by transferring
approximately 50% of the lactose and adding all of the
magnesium stearate, the remaining 50% of the lactose
is placed on top sandwiching the magnesium stearate.
The lactose and magnesium stearate particles were
mixed using the Diosna mixer for 1 minute at 1500 rpm.
(b) A sample of active apomorphine hydrochloride
particles was screened through a 813 mm screen using a
Quadro(r) Comil(r) at 1000 rpm. Approximately 50% of
(a) was removed from the Diosna bowl, and a sample of
108 g of active apomorphine hydrochloride particles
placed into the Diosna bowl, the removed material (a)
placed on top sandwiching the active particles. The
contents of the Diosna bowl were mixed for 6 minutes
at 500 rpm. The resultant mixture was then recovered
from the Diosna bowl. The completed formulation was
filled into blisters by hand and loaded into a passive



device. The formulation was assessed using an Anderson
Cascade Impactor at 57 L/minute with 5 actuations per
assessment. Table 13: ResultsGLUCAGON ANALOGUES FIELD
OF THE INVENTION The present invention relates to
glucagon analogues and their medical use, for example
in the treatment of excess food intake, obesity and
excess weight. BACKGROUND OF THE INVENTION
Preproglucagon is a 158 amino acid precursor
polypeptide that is differentially processed in the
tissues to form a number of structurally related
proglucagon-derived peptides, including glucagon
(GIu), glucagon-like peptide-1 (GLP-1), glucagon-like
peptide-2 (GLP-2), and oxyntomodulin (OXM). These
molecules are involved in a wide variety of
physiological functions, including glucose
homeostasis, insulin secretion, gastric emptying and
intestinal growth, as well as regulation of food
intake. Glucagon is a 29-amino acid peptide that
corresponds to amino acids 53 to 8 1 of
pre-proglucagon and has the sequence
His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Le
u-Asp-Ser-Arg-Arg-
Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr (SEQ ID
NO: 1). Oxyntomodulin (OXM) is a 37 amino acid peptide
which includes the complete 29 amino acid sequence of
glucagon with an octapeptide carboxyterminal extension
(amino acids 82 to 89 of pre-proglucagon, having the
sequence Lys-Arg-Asn-Arg-Asn-Asn-lle-Ala (SEQ ID NO:
2) and termed "intervening peptide 1" or IP-1 ; the
full sequence of human oxyntomodulin is thus
His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-
Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-Gl
n-Trp-Leu-Met-Asn-Thr-Lys-Arg-Asn-Arg-
Asn-Asn-lle-Ala) (SEQ ID NO: 3). The major
biologically active fragment of GLP-1 is produced as a
30-amino acid, C-terminally amidated peptide that
corresponds to amino acids 98 to 127 of
preproglucagon. Glucagon helps maintain the level of
glucose in the blood by binding to glucagon receptors
on hepatocytes, causing the liver to release glucose -
stored in the form of glycogen - through glycogenosis.
As these stores become depleted, glucagon stimulates
the liver to synthesize additional glucose by
gluconeogenesis. This glucose is released into the
bloodstream, preventing the development of
hypoglycemia. OXM is released into the blood in
response to food ingestion and in proportion to meal
calorie content. OXM has been shown to suppress
appetite and inhibit food intake in humans (Cohen et
al, Journal of Endocrinology and Metabolism, 88,
4696-4701 , 2003; WO 2003/022304). In addition to
those anorectic effects, which are similar to those of
GLP-1, OXM must also affect body weight by another
mechanism, since rats treated with oxyntomodulin show
less body weight gain than pair-fed rats (Bloom,
Endocrinology 2004, 145, 2687). Treatment of obese
rodents with OXM also improves their glucose tolerance
(Parlevliet et al, Am J Physiol Endocrinol Metab, 294,
E142-7, 2008) and suppresses body weight gain (WO
2003/022304).OXM activates both the glucagon receptor
and the GLP-1 receptor with a two-fold higher potency
for the glucagon receptor over the GLP-1 receptor, but
is less potent than native glucagon and GLP-1 on their
respective receptors. Glucagon is also capable of
activating both receptors, though with a strong
preference for the glucagon receptor over the GLP-1
receptor. GLP-1 on the other hand is not capable of
activating the glucagon receptor. The mechanism of
action of oxyntomodulin is not well understood. In
particular, it is not known whether the effects of the
hormone are mediated exclusively through the glucagon
receptor and the GLP-1 receptor, or through one or
more as-yet unidentified receptors. Other peptides
have been shown to bind and activate both the glucagon
and the GLP-1 receptor (Hjort et al, Journal of
Biological Chemistry, 269, 30121-30124,1994) and to
suppress body weight gain and reduce food intake (WO
2006/134340; WO 2007/100535; WO 2008/101017). Obesity,
classified is a globally increasing health problem and
is associated with various diseases, particularly
cardiovascular disease (CVD), type 2 diabetes,
obstructive sleep apnea, certain types of cancer, and
osteoarthritis. As a result, obesity has been found to
reduce life expectancy. According to 2005 projections
by the World Health Organization there are 400 million
adults (age > 15) classified as obese worldwide. In
the US, obesity is now believed to be the
second-leading cause of preventable death after
smoking. The rise in obesity drives an increase in
diabetes, and approximately 90% of peoble with type 2
diabetes may be classified obese. There are 246
million people worldwide with diabetes, and by 2025 it
is estimated that 380 million will have diabetes. Many
have additional cardiovascular risk factors including
high/aberrant LDL and triglycerides and low HDL.
People with diabetes are 2 to 4 times more likely to
develop cardiovascular disease than people without
diabetes, making it the most common complication of
diabetes. Cardiovascular disease accounts for about
50% of the mortality in people with diabetes.Young
adults with diabetes have rates of coronary heart
disease (CHD) 12-40 times higher than those in young
adults without diabetes and together with the high
incidence and prevalence of obesity and type 2
diabetes, the morbidity and mortality rates relating
to these metabolic disorders underscore the medical
need for efficacious treatment options Accordingly,
there is a strong medical need for treating obesity
and improving glucose tolerance.. SUMMARY OF THE
INVENTION In a first aspect, the invention provides a
compound having the formula R1-X-Z-R2 whereinR1 is H,
C1-4 alkyl, acetyl, formyl, benzoyl or
trifluoroacetyl; R2 is OH or NH2; X is a peptide which
has the formula I:
His-Ser-GIn-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Le
u-Asp-Ser-Lys-Ala-Ala-His-Asp-Phe-Val-
Glu-Trp-Leu-Leu-Arg-Ala (SEQ ID NO: 4) or differs from
formula I at up to 4 of the following positions
whereby, if different from formula I: the residue at
position 2 is selected from: Aib, D-Ser; the residue
at position 12 is selected from: Leu, Arg, Dpu, Dpr,
Om; the residue at position 16 is selected from: Arg,
His, Lys, GIu, Asp; the residue at position 17 is
selected from: Arg, Leu, Dpu, Dpr, Om; the residue at
position 18 is selected from: Arg, Lys, His, Ser, Tyr;
the residue at position 20 is selected from: GIn, Lys,
Arg, GIu, Asp; the residue at position 2 1 is GIu; the
residue at position 24 is selected from: GIn, Leu,
Ala, Lys, Arg, Asp; the residue at position 27 is
selected from: Met, Cys, Lys, Arg, GIu; the residue at
position 28 is selected from: Asn, Ser, Lys, GIu, Ala,
Leu, Asp; and the residue at position 29 is selected
from: Thr, GIu, Lys; and Z is absent or a peptide
sequence of 1-20 amino acid units selected from the
group consisting of Ala, Leu, Ser, Thr, Tyr, Cys, GIu,
Lys, Arg, Dbu, Dpr and Om; or a pharmaceutically
acceptable salt thereof. In certain embodiments of the
first aspect, X may differ from formula I at up to 4
of the following positions whereby, if different from
formula I: the residue at position 2 is selected from:
Aib, D-Ser; the residue at position 16 is selected
from: Arg, His, Lys, GIu; the residue at position 17
is selected from: Arg, Leu; the residue at position 18
is selected from: Arg, Lys, His, Ser, Tyr; the residue
at position 20 is selected from: GIn, Lys, Arg, GIu;
the residue at position 24 is selected from: GIn, Leu,
Ala, Lys, Arg; the residue at position 27 is selected
from: Met, Cys, Lys, Arg, GIu; the residue at position
28 is selected from: Asn, Ser, Lys, GIu, Ala, Leu; and
the residue at position 29 is selected from: Thr, GIu,
Lys. In certain embodiments of the first aspect, X may
differ from formula I at up to 4 of the following
positions whereby, if different from formula I:the
residue at position 2 is selected from: Aib, D-Ser;
the residue at position 16 is selected from: Arg, His,
Lys, GIu1GIy; the residue at position 24 is selected
from: GIn, Leu, Ala, Lys, Arg; the residue at position
27 is selected from: Met, Cys, Lys, Arg, GIu; the
residue at position 28 is selected from: Asn, Ser,
Lys, GIu, Ala, Leu; and the residue at position 29 is
selected from: Thr, GIu, Lys. While maintaining
consistency with the definitions of the first aspect
above, it may be desirable that X comprises one or
more of the following sets of residues: 17-Lys,
18-AIa; 17-Leu, 18-AIa; 17-Lys. 18-AIa, 20-His;
17-Leu, 18-AIa120-His; 17-Lys, 18-AIa, 24-GIu; 17-Leu,
18-AIa, 24-GIu; 17-Lys, 18-AIa, 27-Leu; 17-Leu,
18-AIa, 27-Leu; 17-Lys, 18-AIa, 29-AIa; 17-Leu,
18-AIa, 29-AIa; 17-Lys, 18-AIa, 27-Leu, 29-AIa;
17-Leu, 18-Ala, 27-Leu. 29-AIa; 17-Lys, 18-AIa,
27-Leu, 28-Arg, 29-AIa; 17-Leu, 18-AIa, 27-Leu,
28-Arg, 29-AIa; 24-GIu, 28-Arg; 24-GIu, 28-Arg,
27-Leu; 24-GIu, 28-Arg, 27-Leu, 29-AIa; 27-Leu,
28-Arg, 29-AIa; 29-AIa; 20-Arg, 24-Arg, 27-Lys,
28-Leu; 17-Arg; 18-Arg; 20-GIn; 24-Glp; 27-Met,
28-Asn, 29-Thr; or 24-Lys and combinations thereof.
