SAFE DESMOPRESSI N ADM NI STRATI ON REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This applications clains the benefit of and priority to U S. Application
No. 61/ 139088W/078ibed Decenber 22, 2008, the conpl et e diPSTIUSSUMOO68962 Whi ch
is incorporated by reference herein. FIELD OF THE | NVENTI ON [ 0002] The
invention relates to conpositions and devices for intranasal adm nistration
of desnopressin so as to induce antidiuretic effects such as voiding

post ponenent in a patient while mnimzing the |ikelihood that the patient
suffers from hyponatremnm a. BACKCROUND OF THE | NVENTI ON [ 0003] Desnopressin
(1 - desani no- 8- D- ar gi ni PAKDESMQAPRESSINABVHNISTRAIHOMNal ogue of
vasopressin. Desnopressin has decreased vasopressor activity and increased
anti-diuretic activity conpared to vasopressin, and, unlike vasopressin,
does not adversely effect blood pressure regulation. This enables
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poor. Oral doses (pills) have a bioavailability far | ess than one percent,
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BACKGROUND OF THE INVENTION

[0003] Desmopressin (1-desamino-8-D-arginine vasopressin, dDAVP®) is an analogue of
vasopressin. Desmopressin has decreased vasopressor activity and increased anti-diuretic
activity compared to vasopressin, and, unlike vasopressin, does not adversely effect blood
pressure regulation. This enables desmopressin to be used clinically for anti-diuresis without
causing significant increases in blood pressure. Desmopressin is commercially available as the
acetate salt and is commonly prescribed for primary nocturnal enuresis (PNE) and central

diabetes insipidus.

[0004] Desmopressin is a small peptide and is characterized by poor bioavailability. For
treatment of severe illness such as cranial diabetes insipidus, it may be administered
intravenously or subcutaneously, routes which essentially are 100% bioavailable. When taken
in the commercialized dose forms of oral, sublingual and nasal spray delivery, bioavailability is
poor. Oral doses (pills) have a bioavailability far less than one percent, produce a wide range
of blood concentrations of the drug depending on many factors, and produce a generally
indeterminate duration of antidiuretic effect. Administration of desmopressin via the buccal
mucosa and trans dermally also have been suggested. Intranasal dosage forms have been
approved for treatment of PNE, but the commercially available product (Minirin™) has now

been declared to be unsafe for this use.



been declared to be unsafe for this use.[0005] Hyponatrema is a condition
in which the sodi um concentration in the plasma is too low, e.g. bel ow
about 135woniddzseebever e hyponatrem a can result in el e®CralSga09/068962
abnormalities that can cause cardiac arrhythm as, heart attack, seizures or
stroke. A hyponatrem c state in patients adm ni stered desnopressin therapy
occurs when the water channels in the kidneys of the patient are activated
by the drug and the patient consumes aqueous |iquids. This can but does not
al ways result in lowering of blood osmxality, |owering of sodium
concentration, and consequent neurol ogi cal danage. Sone patients on a
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fol d range. existing fo fatlons o esnopr essin have proven to be
adequat endenthenafiyerpaii deﬂnmpressin. As a result of these experiences, the U.S. Food & Drug

Administration recently has warned physicians that use of desmopressin should be curtailed,
that it is no longer indicated as appropriate for certain conditions, such as primary nocturnal
enuresis (PNE), and has "Black Boxed" the drug. The recent warning stated that “[c]ertain
patients, including children treated with the intranasal formulation of [desmopressin acetate] for
primary nocturnal enuresis (PNE), are at risk for developing severe hyponatremia that can

result in seizures or death.”

[0007] Currently, approved labeling for desmopressin administered intranasally for
treatment of PNE indicates bioavailability in the formulation is 3-5% and recommends dosing
10-40 micrograms per day. The average maximum plasma/serum concentrations achieved
(Cmax) With a typical intranasal dose (20 pg, 10 pg in each nostril) of desmopressin for PNE is
at least approximately 20-30 pg/ml, based on 3-5% bioavailability with a 6 to 10 fold range.
While existing formulations of desmopressin have proven to be adequate for many patients
when used for these clinical indications, variable efficacy and occasional hyponatremic

episodes continue to be problems related to the aforementioned variability.

[0008] U.S. Patent 7,405,203 discloses antidiuretic therapy methods and desmopressin
dosage forms. It discloses that the threshold plasma concentration for activation of the

antidiuretic effect of desmopressin in humans is very low, less than about 1.0 pg/ml, and based



when used for these clinical indications, variable efficacy and occasi onal
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pl asma concentration for activation of the antidiuretic effect of
desnopressin in humans is very low, |less than about 1.0 pg/m, and basedin
part on this observation, proposes the use and teaches how to nake and use
novel | ow dose desnopressin dosage forms that can substantially avoid the
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In less than about one half hour, desmopressin concentration is at its maximum of about 7
pg/ml, and urine production is suppressed. After two hours (one half life) the desmopressin
concentration falls to about 3.5 pg/ml, at 3.5 hr (second half life), concentration is about 1.75,
at 5 hr, approximately 0.85, and at 6 hours the concentration has fallen below the activation
threshold (in many patients about 0.5 pg/ml) and the patient is making urine normally. If he
retires at 11:00 PM, during the first six hours the patient makes little or no urine, his bladder is
essentially empty, and his urge to urinate is accordingly suppressed. By 5 AM or so, urine
production is restored and in an hour or two the patient wakes to urinate. As another example,
a small dose, say 2-3 pg/ml administered intranasally or through a trans or intradermal patch,

can induce safe antidiuresis for about three hours before normal urine production is restored.

[0010] Intranasal administration is an attractive dosage route, and if one could formulate an
intranasal dosage form that would consistently produce a desmopressin blood concentration
within or near the desired low dose range disclosed in the 203 patent, the incidence of the
hyponatremia side effect would be reduced or eliminated, and the drug could be used safely as
a convenience, as well as for the management of serious and bothersome conditions. While it

clearly is within the skill of the art to produce a low dose intranasal desmopressin formulation



production is restored and in an hour or two the patient wakes to urinate.
As anot her exanple, a small dose, say 2-3 pg/m adm nistered intranasally
or througwoaotwess6or i ntradermal patch, can induce saf eCaniseaoussdst s f or
about three hours before normal urine production is restored. [0010]

I ntranasal adm nistration is an attractive dosage route, and if one could
formul ate an i ntranasal dosage formthat would consistently produce a
desnopressin bl ood concentration within or near the desired | ow dose range
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disposable pump, and preferably one that can be actuated manually, such as a squeeze bottle
actuated dispenser, or a plunger pump fitted onto a glass bottle. The pump enables serially
dispensing multiple metered doses from the reservoir through the outlet in the form of a spray

into a nostril or nostrils of a patient so as to deposit a dose of consistent size onto an intranasal

mucosal or other surface.

[0012] Each spray comprises a multiplicity of droplets, preferably with an average volume
distribution in the range of 20 pm for D10 to about 300 um for D90. This means that about
10% of the droplets are smaller than about 20 um in diameter and 90% are smaller than 300 um
in diameter. Each spray dose is preferably of a weight and desmopressin concentration such
that it comprises between 0.5 ng desmopressin per kilogram of the patient’s body weight and
75 ng desmopressin per kilogram of the patient’s body weight. The spray is characterized by a
desmopressin bioavailability greater than about 5%, that is, between about 5% and 25% of the
active in the composition actually enters the patient’s bloodstream and contributes to the drug
effect, and the remainder is degraded, typically by digestion. Generally, the higher the
bioavailability of a spray, the less desmopressin per spray needs to be delivered into a nasal
cavity, and vice versa, the goal being to achieve more consistently a target desmopressin

maximum blood concentration (Cp,ax) in members of the patient population.



mucosal or other surface. [0012] Each spray conprises a multiplicity of
droplets, preferably with an average volune distribution in the range of 20
mm f or Divooteteabisass 300 nm for D90. This means that abo®RCTAB200/068962
droplets are snmaller than about 20 mMmin dianeter and 90% are snal |l er than
300 mMmin dianeter. Each spray dose is preferably of a weight and
desnopressin concentration such that it conprises between 0.5 ng
desnopressin per kilogramof the patient's body weight and 75 ng
desnopressin per kilogram of the pati em- s body wei ght. The spray is
characterized by a desnopressin bioavailability greater than about 5% that
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[0014] This consistency of bioavailability also is reflected in another property of dispensers
of the invention, namely, they serve to establish in a patient by drug transport across intranasal
mucosal membranes delivery of blood concentrations of desmopressin substantially directly
proportional to the mass of desmopressin dispensed into the nostril(s) of a said patient. This
permits self titration of the length of antidiuresis desired by a patient. Generally, the
desmopressin Cpyy 1 directly proportional to the amount of nasally administered desmopressin

over a Cpax ranging from about 0.5 pg/ml to about 10.0 pg/ml.

