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pharmaceutical compositions, methods for improving ramipril bioavailability, and

methods of manufacture and stabilization of ramipril formulations.

BACKGROUND

[0003] Today, over 50 million Americans suffer from cardiovascular disease. It is

believed to be the number one cause of death and disability in the United States. In fact,
more women in the United States die of heart disease than of all cancers combined.
[0004] Because cardiovascular disease generally progresses silently in the early
stages, detection and diagnosis is difficult. Consequently, cardiovascular disease is
frequently under-diagnosed and under-treated. Therefore, by the time that
cardiovascular disease is detected or diagnosed, the disease is usually quite advanced,
sometimes too advanced to permit successful treatment or prevention of serious
disability or death, |

[0005] Cardiovascular disease includes, but is not limited to, arterial enlargement,
arterial narrowing, peripheral artery disease, atherosclerotic cardiovascular disease, high
blood pressure, angina, irregular heart rates, inappropriate rapid heart rate, inappropriate
slow heart rate, angina pectoris, heart attack, myocardial infarction, transient ischemic
attacks, heart enlargement, heart failure, congested heart failure, heart muscle weakness,
inflammation of the heart muscle, overall heart pumping weakness, heart valve leaks,
heart valve stenosis (failure-to-open fully), infection of the heart valve leaflets, heart
stoppage, asymptomatic left ventricular dysfunction, cerebrovascular incidents, strokes,

chronic renal insufficiency, and diabetic or hypertensive nephropathy.
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active formegps)he RE®Mnhibitors (angiotensin-converting enzyme inhibitors) are encompassed
in a class of drugs that were first introduced in about 1981. ACE inhibitors work by
blocking the action of the ACE enzyme in human subjects and animals. The ACE
inhibitors accomplish this blocking action by binding to the zinc component of the ACE
enzyme. While ACE inhibitors are pharmacologically similar, they differ from one
another, for example, in chemical structure, how they are eliminated from the body and
their doses. Some ACE inhibitors need to be converted into an active form in the body
before they work. In addition, some ACE inhibitors may work more on the ACE
enzyme that is found in tissues than on the ACE enzyme that is present in the blood.
[0009] In view of these differences, ACE inhibitors can be divided into three
subgroups: sulthydryl-containing ACE inhibitors exemplified by captopril; carboxyl or
dicarboxyl-containing ACE inhibitors, such as enalapril and ramipril; and phosphorous
or phosphinyl ACE inhibitors, such as fosinopril. There are several ACE inhibitors
currently on the market. The following is a list of the ACE inhibitors that are available
in the United States: captopril (Capoten®), benazepril (Lotensin®), enalapril
(Vasotec®), lisinopril (Prinivil®, Zestril®), fosinopril (Monopril®), ramipril (Altace®),
perindopril (Aceon®), quinapril (Accupril®), moexipril (Univasc®), and trandolapril
Mavik®).
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cardiovascular disease, especially hypertension and nephropathia, and it is one of the

most frequently prescribed drugs for congestive heart failure. In hypertensive patients,
ramipril is known to cause a reduction in peripheral arterial resistance, and thus, a
reduction in blood pressure without a compensatory rise in heart rate. Ramipril has also
been shown to reduce mortality in patients with clinical signs of congestive heart failure
after surviving an acute myocardial infarction. Ramipril has been suggested to have an
added advantage over many other ACE inhibitors due to its pronounced inhibition of the
ACE enzymes in tissues resulting in organ protective effects, e.g., in the heart, kidney,
and blood vessels.

[0012]  Ramipril is an ethyl ester. Itisa prodrug and a long-acting ACE inhibitor.
Tts active metabolite is ramiprilat, which is obtained in vivo upon administration of
ramipril. Ramipril is converted to ramiprilat in the body by hepatic cleavage of the ester
group. Ramiprilat, the diacid or free acid metabolite of ramipril, is a non-sulfhydryl
angiotensin converting enzyme inhibitor.

[0013] Ramipril, a 2-aza-bicyclo [3.3.0]-octane-3-carboxylic acid derivative, isa
white, crystalline particular substance or powder that is soluble in polar organic solvents
and buffered aqueous solutions. The ramipril crystalline particles are columnar (or

needle like) in shape. The ramipril crystalline particles melt between about 105°C and

At 1IN0 T meantonatl mand m e e Lo o212 JRRDNC IO SURLL [ I ) PR, B |



rampril is knowmn to cause a reduction in peripheral arterial resistance,
and thus, a reduction in blood pressure without a conpensatory rise in
heart ratwo 2Bemisps3sl has al so been shown to reduce nort aCirtys2e08/0p@bke ent s
with clinical signs of congestive heast failure after surviving an acute
nyocardi al infarction. Ram pril has been suggested to have an added

advant age over many other ACE inhibitors due to its pronounced inhibition
of the ACE enzynmes in tissues resulting in organ protective effects, e.qg.,
in the hear tclaixkxﬁkﬂfer S @a@ﬁﬂﬁﬁﬁﬁ"@ﬁxé‘ﬁﬁls%[oma}d $408,856, lallicd véricletrby| ester.
It is a prodrug an %Ion- tln% |nh1b|t lts acti erret boI tels
ram pril at, Wﬂ%&cﬁ fed hEisit PR EdeTPREey B F\PEE‘PF‘%IPBH o 2

Rani pri | 'S%%H&Eﬁﬁ‘éh fn%ff RO 1) A‘Q EP otzhe ool QMIBEMQ'OQOQ'A@W%@“ the
ester group. Ramprilat, the diacid or free acid netabolite of rampril, is
a non-sul f hymoyporam@homeemby mf@wentthqmgerémtyrre i nhibitor. [0013] Ranmipril,

Crystatine P oThy LSRR RO gaR A R Py St KOS S P o i

sol vents andnémfafcair@@b cﬁﬁl@e@H@BsmlsusspB@s ﬁwx@wmﬁmhmcmﬁ& adrirhipripas ti cl es
are col umar é needle like) in shape. The ram pril &stalllne articles
mel t bet weer?88&/kat Rw&@ﬂam@emwal or 1y AC game is (25 3aS GaS}l S)-N-[(Sx:1-52rRXyr nU.

'S . ateri I h of
orated her eﬁnﬁ?g%}r%pgﬁg gﬂ?c:]tal}%ﬁ 037988? @"5&’)%50?‘%%%6}%’% Irla ‘Ihghl gtwlrégm?&

has al so beédn edqﬁﬁds tdamahld i8 (ERTONAD) afkl &s Aidlechr Greph? is818. S Tiendhehiicadt 4 20
102 A, which are |ncorporated herein by reference in their entirety. [0014]
The CAS RegiS§EFiyreNGREERIPHbFh YeESeIS | et hyl ester is 87333-19-5. The

manuf acturer's code is HOE 498, S81 3498, Delix(r). Mninmumpurity for
rampril is 980g/kg. Ramprirs ch%m cal or 1UPAC nane is
(2S,3aS,6aS)-1[(S)-N-[(S)-1-Carboxy-

3- phenyl propyl ] al anyl ] oct ahy&%y@lﬁogﬁlﬂa{ wyrrol e-2-carboxylic acid,
l-ethyl ester. Its enpir a g, C2 a6, and its nol ecul ar wei ght
is 416.5. The cheni cal ture%r ralﬂl pri% ethyl ester is: [0015]

Ram pril ethyl ester i eted in the Uy typd States under the brand nane
Al tace(r) and abroad und t he brand I :

[0015] Ramipril ethyl ester is marketed in the United States under the brand name
Altace® and abroad under the brand name Delix®.

[0016] Altace® (ramipril) is supplied as hard shell capsules for oral administration
containing 1.25 mg, 2.5 mg, 5 mg or 10 mg of ramipril. The inactive ingredients present
are pregelatinized starch NF, gelatin, and titanium dioxide. The 1.25 mg capsule shell
contains yellow iron oxide, the 2.5 mg capsule shell contains D&C yellow #10 and
FD&C red #40, the 5 mg capsule shell contains FD&C blue #1 and FD&C red #40, and
the 10 mg capsule shell contains FD&C blue #1.

[0017] Even though ramipril is without question one of the most important ACE
inhibitors available today, ramipril can be unstable in some pharmaceutical
formulations. According to EP 0317878 A1, U.S. Patent Nos. 5,442,008 and 5,151,433,
PCT/EP2004/000456 and PCT/CA02/01379, this instability can be influenced by
several factors, such as mechanical stress, compression, manufacturing processes,
excipients, storage conditions, heat and moisture. Consequently, ramipril needs special
care when formulating into pharmaceutical preparations to minimize the decomposition
of ramipril into degradation products.

[0018] The degradation of ramipril is believed to occur mainly via two pathways:
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of ram pril nono e diluent. According to
PCT/EP2004/000456, the process 1ncludes lactose monohydrate as the major excipient

to formulate ramipril compositions in an attempt to improve ramipril stability. However,
PCT/CA2002/01379 does not teach ramipril formulations comprising individually
coated, stabilized ramipril particles and immediately after formation of the described
capsules, ramipril-DKP formation is already at 1.10%.

[0021] U.S. Patent Nos. 5,442,008 and 5,151,433 describe yet another attempt to
overcome instability by reporting the use of a polymeric protective coating. According
to U.S. Patent Nos. 5,442,008 and 5,151,433, an active substance is dispersed with a
solution or dispersion of a film-former in a suitable kneader, mixer or mixer-granulator
to form a uniformly wetted composition that is then forced through a screen and dried
into granules. The dried granules formed are passed again through a screen and then
used to manufacture capsules or tablets. A coating may be obtained in a fluidized bed.
The particles of active substance are sprayed in the stream of air with a solution or
dispersion of the polymer and are dried. The coated granules of active substance can be
used immediately after the drying process for filling capsules or for manufacturing
tablets. It is also possible to combine the two processes together by initially wetting the
active substance with the solution or dispersion of a polymer in a kneader, mixer or
mixer-granulator, and subsequently processing it by granulation to give homogeneous
agglomerates that are then finally coated with the solution or dispersion of the polymer

in a fluidized bed. The resulting ramipril agglomerates have many various

dicadvantacac
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bars, choppers and milling equipment are common in the pharmaceutical industry when

manufacturing these types of products. As such, the need to avoid the creation and use
of agglomerates when preparing a stabilized material is of importance for the viability of
such processes that require high-shear forces.

[0024] Another disadvantage associated with agglomerates concerns the process of
agglomeration (sticking individual particles together) itself, which may change the
particle size distribution of the powder from that of the original material. The overall
particle size of the coated agglomerated product generally ends up larger then that of the
original material and the surface area is thus significantly reduced. Due to the trend in
the pharmaceutical industry to move toward low dose drugs and dry blend, direct
cémpression formulations, controlling particle size and surface area are critical to one’s
ability to create a cost effective, uniform, high quality product.

[0025] As such, despite past attempts to stabilize ramipril compositions, there still
remains a need to develop ramipril compositions that have significantly improved
stability, i.e., that resist or prevent the degradation of ramipril to ramipril-DKP and
ramipril-diacid, its major decomposition products, under formulation and storage

conditions, so that label potency remains more consistent over the shelf-life of such

. . .«
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aggl onerates al so have the disadvantage of becom ng de-aggl onerated (broken
apart) during processing. As agglonerated particles are separated (broken
apart), uwocadedoessam pril is exposed and beconmes unpr ot ecras:@gainizd

manuf acturing stresses and environmental conditions nmaking the exposed

ram pril prone to the degradation the coating was originally intended to
prevent. [0023] Additionally, shear forces are unavoidable, especially when
manuf acturing solid oral dosage forns. H gh-shear forces are usually
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probl ens andaccomplished by coating single ramipril API crystalline particles individually with a
suitable coat forming material prior to formulation or being compressed into solid oral
ramipril dosage forms. In other words, it has now been discovered that, when each
ramipril crystalline particle is individually and effectively coated and protected with a
coat forming material, ramipril stability and potency consistency can be quite
unexpectedly improved and maintained through formulation processing and over an
extended shelf-life of the drug product.
[0030] Thus, solid oral ramipril pharmaceutical compositions formulated with
discrete or stand alone individually coated ramipril crystalline particles in accordance
with the present invention are improved over prior solid oral ramipril compositions,
because such novel compositions will retain a higher percentage of their potency over a
longer period of time than the same compositions formulated with ramipril crystalline
particles that have not been individually coated or stabilized.
[0031] In accordance with the present invention, the novel stabilized ramipril
crystalline particles of the present invention are individually and sufficiently coated or
surrounded with a suitable coat forming material so that no portion of a single ramipril
crystalline particle remains unprotected or exposed to the atmosphere or the
environment before, during or after formulation and during storage. It has been
discovered that the use of such individually coated, single ramipril crystalline particles

in the compositions of the present invention substantially increases the stability and



shortcom ngs relating to rampril instability through the discovery that
novel rampril crystalline particles can inprove stability and maintain

pot ency oWoresdqzoiss in solid oral dosage forns under forowl@tisns@ne
extended shelf-life conditions. [0028% The present invention therefore is
directed to novel rampril particles that are substantially stabl e agai nst
deconposi tion into degradant products, such as ramprildiacid and
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during stora t has bege
g L?tldel‘ tlhe same cond1t1ons but formulated with uncoated ramipril crystalline particles.

[0033] Thus, the stabilized, individually coated, single ramipril crystalline particles
of the present invention provide the basis for novel stabilized ramipril compositions that
have remarkably improved stability and biopharmaceutical profiles and are particularly
advantageous for oral delivery.

[0034] .In accordance with a further aspect of the present invention, the novel
stabilized, individually coated, single ramipril crystalline particles may be formulated
with any suitable pharmaceutically acceptable excipients and formed into any solid
dosage forms, such as capsules, caplets, tablets, tablet-filled capsules, puvules, granules,
powders or the like, for oral administration, using any suitable compounded or
formulation techniques.

[0035] Particularly advantageous aspects of the present invention include the stable,
stand alone, individually coated ramipril crystalline particles formulated into tablet
form, which has significantly improved stability and shelf-life. Tablets or other solid
oral dosage forms, as contemplated by the present invention, may be in any effective
ramipril amount, e.g., 1.25, 2.5, 5.0, 7.5, 10, 12.5, 15, 20, 25, 30, 40, 50, 60, 70, 75, 80,
90, 100 mg or higher. When oral tablet dosage forms are selected, the tablets may be of
any suitable size and shape, such as round, square, rectangular, oval, diamond,

pentagon, hexagon, or triangular shapes. Of particular interest are tablets and capsules,



di scovered that the use of such individually coated, single rampril
crystalline particles in the conpositions of the present invention

subst ant iwbl2yodusessgases the stability andand bi oavai | abiptirtus2@s@iosthe
extended drug product shelflife, espegially when conpared to prior rampril
drug products avail able heretofore. [0032] By way of exanple, it is
surprisingly found that, when individual rampril crystalline particles are
coated and stabilized in accordance with the present invention, the
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forms, such as*capsules, caplets, a capsul es, puvul es,
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images shown in Figures 1, 2 and 3, the individually coated, single ramipril crystalline
particles of the present invention are completely coated or surrounded with a coat
forming material.
[0039]  In accordance with this aspect of the invention, a coating process is
employed to preferably completely and uniformly coat each individual ramipril particle
with a coat forming material. Generally speaking, the coating process, in accordance
with the present invention, comprises suspending or dispersing single ramipril
crystalline particles in a liquid phase, into which a coat forming material has been
dissolved; coating the single ramipril particles; removing the-water or drying the liquid
phase to precipitate discrete, individually coated, ramipril particles from the liquid
phase; and collecting the precipitated, individually coated, single ramipril particles to
form a novel, anhydrous pharmaceutical grade ramipril powder.
[0040] In accordance with this aspect of the invention, a spray-drying process is
preferably employed. In this procedure, single crystalline particles of ramipril are first
suspended in a liquid phase comprising a coat forming rﬁaterial to form dispersion. The
dispersion is then spray-dried to form the novel stabilized individually coated, single
ramipril crystalline particles of the present invention. Control of particle size and spray-

drying conditions are believed to be important because it is necessary for the entire
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stand al one, individually coated rampril crystalline particles formulated
into tablet form which has significantly inproved stability and

shel f-1i fwoz_maﬁtzﬂsesss or other solid oral dosage forns, agctast@sphabed by
the present invention, may be in any effective rampril amount, e.g., 1.25
2.5, 5.0, 7.5 10, 12.5, 15, 20, 25, 30, 40, 50, 60, 70, 75, 80, 90, 100 ng
or higher. \Wen oral tablet dosage forns are selected, the tablets may be
of any suitable size and shape, such as round, square, rectangular, oval,
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ramipril pharmaceutical compositions of the present invention are useful to prevent
and/or treat cardiovascular disorders, such as hypertension, heart failure, congestive
heart failure, myocardial infarction, atherosclerotic cardiovascular disease,
asymptomatic left ventricular dysfunction, chronic renal insufficiency, and diabetic or
hypertensive nephropathy.

[0043] In a further aspect of the invention, solid oral ramipril pharmaceutical
compositions are formulated with the stabilized, individually coated ramipril particles of
the present invention. More specifically, it has been surprisingly found that, when
ramipril drug products are formulated with the stabilized, individually coated, single
ramipril crystalline particles in accordance with the present invention, shelf-life can be
extended to at least about 36 months without adversely affecting potency consistency,
i.e. aloss of potency due to DKP formation over the shelf-life of the ramipril product is
less than about 0.09 % potency per month on average. In other words, ramipril
pharmaceutical compositions of the present invention are stabilized for at least about 36
months from the date that the ramipril pharmaceutical compositions are first formulated.
Tt has been found that this result is an unexpected and significant improvement,
especially when compared to the stability or loss of potency of ramipril compositions

stored under the same conditions, but formulated with uncoated ramipril particles.



with the present invention, conprises suspending or dispersing single

ram pril crystalline particles in a liquid phase, into which a coat formng
mat eri al Wweodsastssdi ssol ved; coating the single ranm prilpPcparstéoslossizo
removing the water or drying the liquiid phase to precipitate discrete
individually coated, rampril particles fromthe Iiquid phase; and ’
collecting the precipitated, individually coated, single rampril particles
to forma novel, anhydrous pharmaceutical grade ram pril powder. [0040] In

accordance wyifxrt Ni $5&sS BEBhieefottthepletR itheflon 1B 16 prodidedioviengalfilizadess i s
preferably rrp;ﬁ!) ‘?% thle rocelélure ang@g crpi;tal I |Qr?1“e gahrﬁtl cI es of

ra{n pri : ar e?xfupmpaﬁmmsa’nd@dnuhtlag mtfqmlui @A P &9 RGeS AV ng
material to for The ray-dried to formth
novel st abi Iqx?ég]Cfﬂ}ﬁ?@%&g%V%f é%‘ Cﬁg ceall ?%n‘ pr |(Frgcr§st alline particl eg
of the pres qﬂmst])nventls Ribth&zObdcobf 1k pmemﬂlﬁv@usn repraddeespray stelyilirg,
conditions are believed to be inportant because it |s ecessa for the

entiretie atindisivelly coater, sngicopaaticlerof rrmiprldhat srtpin naREs SRET | - di aci d

under formul ation nd St
conpl etel y cBVEFEd, Og}anélfﬁ)gﬁga]?wﬁgb %bfég?ﬁl) g?g‘ﬁag%vg?ye%@ﬁ@oag%}w H%é/(grialsl and

in general, dhfrésicaribaitt ens sotbaakdosagd fotmphar rraceutl cal corrp05| tions

conprising stabilize i ndividual |y coated, si n qr%/% %Jll ne

gartl cles, vii4@ thét 1&@3@@??’9"%‘?%9@%‘9@?*@ By CPB’Eﬂadb’?? 5 e1ee 11es f rom
egradati on, atnﬁ%roﬁg %\gﬁn&gﬁ ﬁaqlrgjlra%‘?arﬁ fasgcRf the ramipril, i.e., does not

interfere w i 6avai ty ovér the life of such corrp03|t|ons
Thus, the di po#7sed Iriasiifnhotharapet af thempsestotriningicn do Rradyce g apyal ranaigril

|nd|V|duaIIy coat ed,, sing ri.l S
previously pPlépa %‘?&thaalrﬁr%A‘i Hoﬁéﬁgpﬁftf % ef"liiﬁlll §v a%gurnféé%%d %&%@%Qgggm e
of the acti V&p&&%?ﬁh!iv w48y %bétb@%lr@wmlbﬁ%rymﬁné parfiélet, that it fdtabledior t hat

t he individu ram prl crystalline particles are not conpletely or
subst ant i al Iﬁomohapbetr&byohmmcemlcalaé@ag%@r@ﬁal solid ram pril dosage forns

in the past Bﬁéﬁ Pg;ﬁ?? }?ﬁfrl Egir tﬁﬁ gresélrﬁ ih 't1§f1 QL{B‘ ké"l&&%\%ﬂ stabili2&H 1%1n1%r11

ram pri | cry ave ens assocl ated

stability, m%euln%@ledon%"sﬁlaﬁs/thaﬂﬁhvfeamraatxﬂ stﬁlﬁﬁtwdmmg:fowmnlatlmeqWeT he
stabilized, ITndividually coated, single ra ril particles and the solid
oral ramipri bxtprt@dmhdédmfﬁ:@@llm psEhiPgVgHabl Eﬁpt he present invention are

useful to pr ﬁ)\(ﬁ&]t Another object of the present invention is to provide methods to coat the
individual ramipril particles with a coat forming material to stabilize, individual ramipril
crystalline particles and for formulating solid oral dosage forms that have remarkably
improved stability, potency and biopharmaceutical profiles over extended shelf-life.
[0050] Another object of this invention is to provide information to prescribing
physicians and patients receiving ramipril therapy useful in maximizing the therapeutic
effect of the oral dosage form.
[0051] Still another aspect of this invention is an article of manufacture that
comprises a container containing a pharmaceutical composition comprising the coated
ramipril particles in accordance with the present invention wherein the container holds
preferably the ramipril composition in unit dosage form and is associated with printed
labeling instructions advising of the stability, bioavailabilty and label potency.
[0052] These and other objects, features, and advantages of the present invention
may be better understood and appreciated from the following detailed description of the
embodiments thereof, selected for purposes of illustration and shown in the
accompanying figures and examples. It should therefore be understood that the
particular embodiments illustrating the present invention are exemplary only and not to

be regarded as limitations of the present invention.



and/or treat cardiovascul ar disorders, such as hypertension, heart failure,
congestive heart failure, nyocardial infarction, atherosclerotic
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further aspect of the invention, solid oral rampril pharmceuti cal
conpositions are fornulated with the stabilized, individually coated

ram pril particles of the present invention. Mre specifically, it has been
Sur pri Si NGy GLar hﬁ@ jo¥hen ramipril drug products are fornulated wth

t he st abi ; y coated, single ramprjl crystal L@{}n@ articles
in accor dande0ss]t h Figurpddsiespray-dvied ramipril.dRe solids/Sego eeatingdt E¥t¥rded to at
| east about 36 r%igs wi t hout adversely affecting potency consistency, i.e.
a | oss of pélﬂae%ﬁ’@ B to DKP formation over the shelf-life of the rampril
product is liggsyjt hamiglieus 9 sy Yrip@ tanipyil, 16% sulidsh%ocoamgradd-fold ot her
words, ram pril “pharnmaceutical conpositions of the present invention are
stabi |l i zed fmagnaficdtieast about 36 nonths fromthe date that the rampril
phar maceut i onpesiti . fq I 1ds/s4 Baginseensd-elad t hat
this resul tﬁﬁéssjn u?&%@ggﬁ@@ﬁﬁ déilregtrrl?lijlﬁjggﬂto% ﬁglrdos{/SteA)rreﬁet&,r%es peci al |l y when
conpared to hiwiéaadonl ity or 1 oss of potency of rampril conpositions

stored under the sane conditions, byt forpulated. w une rapipril
particles.' [PO30d4)' Figmrs 2408 SB”aBjdéterra‘B}H‘m%ﬁ(gbdyr#}g F%‘ir‘/]“en%t%ltt gﬁo :@H]t 0

provi de novel %ltiﬁpaidoinzed rampril particles for fornmulating into solid oral
dosage forns to iNerease stabil i ty over extended shelf-life of t ram pril
phar maceut i cjab5Tonp @guiedBsis spaP4Bied ramipsil A9t sdidseizp eeatingrat §ﬂ%f‘g esent
invention to pé}c#:juce novel stabilized, individually coated, single

particl es of™M# lfﬁ't}qn'that retain particle characteristics necessary to
manuf act ur e @asglcceﬁiigﬂeez@ﬁi sheky i caWashase, 10% Yolhdstitd coativdy a7 5@Hfoldc t
conpressi on product asS a solid oral dosage form [0046] It is another

obj ect of theagmifs®nin.i nvention to produce a novel stabilized, anhydrous,
phar maceut i cgl ade_.ram.pyil rticl e -1@Q0  4d L g obj ect
of the preseﬁpsﬁwe 1BYY f%mpspga ﬂc?:rée%zfgir?l rgf @%ﬁrﬁ‘{) lgrﬁ/?ﬁghgﬂg%%ggg)?gal gr ade
powder , consgnggﬂiﬂgatﬁﬁsenti ally of unaggl onerated, stabilized, anhydrous,

individually coated, single rampril, crystalline,. i cles t. .S
suitable f o)r/[0060] FigureQSB is spray?dried ram)llprgl, M% sgths%‘% coating att3|68-fold
magnification.

[0061] Figure 3C is spray-dried ramipril, 10% solids/5% coating at 750-fold

magnification.

[0062] Figure 4A shows large crystal agglomerates in ramipril spray-dried solids,
coating wet at 40-fold magnification using reflected light.

[0063] Figure 4B shows large crystal agglomerates in ramipril spray-dried solids,
coating wet at 100-fold magnification using reflected light.

[0064] Figure 5A is an electron micrograph of GeCoated Ramipril API screened to
425 pm through #40 mesh at 100-fold magnification.

[0065] Figure 5B is an electron micrograph of GeCoated Ramipril API screened to
425 pm through #40 mesh at 300-fold magnification.

[0066] Figure 5C is an electron micrograph of GeCoated Ramipril API screened to
425 pm through #40 mesh at 750-fold magnification.

[0067] Figure 6A is an electron micrograph of GeCoated Ramipril API screened to
150 um through a RoTap #100 mesh at 100-fold magnification.

[0068] Figure 6B is an electron micrograph of GeCoated Ramipril API screened to
150 um through a RoTap #100 mesh at 300-fold magnification.

