
METHOD AND COMPOSITION FOR ADMINISTERING ANNMDA RECEPTOR ANTAGONISTTO
ASUBJECT FIELD OF THE INVENTION The invention relates to compositions
containing N-methyl-D- Aspartate receptor (NMDAr) antagonists and methods
for using such compositions. BACKGROUNDOF THE INVENTION Acute and chronic
neurological and neuropsychiatric diseases are among the leading causes of
death, disability, and economic expense in the world. One of the key
challenges in treating these disorders is the high degree of interplay
amongst the pathways that control both normal and abnormal neuronal
function. Excitatory amino acid receptors, including the
N-Methyl-D-Aspartate (NMDA) receptor, are important mediators of excitatory
synaptic transmissions (i.e., stimulation of neurons) in the brain,
participating in wide-ranging aspects of both normal and abnormal central
nervous system (CNS) function. The NMDA receptor and its associated calcium
(Ca2+) permeable ion channel are activated by glutamate, a common
excitatory neurotransmitter in the brain and the spinal cord, and the
co-agonist glycine. NMDA receptor (NMDAr) activity and consequent Ca2+
influx are necessary for long-term potentiation (a correlate of learning
and memory). Aberrant glutamate receptor activity has been implicated in a
large number of CNSrelated conditions including, for example, depression
and other neuropsychiatric conditions, Parkinson's disease, epilepsy, pain,
ALS (amyotrophic lateral sclerosis or Lou Gehrig's disease), and
Huntington's disease. In such conditions, the abnormal activation of the
NMDA receptor resulting from elevated levels of glutamate may lead to
sustained activity of the receptor's ion channel (often lasting for minutes
rather than milliseconds), thereby allowing Ca2+ to build-up. This creates
both symptomatic and neuro-destructive effects on a patient. Certain NMDAr
antagonists, such as memantine and amantadine, readily cross the bloodbrain
barrier, achieving similar concentrations in the extra cellular fluid
surrounding brain tissueand systemic serum. Ideally, NMDAr antagonists
should be present at a concentration sufficient to reduce the symptoms or
damaging effects of the disease in the absence of debilitating side
effects. In the present dosage forms however, these drugs, despite having a
relatively long halflives, need to be administered frequently and require
dose escalation at the initiation of therapy to avoid side effects
associated with initial exposure to the therapeutic agent. This leads to
difficulty in achieving adequate patient compliance, which is further
exacerbated by the complicated dosing schedules of therapeutic modalities
used for neurological or neuropsychiatric disorders. Thus, better methods
and compositions are needed to treat and delay the progression of
neurological disorders. SUMMARYOF THE INVENTION In general, the present
invention provides pharmaceutical compositions that are administered so as
to deliver to a subject, an amount of an NMDAr antagonist that is high
enough to treat symptoms or damaging effects of an underlying disease while
avoiding undesirable side effects, particularly CNS side effects. These
compositions may be employed to administer the NMDAr antagonist at a lower
frequency than presently employed (i.e., once a day (q.d.) versus twice a
day (b.i.d) or three times a day (t.i.d)), improving patient compliance and
caregiver convenience. These compositions are particularly useful as they
provide the NMDAr antagonist at a therapeutically effective amount from the
onset of therapy further improving patient compliance and adherence and
enable the achievement of a therapeutically effective steady-state
concentration of the NMDAr antagonist in a shorter period of time. This
results in an earlier indication of effectiveness and increasing the
utility of these therapeutic agents for diseases and conditions where time
is of the essence. Furthermore, the compositions of the present invention,
by virtue of their design, allow for higher doses of NMDAr antagonist to be
safely administered, again increasing the utility of these agents for a
variety of indications. Also provided are methods for making, dosing and
using such compositions. The NMDAr antagonist is desirably provided in a
controlled or extended release form, with or without an immediate release
component in order to maximize the therapeutic benefit of the NMDAr
antagonist, while reducing unwanted side effects. In the absence of
modifiedrelease components (referred to herein as controlled, extended or
delayed release components), the NMDAr antagonist is released and
transported into the body fluids over a period of minutes to several hours.
In a preferred embodiment, the composition of the invention contains an
NMDAr antagonist and a sustained release component, such as a coated
sustained release matrix, a sustained release matrix, or a sustained
release bead matri x hi one example, memantine (e.g., 5-80 mg) is
formulated without an immediate release component using a polymer matrix
(e.g., Eudragit), Hydroxypropyl methyl cellulose (HPMC) and a polymer
coating (e.g., Eudragit). Such formulations are compressed into solid
tablets or granules and coated with a controlled release material such as
Opadry(r) or Surelease(r). NMDArAntagonists. The NMDAr antagonist may be an
aminoadamantine derivative such as memantine (1-
amino-3,5-dimethyladamantane), rimantadine (1-(1 -aminoethyl)adamantane),
or amantadine (1- amino-adamantane) as well as others described below.
Excipients The excipients used to produce the formulation may include
bulking agents, lubricants, glidants, and release controlling agents. Many
such materials are found in "Remington: The Science and Practice of
Pharmacy, Twentieth Edition," Lippincott Williams & Wilkins, Philadelphia,
PA and commonly known to the skilled artisan. The specific excipients used
will be determined by the requirements for administration of the dosage,
including the targeted dosing frequency, slope of drug release and
absorption, and route of administration. In one embodiment, the formulation
does not contain a casein salt. Dosage Form The NMDAr antagonist may be
formulated as a suspension, capsule, tablet, suppository, lotion, patch, or
device (e.g., a subdermally implantable delivery device or an inhalation
pump). In preferred embodiments, the dosage form is provided for oral
administration, e.g. as a capsule. Release Profile The compositions
described herein are formulated such the NMDAr antagonist has an in vitro
dissolution profile that is slower than that for an immediate release (IR)
formulation. As used herein, the immediate release (IR) formulation for
memantine means the present commercially available 5 mg and 10 mg tablets
(i.e., Namenda from Forest Laboratories, Inc. orformulations having
substantially the same release profiles as Namenda); and for the immediate
release (IR) formulation of amantadine means the present commercially
available 100 mg tablets (i.e., Symmetrel from Endo Pharmaceuticals, Inc.
or formulations having substantially the same release profiles as
Symmetrel). These compositions may contain immediate release, sustained or
extended release, delayed release components, or combinations thereof.
Thus, the present compositions may be formulated such that the fraction of
the NMDAr antagonist released is greater or equal to 0.01(0.297 +
0.0153*e(0515*t)) and less than l-e ( 10 9* , as measured using a USP type
2 (paddle) dissolution system at 50 rpm, at a temperature of 370.5C, in
water, where t is the time in hours and t is greater than zero and equal or
less than 17. Thus, the fraction of NMDAr antagonist that is released is
less than 93% in 15 minutes and 7.7%-100% in 12 hours using a USP type 2
(paddle) dissolution system at 50 rpm, at a temperature of 370.5C in a
neutral pH (e.g. water or buffered aqueous solution) or acidic (e.g. 0.1N
HCl) dissolution 



medium. Optionally, the fraction of released NMDAr antagonist is greater or
equal to 0.01(0.297 + 0.0153*e(a515*t}) and less than or equal to l-e* 0
-972*0 as measured using a USP type 2 (paddle) dissolution system at 50
rpm, at a temperature of 37+0.50C, in water, where t is the time in hours
and t is greater than zero and equal or less than 17. Optionally, the
fraction of released NMDAr antagonist is greater or equal to 0.01(-2.75 +
2.75*e(021*l)) and less than or equal to 1-e(  40* as measured using a USP
type 2 (paddle) dissolution system at 50 rpm, at a temperature of 370.5C,
in water, where t is the time in hours and t is greater than zero and equal
or less than 17. Thus, the fraction of NMDAr antagonist that is released
may range between 0.1%-62% in one hour, 0.2%-86 % in two hours, 0.6%-100%
in six hours, 2.9%- 100% in 10 hours, and 7.7%-100% in 12 hours using a USP
type 2 (paddle) dissolution system at 50 rpm, at a temperature of 370.5C in
a neutral pH (e.g. water or buffered aqueous solution) or acidic (e.g. 0.1
N HCl) dissolution medium. Optionally, the fraction of NMDAr antagonist
that is released may range between 0.6%-33% in one hour, 1.4%-55 % in two
hours, 6.9%-91% in six hours, 19.7%-98% in 10 hours, and 31%- 100% in 12
hours using a USP type 2 (paddle) dissolution system at 50 rpm, at a
temperature of 37+0.5C in a neutral pH (e.g. water or buffered aqueous
solution) or acidic (e.g. 0.1 N HCl) dissolution medium. Optionally, the
NMDA receptor antagonist has a release profile ranging between 0.1%-20% in
one hour, 5%- 30% in two hours, 40%-80% in six hours, 70% or greater (e.g.,
70%-90%) in 10 hours, and 90% or greater (e.g., 90-95%) in 12 hours as
measured in a dissolution media having a neutral pHin an acidic (e.g. 0.1N
HCl) dissolution medium. For example, a formulation containing memantine
may have a release profile ranging between 0-60% or 0.1-20% in one hour,
0-86% or 5-30% at two hours, 0.6-100% or 40-80% at six hours, 3-100% or 50%
or more (e.g., 50-90%) at ten hours, and 7.7-100% at twelve hours in a
dissolution media having a neutral pH (e.g. water or 5 buffered aqueous
solution) or in an acidic (e.g. 0.1N HCl) dissolution medium. In one
embodiment, the NMDAr antagonist has an in vitro dissolution profile of
less than 25%, 15%, 10%, or 5% in fifteen minutes; 50%, 30%, 25%, 20%, 15%,
or 10% in 30 minutes and more than 60%, 65% 70%, 75%, 80%, 85%, 90%, 95% at
16 hours as obtained using a USP type II (paddle) dissolution system at 50
rpm, at a temperature of 370.5C in water. Desirably, 10 the NMDAr
antagonist has a dissolution of at least 65%, 70%, 75%, 80%, 85%, 90%, or
95% in a dissolution media having-a pH of 1.2 at 10 hours. Desirably, the
compositions described herein have an in vitro profile that is
substantially identical to the dissolution profile shown in FIGURES 2A-2C
and, upon administration to a subject at a substantially constant daily
dose, achieves a serum concentration profile that is 15 substantially
identical to that shown in FIGURE 2D. Initial Rate of Release in vivo As
used herein, "C" refers to the concentration of an active pharmaceutical
ingredient in a biological sample, such as a patient sample (e.g. blood,
serum, and cerebrospinal fluid). The concentration of the drug in the
biological sample may be determined by any standard assay 0 method known in
the art. The term "Cmax" refers to the maximum concentration reached by a
given dose of drug in a biological sample. The term "Cmean" refers to the
average concentration of the drug in the sample over time. Cmax and Cmean
may be further defined to refer to specific time periods relative to
administration of the drug. The time required to reach the maximal
concentration ("Cmax") in a particular patient sample type is referred to
as the "Tmax". The 5 change in concentration is termed "dC" and the change
over a prescribed time is "dC/dT". Desirably, the NMDAr antagonist is
