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ABSTRACT O DISCIOSURE
Pharmaceutical delivery systems containing

7-dimethyl 6~deoxy 6-demethyltetracycline or a non-toxic
acid addition salt thereof comprising mixtures of a minor
proportion of slow-release blended polymer coated spherical
granules adapted to release part of the minocycline in a
medium having a pH of below 3.9 and the rest in the range of
from about 4.0 to about 7.5 and a major proportion of coated
or uncoated quick-release granules adapted to release
minocycline in a medium having a pH of less than about 3.9
and oral dosage unit form capsules containing the above are

provided. These systems and formulations provide enhanced

therapeutic blood levels of minocycline for at least about
24 hours when administered to a subject only once-a-day,
regardless of whether the patient is fed or fasted. Methods
for the preparation of the systems and formulations are
provided as well.
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The invention relates to pharmaceutical

delivery systems for the prolonged controlled release of
5 7-dimethylamino-6-deoxy-é-demethyltetracycline
(minocycline) or non-toxic acid addition salts thereof.
It provides a once-a-day delivery system which maintains
therapeutic blood level concentrations of the medicament
in a patient for twenty-four hours by the once-a-day
10 administration of improved custom designed formulations
comprising a major proportion of an initial loading or
first pulse of minocycline containing quick release
granules and a minor proportion of a secondary loading or
second pulse of minocycline c¢ontaining blended pH-
15 sensitive and pH-indifferent polymer coated spherical
granules administered simultaneously. Spheronized
pharmaceutical compositions comprising a major proportion
of quick-release initial and a minor proportion of slow-
release secondary minbcycline loadings as well as oral
20 dosage unit forms of all of the above are provided as
well.

These pharmaceutical delivery systems,
compositions and oral dosage unit forms, in comparison
with those containing only a minor proportion of the

25 initial quick-release loading of available minocycline,
will provide more than 10% higher plasma level
concentrations of minecycline in the therapeutic range
for effective antibacterial activity for up to about
twenty-four hours and they have the same excellent

30 absorption characteristics regardless of whether they are
administered to fed or fasting patients. |

BACKGROUND OF THE INVENTION

The tetracycline compound, 7-dimethylamino-6-
deoxy-6-demethyltetracycline, and its non-toxic acid

35 addition salts are widely used in therapy primarily for
their antimicrobial effects. Commonly assigned Boothe et
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salts are widely used in therapy
effects. Commonly assi gned Boet he et
-2- al, US Patent No.. 3,148,212, and Pesti et al, U S. Patent No.

3,226,436, describe the preparation of mnocycline. A {1 dosph jf$?F5_01)

conpounds have achieved w despread use in oral dosage forns, ey have

sever al al, U.S. Patent No. 3,148,212, and Pesti et al, U.S.
Patent No. 3,226,435, describe the preparation of
minocycline. Although the compounds have achieved

widespread use in oral dosage forms, they have several
5 drawbacks.
The minimum therapeutically effective blood
serum or plasma concentration level of minocycline in a
human subject varies according to the organism causing
the infection. The concentration is determined in vivo

10 by clinical evaluation and in vitro by microbiological
. assays. Currently, the minimum therapeutically effective

concentration is believed to be in the range of from

about 0.1 to about 1.0 mcg of minocycline/ml of serum.
Organisms currently known to be susceptible to
15 minocycline therapy include a wide range of gram-negative
and gram-positive bacteria including, but not limited to
agents of rickettsiae {(Rocky Mountain spotted fever,
typhus fever and the typhus group, Q fever, rickettsial
pox, tick fevers); Mycoplasma pneumonias (PPLO, Eaton
20 agent); agents of psittacosis and ornithosis; agents of
lymphogranulbma venereum and granuloma inguinale; the
spirochetal agent of relapsing fever (Borrelia
recurrentis); the agent of Lyme disease (Borrelia
burgdorfeni), the agents of acne (Propionibacterium
25 Corynebacterium acnes); the microorganisms Haemophilus
ducreyi(chancroid), Yersinia pestis and Francisella
tularensis, formerly Pasteurella pestis and Pasteurella

tularensis, Bartonella bacilliformis, Bacteroides
species, Vibrio cormna and Vibrio fetus, Brucella
30 species, Escherichia coli, Enterbacter aerogenes

(formerly Aerobacter aerogenes), Shigella species, Mima
species, Herellea species, Haemophilus influenzas
(respiratory infections), Klebsiella species (respiratory
and urinary infections), many Streptococcus species
35 including strains of Streptococcus pyogenes and
Streptococcus faecalis, Streptococcus pneumonias,
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fevers); Mycopl asma pneunon
palliidum and Treponema pertenue (syphilis and yaws),

Listeria monocytogenes, Clostridium species, Bacillus

S anthracis, Fusobacterium fusiforme (Vincent's infection),
Actinomyces species; and in the treatment of acute
intestinal amebiasis and inclusion conjunctivitis.
Physician's Desk Reference, 1987, Medical Economics
Company, Oradell, NJ (PDR 43rd Ed.).

10 Recent discovery shows that minocycline is
absorbed at different rates in different portions of the
gastrointestinal tract. Intubation studies in human

patients have demonstrated that bioavailability of
minocycline in the gastrointestinal tract, based upon 100

15 percent absorption in the stomach, is 106 percent in the
duodenum, 80 percent in the jejunum and 58 percent in the
ileum, indicating that minocycline demonstrates reduced
absorption in the lower gastrointestinal tract.

The human stomach empties in about one hour in

20 a fasting subject and in about one to about four hours
with food. The half life of minocycline when taken
without food is approximately 10 hours. When taken with
food, the half life is extended to approximately 14 to 16
hours.

25 It has not been possible to achieve a
once-a-day therapeutic blood level of minocycline using
only delayed release granules of minocycline with or
without food ingestion. Traditional pharmaceutical forms
containing minocycline require frequent ingestion of

30 multiple doses per day resulting in wide variations in
serum concentration throughout the course of treatment
and in poor patient compliance and traditional delayed
release forms containing minocycline are incompletely
absorbed in the gastrointestinal tract. This indicates

35 a need for a custom designed once-a-day delivery system
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use by the medical profession, capsules under the

5 trademark MINOCIN. containing specially coated pellets of
minocycline hydrochloride for oral administration. See,
PDR 44th Ed. (Pages 1168-1170). In contrast to tablets
and powder-filled capsules, pelletized minocycline
hydrochloride provides virtually complete absorption with
10 dairy products and food. The capsules, however, are not

intended to provide a once-a-day dosage form.

. Valorose et al, U.S. Patent No. 4,837,030,
disclose hard gelatin or soft gelatin capsules filled
with minocycline comprising spherical granules. This

15 patent teaches controlled release formulations of
minocycline wherein the rate of release in the stomach
and intestines is controlled. The delivery system may be
comprised of coated or uncoated spheres. The medicament
may be within the sphere or in the coating. Valorose

20 further teaches coating the spherical granules with
hydroxypropyl methylcellulose and hydroxypropyl
methylcellulose phthalate. The controlled release in
Valorose, however, is not taught to be prolonged up to 24
hours.

25 ' Shepard, U.S. Patent No. 3,080,294, discloses
a sustained release pharmaceutical tablet comprising an
inner core coated with multiple layers of an active
medicament mixture, each layer releasing a portion of
active medicament as it is successively dissolved. Such

30 layers are not pH adapted, however. Shepard further
teaches sustained release pharmaceutical formulations
wherein medicament coated pellets and uncoated medicament
pellets maintain therapeutic blood concentration levels
for prolonged periods of time. The medicament may be in

35 the coating or in the core. Shepard also teaches the use
of coatings comprised of cellulose esters and PpH



.35 including strains. . of Streptococcus pyogenes and

St rept ococcus faecal i s, St rept ococcus pneunoni as, - 3-

St aphy| oggis skest HasiBenRefflaskd n and soft tissue infections), Neisseria
ningitidis, Treponema pallidum and Treponena

gonorr hoe
pertenue ?ﬁ‘mjlugmulﬁ “:ws) , Listeria nonocytogenes, C ostridium species,
Bacillus 5 nthracis, Fusobacteriumfusifornme (Vincent's infection),
Actinonyces species; and in the treatnment eb-acute inteti9ndds HBBLDESTOL)
and inclusion  conjunctivitis. Physician's Desk Reference, 1987, Medical
Economni cs Conpan§ensitilvel polymeproatsingssd. s explained in example 4 of
Shepard, the dosage forms are formulated so that a
perdetermined amount of active ingredient may be released
in the stomach (pH less than 3.9) and a predetermined
5 amount may be released in the intestines (pH 4-7.5)
approximately.
In copending, commonly assigned U.S. Patent
'Application, Serial No. 07/410,708, filed September 21,
1989, it is disclosed that a specific minocycline
10 composition can be formulated to provide at least minimum
therapeutic serum levels of the minocycline in a human
subject for about 24 hours through once-a-day two pulse
administration systems, comprising an initial loading
component providing the first pulse which is absorbed up
15 to 100 percent in the stomach and a secondary loading
component providing the second pulse which is absorbed up
to 100 percent in the duodenum and the upper part of the
small intestine. Working examples are provided which
contain a minor proportion of the initial loading
20 component and a major proportion of the secondary loading
component. In addition, the working examples include
procedures to coat granules comprising the secondary
loading component with a blended polymer coating
composition to give them slow release characteristics.
25 The formulations of the copending application are taught
to be processable into capsule oral dosage unit forms. In
vivo data with a preferred embodiment of the copending
application comprising capsules containing 46% of the
total dose in the form of uncoated quick-release pellets
30 and 54% in the form of single polymer (hydroxypropyl
methylcellulose phthalate)-coated slow-release pellets
showed good bioavailability over 24 hours after a single
administration, approaching the achieved with two divided
doses of conventional minocycline tablets.
35 It has now been discovered that bioavailability
can be even more improved by increasing the ratio of



10 Recent discovery shows that m nocycline is absorbed at
different rates in different portions of the gastrointestinal tract.

| ntubation studies in human patients have denonstrated that bioavailability
of m nocycline in the gastrointestinal tract, based upon 100 15 per cent
absorption in the stomach, is 106 percent in the duodenum 80 pgrcent in
the jejunum and 58 percent in the ileum indicating that m nocycline
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the half life is extended to ap rOX|nater to 16
coating composxtlon for the latter. Thus, for example,

the biocavailability can be improved by greater than 10%
5 by using a major proportion, e.g., 60% of the quick-
release granules and a minor proportion, e.g., of the
slow-release granules and providing the latter with a
coating comprising a small amount of water-soluble
polymer in the pH-sensitive polymer previously used
10 alone. In addition, in multidose studies, the mixed
R pellet dosage forms of the present invention exhibit a
surprising retention of bicavailability after ingestion
of food in comparison with tablets employed in the
present state of the art. Data are presented hereinafter
15 which show that fed subjects had an absorption of 100% of
that of the fasted subjects with the dosage forms of this

invention but only 90.6% with the prior art tablets.
These results are surprising because just the
opposite would be expected. An early release of most of
20 the minocycline in the stomach should reduce the long
time effectiveness, but, as will be seen, single dose
~bioavailability versus the reference tablet given twice
a day is increased from 79% to 89%, and the latter is
unaffected by food intake as is shown in the multidose

25 studies.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphic illustration of a method

for the production of uncoated quick release granules and
precursors of blended polymer coated spherical granules
30 according to the present invention.

FIG. 2 is a graphic illustration of a method
for the production of coated quick release granules and
blended polymer coated spherical granules according to
the present invention.

35 FIG. 3 is a graphic illustration of the
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spherical granules of this invention in comparison with
those not of this invention in & medium having a pH of
about 4.0.

5 FIG. 4 is a graphic illustration of the release
rate of minocycline hydrochloride from blended polymer
coated spherical granules as in FIG. 3 but in a medium
having a pH of 6.0.

FIG. 5 is a graphic illustration of blood serum
10 concentration levels of once-a-day administration of
- minocycline to human subjects in an oral dosage unit
forms according to the present invention, in two oral
dosage unit forms not according to this invention and a
twice-a-day administration of minocycline in oral dosage
15 unit form presently available from Lederle Laboratories.
SUMMARY OF THE INVENTION
According to the present invention, there are

provided improved pharmaceutical delivery systems adapted
to provide a therapeutically effective blood
20 concentration levels of 7-dimethylamino-6-deoxy-6-
demethyltetracycline or a non-toxic acid addition salt
thereof for a sustained period of time of up to about
twenty-four hours comprising:
(A) from 51 to 80 parts by weight per 100 parts
25 by weight of (A) and (B) combined of an initial loading
therapeutically effective number of quick release
granules which comprise
(a) (i) an effective amount of at least one
pharmaceutically acceptable excipient; and
30 (ii) an effective antibacterial amount of
7-dimethylamino-6-~deoxy-6-demethyl-
tetracycline or a non-toxic acid addition
salt thereof, on or in said gquick release
granules;
35 said quick release granules being adapted o release
substantially completely said tetracycline or salt
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weight of (A) and (B) combined of a secondary loading
5 therapeutically effective number of blended polymer
coated spherical granules which comprise
(a) (i) an independent effective amount of at
least one pharmaceutically acceptable
excipient which may be the same as or
10 different than (A)(a)(i) ; and
(ii) an independent effective antibacterial
amount of 7-dimethy1amino—6—deoxy-
6-demethyltetracycline or a
non-toxic acid addition salt
15 thereof, on or in said coated spherical
granﬁles; and
(b) a substantially uniform coating comprising
a blend of at least two polymers on said
coated spherical granules (B) one of which
20 ‘ is non pH-sensitive and rapidly erodible in
water and the other of which is pH-sensitive
and erodible in a medium having a pH in the
range of from about 4.5 to about 6.5; said
coated spherical granules thereby being
25 adapted to release some of said tetracycline
or salt thereof in a medium having a pH in
the range of from about 1.0 to about 3.0 and
the remainder rapidly in a medium having a
pH in the range of from about 4.5 to about
30 6.5.

