TI TLE A TETRACYCLI NE METAL COVWPLEX I N A SOLI D DOSAGE FORM CRGCSS
REFERENCE TO RELATED APPLI CATI ONS 1This application clains the
benefit of U S Provisional Application®Ser. No. 60/646,357 filed on
January 21, 2005. BACKGROUND COF THE | NVENTI ON Field of the Invention
[1] The present invention is directed to a netal conplex of the
conpound of Forrmula (I). Mre particularly, the present invention is
directed to a solid dosage formof a netal conplex of a tetracycline
of Formula (1) and the nethod of making such solid dosage form
Rel at ed Background Art 12] Tetracyclines are well known antibiotic
conpounds that have been effectively used in the treatnent of vibrio
i nfections, grampositive, gramnegative, aerobic and anaerobic
bacteria, as well as spirochetes, nycoplasnas, rickettsi ae,

chl anydi ae and sone protozoans. Tetracyclines work by inhibiting
enzynme reactions of bacterial cells, such as protein synthesis. It is
comonly used in the treatnent of bacterial infections caused by

t hese organi sns, such as urinary tract infections, upper respiratory
tract infections, acne, gonorrhea, chlanydia, anthrax, |yne disease
and others. [3] Wien adnministered orally, tetracyclines are absorbed
in varying degrees. For exanple, 60-80% absorption is observed for
dernecl ocycl i ne, oxycycline, and tetracycline. Wile doxycycline and
m nocycl i ne are absorbed at a higher |evel of about 90%
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BACKGROUND OF THE INVENTION

Field of the Invention

f1] The present invention is directed to a.metal complex of the compound of
Formula (I). More particularly, the present invention is directed to a solid dosage
form of 2 metal complex of a tetracycline of Formula () and the method of making

such solid dosage form,

Related Background Axt
{2} Tetracyclines are well known antibiotic compounds that have been effectively

- used in the treatment of vibrio infections, gram-positive, gram-negative, aerobic



[4] It is widely held that tetracyclines should not be taken

simul taneously with iron supplenments, nultivitam ns, cal cium

suppl enent.s, antacids, or |axatives. Many believe that the efficacy
and absorption of the tetracycline in.the body decreases when taken
si mul taneously or in conjunction with one of the above noted
products. [5] British Patent No. 1,360,998 to Villax describes a
process for isolation of ce-6- deoxytetracyclines froma crude
reaction m xt ur e.2ndpraerkichpaleriagassvallss enirogleies, mycaplagnes tickiestsisei cal

suspensi ons may bﬁlaﬁﬁ@ﬁ@éﬁlﬁ@oﬁlé bﬁ%z&éﬂgh%fycﬂﬁ% g@%ﬂ@ ﬂﬁb%&#n%& I nes

The process taught by Villax uses nethanol”, 1.e. N or ganhi ¢” sol vent .
Wil e the use of Maftensghhicterislpelle michipgprpiein syrfeasivmbis sommanbpsed indghe

phar maceuti cal | y tagddet€orbRAERtin®RE shs chused 1y t&%ﬂ&?ﬁl'én&, ﬁ'&fr‘&ﬁ{rﬁl et to
use them for preparing a solid dosage form The e#ore, t he process

di scl osed in Vil BcHogs upres respiraingy Hesh nfactions eys Bonearhess Phlamydia prfhrax,

l'i kely contain raghggadassRliveets, thus making this process
unacceptable for producing a solid dosage form suitable for

phar maceuti cal add When pdpipisired oadly, tetraeyclingsiage, 2bepnbod imvasyinpéemicorFoof a
calciumsalt of axlflk bine i | I q I Gk

suspensi ons, howe\}/{eﬂr?q? ’ggfé%ggéo sﬁo %P?s]\‘/%énrfégf gg@%&glﬁ%ﬁéﬁ?ﬁ%ﬁﬁﬁ% ance.
| n addi tion, nanyetragiling.dihllesdatscybne apd einerycling drejelisorbeby adightdevel efind

find it inconvenigptohn use. [7] However, making a solid dosage form

Q.

of a tetracycline netal conplex is extrenely difficult. Processing
hurdl es exi st andéhiivewiely hpld &t ghiecyclieedhpuld astde ke simoltanecuglyptid, a

nmet hod of col |l ect:j %p‘ilﬁq t Vel ne d .
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invention is directed to a s osag conplex of a
tetracycline of Potdpreiugty.) for pharmaceutical administration, (1)

wher ei n [5] British Patent No. 1,360,998 to Villax describes a process for isolation of a-6-
deoxytetracyclines from a crude reaction mixture. Villax also discloses that oral
phammaceutical suspensions may be prepared using the calcium salts of
tetracyclines. The process taught by Villax uses methanol, i.e., an organic solvent.
‘While the use of an organic solvent is not uncommon in preparing
phamaceutically active ingredients, it is generally preferred not to use them for
preparing a solid dosage form. Therefore, the process disclosed in Villax for
isolating deoxytetracycline salts would likely contain residual solvent, thus making
this process unacceptable for producing a solid dosage form suitable for
pharmaceutical administration.

[6] Currently, only a suspension of a calcium salt of a tetracycline is available.
Pharmaceutical suspensions, however, often suffer from a lack of patient
compliance. In addition, many individuals do not prefer a liquid dosage form and
find it inconvenient to use.

[7] However, making a solid dosage form of a tetracycline metal complex is
extremely difficult, Processing hurdles exist and have not been adequately

resolved. For example, a method of collecting the tetracycline metal complex from



C, N(CH3)2, or H =" CH3, H or Cl12=; R3 = CH, H, OH, or absent;
and R4 = OHor H wth the proviso that if 122 is CH3 and R3 is H,
then R4 is not OH [9] A process for nmaking a netal conplex of the
conmpound of Forrmula (I) in a solid dogage formis also included in
t he present invention. The process conprises the steps of (i)
provi di ng an aqueous sol ution of the compound of Formula (lI) or a

physi ol ogi cal | y ceptable salt.thereof,  whe t he. conpou i
partially or corrplee"fcﬁf%}ls EPEBPr P@s@a{beﬁ? ?@eﬁﬁé&f:?{glnéyﬁg‘tv%qéjg%@gmw th
t he aqueous sol utdesiraple(to effectiwdnpradunga solid dodagdfosn bixstetrdcpclinaarerse t he
pH of the aqueous, %gkution, wher eby a suspension of the netal conplex
of the conpound of " BSFmul a (I') is fornmed after steps (ii) and (iii);
and (iv) drying the suspension of the netal conplex of the conpound

of Formula (1). The process may | m Xi ng one or
nore pharmaceutically acceptabléh@@¥#§$%§€gnﬁgﬁﬁggﬁygggranulation.
The exci pi ent may8p&heagteest iprention it dirdeled tcd ] Gfsaghr fyinDeF atriie@al complex of
suspension. A further ste Lnvolve filling.the granul ation
into capsul es oraé%ﬁﬁ?%@gBﬂ%%¥W86%#EHHWﬁ?F§W% 38Rt s, [10] In
anot her enbodi nment, the process for making a netal conplex of @he
conpound of Forrmula (1) in ad§olid dosage,f orm &gFSises the steps of
(i) providing an aqueous sol uft onRof 322 physiologically
abhy or

acceptabl e salt thereof, wher
conpletely solubilized; (il M th the aqueous
k the pH of the

conpl ex of the
ad (i ii); (iv)

aqueous sol ution, whereby
conpound of Forrmula (1) is™kgrwed
adm xi ng one or nore pharnace ticalu hl &- exci s wth the
suspension, thereby form ng alwet gdanulafion; and (v) drying the wet
granul ation, thereby form ng @dry @ranul @fion Bf the netal conpl ex
of the compound of Formula (lI). The process may include, the step of
adm xi ng one or re.pharmaceutical ly acceptabl eexci pients after the
wet granul ation 5%t ned. In addition, the dry granul ati on may be
filled into capsu%escgm%qmgﬁgﬁqgsed into tablets. [11] The
tetracycline netal conplex of Formula (1) may be used in treating
bacterial infectimCHrReoifeffiod of treat ment conprises the step of
adm ni stering an gffegl uyomsmuah: &fd a solid dosage form conprising a
metal conpl ex of a compound of Fornmula (1) for an effective period of
time, to a host iﬁ*7ﬁ¥@8rﬁhereof._ [12] In addition, the invention
incl udes a net hodyitiOhe pro®iad fhitaf B ik CEDAR K85, thda'F i AR OHM Cr oor gani sns
and/ or bacteri a, conprlsugg the step of adm nistering a_safe and
ef fective amount I8F APrarsesr BEHIA Axct complereelibasprprd obForpylarliima (1)
in a solid dosagepfi@idtadedbmpi aRb ieRbddve (e Pres@elin@éntibh. Mehe Prébed cBRfset N
need t hereof. DETAI LED DESCRI,PTI ON OF THE | NVENTI ON

