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(54) Title: METHODS OF TREATING OR PREVENTING PRETERM LABOR

(57) Abstract: Described herein are methods for treating preterm labor, stopping labor prior to Cesarean delivery, preventing pre -
term labor, or controlling the timing of parturition by administering a chemical compound, such as a muscarinic receptor antagonist
preferably a M, receptor antagonist, or a -3 adrenergic agonist. Also described are methods for treating preterm labor, stopping
labor preparatory to Cesarean delivers', preventing preterm labor, or controlling the timing of parturition by administering an effect -
ive amount of transdermal stimulation, posterior tibial nerve stimulation or another form of non-invasive or invasive neuromodulat-
ton, unstimulated or stimulated acupuncture, magnetic tield therapy, or vibratory stimulation. These methods may be practiced indi-
vidually, in combination with each other, or in combination with known tocolytic methods or medications.
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BACKGROUND

in the field of obstetrics, one of the most tmportant problems is the managemeny of

10 pretorm labor. A sigmficant number of the prognancies progressimg past 20 wecks of
gostation exparicncs promature labor and debivery, which are leading causes of neonntal
morbidity and mortalitv, In addition, surviving pre-term bables suffer from long-term
sequelag, such as neurelngic deficis, blindness, deafiress, aad chironie respiratory discase,
Despite major advances m noonatal care, retention of the fotes in wicre is preferred m most

1% instances.

Carrently, pro-toom labor s treated with tocolytic (uterine-rolaxing)  agents,
ncluding Bl-adrenergic agonists, magnesien sulfate, and ethanol. In addition, oxytocin
recepior amagomsts are in development. Rutodvine, the loading B-advencrgic agonist,
causes & humber of cardiovascular and metabolic side effects in the mother, including

20 tachyvceardia, ncrecased remm scorction, and hvperslycenua {and reactive hyvpoglyeemia in

g‘v
the infant). Riodrine is no longer FDA-approved. Other B2-adrencrgic agomists, nchading
satbutamo!, worbualine, and albuterol have side effects sinlwr 1o those of ritednne.
Magnestum sulfate af plasta concenfrations above #he therapoutic range of 4 o B mg/dL

can cause inhibition of cardiac conduction and sevromuscular transmission, respiratory

25 depression, and cardise amest, thus making this agont wnswitable when ronad function s
impaired. Ethano! is as effective ag ritodrine in preventing prevaatare Iabor, but it dogs not
prodace & corrcsponding reduction in the incidonee of fotal rospiwatory distress that
sdounistration of ntedrine does. Progesterone has also been shown o reduce proform
delivery, but s mechanism of scnion is unclesy.

30 There exists a need for safe and effective methods of reating or preventing preterm

iabor,

Date Regue/Date Received 2021-09-27
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Iu cortain embodimenty, the invention relates fo a method for teating preterm labor,
stopping lahor preparatory fo Ceosaresn delivery, proventing pretorm. labor, v controlling

the timing of partarition comprising the step of:

administering to a patient in need thereof an effective amount of a muscarinic
ABLAZONISE,

In certwin ombodimonts, the myvention relafes o any of the mothods desenbed
herein, wherein the muscarime antagonist has high selectivity for the M; receptor compared
with the M: recoptorn.

In cortmin embodiments, the fvention relates to any of the methods deseribed
heren, wherein the muscarinie amagonist has bigh afftnity for the Ms receptor.

In cortatn ombodiments, the mvention relafss 1o sy of the mothods deseribed
horetn, wherein the muscariaic atfagonist is sclected fronn the group consisting of 3R 2R}
f-azabieyelof2.2 Toctan-8vi 2eevelopentyl-dbvdroxy-2-phenyvlethanoate,  ((AR)-1-{2-(1~

cyclopentyvi-a-hydroxy-N-[ 1 -(4-methyl-3-penteny[}-4-pipendinybenzencacetanide,

i

S-benzodionol-3-yliethy

3-{diphenvimethoxyipiperidine (Zamifenacing, faR}a-

darifenacin, dicvoloverine, a Ll-dimethyvb-dodiphenviacetoxypiperidinimn salt {soach as a
halide salt, for example, lodide), fesoteroding, S-hvdroxymethyltolterodine, hvoscvamine,
ipragropium, Semethyi-S-amabicyclo3-cadol 1 2 Jjoct-3«y b1 d-dibvdro-2-omo-32H -
guinazolinecarboxylic acid estor, oxybutvnin, propiverine, solifenacin, femiverine, a

tlotropium salt {such as a halide salt. for example, bromide), and rospium.

fo corfam embodigents, the mvestion relates a method for reating pretera labor,
stopping labor preparatory o Cesarean delivery, proventing preterm fabor, or controlling

the timing of partwrition comprising the step of!

admimstering 1o a patient w need thereof an effcctive amount of wansdermal
stimuolation, posterior tibial nerve stimalation or another form of non-ivasive o invasive
newromodulation, unsunndated or stimulated acupuncture, magnete field therapy, or

vibratory stismylation.

In cortain embodiments, the invention relates to @ pharmaceutical composition for

treating proternt labor, stoppming labor propavatory to Uesarean delivery, preventing pretorm

]



fabor, or controliing the toing of partwriton comprising a therapeuticaliy-effective amowy

of & muscarinic antagonist and a pharmiaceatically acceptable carrier andfor diluent.
DETAILED DESCRIFTION

Overview

L

The buman bladder (urinary system) and the uterus (gemital system} originate from
the same embryologic origin (e, infermediate mesoderm). The anatomy of the bladder and
the uteras are similar both are bollow, smooth muscle organs found in the pelvis; both have
two ndets and one outlet; and both have the swme blood supply (.o, internal 1liae), Also,
there is evidence that the moervation of the bladder and the innervation of the vierus shae
10 some coronionality: both receive the majonty of parasympathetic mnervation via the pelvic
nerve; both recoive the wmgority of the sympathetic mnervation from the hypogastric
plexus; both have muscarmic receptors, predominately M2 and M3; and the M3 receptor s

the dominant {most uaportant} receptor in both the bladder and the werus,

As such, freatiments fypically cxplored and used for bladder dysfunction sach as

15 overactive bladder, wrgemcy, frequency, wurge incontingnee, and urgency  urinary
imcontinence may be used 1o freat or prevent sterine contractions, preterm labor, and
preterm dehivery, These therapies generally reduce or block acetylcholine release, block or
mactivae muscarinic receptors, block or fnspctivate acctyleholing veceptors, stimulate beta

receptors (such as beta-2 or beta-3), or reduce parasympathetic output.

20 In cortain ombodiments, the nvention provides for & method of treating protenn
tabuor, 0 mwethod for stopping laboyr preparatory (Lo, prior) to Cesarcan delivery, a method
for preventing protenm fabor, and 2 method of controlling the tmmy of partanition. in
cerfatn entbodiments, the lvention provides for a method of manefactwe of a medivament

useful for treating pretorm labor and for stopping labor preparatory 1o Cesarean delivery,

I~
(%

and for pharmaceutical compositions usefid in the methods of treating and preventing
pretesar labor, stopping labor prior to Cesarean debivery and controlling Uy timing of
parturition

In certain embodiments, aspects of the mvention are described 1in U5, Patent Nos,
§T0R036, 3872126, 6,017,927, 4207852, and 7141696, and US. Published Patemt
30 Application Publication Nos, 20070147002, 2000/0270432, 20113120988, 20120301540,

FOLIOT2TA6, and JNLIESER

Date Regue/Date Received 2021-09-27
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As used herein, the srticles “a” and “an™ sre used hercin to refor to one or to more
than one {1.e. to at least one) of the grammatical object of the article. By way of exaniple,

“an clement” means one clement or more than one clement,

The phrase “andfor,” as used herein n the specification and in the clabms, should be
understood o mean “cither or both™ of the clements so conjoingd, ¢, cloments that are
conjunctively present iy some cases and disjunctively present in other cases, Meltiple
clements listed with “andfor™ should be construed i the same fashion, fe, “one or more™
of the clements so cogoined. Other clements may optionally be present other than the
clements specifically identified by the "andfor™ cluse, whether related or unrelated to those
clements specifically identified. Thas, as a pon-limiting oxample, a reference to A andfor
B, when used i conpmcetion with open-ended langaage such as “comprising™ can refer, in
one embodiment, to & ounly (optionally inchuding elements other than B, i another
embodiment, to B only {optionally including clements other than A); in vet another

crabodiment, 1o both A and B {optionally including other clemenis); ete.

As used herein m the speeification and in the claims, "o should be understood to
have the same meaning as “andior” as defined above. For example, when separating items
i a list, “or” or “and/or” shall be interpreted as being melusive, Le., the inclusion of st least
one, but also ncluding more than one, of @ manber or list of elements, and, optionally,
additional unlisted #ems. Only terms clearly indicated to the contrary, such as “only one of”
or “exactly one of)” or, when used in the claims, “consisting of,” will refer to the inclusion
of exactly one clement of a number or list of clements. In general, the ferm “or™ as used
herein shall only be mterpreted as indicating exclusive alternatives {ue., “one or the other

RS

bt wot both™) when preceded by torms of exchasivity, such as “oither,” “one of” “only one
of 7 o “exactly one of” “Conststing essentially of” when used m the clatms, shall have its

ordinary meaning as used i the field of pateot law.

As used herein in the specification and in the claims, the phvase “at least ong,” i
reference io a Hst of one or more elemenis, should be understood to mean at feast one
clement selected from any one or more of the clements i the hst of clements, bat not
necessarily including at least one of cach and every clement specifically listed within the
tist of elements asd aot excluding any combinations of clements in the list of clements. This

definition alse allows that clements may optionally be prescat other than the cloments
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20

[
L

specifically identified within the bst of clements to which the phrase “at least one™ refers,
whether related or wrelated 1o those elewents specifically dentified. Thus, as a non-
fimiting cxample, “at least one of A and B” (or, equivalently, “at feast onc of A or B, or,
cquivalently “at least one of A andfor BT) can refer, v one ombodinient, 1o at least one,
optionally including more than one, A, with no B present {and optionally mclading
clements other thas B) in another embediment, to at least one, optionally inchsding more
than oneg, B, with no A present {and optionally including clements other than AY w vet
another embodiment, to at least one, optionally including more than one, A, and at least

one, optionally incleding more than one, B {and optionally inclading other clemenis); ete.

it should also be understood that, unless clearly indicated to the contravy, in any
methods claimed berein that inclade more than one step or act, the order of the steps or acts
of the method s not necossarily Hmited fo the order in which the steps or acts of the method
are reetted.

in the claims, as well s in dhe specification above, all transitional phrases such as

2

“comprising,” “including,” “carrying,” “having,” “contaiming,” “iovolving,” “holding”
“composed of,” and the like are to be undersiood o be open-ended, 1.e., to mean mchuding
bt not Hmited to. Only the mansitional phrases “consisting of ™ and “consisting cssentially

of” shall be closed or semi-closed transitional phrases, respectively,

The term "preterm labor™ shall mean expudsion from the wierus of a viable nfamt
before the normal end of gessation, or move particulaly, onset of faboy with effacoment and

difation of the cervix before the 37th week of gestation. It may or may not be associated

with vaginal bleeding or rupture of the membranes.

The torm "Cesarcan delivery™ shall mean meision through the abdonunal and utorine

walls for delivery of a fotus.

As used herein, a therapewtic thas “prevests” a disorder or condition refers to a
compound that, 1 a statistical sample, reduces the scaurrence of the disovder or condition
in the treated sample relative o an untreated control sample, or delays the onset or reduces
the severity of one or more syoptoms of the disorder or condition relative to the witreated

control sample.

As used horein, the torm “teating” or “treatment” includes reversing, reducing, or

arresting the symptoms, clinical signs, and endedlyving pathology of & condition i manner

Date Regue/Date Received 2021-09-27
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to mmprove or stabilize a subject’s condiion. As used herein, and as well enderstood in the
art, “treatment” is an approach for obtaining beneficial or desived resalts, ncloding clinical
results. Beneficial or desired clinieal results can include, but are not limited to, alleviation
or amclioration of one or more symptoms or conditions, diminishment of extent of
condition, stabilized (i.c., not worsening) state of condition, delay or slowing of progression
of comdition, amehoration o palliation of the state of condition, and remission {whether

partial or total), whether detectable or undetectable.

The term “prophviactic or therapeutic” treatment is artrecognized and inclodes
adnunistration o the host of one or e of the subject composttions. H i s adminisicred
prior to clinical manifestation of the uwnwanted condition {e.g., discase or other wawanted
state of the host animal} then the treatment is prophylactic, (Le,, # protects the host against
developing the wnvanted condition), whereas if it is administered after manifestagon of the
unwanted condition, the treatment s therapeutic, {Le,, it 15 mtended to diminish, amchiorate,

or stabilize the existing unwanted condition or side offcets thereot),

The term “patient” refers to a mammal in need of a particular freatment. In ceriain
esmbodiments, & patient is a prumate, canwne, feline, or equine. In certain embodiments, a

patient 18 a human.

The phrase “pharmaccutically  acceptable  exeipiont™ or  “phammaccutically
acceptable carrier” as used herein means a phatowceutically  acceptable matesial,
composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting the subject chemical from one
orgar or portion of the body, to another organ or portion of the body. Each carrier must be
“aceeptable” in the sense of being compatible with the other ingredients of the formulation,
got wnjuriows to the patient, and sebstantially non-pyrogenic. Some examples of materials
which can serve as pharmacestically accepiable carricrs include: (3} sugars, such as lactose,
glucose, and sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and
ity dertvatives, such as sodiem carboxymethyl celhidose, othyl celhdose, and celhdose
acgtate; £4) powdered tragacanth; {5) malt; (6} gelating {7) tale; (8) exciptents, such as cocoa
butter and supposttory waxes; {9 oils, such as peamst oil, cottonsced oil, safflower oil,
sesame oif, oltve oil, corn oil, and sovbean ol (30) ghveols, such as propylene glyeok
{11} polvols, such as glycerin, sorbitol, mannitol, and polvethylene glveol; {12) esters, such
as cthyvl oleate and ethyvl laurate; {(13) agar; (14} buffering agents, such as magnesium

hydroxide and aluminum bhydroxade; {15} alginic seid;, (16) pyrogen-fice  water;

6
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{17y isotomic saline; (18) Ringer’s solution; (19} ethyl alcobol; (20} phosphate bufter
solutions: and {21) other non-toxic compatible substances emploved in phanmaceutical
formulations, In cortain embodiments, pharmacestical compositions of the presest
imvention are non-pyrogenic, e, do not induce significant temperatore clevations when

admimstered {o & patient.

The term “pharmaccutically acceptable salts™ refors to the relatively non-toxic,
inorganic and organic acid addition salts of the compound(s}. These salts can be prepared in
site during the final isolation and purification of the compound(s), ov by scparately reacting
3 purificd compound{s) in its free base form with 3 suitable organic or inorganic acid, and
walating  the salt thus  formed.  Representative  sals  inclede  the  hydrobronude,
hydrochloride, sulfate, bisolfate, phosphate, nitrate, ascetate, valerate, oleste, palmitate,
stearate, lnwate, benzoate, laciate, phosphate, tosvlate, citrate, maleate, famarate, succiaate,
tartrate, naphthylate, mesviate, elucoheptonate, lactobionate, and lawrvisulphonate salts, and
the bike, (Sce, for example, Berge ot al, (1977) “Pharmaceuticnl Sals™, J Pharm. Sci. 66:1-

19.)

