TITLE A TETRACYCLI NE METAL COVPLEX IN A SCLI D DOSAGE FORM CROSS REFERENCE
TO RELATED APPLI CATI ONS This application clainms the benefit of U S
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BACKGROUND OF THE I NVENTION Field of the Invention [1] The present
invention is directed to a netal conplex of the conmpound of Formula (1).
More particularly, the present invention is directed to a solid dosage form
of a netal conplex of a tetracycline of Fornula (1) and the nethod of making
such solid dosage form Related Background Art [2] Tetracyclines are well
known anti bi otic conpounds that have been effectively wused in the treatnent
of vibrio infections, grampositive, gramnegative, aerobic 2 and anaerobic
bacteria, as well as spirochetes, nycoplasnas, rickettsiae, chlarnydiae and
sone protozoans. Tetracyclines work by inhibiting enzyne reactions of
bacterial cells, such as protein synthesis. It is commonly used in the
treatnent of bacterial infections caused by these organisnms, such as urinary
tract infections, upper respiratory tract infections, acne, gonorrhea,

chl anydi a, anthrax, |yine disease and others. [3] Wen adm nistered orally,
tetracyclines are absorbed in varying degrees. For exanple, 60-80%
absorption is observed for denecl ocycline, oxycycline, and tetracycline.
Whi | e doxycycline and m nocycline are absorbed at a higher |evel of about
90% [41 It is widely held that tetracyclines should not be taken

simul taneously with iron supplenents, nmultivitamns, calcium supplenents,
antaci ds, or |axatives.
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BACKGROUND OF THE INVENTION

Field ;)f the Invention

[1] 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 a metal complex of a tetracycline of Formula (I) and the method of making

such solid dosage form.

Related Background Art
[2] Tetracyclines are well known antibiotic compounds that have been effectively

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



Many believe that the efficacy and absorption of the tetracycline in the
body decreases when taken sinmultaneously or in conjunction with one of the
above noted products. [5] British Patgnt No. 1,360,998 to Villax describes
a process for isolation of a-6- deoxytetracyclines froma crude reaction
m xture. Villax also discloses that oral pharnmaceutical suspensions may be
prepared using the calciumsalts of tetracyclines. The process taught by
Villax uses net h#igmaerpbig bactesis, arwriivs spizashetesmyconlsiniag ridkettsisee of an or gani ¢

solvent is not UZGARVRL Jnf sHhERRE r ' i ¥highehy Y6 laor edi ent s,
it is generally pre?gc;aﬂr?reél-l rslqt ?‘g 32%81 é%°?%§gy%?%% rl%ﬂﬁgﬁgééo |§ dosage
form Ther ef or e, rea¢tonp phlwetealdiebs susbed protein/syinttaxis.f Bis congwdrdy used in the
deoxytetracyclin |.d, 1 LKE contain residual solvent, thus making
this process unag%%‘g%‘ga‘%@&?%‘?l lﬁir"egﬁ%%icﬁlbse(%g%@ﬁeam%a&sgﬁesuf AR E%Ee f or

phar maceut i cal anlfdctioss uaet @opirafduil tréatiifedtiohy) acreNponoahed) shlemgdioandfaxg@ cal ci um
salt of a tetraceﬁzli e is gv i | abl e. Pharmaceutical suspensions, however,
often suffer frofi'& 98K 28F °P&Fi ent conpliance. In addition, many

i ndi vidual s do n@Yy Whed fmimsteicd dially 4OSRYSink i@ aBddtbedfin %ﬂnF degie@anyghl ent to
use. [7] However, naki ng a solid dosage formof a tetracycline netal conplex
is extrenmely di ¥empl 60-8@kebrosetiongs eheppdr duneolocyelinehayeydlioe, dpden
adequat el y reso{e&&cgmlifﬁgrwﬁi%adm@cuﬁ‘e FRGARG AineGPd LiSGhbNG atﬁ}gheE f‘e%%}%?yc' ' he
metal conpl ex from t he aqueo suspensmr}{ as not been achi eved.
Accordingly, it swut®%e highly desirable to effectively produce a solid

dosage formof a racycl i I oml e RY.OF, THE | NVENTI ON [ 8)°
The present i nve[ﬁ"g ﬁi)’r% Wlé&}ﬁ#’agg}gggg?cg clgneg@}olugd T&ng% °h %WHWO%II}'H’E’[ | conpl ex
of a tetracycliihéen sippltknts) mulivijanfiy, c{diah Rt dnthnteddds, 6t Iakdtiaed, on, m

Many believe that the efficacy and absorption of the tetracycline in the body

decreases when taken simultaneously 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 «-6-
deoxytetracyclines from a crude reaction mixture. Villax also discloses that oral
pharmaceutical 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
pharmaceutically 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



RR R RBR4 N(CH3)2 HHOH OHCONH2Z OH O OH Owherein R =d, NCH3) 2,
or H R2 =CH3, H or CH2=; R3 = CH3, H, OH, or absent; and R4= OCH or H,
with the proviso that if RRis CH3 andR3 is H then R4 is not OH [9) A
process for making a netal conplex of the conmpound of Formula (1) in a
solid dosage formis also included in the present invention. The process
conprises the s i r oyl di an .aqgueoys sal uti.on of .the,conpound of
Forrmula (1) or aghgfp% Vgﬁ%ﬁ(“o eingl 3 ?%/S ngggegﬁta%%gg'sy ?Orﬁﬂéyelg?v?wg ﬁl}‘;ghfyhe
conpound i s partdezirhble treffeciivehy modicy a sdid.dvisdgefath of(d tefracyclideXnetsg] a netal salt
wi th the aqueous solution; (iii) admxing a suitable base to increase the
pH of the aqueou®Xition, whereby a suspension of the nmetal conplex of

t he conpound of Fornula (1) is fornmed after steps (ii) and (iii); and (iv)
drying the suspension of the nmetal conplex of the conpound of Formula (1).
The process may include the steﬁ@ﬂﬁ* SAFEHB REVBNTIQNr e phar maceutical |y
acceptabl e exci Pspnie phédof Bt Aftthelb @olidia R 1P b Al thotal RS opdded
prior to the step of é)ryl ng the suspension. A further step may ¥ %vol ve
filling the granutetre¢yshng ofiformelp §i Fos phamacentipsl edwminiggratiore gr anul ation into
tablets. 1101 In anot her enbodi nent, the process for making a al conpl ex
of the conpound of Fornmula (I) in a solid dosage form conprises’/the steps
of (i) providing an aqgueous RBpl up’konRé)f Rar mul aN(@B3)0r a physiol ogically
acceptable salt thereof, whefe thg goppound is partially or conpletely

sol ubilized; (ii) admxing OH

wherein

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

R, = CHs, H, or CH,=;

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

R4=OHorH,

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

[9] A process for making a metal complex of the compound of Formula (I) in a
solid dosage form is also included in the present invention. The process comprises
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



netal salt with the agqueous solution; (iii) adm xing a suitable base to
increase the pH of the aqueous sol ution, whereby a suspension of the netal
conpl ex of the conpound of Formula (1) is formed after steps (ii) and
(iii); (iv) adm xing one or nore pharmaceutically acceptabl e-excipients

wi th the suspension, thereby formng a wet granulation; and (v) drying the

wet granul ation,. therehy formng. .a dr ranul ati on.of the tal, conpl ex of
t he compound of lﬁﬁq%ﬁﬁ%glﬂje.grﬁ* ga%pag%@&lmcpweqemth?%n AR 1B adni xi ng

one or nore pharwpleguti cally acceptabl e- excipients after the wet

granul ation is fﬁéﬂ‘@g I n adg‘iac%i on, the dr%(q‘granul ation may be filled into
capsul es or conp glo!ﬂmrsm Tgtisthe prpgess o5 gnakingradeg el complemef e conpl ex of
Formula (1) maybemypesd bfFdrmaRll)Ra sdRE68EE #rm BERHEdMRSstepblie et hod of
treatment conprises the step of ‘adm nistering an effective anbunt of a

sol i d dosage f orPPvigmgEngRHRguEsAktioniof Egmylad®) aste physielogipdlyragcaptableaeliul a (1)
for an effectiv : fa dd i I ] .