released into a subject sample at a slower rate than observed for an
immediate release (IR) formulation of the same quantity of the antagonist,
such that the rate of change in the biological sample measured as the dC/dT
over a defined period within the period of 0 to Tmax for the IR formulation
and the dC/dT rate is less than about 80%, 0 70%, 60%, 50%, 40%, 30%, 20%,
or 10% of the rate for the IR formulation (e.g., Namenda, acommercially
available IR formulation of memantine). In some embodiments, the dC/dT rate
is less than about 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10% of the rate
for the IR formulation. Similarly, the rate of release of the NMDAr
antagonist from the present invention as measured in dissolution studies is
less than 80%, 70%, 60% 50%, 40%, 30%, 20%, or 10% of the rate for an IR
formulation of the same NMDAr antagonist over the first 1, 2, 4, 6, 8, 10,
or 12 hours. In a preferred embodiment, the dosage form is provided in a
non-dose escalating, twice per day or once per day form. In such cases, the
concentration ramp (or Tmax effect) may be reduced so that the change in
concentration as a function of time (dC/dT) is altered to reduce or
eliminate the need to dose escalate the drug. A reduction in dC/dT may be
accomplished, for example, by increasing the Tmax in a relatively
proportional manner. Accordingly, a two-fold increase in the Tmax value may
reduce dC/dT by approximately a factor of 2. Thus, the NMDAr antagonist may
be provided so that it is released at a rate that is significantly reduced
over an immediate release (so called IR) dosage form, with an associated
delay in the Tmax. The pharmaceutical composition may be formulated to
provide a shift in Tmax by 24 hours, 16 hours, 8 hours, 4 hours, 2 hours,
or at least 1hour. The associated reduction in dC/dT may be by a factor of
approximately 0.05, 0.10, 0.25, 0.5 or at least 0.8. In certain
embodiments, this is accomplished by releasing less than 30%, 50%, 75%,
90%, or 95% of the NMDAr antagonist into the circulatory or neural system
within one hour of such administration. Optionally, the modified release
formulations exhibit plasma concentration curves having initial (e.g., from
2 hours after administration to 4 hours after administration) slopes less
than 75%, 50%, 40%, 30%, 20% or 10% of those for an IR formulation of the
same dosage of the same NMDAr antagonist. The precise slope for a given
individual will vary according to the NMDAr antagonist being used, the
quantity delivered, or other factors, including, for some active
pharmaceutical agents, whether the patient has eaten or not. For other
doses, e.g., those mentioned above, the slopes vary directly in
relationship to dose. Using the sustained release formulations or
administration methods described herein, the NMDAr antagonist reaches a
therapeutically effective steady state plasma concentration in a subject
within the course of the first three, five, seven, nine, ten, twelve,
fifteen, or twenty days of administration. For example, the formulations
described herein, when administered at asubstantially constant daily dose
(e.g., at a dose ranging between 15 mg and 80 mg, preferably between 20 mg
and 65 mg, and more preferably between 20 mg and 45 mg per day) may reach a
steady state plasma concentration in approximately 70%, 60%, 50%, 40%, 30%,
or less of the time required to reach such plasma concentration when using
a dose escalating regimen. 5 Reduced Cmax, Extented Tmax In a preferred
embodiment of this invention, at least 75%, 90%, 95%, 97%, 98%, 99% or even
100% of the NMDAr antagonist is provided in a modified or extended release
dosage form and upon the administration of this composition to a subject
(e.g., a mammal such as a human), the NMDAr antagonist has a Cmax /C mean
of approximately 2.5, 2, 1.5, or 1.0, approximately 0 1, 1.5, 2 hours to at
least 6, 9, 12, 18, 21, 24 hours following such administration. If desired,
the release of the NMDAr antagonist may be moriphasic or multiphasic (e.g.,
biphasic). Desirably, 99%, 98%, 95%, 90%, 85%, 80%, 70%, 50%, or 30% of the
NMDAr antagonist remains in an extended release dosage form within one hour
of such administration. Dosing Frequency Reduction 5 The compositions and
methods of the instant invention also enable a reduction in the dosing
frequency. For example, an NMDAr antagonist ordinarily administered two to
four times per day when dosing in an IR form may be provided to the subject
once or twice per day using the formulations described herein. In some
embodiments, the compositions described herein are 



administered even less frequently, e.g. every 2 days, every 3 days, every
week, or every month. Non-dose escalation Immediate release (IR)
formulations of NMDAr antagonists are typically administered in a
dose-escalating fashion, frequently starting with subtherapeutic amounts of
the agent. Although dosing adjustments or individualization may be managed
by a physician for a pharmaceutical composition the compositions described
herein may be administered at an essentially constant, !
therapeutically-effective dose from the initiation of therapy, thereby
improving patient and caregiver compliance, adherence, and convenience.
Furthermore, the compositions described herein enable the use of higher
doses of NMDAr antagonist equal or fewer adverse effects than observed for
IR formulations of the same agent, increasing the utility of the NMDAr
antagonist for indications described herein.W Reduced Time to Therapeutic
Concentration and Efficacy The administration of the compositions described
herein at therapeutically effective doses from the initiation of therapy
enables the attainment of a steady state level of the agent in a shorter
time period (e.g. 20%, 30%, 50%, 70%, 90% less time than for dose-escalated
regimens), thus enabling the treatment of more acute disorders such as pain
and neuropsychiatric disorders, including depression, agitation, bipolar
disorder, and drug dependency, withdrawal, or tolerance. Conditions
Amenable to Treatment The compositions of the present invention may be
employed to treat or reduce the symptoms associated with deregulation in
NMDA receptor activity or conditions that would benefit from a reduction in
such activity. Further, many NMDAr antagonists have other known activities
(e.g. the dopaminergic activity of amantadine, the antiviral activity of
rimantadine). The compositions of the present invention are also useful to
treat, prevent, or reduce conditions associated with such activities in any
subject having or at risk of having a such condition. Exemplary conditions
include seizure disorders, pain syndromes, neurodegenerative diseases
(including motor neuron diseases, myelopathies, radiculopathies, and
disorders of the sympathetic nervous system), dementias, cerebrovascular
conditions, movement disorders, brain trauma, cranial nerve disorders,
neuropsychiatric disorders, and other disease neuropathies (including viral
associated neuropathies, diabetes associated neuropathies, Guillian-Barre
syndrome, dysproteinemias, transthyretin-induced neuropathies, and carpal
tunnel syndrome). Alternate Routes of Administration In one embodiment, the
compositions described herein are formulated as tablets or capsules for
oral administration or patches for transdermal delivery of the NMDAr
antagonist. Alternatively, the compositions may be prepared in other ways
for these routes of administration (e.g. as a suspension for oral
administration) or specifically for other administrative routes
intravenous, topical, intranasal, subtopical transepithelial, subdermal, or
inhalation delivery. Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used
in the practice or testing of the invention, suitable methods and materials
are describedbelow. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their
entirety. In the case of conflict, the present Specification, including
definitions, will control. In addition, the materials, methods, and
examples are illustrative only and not intended to be limiting. All parts
and percentages are by weight unless otherwise specified. BRIEF DESCRIPTION
OF THE FIGURES FIGURE IA is a graph showing the memantine plasma
concentration over a period of 24 hours, as predicted by Gastro-Plus
software package v.4.0.2, following the administration of a single dose of
an immediate release (IR) formulation of memantine (Namenda) or a sustained
release formulation of memantine (NPI-6701). The sustained release
formulation exhibits a dC/dT during the initial phase that is about 20% of
that for the immediate release (IR) formulation. FIGURE IB is a graph
showing the memantine plasma concentration over a period of 28 days, as
predicted by Gastro-Plus software package v.4.0.2, following the
administration of an immediate release (IR) formulation of memantine
(Namenda) and a sustained release formulation of memantine (NPI-6701). When
Namenda is administered using a dose escalation regimen pursuant to the
manufacturer's US FDA approved label, a steady-state therapeutically
effective plasma concentration is reached within about 30 days. The
administration of a sustained release formulation of memantine at a
constant dose (e.g., 22.5 mg/day) achieves a steady therapeutically
effective plasma concentration within about 13 days, a reduction of about
60%.. FIGURE 2A is a graph and a table showing the in vitro dissolution
profiles for various sustained release formulations of memantine (NPI-6601,
NPI-6701, NPI-6801, NPI-6990, and NPI-6804) and Namenda. Dissolution
profiles were obtained with a USP II (Paddle) system using water as a
dissolution medium. FIGURE 2B is a graph showing the dissolution profiles
for various sustained release formulations of memantine (NPI-6601,
NPI-6701, NPI-6801, NPI-6990, and NPI-6804) andJNamenda obtained with a USP
II (Paddle) system using 0.1N hydrochloride solution pH = 1.2 as the
dissolution medium. FIGURE 2C is a graph showing the dissolution profile of
memantine formulated as a sustained release form using a neutral (e.g.,
water) and acidic (pH 1.2) dissolution medium. FIGURE 2D is a graph and
table showing the memantine plasma concentration over a period of 24 hours,
as predicted by Gastro-Plus software package v.4.0.2, following the
administration of Namenda (10mg b.i.d. or single dose of 20 mg) or various
sustained release formulations of memantine (i.e., NPI-6601, NPI-6701,
NPI-6801, NPI-6804, and NPI-6990 administered at a single dose of 22.5 mg).
FIGURE 3A is a graph and table showing the dissolution profiles for various
sustained released memantine bead/capsule formulations. The experimental
dissolution profiles were obtained from a USP II Paddle system using water
(pH = 7) as the medium. FIGURE 3B is a graph and table showing the
predicted dissolution profile for a simple two-bead composite capsule (13%
of 5001-6991 & 87% of 5001-6992). FIGURE 4 is a graph showing dissolution
profiles for modified release formulations of memantine and an IR
formulation of memantine (Namenda). Other features and advantages of the
invention will be apparent from the following detailed description and
claims. DETAILED DESCRIPTION OF THE INVENTION In general, the present
invention features pharmaceutical compositions that contain an NMDAr
antagonist formulated for extended or modified release to provide a serum
or plasma concentration over a desired time period that is high enough to
be therapeutically effective but at a rate low enough so as to avoid
adverse events associated with the NMDAr antagonist. Control of drug
release is particularly desirable for reducing and delaying the peak plasma
level while maintaining the extent of drug bioavailability. Therapeutic
levels are therefore achieved while minimizing debilitating side-effects
that are usually associated with immediate release formulations.