For example, X may have the sequence:
HSQGTFTSDYSKYLDSKAARDFVRWLKLA (SEQ ID NO: 5);
HSQGTFTSDYSKYLDSRAAHDFVEWLLRA(SEQ ID NO: 12);
HSQGTFTSDYSKYLDSKRAHDFVEWLLRA (SEQ ID NO: 13);
HSQGTFTSDYSKYLDSKAAQDFVEWLLRA (SEQ ID NO: 8);
HSQGTFTSDYSKYLDSKAAHDFVQWLLRA (SEQ ID NO: 9);
HSQGTFTSDYSKYLDSKAAHDFVEWLMNT (SEQ ID NO: 10);
HSQGTFTSDYSKYLDSKAAHDFVKWLLRA (SEQ ID NO: 11);
H-DSer-QGTFTSDYSKYLDSKAAHDFVEWLLRA (SEQ ID NO: 6);
H-Aib-QGTFTSDYSKYLDSKAAHDFVEWLLRA (SEQ ID NO: 7);
HSQGTFTSDYSKYLDSKAAKDFVEWLLRA (SEQ ID NO: 18);
HSQGTFTSDYSKYLDKKAAHDFVEWLLRA (SEQ /D NO: 19) or
HSQGTFTSDYSKYLDSKAAHDFVEWLLRA (SEQ ID NO: 20). In a
second aspect, the invention provides a compound
having the formula R1-X-Z-R2 wherein R1 is H, C,
alkyl, acetyl, formyl, benzoyl or trifluoroacetyl; R2
is OH or NH2; X is a peptide which has the formula I:
His-Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Le
u-Asp-Ser-Lys-Ala-Ala-His-Asp-Phe-Val-
Glu-Trp-Leu-Leu-Arg-Ala (SEQ ID NO: 4) or differs from
formula I at up to 5 of the following positions
whereby, if different from formula I: the residue at
position 2 is selected from: Aib, D-Ser; the residue
at position 16 is selected from: Arg, His, Lys, GIu;
the residue at position 17 is: Arg, Leu, Dpu, Dpr, Om;
the residue at position 20 is selected from: GIn1 Lys,
Arg, GIu, Asp; the residue at position 2 1 is GIu; the
residue at position 24 is selected from: GIn, Leu,
Ala, Lys, Arg, Asp; the residue at position 27 is
selected from: Met, Cys, Lys, Arg, GIu; the residue at
position 28 is selected from: Asn, Ser, Lys, GIu, Ala,
Leu, Asp; and the residue at position 29 is selected
from: Thr, GIu, Lys; and Z is absent or a peptide
sequence of 1-20 amino acid units selected from the
group consisting of Ala, Leu, Ser, Thr, Tyr, Cys, GIu,
Lys, Arg, Dbu, Dpr and Om; or a pharmaceutically
acceptable salt thereof. In certain embodiments of the
second aspect, X may differ from formula I at up to 4
of the following positions whereby, if different from
formula I: the residue at position 2 is selected from:
Aib, D-Ser;the residue at position 16 is selected
from: Arg, His, Lys, GIu, GIy; the residue at position
17 is selected from: Arg, Leu; the residue at position
18 is selected from: Arg, Lys, His, Ser, Tyr; 



the residue at position 20 is selected from: GIn, Lys,
Arg, GIu; the residue at position 24 is selected from:
GIn, Leu, Ala, Lys, Arg; the residue at position 27 is
selected from: Met, Cys, Lys, Arg, GIu; the residue at
position 28 is selected from: Asn, Ser, Lys, GIu, Ala,
Leu; and the residue at position 29 is selected from:
Thr, GIu, Lys. While maintaining consistency with the
definitions of the second aspect above, it may be
desirable that X comprises any of the sets of residues
described above in relation to the first aspect, or
one or more of the following sets of residues: 20-GIn,
24-GIn, 27-Met, 28-Asn, 29-Thr; or 17-Leu, 20-GIn,
24-GIn, 28-Asn, 29-Thr. HSQGTFTSDYSKYLDSKAAQDFVQWLMNT
(SEQ ID NO: 15) or HSQGTFTSDYSKYLDSLAAQDFVQWLLNT (SEQ
ID NO: 14). The invention further provides a nucleic
acid (which may be DNA or RNA) encoding a compound of
the invention, an expression vector comprising such a
nucleic acid, and a host cell containing such a
nucleic acid or expression vector. In a further
aspect, the present invention provides a composition
comprising a glucagon analogue peptide as defined
herein, or a salt or derivative thereof, a nucleic
acid encoding such a glucagon analogue peptide, an
expression vector comprising such a nucleic acid, or a
host cell containing such a nucleic acid or expression
vector, in admixture with a carrier. In preferred
embodiments, the composition is a pharmaceutically
acceptable composition and the carrier is a
pharmaceutically acceptable carrier. The glucagon
peptide analogue may be a pharmaceutically acceptable
acid addition salt of the glucagon analogue. The
compounds described find use in preventing weight gain
or promoting weight loss. By "preventing" is meant
inihibiting or reducing weight gain when compared to
the absence of treatment, and is not necessarily meant
to imply complete cessation of weight gain. The
peptides may cause a decrease in food intake and/or
increased energy expenditure, resulting in the
observed effect on body weight. Independently of their
effect on body weight, the compounds of the invention
may have a beneficial effect on glucose tolerance and
circulating cholesterol levels, being capable of
lowering circulating LDL levels and increasing HDL/LDL
ratio. Thus the compounds of the invention can be used
for direct or indirect therapy of any condition caused
or characterised by excess body weight, such as the
treatment and/or prevention of obesity, morbid
obesity, obesity linked inflammation, obesity linked
gallbladder disease, obesity induced sleep apnea. They
may also be used for the treatment of metabolic
syndrome, insulin resistance, glucose intolerance,
type-2diabetes, hypertension, atherogenic
dyslipidimia, atherosclerois, arteriosclerosis,
coronary heart disease, or stroke. Their effects in
these conditions may be as a result of or associated
with their effect on body weight, or may be
independent thereof. Thus the invention provides use
of a compound of the invention in the treatment of a
condition as described above, in an individual in need
thereof. The invention also provides a compound of the
invention for use in a method of medical treatment,
particularly for use in a method of treatment of a
condition as described above. The invention also
provides the use of a compound of the invention in the
preparation of a medicament for the treatment of a
condition as described above. As already described,
the invention extends to expression vectors comprising
the above-described nucleic acid sequence, optionally
in combination with sequences to direct its
expression, and host cells containing the expression
vectors. Preferably the host cells are capable of
expressing and secreting the compound of the
invention. In a still further aspect, the present
invention provides a method of producing the compound,
the method comprising culturing the host cells under
conditions suitable for expressing the compound and
purifying the compound thus produced. The invention
further provides a nucleic acid of the invention, an
expression vector of the invention, or a host cell
capable of expressing and secreting a compound of the
invention, for use in a method of medical treatment.
It will be understood that the nucleic acid,
expression vector and host cells may be used for
treatment of any of the disorders described herein
which may be treated with the compounds themselves.
References to a therapeutic composition comprising a
compound of the invention, administration of a
compound of the invention, or any therapeutic use
thereof, should therefore be construed to encompass
the equivalent use of a nucleic acid, expression
vector or host cell of the invention except where the
context demands otherwise. DESCRIPTION OF THE FIGURES
Figure 1. Effect of ZP2669 on oral glucose tolerance
in db/db mice. Db/db mice were fasted overnight and an
initial blood sample (fasting blood glucose level)
taken just before administration (i.p.) of vehicles
orZP2669 (45 nmol/kg),. Fifteen minutes later an oral
dose of glucose ( 1 g/kg in 5 ml/kg) was given and BG
levels were measured at t=30 min, t=60 min, t=120 min
and t=240 min. Difference from baseline (t=0) was
calculated for each time point and AUC 0-24o m,n
values were determined. ZP2669 significantly improved
glucose tolerance in diabetic db/db mice. Figure 2.
Effect of ZP2669 on food intake in mice. Groups of
stratified mice stratified after body weight were
fasted overnight and treated with PYY3-36 (30 nmol/kg)
(internal positive control), glucagon (500 nmol/kg),
ZP2669 (500 nmol/kg) or vehicle.After one hour
pre-weighed food was introduced to the mice and food
intake measured by weighing the remaining food after
one hour and expressed relative to body weight (mg
food/g BW). PYY(3-36) showed an anorectic effect as
expected from previous findings. ZP2669 (500 nmol/kg)
significantly decreased food intake during the first
hour following injection of peptide. Glucagon had no
effect on food intake. Figure 3. Effect of 28 day
treatment with ZP2669 on body weight in diet induced
obese (DIO) mice. C57BI/6 male mice were put on high
fat diet (HFD)and treated (bid.; s.c.) with ZP2669
(500 nmol/kg) or vehicle . A non-obese control group
maintained on regular chow was treated with vehicle
(CHOW) in the same treatment regimen as the DIO
groups. Body weights were recorded daily and used to
administer the body weight-corrected doses of peptide
throughout the study. ZP2669 decreased body weight
gain to a level similar to that observed with chow
feeding. Figure 4. Effect of dual GluGLP-1 agonist
treatment of DIO mice for 4 weeks (b.i.d.) on
concentrations of LDL cholesterol.. The effect of OXM
(p =0.002 ) and ZP2669 (p = 0.0006 ) were significant
compared to vehicle. Figure 5. Effect of dual GluGLP-1
agonist treatment of DIO mice for 4 weeks (b.i.d.) on
HDL/LDL ratios. PBS (pH 7.4) was the vehicle used for
OXM, exendin-4 while acetate (pH 5.0) was the vehicle
used for ZP2669. The effect of OXM (P = 0.2 %) and
ZP2669 (P = 0.05 %) were significant com pared to
vehicle. Figure 6: The chemical modification of 17-Lys
in compound ZP2872. DETAILED DESCRIPTION OF THE
INVENTION Throughout this specification, the
conventional one letter and three letter codes for
naturally occurring amino acids are used, as well as
generally accepted three letter codes for other amino
acids, such as Aib (a-aminoisobutyric acid), Om
(ornithine), Dbu (2,4 diaminobutyric acid) and Dpr
(2,3-diaminopropanoic acid). The term "native
glucagon" refers to native human glucagon having the
sequence H-His-Ser-Gln-
Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Ar
g-Arg-Ala-Gln-Asp-Phe-Val-Gln-Trp-Leu- Met-Asn-Thr-OH
(SEQ ID NO: 1). The terms "oxyntomodulin" and "OXM"
refer to native human oxyntomodulin having the
sequence HHis-
Ser-Gln-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-As
p-Ser-Arg-Arg-Ala-Gln-Asp-Phe-Val-
Gln-Trp-Leu-Met-Asn-Thr-Lys-Arg-Asn-Arg-Asn-Asn-lle-Al
a-OH (SEQ ID NO: 3). The invention provides compounds
as defined above. For the avoidance of doubt, in the
definitions provided herein, it is generally intended
that the sequence of X only differs from Formula I at
those positions which are stated to allow variation.
Amino acids within the sequence X can be consideredto
be numbered consecutively from 1 to 29 in the
conventional N-terminal to C-terminal direction.
Reference to a "position" within X should be construed
accordingly, as should reference to positions within
native human glucagon and other molecules. The
compounds of the invention may carry one or more
intramolecular bridge within the peptide sequence X.
