
PHARMACEUTICAL FORMULATIONS/COMPOSITION OF GUANFACINE
SUITABLE FOR SINGLE DOSE FORM ADMINISTRATION DAILY
Related Applications This application claims the
benefit of the filing date of U.S. Provisional
Application Serial  No. 60/702,982 filed July 28, 2005.
This application is related to concurrently filed
application, identified by Attorney Docket No.
SHIRE-05I9-VOI and entitled "Modified Release Tablet
Formulations with Enhanced  Mechanical Properties." The
entire contents of the foregoing patent application is
expressly  incorporated by reference in its entirety.
Background of the Invention Guanfacine is useful for
treating ADHD as an alternative to stimulant
medications, mild to  moderate high blood pressure
(hypertension), heroin withdrawal, certain problems in
difficult  pregnancies, sleep disorders, among others.
Other indications are being tested. This drug is
especially useful in children who have both ADI-1 D and
conduct disorder. See USP 6,81 1_79=1  and USP
6,287,599 which disclose formulations of guanfacine,
whose disclosures are  



incorporated by reference herein in their entirety.
Guanfacine hydrochloride is a centrally acting
antihypertensive with c 2_adrenoceptor agonise
properties, sold in tablet form for oral administration
under the brand name Tenex tt . The  chemical name of
guanfacine hydrochloride is
N-amiclino-2-(2,6-clichlorophen),l) acetamide
hydrochloride and its has the molecular formula,
C9I-Ii0C13N 0. It is in the form of a white to
off-white powder that is sparingly soluble in water and
alcohol and slightly soluble in  acetone. Each
commercial tablet for oral administration contains
guantacine hydrochloride  equivalent to I mg or 2 mg
guanfacine. The tablets additionally contain anhydrous
lactose,  microcrystalline cellulose, povidone, stearic
acid and colorants. Guanfacine may cause the following
side effects: dry mouth, constipation, drowsiness,
dizziness, heaclache, difficulty sleeping (insomnia),
dry eyes, nausea, vomiting, skin rash or  itching,
fatigue, indigestion, diarrhea, slow heartbeat,
decreased sexual ability, unusual tiredness or
weakness, confusion, mental depression, amnesia, liver
toxicity, leg cramp,  sudden high blood pressure (if
stopped abruptly). For purposes of simplicity, the term
"guanfacine" is understood to refer to both the
compound  



guanfacine and any of its salts including guanfacine
hydrochloride unless specifically stated 5 otherwise or
listed separately from each other.  The Invention This
invention provides methods; compositions, and
formulations that are useful in the  treatment of any
of the indications for guanfacine. The methods of the
invention include  administering to a subject a once a
day, oral therapeutic composition or formulation C 10
containing guanfacine in the prescribed dose, e.g., I
mg, 1.5 mg, 2 mg, 2.5 mg, 3mg, 3.5 r rig,  etc., in a
single close form, e.g., a single tablet, which is
effective in a once a day regimen and  also has a size,
e.g., tablet weight, small enough to be acceptable for
oral administration, e.g.,  al lowing for easy
swallowing by a patient. Accordingly, the compositions
and methods of the  invention are useful for treating,
controlling or affecting ADI-ID, hypertension, heroin
15 withdrawal, certain problems in difficult
pregnancies, sleep disorders, etc.. The formulations
also have goocl manufacurability, scalabiliry and
robustness. An aspect of the invention is a
pharmaceutical composition comprising guanfacine and a
pharmaceutically acceptable vehicle in a single, once a
day discrete dose form for oral  