the steps of (i) providing an aqueous solution of the compound of Formula (I} or a

physiologically acceptable salt thereof, where the compound is partially or

completely solubilized, (ii) admixing a metal salt with the aqueous solution; (iii)

admixing a suitable base to increase the pH of the aqueous solution, whereby a

suspension of the metal complex of the compound of Formula (I) is formed after

steps (ii) and (iii); and (iv} drying the suspension of the metal complex of the

compound of Formula (I). The process may include the step of admixing one or

more pharmaceutically acceptable excipients to form a granulation. The excipient

may be added prior to the step of drying the suspension. A further step may



[ 13] For the purposes of the present invention, all percentages

provi ded are by wei ght, unless otherw se specified. [14] The
tetracycline nmetal conplex of Formula (1) and the active ingredients
of the present invention are used in g "safe and effective anount."
This is understood to nean a sufficient anobunt of a conpound or
conposition that will positively nDdify the synpt ons and/or condi tion

to be treated, w.th,t erst t he _anount w enough
to avoi d serious "SCHE elﬁ‘fnlge&et %auu 8“ ’3%[9 ARTEIedH T PRRres Y B'EH%’G‘O’[‘ Faft Ti s
consi dered safe aﬂmﬁeffectrve wi |l depend upon sever al factors For
exanpl e, the con v r|ty of th ditio be| at ed,
the age, body vvercfgh it aao eérp ’5 ‘ﬁr@ P prasgss 1o %?ng i ﬁﬂ’ﬁ?g]?"&%{tﬁ
condition of the cp:apmmtibf Bainol (B u&aiohdidoshge&‘omUaipt—x@&% tl&fstdphtef(t)
treatnent, the natur concurtren r U| ar e
i ngr edi ent bei ng p(reo'.r{r'p Itﬂ/aélc? AU E)g‘f’ %‘%PB‘?%%@E@@P B@é al‘bl e
excipients utili zt]mrleof txﬂeretthmmburﬂdmmaﬁy bﬁctomplbtel)rmdwiieaf(u) adn‘llxmg a
adm ni strati on, retion, L nation nd an
rel evant factors' e&f‘g ﬁﬁtdw‘g’et%@ Prems 5‘3?\% nd(é 5‘?’1?‘891“3 aﬂ’éﬁble‘allt‘?ée é‘%/c
"phar maceut i cal | pHadciepipdohesobnion,prlerby mﬁpdnﬁtdxeaﬂh@metatdamaﬂftaé\y
physi ol ogi cal |y inert ogi cal.l t known to
oo sl Ted 1t enEynd BFerEAD SpRelneBRe 1R G odriatie Saihy
chem cal charact etmrspliaaﬁacertnctamgeacp@tableeudnﬁéntt eith ﬂteyﬁsbmﬁi%n,rtﬁéra:ly foraiiny ex
of Formula (1) selected.for Tetrac resented by
Formil a (1) | can’ B BRBHEE TRAH At Casrolatin, foeky BarEea o
chloride, to progumelati@t efltheandrllcensiex ofﬂﬁardaswh:amﬁlomtrmutae(gr ghepbees by
tc|h|ezit ' légt UEJG_B( 1) ayat_q?udg,rtﬂ%gg)eqﬁagmrémgne or n)tore phannaceuul?glly acceptabﬁ or
excipients after the wet granulation is formed. In addition, the dry granulation may
be filled into capsules or compressed into tablets,
[11] The tetracycline metal complex of Formula (I) may be used in treating
bacterial infections. The method of treatment comprises the step of administering
an effective amount of a solid dosage form comprising a metal complex of a
compound of Formula (I) for an effective period of time, to a host in need thereof.
[12] In addition, the invention includes a method for treating ailments resulting
from microorganisms and/or bacteria, comprising the step of administering a safe
and effective amount of a metal complex of a tetracycline of Formula (I) in a solid

dosage form for an effective period of time, to a host in need thereof.

DETAILED DESCRIPTION OF THE INVENTION
[13) For the purposes of the present invention, all percentages provided are by
weight, unless otherwise specified.
[14] The tetracycline metal complex of Formula (I) and the active ingredients of
the present invention are used in a “safe and effective amount.” This is understood
to mean a sufficient amount of a compound or composition that will positively
modify the symptoms and/or condition to be treated, with the understanding that

the amount is low enough to avoid serious side effects. The amount of the



RA = OHor H wth the proviso that if RRis CH3 and R3 15 H, then R4
is not OH [171 An inportant aspect of the present invention is that
the nmetal conplex is fornmed in accordance to a nolar ratio of
tetracycline to metal ion ranging frog about 3:1 to about 1:3. More
preferably, the nolar ratio is fromabout 2:1 to 1:1. 6 [18] The
present invention is directed to a solid dosage form of a netal

conpl ex of a tetr; ?‘&Jnh ﬂﬁtﬁ‘éorﬁ%ﬂ%}f'saﬁeé Id.)eﬂ'gc;?irve Qﬁ%aﬂ&%y&/%%ﬁ ge‘%érgl%a fors.
acceptabl e adm nistration to a user parilen L l.e.; any resi Ual
sol vents or ot her¥oi eipuplet fhesondition atd saverigvad thetchmditiandemgsateld edgs af e

o1, o, Cons T s 09 R0 T S A e
. 11114 OH OHOOHO treated, the duration of the treatment, the nature of concurrent therapy, the
particular active ingredient being employed, the particular pharmaceutically-
acceptable excipients utilized, the time of administration, method of
administration, rate of excretion, drug combination, and any other relevant factors
should be given consideration.
[15] The term “pharmaceutically-acceptable excipient” is understood to mean any
physiologically inert, pharmacologically inactive material known to one skilled in
the art, which is compatible with the physical and chemical characteristics of the
particular tetracycline metal complex of Fornmla () selected for use.
[16} Tetracyclines represented by Formula (I) can be combined with metal salts,
such as calcinm chloride, to produce metal complexes. Formula (I) is represented
by the structure
M
Ri R, Rs R, N{CHa),

CONH,
OH

OH 0O OH O

wherein

R; =Cl, N(CH3), or H;

R, =CH;, H, or CH>=;

Rs = CHj, H, OH, or absent; and

Ry=0HorH,

with the proviso that if R; is CH; and R; is H, then R4 is not OH.

[17] Animportant aspect of the present invention is that the metal complex is
formed in accordance to a molar ratio of tetracycline to imetal ion ranging from

about 3:1 to about 1:3. More preferably, the molar ratio is from about 2:1 to 1:1.



TETRACYCLI NE I n anot her enbodi nent, Fornmula (1) is chlortetracycline
where R =0, RR =CH3, R83 =04 and R4 = H CICH3 OCHH NCH3)2 OH
OH OHOOHO CHLORTETRACYCLI NE

[18} The present invention is directed to a solid dosage form of a metal complex
of a tetracycline of Formula (I) for pharmaceutically acceptable administration to a
user/patient, i.e,, any residual solvents or other impurities are at a level that is
considered safe for human consumption. In one embodirment, Formula (I) is the

compound tetracycline where R; =H, R, = CH;, R3 =0H, and Ry =H.

CH, OH H N(CHa)z

I I I | CONH,

CH G OH O

TETRACYCLINE

In another embodiment, Formula (I) is chlortetracycline where Ry = Cl, Ry = CHa,

R;=0H, and Ry =H.
Cl CH; OH H N{CHa)z

H OH
O.,‘ o
O CONH,

OH 0 OH Q

CHLORTETRACYCLINE

In yet another embodiment, Formula (I) is oxytetracycline where R, =H, Ry =
CHai, Ra = 0H, and Ry = QH.