Each such bridge is formed between the side chains of
two amino acid residues of X which are typically
separated by three amino acids in the linear sequence
of X (i.e. between amino acid A and amino acid A+4).
More particularly, the bridge may be formed between
the side chains of residue pairs 12 and 16, 16 and 20,
17 and 21, 20 and 24, or 24 and 28. The two side
chains can be linked to one another through ionic
interactions, or by covalent bonds. Thus these pairs
of residues may comprise oppo sitely charged side
chains in order to form a salt bridge by ionic
interactions. For example, one of the residues may be
GIu or Asp, while the other may be Lys or Arg. The
pairings of Lys and GIu and Lys and Asp, may also be
capable of reacting to form a lactam ring. Likewise, a
Tyr and a GIu or a Tyr and a Asp are capable of
forming a lactone ring. In particular, the residues at
positions 20 and 24 may be capable of forming an
intramolecular bridge. Examples of suitable pairs of
residues at these positions include: 20-Asp, 24-Lys;
20-Glu, 24-Lys; 20-Asp, 24-Arg; 20-GIu, 24-Arg;
20-Lys, 24-Asp; 20-Arg, 24-Asp; 20-Lys, 24-GIu; and
20-Arg, 24-GIu. Without wishing to be bound by any
particular theory, it is believed that such
intramolecular bridges stabilise the alpha helical
structure of the molecule and so increase potency
and/or selectivity at the GLP-1 receptor and possibly
also the glucagon receptor. A substitution at position
12 (e.g. of Arg or Leu) may increase potency and/or
selectivity at the GLP- 1 receptor. The presence of a
basic amino acid (Arg, Lys or His) at position 16 may
enhance the molecule's solubility and may enhance
bioavailability. The arginine residues at positions 17
and 18 of native glucagon appear to provide
significant selectivity for the glucagon receptor. A
number of substitutions at one or more of these
positionscan increase potency and/or selectivity for
both the GLP-1 receptor and the glucagon receptor.
Lys,or Leu at position 17 may increase potency at the
glucagon receptor. Lys may be particularly effective,
especially when there is a negatively charged residue
(e.g. Asp) at postion 21, because of the potential to
form an intramolecular bridge. A hydrophobic or small
hydrophilic residue (e.g. Ala or Ser) at position 18
may increase potency at both GLP-1 and glucagon
receptors. The residues at positions 27, 28 and 29 of
native glucagon appear to provide significant
selectivity for the glucagon receptor. Substitutions
at one, two, or all three of these positions with
respect to the native glucagon sequence may increase
potency at and/or selectivity for the GLP-1 receptor,
potentially without significant reduction of potency
at the glucagon receptor. Particular examples include
Leu at position 27, Arg at position 28 and Ala at
position 29. 28-Arg may be particularly preferred when
there is a negatively charged amino acid (e.g. GIu) at
position 24 with which it can form an intramolecular
bridge, which may increase its effect on potency at
the GLP-1 receptor. Substitution of the
naturally-occurring Met residue at position 27 (e.g.
with Leu, Lys or GIu) also reduces the potential for
oxidation, so increasing the chemical stability of the
compounds. Substitution of the naturally-occurring Asn
residue at position 28 (e.g. by Arg or Leu) also
reduces the potential for deamidation in acidic
solution, so increasing the chemical stability of the
compounds. Potency and/or selectivity at the GLP-1
receptor may also be increased by introducing residues
that are likely to form an amphipathic helical
structure, potentially without significant loss of
potency at the glucagon receptor. This may be achieved
by introduction of charged residues at one or more of
positions 16, 20, 24, and 28. Thus the residues of
positions 24 and 28 may all be charged, the residues
at positions 20, 24, and 28 may all be charged, or the
residues at positions 16, 20, 24, and 28 may all be
charged. For example, the residue at position 20 may
be His or Arg, particularly His. The residue at
position 24 may be GIu, Asp Lys or Arg, particularly
GIu. The residue at position 28 may be Arg.
Substitution of one or both of the naturally-occurring
GIn residues at positions 20 and 24 also reduces the
potential for deamidation in acidic solution, so
increasing the chemical stability of the compounds.
The compound may comprise a C-terminal peptide
sequence Z of 1-20 amino acids, for example to
stabilise the conformation and/or secondary structure
of the glucagon analogue peptide, and/or to make the
glucagon analogue peptide more resistant to enzymatic
hydrolysis, e.g. as described in WO99/46283.When
present, Z represents a peptide sequence of 1-20 amino
acid residues, e.g. in the range of 1- 15, more
preferably in the range of 1-10 in particular in the
range of 1-7 amino acid residues, e.g., 1, 2, 3 , 4,
5, 6 or 7 amino acid residues, such as 6 amino acid
residues. Each of the amino acid residues in the
peptide sequence Z may independently be selected from
Ala, Leu, Ser, Thr, Tyr, Cys, GIu, Lys, Arg, Dbu (2,4
diaminobutyric acid), Dpr (2,3-diaminopropanoic acid)
and Om (ornithine). Preferably, the amino acid
residues are selected from Ser, Thr, Tyr, Cys, GIu,
Lys, Arg, Dbu, Dpr and Orn, more preferably may be
selected exclusively from GIu, Lys, and Cys. The
above-mentioned amino acids may have either D- or
L-configuration, but preferably have an
Lconfiguration. Particularly preferred sequences Z are
sequences of four, five, six or seven consecutive
lysine residues (i.e. Lys3, Lys4, Lys5, Lys6 or Lys7),
and particularly five or six 



consecutive lysine residues. Other exemplary sequences
of Z are shown in WO 01/04156. Alternatively the
C-terminal residue of the sequence Z may be a Cys
residue. This may assist in modification (e.g.
PEGylation) of the compound. In such embodiments, the
sequence Z may, for example, be only one amino acid in
length (i.e. Z = Cys) or may be two, three, four,
five, six or even more amino acids in length. The
other amino acids therefore serve as a spacer between
the peptide X and the terminal Cys residue. The
peptide sequence Z has no more than 25% sequence
identity with the corresponding sequence of the IP-1
portion of human OXM (which has the sequence
Lys-Arg-Asn-Arg-Asn-Asn-lle-Ala). "Percent (%) amino
acid sequence identity" of a given peptide or
polypeptide sequence with respect to another
polypeptide sequence (e.g. IP-1) is calculated as the
percentage of amino acid residues in the given peptide
sequence that are identical with corresponding amino
acid residues in the corresponding sequence of that
other polypeptide when the two are aligned with one
another, introducing gaps for optimal alignment if
necessary. % identity values may be determined by
WUBLAST- 2 (Altschul et al. Methods in Enzymology,
266:460-480 (1996)). WU-BLAST-2 uses several search
parameters, most of which are set to the default
values. The adjustable parameters are set with the
following values: overlap span = 1, overlap fraction =
0.125, word threshold (T) = 1 1 . A % amino acid
sequence identity value is determined by the number of
matching identical residues as determined by
WU-BLAST-2, divided by the total number of residues of
the reference sequence (gaps introduced by WU-BLAST-2
into the reference sequence to maximize the alignment
score being ignored), multiplied by 100. Thus, when Z
is aligned optimally with the 8 amino acids of IP-1 ,
it has no more than two amino acids which are
identical with the corresponding amino acids of IP-1 .
One or more of the amino acid side chains in the
compound of the invention may be conjugated to a
lipophilic substituent. The lipophilic substituent may
be covalently bonded to an atom in the amino acid side
chain, or alternatively may be conjugated to the amino
acid side chain by a spacer. The amino acid may be
part of the peptide X, or part of the peptide
Z.Without wishing to be bound by theory, it is thought
that the lipophilic substituent binds albumin in the
blood stream, thus shielding the compounds of the
invention from enzymatic degradation which can enhance
the half-life of the compounds. The spacer, when
present, is used to provide a spacing between the
compound and the lipophilic substituent. The
lipophilic substituent may be attached to the amino
acid side chain or to the spacer via an ester, a
sulphonyl ester, a thioester, an amide or a
sulphonamide. Accordingly it will be understood that
preferably the lipophilic substituent includes an acyl
group, a sulphonyl group, an N atom, an O atom or an S
atom which forms part of the ester, sulphonyl ester,
thioester, amide or sulphonamide. Preferably, an acyl
group in the lipophilic substituent forms part of an
amide or ester with the amino acid side chain or the
spacer. The lipophilic substituent may include a
hydrocarbon chain having 4 to 30 C atoms. Preferably
it has at least 8 or 12 C atoms, and preferably it has
24 C atoms or fewer, or 20 C atoms or fewer. The
hydrocarbon chain may be linear or branched and may be
saturated or unsaturated. It will be understood that
the hydrocarbon chain is preferably substituted with a
moiety which forms part of the attachment to the amino
acid side chain or the spacer, for example an acyl
group, a sulphonyl group, an N atom, an O atom or an S
atom. Most preferably the hydrocarbon chain is
substituted with acyl, and accordingly the hydrocarbon
chain may be part of an alkanoyl group, for example
palmitoyl, caproyl, lauroyl, myristoyl or stearoyl.
Accordingly, the lipophilic substituent may have the
formula shown below: A H A may be, for example, an
acyl group, a sulphonyl group, NH, N-alkyl , an O atom
or an S atom, preferably acyl. n is an integer from 3
to 29, preferably at least 7 or at least 11, and
preferably 23 or less, more preferably 19 or less. The
hydrocarbon chain may be further substituted. For
example, it may be further substituted with up to
three substituents selected from NH2, OH and COOH. If
the hydrocarbon chain is further substituted,
preferably it is further substituted with only one
substituent. Alternatively or additionally, the
hydrocarbon chain may include a cycloalkane or
heterocycloalkane, for example as shown
below:Preferably the cycloalkane or heterocycloalkane
is a six-mem bered ring. Most preferably, it is
piperidine. Alternatively, the lipophilic substituent
may be based on a cyciopentanophenanthrene skeleton,
which may be partially or fully unsaturated, or
saturated. The carbon atoms in the skeleton each may
be substituted with Me or OH. For example, the
lipophilic substituent may be cholyl, deoxycholyl or
lithocholyl. As mentioned above, the lipohphilic
substituent may be conjugated to the amino acid side
chain by a spacer. When present, the spacer is
attached to the lipophilic substituent and to the
amino acid side chain. The spacer may be attached to
the lipophilic substituent and to the amino acid side
chain independently by an ester, a sulphonyl ester, a
thioester, an amide or a sulphonamide. Accordingly, it
may include two moieties independently selected from
acyl, sulphonyl, an N atom, an O atom or an S atom.
The spacer may have the formula: B wherein B and D are
each independently selected from acyl, sulphonyl, NH,
N-alkyl, an O atom or an S atom, preferably from acyl
and NH. Preferably, n is an integer from 1 to 10,
preferably from 1 to 5. The spacer may be further
substituted with one or more substituents selected
from C1-6 alkyl, C0-6 alkyl amine, C0-6 alkyl hydroxy
and C0-6 alkyl carboxy. Alternatively, the spacer may
have two or more repeat units of the formula above. B,
D and n are each selected independently for each
repeat unit. Adjacent repeat units may be covalently
attached to each other via their respective B and D
moieties. For example, the B and D moieties of the
adjacent repeat units may together form an ester, a
sulphonyl ester, a thioester, an amide or a
sulphonamide. The free B and D units at each end of
the spacer are attached to the amino acid side chain
and the lipophilic substituent as described above.