In other cases, the compounds useful in the methods of the invention may contain
one or more acidic functional groups and, thus, are capable of fonming pharmaceutically

¥¢

acocpiable salis with pharmaceutically ascceptable bases. The wm “phermacentically
acecplable salis” in these iastances refors fo the relatively non<toxic inorgamc and organic
base addition salts of a compound(s). These salis can likewise be prepared in situ during the
final isolation amd purification of the compownd(s), or by scparaicly reacting the pueificd
compeund(s) in s free ackd form with 2 suitable base, such as the hydroxide, carhonate, or
bearbonate of a pharmaceutically acceptable metal cation, with ammonia, or with a
pharmacentically acceptable organic primary, secondary, or tertiary amine. Representative
alkali or alkaline carth salts include the lthivm, sodnam, potassiom, calcham, maganesinm,
and alominum salis, and the like. Representative organic amines useful for the formation of
base addition salts mnchude cthvlamine, dicthylaming, cthylonedmmine, cthanolamine,

diethanolonine, piperazine, and the like (see, for example, Berge et al,, supra).

A “therapeusically effective amount”™ of 3 compound with respeet to use i
freatment, refers to an amownt of the compound i a preparation which, when administered
gy part of a desired dosage reghimen (to & mammal, preferably a human) alleviates a

symptony, ameliorates a conditton, or slows the onset of discase conditivns according fo

~1
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clinically ascceptable standards for the disorder or condition fo be treated or the cosmetic

g., at a reasonable benefitrisk ratio applicable to any medical reatment.

b

PUTpOSE, €.

The terms “co-administration” and “co-adounistering”™ refer fo both concurrent
admimisiration (administration of two or more thesapentic agents at the same time) and time
varied admimstration {administration of one or more thorapeatic agents at a time different
from that of the administration of an additional therapeutic agent or agenis), as long as the

therapeutic agents are present in the patient to some extent at the same fime.

Exemplary Merhods

In cortmin ombodiments, the wmvenbon provides for a wethod of trealing proterm
fabor, a method for stopping labor preparatory (Lo, prio) fo Cesarcan delivery, a method
for preventing preterm labor, and 3 method of controlling the tming of partenition. in
certain ewhodiments, the invention provides for a method of mamfactare of a medicament
usefil for freating proterm Iabor and for stopping labor proparatory 1o Cesarean delivery,
and for pharmacautical compositions usefd in the mothods of teating and preventing
preterme labor, stopping labor prier to Cesarean delivery and controlbing the fiming of

parturition.

in certain embodiments, the mvention relates to any one of the afwrenwentioned
methods, wherein delivery or parturition is defaved or prevented for at feast about 2 days, at
feast about 3 days, at least about 4 days, at least about § days, at feast about 6 days, at least
about 7 days, at least about 8 days, at least abowt 9 dayvs, ov at least about 10 days. In cortan
imhodiments, the invention relates to any one of the aforcinentioned methods, wherain
delivery or parturition 35 delaved or prevented until the fetus iz at about 40 weeks

gestattonal age, about 38 weeks, about 38 weeks, or about 37 weeks gestational age.

In cortain embodiments, the wvention relates to any one of the aforementioned
methods, comprising the step of administering fo a patient in need thereof an effective
amount of a compourd. In certain embodiments, the compound i an anticholinergic
compound. In certan embodiments, the compound 13 a muscarmie antagowst,. Muscarmie
sutngonists bind 1o, but do not achivate, muscannic cholinergic receptors. Rather, they act
by blocking the action of endogenons scetyvicholine, & nevrotrasmitter found 1 both
portpheral and contral norvous systoms. In cortain ombodiments, the compound for use

the mvention has high selectivity for the My receplor compared with the My receptor, In
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certain erbodiments, the compound for use in the vention has high affimity for the My

TECERIOY.

Compounds  having  muscarinic recepfor  anlagopistic  sotivilies  cause

bronchodilation, sumression of gastromiestinal motility, suppression of acid seeretion, dry
mouth, mydriasis, supprossion of bladder comtraction, hvpohidvosis, webyoardia, or the bke.
The punescarinic receptor includes at least threg subtypes, The My recoptor mamly exists in

the brain or the like, the M, receptor in the hemrt or the ke, and the M, receptor in the

smooth muscles o gland tssugs,

A number of compounds having muscarinie receptor antagonistic activities wre
known; for cxample, arropine 5 2 typieal example. However, atropine antagontzes the My,
My and My recopions non-selectively, so that ® s difficalt o use @ for the treaiment of a

spectfic disense. In recent vears, acconding fo the progress of the studies on the subtypes of

Y

b

the prascarimie receptor, compounds having seloctive antagonistic activities against the My,
Mo, ov My receptor have been tnvestigated. In cortain embodiments, the invention relates o
the wse of a compound baving selective antagomstic aotierly against musoarinie Ma receptor
that ts free from the cavdiae side effects rosulting from the My receptor,

In certain embodiments, the compounds used in the inventive methods have affinity
and selectivity for the muscarimie My receptor and, as an My roeeptor antagomist, are useful

as agents for prevention or weatment of various M; receptor-related diseases.

in particelar, in cortain cmbodimeuts, the compounds usefil in the methods
described heorein have high scloctivity for the M; receptor existing in the smwooth muscle or
gland tissues compared with the M; receptor existing in the beart, so that they have high
aithty as My receptor antagomists having less side effects on the heart. In cortain
cmbodiments, these compounds show good muscannic My antagonmistic activity g low
activity on bradyeardia. In cortain embodiments, these compounds bave fewer side effects,
such as dry mouth, compared with the conventional anti-cholinergic agents.

In certan cobodments, the compounds used in the myventive methods have affinity
and selectivity for the nuscarinic M, receptor and, as an M, receplor antagonist, are aseful
as agents for preveation or treatiment of various M recoptor-related discases.

in particular, in cerfain embodiments, the compounds usefal in the methods

deseribed herein have high selectivity for the M, receptor. In certamn embodiments, these

compounds show good muscarinic Me antagonistic activity, In certain embodinents, these

g
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compounds have Fower side effects, such as dry mowth, compared with the conventional

anti-cholinergic agents,

In cortin embodinents, the mvention relates to any one of the aforamentioned
methods, wherein the compound is selected from the group consisting of (R2R-1-
azabicyclof 2.2 2loctan-8-y] 2-cyclopenivl-2-hydrony-2-phenylethancate,  {((3R)-1-{2-(1-3-
benzodiosob-3-viethvil-3-(diphenyimethoxy ipiparidine {Zamifenacin), (aR)-a-cyclopentyl-
a-hydroxy-N-{ 1-(d-methyl-3-pentenyly-4-piperidinyl jbenzencacetamide, darifenacin,
dicycloverine, & 1,1 -dimethyl-4-diphenylacetoxypipendindem salt (such as o halide salt, for
sxample, 1odide), fosotoradine, S-hyvdroxymethyBoliornding, hvoseyamine, wratopiam, 8-
methyi-8-azabicyelo~3-endof 1.2 3oct-3-¢i-1 d-dibvdro-Z-ox0-3{ 3 H-qumazolinecarboxylic
aoid ester, muabegron, oxybutynin, propiverine, solfenacin, femiverine, a totropnum salt
{such as a halide salt, for example, bromide), trospinm, 2 smooth mascle spasmolviic agent,

a beta-2 agonist, and a beta-3 agonist {¢.&., mirabegron).

In cortain ombodiments, the wvention relates to any one of the aforementioned
methods, wherein the compoand is selected from the group consisting of darifenacin,
dicycdoverine,  fesoterndine,  S-hydmoxymethyliolterodine,  ipratropium,  muirabegron,
oxvbutyiun, proprverine, solifonacin, lonuverme, ospium, o smoofh nwscle spasmeolyvtic
agent, 3 bera-2 agondst, and a beta-3 agonist {¢.g., mirabegron).

fn cortain embodiments, the mvention relates to any ane of the aforementioned
methods, wherein the compound is selected from the group consisting of dicvelovenine, S-
hvdroxymethyitolterodine, ipratropiuan, nurabegron, propiverine, solifenacin, a beta-2
agonist, andd a beta-3 agonist {e.g., mirabegron).

In certain cwmbodiments, the wvention velates to any one of the aforementioned
methodds, wherem the compound is tolteroding.

In cortain embodiments, the invention relates to any one of the aforementioned

methods, wherein the compound is not toherodine.

10
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in certain embodiments, the vention relates to any one of the aforementioned

methods, wherein the compound is a compound of Formula b

N
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Formula

or 3 pharmaceutically acceptable salt thereof]
wherein, mdependenty for cach occunmence,

Ring A v an aryl group, a cvelealkyl group, a cvcloatkenyl group, a hetercaryt
group having | w4 hetero atoms selected from the group consisting of an oxyvgen atom, a
nifrogen atom and a sulfur atom or a &~ to T-mombered saturated beterocychic group,

wherein said ring may be substituted by i optional substifuest;
X is a single bond or a methyvlene growy;

R is a halogen atom, a hydroxyl group, a lower alkoxy group, a carboxyl wroup, a
lower atkoxyearbonyl growp, a lower acyl group, a mercapto group, a lower alkylddo
grow, a sulfonyl group, 8 lower alkylsubfonyt group, a sulfinyd group, a lower alkylsulfingd
growp, a sulfonamide group, 3 lowsr alkancsulfonamido group, a carbamoyl group, a
thiocwrbamoyl group, a mone- or di-lower alkylcarbamovl group, a nitro group, a cyano
group, @ amino group, a mono~ ot di-lower alkyvlamine group, 8 methvlenedioxy group, an
cthviencdiony group or a lower alkyl group which mayv be substituted by a halogen stom, a
hyvdroxyl group, 3 lower alkoxy group, an smino group of a mono- of di-lower atkylamino

growyy
fisttor ],
mis 01 2, or 3, and

nislor

11



Exaroples of compounds of Formuda | may be found 1o the tables of US Patent No.

6017927

In cermin embodiments, the invention velates to any one of the aforementioned

methods, wherein the compound is a compoand of Formala H:

Formula IE

or a pharmaceutically acceptable salt thereof,

wherein, ndependently for each occurrence,

the C1-C2 carbon-carbon bond mayv be a single bend, or a double bond 28 indicated
10 by the dashed line;

R s hydrogen or C1-10 alkyl

R is hydrogen or CH-10 alkyl; and

R and R are defined as in WO 1998009632 |

15 in certain embodiments, the trvention relates to any one of the sforementioned
methods, wherein any of the compounds deseribed heremn, such as 2 nwiscannic receptor
anfagonist, is co-administered with magnesium. In ceriain embodiments, the invention
relaies 1o any one of the aforementioned methods, wherein any of the compounds described
herein is co-admiustored with a storoid, such as progesterone. In cortain cobodiments, the

20 nvention relates to any one of the aforementioned methods, wherein any of the compounds

deseribed herein s co-admimistered with a second, different compound described herein

In certain embodiments, the frvention relates to any one of the aforcmentioned
methods, comprising the step of administering © & pationt in need thereof an effective

amount of transdermal stimulation, postorior tibial nerve stimulation or another form of

12
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non-pvasive  or invasive newromodulation, unstimulated or stimulated  acupuncture,

magnetic feld therapy, or vibratory stimulation.

In cortamn embodinents, the mvention relates to any one of the aforamentioned
mithods, wherein transdermal stmulation, posterior tibial nerve stinmsfation or another
form of nop-tnvasive or invasive newomoedalation, enstinmdated or stimalated acupuncture,
magnetic field therapy, or vibatory stimulation is co-administered with a compound
described hevein, such as a muscarinic receptor antagonist, magnesium, or a stevoid, such as

gesterone,  In cortain embodients, the mvention relates t© any one of the

pro
aforementioned methods, wherein one kind of fransdermml stimnulation, posterior tibial
perve stinulation or another form of nop-imvasive or invasive newsromodudation
gnstimutated or stimulated acupuncture, magnetic field therapy, or vibeatory stinudation is
co-administered with 2 sccond kind of wansdermal stioudation, posterior tibial nerve
shinudation or another form of non-invastve or myvastve neuromodulation, vastimulated or

stimulated acupuncture, magnetic field therapy, or vibratory stimulation.

In cortain embodiments, the tnvention relates to any one of the aforersentioned
methods, comprising the step of admimstoring 1o 3 patient in need theveof an effective
amoont of transdermal stimulation. In cortam embodiments, the mvention relates to any one
of the atorementioned methods, comprising the step of administering {o a patient in need
thereot an effective amount of postosior tibtal nerve stimulavion. Generally, electrical
encrgy has been apphied o the nerves m the ant fior many vears in an effort to control
chromie pam control; however, the nteraction of the clectrical energy and the assue of the
porvous svstem is not fully wnderstood and therefore has himited s use in many areas.
Many of the deviees in the art use newomodulation systems 10 mask pain, rather than
control fabor contractions. Generally, the electrodes may be a percutancous electrode or
other electrode known to the skilled artisan. The percetancous clectrode requires a less-
invasive implanmtion method and allows the positioning of makbtiple clectrodes into the
fissug o create an arvay of clectrodes as necded, bt the clectrodes are prone to migration.
The one or more bmplantable electrodes may be individually 8 wire, a rod, a filament, 4
ribbon, a cord, a tube, a formed wive, 2 needie, a flat strip or combinations thereof. The one
or more implantable electrodes may be held in position using any method knows to the
skilled artisan, meluding but not Hmited to stitches, epoxy, tape, glue, sutures or a

combination thereof,

13
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in certsin embodiments, the invention relates to any one of the aforementioned
methods, wherein an electrical energy generator 18 used to generate one or more electrical
putses v electrical cormmunication with the one o more electrodes, The elecirical pulses of
the clectrodes modulate labor and wierine contractons, or reduce the pain andfor discomfort
gasociated with fabor and sterine contractions. The electrical energy generator controls the
palse waveform, the signal pulse width, the signal pulse frequency, the sigeal pulse phase,
the signal pulse polartty, the signal pulse smplhiude, the signal pulse wensity, the signal
pulse duration and combinations thereof of the one or more electrical pulses. The electrical
cacrgy gonerator may be used 1o convey a variety of curents and voltages to the one or
more implantable clectrodes o affect the nerves, The clectncal energy generator may be
used to control mamerous electrodes independently or in various combipations as needed to

provide stnalation. The skilled arbisan will know the applicable ranges.

In cortain embodiments, the wvention relates to any one of the aforementioned
methods, comprising the step of adnunistering to a patient in need thercof an cffective

amount of botudbnen toxn (BoNT).

In cortain embodiments, the wmvention relates 1o any one of the aforomentioned
methods, wherein the compomumnd s adounistored a8 a2 lposome. In cortain embodiments,
Hiposomes are used for intravesical dnwg delivery, especially delivery of BoNT. In cortain

emnbodiments, the use of posomes allows a fower dose of the compouand o be effective.