CHs OH OH N(CHa)z

I I I | CONH,

OH
OH o Q



In yet anot her enbodinment, Fornmula (1) is oxytetracycline where 121 =
H R2 =- CH3, R3 = O, and Re. = OH. 7 OXYTETRACYCLINE In still
yet anot her enbodi nent, Formula (l) is deneclocycline where RL = O,
R2 =H R3-=04 and R4 = H. CII-IC]—7IFI LI N(CH3)2 OH

OXYTETRACYCLINE

In still yet another embodiment, Formula (I) is demeclocycline where Ry = Cl, Ry =
H,R3=0H,and Ry =H.

cl N(CHy);

H od H
H H OH
. I l I CONH
OH 2

OH o OH 0

DEMECLOCYCLINE

In still yet another embodiment, Formula (I) is methacycline where Ry =H, Ry =

CHy=, R; is absent, and R4 = OH.

H CH, OH N(CHg),
H H OH
' l L CONH,
OH (0] OH 0
METHACYCLINE

In still yet another embodiment, Formula (I) is lymecycline (N-Lysinomethyl
tetracycline) where Ry =H, R, = OH, R; =CHj, and Ry = H.



OH OHOO01- 10 DEMECLOCYCLINE In still yet another enbodi nent, Formula
(I') is nethacycline where RL = H R2 = CH2=, R3 is absent, and R4 =
OH CH2 OH 404* FI OH OHOOHO METHACYCLI NE

8
N oH CHS N(CHs)z
l l l I CONH;
OH O OH ©
LYMECYCLINE

In a preferred embodiment, Formula (I) is minocycline where R; = N(CHs),, and

Rz, Rzand Ry =H.
CH,
HC—N N(CHs)z
I l I CONH,
OH O OH 0
MINOCYCLINE

[19] The metal complex of the compound of Formula (I) may be, for example, a
calcium complex, a magnesium complex, a sodium complex, a zinc complex, an
aluminum complex, an iron complex, a copper complex or mixtures thereof.
Preferably, the metal complex is a calcium complex.

{20 Itis desirable that the tetracycline metal complex of the compound of
Formula (I) undergo substantially complete complexation, where at least about
75% by weight of the tetracycline of Formula (I) has complexed. More preferably
at least about 90% has complexed. It should be understood, however, that an
excess of the tetracycline of Formula (I) or metal salt may be added to form the
metal complex of the compound of Formula {I).

[21] Conventional wisdom dictates that the presence of a metal source with a

tetracycline compound can interfere or inhibit the absorption of the tetracycline.



In still yet another enbodinent, Formula (lI) is |ynmecycline

(N-Lysi nonet hyl

tetracycline) where RL H R2 = OH, R3 = CH3, and R4

H 8 40011* OH OHOOHO LYMECYCI ANE In a preferred enbodi nent,

Formula (1) is mnocycline where Rl= g(CllS)Z, and R2, R3 and R4= H

MENOCYCLI NE

Literature sources advise against the administration of the tetracycline with a
calcium, iron, magnesium, or zinc supplement or product. Surprisingly, however,
the inventors theorize that the body can effectively absorb a tetracycline from a
metal complex of a tetracycline compound of Formula (I} in a solid dosage form.
[22] Amnother aspect of the present invention is that the solid dosage form of the
metal complex of the compound of Formula (I) can be engineered to exhibit a
desired release profile. For example, the solid dosage form may be engineered to
exhibit an immediate release, a controlled release, or a sustained release of the
tetracycline compound of Formula (I). This may be accomplished, for example, by
measuring the dissociation rates of the various metal complexes of the tetracycline
compound of Formula (I) and then carefully selecting a particular complex based
upon its properties. Moreover, two or more complexes may be combined to create
the desired release profile.

(23] The solid dosage form of the present invention may be a powder, capsule,
tablet, coated tablet, aerosol, pellet, chewable tablet, lozenge, gelatin filled capsule,
and the like.

[24] The pharmaceutical dosage form of the present invention may be formulated
together with one or more pharmaceutically acceptable carriers or excipients
and/or bioactive agents.

[25] Suitable pharmaceutically-acceptable excipients include, but are not limited
to, polymers, resins, plasticizers, fillers, lubricants, binders, disintegrants,
granulating agents, solvents, co-solvents, surfactants, preservatives, sweetening
agents, flavoring agents, buffering systems, antioxidants, pharmaceutical grade
dyes, pigments, and mixtures thereof.

[26] Polymers that may be used, include but are not limited to,
hydroxypropylmethylcellulose (HPMC) alone and/or in combination with
hydroxypropylcellulose (HPC), carboxymethylcellulose, acrylic resins such as
Eudragit®, methylcellulose, ethylcellulose, and polyvinylpyrrolidone or other
commercially available film-coating preparations.

(27} Suitable plasticizers, include but are not limited to, polyethylene glycol,
propylene glycol, dibutyl phthalate, castor oil, acetylated monoglycerides, triacetin,

and mixtures thereof,



[19] The netal conplex of the conpound of Forrmula (I) rmay be, for
exanpl e, a cal cium conpl ex, a magnesi um conpl ex, a sodi um conpl ex, a
zinc conpl ex, an altuni numconplex, an iron conplex, a copper conplex
or mxtures thereof Preferably, the ngfal conplex is a cal cium
conplex. [20] It is desirable that the tetracycline nmetal conplex of
di e conmpound of Formula (1) undergo substantially conplete

conpl exat i on, bout he tetracycline
of Formul a (I) hig'gj ﬁxa xe(%jﬁﬁl mcluESb lsr/él\é\ﬁuggf“? feaé"s % J500F 90% has
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form [22] Anot Pperferr ai?é:t N8R a%ﬁglg}xén SEEH{"%}&T;:% thavtidot he CIsoI id
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conmpound of For msodiufl c)arboifﬂmahylmyrclb eodiog starrplh glschme, stﬁcbum earbaxpinethylby
measuring the di SS 1cl_sll s%tél g}g&g@gﬁhlon?{eﬁa\ﬂgg%ggﬁ %]nF | gxes of
the tetracycline co oun I n en care y - sel ecting
a particular corrp[BEVEmm ofi pofacthits iphdpbut ireest hmmempe}ypxwﬂwlem nor e
conpl exes nay be ¢ reat.e th esire a rof
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capsul e, tablet, hMestexBaﬂrﬂe&lne;s aelmusotes thoebf. et , chewabl e tabl et,
ozenge, 9el atin o LeBIRR S bl e S A RS, B e
together with onq:mhydrox;é:e@oamnﬂdwmmfdayld am@dtstt@bé@, boatr atmdaemé thepr
S)ﬁg‘:’ ﬁ%gghtsl 22?{ Srsa gé &é‘%&fb%’o‘?b@ S &ﬁﬁéhﬁtsélgsﬂler ¢ &Eﬁ%l?atnol benz¥11 a%co c}lm ted
to, polyners, resﬂmm;ospll, ﬂshylmnemmncsacetate lrhdarisgte, nitteriesah bazallomder s,
di sintegrants, gr en solv -sol v .
surfactants, pr es%?c{/néi A v@g" %\?\%}e]tcglﬁngegmg&%fﬂarsaﬁgr? ﬁ%@gﬁ’aﬁg‘*"a%“ed r{ms{t,ures
buf f eri ng syst enstherasft Paticdain Befepdaratbeaits oikahzograadecetmsidinpingrent s,
and m xtures ther y be used, include but
are not limted t%?or dlrl‘%&}Bfob%nH WF quﬁl ose (HPI\/C) al one and/ or
in conbi nation w BHl Hyttlmmdayqsltkapmhjcm used, oskmd¢ WP@)e, not limited to, tocopherols and
ot byl ool 1 ul ose,  Sepaieeipist ot LB I BUE AR sobR ey s
commerci al |y avai stoaiuhenﬂammltﬁmasqorbgl mmhmpm exmccﬂnlsl, catecing an@ulﬁrtnatb‘rf@

pl astici zers, inc . imted to, polyethylene glycol,
propyl ene gl ycol ,hl%gfﬂgﬁm’%ﬁ?&ﬁ%g%tg castor oil, acetyl ated

monogl yceri des, t [35h&uitable swagtehersi ntludedmt athaotdiotited to] gucrose, glucose,

saccharin, aspartame, sorbitol, xylitol, sucralose and mixtures thereof. Particularly
preferred are sucrose and sucralose.
[36] Buffering systems that may be used include, but are not limited fo, potassivm

acetate, boric carbonic, phosphorie, succinic, malic, tartaric, citric, acetic, benzoic,