[0015] The value of the target Cp.x may be varied, depending on the duration of the
antidiuretic interval the dispensed composition is designed to induce. For example, a product
designed for a 7-8 hour interval of urine production suppression might be designed to deliver a
Cinax of no more than 15 +/- 3 pg/ml. Thus, by way of illustration, a 7 hour product designed
for children might have a bioavailability of 20% and a desmopressin load per spray of 0.75 ug
or 750 ng. This would mean that about 150 ng of drug would reach the patient’s bloodstream,
and that a 33 kg (~75 1b.) child would achieve the target C,,.x of about 15 pg/ml. Another
embodiment of the same product might have a bioavailability of 10% and a desmopressin load

per spray of 1.5 ug or 1500 ng, again producing about 150 ng drug in the patient’s bloodstream



sane target Cmax. [0014] This consistency of bioavailability also is
reflected in another property of dispensers of the invention, nanely, they
serve to wetatwi7sis6i n a patient by drug transport acros®Cirasec@aas®b2 micosal
menbranes delivery of blood concentrations of desnopressin substantially
directly proportional to the mass of desnopressin dispensed into the
nostril(s) of a said patient. This permts self titration of the | ength of
antidiuresis desired by a patient. Cenerally, the desnopressin Crax is
directly proportional to the anount of‘hasally admi ni st ered desnopressin
over a Cmax ranging fromabout 0.5 pg/m to about 10.0 pg/m . [0015] The
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adul t, andwhys ibyhivaow range tdre desmdzbtime pespd yechdel id0eniadtes, 240 rmnutes 300
minutes, 360 minutes, or 420 minutes. About twenty minutes after administration, the mean
urine osmolarity is greater than about 300 mOsmol/kg and remains at high concentration for a

period of time ranging up to 180 minutes, 240 minutes, 300 minutes, 360 minutes, or 420

minutes.

[0017] A primary and important property of the dosage forms of the invention is that they
consistently deliver per spray a maximum blood concentration within a relatively narrow time
and dose range, and therefore avoid or minimize accidental delivery of a larger dose resulting
in a longer than expected antidiuretic effect and the possibility of induction of hyponatremia.
Consistent delivery, as the phrase is used herein, should be taken to mean repeatable within a
range similar to the range observed when administering very low doses of desmopressin by
subcutaneous injection, or perhaps somewhat greater. Such consistency generally is achieved
more easily exploiting formulations with higher bioavailability, and accordingly a
bioavailability of at least 5%, preferably at least 10%, more preferably at least 15%, and
preferably even higher is preferred. Higher bioavailability is achieved by exploiting
formulation technology, especially the use of permeation enhancers, and by chemical

engineering of the spray composition as disclosed herein.



per adm nistration event. Typically, about 20 mnutes after adm nistration
of the pharnmaceutical conposition of the present invention, the nean urine
out put pewormmu7eeebn a treated individual decreases to PPesgstévancmbout 4

m /mnute, preferably I ess than about 1 mi/mn, and stays in this |ow range
for a desired tinme period, such as 180 m nutes, 240 m nutes, 300 m nutes,
360 m nutes, or 420 m nutes. About twenty mnutes after admnistration, the
mean urine osnolarity is greater than about 300 ng snol/kg and remai ns at

hi gh concentration for a period of ti rre7Tangi ng up to 180 mi nutes, 240

m nutes, 300 minutes, 360 minutes, or 420 minutes. [0017] A prinmary and
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and 7 hours. Maintaining the antidiuretic state for more than about 8 hours is not

recommended. The target patient population may be, for example, children, children weighing

less than 35 kg, children weighing between 35 and 50 kg, adult females, females weighing

between 50 and 75 kg, adult males, males weighing between 70 and 85 kg, or males weighing

more than 85 kg.

[0020] The currently preferred permeation enhancers for use in the formulation are “Hsieh
enhancers” (see U.S. 5,023,252) available commercially from CPEX Pharmaceuticals
(formerly Bentley) of Exeter, New Hampshire. Preferred within the class of Hsieh enhancers
useful in the articles of manufacture of the invention are those disclosed in U.S. 7,112,561 and
U.S. 7,112,561, and the currently most preferred are disclosed in U.S. 7,244,703, such as

cyclopentadecanolide, known in the trade as CPE-215. Many other enhancers may be used.

[0021] In some embodiments, the invention provides uses of the safety dispenser to induce
an antidiuretic effect. The dispenser and desmopressin formulation may comprise any of the
properties described herein. For example, in one embodiment, the desmopressin Cp.x is
directly proportional to the amount of nasally administered desmopressin over a Cp,x ranging
from about 0.5 pg/ml to about 10.0 pg/ml. The value of the target C,,.x may be varied,

depending on the duration of the antidiuretic interval the dispensed composition is designed to



di spenser, may be included together with nechani sns known per se designed
to preclude a second dispensing until passage of a predeterm ned interval,
e.g., 8 hwonsio/wsesonmewhere between 6 to 24 hours. SuchPaTmsSeda0689A2 can

di scour age abuse of the product and further mnim ze the chances that a
patient may inadvertently or intentionally self-induce antidiuresis for too
| ong. [0019] In various enbodi nents, the dispenser nay be fornmulated to

i nduce antidiuresis in a target patient population for |ess than six hours,
for between 2 and 4 hours, or for between 4 and 7 hours. Maintaining the
antidiuretic state for nore than about 8 hours is not recommended. The
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over a X ranging fromabout 0.5 pg/m to about 10.0 pg/m . The val ue of
t he tarq@hd&ﬁmmqmwm®@umapfﬁ@gnﬂﬁm@nd|ng on the duration of the
antidiuretic interval the dispensed conposition is designed toinduce. For
exanpl e, use of a safety dispenser described herein may produce
antidiuresis for |ess than about 8 hours, |ess than about 6 hours, for

bet ween about 2 and 4 hours, or for between about 4 and 7 hours. Another
exenpl ary use of a product may be DESGRHEHOAN deliver a

[0024] The term bioavailability is used to describe the fraction of an administered dose of
drug that reaches the systemic circulation. By definition, when a medication is administered
intravenously, its bioavailability is 100%. However, when administered via other routes, such
as intranasally, bioavailability decreases due to incomplete absorption and other factors. Thus,
bioavailability is a measurement of the extent of a therapeutically active drug that reaches the
systemic circulation and is available at the site of action. It differs widely depending on
chemical and physical properties of the drug in question and its route of administration. A
quantity of the composition of the invention administered intranasally refers to the quantity that
exits the spray nozzle and enters the nostril(s). A quantity of the composition of the invention
delivered refers to the quantity that actually reaches the bloodstream, i.e., becomes
bioavailable. Proteins and peptides are relatively large and fragile molecules whose activity
generally depends on their tertiary structure. The bioavailability of protein and peptide

therapeutics administered other than parenterally is notoriously poor and variable.

[0025] The coefficient of variation, C,, as used herein, refers to a number expressed as a
percentage that is a measure of the variability of the amount of and rapidity with which active
drug gets into the bloodstream when the same drug dose form is administered the same way, to

the same person over many administrations or to many different persons. A coefficient of



Cmax in a patient of no nore than about 15 pg/m, 10 pg/m, 7 pg/m, or 3
pg/ M . BRI EF DESCRI PTI ON OF THE DRAW NGS [0022] Figure 1 is a graph of nean
uri ne outwotoum7szesemre (600 m nutes) for nen and wonen t PERUSA00068962000 ng
i ntranasal ly adm ni stered desnopressin conposition of the invention. [0023]
Figure 2 is a graph of nean urine osnolarity vs. tine for nen and wonen
treated with the sanme conposition of the invention. DESCRI PTION [ 0024] The
termbioavailability is used to describe the fraction of an adm ni stered
dose of drug that reaches the system c %ircul ation. By definition, when a
medi cation is adm nistered intravenously, its bioavailability is 100%
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bi oavai l abil ity decreases due to | nconplete absorption and other factors.
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variation, Cv, as used herein ers toan rrber expressed as a perc nt age
that i sofsineasufeldof the variabil | ty of the amount of and rapidity with

whi ch active drug gets into the bl oodstream when the sane drug dose formis
adm ni spedReH t hithesastficiy of vapiatibe issaimlped Fom mystiredbiyodadntantstions i ons or
to many different persons. A coefficient ofvariation can be measured for
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Gener al avenous or cut aneous adm ni strati any drug WI Il have
an i nhep@dtlcteya kightd meas@edds, than an assay with a smaller error bar. When the measurements

are made at the lower end of the dynamic range of an assay, where the standard deviation of the
measurements is larger, C, as calculated based on the data will be larger than the C, of a larger

dose of the same drug administered the same way and measured using the same assay.

[0027] The term “permeation enhancer,” as used herein, refers to one or a mixture of
substances which when formulated together with a peptide active, such as desmopressin, have
the effect of increasing the fraction of the peptide applied to a nasal mucosal surface that
traverses the mucosal membrane and enters the bloodstream, i.e., increases bioavailability.
Many such permeation enhancers are known, as described herein. Generally, the addition of a
permeation enhancer to a peptide drug formulation designed for intranasal administration will
increase the fraction of peptide that reaches the circulation by at least about 25%, preferably at
least 50%, and most preferably at least about 100%. Thus, consider two intranasal
formulations of identical composition except composition 1 has no enhancer and composition 2
comprises an additional substance. If composition 1, when administered, results in a blood
concentration of 50 pg/ml, the substance falls within the definition of an enhancer if
composition 2 results in a blood concentration of at least 62.5 pg/ml (25% improvement). A
preferred permeation enhancer would produce a blood concentration of about 100 pg/ml (100%

improvement).



conpared with transdermal or oral adm nistration. Intranasal adm nistration
of desnopressin is characterized not only by poor bioavailability, but also
by a hi ghwQweoiofiissss t he commerci al ly avail abl e M ni ri n( PCTAB3@0/068962y
product on the basis of Cnax achi eved per nasal spray dose has a high Cv, 2
to 2.5 tinmes that of subcutaneous injection. Thus, two patient's of the
sane wei ght using the sane drug ostensibly the sane way may experience

wi dely varying bl ood concentrati ons of desnopressin, as measured, for
exanpl e, using Cmax, which may have a-f8nge of six to ten fold. [0026] The
coefficient of variation is calculated from nmeasured bl ood concentrati ons.
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[0029] The object of the design of the safety spray device is to assure to the extent possible
that a consistent low concentration of desmopressin (the “target concentration”) is delivered to
the bloodstream, e.g., generally not more that an amount sufficient to produce a maximum
blood concentration of 15 +/-3 pg/ml, and preferably less than 10 pg/ml. In many cases the

device will deliver an amount of drug which achieves a blood concentration of 5 +/-3 pg/ml or

less.