Preferred features of the invention are such
pharmaceutical delivery systems in which the quick,
release granules (A) comprise from about 55 to about'70
parts by weight and the coated granules (B) comprise from

35 about 20 to about 45 parts by weight per 100 parts by
weight of (A) and (B) together, and especially those
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and (B) together.

5 The invention further contemplates oral dosage
units in the form of pharmaceutically acceptable liquid
carriers containing the above compositions or systems,
hard or soft shell capsules at least partially filled
with the above compositions or systems, and tablets

10 formed from the above compositions or systems.

The invention also provides methods of
maintaining a therapeutic level of the tetracycline or
salt thereof in the blood stream of a warm-blooded mammal
for about 24 hours comprising administering to the mammal

15 the pharmaceutical delivery systems or oral dosage units
above.

A method for the preparation of a
pharmaceutical delivery system is provided comprising the
steps of:

20 (I) forming an initial loading component by
(a) blending
(i) an effective amount of at least one
pharmaceutical acceptable
excipient; and
25 (ii) an effective antibacterial amount of
7-dimethylamino-6~deoxy-6-demethyltetracycline or a
non-toxic acid addition salt thereof;

(b) granulating the resultant blend in the

presence of a granulating liquid;
30 (c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to form
quick release granules which are adapted to
release substantially completely said
tetracycline or salt thereof in a medium

35 having a pH of less than about 3.9; and
(e) drying said quick release granules; and
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(a) blending

(i) an independent amount of at least
' one pharmaceutical acceptable excipient

5 which may be the same as
or different than (A)(a)(i) ; and
(ii) an independent effective antibacterial
amount of 7-dimethylamino-6-deoxy-6-
demethyltetracycline or a non-toxic
10 acid addition salt thereof;

(b) granulating the resultant blend in the

: presence of a granulating liquid;

(c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to form

15 precursors of coated spherical granules;

(e) drying said precursors;

(f) coating said precursors with a substantially
uniform coating comprising a blend of at
least two polymers, one of which is non pH-

20 sensitive and rapidly erodable in water and
the other of which is pH-sensitive and
erodible in a medium having a pH in the
range of from about 4.5 to about 6.5 and

(B) preparing therefrom a controlled release

25 - pharmaceutical composition in oral dosage
unit form by the step of at least partially
filling a hard or a soft shell capsule with
a pharmaceutical delivery system with from
about 51 to about 80 parts by weight of the

30 quick release granules prepared by steps (I)
and from about 20 to about 49 parts by
weight of the slow release granules produced
by the steps (II) and optionally sealing
said capsules.

35 Preferred features of the invention comprise such

a method wherein the capsule is filled with from about 55
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' per 100 parts by weight of said granules and especially

5 preferred is such a method wherein the capsule is filled
with about 60 parts by weight of the quick release
granules prepared by steps (I) and about 40 parts by
weight of the coated granules prepared by steps (II), per
100 parts by weight of the granules.

10 The pharmaceutical delivery systems and the
capsule oral dosage unit forms. described above provide
once-a-day prolonged effect controlled release forms of
mino(:ycline which maintain improved therapeutic blood
levels for periods of up to twenty-four hours resulting

15 in desirable and effective antibacterial therapy and less
frequent administration to a subject. They also avoid
high local concentrations in a system which may cause
side effects such as gastroirritability.

DETAILED DESCRIPTION OF THE INVENTION
20 Novel pharmaceutical delivery systems have been

discovered comprising mixed blends of an initial loading
therapeutically effective number of quick-release
granules and a secondary loadihg therapeutically
effective number of blended polymer coated spherical
25 granules. These systems and compositions can be filled
into capsules to prepare oral dosage units. Many
benefits can .be realized from these novel delivery
systems and oral dosage unit forms over conventiocnal
controlled release formulations. They result in a
30 superior controlled and prolonged delivery of minocycline
to a subject which in turn results in the achievment of
once-a-day dosages of 7-dimethylamino-6-deoxy-6-demethyl-
tetracycline or non-toxic acid addition salts thereof in
the compositions and oral dosaée unit forms to sustain a
35 desired blood level concentration in a subject for a
relatively long period of time of up to twenty-four
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gastrOerltablllty, and better subject compliance with a
medicament regimen are possible.

Oral dosage unit forms are those which are
orally administered and contain medicaments which are
absorbed into the blood stream from the alimentary tract.

An initial loading therapeutically effective
amount or number of quick release granules is that amount
or number which provides an -immediate or rapid and
substantially complete release in a medium having a pH of
less than about 3.9 and, preferably in a range of from
about 1.0 to about 2.5, such as in the human stomach and
thereby delivers and maintains a recommended dosage or
concentration level of 7-dimethyamino-6-deoxy-6-demethy—
tetracycline or a non-toxic acid addition salt thereof to
the blood stream or plasma of a subject within a
recommended period of time and maintains that level or a
further recommended 1level for a further recommended
period of time. This provides a first pulse of
minocycline, preferably in the stomach, which quickly
attains therapeutic plasma drug levels, i.e. at least
that amount determined by in vivo clinical evaluation or
in vitro microbiological assay to treat successfully
infections caused by the invading organism or organisms.

A secondary loading therapeutically effective
amount or number of blended polymer coated spherical
granules is that amount or number which provides a slow
release of a small amount in the stomach and a complete
release in a medium having a pH in the range of from
about 4.0 to about 7.5 and preferably from about 4.0 to
about 6, as in the human upper intestinal tract and
particularly in the duodenum/jejunem. The use of a
higher level of quick release granules in proportion to
delayed release granules is believed to result in a



can be even nore I mproved by increasing the ratio of -6- quick rel ease
initial loading pellets to slow rel ease secondary | oadi ng coated pellets
and by using a nodified coating conposition for the latter. Thus, for
exanpl e, the bioavailability can be inproved by greater than 10% 5 by
using a major proportion, e.g., 60%of the quick- release granulgs and a
m nor proportion, e.g., of the slowrelease granules and prOV|d|n t
|atter with a coating corrprising a snall am)a'n’t of wat er -1 &}I';Prﬁe"r 1y
Lﬂftszzgngihhygsgpl g' ré%%ﬁ%ﬁl ofegl%gcycllnengecauge %9n5&9911né”1s
preferentially absorbed in the duodenum and jejunem. It
thereby delivers and maintains a further recommended
dosage or concentration level of 7-dimethylamino-6-deoxy-
5 6~demethyltetracycline or a non-toxic acid addition salt
thereof to the blood stream or plasma of a subject within
an independent recommended period of time and maintains
that level or a different recormnended level for an
independent additional recommended period of time. This
10 second pulse provides a delayed release and a controlled
release of minocycline, preferably in the duecdenum, which
extends therapeutic plasma drug levels initially achieved
by the first pulse, i.e. at least that amount determined
effective for the particular organism causing the
15 infection as described above, for a total prolonged
period of time, i.e. up to about 24 hours.

The initial loading of the minocycline is
achieved by the administration of quick release granules
containing the'minocycline. The secondary loading can

20 mixed blends of initial loading and secondary loading
components. The total period of time this therapeutic
plasma drug level is maintained from the combined effect
of the two different types of granules is preferably
about 24 hours. Therefore, only one dosage unit will

25 provide effective antimicrobial therapy for an entire
day, the total therapeutic amount, i.e. the initial
loading therapeutically effective amount or number plus
the secondary loading therapeuticaily effective number,
being that amount and/or number which will achieve and

30 will maintain at 1least a therapeutically effective
concentration of 7-dimethylamino-6-deoxy-6-demethyl-
tetracycline or a non-toxic acid addition salt thereof/ml
of serum or plasma in the blood serum or plasma of a
human subject for about 24 hours.

35 The salts of minocycline useful in the
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peIIet dosage forns of the present invention exhibit a surprising retention

of bloavallablllty after ingestion of food in conparison with tablets

enpl oyed i n thBi EMRB “ﬁf the art. Data are presented hereinafter 15
whi ch shom1that ad an absorption of 100% of that of the
fasted subjects e forms of this invention but only; 90 6% W t h

the prior art ta ets These results are surprising because just
opposi te woul d be expected An early rel eas® 6T nDst of 240- 34ﬁhé31 065 01)
m nocycline in the_sto

ng g reduce, t he g e$ éélveness
as will be seen, BFRgF8 dbEEeB bﬁQa F%b???t?°@e? ﬁéctiﬁl et EBt%“tﬁﬁﬂéﬁ'
given twi ce a dayeLg i sgl faskd, ftoiceADérbac88Le, dnydtdehlatieracsd salts.

unaffected by food intakepgs iéséhﬂgﬁeﬁncaﬂﬁoﬂﬂhtEQO§9535 knowhUdiLgs-

minocycline hydrochloride. Typically, minocycline
5 hydrochloride has been administered orally in a daily
dosage of about 100 to about 400 mg in at least two and
often more divided doses a day in a normal adult human
being. It is commercially available in many forms under
the trademark Minocin® from Lederle Laboratories, Wayne,

10 New Jersey (PDR 44th Ed.).
s It should additionally be noted that minocycline
h hydrochloride readily undergoes epimerization and
oxidative degradation to epiminocycline, a
pharmacologically inactive and undesirable tetracycline
15 compound. < The amount of the epimer should be minimal but
may range as high as from about 1.5 percent to about 10
percent without affecting the intended once daily dose of

the present invention.

Preferably, the pharmaceutical delivery systems

20 and oral dosage unit forms of the present invention will
contain from about 25 mg to about 400 mg of
7-dimethylamino-6-deoxy-6-demethyltetracycline or

non-toxic acid addition salt thereof and most preferably
from about 80 mg to about 280 mg. The ratio of initial

25 lJoading component, i.e. minocycline powder, quick release
granules, gquick release coating or the 1like, to the
secondary loading component, i.e. blended polymer-coated
spherical granules or single coated core, ranges from
about 51:80 to about 20:49 parts by weight of initial

30 loading ' component and secondary loading component
combined and preferably from about 55:70 to about 30:45.
Preferably, the initial loading combonent, the secondary
loading component, or both independently contain from
about 20 to about 200 mg of minocycline.

35 The rapid and substantially complete release of
the initial loading component is such that the initial



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a graphic illustration of a

net hod for the production of uncoated quick rel ease granul es and precursors
of bl ended pol ynmer coated spherical granules 30 according to the present
invention. FIG 2 is a graphic illustration of a nethod for the production
of coated quick rel ease granul es and. bl ended pol yner coated spherical

granul es according to the present invention. 35 FIG 3 is a
graphic illustration of the -7- rel ease ThHte of m nocktP13d4s {3 B6ST@dd

ol ynmer coat ed .
poty loading component releases greater than about 70 percent

and preferably greater than about 80 percent of the
minocycline in less than about 90 minutes and preferably
less than about 60 minutes in a medium of aqueous buffer,
5 e.g. hydrochloric acid and/or acetate buffer, having a pH
of less than about 3.9. Therefore, any optional polymer
coating on the initial loading component must be
specifically rapidly and substantially erodible or
dissolvable to permit the initial loading component to
10 meet these conditions.