[0069] Figure 6C is an electron micrograph of GeCoated Ramipril API screened to
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formul ation into pharnaceutical dosage fornms. [0048] Another object of the
present invention is to provide novel stabilized rampril pharmaceutical
conposi t iwobdabsspave i ncreased stability during fornulpariuspocangosoyer
extended shel f-life and inproved bioamailability. [0049] Another object of
the present invention is to provide nethods to coat the individual rampril
particles with a coat formng material to stabilize, individual rampril
crystalline particles and for formulating solid oral dosage forns that have

remarkably ifgpsigVved rh@PiThirb ¥n cROESNEYCr b OEbasared RuinigAlAR sodebhaistoover
ext ended shéwﬁl?i fe. 10050] Another obj 2ggtgp of this i nvent?on is to provide
i nf or mat i on 90quptlesegh Hi Tgngshnas i 69-50ld magaifisalioent s recei vi ng ranipri |

t her apy usef i.n xi m zhNg_t t her e : s deSa08
form [0051][&g]ill | n@!&&‘fﬁ@ lggrb@%gtr%h FGHE oGOl Ralifiil AP keda:
manuf act ur e gphat (1GEHEH # BRSNEheH BOGIslE mageificaiimi.ng a phar maceut i cal

conposition conprising the coated .pril i cl i 1
present i nvd®@7Zdn V\IF&%‘Pﬁctlﬁénélz?ﬁ?réﬁ?géﬁ%éfélﬂgg%é%@?gfgg%?%ﬁgiﬂgnﬁﬁ%gw fh the

conposi ti ong’ogldﬁl%gugrp%?ﬂ)terﬁ s@lraqhg@_%lid%ﬁgﬁggﬁ@ﬁ'ed with printed | abeling

instruction i'sin e stability, "bioavailabilty and | abel potency.
[ 0052] Thesq0ers] ot WégurelSjAdsts eletean riesgrapindf snbeeaenedEsCotted Rampmdsént
invention may be better understood and appreciated fromthe follow ng
detai | ed ded®Priptd BASHACHIE- enbodi nents thereof, selected for purposes of

illustratio sh i.Rpt: i i .
oéﬂﬁ i3 B8 BRERIPANbAEP] bOHRFccnBd GeR a4t Ramipril ashoul d
therefore bg understo djet Eat the parti cu@‘glr) enbodi nents ill ustratl? ng the

81[ efﬁgt pir g\sléiﬁ)loi-i_‘mm/?agiﬁgﬁﬁiqnloggy I(3_nl ﬁr gn?Aniot to be_ regarded as limt ag i ons
sol i ds/ 5% ciﬁb?#‘g a igHE 3o ﬂn]r?lfﬁhg? ege E%‘Hﬁ of 8%%‘16%% S%Fégt%ﬁl%}ghp ril e
spray-dried 70foR! Magniﬁ@%oﬁpl i ds/ 5% coating at 300-fold magnification.
[0055] Figure 1Cis spray-dried rampril, 10%sol|jds/ 9% coatin t. . 750-fold
magni fi cat i dif076J005&ligwedi is apaldctos prgipeph 68 GekrrisHi aﬁllﬁ@% %gﬁ)&%ﬂé/ 5%
coating at 1nqgg_rfiﬁl:adtion screen to 150 pm through #100 mesh.

[0077] Figure 9B is an electron micrograph of GeCoated Ramipril at 300-fold

magnification screen to 150 pm through #100 mesh.

[0078] Figure 9C is an electron micrograph of GeCoated Ramipril at 750-fold

magnification screen to 150 pm through #100 mesh.

[0079] Figure 10A is an electron micrograph of unscreened ramipril at 100-fold

magnification.

[0080] Figure 10B is an electron micrograph of unscreened ramipril at 300-fold

magnification.

[0081] Figure 10C is an electron micrograph of unscreened ramipril at 75 0-fold

magnification.

[0082] Figure 11A is a graph that illustrates a linear rate of DKP formation of less

than about 0.5% DKP formation after a tested period of 3 months at room temperature

and less about 2% DKP formation after an extrapolated period of 36 months at room or

ambient temperature from a ramipril tablet produced with individually coated ramipril

particles of the present invention. .

[0083] Figure 11B is a graph that illustrates a linear rate of DKP formation of less

than about 0.5% DKP formation after a tested period of 3 months at room temperature

and less about 1.5% DKP formation after an extrapolated period of 36 months at room

or ambient temperature from a ramipril tablet produced with individually coated

ramipril particles of the present invention.



magni fication. [0057] Figure 2B is spray-dried rampril, 109 [ 9
coating at 300-fold magnification. [805%] Fi gure 2Cpi S 1sprgy/(3 3?: lagS/ >

ram pril,woQdbessbizds/ 5% coating at 750-fold magnificati ear/ @504k gure 3A
is spray-dried rampril, 10% solids/ 58 coating at 100-fold nagnification.
[0060] Figure 3B is spray-dried rampril, 10% solids/5% coating at 300-fold
magni fication. [0061] Figure 3Cis spray-dried rampril, 10% solids/ 5%
coating at 750-fold magnification. [0062] Figure 4A shows |arge crystal

aggl oner at espddye ANkl 1 FEELY s0b ' i EIK B i
magni ficati i?‘ldgl}gl ngi_? %53# % leié{fpé%yglgghfﬂgd t?%%%%i%s %Eﬁﬁﬁérera%B shomgor%gtrlglgbglf ;Sst al
aggl oner at eshdnboan.pvd DK B foayattbniaidr s tested Q,eri@g af B mepnilstat srom teReHIHC

magni fication using ref ed |ight..[0064] Fi '

mi crograph 6pd @@@g@gé")é%}l’ptgppat a %sﬁkﬂo;lag&;ﬁg%%%f?ﬁ?@oungﬁseﬁjg esh at
100- Ol d MaqRjifil, 68 Ot ISR 1G] QuRE piituaed ali@dhdiofdunilceantedapmiypil
GeCoat ed Ram pri screened to 425 nmthrough #40 nesh at 300-fold
magni fi cat i qartidl&066he picgpnt 81v8TB191E an el ectron m crograph of CeCoat ed

Ram pril API eened to_ 425 t hr ou . < RO | [
[0067] Fi gur[@%"r/l is%ﬁréﬂg&?ﬁ]ﬁwrﬁtﬁ ‘?88?5%%818&&}&?%?@9%%%}% | AiPn]Ic eatton.
screened to ;150 iRt WiisH ndbddahag of tROnv@sionat  100-fol d magni fi cati on.
[0068] Figure 6B is an el ectron m_crograph of_ CGeCoated Ram'.g(r

screened to [0686)mm Figuredh isa Retah ol Vs £oF CABBIEBY LRI HPFEA'EI%P%%S'
[0069] Figure 6C is an electron mcrograph of GeCoated Ram pril API -

screened to 1 -+ - "DETN | ' ' i

( . v ED DESCRIPTION , | b07d Figure TA is an

el ectron m crograph of GeCoat e]a llgamLpriP APl screened to 90 grg,n’nthrfokuﬁgh #170
i

mesh at 100-[0087 madyiwaceftillostration and to provide a more complete appreciation o
present invention and many of the attendant advantages thereof, the following detailed
description is given concerning the novel individually coated stabilized ramipril
particles, novel anhydrous pharmaceutical grade powders, novel stabilized ramipril
pharmaceutical compositions, novel methods for improving ramipril bioavailability, and
novel methods of manufacture and stabilization of ramipril formulations.
[0088] In general, the present invention employs a pharmaceutical composition that
is suitable for oral administration that comprises an effective amount of novel stabilized,
individually coated, single ramipril particles contemplated herein to treat or prevent a
cardiovascular disorder. While the present invention may be embodied in many
different forms, several embodiments are discussed herein with the understanding that
the present disclosure is to be considered only as an exemplification of the principles of

the invention, and it is not intended to limit the invention to the embodiments described

or illustrated.

Definitions
[0089] The term “coating”, as used herein, refers to a process for covering or

surrounding a single particle with one or more layers of a coat forming material to
stabilize the particle. The term “coated”, as used herein, has a somewhat different
meaning compared to “coating” and refers to a single or individual particle which is
covered with or surrounded by a coat forming material, wherein the coat forming
material remains distinct from the single particle that it covers, and with whose aid the
particle is stabilized. While the covering by the coat forming material does not
necessarily need to be uniform or to cover or surround the entire particle surface, the

covering by the coat forming material should be sufficient to impart improved stability



[0071] Figure 7B is an electron mcrograph of GeCoated Ram pril API
screened to 90 mm t hrough #170 nesh at 300-fold magnification. [0072]

Fi gure 7GvD0@msedssct ron m crograph of GeCoated Rami pri lpcARIS2e0sne@ped to 90
mm t hr ough #170 nmesh at 750-fold nagnisfication. [0073] Figure 8A is an

el ectron m crograph of unscreened GeCoated Ram pril at 100-fold

magni fication. [0074] Figure 8B is an el ectron m crograph of unscreened
GeCoated Ram pril at 300-fold magnification. [0075] Figure 8C is an

el ect ][ on m qwr@@ifﬁgg;gg?ﬁnlgﬁm‘a@ﬁé%gﬁﬁdhmﬁ?rﬁﬂng?mmt@ml Wwilhtonf@etefyodaer or

magni fi cati on. _Figure 9A is an el ectron _m crograph of GeCoat

[Ram' pri| at enewsefls RirtiedgHt 4 Febstangallcwrtoam layers gis ﬁl?Pt%I‘i%g‘@BW thaighe ﬁ‘@g%l

0077] Fi gur. ' : )} CL : Raqi ped 00-fold
mgni 1 cat e ey S B g B A P A el

el ectron m doeap]aphThd teGaCoat eahtiRgiviapnsdd lereiisRfdrotak erating Pracass whersisraeen
to 150 mm t hr ough #100 sh. [0079 igure 10A i s an el.ect.ron _.m crograph of
unscreened PR ee?f’atggés- ?‘Eﬂ[‘?ﬂi %Fﬁ&&%%ﬂ?ﬁsfge%ﬂfq‘ﬁfeg PRETHRROf s an

el ectron ni g{agnaRb K nBNSSEREAE thE pAiOEIH 2 @bniARE AhGid PRGN driciaé befing
[0081] Figure 10C I's an el ectron mcrograph of unscreened rampril at

750- f ol d nagnilfatcandlesion ph8 rocksy thearHroated pargelgdias ngsubstantigkgaimites a

i near rate of. DKP rmption of, l.ess than about 0.5% DKP formation after a
tested peri SEOFH e%ﬁ?ﬁ)sltsa'tmﬁ%gfﬁf%er ature and | ess about 2% DKP

formation affhggrjan exd feanohpatirib(Heid ed BéreBbadinliyso adferrt0@NONY, sigle ent
tenperature froma rampril tablet produced with individually coated

ram pril parcrygalliee prrtielpdrisprestive of ifaiae: phape or oeBlolegyyhesopiingly. Be dtiph

that illust rp%?csl‘e, s llge'a%%eiﬁ,aetx%hﬂfes %gﬁ&ﬁé}g{ei WiteRts 4 Soiposition that includes
single particles gathered together to form a larger particle having varying degrees of
open spaces or voids between its individual component particles.
[0092] The term “stabilizing”, as used herein, refers to a coating process by which a
particle is stabilized.
[0093] The terms “stabilized”, “stability” or “stable”, as applied to individually
coated, ramipril particles or compositions formulated with same, mean to describe
products that are substantially-free of breakdown products or degradants, such as the
ramipril-diacid and/or ramipril-DKP, especially under formulation and extended storage
conditions. Preferably, the particles remain stable over a period of at least about 36
months from the date that the individual particles are first coated or the compositions are
first formulated, and not to the normal metabolic process that occurs when a product,
like ramipril, is administered orally and is converted in the body to an active or other
form. By way of numerical example, it is believed that, when single ramipril particles
are stabilized in accordance with the present invention, the formation of ramipril-DKP
over the shelf-life is less than about 0.3% during about the first three months and less
than about 3.0% during a period of at least about 36 months from the date that the
ramipril particles are first coated. Preferred individually stabilized ramipril particles
have a ramipril-DKP formation of less than about 0.3% during about the first three
months and less than about 2.0% during such extended period, and more preferred
individually stabilized ramipril particles have a ramipril-DKP formation of less than
about 0.3% during about the first three months and less than about 1.5% during such
extended period. See Figures 11A,11B and 11C. Thus, the individually coated

ramipril particles of the present invention provide the basis for novel stabilized ramipril



t han about 0.5% DKP formation after a tested period of 3 nonths at room
tenperature and | ess about 1.5% DKP formation after an extrapol ated peri od
of 36 monwbeatosnzem or anbi ent tenperature from a rani peirlusc@slogds2zpr oduced
with individually coated ram pril partsicles of the present invention.'
[MB4]t Figure 1 "Cis"a graph that illustrates a |inear rate of DKP
formation of |ess than about 0.5% DKP fornation after a tested period of 3
nonths at roomtenperature and | ess about 3% DKP formation after an

ext rapol at eq,,pekkiagketiaARvEREHi%aRY ithPRVLQEtaBilY & bibSirpeaaduticel frofles a
ram pril tabl Feh_tep produced with i ndi%/i dual | y. cogiit%d ram pril partip;I es of the
present i nventliawrparfi@dah] adviagiageous forj aralddlively. chart of a ramipril tabl et

preparation | ated | cor dapce .W. ' i. ;
0086 i gurld&} b&tesptly "F RARAGuBH] RGRp SIS RLERA-DP IhRail oI on
‘I‘O?mi L Zt ; 0 20 %ﬂ;@%ﬂiﬁbl}tﬁ?r@&@%' VAT ?N il[lcﬁGi];&ﬁiﬂrl]sByoanay siafleirhiipsil pattictes cavecthe o

co ete appreciatio t [ [
Phe. bt t endarhelanieg e Aerebos % Revost P O0s Moo B AL Motht ohet Bt s

gi ven concerpin h afe YA ) {ﬁgm“f’]% bl b Bkl
particles, nag\%%étarﬁ.ﬁryg?grﬁlsn %Eg?%é%gﬁ% %%tﬁﬁg% ade I%&B}gk)g;ﬁqg%%@ﬁtabi lized
[) am pr | : Eh?b?mma'h eadferemml asprili solid dosage dornmstiave danipat-Dikdhfoswmiation eflasspr i |
i oavailability, and novel net of manufacture .and stabilizati f
rampril forthe %11%9@_?”{‘96‘5?8‘]“ &%C%@Hé?’%@%e P?femﬁ?tgéf%rrﬁmﬁ ﬁ@%@f@% pee(rr‘)}gf{’gys a
phar maceut Crﬂl)l;fegj?é’fgﬂéd Bt 884 doSagt UbtrAPh& el il MK R eWFhiatish batthedtdérhat
conpri ses an effiective ampbunt of novel stabilized, individually coated,
si ngl e rani pofilessplamtabolie® 04%rto @hpit 8t005 He pei month anraverage forguely ap extgnded

cardi | ar, di der. Wil ' ' ' '
e T T e e e AN

under st andi ngt Badn dfBe BERS 8P lesdihaf hOSHI004% td shdae0.0oasldesrecbraby as an
exenplification of the principles of the invention, and it is not intended

to limt t heavierage rfiori suph aip exteadeshitseiddnent s descri bed or illustrat ed.

]Pg]; ! 2 l)t/la? In rS] g{g@%ﬁg] e &5 mdﬁ(%%%&ﬂﬁ:@&%ﬂf:”%? “i’ﬁﬁﬂriﬂﬁ@” Meah &l Spip&afn®r OCESS
compounds derived from the decomposition or degradation of ramipril. These ramipril-
DKP compounds form, as indicated above, as a result of cyclization, condensation
and/or breakdown arising from exposure to heat, air, moisture, stress, compaction or
other interactions or events.

[0096] The term “substantially-free” refers to the stabilized individually coated,
ramipril particles and dosage forms described herein that have significantly reduced
levels of detectable breakdown products; i.e., ramipril-diacid and/or ramipril-DKP,
especially when compared to the levels of detectable breakdown products resulting from
the decomposition of ramipril particles in their uncoated state.

[0097] The term "cardiovascular disorder(s)", is used herein broadly and
encompasses any disease, illness, sickness, disorder, condition, symptom or issue
involving or concerning any part or portion of the heart or blood vessels of an animal,
including a human. The term “blood vessel”, as used herein, is defined to include any
vessel in which blood circulates. Such cardiovascular disorders include, for example,
arterial enlargements, arterial narrowing, peripheral artery disease, atherosclerotic
cardiovascular disease, high blood pressure, angina, irregular heart rates, inappropriate
rapid heart rate, inappropriate slow heart rate, angina pectoris, heart attack, myocardial
infarction, transient ischemic attacks, heart enlargement, heart failure, congested heart
failure, heart muscle weakness, inflammation of the heart muscle, overall heart pumping

weakness, heart valve leaks, heart valve stenosis (failure-to-open fully), infection of the
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surrounding a single particle with one or nore |ayers of a coat form ng
material to stabilize the particle. The term "coated", as used herein, has
a sonewhavodbddmsosat nmeani ng conpared to "coating" and refrarssoso4@si ngl e
or individual particle which is covered with or surrounded by a coat
formng material, wherein the coat formng material remains distinct from
the single particle that it covers, and wth whose aid the particle is
stabilized. Wile the covering by the coat form ng material does not
necessari | y" cae@tbvi sl inditd (5 mrbites] ¢hro0i¢ eénad insafficiemopchnidhitatetitiot e particle

surface, the covering by the coat formng material should be sufficient to
imgart i npr dVeertasiysinepRipRAthy. E@%Iab?@'ys%éﬁ@?d%?nséﬁ@é‘%@%( Wéseﬁa&'éal Ye in a
substanti al |y uni I it i I : ted

parti ol e, wiiripy S O cHEly il pplichf oB LA hA NoFbl Aom MR, Ve 10 11

uncoat ed forhypm{t@mﬁ%] anigdiea, lighthehdedness didzigss, fatigua sedtheesyanptomsef ers to a
coating process erein a partjgle to he.coated is coated in form the
process dpeslgﬁ%adui _riﬁ%ﬂe@ﬁé_rg?%@ ortrgad?genﬁ?aﬁ’&,g B{Jttre_ﬁgf’erﬁi ggedqis\é?hgﬁmt he
particle in jaerRidaHRUndlrbRPichnPRRandtt 0Pk disdrdeP & A shiAANdiaglose@BiC! Usi on

of the process, the dry coated particle has no substantial gain in nmoisture
rel ative to inflistedrvdtiasvet disorder afid@ohided hatt isgrotnlimited t9:dRegasing fosanapédalher ei n

1y to,.ref t . sal i. i ngl talline. ticle, ..l i f
re s ze, sHifos dropfiitont « Bdded GLIG R ot iR e ea ©
her ei n, excliHgR&dampgalserRE;atRaWklhe FedréssonCiTIRRSrddr 9 ah Biinal,N@) Ae@Engi Ngl e

particles gathered together to forma larger particle having varying
degrees of dJpshersisueleBment arpresessiond ardisarderiingn ¢nisnak) (CrapBEche CPEre 9%l es.

[0092] The ter.m st.abil izl ng S8 el N . t . cess
oSe) e e PR B 8 e SR ep Bl 5 Gy e SR AR B6P
"stability" @ diskddlies anisal pigpteliedingpddcnetisinigtiu atobyingaiad gdnptomsicprsed by
particles or compositions forpulated with describ roduct s

that are sub¥esieciatad yith pdisopter Br WA dBRh Obflgge%{cgleggge %‘g@?%éﬂ‘%‘g{‘ ¢§@th as
e P gttt b PSPty sgber i ) on and
period of at[00%$Hst Fhet#rm3 Gblrmmt@};”, f‘pxmémthé”, Gptemerttingt’ ot Hprevention!’ digaised
particles arheergiril Enstérc gnagtegbﬂy %Bd %e eer tg %n (I))l?eivte}xt?gns oraalrn?/ contribution to the prevention
of a disorder in an animal or the development of a disorder if none has occurred in an
animal which may be predisposed to such disorder but has not yet been inflicted with or
diagnosed as having such disorder.
[00100]  As indicated above, pharmaceutical compositions according to the present
invention will employ a safe and effective amount of stabilized, individually coated,
single ramipril particles. The phrase “safe and effective amount(s)”, as used herein,
means any amount of a drug which, when administered to a subject to be treated, will
achieve a beneficial pharmacological effect or therapeutic improvement consistent with
the objectives of the present invention without causing serious, adverse or otherwise
treatment-limiting side effects (at a reasonable benefit/risk ratio), within the scope of
sound medical judgment. Inthe case of ramipril, a safe and effective amount may be,
for example, an amount that provides some level of inhibition of the ACE enzyme, e.g.,
in the blood and/or tissue, which is recognized in the art to be therapeutically effective.
The beneﬁéial effect will also include at least some decrease in blood pressure for an
extended period of time.
[00101] Nonetheless, it should be understood that safe and effective amounts of

ramipril utilized in accordance with the present invention will vary with the particular

cardiovascular disorder, conditions and/or symptoms being treated, the age, weight and
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first fornulated, and not to the normal netabolic process that occurs when
a product, like rampril, is admnistered orally and is converted in the
body to amoaoddiosesser other form By way of nunerical exaoplus20051040439
believed that, when single rampril particles are stabilized in accordance
with the present invention, the formation of ram pril-DKP over the
shelf-life is |l ess than about 0.3% during about the first three nonths and
| ess than about 3.0%during a period of at |east about 36 nonths fromthe

date that t hisorddy Ebidttipdahd/el Sinmossfthe diratopbeaeatiestsethe aguiesti vi dual |y
stabilized rampril particles have a ram pril-DKP formation of |ess than
about 0. 3% FQRFUEFDABSEAPIESH Reppecitic dogsage ferphermRloxsl theaaastioan about 2. 0%

during such ri : Endi Vi . i)

vam pri T partiarRERlel b A BRIRLEL Shd AL FRRHY VAN hY KRADEIK 675,
duri ng aboutexpéréisé of tht attbrdiee phosichesafitempksy sdfiaandadibedtive abonats of regniptit h
ext ended per.i ?d gee Fi gures HA, H%ﬁand HC. .Thus, the indi.vi dua.léﬂay coated
ramipril parP$eqeoss ampanthmerionedihstrinadainisiesgions of MOTe HURSPE SRY ndvel

stabi lized iR CFIRPbdiif BereihMowiave feffiafkably inproved stability
and bi opharmaceutical profiles and are particul arly advantageous for oral

delivery. [{0GUR]Pr &fsboaldibg unddrstobd st tie temmri‘ahout” gsatsed bgrethunecans

ram pril-DKP formtipon fromco sitions formul ated with the individually
Cont bd. - si nPRrER BRI A e s Feane Surhf el dedob SR Sbou
0.04 % to aheutio®tPPHUMA doveagduRLhr HREY, thd 1©fm adbduetinticalk@that @@ nont hs
fromthe date that the stabilized rampril conpositions are first

]1: or mul at ed. f@s@e@mm‘t parAnge sHeckisdiisian apraerintagt dasagrmyBowy o pange ampkfhat it
ti | t % t . 850 h f
orfmation o 1n(a§%css nol‘?gﬂlgﬁﬁg%ouoﬁpt?)g{genlggggg?g)%nspgeclﬁﬁé’g%{}itggs ra%%%n&%%g%@% or

such an exten perio nore r osage ave

ram pril - DKRhét@fiayedli®obe eife tdibefficdes ambuhte Sisat bRkannehbut 01dsidd tetoited bootint
0. 0. 055% per nonth on average for such an extended period, and even nore
preferred r d5tH¥ECl solid dosage forns have ram pril-DKP formation on the

order of Iejg%d(}z‘m ggglg%d ?%g‘gog/f}“@%rﬁga%nﬁgﬂgag’“%‘ﬂ ise@fln‘_tc&nﬁﬂs()er@\b?,r”age for

such an ext peri e ter ket opl per azi ne
"ram pril - DKiRicludiag)” inchidep? fiacladed? “oonbingydSindares/etinfoloed,t el “such as”
deconposition or degradation of rampril. These ram pril- DKP conpounds

form as indigdieddn eNONSINEM O cyclizati on, condensation
[00104] It should be understood that the phrase “pharmaceutically acceptable™ is used

adjectivally herein to mean that the modified noun is appropriate for use in a
pharmaceutical product.

[00105] The term “pharmaceutically acceptable salt” refers to a salt that retains the
biological effectiveness of the free acid and/or base of the specified compound.
Examples of pharmaceutically acceptable salts include sulfates, pyrosulfates, bisulfates,
sulfites, bisulfites, phosphates, monohydrogenphosphates, dihydrogenphosphates,
metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates, propionates,
decanoates, caprylates, acrylates, formates, isobutyrates, caproates, heptanoates,
propiolates, oxalates, malonates, succinates, suberates, sebacates, fumarates, maleates,
butyne-1,4-dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates, methylbenzoates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phylacetates, phenylpropionates, phenylbutyrates, citrates, lactates,
gamma-hydroxybutyrates, glycollates, tartarates, methane-sulfonates,
propanesulfonates, naphthalene-1-sulfonates, naphthalene-2-sulfonates, and mandelates.
Several of the officially approved salts are listed in Remington: The Science and
Practice of Pharmacy, Mack Publ. Co., Easton.

[00106] The term “derivative” as used herein means a chemically modified
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and/ or breakdown arising fromexposure to heat, air, noisture, stress
'(':orrpactl on or other interactions or events. [0096] The term 1 1

subst antwel2bydsosse” refers to the stabilized individualrty/useassds2s ani pri
particles and dosage forns described erein that have significantly reduced
| evel s of detectable breakdown products; i.e., rampril-diacid and/or
ram pril -DKP, especially when conpared to the |evels of detectable
breakdown products resulting fromthe deconposition of rampril particles

in their un%g(?&é)g%ir?&egéno%qpbkg@gﬂdmg BiEarl BloMati€ RhE! Wi sak. Uhsddrblativsiay is

used herein enconpasses any disease, illness, sickness,
di sorder, coadintthe pharsyplbgivaloactiviy oétherconipoindrom whigk drindeiyedny part or

portion of the heart or blood_ vessels..of, an ani ] i :
Per m ~ bl ood (I64TE) - Asds 54t Hiparnaos o2 e Tl ifeifhE oo d Ak s e
whi ch bl 00d i G A BS boBH OBl MifbANASCkNasced BY hderBudhaidubieratd arwlsxanpl e,
arterial enlargenents, arterial narrow ng, peripheral artery disease,

?: ng (Jlsglre[1 ahé drug;if dbsovlzdceitcaulated, sisidleute g:gqmb@ﬂié%al&@gcgq}? , angi na,
i nappropriate.ranls t ' '
near ¢ rate. 0REISa SoioR Pruniiee (G ARES af Beliheldth ek AL BIAL ° P

i schemi ¢ at tagksphdR@bdutiofl stindereind thewdtstputiai issoperiocron gempardd bethe purity
failure, heart nuscle weakness, inflammtio f the heart, nuscl e, overall
ﬁias 1{3?83 P}@ﬁ ’

?fea_rlt purrFi ng th@&?%{lﬁﬁe@@h splesance yarep slasaiRG ¢ gradgaiishds leioire:
(failure-to- u P ' . ' b
i nci MnfsJ"t f@ﬁg@] cﬁJP é%ﬁm@ g’éﬁgﬂg&?ﬁ%ﬁ% F%Ag?gﬁﬁgé@h%ﬂﬁg?ggégﬁ (r:ef?)rrS t%;ggﬁvfl grnsi ve
gregh&iogggggdthgtpg@ﬁa_mt_ Eliﬁliclal §'|aﬁ¢1ambi_sdé:ztst drost 8¥pord.y ari se i n heal t hy,

- critica i t d i
By hyper t ensiOBHlOTanghsia, b i el daainabis oraies FARe SOMPaLtR e s ESRTEA™ ©
synpt oms. [ 0998] o.@?fg?ﬁcﬁ 8, ngI &k g)é'feraﬁl&rl@ﬁwi"bet\'izédrmiohﬂ@7%wrnd'bbbetat ment "

are used herein In angé_ y and refer to any treatnment of a disorder in
an ani mal di aghgaedlewn moklprafeeblylesstheuahoudPSér.der and incl udes, but is

i sor der - ( BJIOELH g HeremEap iR ERER e b AgRodeatr i Bl e na
]E’:Jf f[]grer ae \(/ g%uggﬁﬁéé HGbRIS LSS AMng fwith M AOEdetibiter (aug.,aaipail; wiid) sabiliest i ng
t he course oﬂqegrcrgig;sag(f)erdeggragn%{ g@ﬁg@ﬁfm? a g(k)r d._er Iin ﬁln) A malt; S.e?g sl ow ng
. e TOQEPFS ket i BFHRY, BOHHRE)- dBEr easing

or stopping }\% i?].gl%(iltlo}' LONE in uncoated form or in agglomerate form (e.g., GeCoated

ramipril). Non-limiting examples of blending compounds include glyceryl behenate and

other long chain fatty acid-containing glycerol esters.