Furthermore, as a result of the delay in the time to obtain peak serum or
plasmalevel and the extended period of time at the therapeutically
effective serum or plasma level, the dosage frequency is reduced to, for
example, once or twice daily dosage, thereby improving patient compliance
and adherence. For example, side effects including psychosis and cognitive 



deficits associated with the administration of NMDAr antagonists may be
lessened in severity and frequency through the use of controlled-release
methods that shift the Tmax to longer times, thereby reducing the dC/dT of
the drug. Reducing the dC/dT of the drug not only increases Tmax, but also
reduces the drug concentration at Tmax and reduces the Cmax/Cmean ratio
providing a more constant amount of drug to the subject being treated over
a given period of time enabling a increased dosages for appropriate
indications. Making NMDAr Antagonist Controlled Release Formulations A
pharmaceutical composition according to the invention is prepared by
combining a desired NMDAr antagonist or antagonists with one or more
additional ingredients that, when administered to a subject, causes the
NMDAr antagonist to be released at a targeted rate for a specified period
of time. A release profile, i.e., the extent of release of the NMDAr
antagonist over a desired time, can be conveniently determined for a given
time by measuring the release using a USP dissolution apparatus under
controlled conditions. Preferred release profiles are those which slow the
rate of uptake of the NMDAr antagonist in the neural fluids while providing
therapeutically effective levels of the NMDAr antagonist. One of ordinary
skill in the art can prepare combinations with a desired release profile
using the NMDAr antagonists and formulation methods described below. NMDAr
Antagonists Any NMDAr antagonist can be used in the methods and
compositions of the invention, particularly those that are non-toxic when
used in the compositions of the invention. The term "nontoxic" is used in a
relative sense and is intended to designate any substance that has been
approved by the United States Food and Drug Administration ("FDA") for
administration to humans or, in keeping with established regulatory
criteria and practice, is susceptible to approval by the FDA or similar
regulatory agency for any country for administration to humans or
animals.The term "NMDAr antagonist", as used herein, includes any
amino-adamantane compound including, for example, memantine
(l-amino-3,5-dimethyladamantane), rimantadine (1-(1
-aminoethyl)adamantane), amantadine ( 1-amino-adamantane), as well as
pharmaceutically acceptable salts thereof. Memantine is described, for
example, in U.S. Patents 3,391,142, 5,891,885, 5,919,826, and 6,187,338.
Amantadine is described, for example, in U.S.P.N. 3,152,180, 5,891,885,
5,919,826, and 6,187,338. Additional aminoadamantane compounds are
described, for example, in U.S. Patent 4,346,1 12, 5,061,703, 5,334,618,
6,444,702, 6,620,845, and 6,662,845. All of these patents are hereby
incorporated by reference. Further NMDAr antagonists that may be employed
include, for example, amino cyclohexanes (i.e., neramexane), ketamine,
eliprodil, ifenprodil, dizocilpine, remacemide, iamotrigine, riluzole,
aptiganel, phencyclidine, flupirtine, celfotel, felbamate, spermine,
spermidine, levemopamil, dextromethorphan ((+)-3-hydroxy-N-methylmorphinan)
and its metabolite, dextrorphan ((+)-3-hydroxy-N-methylmorphinan), a
pharmaceutically acceptable salt, derivatives or ester thereof, or a
metabolic precursor of any of the foregoing. Optionally, the NMDAr
antagonist in the instant invention is memantine and not amantadine or
dextromethorphan. Dosing, PK, & Tox The pharmaceutical composition may be
formulated to provide memantine in an amount ranging between 1-200 mg/day,
1 and 80 mg/day, 2-80 mg/day, 5-80 mg/day, 5 and 65 mg/day, 5 and 40
mg/day, 15 and 45 mg/day, or 10 and 20 mg/day; amantadine in an amount
ranging between 15 and 900 mg/day, 15 mg and 800 mg/day, 15 mg and 700
mg/day, 15 mg and 600 mg/day, 15 and 500 mg/day, 25 and 500 mg/day, 15 and
400 mg/day, 25 and 300 mg/day, 100 and 300 mg/day, or 100 and 200 mg/day;
dextromethorphan in an amount ranging between 1- 5000 mg/day, 1-1000
mg/day, and 100-800 mg/day, or 200-500 mg/day. Pediatric doses will
typically be lower than those determined for adults. Table 1 shows
exemplary the pharmacokinetic properties (e.g., Tmax and T1/2) of
memantine, amantadine, and rimantadine. Table 1. Pharmacokinetics and Tox
in humans for selected NMDAr antagonistsExcipients "Pharmaceutically or
Pharmacologically Acceptable" includes molecular entities and compositions
that do not produce an adverse, allergic or other untoward reaction when
administered to an animal, or a human, as appropriate. "Pharmaceutically
Acceptable Carrier" includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents and the like. The use of such media and agents for
pharmaceutical active substances is well known in the art. Except insofar
as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the
compositions. "Pharmaceutically Acceptable Salts" include acid addition
salts and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, and the like. Salts formed with the free carboxyl
groups can also be derived from inorganic bases such as, for example,
sodium, potassium, ammonium, calcium, or ferric hydroxides, and such
organic bases as isopropylamine, trimethylamine, histidine, procaine and
the like. The preparation of pharmaceutical or pharmacological compositions
are known to those of skill in the art in light of the present disclosure.
General techniques for formulation and administration are found in
"Remington: The Science and Practice of Pharmacy, TwentiethEdition,"
Lippincott Williams & Wilkins, Philadelphia, PA. Tablets, capsules, pills,
powders, granules, dragees, gels, slurries, ointments, solutions
suppositories, injections, inhalants and aerosols are examples of such
formulations. By way of example, extended or modified release oral
formulation can be prepared using additional methods known in the art. For
example, a suitable extended release form of the either active
pharmaceutical ingredient or both may be a matrix tablet or capsule
composition. Suitable matrix forming materials include, for example, waxes
(e.g., carnauba, bees wax, paraffin wax, ceresine, shellac wax, fatty
acids, and fatty alcohols), oils, hardened oils or fats (e.g., hardened
rapeseed oil, castor oil, beef tallow, palm oil, and soya bean oil), and
polymers (e.g., hydroxypropyl cellulose, polyvinylpyrrolidone,
hydroxypropyl methyl cellulose, and polyethylene glycol). Other suitable
matrix tabletting materials are microcrystalline cellulose, powdered
cellulose, hydroxypropyl cellulose, ethyl cellulose, with other carriers,
and fillers. Tablets may also contain granulates, coated powders, or
pellets. Tablets may also be multilayered. Multi-layered tablets are
especially preferred when the active ingredients have markedly different
pharmacokinetic profiles. Optionally, the finished tablet may be coated or
uncoated. The coating composition typically contains an insoluble matrix
polymer (approximately 15-85% by weight of the coating composition) and a
water soluble material (e.g., approximately 15-85% by weight of the coating
composition). Optionally an enteric polymer (approximately 1 to 99% by
weight of the coating composition) may be used or included. Suitable water
soluble materials include polymers such as polyethylene glycol,
hydroxypropyl cellulose, hydroxypropyl methyl cellulose,
polyvinylpyrrolidone, polyvinyl alcohol, and monomelic materials such as
sugars (e.g., lactose, sucrose, fructose, mannitol and the like), salts
(e.g., sodium chloride, potassium chloride and the like), organic acids
(e.g., fumaric acid, succinic acid, lactic acid, and tartaric acid), and
mixtures thereof. Suitable enteric polymers include hydroxypropyl methyl
cellulose, acetate succinate, hydroxypropyl methyl cellulose, phthalate,
polyvinyl acetate phthalate, cellulose acetate phthalate, cellulose acetate
trimellitate, shellac, zein, and 



polymethacrylates containing carboxyl groups. The coating composition may
be plasticised according to the properties of the coating blend such as the
glass transition temperature of the main component or mixture of components
or the solvent used for applying the coating compositions. Suitable
plasticisers may be addedfrom 0 to 50% by weight of the coating composition
and include, for example, diethyl phthalate, citrate esters, polyethylene
glycol, glycerol, acetylated glycerides, acetylated citrate esters,
dibutylsebacate, and castor oil. If desired, the coating composition may
include a filler. The amount of the filler may be 1% to approximately 99%
by weight based on the total weight of the coating composition and may be
an insoluble material such as silicon dioxide, titanium dioxide, talc,
kaolin, alumina, starch, powdered cellulose, MCC, or polacrilin potassium.
The coating composition may be applied as a solution or latex in organic
solvents or aqueous solvents or mixtures thereof. If solutions are applied,
the solvent may be present in amounts from approximate by 25-99% by weight
based on the total weight of dissolved solids. Suitable solvents are water,
lower alcohol, lower chlorinated hydrocarbons, ketones, or mixtures -
thereof. If latexes are applied, the solvent-is present in amounts from
approximately 25-97% by weight based on the quantity of polymeric material
in the latex. The solvent may be predominantly water. The NMDAr antagonist
may be formulated using any of the following excipients or combinations
thereof.The pharmaceutical composition described herein may also include a
carrier such as a solvent, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents. The use of such
media and agents for pharmaceutically active substances iswell known in the
art. Pharmaceutically acceptable salts can also be used in the composition,
for example, mineral salts such as hydrochlorides, hydrobromides,
phosphates, or sulfates, as well as the salts of organic acids such as
acetates, proprionates, malonates, or benzoates. The composition may also
contain liquids, such as water, saline, glycerol, and ethanol, as well as
substances such as wetting agents, emulsifying agents, or pH buffering
agents. Liposomes, such as those described in U.S. Pat. No. 5,422,120, WO
95/13796, WO 91/14445, or EP 524,968 Bl, may also be used as a carrier.
Methods for preparing modified or extended release formulations Suitable
methods for preparing the compositions described herein in which the NMDAr
antagonist is provided in extended release-formulations include those
described in U.S. Patent No. 4,606,909 (hereby incorporated by reference).
This reference describes a controlled release multiple unit formulation in
which a multiplicity of individually coated or microencapsulated units are
made available upon disintegration of the formulation (e.g., pill or
tablet) in the stomach of the subject (see, for example, column 3, line 26
through column 5, line 10 and column 6, line 29 through column 9, line 16).