£ The rapid and substantially complete release of
the secondary loading component core is such that the
secondary loading component or single coated core
releases greater than about 40 percent and preferably
15 greater than about 70 percent of the minocycline in less
than about 90 minutes in a medium of aqueous buffer, e.qg.
acetate and/or phosphate buffer, having a pH in the range
of from about 4.5 to about 6.5. Therefore, the blended
polymer coating must be both partially water-soluble and
20 thereafter specifically rapidly and substantially
completely erodible or dissolvable at the specified pH
range to permit the secondary loading component to meet

these conditions.
Further preferred embodiments of the present
25 invention provide additionally that either from about 5
to about 20 percent of the minocycline in the secondary
loading component is released in about 2 hours when
suspended in a medium of simulated gastric fluid having
a pH of about 1.2 at about 37°C or from about 20 to about
30 50 percent of the minocycline in the secondary ioading
component is released in about 2 hours when suspended in
a medium of simulated gastric fluid having a pH of about

1.2 at about 37°C.
The drug is released when it may be determined
35 by a standard assay.
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spherical granules of this invention in conparison with those not of this
I‘nvention in a nediun1hang3 a pH of about 4.0. 5 FIG 4 is a

graphic il T ' R rel ease rate of m nocycline hydrochloride from
‘bl ended poly l erical granules as in FIG 3 but in a nmedium
having a pH : 4] is a graphic illustration of blood serum 10

concentration levels of once-a-day admnistration of mnocycline to human
subjects in an oral dosage unit forns accorolthy to the ptt8eat4i (3&nPHBNOL)

in two oral dosage unit forns not according to this invention and a
tw ce-a-day administration off@f¥noBRATRAFTUEIGA J6X5dRients Ritlforbg
presently avail abseitabbel eder hgel bhotid HrimsentISVARGUH cidud NMENEd €on

will be easy with the requirements and the test
procedures mentioned herein kept in mind. An excipient
5 with a known degree of solubility in water and solubility
and swellability in the respective juices of the stomach
and the upper small intestine, particularly the duodenum,
should be used. Such excipients in either the quick
release granules, the slow release blended polymer coated
10 spherical granules, or a combination of any of the
s foregoing include lactose, other mono- or di-saccharides,
microcrystalline cellulose, starch, sodium carboxymethyl
cellulose, hydroxypropyl céllulose, hydroxyethyl
cellulose, crosscarmellose sodium, pregelatinized starch,
15 polyvinylpyrrolidone, cross-linked polyvinylpyrrolidone,
hydroxypropyl methylcellulose, cellulose acetate,
hydroxypropyl methylcellulose phthalate, polyvinyl
acetate phthalate, microcrystalline cellulose in
combinétion with lactose, microcrystalline cellulose in
20 combination with sodium carboxymethyl  cellulose,
microcrystalline cellulose in combination with
crosscarmellose sodium, mixtures of any of the foregoing
and the like as well as others with which those of
ordinary skill in the art will be familiar, most of which
25 are listed in standard references, for example,
Remington's Pharmaceutical Sciences, 1985, 17th Edition,
Philadelphia College of Pharmacy and Science, Chapter 68,
Pharmaceutical Necessities, pages 1278-1320.
Although a single excipient can be used, e.g.,
30 microcrystalline cellulose, desirable results may require
more care in selecting an appropriate amount of
minocycline to be used in the spheres. Therefore,
combinations of more than one excipient may be desirable.
Suitable forms of microcrystalline cellulose are,
35 for example, the materials sold as Avicel1® PH-101 and
Avicel® PH-105 (available from FMC Corporation - American




According to the present invention, there are provided inproved

phar maceuti cal

effective bl ood 20 concentration | evel s of

7- di met hyl am no- 6- deoxy- 6- denethyltetracycline or a non-toxic acid
addition salt thereof for a sustained period of time of up to abput
twenty-four hours conprising: (A ~ from51 to 80 parts by wei ght per

100 parts 25

therapeutically effective nunber of quick release granules which conprise

(a) (i) an effeé{%w%ﬁtlﬁﬁ%m Avdcal Sadepnaiancestiealt Pracleft-Ablle

exci pi ent; and 30avice1® PH 101 id i thagBceétegédVvaainhabangerdl aveddle
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rtic size o%h%b um, particle size specification of
+60 mesh less than 1 percent and +200 mesh less than or
equal to 30.0 percent, moisture specification of less
than 5.0 percent and acceptable flow properties. Avicel’
PH-105 is characterized as having an average particle
size of 20 um, particle size specification of +400 mesh
less than or equal to 1.0 percent, moistufe specification
of less than 5.0 percent, and poor flow properties.

A suitable mixture of microcrystalline
cellulose and sodium carboxymethyl cellulose is, for
example, the material sold as Avicel’ Rc-581 by FMC
Corporation. Avicel®’ RC-581 is characterized as having an
average particle size of less than 0.2 micron, particle
size specification of 60 mesh less than or equal to 0.1
percent, and moisture specification of 1less than 6
percent.

The term "spheres" is well known in the
pharmaceutical art, and means spherical granules having
a diameter in the range of from about 0.1 to about 2.5
millimeters, preferably from about 0.5 to about 2
millimeters, and most preferably from about 0.8 to about
1.5 millimeters. Preferably, the guick release granules
are spherical'as well. 1If spheres having the medicaﬁent
as a surface layer are to be prepared, coated seeds,
e.g., hon-pareil seeds or sugar crystals, may be used.
Such non-pareil seeds are generally of about 0.1 mm to
about 2.0 mm in size and typically are about 1.0
millimeter in size. They can comprise, for example, a
blend of sugar and starch. Such crystals are generally
0.01 mm to about 0.1 mm in size. The cores of the
multi-coated composition are preferably such seeds.
However, the cores may comprisé minocycline alone oxr in
combination with the excipient as well.

Thisllsltiifltliiilﬁimlleﬁ

delivery systens adapted to provi de a t herapeutically

by wei ght of (A) and (B) combifred of an iliG134 |(GHAiGRH-01)
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t'etracycline or a non-toxic acid addition salt thereof, on or in said quick
rel ease granules; 35 "~ "Said quick rel ease granul es being adapted to

rel ease subsqﬁpmhahhyB&@ @&EIy said tetracycline or salt - 8- thereof
in a mediumh ss than about 3.9; and (B) from20 to 49 parts
by wei ght per1 |ght of (A) and (B) conbined of a secondary

| oadi ng 5 t effective number of blended polymer

coat ed spheri cal granules mhlch conprise =-18- 110-344 (31,065-01)

The quick release granules typically are
uncoated. However, they may be optionally coated with a
polymer coating which is rapidly and substantially
completely erodible in a medium having a pH of less than

5 about 3.9 and particularly in the human stomach, thereby
leaving their immediate or quick release characteristics
relatively unchanged.

The film forming polymer, if used, can vary
widely in type and amount which correlates into film or

10 coating thickness. Illustrativé but not limiting quick
e release spherical granule coating polymers are methyl
- cellulose, ethylcellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose} hydroxypropyl methylcellulose,
hydroxypropyl methylcellulose phthalate, cellulose
15 acetate phthalate, hydroxypropyl methylcellulose
succinate, polymers and copolymers of (meth)acrylic acid
or (meth)acrylic acid methyl ester, polyvinyl acetate
phthalate or polymers or copolymers of polyvinyl acetate,
cellulose acetate, fatty acids and esters thereof,
20 cellulose acetate trimellitate, and mixtures of any of
the foregoing, adapted to substantially completely
dissolve in a medium having a pH of less than about 3.9. .
The coatings can include conventional additives, such as
plasticizers, pigments, colorants, etc. The plasticizers
25 include mineral oil, high boiling esters, vegetable oils
and the like. _

Commercial coating compositions found to be
useful include Eudragit‘, a product of Rohm Pharma,
Westerstadt, Germany, which comprises an anionic

30 polymerizate of methyacrylic acid and methyl
methacrylate; Surelease’ a product of Colorcon, Inc., West
Point, PA, which comprises an aqueous dispersion of
ethylcellulose, dibutyl sebacate, oleic ‘acid, fumed
silica, and ammonium hydroxide; Aquacoat’, a product of

35 FMC Corp., which comprises an aqueous dispersion of
ethylcellulose; Coateric’, a product of Colorcon, Inc.,



(a) (i) an independent effective anmpbunt of at |east one pharnmaceutically
atcept abl e exci pient which may be the sane as or 10

different than (A)(a)(i) ; and (ii) an independent effective antibacteri al
anount of 7-di met hyl am no- 6- deoxy- 6-denethyltetracycline or a
non-toxic acid addition salt 15 t hereof, on or in
sai d coated spherical granules; and (b) a substantially unlforn1coat|ng
conprising a blend of at |east two pol yners-pg-sai d coat ad os{3aear i(Ga,065-01)
granul es (B) one of which 20 is non pHsensitive and
rapi dly erodibl e Whight eomprd selsepoipvingl ahethties phthadedie;i Wguateric ,

a product of FMC Corp., which comprises cellulose acetate

phthalate; Eastman C-A-P © , a product of Eastman Kodak

Company, Rochester, New York, which comprises cellulose

5 acetate phthalate; and Eastman C-A-T °, a product of

Eastman Kodak Company, which comprises cellulose acetate

trimellitate. Preferred as a coating material for the

quick release granules is hydroxypropyl methylcellulose.

Although up to about 1 to about 10 parts by

10 weight gain due to the coating based upon the weight of

£ the uncoated quick release granules is suitable, from

L about 2 to about 5 parts by weight gain is preferred and
about 2 parts by weight gain is most preferred.

This polymer coating .may also optionally

15 include a precoat, an overcoat or a combination of the

foregoing. For best resuits, a 1 to 10 parts by weight

gain level is preferred in addition to the standard
coating when using aqueous coating formulations.

The polymer coating of the coated spherical

20 granules is blended to provide solubility characteristics

which are independent of pH and also pH sensitive. The

coating should be capable of beginning to swell and

slowly release minocycline in the stomach. Upon reaching

the duodenum/jejunem, the pH-sensitive polymer dissolves,

25 and minocycline is completely released from the coated

pellets and is rapidly and substantially completely

erodible because the medium has a pH in the range of from

about 4.0 to about 7.5, whereby erosion is inhibited but

not precluded by a pH outside that range such as in the

30 human stomach. Thus there is a rapid, controlled release

of the remainder of the medicament from the coated

spherical granules in the upper small intestine, i.e.

duodenum.
The film forming polymers can vary widely in

35 type and amount which correlate to film or coating
thickness. e
is Sheet Hiiﬁiﬁelln Il{‘eﬂliced




and erodible in a nmediumhaving a pHin the range of fromabout 4.5 to
dbout 6. 5;—said-coated-spheri cal granul es thereby being 25

adapted tq,rele SO f,said tetracycline or salt thereof in a nedium
having a sge@ asBeﬁmrﬁplg‘:g_fromabout 1.0 to about 3.0 and the remai nder
rapidly in %mrg g a pHin the range of fromabout 4.5 to about 30
6.5. Prefer f t'he invention are such pharnaceutical delivery

systems in which the quick rel ease granul es-gf) conpri se jfjigagaabquty ?255.91)
about 70 parts by weight and the coated granules (B) conprise from 35

about 20 to about 45 parts mMmeitghitiper BHGE pret S Imisirght pefll ymérsandoeB)
together, and eSp%CAa%ilxyg té}x%s%ellets are methylcellulose, ethylcellulose,
hydroxyethyl celluiose, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl
5 methylcellulose phthalate, cellulose acetate phthalate,
hydroxypropyl methylcellulose succinate, a polymer or
copolymer of (meth)acrylic acid or (meth)acrylic acid
methyl ester, polyvinyl acetate phthalate or polymers or
copolymers of polyvinyl acetate, cellulose acetate, fatty
10 acids and esters thereof, cellulose acetate trimellitate,
and mixtures of any of the foregoing. These coatings can
include any of the conventional coating additives from
above as well. A suitable form of hydroxypropyl
methylcellulose is one having a viscosity in the range of
15 3 to 100 cps at 200C (U.S. National Formulary XIII), and
more particularly a viscosity of 6 cps at 20°C. Preferred
as the coating is a combination of hydroxypropyl
methylcellulose phthalate and hydroxypropyl
methylcellulose, and most preferably, these coatings will

20 be adapted to dissolve substantially completely in a
medium having a pH of about 5.0 or greater than about
5.5.

Although from about 5 to about 35 parts by
weight gain due to the blended polymer coating based upon

25 the weight of the uncoated spherical granules (precursors
of coated spherical granules) or core is suitable, from
about 5 to about 25 parts by weight gain is preferred and
from .about 10 to about 25 parts by weight is most
preferred.

30 The polymer coating may also independently
include a precoat, an overcoét, or a combination of the
foregoing. For best results, a 1 to 10 parts by weight
gain level is preferred in addition to the standard
coating when using an aqueous formulation.

35 The amounts of minocycline and excipient which
comprise the quick release granules can vary broadly but



-9- wherein the quick release granules (A) conprise about 60 parts by

wei ght and the coated granules (B) conprise about 40 parts by wei ght per
100 parts by weight of (A) and (B) together. 5 The invention
further contenpl ates oral dosage units in the formof pharmaceutically
acceptable liquid carriers containing the above conpositions or,systens,
hard or soft shell capsules at least partially filled with the above
conpositions or systens, and tablets 10 ~3brrmed from the-apbyvé31,065-01)

conpositions or sxfiens The invention also %rOV|des nmet hods . of
W usually be in the range of from about 10 to about 70

parts by weight of minocycline and from about 80 to about

30 parts by weight of excipient based upon 100
parts by weight of minocycline and excipient combined.
5 Preferably, the quick release granules comprise about 50
parts by weight of minocycline and about 50 parts by
weight of excipient based upon 100 parts by weight of

minocycline and excipient combined.