Ramipril

[00112]  As discussed and described above, ramipril is an angiotensin converting

enzyme (ACE) inhibitor used in the prevention and/or treatment of cardiovascular

disorders, especially hypertension and nephropathia, and is one of the most frequently

prescribed drugs for congestive heart failure.

[00113] Ramipril is an azabicyclo compound. It is known that ramipril is an ester

that can form pharmaceutically acceptable salts. References to ramipril, therefore,

include the esters and those common salts known to be substantially equivalent to

ramipril. Pharmaceutically acceptable salts of ramipril include, for example, salts with

pharmaceutically acceptable amines or inorganic or organic acids such as, HCI, HBr, Ha

SOs, maleic acid, fumaric acid, tartaric acid and citric acid.

[00114] Tt is also known that the molecule corresponding to ramipril has five chiral

centers, and that it can occur in 32 different enantiomeric forms. The ramipril ethyl

ester is preferred, and the ramipril enantiomer with the chemical name (2S,3a8S,6aS)-

1[(S)-N-[(S)-1-carboxy-3 -phenylpropyl]alanyl]octahydrocyclo—penta[b]pyrrole-2-
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of a disorder in a animal; (g) relieving, decreasing or st i

synptoms caused by or associated wth agdisorder ingan aniﬁgpgngrt?ﬁ)

reduci ng wbeod@eossency, nunmber or severity of episodes eauasdoosp4@Ry

aSSOC|ated with a disorder in an animal. [0099] The terms "prevent(s)"”
prevented", "preventing" or "prevention" are used herein interchangeably

and refer to any prevention or any contribution to the prevention of a

di sorder in an anlnal or the devel opnent of a disorder if none has occurred

in an ani nal SEIH AR HdRrsRda bydhsRrtiaredhuthififeldnbit yet b
inflicted w[?mo d| agnosegg h;E)aw ng surcsh di sor der. e00106] As md?l at egen

above, phar mﬁjﬂﬂlaﬁaﬁemﬂpmﬂlbleoﬁmaaexmtml&ﬁg S@t@ﬁf@q/ﬁefy PEB HhACCPTARBF] Wbt will
enpl oy a safe and effective anp nt of tabll qg n\{é dﬁ&%ﬁé

single rani PR PrepRit fVERiRD, Cgpd é“éfae?e%lﬁo? lect \;e am% %s) "

used herein, grans sWur@ﬂ?&ﬂér ah eﬁarﬂfoﬁ@r Vdeté‘erS(Wﬁafbracﬁmsmrscbrﬁeremﬁm nan—
subject to be treated, will achieve a beneficial har macal o |caISet§ffe{:t or

t her apeuti c samﬁa)mvemrthe foummfsatseltt ang in lsingleeoraBPLER | 9€§5 D IS

i nvention w thout serl

si de ef f ect Snfdhatg FBQE%%%&H@“ eﬁgg%ﬁf ?lggﬁpo %éfﬁ%ﬂfﬁg%tlg}tlng
sound nedi cagonte%%m@bythlerprésﬁﬁtE@Smdhf rami prll a safe and effective
anount may be, for exanple, an anount that vi des so

i nhi bition dP01td Adhe devejorsnens of newifprm ‘ 1%%%8{’{%?' e@%ﬁ“ﬂ%. chis

recogni zed i

of fect will éabégty ot %m 9115) d {1&%@99&&@%@% s¥m§61ftﬁﬁti1'1 gﬁwldfﬁgﬁsa@@frt@lﬁlrﬁm@

I NC east sone decrease in | ood ressure for an
ext ended perdfRdtioé diigie th{a POBIA. ] Thmtemhmdemuvmmallsfrc@ated %Eglem@lpsl { ood that

safe and effective t f
present i nvemﬁléigs %&nl?hggﬁ%}‘?gw’@h%% (ralgoli‘.?’grléﬁslplc’fﬁlﬁ &@W %gg;? fg?u S?armgj 12
condi tions aﬁ%l? h & WIPLIAS el BEedife@bsite sfr&%ﬂ@sﬁﬁ}d i lgitioanaf ﬂaﬁnﬂmrmtbeon

of treatnents € nature of concurrent therapies, the s

peci fic dosage form
enpl oyed, thevaflablei cul ar pharmaceutically accept able carriers utili zgd and
i ke factors wi.thin ttée linovM edge and expertise of the attending

physi ci an&?&%&%ﬁgﬂ?—m ef fective amounts of rampril include those
amount s nent &dﬁgfﬂ hefiRipRese ARV AHtRInS theshighrsth gy particle cbitirees prdncaiayabilazedn | |

be nore full escri be "herein bel ow.
individually coated, ramipril particles that can be used in the manufacture of low dose,
dry blend, and direct compression ramipril pharmaceutical products. This invention will
allow the small particle size distribution and high surface area (micron sized particles)
necessary to achieve content uniformity of low dose ramipril products using dry blend
and direct compression technology available today. Examples of a stabilized,
individually coated, ramipril particles manufactured in accordance with the present
invention are illustrated in Figures 1,2 and 3.
[00118]  The present invention therefore concerns methods to convert uncoated,
ramipril particles into stabilized, individually coated, ramipril particles, which do not
agglomerate.
[00119]  While the present invention contemplates a variety of processes to
individually coat the ramipril particles, the invention generally contemplates a process
that involves suspending or dispersing ramipril particles in an aqueous liquid phase, into
which a coat forming material has been dissolved, to coat the ramipril particles,
removing water or drying the aqueous liquid phase to precipitate the individually coated,
ramipril particles from the aqueous liquid phase, and collecting the precipitated
individually coated, ramipril particles to form the novel, anhydrous pharmaceutical
grade ramipril powders. Nevertheless, the coat forming material may be applied by any

suitable coating technique, so long as the individually coated, ramipril particles do not
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[00102] It should be understood that the term "about"” as used herein nmeans
approxi mately or near or around. For exanple, when the term "about” is used
in rel atiwo 2ve/@ospeci fi ed dosage anount or range, the ternsiasoudsl

i ndi cates that the dosage anmobunt or rAnge specified is an approxi mate
dosage anmobunt or range and that it includes not only the anount or range
actual l'y specified, but those anpunts or ranges that nay al so be safe and
effective anounts that are sonewhat outside the cited anmobunt or range.

[00103] As ype{bjer Qﬂ?ﬁﬁﬁiﬁ@%@ﬁiﬁ#ﬁ%}é ik SdeBds 'or {eBRRdsSRatemplaedpy iised

of ," "including,” "includes," "included,” "involving, " "jnvolves,"

"invol ved, " paesdnt isuationdncludesniasedrying, tured Arybpse §Pray SASGRHNE- NG Coalige.

[00104] It shquld be underst.ood. that . " ' . .
accept abl e" 4? ngaﬁfbc@%eldvbﬁ(al ¥ "E@’ (g%ﬁ&pgﬂ {E@%ﬁcqx%@é t[@é%@l?ﬁ% ST
appropri at e k@hctiendrdefcapBabNBE aul ceakbrvationluspray{dddidbiethbds, mevaver, are

“pharmaceutical ly acceptable salt” refers to a salt that retains the
bi ol ogi cal dfr¢lesedveness of the free acid and/ or base of the specified

conmpound. S gq_:ﬁg Is I Sabiga drat es,
pyr osul f at EZI? HEilljul ?\{a}fefelg?{ R #égﬂegfxlsegtlg?%@ %ﬁ%‘ggﬁg?lgg,waw% Iﬁﬂlllﬁlﬁ
monthdr Oﬁeflﬁhikﬂéﬁr']ilﬁfa&%édﬂicbwdﬂﬂge prhas pinahtien, the taplktopysalise ramipril

pyr ophosphat es, chlorides,. brqom des, iodides, acetate r gpi,anat es,
decanoat es, RAEHHISA &e %?‘Y‘%‘P‘g Pa e SPraPRARES hatdsht ¢ %ﬁeitb%lg ?r%g’&ti‘}?%gtaes ,

hept anoat es, sug}éé?ﬂingltﬁé iR %Ak A B8 distRlOAREHE paBiiled A@pRSHcAHIREALES,
sebacates, funarates, naleates, butyne-1,4-di oates, hexyne-I|, 6-di oates,
benzoates, dDI22]beAzypicalssprayediyjigrnpantisder ustiiniaceasdrage valhdle present

hydr oxybenzoat es, net haxybenzoat es ht hal.at es, suLf e

xyl enesul f orf&i’@gl,onﬁﬂ?l’ﬂﬁ%taa Tgwe P ﬁtPBB%IB%g%egggkoﬁ @%ﬁ%gtayfs%% Seos}‘,,em
citrates, |aghal@Sd e MBrPMErPuBEY, X kaires of ayedryaip @as tHaafloas aiteshe
nmet hane- sul f onat es, propanesul f onates, napht hal ene-1-sul f onat es,

nar ht hal ene-@yirguihfwbertte semavrisatemnd &g the atogigd-Fed splve@ngd Pradiich | y
approved sal t le%l?](% &é%% ?&%2%@8;@5&?%8 %gﬁyﬁ%@g finbed @ﬁ@?fé@ trGEcPdpray

Phar macy, M : Lol term "der tive" as used
her ei n neansdgeghtifdedtichi Mutiet Beol, Bvlniinkhh (nseru@iesip i astbliay, INY @ndd¥iran

aromatic ri nlg/fod\el\f; %gDF-)lr,ePSS%n-Fz 'angr11DGSDq¢?,rIiH\r/(§jl MS\ieSorérngg, Denmark.
[00123] In the following discussion, it is assumed that the spray-drying apparatus is
cylindrical. However, the dryer may take any other shape suitable for spray-drying a
feed solvent, including square, rectangular, and octagonal. The spray-drying apparatus
is also depicted as having one atomizing means. However, multiple atomizing means
can be included in the spray-drying apparatus to achieve higher throughput of the feed
solvent.
[00124]  An exemplary drying apparatus comprises a drying chamber, a drying
chamber top, a collection cone, a connecting duct connected to the distal end of the
collection cone, a cyclone and a collection vessel. An atomizer is shown has a feed
solvent. Drying gas from a drying gas source is introduced through drying gas inlets,
typically via an annular opening in drying chamber top, in a flow direction that is not
parallel to the atomized droplet flow which is typically introduced vertically at the
center of the top of the dryer via atomizing means. The non-parallel drying gas flow
typically has an inward vector that is toward the atomized droplets near the center of the
chamber and a radial vector that is an off-center flow. Drying gas introduced in this
manner induces flow that is circular (generally parallel to the circumference of the
cylindrical chamber), and that creates circulation cells that carry droplets or particles

initially downward and then back up to the drying chamber top so as to cause a large
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retain the pharmacol ogi cal activity of the conpound fromwhich it is
derived. [00107] As to the term"bioavailability”, it is used herein to
nmean the wegon&msessdrug i s avail able to the body. Bi oavaiptcahiskosp40439

i nfl uenced by how nuch and the rate a2 which the drug is absorbed,

ci rcul ated, distributed, netabolized and excreted. [00108] The term
"phar maceutlcal grad.e .as used herein, neans that a substance neets

phar mac eﬁt& t@ﬂjul%t widg & hieAAning lgas and ajomireddged-solenp deading wg2pidnpar ed t o
the purl ﬁhe Sgﬁﬁlﬁ%{% s%atbﬂlz%s SR 1?%&&&& %ﬂg@ Siabapd or ade, whi ch

herei n, pﬁﬁaw Tie iadipededly chirad, slr@ldﬂxfaﬁﬁpﬁbmmlesadre gniaaleedibyl tHesirjiegst about
98% pure. [00110] As to the term"anh drous”, it referil?to a water content

of |ess gasdhropgh ﬁ@bﬁ?tl%ﬁﬁlﬂe 9. congestie auct and ey tofyelongy dr leABrPnedas t han
bet ween %‘?%‘} a%g' ZC(&'[Q@CLI Pngg/c At @0 E Q&rﬁgﬂ ﬁoﬂrtﬁé & Jﬁ a§ &S than about

0.5% eterm orrpoun I 'endi n refers to a
waxy subma@ntaeedsulmb IaHong the)parmblles tngbwdllecad mﬁécﬁlephhm masrsdr I(l&teagl.qf

TP s B by etead Sk e BTl RO BB
e.g., r d form
or I naggh ORRAALAI {o&rtme@%o@mhegg;ggggwd% weaisomrl i miting exanples of

bl endi ng ¢ rrpou s 1 nclude gly behenate and other long chain fatty
aci d- conmﬁ)ﬂ%]ng Theylcgnglgaesiagbs virkaly pny inemi,lbx} tonmindindza e aigk ghtire

descri bed abov ril.is angi ot ensi n t| n (ACE)

i nhi bi t ot G& lqnﬁ d{'l%}e‘;) W&wa GPOtY 8%‘? lm*zeglgra%é%\ggescul ar

di sor der §x1d@tmaﬁlo@ﬂérﬁdb&@@fﬂt&&t&ioﬁ@wﬁndammhrmea@eh! if@emifg that&iabbLothér t he nmost
frequently prescribed drugs for congestive heart failure, [00113] Ramipril

is an azm@t%@bllbtl@cﬂ?ﬁ@aﬁdﬂ of %usp@ldkmﬁdlﬂﬁla@n HISHi 93 PUCh a5 ajfin NHEZER, t hat can
T orm pha%]@%grg %r'xr?c ga rr(?laetggr?glu%h%ead t Slale §Pth%?ir§1ﬁg‘§?§ étl the %{Eir efore,

i ncl ude ers an common sa nown e Ssu antl a

equi val efHlettod appaipatng fdr.aqbbais Regending ﬁieldwmm@plbailyl fomalbbst AF°Crtarbeuti |

I ncl ude, for exanple, salts with pharmaceu Ly.a tabl e am_ nes or
i nor gani 4@, ardjarsferably igketepenabaat 194L tog Uta1 yc The lemperature of the

product particles, drying gas, and evaporated solvent at the outlet or distal end of
collection cone typically ranges from about 0°C to about 100°C, and preferably is .
between about 50°C and 60°C for same aqueous medium.

[00126] In accordance with the present invention, the ramipril particles, wherein each
particle is individually coated with a coat forming material, are formed with rapid
solidification of the atomized droplets. To accomplish this, an apparatus is equipped
with atomizing means such as, but not limited to a two-fluid nozzle, a single fluid
nozzle, rotating disk nozzle, ultrasonic nozzle or similar, that produces relatively small
droplets, generally with median diameters between about 5 um to 1000 um, and typical
average droplet diameters of between about 5 pm to about 300 um. In a two-fluid
nozzle, the feed solvent is mixed with an atomizing gas, such as air or nitrogen,
atomizing the feed into small droplets. This small droplet size, along with the turbulent
mixing of a portion of the drying gas within the nozzle as well as at the outlet of the
nozzle, results in a large surface area and driving force for evaporation of the solvent
from the droplet, leading to rapid removal of solvent from the dfoplet. The resulting
stabilized, individually coated, single ramipril particles may have a median particle size
similar to the original starting material, and additionally of about 99% no more than
300pm.-

[00127] When a pressure nozzle is used in a conventional spray-dryer apparatus, the

resulting non-parallel flow creates circulation cells as described above that causes rapid



SH, naleic acid, fumaric acid, tartaric acid and citric acid. [00114] It
Is al so known that the nol ecule corresponding to rampril has five chiral
centers, wododdusdsszt can occur in 32 different enanti omecirashesnsos2dhe

ram pril ethyl ester is preferred, am the rampril enantioner with the
chem cal nanme (2S, 3aS, 6aS) -

IT(S)-N-[(S)-1-carboxy-3-phenyl propyl ] al anyl ] oct ahydrocycl o- pent a[ b] pyrrol e
-2-"[001 f ] rt | s ftrshuld be understood by those skilled in this field
that ram prijaneuderinaisvege thareels MVaterizsd spriy sshitisgléahacoanpidf ormin
acc_ordance Wlt.h the present invention, e.g., in the form of it? racenate or
an isoner, nhpegyfthe lg@@némqpiq&-iﬂmmnroalhg@ﬁ therhepelit ofadleprng te 188t i oner

a stereoi soner .or .a diastereoner. in,the,nonsal " f a
salt, and i rgply if%mbmrtei’sﬁfeenqz(z)lre P %er dI{Pér)idﬁrﬁ%x(%OaIrléeHs.t@%ésr%o &rpglr%cfﬂié ai&Jf al |
such singl e, Agailebilpl mdRhéowdROlid bRk, ihdivithaly doated ranisil pheicks nagr e

contenpl ated by the present invention. [00116] The devel opnent of new
formul at i onsbetsiﬂa(te%fﬁﬁywllbi%weé-bi lity and stability of rampril and

derivatives of 118§ | i dli 8l : by e
drugs to the Eﬁ% ic.m %?ed}g@gtﬁiﬁ%}#géég?ﬁﬁﬁ%iiog i dggg?ﬁﬁﬁgggz?g’d@g{svﬁ%{lg%?%ﬁ{pri I
pa[)t i[ cl ?S ?pdrn@lﬂ@ﬁﬁ@&ts} taebe granplighedde psogerlydiispesing hies pressure nezale within
substanti a nore stable and will _all.ow nuor ffect] .d t.

and conbi nat e AYiRg C}iaé‘ﬁie&ﬁops‘fl@“b?et_h‘éb%i‘igﬁawg& aieﬁgﬁis%?mégﬁggfs)?gi%ed%y&gngt s
Stabilizat| Ogiahl%&l. Jﬁrlege_i{iﬁ%pcg@ﬁ&gﬁt AnA\RAEH HMhe BRLRUBANDENSHdRIPATIW C! €
coating, produces stabilized, Individually coated, rampril particles that
can be used suffiditre mniuhmctistaree §or 4 dapldbtoetravgt hefbredmpinginglon p sedace of the

conpression rampril _ ph ceut ] cal product,s. ..This_ |F i [[])Aé | cal Low t he
smal | parti C@glgic%@gggﬁq%@gi%#egﬁ iCSHSISEFPF%%Seﬁ%Wgtéﬁ](%%r on ‘ks’f)gglggé)
particles) ngcg3s@ride h@ achi eve content uniformty of |ow dose rampril
products using dry blend and direct conpression technology avail abl e today.

Exarr]PI es of dwoszsabi [Whideftheiheigiht arfeidily oclba dedng ehambst 19 InRereptices

manuf actured,i.n _accor.dance wt i ' ' '
e S T i e
met hods to c@RU@ldppaataatieBould dBufddritopditiat theadlunm af the dhjihg auiyatus is also

i ndividual ly coated, rampril particles, i ch, do .not
important. The capgcity ofp a spray-dryer is \ggtermineg, in part, by matching the flow

rate of the feed solvent to the temperature and flow of the drying gas. Simply stated, the
temperature and flow rate of the drying gas must be sufficient so that sufficient
temperature for evaporating the feed solvent is delivered to the spray-drying apparatus.
Thus, as the flow rate of the feed solvent is increased, the flow rate and/or temperature
of the drying gas may be increased to provide sufficient énergy for formation of the
desired product. Since the allowable temperature of the drying gas is limited by the
chemical stability of ramipril dispersed or suspended in the feed solvent, the drying gas
flow rate should be adjusted to allow for an increased capacity, i.e., increased flow of
the feed solvent, of the spray-drying apparatus. For a spray-drying apparatus with a
given volume, an increase in the drying gas flow rate may result in a decrease in the
average residence time of droplets or particles in the dryer, which could lead to
insufficient time for evaporation of solvent from the droplets to form the solid,
stabilized, individually coated, ramipril particles prior to impinging on a surface in the
dryer. As a result, the volume of the spray dryer should be sufficiently large that the
droplet is sufficiently dry by the time it impinges on any of the internal surfaces of the
dryer to prevent build-up of material. This requires a balance of the atomization gas
pressure, the size of the orifice in the spray nozzle for the feed solvent and the

atomization gas, the feed solvent flow rate, and the temperature and flow rate of the
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aggl onerate. [00119] While the present invention contenplates a variety of
processes to individually coat the rampril particles, the invention

gener al | ywoandeaspisat es a process that invol ves suspendi rgTas26bsHpERsi Ng
ram pril particles in an aqueous |iqu4d phase, into which a coat formng
material has been dissolved, to coat the rampril particles, renmoving water
or drying the aqueous |iquid phase to precipitate the individually coated
ram pril particles fromthe aqueous |iquid phase, and collecting the ’

preci pi t at edi i ikl by biddy s, o i it thef
anhydr ous pﬁg%%gééé #§5+&%§§§%%?23?gﬁ%ﬁ&%éﬁgg§i§p%§%é§?ﬁé?@giéh?ﬁfﬂzggi
form ng mat essidncadyneshoaldiiei seffichynt amgnsst thaishediplats #g dry PR qUBPINYE ong
as the individual]ly %g ted, rampril particles do not"[ qli G| :::::iiliii
npl | f Ir_!\PBtaS(‘:‘Bf&P‘f t%ﬁrsB‘i%é%lS% or techni ques contenpl ated by the present
i nvention i QEM%_ SPhR%pHyYdrDGe protebobFlitiongGolis Riadilizdnipdhaliduadly cpated,
coating, di spinning, fluidized bed coating, crystallization,
cr yogenat! orramiglnﬂ@artgcﬂdswr@aﬂodﬂmdiléldlé%ﬂ&s@d:fqr@ﬁf, infhé exerlps pelayi on, and
coacervatio ay-dryi.ng nmethq ho . er :
spray-dryln&opéﬁéheA§8%gH%58°R%F%§8dl5%§¥%%@F%3§PF%5%EQ¥ﬁ%ﬁgkggﬁﬁﬁ#ﬁﬁmen
E?;;It ; : ?IS . Ie r[? g{{r%cfé?ﬂlaﬂ %ﬁlb%/nzbllfﬁ, ihfieiduas ecs‘etted(i Binghtdrysalliné pardicksr ghesingle

il particles are spray-dried wth.a s
L2 S L5 oo Sussshd o B SRR,
ram pril particle [ ragt | Ve ) '
spray- dryi ngsuglg_fjsaﬁ% ragy;ﬁ 8&;1 unlsléﬁl%hr?x %{élggér)gancg)’\ﬂo gﬁ%t%ﬁﬂémg?%%ygﬁlt@ ?s%tarl]r\c/%mi on
conpri ses a glayirpcsilidaorting liketvdthioni aggloments honatiangmioz tnipdividusd goatigyant
introduced into the drying chamber, a source of heated drying gas that
flows into tﬁ@h@ﬂyﬁﬂﬁﬁﬁwﬁiﬁﬁr to renpve solvent fromthe atom zed-feed

sol vent and phoduct prolleft L BRaNS g ioat daunBiveaidietdte efestive
chanber. Exa Fsejij 01‘1)?sucahi:>ls’pra;g)ggryers1 gﬁcl ude Buchi l\/béel e8298, %ri%lknann

| nstrument s, suMiiziendibualinchatic sinilsdeihipribgaticles pEhe mAviduphsoatedyj 1 o
that the spr dpsaryiG! appEach eRetssht e SR Ol By o e
any other shgpg,stihit aRlell QbnsiHoRUbSLVIATGnEAmL, @6ChE o Indetequilrte hbaliti§.5%Guar e,
rectangul ar, and ocfag nal . The spray-drying apparatus
and a mean particle size of about 74.7 pm.
[00133]  Preferably, the particle size distribution of the individually coated, single
ramipril particles is representative of the original starting material, and additionally may
be between about 876 pum to about 3.9 um; preferably, a particle size distribution
wherein at least about 75.0% of the individually coated, single ramipril particles have a
size distribution of less than about 50 pm; and even more preferably, a particle size
distribution wherein at least about 50.0% of the individually coated, single ramipril
particles will have a particle size of less than 20 pm. Alternatively, a particle size
distribution of individually coated, single ramipril particles (e.g., spray-dried particles —
wet coating), as contemplated by the present invention, may be as follows: (a) about
80.0% - less than about 20 um; (b) about 15% - between about 20 pm and about 50 pm;
(b) about 1.5% between about 50 pm and 150 pm; and (d) about 1.0% - between about
150 pm and 538 pm.
[00134] The coat forming material is preferably a polymer coating, such as a HPMC,
e.g., Methocel E5 Prem LV, in the form of a liquid coating, that is sprayed onto the
ramipril particles or in which the ramipril particles are suspended and then spray-dried
via, for example a spray dryer. Generally speaking, to form this polymer liquid coating
the HPMC is first dissolved in about 5, 10 or 15% or more of the amount of ramipril in

water to obtain a final dispersion, such as about 30% solids wt/wt, 20% solids wt/wt,
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is al so depicted as having one atom zi ng neans. However, multipl 1 Zi
means can be included in the spray-drying apparatus to achi evephiegﬁfa?m “ine
t hr oughpuvoebodidzesseed sol vent. [00124] An exenpl ary drycmgisapsan@bes
conprises a drying chanmber, a drying mshanber top, a collection cone, a
connecting duct connected to the distal end of the collection cone ‘a
cyclone and a collection vessel. An atom zer is shown has a feed sbl vent
P;”yle[lg g?)s/p:‘rglmla drying gas source is introduced through drying gas '

: )1.Calslay, [ n espaes:
direction t i’redv %‘%’? t%ar apﬁ%})%mﬁ@ﬁg ag?gir%ﬁlzlie%%gr g;})llget fl c()lwdom gclrlldﬁlngs Hhow
typically i a}gﬁgf&ﬁﬂymhbmbésyaﬂly Wb‘er-beseﬂdtSpglfSICtlﬁélu?@belﬁffmpﬁén@} yer via

atom zi ng neans. Th -
Vector 1 hat coacermais manat Briesdismarumrarcsner ik BENEC Lhanper
and a radial g‘l 2'so Pﬁ%vaé tﬁe @iﬂgﬁfrfdm?ﬁﬂtrﬁfnciésQ&Ynaﬁrsylbmdgdi& disgersediosd i n

this manner ' uce’s I's circular (
. generally parallel to the
C|rcunferen@&mdheﬂhﬁmeyilndrlcal chanber) and that creates circulation

cells that car | et I

to the dryi g0 ’c%é iﬁegﬂgygﬁe‘ggmtdggt a’; hgrnjé%}é tu rlgr ﬁé@?nﬁv@?@brﬁ?cr n;p
gas and at O%E%ﬁs,é@ﬁﬂglé ?eiﬁﬁ%ﬂl parh@l@ﬁliﬂwwtl@al]ly&pmdddwﬂl mgoanfommeg wetspbbtk to
orm the stabi ed, Tndividually coated, sin articles

i gdl ;nh dual |h whoddtMndsrsmdéha’i amrynmrﬂ fsarfﬂtcleél bégm‘&a@g gh? %ﬂaﬂg%r ab‘i/mt%sé“%}Fyu ng
gas thr Ou'?h é% hg}%& 3&]8% ﬁ% gggmﬁgﬁ' E'tguc‘ﬂhlgt)f tlﬁ%a&h@ﬁniﬁl paEicRE enaylte t he

cycl one Si ng e rampril particles are separated

fromthe dryhaguaasoramsl vadoe X-Ray Defitacticd RXRB Seheni
collected in collection %Be’rgjgg{ | nst ejz;ld P b hmp&Eiep@p@s to be

to sepalr ate MM?S}‘@W M) paal¥sisa B ﬁlil%blm]fogﬂﬁ‘e&? ﬁig ‘él feé‘ aleSS?, ng%{%be used
rampril partijcles
drying gas rﬁsﬂl Bréet\rly} I?%a* P?a n%fh?ﬁsé%{ﬂ%acﬁ@ﬁn@%ﬁ@@ﬁ@ﬁﬁﬂerﬁa{tvw with@@ddbg The

but to mnimze the risk of fire

or expl osi ong, dlagilgnictdtion, dfimpl tiski le :
undesi rabl e oilﬁj}gﬂc gelonic plognaebitiskingperts; seipipicelly Widerges Hiese

ation_or othe se. i nt act
form ng mat epartiglepmaybg é?Paﬁaé?‘\{a?l?Cgﬁtﬁf ’?“ﬁmfaﬂ% 5&8%?\’06\;1@0%?11% %@%rﬁ 4 }rt}%égrltgatf S%t
an inert gas rggganlu?a%ec?{o ethBy Wftﬂgﬁa po%&r@&%ﬂﬂf pr@ﬂﬁdv@sdbstancesar gon is
utilized. The eratwge of the dryi'ng gas at the gas | et of Parat us

for aqueous ﬁlﬂi@ﬂndlm sobidj individsiatly poased, irgmibpbRaTABISS £O1IFE TRy SO
about 50 wi% to about 99 wi% ramipril, or from about 75 wt% to about 95% wt%, or

from about 85 wi% to about 95 wt%, depending on the effectiveness of and coating
thickness produced by the coat forming material selected.