Each of these individually coated or microencapsulated units contains
cross-sectionally substantially homogenous cores containing particles of a
sparingly soluble active substance, the cores being coated with a coating
that is substantially resistant to gastric conditions but which is erodable
under the conditions prevailing in the gastrointestinal tract. The
composition of the invention may alternatively be formulated using the
methods disclosed in U.S. Patent No. 4,769,027, for example. Accordingly,
extended release formulations involve prills of pharmaceutically acceptable
material (e.g., sugar/starch, salts, and waxes) may be coated with a water
permeable polymeric matrix containing an NMDAr antagonist and next
overcoated with a water-permeable film containing dispersed within it a
water soluble particulate pore forming material. The NMDAr antagonist
composition may additionally be prepared as described in U.S. Patent No.
4,897,268, involving a biocompatible, biodegradable microcapsule delivery
system. Thus, the NMDAr antagonist may be formulated as a composition
containing a blend of freeflowing spherical particles obtained by
individually microencapsulating quantities of memantine,for example, in
different copolymer excipients which biodegrade at different rates,
therefore releasing memantine into the circulation at a predetermined
rates. A quantity of these particles may be of such a copolymer excipient
that the core active ingredient is released quickly after administration,
and thereby delivers the active ingredient for an initial period. A second
quantity of the particles is of such type excipient that delivery of the
encapsulated ingredient begins as the first quantity's delivery begins to
decline. A third quantity of ingredient may be encapsulated with a still
different excipient which results in delivery beginning as the delivery of
the second quantity beings to decline. The rate of delivery may be altered,
for example, by varying the lactide/glycolide ratio in a
poly(D,L-lactide-co-glycolide) encapsulation. Other polymers that may be
used include polyacetal polymers, polyorthoesters, polyesteramides,
polycaprolactone and copolymers thereof, polycarbonates,
polyhydroxybuterate and copolymers thereof, polymaleamides, copolyaxalates
and polysaccharides. Alternatively, the composition may be prepared as
described in U.S. Patent No. 5,395,626, which features a multilayered
controlled release pharmaceutical dosage form. The dosage form contains a
plurality of coated particles wherein each has multiple layers about a core
containing an NMDAr antagonist whereby the drug containing core and at
least one other layer of drug active is overcoated with a controlled
release barrier layer therefore providing at least two controlled releasing
layers of a water soluble drug from the multilayered coated particle.
Release Profile (Dissolution Rate) As described above, the NMDAr antagonist
may be provided in a modified or extended release form. Extended or
modified drug release is generally controlled either by diffusion through a
coating or matrix or by erosion of a coating or matrix by a process
dependent on, for example, enzymes or pH. The NMDAr antagonist may be
formulated for extended or modified release as described herein or using
standard techniques in the art. In one example, at least 50%, 75%, 90%,
95%, 96%, 97%, 98%, 99%, or even in excess of 99% of the NMDAr antagonist
is provided in an extended release dosage form. Optionally, the
compositions described herein have an in vitro profile that is
substantially identical to the dissolution profile shown in FIGURES 2A-2C
and, upon administration to a subject at a substantially constant daily
dose, achieves a serum concentration profile that issubstantially identical
to that shown in FIGURE 2D. The dissolution profile of the composition of
the invention may be determined using a USP type 2 (paddle) dissolution
system at 50 rpm, at a temperature of 37+0.50C in various dissolution
media. In one example, the release fraction is greater or equal to
0.01(0.297 + 0.0153*e(0515*t)) and less than l-e ( 10 9*l). In another
example, the release fraction is greater or equal to 0.01(0.297 +
0.0153*e(0515*t)) and less than or equal to l-e ( o.972*t) jn 30 1 exam pie
S he term "t" is the time in hours and t is greater than zero and equal or
less than 17. Thus, the NMDAr antagonist may have an in vitro dissolution
profile that ranges between 0.1%-62% in one hour, 0.2%-86 % in two hours,
0.6%-100% in six hours, 2.9%-100% in 10 hours, and 7.7%- 100% in 12 hours
using a USP type 2 (paddle) dissolution. Optionally, the release profile
may range between 0.1%-20% in one hour, 5%-30 % in two hours, 40%-80% in
six hours, 50%-90% in 10 hours, and 90%-95% in 12 hours. Desirably, the
NMDAr antagonist has an in vitro dissolution profile in a solution with a
neutral pH (e.g., water) that is substantially the same as its dissolution
profile in an acidic dissolution medium (see FIGURES 2A-2C). In one
embodiment, the NMDAr antagonist has an in vitro dissolution profile of
less than 15%, 10%, or 5% in fifteen minutes, 25%, 20%, 15%, or 10% in 30
minutes, and more than 60%. at 16 hours as obtained using a USP type II
(paddle) dissolution system at 50 rpm, at a temperature of 370.5C in water.
Desirably, the NMDAr antagonist has a dissolution of at least 65%, 70%,
75%, 80%, 85%, 90%, or 95% at 10 hours in a dissolution medium having a pH
of 



1.2. Initial Rate in vivo, Delayed Tmax, Reduced Cmax/Cmean The NMDAr
antagonist is provided as a modified release formulation that may or may
not contain an immediate release formulation. If desired, the NMDAr
antagonist may formulated so that it is released at a rate that is
significantly reduced over an immediate release (IR) dosage form, with an
associated delay in the Tmax. The pharmaceutical composition may be
formulated to provide a shift in Tmax by 24 hours, 16 hours, 8 hours, 4
hours, 2 hours, or at least 1 hour. The associated reduction in dC/dT may
be by a factor of approximately 0.05, 0.10, 0.25, 0.5 or at least 0.8. In
addition, the NMDAr antagonist may be provided such that it is released at
rate resulting in a Cmax /C mean of approximately 2 or less for
approximately 2hours to at least 8 hours after the NMDAr antagonist is
introduced into a subject. Optionally, the sustained release formulations
exhibit plasma concentration curves having initial (e.g., from 0, 1, 2
hours after administration to 4, 6, 8 hours after administration) slopes
less than 75%, 50%, 40%, 30%, 20% or 10% of those for an IR formulation of
the same dosage of the same NMDAr 5 antagonist. The precise slope for a
given individual will vary according to the NMDAr antagonist being used or
other factors, including whether the patient has eaten or not. For other
doses, e.g., those mentioned above, the slopes vary directly in
relationship to dose. The determination of initial slopes of plasma
concentration is described, for example, by US Patent 6,913,768, hereby
incorporated by reference. 10 Thus, upon the administration to a subject
(e.g., a mammal such as a human), the NMDAr antagonist has a Cmax /Cmean of
approximately 2.5, 2, 1.5, or 1.0 approximately 1, 1.5, 2 hours to at least
6, 8, 9, 12, 18, 21, 24 hours following such administration. If desired,
the release of the NMDAr antagonist may be monophasic or multiphasic (e.g.,
biphasic). One of ordinary skill in the art can prepare compositions with a
desired release profile using the NMDAr 15 antagonists and formulation
methods known in the art or described below. Dosing Frequency and Dose
Escalation According to the present invention, a subject (e.g., human)
having or at risk of having such conditions is administered any of the
compositions described herein (e.g., once a day, every .0 2 days, every 3
days, every week, or every month). While immediate formulations of NMDAr
antagonists are typically administered in a dose-escalating fashion, the
compositions described herein may be essentially administered at a
constant, therapeutically-effective dose over a set period of time. For
example, a composition containing a sustained release formulation of
memantine may be administered twice a day, once a day, once every two days,
or once every .5 three days in a unit dose containing 10-300 mg, 10-200 mg,
10-100 mg, or 10-50 mg of memantine (e.g., 10 mg, 11.25 mg, 12.5 mg, 15 mg,
20 mg, 22.5 mg, 25 mg, 30 mg, 33.75 mg, 37.5 mg, 40 mg, 45 mg, 50 mg, 60
mg, 65 mg, 67.5 mg, 70 mg, 75 mg, 80 mg, 120mg, 180mg, 240mg or 300 mg). In
one embodiment, a composition is prepared using the methods described
herein, $0 wherein such composition comprises memantine or amantadine and a
release modifying excipient. The excipient is present in an amount
sufficient to ameliorate or reduce acute toxicityassociated with the
memantine or amantadine relative to an immediate release (IR) formulation
of memantine (e.g., Namenda) or amantadine (e.g., Symmetrel). The use of
such composition increases the safety in the administration of such agents,
enabling reduced dosing frequency with similar or higher doses of the NMDAr
antagonist as compared with the presently available forms of these
pharmaceutical products. Reduced Time to Therapeutic Concentration and
Efficacy Immediate release (IR) formulations of memantine (e.g., Namenda)
are typically administered at low doses (e.g., 5mg/day) and progressively
administered at increasing frequency and dose over time to reach a steady
state serum concentration that is therapeutically effective. According to
the manufacturer's FDA approved label, Namenda, an immediate release (IR)
formulation of memantine, is first administered to subjects at a dose of 5
mg per day. After a period of timeone week acclimation period, subjects are
administered with this dose twice daily. Subjects are next administered
with a 5 nig and lOmg dosing per day and finally administered with 10 mg
Namenda twice daily. FIGURE 2D shows the average serum concentration each
day as predicted by the pharmacokinetic software, GastroPlus, from
Simulations Plus. Using this dosing regimen, a therapeutically effective
steady state serum concentration may be achieved within 30 days of the
onset of therapy. Using a modified release formulation comprising (22.5 mg
memantine,) however, a therapeutically effective steady state concentration
may be achieved substantially sooner, without using a dose escalating
regimen. As shown in FIGURE 2D, such concentration is predicted to be
achieved within thirteen days of the onset of therapy. Furthermore, the
slope during each absorption period for the sustained release formulation
is less (i.e. not as steep) as the slope for Namenda. Accordingly, the
dC/dT of the sustained release formulation is reduced relative to the
immediate release formulation even though the dose administered is larger
than for the immediate release formulation. Based on this model, a
sustained release formulation of memantine may be administered to a subject
in an amount that is approximately the full strength dose (or that
effectively reaches a therapeutically effective dose) from the onset of
therapy and throughout the duration of treatment. Accordingly, a dose
escalation would not be required. Thus in one embodiment, a composition is
prepared using the methods described herein, wherein such composition
comprises a therapeutically effective amount of memantine oramantadine and