The amounts of minocycline and excipient which
10 comprise the precursors of the blended polymer coated
£ spherical granules or the core of the multicoated
compositions should be be in the range of from about 10
to about 80 parts by weight of minocycline and from about
90 to about 20 parts by weight of excipient based upon
15 100. parts by weight of minocycline and excipient
combined. The amount of blended polymer coating on the
precursors or the core varies broadly as well and is

described above. Preferably, the coated spherical
- granules will comprise about 60 parts by weight of
20 minocyciine and about 40 parts by weight of excipient

based upon 100 parts by weight of minocycline and

excipient combined, and the blended polymer coating will

comprise a weight gain of about 10 to about 25 parts by

weight based upon 100 parts by weight of minocycline and
25 excipient combined.

The components of the pharmaceutical delivery
systems be filled into either hard shell gelatin or soft
shell gelatin capsules alone or with additional active
medicaments, 1lubricants, disintegrants, plasticizers,

30 colorants, pigments, flavoring, additional excipients or
a combination of any of the foregoing by any conventional
capsule forming and/or filling machine and optionally may
be sealed by any means commonly known to one of ordinary
skill in the pharmaceutical arts including but not

35 limited to spot-welding, gelatin bands and matched
locking rings. e e e
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- maintaining a therapeutic |evel of the tetracycline or salt thereof in the
-bl ood stream of a marn&plooded manmal for about 24 hours conpri sing

adni ni smssmqgl ﬁeﬂi‘ Tml 15  the pharmaceutical delivery systems or
oral dos e. A nethod for t he preparation of a
-phar macem “i ﬂ y systemis provided conprising the steps-of: 20
(n formng an initial |oading conponent by (a) blending (i) an effective
amount of at |east one pharmaceuti cal a@@ept abl e exciilsit4 Ghi 0&5-01)
(i) an effective antibacterial amount of
7- di net hyl ami no- 6- deoxy- 6-Thehehaydt eheddy FFPERLPS qused in the present
invention are generally comprised of gelatin, water and
optionally, FD&C colorants, opacifying agents such as
titanium oxide, sulfur dioxide to prevent any
5 decomposition or a combination of any of the foregoing.
They generally comprise two sections, one slipping over
the other, completely surrounding the filling.
The soft shell capsules used in the present
invention are generally a soft, globular, gelatin shell

10 somewhat thicker than the shell of the hard shell
capsule. The gelatin is usually plasticized by the
addition of glycerin, sorbitol, or a similar polyol.
They may also contain a preservative to prevent the
growth of fungi. .

15 All of the pharmaceutical delivery systems,
compositions or oral dosage unit forms of the present
invention can be prepared using any conventional
pharmaceutical production equipment.

FIG. 1 illustrates the typical steps in the

20 preparation of uncoated spherical granules for use as
either uncoated quick release granules or as precursors
of pH sensitive polymer coated spherical granules.
Firstly, an effective amount of at least one
pharmaceutiéally acceptable excipient and an effective

25 antibacterial amount of 7fdimethylamino-5—deoxy—G—
demethyltetracycline or a non-toxic acid addition salt
thereof are blended in a mixer. The resultant blend of
the first step is granulated with a liquid medium, e.g.
an agueous solution or an organic solvent and preferably

30 water, until the proper consistency for extrusion is
realized. The resultant granulated mass is then extruded
in an extruder or extruder/spheronizer , through a
suitably sized, e.g. 1.0 mm, perforated plate and is
spheronized at high speed for a time sufficient to form

35 spherical granules. The wet spherical granules are then
dried in conventional equipment at suitable temperatures,



non-toxic acid addition salt thereof; (b) granulating the resultant
bilend in the presence of a granulating liquid; 30 (c)
extruding the resultant granul ate; (d) spheronizing the resultant extrudate
to formquick rel ease granul es which are adapted to rel ease substantial ly
conpl etely said tetracycline or salt thereof in a nedium 35 :
having a pH of less than about 3.9; and (e) drying said quick release
granul es; and -10- (Il1) forming a seconda3y | oadi ng coopeAant 3y 065-01)
e.g. such as tray dryers at 55 to 65C or a conventional
fluid bed dryer system at 65 to 70°C to a low moisture
level, e.g. about 1 to about 7 percent and preferably
about 2 to about 5 percent.
5 FIG. 2 iiiustrates that the quick release
granules then, optionally, may be coated with a
substantially uniform polymer coating which is rapidly
and substantially completely erodible in a medium having
a pH of less than about 3.9 with an agqueous or organic

10 solvent, e.g. methylene chloride and/or methanol,
solution of the desired coating forming polymer, using
fluid bed technology, pan-coating or the like.
Preferably, fluid beds are used. FIG. 2 also illustrates
that the precursors of coated spherical granules are

15 independently coated with a substantially uniform blended
polymer coating which is rapidly and partially erodable
in water and thereafter substantially completely erodible
in a medium having a pH of from about 4.0 to about 7.5 in
a manner as explained above.

20 An initial loading therapeutically effective
number of uncoated quick release granules or, optionally
coated quick release granules, may then be mixed in a low
shear mixer with a secondary loading therapeutically
effective number of blended polymer coated spherical

25 granules.

A hard shell or a soft shell capsule may be at
least partially filled and optionally sealed, as
previously described, to form a capsule oral dosage unit
form.

30 The pharmaceutical delivery systenms,
spheronized pharmaceutical compositions, or oral dosage
unit forms containing them may be administered by
ingestion, thereby maintaining a therapeutic minocycline
level in the blood stream of a warm blooded mammal for

35 about 24 hours, and thereby provxdlng about a 24 hour
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(a) bIendiﬂg~€%%——————fﬁrﬁndependent anount of at |east one pharnaceuti cal

abceptable eplaced whi ch may be the sane as or
di fferent t and (ii) an i ndependent effective

anti bacteri al Hmzﬁ] | met hyl am no- 6- deoxy- 6- denet hyl tetracycline or
a non-toxic acid addition salt thereof;  (b)

granul ating the resultant blend in the presence of a granulatlng 1iquid,;

(c) extruding the resultant granul ate; (d) spfieronizing 1p@_§$§uk§ Nbe5-01)
extrudate to form 15 precursors of coated spherlcar
granul es; (e) drytnerapedtpéeculéeﬂs level from a once-a-day dosaging

system. .
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples illustrate the invention
5 without limitation. All parts are given by weight unless
otherwise indicated. Biocavailability is a function of,
and is an absolute term that indicates measurement of,
both the true rate and the total amount (extent) of drug
that reaches the blood stream from an administered dosage

10 form.
£ COMPARATIVE EXAMPLE 1A’

- One tablet containing 50 mg of minocycline
hydrochloride (Minocin‘ - Lederle Laboratories) is
administered to a human subject, and serum concentration

15 levels of minocycline hydrochloride are measured over a

twelve hour period. A second tablet containing 50 mg of
minocycline hydrochloride (Minocin’) is administered to
the subject at the end of the twelve hour period, and
serum concentration levels of minocycline hydrochloride

20 are measured over the next twelve hour period. The
results appear in FIG. 5 in the curve identified as
"Comparative Example 1A™".

Biocavailability is 100 percent because this is
the reference for comparison.

25 A maximum serum concentration of minocycline
hydrochloride during the first twelve hour period of 0.8
mcg/ml of serum is reached after 2 hours, and a maximum
serum concéntration of minocycline hydrochloride during
the second twelve hour period of 1.3 mcg/ml is reached 2

30 hours after the administration of the second tablet.
Minocycline hydrochloride plasma level concentration
fluctuates broadly as in FIG. 5 can result in undesirable
side effects such as nausea and gastroirritability.

. COMPARATIVE EXAMPLE IBTQDIV]

35 (a) A blend is prepared by mixing 2500 parts of

minocycline hydrochloride powder (Minocinf - Lederle




-(f) coating said precursors with a substantially uniformcoating conprising
a bl end of "at Ieast tvvo pol ymers, one of which is non pH 20

senmhvgumc able in water and the other of which is
pH—senS|t| e in a nmediumhaving a pHin the range of from
about 4. 5 nd (B) preparing therefroma cgontrolled

rel ease 2 phar maceuti cal conposition in oral dosage unit
formby the step of at least partially fill42asr a hard or1p0s®d4 cbBelbe5-01)
capsule with a pharmaceutical delivery systemw th fromabout 51 to about
80 parts by wei ghkabéraherges) and 2500 paghisck ¢&| easenperydtsslline

_prepared by stepscé]lupddefl (RUViaRPUIPROIGLO, M c4PpHRELEoRY in a Hobart
mixer at low speed. The powder blend is then granulated
to an extrudable consistency by adding 3000 parts by

5 volume of water slowly and mixing. The resultant
granulate is extruded at high speed through a 1.0 mm
plate in a NICA extruder/spheronizer model S450, and
subsequently is spheronized at high speed. The wet
spheres are dried in an Aeromatic fluid bed dryer at 70°C

10 air input until the moisture content is about 1 to 7
percent to form yellow uncoated gquick release granules
having a smooth surface and a homogeneous tetracycline

.-

compound distribution.

(b) A blend is prepared by mixing 3000 parts of
15 minocycline hydrochloride powder (Minocin° - Lederle
Laboratories), 1650 parts of microcrystalline cellulose
(Avicel‘ PH-101, FMC Corporation) and 350 parts of
AC-DI-SOL (crosscarmellose sodium) in a Hobart mixer at
low speed. The powder blend is then granulated to an
20 extrudable consistency by adding 3000 parts by volume of
water slowly and mixing. The resultant granulate is
extruded at high speed through a 1.0 mm plate in a NICA
extruder/ spheronizer Model S450, and subsequently is
spheronized at high speed. The wet spheres are dried in
25 an Aeromatic fluid bed dryer at 70°C air input until the
moisture content is about 1 to 7 percent to form

precursors of coated spherical granules.
The core pellets are coated with a solution
containing a blend of hydroxypropyl methylcellulose
30 phthalate (HCMCP 50), a pH dependent polymer which
| dissolves at pH 5 and above, and hydroxypropyl
methylcellulose (HPMC), a water-soluble pore forming
polymer, which dissolves at all pH conditions. Thus the
coating polymer system (HCMCP 50:HPMC) developed provides
35 a coated system where some drug will be released in the
acid environment of the stomach (pH 1-3) and rapid



. weight of the slow rel ease granul es produced by the steps (I1) and

*optionally sealing said capsules. 35 Preferred features of the
i nvention conprise such a nethod wherein the capsule is filled with from
about 55 to about 70 parts by weight of the quick rel ease granul es

-prepared by steps (1) and f.rom about 30 to about 45 parts by weight of the
coat ed granul es prepared by steps (11), per 100 parts by weight of said
granul es and especially 5 = preferred i s-86ch a net hodl@hdAéi (3Lh@66apdll e
is filled with about 60 parts by weight of the quick rel ease granul es
prepared by stef&lERfean@®fabdde 45epRipdngy drug in the upper small

intestine (pH 4.5-6.5).

To achieve this, a polymer coating blend is
prepared by mixing 10.0 parts of hydroxypropyl

5 methylcellulose phthalate (HPMCP-50, Shin-Etsu Chemical,
Tokyo, Japan), 2.5 parts of hydroxypropyl methyl
cellulose, 2.5 parts of mineral oil, and 1.67 parts of
orange colorant (Opaspray K-1-2562, Colorcon, Inc., West
Point, PA) and dissolving the mixture in an organic

10 solvent.

The blended polymer coating solution is sprayed
onto 900 grams of dried precursors of coated spherical
granules at an initial rate of 7 ml/min which is
gradually increased to 9 ml/min in an Uni-Glatt Model

15 82/E fluid bed until a 20 parts by weight gain based
upon the weight of the precursors of coated spherical
granules is achieved. Input air is adjusted to 54°C while
output air is adjusted between 22 and 25°C.

pH sensitive blended polymer coated spherical

20 granules having a polymer coating adapted to release some
drug in the acid environment of the stomach (pHl1-3) and
to erode rapidly and substantially completely to release
the rest of the drug in the upper small intestine (pH
4.5-6.5) are formed.

25 (c) 750 parts of quick release granules
prepared by the method of Step {(a) and 750 parts of the
blended polymer coated spherical granules prepared by the
method of Step (b) are mixed in a low shear blender at
low speed for 15 minutes to form a spheronized

30 pharmaceutical composition mixture.