administration which is effective in a once a day
regimen and also has a size acceptable for C 20
patients. For example, typical acceptable sizes, in
terms of tablet weight, are for a I nig close,  up to
170 mg, for a 2 mg dose, up to 340 mg, for a 2.5 mg
dose, up to 255 ntg, for a 3 mg  close; up to 225 mg,
for a 3.5 mg close, up to 245 mg, and for a it nig
dose, up to 300 mg.  Sizes may vary with the geometric
shape that is acceptable for oral administration, for
example. 25 Round tablets often have diameters up to
0.4 inch, preferably up to 0.35 inch, e.g., 0.1500
inch to 0.3)25 inch, preferably 0.2000 to 0.3125 inch,
more preferably 0.2813 to 03125 inch  with a thickness
of up to 0.2 inch, preferably up to 0.15 inch, e.g.,
0.1000 to 0.1400 inch. If  the tablet is oval it often
has dimensions of up to 0.6 inch (length) by up to 0.2
inch (width),  preferably up to 0.55 inch (length) by
up to 0.15 inch (width), e.g., 0.5400 (length) by
0.1200 (width) inch, preferably 0.5000 (length) by
0.1800 (width), more preferably 0.4860 (length)  by
0.2400 (width) inch with a thicloiess of up to 0.25
inch, preferably up to 0.22 inch, e.g.,  0.140 to 020
inch. The shape of the discrete oral dose form can be
oval or round or other  suitable shape. When the oral
dose form, For example, a tablet, is round, the
characterizing 



5 dimension usually is its diameter and thickness, and
when it is oval, the characterizing  dimension is
usually its length, width, and thiclmess. Another
aspect of the invention is such a pharmaceutical
composition that has a total weight  of, for example,
up to about 340 mg, e.g., 100 to 300mg, preferably 130
to 300mg, more  preferably 150 to 300mg. 10 In a
further aspect the preferred tablet of the invention
has a hardness of 4.0 to 11.0 kp,  preferably 4.5 to
9.5 kI): more preferably 4.5 to 8.0 kR measured using a
a Schleuniger tablet  hardness tester. Another aspect
is a method for the treatment of ADI-1D with the
pharmaceutical composition  described above, for
example, in adults (I S= years), and children, e.g.,
about ages 6-12 and 15 about ages 13-17. Thus, this
invention includes tablets that are able to achieve an
effective plc  profile, and size, e.g., weight. In
another aspect, the tablets also achieve sufficient
compressibility to attain desired tablet hardness
values. Advantages of being able to administer
guanfacine in a single once a clay close form include
lessening the chance for a patient missing a prescribed
administration regimen, e.g., no 



20 chance of forgetting taking a pill twice, three
limes, etc., daily; ease of administration to a  child
daily versus more than once if the child resists or
generally objects to taking medication  each time
administered; less interference with daily activities,
e.g., school, sports practice etc.  for kids, work,
etc.; and convenience; etc. .Another aspect of the
invention is the pharmaceutical formulation of the
invention having a  25 mean plasma concentration
pharmacokinetic (PIC) profile such that, when the
formulation is  administered in a dose of I mg of
guanfacine to fasted healthy adult subjects, said PLC
profile  has at least one of the following parameters:
an AUCo.is, of about 29.3  8.8 ngh/mL, an  AUC, of
about 32.4  8.8 ngh/mL, a mean CM., of about 0.98 i
0.26 ng/mL, and a median  3 of about 6 hours (each
parameter being within  50%, more preferably  40% and
particularly preferably  20% of said respective value
(irrespective of stated  value), and  when the
formulation is administered in a dose amount of 2 mg or
another dose amount  whose PK profile is linearly
correlated with that ofa I mg close, an A000_,,,, AUC.,
and 5 C,,,,,, linearly related to chose for the I mg
close. The tuz, measured for the I mg formulation;  



is 17.5  3.8 hours. Another aspect of the invention is
the pharmaceutical formulation of the invention having
a  mean plasma concentration pharmacolcinetic (PK)
profile such that, when the formulation is  10
administered in a close of 2.5 mg of guanfacine to
fasted healthy adult subjects, said PK profile has at
least one of the following parameters: an A000.,,,, of
about 81.3  35.4  ngh/mL, an AUCW of about 85.0  37.4
ng'h/ml., a mean C,,,,, of about 2.490.93 ng/mL,  and a
median T,,;,, of about 6 hours (each parameter being
within - 50%, more preferably - 40% and particularly
preferably  20% of said respective value (irrespective
of staled 15 value), and when the formulation is
administered in a dose amount whose PK profile is
linearly correlated with that of a 2.5 mg close, an
AUCu.i s,, AUC, and C,,,;,, linearly related to  those
for the 2.5 nig close . The tl/2, measured for the I mg
fornnlation, is 16.7  7.4 hours.  Another aspect of the
invention is the pharmaceutical formulation of the
invention having a  mean plasma concentration
pharmacolcinetic (PK) profile such that, when the
formulation is 20 administered in a close of 4 mg of
guanfacine to fasted healthy adult subjects, said PK
profile  has at least one of the following parameters:
an AUC0.,,,, of about 120  41.5 ngh/mL, an  