an excipient for administration to a subject without prior administration
of a subtherapeutic amount of same active agent (i.e. memantine or
amantadine) to the same subject. Specifically, for an indication such as
Alzheimer's disease, where a therapeutically effective amount of memantine
is typically 20 mg per day, the administration of memantine to the subject
5 is initiated at 22.5 mg per day or more, instead of a subtherapeutic
amount (e.g., 5 mg per day as currently indicated in the manufacturer's
FDA-approved label for Namenda). Treatment of a subject with the subject of
the present invention may be monitored using methods known in the art. The
efficacy of treatment using the composition is preferably evaluated by
examining the subject's symptoms in a quantitative way, e.g., by noting a
decrease 10 in the frequency or severity of symptoms or damaging effects of
the condition, or an increase in the time for sustained worsening of
symptoms. In a successful treatment, the subject's status will have
improved (i.e., frequency or severity of symptoms or damaging effects will
have decreased, or the time to sustained progression will have increased)
hi the model described in the previous paragraph, the steady state (and
effective) concentration of the NMDAr antagonist 15 is reached in 25% 40%
50% 60% 70% 75% 80% less time than the dose escalated approach. In another
embodiment, a composition is prepared using the methods described herein,
wherein such composition comprises memantine or amantadine and a release
modifying excipient, wherein the excipient is present in an amount
sufficient to ameliorate or reduce the dose-dependent toxicity associated
with the memantine or amantadine relative to an immediate 20 release (IR)
formulation of memantine, such as Namenda, or amantadine, such as
Symmetrel. The use of these compositions enables safer administration of
these agents, and even permits the safe use of higher levels for
appropriate indications, beyond the useful range for the presently
available versions of memantine (5 mg and 10 mg per dose to 20 mg per day)
and amantadine (100 mg to 300 mg per day with escalation). >5 Indications
Suitable for Treatment Conditions suitable for treatment according to this
invention include seizure disorders, 



pain syndromes, neurodegenerative diseases (including motor neuron
diseases, myelopathies, radiculopathies, and disorders of the sympathetic
nervous system), dementias, cerebrovascular 50 conditions, movement
disorders, brain trauma, cranial nerve disorders, neuropsychiatric
disorders, and other disease neuropathies (including viral associated
neuropathies, diabetesassociated neuropathies, Guillian-Barre syndrome,
dysproteinemias, transthyretin-induced neuropathies, and carpal tunnel
syndrome). As used herein, seizure disorders include complex partial
seizures, simple partial seizures, partial seizures with secondary
generalization, generalized seizures (including absence, grand mal (tonic
clonic), status epilepticus, tonic, atonic, myoclonic), neonatal and
infantile spasms, drug-induced seizures, trauma-induced seizures, and
febrile seizures, and additional specific epilepsy syndromes such as
juvenile myoclonic epilepsy, Lennox-Gastaut, mesial temporal lobe epilepsy,
nocturnal frontal lobe epilepsy, progressive epilepsy with mental
retardation, and progressive myoclonic epilepsy, as well as seizures
associated with CNS mass lesions. Pain syndromes include, for example,
headaches (e.g., migraine, tension, and cluster), acute pain, chronic pain,
neuropathic pain, nociceptive pain, central pain and inflammatory pain,
drug-induced neuropathic pain, causalgia, complex regional pain syndrome
types I and II, and reflex sympathetic dystrophy (RSDS). Neurodegenerative
diseases include Alzheimer's disease, Parkinson's Disease, multiple
sclerosis, Huntington's Disease, ALS, spinal muscular atrophy, muscular
dystrophies prionrelated diseases, cerebellar ataxia, Friedrich's ataxia,
SCA, Wilson's disease, RP, Gullian Barre syndrome, Adrenoleukodystrophy,
Menke's Sx, cerebral autosomal dominant arteriopathy with subcortical
infarcts (CADASIL), Charcot Marie Tooth diseases, neurofibromatosis,
von-Hippel Lindau, Fragile X, spastic paraplesia, tuberous sclerosis
complex, Wardenburg syndrome, spinal motor atrophies, Tay-Sach's, Sandoff
disease, familial spastic paraplegia, myelopathies, radiculopathies,
encephalopathies associated with trauma, radiation, drugs and infection,
and disorders of the sympathetic nervous system (e.g., Shy Drager (familial
dysautonomia), diabetic neuropathy, drug-induced and alcoholic neuropathy).
Dementias include Alzheimer's disease, Parkinson's disease, Pick's disease,
frontotemporal dementia, vascular dementia, normal pressure hydrocephalus,
Huntington's disease, and MCI. Cerebrovascular conditions amenable to
treatment according to the present invention include Cerebrovascular
disease and strokes (e.g, thrombotic, embolic, thromboembolic, hemorrhagic
(including AVM and berry aneurysms), venoconstrictive, and venous).Included
in movement disorders are Parkinson's disease, dystonias, benign essential
tremor, tardive dystonia, tardive dyskinesia, and Tourette's syndrome.
Brain trauma as used herein includes traumatic brain and spinal cord
injuries as well as brain injuries from radiation. Cranial nerve disorders
include trigeminal neuropathy, trigeminal neuralgia, Menier's syndrome,
glossopharangela neuralgia, dysphagia, dysphonia, cranial nerve palsies and
Bell's palsy. Neuropsychiatric disorders include panic syndrome, general
anxiety disorder, phobic syndromes of all types, mania, manic depressive
illness, hypomania, unipolar depression, depression, stress disorders,
PTSD, somatoform disorders, personality disorders, psychosis, and
schizophrenia), and drug dependence/additiction (e.g., alcohol,
psychostimulants (eg, crack, cocaine, speed, meth), opioids, and nicotine),
and drug-induced psychiatric disorders. -Other disease neuropathies that
may be treated with the compositions and methods described herein include
Guillian-Barre, diabetes associated neuropathies, dysproteinemias,
transthyretin-induced neuropathies, neuropathy associated with HIV, herpes
viruses (including herpes zoster) or other viral infection, neuropathy
associated with Lyme disease, carpal tunnel syndrome, tarsal tunnel
syndrome, amyloid-induced neuropathies, leprous neuropathy, Bell's palsy,
compression neuropathies, sarcoidosis-induced neuropathy, polyneuritis
cranialis, heavy metal induced neuropathy, transition metal-induced
neuropathy, drug-induced neuropathy, postmenengitis syndrome, post-polio
syndrome, prion diseases, and radiation associated neuropathic syndromes.
Other diseases amenable to treatment with the present invention include
fatigue syndromes (e.g., chronic fatigue syndrome and fibromyalgia), ataxic
syndromes, olivopontoicerebellar degeneration, striatonigral degeneration,
and axonic brain damage. Because the NMDAr antagonist in the present
compositions reaches a therapeutically effective steady state in a shorter
period of time than immediate release formulations (e.g., within the course
of the first five, seven, nine, ten, twelve, fifteen, or twenty days of
administration), the present invention is particularly useful for the
treatment of neuropsychiatric disorders such as depression, agitation,
anxiety, seizure disorders such as grand mal seizures, status
epilepticus,migraine pain treatment and prophylaxis, Alzheimer's disease,
Parkinson's disease, and traumatic brain and spinal cord injury. Also, the
higher doses enabled by the present invention are expected to be of
particular importance for dementias including Alzheimer's disease,
Parkinson's disease, and vascular dementia, pain syndromes, including
headaches and migraines, seizure disorders, movement disorders, and brain
trauma. Furthermore, the ease of use and convenience of a dosage form
provided developed to be delivered at once per day or less frequent
administration at a therapeutically effective quantity from the onset of
therapy is of value in treatment of dementias including Alzheimer's disease
and Parkinson's disease, seizure disorders, pain syndromes, and
cerebrovascular conditions. Formulations for Alternate Specific Routes of
Administration The pharmaceutical compositions may be optimized for
particular types of delivery. For example,-pharmaceutical compositions for
oral delivery are formulated using pharmaceutically acceptable carriers
that are well known in the art. The carriers enable the agents in the
composition to be formulated, for example, as a tablet, pill, capsule,
solution, suspension, sustained release formulation; powder, liquid or gel
for oral ingestion by the subject. The NMDAr antagonist may also be
delivered in an aerosol spray preparation from a pressurized pack, a
nebulizer or from a dry powder inhaler. Suitable propellants that can be
used in a nebulizer include, for example, dichlorodifluoro-methane,
trichlorofluoromethane, dichlorotetrafluoroethane and carbon dioxide. The
dosage can be determined by providing a valve to deliver a regulated amount
of the compound in the case of a pressurized aerosol. Compositions for
inhalation or insufflation include solutions and suspensions in
pharmaceutically acceptable, aqueous or organic solvents, or mixtures
thereof, and powders. The liquid or solid compositions may contain suitable
pharmaceutically acceptable excipients as set out above. Preferably the
compositions are administered by the oral, intranasal or respiratory route
for local or systemic effect. Compositions in preferably sterile
pharmaceutically acceptable solvents may be nebulized by use of inert
gases. Nebulized solutions may be breathed directly from the nebulizing
device or the nebulizing device may be attached to a facemask, tent or
intermittent positive pressure breathing machine. Solution, suspension or
powder compositions may be administered, preferably orally or nasally, from
devices that deliver the formulation in an appropriate manner. In some
embodiments, for example, the composition may be delivered intranasally to
the cribriform plate rather than by inhalation to enable transfer of the
active agents through the olfactory passages into the CNS and reducing the
systemic administration. Devices commonly used for this route of
administration are included in US patent 6,71 5,485. Compositions 



delivered via this route may enable increased CNS dosing or reduced total
body burden reducing systemic toxicity risks associated with certain drugs.
Additional formulations suitable for other modes of administration include
rectal capsules or suppositories. For suppositories, traditional binders
and carriers may include, for example, polyalkylene glycols or
triglycerides; such suppositories may be formed from mixtures containing
the active ingredient in the range of 0.5% to 10%, preferably l%-2%. The
composition may optionally be formulated for delivery in a vessel that
provides for continuous long-term delivery, e.g., for delivery up to 30
days, 60 days, 90 days, 180 days, or one year. For example the vessel can
be provided in a biocompatible material such as titanium. Long-term
delivery formulations are particularly useful in subjects with chronic
conditions, for assuring improved patient compliance, and for enhancing the
stability of the compositions. Optionally, the NMDA receptor antagonist is
prepared using the OROS(r) technology, described for example, in U.S.