Coat Forming Material

[00137]  While the present invention contemplates any suitable material for
individually coating the ramipril particles to improve stability and bioavailability, the
coat forming material should be inert, in the sense that it does not chemically react with
the ramipril particles in an adverse manner, and it should not cause the ramipril particles
to agglomerate prior to their being individually coated. The coat forming material can
be neutral or ionizable; however, it is critical to the invention that the coat forming
material does not solubilize the ramipril particles when mixed together to form the feed
solvent prior to coating by, for example, spray-drying.

[00138] The material is a “coat forming material” in accordance with the present
invention if it meets at least the one of the following conditions, preferably at least four
of the following conditions, and most preferably all eight of the following conditions.
The first condition is that the coat forming material improves the stability of the single
ramipril particles against decomposition into ramipril-DKP and ramipril-diacid

degradants under formulation and storage conditions to such an extent that the

~ ~



1400C, and preferably is between about 100C to about 1250C. The tenperature
of the product particles, drying gas, and evaporated solvent at the outlet
or di st alwendoefsosssl | ecti on cone typically ranges from abouis2@&0t@2about
100C, and preferably is between about2650C and 60C for sanme aqueous mnedi um
[00126] In accordance with the present invention, the rampril particles
wherein each particle is individually coated with a coat formng nateri ai
are formed with rapid solidification of the atom zed droplets. To ’

acconpl i sh tihioi.s an ApDAFAkS: 6 RA4 1BRRTatl bhd Hors widegidsmanb caditioras,  but
not limted f’o%a tm%@ui%ﬁiﬁ%‘z?ﬁg, a si ng?e fluid nozzle, rot a<t:i ng di si(
nozzl e, ul t rasdniheirnoewiel sate.sPreférably, thh avatfeweine arpterédl nproges the ﬁ%ﬂliprﬁ

droplets, generally with ian.di apet e et . :

and 1 ypi cal SEPBTHR AHFUENORE dRaRETaG! Or o e RS IER B RapiRlnth
mm In a twooilddsifiol9&AbByinkRac ﬁ@&e%ﬁhﬁgﬁﬁﬂﬁaﬂi&leﬁbXﬁthheﬂlf—laﬁa ofiaehi zi ng gas,
such as air or ‘nitrogen, atomzing the feed into _small dropl et This smal |
dr opl _et h'SI zez::i?mploemnng)nWStthStﬂ!l%l abarbiB ¥rdurire ey the fisst hyee MoR Pn‘f 78S HiaPitng
gas within the npzzl S | | t f I [

| arge surf aégtaéPgéboﬁé‘%(ﬁ %nﬁga eéfbg eotfg glreQ%%{éngr%trpgﬁﬁ%]ﬂBﬁg@gegﬁ?/lﬁtsﬁc?hr Iorr:1 :
t he dropl et,confRgitiEs b fraFbenilerdye mat padtrbhttoflessithantetothl opatutut 3 He

the irop! el cohffiifs ke fral \ el .
have & mad aivrisarperiod bR eas FATS6 HONEHEOD Pt L bR REOLP B 3T and
addi ti onal | v of, AROUb: ROl Piol1BANH AL of 9032 Bloainga PERSEL &

nozzle is u a’ conventional” spray-dryer apparatus, the resulting
non- par al | eliefdtavowrnsah@shciromuhadate that sichsomposisions agdustdfbrndatedAr Bef§ses

rapidat TefitMxTng e Oy s and atqm.zed L.yt i

Fapi d dryi ngpraierae ) rein i adeouct e aane 3 Renon 2L el sk F8pdaghd ©
al I owi ng t heg | angeRaIHpRkRhSohfosRend e Pha Ik daRa2 2| €s to be dried in a
conventional-sized drying chanber. As a result, hom)ag%neous sol |

st gbi i zteﬂ_, j00dB9]i diielsycondapadifion anthplrthe cqpa ferimipg akeial B@Sw&éiég@f"am y
made in i S, manner,. 0128]., 1 n t.he, dryin i [
stabi | i zed, lillFFdﬁciIiaE}M%FL$¥ W&%&P%EﬁmlP%PaﬁW?Sg%‘%p%rg@f‘aﬁg H%%ﬂ}é@édrgigggﬁﬁﬁﬁhga by
properly di s%%hgg,rgéggsegr essure nozzle within the drying chanber,

e

consi dering Ight, wdth and overall design of the

[00140] The third condition is that the coat forming material su(ii Qfé&ﬂ/ coats each
ramipril particle individually to stabilize the single ramipril particle following the
coating process under formulation and shelf-life conditions.

[00141]  The fourth condition is that the coat forming material and coating process
selected does not cause the individual ramipril particles to agglomerate before each
ramipril particle is adequately coated. In other words, following the coating and drying
process, the individually coated, single ramipril particles preferably remain as
individual, discrete particles, but in a coated state.

[00142]  The fifth condition is that the coat forming material when applied to a
particle is in intimate contact with the particle or another layer in contact with the
particle.

[00143]  The sixth condition is that the coat forming material will encase the particle
under conditions when the particle is in solid form at temperatures below the melting or
degradation temperature of the coat forming material, and wherein the coat forming
material remains distinct from the particle that it encases.

[00144] The seventh condition is that the coat forming material will uniformly encase
each ramipril particle.

[00145]  The eighth condition is that the coat forming material does not substantially

alter the particle size distribution of the individually coated, single ramipril particles as
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chanber. Preferably, the height and width of the drying ch

al l'ow sufficient mninumdistance for a droplet to %lra\g/el gg?g{esihg;: ggi ng
on a surfwoeoadosbdse drying chanber. Such adjustnents angceasssdeu@bs ons are
within the purview of those of skill a7n the art. [00129] While the height
and width of the drying chanber is inportant to determnning the m ni num

di stance a droplet travels before inpinging on a surface of the drying
apparatus, it should be understood that the volunme of the drying apparatus

i's al so i Moy ARt B8 .GARRS b ¥iRf we aficYSdizd GisEtesb e soll
mat chi ng thé #q‘gwﬁlﬁa%? t he ?Teed' srodl'g.’\etg% t% tﬁét(sarrperature ;%;Imf F,g\r/vt bf >
the drying gafvidGallydontesls singld ramipeil patiples slhanlé minec o1 rgsemtie hegrrtighesige yi ng
gas nust be sufficient so tha% .suLefici ent tepperature for evaporating the

feed sol ventlisubution;of dhegtncpgieq fRelefruipril AU appar at us. Thus, as the flow

rate of the§@ed) SORYSRlled St ddAEfRAERMnatbREs bhimambhie tartlé prestripentivur e
_ f
the drying éas n‘)ayOEe I'ncreased to provide suffi ?i ent ne?g% fa {Format i gn
Iggr 1

?f It he ?e;i gmﬂlthmmygners, Bimbes, stharateh, sgicab| Eaxes hemuacd 28/ cary >gas

s limted by e chem cagl stabili am P i i

the feed solRsR SofE: WHOREE Ok e R S A S A
an i ncr easeqeLARaLLbi catbos or Rafee atiRtl idyoverodinbhe of metk dubledindspf t he

spray-dryi ng apparatus. For a -drvi i i

an i nor ease (DML 4The bicpieg Tyamar W Fmtongy: bacal orminbhare S B O™
verage resi.dence ti of . i cl ; e

Mead To 1 nedrriton e R s B T e et ot o

form the solhgdifisd adthlsiaze e MRiire-Cobtedl By 98 0Gtada Pracessing Corpp2ndtac| es pri or
to inpinging on a_surface in the dryer.  As re LK; , th% Vﬁla"éﬁ% f the
spray dryer umndifiedjash amylage %?ﬁll%ﬂ%aﬁb"@ eist@}flo?@e Iérlgaptfoe?l 1S sufl?i ciently
dry by the td(‘jhrre‘?ni'cﬁl inpinges on any of the internal surfaces of the dryer to
prevent build-up oF_materlaI. This requires a bal ance of the atom zation
gas pressur gpo148] siAzscavitetthee noayi tid swiatile farhise spp agatrioEning Mg 13& F?é‘t?l"é‘ézﬂg

Fempr at ur e SHEFrHBIPHaREEF EREB g T ERe-Ar NS Sver age resi dence

o o, BB 150 U R U et e
cellulosic or non-cellulosic polymers. The polymers may be neutral or ionizable in
aqueous solution. Of these, ionizable and cellulosic polymers are preferred, with
cellulosic polymers being more preferred.
[00150]  The term “polymer” is used herein in the generic sense and refers to
molecules that are formed with a linked series of repeating simple or different
monomers, and may include, for example, single polymers, co-polymers, block
polymers including tri-block polymers and block co-polymers, self assembling polymers
such as macromonomers that form nanotubes, hydrophilic and hydrophobic polymers,
and the like. Polymers in accordance with the present invention may be selected from a
broad range of polymer-forming materials, such as polysaccharides, celluloses, and
organic moieties such as polyvinyl pyrrolidines and plastics.
[00151] Examples of cellulose derivatives suitable for protective coatings include
hydroxypropylcellulose, hydroxypropylmethylcellulose, hydroxylpropy!-
methylcellulose, hydroxyethylcellulose, ethylcellulose, cellulose acetate phthalate,
cellulose acetate, polyvinyl acetate phthalate, polyvinylpyrrolidone, cationic and anionic
polymers, copolymers with neutral character based on poly(meth)acrylic esters
(Budragit® E, Eudragit® E 30 D), anionic polymers of methacrylic acid and methyl
methacrylate (Eudragit®L or S, Eudragit®L 30 D), and gelatin.
[00152] Examples of cellulose based ionizable polymers include hydroxypropyl-
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[00130] This spray-drying process by which solid, stabilized, individually
coated, rampril particles are produced is discussed further in the

exanpl es wel20005p36131] Accordi ng to one enbodi nent, thecirnskevisduabe

ram pril particles are prepared in th® formof stabilized, individually
coated, single crystalline particles. The single rampril crystalline
particles are each coated individually with a coat form ng material, such
as hydroxypropyl nethyl cellul ose (HPMC), polyvinyl propropyl ene, starch,

st gar ag e, | s iﬂyﬂﬁ&ymaﬁw'e«';‘l‘l’ﬁi‘k%?&c@ﬁgtemawinae,giﬂmyaﬂglrﬁahynmeumsep Bicoinatep

I ndi vi dual coating, as_further discussed bel ow. [0013 referably, the
appl i ed coatyAgsyctBrcs!igloseacetaia uccate, NydegERropymet Yi](i?l' ‘Q‘éslef@faé%?’l i ze the

i ndi vi dual | le?{%%%tﬁ?lmeﬁx}rf]Q:leﬁ}ll%?ﬂéeogfaité s&@ﬁlﬁi.e?h%ox%ﬁ%'hin@ by Edi@bd vcanat ed,

single ram p articles o present 1 hvention 'nmay have a bul k density
of about 0. 2Rtmniand, carbokpgthddetielosd, tarbotymétbul celludg melitilosaadCtate pighdlatdex

equal to about. 18.5% and a a artjcl ' f t, 74 .7 00133
Preferably, “E‘qﬁ]éyjlﬁal?‘fl_f’iq %ce?@tgﬁ’tgﬁﬂgtﬁ‘fdbﬁtqeeg}s‘lllogga@%gbﬁg?@ﬁ%{i}é‘}r%@p&@ ed, ]
si ngl e ram REjihoRAcEa Ilﬂlﬁhél&te,r BRESSBRIA hiéﬁlmemdé@secabéﬁ{erﬁhhaﬁta,r ting

material, and additionally may ‘be bBetween about 876 nmmto about 3.9 nmm
pr ef er abl y, hydpaypiopylecedluiose déatate phihalatsrsugpioatei Iy daoxypeenyl meuileellpbs© % of

the individually coated ingl am pril_parti s _have size distribution
of I ess t hateeipbaioaiinan it B AT Bhe R EL pibfiche “Bkindy PhflieE: oo

di stributi onecnfigseairbpidhate patialadd) aydroRPprofyiadelluivee bmshiavd shtahibie, cd@iosel,

single rampril particles will have a particle size of |ess than 20 nm

|
Al t er nat i velagetatg tpmellitatp.anethykceplose agstate Bimelfitaie ¢thyl exllosg agefateed, singl e

ram pril par}f.j , ' e S, .- '
cont ompl at odtigt e eRuypRRTYaNd:EleRfe vhitk e, Mo BRbY DR myaRIgs: o .
| ess t han ahoethte28msititaté Hydaomptopbeéliuldze tuetete tatmlilitaiuntinandeeliblose 50 nm
(b) about 1.5% between abou

(1) 2DouL 1 oot betvecn Bhout S0, TR 200, 150, L 20 () abotl, L Dig oot veer
L0 17 OSSN e RO S MBIt o o
the ram pri lcelpaosd ke, Aydrosypropyldelicydicdcidhentluiyse agetate.,i aglaylbenzoic acid

cellulose acetate, hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl phthalic acid

cellulose acetate, ethyl nicotinic acid, cellulose acetate and ethyl picolinic acid cellulose

acetate.

[00153] Additional polymers include non-ionizable cellulosic polymers comprising

hydroxypropy! methyl cellulose acetate, hydroxypropy! methylcellulose, hydroxypropyl

cellulose, methyl cellulose, hydroxyethyl methyl cellulose, hydroxyethyl cellulose

acetate, and hydroxyethyl ethyl cellulose.

[00154] Another class of polymers that may be suitable for use with the present

invention concern non-cellulosic polymers that are amphiphilic is copolymers of a

relatively hydrophilic and a relatively hydrophobic monomer. Examples include

acrylate and methacrylate copolymers. Exemplary commercial grades of such

copolymers include the EUDRAGIT® series, which are copolymers of methacrylates

and acrylates. .

[00155] Another class of polymers that may be suitable for use with the present

invention comprises ionizable non-cellulosic polymers. Exemplary polymers include:

carboxylic acid-functionalized vinyl polymers, such as the carboxylic acid

functionalized polymethacrylates and carboxylic acid functionalized polyacrylates, such

as the Eudragit® series manufactured by Rohm Tech Inc., Malden, Mass., amine-

functionalized polyacrylates and polymethacrylates, proteins such as gelatin and
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via, for exanple a spray dryer. Generally speaking, to formthis polyner
liquid coating the HPMC is first dissolved in about 5 10 or 15% or nore of
t he anbunwoebosmsspril in water to obtain a final di spersirws2osvedzas about
30% solids wt/w, 20% solids w/wt, -29 t -ideslrMVis b sl ty suitable
"tor' punping and atom zation. The prepared coating liquids are preferably,
but not necessarily, water-based di spersions due to environnental concerns.
Thus, organic based dispersions are al so contenpl ated by the present

i nvent i on, - $oofayiig- &g otilEdstdtdihelynars fat nap @k higdbestor esaivithshsgrerded or

di sper sed, ﬁot qrssolved, t her ei n. %OOISSfPThe spray-dried_product forned
by the met hdugengpn comppsessentioniprhia negiial aapreeddesic palymers. analyhing particl es
i ndi vidual |y _goated. w ) ' : rst ood
that sl rars et e oRfBhy bORFEEBAAL. BrbolcaiMh AR HARCE

sol i d cryst glolyas/1st aintine-Tectianalized pobacryitesy aminedundtidnabzazbat ed rami pri |
particles may be neasured or  viewed by Powder X-,Ra%. Diffracti }%n%rgPXRD),
Scanni ng El d@byegihagrdatssdupeing caghpxlic ped furctiongligsdishrenegy Fagmalary,” ang
3, differentj |49 R PhIIRES Yod EPGlyms hilie MUBRE oft Adaftht
quantitativékﬁéggg?gﬁgﬁf}&ﬁgﬁggﬁgﬁstaﬁgﬁngﬂ?he t&&%cal aagloneration,

cl unpi ng, ansdlested dtoimnthepaoup cinsistingy pf Inadroxyliaikidagboxy, hed eygimamidot es may be
separated and. stil | intain their protecti coatin nlike particles that
are granul atROy¥sg @lqgg?ﬂﬁ?tﬁa‘é%?tdeaﬁg? Pﬂ’glrog oﬁﬁieéli rﬁ?‘?aégmtﬁ? B]ttg% P\%’élmlym%

subst ances. {081 A8latdBrmobdigvinintonbipaik My LR ta8bopoRmdE; Jo! icles
formed may c(og?ai n a%‘%Ijom aﬁ%u?‘!l% w % tgﬁg{tl)oat 99 wt % ?gﬁm prﬂi I)I,aﬁ‘lf)}lr1 from
about 75 w 9yrolidowypolysteylanegpolyvityl elerhtlnepolgBer 95d polapaisthydencnt %
dependi ng on_the effeftivenqssm%f and coating thickness produced by the
coat form ndIEEEPIRY B FERYEE™ Coat Forning; Material [00137] Wilie the

present invepdien CURE BERMREESapHl¥o hivd RlrexIRLAtIndg fepeativnits \alldilalyloky-
coating the rampril particles to inprove stability and bioavajlahility,
the coat forepnipingepeptainitsneyeyeliqsamifdorepntaining repeat YRty @obyayl pleobrig thah ot

chm cel Y Ak M Rl ST BRSO3 B0, S0V RESE BODST o ||

i ndi vi dual | ypotpatddcetdteeopolinets) poiyoathyieat etycal, pobmthylene glycol polypropylene
glycol copolymers, polyvinyl pyrrolidone polyethylene polyvinyl alcohol copolymers,
and polyoxyethylene-polyoxypropylene block copolymers. Within these vinyl
copolymers, the second polymer may contain (1) hydroxyl-containing repeat units; and
(2) hydrophobic repeat units.
[00158] Examples of lipophilic polymers include hydroxy methyl cellulose, hydroxy
ethyl cellulose, hydroxy propyl cellulose, hydroxy butyl cellulose, and hydroxyalkyl
celluloses such as hydroxy ethyl methyl cellulose, hydroxypropy! cellulose,
carboxylmethyl cellulose, carboxyethyl cellulose and corresponding salt and esters.
[00159] Inter-polymer complexes may be formed from linear or cross-linked
hydrophilic polymers and, in general, are formed from alginate alkyl, alkyl, and
hydroxyalkyl celluloses, carrageenan, a variety of types of cellulose, gums, methyl vinyl
ether/maleic and hybrid co-polymers, pectins, polyacrylamides, polyethylene glycol,
polyvinyl alcohol, polyvinyl acetate, polyvinyl pyrrolidone, starches, styrene/maleic
hydride, and similar materials.
[00160] Natural, as well as synthetic and semi-synthetic polymeric coatings may be
used and include such substances as alginic acid, its alkali metal and ammonium salt,
carageenans, galactosamine, gum tragacanth (arabic), guar gum, gummi arabicum, guar
gummi, xanthan gummi, pectins, i.e., sodium carboxymethylamino pectin, chitosan,

polyfructans, inulin, polyacrylic acids, polymethacrylic acids, methacrylate copolymers,

. * . . . - .1
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be neutral or ionizable; however, it is critical to the invention that the
coat form ng material does not solubilize the rampril particles when m xed
t oget her wo 2b@yisuisse feed sol vent prior to coating by, Por/isz@spi®@29
spray-drying. [00138] The material isda "coat formng material" in
accordance with the present invention if it nmeets at |east the one of the
following conditions, preferably at |east four of the follow ng conditions,
ggﬁdn}[)stmpref erablil aI I e| ght of the follow ng conditions. The first
I ti ofr

,{u"% RSO @r@'%d‘@o@rﬁéﬂs@ﬁcﬂ ARESNER dxhide witabiopyleye of t he
single ram pri-f “parti cq es aga| nst deconposition %t o rampri Ib{dl?)KPyland
;ﬁmefz[l I td![ ﬁﬁ%dét @egdadxa?rssmabn@tegs Emarpﬂllllamro(wa&nd storage conditions to such

ext en a ate und

their uncoatl @Q}@F rSQ?Cé GBY mef Sgg?n &S?J%Qe(na% b%fH grﬁb% F!gllyrﬁgir%%@gsf&%el "
ram pril st EEQJ—: {d th¥ fée‘a BRvesttetabld ey tHeliedetr ifaénition, libndsdefi suclopalymers may

ram pril-DKPs I n pharmaceutical conpositions enployin uch st
particles owkpo Hetsaitatlel Thi, the tefm Sersh f %H%er%hsgﬁ ‘éS%fii"s’ge“% Iisa‘ﬁ%é‘g%%?mopgl%la

during about. th
Ahaet 4. 0%
during a perP‘E]BE%lPle%ff qfté’é’l‘{meé% étﬁg%@o%@lfdt ?%élg%ﬂ? éﬁ g%(?{éoffﬁ)at su%:h i
corrp05|t|ons%,@gﬁ@S dfigoryméOor nul ated, or nore preferably to less than a total
of about 3. 0% durlngﬂ11 period of at |east abput 36 mthe dat e
tﬂat such cdfpbeilt i dditnally.icpaitenpaRding Bpl2 SéP“lh?ﬁ’ Ogilél? to | ess
than a total, o 8balka n0dl i RaPRiifth AlicAl |S“t‘1ﬁ§l§le%@ﬁ’wnh§[ﬁef§ﬁﬂ&lhaef rom
e date th 03| I'ons are |rst ornul ated, or nore preferably to
|l ess than a fwhal ncﬁﬂlnﬁtwub tfieth9b dirate (HEE). pBreuferdolmhea@oat eshanciap Ser®6s mont hs
fromthe date that such co o jtions a artie]g .99 The
second condi49epAot eonrEhyte p H‘é?raf%‘?ﬂh‘i’g‘l 8?9 & (%)pes1 nKtPagl ssol%)\rlle or
I nt eract adv(ﬁ agly wth the rampril particles during or after the

spray-dryi ng or other coating processes. [00140{ The third caonditi n S
that the coapoies|mi ﬂ@lemtoanﬁd]coamﬁohnmgen@myaldela 1%e @ébﬁamaﬁmm(}ﬁmw ticle

individually to stabilize
coating pr ocRS¥NHHEF SP@Vrﬂ[E’IeEPSI e W"Jh{f %gé%g%; 'Ellgg EEMF%%EH%GCO%e
fourth condi {jQfgl xﬁa&hﬂtanum@ayc\fae& wﬁdHljﬂffﬁﬁl atmahﬁpmlaﬂo mmem&gﬁqam ofges

sel ected does not” cause the individual rampril i cl.es
bef ore each about 99:1 to about 1:1. However, in most cases exceptw en the drug dgs%qs qui 4 ate

low, e.g., 25 mg or less, it is preferred that the ramipril-to-polymer ratio is greater than
about 2:1 and less than about 99:1.

[00164] Preferably the coat forming material completely coats the individual ramipril
particles; however, so long as the coat forming material coats enough of the surface of
the individual ramipril particles to prohibit or slow the degradation of the individual
ramipril particles during the process and storage of ramipril compositions then the
ramipril is sufficiently coated. In accordance with the present invention the coat
forming material can coat between about 85% to 100% of the surface of the individual
ramipril crystals. Preferably, the coat forming material coats between about 90% to
100% or between about 95% to 100% or between about 98% to 100%. .
[00165]  The coat forming material can form a coating around the individual ramipril
crystals of any thickness so long as the ramipril is substantially-free from degradant
products and the desired bioavailability of ramipril is achieved. The coat forming
material can form a coating that is between about 0 pm to 1000 pm thick. The coating
thickness can be between about 50 pm to 900 pm or between about 100 ym to 800 um.
Preferably, the coating thickness is between about 200 pm to 700 pm.