In certain embodiments, the mvention relates to any one of the aforementioned
methods, wherein the patient iy need thereot is a human woman pregnant with & fotus at
fess than 40 wecks gestational age. In ceorain cmbodiments, the invention relates to any one
of the aforementioned methods, wherein the patient in need thereof 18 a pregrant woman at
39 weeks, 38 weeks, 37 weeks, 36 weeks, 35 weeks, 34 weeks, 33 weeks, 32 weeks,
31 weeks, 30 weeks, 29 wecks, 28 weoks, 27 weeks, 20 wecoks, 25 weeks, 24 weeks,
23 weeks, 22 weeks, 21 weeks, or 20 weeks gestational age.

In cortamn cmbodiments, the tavention relates to any one of the aforementioned
methods, wherein the patient w need thereof is a woman (i, 2 human woran} pregnant
with a fetos weighing less thay about 2300 g, less than about 2400 g, less than about

2300 g, less than about 2200 g, less than about 2100 g, or Tess than about 2000 ¢

14
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in certsin embodiments, the invention relates to any one of the aforementioned
methods, wherein the patient in need thereof is a prognant woman whose cervix is difated

less than about 4 omy, less than abowt 3 om, or less than about 2 cm.

in certain embodiments, the invention relates 1o any one of the aforementioned
methods, wheremn the patient 1 need theveof s @ woman pregnant with o fotus whe 15 sot
suffering from felal distress, which is indicated by, for example, decreased fetal movement,

or increased or docreased fotal bomt rate.

In certam esbodiments, the brvention relates 1o any one of the aforementioned
methods, wherein the patient i need thereof is a pregnant woman who smokes clgarcttes.
In cerhain embodimenss, the tovention relates o any one of the aforcmentioned methods,
wherein the patient in need thereot s a pregnant woman whe smoked cigarcites prior to

conceptim

in cortain embodiments, the mvention relates to any one of the aforementioned
methods, wherein the patient in need thereof is a pregnast woman who was overweight or

ohese prior to coneeption.

In certain embodiments, the mvention relates © any one of the afprementioned
methods, wherein the patient in need thereof is & pregnant woman wiw was underweight

prior to conception.

In cortam catboduvents, the mvention relates to any one of the aforementioned
methods, wherein the patient in need thereof is a pregnant woman with limited access to

prenatal care.

In certain embodiments, the mvention relates to any one of the aforementioned
methods, wherein the patient in need thereof is a pregnant woman who drinks aleohol

during her pregnancy.

In certain cabodiments, the invention relates to any one of the aforementioned
mcthods, wherein the patient in need thereof s a pregnant woman who uses legal drags
during her pregnancy. In certain embodiments, the nvention relates to any one of the
aforementioned methods, wherein the paticat it need thereof 18 a pregnant woman who uses

cocaine during her pregnancy.

In certain embodiments, the nvention relates to any one of the aforementioned

methods, wheremn the patient in need thereof' is & pregnant woman also suffering from high

15
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blood pressare, precclampsia, diabetes, a blood clotting disorder, placenta previa, placental
abruption, cervical insefficiency, or an infection, such as chlamydia, gonorrhes,
trichomoniasis, kidney mfection, pneumonia, appendicitiz, asymptomatic bacterbaria, or

bacterial vaginosis,

In certain embodiments, the vention relates o any one of the aforomentioned
methods, wherein the patient in nced thereof 15 a pregnant woman who bas underwent
surgical fetal intervention or will undergo surgical fetal intervention,

In certam esbodiments, the brvention relates 1o any one of the aforementioned

~
7
i

methods, wheremn the pationt in noed thereof 1s a pregnant woman whe is under 17 yvears of

age.

in certain embodiments, the mvention relates io any one of the aforementioned
methods, wherein the patient in need thereof s a pregnant woman who is over 38 years of
age. In certaim cmbodiments, the mvention rchites to any one of the aforomentioned

methods, whergin the patien! in need thereot is 2 pregnant woman who is over 40 years of

T

g

age.

£

In certain embodiments, the mvention relates © any one of the afprementioned
methods, wherein the patient in need thereof is a pregeant woman who is Afnican

Amernican.

In cortam catboduvents, the mvention relates to any one of the aforementioned
methods, wherein the patient in need thereof is a pregnant woman who suffered from

vaginal bleeding during the first or second trimester of her pregnancy.

In certain embodiments, the mvention relates to any one of the aforementioned
methods, wherein the patient in need thereof is g pregnant woman who suffered from

anenva during the first or second twimester of her pregnancy.

In certain catbodiments, the invention relates to any one of the aforementioned
mcthods, wheremn the patient 1o need thereof s a pregnant woman who suffers from stress.
In certain embodiments, the nvention relates © any one of the aforementioned methods,

wherein the pationt in need thoreof s 8 pregnant woman who syffors frony clwonic stress,

In certain embodiments, the fnvention relates to any one of the aforementioned
methods, wherein the patient i need thereof 18 a pregnant woman who suffers from

pobvhydranmos,

16
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in certsin embodiments, the invention relates to any one of the aforementioned
methods, wheremn the patient in need thereof is a prognant woman who conceived via in
vitre feretdization.

in certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the patiest in need thereof is a progoast woman who is progoant with

twing or other multiples.

In certsin embodiments, the invention relates to any one of the aforementioned
methods, wherein the patient in need thereof is a pregnant woman whe has a family history

or a personal history of premature labor,

b corfain ombodiments, the ivention rwlates o sy one of the aforomentioned
methads, wherein the patient in necd thereo! 5 @ prognant woman who conccived ess than
14 months, less than 13 months, fess than 12 months, less than 11 months, less than
H months, less than Y months, less than S months, less than 7 wonths, less than 6 months,
less than S months, less than 4 months, less than 3 months, less than 2 months, or less than
I month after giving birth o a previons child, In certam embodiments, the mvention relates
to any one of the aforementioned methods, whevein the patient in need thereof Is a pregnant
wonan who conceived less than 6 months, less than 5 months, less than 4 mouths, less than

3 months, less than 2 months, or less than | month after giving birth 1o a previous child.

In certain embodiments, the invention relates to any one of the aforementioned
methods, wherein the patient in need thereof ts a pregnant wornan whao is not alse suffermyg

from vrinary mcontinence.

in cortam embodiments, the dosage of the active agents will gonerally be dependent
gpon a mumber of factors mchading pharmacodynamic characteristics of the agent, mode
and route of adounisiration of active agent{s), the health of the patient being treated, the
extent of treatment desired, the nature and kind of concurrent therapy, i any, and the
frequency of treatment and the natuare of the effect desired, In general, dosage ranges of the
sclive agents often range from about 0.001 to about 250 my'kg body weight per day. Fora
normid adult having a body weight of about 70 ke, a dosage may range from about 6.1 to
about 235 mg'kg body weight, However, some variability tn this gencral dosage range may
be required depending upon the age and weight of the subject bomng treated. the mtonded
route of administration, the particular agont bemg adeunistered and the hke. lmportantly,

the determination of dosage ranges and optimal dosages for a particalar mammad is also
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well within the ability of one of ordinary skill in the art having the bepefit of the instant

disclosure.

For cxample, a formulation intended for oral admmisiration to humans may contain
fromy abowt 0.1 mg to abowt § g of the thevapeatic agent, which is compoonded with an
apropriate and convenient amousnt of carmer matenial varving from abowt § to abowt
95 percent of the total composition. Unit dosages will generally contain between about
1.5 mg to about 1300 mg of the therapeutic agent. In centain embodiments, the dosage is
about 25 g, S0 mg 100 mg, 200 mg, 300 mg 400 mg, 300 mg, 660 mg, 800 my, or

T mg, cfe., up to about 15400 my of the therapoutic agont.

Posage amount and terval may be adissted on an individual or group basis to
provide plasma levels of a particular active modety or modeties sufficient to mamtain the
modulating effects or minimal effective concentration (MECY of cach of them. The MEC
witl vary for each compownd and individual, bot it can be estimated from 1o vitro data
Dosages necessary to achieve the MEC will depend on individual characteristios and route
of adevnistration. However, HPLC assavs or bioassavs ean be used to determine plasma
concentrations. In cerfain  embodiments, the dose may be decreased. In certain

cmbodiments, the dose may be ncreased.

Exemplary Pharmacentical Compaositions

Phammaceatical Compositions/Tormalations

The inyvention provides pharmaceutically acceptable compositions which comprise a
therapeutically~effective amount of a compounds described above, formulated together with
one of more pharmacoutically acceptable carmers (addstives) andfor diluents. As described
in detail below, the pharmaceutical composttions of the invention, or those used i the
methods of the invention, may be spectally formulated for adounistration in solid or liquid
form, including those adapted for the following: (1) oral adnuniswation, for example,
drenches (aqueous or non-aquecus solutions or suspensions}, tablets, e.g., those targeted for
buceel, sublngual, and systemic absorption, boluses, powders, granules, pastes for
application to the tongue; (2) parenteral administration, for example, by subcntaneous,
intramascudar, intravesous or cpidural injection as, for example, a stesile solution or
suspension, or sustaincd-release formulation; (3) topical application, for cxample, as a

crean, ointoen, or a condrolled-release patch or spray applied to the skin or muramuraily;
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(4 mtravaginally or intrarectally, for cxmmple, as @ pessary, cream or  fomm;

{5} sublingualty; (63 vadarly; (7) wansdermally: or (8) nasally.

The plwase "therapeutically-cffective amount” as used herean means that amount of
a therapestic agent in & composition of the invention wihich is cffective for producing some
desired therapeutic offect in at least a sab-population of cells in an animal at a reasonable

benefitrisk ratio applicable 1o any medical treatment.

The phrase “pharmacentically acceptable” s emploved herewn to refer o those
compounds, materials, compositions, andfor dosage forms which are, within the scope of
sound medical judgment, suitable for use i contact with the fissucs of human beings and
animals withow! oxcessive toxicity, @ritation, allergic resposse, or other problem or

complication, commenswrate with a reasonable benefitrisk ratio.

The phrase “pharmaceuticalty-acceptable  carmer™ as used herein means a
pharmacenticaliv-acceptable material, composition or vehicle, sach as 2 hguid or solid
filler, dilueat, excipiont, manufachaing aid (c.g.. lubricant, fale magnestam, calcium or zine
stearate, o sterie acdy, or solvent encapsulating material, wvolved m cwrying or
transporting the subject compound from one organ, or portion of the body, to another organ,
or portion of the body. Each carrier must be "acceptable” in the sense of being companble
with the other ingredients of the formwildation and not injurious 1o the patient. Some
examples of matenials which can serve as pharmaceutically-acceptable carviers includer
€13 sugars, such as lactose, glugose and suerose; (2) starches, such as com starch and potato
starch; (3} cellndose, and its derivatives, such as sodium carboxvmethyl celiulose, etlyd
cellulose snd cellulose aceiate; (4) powdered tragacantb; {3} mal; (6) gelating (T) tale;
(8} excipients, such as cocoa butter and suppository waxes; (93 oils, such as peanut ol
cottonsced otl, safflower oil, sesame oil, olive oil, com ol and sovbean oil; (10} glyveols,
such as propylene glveol; (11} polyols, such as glycerm, sorbitol, mammitol and
polvethylene glyool; (1) csters, such as cthyl oleate and ethyl laurate; {13} agar;
{14} nefforing agents, such as magnesium hydroxide and alunaunan bydroxide, (15) algime
acid; (16) pyrogen-free wator; (17) isofome salme; (18) Rmpor's solotion: (19Y othdd
alcohol; (2 pH buffered solutions; {21} polvesters, polycarbonates and/or polyanhydrides;

and (22) other non-toxic compatible substances employed in pharmaceatical formulations.

As set out above, certain embodiments of the compmands found in the compositions

may cifain @ basic functional group, such as amino or alkylamma, and ave, thus, capable
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of torming pharmacesticallv-acceptable salts with pharmacestically-acceptable acids. The
term "pharmacautically-acceptable salts”™ m this respect, refers to the relatively non-toxic,
norganic and crganic acid addition sals of compounds comprised m compositions of the
invention. These salts can be prepared i s in the administration vehicle or the dosage
form mamufactering process, or by separately reacting a purified compound of the imvention
in its frep base torm with a suitable orgamic or inorganic aaid, and isolating the salt thas
formed during subsequent purification. Represemiative salts mclude the hyedrobromide,
hydrochlonide, sulfate, bisulfate, phosphate, nitrate, acctate, valerate, oleate, palmitate,
stoarate, laurate, bensroate, lactate, phosphate, tosviate, citrate, maloate, fiomarate, saccinate,
tarfrate, naphitpviate, mesylate, glucoheptonate, lactobwnate, and laurylsulphonate salts and
the like. (See, for example, Berge et al. {1977) "Pharmaceutical Salts”, J. Fharm. Sof. 66:1-
193,

The pharmaceutically acceptable salts of the compounds that the compositions
comiprise include the conventional nontoxic salts or guaternary anunoninm salts of the
compounds, ¢, from nop-toxic organic of inorganic acids. For example, such
conventional nontoxie salts include those derived from morganic acids such as
hydrochloride, hydrobronie, sulfuric, sultanue, phosphorie, nitrie, and the like; and the
salts prepared from organic ackds such as acetic, propionic, succinic, ghycolic, sicaric, lactic,
malie, tartaric, oitric, ascorbic, pabmitic, maleie, hydroxvmaleic, phenyvlacetic, glutamic,
benzaie, salicyhic, sulfanilic, 2-acotoxybenzoic, fumaric, leluenesutforie, methanesulfonic,

ethane disutfonie, oxabie, sotlionie, and the like.

In other casecs, the compounds comprised in compositions of the invention may
contain tne or more acidic fonctional groups and, thus, are capable of forming
pharmacenticallv-acceptable  salts with pharmaceuticalby-acceptable bases. The term
"nharmaceically-acceptable salts” in these nstances refors to the relatively non-toxic,
inorganic and organic base addition salts of compounds of the ivention. These salts can
likewise be prepaved # sfte in the administration vehicle or the dosage formy mamsfacturing
process, or by separately reacting the punified compound 1o it free acid form with 4
suitable base, such as the hydroxide, carbonate or bicarsbomate of a phaymaceutically-
acceptable metal catiom, with anmwnonia, or with a phamaceutically-acceptable organte
primary, sccondary or tertiary anune, Representative alkal or atkaline carth sals include
the lithinm, sodium, potassiany, caloium, magnesiom, and alomdinum salis and the ke

Represemtative orgamie amunes usefel for the formation of base addition salts inchude
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cthylamine, diethylanune, ethylenediamine, cthanolamine, dicthanolamine, piperazine and

the hike. (See, for cxample, Berge et al, suprad.

Wettng agonts, cmulsificrs and lubricants, such as sediwm lawyl sulfate and
magnesium stearate, as well as coloring agents, release agonts, coating agents, sweetening,

flavoring and porfusung agenis, preservatives ad antioxedants cas also be o the

COMpOsiions,

Examoples of pharmacewticalby-acceptable antioidants mehade: (1) water soluble
anfioxidants, such as ascorbiv acid, cysicine hvdrochloride, sodium biselfate, sodium
metabisulfite, sodiam sulfife and the lke; (2) oil-soluble anbioxidants, such as ascorbyl
palmitate, butyvlated hydroxyvanisole (BHA), buatviated hvdroxytoluene (BHT), fecithin,
propyl gallate, alpha-tocopheral, and the like; and (3) metal chelating agents, sach as citsie
acid, ethylencdiamine tetrancette acid {EDTA), sorbitol, tartanc anid, phosphonic acid, and

the hike.