[0030] The technical difficulty of achieving this goal is presented by the low and variable
bioavailability of intranasally administered peptides, including desmopressin, by the very small
amounts of active being administered, and by the low target blood concentrations. To promote
consistent bioavailability, the concentration of active drug ingredient per spray and the mass
(amount or load) of active per spray must be controlled to control precisely the amount of
active that enters a nasal passage. This involves formulation of the drug and selection of design
parameters of the pump spray using known methods. However, the amount of active that
reaches the nasal mucosa can depend, upon other factors, on the physical composition of the
spray, i.e., total amount injected, fluid properties such as viscosity, the momentum of the spray,
and its droplet size distribution. These properties also are controlled by the chemistry of the

formulation and spray nozzle characteristics. Overlaid on these factors determining



preferred pernmeati on enhancer woul d produce a bl ood concentration of about
100 pg/m (100% i nprovenent).[0028] The invention herein provides

i mpr ovenawo0iwm7ems mopr essi N nasal spray devi ces char acPemiusee9nys962
delivering through the nasal nucosal surfaces and into the circulation of a
nore consistent as well as a | ower desnopressin dose so as to induce a
predetermned tinelimted antidiuretic effect. The nasal spray drug product
cont ai ns desnopressin and a nucosal pernmeati on enhancer which functions to
pronot e passage of the peptide drug thlbugh the nasal nucosa. The active
typically is dissolved or suspended in solutions or m xtures of excipients
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be cont ﬁﬂien?%tér%rﬁgt%gr ﬂlbeﬁtu%g.l fdaeaﬁy l{%edo@g%%nfd S%I)press urine production for at least
five hours, ideally six to six and a half, and possibly as much as eight. A product designed to
interrupt urine production for a few hours during the day, such as to take a car trip for three or
four hours, should interrupt urine production for two-three hours. At the end of the antidiuretic
interval the healthy body seeks homeostasis rapidly and urine is produced normally. Thus, the
urge to urinate returns in the next hour or next few hours. The products described herein of
course also may be used, preferably under the care of a physician, for more serious disease such

as central diabetes insipidus.

[0033] Of course, all of the times recited above are approximate, as the duration of
antidiuresis achieved in a given person taking a given dose will have a certain inevitable
variability. However, the intent and effect of the practice of the invention is to assure to the
extent possible that a dose designed to last overnight does not in fact produce only three hours
of antidiuresis, resulting in early waking, or involuntary voiding. More important, the effect of
practice of the invention is to minimize the possibility that the interval of antidiuresis lasts
unexpectedly long, e.g., 10 or 12 hours, resulting in an awake patient drinking liquids, and

possibly developing hyponatremia.



active that enters a nasal passage. This involves formulation of the drug
and sel ection of design paraneters of the punp spray using known nethods.
However, wbeosmosasb of active that reaches the nasal nu®cTaSee@/o689pENd,
upon other factors, on the physical conposition of the spray, i.e., total
anount injected, fluid properties such as viscosity, the nonmentum of the
spray, and its droplet size distribution. These properties also are
controlled by the chem stry of the fornulation and spray nozzle
characteristics. Overlaid on these factdrs deterniningbioavailability is
that only a portion of the fraction of active reaching the nucosa
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hours. mhmopmbdumh$vdd&umhbeﬁmmauhmnnnﬁyb@ﬂﬂsemamspnmmyn@enusadmngmﬂﬁerabIy
under the care of a physician, for nore serious di sease such as central

di abet ep)036Fi piTheirst two products exemplify alternative ways to achieve antidiuresis for the

treatment of nocturia in adult males. Both generate a C,,,x of about 5-8 pg/ml, but the first has
a 10 % bioavailability and delivers 1.0 to 1.6 ug desmopressin per spray, while the second has
a bioavailability of about 20%, so requires only about half as much active per spray. Both
deliver about 100 to 160 ng of drug to the patient’s bloodstream, and this amount circulates to
produce the desired blood concentration (Cpax). Exemplary product 3 is designed to treat
enuresis in children. If the child has an average weight of 35 kg, he or she will experience 5 to
7 hours of antidiuresis with an intranasal dose of 300-400 ng and a 15% bioavailability. This
will deliver 45-70 ng desmopressin to the child’s circulation and produce the desired 5-8 pg/ml
concentration that will fall below the threshold concentration as normal clearance mechanisms
reduce drug concentration until the threshold is passed five to seven hours later. Exemplary
product 4 is designed to induce short duration urine suppression in, e.g., females averaging 60
kg. In this case, the interval desirably is short, e.g., about three hours. This can be achieved by
intranasal administration of a dose that will produce a Cp,x of 1-2 pg/ml. This blood
concentration can be achieved reliably with proper use of a dispenser delivering a 100-200ng

load characterized by a 15% bioavailability. Products 5 and 6 illustrate still other products
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[0037]

Turning now to the details of the design of the safety dispenser, suitable drug

reservoir’s such as glass bottles and plastic squeeze bottles are widely available and used for

pharmaceutical dispensing. Preferably the reservoir and the spray pump are disposable. Finger

actuated pump sprays comprising plastic parts and metal springs are available commercially,

for example, from Pfeiffer of America, Inc, Princeton New Jersey. These are available in

designs to control drop size distribution to meet various specifications. For use in intranasal

products the pumps typically deliver a 100 pl load in a narrow spray pattern, although in

various embodiments of the invention the volume per spray may be varied, e.g., between 50 pul

and 150 pl. Many different such metered drug pump designs can be adapted for use in the

invention. Non limiting examples are disclosed in U.S. patent numbers 4,860,738, 4,944,429,
6,321,942, 6,446,839, 6,705,493, 6,708,846, 6,772,915, and 7,182,226.
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produce the desired blood concentration (Crax) . Exenplary product 3 is
designed to treat enuresis in children. If the child has an average wei ght
of 35 kg,wbeowvo7sise Wi || experience 5 to 7 hours of ant ipdirarse@oscssst h an

i ntranasal dose of 300-400 ng and a 15% bi oavailability. This will deliver
45-70 ng desnopressin to the child's circulation and produce the desired

5-8 pg/mM concentration that will fall below the threshold concentration as
normal cl earance mechani sms reduce drug concentration until the threshold
is passed five to seven hours later. énplary product 4 is designed to

i nduce short duration urine suppression in, e.g., females averaging 60 kg.
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in a narrow.spray pattern. Prefer L to pronote consistency, the spray
dol  vor SR B Y YRt Vb G e e S PG E At toRee activy
including analogs of active allelic variants of human vasopressin, and including other anions.

See, for example U.S. 3,980,631, and U.S. 4,148,787.

[0040] The composition also necessarily includes at least one substance that acts as a
permeation enhancer, that is, a substance which increases the net peptide transport across the
mucosal membranes from the nasal lumen to the capillary bed behind it. Many permeation
enhancers are known in the art, and there are many ways to formulate such enhancers with
peptide drugs so as to effectively increase their bioavailability. Permeation enhancers generally
function by opening the tight junctions formed between epithelial cells of the mucosal

membrane, thereby allowing diffusion of therapeutic agent into and through the membrane.

[0041] Significant research has been conducted to enhance bioavailability across nasal
membranes directed toward developing intranasal administration of insulin. See, for example,
U.S. 5,112,804 and U.S. 7,112,561. The learning from these efforts can be applied in the
formulation of desmopressin compositions to improved trans mucosal bioavailability.
Generally, the enhancers used to promote insulin transport are more effective to improve trans

mucosal desmopressin bioavailability as the target blood concentration of desmopressin is



droplets with an average volume distribution in the range of 20 mmfor D O
to about 300 mm for D90. This neans that about 10% of the droplets are
smal | er twearrosos16620 mm i n di ameter and 90% are snal | ePCTREBR08O689GM i N
dianeter. Qther distributions my be used. Very small droplets tend to be
i nhal ed and may or may not reach the circulation. Large droplets may not
penetrate the nostril lumen sufficiently and may result in | eakage and