[ 28] Examples of fillers, include but are not limted to, |actose,
sucrose, rnaltodextrin, maimtol, starch, mcrocrystalline cellul ose,
and m xtures thereof. [29] Lubricants that may be used, include but
are not limted to, nagnesium stearatg, stearic acid, talc, and

m xtures thereof. [30] Suitable binders, include but are not limted
to, nethycellul ose, sodium carboxynet hycel | ul ose,

hydr oxypr opyl met IceI ul.os avi_done ar m
xant hangum -t r agim e B oS e v BRY W R g PR
silicate, ethyl cakdferases plmspéxgmt &driaric, zmd: &tdquotal;s;urmmdtam xtures

t hereof. Parti cul d.are rreth ul o carbo ant han
gum guar gum pc;%]dx rYQ mﬁ%gsov tsmayc%er"l% x;}f?(‘iV ° t‘%ﬁ?ﬂ i Bmp%f%ﬁvent

Di si nt egrant s t hdfhemvater by bsenﬁlﬁamthwecmmn@agentnhtorganmatléxﬂymgjagents

aospovi done, sodi, 0X t hyl a sodi. u [ J
sodi um car box_yrns\tlﬁf’yllu£3 ‘11% n@ m¥edt‘§jth C{r%?‘hfl;l& BQIC1c,§]rJ]T§‘1 %cllﬁ nﬁgléégﬁ‘ é
resins, and m xt umetn:etsIﬂmr@ﬁfAlter{xa’ﬁﬂe}ly,lﬁmnmha&f}mﬁg @anté mey bendsed, suchat fode

ol yoxyet hyl eno. riroRbieehR Henirot afl it Skt bRl Rk,
and ethers, and mgmttuq@ﬂr&:ﬂeﬂe@ﬁd [33] SUI tabl e preservatives,
LQ?LES&25;bZ”nioﬁgﬁa%ui%’ofe%%ﬁ%?nes” O v B P nEh L Bt gyperimn s
aci d and the sal todyleae elyfqgl, mteﬂnytemagijrqdl amtimixtueessladof t her eof ,

chl or but anol nercuric ac t e and
i trate. ot onenad) TSRl sHRRRRR BB O PR

chl oride, nethyl sbantdiewcighpmpepst (Eds)ad et Wrfowttioxirefereldy fiomrabait 5.0
e A e e S
nmay be _used i nclwide obtht tm@chmlndtalmmlddc ctf@‘pmtuh:(d))pheirfnimalmntﬂ 1wt%to

b sul 1 t e sod: urihueaR R Prie Bty ol Hhel £ BUEhD PR ML g U
cat echi ns and derprvfanablytfmntdbeutéom %atndbaut mw%sf oﬁw@wemfe phajn@&dutically-
Sui t abl e sweeteneﬁrge tlbee ! 1ﬁamlg?ut are not limted to, sucrose,

gl ucose, sacchari e Py B FERIe; sorbitol, xylitol, sucral ose and

m xtures thereof. [49]a‘it‘he wilifl dosage ﬂombﬁhemeialanmplsmaﬁtbss@n@nmdsﬂd?pmw@
o, pot assi um acer e Mo g RlpRGas s pid oy et Lo
tart ar! C, citri c,sobties by teloepdime of Forbdla Klam:tamlys1glbgacaéiy|acqeptgblasa1hl c,

oL Utarl o 91Ut a g B0 OGRS 8L RREBAA, MBS LE gy ©
of sol vents may beetsiseltito thiaypems ﬁolwmuﬂuu)laémt(hlg appreeftemcmeaseshel pheefithe The
water may be acidjfied th a Ci i ifyin
ments ot ude. e attbieh, RS s hopdlolf BOE Ryl DAL SBorl Y 1O
acid, nitric aci diomanid (})nscﬁamnedsaﬂbﬂ'sape@n) and/(hi);emdavj drgihg the suspension of the

cch 0 Y110 20em TR R ST SRS SR, ASBLERoCIC,
i s hydrochl ori c apliaduaceutically acceptable-excipients may be admlxed before, during, or after
each processing step.
[41] Examples of the physiologically acceptable salts, include, but are not limited
to, hyclates, monohydrates, carrageenates, hydrochlorides or phosphates of the
tetracycline of Formula (I). The tetracycline of Formula (I} or physiologically
acceptable salts thereof are partially or completely dissolved in an aqueous

solution. Any suitable means may be wsed to dissolve the tetracycline of Formula



[38] Suitable co-solvents, include but are not limted to, ethanol,
gl ycerin, propylene glycol, polyethylene glycol, and m xtures
thereof. [39] The phannaceutical conpositions described herein are
conpri sed of fromabout 0.1 weight perxcent (wt.% to about 99.9 w.%
preferably fromabout 5.0 wt.%to about 50.0 wt.% and nost
preferably fromabout 10 wt.%to about 50 wt.% of the tetracycline
rmt al conpl ex of d?:gfll@’s'a i the aqu@&]g s&lﬁtﬂﬁﬁ‘ @Qﬁéﬁll all]thé%s e/ﬂJu@d ﬁQQﬁ{E fo%% of
.% preferably froma out %to a % and
pr eferably from a56ng @@eﬁﬂon@@ﬁeﬁtsdﬁﬂﬁs 391@1@%@1‘%%111330%“@14‘1% ’@3
phar maceut i cal | y,aceaRbRRbE ﬁ%&%hlmomoﬁm%&eﬁ%uﬁbm méaﬂ{é@ﬁ@m e
of the metal conpl ex of the conmpound o ornul-a maybe nade using
a process conpri $ffRyuthetogbed- of (i) providing an aqueous sol ution

of a tetracycli nqusllﬁ%wyllsal dafkd inhdeAuPlY 80t GLRA8 A adurR GHERbARE Ga18al T
t hereof, where the conpound is partially or conp Iete sol ubi | i zed:

(ii) admixing a MRAEEASIUGLIALS, gHC sale aaaﬁl@@ugstémqit Mﬁrﬂcwlﬁrﬂx L Y

base to increase shibg catiuafchrotl@e al%%e@sa&%a%b ed WHE 6:ORYhodt BbtERONET ON
of a tetracycline nmetal conplex of Fornula (1) is forned after steps

(ii) and (iii); anepoerpymiedinpihe sweallsseiesi on of the tetracycline

netal conpl ex of Egrm&m(v&%toﬁ%qtiov&nﬁlﬂrefmwgooenorwwmaboutsom%,
pharmaceutical | y ‘accept abl e- exci PI ents nay adm xed, before,

during, or after BhERCPEdTads phayt 1} wyo to a[bﬂ%SOESEafTﬁflt@én%‘ﬂ sglfywlution is
physi ol ogi cal | y 3a6&Rt abL&icad sbftiod, Mabisiane RES offihdal RfetrickElink @k dn®

hycl ates, monohydrates, carrageenates, hydrochlorides orpjg‘?osphat es

of the tetracycl ihetd: 1 oot B5:1s Isychﬂﬁﬁélet‘@tﬂﬂ%wpﬂ%@a%ﬁm of (1)

or physi ol ogi cal ltytrai gy&ﬁpioamfﬁmaaﬁgﬁgtﬂwf&e&walrteaME1BalIy or
conpl etely dissol ve n an aqueous sol ution %/ tsw tabl e npans_may
0

be used to dissollfd 4 H@“ﬁ’é‘t“’%“@% pocpRiabis bapsyis pdtied to theaqueous gplutopand 5| t

in the aqueous sahiddd Witk ﬂlé?@tﬁﬁrc@ﬂnhdhen@' Exatfpk ofp‘haﬁﬁqamtsm} ab&pﬁﬂ%asfa@r m
of m xing. O her conf)onents suc

as et hano ﬂl&ﬁi’or aci d %le $ hncl uded
in the aqueous sGFRICISH O saltfderdbrpPiaRsstith TERHAREPTAR RFPYe hhdE o
pH that is in a rmangsitelto,abAl el FasésPsuoD BUbdifm hydkdlideSybthsabehyaRiik,
salts include but, are not limted.to lcJaI cium sgql‘asesﬁusodl ugm salts,

magnesi um sal ts, WP hudgpyide and ihe ke alighurcapth mp@ Fuas el | y
preferred netal Sgbloxids beAks hyiidady Q8 e @ike; Mi€aniBénilm Bakdxider g rmaded