Lot tom [The | runbtebt Qe ddffbouldts BB o DB ERSY %%ﬂ%%?h%l?@%’%%“g 3 ting
from mi cr oor gani wetsl saltayithrthbapeersisalution ip) adnirmgtaseitaiemsofo iadndsailet eri ng a

safe and effectjiye-.amount of .g. nmetal .conpl ex.of tetracycline of Fornmula
(1) ina solid HoSHHE RuPH Rl ErRACTrEnEt o g BralsaPnE & nost i n
need thereof. Dibilpothd 8ESunLR ) @NothedlHfler $tSPLENTrdNGil);13) af@ixiddwepur poses of
the present invention, all percentages provi deig ?re by .wei ghé‘,‘ un| ess

ot her wi se speci fP.PhpEACeUfitally RCFRIEDPICREPTHSY i the SHBFsioneoiebY fAEPEE( 1) and
the active ingr e@bv@%&mﬂ’z{tion,tﬂﬁ (PF @5i8E the WY SRkl bnd il Bre¥d Emin Adry Saf e and
effective anount."” is is understood to nmean a sufficient anmount of a
conmpound or conp@gitlation of fermeipl|complsx of the eprypouns &f Fyrmufee(ls yRg peResssand/ or

condit on Lo B bepakt Ml S AL R bARE.TIL |5 0
consi dered saf e amipi@isafet theevehglahulatemanfbred rinadditoms lthef dag pranglationfoay -
exanpl e, the congl by o ANdRY oF dpribed' i gl t1 0N being treated, the age,

[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



body wei ght, general health, sex, diet, and physical condition of the
patient being treated, the duration of the treatnent, the nature of
concurrent therapy, the particular a&ive ingredient being enployed, the
particul ar pharmaceutically- acceptable excipients utilized, the tine of
adninistration met hod of administration, rate of excretion, drug

conbi nation, r d%o?rllpr% A e@?tlrlg gﬁsﬁi\éﬁﬁgatfe ai) eétives\pﬂ.t&eﬁelﬁql[pgﬁ ¥, raPﬂ@t%l'sder ation.

[15] The term y-accept e exci pie erstood to mean
any physi ol ogi c%ﬂlleyampie,rthe cophdionandbicuyity af ﬂhy cq'nrdamb@elgmed,lthd agenown to one

skilled in the ati hem cal
characteristics '%%d&“‘ﬁ’gﬁg i3 riﬁ@ﬁﬁg}r’%?{égf P’ﬁ“éa ﬁe‘?d}%{osd ;t?’f%q% elg *¥8r nul a (n)
sel ect ed for usetreafetitihe ]Imianacmlm nmnm,rihcemné eﬂcdnyufmt thefa@y,(tﬂé can be
conbined with rretal(t“?alt s. calciu hl or. rodu e netal

conpl exes. For mA%&H ?a?té",erl%%?‘g%ﬁ?‘é%lemﬂ?yet © PRHG rLR eﬁ‘ca "RR4 N(CH3) 2

H CONHZ X2W Oﬁc@eﬁﬁl@%ﬂi@ﬁﬁlﬁhz@ tlie tiale, of Mﬂﬂhs\ﬁho@ Enelﬁod o2 = CH3, H or
CH2=; R3 = CH3, H absent; and, R4= OH or H, h the prqoviso that if

R2 is CH3 and Rsa%nlﬁﬁramﬁefﬁtemﬁ exgeting; drpeqribipatian, qnﬁhﬁBY ollek relesdb ECt05Y t he

present inventi Oﬁohﬁb%@ﬁlenkaﬁldgﬁ&l@h conplex is formed in accordance to a
nolar ratio of tetracyCline to netal ion ranging from about 3:1 to about

1: 3. More pref erBB] yhe teno “pledrmaceutically-acespfablerexeipionti’ ivumenstpod talmead any
physiologically inert, pharmacologically inactive material known to one skilled in
the art, which is compatible with the plysical and chemical characteristics of the
particular tetracycline metal complex of Formula (T) selected for use.

[16] Tetracyclines represented by Formula (I) can be combined with metal salts,
such as calcium chloride, to produce metal complexes. Formula (I) is represented
by the structure
M
Rt R, Ry FRu N(CH3),

CONH,
OH

wherein

R;=Cl, N(CHj3),, or H;

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

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

Ry=0OHorH,

with the proviso that if R, is CHj 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 metal ion ranging from

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



[ 18] The present invention is directed to a solid dosage formof a netal
conplex of a tetracycline of Fornula (1) for pharmaceutically acceptable
adm nistration to a wuser/patient, i.g , any residual solvents or other
inmpurities are at a level that is considered safe for human consunption. In
one enbodi nent, Formul a (I) is the corrpound tetracycl ine where R, = H R2 =
CH3, R3 = OH, and R4 = H N(CH3) 2 CONHZ OH 0 OHO
TETRACYCLI NE | nl1§h811ﬁ8§68%1ﬁ%96%nt%hﬁtdue%fiﬁﬁﬁ %ehéﬂysaig% f%ﬁi%@ﬁ‘&tﬁla@y@ﬂ ne where
R =0 Re = Crhy oBRvafior Pithutd (Gr S fehitalt 23} db bladhniobira @ OONHZ - OF
O O—l 0 CHLCRTETRACYCLI E In yet another enbodinent,” Formula (1) is

oxyt et racycl i ne whepatieft, i.e, ady r¢gidual sotyeats oRher nophritiesdrerd 2 feveHhathis CH3 OH OH

N(CH3)2 HH OH : h
eErbodi) ment, Fornula i FA& %é%oélguc R@%T\%er ex'%fh%é @O%M D %i% angt h

and R4 = H C I-toﬂ'pobhd\(effh@):&e where Ry = H, R; = CH;, Ry = OH, and Ry = H.

TETRACYCLINE

In another embodiment, Formula (I) is chlortetracycline where R; = CI, R, = CHj,

R3;=0H, and R4=H.
Gl cHyoH H N(CHs),

H H OH
l l ! l CONH,
OH
OH o OH 0

CHLORTETRACYCLINE

In yet another embodiment, Formula (I) is oxytetracycline where Ry =H, Rx =
CHj, R3 = OH, and R4 = OH.

H CHs OH ©OH N(CHs)2
H CH
] l l I CONH,
OH
OH 0] OH 0



HHOH OH CONH2 OH 0 OH O DEMECLOCYCLINE In still yet another enbodi nent,
Formula (1) is nethacycline where R = H R2 = CH2=, R3 is absent, and R4 =
OH HCH2 OHNCH3)2 HHOH OHCONH2, OH 0 OH 0 METHACYCLINE In still yet
anot her enbodi ment, Formula (I) is Iynecycline (N Lysinonethyl

tetracycline) where RL = H R2 =04 R3 =CH3, and R4 = H 8 HOHCH3H
N(CH3)2 HOH OH CONH2 OH 0 OH O LYMECYCLINE In a preferred enbodi nent,
Formul a (I) is mnocycline where RL N(CH3)2, and R2, R3 and Ra = H CH3

H3CGCNHHHNOCH3)2 HOHd H CONH2 %ﬁﬂ&-&ﬁl\mﬁﬂ NOCYCLI NE

In still yet another embodiment, Formula (I) is demeclocycline where R; = Cl, R, =
H, R3=O0H, and Ry =H.