[00166] In general, regardless of the ramipril dose, enhancements in ramipril stability

and relative bioavailability increase with decreasing ramipril-to-polymer weight ratio.
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ram pril particle is adequately coated. In other words, follow ng the
coating and drying process, the individually coated, single rampril

parti cl eswpnredssessty remain as individual, discrete parcehssgoshwis2e n a
coated state. [00142] The fifth condidtion is that the coat formng material
when applied to a particle is inintimte contact with the particle or
another layer in contact wwth the particle. [00143] The sixth condition is
that the coat forming material will encase the particle under conditions

when t he*ﬁa%ﬁﬁ%@% Iiien Choil 62 4arenarasbI LEmRar abstle foviat RWfikh desifble togisor
degradation terperature of f he coat formng naterial, and wherein the coat
form ng mat eelatively igh mmimilgepabmedriraiin atlengay satisfastory ssults arg gbigied. The

[00144] The seventh condition is that th : j |
ni for iy eRas@ e o h el 06 by B et YL GTRbEL B Wl
that the coalyf Q6 fiUyH&UE hbBinel aas iyt daubratingtl inaditry aad/own vivvedipmiutia e

size distribution of the individually coated, single rampril particles as'
a]: s Lhd"t?Hiqn@thera%@lfm’f@ﬂests lﬁloé?ff’rf@rtg%r"éég?d% 1578kticl e gi ze Si stribution
of the soli ' ndi viid ' i LA | d mmc
or resenbl ech} ?\ie(’nﬂar L[rll g%égws{’i a%g%%ﬁ ésh(jlrelﬁt) |n§1r11‘5 g(%gtt@ %ﬁlﬁ%g%gr%g%cﬁéga?teﬂ ram pril
particles. [R&ddole fmndphllsebiloy andat relaiveibigvaibdbélity alosver oamipriploapdpmpy t he

present invention includ I .. , ) i .
(ot om zed " gIrgiermey PapHiEbLabIrareioa Bebgr ity G Gur shold bt ffpisheess
surf act ant .o iithoh il afal AGkS1RIAL ReB2biehi3y EAflaaddtdhid unéfogh Bomngdifghs

carbons or grea may contaln one or nore double bonds). [00147]
St ar ches t hahdividnabmnsiprit mficdesf foomubefead selvent and, thith gamiprid ﬁ‘-’ﬁbil)liiiy Kl t he

present invention j.nclud i ni . n. -

hsane) Kase o IR B BORREG PiRhER, T gk sap i Aoyt e ot Gy
rocessing Qo ABteHATRE bd £dsdit Gthe Tddase eaimt Bhdy '

Hyl on(r) VII, aﬁ%’ﬁ%al Se?glr c%} aéngl%é:hém' E:alrfg. [05%2%] % stqﬁelgtfgtsgﬁtghlg'?}inay be

sui tabl e forocssemas: maditsatHavwever.ihe repwRt of coptdorpigaimaera mat ean be used in a
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accordance with the present invention may be limited by the maximum total mass ofa
solid oral dosage form that is acceptable. For example, when oral dosing to a human is
desired, at low ramipril-to-polymer ratios the total mass of ramipril and polymer may be
unacceptably large for delivery of the desired dose in a single tablet or capsule. Thus, it
may be necessary to use ramipril-to-polymer ratios that are less than those which yield
maximum ramipril stability and/or bioavailability in specific dosage forms to provide a
sufficient ramipril dose in a solid oral dosage form that is small enough to be easily
delivered to a use environment. Of course, it should be understood that it is preferred to
utilize a coat forming material, such as Methocel E5 Prem LV, that can accomplish
both, i.e., maximum ramipril stability and/or bioavailability in specific dosage forms,
under formulation and storage conditions, at a ramipril-to-polymer ratio that provides an
effective ramipril dose in a solid oral dosage form that is small enough to be easily
delivered to a use environment.

Administration

[00168] A preferred form for administration is a solid oral dosage form, such as

capsules, tablets, pills, granules, puvules and the like. Other forms of the drug may be
in suppositories, suspensions, liquids, powders, creams, transdermal patches, and
depots. The drug is conventionally admixed with a pharmaceutically acceptable
excipient or inert carrier, such as sucrose, starch, lactose or combinations of various

fillers, as discussed below. Of course, other ingredients may also be added, including
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cellulosic or non-cellulosic polynmers. The polynmers may be neutral or

i oni zabl e in aqueous solution. O these, ionizable and cellulosic polyners
are pEefawoedmﬂmmim cel lul osic pol yners being nore prefecrag2o00s00L29] The
term"polyner” is used herein in the Zeneric sense and refers to nol ecul es
that are formed with a linked series of repeating sinple or different
nmononers, and may include, for exanple, single polynmers, co-polyners, block
polymers including tri-block polyners and bl ock co-pol yners, self ’

4G, f"?(,%{ n kiffoRaathe ivsntidyyohapphi | i c
and hydroph@@éc ol yrrers,g%nd t elﬁlml?ke. Pol yrrers?éi n accordance C\%%hgf’}he

pr 1(_'ase.nt I i nv@afii;]@howager,beismb@saredhitrtmow obtheraghiyeingredisgt Dersichit8?td ng
materi al s, such as pol ysacchari.des,..cel lul. e el |
e pol yui nyI UG pFadF HES IR0 Do et R oty B ARl Rl pRTer el

derivatives gyl ?sbein% Hofan PIn0ic@6 loff ¥echaeathé@ $n dosagedthat will provide optimal
hydroxyprop}%‘:“é‘fal ul ose, h{/)drox%l/propyl net hyl cel dIs'gijlgose, b ’

Eg F Ir Of( yl pro pmbrr?adwﬁwﬁ bifichers eThsedrcésdydostar deprndn wpor thedasyrd therapeie

ul ose acefate t hal] ate,. cell s PsEh DAl ¥y :
pht hal at e, 9 e% PH@FWP{?&fiagglﬁém%got%f %nnl C aggﬁ?rt\l?grﬁf gﬂé;}ié"‘:atyrﬁrfgﬁts ,thggsoel ymers
Wit h neut r alyghaERebeI paisad patieakpdribighipearths nguestndissvetitudf digeases i £
Eudragit(r) E _30' D), anionjc pol ;/lmars, of. methacrylic acid and[ r’rg&p ’
g; Prgf:r yl a]E Mﬁm[\&@m speciabgiets, ¢ E%:B%%f‘t”@?")ea%ﬁé‘ Rfrent (PR TR %{5)(5‘152]

es of ¢ u [elp | Pt i [

xyl ptd y" Fceﬁyﬁo()%l@xﬁ%g?lg’ta%g%%%an te!,)é%h%gireg%gt&hdﬁ%%ﬁgﬁ cel l@ﬁ?ﬁ?gg@gl "
succi nate, hyeeigxdciapy depaid ot tieeoaditibabéthe petieniand arddairremxpdryipreton |

cel lul ose phthalate, h t hyl hyl .cel. '
Pyt Oxyet hy| aRR Tiled it See Rl ba N E Feib dloaRe B0 8 SerpUiClapt G100
car boxynet hygqogf ie ks qﬁ%’ﬁ% of gﬁfl Whighard e@haierpl ihity &l @ameRliftypatizetd, algase

acet ate phtha ul ose acetate phthal ate, hydroxypr.opyl
cel | ul ose acieimdms hphingal ety weightod 2her gBKe. pm@rmp@érip%ﬂg@)gaélgs&gﬁ%’éewlly

pht hal at e, hydroxypropyl cell ul ose acet at J : i gt ;

Eygr oxypr Opy; %h?gé@@gé‘{ﬂ @Isg)s@g%]é?aé{egg eﬁgg ’%g%fgﬁg %ﬁla]?lgtﬁ@m tfultiple doses.
ydr oxypr opy éﬁ 66 ibialbOSMoB ULl HRak Brdehabaktalt 25 meab kbdup2e iratiatte
pht hal at e, 1gr?é(gx ropyl cell u%%ose butyrate Eht hal ate, cel Idég(r)gsggacet ate

i
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cetate preferably about 5 mg to about 20 mg per day.

Compositions
[00170] In formulating the compositions of the present invention, the individually

coated, stand alone, ramipril particles, in the amounts described herein, are compounded
according to accepted pharmaceutical practice with any pharmaceutically acceptable
additives into any suitable type of unit dosage form. Suitable additives include diluents,
binders, vehicles, carriers, excipients, disintegrating agents, lubricants, swelling agents,
solubilizing agents, wicking agents, cooling agents, preservatives, stabilizers,
sweeteners, flavors, etc. While any pharmaceutically acceptable additive is
contemplated by the present invention, it should be understood that the additive(s)
selected for compounded with the individually coated, stand alone, ramipril particles
should not defeat the stability objectives of the present invention.

[00171] Examples of excipients include acacia, alginic acid, croscarmellose, gelatin,
gelatin hydrosylate, mannitol, plasdone, sodium starch glycolate, sorbitol, sucrose, and
xylitol. For molded or compressed tablet formulations, suitable excipients that may be
used include amorphous lactose, beta lactose, microcrystalline cellulose, croscarmellose
sodium, dicalcium phosphate, carboxymethyl cellulose, hydroxypropy! cellulose,
polyethylene gylcols, sodium laury! sulfate, and the like.



trimellitate, hydroxypropyl cellulose acetate trinellitate,

hydr oxypropyl met hyl cellul ose acetate trinellitate, hydroxypropyl cellul ose
acet at e twormedédidsoizat e succi nate, cellul ose propi onate tpcraisbisat@r
cellulose butryrate trinmellitate, celd3ul ose acetate terephthal ate,

cel lul ose acetate isophthalate, cellulose acetate pyridine dicarboxylate,
salicylic acid cellul ose acetate, hydroxypropyl salicylic acid cellul ose
acetate, ethylbenzoic acid cellulose acetate, hydroxypropyl ethylbenzoic
aci d cel +l.qpeiBfel Blanpled Yhddiddansisiliags or prebdrudtbeeirbaieafor exanlel
nicotinic acid, cellulose acetate and et hyl pico['niq acid cel | .ul ose

ac?at ate. [OesBlydmgmbazoiacihykylsiess. P@fthéﬂf@t%%m%”%ﬁ 28HR aeg|°|ﬂtﬂf osi ¢

pol ymers conpris > : | cellul ose acetate, hydroxypro
met hyl cel | u{ggasbél,‘ eﬁ&’&%ﬁ%@%ﬁﬁ%fﬁ% gl)s('e, met hyl cel | ul ose, hydr oxyet hSIy
net hyl cel | 0OE®] hpdimplgebdhydloted dgehiinclads fart examapled wated sobaplstdygl Lakeny |

cel lul ose. [00154] Another class of .pol rs at. may be suitable f
with the prelgnion ieh orBRRlCE évrtﬁalﬁgrﬁp%g{%r %ﬂ%@?ilkﬁ’o%/ymar s that :r eOr e
anphi philic 1@2%3{@5& BF dfudn® @AM Mclnis hvarhisbiubledind/od wadrahbolebly

I'C |oé
hydr ophobi ¢ ‘monort anples include acrylate and net hacryl ate copol yners.
Exenpl ary cdabtetting dillexgr dhesvaér-solidie dibysol ygent siay ihelcaarsitytad TEEDRACY 7 ¢

series, which are copal yners of hacr.yl at.es an
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i nvention cqippidls §ise bRk Bakte@n ABAA6D bid S5TuE SPO e, inEkefphasia pobdarer s

i nclude: carboxylic acid-functionalized vinyl polyners, such as
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pol ynmet hacr yhaitiesd, ThE Gaiissoduldd digeng afent inay dad callblosic deavativegréfomblo. 1 -

1t Of p that may be suitable for use with th eprese t invention conprises

non- i oni zablwicerautaing calbrosse HsprcglyPrefsIrgs &‘é Ttg ?FE:E&?&? HPIRIEBRY 1 i ¢ aci d

functional i g6, oL YHRLAYAER KL et nAPRRIRAL biid Aot bkicenal i zed -

pol yacryl ate, "am ne-tuncti1 onalized pol yacryl ates,” am ne-functionali zed

[00175] Examples of disintegrating agents include, but are not limited to, crosslinked

sodium carboxymethylcellulose, crospovidone and their mixtures. A part of the
disintegrating agent may be used for the preparation of PPI, cholinergic agonist, parietal
activator and/or antacid granules.

[00176] Examples of lubricating agents include, but are not limited to, magnesium
stearate, stearic acid and its pharmaceutically acceptable alkali metal salts, sodium
stearylfumarate, Macrogol 6000, glyceryl behenate, talc, colloidal silicon dioxide,
calcium stearate, sodium stearate, Cab-O-Sil, Syloid, sodium lauryl sulfate, sodium
chloride, magnesium lauryl sulfate, talc and their mixtures. A portion of the lubricant
may be used as an internal solid lubricant which is blended and granulated with other
components of the granulation. Another portion of the lubricant may be added into the
final blended material just before compression or encapsulation that coats the outside of
the granules in the final blend.

[00177] Examples of swelling agents include, but are not limited to, starches;
polymers; cellulosic materials, such as, microcrystalline cellulose, hydroxypropylmethyl
cellulose, sodium carboxymethylcellulose and ethyl cellulose; waxes such as bees wax;
natural materials, such as, gums and gelatins; or mixtures of any of the above.

[00178]  Additional illustrations of adjuvants which may be incorporated in the tablets
are the following: a binder such as gum tragacanth (arabic), acacia, corn starch, potato

starch, alginic acid, povidone, acacia, alginic acid, ethylcellulose, methylcellulose,

micrartuvaetallina callulaca a darivatizad nallnlaca ik an PRI, FURUIRPT, Ny BRPR, | B RPN



pol ymethacryl ates, proteins, and carboxylic acid functionalized starches.
Exenpl ary polymers include: vinyl polymers and copol ymers having at |east
one substwuesosssbected fromthe group consisting of hydrasydoso40429

al kyl acyl oxy, and cyclicanido; polyviayl alcohols that have at |east a
portion of their repeat units in the unhydrolyzed (vinyl acetate) form
pol yvi nyl al cohol polyvinyl acetate copol yners; polyvinyl pyrrolidone;
pol yet hyl ene pol yvi nyl al cohol copolyners, and ’

pol yoxyeg: *Wiﬁ Wﬁ%& eﬁ%ﬁl‘%&nﬁé@pf&rm@l céma{ﬂl}xydfhfymowrrer s may al so

have hydroxy contal ning repeat unlts al Kyl acyl
f)r c%/cl i cammh)hydoermmh)sa;alglh}elm@pp rapi} @@1111%?@4 @f\?q%rﬂ}élcééégomg‘%cgqle? ag ;'? 'ts
east a portiaqn of their r
Al conol pol yoRrRnesyeeeBEREI iR, bl i RO gy 38 056‘3%%%*?%5%‘%112“
gl ycol polypg ésam% <l moslormﬂommmog,dxwwlmphxohphlaserdlwdrdwnm%biwt hyl ene
pol yvi nyl al cohol copol'yners, and pol yoxyet hyl epe-p [ ORY, l.ene, bl ock
E:(i;)olhy ger s. lphbsphaw ceism wilfad dlbﬂbéqeylﬁé]ﬁ%dexf s E‘%@BE@/ f¥5 Fpév Eont ai n
ydr oxy tai ni n r t t
[ 00158] Exaﬁﬁﬁg ’8%¥FP§85% I'c pol§%§Fgﬁﬁ8&%&é£ gﬂgﬂﬁgkﬁSFacerrhlgse

hydroxy et hyly 1
and hydr oxyal IEI%I%YbMF?H:eL ulbye] 'P@Mth?leﬁBWolmhylam@@gde PYWMCDYJW’E, rdasdprg ose

ul ose hyd
hydr oxypr opydod u@&lﬁﬂné%ﬁa@ir g‘%% P ? tgrg zie(f}{ g’gg‘ qﬁ‘ts%%‘?ée& IHé 9%%11 Tose
and correspondin Igse§ Ay 1ale a%?stuﬁ{(aﬁlg asPRdRd, 1habe! dlﬂ?&rﬁeﬁlccﬁﬁrﬁébﬁmmd{a@/ be

f or med fromallnear I Cross hydrophilic poI ymers and, in general,
are fornmed fdaeehasihgiuoalescapdlyols sadhias|xylitohdnbyd Wém&/qlwbépdm%aé%ha“de

Ctner ol of cAgtmgor e eaeBbEyRareapmiep P mLPR bt fuor

et her/ mal ei c pol'yacryla yetﬂylene

gl ycol, pol yyi-Aul vé& ]Egi)‘p&\ﬁ'nﬁb’ bil € SfigteRyredd0 bhwriynyitripyeid rtatum id,
starches styrene}’népel C y ride, and sim I?r naterlyglys @yoofg HEtural
as wel | as symnthel lemcandl, sgmis-fiayat, Iﬁ@mﬁ@npﬁé]tyf%‘rqﬂéer@@&?rsrlf&é 0Jt‘f:e@‘ sed and
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ar abi cum  gUZ(d long-lasting sweet taste and get a "round feeling" in the mouth with different
textures or additives. Cooling agents can also be added in order to improve the mouth
feeling and provide a synergy with flavors and sweetness. Various other materials may
be present as coatings or to otherwise modify the physical form of the dosage unit. For
instance, tablets or capsules may be coated with shellac, sugar or both.
[00180]) Examples of qualitative stabilized ramipril pharmaceutical compositions
contemplated by the present invention comprises solid, individually coated, single
ramipril particles, as described herein, admixed with, for example, Ceolus®, lactose,
anhydrous lactose DT, lactose monohydrate, starch, spray-dried mannitol (Pearlitol 200
SD), Prosolv® SMCC 50, Prosolv® SMCC 90, magnesium stearate, lactose, glyceryl
behenate, sodium stearyl fumarate (PRUVT™) and/or croscarmellose sodium. In
particular, and by way of example, the present invention contemplates the following
three solid ramipril formula compositions in % w/w, wherein the coating or the ramipril
particles is a HPMC (Methocel E5 Prem LV) spray coating having a thickness on the
order of between about 0.1 microns and 0.5 microns and being formed with about 10%

solids. The spray coat has a total polymer content of from about 5%.

Formula Compositions 1 I I
i (a) coated ramipril particles (milled) about 2.98% about 2.98% about 1.49%
| (b) Prosolv®SMCC 50 about 93.02% about 94.92% about 92.41%
(c) glvcervl hehenate abont 2.0% ———- about 4.0%




gummi, xanthan gunmmi, pectins, i.e., sodium carboxynethylam no pectin

chi tosan, polyfructans, inulin, polyacrylic acids, polynethacrylic acids
net hacr ylwoeomnzedsgmers, ' ' vinyr ac'e trjpolyaailf rel pcopskysmassuch as
et hyl ene oxide with propyl ene oxide. Bolid carriers may act as

encapsul ation coats. [00161] Wile specific polymers have been discussed as
bei ng possibly suitable for use in the feed solvents formable by the
present invention, blends of such polymers may also be suitable. Thus. the

term " copti M Or T e e gs used herein S i dto i bl

e erein, ends
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it is preferrec_i that the rampril-to-polynmer ratio is greater that bout
2:1 Fmd :essranmtﬂ rhipnacegtical gomperitiqs|of Hheprepeih iy cpiRn 8&?“‘?6]11%%86 eri al
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50 mg, or preferably from about 1.25 mg to about 20 mg. By way of example, a
stabilized oral unit dose or composition of the present invention may contain ramipril in
a dosage amount of about 1.25 mg, about 2.5 mg, about 5 mg, about 7.5 mg, about 10
mg, 12.5 mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, about 40 mg, about
50 mg, about 60 mg, about 70 mg, about 75 mg, about 80 mg, about 90 mg, or about
100 mg. Of course, it should be appreciated that a particular unit dosage form and
amount can be selected to accommodate the desired frequency of administration used to
achieve a specified daily dosage and therapeutic effect.
[00182] Consistent with the present invention, these and other dosage forms
discussed herein may be administered to individuals on a regimen of one, two or more
doses per day, at any time of the day or whenever needed to treat a cardiovascular
disorder.
[00183] While the present invention contemplates any solid dosage form suitable for
oral administration, ramipril tablets, capsules, tablet-filled capsules and caplets are
especially preferred. When the stabilized ramipril compositions of the present invention
are formed into tablets or caplets, it is to be understood that the tablets or caplets may be
scored, and that they may be of any suitable shape and size, such as round, square,
rectangular, oval, diamond, pentagon, hexagon or friangular, so long as the objectives of
the present invention are not defeated. It is to be further understood that when tablet-

filled capsules are selected, the tablets utilized therewith may be formed into shapes that



crystals of any thickness so long as the ram pril is subs i -

from degradant products and the desired bi oavgi lability 01E apgln?lplr%ll firge
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mmto 900 mm or between about 100 mmto 800 mm Preferably, the coating
thickness is between about 200 mmto 700 mm [00166] In general, regardless
of the ram pril dose, enhancenments in rampril stability and rel ative

bi oavai | mhi-ly: 1y fia et o dl A s | pRgmit@REPEdaki e
ratio.it is e@%«ﬁfﬁﬁ%ﬁ%ﬁ%ﬁo‘%ﬂ@ﬁﬁr el a%t?i\?gﬂlo?aﬁ?g? ?gdr?g?ﬁui@c?me[) mer
;Z?n! Br :als ![oB@S?Esm(bm@imﬁ%nmé@wetogpwﬂ@. SHtoaTticar intREes i?@hﬁ’\zﬁ‘ﬁgwﬁi ni mum
o polyner ratios that. yjie satis: t |
D ROy Bl Bk Bl B BabLRET 23 58kt s idJoary from
dbsso' ution ré}hiéa?ﬁ hgflesalthimfiaetiory 21% ) $0,Krsend 20 g faosiprileapsdlds and this art.
[00167] In general,” and dependent upon the coat f I n terial selected
:gmng;(! Im tze staditizedill25 2 bl 1G5 an@lgm&@ﬂaml\}%lﬁﬁ*@ﬁm%a‘g??-i ty, |ower ’
i pril-to- rratj.gs e L Bfel ,

ratios, ther[g(?llégyﬁgﬁl @ntf’é'h b %@%%ﬁ%bgfg?%@n?lhgwgg? gér ?%Ihé%slg/ielﬁgﬁ{ge |r n the
feed sol venteohRriggsalEshtaidedioding bphimiaceatiat ¢amepositiontwiteblgifei addal rami pri |

particles fromthe feed solvent d, .t i prii il i
D vl | o) At e sHapril s ORbigH Ryt prifte Mok ndRfkrions |

not enough coat..f or m. i . i ‘o
i nadequat e cp(S%Ylfhr!il& a%lg&gtg:ﬁ?%?f %‘Lr:%g?%rggﬂaga&ﬁ \/vfeo\l/d(]afl ﬁthﬁleﬁegﬁnlgﬁﬁ?ieﬁng;?? |

form ng mat efoidositatwitlidte doataireddn auy suitableicanigingt capsblegef Holting 8t i ved from

the individually coated ranjpril rrticles in C i
:c nvent i on nedisHESINE R €eFagR RGN iRyt B?tg}gn%gcggﬁgﬁﬁ gﬁgﬁ\ﬁﬂgﬂ%? SI p(rjggggfa
formthat IS ABteRlANE wil iR 880 Shystdab biaionlwidotengplopriaichialing | 5
ired, at o_-ramprll-to-poliymer ratios the total ss of iprd | and
gloln élrrgr t gg?/emlmﬁmmflmgyr ﬁdrarlgenofr@Stabﬂélamdéwv%‘fab@%@ﬂgéﬁep%{ ﬁﬁnféglf?-n a
gle or. capsule. .Thus,. it na 7 i
rampril-t o-’t}%ﬂ lﬂ%éi g igsigstiopp il i?aef %Oqsége%?ﬁggﬁfﬁgghédg ffé'ﬁeﬁrﬁergl d dﬁsx;;libr?%m

ram pril st afilihtdoandf1Qf labilpg\edy whdskodiated with plecednitainetdyaapey theansrthat
provi de a sﬁk?éﬁ cilent rampril dose in a %ol id gral .dosage formtha&1 ;s
ay .

s hmatl : | eg oughmuintdie aghysicsl pietimitE 06 e yoa by IEY 8 DOR-URNg SxaaPle (heydaay iy
shou e u ngg’cfl %te %8gta11:nr;'3%tin h%a&égﬁrg%ft&riﬁ%uélpas a box or plastic shrink wrap or may be

associated with the instructions being bonded to the container such as with glue that
does not obscure the labeling instructions or other bonding or holding means.

[00185] The examples throughout herein and that follow are provided solely to
illustrate representative embodiments of the invention. Accordingly, it should be
understood, that the invention is not to be limited to the specific conditions or details
described in these or any other example discussed herein, and that such examples are not
to be construed as limiting the scope of the invention in any way. Throughout the

specification, any and all references are specifically incorporated herein by reference in

their entireties.

Examples

Ramipril
[00186] Preparation of ramipril is described in U.S. Patent Nos. 5,061,722 and
5,403,858, which are incorporated by reference in their entireties. Briefly, cis, endo-2-
azabicyclo-[3.3.0]-octane —3-carboxylic acid is reacted with benzyl alcohol and thionyl
chloride to form the benzyl ester, which is then reacted with HOBr and N-(1-S-
carbethoxy-3-phenylpropyl)-S-alanine to form benzyl N-(2-S-carbethoxy-3-
phenylpropyl)-S-alanyl-cis, endo-2-azabicyclo [3.3.0]-octane carboxylate. The mixture



utilize a coat formng material, such as Methocel E5 PremLV, th

acconplish both, i.e., maxinumrampril stability and/or bi ociivai ?;bicﬁinty in
speci fi c wozagmsbssns, under fornulation and storage comdirtusons/o4@by a

ram pril-to-polyner ratio that providgs an effective rampril dbse in a
solid oral dosage formthat is small enough to be easily delivered to a use
environment. Adm nistration [00168] A preferred formfor admnistration is
a solid oral dosage form such as capsules, tablets, pills, granules,
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ramipril in vivo. Ramipril ethyl ester is preferred.

[00191]  Ramipril is obtained from Aventis Pharma Deutschland GmbH (Frankfurt on
Main, Germany), CAS number 87333-19-5, as a white, odorless crystal having a
melting range of about 108-109 °C, bulk density of about 77-125 kg/m3. The material
forms a suspension in water at about pH 4.6, is soluble in methanol (about 339g/ml at
about 20 °C) and relatively insoluble in water (about 50g/1 at 20 °C). The CAS name is
(2s, 3aS, 6aS)-1-((S)—N-((S)-1-carboxy-3-phenyl-propyl)alanyl)octahydrocyclopenta(b)
pyrrole-2-carboxylic acid, 1-ethyl ester, as described above.

[00192] Itis believed that ramipril isopropy! ester, methyl ester and

hexahydroramipril hydrochloride are also available from Aventis Phatma Deutschland

GmbH (Frankfurt on Main, Germany).

Methods of Making Individually Coated Ramipril Particles
[00193] Hydroxypropylmethyl cellulose (HPMC) (Methocel E5 Prem LV) is

dissolved in about 5, 10 and 15% of the amount of ramipril in water to obtain a final

dispersion of about 30% solids wt/wt using about 30% as a starting point to determine

and obtain the desired viscosity. Ramipril powder is charged and dispersed into a high-
shear mixer (homogenizer; Silverson, Ross, Greerco with a square hole high sheer
screen or similar types). Using an appropriate spray-drying unit and technique, ramipril

is spray coated to a total polymer content of about 5, 10 or 15% (wt/wt).