Formulations of the inveption include those suitable for oral, nasal, topical
{mchiding bucenl and sublingual), rectal, vagmal andior parenteral adounistranion. The
formulations may conveniently be presented in unit dosage form and may be prepared by
any methods well known in the art of pharmacy., The amount of active ingredients which
can be combined with a carrier material to produce a single desage form will vary
depending upon the host being treated, the particular mode of administration. The amount
of active mgredients which can be combined with a carrier material to prodace o single
dosage form will generally be those amounts of the compounds which produse a
thergpentic effect. Geaerally, out of one hundred per cent, this amount will range from
about (.1 per cent to about ninety-nine percent of active ingredionts, from about 5 per cent

to about 70 per cent, or from about 10 per cent 0 about 30 per cent.

In certain embodiments, & formulation of the imvention comprises an excipiont
selected from the group consisting of eyclodextring, celluloses, liposomes, micelle forming

sgonts, ¢, bie acids, and pelymeric carmers, ¢z, polvesters and polyvanhydrides. In

]
[¥]

certain embodiments, an aforementioned  formwlation renders orally bicavailable a
composition of the mvention.

Methods of proparng these formiulations or composttions mehude the step of
bringing hito association two or more active compounds with the camier and, optionally,

oue or more gccessory mgredients. In general, the formulations are prepared by uniformily
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and mamately hringing into association ote of more active compounds with hiquid carrers,

or finely divided solid camers, or both, and then, if necessary, shaping the product.

Forvwlations of the mvention suitable for oral adninistration may be in the form of
capsules, cachets, pills, tablets, lozenges {using a flavored basis, ssually sucrose and acacia
or tragacanth), powders, grangles, or as a solution or a suspension 1 ag agueous of non-
aqueous hiquid, or as an otb-in-water or water-in-oil liquid emulsion, or as an ehixir or syrup,
or as pastifles (using an inert base, such as gelatin and plycerin, or sucrose and acacia)
andfor as mouth washes and the bke, cach contabung a prodetermined amoant of the active
wgredients, A composition of the mvention may also be administered as g bolus, electuary

OF paste.

In solid dosage forms of the invention for oral adminstration (capsudes, tablets,
pills, dragees, powders, granules, trouches and the like). the active mgredients are mixed
with one or more pharmacewtically-acceptable carviers, such as sodian citrate or dicalcium
phosphate, andfor any of the following: (1) fillers or extenders, such as stavches, lactose,
sucrose, ghueose, wmaoniiol, andior silicie acid; (2} hinders, such an, for example,
carboxymethyicellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose andior acacia;
(3 humectants, such as glycerol, {4) disintegrating agents, such as agar-agar, calchwm
carbonate, potato or tapioca starch, alginie acid, certain silicates, and sodamm carbonate;
{S}sodution retanding agents, such as pavaffing {6) absorption  accelerators, soch as
quatemary ammonig compounds and surfactants, such as poloxsmer and sodium lanryl
sulfate; (7) wetting agonts, such as, for example, cetyl alcobol, glveerol monostearate, and
mon-iomic surfactants; {8} absorbents, such as kaolin and bentonite clay; (9) lubnicants, such
as tale, calclam stearate, wagnesium stearate, solid polvethyviene glycols, sodivun lawryi
sulfate, zine stesrate, sodiwm stearate, stearic acid, and mixtures thereof, (10} coloring
agents; and (113 controlled release agoents such as crospovidone or cthyl cethdose. o the
case of capsules, tablets and pills, the pharmaceutical compuositions may also comprise
buffering agents. Sohd compositions of a similay type may also be emploved as fillers in
soft and hard-shelled gelatin capsales using such excipients as lactose or milk sugars, as
well a8 high molecudar weight polyethylene glveols and the hike.

A tablet may be made by compression or molding, optionally with one or more
aeegssory ingredients. Compressed tablets may be prepared using binder {for example,
gelatin  or hydroxypmopylmethyl cellulose),  lubricamt, inert  dileent, preservative,

disintegrant (for example, sodivm staveh glveolate or cross-linked sodiwm carboxymethyl
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cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in a

suitable machine a mixture of the powdered compound moistened with an inert liquid

dibient.

The tablets, and other solid dosage Forms of the pharmascutical compositions of the
wvention, such as dragees, capsudes, pills and gramdes, may optionally be scored or
prepared with coatings and shells, such as enteric contings and other coatings well known in
the pharmaceutical-formulating art. They may also be formulated so as to provide slow or
comtrolled  releage  of  the  active  wngredients  therein esing, For  example,
hvdroxypropyvimethel cellelose in varying proportions o provide the desired release profile,
other polymer matrices, liposomes and/or microspheres. They may be formulated for rapid
refease, eg., frecze-dried, They may be sterilized by, for example, fltration through 3
bacteria-retaining fHwr, or by incorporating sterilizing agonts in the form of sterile solid
compositions which can be dissolved in stersle water, or some other stenile mjectable
mediom inomediately before use. These composiions may also  optionally  contain
opactfying agents and may be of a composiion that they release the acgve myredients only
& certain portion of the gestrointestinal tract, optionafly, i a delaved manner. Examples
of embedding compositions which can be used include polymeric substances and waxes.
The active ingredient can alse be in pucro-encapsulated fonm, 3 appropriate, with one or

more of the above-described excipients.

Liquid dosage forms for oral admnistration of the compositions of the invention
mclude pharmaceutically acceptable comsdsions, aucroemulsions, sohutions, saspensions,
syrups and elidirg, In addition to the active ingredients, the liquid dosage forms may contain
mert difuents commoenly used in the art, such as, for cxample, water or other solvents,
solubilizing agents and emulsifiers, such as cthyl aleshol, isopropyl alcohol, edyd
carbonate, ethyl acetate, benzyl aleshol, beneyl benzoate, propylens glyceol, 1 3-butylens
glveol, oils {in particular, cottonseed, groundmas, cormn, gorm, olive, castor and sesame oils),
glveernd, tetrahydrofiryl aleoho!, polvethylene glveols and fatty acid esters of sorbitan, and
mixtures thereof,

Besides mert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming and preservative agents.
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Saspensions, 1 addigon to the active compounds, may contmn suspending agents
as, for example, ethoxylated isostearyl alcohols, polyoxvethylene sorbitol and sorbitan
gsters, microcrystaliine cellulose, aluminum mewhydroxide, bentonite, agar-agar and

tragacimth, and mixtures thereof,

Fornmlations of the phanaccutical compositions of the mvention for rectal or
vaginal admimstration nwy be presented as a supposttory, which may be prepared by
mixing the active ingredients of the invention with one or more suitable nontrritating

cxcipicnts of cawviers comprising, for example, cocon butter, polyethvlene glyeol, a
suppository wax or a salicylate, and which is solid at roms temperanee, but Higuid as body
temperatare aid, thevefore, will melt in the rectum or vaginal cavity and release the active

compoad.

Fonmulations of the myveation which are suitoble for vagingd adnunistration also
mclude pessaries, tampons, oreams, gels, pastes, foans or spray formelations containing

such carviers as are known in the art to be appropriate.

Dosage forms for the topical or transdermal adounistration of & composition of this
imvention include powders, spravs, olntments, pasies, cromms, lotions, gels, solutions,
paiches and inhalants. The active compounds may be mixed under sterile conditions with a
pharmaceutically-zeceptable corrier, and with any preservatives, buffers, or propellants

which may be required.

The ointroents, pastes, creams and gels mav comtain, 8 addition to the active
compounds, excipients, such as auimal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, collulose derivatives, polvethylons glveols, silicones, bentonites, silicie aeid,

tale and zine oxide, or mixtures thereof.

Powders and sprays can contatn, in addition to the active compounds, excipients
such as lactose, tale, silicic acid, alwminum hydroxide, calcium silicates and polvanude
powwder, or mivtures of these substances. Sprays can additionally vontain customary
propellants, such as chiorofluorohydrocarbons and volatile unsubstituted hydrocarbons,
such a8 butane and propane.

Transdermal patches have the added advantage of providing controlled delivery of
the active compounds to the boady. Such dosage forms can be made by dissolving or
dispersing the sotive compounds in the proper mediunm. Absarption enhancers can also be

used o increase the flux of the compounds across the skin, The rate of such flux can be
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controlied by either providing a rate controthing membrane or dispersing the compounds in

a polymer matrix or gel

Phanmaceutical composifions of this invention suitable for parenteral adevnstration
comprise two or pwwe therapewtic  agents in combination with ome or more
pharmaccutically-acceptable stevile isotonic aquecas or nonaqucous solstions, dispersions,
suspensions of emmisions, or stertfe powders which may be reconstituted into stertle
injectable solutions or dispersions just prior o use, which may contain sugars, aleohols,
antioxidants, buffers, bacteriostats, sohates which render the formulation isotonic with the

blood of the intended recipient of suspeading or thickeming agents,

Examples of suttable aqueous and nonagueous carriers which may be emploved in
the pharmaceutical composttions of the invention melude water, cthanel, polyvols (such as
glveerel, propylene glveol, polyethviene glycol, and the bike), and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper
fluidity can he maintained, for example, by the product of coating materials, such as
lecithin, by the maintenance of the requred particle size in the vase of dispersians, and by

the product of surfactants,

These compositions may also contain adjuvants such as preservatives, wetling
agents, enudsifyving  apgents and  dispersing  agents.  Prevention of the action of
microorganisms upon the subject compounds may be ensured by the inclusion of various
antibacterial and anttfungal agents, for example, paraben, chlorobuatancl, phenol sorbic acid,
and the ke, It may also be desirable o mehude otonie agents, such as sugars, sodium
chioride, and the like ino the compositions. In addition, prolonged absorption of the
ijectable pharmaceutical formy may be brought about by the inclusion of ggents which

delay absorphion such as ahuninum monostearate and gelatin,

The compositions comprising the two or more therapeutic agonts can be, alane or in
combination with other therapeutic apents, emploved in admixtures with conventional
exoiptents, i.ce., pharmaceutioally accoptable organic or inorganic carrier substances suitable
for oral, pavenieral, nasal, intravenous, subatancous, enteral, or any other suitable mode of
admimstration, known o the art. Suttable pharmaceutically scceptable carmers include but
are not Hmited to water, salt solutions, alcobols, gum arabic, vegetable oils, bonavl
alcohols, polyvethviene gheeols, gelate, carbohvdrates such as Iactose, amylose or starch,

magnestum  stearate  take, sihicie acid, viscous paraffin, perfune o, fatty  acid
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monoglyveerides and diglyeendes, pentacrythritol fatty acid esters, hydroxymethyvleeltalose,
polyvinyipyrrohidone, cte. The pharmaceutical prepavations can be sterilized and if desired
mixed with awdliary agents, ., lubricants, preservatives, stabifizers, wetting agents,
emulsificrs, salts for influencing osmotic prossure buffers, ooloring, flavoring andior
aromatic substances and the like. They can also be combined where desired with other
aciive agents, €.9., other analgesic agents. For parenteral application, particularly surtable
are oily or agueous solutions, as well as suspensions, cmuldstons, or unplants, including
suppositories. Ampoules are convenient anit dosages. For oral application, particulatly

suitable are tablets, dragees, Bquds, drops, suppositonies, or capsules, caplets and geleaps.

The composttions iterded for oral wae may be prepared according to any method knows i
the art and such compesitions may contain one or more agents selected from the group
consisting of fnerl, non-toxic pharmaccutically excipients which are sutable for the
manufacture of tablets. Such oxcipionts mmchude, for cxample an inert dideent such as
lactose; granudating and disintegrating agents such as comnstarch; binding agents such as
starch; and lubricating agents such as magnesium stearmte. The tablets may be uncoated or
they may be coated by known techniguaes for clegance or to delay release of the active
mgredients. Formndations for oral use mayv also be presented as haod gelatin capsules

wherein the active mgredients are mixed with an inert diluent.

Agueous saspensions contain the above-identified combinations of drags and that
mixtire has one or more exeipienis swiable as suspending agents, for example
pharmaceutically acceptable synthetic goms such as hydroxvpropvimethiviccliulose or
natwral gams, Oily sospensions may be formudated by sespending the sbove-dentified
combination of drugs in a vegetable oif or mineral oil. The oily suspensions may contain a
thuckening agont such as beoswax or cotyl aleohol. A syrap, ehixir, or the like can be used
whereln a sweetened velicle is omploved. Injectable suspensions may also be prepared, in
which case appropriate Hquid carriers, suspending agents and the ke may be emploved. It
is also possible to fregze-dry the active conmpounds and ose the obtained lyophilized

compounds, for example, for the preparation of products for injection.

in certain embodiments, a combination therapy is considered for use in the methods
of the invention. One aspect of combmation therapy pertains e a method for providing
effective therapeutic treatment in humans, comprising admimistering an effective or sub-
therapentic amowunt of one or more therapeutic agent{s); and administering the remaining

therapeutic agont(s) in an amount effective to augment the therapeutic effect provided by
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satd one or more therapeutic agent(s). The therapentic agents can be admimistered
simultaneously or at different umes, as long as the dosing intervals {or the therapeutic
gifectz) of the therapeatic agents overlaps. In other words, aceording to the method of the
imvention, in contam embodiments the therapeutic agents need not be adounistered i the
same dosage form or even by the same rovte of adnunistration as each other. Rather, the
methodd 15 divected to the swrprising svoergistic andior addinve benefits obtained in humans,
when therapeatically effective levels of one or more thergpentic agent(s) bave been
administered to a human, and, prior to or during the dosage interval for the therapeutic
agent(s) or whsle the baman s experiencing the therapeutic effect, an effechive amount of
other therapeutic agent{s) to avgment the therapoutic cffect of the ongimal one or more

therapeutic agent(s) is adnunistered.

Another aspect of combination therapy relaivs o an oral solid dosage form
comprising a therapeutically offective amount of one or more therapeutic agent(s) together
with an amount of the renaining therapeutic agont{s) or pharmaceutically acceptable salt

e

thercof which augments the offect of the one or more therapeutic ageni(s).