with or without mx , but is gener xed . into th
solution. [43] AB8 pitp eqith gl sty &eféf I%Plﬁ%ﬂfa#la@ y’ig SEORE 45
wt 3) t ]9 aﬁout 50I Ve %lua@findiﬁ&&h}aﬁ &trmatgsl, yicﬁbﬂﬂfes aﬁhﬁ\ésoﬂ"mhﬂalﬁbﬁuite 50
wt % of the neta SO S, ed to t tion,
whereby the rati @ gftl #a‘i‘Bor{aLﬁ"}ta’g%F‘fsﬁ’é’lqd%%’ H‘??Pgao%lffl '83‘&1“?0
about 0. I5 1, suchijdtablainbie, Ih@ﬁhlﬂlﬁﬂo][@uﬁ.‘eoﬂiﬂ@MmgﬁﬁncﬁmﬁﬁhaI‘thdi—aﬁ‘l o of
tetracycline to |on rangi ng from aphout 1 toa
A phar maceut i cal ﬁ§§ f%ﬁﬂ@gﬁmawguﬁaﬁ%&% forfea S&Eﬁ&ﬁ%ﬂ’s"]féllﬁ fitlon.
and m ngl vm'bt h thﬁn@IeEGfth@@éﬁi{ibﬁﬂMfﬂ*onﬁTiﬁﬂp:cﬁb‘ﬁer@Iﬁy tﬁ@ﬂdﬁﬁ»ﬁ@ﬂm?mﬁwses
accept abl e bases ca of form sal ts ose of t
present inventio ,1‘3&%8%‘58%05“’%’61‘0 r}gmﬂ%et"flap %E"of‘bf"g%*a‘:lp At ﬁﬁ?lyalﬁﬁﬂgf"
bases, such as smﬂbummdmﬁ;dﬁeram%mﬁsi torbiy dr Bevietibfactbistakd used to
hydrOX| de and the like; .al kal i ne th ta C cal ci um
hydr oxi de, bari ur’ﬂ IRPERS e gmo %{ﬁa aﬁ% : bl be %ﬁéﬁ@%@?ﬁﬂ%@ﬁ%&ﬁq&%@s
Al kali netal or ablesibn, Iﬂmm(sb bf thete&icyslﬁie,tﬁd suietdlibrinnf @ostim bfithag
phar maceutically acce s, can include anions such as

tgla (ﬁ méeﬁé?,'oug) &x

car bonat es, bicar 50di um bi car bonate and sul f at es.
Addi ti onal suitaby& ’fﬂm@enﬂmi cbfdlm thais] cenplapdfahe dompet:ﬂdaﬂﬁdarmuiar(é) is

d h I h f
1451 The base | s BOFRETPTISRCHTBARE® BEPLA FU BRdh ek RHERIHE on o
I

S
the nmetal conplex of the corrpound of Fotnmula (1). Generally the




under st ood, however, that the order of addition of these ingredients
may be varied. In a preferred enbodinent, the netal salt is added and
m xed into the aqueous solution prior to the addition of the suitable
base. [47] Drying the suspension nay kg carried out using a variety
of techni ques. For exanple in one enbodi nent, a spray dryer is used
and the suspension is sprayed onto an exci pient Clher nethods include

decanti ng, evapor at, on, reeze dr n n
and the i ke, | 28Rk DEFT R et o ka6 iR Lonehl blhady teapted
e 4 ot o o e
i i) . i di ueou uti
of the conmpound O?O?L‘%(S??H’ﬁ?iéo\S’Fggdﬁcmé’fglﬁ)?‘é‘l%]i%@fgtal |y acceptabl e salt
t her eof, where thp’ip@mﬂmgthdsuslsenﬂaﬁ inhyalbd carriad oﬁt(imiﬂj; etvalely cﬂ”mdcu:queszm
(i) adrrixingarreta us. sol.ut adm
 bhse o1 ner astprs e shbpdinids G IR ngran S8 ebimeh st
t he rTE'E al )corrgl (eXOnM frhextipienic Q1D Hidthody indhale Medatin(g] éhvapcﬁaﬂo(ﬁ[ fiade tiﬂ'ljlihg,r
steps (ii) and (i xing qne .or nore pharmaceutically
accept abl e- exci plfé#@y&ﬁﬁldtqﬁg] aéﬂaré? d%e thereby fornming a wet
granul ation; and [8) Irdin}ﬂltﬁgaﬁvh@mbﬁhm@ﬂ&]ﬂﬂr@dek&ihxmﬂdi@‘aesbﬁd dmageifog &
dry granul ation of _t | ex the.c ound of Fornul.a
Steps (i)- (iii )a’gftgfcﬁfng{eé ﬁ%%ﬁ%? mg?fg opja @J%pg%es &ﬁéngr‘?g’)

descri bed pr ocesspbiiding bipdgusous belutéoalof the dmﬁmed 6ﬁﬂbmuﬂa ﬁ]mrtahﬁysiologically

suspensi on. [49] Thi nb. hgwever S.:an pient. t.o
assist in form nga"éieﬁ?é’ es@&ﬂ ﬁngv}%ﬁ%efﬂI&pquH@ B Regip %121 \/‘81’8 @58\9@&%‘3&’
that an exci pi ent (i) edrgnxmgairrcetabsaﬁtyaﬂmaﬁd dqneug sl dtioh,d8i adnaizing b dasa se d to

absorb and adsorb, t he t e, suspensi

Ehe Suspens: on. TR SR oS S0t e RaR o R R o e
about 5 wt.%to aﬂleudmlﬂﬂndl\ﬁfl"%mﬂi @)is fd?med :ﬁ’feaktégs (u)tahé(mb(xsladmmgmt:he
wet granul ation is abo nor e
bhar mcout [ cai Ty SaRgnbirae it d-PBRie PR finthe sRPhns R ety
process during anforoingtwet grammtdies asd (a'b)érymWreeWganulﬂwo;t}mrémfsmmm be
added in nore thap qne 11 . The..wet..qr.anu d
nay-drying, fl ui dgrﬁércf “%515 t)lnnoéf"ﬂe ee}:aéﬁ ‘?Pr%"'g"?félgé"‘%& at | ng, ng&)éélg Stgésﬁ

a conbi nation theﬁe)o:ff;ﬂuwnﬁn;hnmhmmpsanwasﬂxesnknﬁembedprodcwhatidunh tl'ed

in the art. [52] nsure that d dosage formis suitably
stable, it is desf g?%g{%gjtlﬁﬁﬁﬂwST%%ngléanul ation of the netal conplex

of the conpound of9FGhivemhodimintiewever, autilites amexcipient toassist mrfomntg ofet

about 1 wt.%to abgﬁlulzi\t}c?g )fﬁe%% e%?or%lage dl%c}g'ﬁeréd%ﬁﬁlan %lp%}l?it %ﬁtﬂhé}ﬁ gﬁﬁL

conpl ex granul ati re prefera ol st ur'e “co
| ess than about 1€llosdeanNesisedio eﬁse:rbabdl gdsorb dhealpmsire in the suSpensiomlemt 6

w.% [53] The rgg té\ﬁgqrtgﬂé@%ug?mh%sat ishiif gr%ma%;mgrm QAT 2

i)
(1) isin the formg% a ation COI’ISIS ranul es and

powder. The dry gaantd atiednatweyde.%bvetd ddeferbip ﬂ@m@:ﬁur@m’éewa’th as
| ubricants, e.g. %ﬁﬁﬁ%ﬁ'w"aﬂ;ﬁ%ﬁ%@tﬁabi?ﬁ% .pal bl end may be further

processed, for ex capsules
[50] One or more pham]aceuucally acceptable-excipients can be admixed in either

process during any of the process steps. Moreover, excipients can be added in
more than one step.

[51] The wet granulation may be dried by tray-drying, fluid-bed drying, decanting,
evaporating, freeze drying, a combination thereof, or by other processes known to
those skilled in the art.