(d) The mixture prepared by the method of Step
(c) is filled into hard shell gelatin capsules to form
oral dosage unit forms having a total minocycline content
of 100 mg, with 50 mg of minocycline contained in the

35 quick release granules and 50 mg of the minocycline

This Sheet Has Been Replaced
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wei ght of the coated granules prepared by steps (11), per 100 parts by

wei ght of the granules. 10 The pharnmaceutical delivery
systens and the capsul e oral dosage unit fornms descri bed above provide
‘once- a-day prolonged effect controlled rel ease fornms of mnocycline which
mai ntai n i nproved therapeutic blood |levels for periods of up to fwenty-four
hours resulting 15 in desirable and effective antibacterial therapy and
| ess frequent adm nistration to a subject. -ZThey al so avdild-Bhgh (Bac865-01)

concentrations in a systemwhich may cause side effects such as
gastroirritabilitSemmsEmnd [ EonpESeed PTRONhEF PHHE URNMeONp bended polymers

Novel pharnaceuﬂdﬁﬁtéhﬂiFﬁgﬁi§y§t §Panhey¥e, been di scovered conprising m xed
blends of an initial Ioadi rB;lststloe{ggfg;[ll calllalf.1 ef f ect | ve Hunbenrlingcycllne
gui ck-rel ease
hydrochloride are determined by U.S.P. XXI test methods
5 using buffered media having pH's of 4.0 and 6.0. The
results appear in FIGS. 3 and 4, respectively, in graph
form.
COMPARATIVE EXAMPLE 1C 'QDV]
The procedure of Example 1B" is repeated except
10 that Step (b) is modified as follows:

(o (b) A pH sensitive polymer coating blend is
prepared by mixing 5.94 parts of  hydroxypropyl
methylcellulose phthalate (HPMCP-50, Shin-Etsu Chemical,
Tokyo, Japan), 0.31 parts of hydroxypropyl methyl

15 cellulose, 1.25 parts of mineral o0il, and 0.83 parts of
orange colorant (Opaspray K-1-2562, Colorcon, Inc., West
Point, PA) and dissolving the mixture in an organic

solvent.

The blended polymer coating solution is sprayed

20 onto 900 parts of dried precursors of coated spherical
granules in accordance with Step (Db) in Comparative
Example 1B until a 10 parts by weight gain based
upon the weight of the precursors of coated spherical

g granules is achieved.

25 Blended polymer coated spherical granules
having a polymer coating adapted to release some drug in
the acid environment of the stomach (pHl1-3) and to erode
rapidly and substantially completely Lo release the rest
of the drug in the upper small intestine (pH 4.5-6.5) are

30 formed.

{c) 750 parts of gquick release granules
prepared by the method of Step (a) and 750 parts of the
blended polymer coated spherical granules prepared by the
method of Step (b) are mixed in a low shear blender at

35 low speed for 15 minutes to form a spheronized

10

pharmaceutical composition mixture. T e
This Sheet Has Been R
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granul es and a secondary Ioading t herapeutically effective nunber of
bl ended pol.yner. coated spheri cal granul es. These systens and
conp05|t|ons can_be fllled into capsules to prepare oral dosage units.

Many benef ‘fed fromthese novel delivery systens and oral
dosage unit I ﬂ ventional controlled release fornulatlons

They resul superior controlled and prol onged del i*very of

m nocycline to a subject whigh in turn resuljg_in the acbigygggt 8% .065-01
once- a-day dosages of 7- dlnethylan1no 6- deoxy- 6- denet hyl - tetracycﬁlne or )

non-toxic acid addition Sa|qa)tb356ﬂixtﬂrég§r§ SAPES | By Of¥e ansk K6l o £l05088
subj ect for & rel bl vaty Tdtehaes b £ “apiREeF npouise, TS form
oral dosage unit forms hav1ng a total minocycline content
of 100 mg, with 50 mg of minocycline contained in the
5 quick release granules and 50 mg of the minocycline
compound contained in the pH sensitive blended polymers
coated spherical granules.
Dissolution profiles of the minocycline
hydrochloride are determined by U.S.P. XXI test methods
10 using buffered media having pH's of 4.0 and 6.0. The
r .. results appear in FIGS. 3 and 4, respectively, in graph
form.

EXAMPLE 1 [QODVI]
The procedure of Example 1c” is repeated except
15 that Steps (b) and (c¢) are modified as follows:

(b) A polymer coating blend is prepared by
mixing 8.0 @parts of hydroxypropyl methylcellulose
phthalate {(HPMCP-50, Shin-Etsu Chemical, Tokyo, Japan),
2.0 parts of hydroxypropyl methyl cellulose, 2.0 parts of

20 mineral oil, and 1.30 parts of orange colorant (Opaspray
K-1-2562, Colorcon, Inc., West Point, PA) and dissolving

the mixture in an organic solvent.
The blended polymer coating solution is sprayed
onto 900 parts of dried precursors of coated spherical
25 granules in accordance with Step (b) in Comparative
Example 1C" until a 20 parts by weight gain based
upon the weight of the precursors of coated spherical
granules is achieved.
pH sensitive blended polymer coated spherical
30 granules having a polymer coating adapted to release some
drug in the acid environment of the stomach (pH1-3) and
to erode rapidly and substantially completely to release
the rest of the drug in the upper small intestine (pH
4.5-6.5) are formed.
35 (c) 900 parts of quick release granules
prepared by the method of Step (a) and 600 parts of the



~12- hours. Therefore, |less frequent adm nistration of the mnocycline
conpound to-a subject, possibly fewer and | essened si de ef fects,
i ncl udi ng ngggu@ﬁggams. a¢drritability, and better subject conpliance with

ab - nmedic re possible. Oal dosage unit forns are those
which are or ed and contain nedi canents whi ch are absorbed

into the bIo romthe alinentary tract. An initial |oading

t herapeutically effectlve 10 anount or n er of quick;ge S r I
is that amount or nunber which provides an %ggédlate or t%p 3 §39 065-61)

substantiall'y Coﬁﬁieé@néPﬁ?@éeblanéeaeébQWHﬁﬁ”éEhéb&*%Bﬁerlcal granules
prepared by the method of Step (b) are mixed in a low
shear blender at low speed for 15 minutes to form a
spheronized pharmaceutical composition mixture.

5 (d) The mixture prepared by the method of Step
(c) is filled into hard shell gelatin capsules to form
oral dosage unit forms having a total minocycline content
of 100 mg, with 60 mg of minocycline contained in the
quick release granules and 40 mg of the minocycline

i0 compound contained in the pH sensitive blended polymers
coated spherical granules.

Dissolution profiles of the minocycline
hydrochloride are determined by U.S.P. XXI test methods
using buffered media having pH's of 4.0 and 6.0. The

15 results appear in FIGS. 3 and 4, respectively in graph
form.
The dosage forms prepared above were
formulated to determine the effect of several factors for
improving biocavailability. These are described below:

20 1. Increase the uncoated portion of pellets in the
formulation.
2. Incorporate pore creating agents in the polymer

coating. e.g. coat the pellets with a blend of water
soluble and pH sensitive polymer (HPMC/HPMCP 50) and vary
25 the ratio of these two polymers.
3. Adjust the coating levels on pellets.

It is preferred to utilize Variable 2 to
increase the biocavailability of the product since
Variable 1 would potentially provide a product similar to

30 immediate release product and Variable 3 might provide a
product with greater variability in drug release, because
of low coating level applied.

Each of the Comparative Examples 1B*, 1C*
and Example 1 were developed utilizing all of the above

35 variables. They were developed in 100 mg dosage strength.
All of them contained a blend of yellow uncoated and



l ess than about 3.9 and, preferably in a range of fromabout 1.0 to about

2.5, such™@s in the hupan stomach and 15 t hereby delivers and maintains
a r ecomehisisigetdas Replac¥oncent ration | evel of

7-di met hy -denmet hy- tetracycline or a non-toxic acid addition
salt ther d streamor plasma of a subject within a

recormended period of time and maintains that |evel or a 20 f'urt her

reconmended |evel for a further reconmend peri od ieS
provides a first pulse of mnocycline, p?gferably |nE%R tor(ra1 8%5 0%)

qui ckly attains tWathéoﬂl:éé”ﬁJp@rllthEEVa S Tme,e airkgpsh tha apRUAL

determ ned by in vjvo ﬁ I ni cal ev ation or I.n vitro m crobioplo |cal

assay to treat sufd&SOtNYLPn REREIINR %%%%eﬁeﬁ§e?hé“|ﬁ@a§ fg 5044
organlsns A secomédmud(xmhwmptMeaapewmguﬁd3Bfﬁfemh|pa 6.0 dlSSOlutlon

medium, all showed similar profiles, as expected,
5 indicating complete release of drug occurred at pH 6.0
environment (Table 1 and Figure 4).

The yellow uncoated gquick-release pellets used
in all of the Examples consisted of minocycline HCl and
microcrystalline cellulose. The microcrystalline

10 cellulose provides matrix controlled minocycline

i dissolution from these pellets. The core composition of
| the orange coated pellets used in all of the Examples
includes minocycline HCl, microcrystalline cellulose and
crosscarmellose sodium. The crosscarmellose sodium is

15 included in the cores of the coated pellets to act as a
disintegrant, thereby providing rapid break up of the
cellulosic matrix for immediate release of drug following
dissolution of coating polymer.

The core pellets are coated with a solution

20 containing a blend of hydroxypropyl methylcellulose
phthalate (HPMCP 50), a pH dependent polymer which
dissolves at pH 5 and above, and hydroxypropyl
methylcellulose (HPMC), a water-soluble pore forming
polymer, which dissolves at all pH conditions. Thus the

25 coating polymer system (HPMCP 50:HPMC) of the Examples
provides a coated system where some drug will be released
in the acid environment of the stomach (pH 1-3) and rapid
release of the remaining drug in the upper small
intestine (pH 4.5-6.5).

30 Considering the double pulse delivery design
for these prototypes, the dissolution test method in two
buffered media (pH 4.0 and pH 6.0) set for the above is
appropriate because the pH 4.0 (0-02 M Acetate Buffer)
dissolution medium differentiates the dissolution

35 profiles of these dosage forms as shown in Figure 3.
While the pH 6.0 (0.05 M Phosphate Buffer) dissolution



~anount or nunber of blended pol yner coated spherical granules is that
-anount or nunber which provides a slow 30 rel ease of a small amount in
the stomach and a conplete release in a mediumhaving a pHin the range of
fromabout 4.0 to about 7.5 and preferably from about 4.0 to about 6, as in
the human upper intestinal tract and particularly in the duodenpyn jejunem
The use of a 35 hi gher | evel of quick release granules in proportion to
del ayed rel ease granules is believed to resdlit in a 118~ 34idgHe¥1,065-01)
absorption of m nocycline because m nocycline is preferentially absorbed in
t he duodenum andmpdiumenprévides assurance of complete dissolution of

minocycline in the upper part of the small intestine pH,
as shown in Figure 4.
These prototypes (QD-IV, QD-V & QD-VI; 100 mg
S capsules) were evaluated in humans against MINOCIN'
tablets (50 mg BID), as reference, at Guy's Hospital in
London in a pilot Bioavailability (BA) study . The pilot
BA study screened the prototypes in a single dose study
design.

10 The pilot study indicated that QD-VI showed 89%
bioavailability, better than QD-IV (65%) or QD-V (80%)
compared to reference. The results of this study are
tabulated in Table 2 and graphically shown in Figure 5.
The QD-VI prototype was then selected for a multi-dose

15 biocavailability study. The multi-dose study results are

reported in Table 3.

——————
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tthereby delivers and maintains a further recommended dosage or
.concentration | evel of 7-dinethylam no-6-deoxy- 5 6- denet hyl tetracycline
or a non-toxic acid addition salt thereof to the blood stream or plasnma of
a.subject within an i ndependent recomended period of tinme and maintains
that level or a different recormmended | evel for an independent :additi onal
recomrended period of tine. This 10 ° second pul se provides a delayed

rel ease and a controll ed rel ease of mnocyclH32e, preferaldlly0-43#4 he31,065-01)
duodenum whi ch extends therapeutic plasma drug levels initially achieved
by the first pulse, i.e. at least that andDiBLEeierm ned effective for the
particular organi sm cauiiadcy&eide op i¥]S¢laRd vES desceibetoaloyea for a

total prolonged period of tine, I. up to about 24 hours. The initial
| oadi ng of the m nocycline isif pH 4.0'and pH 6.0 Buffer Media

pH 4.0 Buffer
% Minocycline dissolved (Mean + SD, N=12)

Time

Minutes QD-1IV QD-V QD-VI

0 0 0 0

30 39.5+/-10.3 45.8+/-4.9 57.7+/-4.1

60 53.2+/-12.0 60.0+/-6.3 73.9+/-5.5
;o 90 65.5+/-11.7 79.1+/-6.8 83.2+4/-5.2
; 120 78.2+/-10.4 89.5+/-4.6 90.5+/-5.0

pH 6.0 Buffer

% Minocycline dissolved (Mean +SD, N=12)

Time

Minutes QD-1IV QD-V QD-VI

0 0 0 0

30 74.3+/-6.3 80.3+/~-3.2 76.7+/-5.9
60 95.8+/-5.9 102.4+/-2.7 96.6+/-5.1
90 99.9+/-5.2 104.2+/-2.3 103.3+/-2.3
120 102.3+/-4.2 104.5+/-2.4 105.4+/-1.8

Sheet Has Been Rcﬂlaced
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dchieved by the adm nistration of quick release granules containing the
m'nocycline. The secondary |oading can 20 m xed bl ends of initial

| oadi ng and secondary | oadi ng conponents. The total period of tinme this

t herapeutic plasma drug level is maintained fromthe conbined effect of the
two different types of granules is preferably about 24 hours. Ther ef or e,
only one dosage unit wll 25 provi'de effective antinicrobial therapy for
an entire day, the total therapeutic anount,_jze. the inifjqsl

t herapeutically effective anmount or nunber pfﬁ% t he secon ary* E%?i“bss 01)
t herapeutically effective nunber, being thaagggosnt and/ or nunber mhlch
wi |l achieve and 30 will nmaintain at "Teast a therapeutically

ef fective concentration of 7- di met hyl am no- 6- deoxy- 6- denet hyl -
tetracycline or aINONIVOXSUMMARY RESULTS) OMIGD-{IVGr @if-Vrle OD-VI

PROTOTYPES

(100 mg Capsules)

Single Dose Study Data

Tmax Cmax Bioavailability

(hrs.) (mcg/ml) AUC (4) (%)
MINOCIN Tablets 2.0 0.9 100
(50 mg, BID) (14.3)* (1.3)*
QD-IV (100 mg, QD) 2.8 1.2 62
QD-~V (100 mg, QD) 3.1 _ 1.3 80
QD~VI (100 mg, QD) 2.7 1.5 89

Number in ( ) is second dose data.