Preferably the spacer has five or fewer, four or fewer
or three or fewer repeat units. Most preferably the
spacer has two repeat units, or is a single unit. The
spacer (or one or more of the repeat units of the
spacer, if it has repeat units) may be, for example, a
natural or unnatural amino acid. It will be understood
that for amino acids having functionalised side
chains, B and/or D may be a moiety within the side
chain of the amino acid. The spacer may be any
naturally occurring or unnatural amino acid. For
example, the spacer (or one or more of the repeat
units of the spacer, if it has repeat units) may be
GIy, Pro, Ala, VaI, Leu, lie, Met, Cys, Phe, Tyr, Trp,
His, Lys, Arg, GIn, Asn, a-Glu, g-Glu, Asp, Ser Thr,
Gaba, Aib, b-Ala, 5-aminopentanoyl, 6-aminohexanoyl,
7-aminoheptanoyl, 8-aminooctanoyl, 9-aminononanoyl or
10- aminodecanoyl. For example, the spacer may be a
single amino acid selected from g-Glu, Gaba, b-Ala and
a-Gly. The lipophilic substituent may be conjugated to
any amino acid side chain in the compounds of the
invention. Preferably, the amino acid side chain
includes an carboxy, hydroxyl, thiol, amide or amine
group, for forming an ester, a sulphonyl ester, a
thioester, an amide or a sulphonamide with the spacer
or lipophilic substituent. For example, the lipophilic
substituent may be conjugated to Asn, Asp, GIu, GIn,
His, Lys, Arg, Ser, Thr, Tyr, Trp, Cys or Dbu, Dpr or
Om. Preferably, the lipophilic substituent is
conjugated to Lys. However, any amino acid shown as
Lys in the formulae provided herein may be replaced by
Dbu, Dpr or Om where a lipophilic substituent is
added. An example lipophilic substituent and spacer is
shown in the formula below: Here, a Lys from the
compound of the present invention (e.g. from X) is
covalently attached to g-Glu (the spacer) by via an
amide moiety. Palmitoyl is covalently attached to the
g-Glu spacer via an amide moiety. In a particular
embodiment of the present invention, the compound
comprises or consists of peptide X having the
sequence: HSQGTFTSDYSKYLDSK(isoGlu(Palm))AAHDFVEWLLRA
(SEQ ID NO: 17) Alternatively or additionally, one or
more amino acid side chains in the compound of the
invention may be conjugated to a polymeric moiety, for
example, in order to increase solubility and/or
half-life in vivo (e.g. in plasma) and/or
bioavailability. Such modification is also known to
reduce clearance (e.g. renal clearance) of therapeutic
proteins and peptides.The polymeric moiety is
preferably water soluble (amphiphilic or hydrophilic),
non-toxic, and pharmaceutically inert. Suitable
polymeric moieties include polyethylene glycol (PEG),
homo- or co polymers of PEG, a monomethyl-substituted
polymer of PEG (mPEG), or polyoxyethylene glycerol
(POG). See, for example, Int. J. Hematology 68:1
(1998); Bioconjugate Chem. 6:150 (1995); and Crit.
Rev. Therap. Drug Carrier Sys. 9:249 (1992). Other
suitable polymeric moieties include poly-amino acids
such as poly-lysine, poly-aspartic acid and
poly-glutamic acid (see for example Gombotz, et al.
(1995) , Bioconjugate Chem. , vol. 6 : 332- 351;
Hudecz, et al. (1992) , Bioconjugate Chem. , vol. 3,
49-57; Tsukada, et al. (1984) , J. Natl. Cancer Inst.
, vol 73, : 721-729; and Pratesi, et al. (1985), Br.
J. Cancer, vol. 52: 841-848). The polymeric moiety may
be straight-chain or branched. It may have a molecular
weight of 500- 40,000 Da, for example 500-10,000 Da,
1000-5000 Da, 10,000-20,000 Da, or 20,000-40,000 Da. A
compound may comprise two or more such moieties, in
which case the total molecular weight of all such
moieties will generally fall within the ranges
provided above. The polymeric moiety may be coupled
(by covalent linkage) to an amino, carboxyl or thiol
group of an amino acid side chain. Preferred examples
are the thiol group of Cys residues and the epsilon
amino group of Lys residues, and the carboxyl groups
of Asp and GIu residues may also be used. The skilled
reader will be well aware of suitable techniques which
can be used to perform the coupling reaction. For
example, a PEG moiety carrying a methoxy group can be
coupled to a Cys thiol group by a maleimido linkage
using regents commercially available from Nektar
Therapeutics AL. See also WO 2008/1 0 10 17, and the
references cited above for details of suitable
chemistry. Peptide synthesis The compounds of this
invention may be manufactured either by standard
synthetic methods, recombinant expression systems, or
any other state of the art method. Thus the glucagon
analogues may be synthesized in a number of ways
including for example, a method which comprises: (a)
synthesizing the peptide by means of solid phase or
liquid phase methodology either stepwise or by
fragment assembling and isolation and purification of
the final peptide product; (b) expressing a nucleic
acid construct that encodes the peptide in a host cell
and recovering the expression product from the host
cell culture; or (c) effecting cell-free in vitro
expression of a nucleic acid construct that encodes
the peptide and recovering the expression product;or
any combination of methods of (a), (b), and (c) to
obtain fragments of the peptide, subsequently ligating
the fragments to obtain the peptide, and recovering
the peptide. It is preferred to synthesize the
analogues of the invention by means of solid phase or
liquid phase peptide synthesis. In this context,
reference is given to WO 98/1 1125 and, amongst many
others, Fields, GB et al., 2002, "Principles and
practice of solid-phase peptide synthesis". In:
Synthetic Peptides (2nd Edition) and the Examples
herein. For recombinant expression, the nucleic acid
fragments of the invention will normally be inserted
in suitable vectors to form cloning or expression
vectors carrying the nucleic acid fragments of the
invention; such novel vectors are also part of the
invention. The vectors can, depending on purpose and
type of application, be in the form of plasmids,
phages, cosmids, mini-chromosomes, or virus, but also
naked DNA which is only expressed transiently in
certain cells is an important vector. Preferred
cloning and expression vectors (plasmid vectors) of
the invention are capable of autonomous replication,
thereby enabling high copy-numbers for the purposes of
high-level expression or high-level replication for
subsequent cloning. In general outline, an expression
vector comprises the following features in the 5'->3'
direction and in operable linkage: a promoter for
driving expression of the nucleic acid fragment of the
invention, optionally a nucleic acid sequence encoding
a leader peptide enabling secretion (to the
extracellular phase or, where applicable, into the
periplasma), the nucleic acid fragment encoding the
peptide of the invention, and optionally a nucleic
acid sequence encoding a terminator. They may comprise
additional features such as selectable markers and
origins of replication. When operating with expression
vectors in producer strains or cell lines it may be
preferred that the vector is capable of integrating
into the host cell genome. The skilled person is very
familiar with suitable vectors and is able to design
one according to their specific requirements. The
vectors of the invention are used to transform host
cells to produce the compound of the invention. Such
transformed cells, which are also part of the
invention, can be cultured cells or cell lines used
for propagation of the nucleic acid fragments and
vectors of the invention, or used for recombinant
production of the peptides of the invention. Preferred
transformed cells of the invention are micro-organisms
such as bacteria (such as the species Escherichia
(e.g. E. coli), Bacillus (e.g. Bacillus subtilis),
Salmonella, or Mycobacterium (preferably
non-pathogenic, e.g. M. bovis BCG), yeasts (such as
Saccharomyces cerevisiae), and protozoans.
Alternatively, the transformed cells may be derived
from a multicellular organism, i.e. it may be fungal
cell, an insect cell, a plant cell, or a mammalian
cell. For the purposes of cloning and/or optimised
expression it is preferred that the transformed cell
is capable of replicating the nucleic acid fragment of
the invention. Cells expressing the nucleic fragment
are usefulembodiments of the invention; they can be
used for small-scale or large-scale preparation of the
peptides of the invention. When producing the peptide
of the invention by means of transformed cells, it is
convenient, although far from essential, that the
expression product is secreted into the culture
medium.. Efficacy 



Binding of the relevant compounds to GLP-1 or glucagon
(GIu) receptors may be used as an ' indication of
agonist activity, but in general it is preferred to
use a biological assay which measures intracellular
signalling caused by binding of the compound to the
relevant receptor. For example, activation of the
glucagon receptor by a glucagon agonist will stimulate
cellular cyclic AMP (cAMP) formation. Similarly,
activation of the GLP-1 receptor by a GLP-1 agonist
will stimulate cellular cAMP formation. Thus,
production of cAMP in suitable cells expressing one of
these two receptors can be used to monitor the
relevant receptor activity. Use of a suitable pair of
cell types, each expressing one receptor but not the
other, can hence be used to determine agonist activity
towards both types of receptor. The skilled person
will be aware of suitable assay fomats, and examples
are provided below. The GLP-1 receptor and/or the
glucagon receptor may have the sequence of the
receptors as described in the examples. For example,
the assays may make use the human glucagon receptor
(Glucagon- R) having primary accession number Gl:
4503947 and/or the human glucagon-like peptide 1
receptor (GLP-1 R) having primary accession number
Gl:166795283. (Where sequences of precursor proteins
are referred to, it should of course be understood
that assays may make use of the mature protein,
lacking the signal sequence). EC50 values may be used
as a numerical measure of agonist potency at a given
receptor. An EC50 value is a measure of the
concentration of a compound required to achieve half
of that compound's maximal activity in a particular
assay. Thus, for example, a compound having EC50[GLP-I
R] lower than the EC50[GLP-I R] of native glucagon in
a particular assay may be considered to have higher
potency at the GLP-1 R than glucagon. The compounds
described in this specification are typically
Glu-GLP-1 dual agonists, i.e. they are capable of
stimulating cAMP formation at both the glucagon
receptor and the GLP-1 receptor. The stimulation of
each receptor can be measured in independent assays
and afterwards compared to each other. By comparing
the EC50 value for the glucagon receptor (EC50
[Glucagon-R]) with the EC50 value for the GLP-1
receptor, (ECS0 [GLP-1 R]) for a given compound the
relative glucagon selectivity (%) of that compound can
be found:Relative Glucagon-R selectivity [Compound] =
(1/EC50 [Glucagon-R])x1 00 / (1/EC50 [Glucagon-R] +
1/EC50 [GLP-IR]) The relative GLP-1 R selectivity can
likewise be found: Relative GLP-1 R selectivity
[Compound] = (1/EC50 [GLP-1 R])x1 00 / (1/EC50
[Glucagon-R] + 1/EC50 [GLP-1 R]) A compound's relative
selectivity allows its effect on the GLP-1 or glucagon
receptor to be compared directly to its effect on the
other receptor. For example, the higher a compound's
relative GLP-1 selectivity is, the more effective that
compound is on the GLP-1 receptor as compared to the
glucagon receptor. Using the assays described below,
we have found the relative GLP-1 selectivity for human
glucagon to be approximately 5%. The compounds of the
invention have a higher relative GLP-1 R selectivity
than human glucagon. Thus, for a particular level of
glucagon-R agonist activity, the compound will display
a higher level of GLP-1 R agonist activity (i.e.
greater potency at the GLP-1 receptor) than glucagon.