C CH3)2

| I | CONH;,

OH 0 OH 0]

DEMECLOCYCLINE

In still yet another embodiment, Formula (I) is methacycline where Ry =H, R, =
CH,=, Rs is absent, and R4 = OH.

H CH, OH CH3)2
| I | CONH;,
OH
OH 0] OH O
METHACYCLINE

In still yet another embodiment, Formula (I) is lymecycline (N-Lysmomethyl
tetracycline) where Ry =H, R, = OH, R3 = CHj, and R4 = H.



[19] The netal conplex of the conpound of Forrmula (I) may be, for exanple, a
cal ci um conpl ex, a magnesi um conpl ex, a sodi um conpl ex, a zinc conplex, an
al um num conpl ex, an iron conplex, a copper conplex or m xtures thereof.
Preferably, the nmetal conplex is a calciumconplex. [20] It is desirable
that the tetracycline netal conplex of the conmpound of Fornula (1) undergo
substantially conpl ete conplexatiﬁoan reyat | Qagf), about  75% by wei ght of
the tetracycline of Formula (1) h bxed. Mpre preferably at | east
about 90% has conpl exed. It sho ' howeVer, that an excess
of the tetracycline of Formula be added to formthe
netal conpl ex of the conpound onventi onal w sdom
dictates that the presence of a wgt e P acycline conpound

¢ 9 Literature
sources advi se against the adm nigiratoon Omcheotetracycllne with a
calcium iron, magnesium or zinc supplenment or product. Surprisingly,
however, the inventors theorize that the body can effectively absorb a
tetracycline froma netal conplex DYMEQWIIINEycl i ne conpound of Formula (1)
in a solid dosage form [221 Another aspect of the present invention is
that the solid dosage formof the netal conplex of the conpound of Fornula
(1) can_ be engi npafgefeired &%bddthéntaFortleR i) @nhelRAREWREOR, Loy ﬁgy fyanpl e,
the solid dosage formmay be engi heered to exhibit an |nne € rel ease, a
control | ed rel eaBeRsgrd R4 sdkt ai ned rel ease of the tetracycllne conpound of
Formula (1). This may be acconplished, for exanple, by neasuring the
di ssociation rates of the various netal conplexes of the tetracycline
conmpound of Forrmula (1) and then c%?%fully selecting a particul ar conpl ex
based wupon its properties. , two or nor e ﬁ@g@lexes may be conbi ned
to create the desired release brof‘leﬂ [ 3] %he SQ dosage formof the
present invention nay be a powder, ed tablet, aerosol,
pellet, chewable tablet, |ozenge,

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] It is 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 (T) 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.



and the like. [241 The pharmaceutical dosage formof the present invention
may be fornmulated together with one or nore pharmaceutically acceptable
carriers or excipients and/or bioactiye agents. [251 Suitable
pharmaceutical | y-accept abl e exci pients include, but are not limted to,

pol yners, resins, plasticizers, fillers, lubricants, binders, disintegrants,
granul ating agents, solvents,. co-sqlvents,  surfact preseryvatives,

sweet eni ng agen LEéfa‘FlF%R?BWFngV&a apaisst ths administrafiony ee‘i%kacyamq i dant s,

pharmaceuti cal geaeiam, B Saghds@REdf Sinc aﬁsgmmexttdab@ﬁu&thsn@%mgbamwe%ﬂ yners
that may be used, i nciude but aré not limted t

hydr oxypr opy hnet HeyRyeaiors fhessize thabiyepody @n@ffmplmab#%b ¢ Eipeyeling Bemi t h

hydr oxypr opyl cel |j4},0 , s such as
Eudragit(c), meth Ikacg(l%lqgﬁg%te%%&%ggﬁ ﬁgﬂs}g?% a:"?é&%m%f‘sﬁ% %?/\s?geej]%@one or
other commer ci ald2y Anedier agpeet of Ihemrqswtlmwgthmeﬁa‘r&@ S@ldSiOS{gz'if])mSuﬁthabl e

pl asticizers, in e

propyl ene gl ycol ﬁie%ﬁjgm{%i x ?%%%%Ohh%%s?mﬁlg 881% Jn?i’ﬁ gf?@ﬁmnogl yceri des,
triacetin, and dmsn‘cdlrmw}breﬁkeoﬂ?or é@mple2@®p scﬁrdaivpd@sfomfmﬁjrbé argmeeﬂedm ude but
are not limted t act os extrli n ar ch,

m crocrystal line ’@Bﬂfﬂ 1g%e%ia§%ﬁ%ﬁ§ex?ﬁggr§ﬁﬁlr§fg§ﬁ Ora‘i{uit@ﬁne‘lﬁjffi éc%\tﬁi‘es t hat may
be used, incl udetd&uéychﬁecdmﬁﬁouhd o Ho@ﬂulh@l) Thig AR by Becofiptistied] for et bg aci d,
tal c, and i xt ur es t her 30] Suit bi nder s | ude, but are, not
limited to, meth{fCe{YHe ’§éhss "E}r’f‘Pte %ﬁ%‘f@?ﬁ’éﬁfﬁiﬁ@éﬂo}“ﬁf gof the tetracycline

hydr oxypr opyl net Bé‘rhf&ﬁnhHfﬁ&ﬁvula“@)ra!%@@iﬁh’car@ﬁx\t‘lyga@&mg a%ﬁﬁi@hlﬁr cAdx 1Al  xant han
gum tragacanth, ium silicat'e, nagnesium alumnum silicate,
ethyl cel | ul ose, PP RieHertics e Hose0NP; HVO eimePTerormRlexes makibe eenbinghiotcreatsl ar | v
preferred are net y&éSHdlf%lgfsgpro?% bomer, xanthan gum guar gum povi done and
sodi um car boxynethyce

[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.



[31] Disintegrants that may be used, include but are not Iimted to,

crospovi done, sodium carboxynethyl starch, sodium starch glycolate, sodium
carboxynmet hyl cellul ose, alginic acidf clays, ion exchange resins, and

m xtures thereof. [32] Exanples of surfactants, include but are not |[imted
to, pol yoxyethylene sorbitan fatty acid esters, polyoxyethyl ene nonoall cyl
et hers, sucrose { xtures

t hereof . [33] Sup?gbleﬁg%ggg$%§§?$g§egﬁﬁzfﬁ%@ﬂﬁﬁghgﬁgﬁﬁ%g&ﬁﬁ%:ted to,

phenol , al kyl esmaltedestin, @amahydﬁﬁt@kyfb@mmsmllm@|Cdllu1¢ﬁerm1dllmxmﬂ8dlem¢d the salts

t hereof, boric a e a he salts
t hereof, chlor bufd gﬂ&%pg%enzy?tmté%ﬁg%a fn@@he blﬁ%e ﬂq?llﬁ?thgto F‘n%& etszlﬁrl C acetate
and nitrate, nit stearatesstdaric beidzalt]and mixmres tﬂefeofl de, cetyl pyridinium chl ori de,

t hyl ben, t t.h ticylarl
refbrred are t nEYL RatEpRRER el ol e Sy b oS PR R e, ot hy!