Sheet Has Been Reﬂlaced
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t.he trademark. M nocin_from Lederl e Laboratories, Wayne, 10 New Jer sey
(PDR 44th Ed. It should additionally be noted that m nocycline

hydr ochl or heet ] er goes epi neri zation and oxi dative
"H tli nocycl i ne, a pharnmacol ogically inactive and
| 5 compound. The ampunt of the epiner should

degradati on

undesi rabl e

be minimal but may range as high as fromabout 1.5 percent to abdut 10
percent without affecting the intended once g§dy dose of11he3p4egsn}o65-01)
i nvention. Preferably, the pharnmaceutical delivery systens 20 and or al
dosage unit forms of the presegampheenti®mn wit! ema ailn (FIGE. aBouind2%)

T Lo about  400cdihofladsdLiE! X} 8l 00 0rdPK L0 ISIRIN LY AL AREs

or non-toxic acid addition sal hereor "and nos
polymer coated release spherical granules.

Example 1 demonstrates the ability of

5 compositions and oral dosage unit forms of the present
invention to maintain superior prolonged and controlled
release of minocycline and thus the ability to provide a
relatively even, at 1least minimum therapeutic blood
concentration level of minocycline for up to about 24

10 hours with only once-a-day administration.

- Comparative Example 12" illustrates the uneven
release rate and the broad fluctuations in blood levels
of minocycline that result from conventional minocycline
dosages.

15 . Example 1 further demonstrates that the
prolonged controlled release properties are also
maintained in a fasting patient, thereby obviating the
need for a patient to eat regularly for a therapeutic
effect.

20 Comparative Example 1A" illustrates, when
compared with Example 1, that the relatively low dosages
of the present invention provide relatively even
therapeutically effective concentration levels of
minocycline.

25 Examples 1 in comparison with Comparative
Examples 1B and 1C" demonstrate that if the quick release
pellets predominate, the oral dosage unit forms of the
present invention are more bicavailable and less subject
to reduction of bioavailability after eating.

30 All patents, applications, publications and
test methods mentioned above are hereby incorporated by
reference.

Many variations of the present invention will
suggest themselves to those skilled in the art in light

35 of the above detailed description. For example, the
separate administration units can' be different oral



fromabout 80 ng to about 280 ng. The ratio of initial 25 | oadi ng
‘conponent, i.e. mnocycline powder, quick release granules, quick rel ease
coating or the like, to the secondary | oadi ng conponent, i.e. bl ended
pol ymer - coat ed spherical granules or single coated core, ranges from about
'51: 80 to about 20:49 parts by weight of initial 30 | oadi ng gonponent
and secondary |oading conponent conbined and preferably from about 55:70
to about 30:45. Preferably, the initial |oadbng conponedild-B4d ISdorkbhi01)
| oadi ng conponent, or both independently contain fromabout 20 to about 200
ng of mnocyclineosdge unit forms imbmﬂ@m @W%—mt@q 9§ééﬁr§|selagd
rel ease of the iQifld 3laeliQAQiENGuELRPPELEESE StS Wilbe Hll dalte pRillliedls can be
as high as 80:20 parts by weight. All such modifications
40 are within the full intended scope of the appended
claims.

v



-15-" | oadi ng conponent rel eases greater than about 70 percent and
preferably greater than about 80 percent of the m nocyel-ine in {ess t-han

pH of |ess than about 3.9. Therefore, any optional poly

about 90 mi nutes and preferably |ess than about 60 niq?} ' n§9iu
aqgueous buffer, 5 e.g. hydrochloric acid and/or ace Eﬁr mi' eﬁ
initial |oading conponent nust be spectf3tatly rapidly lﬂ

t
|1

erodi bl e or dissolvable to permt the initial |oading conponent to 10
neet these conditions. The rapid and substantially conplete rel ease of

secondary
conponent

' e coated core
1. An improved pharmaceutical delivery systenm

adapted to provide a therapeutically effective blocod concen-
tration level of 7-dimethylamino-6-deoxy-6é-demethyltetracy-
cline or a non-toxic acid addition salt thereof for a
sustained period of time of up to about twenty-four hours
comprising:

(A) from 51 to 80 parts by weight per 100 parts
by weight of (A) and (B) combined of an initial loading
therapeutically effective number of quick release granules
which comprise '

g&33¥§§+conponent core is such that the secondary | oading

(a) (i) an effective amount of at least one
pharmaceutically acceptable excipient;
and (ii) an effective antibacterial
amount of 7-dimethylamino-6-deoxy-
6-demethyltetracycline or a non-toxic
acid addition salt thereof, on or in
said quick release granules;

said quick release granules being adapted to release sub-
stantially completely said tetracycline or salt thereof in a
medium having a pH of less than about 3.9; and

(B) from 20 to 49 parts by weight per 100 parts
by weight of (A) and (B) combined of a secondary loading
therapeutically effective number of blended polymer coated
spherical granules which comprise

(a) (i) an independent effective amount of
at least one pharmaceutically acceptable
excipient which may be the same as or
different than (A)(a) (i) ; and
(ii) an independent effective antibact-
erial amount of 7~-dimethylamino~6-deoxy-
6-demethyltetracycline or a non-~toxic
acid addition salt thereof, on or in
said coated spherical granules; and

* c L L] S *
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rel eases greater than about 40 percent and preferably 15 greater than
about 70 percent of the m nocycline in |l ess than about--90 nt nutes in- ér
medi um of aqueous buffer, e.g. acetate and/or phosphate buffe havi n

L.n the range of from about 4.5 to about 6.5. Therefore,
coating nust be both partially water-soluble and 20 th
specifically rapidly and subst ant =aBlBy -conpl etel y ero

di ssol vabl e at the specified pH range to permt the secondary | oadi ng
component to meet these conditions. Further preferred enbodi ments of the

present 25 invention provide additionally that either fromabout 5 to
about 20 percent of thd manssyrsitiantiadlyhanidamiply sendihiveomeatdng is

rel eased in about 2 hourscuhaerisingerdan diy ofedicun&dstsi twbaiRA yerild i C

flurd having on said coated spherical granules (B) one of
which is non pH-sensitive and rapidly
erodible in water and the other of which is
pH~sensitive and erodible in a medium having
a pH in the range of from about 4.5 to about
6.5; said coated spherical granules thereby
being adapted to release some of said
tetracycline or salt thereof in a medium
. having a pH in the range of from about 1.0 to
about 3.0 and the remainder rapidly in a
medium having a pH in the range of from about
4.5 to about 6.5.

2. A pharmaceutical delivery system as defined
in Claim 1 wherein said quick release granules (A) comprise
from about 55 to about 70 parts by weight and said coated
granules (B) comprise from about 30 to about 45 parts by
weight per 100 parts by weight of (A) and (B) together.

3. A pharmaceutical delivery system as defined
in Claim 2 wherein said quick release granules (A) comprise
about 60 parts by weight and said coated granules (B) .
comprise about 40 parts by weight per 100 parts by weight of
{A) and (B) together.

4. A pharmaceutical delivery system as defined
in Claim 1 wherein said tetracycline or salt thereof in said
quick release granules comprises from about 10 to about 70
parts by weight and said at least one pharmaceutically
acceptable excipient in said quick release granules compris-
es from about 90 to about 30 parts by weight based upon 100
parts by weight of said tetracycline or salt thereof and
said excipient combined.

5. A pharmaceutical delivery system as defined
in Claim 4 wherein said tetracycline or salt thereof conm-
prises about 50 parts by weight and said at least one




a pH of about 1.2 at about [err] or from about 20 to about 30 50 percent

of the minocycline in the secondary | oadi ng conponent
2 hours when suspended in a nediumof sinulated gastric flui gnlgnekifls BeeR Replaced
of about "1.2 ‘at” about [err]. The drug is rel eased when it may

say. -16- Many pharnaceuti cal exci

be sul “ﬂum “I H this invention= 3%udici ous selection w'l
W th requi rénefits and the test procedures nentioned herein kept
m nd.
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exci pi ent

pharmaceutically acceptable excipient comprises about 50
parts by weight based upon 100 parts by weight of said
tetracycline or salt thereof and said excipient combined.

6. A pharmaceutical delivery system as defined
in Claim 1 wherein said minocycline in said coated spherical
granules (B) comprises from about 10 to about 80 parts by
weight and said at least one pharmaceutically acceptable
excipient in said coated spherical granules comprises from
about 90 to about 20 parts by weight based upon 100 parts by
weight of said tetracycline or salt thereof and said
excipient combined, and said blended polymer coating com-
prises from about 5 to about 35 parts by weight based upon
100 parts by weight of said tetracycline or salt thereof and
said excipient combined.

7. A pharmaceutical delivery system as defined
in Claim 1 containing from about 25 to about 400 mg of
7-dimethylamino-6-~deoxy-6~-demethyltetracycline or a non-
toxic acid addition salt thereof.

8. A pharmaceutical delivery system as defined
in Claim 1 wherein said excipient in said quick release
granules (A) comprises lactose, other mono- or
di-saccharides, microcrystalline cellulose, starch, sodium
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxy-
ethyl cellulose, crosscarmellose sodium, pregelatinized
starch, polyvinylpyrrolidone, cross~linked polyvinylpyrrol-
idone, hydroxypropylmethyl cellulose, cellulose acetate,
hydroxypropyl methylcellulose phthalate, polyvinyl acetate
phthalate, microcrystalline cellulose in combination with
lactose, microcrystalline cellulose in combination with
sodium carboxymethyl cellulose, microcrystalline cellulose
in combination with crosscarmellose sodium, or a mixture of
any of tne foregoing.

9. A pharmaceutical delivery system as defined
in Claim 8 vwherein said excipient in said quick release
granules (A) comprises microcrystalline cellulose.

10. A pharmaceutical delivery system as defined
in Claim 8 wherein said excipient in said coated spherical

Il

is rel eased in about

i

in



5 with a known degree of solubility in water and sol ubidity and ___
swellability in the respective juices of the stomach and the upper snal

i ntestine, particularly the duodenum should be used. BanMmed
ei ther the quick release granules, the slow rel ease blended Lm m

10 spherical granules, or a conbination of any of the

i ncl ude | actose, other mono- or di-sacch& des, m crocrystalline cellulose,
starch, sodi um carboxynet hyl cell ul ose, hydr oxypr opyl cel | ul ose,

hydr oxyet hyl cellul ose, crosscarnell ose sodium pregelatinized starch, 15

pol yvi nyl p n crégi? g?ﬂﬁ’ .
nmet hyl cel | éﬁ-ﬁﬁhi@% e(q) éléﬂ%ﬁ%f&ygﬁ%{)ﬁp s%/%y? F'.Ibu ose
pht hal at e, P tiony withy cxosegpemellneraFeAdum. nicrocrystalline cellul ose
in conblnatlon\Mtrlhactoaepnaﬁﬁauautﬂdﬁlldﬁuivéfyle§ewum as defined

in Claim 1 wherein said blended polymer coating blend
comprises at least two polymers selected from

(a) methylcellulose

(b) ethylcellulose

(c) hydroxyethyl cellulose

(d) hydroxypropyl cellulose

(e) hydroxypropyl methylcellulose

i (f) hydroxypropyl methylcellulose phthalate

(g) cellulose acetate phthalate

(h) hydroxypropyl methylcellulose succinate

(i) a polymer or copolymer of (meth)acrylic acid

or an ester thereof

(J) polyvinyl acetate phthalate

(k) a polymer or copolymer of polyvinyl acetate

(1) cellulose acetate

(m) fatty acids and esters thereof

(n) cellulose acetate trimellitate; or

(o) a mixture of any of the foregoing, alone, or
in further combination with a plasticizer, a colorant, or a
pigment; adapted to partially erode in water and to dissolve
substantially completely in a medium having a pH in the
range of from about 4.5 to about 6.5.