It will be understood that the absolute potency of a
particular compound at the glucagon and GLP-1
receptors may be higher, lower or approximately equal
to that of native human glucagon, as long as the
appropriate relative GLP-1 R selectivity is achieved.
Nevertheless, the compounds of this invention may have
a lower EC50 [GLP-1 R] than human glucagon. The
compounds may have a lower EC50[GLP-I-R] than glucagon
while maintaining an EC50 [Glucagon-R] that is less
than 10-fold higher than that of human glucagon, less
than 5-fold higher than that of human glucagon, or
less than 2-fold higher than that of human glucagon.
The compounds of the invention may have an EC50
[Glucagon-R] that is less than two-fold that of human
glucagon. The compounds may have an EC50 [Glucagon-R]
that is less than two-fold that of human glucagon and
have an EC50 [GLP-1 R] that is less than half that of
human glucagon, less than a fifth of that of human
glucagon, or less than a tenth of that of human
glucagon. The relative GLP-1 selectivity of the
compounds may be between 5% and 95%. For example, the
compounds may have a relative selectivity of 5-20%,
10-30%, 20-50%, 30-70%, or 50-80%; or of 30-50%,
40-60,%, 50-70% or 75-95%. Therapeutic uses The
compounds of the invention may provide an attractive
treatment option for obesity and metabolic diseases
including type 2 diabetes.Diabetes meilitus, often
referred to simply as diabetes, is a syndrome of
disordered metabolism, usually due to a combination of
hereditary and environmental causes, resulting in
abnormally high blood sugar levels (hyperglycemia).
Blood glucose levels are controlled by the hormone
insulin made in the beta cells of the pancreas.
Diabetes develops due to destruction of insulin
producing pancreatic beta-cells (in type 1 diabetes)
or resistance to the effects of insulin (in
gestational diabetes) followed by beta cell loss (in
type 2 diabetes).. Both types of diabetes lead to
hyperglycemia, which largely causes the acute signs of
diabetes: excessive urine production, resulting
compensatory thirst and increased fluid intake,
blurred vision, unexplained weight loss, lethargy, and
changes in energy metabolism. Metabolic syndrome is
characterized by a group of metabolic risk factors in
one person. They include abdominal obesity (excessive
fat tissue around the abdominal internal organs),
atherogenic dyslipidemia (blood fat disorders
including high triglycerides, low HDL cholesterol
and/or high LDL cholesterol, which foster plaque
buildup in artery walls), elevated blood pressure
(hypertension), insulin resistance and glucose
intolerance, prothrombotic state (e.g. high fibrinogen
or plasminogen activator inhibitor-1 in the blood),
and proinflammatory state (e.g., elevated C-reactive
protein in the blood). Individuals with the metabolic
syndrome are at increased risk of type 2 diabetes as
well as coronary heart disease and other diseases
related to other manifestations of arteriosclerosis
(e.g., stroke and peripheral vascular disease) . The
dominant underlying risk factors for this syndrome
appear to be abdominal obesity and insulin resistance
and glucose intolerance, prothrombotic state (e.g.
high fibrinogen or plasminogen activator inhibitor-1
in the blood), and proinflammatory state (e.g.,
elevated C-reactive protein in the blood). Without
wishing to be bound by any particular theory, it is
believed that the compounds of the invention act as
GluGLP-1 dual agonists. The dual agonist combines the
effect of glucagon on fat metabolism with the effects
of GLP-1 on blood glucose levels and food intake. They
might therefore act in a synergistic fashion to
accelerate elimination of excessive fat deposition,
induce sustainable weight loss, and directly decrease
morbid glucose levels to normal levels, without the
risk of hypoglycemia, which is associated with
concomitant use of GLP-1 agonists and sulphonylurea.
The synergetic effect of dual GluGLP-1 agonists may
also result in reduction of cardiovascular risk
factors such as high cholesterol and LDL, as well as
an improvement in glucose tolerance, which may be
entirely independent of their effect on body weight.
The compounds of the present invention can therefore
be used as pharmaceutical agents for preventing weight
gain, promoting weight loss, reducing excess body
weight or treating obesity (e.g.by control of
appetite, feeding, food intake, calorie intake, and/or
energy expenditure), including morbid obesity, as well
as associated diseases and health conditions including
but not limited to obesity linked inflammation,
obesity linked gallbladder disease and obesity induced
sleep apnea. The compounds of the invention may also
be used for treatment of metabolic syndrome, insulin
resistance, glucose intolerance, type 2 diabetes,
hypertension, atherogenic dyslipidimia,
atherosclerois, arteriosclerosis, coronary heart
disease and stroke. These are all conditions which can
be associated with obesity. However, the effects of
the compounds of the invention on these conditions may
be mediated in whole or in part via an effect on body
weight, or may be independent thereof. Pharmaceutical
compositions The compounds of the present invention,
or salts thereof, may be formulated as pharmaceutical
compositions prepared for storage or administration,
which typically comprise a therapeutically effective
amount of a compound of the invention, or a salt
thereof, in a pharmaceutically acceptable carrier. The
therapeutically effective amount of a compound of the
present invention will depend on the route of
administration, the type of mammal being treated, and
the physical characteristics of the specific mammal
under consideration. These factors and their
relationship to determining this amount are well known
to skilled practitioners in the medical arts. This
amount and the method of administration can be
tailored to achieve optimal efficacy, and may depend
on such factors as weight, diet, concurrent medication
and other factors, well known to those skilled in the
medical arts. The dosage sizes and dosing regimen most
appropriate for human use may be guided by the results
obtained by the present invention, and may be
confirmed in properly designed clinical trials. An
effective dosage and treatment protocol may be
determined by conventional means, starting with a low
dose in laboratory animals and then increasing the
dosage while monitoring the effects, and
systematically varying the dosage regimen as well.
Numerous factors may be taken into consideration by a
clinician when determining an optimal dosage for a
given subject. Such considerations are known to the
skilled person. The term "pharmaceutically acceptable
carrier" includes any of the standard pharmaceutical
carriers. Pharmaceutically acceptable carriers for
therapeutic use are well known in the pharmaceutical
art, and are described, for example, in Remington's
Pharmaceutical Sciences, Mack Publishing Co. (A. R.
Gennaro edit. 1985). For example, sterile saline and
phosphate-buffered saline at slightly acidic or
physiological pH may be used. pH buffering agents may
be phosphate, citrate, acetate,
tris/hydroxymethyl)aminomethane (TRIS),
N-Tris(hydroxymethyl)methyl -3- aminopropanesulphonic
acid (TAPS), ammonium bicarbonate, diethanolamine,
histidine, which is a preferred buffer, arginine,
lysine, or acetate or mixtures thereof. The term
further encompases any agents listed in the US
Pharmacopeia for use in animals, including humans.The
term "pharmaceutically acceptable salt" refers to the
salt of the compounds. Salts include pharmaceutically
acceptable salts such as acid addition salts and basic
salts. Examples of acid addition salts include
hydrochloride salts, citrate salts and acetate salts.
Examples of basic salts include salts where the cation
is selected from alkali metals, such as sodium and
potassium, alkaline earth metals, such as calcium, and
ammonium ions +N (R3) 3(R4) , where R3 and R4
independently designates optionally substituted
C1-6-a!kyl, optionally substituted C2.6-alkenyl,
optionally substituted aryl, or optionally substituted
heteroaryl. Other examples of pharmaceutically
acceptable salts are described in "Remington's
Pharmaceutical Sciences" ,17th edition. Ed. Alfonso R.
Gennaro (Ed.), Mark Publishing Company, Easton, PA,
U.S.A., 1985 and more recent editions, and in the
Encyclopaedia of Pharmaceutical Technology.
"Treatment" is an approach for obtaining beneficial or
desired clinical results. For the purposes of this
invention, beneficial or desired clinical results
include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration
or palliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not
receiving treatment. "Treatment" is an intervention
performed with the intention of preventing the
development or altering the pathology of a disorder.
Accordingly, "treatment" refers to both therapeutic
treatment and prophylactic or preventative measures.
Those in need of treatment include those already with
the disorder as well as those in which the disorder is
to be prevented The pharmaceutical compositions can be
in unit dosage form. In such form, the composition is
divided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of the preparations,
for example, packeted tablets, capsules, and powders
in vials or ampoules. The unit dosage form can also be
a capsule, cachet, or tablet itself, or it can be the
appropriate number of any of these packaged forms. It
may be provided in single dose injectable form, for
example in the form of a pen. Compositions may be
formulated for any suitable route and means of
administration. Pharmaceutically acceptable carriers
or diluents include those used in formulations
suitable for oral, rectal, nasal, topical (including
buccal and sublingual), vaginal or parenteral
(including subcutaneous, intramuscular, intravenous,
intradermal, and transdermal) administration. The
formulations may conveniently be presented in unit
dosage form and may be prepared by any of the methods
well known in the art of pharmacy. Subcutaneous or
transdermal modes of administration may be
particularly suitable for the compounds described
herein. Combination therapyThe compound of the
invention may be administered as part of a combination
therapy with an agent for treatment of diabetes,
obesity or hypertension. In such cases, the two active
agents may be given together or separately, and as
part of the same pharmaceutical formulation or as
separate formulations. Thus the compound of the
invention (or the salt thereof) can be used in
combination with an anti diabetic agent including but
not limited to metformin, a sulfonylurea, a glinide, a
DPP-IV inhibitor, a glitazone, or insulin. In a
preferred embodiment the compound or salt thereof is
used in combination with insulin, DPP-IV inhibitor,
sulfonylurea or metformin, particularly sulfonylurea
or metformin, for achieving adequate glycemic control.
In an even more preferred embodiment the compound or
salt thereof is used in combination with insulin or an
insulin analogue for achieving adequate glycemic
control. Examples of insulin analogues include but are
not limited to Lantus, Novorapid, Humalog, 



Novomix, and Actraphane HM The compound or salt
thereof can further be used in combination with an
anti-obesity agent including but not limited to a
glucagon-like peptide receptor 1 agonist, peptide YY
or analogue thereof, cannabinoid receptor 1
antagonist, lipase inhibitor, melanocortin receptor 4
agonist, or melanin concentrating hormone receptor 1
antagonist. The analogue compound or salt thereof can
be used in combination with an anti-hypertension agent
including but not limited to an angiotensin-converting
enzyme inhibitor, angiotensin Il receptor blocker,
diuretics, beta-blocker, or calcium channel blocker.