In certain embodiments, the combination therapy ivolves co-adnmuinistering any of
the compounds described hovem with a glucocorticold, such as betamethasone, m order to

aeeclerate fotal hmg matarity.

n certain embodiments, the combination therapy involves co-admimistering any of

the compounds described heroin with an antibotie,

In somce cases, in order fo prolong the effect of a drug, it is deswable to slow the
absorption of the drug from subomtancous or intramuscular injection. This nwy be
accomplished by the product of a hguid suspension of crystaline or amorphous material
having poot water solubility, The rafe of absorption of the drug then depends apon its rate
of dissolution which, in twn, may depend upon orystal size and orvsualline form.
Alternatively, delayed absorption of a parenterally-admunistered drug form s accomplished

by dissolving or suspending the drug i an oi vehicle,

Injectable depot forms are made by forming microencapsule matrices of the subject
compounds i biodegradable polymoers such as polvlactide-polyadycolide. Depending on the
rafio of drugs to polviner, and the nature of the particular polymer cmploved, the rafe of
drug release can be comtrolled. Examples of other biodegradable polvmers include

poly(orthoesters) and poly(anhydiides). Bepot mjectable fornudations are also prepared by
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entrapping the drogs 1 hposomes or microemulsions which are compatible with body

fissue,

The preparations of the mvention may be given orally, parenterally, wpically, or
rectally, They are of course given in forms suitable for cach adnunistration route. For
cxauye, they are administered in tablets or capsule form, by Injection, nhalation, eye
lotion, nintment, suppository, ete. administration by injection, infusion or inhalation; topical

by lotion or ointment; and rectal by suppositorics.

The phrases "parenteral admumistration” and "administered parenterally” as ssed
herein means modes of admunistration other than enteral and topical admstration, usually
by injection, and inchedes, without lmitation, mtravenous, ntramescular, intraanerial,
mirathecal,  mtracapsular,  muraorbi#al,  infracardize, Infradermal,  mtraperitoscal,
franstracheal,  suboutancous,  subcuticelar,  intraarticular,  subcapsular, subarachnoid,
intraspinal and intrasternal fgection and infusion.

n oAt LI )

The phrases "systessic admisdstration,” “administered systemically,” "peripheral

admimstration” and “adounistered poripherally” as used herem mean the adounistration of a
compaund, drug or other material other than directly into the contral nervious sysiem, such
that 1t enfers the patient’s system and, thas, is subject o metabolism and other like

processes, for example, subcutancous administration,

These compounds may be administered o humans and other antmals for therapy by
any suitable roete of adiinistration, ncludimg ovally, nasally, ss by, for example, a spray,
rectally, intravagially, pareoteeally, mracistornally and topically, as by powdess,

vintments or drops, weloding bucecally and sublingually.

Actual dosage level of the active ingredients in the pharnacentical compositions of
this tnvention may be varied so as to obtain an amount of an active ingredient which is
effective to achieve the desired therapeatic response for a particular patient, composition,

and mode of administraion, without being foxic 1o the patient.

The selected dosage level will depend upon a variety of faciors including the
activity of the particular compound of the Invention enploved, or the ester, salt or amide
thereof, the route of adnunistration, the time of administration, the rate of excretion or
metabolisme of the particular compound being emploved, the rate and extent of absorption,
the daration of the treatment, other drugs, compounds sndfor matenals used 1w combmation

with the particalar compound employed. the age, sex, weight, condition, general health and
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prior medical history of the patent being treated, and bke factors well known in the medical

arts.

A physician or veterinarian having ordinary skill in the att can readily determme
and preseribe the cffective amount of the pharmaceutical composition required. For
cxauye, the physician or veterinarnian could start doses of the active compounds employed
in the pharmaceutical composition at fevels fower than that regquired v ovder ta achieve the
desired therapeutic effect and gradually ncrease the dosage wnul the desired effect is

achieved,

While it 1s possible for an active compound of the mvontion to be admimstered
alone, i certain ombodiments the compound is administered as a pharmaceutical

formulation (vomposition).

In ancther aspect, the mvention provides pharmaceutically acceptable compositions
which comprise a therapeuticaliy-effective amount of the active compound, as deseribed
above, formalated together with one of more phacmaceatically acceptable carriers
{additives) andfor difuents. As desenbed m detwd below, the pharmaceutical compostaons
of the invention may be specially formulated for administration i solid or hquid form,
mchuding those adapted for the following: (1) oral admimstration, for example, drenches
{aguoous oF non-aqueous solutions or suspensions), tablets, boluses, powders, granules,
pastes for application to the tongue; (2) parenteral administration, for example, by
subcutancous, mtramuscudar or intravenous mjection as, for example, a stenle solution or
suspension; (3) fopical application, for example, as a cream, ointment or sprav applicd
the skin, lungs, or mucous membranes; or (4} mtravaginatly or infrarcetally, for example, as
& pessary, cream or foany; (3) sublingually or buccally; (8) ccudarly: {7) vansdermallyv; or

{8} nasally.

The torm "reatment” is intended to encompass also prophylaxs, therapy and e

The patient receiving this weatment is any ammal in need, iwhading primates, in
particular humans, and other marmals such as oquines, cattle, swine and sheep; and pets in
zeneral.

The compounds of the invention can be adnunistered as such or in admixtwres with
pharmaceutically acceptable carners and can also be administered v conjunction with
antionicrobigl  agents  such  as  pemcidbos,  cophalosporins,  amunoghveosides  and

glveopeptides. Conjunetive therapy, thus inchlades sequential, sinwdiancous and separate
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adnunistation of the active compound 1 a way that the therapeutic effects of the first

adnunistered one is not entirely disappeared when the subsequent is admimistered.
Micelles

Microemudsification fechnodogy improves the bicavalsbility of sonw Hpophilic
{water insoluble) pharmaceutical agents. Exanples melude Trinemine (Dordunoo, S, K. et
al., Drug Development and Industrial Pharmacy, 17{12), 16851713, 1991 and REV 5901
Sheen, P € et al, 1 Pharmy Sci RO(7), 712-714, 1991} Among other things,
microemulsification  provides  cnhanced  bicavailabily by  preforentially  divecting
absorption to the lvmphatic system mstead of the circulatory system, wihuch thereby
bypasses the liver, and prevents destruction of the compounds in the hepuobiliary
circudation,

In one aspect of fwvention, the formulations comtam micelles formed from a
compound of the invention and at least one amphiphilic carmier, in which the micelles have
an average diametor of less than about 100 mm. Ceriain embodiments provide micelles
having an average diameter less than about 30 nm, and certan cmbodiments provide

micelies having an average diameter less than about 30 mm; or even less than about 20 wm.

While all surtable amphiphilic carriers are contemplated, in certain embodiments,
the carriers are gencrally those that have Generally-Recognized-as-Safe (GRAS) status, and
that can both solubilize the compound of the invention and microenudsify it at a later stage
when the schution comes mto 8 contact with a complex water phase (such as one found
human  gastro-intestingl  tract).  Usually, mophiphilic  ingredients that satisfy these
requirements have HLB fhyvdrophilic to lipophilic balance) values of 2-20, and thewr
struciures contain straight chain abiphatic radicals i the range of T-6 10 C-20. Examples are

polvethylenc-ghycolized fatty glycerides and polvethyviene glveols,

In certain embodiments, amphiphilic carriers are satwrated and monounsaturated
polvethylencglycolvzed faity acid glycerides, such as those obtained from fully or partially
hydrogenated various vegetable ouls. Such oils mav advantageously consist of -, di- and
mono-fatty  acid  glycorides and di- and  movno-polhyethylencglycol esters of the
corrosponding falty acids. In cortain cwbodiments, the fatty acid composition schedes
capric acid 4-10, caprie ackd 3-9, Jauric acid 40-30, myvristic and 14-24, palmutic acid 4-14,

or stearic acwl 3-153%, Another useful class of amphiphilic camiers includes partially
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esterified sorbitan andfor sorbitol, with saturated or mono-unsansrated fatty sads (SPAN-

series) or corresponding ethoxylated analogs (TWEEN-series).

Commaercially  available amphbiphilic camers  are  partwslarly  contemplated,
incheding  Gelpelre-series, Labrafil, Labrasel, or Lawroglycol (all manofactured and
distributed by Gattefosse Corporation, Saint Pricst, France), PEG-mono-oleate, PEG-di-
olcate, PEG-mono-lawrate and di-lawrate, Lecithin, Polysorbate 80, ete. {produced and

distributed by a number of companies in USA and worldwide).

Polvinars

Hydrophilic polymers suitable for use i the mvention are those which are readily
water-soluble, can be covalently attached to a vesicle-fornung lipid, and whish ave tolerated
m vivo without toxic cffects (ie, are biocompatible). Suitable polymers include
pobyethylene glveol (PEG), polvlactic (alse tormed polvlactide), polvglveohie acid (also
termed polygiyeolide), a pohvlactic-polyglyeelic acid copolymer, and polyvinyt alcobol. In
certain embodiments, the polymers are those haviag 2 molecular weight of from abour 100
or 120 daltons up to about 5000 or 10,000 daltons, or from about 30¢ daltons to about
3,000 daltons. In cortain emdbodiments, the polymer is polyethylencelycol baving a
molecalar weight of from about 106 1o about 3,000 daltons, or having a moleadar weight
of from about 300 to about 5000 daltons. In certnin cmbodiments, the polymer s
polvethylencglyeol of 730 daltons (PEG(7S0Y). Polymers may also be defined by the
mmber of monomers therein; in cortaan embodiments of the invention uttlizes polymurs of
at least abous three monomers, such PEG polviners consisting of three monomers

{approximately {50 daltons)

Oither hydvophilic polvimers which may be subiable for use 10 the mvention inchade
polyvinvipyrrofidone,  polymethoxazeline,  polvethyloxazoline,  pobyhydrimoypropyl
methacrvlamide, polymethacrvhomide, polydimethylacrvlanude, and derivatized celluloses

such as hydroxymethyleeliulose or hydroxyethyleellulose.

In certam embodiments, a formulation of the mvention comprises a biocompatible
pobymer selected from the group consisting of polyamides, polycarbonates, polyalkylenes,
polvmers of acrvlic and mwthsorvhic  esters, polyvinyl  polymers, polvglveolides,
polvsiloxancs, polyvurcthanes and  co-polvmers  thereof, celluloses, polypropylene,
polvethvlenes, polystvrene, polymers of lactic acid and glveolic acid, polvanhydrides,

poby(ortholesters, polvtbotic  acid), polv(valeric acid), polvlactide-co-caprolactong),

(9%
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polysaccharides, proweins, polvhvaluronic acids, polvovanoacrylates, and blends, moxtures,
or copolvmers thereof.
Cyvelodextring

Cyelodextring are cvelie oligosaccharides, consisting of 6, 7 or § glucose units,

93]

designated by the Greek letter o, §3, or vy, respectively. Cyclodexwrins with fower than six
glacose wnits are not known to exist. The glucose units are hinked by alpha-1 4-ghweosidic
bonds. As a comsequence of the chair conformation of the segar wnits, all secondary
hvdroxyl groaps (at C-2, (-3 are located on one side of the ring, while all the primary
hydroxyl groups at U6 are situated on the other side. As a result, the external faces are
10 hydrophilic, making the cvclodentring water-soluble. In conteast, the cavitics of the
eyclodextring ave hydrophobic, sinen they are lined by the hydrogen of atoms -3 and C-3,
and by ether-like oxvgens. These matrices allow complesation with a varicty of relatively
hydrophobic compoends, including, for instance, steroid compounds such as 17 beta-
estradiol (see, eg., van Uden et al. Plant Cell Tiss. Org. Cault. 38:1-3-113 (1994)). The
15 complexation takes place by Van dor Waals bateractions and by hydrogen bond formation.
For a general roview of the chemistry of evclodextring, see, Wenz, Agnew. Chem. Int. Ed.

Engl, 33803822 (1004,

The physico-chentical properties of the evclodextrin dertvatives depend strongly on

the kind and the degree of substituton. For example, their solubility in water ranges from

20 msohuble (cp., tiacetvi-beta-ovelodextring to 147% sohuble {wivd (G-2-beta~cyelodexirin).
In addition, they ave soluble in many organic solvents. The propertics of the cyelodextrins
cnable the control over solubility of varicus formulation components by incrcasing or

decreasing their sodubihity.

Numcrous ovelodestring angd mothods for their preparation have been described, For

25 example, Parmreter €1y ot al. (US Pat No. 34532359) and
Gramera et al. (U1.S. Pat. No. 3,459,731 described electroneutral

cyclodexiring. Other donivatives mclade eyvclodesiring with cationie propertics [Parmeter
gy, US. Pat. Noo 3453257, mgoluble  crosshinked
cyclodexining (Solms, VS, Pa. Noo 3420788; incomporated by reference), and

30 cyclodextring with antonic propertios | Parmeter (133, ULS. Pat. No. 3,426,011 ].
Among the cyvelodexirin derivatives with anlonic propertics, carboxyvlic

acids, phosphorous acids, phosphinous acids, phosphonic acids, phosphoric  acids,

e
]
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thiophosphonie acids, thiosulphinic acids, and sulfonic acids have been appended to the
parent cvelodextrin [see, Parmeter (1H), supral. Farthermore, salfoatkyl ether cyelodextrin

derivatives have been deseribed by Stella et all (ULS. Pat. Ne. 53,134.127).

53

Liposomes

Liposomes consist of at least one hipid bilaver membrane enclosing an agqueous
temal compariment. Liposomes may be characterized by membrane type and by size.
Small untlamellar vesicles (SUVs) have a single membrane and typically range between
.02 and 0.05 pmy m dimmeter; large unilamellar vesicles (LUVS)Y are tvpically farger than
18 005 pm. Oligolamellor krge vesicles apd omdttlamellar vesicles have maltple, usually
concentirie, membrane lavers and are typically larger than 0.1 um. Liposomes with several
nonconcentric mombranes, 1.2, several snaller vesicles contained within a farger vesicle,

are termed pultvesicalar vesicles,

One aspeet of the invertdon relates to formualations comprising liposomes containing
15 one or more of the therapeutic agents of the invention, where the liposome membrane is
formulated 1o provide a liposome with increased carrving capacity. Alternatively or in
addition, the one oy more thevapeutic agents may be comtained within, or adsorbed onto, the
liposome bilaver of the liposome. One or more therapeotic agents may be aggregated with a
tipid surfactant and carried witlun the liposome's internal space; in these cases, the liposome
20 membrane 15 formulated to resist the disruptive effects of the setive agent-surfactant
aggregate.
According to one embodiment of the mvention, the lipid hilaver of a liposome

contains lipids denvatized with pobvathvlene glveol (PEG), sach that the PEG chans

extondd from the mnee surface of the ld bilaver ao the bterior space encapsulated by the

|3
[ %21

liposome, and oxtend from the exterior of the lipid bilayer imto the serrounding

environment.

Active agents contained within liposomes of the invention are in solubilized form,

Aggregates of surfactant and active ggont (such as emulsions or pucelles containing the
active agent of sateresty may be entrapped within the interior space of liposomes according

30 to the nvention. A surfactant acts t disperse and sohubilize the active agents, and may be
selvoted from any suitable ahiphatic, cycloaliphatic o aromatic swrfactant, including but not

fimited to bioconpatble lysophosphatidvicholines (LPCs} of varying chain lengths {for
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exmmple, from abowt T to about Ca). Polvmer-derrvatized lipids sach as PEG-Hpids may
also be atilized for micelie formation as they will act o inhibit micelle/membrane fusion,
and as the addition of a polvmwr to surfactant mwolecules decreases the OMC of the
surfactant and aids m micelle formation. In certin emboduments, the surfactants have
CMCs in the micromolar vange: higher CMC surfactants may be onlized to prepave
nvcelles entrapped within liposomes of the snvention, however, micelle swriactant
monomers could affect liposome bilaver stability and would be s factor in designing g

tiposome of a desired stabiligy.