AUC of about 125  46.0 ngh/mL, a mean C,,,,, of about
3.58 1.39 ng/mL, and a median  THU, of about 5 hours
(each parameter being within  50%, more preferably  40%
and  particularly preferably - 20%of said respective
value (irrespective of stated  value), and 25 when die
formulation is administered in a close amount of 3 mg,
3.5 mg or another close  amount whose PK profile is
linearly correlated with that of a 4 mg dose, an
AUCo_i;,,,, AUC."  and Cr;,, linearly related to those
for the 4 mg dose. The tirz, measured for the 1 nig
lormulation, is 17.1 i 5.5 hours. 30 Another aspect of
the invention is the pharmaceutical formulation of the
invention having a  mean plasma concentration
pharmacocinetic (PIC) profile such that, when the
formulation is  4 administered in a dose of 2 mg of
guanfacine to fasted patients ages 6-12 suffering from
ADHD, said PKC profile has at least one of the
following parameters: an AUC0.1"5, of about  56.88
22:05 ngh/mL, an AUC, of about 65.20  23.88 ngh/mL, a
mean C,,,,,., of about  2.55  1.03 ng/mL, and a median
T,,,,,., of about 5 hours (each parameter being within
= 50%, 5 more preferably  40% and particularly
preferably  20% of said respective value  



(irrespective of stated  value), and when the
formulation is administered in a dose amount of  I mg
or another dose amount whose PK profile is linearly
correlated with that of a 2 nig close,  an AUCo.is,,
AUCW, and C,,,,, linearly related to those for the 2 mg
close. The t1/2, measured  for the 2 mg formulation, is
14.4  2.4 hours. 10 Another aspect of the invention is
the pharmaceutical formulation of the invention having
a  C mean plasma concentration pharmacokinetic (PK)
profile such that, when the formulation is
administered in a close oft tng of guanfacine to fasted
patients ages 13-17 suffering from  ADHD; said PK
profile has at least one of the following parameters:
an AUCo_ias, of about  42.74  12.85 ngh/mL, an AUCC of
about 47.25  13.69 ngh/mL, a mean C,,,,c of about 15
1.69  0.43 ng/mL, and a median T,,,,., of about 5 hours
(each parameter being within = 50%,  more prelerably
40% and particularly preferably _ 20% of said
respective value  (irrespective of stated  value), and
when the formulation is administered in a dose amount
of  I mg or another dose amount Whose PI( profile is
linearly correlated with that of a 2 mg close,  an
A000.is,, AUCa. and C1111N linearly related to those
for the 2 mg dose. The 11 /2; measured 20 for the 2 mg
formulation, is 17.9  5.8 hours. 