METHODS General synthesis of glucagon analogues Solid
phase peptide synthesis was performed as SPPS on a
microwave assisted synthesizer using standard Fmoc
strategy in NMP on a polystyrene resin (TentaGel S
Ram). HATU was used as coupling reagent together with
DIPEA as base. Piperidine (20% in NMP) was used for
deprotection. Pseudoprolines: Fmoc-Phe~Thr(.Psi. Me,
Me pro)-OH and Fmoc~Asp-Ser(.Psi., Me, Me pro)-OH
(purchased from NovaBiochem) were used where
applicable. Cleavage: The crude peptide was cleaved
from the resin by treatment with 95/2.5/2.5 % (v/v)
TFA/TIS/ water at r.t. for 2 h. For peptides with a
methionine in the sequence a mixture of 95/5 % (v/v)
TFA/EDT was used. Most of the TFA was removed at
reduced pressure and the crude peptide was
precipitated and washed with diethylether and allowed
to dry to constant weight at ambient temperature. HPLC
purification of the crude peptideThe crude peptides
were purified by standard reverse phase HPLC on a
PerSeptive Biosystems VISION Workstation. VISION 3.0
software was used for instrument control and data
acquisition. The peptides were analysed using MS and
purified to greater than 90% as determined by HPLC.
General synthesis of acylated glucagon analogues The
peptide backbone is synthesized as described above for
the general synthesis of glucagon analogues, with the
exception that it is acylated on the side chain of a
lysine residue with the peptide still attached to the
resin and fully protected on the side chain groups,
except the epsilon-amine on the lysine to be acylated.
The lysine to be acylated is incorporated with the use
of Fmoc-Lys(ivDde)- OH. The N-terminal of the peptide
is protected with a Boc group using BoC2O in NMP.
While the peptide is still attached to the resin, the
ivDde protecting group is selectively cleaved using 2%
hydrazine hydrate in NMP. The unprotected lysine side
chain is then first coupled with a spacer amino acid
like Fmoc-Glu-OtBu, which is deprotected with
piperidine and acylated with a fatty acid using
standard peptide coupling methodology as described
above. Alternatively, the histidine at the N-terminal
could be incorporated from the beginning as
Boc-His(Boc)-OH. Cleavage from the resin and
purification are performed as described above Analysis
of peptide stability The glucagon analogues were
incubated as solid compounds at 4O0C and dissolved as
solutions in 0.1 M aqueous HCI (2 mg/ml). The
solutions were incubated at 40 The remaining intact
glucagon analogs were measured at RP-HPLC by
integration of the UV signal at 220 nM The percentage
remaining is a measure for the relative stability. The
solid and solutions of glucagon compounds were prior
to analysis diluted in HPLC solvent to a concentration
of 0.2 mg/mL and analyzed at appropriate time points.
Table 1. Analytical HPLC set-up.Generation of cell
lines expressing human glucagon- and GLP-1 receptors
The cDNA encoding either the human glucagon receptor
(Glucagon-R) (primary accession number P47871) or the
human glucagon-like peptide 1 receptor (GLP-1 R)
(primary accession number P43220) were cloned from the
cDNA clones BC1 04854 (MGC:1 3251 4/IMAGE:81 43857) or
BC112126 (MGC:1 38331 /IMAGE:8327594), respectively.
The DNA encoding the Glucagon-R or the GLP-1-R was
amplified by PCR using primers encoding terminal
restriction sites for subcloning. The 5'-end primers
additionally encoded a near Kozak consensus sequence
to ensure efficient translation. The fidelity of the
DNA encoding the Glucagon-R and the GLP-1 -R was
confirmed by DNA sequencing. The PCR products encoding
the Glucagon-R or the GLP-1 -R were subcloned into a
mammalian expression vector containing a neomycin
(G418) resistance marker. The mammalian expression
vectors encoding the Glucagon-R or the GLP-1 -R were
transfected into HEK293 cells by a standard calcium
phosphate transfection method. 48 hr after
transfection cells were seeded for limited dilution
cloning and selected with 1 mg/ml G418 in the culture
medium. Three weeks later 12 surviving colonies of
Glucagon-R and GLP-1 -R expressing cells were picked,
propagated and tested in the Glucagon-R and GLP-1 -R
efficacy assays as described below. One Glucagon-R
expressing clone and one GLP-1 -R expressing clone
were chosen for compound profiling. Glucagon receptor
and GLP-1 -receptor efficacy assays HEK293 cells
expressing the human Glucagon-R, or human GLP-1 -R
were seeded at 40,000 cells per well in 96-well
microtiter plates coated with 0.01 % poly-L-lysine and
grown for 1 day in culture in 100 ml growth medium. On
the day of analysis, growth medium was removed and the
cells washed once with 200 ml Tyrode buffer. Cells
were incubated in 100 ml Tyrode buffer containing
increasing concentrations of test peptides, 100 mM
IBMX, and 6 mM glucose for 15 min at 37 C. The
reaction was stopped by addition of 25 ml 0.5 M HCI
and incubated on ice for 60 min. The cAMP content was
estimated using the FlashPlate(r) cAMP kit from
Perkin-Eimer. EC50 and relative efficacies compared to
reference compounds (glucagon and GLP-1) were
estimated by computer aided curve fitting. Lipolvsis
in primary rat adipocytes The effect of glucagon
analogues on lipolysis was assesed in primary cultures
of rat adipocytes. Adipocytes were isolated from
epididymal fat dissected from normal young adult
Sprague-Dawley rats. The fat lumps were minced,
incubated and shaken (220 rpm) with collagenase ( 1
mg/ml) in Krebs-Ringer buffer containing 4% BSA
(KRB-BSA) for 60 minutes at 37 C. The suspension was
filtered through a nylon filter (160 mm pore size) and
the filtrate centrifuged at 200 x g for 3 min. The
subjacent medium beneath the upper floating layer of
adipocytes was removed with a Pasteurpipette. The
adipocytes were washed 3 times in KRB-BSA buffer by
re-suspension and centrifugation. The adipocytes were
re-suspended in KRB-BSA, mixed, incubated in and
shaken with test compounds in 96-deep well plates
(50,000 cells/well) in a total volume of 1 ml at 37 C
for60 min. The plates were placed on ice for at least
10 min after incubation followed by centrifugation at
200 x g for 3 min. 300 ml of the buffer beneath the
adipocyte layer were collected in a 96-deep well
plate. This process was repeated two more times and
the 3 extracts collected from each culture pooled
together. The glycerol formed by the lipolysis in the
adipocyte cultures was measured by adding free
glycerol reagent (200 ml) to aliquots (25 ml) of
adipocyte extract, incubate at room temperature for 15
min and measure the absorbance at 540 nm. Oral Glucose
Tolerance Test (OGTT) in db/db mice Db/db mice were
fasted overnight and an initial blood sample (fasting
blood glucose level) taken just before administration
(i.p.) of vehicle (Acetate buffer, 20 mM acetic acid,
250 mM mannitol, pH 5.0) or the test compound ZP2669
(SEQ ID NO: 4) (45 nmol/kg in acetate buffer). The
animals were kept fasted during the experiment to
prevent confounding food intake. Fifteen minutes later
an oral dose of glucose ( 1 g/kg in 5 ml/kg) was given
and BG levels were measured at t=30 min, t=60 min,
t=120 min and t=240 min. Difference from baseline
(t=0) was calculated for each time point and
AUCo-24omin values were determined. Statistical
analyses of AUC values by one-way ANOVA and Dunnetts
post-hoc analyses were performed with GraphPad Prism
version 4. Differences were considered significant at
the p < 0.05 level. Food intake in normal mice One
week before study C57BI/6 mice (8 weeks) (N=9-12
animals in each group) were conditioned to treatment
by daily injections (s.c.) of 0.2 ml vehicle and
acclimatized to handling by weighing them twice a
week. Mice were stratified one day before start of
experiment into groups with similar body weight (BW).
Groups of stratified mice were fasted overnight
treated (10 ml test solution/g BW, s.c.) with PYY3-36
(30 nmol/kg)(intemal positive control), glucagon (500
nmol/kg) and ZP2669 (SEQ ID NO: 4) (500 nmol/kg) or
vehicle. After one hour pre-weighed food was
introduced to the mice and food intake measured by
weighing the remaining food after one hour and
expressed relative to body weight (mg food/g BW).
Statistical analyses of food intake data by one-way
ANOVA and Dunnetts post-hoc analyses were performed
with GraphPad Prism version 4 . Differences were
considered significant at the p < 0.05 level. Effects
of 28 day treatment of diet induced obese (DIP) mice
with ZP2669 (SEQ ID NO: 4) agonist on body weight gain
and plasma cholesterols Four weeks before drug
treatments, C57BI/6 male mice (7 weeks) ) (N=10-12
animals in each group) were put on high fat diet (HFD)
and their day-night cycle reversed with lights On/Off
at 2000/0800 hour. Experimental animals were
conditioned to treatment by daily injections (s.c.) of
0.1 ml vehicle and acclimatized to handling by
weighing them twice a week one week before start of
drug administrations. The day before start of
experiment, mice were stratified into groups with
similar body weight (BW) and the next day groups of
stratified mice were treated (b.i.d.; s.c.) withZP2669
(SEQ ID NO: 4) (500 nmol/kg) or vehicle
(Acetate-buffer). ZP2669 (SEQ ID NO: 4) was given in
isotonic acetate buffer (pH 4.8; 2.5 ml/g BW). A
non-obese control group maintained on regular chow was
treated with vehicle in the same treatment regime as
the DIO groups. Body weights were recorded daily and
used to administer the body weight-corrected doses of
peptide throughout the study. Animals were fasted
overnight before sacrifice. An eye blood sample (0.6
ml EDTA) was obtained the following morning
immediately before cervical dislocation. Blood plasma
samples were stored at -80 C until analyzed for
cholesterol, HDL and LDL using commercially available
kits. Body weight gains throughout the treatment
period were calculated for each animal by subtracting
its weight at the initiation of treatment. The effects
of treatment on body weight gain and cholesterols were
assessed by 2-way ANOVA with repeated measures and
Bonferoni post-hoc analyses, using GraphPad Prism
version 4. Differences were considered significant at
the p < 0.05 level. RESULTS Example 1: Peptide
stability Table 2. Results for recovery measured by
RP-HPLC after stress. The results of incubation in HCI
stress solutions are shown in table 2. Both the
analogue and glucagon were stable over 5 weeks at 40C
with a recovery of over 90% purity. However, the
results of the acidic degradation of the compounds
shows that the glucagon analogue is almost four times
more stabile than native glucagon. Example 2 :
Efficacy on Glucagon and GLP-1 receptors Table 3. EC50
values of glucagons analogues at Glucagon and GLP-1
receptorsCOOLING DEVICE This invention relates to the
field of temperature regulation and, in particular, to
a device for cooling enclosed or confined spaces.