[52] To ensure that the solid dosage form is sunitably stable, it is desirable that the



[ 54] The solid dosage formis generally adm nistrated orally.
Suitable fornms include, but are not limted to, tablets, capsules,
powders, granules, |ozenges, aerosols, pellets, chewable tablets, and
the like. [55] The inventors have al g9 discovered that the

granul ation fornmed after the drying step is well suited for
tableting. In fact, tablets can be made directly fromthe netal
conpl ex suspensi on kin Rroc ef fi cien wev.e

shoul d be under stBH réf)pt i%alt E’é%ﬁ%‘f"e P%ndn(% © e‘ﬂal@q’orpoérfgtaed
As previ ousl y notmedistutelvententof @Joaﬂtxst,% $urbhutd$§ mﬁ&&dxasaﬂauntthe totabyeighd obitiele d
before and/or aft t r

granul ation. The Iglg‘(t%]’lcg&gﬁ% alir%%atmg Mof%réfggblﬁﬂ %&%‘lh%ggﬁgm\éﬁ& dhbe 1esf her
conponents. | 56]t11¢11abautrilﬂeftéf8 riéekt prefeoadivarerabout il ve. % mlbatt § wafe chewabl e

tabl ets. Moreover gl?']t rbﬁmfﬁg h’xg%ﬁcot}%geﬁ ogthg g&XLP%(\ﬁ&ioftPla ul% Qgts gﬂg? ko éP

nature of the net easan _
tetracycline conm@rmmwﬁlamrmﬁlﬂug M)granﬂepardaiower Thedrs srowpidnmmeky bar e

I cnown to have anmb %ﬁe? ﬁrﬂﬁ Ly eJ? Jokstsfidn &% E'L@ants, %Tg?lll Cég@mlﬁ'g G drhs@ n’l‘hetdﬂl'ﬁﬁ

solid dosage for sent 1 nven tain a dl t1ona
i ngredi ents. For BEsslmpiyde furﬂermd@saeﬂ,dmammigrbe&ﬂlegntsntnagpsiﬂm| ude

oxci pients, b nael s P sblRled fBPELERRY ikl B, SORB iy o
Exci pents such asinblidrdbwgreagelimiged t6, cbablfes‘eﬁppﬂe,@d_e@ gr@mlla@e,lle@eﬁ@é,l atin,
sorbitol, tragaca&}(ﬂols(S)};enaglcp@@agﬁgl%gxgr éﬁl)déegﬂat . fillers for exanple

| act ose, sugar, nualze- clum sorbitol or glycine;
tabl eting | ubri cal§f] H@mvmmealmmsewgﬁwmbuown@d after the

pol yet hyl ene glyc n%'éte sl weRnited e MR aﬂtféct seaéﬂgplngd%tea

starch, or accepta ting agents su as so tum lauryl phate
may be included tibe gt ¢qmpéqx@uapﬁ@mmnﬁmgitbwrmesm@e eiipient Hownver, it

addi ti on, coatlngsﬁ,oﬁ@éfg,gda&u%d% tifithe W hic na;h?etlhc%ha%raweﬁl %ga,sm hags

known in the art acteria be treate

present invent i onpotefthe graipierds, efchtambmqa'etmtmay@ﬁpddeééefomened/m@pr B¢ step
adm ni stering to R 54 Nhed and
ef fective anount gﬁﬁﬁﬁ%%l??%g %?R%VQ ta at%ngpé%lpi’leﬁ go |]§plgos§g%n
form Exanpl es ofmbr&@tvethlﬂzﬁlothemoewn@ﬁs that can be treated with a
tetracycline metajser %UP%Eféned SRy itk Ao a&eraaeﬁamme%l Moy ARET
respiratory tract in i ons, acne, t?onorr hea, H])F(pm l'i's,
anthrax, |yne di sesenorahayediseovpiekthat ‘f@ﬁﬂll'bﬁ?@“ﬁ"r %féléﬂrﬁlet?lﬁ?@ % bsibsmay
al so be used in t%ﬁﬁskttﬁ@ﬁ{p[@ﬁh tike cﬁ"ﬂle%%ﬁ:hﬁ@éb%ﬁﬂumof Ra&he (R 19HEally,
m croorgani snms. Non-limting exanples of bacteria and m croorgani Sns
are gram positi vethpiecemarupdnire lpwnde bare ae gaemels biee B¥®r gani sns,
aerobi c bacteri a, 55}]‘&9&'&91%1? tIQ%Glﬁc?c{dsé%e fo?-[?ﬂo”fﬁﬁfi)?és&ﬁ mvéEH%QHJa Solfatn
rickettsiae, chlanydiae, treponema, 1isteria, bacillus anthracis,

f usobact eri um f ust meedmnﬁo Rorexample,theadritional ngesdienigmayinclude natural
ureapl asma ur eal y;ddcduﬁﬁmatmwo%é hfeefeﬁ&y rcaeﬁsgs%oath@%mfm& Bhagkdcr eyi
yersinia pestis, francisel arensi s bri o chol erae, brucella
canpyl obacter fet @’émteﬁﬁﬂisdh@cﬁlﬁs Betip k% ormi s, cal yn- unat obact eri um
granul omatis, and4ef GxipQddkach éErbﬁadH%taE&% ﬁcﬁaﬁ@&tsﬁm tac E1ht5E Sorbitol,

requi re adm ni sterl ng a safe and effectiye anount o solid dosage
formof a tetracy&rEefEthet palyvEyhpyrepkidens; flers for ?"é’@?li"\;aét"ﬁ%ﬁ‘?%ﬂ 2%t i me.

EXAMPLE 1 [61] 83a@hdkivaf Iﬁ%ﬁﬂ%)é@ﬂblt&%r@]yﬁﬁ@%leﬁﬁ ﬂ%d&ﬁ@fo@éﬂﬂﬁﬂd 0
248 grans of water. Hydrochl oric acid was th ed dfgst the pH

to less than 1. NERERSSHM steagieqile, Rp,lye@gl%xwlwoégq Sélicﬂ’rﬁ‘%ff’f?%?"lt T ZEPHEI on

was added. The sobsthioQ@Archost abddpbIfvEEHs agkhts &cﬁ’é@%diﬁﬁﬁaﬁr?ﬂsh@md kY be
addi ng 130 grans of 5N sodi_um ydroxi de solution. Additian of the

base, formed and Prlgsdiodalige ’3[*3 FATRBIROE IR &0k Tajaddiiony AsfRgs may be

suspension, which had a final pHin the range of fromabout 5 to |ess




EXAMPLE 2 [62] 600 granms of microcrystalline cellulose is added to a
suspensi on of m nocycline cal ciumconplex made foll ow ng the
procedure of Exanple 1. The suspension is mxed to forma wet

granul ation. The wet granulation is swbjected to a drying operation
using a tray dryer until the noisture content is |ess than about 16
5% w w. The dried granulation is then passed through a mll, to

reduce the partl !églélloz,g“ggtag Qﬁgﬁﬁoﬁﬂéﬂlc%%u%rﬁﬁtﬁaﬂa”' cle size
[

sui table for Into a orm Next, 2 grans_of
magnesi um st ear at Bacieriabinfogtiens maﬁhﬁiwteﬂ Héing th prepAndinygagon. Iffhﬁfa#elﬂ?d

the mxture is Ccﬂmxreﬁﬁﬁﬁl@oinﬂﬁé%s b2 BLRs S amBk g 'cJ‘éﬂ-wZﬁsu@H a®f human or
m nocycline. The tablets mag hen be coated wth a filmcoati lr;{g 63)
y be

It shoul d be undemgnddraferad edectiveamonnt of aiedpayclie mﬁtq%swﬂ% ffeso

delivered in tablfkad@s. Hx mb&t&rﬁ%@maaﬁp&ﬁ@y&@t&fw@aarml el
is followed to forma mnocy(c i ne cal cium conpl ex. 500 grans of

m crocrystal | i ne E@cyeling sty @Wmmﬁﬂ%ﬁmﬁfﬁ%Cttuﬁ%"hﬁ?ﬁﬂ%?’éqe%@m%ﬁaﬂ um
conplex that is figfpRgs, aeﬁes ok, éﬁmn@diaesrypm@el%@i i1Ahe diddAE: MAE the like.

granulation is dried in a tray dryer until the noisture content is

ess than about 56 WtT@%Pr‘F‘ﬁBt1HY@F1E‘H1r@‘fyélﬂfelbat‘ﬁeéﬁlt?‘%“?aﬁ@ﬁ‘tB’%?é‘g@EFSPWugh

amll, to redUcebytﬂl@teﬂﬁiﬁd'xﬁh%o%ﬁméﬁeLﬂﬁ—ﬁﬂ)‘rﬂx@ekzﬁ‘ﬁblés%f@ac&%ﬁ%@| es size
suitable for maki ng into a solid dosage form, Next, 2 grans of

magnesi um st ear at BICFSTSAHERE 21§ SHTHIOSHWCHICTOREEZNF RS ERINACEREE The dr y

granulation is t h:ﬁf&rd(ol' ah@ﬂs 'a%@ic%&&@la,@gaeli‘@f djoa%ﬁﬁfslblfbcmsﬁyﬁlasmer e
each capsul e contains 50 m nocycl | ne. shoul d” be.

under st ood t hat di‘qu%?‘aénquW@Ps“eB‘P“ve‘ﬁlﬁ@V%I F%‘é‘lsﬁ*ﬁ agls YROPPIREIBY i n

capsul e form EXANBERENE, a@fhy8sk xﬁﬁeﬁmlo%mﬁmngga\p&bmmehytdﬁlﬁlg:tﬂz@m de
was added to 248 %rams of purjfied wa Hydr ochl orjc acid éj 7% W W)

was then added t oCPWIRBHS: {1?F§1051|111U§Guqr@@§8&91ﬁ§rp39_?5 frgmgisells dplagensts: WaEQ| um
chl oride di hydr atolas, Rostas cangyldtadadetus] Birfonslla@Rcitdgmipl | owed by

addi ng and m xi ng 201 gr.ans .of 20% w w sodi um h ution.