| oss. Such netered punps assure that, with proper injection protocol, each
use results in expelling a netered amoldt and that a rel ati vel y const ant
amount ends up in contact wth the nasal nucosal surface. [0039] The
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called Anti-Diuretic Hornone, |-desam no-8-D arginine vasopressin, or
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of 1069.23. Drug grade material is wdely commercially available as the
acet at e[(0dR} . The peeneatoesnbprcessied in &s cospdsihien ef the inwheps ntag idclude any
desam no- 8- D ar gi ni ne, vasqgpressi n.and al.l other. such anal ogs _havin
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US 7,112 561. The learning fromthese efforts can be applied in the
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surfaces also may be adapted for use in the products of the invention. Non limiting examples
include bile salts and other fatty acids, sugar esters or sugar alcohol esters such as sorbitan
esters of long chain aliphatic acids (See U.S. Pat. Nos. 5,122,383; 5,212,199 and 5,227,169).
Membrane (skin) permeation enhancement using aliphatic alcohol esters of lactic acid is
disclosed in U.S. 5,154,122, U.S. 5,314,694 discloses use of esters of fatty acid alcohols, i.e.
lauryl alcohol and lactic acid. Potentially useful permeation enhancers include bile salts such
as sodium cholate, sodium glycocholate, sodium glycodeoxycholate, taurodeoxycholate,
sodium deoxycholate, sodium taurodihydrofusidate, taurocholate, and ursodeoxycholate,
sodium lithocholate, chenocholate, chenodeoxycholate, ursocholate, ursodeoxycholate,
hyodeoxycholate, dehydrocholate, glycochenocholate, taurochenocholate, and
taurochenodeoxycholate. Also useful are other permeation enhancers such as sodium dodecyl
sulfate ("SDS"), dimethyl sulfoxide ("DMSQO"), sodium lauryl sulfate, salts and other
derivatives of saturated and unsaturated fatty acids, surfactants, bile salt analogs, or natural or
synthetic derivatives of bile salts. U.S. 5,719,122 discloses polyglycolysed glycerides which
may be employed as permeation enhancers and include saturated polyglycolysed glycerides
consisting of Cs- Cig glycerides and polyethylene glycol esters, such as those available under

the trade names Gelucire RTM., e.g. Gelucire RTM.33/01, 35/10, 37/02 or 44/14; unsaturated



mucosal desnopressin bioavailability as the target bl ood concentration of
desnopressin isorders of magnitude smaller than effective insulin doses,
and desnowoessyaisics a much smal | er pol ypepti de (MN 1069 P¢3/US289858963 0042]
The perneation enhancer used in the conposition of the invention may
include any entity that is conpatible with peptide adm ni stration and
facilitates absorption of the peptide across the nasal nucosal nenbrane.
The currently preferred enhancers are the so call ed Hsi eh enhancers. See
U S. 5,023,252, 5,731,303, 7,112,561, -afd 7, 244, 703. These are macrocyclic
esters, diesters, am des, diamdes, am di nes, diam dines, thioester,
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acid derivatives, to promote efficient transport of the drug across the mucosal surface. The
disclosed compositions, which are generally water-based, have been demonstrated to be useful
for the intranasal delivery in humans of a variety or proteins and peptides, including insulin,
human growth hormone, and salmon calcitonin, and are potentially useful in the compositions

component of the dispensers of the invention.

[0045] It is very difficult to predict which enhancer will work best for a given drug. For
permeation enhancement of desmopressin, the actual effectiveness of an enhancer should be
verified by routine experiments of a nature well known to the skilled artisan, e.g., using the
porcine or rat model. The amount of permeation enhancer included in the formulation
component of the present invention will generally range between about 1 wt % to about 30 wt
%. The precise nature and amount of enhancer will vary depending on, for example, the
particular permeation enhancer or enhancer composition selected, and on the nature of other
components in the formulation. Thus, the concentration of the permeation enhancer within the
medicament medium may be varied depending on the potency of the enhancer. The upper limit

for enhancer concentration is set by toxic effect to or irritation limits of the mucosal membrane.



derivatives of saturated and unsaturated fatty acids, surfactants, bile
salt anal ogs, or natural or synthetic derivatives of bile salts. U S.
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doses both inter patient and intra patient.

Example of formulation testing protocol

[0047] This example describes how to test a given candidate formulation for efficiency in
transport across nasal membranes. It assumes testing of compositions comprising water
soluble permeation enhancers “A” and “B” and seeks to measure the fraction of desmopressin
that permeates the nasal mucosa and enters the bloodstream in a low dose range, and how this
bioavailability is altered as a function of the identity and concentration of these different

enhancers.

[0048] Thus, by way of example, four formulations may be prepared having the following

compositions.
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conpr i st ofateach candidate composition is applied to a nostril in each of three anesthetized rats,

weighing, for example, between 225 and 250 grams. Blood is drawn prior to dosing and at 10,

20, 40, 60, and 120 minutes after dosing. The desmopressin concentration of each blood

sample is determined using, for example, an immunoassay with sufficient sensitivity at the low

pg desmopressin concentrations in the samples. From these data Cp,x can be calculated for

each formulation and all compositions tested can be rated for efficient passage of desmopressin

across rat nasal mucosal tissue. Promising formulations can be tested further, e.g., by

introduction of a spray of a given formulation, volume and desmopressin concentration into the

nostril of test pigs. Again, blood samples are drawn and Cy,,x, AUC, or other measures of drug

bioavailability can be determined. These data, in turn, permit preparation of test formulations

for use in a phase I clinical trial, with the goal of designing a safety dispenser which when used

correctly consistently produces a desmopressin drug concentration within a low dose target

concentration rang

c.

Exemplary formulation

[0050]

Emulsion Stock Solution To produce an emulsion stock solution, the following

ingredients in parts by weight are added to a vessel equipped with a stirring bar, and mixed for

15 minutes at 60-6

5°C.

[0047] This exanple

) Sff (Ieisﬁ’lio

conpos



sol ubl e perneati on enhancers "A" and "B" and seeks to neasure the fraction
of desnopressin that perneates the nasal nucosa and enters the bl oodstream
in a | owwoselwEsye, and how t his bioavailability is al reras2@9/0e896uncti on
of the identity and concentration of these different enhancers. [0048]
Thus, by way of exanple, four fornulations nmay be prepared having the
foll ow ng conpositions. Nasal fornulation test conpositions [0049] A | Ol
drop of each formulation will contain 0.02 ng (20 ng) of desnopressin. A
drop of a each candi date conposition r§9applied to a nostril in each of
three anesthetized rats, weighing, for exanple, between 225 and 250 grans.
Bl ood is drawgy partsQorti@n dHol@rA0 65 fah-2b9 aqit@us dQutiéiP12aRgmtY0 m nutes after
dosi ng. The desnopressin concentration of each blood sanple is determ ned
using, for exanple, an imunoassay with sufficient sensitivity at the | ow
pg desnopr ess? pagordpiorbae 2O nEwean-ihaquenwp selytior(hmeimleése data Cmax can be
cal cul ated for each fornulation and all conpositions tested can be rated
for efficien - ' r asal nucosal tissue.

Prom si ng fo%%gﬁ%ﬁ?%ﬁgﬁ%gﬁgﬁgaﬁég?ggﬂkggﬁﬁgﬁfﬁg&g?, by introduction of a
spray of a given formulation, volune and desnopressin concentration into
the nostril 600 pastcyplogentadkganalidefCBBL 1Sangpleoss anelsthnahd medl)Crax, AUC, or
ot her nmeasures of drug bioavailability can be determ ned. These data, in
turn, permt_preparatjon test fo | at.ions for use in a phase | clinical
trial, with md%ﬁﬁ“%feb§§9§ﬁpﬁﬁ°Q£E%¢éP§edispenser whi ch when used
correctly consistently produces a desnopressin drug concentration within a
| ow dosafieam@ahg BRIkt 19 Romagezed mXRERI ALY sfeol Mik@td 45500 RPOY+ Esrlosi on
St ock Sol ution %o produce an enul sion stock solution, the follow ng

i ngr edi éhpanytes togyedicpy figsicghdsian eThig selytionisauinstyed teapsiissEdilifii-t h a
stirring bar, and m xed for 15 mnutes at 60-65 0C. 180 parts sorbitan

nonol au (S : L t bate 20
(Tocen: 085 Fhoodnief SRR Py AR ool ol Rl e BIoVIRK cove

enul si oingfcdtents imant by weight are added to a vessel equipped with a stirring bar, and mixed for

5 minutes at 60-65 °C.
6200 parts water
16 parts anhydrous citric acid aqueous solution (1.85 mg/ml)
76 parts sodium citrate, dihydrate aqueous solution ( 8.9 mg/ml)

104 parts Polysorbate 20 (Tween-20) aqueous solution (12 mg/ml)
Water to produce 8,500 grams total batch size

[0052] Desmopressin Solution To produce a desmopressin stock solution, 0.111 part

desmopressin acetate trihydrate is added to sufficient buffer stock solution to produce 100.0 ml
of solution, and stirred until all the desmopressin is dissolved to produce a stock solution
having a concentration of 100 ug desmopressin/ml. From this stock solution a 10 pg/ml

solution was prepared by dilution.

[0053] Aliquots of the 10 pg/ml solution were filtered to eliminate any bacterial
contamination and diluted with an equal volume of emulsion stock solution to produce aseptic,
preservative free dose forms comprising 5 pg/ml desmopressin, pH 5.5, containing 2%
cyclopentadecanolide. These were bottled in sterile pump spray bottles fitted with a Pfeiffer

APF pump sprayers that deliver 100 pl per metered spray, or 0.50 ug desmopressin, or 500 ng



600 parts cycl opent adecanol i de (CPE-215) aqueous emulsion (40 ng/m) Water
to produce 1,500 grans total batch size After mxing the preparation is
honogeni 2w0 2080016268 hi gh speed m xture at 6500 RPMW+ f or PROAUS2H9MH8%6L €S t O
produce a fine enulsion. This solution is autoclaved to assure sterility.