Patent Nos. 6,919,373, 6,923,800, 6,929,803, 6,939,556, and 6,930,128, all
of which are hereby incorporated by reference. This technology employs
osmosis to provide precise, controlled drug delivery for up to 24 hours and
can be used with a range of compounds, including poorly soluble or highly
soluble drugs. OROS(r) technology can be used to deliver high drug doses
meeting high drug loading requirements. By targeting specific areas of the
gastrointestinal tract, OROS(r) technology may provide more efficient drug
absorption and enhanced bioavailability. The osmotic driving force of
OROS(r) and protection of the drug until the time of release eliminate the
variability of drug absorption and metabolism often caused by gastric pH
and motility.Formulations for continuous long-term delivery are provided
in, e.g., U.S.P.Ns. 6,797,283; 6,764, 697; 6,635,268, and 6,648,083. If
desired, the components may be provided in a kit. The kit can additionally
include instructions for using the kit. Additional methods for making
modified release formulations Additional methods for making modified
release formulations are described in, e.g., U.S. Patent Nos. 5,422,123,
5,601,845, 5,912,013, and 6,194,000, all of which are hereby incorporated
by reference. Alternatively, the compositions of the present invention may
be administered transdermally. Preparation for delivery in a transdermal
patch can be performed using methods also known in the art, including those
described generally in, e.g., US Patent Nos. 5,186,938 and 6,183,770,
4,861,800, 6,743,211, 6,945,952, 4,284,444, and WO 89/09051, incorporated
herein by reference in their entireties. A patch is a particularly useful
embodiment with drugs having absorption problems. Patches can be made to
control the release of skin-permeable active ingredients over a 12 hour, 24
hour, 3 day, and 7 day period. In one example, a 2-fold daily excess of an
NMDAr antagonist is placed in a non-volatile fluid. Given the amount of the
agents employed herein, a preferred release will be from 12 to 72 hours.
Transdermal preparations of this form will contain from 1% to 50% active
ingredients. The compositions of the invention are provided in the form of
a viscous, non-volatile liquid. Preferably, the NMDAr antagonist will have
a skin penetration rate of at least 10-9 mole/cm2/hour. At least 5% of the
active material will flux through the skin within a 24 hour period. The
penetration through skin of specific formulations may be measures by
standard methods in the art (for example, Franz et al., J . Invest. Derm.
64:194-195 (1975)). Providing the NMDAr antagonist in the form of patches
is useful given that these agents have relatively high skin fluxes. In some
embodiments, for example, the composition may be delivered via intranasal,
buccal, or sublingual routes to the brain rather than by inhalation to
enable transfer of the active agents through the olfactory passages into
the CNS and reducing the systemic administration.Devices commonly used for
this route of administration are included in US patent 6,715,485.
Compositions delivered via this route may enable increased CNS dosing or
reduced total body burden reducing systemic toxicity risks associated with
certain drugs. Preparation of a pharmaceutical composition for delivery in
a subdermally implantable device can be performed using methods known in
the art, such as those described in, e.g., US Patent Nos. 3,992,518;
5,660,848; and 5,756,1 15. Using the formulations and methods described
herein, we have produced numerous formulations of NMDAr antagonists (e.g.,
memantine and amantadine) having modified release profiles (more than 50).
Exemplary formulations are provided in the Examples. The invention will be
illustrated in the following non-limiting examples. EXAMPLES Example 1:
Measuring Release Profiles for Aminoadamantanes in vitro Compositions
containing an aminoadamantane were analyzed for release of the
aminoadamantane, according to the USP type II apparatus at a speed of 50
rpm. The dissolution media used were water, 0.1N HCl, or 0.1N HCl adjusted
to pH 6.8 at 2 hours with phosphate buffer. The dissolution medium was
equilibrated to 370.5C. The USP reference assay method for amantadine was
used to measure the fraction of memantine released from the compositions
prepared herein. Briefly, 0.6 mL sample (from the dissolution apparatus at
a given time point) was placed into a 15 mL culture tube. 1.6 mL 0.1%
Bromocresol Purple (in acetic acid) was added and vortexed for five
seconds. The mixture was allowed to stand for approximately five minutes. 3
mL Chloroform was added and vortexed for five seconds. The solution was
next centrifuged (speed 50 rpm) for five minutes. The top layer was removed
with a disposable pipette. A sample was drawn into 1 cm flow cell and the
absorbance was measured at 408 nm at 37C and compared against a standard
curve prepared with known quantities of the same aminoadamantane. The
quantity of determined was plotted against the dissolution time for the
sample.Example 2: Preparation of Memantine-Containing Cores to be Coated
with an Enteric Coating Memantine-containing cores are prepared as follows
and as described, for example, in U.S. patent No. 4,606,909. Cores
(containing 24% talc) are prepared using 0.97 kg memantine, 0.2 kg sodium
laurylsulphate, 0.5 kg microcrystalline cellulose, 5.93 kg saccharose
powder, and 2.4 kg talc. Memantine and sodium laurylsulphate are
co-comminuted by passage through a grinder using a 0.5 mm sieve. The ground
mixture is mixed with microcrystalline cellulose, saccharose, and talc in a
planet mixer. 10 kg of the resulting mixture is moistened with 0.8 kg
purified water and mixed in a planet mixer until the mixture is slightly
lumpy. The moist mixture is extruded through a 0.5 mm sieve. The first
kilograms of extrudate passing the sieve is powdery and re-extruded. The
resulting extrudates form strings, breaking off in lengths of 10-30 cm. 2
kg of the extruded strings is formed into compact-shaped cores in a
marumerizer(tm) and the resulting compact-shaped cores are dried in a
fluidized bed dryer and sieved through a separator (the upper sieve (0.71
mm) and the bottom sieve (0.46 mm). Using the same technique, cores
(containing 10% talc) are prepared using 0.97 kg memantine, 0.2 kg sodium
laurylsulphate, 1.0 kg microcrystalline cellulose, 6.83 kg saccharose
powder, and 1.0 kg talc. The release of memantine is measured, at a pH 7.5
for the cores containing 24% talc and 10% talc, respectively. The reduction
in the talc content from 24% to 10% decreases the release weight of
memantine from the core. An enteric coating suspension, which further
delays the release of memantine, is prepared by homogenizing 9.0 kg
Eudragit (tm) S 12,5 together with 0.135 kg acetyltributylcitrate, 0.9 kg
talc, and 7.965 kg isopropanol. 10 kg of the above-described cores
containing 10% talc are 



coated with 4.167 kg of this coating suspension in a fluidized bed and the
resulting pellets are covered with talcum. For the preparation of a
pharmaceutical dosage form, 1000 of these pellets are filled in a capsule
No. 1, such that each of the capsule contains 25 mg memantine.Example 3:
Preparation of Amantadine extended release capsules Amantadine extended
release capsules may be formulated as follows or as described, for example,
in U.S. Patent No. 5,395,626. A. Composition: Unit Dose The theoretical
quantitative composition (per unit dose) for amantadine extended release
capsules is provided below. A mixture of hydroxypropyl methylcellulose,
polyethylene glycol, propylene glycol. 2 Purified Water, USP is evaporated
during processing. 3 A mixture of hydroxypropyl methylcellulose and
polyethylene glycol 4 Solid content only of a 25% aqueous dispersion of a
mixture of ethyl cellulose, dibutyl sebacate, oleic acid, ammoniated water
and fumed silica. The water in the dispersion is evaporated during
processing. 5 White, opaque, hard gelatin capsule, size 00. 6 Each batch is
assayed prior to filling and the capsule weight is adjusted as required to
attain 200 mg amantadine per capsule.The quantitative batch composition for
amantadine extended release capsule is shown below. (Theoretical batch
quantity 25,741 capsules): The amantadine beads obtained from step 1 are
used as follows.The sustained release beads obtained from step 2 are used
as follows. The amantadine beads obtained from step 3 are formulated as
follows. Step 5: Capsule Filling -Gelatin capsules, size 00, are filled
with 339 mg of the amantadine beads prepared in step 4. Examples 4-11:
Extended release formulation of Rimantidine The NMDAr antagonist,
rimantidine, is formulated for extended release as follows (see, for
example, U.S. Patent No. 5,912,013).METHOD AND APPARATUS FOR POWER
GENERATION USING WASTE HEAT BACKGROUND OF THE INVENTION 1. Technical Field
[0001] The present invention relates to methods and apparatus for power
generation using waste heat from a power plant in general, and to those
methods and apparatus that utilize an organic Rankine cycle in particular.
2. Background Infopnation [0002] Marine and land based power plants can
produce exhaust products in a temperature range of 350-1 850 0F. In most
applications, the exhaust products are released to the environment and the
thermal energy is lost. In some instances, however, the thermal energy is
further utilized. For example, the thermal energy from the exhaust of an
industrial gas turbine engine (IGT) has been used as the energy source to
drive a Rankine cycle system. [0003] Rankine cycle systems can include a
turbine coupled to an electrical generator, a condenser, a pump, and a
vapor generator. The vapor generator is subjected to a heat source (e.g.,
geothermal energy source). The energy from the heat source is transferred
to a fluid passing through the vapor generator. The energized fluid
subsequently powers the turbine. After exiting the turbine, the fluid
passes through the condenser and is subsequently pumped back into the vapor
generator. In land-based applications, the condenser typically includes a
plurality of airflow heat exchangers that transfer the thermal energy from
the water to the ambient air. [0004] In the 1970's and 1980's the United
States Navy investigated a marine application of a Rankine cycle system,
referred to as the Rankine Cycle Energy Recovery (RACER) System. The RACER
system, which utilized high-pressure steam as the working medium, was
coupled to the drive system to augment propulsion horsepower. RACER could
not be used to power any accessories because it as coupled to the drive
system; i.e., if the drive system was not engaged, neither was the RACER
system. The RACER system was never fully implemented and the program was
cancelled because of problems associated with using high-pressure steam in
a marine application. [0005] What is needed is a method and apparatus for
power generation using waste heat from a power plant that can be used in a
marine environment, and one that overcomes the problems associated with the
prior art systems.SUMMARY OF THE INVENTION [0006] According to the present
invention, a method and apparatus for generating power aboard a marine
vessel is provided. The method comprises the steps of: (a) providing a
Rarikine Cycle device that includes at least one of each of an evaporator,
a turbo-generator that includes a turbine coupled with an electrical
generator, a condenser, and a refrigerant feed pump; (b) disposing the one
or more evaporators within an exhaust duct of a power plant of the marine
vessel; (c) operating the power plant; and (d) selectively pumping
refrigerant through the Rankine Cycle device, wherein refrigerant exiting
the evaporator powers the turbine, which in turn powers the generator to
produce electric power. [0007] The present method and apparatus provides
significant advantages. For example, the range of a marine vessel that
burns liquid fossil fuel within its power plant is.typically dictated by
the fuel reserve it can carry. In most modern marine vessels, a portion of
the fuel reserve is devoted to running a power plant that generates
electrical energy. Hence, both the propulsion needs and the electrical
energy needs draw on the fuel reserve. The present method and apparatus
decreases the fuel reserve requirements by generating electricity using
waste heat generated by the power plant of the vessel rather than fossil
fuel. Hence, the vessel is able to carry less fuel and have the same range,
or carry the same amount of fuel- and have a greater range. In addition,
less fuel equates to lower weight, and lower weight enables increased
vessel speed. [0008] If one considers the amount of fossil fuel that would
be required to produce the electrical energy that can be created by the
present method and apparatus via waste heat, it is clear that several other
advantages are provided by the present invention. For example, the weight
of the fuel required to produce "N" units of electrical power using the
vessel's existing main or auxiliary power plants far exceeds the weight of
a present ORC device capable of producing the same "N" units of electrical
power via waste heat. In addition, consumption of liquid fuel changes the
buoyancy characteristics of the vessel. The weight of the present ORC
device remains constant, thereby facilitating buoyancy control of the
vessel. [0009] For those embodiments that utilize a recuperator disposed
within the condenser, the present inventor provides the additional benefits
of an ORC device with increase efficiency disposed within a relatively
compact unit. [0010] Yet another advantage of the present invention results
from the thermal energy removed from the exhaust gases of the marine vessel
power plant. The mass flow of theexhaust is a function of the volumetric
flow and density of the exhaust. The present method and apparatus enables
the exhaust gases to be significantly cooled and consequently the density
of the exhaust gases increased. As a result, the mass flow is substantially
decreased, and the required size of the marine power plant exhaust duct is
substantially less. [0011] These and other objects, features and advantages
of the present invention will become apparent in light of the detailed
description of the best mode embodiment thereof, as illustrated in the
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0012] FIG. 1 is a
diagrammatic perspective view of an embodiment of the present invention ORC
device, having a single turbo-generator. 