P R T M L e AT TR RN SRR R
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of 12. Next, 42 grains of. HCl f37(V vp afnn m'xed. The
-;o ane ecnve penod

final pH of the sYfelfrsydne e pmpley

EXAMPLE 1
[61] 83 grams of minocyeline hydrochloride was added to 248 grams of water.
Hydrochloric acid was then added to adjust the pH to less than 1. Next, 37.3 grams
of 40% w/w calcium chloride solution was added. The solution was then mixed.
This step was followed by adding 130 grams of 5N sodium hydroxide solution,
Addition of the base, formed and precipitated a minocycline calcivm complex

suspension, which had a final pH in the range of from about 5 to less than about 8,

EXAMPLE 2
[62] 600 grams of microcrystalline cellulose is added to a suspension of
minocycline calcium complex made following the procedure of Example 1. The
suspension is mixed to form a wet granulation. The wet granulation is subjected to

a drying operation using a tray dryer until the moisture content is less than about



EXAMPLE 5 [67] 25 g of croscarnellose sodiumand 175 g

m crocrystalline cellulose are added to a suspension of mnocycline
cal ci um conpl ex nmade follow ng the procedure of EXAMPLE 1 or EXAMPLE
4. The suspension is nmxed to forma wet granul ation. The wet
granulation is subjected to a drying operation using a fluid bed
dryer until the noisture content is |ess than about 5% w w. The dried
granulation is t ed; - a:m|| : i f
t he granul ation %Aﬂgﬂ%ﬁ?ﬁé‘{egé‘%ﬁéﬂéﬁ Jtna%iSée&]?]%}rg ma }{%ﬁ%e[f&r}té%hlg%rgﬂ?d
dosage form NextsizeB56thggeanelatidn torp partidde sizetsuitablerfer raakingintogeoliddosatded
and bl ended i nto £ MLl oFsndkiin/sRhh @AY ILAY 120 Shelifid] N
2 grams magnesium stearate 1 nto dFe M xture. Fi ngﬂnl y, the mxture Is
conpressed into tEAllgtthe morraisspmpressedintegabists eonigEangdPingof nikesydlap| et s

may t hen be coat egm\egbqe}@sIﬁ#&éﬁg&gg‘a@%aﬁ%@%}ﬁﬂ; shoul d be under st ood
that different |evels of rinocycline my be delgi vered in tablet form

EXAMPLE 6 [69] 1831gkahaslddfe undagecdthas difisrat lewslsiof minogrrlige maygbodelivered
starch, 4.5 gransg, @fetdni ¢ acid and 150 grans of mcrocrystalline
cellul ose are added to a suspension of m nocycline cal cium conpl ex
made foll ow ng the procedure of EXAMPLE 1 or EXAMPLE 4. The
suspension is mxed to fonn a wet granyaippRs The wet granulation is

subjected to a drying operation using a fluid bed dryer until the
noi sture content P4 oqeph o BBsamlesos fllgwedtn rppangaccy s GrleiFMon i s

then passed throughpRx"5bd grathOofmBeHEPstdIR cBBAdsk &l tRenQhixddigtodiaanul ati on
to a particles size sw_tab%re for making into a soljd dosage form

Next 150 grams ofmipeyeliresyisium sompisx et ¥ frmed rosultngigeq el sanHtiond &b

into the m Xxture.wetitatulhon i bkiawe sl By dris dh thedhdisrith 6RMNDE 16ks BaREFRLOf
nmagnesi um stearate Into the m xture. FI nal%g, the m xture is .
conpressed into taBFét ShedrdEIRREEoMIDhenRssh Teush e prllitn Eeduee ke Ragigleqt s

nmay then be coat eg i drdhufatibh toh pafRlel 82 suitdolelbr hikishitdladoliedosdpd egrmt 0od
that different |evels of mnocycline may ivered in tablet form

be del
18 [71] Wil e t heNgXhieimuf nivgesiyaeyia @g‘%ﬁ%@d&%@@ Igp the i dhee

to specific enbodirpeahsaidaes @ed alldatint &@G@Dﬁfdﬁgtaﬁﬁ &Sﬁulé@fﬁer@ Ban gasule
nodi fications, and variati o?s,can be nmade without departing fromthe

i nventive concept®oBialis PREBP! AERosYHe Accordingly, it is intended to
enbrace all such [GhaRgRSd FEOGidérkEa thaAFfereatighveledfdidcpdline ifagbe dedibéred
within the spirit, and broad scope of the appended clains. Al patent
appl i cations, patBSEEULH® ot her publications cited herein are
incorporated by reference in their entirety. 19 THE CLAI MS DEFI NI NG
THE | NVENTI ON ARE AS FOLLOAS: |. A sol ;ﬁj’f@i’ﬁe‘i formconprising a
nmetal conpl ex of a conpound of For mul X

[66] 83 grams of minocycline hydrochloride was added to 248 grams of purified

water. Hydrochloric acid (37% w/w) was then added to lower the pH to less than
1. Next 20 g of calcium chloride dihydrate was added and mixed. This step was
followed by adding and mixing 201 grams of 20% w/w sodium hydroxide solution.
Addition of the base formed and precipitated a minocycline calcium complex
suspension. The suspension that was formed had a pH reading of 12. Next, 42
grams of HCI (37% w/w)} was added and mixed. The final pH of the suspension

was 7.



for pharmaceutical admnistration, 5 wherein Rl = N(OF13)2; R2 = H
R3 = H and 10R4 H, wherein the conpl ex consists of mnocycline and a
nmetal. 2. The solid dosage formof claiml, wherein said netal
conplex is selected fromthe group copsisting of a cal cium conpl ex, a
magnesi um conpl ex, a sodi um conpl ex, 15a zinc conpl ex, an al um num
conpl ex, an iron conplex, a copper conplex and

_ EXAMPLE 5
[671 25 g of croscarmellose soditn and 175 g microcrystalline cellulose are added
to a suspension of minocycline calcinum complex made following the procedure of
EXAMPLE 1 or EXAMPLE 4. The suspension is mixed to form a wet
granulation. The wet granulation is subjected to a drying operation using a fluid
bed dryer until the moisture content is less than about 5% w/w. The dried
granulation is then passed through a mill, to reduce the particle of the granulation
to a particles size suitable for making into a solid dosage form. Next 150 grams of
microcrystalline cellulose is added and blended into the mixture. This is followed
by adding and blending 2 grams magnesium stearate into the mixture. Finally, the
mixture is compressed into tablets containing 100 mg of minocycline, The tablets
may then be coated with a film coating.
[68] It shonld be understood that different levels of minocycline may be delivered

in tablet form.