12. A method of maintaining a therapeutically
effective level of 7-dimethylamino-é-deoxy-6-demethyltetra-
cycline or a non-toxic acid addition salt thereof in the
blood stream of a warm-blooded mammal for about 24 hours
comprising administering to said mammal a pharmaceutical
delivery system as defined in Claim 1.

13. A method for the preparation of a pharmaceu-
tical delivery system comprising the steps of

(I) forming an initial loading component by (a)

blending
(i) an effective amount of at least one
pharmaceutical acceptable excipient; and

IIIIIIII IIIIII IIIII Ul lIII



20 conbi nati on W th sodi um car boxynet hyl cel | ul ose,

m-crocrystalline cel | ul ose I n conbi nati on wi th crosscarnellose
sodium mxtures of any of the foregoing and the like as Walidsnas HRYd BEEK R laced
Wi th which those of ordinary skill in the.art will be famli

whi ch 25 are listed in standard references, for e% m Til'
Rem ngton's Pharmaceutical Sciences, 1988 17t h Ed| tion, Phi

Col | ege of Pharmacy and Sci ence, Chapter 68, Phar maceut i cal Necessi ti es,
pages 1278-1320. Al though a single excipient can be used, e.g., 30

mcrocrystalline cellul oser; gesig atgffé&'sil.[}é S a’?ﬁ-)ibra%‘é'r&%lm ﬁogg,q:e o2
t he

sel ecting an appropriate am)unt of ., m nocycl ] ne use

spheres. Therefore, conbinati o%%dEeWJ@W%WWC%F@PFtM}t%ra‘
desirable. Suitable fornms of MEyerinest o | a6 son+tdix® dAd addition

salt thereof:;

(v) granulating the resultant blend in the
presence of a granulating liquid;

(c) extruding the resultant granulate;

| (d) spheronizing the resultant extrudate to
form quick release granules which are
adapted to release substantially com-
pletely said tetracycline or salt
thereof in a medium having a pH of less
than about 3.9; and

(e) drying said quick release granules; and

(II) forming a secondary loading component by

(a) blending

(i) an independent amount of at least one

' pharmaceutical acceptable excipient
which may be the same as or different
than (A)(a) (i) ; and

(ii) an independent effective antibacterial
amount of 7-dimethylamino-6-deoxy-6
demethyltetracycline or a non-toxic acid
addition salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid;

(c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to
form precursors of coated spherical
granules;

(e) drying said precursors;

(f) coating said precursors with a substan-
tially uniform coating comprising- a
blend of at least two polymers, one of
which is non pHsensitive and rapidly
erodable in water and the other of which

”"I“l "ll" “I" "lll " l"l is pH-sensitive and erodible in a medium
* c L | T *



35 for exanple, the materials sold as Avicel PH 101 and Avicel PH 105
(avail able from FMC Corporation - Anerican -17- Viscose Division, Avicel
Sal es, Marcus Hook, PA, U S A). Avicel PH 101 is characterized as having
an aver age partlcle size of 50 um particle size specification of +60 nesh
| ess than 1 percent and +200 nesh | ess than or 5 equal to 30.Q percent,
noi sture specification of |ess than STJﬁiHcent and acceptable flow

" properties. Avicel PH 105 is characterized as having an average particle
size of 20 um particle size specification of +400 nmesh | ess than or equal

to 1.0 percent, moisture i&%rﬁcgj %agiprln the range of from about 4.5 to
about 6.5 and.

(B) preparing therefrom a controlled release
pharmaceutical composition in oral dosage unit form by the
step of at least partially filling a hard or a soft shell
capsule with a pharmaceutical delivery system with from
about 51 to about 80 parts by weight of the quick release
granules prepared by steps (I) and from about 20 to about 49
parts by weight of the slow release granules produced by the
steps (II) and optiocnally sealing said capsules.

14. A method as defined in Claim 13 wherein the
capsule is filled with from about 55 to about 70 parts by
weight of the quick release granules prepared by steps (I)
and from about 30 to about 45 parts by weight of the coated
granules prepared by steps (II), per 100 parts by weight of
said granules.

15. A method as defined in Claim 13 wherein the
capsule is filled with about 60 parts by weight of the quick
release granules prepared by steps (I) and about 40 parts by
weight of the coated granules prepared by steps (II), per
100 parts by weight of said granules.

nmm \|||\Tﬁﬁ’ \‘i\ﬁ“"“’
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10 of less than 5.0 percent, and poor flow properties. A suitable
m-xt ur e of m crocrystal |l i ne céPrul ose and sodi um car boxynet hyl
cellulose is, for exanple, the material sold as Avicel RC 581 by FMC
Corporation. Avicel RC-581 is characterized as having an 15 aver age
particle size of less than 0.2 mcron, particle size specification of 60
mesh | ess than or equal to 0.1 percent, and noisture specificatibn of |ess

than 6 percent. The ter mpEhhek £810kS | B

pharmaceutical art, and Ioi’o ébﬂgﬁ GAL ERiﬁﬁL Qdianeter in the
range of fromabout 0.1 to about 2.5 mlIlineters, preferably fromabout 0.5
to about 2 mllimeters, and nost preferably from about Gf;d 0 about 1.5

mllimeters. Preferab he qui ck rel ease granul es
i MtxeRe AUt ek J EXCIPIENT(S)
L ~ }
4 - GRANULATING
l GRANULATOR }f— LIQUID

Mg

5 0.1 - 2.5 MM
EXTRUDER - PLATE

N

SPHERONIZER §

A

FLUID BED DRYER
DRYER & . OR TRAY DRYER

~
DRIED SPHERICAL GRANULES

FIG. 1

eet Has Been Reﬁaced
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. 25 are spherical as well. |If;;spheres having the nedicanent as a surface
"Jlayer are to be prepared, coated seeds, e.g., non-pareil seeds or sugar
‘crystals, may be used. Such non-pareil seeds are generally of about 0.1 mm
.o about 2.0 mmin size and typically are about 1.0 30 mllinmeter in
//éize. They can conprise, for exanple, a blend of sugar and st& ch. Such
crystals are generally 0.01 nmto about 0.1 nmin size. The cores of the
mul ti-coated conposition are preferably such seeds. However, the cores may

conprise mnocycline alone or in 35 conbination with the excipient as
wel | . The quick EBERARATION, O SOATEDSPHERICAYy SRANULES

DRIED SPHERICAL GRANULES (FROM A)

COATING POLYMER
I |

) o |

] COATED QUICK } COATED DELAYED
. l RELEASE SPHERICAL; SPHERICAL GRANULES
' L_GRANULES !

FIG. 2
PATAPP\110-344B.APP
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they may be optipnally coated with a polymer coating

which is rapidly and substantially conpletely erodible in a nedium
having a pH of less than 5 about 3.9 and particularly in the hunman
stomach, thereby leaving their inmediate or quick rel ease characteristics
relati veI y unchanged. The filmform ng polyner, if used, can vary widely in
type and anount which correl ates int¥% fNMirfoVclide D; ting thi ckness.
limting qui ck rel ease spherical granule coating

uncoat ed. However,

“Illustrative but not
pol yners are nethyl cellul ose, p);\;l cel I ul ose, hydr oxyet hyl
cel l ul ose, hydroxypropyl celd_;ul ose, Jhydr oxgpropyl @t hyl ced | ul oseg
pht hal at celPul ose © acdbt agy

hydr oxypr opyl net hyl cel |@l
thyI cel [ ul'ose Suctr nat €, pot yum and

pht hal at e, hydr oxypr opyl _ =
copolynmers of (meth)acrylic fci : .< >
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~or (meth)acrylic acid nmethyl ester, T8ryvinyl
or copol yners of polyvinyl acetate, cellul ose acetate,
20

esters thereof,
-of the foregoing,
havi ng a pH of

acetate phthal ate or polyners

cellul ose acetate trinellitate,

fatty acids and

and m xtures of any

adapted to substantially conpletely dissolve in a nmedium

|l ess than abgout 3.9. The coatings can include cosventional

addi tives, such as plastici sM:mymimecﬁ)msmhsedet c. The plasticiz
25 i nclude mneral oil, high boiling esters, vegetable oils and the
| i ke. Commercial coating conpositions found to be useful include
Eudragit[err] , a productN\)of Rghm Phargp, Wesggrstad Ger,@nyg whi
conpri ses an amr¥onic 33O pol®neri zaDe of O nethyacrylicO agtH
met hyl met hacr yDatBs~Streliease—a—pr 6666t r6f-~Col-gi-60A—tperr—Wbst =
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: Point, PA which conprises an aquedds di spersion of ethylcellul ose, dibutyl
- gebacate, oleic acid, funed silica, and amoni um hydroxi de; Aquacoat , a
product of 35 FMC Corp., which conprises an aqueous di spersion of

et hyl cel |l ul ose; Coateric , a product of Colorcon, Inc., -19- which

conpri ses pol yvinyl acetate ; Rl G r c f RMC Corp.,
whi ch conprises cel |l ul ose ac&%lth{] '?'%1 cé'ﬁcfﬁjg& t@z‘as‘f%ﬁ‘% @%&‘8 , a product of
East nran Kodak Conpany, Rochester, New York, which conprises cellulose 5
acetate phthal ate;- and Egstiran C— A- T[ err] a product of Eastnman Kodak

11
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trinellitatg. Hﬁ%&@GE&jS&EET&oat By maferial |fpf ggaﬁ éﬂ c!gﬁgr?gl LaBepaged 26
granules is B pro&& neLhyIceIIquse Al t hgu YU
10 parts by! st g a3 t-he- foatin 8“
t he uncoat ed GP@KS)reI @agss é’r‘%rtulpaged s#2uj t abl e, Rgg %%gjtq
parts by we ghDrageig) i: pagael €08 hagad. about 2 par y vei ght™
preferred. yner rTn | so jopt.i on I i e -

Th’l Rodhgbty Me §£ e]_ o e &éh#g%g 1821 ICF?6

precoat, anjovercoat o '(')'r'ff)'in on"or” resnite A

% - ) REPLACEMENT SHEETS  SG

1 to 10 parts bypyes gt 82bRcEERED 5'fYS D&ief’ill gf&egyéiﬁﬁgdkbhonMtxﬁoh%ﬁﬁg'dard
coati ng when usi t he
coat ed spherical 20 granul es i EIBLBNGEJTHE ENWENBEONol ubility
characteristics which are ppdepepdeshe Pbn PHRNA RSO PH SePRhihNCeud PEal

delivery systems for the prolonged controclled release of

5 7-dimethylamino-6-deoxy-6~-demethyltetracycline

(minocycline) or non-toxic acid addition salts thereof.

It provides a once-a-day delivery system which maintains

therapeutic blood level concentrations of the medicament

in a patient for twenty-four hours by the once-a-day

10 administration of improved custom designed formulations

comprising a major proportion of an initial loading or

first pulse of minocycline containing quick release

- granules and a minor proportion of a secondary loading or

second pulse of minocycline containing blended pH-

15 sensitive and pH-indifferent polymer coated spherical

granules administered simultaneously. Spheronized

pharmaceutical compositions comprising a major proportion

of quick-release initial and a minor proportion of slow-

release secondary minocycline loadings as well as oral

20 dosage unit forms of all of the above are provided as
well.

These pharmaceutical delivery systems,
compositions and oral dosage unit forms, in comparison
with those containing only a minor proportion of the

25 initial quick-release loading of available minocycline,
will provide more than 10% higher plasma level
concentrations of minccvcline in the therapeutic range
for effective antibacterial activity for up to about
twenty-four hours and they have the same excellent

30 absorption characteristics regardless of whether they are
administered to fed or fasting patients.

BACKGROUND OF THE INVENTION
The tetracycline compound, 7-dimethylamino-6-

deoxy-6-demethyltetracycline, and its non-toxic acid
35 addition salts are widely used in therapy primarily for
their antimicrobial effegts. Commonly assigned Boothe et
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coating should be capable of beginning to swell and slowy rel ease

m nocycline in the stomach. Upon reaching the duodenun jejunem the
pH'sensitive pol yner dissolves, 25 and m nocycline is conpletely

rel eased fromthe coated pellets and is rapidly and substantially

conpl etel y erodi bl e because the nediumhas a pH in the range of from about
4.0 to about 7.5, whereby erosion is inhibiigd but not precluded by a pH

out side that range such as in the 30 hunan stOnach: Thus there is a
rapid, controll rq} ease e gSmhLn th nt,.fromthe
fe, angfesP?%%ﬁ} o b’ggér?i?htgggfgggggfegtddgg%n it * The

coat ed spheri cal g% e upper ‘Sma | er
filmform ng poPyRBRE cﬁ@wﬁﬂ%pzﬁﬁk4§ﬁjr1QE§CILh@pet@ﬁd puepanatiwvnchof

correlate to hihBtyenineati ngaikinek@®SSthe compounds have achieved

widespread use in oral dosage forms, they have several

~ 5 drawbacks.