[0013] FIG. 2 is a diagrammatic perspective view of an embodiment of the
present invention ORC device, having a pair of turbo-generators. [0014]
FIG. 3 is a diagrammatic perspective view of an embodiment of the present
invention ORC device, having three turbo-generators and a single condenser.
[0015] FIG. 4 is a diagrammatic perspective view of an embodiment of the
present invention ORC device, having three turbo-generators and a pair of
condensers. [0016] FIG. 5 is a sectional planar view of a condenser. [0017]
FIG. 6 is a diagrammatic perspective view of an evaporator. [0018] FIG. 7
is a schematic diagram of an ORC device that includes a single turbo
generator. [0019] FIG. 8 is a schematic diagram of an ORC device that
includes a pair of turbo generators. [0020] FIG. 9 is a schematic diagram
of an ORC device that includes three turbo generators. [0021] FIG. 10 is a
schematic diagram of an ORC device that includes three turbo generators and
a pair of condensers. [0022] FIG. 11 is a diagrammatic pressure and
enthalpy curve illustrating the Rankine Cycle.DETAILED DESCRIPTION OF THE
INVENTION [0023] Referring to FIGS. 1 - 6, the present method for utilizing
waste heat includes an organic Rankine cycle (ORC) device 20 for waste heat
utilization. The ORC device 20 includes at least one of each of the
following: 1) a turbine coupled with an electrical generator (together
hereinafter referred to as the "turbo-generator 22"); 2) a condenser 24; 3)
a refrigerant feed pump 26; 4) an evaporator 28; and 5) a control system.
The ORC device 20 is preferably a closed "hermetic" system with no fluid
makeup. In the event of leaks, either non-condensables are automatically
purged from the device 20 or charge is manually replenished from
refrigerant gas cylinders. [0024] The ORC device 20 uses a commercially
available refrigerant as the working medium. An example of an acceptable
working medium is R-245fa (1,1,1,3,3, pentafluoropropane). R-245fa is a
non-flammable, non-ozone depleting fluid. R-245fa has a saturation
temperature near 300 F and 300 PSIG that allows capture of waste heat over
a wide range of IGT exhaust temperatures. [0025] Now referring to FIGS. 1 -
4, the turbo-generator includes a single-stage radial inflow turbine 30
that typically operates at about 18000 rpm, a gearbox 32 with integral
lubrication system, and an induction generator 34 operating at 3600 rpm.
The gearbox 32 includes a lubrication system. In some instances, the
gearbox lubrication system is integral with the gearbox 32. [0026] In one
embodiment, the turbo-generator 22 is derived from a commercially available
refrigerant compressor-motor unit; e.g., a Carrier Corporation model 19XR
compressor-motor. As a turbine, the compressor is operated with a
rotational direction that is opposite the direction it rotates when
functioning as a compressor. Modifications performed to convert the
compressor into a turbine include: 1) replacing the impeller with a rotor
having rotor blades shaped for use in a turbine application; 2) changing
the shroud to reflect the geometry of the rotor blades; 3) altering the
flow area of the diffuser to enable it to perform as a nozzle under a given
set of operating conditions; and 4) eliminating the inlet guide vanes which
modulate refrigerant flow in the compressor mode. To the extent that there
are elements within the 19XR compressor that have a maximum operating
temperature below the operating temperature of the turbine 30, those
elements are replaced or modified to accommodate the higher operating
temperature of the turbine 30.[0027] In some embodiments, the
turbo-generator 22 includes peripheral components such as an oil cooler 36
(shown schematically in FIGS. 7 - 10) and oil reclaim eductor (not shown).
Both the oil cooler 36 and the eductor and their associated plumbing are
attached to the turbo-generator 22. [0028] Referring to FIG. 6, a number of
different evaporators 28 can be used with the ORC device 20. A single
pressure once-through evaporator 28 with vertical hot gas flow and
horizontal flow of refrigerant through fin-tube parallel circuits serviced
by vertical headers is an acceptable type of evaporator 28. Examples of
acceptable evaporator tube materials include carbon steel tubes with carbon
steel fins, and stainless steel tubes with carbon steel fins, both of which
have been successfully demonstrated in exhaust gas flows at up to 900 0F.
Other evaporator tube materials may be used alternatively. Inlet header
flow orifices are used to facilitate refrigerant flow distribution.
Different refrigerant flow configurations through the evaporator 28 can be
utilized; e.g., co-flow, co-counterflow, co-flow boiler/superheater and a
counterflow preheater, etc. The present evaporator 28 is not limited to any
particular flow configuration. [0029] In all the evaporator 28 embodiments,
the number of preheater tubes and the crossover point are selected in view
of the desired hot gas exit temperature as well as the boiler section inlet
subcooling. A pair of vertical tube sheets 38, each disposed on an opposite
end of the evaporator 28, supports evaporator coils. Insulated casings 40
surround the entire evaporator 28 with removable panels for accessible
cleaning. [0030] The number of evaporators 28 can be tailored to the
application. For example, if there is more than one exhaust duct, an
evaporator 28 can be disposed in each exhaust duct. More than one
evaporator 28 disposed in a particular duct also offers the advantages of
redundancy and the ability to handle a greater range of exhaust mass flow
rates. At lower exhaust flow rates a single evaporator 28 may provide
sufficient cooling, while still providing the energy necessary to power the
turbo-generators 22. At higher exhaust flow rates, a plurality of
evaporators 28 may be used to provide sufficient cooling and the energy
necessary to power the turbo-generators 22. [0031] Referring to FIGS. 1 -
5, the condenser 24 is a shell-and-tube type unit that is sized to satisfy
the requirements of the ORC device. The condenser 24 includes a housing 42
and a plurality of tubes 44 (hereinafter referred to as a "bank of tubes")
disposed within the housing 42. The housing 42 includes a working medium
inlet port 46, a working mediumexit port 48, a coolant inlet port 50, and a
coolant exit port 52. The coolant inlet and exit ports 50,52 are connected
to the bank of tubes 44 to enable cooling fluid to enter the condenser 24
housing, pass through the bank of tubes 44, and subsequently exit the
condenser housing 42. Likewise, the working medium inlet and exit ports
46,48 are connected to the condenser housing 42 to enable working medium to
enter the housing 42, pass around the bank of tubes 44, and subsequently
exit the housing 42. In some embodiments, one or more diffuser plates 54
(see FIG. 5) are positioned adjacent the working medium inlet 46 to
facilitate distribution of the working medium within the condenser 24. In
the embodiment shown in FIGS. 1 - 4, the housing 42 includes a removable
access panel 56 at each axial end of the housing 42. In a preferred
embodiment, one of the access panels 56 is pivotally attached to one
circumferential side of the housing 42 and attachable to the opposite
circumferential side via a selectively operable latch (not shown) so that
the access panel 56 may be readily pivoted to provide access to the bank of
tubes 44. [0032] In some embodiments, a non-condensable purge unit 58
(shown schematically in FIGS. 7 - 9) is attached to the condenser 24. The
purge unit 58 is operable to extract air and water vapor that may
accumulate in the vapor region of a condenser housing 42 to minimize 



or eliminate their contribution to oil hydrolysis or component corrosion.
The purge unit 58 is actuated only when the system controller
thermodynamically identifies the presence of noncondensable gas. [0033]
Referring to FIG. 5, in some embodiments, the ORC device 20 includes a
recuperator 60 for preheating the working medium prior to its entry into
the evaporator 28. The recuperator 60 is operable to receive thermal energy
from at least a portion of the working medium exiting the turbo-generator
22 and use it to preheat working medium entering the evaporator 28. In the
embodiment shown in FIG. 5, the recuperator 60 includes a plurality of
ducts 62 disposed within the housing 42 of the condenser 24. The ducts 62
are connected inline downstream of the working medium exit port 48 of the
condenser 24 and upstream of the evaporator 28. A partition 64 partially
surrounds the recuperator ducts 62 to separate them from the remainder of
the condenser 24. Working medium enters the condenser 24 through the
working medium inlet port 46 and passes through the recuperator 60 prior to
entering the remainder of the condenser 24. One or more diffusers 54 can be
disposed within the recuperator to facilitate distribution of the working
medium within the recuperator 60. Placing the recuperator 60 within the
condenser 24 advantageously minimizes the size of the ORC device 20. A
recuperator 60 disposed outside of thecondenser 24 can be used
alternatively, however. [0034] Referring to FIGS. 1 - 4, the ORC device 20
includes one or more variable speed refrigerant feed pumps 26 to supply
liquid refrigerant to the evaporator 28. In one embodiment, the refrigerant
feed pump 26 is a turbine regenerative pump that supplies liquid
refrigerant to the evaporator 28 with relatively low net pump suction head
(NPSH). This design, combined with the relatively low system pressure
difference, allows the feed pump 26 and condenser 24 to be mounted at the
same elevation and obviates the need for separate condensate and feed
pumps. In alternative embodiments, the refrigerant feed pump 26 may be a
side channel centrifugal pump or an axial inlet centrifugal pump. The
refrigerant feed pump 26 is equipped with an inverter to allow fully
proportional variable speed operation across the full range of exhaust
conditions. Other pump controls may be used alternatively. Applications
using two or more refrigerant feed pumps 26 offer the advantage of
redundancy. In some embodiments, the piping 74 disposed immediately aft of
each of the feed pumps 26 are connected to one another by a cross-over
piping segment 76. Multiple refrigerant feed pumps 26 and the cross-over
segment 76 enhance the ability of the ORC device 20 to accommodate a marine
environment having significant pitch and roll by collecting working medium
at different locations in the condenser 24. ORC configurations having more
than one turbo-generator 22 and more than one refrigerant feed pump 26 are
provided with valves 66 (see FIGS. 7 - 10) that enable each turbo-generator
22 or feed pump 26 to be selectively removed from the working medium flow
pattern. Alternatively, a feed pump 26 may be associated with each
turbo-generator 22, and selective actuation of the associated feed pump 26
can be used to engage / disengage the associated turbo-generator 22. [0035]
The ORC device 20 configurations shown in FIGS. 7 - 10 each includes a
cooling circuit 68 used in marine applications, wherein a cooling medium
(e.g., seawater) is accessed from a cooling medium source 70 (e.g., the
body of water in the environment surrounding the marine vessel) and
circuitously passed through the condenser 24 (via the coolant inlet and
exit ports 50,52) and returned to the cooling medium source 70. In
alternative embodiments, the cooling circuit 68 includes a heat exchanger
(e.g., a cooling tower) to remove thermal energy from the cooling medium.