EXAMPLE 6
[69] 15 grams of croscarmellose sodium, 30 grams of starch, 4.5 grams of citrde
acid and 150 grams of microcrystalline cellulose are added to a suspension of
minocycline calcium complex made following the procedure of EXAMPLE 1 ox
EXAMPLE 4. The suspension is mixed to form a wet granulation. The wet
granulation is subjected to a drying operation using a fluid bed dryer unfil the
moisture content is less than about 5% w/w. The dried granulation is then passed
through a mill, to reduce the particle of the granulation to a particles size suitable
for making into a solid dosage form. Next 150 grams of microcrystalline cellulose
is added and blended into the mixture, This is followed by adding and blending 2
grams of magnesium stearate into the mixture. Finally, the mixture is compressed
into tablets containing 100 mg of minocycline. The tablets may then be coated
with a film coating.
[70] It should be understood that different levels of minocycline may be delivered

n tablet form.



m xtures thereof. 3. The solid dosage formof claim2, wherein said
metal conplex is a calciumconplex. 20 4. The solid dosage form of
any preceding claim wherein the conpound of the conplex of Formula
(I') has a release profile that is imgdiate, controlled, or
sustained. 5. The solid dosage formof any preceding claim wherein
said solid dosage form is 25selected fromthe group consisting of
powders, granule t d t abl et ul es,
pell ets, and chealglr]l e 1 %‘?’ r}vgn% aSh‘Pl‘?"ln Y %e%gg"éeg‘gm{e&e%%érn%e% ﬁe@ aimb5,
which is a chevvabk@oﬂmi@htethereoﬂﬁ ismppargnt dmes@ﬁcbmgmmpdu@cﬁwm’ ynd

granul ation of a \Hﬁét%ns &ATR hn%ée \%ﬂmﬁt &8&81%%0% 81]:3 inventive concept disclosed
herein. Accordingly, it is intended to embrace all such changes, modifications, and
variations that fall within the spirit and broad scope of the appended claims. All
patent applications, patents, and other publications cited herein are incorporated by

reference in their entirety,



Formula (1), (1) wherein 5RI = N(CH3)2; R = H R3 =H and R4 = H,
wherein the conpl ex consists of mnocycline and a netal, in a solid
dosage form said 10process conprising the steps of: (i)
.providing an aqueous sol ution of the conmpound of Formula (1) or a
physi ol ogi cal | y acceptable salt thereof, where the conpound is
‘partially or conpletely solubilized; (1i) adm xing a netal
salt with said aqueous solution, 15(iili b adn1X|ng a base to increase
the pH of said agueous sol ution, mhereﬂ

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A solid dosage form comprising a metal complex of a compound of Formula (1),

for pharmaceutical administration,
(N

Ri R, Ry N(CHa)z
‘ I ‘ CONH,
5 OH 0 OH (o]

wherein

Ry =N(CH;);

R;=H;

Ry =H: and
10 Rs=H,

wherein the complex consists of minocycline and a metal,

2. The solid dosage form of claim 1, wherein said metal complex is selected from
the group consisting of a calcium complex, a magnesium complex, a sodium complex,

15 a zinc complex, an aluminum complex, an iron complex, a copper complex and
mixtures thereof.

3. The solid dosage form of claim 2, wherein said metal compiex is a caleium
complex, '

20
4, The solid dosage form of any preceding claim, wherein the compound of the

complex of Formula (I) has a release profite that is immediate, controlled, or sustained,
5. The solid dosage form of any preceding claim, wherein said solid dosage form is

25 selected from the group consisting of powders, granules, tablets, coated tablets, gelatin
filled capsules, pellets, and chewable tablets.

6. The solid dosage form of claim 5, which is a chewable tablet,



suspensi on of a netal conplex of the conpound of Forrmula (1) is
formed after steps (ii)-and (iii); and (tv) drying said
suspension, thereby formng a dry granul ation of the netal conplex of
t he conpound of Fornula (1). 20 8. The process of claim7, wherein
sai d suspension of the nmetal conplex of the conpound of Formula (1)
provided in step (iii) has a pH range of about 2 to about 14. 9. The
process of claim7 or claim8, wherein said netal salt is selected
from the 25group consisting of cal ci um%al t s, magnesi um sal ts, sodi um
salts, zinc salts, and nmi xtures thereof. 10. The process of claim9,
wher ei n sai d 'met aft PEgess rsmekings dm gréulbstipalef a me@! cabiplexTdfe: MpoRaisofof
any one of clFaimma{l),to 10, wherein said base is selected fromthe
group consi sting of sodium hydroxide, triethanol am ng, and m xtures

t her eof . Ri R, Ry, PRa N(CHy),
H H OH
l l Ly l CONH,
OH o] OH 0
wherein
5 Ry =N(CH,)y;
R;=H,
Rz =H; and
Rs=H,

wherein the complex consists of minocycline and a metal, in 2 solid dosage form, said

10 process comprising the steps of:

(1) providing an aqueous solution of the compound of Formula (I) or a
physiologically acceptable salt thereof, where the compound is partially or completely
solubilized;

(i) admixing a metal salt with said aqueous solution,

15 (iii) admixing a base to increase the pH of said aqueous solution, whereby a
suspension of a metal complex of the compound of Formula () is formed after steps (ii)
and (iii); and

(iv) drying said suspension, thereby forming a dry granulation of the metal
complex of the compound of Formula (1).

20
8. The process of claim 7, wherein said suspension of the metal complex of the
compound of Formula () provided in step (iii) has a pH range of about 2 to about 14,

9. The process of claim 7 or claim 8, wherein said metal salt is selected from the
25  group consisting of calcium salts, magnesium salts, sodium salts, zine salts, and
mixtures thereof,

10.  The process of claim 9, wherein said metal salt is calcium chloride.



12. The process of any one of clains 7 to 11, wherein said
granul ati on has a 5noisture |level of |less than about 10 wt.% 13.
The process of any one of clains 7 to 12, further conprising the step
of adm xi ng one or nore pharmaceutically acceptabl e-excipients, prior
to said drying step. 1014. The process of any one of clains 7 to 13,
further conprising the step of adm xi ng one or nore pharmaceutically
accept abl e-exci pients, after formng sghd granul ati on. 15. The
process of any one of clains 7 to 14, f

urther conprising the step of:
15(a) corrpreéﬁin sai d dr ranul th_i on, thereby formng tablets; or
(b)filling gelati

CRAPRERH AL &N RNErof Slaims Py Oghertin 844 Rase IS seleciad! fropm e
process of argpovprensiting bizodism hydroxids triathaecieminetdné mihyrsd tatregfl cal | y
acceptabl e salt of the conpound of Formula (1) is selected fromthe

group consi st]izng .@{\? a heyclgte, 20npnohydr ate, carrageenate,

hydr ochl or i dé? phU¥ph8TeS LAY RIS PUFRES hdd dbf whereiy Saigrganylagen das af
any one of’ clredistge velof ks thahaboeti 16 wthe sol i d dosage formis a
chewabl e tabl et. 2518. A pharmaceutical solid dosage form of the netal

conpl ex of t c ound of .Formula_(]),
mp W‘i’ °AR process of any one of gia?ms 7 to 12, further comprising the step of

admixing one or more pharmaceutically acceptable-excipients, prior to said drying step.

10 14, The process of any one of claims 7 to 13, further comprising the step of
admixing one or more pharmaceutically acceptable-excipients, after forming said
granulation.

15. The process of any one of claims 7 to 14, further comprising the step of’
15 . (a) compressing said dry granulation, thereby forming tablets; or
(b) filling gelatin capsules with said dry granulation.

16.  The process of any one of claims 7 to 15, wherein the physiologically acceptable
salt of the compound of Formula (I} is selected from the group consisting of a hyclate,

20 monohydrate, carrageenate, hydrochloride, phosphate, and mixtures thereof,

17.  The process of any one of claims 7 to 16, wherein the solid dosage form is a
chewable tablet.

25 18. A pharmaceutical solid dosage form of the metal complex of the compound of

Formula (I},
m -
Ri R, Ry R N(CHgl,
H H OH
L CONH,
OH 0 OH 0
wherein
Ry =N(CHj);

30 R,=H:



wher ei n N(CH3)2l 30 Rz = H 22 R3 = H and R4= H, wherein
t he conpl ex consists of mnocycline and a netal, nmade by the process
of any one of clains 7 to 17. 5 10 15 20 I1.Use of a solid dosage
formconprising a netal conplex of a conpound of Formula (1)

22
R; =H; and
Ry=H,

wherein the complex consists of minocycline and a metal, made by the process of any
one of claims 7 to 17.

5
10
15
20 ]q Use of a solid dosage form comprising a metal complex of a compound of
Formula (1)
o -
Rt R, R, R N(CHa),
H H OH
‘ OH ‘ CONH,
OH 18] CH 0
wherein

Ry = N(CHj)y;



wherein RI = N(CH3)2; 23 R3= H and 124 = H, wherei n the conpl ex
consi sts of mnocycline and a netal, in the manufacture of a

5medi canent for treating bacterial infections and ail nents caused by
bacteria and m croorgani sns.

23

Rz = H;

R3=H; and

Rs=H,

wherein the complex consists of minocycline and a metal, in the manufacture of a

5 medicament for treating bacterial infections and ailments caused by bacteria and
microorganisms.