[ 0051] Buffer Solution To produce a citric acid buffer stock solution, the
followng ingredients in parts by weight are added to a vessel equipped
with a stirring bar, and mxed for 5 m nutes at 60-65 0C. 6200 parts water
16 parts anhydrous citric acid aqueous?Qolution (1.85 ng/m) 76 parts
sodiumcitrate, dihydrate aqueous solution ( 8.9 ng/m ) 104 parts

Pol ysor BadfopeQd sﬁfBé? ?ﬂ}aﬁ OThéiﬁlél{ﬁ@ WSk Wb ldeRctabié rMBEIBran}dhise THe QoRIRGIHERY

8,500 granms total batch size [0052] Desnopressin Solution To produce a
desnopr @@slnahlesqh@msa@g IPégtiffonAPB pmmprome%@nﬁpn@gsﬁhﬁt preeandst ackfilliofdrate i s

added to s cient b t k _sol ntao 100..0 m sol ption,
oot PodhayefBinifitd £ Bbfepah Mh! FngPullsA BETea S Bali s Mo dRat

sol uti oftefityidT@ach &3BARPENBYI TResefwetOfsig dAERIRRE &S&dtEhhiThe thEm®Bdt hi s st ock
solution a 10 ng/m solution was prepared by dilution. [0053] Aliquots of

the 10 fRjcAntraiiontbeotelinercd. durptiy Eantidivessisiheatrbagmgeolietie progerties, etc., as
cont am pati an 4 d| luted with an equal volune of emnul sion stock solution
to produce aseptic, preservative free dose forms conprising 5 ng/m

desrmpre qnt algni ng 2% cycl opent adecanol i de. These were
bottled—i@ﬁ%—é@%—%&é&—%@m% fitted with a Pfeiffer APF punp
sprayer t delj.ver 100 per ered s r. 0,50 esno ssin,
500 ngd@!’ﬁgﬁr edsfh lﬁ%lrs%dér“é’;ﬁg arfety bﬁﬂ?‘ﬁerc‘gﬂ?‘éyﬁég tHB”HéPg‘%l éjﬁﬁFrébé% Hoe

m croor Hﬁfﬂjn%d?ﬁaduﬂ%ﬁb CQTTRS Gladk 10adaY dhleaRhns@sPanallses Mfinid&Ed APF punp

conpri ses a nechani sm that prevents backfill of potentially contam nated
air aft enranmllpuﬁﬁomagtobwﬁ ngdbuatodfduaspdaysh prodoeddrntidnsetsuddEctrin iaalose

sterility of. e nsed. Thes re te t o det er,m ne
The bl oBPRUISERNEPASTEIS [RATRREM ouran 2 HTSuror <G bhRe i tali S TG
phar macakmn®biCl.p5 aP&olut €3 pg/ailC Nondsf the test subjects exhibited any drug related

decreases in serum sodium.

[0055] The open-label preliminary study of the effects and pharmacokinetics of the
prototype dispensers was conducted with six male and six female healthy, water loaded, non-
smoking volunteer subjects, following the protocol described generally below. In summary,
each subject was dosed up to four times over a period of one week with dosing administered
every other day. On days one, three, and five subjects were dosed intranasally with escalating
doses of the low dose desmopressin nasal spray formulation described above. On day seven,
subjects were given a single bolus injection of low dose desmopressin either intradermally or
subcutaneously as a comparison. All subjects were screened prior to the first treatment,
including evaluations of medical history, complete physical exam including nasopharyngeal

exam, serum chemistry including serum osmolality, urinalysis including urine osmolality.

[0056] On day one all subjects were asked to have his/her morning void prior to breakfast,
and thereafter subjects started the water loading process. Water loading assures that a patient is
not generating endogenous vasopressin, and accordingly permits isolation of the effect of
exogenous desmopressin. To achieve a steady state diuresis, the subjects were directed to drink
a volume of water corresponding to at least 1.5% and up to 3% of body weight. The water
loading process started about two hours prior to the dosing of the first subject. Subjects were

asked to void every 20 minutes. To ensure continuous water loaded state, the subjects replaced



set forth below. dinical Testing of Prototype Product [0054] A clinica
study using a safety dispenser enbodying the invention described above in
human aduwo 2810j7626bs i n a wat er | oaded st ate denonstr at @dTiUs2009068963

adm nistered intranasally of 500 ng to 2000 ng (one to four sprays)
produced antidiuretic effects in a dose proportional relationship for
durations of from2 to 7 hours. Peak bl ood concentrations ranged from about
1.25 to about 10 pg/m . None of the test subjects exhibited any drug

rel ated decreases in serum sodi um [OO@B} The open-1abel prelimnary study
of the effects and pharnmacokinetics of the prototype di spensers was

conduct ggiWirinBrySdutpuTab 8 lvﬁﬂpanséqzﬁi\fa?ém h@ohRarirhyd. INRh&ble 18848/ noh fRRagATKI NY

vol unteer subjeécts, follow ng the protocol described generally below. In
summar yor kakhed ubjher thewamatjosdputupteteycdeded 19 mtszindv bwo eonsequitivd of one week

w th dosing adnm njst.ered ever ther day, On.d one, three,. and five
subj ect TeARraNT SN P ra e B iR St ihess ShbfNbee
desnopr gagitdindbisahe §Rfealoatied fbileatittoaudhesdi FlaRbinaRe versuNuidayssseven,
subj ects were given a single bolus injection of | ow dose desnopressin

ei ther [gasypdergmh |51ij9c!t_t1§éﬁll%btcﬁﬂ€@ﬂ§ﬂaﬁasﬁﬁy %viﬁQJﬁE%fafa%Q[‘OO ﬂ éon@iﬁﬁh@@?ﬁlg"’er e
screened prior to the first treatnent, including evaluations of nedical
hi st or yof deomobesssginpdiythé oadal spranfarmolatidh iy theagbporleftmgetal. Exiaeyvolwercums

chem stry inc)udj.ng. serum o laljt ur.i nal ysi.s incl uding,urine

ool i st R SR g Y ST AR el e B ey 1,

nor ni Ngdyhgl t®tHeQlmd MeRuBBKS Asrine cubsht kheme ad baelisdIRir@atySouspanédeditahe wat er
| oadi ng process. Water |oading assures that a patient is not generating

endogeneifsedsakibipk-&sighie, in dide eenseeudivaglymipeiermeasueaents) Poti dese- t3rsumf f ect of
exogenoys, 4eSUORA SSELM wel nPEAIEY Fridk SLERTY a5 AL b YhE R B urs' 3§ WD) €cts
ed- to rmn a volune O C 0 ea

were direc wat er rrespondr ng a st 1.5% and

ot or ¢ UERL adtiRE B s oTp B SRR PR aBRERRS SRE Hedd ™ 40 2 ver y

20 m NuiRS6 hdlts PPR WS, THY JeRePrhS bidt 8impRadett efliRt®d at &iRh $iuky REAES The
repl acedtheir urinary output |oss with an equival ent anount of fl uid.

| nsensi pANSeRtERSioNQ4 deripePras s tireeetarminasyat vlidatgdandip amynpasary 1bat put rate
exceedego&gntgt{omo@ d%ﬁnéﬁ?@ss?nqﬂsp?gsﬂ{ai WS analyzed for the individual volunteer in each
group, by use of non-compartmental methods using the commercially available software
WinNonlin™Pro, ver. 3.2 (Pharsight Corporation, USA). A plasma concentration value below
the limit of quantitation (“LOQ”) followed by values above the limit was set at ‘LOQ/2’ for the
analysis and for the descriptive statistics on concentrations. Values below LOQ not followed
by values above the LOQ were excluded from the analysis, and set to zero in the descriptive

statistics on concentrations.

[0059] On days two, four, and six the subjects fasted beginning at 8§ pm until breakfast the
following day and were encouraged to drink one to two liters of water between 7 pm and 9 pm.
Thereafter, they were to drink fluid ad libitum until the start of the water loading on the next

day.

[0060] On day three, the subjects received one spray of desmopressin nasal spray
formulation in each nostril (total volume of 200 ul equivalent to 1000 ng of desmopressin).

Other than the dose level, all procedures were the same as those described for day one.

[0061] On day five, all subjects received a total volume of 2000 ng of desmopressin (one
nasal spray in each nostril followed five minutes later by a second spray in each nostril). Other

than the dose level, all procedures were the same as those described for day one.



measurenents (defined as water | oaded state) in the subjects, dosing began.
Subjects were maintained in the water | oaded state with equivalent fluid

i nt ake veweusi10fd7sded | oss. [ 0057] Each subject then was @ocgasemsseasal |y
with one spray (100 ml containing 0.5 ng of desnopressin) of the nasal
spray formulation in the right or left nostril. Urine volune was neasured
in 20-mnute intervals fromthe start of water |oading (at |east two hours
prior to dosing) to the time the subject's urine output returns to baseline
(urinary output |evel that exceeds 10-A%fnminute in three consecutive

20- m nut e neasurenents) post dose. Serum osnolality and sodi um were

nmeasur efhogl] or GPIACRVEY RRE nfile #d threcFe@E sBbjBAYERRREh sHRREo1NV058] Bl ood
sanpling for pharmicoki netic determ nations was perforned at 1, 1.5, 2, 3,
4 and 6intradersnap ogectivo 9€ desmmpressingelutiontsl Houl efdhp lgsnlwelugion glitizelcridodR0each
time point,. The concentrati of desnppressin was detern ned by .a. validated
o o+ BvoRee0RF NG RanE Bty RERTBR IR, VBRSPS AR BB 5 2 e
for theof ddimepebuah (V30 WSfees /Ml saletiod EQUPalektio USE n@bf A&RIPAPIAY. IOEa! al

met hods using the comercially avail abl e software WnNonlin(tmPro, ver.