Liposomes gocording to the iovendion may be preparsd by any of a varniety of
technigues that are known in the art. See, eg, US. Pat. No. 4235871,

Published PCT applications WO 9614057, New RRU, Liposomes: A practical

approach, RL Press, Oxford (1990}, pages 33-104; Lasic DD, Liposomes from phyvsics to

applications, Elsevier Science Publishers BV, Amsterdam, 1993,

For example, hposomes of the invention may be prepared by diffusing a hipid
derivatized with a hydrophilic polymer sito preformed liposomes, such as by exposing
preformed  liposomes to micelles composed of lipid-grafied polymers, at  lipid
concentrations corresponding o the final mole percent of derivatized lipid which is desired
m the hposome. Liposomes coniaining a hydroplihic polymer can also be formmed by

homogenization, hpid-ficld hiydration, or extrosion tochnigues, as are known in the art.

In another exemplary formuldation procedure, one of more active agents are first
dispersed by sonication in a lyvsophosphatidyicholine or other fow CMC surfactant
{including polvmer grafted lipeds) that readily solubilizes hydrophobic molecales. The
resulting micellar suspension of one or more active agents 1 then used to rehvdrate g dried
Hpid sample that containg a suitable mole porcent of polvmer-grafied lipid, or cholesterol.
The lipid snd active agont suspension i then forrued into liposomcs using extrusion
fechniques as are known m the art, and the resulting hposomes separated from the

unencapsulated solation by standard colunin separation.

In one aspect of the invention, the liposomes are prepared fo have substantially
homogencous sizes 1o a selected size range. One effective sizing method involves extruding
an agqueous suspension of the liposomoes through a serics of polycarbonate mombranes

having a sclected uniform pore size; the pore size of the membrance will comrespond roughly
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with the largest sives of hiposonmes produced by extrasion through that membrane. See e.g.,
LLS. Par No. 4,737,323 (Apr. 12, T98K),

Release Modifiers

The release charactenstics of a2 formelation of the invention depend on the

93]

encapsulating material, the concentration of encapsulated drugs, and the presence of release
muodifiers. For example, relesse can be manipulated to be pH dependent, for example, using
a pH sensitive coating that releases ondy at a low pH, as in the stomach, or a higher pH, as
in the infestine. An enterie coating can he ysed to prevent release from veourring angil after
passage through the stomach, Multiple coatings or muxtures of cvanamide encapsulated in
10 diffvrent materials can be used to obtam an indtial release in the stomach, followed by Tator
release in the isfestine. Release can also be manipulated by inclusion of salts or pore
formng agents, which can increass water uptake or release of drug by diffusion from the
capaule. Excipients which modify the solability of the drug can also be used to control the
release rate. Agents which enhance degradation of the nwinix or velease frow the matnx can
15 also be tncorporated. They can be added o the drug, added as a soparate phase {te., as
particulates), or can he co-dissolved i the polymer phase depending on the compound. In
all cases the amount should be between (1.1 and thivty percent {wiw polymer). Types of
degradation cnhancers include morganic salts such as ammoniuwm sulfate and ammonien
chioride, organic acids such as citric actd, bonzoie acid, and ascorbic aeid, norganic bases
20 such as sodimm carbonate, potassiom carbonate, calcium carbonate, zine carhonate, and
zine hvdroxide, and organic bases such as protanmue sulfate, spornmne, choling,
cthanolamine, dicthanclamine, and tricthanclamine and surfactants such as Tween® and

Pharonics

. Pore-forming agents which add microstracture to the mafrices (Lo, water

seluble compounds, such as inorganic salts and sugars) are added as particudates. The range

3
73

should be between one and thirty percent (wiw polymers.

Uptake can also be manipulated by alicring residence fime of the particles m the gut,

This can be achieved, for example, by coating the particle with, or sclecting as the
eacapsulating material, & mucosal adhesive polywmer. Examples inclade most polymers with

free carboxyl groups, such as clutnsan, celinloses, and especially polvacryistes {as used

30 herein, polvacrvlates refers to polymers inchuding aervlate groups and modified serviate

groups, such as eyvanoacrylates and methacrylates).

e
Lt
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Immediate/Sustained Release Dosave Forms

The pharmaceutical composition may be formulated in an inmediate release dosage
form or o sustained release dosage form. In certain embodiments, the invention relates to
immediate release dosage forms. An immediate release dosage form may be formulated as s
fablet or nndiparticulate which may be encapsulated. Other mmnediate release dosage
forms known i the art can be emploved. In cortain ombodinments, the therapeutic agent may
be formulated to provide for an increased duration (sustained release) of therapeutic action.
These formulations, at comparable daily dosages of conventional immediate release drug,
are often associated with 8 lower incidence or severily of adverse drug reactions; and they
can also be adnunistered at a fower dsily dose than conventional oral medication while

maintaining therapeutic setivity.

in cortain embodiments, the pharmaceutical composition can be fornmdated 1o
deliver the therapeutic agent oo a predetermined time schedules. In cortain embodiments,
the therapeutic agent is administered via an oral sohd dosage form that inclades a sustamed
release sarvier causing the sustained release of any one or sune of the therapoutic agent(s)
when the dosgge form confacts gastrointestinal fluid. The sustained release dosage form
may comprise a plurality of substrates which melude the drugs. The substrates may
comprise matrix spheroids or may comprise inert pharmacewtically acceptable beads which
are conted with the drugs. The coated beads may then be overeoated with 3 sustained
relepse coating comprising the sustained release carmter. The matnix spheroid may include
the sustained release carner i the matrix wselfl or the mawix may conyguise a normal
reloase malrix containing the drugs, the matrix baving a coating applied thercon which
comprises the sustained release carvigr, In other embodiments, the oral solid dosage form
comprises & tablet core contatming the drug within a normal release matrix, with the tablet
core being coated with a sestained release coating comprising the sustained release carvier.
In fimther embodiments, the mablet contains the drug within a sustaimed rolease matrix
comprising the sustained release camier. in additional embodiments, the tablet contains one
or more therapeutic agent(s) within a sustained refease matnx and remaining therapentic
ageni(s) coated into the tablet as an mmediate release layer.

The term “sustained release” is defined for purposes of the mvention as the release
of the therapeutic agent from the fornmdation at such a rate that blood {e.g., plasna)

concentrations (levels) are mantained within the therapeutic range (sbove the mimmem
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effective analgesic concentration or "MEAC"} but below toxic levels over a period of time

of about 12 hours or longer,

The therapeutic agenis can be formulated as a controlled or sustamned release oral
formulation in any suitable wblet, coated tablet or multparticutate formulation known to
those skilled in the art. The sustaned release dosage formy may optionally include a
sustained released carrier which is incorporated into a miatrix along with the active agents,

or which is applied as a sustained release coating.

The sestamed release dosage form sy inclhude one or more therapewdic agent i
susfamed release form and the romaining therapeutic agent{s) m the sustained release form
or in innediate release form. One or more therapeatic agents may be incorporated into the
sustained release mateix along with another thempestic agent; one or more therapoutic
agent may be weorporated o the sustamed release coating; meorporated as a separated
sustained release laver or immediate release laver, or may be meorporated as a powder,
granulation, ete., in a gelatin capsude with the substrates of the invention. Alternatively, the
sustained release dosage form may have one ot more thergpeutic agent i the sustained
release form and the remaining therapeutic agent(s) i the sustained release fonm or

mmediate relcase form.

An oral dosage form according to the invention may be provided as, for example,
granules, spheroids,  beads, pellets  (horeinafier  collectvely  refored w0 as
“multiparticalates™) andfor particles. An amount of the multiparticulates which 15 effective
to provide the desired dose of the therapeutic agents over time may be placed in a capsude
or may be incorporated in any other sutfable oral solid form. In one certain cmbodiments of
the invention, the spstained release dosage form comprises such particles containing or
COMPYISIAL one of more active mgredionts, wherein the particles have diameter from abowt

0.1 nun fo about 2.5 num, or from abmt 0.5 mm fo about T mm,

fn certain embodiments, the particles comprise normal release matrixes containing
ang of more therapoutic agent with the remaining therapeuric agent(s). These particles are
then cogied with the sustained release carrwer in cmbediments where one or more
therapeutic agent 1s immediately released, one or more thevapeutic agent may be included 1n
separate normal rolease mairix particles, or may be co-administered i oa different
snmediate release composition which is cither enveloped within a gelatin capside or 1s

adnunistered sepavately. In other embodinents, the particles comprise incet beads which are

(%
~
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coated with the remaining therapoutic agent(s} with one or wore therapeutic agent.
Therveafter, a coating comprising the sustained release carvier is apphied onto the heads as an

SVRTCORE.

The particles may be film coated with 2 material that permits release of the active
agent at a sastatned rafe i an aqueons mednam, The film coat is chosen se as 1o achieve, n
combination with the other stated properties, a desired i vitro relense rate. The sustained
release coating formudations of the tnvention should be capable of producing a swong,
comtiuous film that s smooth and elegant, capable of supporting picments and other

coatimgs addittves, non-toic, mert, and tack-free,

Coatings

The dosage forms of the invention mav opionally be coated with one or morg
materials suitable for the regulation of release or for the protection of the formudation. In
one cmbodiment, coatings are provided to permit cither pH-dependent or pH-independent
release, g, when exposed to gastrointestnal fhad, A pH-dependent coating serees {o
release any of the active agent(s) i the desired aress of the gastro-intestinal {G) tract, e.g.,
the stomach or small intestine, such that an absorption profile is provided which is capable
of providing at least about twelve hours or up to twenty-four hours of therapeutic benefit to
a patient. When a pHeindependent coating s desired, the coating 15 designed to achieve
optimal release regardless of pH-changes in the envivonmental fluid, e.g., the GI wract. Tt 3s
also possible to formudate compositions which release a portion of the dose wm one desired
area of the GI tract, ©.g., the stomach, and release the remainder of the dose in another area
of the Gl wact, ¢.¢., the small infostine, In certain erubodiments, one or more therapeutic
agent(s) is released in one avea of the GI tract and the remaining therapeutic agent{s} is
released in 2 sccond aren of the G iract. In cortatn ombodiments, the therapeutic agents are

released m nearly coual amownts at the same locatton 1o the G tract.

Formulations according to the invention that utihize pH-dependent coatings to obtamn
formulations may also mypart a repeat-action effect whereby wprotected drug is coated
aver an enferic coat and s released m the stomach, while the remainder, being protected by
the enteric coating, 18 released further down the gastromtestinal tract. Coatings which are
pH-dependent may be ased i accordanece with the ivvention inchude shellae, cellulose

acetate phihalate (CAPY, polyviny acetate phthalate (PYAP),



hydroxypropylmethyicellulose phihalate, and methacrybic acid ester copolymers, zein, and

the hike.

In certam embodiments, the subsfrate (c.g., tablet core bead, matnix particle)

cortaining one or more therapeutic ageni(s) is coated with a hydrophobic material selected

5 from (1) an alkylcellodose; (1) an acrylic polymer; or (1) mixtaes thereofl The coating may
be applied in the form of an organic ov aqueous solution or dispersion. The coating may be
applicd to obtain a weight gam from about 2 to about 25% of the substrate in order o obtain

a desired sustained release profile. Such formulations ave desorthed, eou, i detast fn ULS,

Pat, Nog. 3273760 and 5286483, Other examples of

10 sustaned release formulations and coatings which may be used in accordance with the

mvention include U8, Pat. Nos. 33243581 33536467, and 5472712

Allvlcelulose Polviuers

Cellulosic materials and polymwrs, including alkyvicslivloses, provide hydrophobic

15 materials well suted for coatimg the formulations according to the mvention. Siply by
way of example, one alkyleellulosic polymer 15 cthylecliulose, although the artisan will
appreciate that other celhulose or alkyvicellulose polymers may be readily emploved, singly

or in any combination, as all or part of a hydrophobie coating,

One commorvialiv-available agueoas dispersion of ethylcellulose i3 Aguacoat®

20 (FMC Corp., Philadelplua, PA, US.AY Aguacomt® i prepared by dissolving the
cthylocllulose i a water-mumiscible orgae solvent and then cmudsifyving the same in water

in the presence of a surfactant and a stabtlizer, After homogentzation 1o geverate submicron
droplets, the orgamic sobvent is evaporsted under vacwsn to form a pscudolatex. The

plasticizer s not teorperated m the pseudolatex dunng the mamdacturing phase, Ths,

25 prior to using the same as a cogting, it is nocessary (o intimately mix the Aguacoat¥: with a
suitable plasticizer prior © ose.

Another agueous dispersion of cthylecthulose 18 commercially available as

Surelease® (Colorcon, Ine, West Point, Pa, UW.S.AL This product i prepared by

incorporating plasticizer o the dispersion during the mamdachuning process. A hot melt

30 of a polymer, plasticizer {dibuiyl scbacate), and stabihzer (oo acud) 8 prepared as a

homogeneous mixture, which s then diluted with an alkaline solution o obtain an agueous

dispersion which can be applied directly onto substrates.
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Acrvlic Polvmers

In other embodiments of the invention, the hydrophobic material vomprising the
controfled release coating is o pharmseoutically acceptable sorvlic polymer, inchiding but
not limited to acrylic scid and methacryvlic acid copolymers, methyl methacrylate
copolymers, cthoxyethyl methacrvlates, cvanocthyl mwthacrvlate, polv(aorvlic acid),
polv(methactvlic acid), methacryhic acid alkvlamide copolvmer, polv{oethy!l methacrylate),
polymethacrylate, polvimethyl methacrylate) copolymer, polvacrviamide, aminoalkyl
methacrvlate copolymer, polvimethacrvlic acid anhvdride), and glverdy]l mothaceviate

copolymers.

In corain embodiments, the acrylic polvimer s comprised of one or more apumonio
methacrviate copolymers. Ammonio methacrviaie copolyvaiers are well knowa i the art,
and are copolymers of acrylic and methacrylic acid esters with a low content of quaternary
anunonium groaps. In order to obtain a desirable dissolution profile, i may be necessary o
meorporale in 4 coating two or more ammonio methacrylate copolymers having differing
phuvsical properties, such as different molar ratios of the quaternary anunoniem roups i

the neutral (meth)acrylic esters.

Certwin methacrvhic acid ester-type pobymers are aseful for preparing pH-dependent
coatings which may be used in accordance with the mvention. For example, there are a
family of copolymers synthesized from dicthylanunoethyl methacrylate and other neutral
methacryhe esters, also known as methacrylic acid copolymer or polymenc methacrylates,
copumercially available as Eudragit® from Rohm Tech, Inc. There are several difforent
tvpes of Eudragit®. For cxample, Budraghi® E i3 an example of a methaovlic acd
copolyvmer which swells and dissobves in acidic wedia. Fudragn®® L is a methacryhe acid
copobymer which dogs not swell at about pH<E.T and is soluble at abot pH»6. Fudragi®
S does not swell at about pH<6.5 and is soluble at abouwt pH>T. Budrage® RL and
Eudraga® RS are water swellable, and the amount of water absobed by these polymers 1s
pH-dependent, bowever, dosage forms coated with Eudragit® RE and RS are pH-

independent.