paraben and pr opydrb@@mb@ae11uno3&]hy&akypaa;pyqtﬂah§1cém&ise reaboli€r, p6edone] NCl ude but
are not limted to,, tocopherols and derivatives thereof, ascorbi ¢ aci d,

bet a- car ot ene, s&Ja5Hi BT SWBANRALEWR, tragacanth, calsym sligate. AMALaeAum Llamingt or by |

pal mtate, citrigliggd dihyfehaed ﬂége?d?ﬁhz@@ Ethx‘éﬁtdnu?xﬁxtu;egﬁ{e%? pafiddHyXt ur es
thereof. [35] Suitabl'e Sweeteners, include but are not limted to, sucrose,

gl ucose, sacchaPicfrrred esanethyesllulesss esrbapier, xepthin gim, syarcsual, poddensdingi xt ur es
t hereof. Particul du)(cag(g%mggglu@%g sucrose and sucral ose. [36] Buffering

systens that may be used I'ncl ut are not limted to, potassium
acetate, boric cb]lbdhsmtegqahtﬁhmhmay be us:d,amlmdedqutmlm’chmttﬁtbaarosppwdoﬁe:| C,

acetic, benzoic, actic ni, c | utaric c, and

m xt ures t her eof Sojdﬁg? PR thﬂgf 3 fé'fsg?l}ug‘cfyaé I%Wbagepﬁ%‘ﬁ?% carpg’f 31?”1 citric,
and pot assi um acedlrlce, aﬂg31?1,~ aAdVoadryts eblye@ha@ehesﬁmzﬁldmxtu&e thse@d. However,
water is the preferreds The water may he aci ith an

idif
aci di fyi ng agent 132 ﬂrﬁiﬁaﬁlﬁ}%ﬁ GF %’tk‘faﬁfﬁ?t§ﬁ|“i‘f6“d§dj’éh§r§ not; limifed e poiyg{:y Yot |imited
to, hydrochlori csaGigh fa@pddidiEdis, p6lyBayelyleht Fr0AGd1EY] B, sucrose monoesters,

lanolin esters and ethers, and mixtures thereof.

[33] Suitable preservatives, include but are not limited to, phenol, alkyl esters of
parahydroxybenzoic acid, benzoic acid and the salts thereof, boric acid and the
salts thereof, sorbic acid and the salts thereof, chiorbutanol, benzyl alcohol,
thimerosal, phenylmercuric acetate and nitrate, nitromersol, benzalkonium
chloride, cetylpyridinium chloride, methyl paraben, propyl paraben, and mixtures
thereof. Particularly preferred are the salts of benzoic acid, cetylpyridinium
chloride, methyl paraben and propyl paraben.

[34] Antioxidants that may be used, include but are not limited to, tocopherols and
derivatives thereof, ascorbic acid, beta-carotene, selenium, sodium bisulfite,
sodium metabisulfite, ascorbyl palmitate, citric acid, catechins and derivatives
thereof, and mixtures thereof,

[35] Suitable sweeteners, include but are not limited to, sucrose, 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 to, potassium

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



m xtures thereof. Alternatively, organic acidifying agents may be used, such
as for exanple, acetic acid, ethanoic acid, and m xtures thereof.
Preferably the acidifying agent is hydrochloric acid. [38] Suitable
co-solvents, include but are not limted to, ethanol, glycerin, propylene
gl ycol, polyethylene glycol, and m xtures thereof. [39] The pharnaceuti cal

conposi tions desgkk ' ' : I, ght
percent (Ww.% to a%ggf%ggeﬁ’%&%élgéggﬁ’gﬁdf%g{%{fgsbtg%?&%%m%%\gﬁmto about
50.0 wt.% and npreferied efeahasphyrid, tastariglsittit, and potesstm eeetaibiout 50 wt. % of the

tetracycline net co , fr L %.to about
99.9 Wt .% pref ePZ]JIAi/U%e%%E%’E@E gﬁ{seﬁs&%{? \89% ngat rggglg%\rﬁg%%d\g@ﬁgmmst
preferably from EhouttebBlaybe fdidifiecabitiuin #MifpingWpaft. hoeganic aoidifging agents

oAl compl ox. of PGS SBhBBRCTBAcHe TSI eid A B e A 8 ocess
conprising the siésredthefeo]. AMMAtHEINDOrAMARUBHUS ag6At Wby BOuRl, sacl ateacycl i ne
of Formula (1) or a physiologically acceptable salt thereof, where the
conpound i s part?’%l“ﬂ@e’é?et‘&é | Shamplp agig) apdmpixiesy theggofy Prefpaably Wg agidifyiag al sal t
to the aqueous sgleutis@Pdroblliblid acdfiM Xi Ng a base to increase the pH of the

aqueous sol ution, wheréby a suspension of a tetracycline netal conplex of
Formula (1) is fBSinduitalfle ep-sejventss includy butmee ot limjted tonethgriolslygeyn.ng t he
suspension of th i l,ex la (1). Additionally,
one or nore pha?rgg%lg%{@géa/olq’ldf@%&?%?@’%&%ﬁ@%ﬁﬁgﬁy be adm xed, before,
during, or aft er[39%dtk pparomessicaigompesitionf ddskriteddrplicae odmpiived pfiffshol ogi cal | y
acceptabl e salts

carr ageenat es, hf/bc?:”g@ltll Il%‘ge?ghag%&ifgz i (%)(s)ttﬂ ﬁg‘lfug? ggg” i ﬁ?@tef?’é@& : siﬁbloﬂtgﬂgp ygg??nejlsé
(1). The tetracywt.tate abdutB5010rit %, apll inost préfbinblydropgitoat 10/wt.aes spuakl e salts
Ui tabl e meane. g Yo R ebe e sethpprRel farp oo D 2

about 99.9 wt.%, preferably from about 5.0 wt.% to about 99.9 wt.%, and most

preferably from about 50 wt.% to about 90 wt.% of one or more pharmaceutically-

acceptable excipients.

[40] The solid dosage form of the metal complex of the compound of Formula (I)

maybe made using a process comprising the steps of (i) providing an aqueous

solution of a tetracycline of Formula (I) or a physiologically acceptable salt

thereof, where the compound is partially or completely solubilized; (ii) admixing a

metal salt to the aqueous solution, (iii) admixing a base to increase the pH of the

aqueous solution, whereby a suspension of a tetracycline metal complex of

Formula (I) is formed after steps (ii) and (iii); and (iv) drying the suspension of the

tetracycline metal complex of Formula (I). Additionally, one or more

pharmaceutically acceptable-excipients may be admixed, before, during, or after

each processing step.

[41] Examples of the physiologically acceptable salts, include, but are not limited

to, iyclates, 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 used to dissolve the tetracycline of Formula



(I') or its salt in the aqueous solution. Cenerally, all that is required is
sone formof mxing. Oher conponents, such as ethanol or acid, may be
included in the aqueous solution. Thé&2 aqueous solution generally will have
a pHthat is in a range of about 0.5 to about 8. [42] Suitable nmetal salts
include but are not limted to, calciumsalts, sodiumsalts, nagnesium

salts, zinc sal t®) or%@@alﬁh?ﬂwécﬁéods%ﬁlﬁ&f Ge?xeﬁﬂgtdllqwit@s' Ileb{mﬂardﬁﬁ Smtesdmist al
salt is calciumchloride. The netal salt mit/@ d with or wthout

m xing, but s Wi AheF cempenenisniush arethanglarsaid may be inshded maie About 1 wt. %
to about 70 wt /Qqél%lﬁfsgl'hﬁm yﬂﬁthgh'éou}g)lﬂ’ﬁon ge/ﬁérﬁlya\plﬂq{avég’p%ha%s in @4hghOr €
preferably about % to about %of the netal salt solution is
added to the aquésbeutdd tataboit 8. vvhereby the ratio of metal to tetracycl ine is
from about 10: 1y t u I a nol ar
ratio of tetr acg/%‘ol ﬁ%&ﬁ)mgrr%psaafm |n§fr¢8$%¢1tq?er%mtt Pﬁgéﬁﬁ%béat&él&g: ?ngtr% d ? 5