3. 2 ( Phthesithgrdosmgrissmdagm ol prosauresavese Herrameds deseribad podayaftie bel ow t he
limt of quantitation ("LOQ') foll owed by val ues above the Iimt was set at
' LOQ 2' [0068] t hé’harmdopkinstiaparameters Werediesived frpinvke gxdatidu icencenmation of
concentrations.. Val ues ,bel ow L not f.ol | owed val ues. abo wer e
el uae TR s R SR T e RoBRs s PERS PR Rior BRI at B s
on conceplr akisansalubORES) tKlikaYs détdrion’ sfuhe d@RbpSdsXintimenmbRiseets . Iast ed
begi nning at 8 pmuntil breakfast the follow ng é)ay‘and were encouraged to
dri nk oRg/mlbwesgsel ¢quak to zgfo iga PRPORRSIORAESTAZING FPRGFHIAI Y APkt wiyas delov they
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next day. ][ 5 ay three, the subjects recelved one spray o

desnopr gaBking hfws purpppésayf chrubtihatieohUCH Blashcomesitrdtion (nicakwkemends diven ok 200
m equiyal ent to 1000 ng of desnopressin). Qther than the dose |evel, all
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five, akiy-sHR Raifonaaflyéidetife@iRnat O bt EtRleadiiAP Atabinhi SR $FPRE RSS! N (one

evaluable for Ty, or AUC, a hypothesis was made that for a given subject, the half-life would
be consistent from treatment to treatment. Therefore, as long as one of the three treatments
generated an evaluable terminal half-life, that value could be used to extrapolate the AUC for
the treatments that did not have evaluable half-lives. Accordingly, an average terminal half-life
(Avg T12) was calculated for each subject that included a treatment with evaluable half-lives in
that subject. Ten of the twelve subjects had half-lives evaluable for at least one treatment. The

AUC could be calculated for each treatment and subject using the calculated average Ty, value.

[0064] It was determined that aside from one anomalous patient, all 11 patients in the study
had peak desmopressin drug concentrations at the 2000 ng dose level of between 3.9 and 10
pg/ml. Furthermore, 9 of the 11 achieved drug concentrations between 5.18 and 8.4 pg/ml.
This alone illustrates the consistency of the blood concentration achieved using the prototype
dispenser described above. Furthermore, as a result of the study, the following AUC and C,.x
values were calculated. The calculated coefficient of variation of each data point is indicated in

parentheses.
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for the 1000 ng dose (5 1.6%) is only about 30% greater than coefficient of variation of Cp,,x of

a dose of desmopressin administered subcutaneously and designed to produce comparable low

blood concentrations. The measured coefficient of variation of C,,,x of desmopressin

administered intranasally using the dispensed composition of the invention for the 2000 ng

dose (36.0%) is about equal to the coefficient of variation of Cpx of the subcutaneous dose.

These preliminary data support the hypothesis that the formulation of the invention indeed is

characterized by a coefficient of variation of C,,,x comparable to that of subcutaneous

desmopressin doses designed to achieve a comparable low blood concentration. This is in

sharp contrast to commercially available intranasal desmopressin dose forms which, despite

being designed to deliver far higher blood concentrations, have a much higher variation in Cpax,

a variation that contributes to the stochastic induction of a hyponatremic state.

[0066]

Second, note that both AUC and C,,.x produced by this formulation dispensed

intranasally in accordance with the invention appear to be directly linearly proportional to dose.
Thus, the 1000 ng intranasal dose yields a Cpax of 2.79 +/- 1.44 pg/ml, while the 2000 ng dose
yields a value of 6.24 +/- 2.25; the 1000 ng intranasal dose results in an AUC of 5.36+/-

5.92,which is approximately doubled to 11.594/-7.9 when the dose is doubled. This suggests

9 of the 11 achieved drug



val ues were cal cul ated. The cal cul ated coefficient of variation of each
data point is indicated in parentheses.[0065] Two concl usi ons may be
derived fwomtidnasmwedata. First, the coefficient of vari @Ciras2ab/ocvex of
desnopressin adm nistered intranasally using the safety di spenser of the
invention for the 1000 ng dose (51.6% is only about 30% greater than
coefficient of variation of Chmax of a dose of desnopressin adm nistered
subcut aneously and desi gned to produce conparable | ow bl ood concentrations.
The measured coefficient of variation-éf-Crax of desnopressi n adm ni stered
intranasal ly using the di spensed conposition of the invention for the 2000
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output for male and female subjects. As evidenced by the data, the urine output fell to less than
8 ml/minute within 20 minutes after administration of the desmopressin by nose (in water
loaded individuals). Urine output remained less than 8 ml/minute for a period ranging up to
about 400 minutes after administration. Figure 2 shows the mean urine osmolarity for the same
group of male and female subjects as in Figure 1. Urine osmolarity increased to greater than
about 400 mOsmol/kg within 40 minutes after administration of 2 pg of desmopressin nasally

and remained greater than about 400 mOsmol/Kg for about 250 minutes after administration of

the desmopressin by nose.

[0069] A second separate study in adult patients with nocturia established that doses of 500
and 1000 ng (one or two sprays administered intranasally) produced dramatic therapeutic
decreases in the number of night time urinary voids equal to or less than one per night in 41 of

43 patients. Serum sodium levels remained within normal limits throughout treatment.

[0070] The disclosures of all of the patent publications referred to herein are incorporated

herein by reference.

[0071] Other embodiments are within the following claims.



enbodyi ng the invention provides inproved, nore reproducible

phar macoki netic paraneters at relatively consistent | ow bl ood
concent r awpansy/075%d del i vers a Cnax proportional to thePdodssotadssont st ered.
[ 0068] The urine output and urine osnolality was neasured just prior to
nasal adm nistration of 2000 ng of the pharmaceutical conposition of
desnopressin and for a period of up to about 10 hours (600 m nutes) after
adm nistration. Figure 1 shows the nmean_urine output for male and fenale
subj ects. As evidenced by the data, thédurine output fell to |ess than 8
mM/mnute wwthin 20 mnutes after adm nistration of the desnopressin by
nose (in water |oaded individuals). ¢&fhpgrsoutput remained | ess than 8
m/mnute for a period ranging up to about 400 m nutes after

adm ni sgrati i ] rd it ] roup
of mal erl'and %125 r%}gellt:%gl{ségﬁs%ciﬁ)g %\Q@C]itng%%@ggqug@raﬁﬁwgg{%flg? ?I%ntl}drl}grre ggg%e to
gr eat er whilaredabingtthehG<k it ssmoinb&gpfwhd populaddnmayudeslopfiyponactmiaitbt r at i on of
2 ng of desnopressin nasally and renai ned greater than about 400 mOsnol / Kg
for abofSPIBE SAMISEE after adni nistration of the desmopressin by nose.

[ 0069] A second separate study in adult patients with nocturia established
that doses of rESOUYOHAGVIIEOBSPREFI HHEINDT CRMRPSEINLPEPHAINEH e BPRESS Mt r anasal | y)
pr Qducegreg{,aa@ﬁ ki RREAREHbI: SEGRERSE Suldhclf o URRER Ol QLARD iR T narY
voi ds equal to or less than one per night I'n of 43 patients. Serum
sodi um mettgllsdugniebaseshidvkdrhpositivor chatacterized by b ldeonigirensin bivaailnitity. grief6i7 0]
The di S&I&og%es of all of the patent publications referred to herein are

i ncor pol'dtt@d”>herei n by reference. [0071] Other enbodiments are within the
foll owi ng cl al sEEA NMandnichical &l Yaidkspriager for inducing in nmenbers of a
patient population an antidiuretic effect while reducing the risk that a
menber of t henpopallyatdtowabhayurde falsopallydispeating hicen saitheesdivepeahmegh said

Goamopr BUB g SRR P S oha SRR atirad B AP aR ehRARLE O ogh
amount sgf §grgy,ent to constitute
respective doses of spray being restricted within the range of 0.5 ng desmopressin per
kilogram of the patient’s body weight and 75 ng desmopressin per kilogram of the patient’s
body weight so as to achieve a target Cy,ax in members of said patient population less than 18
pg/ml of blood,
respective successive spray doses of the same volume being sufficient to establish in a
said patient by drug transport across intranasal mucosal membranes delivery of a maximum
blood concentration (Cpax ) of desmopressin having a coefficient of variation similar to the
coefficient of variation of C,,,x produced by a subcutaneous dose of desmopressin designed to

achieve the same target Cax.

2. The dispenser of claim 1 wherein respective successive spray doses establish in a said
patient a C,,.x of desmopressin having a coefficient of variation within 50% of the coefficient of

variation of said subcutaneous dose.