Cooling devices for maintaining a room, car or other
enclosed space at a comfortable temperature are well
known. The majority are based on forced air systems
that may incorporate some form of cooling of the air.
Cooling is generally based on the thermodynamics of
condensation and evaporation of a refrigerant gas. On
condensation of a gas to a liquid, heat is rejected to
the environment and on evaporation of a liquid, heat
is absorbed. The evaporation / condensation cycle is
driven by compression. In conventional air
conditioning units the compression is driven by
mechanical work that is normally provided by an
electrical motor. Alternatively, sorption devices are
driven by the adsorption or absorption of the
refrigerant gas (or sorbate), such as ammonia, by a
solid or solid / liquid sorbent. A major problem with
these prior art air-conditioning systems is that they
are relatively power-hungry to operate. Effective
operation usually requires a large amount of
electricity, which itself is likely to have been
generated at some cost to the environment. Although
devices based on a sorption cycle offer some
improvement, this technology is by no means mature and
very few practical devices have been developed. With
the substantial growth in demand for air conditioning
units in warm developing countries such as China and
India, the burden placed on the electricity supply is
becoming critical. There is accordingly an increasing
need to improve the energy efficiency of
air-conditioning devices. In particular, a more
energy-efficient system offers the possibility that it
may be operated independently of the infrastructure of
an electricity grid. This makes it suitable not only
for use in more remote areas but also in a moving
environment such as the carriages of an underground
railway.A further problem presented by prior art
cooling devices is the potentially hazardous nature of
the refrigerant gas used. Ammonia, alcohols, hydrogen,
hydrocarbons, hydrofluorocarbons and carbon dioxide
have all been used in cooling systems. The potential
risks from employing such substances are of course
more significant if using in a confined space, such as
an underground room or carriage. Most prior art
cooling devices also suffer from high CO2 emissions,
which further harm the environment. There is
accordingly a growing need to provide an alternative
form of cooling device, which is more
environmentally-friendly than those known in the prior
art. 



The present invention provides a cooling device
comprising a high voltage source connected to a spark
gap and controlled by a timing means, wherein the
source and timing means are arranged to generate
unidirectional high voltage pulses which are
discharged in short and regular impulses across the
spark gap and the device also includes an emitter
located in the vicinity of an electrode of the spark
gap and electrically isolated therefrom. A device
according to the present invention creates a source of
high voltage direct current pulses which are
discharged in very short impulses, preferably less
than 100 ns duration, through a spark gap. As a result
of this process, heat is withdrawn from the atmosphere
surrounding the spark gap. The cooling effect is
highly localised around the discharge spark and so the
emitter is used to provide a means of delocalisation.
That is, the emitter distributes the cooling effect
over a larger volume.A cooling device that operates
according to this principle is radically different
from those known in the prior art. Whereas prior art
devices are based on a refrigerant condensation /
evaporation cycle, the present device is based on a
cooling effect produced by a high voltage electrical
discharge. It is known that a high voltage electrical
discharge can induce cooling. In nature, atmospheric
cooling in the region of a lightning strike has been
observed. Temperature drops have also been measured in
a large coil of wire connected to a cold cathode arc
switch. It is believed that such effects result from
organising (or cohering) fluctuation energy such as
thermal or quantum zero point fluctuation energy (the
Zero Point Energy Field). The pulsed disruption of a
high voltage supply will perturb the ZPEF of a system,
which results in heat being absorbed from its
surroundings. That is, a cooling effect is stimulated
from the ZPEF. A device harnessing this effect may be
used to cool the space in which it is located. A
cooling device based on this principle advantageously
achieves cooling without the use of potentially
hazardous refrigerant. Moreover, the power required to
generate a suitable electrical discharge is far less
than that required to operate conventional cooling
devices. A device can readily be constructed that
consumes less than 1% of the energy used by current
air cooling technology to achieve the same effect.
Such a device has numerous applications, primarily in
the field of air conditioning. In addition to its
environmental credentials, the device of the present
invention may be far smaller than currently available
air conditioning units. This renders it even more
attractive to applications on mobile or non-permanent
locations such as trains, cars, boats and caravans.- A
- In order to provide the cooling effect, it is
preferred that the high voltage source is arranged to
provide a voltage of at least 3 kV and, more
preferably, at least 4 kV. The high voltage source may
comprise a medium voltage source, timing control means
for timing power output from said source in medium
voltage pulses, a transformer arranged to convert the
medium voltage pulses to high voltage pulses and a
rectifier arranged to convert the high voltage pulses
to a unidirectional signal. Such an arrangement means
that the majority of pulse-shaping and manipulation is
carried out in the medium voltage regime. Components
that are capable of controlling high voltage are far
more expensive to produce and suffer from problems
with reliability. By operating primarily in the medium
voltage regime therefore cheaper, more reliable,
electronic components are readily available, which
makes the cooling device more reliable to operate and
more economic to build. The medium voltage source
itself may comprise a storage device for storing
charge at medium voltage and which is discharged by
operation of the timing control means. The storage
device may be a capacitor or a bank of capacitors. A
suitable capacitance may be in the region of 50 mF,
and preferably around 47 mF. It may alternatively be
an inductor. The capacitor is preferably charged by a
circuit comprising a low voltage source, a pulse
generator arranged to produce an alternating signal
from the low voltage source, a second transformer
arranged to convert low voltage input to a medium
voltage output and a rectifier arranged to rectify
alternating signal input to direct current output.The
spark gap preferably comprises first and second
electrodes sealed within a chamber and separated by an
insulating gap. The sealing chamber prevents the
electrodes from becoming contaminated, which may
inhibit generation of a discharge spark. The
electrodes are preferably dome shaped, which
discourages localisation of spark emissions at a
particular point on their surface and hence may
prolong their useable life. It is further preferred
that the electrodes are made of chrome- or
nickelcoated steel. The chamber may be filled with
argon or other suitably inert gas. The emitter may
comprise inner and outer thin-walled coaxial tubes,
which are coaxially mounted about an electrode
connection lead. The tubes should be good electrical
conductors and are therefore preferably metallic or
made from ceramic materials with high conductivity.
Metals are generally cheaper and therefore preferred.
The tubes preferably have internal diameters in the
range 6 mm to 14 mm and lengths in the range 7 mm to
20 mm. In a second aspect, the present invention
provides a method of generating a cooling effect, the
method comprising the steps of:- (a) Repeatedly
applying a high-voltage, unidirectional pulse of
electricity between a pair of electrodes in a gaseous
environment, thereby causing sparking between the
electrodes; and (b) Diffusing a cooling effect
resulting from the sparking by means of an emitter
located in the vicinity of the electrodes.The pulse is
preferably of voltage higher than 4 kV and of duration
shorter than 100 ns. By way of example only, a cooling
device made according to the present invention will
now be described in detail, reference being made to
the accompanying drawings, in which: Figure 1 is an
overview of the process by which a spark that is
capable of effecting an environmental cooling is
generated. Figure 2 is a schematic of a circuit
design, suitable for generating a cooling discharge.
Figure 3 is a detailed drawing of a spark gap and
emitter. Figure 4 is a detailed circuit design for
generating a spark that is suitable for effecting
cooling. Referring initially to Figures 1 and 2, the
steps carried out by and components of an electrical
circuit for a cooling device in accordance with the
present invention are shown. At a first step 1, a
unidirectional medium direct current voltage, of
around 225V, is created and stored in a control
capacitor 2-6 (Figure 2). Alternatively, a bank of
capacitors may be used. At step 2, the capacitor 2-6
is discharged into the primary coil of a first step up
transformer 2-9 (Figure 2) under control of a timer
circuit 2-8 to create alternating pulses at around
4500 V. At step 3, the 4.5 kV output from the first
step up transformer 2-9 is rectified to create high
voltage unidirectional pulses.At step 4 , the pulses
are discharged in very short impulses, of less than
100 ns duration, through a spark gap 2-13 located in
the vicinity of an emitter 2-12. The emitter 2-12
spreads or extends a cooling effect that is stimulated
by the impulsed discharge. This therefore withdraws
heat from the emitter / spark gap environment, which
lowers the surrounding temperature. In a typical
application, a device containing the emitter 2-12 and
spark gap 2-13 would be placed in a room and the
effect used to cool the air within the room. The
electronic components used to generate unidirectional
high voltage impulses, which give rise to the cooling
effect, will now be described in more detail with
reference to Figure 2 . Figure 2 illustrates a
schematic of a circuit design, suitable for generating
a spark in conjunction with an emitter that may be
used to produce a cooling device in accordance with
this invention. It is the discharging of the control
capacitor 2-6 that is central to the generation of a
suitable discharge spark. A low voltage direct current
power supply, 2-1 , such as a regulated mains adaptor
or battery, powers a square wave generator 2-2 whose
output is in turn connected to a second step up
transformer 2-3. A bridge rectifier 2-4 takes its
input from the transformer 2-3 output, and has a diode
2-5 and the control capacitor 2-6 connected in
parallel across its output. These components are used
to charge the capacitor 2-6 as follows. The low
voltage direct current supply 2-1 typically provides
around 50OmA at 9V. The square wave generator 2-2
converts this signal to a square wave, which is
applied across the second step up transformer 2-3.
This transformer 2-3 is arranged to convert 9V input
to a medium voltage output of around 225V. The output
signal from the transformer 2-3 is therefore
analternating signal, at around 225V. The bridge
rectifier 2-4 converts this signal to a direct
current, maintaining the medium voltage level,
reversals of current being prevented by the diode 2-5.
The medium voltage unidirectional direct current is
stored in the capacitor (or bank of capacitors) 2-6.
Typically, the capacitance provided by this capacitor
or bank is around 47mF. Once the energy is stored in
capacitor 2-6, the discharging of this capacitor at
the medium voltage level is the next step 2 (Figure 1)
in the process. A timing control circuit 2-8 and the
input to the first transformer 2-9 are connected in
series across the output of the capacitor 2-6. The
timing circuit 2-8 thereby regulates the capacitor
discharge into the primary coil of the transformer
2-9. If the timing circuit 2-8 is on, current is
discharged from the capacitor 2-6 and input to the
first step up transformer 2-9. If the timing circuit
2-8 is off, the control capacitor 2-6 is allowed to
recharge, as described above. The timing circuit 2-8
is typically a transistor switch with on / off timing
controlled by an integrated circuit timer, which is
set to permit discharging of the capacitor 2-6 for a
period of the order 15 ms or less. The first step up
transformer 2-9 is arranged to raise the medium level
input voltage to a high voltage output of around 4500
V. Under control of the timing circuit 2-8, this
output is pulsed. Moving on to step 3, as shown in
Figure 1, the high voltage alternating current pulses,
output from the second step up transformer 2-9 are
input to a second rectifier 2-10, which in this
embodiment is a diode. The pulses are thereby
converted into a high-voltage dc signal, in the region
of 4.5 kV. The spark gap 2-13 is connected across the
rectified output from the first transformer 2-9 in
parallel with a second capacitor 2-1 1. The rectified
signal is then discharged into the spark gap 2-13 in
short impulses, whose duration is controlled by
circuit parameters, primarily the inductance of
thetransformer 2-9 and the value of capacitor 2-1 1.