[ 44] A phar maceumhgmkmlyl sakts;em:aa:ltseaﬂdametules tmédAu)enIChlerlﬁmmmdnmaﬂutl on and
mxed with the o Q of .. phar ut i acc table
bases capabl e o%a flsocrarﬁlng C{;lg’flé ?herrn esae% ?’b‘&és)aed%gﬁ%c[ﬁgrgl mn%isentl on,

i nclude, but ar e1sga:mrallynﬁkbcedltdmea@ielmlwlmtmmm bases, such as sodi um
hydr oxi de, potas droxjde, |Lthi X|de nd the gl kal i ne
earth netal base@gfg‘feﬁt Lyt é’éPE}?%% %[ YLy apgps ﬂ)rﬁvﬁ'l@&? @Huﬂgo Whe t he

l'i ke; and ammmmlﬁa&éﬁfmr@lﬂyawukasM%&&,alboutgowwmtmmet@%&bommah salts
suitable for form ng@i armaceutically acceptable salts can_ include anions

such as car bonat #ged s thapqysau seBitigyarhegeby §l§d@tmﬁft¥il%ﬁrt%¥9ﬁa<wéhnedﬁ§'°§hI f at es.
Addi tional suit
alyoft ﬁ)aﬁﬁnsabbﬁ'tcd yde fidfha E@{mhﬁ“hg dotd ?éxhﬁ@?lrﬁmr %ﬁer cof. [45]

di et hanol anm ne, nonoet hanolam™ne, tri et am ne a m Xt ur es
The base is adde@trilqyclatwtarmm’sﬁitlonelﬁm@@ﬁfr%ab@tBdrtmla)%i@pensi on of the netal

compl ex of the capOUH Ol ERLIYhAeblle LEENELAL ¥ A0SR b, 8y the base

raises the pHo utron to a pH range o
pr ef er abl y about mbketl evithalxoethertOmpenedtsmiEssmypleedfeharnl agewioalipt acﬁeptaﬂnlaallmsut 7

Several factors g gusentfe SRLEr Sl e LS AISMIL Ol ehss i, vk kb

not limited to, alkali metal bases, such as sodium hydroxide, potassium hydroxide,

lithium hydroxide and the like; alkaline earth metal bases, such as calcium
hydroxide, barium hydroxide and the like; and ammonium hydroxide. Alkali metal
or alkaline earth metal salts suitable for forming pharmaceutically acceptable salts
can include anions such as carbonates, bicarbonates such as sodium bicarbonate
and sulfates. Additional suitable bases include for example, triethanolamine,
diethanolamine, monoethanolamine, triethylamine and mixtures thereof.

[45] The base is added in an amount effective to form a suspension of the metal
complex of the compound of Formula (I). Generally the addition of the base raises
the pH of the solution to a pH range of about 2 to about 14, preferably about 5 to
about 10, and most preferably about 5 to about 7. Several factors are used to
determine the amount of base that will be added, including the pH of the aqueous
solution, the pKa(s) of the tetracycline, and the equilibrium constant of the
tetracycline metal complex.

[46] The suspension of the metal complex of the compound of Formula (I) is

formed after the addition of the metal salt and the suitable base. It should be



solution, the plu(s) of the tetracycline, and the equilibrium constant of
the tetracycline netal conplex. [46] The suspension of the netal conplex of
t he conpound of Formula (1) is fornmed3after the addition of the netal salt
and the suitable base. It should be 13 wunderstood, however, that the order
of addition of these ingr edients may be varied. 1In a preferred enbodi nent,

the metal salt | e, AfkEl Balul Bl LOBARNEANS ALk ORLPE] Alich, Lhe

addi tion of the SUIt yi'ng t e suspe S1on nay be carried out
using a variety bfaprefoimd qubelimpidy the ereahyplics addedael eirbdtitorthnaqueauspray dryer

is used and the ensi K¢ an, ex0| pi ent. O her nethods
i ncl ude decanti néoq&tﬁ{?é)p g’tq}%?‘]& Ofleggtg Saﬁj’?% “tray drying, fluid-bed

drying, and the [47keDrying8he dugpeamomhhgzbmaﬁna&owﬂhﬁgﬁ variety, ofttbubnjguexc #9s f or
making a solid dosag]ﬁ)i form o[7 a netal l.ex E‘Zéi}ﬁe CO ound of Formul a
(1) conprises th&XDRIe; 0 ogp empodimeny, 3 3pray Cﬁ{&g%é%“&@ %S“S?B 1OR3HSPHYY he
conpound of For nuht3 afy 'eicqﬁéntadﬂﬁb}‘?ﬂeﬂioﬁginﬁlﬁﬁé d/ecalﬁﬁlgeé%ﬁchﬁtﬁmsﬁbézeﬂﬂ%gem wher e
t he conpound is partial etetg‘aso ubi |'i zed; (i |) adm xi ng a net al

salt with the aq ap Ry ‘Hﬁbéﬁdry(l}gri")d lfeing a base to increase the pH of
the solution, N S?tﬁ{ aﬁ‘aﬁéfﬁd?ﬁv@%fnggdlﬂtantt ﬁi@pf@éﬁkorqmg%oﬁﬁﬁgsa ¢ femGenpound

of Forrrula(l) ornmed after steps i) d (1it); (iv) amxmg one or
mor e phar maceut i emelta}cqnnl@p@%ibmor@@@n D%Eqrmulm(l)homhesest}@p@msoﬁﬁ) thereby

formng a wet gr Ny é}t dc{ gﬁg Qﬂé g
formng a dry g (ﬁ?ﬁaét& ugoggfs iflon fXI}GQ%I %’p ex oPg{“ﬁ &tn‘p@{t}'mg ?;5 ornul a
(). Steps (i)- (mqept)ablofsalt ﬂlelsoﬁ thxd itheerotmpeune is pze’naih/rm campletely hibdizedescri bed
process that for n@ %he lso [ 1 §¢ gxet}lf or md‘ r Olnh . e lfuqsnﬁne(nm %a . 49] This
enbodi ment, howeV@AIMHTE 3 g BRI BRTISEEHLL VLY 2T PE A P wet
granul ation. The mcrbasmmepﬂ off ﬂié%oﬁih&ﬁ; hefebyla mpénsm of ¥eingstalRbmpRx §ith
mcrocrystalline_ cellul os %\f sed t absorg an%,,a(z,so&&lthe noi st ure
in the suspensi offefREROU 1) 15 tomned afferstars (i5,3nd ¢k (vpaqmixingene, et
granul ation or shib ﬁh@ﬁﬁaog\ﬁﬁally acceptable-excipients with the suspension, thereby

forming a wet granulation; and (v) drying the wet granulation, thereby forming a

dry granulation of the metal complex of the compound of Formula (I). Steps (i)-

(iii) of this embodiment are the same as the prior described process that forms the

solid dosage form from the suspension.

[49] This embodiment, however, utilizes an excipient to assist in forming a wet

granulation. The inventors have discovered that an excipient, e.g., microcrystalline

cellulose, can be used to absorb and adsorb the moisture in the suspension when

admixed with the suspension. The result is a wet granulation or slurry that has

about 5 wt.% to about 99 wt.% water. Preferably, the moisture in the wet

granulation is about 25 wt.% to about 60 wt.%.