In cortam embodiments, the sorvhic coating comprises & maxture of two acrvlic resin
lacquers commercially available from Robm Pharma under the Tradenames BEudeagh®
RE3OD and BEudragi® RS3D, respectively. Budragit® RL30D and Eudragit® RS3GD are

copalymers of acryhic and methacrylic estors with a low content of quaterpary atmmonren

40
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groups, the molar rao of anunonium groups to the remaning newtral (meth)acrvhic esters
being 1:20 in Budragit® RLIOD and 140 in Eudragi® RS30D. The mean molecudar
weight ks about 130,000, The code designations RL C(high permeabilityy and RS {low
permesbility) refer to the permeability propertics of these agents. Eudragit® RL/RS
nuxtures are msohuble in water and 1 digestive fhuds. However, coatings formed from the

same are swellable and permeable in aguenus solutions and digestive fluids.

The Eudragit®

desired ratio in order © ultimately obtain & sestained release formulation having a deswable

RL/RS dispersions of the invention may be mixed together in any

dissutution profife. Dextrable sustained release formulations may be obtained, for mstance,

it R, 50% Pudragie® RL and 50%

fram a retardant coating derived from 100% FEadrag
Eudragis® RS, and 10% Eudragitk RL:Eadragie® 90% RS, Of course, one skilled in the art
witl recognize that other scrvlic polymers may also be used, such as, for example,

Fudragiti¥ L.
Plasticizers

In embodiments of the invention where the coating conprises an aqueous dispersion
of a hydrophobie material, the inclosion of an effective amount of a plasticizer W the
agueous dispersion of hydrophobic material will further mmprove the physical properties of
the sostuined release coating. For example, because ethyvicelulose has a relatively high
glass transition temperanwre and does mot form flexible films under novmal coating
conditions, a plasticizer may be mncorporated into an cthylcellulose conting contaming
sustzined release coating before using the same as a coating material, Geoerally, the amount
of plasticizer mciuded in 2 coating solution 13 based on the concentration of the filim-
former, e.g., most often from shout 1 1o about 50 percent by weight of the fibm~former.
Concontration of the plasticizer, however, can only be properly determined after carefid

experimentation with the particular coating soletion and method of application.

Examples of suitable plasticizers for othvicellddose nclade water  insohible
plasticizers such as dibutyl schacate, dicthyl phihalate, ticthyl citrate, tributyl citrate, and
triacetin, although it is possible that other water-inseluble plasticizers (such as acetylated
monoghveerides, phthalate esters, castor oil, e} may be used. Triethyl citrate can be a

plasticizer for the agueous dispersions of cthyi cellalose of the Invention,

Exmmples of suitable plasticizers for the acrylic polymers of the mvention include,

but are not limited to citric acid esters sach as tiethyl civate NF XV wibuty] citvate,

41
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dibutyl phthalate, and possibly 1 Z-propylene glveol. Other plasticizers which have proved
to be soitable for enhancing the elasticity of the Hbns formed from acrvlic films such as
Eudragis® RL/RS lacquer solations inclade polyvethylene ghyeols, propylene glyeol, diethyl
phthalate, castor oil, and triacetin. Triethyl citrate can be a plasticizer for the agueous

dizpersions of ethyl cethulose of the invention.

it has further been found that the addition of 3 small amount of tale reduces the

tendency of the aqueous dispersion to stick during processing, and acts as a polishing agent.

Processes for Preparing Coated Beads

When the ageeous dispersion of hydrophobic material 15 vsed to coat mert
pharmaccutical beads such as nu paricl 18720 beads, a phoality of the resultant stabilized
solid controlied release beads may thereatior be placed in a gelatin capsule in an amount
sufficient to provide an effective controlled release dose when ingested and contacted by an

environmental fhuid, c.g., gastric flaid or dissolution media.

The stabifized controlled release bead formulations of the mvention slowly release
the therapeuticalty active agent, e.g., when ingested and exposed o gastric fhudds, and then
to intestinal fluids. The controlied release profile of the formulations of the invention can be
altered, for example, by varying the amwunt of overcoating with the aqueous dispersion of
hiydrophobie material, altering the manner i which the plasticizer 15 added to the aqueous
dispersion of hydrophobic material, by varving the amoumt of plasticizer relative o
hydrophobic material, by the inclusion of additional ingredicnts or excipients, by altering
the mwethod of manufacture, ete. The dissolution profile of the withnate product may also be

modified, for example, by increasing or decreasing the thickness of the retardant coating.

Spheroids or beads coated with one or more therapestically active agent are
prepared, ¢.g., by dissolving the one or more therapeutically active agent in water and then
spraying the solution onto a sobstrate, for example, ny pariel 18720 beads, using a Wuster
insert. Optionally, additional mgredients are alse added prior to coating the beads in order
o assist the binding of the active agents o the beads, andfor to color the solution, ete. For
example, a product which includes hydvoxypropylmethyleeltulose, cie. with or without
coforant {o.g., Opadry®, comnercially available from Colorcon, Ine) may be added 1o e
solation and the sohution mixed {c.g., for about 1 hour) prior to apphication of the same onte
the beads. The resultant coated subsirate, in this example beads, may then be optionatly
pvercoated with a bharrier agent, to separate the therapeutically active agent from the

3
o
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hydrophobic controfled release coating. An example of a switable barrier agent is one which
comprises bydroxypropyimethyleetiutose. However, any film-former known in the art may

be ysed, The barrier agont may or may not affect the dissolution rate of the final product.

The beads may then be overcoated with an agueous dispersion of the hydrophobic
material, The aqueous dispersion of hydrophebic material may further nchode an effective
amount of plasticizer, e¢.g., tricthyl citrate. Pre-fornmidated aqueous dispersions of
cthyvlcellulose. such as Aquacoat® or Swrelease®, may be used. If Surclease® is used, itis
wot necessary fo separately add a plastioizer. Alernatively, pre-formulaied aqueous

dispersions of acryhic polymers such as Eudeagit® can be used.

The coating solutions of the vention may contin, in addition to the film-former,
plasticizey, and solvent system (.., water), a colorant to provide elogance and product
distinctiom. Color mav be added to the solution of the therapeutically active agent instead,
or in addition 1o the agqueous dispersion of hydrophobic materiad. For example, color may
be added o Aquacoar® via the prodect of aleohol or propylene glveol based color
dispersions, milled aluminmum lakes and opacifiers such as titanium dioxide by adding color
with shear to water soluble polvewer solution and then using lfow shear to the plasticized
Aguacoat®. Alternatively, any suttable method of providing color to the formulations of the
invention may be used. Suttable ingredients for providing color to the formulation when an
aqueous dispossion of an acrylic polymer s used mclude titannan dioxide and color
pigments, such as won oxide pigments. The incorporation of pigments, may, however,

mcrease the retard effect of the coating.

The plasticized aguecus dispersion of hydrophobic material may be applied onto the
substrate comprising the one or more therapeutically active agent by spraving using any
suitable spray equipment known i the ard In conain embodiments, 3 Warster fluidized-bed
svstem is used v which an as jet, mjected from underseath, fhadizes the core material and
eftects drying whale the aorvhic polymer coating s spraved on. A sufficient amount of the
aqueous dispersion of yvdrophobic mwterial o obtain a prodetenmined conuolled release of
satd therapeutically active agents when said coated substrate 1s cxposed {0 agucous
solutions, ¢.g., gastric fhod, is applied, taking into acconud the physical characteristics of
the therapentically active agents, the manner of meorporation of the plasticizer, ete. After
coating with the hydrophobic material, a further overcoat of a film-former, such as
Opadry®, is optionally applied 1o the beads. This overceat is provided, i ar all, in order to

substantially reduce agglomeration of the beads.
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The rvelease of the therapestically active agemt from the controlled release
formmdation of the mvention can be further mfluenced, Le., adjusted to a desired rate, by the
addition of one or more releasc-modifving agents, or by providing one or more
passageways through the coating. The ratio of hydrophobic matenial to water soluble
material 1s determined by, among other factors, the release rate reguired and the solubility

characioristics of the materials selected.

The refease-modifying agents which function as pore-formers may be organic or
worganic, and include materials that can be dissolved, extracted or leached frowm the coating
i the eavironment of wse. The pore-formers may comprise one or more hydrophilic

materials such as hydroxypropylimethyicethdose.

The sustained release coatings of the invention can also include crosion-promoting

agents such as starch and gums.

The sustained release coatings of the invention can alss include materials usefud for
making microporous lamina in the enviropment of use, such as pobvearbonates comprised
of hinear polyvesters of carbonie acid i which carbonate groups reoccur In the polymer
chain. The release-modifying agent may also comprise a semi-permeable polymer.

in certain embodiments, the relessc-medifymng  agent i3 selected  from
hydroxypropyhmethyleetiulose, lactose, metal stearates, and suxiwres of any of the

foregoing.

The sustained relense coatings of the invention may also fnclude an et moans
comprising at least one passageway, orifice, or the like. The passageway may be formed by
such methods as those disclosed LIS, Pat, Nos. 3,845,770 3.0]16,889; 4,063 064; and

4,088,864 The passageway can have any shape such ag

round, triangular, square, elliptical, wregular, ete.
Matrix Bead Fosmulations

In other embodimenis of the nvention. the controlled release formulation i
achieved via a matrix having a controlled release coating as set forth ghove. The mvention
may also eiilize a confrolled release matrix that affords in-vitro dissolution rates of e
active agents and that releases the active agents in a pH~dependent or pH-ndependent

manner. The materials suitable for inclusion i a controlled release matrix will depend on

the method used to form the matrx.
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For example, a matrix, v addifion to one or more of the active agents, may nclude:
{1} Bydrophilic and/or hydrophobic naterials, such as gams, celhdose cthers, acrylic resing,
protein derfved materials; the st i3 not meant to be exclusive, and any pharmaceutically
scepptable hydrophobice material or hydrophilic material which ¥s capable of mnparting
controlied release of the sotive agents and which melts {or soflens to the extent necessary fo
be extruded) may be used in accordance with the mvention. {2) Digestible, long chain (Cp-
g, capectally CCap), substituted or unsubstiuted hydrocarbons, sach s fatty acds, fatty
alcohols, lveeryl esters of fafty acids, mineral and vegctable otls and waxes, and stearvl

aleobol; and pobvalkylene glyeols.

The hydrophobic material may be selected from the group consisting of
allylcelluloses, acrylic and methacrvlic acid polvmers and copolymers, shellac, zein,
hydrogenated castor oil, hydrogemated vegetable oif, or mixtares thereofl In certain
entbodiments of the invention, the hydrophobic material is a pharmaceutically acceptable
acrvlic polymer, including but not Bmited 1o acrylic acid and methacrylic actd copolymerss,
methyl methacrylate, methyl wethacrviste  copolymers, cthoxyethyl  methaerylates,
cvanoethvl  methacrylate, aminoalkyl  wethaorviate  copolymer, polv{aerylic  acid),
podvimethacrylic acid}, methacrvlic acud allivlamine copolvmer, poly(methyl niethacrylate),
polvimethacrylic acid){anhyvdride), polvmethacrylate, polvacrvlamide, pobvimethacrvlic
acid anhvdride), and glveidyl methacrylate copolvmers. In other embodiments, the
hydrophebic material s selected from materials such as hydroxyalkyleclhuloses such as

hydroxypropyinethyleellulose and mixtures of the foregoing.

Hydrophobic materials are  water-inscluble with more or less  pronounced
hydrophitic andior hydrophobic wends. Generally, the hydrophobic materials useful in the
ivention have a melting point from about 30 °C to about 200 °C, or from about 45 °C to
abowt 80 . Specifically, the hydrophobic material may comprise natwal or synthetic
waxes, fatty alcohols (zuch as lawryl, myristvl, stearvl, cetyl or cetestearvd alcohol), fatty
acids. including but not {mmited o fatty acid esters, fatty actd glycerides (monn-, di~, and -
glyeorides), hvdrogemated fats, hydrocarbons, normal waxes, stearic acid, stearyl alcohol
and hvdrophohic and hydrophilic muaterials having hydrocarbon backbones. Suitable waxes
melude, for example, beeswax, ghvcowax, castor wax and carnauba wax. For purposes of
the mvention, a wax-lke substance 15 defined as any material which is normally solid at

roowm tomperatre and has & melting pownt of from about 30 °C to abowt 100 °C.
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Suitable hydrophobic materials which may be used in accordance with the invention
mclude digestible, long chain (Ce-Cen, espectally Co-Cap), substituted or ansabstituted
hvdrocarbons, sach as fatty acids, fhity aleohols, glyeorvl esters of fatty acids, mincral and
vegetable oils and natwral and synthetic waxes, Hydrocarbons may have a melting pomnt of
between gbout 25 °C and about 90 °C. Of the long chain hydrocarbon materials, fatty
{aliphate} alechods may be wsed in certain crobodiments. The oral dosage form may contain

up to H0% (by weight) of at least one digesuble, long chain hydrocarbon,

In certain instances, a combination of two of more hydrophobic materials s
included i the matelx foremedations. If an additional hydrophobic material s inclwded, #
niay be selected from natural and synthetic waxes, faity acids, fatty aleohols, and mixwures
of the same. Examples mclude beeswax, carnauba wax, stearic acid and steary] aleohol.

This list is nof meant 10 be exclusive,

One partrowdar suitable matix comprises ab least one water soluble hedroxyatkyl
cellulose, at least one CiaUhe, or CupeCas, aliphatic alcohol and, optionally, at feast one
podvatkylens glveol. The at least one hydroxyalkyl cellulose may be a hydroxy () 10 €9
alkyl cellulose, such as hydroxypropyviceliulose, hydroxypropylmethyvicellulose  and,
cspecially, hydroxyethylecllulose. The anount of the at foast one hydrowvalkyt ecllulose in
the oral dosage form will be determined, inter alia, by the precise rate of release desired fiur
the thorapeutic agent. The at least oue aliphatic alcohol may be, for example, laury! alcohel,
myristyl alcohol or stearyt alechol. In certain embodiments of the oral dosage form,

however, the at feast ose aliphatic alcobol 5 cetyd alcohol or cotostcaryl alcohol. The

amont of the at loast one aliphatic aleohel w the oral dosage form will o determined, as
above, by the precise rate of release desired for the therapeutic agents. Tt will also depend
on whether at least one polyatkvlene glyeol is 1 or absent frowm the oral dosage form. In the
absence of at feast one polyalkyilene glycel, the oral dosage form may contain betweon 20%
and S0% (by w1} of the at feast one aliphatic alcohol, When at least one polyatkylene glyveol
is i the oral dosage form, then the combined weight of the at least one aliphatic aleohol
and the at least one polvalkyvlene glycol may constitate between 20% and 50% (by wi) of
the wtal dosage.

in one embodiment, the ratio of, ez, the at least one hydroxyalkyl celhdose or
gervhe resin to the at least one aliphatie aleoholipolvaliyvlene glycol deternunes, to a

considerable extent, the release rate of the active agent from the formulation, The ratio of
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the at least one hydroxyalkyl ceftolose to the at least one aliphatic alcoholpolyalkylene

glveol may be hetween 1:2 and 1:4, or between 1:3 and L4,

The at least one polvalkylene glycol may be, for exampie, polvpropylenc glveal or
polvethylene glyeol. The number average molecular weight of the at least one polyalkylene
glyeol may be bedwees aboat 1,000 and about 15,00, or between abowt 1,300 and abowt
12000, Another suitable controlled release matrix would comprise an alkyleeliulose
{especially ethyt cellulose). a Gy to Ty aliphatic alcohol and, optionally, a polyvalkylene
glveol, In cortain cmbodiments, the matrix weludes a pharmaceutically  acceptable
combination of at keast two hydrophobic materials. In gddition to the gbove ingredients, a
controlled release matnix may also contain suitable quantities of other maserials, cg.,
diloents, lubricants, binders, gramulating aids, colorants, flavorants and glidants that are

conventional in the pharmaceutical art,
EXEMPLIFICATION

The following cxamples ame provided to ihewae the inventon. 3t will be
understoond, however, that the speeific details piven m cach example have been selected for
purpose of illustration and are not 1o be construed as lmiting the scope of the mvention.
Generally, the expenments were conducted under simitlar conditions unless noted.