Conposi tions [00170] In fornulating the conpositions of the pr

invention, the individually coated, stand gPone, ram pril paftszfgg in the
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any suitable type of unit dosage form Suitable additives include diluents
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[00197]  The following outlines an exemplary procedure:
[00198] 1. Delump ramipril by passing it through a 20-mesh screen into an
appropriately sized labeled container.

[00199] 2. Add about 35% of the total purified water to an appropriately sized
container and mix with an overhead mixer to provide sufficient agitation and shear to
produce a vortex without introducing excessive air into the liquid.

[00200] 3. Slowly charge the polymer (HPMC and/or PVP) into the purified water
with continuous mixing (adjust the mixer speed as required to maintain a sufficient
vortex without introducing excessive air into the liquid).

[00201] 4. Mix Step 3 for a minimum of about 30 minutes or until the polymer is
completely dissolved.

[00202] 5. Add the delumped API from Step 1 to the remaining about 65% of the
total purified water with continuous mixing using an appropriate mixer/homogenizer
(using a high shear unit to produce a uniform/smooth dispersion). Mix the dispersion
for a minimum of about 15 minutes or until the API is uniformly dispersed with no
visible agglomerates.

[00203] 6. Add the polymer solution from Step 4 to the API dispersion in Step 5

above with continuous mixing using the appropriate mixer/homogenizer from Step 5
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m crocrystalline cellul ose. Especially preferred diluents are those with
m ni mal noi sture content, such as | actose nonohydrate and magnesi um oxi de.
[ 00175] Bxoerpéeasosst di sintegrating agents include, but ace/usedsosloionzds ed to,
crosslinked sodi um car boxynet hyl cel | li9ose, crospovi done and their m xtures.
A part of the disintegrating agent may be used for the preparation of PPI
chol i nergi c agonist, parietal activator and/or antacid granules. [00176]
Exanpl es of Iubricating agents include, but are not limted to, nmagnesi um
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[00207] The outlet temperature may be increased to achieve complete drying and

avoid agglomeration of the coated API particles, but it is critical to keep this
temperature as low as possible to avoid undue degradation of the product.
[00208] 10. Continue spraying the dispersion with constant mixing until it is

depleted.

[00209] Tables 1 and 2 show several alternative coating formulations.

Table 1

Coating Formulations 30% Solids by Weight
Material Mg % Coating Solids
API 420.000 28.57% 5.00% 30.00%
HPMC 21.000 1.43%
Water 1029.000 70.00%

1470.000 100.00%
Material Mg Y% Coating Solids
API 420.000 27.27% 10.00% 30.00%
HPMC 42.000 2.73%
Water 1078.000 70.00%
Total 1540.000 100.00%
Material Mg Y% Coating Solids
APT 420.000 26.09% 15.00% 30.00%
HPMC A2 00N 2 Q104




sodium al gi nate, starch, pregelatinized starch, zein or the like; a
sweet eni ng agent such as sucrose, potassium acesul fame, aspartame, |actose,
di hydr ochabeossmsossehesper i di ne, saccharin, sucral ose, pecyalssososias
xylitol, mannitol, and naltitol, sodi4#m saccharide, Asulfane-K, Neotane(r),
glycyrrhizin, malt syrup and conbi nations thereof; a flavoring such as
berry, orange, peppermnt, oil of wintergreen, cherry, citric acid,
tartaric acid, nenthol, lenmon oil, citrus flavor, conmmon salt, and other
flavors Wﬂmwm T sh@}arfq%ﬂﬁﬁﬁﬁﬁh]‘Theuﬁhnm@rlng is advantadeously chosen to
g|ve a combrmattomnm of fast onset and Tong-Tasting sweet taste and get a
“round feeling” in the nouth with diffgppn textures or additives. Cooling
agents can alip Pe added Ln order to inprove the nouth feeling and provide
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[00210] The samples are dried powders comprising dried about 10% solids, about 5%
coating (wet) identified as Batch N1440-19.

[00211] A portion of the powder sample is suspended in silicone oil on a microscope

slide and a cover glass applied. The sample is viewed with a light microscope at a
magnification of 100X. The microscope slide preparation is scanned using a mechanical
stage and is sized using a calibrated eyepiece reticle. A minimum of 1000 particles are
counted and the results are placed in the following range categories: about 0-20 um;
about >50-100 pm; about >100-150 um; and about >150 pm. The results of the particle
size distribution analysis are summarized in Table 3. Large crystal agglomerates as
large as about 537.5 pm are observed. Photomicrographs of the large agglomerates
from two different fields of view are taken.

[00212] A portion of the powder is sprinkled onto a conductive carbon tape tab which
is attached to an aluminum substrate. An about 100 Angstrom coating of
gold/palladium is applied to the sample, providing the particles with a conductive
surface. Imaging of the particles is performed in a JEOL 6301 field emission scanning
electron microscope. Images of some of the larger crystal agglomerates are taken (¢.g.,

see Figure 4A). The images of three different groups of particles are taken at the



of individualized or nulti unit doses, such as tablets, caplets, powdlers,
suspension tablets, chewable tablets, rapid nelt tablets, capsules, e.g., a
si ngl e orwouis/wosbel | gelatin capsule, tablet-filled caepFuisessos0429

ef fervescent powders, effervescent tatilets, pellets, granules, |iquids,
sol utions, or suspensions, respectively. The oral pharnmaceuti cal
conpositions nmay contain rampril in any therapeutically effective anount,

such as from about 1rrg or less to about 100 ng or nore, or preferably from
about 1.2 q?ngﬂ "%D 11 SRk Hbutox Bl es kB&OMX F00paRddbout XIS@5Figmresol-About 20
ng. By way of exa , a stabilized oral unit_dose or. conposition of the

present |nvehustxatethayf)f@@iﬂ@ﬁrﬂmrtmﬂﬁ@m1helsnfaé('di€?§1dﬁ‘§3aéarmﬁt of about 1.25 ny,
about 2.5 ny, about 5 ng, about 7.5 ny, about 10 ng, 12.5 ny, about 15 ny,
about 20 ng, about 25 ng, about 30 myp.gpoyt 40 ngy, about 50 ny, about 60

ng, about 70 ny, about 75 ny, about 8(r)r ng, about 90 ny, or about 100 ng. O

course, it should be appy eci d & Pdtied 880601 faer m and
amount can be ggﬁé%ﬁggu Lgﬁy&%&ﬁ@%ﬁﬁ%m ﬁlgfgglsrl‘ffb ggqulgncy of
adm ni stration used to achi evﬁ—g—%{%& £ aarfy uqsage and t her apeutic

effect. [00182]—Consistept—wth-the_presen en ; 2] tiher
dosage forns di scussed I‘Ré‘?gll‘ﬂlr §2(E§Ua( Cer']sqd élpg i 1d| gl dua;fétagn a
regi men of ong, two or [nmore doges Mibr day P Opm | ety ol oy dr
whenever needbd Ragiidlessat @52ar di ovascul ar @ sol der 4 0)183] Whil0é4 thhe
present invention%ont enfl2ai%3 |arfy5%pl il d(Wd¥age (bt¥w shitablel for aral

adm nistration, rampril tablets, capsules, tablet-filled capsules and
caplets are especially preferred. Wen the stabilized rampril conpositions
of the pr sBigeess AUdHEPHEHIL PREAY-HRG RAMIPIY. ¢ ap| et s or caplets, it is to be
under st ood t@ﬁé fghel\fuﬂ@rgﬁsstrﬁfs a?@@nﬁﬁ&emth%ow/@%h@m& U%‘tingﬁ Rewt may be
of any suita hape and size, such as round, square, rectangular, oval,

di anond, pent(mg@mds}‘ﬁéai(agﬂmgmndtabolar?@% s0lids&86 boatiggadbore2@bg BeripUks of t he

present invention are n t def eate is to be further understood that
when t abl etfwspf‘éﬁmééﬁ% Téonasraée?&?%? d, the tablets utilized therewith may

be formed i njgerphjaPes§iiat So-teR@ltrhsbiic Abkile bQuibHed wm@ﬁlﬁtespﬂw Dpedris t
over-coating or encapsulation via the capsul es or r eadi |%/fl t inside

t he capsul esusedf Tpasmspcnﬂlam isimess eletivalyeatemigs Wit 0!1} K% solids/>% coafg 15
and 20 g rap poll o3R8 SievidS R Nduleé Rtn tnéRvout 20% sidsS% chatifg forrfia"

Spray rate and atomization powder are adjusted accordingly to achieve a fine mist from

the nozzle.

[00215] Spray-drying tests are performed on about 1-kg ramipril suspensions and are
evaluated using the Glatt Passive Flow Spray Dryer. The rate is first set at about 5-6
g/min with an inlet temperature of about 100° C. There is poor airflow, resulting in
poor distribution of the material on the collection pan, likely due to too high a spray rate
at the set temperature. After completion of the spraying, the material remains in the
heated chamber to further dry the material. As a result, the material overheats and
becomes slightly scorched and discolored prior to removal from the chamber.

[00216] Drying of the material is improved by decreasing the spray rate to about 4
g/min. Fluctuations in the spray rate are observed after about 12 hr of spraying. The
suspension, is warmed as a result of contact with the heated nozzle, is gradually
clogging the flow from the nozzle. Although the nozzle is back flushed with water to
remove any accumulated material, the flow rate is continued to decrease until it is
apparent the nozzle again becomes clogged. After about 2.5 hrs. with about a third of
remaining suspension, the process is aborted and the material collected is dried
overnight in the pan at ambient temperature.

[00217] To ensure deagglomeration of the material and possible particle reduction,
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42.5 hrs. for the "wet" portion.
[00219] To maintain the temperature at about <100° C, the flow rate of the

suspension can be further decreased to achieve adequate drying. An additional
peristaltic pump with smaller ID tubing can be used to allow slower flow rates, thus
allowing for improved drying. The reduced flow can be set at about 2 g/min.

[00220] The spray-dried material from the about 20% solids/5% coating and about
10% solids/5% coating ("wet" and "dry" portions) is screened through #20 mesh and is
stored protected from light.

Spray-drying Evaluation of 10% solids/5% coating
[00221] A batchis manufactured as a spray-dried ramipril to evaluate the effect on

DKP growth by decreasing the spray rate. The expectations from this batch are to
further improve the drying process by reducing the droplet size. After one failed
manufacturing attempt due to a malfunction of equipment, a new generator is obtained

from Sono-Tek, for the 48hz nozzle, to ensure greater control of the atomization

pressure.
[00222] The composition of the coating dispersion for about 10% solids/about 5%

coating is listed below in Table 4:

Table 4

% wiw Batch weight (g)
about 95

Ingredients
| Ramipril about 9.5




chloride to formthe benzyl ester, which is then reacted w

N- (I - Scar bet hoxy- 3-phenyl propyl)-S-alanine to form benzyl th HeBr and
N ( 2- S- cawbebdwmsys33- phenyl propyl ) -S-al anyl -ci s, endo- 2reTalsSe@pole29
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purified water (about usi
= about 2 minutes and 37 sec.)
b. Stir for no longer than about 15 minutes after addition of API to achieve

uniform dispersion. (Total mixing time = about 19 min. and 30 sec.).

C.  Spray-drying Dispersion (A + B)
a. Slowly add HPMC solution to API dispersion and mix for about 15 min.
using a planetary mixer (Total mixing time = about 15 min.).
b. Transfer into HPMC container & maintain slow stirring with a stir bar
until spray-drying process.
[00224]  The spray-drying process is conducted on the following day using the Glatt
Lab Spray unit equipped with about 48Hz ultrasonic spray nozzle. The following
parameters are selected to initiate the run:
a. set air temperature = about 100°C;
b. spray rate = about 2g/min; and
c. atomization pressure = about 5.5 (about first 15 mins) - about >7.6 watts
[00225]  The spray dispersion is pumped through a peristaltic pump into the spray
nozzle and is atomized by an external generator. Prior to starting the process, the spray
dispersion is homogenized to de-agglomerate any particles. A perforated removable
collection pan lined with white pharmaceutical grade paper is placed in the chamber.
[00226] When the process begins, the droplets appear to be dry as they fall to the
collection pan, but condensation within the chamber soon causes the material to dry less
efficiently. Inspection of the spray-dried API collected on the pan reveals a

concentration of moist particles at the center. The tray paper is replaced periodically to
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Table 5
Test Result
Ramipril Assay about 53.35%
Ramipril Degradant about 33.96%
Products (including
ramipril DKP)
Water Content about 0.7%

[00229] The HPMC concentration and other degradants are not quantitated. Since
the product degradation is so high, it is decided to not proceed with photomicroscopy or
further batch manufacture.

[00230] It is noted that an earlier experiment produced spray-dried material (wet)
with a much lower level of DKP. In this experiment, the wet mass is separated from the
dried material, subsequently air dried, and then tested for assay and DKP with results of
about 97.7% and about 4.2%, respectively. For B0001F1A, the increase in temperature
during spray-drying may have contributed to an increase in degradation. The ‘wet'
spray-dried API collected in the initial experiments is visibly more moist than the 'wet'
material from BOOO1F1A due to a higher spray rate at a lower temperature.

[00231] Based on the operational design of the Glatt unit, it may be difficult to

achieve material truly representative of a spray-dried APL Itis observed that the air



[00199] 2. Add about 35% of the total purified water to an appropriately
sized container and mx with an overhead m xer to provide sufficient

agi t ati onwendocazess to produce a vortex without introduecmgsevsassizyve air
into the liquid. [00200] 3. Slowy cha&arge the polynmer (HPMC and/ or PVP)
into the purified water with continuous m xing (adjust the m xer speed as
required to maintain a sufficient vortex w thout introducing excessive air
into the liquid). [00201] 4. Mx Step 3 for a mninmm of about 30 m nutes
or unti lgtirespol yaes e 8 completiel [ \V t obsigvddia g unped
APl from SFé Ejl'e ?Wﬁ]@nﬂg : %‘?Dﬁgog%‘gﬁagiﬁﬁg‘%h ltb%gg?%%g?dtguri fe}dgld water with
conti nuous rgg,ggglﬁg usi ng an appropriate m xer/ honogeni zer (using a high
shear unit to produce a uniform snooth dispersion). Mx the dispersion for
a mni mum of about 15 or unti] the APl is uniformy dispersed with
no vi si bl Sprapgirying Exslsation efg i gsolils/SknGoating pol ymer solution fromStep 4 to
the APl di 33862%2?” Whah§P prepaRa 48 a WrhipriG/PTFVIC Wadpersionb RYaluste nige drngy-
appropri at e 'm'xXer/ honogeni ger from Step 5transfer). Renove the honobgeni zer
and m x t he diyispersiesnwvith the Buchi BRSMMmispsrePResad ni xer for a mi ni mum of
about 15 mnutes or_until the API.is unif j it 0

i ntroduci ng [892331 nt EHT HEPR S ey i%%90#18%ggs&FJS%?ndfeg%ﬁ%Eg%}t@gh%Q%%uﬁgA)

di spersi on tdroMaRMledBRvER Tdbte 6:r ay- dryi ng process. [00205] 8. Set-up
the spray drier as required (two fluid nozzle, spin plate, drying chamber,
cycl one, and collection chanber). Prehggi‘iJ he unit to the appropriate

tenperature. Adjust the atom zation pr e or spin plate speed. [00206]
ranges as a gui de

9. Spray the dispersion using the follow ng param
(parameters may be adbﬁﬂl&égih_@é‘ﬁifﬁé&“gwlgﬂlﬁw PIPERON.  ahout 90 to

pPUD

100 C Quttet—TFen 1o IEQIlili e - abgut 25 10, 3P Atom zgtion BYtéh ReRGs (e -
about 1. 5Rta10ni§r'ilu bars—Purp—Rate—as 1 U, 680 by uniit 10 achbew®s
Methocel E5 PREM LV about 0.5 about 5
Purified Water for HPMC about 31.5 about 315
solution
- Purified Water for API about 58.5 about 585
solution
- Total about 100.0 about 1000

[00234] A description of the procedure for preparation of a 1 L batch of the spray

dispersion is listed below with actual mix times and temperatures stated in parentheses

0:
A. HPMC Solution

a. Pass Methocel (about 5 g) through a 20-mesh screen and slowly
incorporate into purified water (about 315 g) while stirring with a lab
mixer. (Time of addition = about 22 min.).

b. Stir until dissolved. (Total mixing time = about 45 min.; final temp =

about 24.4°C).
¢. Cover and set aside.

B. API Dispersion

a. Pass Ramipril (about 95 g) through a 20-mesh screen and slowly a}d.d to
purified water (about 585 g), using a planetary mixer (time of addition =

about 5 min.) . .
b. Stir for NLT about 15 min. after addition of APIto achieve uniform

dispersion. (Total mixing time = about 15 min.).

C.  Spray-drying Dispersion (A + B)
a. Slowly add HPMC solution to API dispersion and mix for about 15 min.
using a planetary mixer (Total mixing time = 15 min:). ' _
b. Transfer into HPMC container & maintain slow stirring with a stir bar
until spray-drying process.



hi ghest flow rate with adequate drying Aspirator - about 65 to 85% [ 00207]
The outlet tenperature may be increased to achieve conplete drying and
avoi d aggvomesetsoxsa of the coated APl particles, but it pcs/useessiosabksto keep
this tenperature as | ow as possible t® avoid undue degradati on of the
product. [00208] 10. Continue spraying the dispersion with constant m xing
until it is depleted. [00209] Tables 1 and 2 show several alternative
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crystals|of ramipril fromthe spray8aiied prieparations  Table 3

Aspirator Power (%) about 100 about 100 about 100 to 90
(about 35-
40m’h air flow
Air Pressure (psi) about 85 about 85 about 85
Spray Flow Meter (mm) about 30-40 about 30-40 about 30-40
Total Time of Spraying about 27:45 about 26:59 about 25:01
Table 8

Percent Yield of Spray-Dried Material

Results Trial A Trial B Trial C
Amount of Dispersion Used (g) about 197.80 about 190.66 about 176.8
Amount of Spray-Dried Powder about 10.22 about 9.42 about 3.03
(8)
Theoretical Amt. Of Solids (g) about 19.78 about 19.07 about 17.68
% Yield of Solids about 51.7 about 49.4 about 17.1

[00237] Trials A & B proceeded without incident, however, at the start-up of Trial C,
it is observed that powder is collecting on the inside walls of the cyclone. Within about
15 minutes into the spray cycle, it is necessary to decrease the temperature from 150°C
to 140°C and lower the aspirator rate from 100% to 90% to avoid over drying the
material and move it through the cyclone into the collection vessel. Asa result, the
yield is very low for this run due to the loss of material during spraying. The material
collected from all of the spray-drying trials is very light and powdery similar to ramipril,
rather than granular like the GeCoated ramipril.

[00238]  Samples of the spray-dried material from all three batches are submitted to

analytical for assay, related substances, and water content. Those results along with the
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attenpt ed \M[B(ﬁ4ﬁ] 35Batch BO0003F2 is prepared as a Ramlprﬂ/HPMC dispersion to evaluate the

spray-drying process with a higher percentage of solids to increase the yield of API.

With successful processing of about 30% solids content, it is decided to increase the

HPMC coating. Batch BOO04F3 is prepared as a Ramipril/HPMC dispersion to evaluate

the spray-drying process with about 15% coating.

anngenlzer 5000 eqU|pped

[00241] The composition of the coating dispersions for each batch is listed below in
Table 10:
Table 10
Formulation Matrix
BATCH
Insredients B0003E2 B0004F3
g about about
30% solids/5% coating 30% solids/15% coating
Batch Batch
% wiw Weight (g) % wiw Weight (g)
Ramipril about about 142.85 about 26.09 about 130.45
28.57
Methocel ES PREM LV | about about 7.15 about 3.91 about 19.55
1.43
Purified Water for about about 122.50 about 15.00 about 75.00
IPMC solution 24.50
durified Water for API about about 227.50 about 55.00 about 275.00
suspension 43.50
[otal about about 500.00 about 100.00 about 500.00
100.0




nm generator, but mixing is too vigorous with this size of probe for the IL
vol ume of suspension. [00218] Steady atom zation of the dispersion is

mai nt ai newlotbsemsgisout a subsequent trial using a spray perasedosabons 3- 4
g/mn at an inlet tenperature of abouts 105 C. However, the rate of drying
is not adequate. This results in the collection of material on the pan

whi ch appears to be dry around the perineter, with a sizable central vvzat
portion. The material collected in the pan is allowed to dry overnight at
anbi ent t enper, tﬁﬁmgqe ollowng day the material is renoved fromthe pan
and divided i "dry" portions based on visual appearance of the
boundary, then it ig ppss®Mbthétes dpaIghta2(dingiescrechitng shatlgincarparatephtaced in
the Lam nar Fl ow Hood ﬁlf%%t@@hﬂkéﬂnﬁﬂg withe: labtidkerr oom t enper ature dryi ng
'r'equ!'red about 25 h]!'i thR&soldey" portion and about 42.5 hrs. for the
wet" portion. [002 9] 9er'§%’§£ S{aet he tenperature at about <100 C, the
flowrate of the su%pen5| on can e further decreased to achi eve adequate
drying. An addjti ong}1 per.istaltic punp with smaller 1D tubing can be used
to all ow sl oweP- APORPPERELY thus all owing for inproved drying. The reduced

flow can be set at Qbopﬁss&aﬁ'{lﬁhr‘thr({déﬁaa@}m&lﬁscmh&ﬁddromﬁadrhtoqmrﬁiedf rom t he

agout 200/?[ sol i ds/ 5% cogf, i k% sol i ds/ 5% coating ("wet" and

| VK portions) is ger ﬁ ésQ ﬁﬁ&} fﬁgi}l@&d&ﬂeﬁa&ﬁ%ﬁ@fﬁppﬁo%hﬁdefrom

ight. Spray-drying Ev ne of e§ s/ 5% coating [00221] A batch is

manuf actured as a spray?d Pgéltﬁ’ ?:Simp "'to evaluate the effect on DKP growh

by decreasing the spray rate. The expectations fromthis batch are to
further inprové. SH@Y&FXWE lﬁ?eéﬁ%%@ﬁ&reduci ng the droplet size. After one

failed manufacturing d@!{l@l\ﬁe séiuff&h {dJApI i1 Peiioresidirpixefot abaut hEwW

ggzﬂglt Ol‘)fl tshgb;;auoned 9 elo 21& 1il;ghz nozzle, to ensure greater

: . tdhiepsoat i ng

di spersion for ab 7] ﬁ'ltaﬁﬁ) Qsdibi@wah als

4 P abod uﬁ %)ray§ ryergopur'([)cessé%%%&ﬂl&gd' s Tist ed&%el ow in Table
D. Spray-drying -Trials 1A/2A @ about 100°C and 1B/2B @ about 100°C

a. Homogenize the dispersion for about 3-5 minutes using the Omni
Homogenizer with the 35 mm probe.

Divide the dispersion into two portions for each temperature trial.
Set-up Buchi spray dryer with a 1.5mm nozzle to the specified
parameters for about 100°C trial.

Process the material for about 25 minutes.

Allow the equipment to cool down for about 30 minutes.

Process remaining material.

Clean equipment and repeat steps ¢ - f for about 125°C trial.

o

e

@ e o

[00242] During the holding period, the dispersion is kept tightly covered and
continually stirred. Prior to spray-drying, the dispersion does not appear to have settled
or agglomerated. The water portion used in the preparation of the API suspension is
increased in BOO0O4F3 from BOO03F2 to better incorporate the higher concentration of

Ramipril in the about 30% solids formula.

[00243] The parameters used for the four different trials of the two batches (BO003F2
-1 A/1 B and BOOO4F3 - 2A/2B), are listed in Table 11, followed by the percent yield
obtained from each trial in Table 12.

Table 11

Buchi B-290 Mini Sprayer Dryer Spray-drying Parameters

B0003F2 B0004F3
Parameters Step D Step E Step D Step E
Twial T A Twial TR Tawianl 7A Tuicl MR



Tabl e 405/ 040429 43 [00223] A description of the procedure for preparation
of about 1 L batch of the spray dispersion is |isted below w th actual m x
ti mes andwbenmwarsedsar es stated in parentheses () A.  HPWMT/USedosoiumn a. Pass
Met hocel (about 5 g) through a 20-nmest? screen and slowly incorporate into
(Time of
b. Apply heat as necessary and stir until
mX| ng tlne = about 50 min. final tenp about 42C). c.
= G ORI L RE PR L LK (8 Babolr 8557 Ralabpiti4B-5§ abOlEboHF6p

t hrough I‘;@mw,)screen amebosmwzyo add {b0ut p3IGRd | ledbowv@b er  ( abahetit 2685 Q) ,
using a planetary m xer (tis®utf—egdisi on = about| 2 m nutes and 37 sec.) b.
Stir for| R@irkenrget: (tdhan afbﬂ)aﬁouﬂ.ﬁ)owmuteSabaﬁtﬂQﬂ’—’%ddiibbiltdQO of AP#botitd 08 chi eve
uni form i spersion. (Total |abxitdg—85’e £ about 19| nin. and 30 sec). C.
Spray-drying Dispersion (Al#rfwa. Slowy add HPMC solution {o APL

di sper si pAir Brssbungipsdf or abo(eboMSyin_ us ﬂﬁm§5n|a bo¥tsS i xer | fPPBEE| ni xilng
time = ahBemle®argrn ) b TeksIer into MOWE cont B3NS 2npin éb%tin
stirring| Sirayloy Meter(mpn y ypehqut Sdr ,@bﬁw4ﬁwgc %bOUtr4§nf)f)41 mct‘fg
spray-dry F‘ﬁ% Tﬁ?ec?ééi%}’"igs coﬂ@'&?&:“t@@%n t hePBAT B 51’8"&)? 45 ne ng| FRE &%t t Lab
Spray un H wH-h—about—48Hz—ut-t+asente—spray nozzte—The—foltow'ng
paraneters ar sel to i set air tenperature = about

e ected r;iti te the run: a.
100C, b. NBrRst Ni8&3-70zne Dl 49%A 'aia}“e?ﬁ%F
Table 12

purified water (about 315 g) while stirring with a | ab m xer.
about 12 mn.).
(Total

addition =
di ssol ved.
Cover ant

=4

(D'

Ll 'ﬁ"UIILTrIL

Percent Yield of Spray-Dried Material

B0003F2 B0004F3

Results

Step D
Trial 1A

Step E
Trial 1B

Step D
Trial 2A

Step E
Trial 2B

Amount of Dispersion Used (g)

about 232.18

about 241.27

about 239.59

about 224.00

Amount of Spray-Dried Powder

(&)

about 42.55

about 48.41

about 33.10

about 38.01

I Theoretical Amt. Of Solids (g)

about 69.65

about 72.38

about 71.88

about 67.20

Yield of Solids

about 61.09

about 66.88

about 46.05

about 56.56

[00244] Due to the higher solids content of the batches, the pump rate is decreased in
Trial 1A from 25% to 20%. The setting is maintained for all remaining trials. Within a
few minutes into the spray cycles, the spray cyclone becomes filmed with a layer of
product. To reduce build-up in the cyclone, avoid over drying the material, and move it
through the cyclone into the collection vessel, it is necessary to lower the aspirator rate
from 100% to 95% (as noted in Table 11). The material collected from all of the spray-
drying trials is very light and powdery similar to Ramipril, rather than granular like the
GeCoated Ramipril.