formulations of the invention typically contain about
0.1 to about 5% (w/w) of guanfacine;  preferably
0.25-5% more preferably 0.3-4% (w/w); 0.33-3.5% 0.5-3 %
(tw/tv),  0.75-2% etc. Amounts of other ingredients
will vary with the formulation technology 25 used and
the PK profiles to be achieved, as will the amount of
guanfacine; all as shown  herein. All patients can get
any of the I, 2; 2.5, 3, 3.5 or 4 mg once a day
formulations based on  desired PIC profiles and
effectiveness to be achieved. All patients could get
the 3 mg close (if  30 they are not adequately
maintained on lower doses). The close for more mature
patients, e.g., teenagers and adults, and also for
heavier children may be titrated to 3.5 or 4mg, for
example.  5 Preferred formulations that achieve the
desired PK profile are provided in Table I. 5 More
preferred formulations that achieve the desired PIC
profile are provided in Table 2.  C, 6 S O V O) O (fl O
O O 
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? c L O C O O a C L O N (p E Z O Y d C]  u ~~ ITS mo
va m no E OL o) 5 o:  8 Further aspects of the
invention include formulations which combine two or
more of the  pharmacolcinetic parameters, or sets of
pharmacokinetic parameters (e.g., AUC0.i,,,, AUC~,
C,,,;,, and/or described above, for example two, three,
or four, etc., pharmacokinetic  parameters. For
example, such aspects include formulations which
provide one or more of 5 the pharmacokinetic
parameters, or sets thereof, as shown herein when
administered to adult  patients and one or more of the
pharmacolcinetic parameters, or sets thereof, as shown
herein  when administered to children ages 6-12 and/or
children ages 13-17. Preferred combinations  of two or
more pharmacolcinetic parameters to be satisfied are
AUC0_, and C,,,;,x. 10 The formulations of this
invention are useful over an extended periocl. By
"extended period"  



is meant that the formulation of guanfacine of this
invention can be administered to a patient  for a
length of time of about a week, a month, 2-11 months,
(e.g., 2-6 months, 7-11 months,  etc.), a year, two or
more years, etc. and continue to be effective to teat
the indication  involved, e.g., ADI-ID. 15 In an
advantageous embodiment, the pharmaceutical
formulations of guanfacine comprise  I3ucIragit Lit
100-55 (poly(methacrylic acid, ethyl acrylate)),
(anionic polymer of methacrylic  acid and medhacrylates
- Methacrylic copolymer Type C, NF) marketed by Rohm
America,  Inc. All specification sheets available from
Rohm America, Inc. by the tiling date of this 20
application for Eudragit DD 100-55 are hereby
incorporated herein by reference. The  compositions in
this embodiment generally contain Gudragit ]AD 100-55,
out of one hundred  percent by weight of total
composition (w/w), from about 25 percent to about 45
percent,  preferably from about 25 percent to about 35
percent, most preferably from about 26, 27, 28,  etc.
percent to about 32, 33, 34, 35, etc. percent (w/w) of
the total composition, the content 25 optionally
varying with dosage level as shown below. 



A further aspect includes fbrmulations which achieve
the PK profile described above using  Formulations
based on conventional galenical technology using
osmotic release, pulsatile  release, sustained release,
controlled release, delayed release, extended release,
immediate  release or other modified release of
guanfacine. 30 In other aspects, the invention is
directed to methods for treatment using, as described
above,  guanfacine provided in a modified release
formulation. The formulation is administered to an  9
adult patient (1 S+ years), about 6-12 year olds, or
about 13-17 year olds and achieves  treatment of ADHD,
hypertension, heroin withdrawal, certain problems in
diflicult  pregnancies, sleep disorders, etc. In yet
another aspect, the invention pertains to a packaged
pharmaceutical composition or  5 formulation comprising
a container holding a pharmaceutical composition
comprising  guanfacine and instructions for using the
compound for an indication for guanfacine, e.g.;
AEI-1D, hypertension, heroin withdrawal, certain
problems in difficult pregnancies; sleep  disorders in
a subject, etc. 



c 10 The term "vehicle' has the broadest meaning,
including any substance with which drugs are
formulated. The term "container" includes any
receptacle for holding the therapeutic formulation. For
example, in one embodiment, the container is the
packaging that contains the formulation. In  15 other
embodiments, the container is not the packaging that
contains the formulation, i.e., the container is a
receptacle, such as a box or vial that contains the
packaged formulation or  unpackaged formulation and the
instructions for use of the fonnulauon. Moreover,
packaging  techniques are well known in the an, It
should be understood that the instructions for use of
the therapeutic formulation may be contained on the
packaging containing the therapeutic 20 formulation,
and as such the instructions form an increased
functional relationship to the  packaged product.
However, it should be understood that the instructions
can contain  information pertaining to guanfacine's
ability to perform its intended function, e.g.; treat
ADI-ID, hypertension, heroin withdrawal, certain
problems in difficult pregnancies, sleep  disorders,
etc. 25 