3. The dispenser of claim 2 wherein respective successive spray doses establish in a said
patient a C,,.x of desmopressin having a coefficient of variation within 25% of the coefficient of

variation of said subcutaneous dose.



mul ti ple drug doses, said conposition characterized by a desnopressin

bi oavail ability greater than 5% an outlet in comunication with said
reservoi rwoaorentsmbl y act uat abl e punp for serially di speagiusgonesysai d
reservoir through said outlet, and to an intranasal surface of a patient,
measur ed doses of said conposition in the formof a spray, respective doses
of spray being restricted within the range of 0.5 ng desnopressin per

kil ogram of the patient's body wei ght and 75 ng desnopressin per kil ogram
of the patient's body weight so as to-&Bhieve a target Cmax in nembers of
said patient population |less than 18 pg/m of bl ood, respective successive
spray dgses 9he BRFerR&MBY MQloHEBr BgInMTI -3 WiHekdih @pediRe 88 ERNiTSHriyUResai d
patient by drug transport across intranasal nucosal nenbranes ‘delivery of a
maxi munessidich it o saé paticnt B G drdesmpprgssinl gsyoprssiysiyrmdhmanistarpdalosesethitivanent  of
variatiﬁn siqjég{ngﬁo&he coefficient of variation of Crax produced by a
subcut anedt§osé desmopressin designed to achi eve the sane target Cmax.
2. The dispenser of claim1l wherein respective successive spray doses
establ i sh i nTRe §Rp&hsPASA it AwhdRi RipelERRREEI S RpRYULAY cBtabREf ihiaGhgnt Of
variation within 50% of the coefficient of variation of said subcutaneous
dose. 3patiEhebyingpemskdelokrycd Gimnof demeonaessirigspectiivay sdmoeseied dospithay doses
establish in a saigwpgikgnt a Cmax of desnopressin having a coefficient of
vari ati OHY W ERITOSE % he coefficient of variation of said subcutaneous
dose. 4. The di spenser of any one of clains 1-3 wherein respective
successgve SPRAYisHARESreRY BRE bBMain A5SAHefkiRAsh&ye ulRBtyOfpraeddPPr essin
in successively adm ni stefed doses that vary by no nore than I00% 5. The
di spensettatdish ¢ aiard patidne péimax ofetcpmopicssen sitboewwiof ¢hasiotlayingddesd est abl i sh in
a said

atient. by intranasa | i ver spppressin in
SuccessTaer Lt LROR BLedTowdiSt Yoo Bp B e B0 RAN 503
7. The dispenser of any one of claims 1-5 wherein respective doses of spray are restricted

to achieve a target Cp,.x in members of said patient population less than about 15 pg/ml of

blood.

8. The dispenser of claim 7 wherein respective doses of spray are restricted to achieve a

target Cpax in members of said patient population less than about 10 pg/ml of blood.

9. The dispenser of any one of claims 1-8 further comprising means for blocking
dispensing of a second said desmopressin dose from said reservoir for a predetermined time

interval after dispensing a said dose.

10. The dispenser of any one of claims 1-9 formulated to induce antidiuresis in a target

patient population for less than about six hours.

11. The dispenser of claim 10 formulated to induce antidiuresis in a target patient

population for between about 2 and 4 hours.

12. The dispenser of any one of claims 1-9 formulated to induce antidiuresis in a target

patient population for between about 4 and 7 hours.



6. The di spenser of any one of clains 1-5 wherein respective successive
spray doses establish in a said patient a Chrax of desnopressin wthin one
of the fowbawiongsisbood concentration ranges (in pg/m ofPChluseapeges, 2-5,
3-6, 4-7, 5-8, 6-9, 7-10. 7. The dispenser of any one of clainms 1-5 wherein
respective doses of spray are restricted to achieve a target Cnax in
menbers of said patient population | ess than about 15 pg/m of blood. 8.

The di spenser of claim7 wherein respectlve doses of spray are restricted
to achieve a target Cnax in menbers of 2éaid patient popul ation |ess than
about 10 pg/m of blood. 9. The di spenser of any one of clains 1-8 further

conpri sifg n?ﬁ@&wﬁ&%wﬁﬂﬂ%ﬁ§bﬁgoﬂﬂﬁﬂ&ﬁﬁﬂ@ﬂmﬁﬁﬂﬁe&ﬁﬁ@ﬂ ﬁ&ﬂk@uﬁ%ﬁﬂ?@é&é@'n dose

fromsaid reservolr a"predeternmned time interval after dispensing a
sai d dofem dl@idrenh@nwr@pwmgbmgdftssam ?cin@ Ghll@bmwmhlnyaeﬁmqnﬁ%a@oﬁ(lkg i nduce
anti di ur r ati.ent p $3 t han ab ut six _hours.
T Theni Bahlard ety RAET ke R BhVEE Daa s anbrRr sRBEe RV eBPhr Go

pati ent 7peRuUSRks,eRd haledoedivkian naiotian 35ard 4 hours 12. The di spenser of
any one of clainms 1-9 fornulated to induce antidiuresis in a target patient

popul ation for between about 4 and 7 hours.13. The dispenser of any one of
claims 14.12 The duspensedoffany oae phelgens bdpabmpiivng s erdpladtyfof drapdéts athen,

cdul ¢ el A2 alts T ARk h RSP EEH B ARGl s
wei ghi ng betmeen 70 and 85 kg, and nal es wei ghing nore than 85 kg. 14. The

di spenses  of Tﬁ@bﬁsﬁﬁﬁeﬂff a5l 3nEBf dinthd COMMRINGi@p Metah@ﬂ érﬁiah&'erqg sJEQR] et's
wi th an average volunme diStribution in the range of nmm for DI Oto about

300 nn1ﬁonnhggmmm5onﬂﬁggdﬁ$m@nsarh@¢M@ﬁyhgmﬂsGmndﬁadmgniﬁlmnmhgﬁeln said
perneatlon nhancer fro rou onsi sting of macrocyclic
esters, @P%?gum?ﬁ¥d% 1mﬁ&§§ﬁﬁﬁgnyg. gﬂ%égrgﬁf£ﬁ§dlnes t hi oester,

dithioester t hi oam des, ketones or lactones. 16. The dlspenser of any one
of claing 1-%he WRFEREMDSAY SnE BIPARAL 1-98 Whirdk @i @esBpbZEsh R¥h&racterized by a

desmopressin bioavailability greater than 10%.

17. The dispenser of claim 16 wherein said composition characterized by a desmopressin

bioavailability greater than 15%.

18. The dispenser of claim 17 wherein said composition characterized by a desmopressin

bioavailability greater than 20%.
19. The dispenser of any one of claims 1-18 being free of preservatives.

20. The dispenser of any one of claims 1-19 wherein said pump prevents backfill of

bacterially contaminated ambient air after a dispensing of said composition.

21. The dispenser of any one of claims 1-20 wherein said dispenser establishes in a said
patient by drug transport across intranasal mucosal membranes delivery of blood
concentrations of desmopressin substantially directly proportional to the mass of desmopressin

dispensed into the nostril(s) of a said patient.



desnopressin bioavailability greater than 10% 17. The di spenser of claim
16 wherein said conposition characterized by a desnopressin bioavailability
great er twerokds2668. The di spenser of claim 17 wherei nPsaiu$2@90p8962 t i on
characterized by a desnopressin bioavailability greater than 20% 19. The
di spenser of any one of clains 1-18 being free of preservatives. 20. The

di spenser of any one of clains 1-19 wherein said punp prevents backfill of
bacterially contam nated anbient air after a dispensing of said
conposition. 21. The di spenser of any-éhe of clainms 1-20 wherein said

di spenser establishes in a said patient by drug transport across intranasal

nucosal rprenbpanesy 48 aﬁéﬂﬂmHﬁm@h@@@nﬁﬁﬁ@%ﬁﬁ%%hh&ﬁ%m@ﬁm9&§%Pghﬁﬁékﬁceﬂéa
substantially directly proportional he mass of desnopressin di spensed

into t hwhﬂosetdmplmgst,l)e ok thatseamdmpamfem pcazllatmnsmzf}edqyemps’memmerrﬂmrther nduci ng

i n menber nﬁ%tlent popul ation an antidiuretic effect while reducing
the ris “Pﬂg?ra) K& of the popul ation may devel op hyponatrem a, the
isin reservo r havi ng disposed therejn a conposition

di
conpri iieﬁgcgngf‘égwag £ (PRSI N C P M R O P SR OPE it | on

enhance rebﬁ'rat%‘n KPHRLsaBMEfbEInE BErrﬁé%mGﬁ’ Bffdnbattif aldhdol s%fﬁ’&é&g tdesRsicucs ai d
conposition characterized by a desnopressin bioavailability greater than

5% an owitipg¢ diug dosgsnemd camperition ¢harasterided by e deonepressimzinanallpliligyegrastenbl e
punp fo&PsgﬁLally di spensing fromsaid reservoir through said outlet, and
to an infPdnasal surface of a patient, neasured doses of said conposition

in the form gf o@let i @mmuGSRaGE wie sd@sasrefr, spray being restricted within
the range of 0.5 ngsdesnopre55|n per kllogran1of the patient's body weight
and 75 ng desm#prabsiciuasable Rymp feramigty dipeenpagifeom sad pyaryoidhighgh stiidas t o

e hi e go%tglg } %'n%‘%@ ﬁﬁ%&gb&l ORARE P a BhtictR! HeR kel H3lesRIRMI AL PBsili6S T O ALOUL

of a spray,

respective doses of spray being restricted within the range of 0.5 ng desmopressin per
kilogram of the patient’s body weight and 75 ng desmopressin per kilogram of the patient’s
body weight so as to achieve a target Cy,ax in members of said patient population less than
about 15 +/-3 pg/ml of blood,

said dispenser being sufficient to establish in a said patient by drug transport across
intranasal mucosal membranes delivery of blood concentrations of desmopressin in the range
below about 15 +/-3 pg/ml substantially directly proportional to the mass of desmopressin

dispensed into the nostril(s) of a said patient.

23. The dispenser of claim 22 wherein respective successive spray doses establish in a said
patient by drug transport across intranasal mucosal membranes delivery of a maximum blood
concentration (Cp,x ) of desmopressin having a coefficient of variation within 50% of the
coefficient of variation of C,,,x produced by a subcutaneous dose of desmopressin designed to

achieve the same target Cax.