[00245]

analytical for assay, related substances, and water content. Those results are shown in

Table 13, along with the previous trials (BO002F1A - trials A & B).

. Samples of the spray-dried material from both batches were submitted to

Table 13

Assay, Degradants: DKP & Ramiprilat, and Water Content of Spray-Dried Ramipril

Control 10% solids/5% coating | 30% solids/5% coating | 30% solids/15% coating
Ramipril | B0002F1A | B0002F1A | BOO0O3F2 BO003F2 B0004F3 B0004E3
Test Batch Trial A Trial B (Step D) (Step E) (Step D) (StepE)
A080 100°C 125°C Trial1 A Trial 1B Trial 1B Trial 2B
100°C 125°C 100°C 125°C
Assav ahonut ahont 04 Q | ahant 051 ahont 04 O | ahent 0&A 7 | ahant 00 1 ALt 00 7




C.

atom zation pressure = about 5.5 (about first 15 mns)

about >7.6

watts [00225] The spray dispersion is punped through a peristaltic punp

into the wpray/ 3033l e and is atom zed by an external
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Table 14
Test 20% solids 10% solids 10% §olids
5% coating 5% coating (dry) 5% coatgng (wet
(Ref: N1440-14) (Ref: N1440-19) coating)

(Ref: N1440-19)

Assay (%) 30.62 76.92 97.70

Related Substances (% DKP) 69.54 21.38 4.21

Water Content (%) 0.69 0.81 0.59

Coating Thickness

[00248]

Individually coated ramipril particles were coated with dispersions

containing 25-30% solids wherein the amount of coat forming material was between

20% to 30% by weight of ramipril. After the individually coated ramirpil particles were

formed they were formulated into tablets and the thicknesses of the individually coated

ramipril particles were measured. Table 15 shows the spray coating formulation and the

coating thickness of the individually coated ramipril particles.

total weight of

SN PRDILS BN

Table 15
Batch No. HPMC (% of Total Solids in | Coating
Despersion Thlckness



with a much I ower level of DKP. In this experinent, the [
separated fromthe dried naterial, subsequgntly ai1r dri e\é\et aﬁstshla?] tested
for assaywendoddstssai th results of about 97.7% and about Péiﬂ%zoosmmeﬂnt ively
For BOOO FI A, the increase in tenperature during spray-drying may have -
contributed to an increase in degradation. The "wet' spray-dried API
collected in the initial experinments is visibly more noist than the 'wet’
[rggggllal from BOOC] FIA due t9.‘ g hi gher spray rate at a | ower tenperature.
d|ff|cLI R ik affdl ggs),gn of th 0000810t , | it may be

8 Ey eve By ! tat u? é{ooyepresentctg Y®- @bl@msp ay-dried API. It

I S obser t he 0 1 4 s !
D OOBARE 1 e | 20hor vod i oM oot o QBT O IR S att 1o

dO% sol i ds/ Eddht |ﬂ1§;t{1191912€?§2})fﬁ‘ek?8?@?gs ‘%&%F@B%H'r‘é(gg ﬁ¥sésp Qﬁr%ﬁg?ﬁﬁﬁg on o
| spersion val
&t SPLAMBYIs0 i) 208G BfH shedrthgldTea Bde bi tHs-t216t t

M ni sprag/ Diﬁ\?’ge g@%@&]ﬁ%ﬁe %orrgom t?gﬁ of theS coatgl ngadl spersion f(())r
about 10% S@kpdiﬁ{galbdwiduﬁ% caatd rnips] partidlesd MessowwmanisTagedalen Vit e 6
A]lcoout 10% Sol i ds/ 5% Coati ng Ram pril-HPMC Di spersion [00234] A description
Io t he procél?ﬂ?f@n%crm%%’%‘baratlon of a 1 L batch of the spray dispersion is

| stid below with actual mx tinmes and tenperatures stated in parentheses
()d A HP 2 bORar@ipriPegsledyet hocel (about 5 g) through a 20-nmesh screen
an raelnopurlfledwater. Pt 2 i.ng
\évl th a Igb 190&50]  ( Aipnesess fos @eparasian of ssyaH t?ge ?Smg dwﬁus%ﬁ‘?ﬁegﬁr bn

i ssol ve Tot Xi.n (e fghe Ip
c. Cover sc’ge?le%rrsp?raee alq’ﬁﬁé K‘g?bolﬂ%%q)(grgl or?lgﬁhﬁPgss %alrﬁtgfﬁef(agggaﬁgegﬁ S)C)
t hrough a Z%g&ﬂh ]Sa@rea,eu’anaiaq)rsdlmﬂymmcki?etct@ P1200 24-station press, or similar

equipment.
[00251] Prosolve® SMCC 501is pre-blended with the coated ramipril prepared as in

Example 1, milled with glyceryl behenate, PRUV ™ and croscarmellose sodium in a
16-quart V-shell blender for about 20 min, then mill-blended through Quadro Comil.
The mixture is transferred to a 16-quart container and mixed for about 8§ minutes, then
compressed on a Stokes B2 tablet press, tooled with 16 stations with %" standard
concave (about 100 mg tablet weight) or 5/16" standard concave (about 200 mg tablet
weight) double-sided debossed tooling at about 48 rpm.

[00252]  Stability of API ramipril co-milled to about 40 and 60 mesh and about 60
mesh, about 6 kg batch size shown in Table 16.

Table 16

Ramipril Tablets Stability

API Co-milled ~40mesh

Lot# Strength % LC

Tnitial 2wk 40775 | 4wk 40775 | 8wk 40/75 | 12wk 40/75 | 12wk RT
58F60A | 1.25mg |107.4 108.7 108 104.6 104.5 108.5
59F61A | 1.25mg | 104.6 108.2 107.3 106.6 104.1 107.9

API Co-milled ~60mesh

Lot # Strength % LC
Initial Swk 40775 | 4wk 40775 | 8wk 40/75 | 8wk RT [ 12wk 40%75 | 12wk RT

ATAA T 175me 11040 11020 11034 [101.6 11028 [101.2 103.0



purified water (about 585 g), using a planetary mxer (time of addition =
about 5 mn.) b. Stir for NLT about 15 mn. after addition of APl to

achi eve uwof06ems0833per sion. (Total mxing tinme = about PETNOSPOOS046329
Spray-drying Dispersion (A + B) a. S2owWy add HPMC sol ution to API

di spersion and m x for about 15 mn. using a planetary m xer (Total m xing
time = lo.m.n.).. b Jranster. lnto HPMC container & maintain slowstirring
with a §tir baﬂ’* At 1 EBrAy- @t Vi ng pfocess.t perioH, thel di spersilon is Kept
tightly covered with continual stirring. Prior to spray-drying, the

di sper sfion does not appearAPRCHaMBeSed0nhH 6RE BagaISiper at ed. [ 00236] The
paranetiers to be used for the three different trials are listed in Table 7,
foll owedr By The yiel'd TRakngtR PPtained/from eatf geial[in Table 8. Table 7
Buchi B=2S0 M Sprayel iV €7 pohay AT VidiGo/FAr ffRueTsS [TARIRE 8 PEik@ENt
Yield of7gpiady- Df i ed Vel grisah [P98R4] Trigds A fi@.@roceested wif o

I nci dent>—however, at_tfre startyup of Tfialr C [t 1S observed that powder
Y ne—Wthim—about—15 ni nmuties

1 et H 1

i s col | eetng—ron—the—instde—watis t

into t he—sbr ay- nynl e, H—-s—neeces —+
i

¥ &
1500C to 1400C and Iowe sp or rate om 100% t o fo avoid over
dryi ng the 98283 aITah}‘?d”rﬂﬁ@’@bl phaBLg ﬂtlﬁ-,d @P@Fsd?léb?&hég DE“FF(g)fE‘B? F‘é]é‘iqd

vessel . As th r oss of
i or i al duptgatod ﬁwﬁ%i%%@%g}‘?% o YBic il 4 AL B
spray-drying trials is very light and powdery simlar to rampril, rather
than granular |ike the GeCoated ram fiable 17 00238] Sanpl es of the
spray-dried material fromall three batches are submtted to analytical for
assay, related subst ancesl] Gooillwt €60mesh Blidbetogmilatamul ts al ong with

t heTabl e(aeégatealén(PKatA ter Content of Spray-Dried Materia |

o hao +
C U1 U II CI C{Lu C IIUIII

— =5 —h

of
Sa&
[a

o<

Lot # Strength %LC % DKP CuU
Initial 2wk 4wk 8wk 12wk Initial 2wk 4wk 8wk 12wk %LC/
40/75 40/75 40/75 4075 40/75 40/75 40175 40/75  Yersd
69F70A 125mg  105.0 104.1 108.4 105.7 105.6 0.35 0.61 0.85 1.24 1.63 107.9/1.6
70F71A 125mg 944 90.0 90.5 87.6 84.6 0.20 0.63 2.39 591 8.04 93.9/0.9
71F72A 125mg 964 972 100.2 99.3 99.4 0.33 0.62 0.78 1.10 1.50 98.5/2.5
72F73A 125mg 975 NT NT NT NT 0.24 NT NT NT NT 100.1/4.1

[00254] An immediate release prescription ramipril tablet equivalent to the existing
capsule dosage form is described. The objective is to have a robust form of the drug,
acceptable content uniformity, and similar dissolution profiles and stability when
compared with the capsule.

[00255] Formulation is tested with the following ingredients (Table 18):

Table 18
Ingredients Function Composition ( %w/w)
Coated API Active 1.49
Glyceryl behenate Co-lubricant and coating 4.00
Prosolv® SMCC50 Diluent 92.41
Croscarmellose sodium Disintegrant 2.00
PRUV™ Lubricant 0.1

[00256] Table 19 lists the comparative characteristics of ramipril particle powder as
purchased from Aventis Pharma (Frankfurt, Germany) and individually coated polymer
ramipril particles in accordance with this invention.
Table 19
API POWDER COATED API POWDER

Crystalline white powder; Nearly white granules
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[00257]

manufacture of ramipril 2.5 mg tablets that are prepared by compressing ramipril coated

For comparison purposes, U.S. Patent No. 5,442,008 describes large scale

with about 6% HPMC film coating with microcrystalline cellulose, mannitol, and
sodium stearylfumarate at a force of 10,000 N. Packaged tablets that are stored at about
40°C for about 3 months, show about 0.6% breakdown to DKP and after about 12
months, about 5.97% DKP decomposition.

[00258]

individually coated crystals or as a GeCoated agglomerate composition (polymer coated

In another embodiment of the invention, ramipril, either in uncoated form,

with HPMC), is coated with a blending compound (e.g., glyceryl behenate) before being
processed into tablets. The co-milled ramipril is a suitable intermediate for use in
preparing dry blend, direct compression formulations. Such compositions and methods
relating to stable ramipril compositions are described in more detail in co-pending
application , filed November 7, 2005 (serial number not yet assigned). Other
dosage forms, of course, are also suitable including, for example, those prepared by hot
melt extrusion processes.

[00259]
0.1 wi%. In a specific embodiment, the blending compound is present at about 0.5 wt.%

Typically, the blending compound is present in the tablet from at least about

and above. In another specific embodiment, the blending compound is present at about
1.0 wt.% and above. In another specific embodiment, the blending compound is present
at about 2.0 wt.% and above. In a specific and preferred embodimént, the blending
compound is present at about 3.0 wt.% and above. In another specific embodiment, the
blending compound is present at about 4 wt.% and above (e.g., 5 and 10 wt.%).

[00260]

behenate is present in the tablet from at least about 0.1 wt% Tna anecific emhndiment

When glyceryl behenate is used as the blending compound, glyceryl

Soauchoded[FNg Dispersion (A 4
Fmut es

B)

ey are cornprlségc‘l orfasma 1 gra{]nu?és w
and individual crystals; particles greater than about 50 pm are made of clusters of particles
caused by the inefficiency of the Glatt spray drier.



until spray-drying process is conpleted. D. Spray-drying -Tri
@bout 1000C and 1B/ 2B @ about 1000C a. Hom)ggni éle t%e gi sptralrg! gnlfi)rZAabout
3-5 ni nutwe 2uiosgssshe Omi  Honogeni zer with the 35 mm probais2ésoiags de the
di spersion into two portions for eachsstenperature trial. c. Set-up Buch
spray dryer with a 1.5mm nozzle to the specified paraneters for about 100C
trial. d. Process the material for about 25 mnutes. e. Al ow the equi pnent
to cool (IjI(,)vvn for about 30 lm n"ut es. f . Process remaining material. g. O ean
ﬁgrhpmm a?lgrag@?ﬁ?a """ ﬁ‘k%ﬁr it atoRf 0.38AWE add@ Bove! iTAknoth@0DedTicDuri ng t he

I ng per Ispersion 1s kept tightly covered and conti nually
stirred. Pr embodlmeslpr@ygcem)behrﬂg],atetlhgre@mi@éalmub O0g8e’ andabaydarntichaye

settled or aggl oner at ti
AP suspensrEmIi G B PHY EODSHRS 1 PO B O e et o e

t he hi gher
[00243] Th oS ranetc?}%ﬂeféﬂe@femB@Hﬂn%t|g1§'d%r}ﬂfbeh@1bmlt p&ﬁ%tmblabcdﬁ 300wl and

s used for the four diff t
bat ches ( BO@B(&EZ Ta Bngthgr @eauﬁd ephodiprent. glyogrii @;r glglﬁf‘ellslrﬁfgﬁeﬁ*da 5‘?%‘1“%%11

foll owed by t er cent ell ai ned f

0 Qp romeach trial in Table 12. Table
él Buchi B SOBARYE §pr5a%’§ oYy A Spray-dr ying Paraneters BOOO3F2 BOOO4F3
BﬁrB agg; ers % 2 78 o&esStd Prdpafitien of ramipril fabletsAsdescribied ﬁCCDrdln&tGIT 31 1

N14
Spray- O ed istaonca mﬁﬁu&%ﬁtﬁﬁé&nﬁéﬂ S Ewrbed TGSt Rt gy 12.
at ches, %&%wrﬁg%&thﬁesdﬁqﬁﬁ ¥ Jedsh f&rﬁr@ﬂarlhétiﬂl&ﬁr%ﬁ?/@:@oﬁ&%am'[ﬁ@l

setting is |n|ngtr|as Wthin a
according to this embodiment:

[00262] 1. Pre-mill GeCoated ramipril though a 60-mesh screen

[00263]) 2. Preblend milled GeCoated ramipril with glyceryl behenate (Compritol
888 ATO) for 15 minutes in a blender that has been grounded to reduce electrostatic
charges.

[00264] 3. Add croscarmellose sodium, sodium stearyl fumerate (Pruv) and silicified
microcrystalline cellulose (Prosolve SMCC) to Step 2 and mix for 20 minutes.
[00265] 4. Co-mill contents of Step 3 through a 20-mesh sieve.

[00266] 5. Place sieved material of Step 4 into blender and mix for an additional 8
minutes. ‘

[00267] 6. Compress Step 5 blend with tablet press (Stokes 0.25" SC tooling
embossed).

[00268] 7. Package the finished tablets.

[00269] Direct compression tablets were prepared in accordance to the above. The

components used in the test lots are described in detail below in Table 20.

Table 20
Batch B0046F50A
1.25mg / 90mg
Ingredients % w/w | Mg/unit

GeCoated Ramipril (<150pm) Hand-screened* 1.66 1.49
Silicified Microcrystalline Cellulose (Prosolv SMCC 50) 94.34 84.91
Croscarmellose Sodium (Ac-Di-Sol) 2.0 1.8
Glyceryl Behenate (Compritol 888 ATO) 2.0 1.8
Total 100 90

*GeCoated API Assay (Comp# RM00364, Rec# 30002, Lot# 40A1 88) = 83.9% (Ref:
Aventis COA — Batch 40A188)

[00270]  Stability studies were conducted with the test lots. Room temperature and



few mnutes into the spray cycles, the spray cyclone becones filnmed with a
| ayer of product. To reduce build-up in the cyclone, avoid over drying the
mat eri al ,wendienBvs3it through the cyclone into the coll ectritspoosessied, it is
necessary to |ower the aspirator ratessfrom 100%to 95% (as noted in Table
11). The material collected fromall of the spraydrying trials is very

| i ght and powdery simlar to Rampril, rather than granular |ike the

GeCoat ed Ram' priI [ 00245] Sanpl es of the spray-dried naterial from both
bat ches mer. & o & ﬁﬁmﬁ? Jabglstelanab abQke ArEANitade® BhelsGevabtaant ethe and

wat er conten ose results are shown I'n Table 13, al ong Wthﬁ]ﬂﬁ{ﬁ:e que\” ous
trials (BOOBé’sEIlté\ofthErstabilﬂy ﬁtu&el)are gramleallymrwgw n B&ﬁr& arkhg:re

Ram prilat and MWater. Content .of i.e r ENCIX ahebrdogvel s
of degr adanf@bHiys leﬁé’feaﬁrﬁ?:]u‘faél éé’g m%‘@?@l& cf&gs%er sf\sg%ﬁr?anu??gture to

spray-dryi n%\gér%@émgf]gﬁy%}eo}{s@ﬂ%@] The el apsed time of 7 days from
manuf act ur e

he di spersion to the actual y-dr ess .na
account for [0011f7r1¢asEsblcsrﬂllf)?(‘lapmtﬁerlémlﬁ)@ﬂplé? (@%@}Sé’@é‘ﬁ&ygﬁ’ﬁ?ﬁﬁ Sf’?r}t@f’}/rége‘t of
experi rrentsaélﬁ 002F1 " 1r gr W )at Bot h BOOO3F2 and BOOO4F3 are
processed w thpﬁrﬁ?’ 81fg|3'|9 aration of the spray dispersion and
spray-drying. Increasing the concentration of HPMC in the about 30%
sol ids/ 15% coating formul a (BO04F3) does show i nprovenent in slow ng down
degradation [00247] Table 14 shows results of processing tests for
spray-dried sanples for (1) about 20% solids/5% coating; (2) about 10%
solids/5%coating (dry); and (3) about 10% solids/5% coating (wet). Table
14 Coating Thickness [00248] Individually coated ram pril particles were
coated with di spersions containing 25-30% solids wherein the anount of coat
formng material was between 20%to 30% by weight of rampril. After the
individually coated ramrpil particles were fornmed they were fornul ated
into tablets and the thicknesses of the individually coated ram pril
particles were neasured. Table 15 shows the spray coating formulation and
t he



coating thickness of the individually coated rampril particles. Table 15
Batch No. HPMC (% of Total Solids insdCoating total weight of Despersion
Thi cknesswo 20067059538 : i \ 040429 51 [00249] The thi cknesecufusbdvs/osmas i ngs
were neasured by first sputter coating the tablets with a thin |ayer of

gold (20-50 nfy[ and4t heén Bhedaring] off a side of th abl et to exposing
i ndividual l'y ¢qated<ram pfil| partjcles. Mealsur enent d wer e t dkef w th an
el ectron m crpEGOPeE: ~ErepataLion of Ram pnil Tabl ets| [00250] Aprgress for
preparation of (ram pl‘l]""tabl gts ifs described. This process dan|bé scal ed,
for exanple, fg—about 6zkg, [n a [16-quart rv-shel | PK b efder| abd | arger as
needed. Tabletg can be produged with a Fettle P1200 2 -@tgtloﬁi pggss, or
similar equi ppent. |[00251] REosolve(r) SMEG 50 |Es pr@ Iéndeé WEth the
coated ram pril pregaréﬁ as En Exanple 1, |nill eg V\nt@églgcerg Héhenat e,
PRUV (tn) andlerosgarm | oseSsodiumin a 16-qudrt @/—sh\ell _bllender| for about
20 min, then m|ll -bg en(%d tI‘Eough Quadro Cogmi | .| The mxturge |i g/trpansferred
to a 16-quart gont g nets and @i xed for about] 8 ninlges, st hén [cdrpEessed on a
St okes B2 tabl et press ed/with 16 statjiong wij g}zig&tgﬁ gd concave
(about 100 ny| tabl et _& B 16" standard |congaee (&BOYE 5208 ny tabl et
wei ght) doubl e4Si ded g 898l i ng at albout (48 |% pms EQG2HESERbility of
. . . P = P [7) @ ]
APl ramipril ¢g@em|If 8§40 and 60|nesh [@ngs @m,éé’ﬁ;@ﬁm;@ﬁ about 6
kg batch size|showE SI6!I[Tabl e 16| Rani p€i |€ T8 £6< X Eity API
. O ) - . . .
Co-mi |l ed ~60(eshCE 2@ §00253] Tablle 17 is stability of APl
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bed granul ati on showi ng both GeCoated aggl onerate ram pril and neat API
ram pril Table 17 APl Co-mlled ~ 60nesh Fl ui dbed G anul ati on (GeCoated and
neat APl )wbaboshsissength %.C % DKP CU Initial 2wk 4wk SwkTARMOslomisbd al 2wk
Awk 8wk 12wk % LC / 40/ 75 40/ 75 40/ 7574075 40/ 75 40/ 75 40/ 75 40/ 75 % sd
69F70A 1.25 ng 105.0 104.1 108.4 105.7 105.6 0.35 0.61 0.85 1.24 1.63 ?
1079/1670F71A125ng944900905876846020063239591804

939/0971F72A125ng964972100299’399 2 0.78 1.10 1.50
98. 5/ 2.5 72F73A1F: P8 ~:?§a'§%lwr NT NT 0.2 100.1/4.1 [0025;1]
An i mredi ate rel| ease|@resEEI pEi off rlami pril f nt to|the 3
exi sting capsul ¢ |[dosagle f@(r%mgs scri bed. is fo have a -
[«
robust form of the—dh acceptabig cont ent di,;&l m | ar S
di ssol ution profil es|amd |stabi ki { y when cony %a@sul e. [00255ﬁ
Fornulation is tested & tlhEt hesf ol Elow ng i ng £Eabl €¥8)] Table 18
| ngr edi ents Funct|i on C@uggi tégn —?/g w) Coat ed nve 15 yceryl
behenat e Co-| ubri|cant @‘ncgezoaﬁgn £ 4 00 Prosq IC50 Di | yenf 92.41
Croscar nel | ose $qdi ung SEAtagiamt =2. 00 PRUY( i cant| 0./1 [ 00256]
Table 19 lists the cafigar|latd-ye ichéEact eri st iL@4E pErE cl e powder
as purchased from AveEt:;g s%@@@@%fﬁérankfurt, S8 Sngli; v dual |y
coat ed pol yner mpril pgartijcies 1h accorda3 %fﬁs@g‘@ér@lon. Tabl e
19**Majority of |partilgl eg2aredl esd fhan aboy rdi|& RE3Z (& conpri sed
of small granul es andgg@lgvi dgal ierystals; ¢ grg%@%gtgl‘gm about 50
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caused by the inefficiency of the Aatt spray drier.
pur poses,

[ 00257]

For conpari son

U. S. Patent No. 5,442,008 describes | arge scal e manufacture of

ram pril wWo2oemsvabl ets that are prepared by conpressi ngcrase@siokoseoat ed

wi t h about

6% HPMC filmcoating with 3% crocrystalline cellul ose,

manni t ol ,

and sodium stearyl fumarate at a force of 10,000 N. Packaged tabl ets that

are stored at about 4Q0C for
DKP and after

about 12

nont hs,

about 3 nont hs,

show about 0. 6% breakdown to
about 5.97% DKP deconposition.

[00258] In

anot her enbodi nent of the invention, rampril, either in uncoated form
i ndi vi dual | yog292f 6d2.§h1|§5§tﬁ:|n§thaﬁblas warCaEoataded fragyihe spraztdsy batakesdtA0P6R1
coated with HPMC

(pol yner

ram pril

b Sty

gl yceryl beROAATE) ansdpefi3S

bl ' 0.
dofab dPRPRRAUEE AR,

iS.a sui | e i Rerli A e k@bi1MS Gesufts.pr eparing dry bl end, direct
conpr essi onﬂ?%l?eﬁﬁig%?llgc')nzglggch corrpgsi t} o%s and nethods relating to stable

ram pril conpositions are described in nore detail in co-pending
application , filed Novenber 7, 2005 Tajde2dl number not yet assigned).

O her dosage forns, of course, are also suitable including—for exanple,

t hose prEBakcgd by hot MBO036KE rusi qBEBFERsses. | BOOEGP Typilcal Iy, the

bl endi ng|. canmpound. i s ptesent—inthetablet—frontat—teast—abgut 0.1 wt% In
a specif| % odi nent, |the bl endi ng conpound is|present at gbout 0.5 wm.%

and above 'I"I anotter —spepi f1c enbqdj sent,” the bbesdi ng congound is present
at about | P10t . 9% and dbsve. | n andther specifit enbodiment | the bl ending

conpound| hSyeRkESeENt at |akgfut 2.0 wt|.®F%and above| 084 a speciflic and
preferred enhodi nent, tthe blendi-hg s—present—at—about 3.0 m. %
and abov¢Y% Ramipsidather gpeci fi c enbadi ment, the bl endi ng congound is present
at about W —Y-and—abg (0. 5 @agp 10 W. %9 | 0260] When gl yceryl
behenat e '%”?}sed as thd endi ng coﬁgound. glyc =N/ﬁi’ hpha]ona;é ig %resgnt in
t he tabl ¢b Jde@n at | eagtNBbout 0 1 MN®A Tn npci fi oD prmhnrlinpnt” about 0.5
wt . % and [above. |1 n anotiher specifi-erenbedient—ghyceryt—behenate is
present afo8&wut 1.0 w|. % and above| In another |specific enbodi ment,

gl yceryl |fehgetratse i s priesent at about 2.0 wt.% and above. Inl a specific and
pr ef er r ed Rewipdli methyl, dl yceryl behepate is present at about 3.0 wt.% and
ester; Ramipril

OHB

Isopropyl Ester

and

Hexahydroramipril

Initial ND ND ND
2 weeks ND ND ND

ND= None Detected
Conditions tested 40°C/75%RH

Long-term Stability of Ramipril Tablets
[00273] DKP rate up to about 36 months is shown in Figures 11A-11C. DKP

formation is less than about 0.05% after 3 months and less than an extrapolated amount

of about 3.0% after about 36 months in the examples tested. In addition to DKP
formation other degradation pathways for ramipril exist, including formation of
ramiprilat (ramipril diacid). Premature formation (before patient administration) of
ramiprilat is undesirable because it is not absorbed by the patient, and is therefore
insufficiently bioavailable. Preferably, stability analyses should include detection of
levels of ramiprilat.