The impulse duration should be no more than 100 ns.
Giving due consideration to less-flexible factors such
as transformer inductance, it is found that the
capacitor 2-1 1 should have capacitance in the region
of 22 pF for satisfactory operation. The emitter 2-12
is located in the vicinity of the spark gap 2-13 and
electrically isolated therefrom. As a result of the
discharging impulses in the spark gap 2-13, the
emitter experiences electro-static energy
fluctuations, and the surrounding area is cooled.
Figure 3 is a diagram showing suitable designs of
spark gap 2-13 and emitter 2-12 for use with this
invention. Figure 3a shows a side illustration, 



Figure 3b a cross-section along line AA and Figure 3c
a cross-section along line BB. The spark gap 2-1 3 is
formed by first 3-1 a and second 3-1 b electrodes
separated by a gap, which is typically in the region
of 0.7 mm. The electrodes 3-1 a, b are dome-shaped and
typically made of steel and coated with nickel or
chrome. In a preferred embodiment of the invention,
the electrodes are sealed in a ceramic chamber
containing an argon environment. Other inert gases, in
addition to air, are also suitable. The spark gap
should however be hermetically sealed in order to
prevent the accumulation of material on the
electrodes, which may impede the discharge of
impulses. With this, or similar, electrode
arrangement, a voltage of over 3000V is required to
cause a discharge current to flow through the
surrounding gas, resulting in a sparking between the
ends of the electrodes 3-1 a,b. The dome shape is
advantageous as it allows sparks to extend across the
gap between the electrodes without being restricted to
a base position on the electrode. This extends the
life of the electrodes. The emitter 2-12 abuts the
first electrode 3-1 a and is electrically isolated
therefrom. It consists of inner 3-2 and outer 3-4
thin-walled metal tubesthat are coaxially mounted
about the electrode lead, at the opposite side of the
electrode to the spark gap 2-13. Plastic end caps 3-3
located at both ends of the tubes 3-2, 3-4 serve to
isolate electrically the tubes from the electrode and
its lead. The tubes 3-2 and 3-4 are typically made
from electro-plated copper or stainless steel. The
inner tube 3-2 has an external diameter of around 8mm
and length of around 9mm. The outer tube 3-4 has an
external diameter of around 12mm and length of about
13mm. The radial gap between the electrode 3-1 a and
the internal walls of inner tube 3-2 is usually at
least 2mm to prevent sparks developing within the
emitter. The plastic end caps 3-3 extend beyond the
circumference of the outer metal tube 3-4 to prevent
sparks developing between the outer walls of the
emitter and the dome shaped head of the electrode 3-1
a . During operation of the device, the emitter tubes
3-2 and 3-4 become charged electro-statically as a
result of the impulse discharges across the spark gap
2-13. As a result of the fluctuating electro-static
charge, the tubes produce a cooling effect that
withdraws natural heat from the surrounding
environment, typically air. In order for the emitter
to produce its effect, it is important that the
impulse voltage applied across the spark gap 2-13 has
certain properties. In particular it must be a direct
current impulse of at least 3 kV and preferably 4 kV.
This voltage should be discharged in a timescale of
not longer than 100 ns. With these characteristics an
impulse will electro-statically charge an emitter 2-12
located in the vicinity of, but electrically isolated
from, the spark gap 2-13. Figure 4 is a detailed
circuit design for a printed circuit board for the
cooling device of this invention. The low voltage
direct current power supply 2-1 may be connected to
this circuit at CN2. As stated previously, this
supplyis conveniently provided by a regulated switched
mode mains adaptor or by batteries. Pads P 1 and P2
allow an external switch to be fitted to control the
power to the circuit. The square wave generator is
indicated by integrated circuit U 1. Resistors R 1,
R2, R3 and R4, capacitors C 1, C3 and C4, diodes D3
and D4 and transistor Q 1 control the square wave
produced by U 1. As will be apparent to one skilled in
the art, if the values of these components are
selected appropriately, transistor Q 1 will not
overheat. The values indicated in Figure 4 provide one
example of a suitable combination that ensures
transistor Q 1 will not normally overheat. The second
step up transformer 2-3 is represented in this circuit
diagram by T 1, which is a 1:25 step up transformer.
The square wave generated by U 1 is therefore raised
(step 1, Figure 1) to medium voltage by T 1. The
medium voltage current is rectified by bridge
rectifier BR1 (2-4). Current reversals are prevented
by diode D 1 (2-5). These components, enclosed in the
diagram by box 4-1 govern the charging, at medium
voltage, of control capacitor 2-6 (C7 in Figure 4).
The medium voltage unidirectional direct current is
stored in capacitor(s) C7 and converted into short
pulses of energy at a regular frequency by switch
circuit 2-8, transistor Q2 of Figure 4 . Resistors 2-7
(R8 and R9) ensure that capacitor 2-6 (C7) is
discharged when the circuit is switched off.
Integrated circuits U2 and U3, resistors R5, R6 and
R7, capacitors C4, C5, C8, C9 and C10, diodes D9 and
D10 control the switching of transistor Q2. This
corresponds to step 2, as shown in Figure 1. The short
pulses (of around 15 ms duration) discharged from the
capacitor 2-6 (C7) are raised to high voltage by the
first step up transformer 2-9 (T2), which, in this
embodiment, is a 1:20 transformer. The high voltage
current is half rectified by diode 2-10 (D2) to create
high voltage pulses. The high voltage pulses are
discharged in impulses, controlled by capacitor 2-1
1(C6), of less than 100 ns in spark gap 2-13 (FS1 ) .
The discharging of capacitor 2-6 (C7) and subsequent
raising to high voltage impulses is controlled by the
components shown in box 4-2 in Figure 4 . Diode D2
should be encapsulated in a polyurethane or silicone
sealant to prevent the development of high voltage
coronas. In constructing a cooling device in
accordance with this invention, the circuit shown in
Figure 4 is encased and connected to a source of
power. Once the device is operated, impulses are
discharged across the spark gap 2-13 at a rate of
around 300 Hz. It will be clear to one skilled in the
art that circuit parameters can be adjusted to vary
the spark discharge characteristics, which in turn
affects the cooling that can be achieved. It is
important however in considering changes to the
circuit to ensure that there is enough energy stored
in the control capacitor 2-6 to drive the spark
emissions at the rate and voltages required. That is,
the charging part of the circuit 4-1 must be capable
of providing the energy demanded by the discharging
part 4-2. For example, increasing the discharge
frequency across the spark gap should increase the
cooling that can be achieved. As a consequence however
of the control capacitor 2-6 being required to power
the discharge sparks more frequently the total energy
stored ( 4CV2) should be increased. Care must be taken
in increasing this energy that the transformers 2-3,
2-9 are not saturated, with consequent reduction in
performance. As a second example, it has been found
that a threshold voltage of at least 3 kV is required
to generate a spark that is capable of providing
cooling. Increasing this voltage generally improves
cooling performance, but this effect appears to become
saturated at around 4.5 - 5 kV.C LAIMS 1. A cooling
device comprising a high voltage source connected to a
spark gap (2-13) and controlled by a timing means (2-1
1) , wherein the source and timing means (2-1 1) are
arranged to generate unidirectional high voltage
pulses which are discharged in short and regular
impulses across the spark gap (2-13) and the device
also includes an emitter (2-12) located in the
vicinity of an electrode (3-1 a) of the spark gap and
electrically isolated therefrom. 2 . A cooling device
according to claim 1 wherein the high voltage source
is arranged to provide a voltage of at least 3 kV. 3 .
A cooling device according to claim 2 wherein the high
voltage source is arranged to provide a voltage of at
least 4 kV. 4 . A cooling device according to any
preceding claim wherein the timing means (2-1 1) is
arranged to limit the discharge to a timescale of less
than 100 ns. 5 . A cooling device according to any
preceding claim wherein the high voltage source
comprises a medium voltage source, timing control
means (2-8) for timing power output from said source
in medium voltage pulses, a transformer (2-9) arranged
to convert the medium voltage pulses to high voltage
pulses and a rectifier (2-10) arranged to convert the
high voltage pulses to a unidirectional signal. 6 . A
cooling device according to claim 5 wherein the timing
control means comprises a transistor (Q2).7 . A
cooling device according to claim 5 or 6 wherein the
medium voltage source comprises a storage device (2-6)
for storing charge at medium voltage and which is
discharged by operation of the timing control means
(2-8). 8 . A cooling device according to claim 7
wherein the storage device is a capacitor (2-6). 9 . A
cooling device according to claim 7 wherein the
storage device is a bank of capacitors (2-6). 10. A
cooling device according to claim 8 or 9 wherein the
capacitor (2-6) is charged by a circuit comprising a
low voltage source (2-1), a pulse generator (2-2)
arranged to produce an alternating signal from the low
voltage source, a second transformer (2-3) arranged to
convert low voltage input to a medium voltage output
and a rectifier (2-4, 2-5) arranged to rectify
alternating signal input to direct current output. 11.
A cooling device according to any preceding claim
wherein the spark gap (2-13) comprises first (3-1 a)
and second (3-1 b) electrodes sealed within a chamber
and separated by an insulating gap. 12. A cooling
device according to claim 11 wherein the electrodes
(3-1 a, b) are dome shaped. 13. A cooling device
according to claim 11 or 12 wherein the electrodes are
made of chrome- or nickel-coated steel. 14. A cooling
device according to any one of claims 11 to 13 wherein
the chamber is filled with an inert gas. 15. A cooling
device according to claim 14 wherein the inert gas is
argon.16. A cooling device according to any preceding
claim wherein the emitter (2-12) comprises inner (3-2)
and outer (3-4) thin-walled coaxial tubes. 17. A
cooling device according to claim 16 wherein the
coaxial tubes (3-2, 3-4) are made from materials with
good electrical conductivity, such as a ceramic or
metallic material, and coaxially mounted about an
electrode connection lead. 18. A cooling device
according to claim 16 or 17 wherein the tubes have
internal diameters in the range 6 mm to 14 mm. 19. A
cooling device according to claim 18 wherein the tubes
have lengths in the range 7 mm to 20 mm. 20. A method
of generating a cooling effect, the method comprising
the steps of:- (a) Repeatedly applying a high-voltage,
unidirectional pulse of electricity between a pair of
electrodes in a gaseous environment, thereby causing
sparking between the electrodes; and (b) Diffusing a
cooling effect resulting from the sparking by means of
an emitter located in the vicinity of the electrodes.
2 1. A method according to claim 20 wherein the pulse
is of duration less than 100 ns and of voltage higher
than 3 kV. 