[S0] One or more pharmaceutically 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 suitably stable, it is desirable that the



about 5 wt.%to about 99 wt.% water. Preferably, the noisture in the wet
granul ation is about 25 w.%to about 60 wt.% [50] One or nore
pharmaceutical |l y accept abl e-exci pi entd4can be admi xed in either process
during any of the process steps. Mreover, excipients can be added in nore
than one step. [51] The wet granul ation nmay be dried by tray-drying,

f1 ui d-bed dryi nOgefaeait i moENRRAIEAL: iR cohbGRAGT Hlibo) B &RAR pation

t hereof, or by ofTher processes known In the art. [52) To
ensure that the Hwiswe elersend ef #borih Wi%doprbaubl §wtYedisbasl onjthe fotal weight ofthe t hat

the 14 = granul at Lap; o, O;E} t eﬁ%}l@oncméﬁféfe%b&; B8 rf %@%Q@e&fs@ﬁ%ase (1) be

dried to a noisture ¢ abou onthe
total weight of tliaeabMtlalm&’orMb&tpre@mdﬁ]altaabwnl ww%mapo@ﬁevt%ly, the

about 1 vt 96 to Lopate e eRLo il S byt iR B EA g, T

conmpound of For maldey grigulat®niconsidhiag bf)gmmés andpdw&f:r.g n‘hmdﬂyegtraxmtanommy Bé | ng of

I d dr t t
g1 anul o, 209, Pogtoc U, kS0 20 OREY D SIS e Lo

further processedlend fiay 8% afhkeproddysel] fot bxdenple by Alldg Gdis ehales | 54] The solid
dosage formis general ly. adm ni strated orally. Suitable fornms_ include, but

are not limted 1) T@%{B‘Pl@t%"sagééwSénefaé]d\i%é’élﬁ’ésmﬁfiﬁfﬂljlb’e§u“3rbéfz@ﬁ5%s

aerosol s, pel | et e anR Bleiof ARIELS, talﬂ@tg c‘é]lft’ﬁle's ﬂ%%ex{ssg@lnuﬂéelokéh‘é%t ors have
al so discovered that the granul ation formed after drying stép is well
suited for tabl eg§ragls, pelletnehewablgiiahiats apdiihe bilse. made d| rectly f rom t he met al
conpl ex suspensi [ ﬁ?aq@ shoul d
be understood t hg%y]tﬂ%hié@%&éﬂ%%g?%?gﬁ? VQRH% {élglgfn;dégqu%%l} a ed‘y pr evi ously
not ed, the exci pﬂmmgsate;slawwllawtdddbxrtaldamgs ln faaytalbbtsauadbdniaéé direetlp framor af t er
the step of dry e _suspensi o ranul ati XCl nts are
Simply added and PESRGOTPER SERESGr ErREs A GRERT hore SmieE 1SV &
should be understood that tableting excipients may be incorporated. As previously

noted, the excipients, such as lubricants, may be added before and/or after the step
of drying the suspension or wet granulation. The excipients are simply added and
mixed with the other components.

[S6] In a preferred embodiment, the tablets are chewable tablets. Moreover, the
inventors have discovered that the insoluble nature of the metal complex helps
mask the unpleasant taste of the tetracycline compound of Formula (I). Typically,
these compounds are known to have an extremely bitter taste.

[57] In addition, the solid dosage form of the present invention may contain
additional ingredients. For example, the additional ingredients may include natural
and artificial flavors, sweeteners, colorings, coating excipients, binders,
disintegrants, lubricants, and the like.

[58] Excipents such as binding agents, for example syrup, acacia, gelatin, sorbitol,
tragacanth, or polyvinyl-pyrrolidone; fillers for example lactose, sugar, maize-
starch, calcium phosphate, sorbitol or glycine; tableting lubricant, for example
magnesium stearate, talc, polyethylene glycol or silica; disintegrants for example
potato starch, or acceptable wetting agents such as sodium lauryl sulphate, may be

included to facilitate the formation of the tablet. In addition, coatings may be



[56] In a preferred enbodi nent, the tablets are chewabl e tabl ets. Mreover,
the inventors have discovered that the insoluble nature of the netal

conpl ex hel ps mask the unpleasant tadfe of the tetracycline conpound of
Formula (1). Typically, these conpounds are known to have an extrenely
bitter taste. [57] In addition, the solid dosage form of the present
invention may coappliedoverdish thble aking Methedl 1@6wa in hekrtexanpl e, the addi ti onal

i ngredi ents may l.ude natural and artificial flavors, ener s
col orings, coati t%@fe%@eteﬁfﬂelﬁfégwﬁw Pgeatecﬁvsggﬁ %gﬁ%eﬁt@veqtlaar SE%od and t he

l'ike. [58] Exci p@f&@uﬁé%ﬁborﬁﬁn&hﬂﬂlsﬂaﬁo%ﬂﬁx%nﬁg% a6RRICR a8 Y hibtBan &Caci a,
gel atin, sorbitol, tragacanth, or ¥V|nyl pyrrolldone fillers for

exanpl e | act ose, 2ipighp Safﬁﬂp‘%%ffec?(ea%%%m of4l telraghlin gt semplexdp plidol  or

glycine; tableti H&akéjﬁhhc?j%mplfe@c;f HRNEHR fFectiBROMASTLA B2 ﬁ*&a@&f Wiea talc,
pol yet hyl ene glycol "or silica, disintegrants for exanple potato starch or

accept abl e wet t | fetFaensting wetglietmplex, mgmﬂwmnaasutrqplt indeekiphra ipper regyirdiery tiaeic| uded

to facilitate th n,of e be 15
appl 1 od over t ho Epp i abipRlonbOF AR syihsh itk Hpe GREN HEmETe

i nfections may b&0 r’ﬁatpeﬂemtsnwgmdma}pqlmmsed mvlentrdatment ¢ Inmntstagsed of
treatnent conprise he s of adm ni (i n to a,ho such.as a human or
animal, a safe aﬁ%g% %l\ygcrgﬂxgaﬂ?nsofﬁo e"lné‘fl %Wg}plleﬁééhﬁteé}a ol ex, in
solid dosage fomRrofgmifthese gfanbmttﬁé ifdrodrdrieis, gram-idgativecan be treated

with a tetracycline netal i nclude, urinary tr i nfections, upper
respiratory tracfICIPHERREITS ﬁ%rnaﬁg?féenagﬁﬁﬁ‘rogﬁé’écw% F%Hﬂ}g‘?t%ls YOS RS,

anthrax, |yme di seieswgiadRdlatdy8iab] deponenlabitteritBachiue SfthtacisWeHatBurBY al so be
used in the treatnent of ailnents caused by bacteria and m croaorgani sms.

Non-1imiting exafisifemne petingeressiisaeihgloskidium gregalasmmrealyéougn SAVEBsi ti ve

mi croorgani sms, QU-aFERIBEMY uld?'dﬁér@ﬁry@?s‘iﬂﬁ?&ns %%HEBIE tREhEY, Wibroanaer obi ¢
bacteria, spi rochet es, mycopl asmas, ~ rickettsiae, chlamydiae, treponens,

listeria, bacil| geoleme frusells campideliaater @hlﬁxh@ﬁomﬁglbﬂ@}hf@ml%ctl nonyces
israelii, clostrigdlim, Bh&aRlRERuNLGR! ¥d FiB2oaRO Filklhdhod of treatment

comprises require administering a safe and effective amount of a solid dosage form

of a tetracycline metal complex for an effective period of time.