[00274] While the present invention has been described in the context of numerous
embodiments and examples, it will be readily apparent to those skilled in the art that

other modifications and variations can be made therein without departing from the spirit

Ar onmme ~f tha nracent inventinn A ronrdinalsr it ie nnat intendad that the nrecent



above. In another specific enbodi nent, glyceryl behenate is present at
about 4 wt.% and above (e.g., 5 and 10 wt.% . [00261] A process for

pr epar at iwo 206¢/058s83pri | tablets is described accordi ng troTtdseoosiokds2dl ended
enbodi nent of the invention. As descri%bed in the flow chart in Figure 12,
the follow ng outlines a typical process for preparing tablets from
GeCoated ram pril according to this enbodinent: [00262] 1. Pre-mll
GeCoated ram pril though a 60-mesh screen [00263] 2. Preblend mlled
GeCoated r ar{mﬁ"f@ﬁ'ﬁﬁ%ﬁ&’ﬁ%@%&b@&ﬁ&e&h@f&m iidsotipB&BoP RO xdugslary5 ni nut es
in a blender that has been grounded to reduce el ectrostatic charges.

[ 00264] 3. AddodinestaamidNaome. sodi um sodi um stearyl funerate (Pruv) and
silicified mcrocrystalline cellulose (Prosolve SMCC) to Step 2 and m x for
20 m nutes. [00265] 4. Co-mll contents of Step 3 through a 20-nesh sieve.
[00266] 5. Place sieved material of Step 4 into blender and m x for an
additional 8 mnutes. [00267] 6. Conpress Step 5 blend with tabl et press
(St okes 0.25" SC tooling enbossed). [00268] 7. Package the finished
tablets. [00269] Direct conpression tablets were prepared in accordance to
t he above. The conponents used in the test lots are described in detai
below in Table 20. Table 20 GeCoated APl Assay (Conmp# RMD0364, Rec# 30002,
Lot# 40AI 88) = 83.9% (Ref: Aventis COA - Batch 40Al 88) [00270] Stability
studi es were conducted with the test |lots. Roomtenperature and" dkposufe
icoriitifionl!J Ati !y~erence dosage formAltace(r) was al so eval uated. The
results of the stability studies are graphically presented in Figure 1. The
results of the stability studies are graphically represented in Figure 13.
As can be seen in the graph lower |evels of DKP are observed. [00271]

Tabl es 21-24 provide |evels of DKP (DKP) observed for tablets containing 2



and 4 wt. percent of glyceryl behenate.Table 21 Table 22Table 23 4 Ta
- 57 - NVIT> 1 fi 1429 58 [00272] 2.5 ng strength tablets were al so lr?nﬁe24
from t he wpray/m@osssbat ches BO0O36F1 , BO037F2 and BOO38F®8;/ushesmioazd he
individually coated rampril particle® have a thicker coating. Table 25
shows the stability results. Table 25 ND= None Detected Conditions tested
40C/ 75%H Long-term Stability of Rampril Tablets [00273] DKP rate up to
about 36 nont hs s shown in Figures 11A-11C. DKP formation is |ess than
abogt O.Qg%%giﬁgmw LS and | ess than an extrapol ated amount of about
3.0%afte nthns in the exanples tested. In addition to DKP
;S;x:: 82 O]E her degradation pathways for rampril exist, including

_ of .r ri.l.at eI jacl d): . Premature formation (b
pati ent aldmi 9?%‘%&%5’1 %3(1%@%#}1&%%&%1 acﬁ)gllhgpsbnrgdesi rabl e because i t(i gf (r)ur)te
absor bed by t hejppatid@bartilegdof mntipel; edlror derivalives Hieeaof] 3ndbi oavai | abl e.

Preferably, stability anal yses shoul.d .include detect].
ram prilat. [0027edt fwlﬂ%l_nﬂ?é‘alp r"g?é‘ﬁ? tﬁ?ﬁ?@h@%ﬁlgﬁg%%%geie% r?g%é}@l‘?‘t@%%? n the
con X! Or‘;,m@ﬁﬁtpg%aeﬁmeﬁfaﬂ&ﬁe AAH @A RRIBS] pdrticled hie sUbstaeallyficearipar ent
ose St ed in e art that other nodifications and variations can be
made t her @igradant prodtictleparting fromthe spiritinvention belMtel d tne s
ecifics of the foregoing description of the exenplary enbodi nents and
exanple. 1. Coated stabilized rampril particles conprising; individual
parti cl esyof Coamll parhipril patitlss of cldien i yahérviesthe kertdormingmeteriat 6@4tS f5r ni ng

materi al, wherein the coat. form i i i
e o1 St 1o o e MY R Fhe ARGl MbnipREpaiclE Fmains

exposed to the atmosphere.

3. Coated ramipril particles of claim 1, wherein the coat forming material coats about 75%

to 100% of the surface of the individual ramipril crystals.

4. Coated ramipril particles of claim 1, wherein the coat forming material coats about 95%

to 100% of the surface of the individual ramipril crystals.

5. Coated ramipril particles of claim 1, wherein the degradant products comprise ramipril-

DKP and ramipril-diacid.

6. Coated ramipril particles of claim 1, wherein the individual ramipril particles comprise

microparticles or nanoparticles.

7. Coated ramipril particles of claim 1, wherein the individually coated ramipril particles

are between about 3.9 um to 876 pm.

8. Coated ramipril particles of claim 1, wherein at least 75% of the individually coated

ramipril particles are about 0 to 50 pm.

9. Coated ramipril particles of claim 1, wherein the ramipril derivative comprises ramipril
methy] ester, ramipril isopropyl ester, ramipril benzyl ester, hexahydroramipril

hydrochloride or a combination thereof.

10. Coated ramipril particles of claim 1, wherein the coat forming material comprises a

polvmer. surfactant. fattv acid. starch, stearate, wax. silica or a combination thereof.



ram pril particles and wherein the individual rampril particles are
substantially-free of degradant products. 2. Coated rampril particles of
claim 1, wbeneiosossshe coat formng material coats the i pdiraisdesalososaon pri |
particle so that no portion of the individual rampril particle remains
exposed to the atnosphere. 3. Coated rampril particles of claim1l, wherein
the coat formng naterial coats about 75%to 100% of the surface of the

i ndi vidual rampril crystals. 4. Coated rampril particles of claiml1,

wher ei n tylye e ogte ot gri. ngl et setial - go AP0 coRTWerhidg dhad tombasesr f ace of
t he indi :\tjit?dté%a?ebalﬂ I'}.Ih| %@%ﬁg%‘m@f %C%rat edHr am pril gparti cles of claiml,
wher ei n gngegr adant products conprise rampril- DKP and ram pril-diacid.
6. Coated ram pril particles of claiml, wherein the individual rampril
particles conprise mcroparticles or nanoparticles. 7. Coate ragﬁ ril

parti cl es20fC it Mimkprilagtcbdsroftchesmi Iy avherediuthic| DPLBRICOMPFIETH FR 'Y 545 é{%}“lﬁi es
are between about 3.9 mmto ﬁ.?G.mn 8. .Coated ram pril particles of claim
1, wher eioslinlose,@ebrvimd o5 & eomRBAiR FT®al |y coated ranmipril particles are
about 0 to 50 nm 9. Coated ram pril particles of claiml, wherein the

ram pril derivative conprises ramp

CC ] il methyl ester, ranlprdid, Rrpyl

ester, rald. prodtedesmiptil pagticdes Oftfé‘iéﬁh{fd’}d}?ifeé’ﬁf rl?q?yrﬁffadroén q{%s[r)ll{}}éig Xgﬁ& ggl
conbi nati on, t her eof R ﬂé fegfi pril particles of claiml 9wherein the
coat for rﬁlﬁﬁygﬁ@f’?%?&%%n Ig)gyae Dol vier. surfactant, fattv acid, starch,
stearate, wax, silica or a conbination thereof.2005/040429 61 | Ir Coatea
arnpril pa tiel esw claj 01 LRGSR e fa0tl ABE JeRipEkdsal clednienthes a
pol ymer. ﬁﬁ.b%siéadw%‘ré%‘g‘?ﬁ%@r@%?’es 5f cleai mgll, wherein the pol yner
CONpr i sesqighikbiiReeaakiede, cel |l ul ose, polyvinyl or a conbination thereof.
13. Coated ram pril particles of claim1l, wherein the polynmer conprises
hydoxypr opyl net hyl cel | ul ose ] )

15. Coated ramipril particles of claim 1, wherein the wax comprises atomized glyceryl

palmitostearate, dioctyl sodium sulphosuccinate or a combination thereof.

16. Coated ramipril particles of claim 1, wherein the starch comprises pregleatinized starch,

modified corn starch, unmodified high amylase corn starch or a combination thereof.

17. Coated ramipril particles of claim 1, wherein the amount of coat forming material is

about 1% to 30% of the total weight of the ramipril.

18. Coated ramipril particles of claim 1, wherein the ratio of coat forming material to

ramipril is 2:1 to 99:1.

19. Coated ramipril particles of claim 1, wherein the rate of ramipril-DKP formulation of

the individually coated ramipril particles is between about 0.2% to 0.5% during the first

three months.

20. A process for coating ramipril comprising:

dispersing individual ramipril particles in a liquid phase comprising a coat forming

material to form a dispersion; and
precipitating the individual ramipril particles from the liquid phase, wherein the

individual ramipril particles are coated with the coat forming material.

21. A process for coating ramipril comprising:

dispersing individual ramipril particles in a liquid phase comprising a coat forming



or polyvinyl propyl ene. 14. Coated ram pril particles of claim1l, wherein
the fatty acid conprises a chain length of eight carbons or greater. 15.
Coat ed r anDpoedospsssticl es of claim 1, wherein the wax ceapriss@s/oadsom zed

gl yceryl palmtostearate, dioctyl sodizum sul phosuccinate or a conbi nation
thereof. 16. Coated rampril particles of claim1l1l, wherein the starch
conpri ses pregleatinized starch, nodified corn starch, unnodified high

anyl ase corn starch or a conbination thereof. 17. Coated ram pril particles

of clai m-k, wherngi.n. .he ar L t rmng material is about 1% to 30%
of the td{]g[fj%e%ngﬁtm%%ttﬁggﬂgtﬁidgg iefsmigﬁé)Coat_ed ramipril particles of claim
1, wherein the gpadying thé dispatsidnoofomycontede iidayidua) e PRIticles. 2:1 to 99: 1.
19. Coated rampril particles of claiml1l, wherein the rate of ram pril-DKP
formul ation of the individually coated ram pril particles is between about
0.2% t o 025% GusdeBgfot beatfrigrramipriircempnisinghs.  20. A process for coating

ram pril conprising: dispersing individual ramprjl. A i Jiquid
phase conpri si NEIENEHEPAAGINPA AL Wl‘tglan gutoP %Oiélltlal?’?ﬁlrg; ge;%?l)?{ %rﬁ[gldgl |

preci pi tatitggaﬁg%jg &g%;d/itgyﬁlmgﬁ;gtgﬁj(ﬂum@arti cles fromthe |iquid phase,
wher ei n tRETAdTVIdual ram pril particles are coated wth the_ coat formng
material. 2 1. Aiyingtessmipil vdtean aqyeousmopition wihiheiranipg isaRBLY e

individual ram pri| particles jn a |iquid phase conprising a coat

f or mi ng" Wﬁﬁf‘rfﬁeélltoéﬁ‘@‘ésioé?“fl%ﬁ{m‘?" orhta di spersion; and spraying the

di spersion to f?(icﬂh RRtEG mixRet Vo SlabcondmhiRture topfatiiachied mi@re; Angr ocess f or

coating rampri co%rprisi ng: mxing a coat torrp ng. nat.er i al éﬂrr] an .aqueous

sol ution, until spragng detthirdmikivge pate drg ramiptd tQ; %%P\g‘gv&?uaiﬂéf CP%%‘: %ln’rpf“?st

m xt ure; rrixi]gg the rampril with an aqueous solution until the rampril is
r

uni f or m yPHFI§ sed to forma second m xture; adding the first mxture to
the second m xture to forma third mxture; and

23. The process of claim 20, wherein the dispersion comprises 10 to 30% of by weight of

ramipril and 2 to 7% by weight of coat forming material.

24. The process of claim 21, wherein the spraying is accomplished using a two fluid

nozzle, single fluid nozzle, rotating disk nozzle or an ultrasonic nozzle.
25. The process of claim 21, further comprising drying or evaporating the solvent.

26. The process of claim 25, wherein the drying or evaporating the solvent is accomplished

using a spray drier.

27. The spray drier of claim 26, wherein the spray drier comprises an inlet temperature of

about 90° to 150°C and an outlet temperature of about 25° to 60°C.
28. The process of claim 20, wherein the liquid phase further comprises water.
29. The process of claim 20, wherein the liquid phase further comprises an organic solvent.

30. The process of claim 20, wherein the coat forming material is hydroxypropylmethyl

cellulose, polyvinylpyrrolidone or a combination thereof.

31. The process of claim 20, wherein the coat forming material is present in the amount of

about 5-30% by weight of the amount of ramipril.



spraying the third mxture onto the rampril to formindividually coated
ram pril particles. 23. The process of claim 20, wherein the dispersion
conpri seswdQodoms8830 of by weight of rampril and 2 to 7%chyusessgnds2of coat
formng material. 24. The process of @laim2l, wherein the spraying is
acconpl i shed using a two fluid nozzle, single fluid nozzle, rotating disk
nozzle or an ultrasonic nozzle. 25. The process of claim21, further
conprising drying or evaporating the solvent. 26. The process of claim 25,
wherei n the ArVi0eh Ofe: Ak ' inBrifs 50MPdi iigsbysicintit.a spray
drier. 272°°T 1§8%§§£%$¥§$9g$&% %P#?%%%Rtﬁggg?ﬁﬁthe spray drie% cg%$rises
an inlet tenperature of about 90 to 1500C and an outl et tenperature of
about 25 to 6Q0C. 28. .The 0, . AT boutt® Joesluf tnfipréls e
further é%%ﬁf?@@gmﬁéPg?bnﬁgb’&ﬁ%agg%ygé%ﬁg?gg?%?ﬁ?%ngaherein the |iquid

phase f urifagy 1%96Y SRke afatddbGEng masoilalBytveigd®. The process of clai m 20,
wherein the coat formng material is hydroxypropyl nethyl cellul ose,

pol yvi nyl pyrrol i done or a conbination thereof. 31. The process of claim 20,
wher ei n_ the gpatofas Bt BRitRDewhekin the prae Semting matdiiel whydexyRsePEBSHNY! 5- 30%
by wei ght of the anmount of rampril.40429 63 ":," TKe pf esi dTclaln O
therein ttdlelaegebrérdnropyiape; Sash.s5B863 OSBIT%s by wei ght. 34. The process
of claim 20, wherein the dispersion conprises about 5 to 50% of rampril
and 0.1%to 7% of the coat formng material py weight.. 35. The process of
cl ai m 20, 3harselid otdhghmceﬁfmahvﬁgpwﬁt@rqompﬂis?%9%‘%%%B?F}tﬁ‘t{aﬁ’g?&c

cel I ul ose, poj yvinyl propyl.e | did CRith 3@ oatXosRingd or al
phar rraceuP?@&iegt‘?’bF%B&%Fil%#{V%lﬁgﬁgoﬁeﬁg a@%ﬁ@{aﬁt&ﬁ?ﬁ{ ?;do%t ed ramipril ¢
par ti cl es wherehm Whkeinntle widividhdl yamipeil pattickesiaprsubstpatiallyciressofalegradanit ed
with a coat formng material and wherein the individual rampril particles
are subst ardugls] y-free of degradant products. 37. The pharnmaceuti cal
conposition of claim 36, wherein the degradant products are

37. The pharmaceutical composition of claim 36, wherein the degradant products are

ramipril-diketopiperazine and ramipril-diacid.

38. The pharmaceutical composition of claim 37, wherein the DKP is less than about an

average of 0.09% per month from the date that the composition is first formulated.

39. The pharmaceutical composition of claim 37, wherein the DKP is from about an

average of 0.04% to 0.085% per month from the date that the composition is first

formulated.

40. The pharmaceutical composition of claim 37, wherein the DKP is from about an

average of 0.04% to 0.055% per month from the date that the composition is first

formulated.

41. The pharmaceutical composition of claim 37, wherein the DKP is from about an

average of 0.04% to 0.042% per month from the date that the composition is first

formulated.

42. The pharmaceutical composition of claim 37, wherein the DKP is less than about 0.3%

during about the first three months from the date that the composition is first formulated.



ram pril -di ket opi perazine and ram pril-diacid. 38. The pharnmaceuti cal
conposition of claim37, wherein the DKP is | ess than about an average of
0. 09% perwonnddnstszem t he date that the conposition is fipcstusbansmwisas ed. 39.
The pharmaceutical conposition of clai4m 37, wherein the DKP is from about
an average of 0.04%to 0.085% per nonth fromthe date that the conposition
is first formul ated. 40. The pharmaceutical conposition of claim 37,
wherein the DKP is from about an average of 0.04%to 0.055% per nonth from

the dat e Hjhatyg @f&%@aﬁ%ﬁﬂ@‘%ﬁ%ﬁi&idf%taiﬁlqvah@&ﬁdhe DK isThs thiaaborc:0% cal
conposi ti on OP aim 3/, wherein the DKP is from about an ayefr age of 0.04%
to 0.042%lpeng abont theffirstrthirtyesiy atoathsHiam theedaieipighe €9HRAOTIEOR ISAEEL f or mul at ed.
42. The pharnaceutical conposition of claim37, wherein the DKP is |ess

t han about®®"$%%uri ng about the first three nonths fromthe date that the
conposition is first fornul ated. The of claim 37, wherein the DKP is |ess

t han about 3, 0% during about the.first.thirty-si t hat
the conpoéft iTéﬁph%m’faicg‘g’tc Bmﬂsﬁfoé‘cﬁf%i?ﬁm%hgxﬁﬁgﬁk&g@k@}{lﬁc%%sqg%&n%%gfgpgn of
clai m 37, d‘ﬁﬂﬁ%ﬁ%]o@lt ;H&%H‘tﬁirbssikmmsmn@mate 2a0%e dommipogitiabfirst he fir st
thirty-six nmohths fromthe 'date that the conposition is first fornulated.
45. The pHemmdageliti cal conposition of claim 37, wherein the DKP is |ess

t han about 1.5% during about the first thirty-six nonths fromthe date that
the conposition is first fornmulated. 46. The pharmaceuti cal corrposi&i Q/ﬁ of
cl ai m 36, 4&hdheiphatirecativaosipositiorhefsldimgdTovdgredt hpiDER js lgsthan about 1.5%

bi opharmaceutical profiles. 47. The ar i TN f claim 36,
whor o1 n  HetEs AR e st Ry i PG S baC e SATRRRON O
tabl et -filg,ggl,is8psul e, puvul es, granul es and powders. 48. The

phar maceuti cal conposition of claim36, wherein the conposition is a
stabilized, anhydrous, pharnmaceutical grade powder.

46. The pharmaceutical composition of claim 36, wherein the composition has improved

stability and biopharmaceutical profiles.

47. The pharmaceutical composition of claim 36, wherein the composition is in the form of

a capsule, caplet, tablet, tablet-filled capsule, puvules, granules and powders.

48. The pharmaceutical composition of claim 36, wherein the composition is a stabilized,

anhydrous, pharmaceutical grade powder.

49. The pharmaceutical composition of claim 36, wherein the amount of the individually

coated ramipril particles is about 1.25 to 100 mg per patient per day.

50. The pharmaceutical composition of claim 36, wherein the amount of the individually

coated ramipril particles is about 1.25 to 25 mg per patient per day.

51. The pharmaceutical composition of claim 36 further comprising a diluent, binder,
vehicle, carrier, excipient, disintegrating agent, lubricant, swelling agent, solubilizing agent,
wicking agent, cooling agent, preservative, stabilizer, sweetner, flavors or a combination

thereof.

52. The pharmaceutical composition of claim 36 further comprising hydroxypropylmethyl

cellulose, glyceryl behenate, sodium stearyl fumarate, croscarmellose sodium.



49. The pharmaceutical conposition of claim36, wherein the anmbunt of the
individually coated rampril particles is about 1.25 to 100 ng per patient
per day. WwO0.2006sopBar maceuti cal conposition of clai m 36pcwuse@snsdsbe anount
of the individually coated rampril p#rticles is about 1.25 to 25 ng per
patient per day. 51. The pharnmaceutical conposition of claim36 further
conprising a diluent, binder, vehicle, carrier, excipient, disintegrating
agent, lubricant, swelling agent, solubilizing agent, w cking agent,

cool i ng ety prsbEaathiddnpbibbh bf gRim Ss)wisireiathe iydvrygogyimathybbi nat i on
thereof. 52. The pharnmaceutical conposition of claim36 further conprising
hydroxypr@ﬂﬂ}dl%@uﬂﬁhou&é‘fﬂm%%ebyYXPS%gEﬁalg/llanﬁl@Henate, sodi um stearyl fumarate,
croscarmel l ose sodium53 The | fia e ca oi o' sltion of claim52, wherein

t he hydroxypropyl nethyl cellulose is about 5%to 30% by wei ght of rampril.
54. The phtr Fecpharimesduticalmeoosition obtlaih a2 nviszeingthe pedipmstialyd Senaiedt ear vy

fumarate i,s gt 0. 19%.to 0O 5% Laht.. of the conposition. 55. The
phar maceu?l?o gp'q&)%%é@?yoﬁe%?mgﬁ%? Xn&éﬁ%gt\ﬁ%’erei n the glyceryl behenate is
about 1% to 5% by wei ght of the conposition. 56. The pharnmaceuti cal

conposi ti claim5b52, wherein th roscarrel ' 9 % by
nel 6ht of SEhoreBHEBEPTsA Sswo g Bttt e e shSear Prlsatdsd henl 2L,
wher ei n t % 16 GIPBH el of the@onpblitbn.conpri sing about 1.25 to 20 ngy of
rampril. 58. A nethod for preventing cardiovascul ar di sorders conpri sing
admnistering to a patient a pharnmaceutical conposition as in claim37. 59.
A met hod §QrTh¢ Be RRALANRSRISh AT cHHiB BN IRE G RARP CiostathetlolE inblsdr PG t 0
a patient a pharmaceutical conposition as in claim37. 60. The process of
maki ng a phEbbsoeightodltheemymesitionon conprising co-nilling or prebl ending
individually coated rampril particles wwth a blending agent. 6 1. The
process of claim 60, wherein the blending agent is glyceryl behenate. 62.
The proce$§s @he phaimacé@icalrermisitionted chiimrddi wheraipethe copmpagiben isrdgklet 4% by

wei ght o cgnqgriggga a‘tr)r(?u(%ei%Sl 5 3'0 rr(fgoo r%.rslﬂ!ilgrlil(.)n'

58. A method for preventing cardiovascular disorders comprising administering to a patient

a pharmaceutical composition as in claim 37.

59. A method for treating cardiovascular disorders comprising administering to a patient a

pharmaceutical composition as in claim 37.

60. The process of making a pharmaceutical composition comprising co-milling or pre-

blending individually coated ramipril particles with a blending agent.
61. The process of claim 60, wherein the blending agent is glyceryl behenate.

62. The process of claim 60, wherein the blending agent is about 1% to 4% by weight of

the pharmaceutical composition.

63. The process of making a pharmaceutical composition of claim 37 comprising:
mixing individually coated ramipril particles with a polymer to form a mixture;

milling the mixture with a blending agent.
64. The process of claim 63, wherein the blending agent is glyceryl behenate.

65. The process of claim 64, wherein the blending agent is about 1% to 4% by weight of



63. The process of making a pharmaceutical conposition of claim37
conprising: mxing individually coated rampril particles with a polyner to
forma mwbDeo&/0508381 i ng the m xture with a bl endi ng agertI/ud4005HE@29r ocess
of claim 63, wherein the blending agesst is glyceryl behenate. 65. The
process of claim64, wherein the blending agent is about 1% to 4% by wei ght
ofsr The pr e s' 8f 'clainr d ' further conprising mlling the mxture with
a pharmaceutical ly acceptabl e excipient. 67. The process of claim 60,

wher ei n e YOXIHBK RN LS HOH iiRe tombiagemillvg iinesturasi epharmmoiicatiy

di si ntegrating ‘agent, lubricant, swelling agent, solubilizing agent,

wi cki ng agediitable ertipiegt. agent, preservative, stabilizer, sweetner, flavors
or a conbination thereof. 68. The process of naking a pharnaceuti cal

conposi tion conprising: blending individually coated rampril particles
with hydremxyTies frykessef blaim 66, wherndinthe pioigjentrida filken, isgsretrhiclercariar:

particles and hydroxynet hyl cellul ose w : ewi J t,
st earyl fq}ﬁ?ﬂ?l%ﬁtegllém%art%@&?&]l“}%ga@ ssgvm%“% a@géﬁ gq‘%{éﬂ%r C sltét’ of ma ?%?S a
phar rraceuggoﬁﬁh agag@%ééwmep@mnk&j SGEctret, ¥lavgrsi ordi cointhizdtion tweweafed rami pri |

particles wt ding agent to forma first mxture; mlling the first
m xture wth a blending agent; adding at | east one pharmaceutically

accept abl ﬁx exfd gf.og%s.otf%a?kﬁ% 4 7%Ha§ﬁ1aé€u¥i%ﬂc@mﬁo@siﬁ@ﬁ go@psisgagnd nmi xture; and
mlling the séecond m xture. . The process of clajm&68, V\?ﬁrgjl n]6t he

bl endi ng agent bRndingdetiyidualishesatadeanmipril parfickes g BrdropmedicriH9se: 3R ei n
t he bl endi ng agent. is, about, 0.1%to. 4 Mol amsewtthcal
conposi tion. 72.mlltﬂli’§ tlber%gscoﬁtfc{é AP Yﬁ?’w%ﬁer eﬁ@%@g&@?& Iglﬁt i's 1a

di | uent, Qliye\!}gl el e CdRliune SeiryB fumaXeiand ervscartielbset edivan.i ng agent ,
| ubricant? "swel 1 ng agent, solubilizing agent, w cking agent, cooling
agent, preservative, stabilizer, sweetner, flavors or a conbination

thereof . (Zg3. Tﬂggr@eﬁc&%ﬁa@ﬁg & bRirMadeuticwhwipositioheompcisipgent is silicified
m crocrystal 'ine cell ul ose,” croscanel | gse sodi um %{ 3 conbi na%i on %h%r eof .
mixing individually coated ramipril particles with a blending agent to form a 1irs

mixture;
milling the first mixture with a blending agent;

adding at least one pharmaceutically acceptable excipient to the first mixture to

form a second mixture; and

milling the second mixture.
70. The process of claim 68, wherein the blending agent is glyceryl behenate.

71. The process of claim 70, wherein the blending agent is about 0.1% to 4% by weight of

the pharmaceutical composition.

72. The process of claim 71, wherein the excipient is a diluent, binder, vehicle, carrier,
excipient, disintegrating agent, lubricant, swelling agent, solubilizing agent, wicking agent,

cooling agent, preservative, stabilizer, sweetner, flavors or a combination thereof.

73. The process of claim 72, wherein the excipient is silicified microcrystalline cellulose,

croscamellose sodium, or a combination thereof.