Example 1 {(prophetic} - Functional Characterization of
Auntimuscarinic/Antispasmaodic Activity - In vitre Stadies

Literine smaooth nuscle sivips.

Isolated uterus preparations (approximately G-mm fong and -mm wided from rats
are contracied with (LBO3 M oxyiocm and the conpractions are redeced with the test
articles and compared to the effects of reference calctum antagonist, such as nifedipine.
Conwactions ean also be induced by carbachol or a high potassiam concentration in the bath
flaid.

In cach exporiment ap to six sirips are suspended m ndividual tissee chambers and
allowed 1o equibibrate with the bathing solution for at feast 30 min before proceeding with
the experiment. The inhibition is expressed as 1Csg or percent.

Carbachol- and potassiun-induced contractions,

In order to assess the viability of cach tssue amd to serve as a frame of reference,

contractions of cach strip of tssue are recorded initially in response to exposure fo tissue
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mediam fn which the NaCl Was replaced by KT to vield a concentravon of 137.7 mM K1
i the mediym, This is followed by retwrn fo the standard medium, and then by exposwres to
progressively increasing concentrations of carbachel, with scparste exposurgs to cach
concentration only until the pesk response has been recorded. The effects of increasing
concentrations of the test article on contractions mnduced by 137.7 miM KCY are recovrded n
separate cxperiments, s valies or pA2 values or inhibition expressed in percest are

caleulated using conventional statstic methodology.
Example 2 {prophetic) - Muscarinic Receptor Binding Test (in vitre)
a. Preparation of Membranes

Fronn a nale Wistar rat (Japan SLCJ, the beart and submandibsdar gland are excised,
mixed with 3 20 miM HEPES buffer (pH 7.5, which will hercinafter be abbreviated as
"HEPES buffer™) containing 5 times the volume of 100 mM sodiam chloride and 10 mM
magnesium chioride, followed by homogenization under fce-cooling. The resulting mixture
is filtered through gauze, followed by uliracentrifugation at 30,000-g and 4% C. for
10 punutes. The precipitate obtaned is suspended m an HEPES buffer, followed by further
uliracentrifugation a1 30.000x¢ and 4° €. for 10 minutes. The precipitate obtained is
suspended in an HEPES buffer. The rewudiing suspension was stored at -80° C. and

provided for the test after nelting upon use.
b. Muscarimic M; Receptor Binding Test

The test s carvied out naccordance with the ncthod of Doods et al. {I. Pharmacol.
Exp. Ther,, 2423, 257-262, 1987) with some modifications. The cardiac mombrane sample,
FHi-quinacliding! benzilate and the test compound are incebated i a 0.5 mb HEPES
buffer at 25° . for 43 sunuses, followed by suction filoation through a glass Bher
{Whatman GF/B}. The filter 1s washed three times with 5 mb portions of an HEPES buffer.
The radioactivity of the ["H -quinuclidiny benzilate adsorbed on the filter is measared by a
Hapad scintifation counter, Incidentally, nonspecific binding of the receptor is determined
by the addiwton of 1 pM atropme. The binding of the test compound for the muscarnic My
reeeptor is detorouined from a dissociation constant (K1) calaulated, v accordancs with
{"hen and Prusoff { Blochem. Pharmacol 22, 3099, 19733 based on the concentration (ICsg)
of the test compound at which 30% of the binding of the ['Hl-quinuchidiny! benzilate, tha

13, a labeled ligand is inhibited.
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c. Muscarime My Receptor Binding Test

In a similar manner to the above muscarinic M; receptor binding test exeept that the
. ‘ - 3 . . .
subnandibular gland 18 used a8 a membrane sample and {H N-methylscopolamine is used

as @ labeled ligand, a mrascarivde My recoptor binding test is carried outl

Compounds useful in the described methods have a Ki value of from about 107 to
1™ for the M: receptor, and an affinity for Mz receptor that is at least 10 times as high as

that for M, receptor.
Example 3 {(prophetic} - Muscarinic Receptor Antagonism Test (in vivo)
a. Test on Rhvthmic Bladder Contraction in Rat

A female Wistar rat (130200 g) 15 subjected to urethane anesthesia (1.0 ghy sel),
followed by ligation of the ureter on the kideey side. A wethral catheter is allowed o
remam o the bladder, and about 1.0 ml of physiolegival saline is injected mto the bladder
through the catheter to cause rhythase bladder contraction. Intravesical pressure is
measured by a pressure transducer. After thythinic contraction continues stable for at feast
3 minutes, the test compound is comelatively administered from the external jugelar vein
Five © ten minutes later, the intravesical presswre is measured. An mbubition ratw of
bladder contracton is  determined compared with the bladder conwaction before
administeation of the test compound and the dose of the wst compound required for 30%

inhibttion of the bladder contraction before administration is designated as EDgy.
b. Test on Sativary Secretion in Rat

A male Wistar rat (160-190 g} is subjected to ancsthesia with wethane (0.8 g/hy
Lp.), and the test compound is administered (to the control group: solvent), Fifteen minutes
fater, 0.8 pmolky of oxotremorine 1 administered. In each case, the druy is administered
through the fomoral arterv. The saliva seoreted for § minutes after the admmistration of
oxotromorine s coliected and weighed. The mhibition ratio against the amowunt of saliva in
the control group is determined and the dose of the fest compound required for 50%%

imhibition of the amount of saliva in the control group s designated as 1D,

As an example, the 1Dse value of atropine is substantially the sanie as the EDyy value
obtained 1n the above rat rhythmical bladder contraction test, while the Dy value of a

compoand useful in the methods deseribe herein is at feast 5 omes as much ag the above-
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deseribed EDsp vadue, which saggested that the test compound has relatively weak action

L

agamst the salivary secretion.
<. Test on Bradyeardia in Rat

The test is carried ouf i accordance with the method of Doods ef al. {J. Pharmacol.
Exp. Ther,, 242, 257-262 1987}, A male Wistar rat {250-330 ) s subjected to anesthesia
with pentobarbital sodium {30 mgkg ip). The neck region is excised, followed by the
division of right and left vagus nerves. After @ canmsla s inserted into a trachea to secure
ainway, a staindess rod is tnserted from the orbit and the spingl cord i destroved. Under
artificial respiration (at M co'ke and 30 tmes/minute), the rectal temperature 18 maintained
at 37.5% C. and a heart rate is monitored at the common carotid artery, An indwelling needle
is fixed fo the fomoral artery, from wiach the dowg s admimistered. After the destruction of

the spinal cord, the rat 15 allowed to stand for 15 nunutes o attain the equalibrium, followed

g3 After the equilibragion for additional

by the adnunistraion of atenolol (10 my/
15 minutes, the test compound is adminstered. Fifteen nubnates later. oxofremorine is
canudatively administered, thereby the reduction 1 the beatt rate is mwaswed, The amount
of the test compound required for H-times rightward shift of the dosewresponse curve of the

control group s designated as DR,

As an example, compounds useful in the methods deseribed herein have sufficiently
fow activity ngainst bradveardia and no bradveardia is obscrved at the administration

ameowmt of several mgkg.
Example 4 (prophetic) — Effects on Myometrial Contractions

Time-dated  pregoant Wistar rats {Charles River Laboratories, Wilmington, MA)
between davs 13 and 15 of pestation {trny, 21 1o 23 davs) are killed by decapitation. Four
strips of myometrium of approximately 1 om in kength and 3 to 4 mm wide (approximately
0.5 mbl om volume) are obtained from both utenne homs {2 froms cach) per animal and
dissected free from gestational membranes. The wierine samples then are placed in 10-mlL
tissue baths comtatming Delalon™s solutton at 32°C and contmuously exposed to a 93% Oy,

3% CO; swoep gas, under a resting tenston of 1 g

Sponigncous muscular activity is recorded by a Grass FT03 force transducer (Grass
Corp, Quincy, MA) connceted to a OGmasy Model 7 polvgraph, cabbrated as por
mamfactarer’s mstructions. Myometrial samples are allowed to equilibrate for at least

30 mimaetes, after which, predictable, stable activity can be observed. Samples that do not

g
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maintain regular phasic activity after this period are discarded. Once baseline valoes for
amplitude and frequency of contractions are recorded, cunnslative doses of & commercially
available purified botalings toan type A (BTX-A, Botox; Allergan Inc., Trving, CA) are
added to the tissue baths, staming at 5 UL Each dose of BTX-A s tested for at least
5 15 ovinotes at feast 3 tivmes. Myometrial activity data points for each dose are entered ag
mean porcentual variations from the baseling values for both amplitude and Frequency of
contractions. After data colloction for cach sample is conplete, the tissue bath is completely
washed out of the drug, and normal spontancous activity i allowed 1o resume. If normal
activity camot be reestablished at that time, the data are considered not valid and re
10 discarded.

As an example, compounds useful in the methods deseribed beretn depress both the

amplibicde and the froquency of myvomedrial contractions.

15
EQUIVALENTS
Those skilled in the art will recognize, or be able 1o ascertain using no more than
routine experhmentation, many equivalents to the specific embodiments of the invention
desoribed herem. Such eqguivalents are nwtended to be encompassed by the folowing claims,
24
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CLAIMS

1. Use of a muscarinic antagonist for treating preterm labor, stopping labor preparatory to
Cesarean delivery, preventing preterm labor, or controlling the timing of parturition in a patient in

need thereof, wherein the muscarinic antagonist is oxybutynin.
2. The use of claim 1, further comprising the use of a -3 adrenergic agonist.

3. The use of claim 2, wherein the -3 adrenergic agonist has high selectivity for the [3-3

adrenergic receptor compared with the -2 adrenergic receptor.

4. The use of claim 2 or claim 3, wherein the B-3 adrenergic agonist has high affinity for the

B-3 adrenergic receptor.

5. The use of any one of claims 2-4, wherein the -3 adrenergic agonist 1s selected from the
group consisting of: amibegron, CL-316,243, L-742,791, 1.-796,568, LY-368,842, mirabegron,
Ro40-2148, and solabegron.

6. The use of any one of claims 1 to 5, further comprising the use of transdermal stimulation,
posterior tibial nerve stimulation or another form of non-invasive or invasive neuromodulation,

unstimulated or stimulated acupuncture, magnetic field therapy, or vibratory stimulation.

7. The use of any one of claims 1-6, wherein labor, delivery, or parturition is delayed or

prevented for at least 2 days.

8. The use of any one of claims 1-7, wherein the patient in need thereof is a woman pregnant

with a fetus at less than 40 weeks gestational age.

9. The use of any one of claims 1-8, wherein the patient in need thereof is a woman pregnant

with a fetus weighing less than 2500 g.

10.  The use of any one of claims 1-9, wherein the patient in need thereof 1s a pregnant woman

whose cervix is dilated less than 4 cm.

11.  The use of any one of claims 1-10, wherein the patient in need thereof is a woman pregnant

with a fetus who is not suffering from fetal distress.
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12.  The use of any one of claims 1-11, wherein the patient in need thereof is a pregnant woman

who smokes cigarettes, or smoked cigarettes prior to conception.

13.  Theuse of any one of claims 1-12, wherein the patient in need thereof is a pregnant woman

who was overweight or obese prior to conception, or was underweight prior to conception.

14.  The use of any one of claims 1-13, wherein the patient in need thereof is a pregnant woman

with limited access to prenatal care.

15.  Theuse of any one of claims 1-14, wherein the patient in need thereof is a pregnant woman

who drinks alcohol during her pregnancy, or uses illegal drugs during her pregnancy.

16.  The use of any one of claims 1-15, wherein the patient in need thereof is a pregnant woman
also suffering from high blood pressure, preeclampsia, diabetes, a blood clotting disorder, placenta

previa, placental abruption, cervical insufficiency, or an infection.

17.  The use of any one of claims 1-16, wherein the patient in need thereof is a pregnant woman

who has undergone surgical fetal intervention.

18.  The use of any one of claims 1-17, wherein the patient in need thereof 1s a pregnant woman

who will undergo surgical fetal intervention.

19.  The use of any one of claims 1-18, wherein the patient in need thereof is a pregnant woman

who is under 17 years of age.

20.  The use of any one of claims 1-18, wherein the patient in need thereof 1s a pregnant woman

who is over 35 years of age.

21.  Theuse of any one of claims 1-20, wherein the patient in need thereof is a pregnant woman

who 1s African American.

22.  Theuse of any one of claims 1-21, wherein the patient in need thereof is a pregnant woman

who suffered from vaginal bleeding during the first or second trimester of her pregnancy.

23.  Theuse of any one of claims 1-22, wherein the patient in need thereof is a pregnant woman

who suffered from anemia during the first or second trimester of her pregnancy.
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24.  The use of any one of claims 1-23, wherein the patient in need thereof is a pregnant woman

who suffers from stress.

25.  The use of any one of claims 1-24, wherein the patient in need thereof is a pregnant woman

who suffers from polyhydramnios.

26.  The use of any one of claims 1-25, wherein the patient in need thereof is a pregnant woman

who conceived via in vitro fertilization.

27.  The use of any one of claims 1-26, wherein the patient in need thereof is a pregnant woman

who is pregnant with twins or other multiples.

28.  The use of any one of claims 1-27, wherein the patient in need thereof is a pregnant woman

who has a family history or a personal history of premature labor.

29.  The use of any one of claims 1-28, wherein the patient in need thereof is a pregnant woman

who conceived less than 14 months after giving birth to a previous child.

30.  Theuse of any one of claims 1-29, wherein the patient in need thereof 1s a pregnant woman

who is not also suffering from urinary incontinence.

31. A pharmaceutical composition for treating preterm labor, stopping labor preparatory to
Cesarean delivery, preventing preterm labor, or controlling the timing of parturition comprising a
therapeutically-effective amount of a muscarinic antagonist and a pharmaceutically acceptable

carrier and/or diluent, wherein the muscarinic antagonist is oxybutynin.

32.  Use of amuscarinic antagonist in the manufacture of a medicament for treatment of preterm
labor, stopping labor preparatory to Cesarean delivery, preventing preterm labor, or controlling the

timing of parturition in a patient in need thereof, wherein the muscarinic antagonist 1s oxybutynin.
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