EXAMPLE 1
[61] 83 grams of minocycline 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 calcium 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



recurrentis, haenophilus ducreyi, yersinia pestis, francisella tularensis,
vibrio chol erae, brucella, canpylobacter fetus, bartonella bacilliforms,
cal ynmat obact eri um granul onati s, and péot ozoans. The nethod of treatnent
conprises require admnistering a safe and effective anount of a solid
dosage form of a tetracycline nmetal conplex for an effective period of
time. EXAVPLE 1 FBL/wd3Heldae® gahulifidaasien pAgdidtgehndl, kdlRdieshastgde t 0 248
grans of water. Hydrochloric acid was then added to adjust_the pHto |ess
than 1. Next, 375i% frthsgranyptiongos wasicle size puitsbleApranakdng 811 4018 AOsRER added.
The sol ution wasfdiieNem, $@thms o %ﬂ&ﬁu‘?rpstt‘!@z?te {salibamed vhmaarstoge hdludr ams of
5N sodi um hydroxide solution. Addition of the base, fornmed and precipitated
a minocycline caFeplmtkeoriztusis congreased indetablgisicontainng 72 g ﬂ%mlnpﬂcf

of from about 5 ﬁﬂe{aﬁéﬁxﬁ%ﬁﬂe gzggt Swit e XBNE L Eatide[ 62[ 600 grans of

m crocrystalline cellulose 1s a ed to a suspenéi on of mnocycline calcium
conpl ex nmade f ol [63hilhghotlddepmderstded thataliffdExd tgykle of minblaycling usyydrdelorrdds mi xed
to forma wet gr&qg&ggtioon. The wet granulation is subjected to a drying
operation using a tray Einrl'yer until the noisture content is |less than about
16 5% ww. The dried granulation is then passed through a mll, to reduce
the particle size of the granul ation %Amél cle size suitable for making
into a solid dosage form Next, 2 gra nesium stearate i s added and
bl ended i nt (7)5t he [ezc? xmérpeocedllﬁb aﬂEkax%a hi f(EI}OﬁeH&@fdnﬁ aﬁ@iﬁ@dgeﬁﬁdaﬁldidgﬁ 0t ﬁbl e]E _sI
cont ai ni ng ng of mnocycline, . The tablets may then be coated with a film
coating. 163] It c¥RRIEr > Weerampetaicwsystpiige cdivtoseisdhan mixedindo B¢ i nocycl i ne

may be del i ver edmiddeydialctleivkPéoMpl SR B dl RAlitddR PGl THexaml e 1
is followed to forma m nocycline calcium conplex. 500 grams of
mi crocryst al | i newgbsrRilgioa i§ dradiaa tiey seer ynhil the mpesture content is less than about

5 wt.%. The dried granulation is then passed through a mill, to reduce the particle

ipe.t he range

of the granulation to a particles size suitable for making into a solid dosage form.
Next, 2 grams of magnesium stearate is added and blended into the mixture. The
dry granulation is then filled into size 00 hard gelatin capsules, where each capsule
contains 50 mg of minocycline.

[65] It should be understood that different levels of minocycline may be delivered

in capsule form.

EXAMPLE 4
[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.



m nocycl i ne cal ciumconplex that is fornmed, resulting in a wet granul ati on.
The wet granulation is dried in a tray dryer until the npisture content is
| ess than about 5 wt.% The dried grdhulation is then passed through a
mll, to reduce the particle of the granulation to a particles size
suitable for nmaking into a solid dosage form Next, 2 grams of nagnesium
stearate is added and bl ended into thegpxh¥ipties The dry granulation is then
filled into size 00 hard gel atin capsules, where each_capsule contains 50
ng of m nocycl i n&7] 265jof croseampeliase Breliugmend: L gguicogaistalline celldofe afeaddeds of

m nocycl i ne may I i ) : BEXAMI \ans of

m nocycl i ne hydr%?hslqgﬂre:néggﬁ\;\Gglgmg{:}ggg@%%gngrﬂg&é%ﬁs of OEE‘F'?X i%e m\/\g!tngro?l
Hydrochl ori ¢ aci BXAYRLED of) EXAMPLE Thd desensionlipmediiméormid wed | ess than 1.

Next 20 g of cal gl | ah | ' : ) . This .step was
fol | owed by addi Retiedph, Fhb %Sef %ﬁ‘“ﬁg’#%“n%“‘??&f@?%d%ﬁ%a%ﬁn f@%x@ﬁ‘g

sol ution. Addi t bedrdrpdr untishbawistuirocantedt aids haeebqut 5%tvee. dhmdrietycl i ne .
Col S aar™! 25 eHRRE Pl SRR TR e B AP S PR B ok
of the suspensi ot a paticles.sizk éuitdbl b nkling Bit]a s0Hd dosabe forMSs MRKNEI0! godigs gfodi um

i ooyl i ne. oal oPAREETHIEHHAE i S1deaar HOTRE 5t DGR, e ERARPEE 1 or
EXAVPLE 4. The sppprmel £ blehdity29hhniREdim siéihte 8t Athahir® "Findijetheet
granulation is subjected to a rél ng operation using a fluid bed dryer

until the noi st uPEEE At @mpressed iplodaiotnepnigigug 1Womepiyminppyclige.i 'Eee taljetanul at i on

i's then passed tRLOURN LA HHdd witlh PrlECH4GE, t he particle of the granulation to
a particles size sgi tablg formnakfinggc%én{t%go a solid dosage form Next 150

grams of  mi cr ocl68}tlghioilddepaddrsibasbibatidiffegerd dayels nfimirlogyling miapi e deliweredi xt ur e.

This is followedy .uiet form.

EXAMPLE 6
[69] 15 grams of croscarmellose sodium, 30 grams of starch, 4.5 grams of citric
acid and 150 grams of microcrystalline cellulose are added to a suspension of
minocycline calcium 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 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

in tablet form.



by addi ng and bl ending 2 grans nmagnesi um stearate into the mxture. Finally,
the mxture is conpressed into tablets containing 100 ng of m nocycl i ne.
The tablets may then be coated with a8filmcoating. [68] It should be
understood that different |evels of mnocycline may be delivered in tablet
form EXAMPLE 6 [69] 15 grans of croscannell ose sodium 30 grans of starch,
4.5 granms of cit i . 01 ; i LUl ose are
added to a sus peﬁgfw %ftge %O%ﬁgg?%ﬁ??%?ﬁégé‘%%@%n@gg?of%F‘%%J\:/Jm ng the
procedure of EXAdFbddirhents theredfANWE #ppdrentThe nsny plengesomoddications,cindo f orm a wet

granul ation. The_wet. ranulation is.subjected . to rying operation using a
fluid bed dryer ﬁﬁ?%@mgﬁggeﬁ%?%?ﬁ?%ﬁg%ﬁﬁéﬁ%Dth?gg%ngﬁéﬂmgggﬁfhggom/mL The
dL ied gr alnul at i Oheréif. mbmqingsswd_in&Meauga%Iftama{cnlsuc}t @Eﬁ@dmediﬁmiommddcge of

the granulation to, a pajticles .size suit e, for in to.a soli osage
form Next 150 gYaike ﬁ%ﬁf@h&blpélteaﬁpmtﬁ ¥ PR 1 apPBRiea glaigy "Hlended
into the m xtur e?ata?_ﬂla licatidr8) attRdarotied Gt atfing ciddeRedin Bre dncofofdtéiSbyOf
magnesi um stearate into the m xture. Finally, the mxture is conpressed

into tablets contefrencad hepentigtyof ni nocycline. The tablets may then be
coated wth a filmcoating. [70] It should be understood that different

| evel s of mnocycline my be delivered in tablet form 18 (71] Wile the

i nvention has been descri bed above with reference to specific enbodi nents
thereof, it is apparent that many changes, nodifications, and variations
can be made without departing fromthe inventive concept disclosed herein.
Accordingly, it is intended to enbrace all such changes, nodifications, and
variations that fall within the spirit and broad scope of the appended
claims. Al patent applications, patents, and other publications cited
herein are incorporated by reference in their entirety.