Supplementary active compounds can also be incorporated
into the compositions as long as  they do not
significantly affect the ability of the therapeutic
formulation to perform its  intended function or do not
significantly affect the ability of the therapeutic
Formulation to  achieve the intended plasma
concentration pharmacokinetic (PK) profile as described
above.  30 10 In certain embodiments of the invention,
the subject is in need of treatment by the methods of
the invention, and is selected for treatment based on
this need. A subject in need of treatment  is
art-recognized, and includes subjects that have been
identified as having a disease or  disorder related to
ADHD, hypertension, heroin withdrawal, certain problems
ill difficult 5 pregnancies, sleep disorders, etc.,
having a symptom of such a disease or disorder, or at
risk  of such a disease or disorder, and would be
expected, based on diagnosis, e.g., medical  diagnosis,
to benefit from treatment (e.g., curing, healing,
preventing; alleviating, relieving,  altering,
remedying, ameliorating, improving: or affecting the
disease or disorder, the  symptom of the disease or
disorder, or the risk of the disease or disorder). 



10 Administration of guanfacine to a subject to be
treated can be carried out using known  procedures, at
dosages and for periods of time effective to achieve
the intended treatment in  the subject. .An effective
amount of the therapeutic compound necessary to achieve
a  therapeutic effect may vary according to factors
such as the age, sex, and weight of the  subject.
Actual dosage levels of guanfacine in the
pharmaceutical compositions of this 15 invention may be
varied so as to obtain an amount of the active
ingredient that is effective to  achieve the desired
therapeutic response for a particular patient,
composition, and mode of  administration, without being
toxic to the patient. Depending on the formulation
system to be used, pharmaceutically acceptable carriers
include  20 any of the Following: fillers or extenders,
such as sugars; starches, lactose, sucrose, glucose,
mannitol, or silicic acid; binders; such as, for
example; carboxymethylcellulose, alginates,  gelatin;
polyvinyl pyrrolidone, sucrose or acacia; humectants,
such as glycerol; disintegrating  dgenu, such as
aga-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain  silicates, sodium starch
glyeolate, cross-linked sodium carboxymethyl cellulose,
cross-linlced 25 sodium carboxymethyl cellulose (e.g.,
AC-DI-SOL Id ), sodium starch glycolate (e.g.,  



EXPLOTAB(ID, PRIMOJEL It ), and cross-linked
polyvin),lpolypyrrolidone (e.g., Plasone-\L),  and
sodium carbonate; solution retarding agents, such as
paraffin; absorption accelerators,  such as quaternary
ammonium compounds; excipients, such as cocoa butter;
solvents;  encapsulating material; wetting agents, such
as, for example, cetyl alcohol and glycerol 30
monostearate; absorbents, such as kaolin and bentonite
clay; lubricants such as talc, stearic  acid, leucine,
glyceryl behanate, hydrogentlted vegetable oil, calcium
stearate, magnesium  stearate, solid polyethylene
glycols, sodium lauryl sulfate; coloring agents;
preservatives;  II surface-active agents; dispersing
agent; inert liquid diluent; adjuvants; emulsifying
agents;  coating agents; sweetening, flavoring and/or
perfuming agents; suppository waxes; oils, such  as
peanut oil, cottonseed oil, safflower oil, sesame oil,
olive oil, corn oil and soybean oil;  antioxidants, for
example, water soluble antioxidants, such as ascorbic
acid, cysteine 5 hydrochloride, sodium bisulfate,
sodium metabisulfite, sodium sulfite and the like;
oil-soluble  antioxidants, such as ascorbyl pahnitate,
butylated hydroxyanisole (BI-LA), butylated
hychoxytoluene (131-IT), lecithin, propyl gal late,
alpha-tocopherol, and the lilce; and metal  