[0036] ORC device 20 configurations are shown schematically in FIGS. 7 -
10. These configurations represent examples of ORC device 20 configurations
and should not be interpreted as the only configurations possible within
the present invention. Arrows indicate the working medium flow pattern
within each configuration.[0037] Referring to a first configuration shown
in FIG. 7, beginning at a pair of refrigerant feed pumps 26, working medium
is pumped toward an evaporator 28. In the embodiment shown in FIG. 7, prior
to entering the evaporator 28, the working medium passes through a
recuperator 60, wherein the working medium is preheated. . In a marine
application, the evaporator 28 is disposed within an exhaust duct that
receives exhaust products from the vessel's power plant. Working medium
exiting the evaporator 28 ' subsequently travels toward the turbo-generator
22. A bypass valve 72, disposed between the evaporator 28 and the
turbo-generator 22, enables the selective diversion of working medium
around the turbo-generator 22 and toward the condenser 24. An orifice 73 is
disposed downstream of the bypass valve 72 to produce a flow-restriction.
As will be discussed below, the bypass valve 72 is operable to fully bypass
working medium around the turbo generator 22. Alternatively, the bypass
valve 72 can operate to selectively vary the amount of working medium that
is introduced into the turbo-generator 22. Assuming some, or all, of the
working medium has not been diverted around the turbo-generator 22, the
working medium enters the turbine 30 portion of the turbo-generator 22 and
provides the energy necessary to power the turbo-generator 22. Once through
the turbo-generator 22, the working medium travels toward the condenser 24.
Working medium that is diverted around the turbo-generator 22 also travels
toward the condenser 24. A perspective view of this configuration of the
ORC device 20 is shown in FIG. 1, less the evaporator 28. [0038] A second
ORC device 20 configuration is schematically shown in FIG. 8 that includes
a pair of turbo-generators 22. The turbine inlets are connected to a feed
conduit from the evaporator 28. A turbine inlet valve 66a is disposed
immediately upstream of each turbo-generator 22. In some embodiments, a
turbine exit valve 66b is disposed immediately downstream of each
turbo-generator 22. In those embodiments, a safety pressure bleed is
provided connected to the low pressure side of the ORC device. The second
ORC device 20 configuration also includes a plurality of evaporators 28. An
evaporator inlet valve 78 is disposed immediately upstream of each
evaporator 28. In some embodiments, an evaporator exit valve 80 is disposed
immediately downstream of each evaporator 28. A perspective view of this
configuration of the ORC device 20 is shown in FIG. 2, less the evaporator
28. [0039] A third ORC device 20 configuration is schematically shown in
FIG. 9 that includes three turbo-generators 22. A perspective view of a
portion of this configuration of the ORC device 20 is shown in FIG. 3, less
the evaporator 28.[0040] A fourth ORC device 20 configuration is
schematically shown in FIG. 10 that includes three turbo-generators 22 and
a pair of condensers 24. A perspective view of a portion of this
configuration of the ORC device 20 is shown in FIG. 4, less the evaporator
28. [0041] In all of the configurations, the ORC controls maintain the ORC
device 20 along a highly predictable programmed turbine inlet superheat /
pressure curve through the use of the variable speed feed pump 26 in a
closed hermetic environment. An example of such a curve is shown in FIG.
11. [0042] The condenser load is regulated via the feed pump(s) 26 to
maintain condensing pressure as the system load changes. In addition to the
primary feed pump speed / superheat control loop, the ORC controls can also
be used to control: 1) net exported power generation by controlling either
hot gas blower speed or bypass valve 72 position depending on the
application; 2) selective staging of the generator 34 and gearbox 32 oil
flow; and 3) actuation of the purge unit 58. The ORC controls can also be
used to monitor all ORC system sensors and evaluate if any system
operational set point ranges are exceeded. Alerts and alarms can be
generated and logged in a manner analogous to the operation of a
commercially available 



chillers, with the control system initiating a protective shutdown sequence
(and potentially a restart lockout) in the event of an alarm. The specific
details of the ORC controls will depend upon the specific configuration
involved and the application at hand. The present invention ORC device 20
can be designed for fully automated unattended operation with appropriate
levels of prognostics and diagnostics. [0043] The ORC device 20 can be
equipped with a system enable relay that can be triggered from the ORC
controls or can be self-initiating using a hot gas temperature sensor.
After the ORC device 20 is activated, the system will await the enable
signal to begin the autostart sequence. Once the autostart sequence is
triggered, fluid supply to the evaporator 28 is ramped up at a controlled
rate to begin building pressure across the bypass valve 72 while the
condenser load is matched to the system load. When the control system
determines that turbine superheat is under control, the turbine oil pump is
activated and the generator 34 is energized as an induction motor. The
turbine speed is thus locked to the grid frequency with no requirement for
frequency synchronization. With the turbine at speed, the turbine inlet
valve 66a opens automatically and power inflow to the generator seamlessly
transitions into electrical power generation.[0044] Shutdown of the ORC
device 20 is equally straightforward. When the temperature of the exhaust
products passing through the evaporator(s) 28 falls helow the operational
limit, or if superheat cannot be maintained at minimum power, the ORC
controls system begins an auto-shutdown sequence. With the generator 34
still connected to the grid, the turbine inlet valve 66a closes and the
turbine bypass valve 72 opens. The generator 34 once again becomes a motor
(as opposed to a generator) and draws power momentarily before power is
removed and the unit coasts to a stop. The refrigerant feed pump 26
continues to run to cool the evaporator 28 while the condenser 24 continues
to reject load, eventually resulting in a continuous small liquid
circulation through the system. Once system temperature and pressure are
adequate for shutdown, the refrigerant feed pump 26, turbine oil pump, and
condenser 24 are secured and the system is ready for the next enable
signal. [0045] When the autostart sequence is complete, the control system
begins continuous superheat control and alarm monitoring. The control
system will track all hot gas load changes within a specified turndown
ratio. Very rapid load changes can be tracked. During load increases,
significant superheat overshoot can be accommodated until the system
reaches a new equilibrium. During load decreases, the system can briefly
transition to turbine bypass until superheat control is re-established. If
the supplied heat load becomes too high or low, superheat will move outside
qualified limits and the system will (currently) shutdown. From this state,
the ORC device 20 will again initiate the autostart sequence after a short
delay if evaporator high temperature is present. [0046] Although this
invention has been shown and described with respect to the detailed
embodiments thereof, it will be understood by those skilled in the art that
various changes in form and detail thereof may be made without departing
from the spirit and the scope of the invention.What is claimed is: 1. An
apparatus for generating power using exhaust from a marine power plant, the
apparatus comprising: an evaporator operable to be disposed within the
exhaust from the marine power plant; a turbo-generator that includes a
turbine coupled with an electrical generator; a condenser having a
plurality of tubes disposed within a housing, wherein the tubes form a
closed circuit within the housing that is sized to permit a flow of coolant
into and out of the condenser; and a refrigerant feed pump operable to pump
refrigerant. 2. The apparatus of claim 1, further comprising a coolant
source that provides the coolant flow into and out of the condenser. 3. The
apparatus of claim 2, wherein the coolant source is environmental water. 4.
The apparatus of claim 2, further comprising a selectively operable bypass
valve disposed within the apparatus and positioned to provide a path
between the evaporator and the condenser, so that refrigerant may be
selectively bypassed around the turbo-generator. 5. The apparatus of claim
1, further comprising a recuperator disposed within the condenser, and the
recuperator is positioned within the apparatus such that refrigerant from
the refrigerant feed pump enters the recuperator and refrigerant exiting
the recuperator passes into the evaporator. 6. The apparatus of claim 1,
further comprising a pair of the refrigerant feed pumps operable to pump
refrigerant, wherein one of the feed pumps is connected to the condenser
adjacent a first lengthwise end of the condenser, and the other of the feed
pumps is connected to the condenser adjacent a second lengthwise end of the
condenser, opposite the first lengthwise end. 7. The apparatus of claim 1,
wherein the condenser has a selectively removable access panel attached to
a first lengthwise end of the housing, wherein removal of the access
panelpermits access to the plurality of tubes. 8. A method for generating
power aboard a marine vessel, comprising the steps of: providing a Rankine
Cycle device that includes at least one of each of an evaporator, a
turbo-generator that includes a turbine coupled with an electrical
generator, a condenser, and a refrigerant feed pump; disposing the one or
more evaporators within an exhaust duct of a power plant of the marine
vessel; operating the power plant; and selectively pumping refrigerant
through the Rankine Cycle device. 9. The method of claim 8, further
comprising the steps of: disposing a selectively operable bypass valve
disposed within the device, positioned to provide a path between the
evaporator and the condenser; and selectively operating the bypass valve to
bypass at least a portion of the refrigerant flow around the
turbo-generator. 10. The method of claim 9, wherein the bypass valve is
selectively operated to bypass refrigerant around the turbo-generator
during start-up of the Rankine Cycle device and during shut-down of the
Rankine Cycle device. 11. The method of claim 9, wherein the bypass valve
is selectively operated to bypass refrigerant around the turbo-generator
when the turbo-generator is inoperable. 12. A method for generating power,
comprising the steps of: providing a Rankine Cycle device that includes at
least one of each of an evaporator, a turbo-generator that includes a
turbine coupled with an electrical generator, a condenser, and a
refrigerant feed pump; disposing the one or more evaporators within an
exhaust duct of a power plant of a marine vessel; operating the power
plant; and selectively pumping refrigerant through the Rankine Cycle
device. 