19 WHAT IS CLAIMED IS: 1. A solid dosage formconprising a netal conpl ex of
a conpound of Fornula (I), for pharmaceutical admnistration, m R R2 R3
R4 N(CH3)2 HHOH OHCONH2 OH O OH 0 1wherein R = O, N(CH3)2, or H R2
= CH3, H or CHZ=; R3 = CH3, H OH or absent; and R4= OHor H wth the
provi so that_j i R3is H then R4 is not OR 2. The solid dosage
formof cl ai%%}giémrg netal conplex is selected from the group
consi sting of a cal cium conpl ex, a magnesi um conpl ex, a sodium conplex, a

zinc conpl ex, an al um num conpl ex, an iron conplex, a copper conplex and
m xtures thek.e%ﬁolictadosignefmlciodlpdisinggiemétakmnqﬂembﬁzi corgpounidenf dormslai(h, met al

conplex is Sf cailm um Co J)m . The solid dosage formof claim?2, wherein
t he conmpound®®bP %}aﬁ‘i}}t‘&aw IPLStraté%I} sected fromthe group consi sting of
tetracycline, chlortetracycline, oxytetracycline, ma(ﬁl ocycli ne,

m nocycline, nethacycline, |ynecycline and a ph 5| ol ogi'cal | y accept abl e
salt thereof. 5. The solid dosige Roor Ry of Rel ai erein the conpound of
the conplex of Formula (1) has a rgfedse|prgfi ethgnlswmedlate

control |l ed, or sustained. ‘,‘
CONH,

wherein

R; = Cl, N(CHj3),, or H;

R, = CHj3, H, or CHy=;

R3 = CHj, H, OH, or absent; and

R4=OHor H,

with the proviso that if R, is CH3 and Rj is H, then Ry is not OH.

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, 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 complex is a calcium

complex.

4. The solid dosage form of claim 2, wherein the compound of Formula (I) is
selected from the group consisting of tetracycline, chlortetracycline,
oxytetracycline, demeclocycline, minocycline, methacycline, lymecycline and a

physiologically acceptable salt thereof.

5. The solid dosage form of claim 1, wherein the compound of the complex of

Formula (I) has a release profile that is immediate, controlled, or sustained.



6. The solid dosage formof claiml1l, wherein R = N(CH3)2, R2 = H R3 = H,
and R4 = H 7. The solid dosage formof claiml, wherein said

pharmaceuti cal dosage formis selectedfromthe group consisting of

powders, granules, tablets, coated tablets, gelatin filled capsules,
pellets, and chewabl e tablets. 8. A process for naking a dry granul ati on of
a netal corrpl ex of a conmpound of Formula (1), m R, R3 Ry N(CH3)2 HH OH

CR]B_I So\luljg %r—}i' Sﬁd%@%@%& &flalﬂ’"%%;m%)% ‘hé pr bv? SO tﬁat oirf CII:«g:l s

CH3 and R3 |R4H}Ithen R4 is not OH in a solid dosage form said process
conprising the steps of: (i) providing an aqueous solution of the conpound
of Formula (1) or a physiologically acceptabl e salt thereof, where the
conmpound i s f i netal salt
with said aqﬁggﬁgggg eﬂ&%?8%8§5%§&§%ﬁﬁgs%déﬁgnn%mhﬁ%@ggggéﬂﬁﬁg pH of said
aqueous sol ugel@ied Mﬁrtle&groupcsmmmg%lfpaw@érsagrmﬁﬂed tabloR|coxtedtatldig conpound
of Formula (1) is_forned after (ii) and (iii); and (iv) drying said
suspensi on, gerl@trréﬁl}edr@pﬁwlﬁs;pall%iwnércm\ml&ﬂab}?t%f the metal conplex of the
compound of Formula (1).

8. A process for making a dry granulation of a metal complex of a compound of

Formula (1),
0
Ry R, R, CH3)2
‘ ‘ ‘ CONH,
OH
OH (0] OH 0
wherein

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

R, = CHj, H, or CHy=;

R3 = CHj, H, OH, or absent; and
R4=0OHorH,

with the proviso that if R; is CH; and Rj is H, then R4 is not OH, in a solid
dosage form, said process comprising 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;

(i1) admixing a metal salt with said aqueous solution,

(iii) admixing a base to increase the pH of said aqueous solution, whereby
a suspension of a metal complex of the compound of Formula (I) 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 (I).



21 9. The process of claim8, wherein said suspension of the netal conplex
of the conpound of Fornula (I) provided in step (iii) has a pH range of
about 2 to about 14. 10. The process dfl claim 8, wherein said netal salt is
selected fromthe group consisting of calciumsalts, magnesium salts,
sodiumsalts, zinc salts, and m xtures thereof. 11. The process of claim 8,
wherein said netal salt is calciumchloride. 12. The process of claimS8,
wherel n sai d bitgGrbcsS6f A6hPY Me@&hfssaa g4 RHon %Pﬂéllﬁétamnﬁa‘leémhym
hydr oxi de, trietHhanol am ne, and m xtures 't her eof . The ‘process of claim
8, further cmmmqusdn@thmﬂsl(er@;ﬁdakimstapr(gl)maeapH rm»geeof gboat 2recabotii cal |y
accept abl e- ei; pients, prior to said drying step. 14. The process of claim
8, further 4ﬁprl sing the step of adm xi ng one or nore pharnaceutically
accept abl e-excipients, after form ng said granulation. 15. The process of
claim8, wherein the conpound of Fornula (1) is selected from the group
consi sting of0.{ldt pamysd ofidaimcsy | vareran saidymdt:ilrsel,t im}dcmlrfmdiei greup
denecl ocycline,. m no l.i ne, nethacycli ng, cyeline physi ol ogi cal |l y
accept abl e SEATSISHAG P CIuIIIéa“SrH%a%B‘F%E‘@éé t%iso%}l %ﬁ% 211y t?ré‘lndé‘B qu, ng the
step of (a) glg{ggfesm ng said dry granul ation, thereby formng tablets; or
(b) filling gelatin capsules with said dry granul ation. 22 17. The process
of claim8, wherein the physiologically acceptable salt of the conpound of
Formula (I) is Iected r gr.oup .consi sting. of a hycl ate,
monohydrate, !k é’@%@ﬁ%‘?f; alﬁy%r ‘F%W‘é@‘et 58K e dum gh rigext ur es t her eof .
18. A pharmaceutical solid dosage formof the netal conplex of the conpound
of Formula (1), made by the process of claim 8.

12. The process of claim 8, wherein said base is selected from the group

consisting of sodium hydroxide, tricthanolamine, and mixtures thereof.

13. The process of claim 8, further comprising the step of admixing one or more

pharmaceutically acceptable-excipients, prior to said drying step.

14. The process of claim 8, further comprising the step of admixing one or more

pharmaceutically acceptable-excipients, after forming said granulation.

15. The process of claim 8, wherein the compound of Formula (I) is selected from
the group consisting of tetracycline, chlortetracycline, oxytetracycline,
demeclocycline, minocycline, methacycline, lymecycline and a physiologically

acceptable salt thereof.

16. The process of claim 8, further comprising the step of:
(a) compressing said dry granulation, thereby forming tablets;
or

(b) filling gelatin capsules with said dry granulation.



19. A method of treating bacteri al
bacteria and m croorganisnms conprising the step of:
i n need thereof,
conpl ex of a conpound of Fornula (1) for

iy Tonteally S It H O o
Og?@uﬂ E@fsmhﬁg B2ah$cife3 and R3 is H,

net al
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wherein R

or

then R4 i s not CH

absent ;

i nfections an
an effective anount of22a solid
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for an effective perio
monohydrate carrageenate, hydrochloride, phosphate,

18. A pharmaceutical solid dosage form of the metal ¢

Formula (I), made by the process of claim 8.

d ail nments caused by

adm ni stering to a host
dosage form conprising a
phar maceuti cal

and mlxtures thereof.

omplex of the compound of

19. A method of treating bacterial infections and ailments caused by bacteria and

microorganisms comprising the step of:

administering to a host in need thereof, an effective amount of a solid

dosage form comprising a metal complex of a compound of Formula (I) for

pharmaceutical administration,

®

Ry R, Rq Cng
I l I CONH,
OH 0 OH 0

wherein

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

R, =CHj3, H, OH, or CHy=;

R; = CHs, H, OH, or absent; and

Rs=OHorH,

with the proviso that if R; is CH; and Rj is H, then R4

period of time.

is not OH, for an effective