24. The dispenser of claim 23 wherein respective successive spray doses establish in a said
patient a C,,.x of desmopressin having a coefficient of variation within 25% of the coefficient of

variation of said subcutaneous dose.



sai d di spenser being sufficient to establish in a said patient by drug
transport across intranasal nucosal nenbranes delivery of bl ood

concent r avpanr/of26desnopressin i n the range bel ow about PCH/U52608/0p896M
substantially directly proportional to the nmass of desnopressin di spensed
into the nostril(s) of a said patient. 23. The di spenser of claim22
wherei n respective successive spray doses establish in a said patient by
drug transport across intranasal nucosal nenbranes delivery of a nmaxi num
bl ood concentration (Crax ) of desnopré®sin having a coefficient of
variation within 50% of the coefficient of variation of Crax produced by a
SUbCUta@§0USTﬂ9§§p&ﬁmQ§%ﬂ9Bh@%ﬁ&@uﬂ@ﬁ!gﬁ%ﬂekﬁlﬁﬁ@kﬁ%@m&ﬁ&mﬁ%%ﬁu&%&@%t Cmax.
24. The di spenser of claiim23 wherein respective successive spray doses
est abl i eftatilishan g sdid pp@ant bmnteana:wésdel@feryjegmmfelssrnﬂpmmn mgpueceseigflyi ci ent of
varlathP 25W coe fi g#ﬁl() f variation of said subcutaneous

dose. 25° ‘%ﬂ%ﬁ%F@S%ﬁé B?y AVKHH%B f'ms 22-24 wherein respective

successive spray doses establish in a said patient by intranasal delivery a

Cmax of relesmppy @ﬁﬁéd’éeﬂcBTa%9%ﬁ@%ﬁ&l‘é%&ﬁ@%ﬂb&hﬁfe@ﬁ%cﬂ%ﬁ&c&s@% mﬁﬁ@)ﬁo@% no
nore than 50% 26. The diSpenser of any one of clains 22-25 erein

r espect esp@lishdresail \p@tl@p r&inoO0dfglesmepiestivh ivsthin onezofdled illpairigdlood Cmax of
desnopressin within o bl 0o conc t ion ranges (in
g " ofoRragien Ffks? 15 rmbNGIGhy Mgy 8 e ReE R A b B enser ot

any one of clainms 22-25 wherein respectlve doses of spray are restricted to

achi everp taTH@HwﬁHEéxH@nV%H@%f&aﬂﬁsﬁﬁkﬂwﬂé&hﬁ&%eﬁﬁ?@h&kh@ﬁéhgéﬁethan about
10 pg/ M of blood. 28. The di spenser of any one of clains 2 7 further

conpr i siesgictadangchiove blaogsk Cagx idinselress ofgsasf paticsepputitionials eambprteldsi n dose
fromsaid ﬁegngﬁir for a predetermned tine interval after dispensing a
sai d dogg’ 29 °'Phe di spenser of any one of clains 22-28 fornulated to
induce antidiuresis in a target patient population for |ess than about six

hours. 39, The disaRReRGfangonebabA21-9f it Bnbhind HLGR BRblogiiHEesi s 1n
|
J (Fi)lspensmg of a second said desmopressin dose from said reservoir for a predetermined time

interval after dispensing a said dose.

29. The dispenser of any one of claims 22-28 formulated to induce antidiuresis in a target

patient population for less than about six hours.

30. The dispenser of claim 29 formulated to induce antidiuresis in a target patient

population for between about 2 and 4 hours.

31. The dispenser of any one of claims 22-28 formulated to induce antidiuresis in a target

patient population for between about 4 and 7 hours.

32. The dispenser of any one of claims 22-31 formulated for a target population selected
from children, children weighing less than 35 kg as the target population, children weighing
between 35 and 50 kg, adult females, adult males, females weighing between 50 and 75 kg,

males weighing between 70 and 85 kg, and males weighing more than 85 kg.

33. The dispenser of any one of claims 22-32 comprising a multiplicity of droplets with an

average volume distribution in the range of 20 pm for D10 to about 300 um for D90.



popul ati on for between about 2 and 4 hours. 31. The di spenser of any one of
clains 22-28 fornulated to induce antidiuresis in a target patient

popul at i omof2oro/distedeen about 4 and 7 hours. 32. The di spemaseoo9ficny one of
clainms 22-31 fornmulated for a target popul ation selected from children,
children wei ghing I ess than 35 kg as the target popul ation, children

wei ghi ng between 35 and 50 kg, adult females, adult males, femal es wei ghing
bet ween 50 and 75 kg, nal es wei ghing between 70 and 85 kg, and mal es

wei ghi ng more than 85 kg. 33. The dispéfiser of any one of clains 22-32
conprising a multiplicity of droplets with an average volume distribution
in the sangeTai ddPed¥B oy BhOot BaRROM 338N a8 pdiatith enﬂﬁﬁcéﬂ'lssd%%&%r of
any one of clainms 22-33 erein said perneation enhancer is selected from
the gr oflprnctbﬂsros,lplcngsmfngrféamawmbh@em ahigsterslisaydes; diamagdsdemidintisani des,

am di ne ster aﬁQloamdes ket ones or
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conposi tion is characterized by a desnmopressin bioavailability greater than
10% 3635 TheTHl §RENSREN ofthy©hdbMidrndMRsL iR Hif itldnQ8 cEh A aciatyzed
by a desnopressin bloavalrablllty greater than 15% 37. The di spenser ~of
any oneadésnadpagsy Hoavadalnher gertesthind 1@%nposi ti on characterized by a
desnopressin bioavailability greater than 20% 38. The di spenser of any one

of cIa| 7 .bein serv tives.. 39. The dispe r of any one
of i ai e 5o ThbdRRerd of T HEhsEE: OLER FPTPCIgRZ RS g Oy
contanlg@@@gmgﬂ@§§ﬁgwgﬂ&nngpr a dlspenS|ng of said conposition. 40. Use of
t he di spenser of” any one of clains 1-39 for inducing an antidiuretic effect

in a patient. 41 The use of claim40 to produce a desnopressin

concent Bat i offhedispgrnsert @rany lvaa oﬂaa'm;i& 2233@ghatein said dmmjipdscadsthamarrioéd bhe
patient. 42. The use f ¢l ai m ﬁ roduce a desnopressin concentration
no grea@%ﬁ“?ﬁ?ﬁnfﬁwa m§h%kﬂqﬂ““t aI%ﬁypbloodstreamof t he patient.

38. The dispenser of any one of claims 22-37 being free of preservatives.

39. The dispenser of any one of claims 22-38 wherein said pump prevents backfill of

bacterially contaminated ambient air after a dispensing of said composition.

40. Use of the dispenser of any one of claims 1-39 for inducing an antidiuretic effect in a
patient.
41. The use of claim 40 to produce a desmopressin concentration no greater than 15 +/- 3

pg/ml in the bloodstream of the patient.

42. The use of claim 41 to produce a desmopressin concentration no greater than 10 +/- 3

pg/ml in the bloodstream of the patient.

43. The use of claim 42 to produce a desmopressin concentration no greater than 7 +/- 3

pg/ml in the bloodstream of the patient.

44, A use according to any one of claims 40-43 to induce antidiuresis for less than about six

hours.



43. The use of claim42 to produce a desnopressin concentration no greater
than 7 +/- 3 pg/m in the bloodstream of the patient. 44. A use according
to any orwoahioal7aiens 40-43 to i nduce antidiuresis for | @ess/ush@g/oeddort si x
hours. 45. The use of claim44 to induce antidiuresis for between about 2
and 4 hours. 46. A use according to any one of clains 40-43 to induce
antidiuresis for between about 4 and 7 hours. 47. A method of inducing an
antidiuretic effect in a patient, the nethod conprising intranasally

adm nistering to the patient desnnpres§ﬂn froma di spenser according to any
one of clainms 1-39. 48. The nethod of claim47 wherein the adm nistration
producegsa deRIRRYSFIHif LQ,QBQ&IHcé %ﬁﬁcﬁﬂre@i@ RN &n 4BaM dmi 4hour3. P9/ M in the
bl oodst ream of the patient. he met hod of claim 48 wherein the

adm ni stration produces a desnnpreSS|n concentration no greater than 10 +/ -
3 pg/ m 46.n t Aeasblaomdding eamyodnet dfelgpat HeAS.to dlucd hietidiet ko dordfetvedeai abouitdt

wher ei n EP? adm ni stration produces a desnopressin concentration no greater
than 7 M978%W8/ i in the bl oodstream of the patient. 51. The nethod of any
one of clains 47-50 wherein the adm nistration induces antidiuresis for

l ess th ab : n.the
adn1n|s??at|%#5923%82@33%?%3g3?%5|s %@&%g? %%%gg%€¥é aggg?ﬁﬁ%grs. 53.
The net hodnohllgnymonaerfg ©ltht pRiedvdSthopheasiaifront hdisaeinenacbrditg ©ranydaoés

antidiuresis f8r bet ween about 4 and 7 hours.
claims 1-39.

48. The method of claim 47 wherein the administration produces a desmopressin

concentration no greater than 15 +/- 3 pg/ml in the bloodstream of the patient.

49. The method of claim 48 wherein the administration produces a desmopressin

concentration no greater than 10 +/- 3 pg/ml in the bloodstream of the patient.

50. The method of claim 49 wherein the administration produces a desmopressin

concentration no greater than 7 +/- 3 pg/ml in the bloodstream of the patient.

51. The method of any one of claims 47-50 wherein the administration induces antidiuresis

for less than about six hours.

52. The method of claim 51 wherein the administration induces antidiuresis for between

about 2 and 4 hours.

53. The method of any one of claims 47-50 wherein the administration induces antidiuresis

for between about 4 and 7 hours.