chelating agents; such as citric acid, ethylenediamine
tetraacetic acid (EDTA), sorbitol,  tartaric acid,
phosphoric acid, and the like; esters, such as ethyl
oleate and ethyl laurate; agar; 10 buffering agents,
such as magnesium hydroxide and aluminum hydroxide;
alginic acid;  pyrogen-free water; isotonic saline;
Ringer's solution; ethyl alcohol; sodium citrate;
dicalcium  phosphate; phosphate buffer solutions; and
other non-toxic compatible substances employed  in
pharmaceutical formulations known in the art.
Prevention of the action of microorganisms  on the
tablets may be ensured by the inclusion of various
antibacterial and antifungal agents, 15 for example,
parabcn, chlorobutanol, phenol sorbic acid, and the
like. Each carrier must be  `acceptable" in the sense
of being compatible with the other ingredients of the
formulation;  not injurious to the patient; and in the
sense that it does not affect the ability of the
therapeutic  formulation to achieve desired PK
profiles. 20 As noted above, formulations for achieving
the foregoing PK profiles dosing regimens can  use
immediate, controlled, sustained, extended, delayed,
pulsatile, osmotic release, etc.  technologies, alone
or in combination to achieve the desired results.
Examples of principles  of formulations and
preparations are contained, for example, in the
Handbook of  



Pharmaceutical Excipents; American Pharmaceutical
Association 4i edition, 2003 (Rowe. ?3 Sheskey and
Weller); Pharmaceutical Dosage Forms: Tablets
(Lieberman, Lachman and  Schwarts, editors) current
edition, published by Marcel Deldcer, Inc., as well as
Remington's  Pharmaceutical Sciences (A. Gennaro,
editor; 20th edition, 2000). For conventional sustained
or controlled release methods, see, e.g., in R.K. Chang
and J.R. Robinson, chapter 4: "Sustained Drug Release
from Tablets and Particles Through Coating," in
Pharmaceutical  30 Dosage Forms: Tablets, volume 3,
edited by 1-I.A. Lieberman; L. Lachman, and J.B.
Schwartz, Marcel Dekker, Inc.. 1991; R.J. Campbell and
G.L. Sackett, chapter 3: "Film  coating," in
Pharmaceutical Unit Operations: Coating, edited by K.E.
Avis, A.J. Shukla, and 12 R.K. Chang; Inlerpharm Press;
Inc., 1999. Principles of alternative formulation
techniques  are also given in US patents 6,878,386;
6,849,661; 6,827,947; 6,702,803; 6,793,936;  6,780,436:
6,746;692; 6,638,535; 6;635,277; 6,627;223. All of
these disclosures are entirely  incorporated by
reference herein. 5 



Other guanfacine formulations different from those
specifically exemplified herein can be  provided in the
form of beads, e.g., having a core which is optionally
coated with a coating  which allows the release of the
agent immediately or over time, such as a
pharmaceutically a  cceptable water-insoluble or water
soluble film former alone or with a dissolution
regulating 10 agent etc.. See, e.g., USP 4,728,512. A
biphasic or multiphasic release profile can be
achieved by combining the immediate-release beads with
delayed, sustained or other  controlled release beads
or by providing various extended release beads with
differing release  profiles - all to achieve the
desired PK profiles. 15 Beads can be prepared by
coating conventional drug containing cures with a
water-insoluble  polymer, or a combination of
water-insoluble polymers, or a combination of
water-insoluble  and water-soluble polymers. This may
be a combination of laycts, or a combination of
polymers in a single coating. The resultant beads (or
tiny tablets) can then be placed in a  capsule. Oilier
than beads in a capsule shell, tablets in a capsule
shell (e.g., one or more zO immediate-release tablet
and one or more delayed, sustained release tablet in a
capsule shell)  also can be used to attain the desired
release profile. 



L Various polymeric materials can be used to achieve
the desired type of pattern of release; e.g.,
immediate, sustained, delayed etc. release. For
example, a multiple dosage form (e.g., as 25 discussed
below) can deliver rapid and complete dosages of active
agent to a recipient  multiple limes over a period of
hours with a single oral administration, if it is
desired to  combine dosages in a single unit;
additionally, doses with sustained or delayed release
function can be combined with each other or with doses
having immediate release  functionality. 30 Examples of
possible bead constructions are plentiful and include
the following:  Sugar core bead, coated with active
agent and then coated with polymer and/or  with mix
oFactive agent and polymer or any different order of
such layers on the  13 