The minimum therapeutically effective blood
serum or plasma concentration level of minocycline in a
human'subject varies according to the organism éausing
the infection. The concentration is determined in vivo
10 by clinical evaluation and in'vitro by microbiological
assays. Currently, the minimum therapeutically effective
concentration is believed to be in the range of from
about 0.1 to about 1.0 mcg of minocycline/ml of serum. |
| Organisms currently known to be susceptible to
15 minocycline therapy include a wide range of gram-negative
and gram-positive bacteria including, but not limited to
agents of rickettsiae (Rocky Mountain spotted fever,
typhus fever and the typhus group, Q fever, rickettsial
pox, tick fevers); Mycoplasma pneumonias (PPLO, Eaton
20 agent); agents of psittacosis and ornithosis; agents of
lymphogranuloma venereum and granuloma inguinale; the
spirochetal agent of relapsing fever (Borrelia
recurrentis); the agent of Lyme disease (Borrelia
burgdorfeni), the agents of acne (Propionibacterium
25 Corynebacterium acnes); the microorganisms Haemophilus
ducreyi(chancroid), Yersinia pestis and Francisella
tularensis, formerly Pasteurella pestis and Pasteurella
tularensis, Bartonella bacilliformis, Bacteroides
species, Vibrio® cormna and Vibrio fetus, Brucella
30 species, Escherichia coli, Enterbacter aerogenes
(formerly Aerobacter aerogenes)j'Shigella species, Mima
species, Herellea _ species, Haemophilus influenzas
(respiratory infections), Klebsiella species (respiratory
and urinary infections), many Streptococcus species
35 including strains of Streptococcus pydgenes and
Streptococcus faecalis, Streptococcus pneumonias,

This is the repiac_oment sheet

Date: 1 8 NOV 1296



-20- Illustrative but not limting polynmers for coating the pellets are

met hyl cel | ul ose, ethyl cel | ul ose, hydroxyet hyl cel | ul ose, hydr oxypr opyl
cel l ul ose, hydroxypropyl met hyl cel | ul ose, hydr oxypropyl 5

met hyl cel | ul ose phthal ate, cellul ose acetate phthal ate, hydroxypropyl
metshyl cel | ul ose succinate, a polyner or copolynmer of (neth)acrylic acid or
(nmeth)acrylic acid nethyl ester, polyvinyl apetate pht hal ate or polyners or
copol ymers of polyvinyl acetate, cellul ose dacetate, fatty 10 aci ds and

esters thereof, Ogﬁgtpé@oéesgasﬁr%gm?gkahaasd 2Bee M xkunes iRketrYofb )t he

f oregoi ng. These C
Nelsserla gonorrhoeae, Neisseria meningitidis, Treponema

pallidum and Treponema pertenue (syphilis and yaws),
Listeria monocytogenes, Clostridium species, Bacillus

5 anthracis, Fusobacterium fusiforme (Vincent's infection),
Actinomyces species; and in the treatment of acute
intestinal amebiasis and inclusion conjunctivitis.
Physician's Desk Reference, 1987, Medical Economics
Company, Oradell, NJ (PDR 43rd Ed.).

10 Recent discovery shows that minocycline is

absorbed at different rates in different portions of the
gastrointestinal ‘tract. Intubation studies in human
patients have demonstrated that bioavailability of
minocycline in the gastrointestinal tract, based upon 100

15 percent absorption'in the stomach, is 106 percent in the
duodenum, 80 percent in the jejunum and 58 percent in the
ileum, indicating that minocycline demonstrates reduced
absorption in the lower gastrointestinal tract.

The human stomach empties in about one hour in

20 a fasting subject and in about one to about four hours
with food. The half 1life of minocycline when taken
without food is approximately 10 hours. When taken with
food, the half life is extended to approximately 14 to 16
hours.

25 It has not been possible tb achieve a
once?a-day therapeutic blood level of minocycline using
only delayed release granules of minocycline with or
without food ingestion. Traditional pharmaceutical forms
containing minocycline require frequent ingestion of

30 multiple doses per day resulting in wide variations in
serum concentratioﬁ throughout the course of treatment
and in poor patient compliance and traditional delayed
release forms containing minocycline are incompletely
absorbed in the gastrointestinal tract. This indicates

35  a need for a custom designed once-a-day delivery system

This is the replacement sheet
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I nclude any of the conventional coating additives fromabove as well. A
suitabl e form of hydroxypropyl nethylcellulose is one having a viscosity in
~the range of 15 3 to 100 cps at 200C (U.S. National Forrmulary Xill), and
nore particularly a viscosity of 6 cps at [err]. Preferred as the coating

I s -a conbi nati on of hydroxypropyl nethylcellul ose pht hal at e * and
hydr oxypr opyl nethyl cellul ose, and nost prg%_erabl y, these coatings will 20
be adapted to dissolve substantially conpletely in a nedium having a pH of

about 5.0 or gr gLt ADAE 2582'5858%:&59@% {0 @PPé‘ét-zé%d

parts by weight gain due to the bl r coat Pased upon
t he wei ght of tﬁ@'ﬂrﬁfﬁht%ﬂ“%&@f“ﬁ%al granul es (precursors of coated
spherical granules) or corgedécbelitabbeatdFfi¥® has recently offered for

use by the medical profession, capsules under the

5 trademark MINOCIN containing specially coated pellets of
minocycline hydrochloride for oral administration. See,
PDR 44th Ed. (Pages 1168-1170). 1In contrast to tablets
and powder-filled capsules, pelletized minocycline
hydrochloride provides virtually complete absorption with

10 dairy products and food. The'cap's_ules, however, are not
intended to provide a once-a-day dosage form.

Valorose et al, U.S. Patent No. 4,837,030,
disclose hard gelatin or soft gelatin capsules filled
. Wwith minocycline comprising spherical granules. This

15 patent = teaches controlled release formulations of
minocycline wherein the rate of release in the stomach
and intestines is controlled. The delivery system may be
comprised of coated or uncoated spheres. The medicament
may be within the sphere 6r in the coating. Valorose

20 further teaches coating the spherical granules with
hydroxypropyl methylcellulose and hydroxypropyl
methylcellulose phthalate. The controlled release in
Valorose, however, is not taught to be prolonged up to 24
hours. _

25 Shepard, U.S. Patent No. 3,080,294, discloses
.a sustained release pharmaceutical tablet comprising an
inner core coated with multiple layers of an active

. -medicament mixture, each layer réle_asing"a portion of
active medicament as it is successively dissolved. Such

30 layers are not pH adapted, however. Shepard further
teaches sustained release pharmaceutical formulations
wherein medicament coated pellets and uncoated medicament
pellets maintain therapeutic blo_od concentration levels
for prolonged periods of time. The medicament may be in

35 the coating or in the core. Shepai:d also teaches the use
of coatings comprised of cellulose esters and pH
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about 5 to about 25 parts by weight gain is preferred and fromabout 10 to
about 25 parts by weight is nost preferred. 30 The pol yner
coating may also independently include a precoat, an overcoat, ofr -a

conmbi nation of the foregoing. For best results, a 1 to 10 parts by wei ght
gain level is preferred in addition'to the standard coati ng when using an
aqueous fornul ation. 35 The apgpunts of m nocycline and
exci pi ent which conprise the quick release granules can vary broadly but

-21- will usual lgeds t 1vd o IpRee Hadiry®.abRytelP149n880L dRample 4 of
Shepard, the dosage forms are formulated so that a
perdetermined amount of active ingredient may be released
in the stomach (pH less than 3.9) and a predetermined

5 amount may be released in the intestines (pH 4-7.5)
approximately.
In copending, commonly assigned U.S. Patent
Application, Serial No. 07/4106,708, filed September 21,
1989, it is disclosed that a specific minocycline
10 composition can be formulated to provide at least minimum
therapeutic serum levels of the minocycline in a human
subject for about 24 hours through once-a-day two pulse
administration systems, comprising an initial loading
component providing the first pulse which is absorbed up
15 to 100 percent in the stomach and a secondary loading
component providing the second pulse which is absorbed up
to 100 percent in the duodenum and the upper part of the
small intestine. wOrkingf examples are provided which
contain a minor proportion of the initial 1loading
20 component and a major proportion of the secondary loading
component. In addition, the working examples include
procedures to coat granules comprising the secondary
loading component with a blended polymer coating
composition to give them slow release characteristics.
25 The formulations of the copending application are taught
to be processable into capsule oral dosage unit forms. In
vivo data with a preferred embodiment of the copending
application comprising c_apsulés containing 46% of the
- total dose in the form of uncoated quick-release pellets
30 and 54% in the form of single polymer (hydroxypropyl
methylcellulose phthalate)-coated slow-release pellets
showed good bioavailability over 24 houfs after a single
administration, approaching the achieved with two divided
doses of conventional minocycline tablets.
35 It has now been discovered that biocavailability
can be even more improved by increasing the ratio of
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parts by weight of mnocycline and fromabout 90 to about 30 parts by
weight of excipient based upon 100 parts by wei ght of mnocycline and

exci pi-ent--conbi ned. -5 Preferably, the quick release granules conprise
about 50 parts by weight of m nocycline and about 50 parts by wei ght of
exci pi ent based upon 100 parts by wei ght of mnocycline and excipi ent

combi ned. The ampunts of m nocycline and excipient which 10 conprise the
precursors of the blended pol ynmer coated spherical granules or the core of

the nul ticoat edpeiPosklicR® SIQUE fh Pe1BRdEAgt BR1naRge &i Eielh aRoadd to
about 80 parts%%¥ wei ght of m nocycline and ?ron1a bout t o about Zotgarts

by wei ght of e THateddipgncasted pebletsand QX/uﬁkﬂiﬁﬁ magifie
m nocycl i ne artﬁbaﬁ@g ptemposakbnedorThReamuderof Ilrthasgedgrolemumip k@At i ng
on the the bioavailability can be improved by greater than 10%
5 by using a major proportion, e.g., 60% of the quick-
release granules and a minor proportion, e.g., of the
slow-release granules and providing the latter with a
coating comprisin@ a small amount of water-soluble
polymer in the pH-sensitive polymer previously used
10 alone. In addition, in multidose studies, the mixed
T pellet dosage forms of the present invention exhibit a
surprising retention of bioavailability after ingestion
of food in comparison with tablets employed in the
present state of the art. Data are'presented hereinafter
15 which show that fed subjects had an absorption of 100% of
that of the fasted subjects with the dosage forms of this
invention but only 90.6% with the prior art tablets.
These results are surprising because just the
opposite would be expected. An eafly release of most of
20 the minocycline in the stomach should reduce the 1long
time effectiveness, but, as will be seen, single dose
_bioavailability versus the reference tablet given twice
a day is increased from 79% to 89%, and the latter is
unaffected by food intake as is shown in the multidose
25 studies.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a graphic illustration of a method

for the production of uncoated quick release granules and
precursors of blended polymer coated spherical granules
30 according to the present invention.

FIG. 2 is a graphic illustration of a method
for the production of coated quick release granules and
blended polymer coated sphericél'granules according to
the present invention.

35 . FIG. 3 is a graphic illustration of the
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precursors or the core varies broadly as well and is described above.
Preferably, the coated spherical granules will conprise about 60 parts
by wei ght of 20 m nocyci i ne and about 40 parts by wei ght of excipient
based upon 100 parts by wei ght of mnocycline and excipient conbined, and
t he bl ended pol ynmer coating will conprise a weight gain of abodi 10 to
about 25 parts by weight based upon 100 par4s by wei ght of mnocycline and
25 exci pi ent conbi ned. The conponents of the pharmaceutical delivery

systens be fil 'f&é&ég ggg@eroﬁgfﬂ%ﬁh%'@fm BieR@4 ﬁaﬂ,ﬁ?geba&ad

capsul es alone or wt Ition e nmedi canments, lubfricants,
di sintegrants, gPherieptegsangdes bl BPrmtEnvenghemtin FPAPBFLAQN with
addi tional exciphgbSnek fCOoMRiHatheBneioANYnOh WeRtifudl ool by pAYos
conventi onal

about 4.0.

5 FIG. 4 is a graphic illustration of the release
rate of minocycline hydrochloride from blended polymer
coated spherical granules as in FIG. 3 but in a medium
having a pH of 6.0. '

FIG. 5 is a graphic illustration of blood serum

10 concentration 1levels of once-a-day .administration of
minocycline to human subjects in an oral dosage unit
forms according to the present invention, in two oral
dosage unit forms not according to this invention and a
twice-a~day administration of minocycline in oral dosage

15 unit form presently available from Lederle Laboratories.

SUMMARY OF THE INVENTION
According to the present invention, there are

provided improved pharmaceutical delivery systems adapted
to provide a therapeutically effective blood
20 concentration levels of 7-dimethylamino-6-deoxy-6-
demethyltetracycline or a non-toxic acid addition salt
thereof for a sustained period of time of up to about
twenty-four hours comprising:
(A) from 51 to 80 parts by weight per 100 parts
25 by weight of (A) and (B) combined of an initial loading
therapeutically effective number of quick release
granules which comprise
(a) (i) an effective amount of at least one
pharmaéeutically acceptable excipient; and
30 (ii) an effective antibacterial amount of
7-dimethylamino-6-deoxy-6-demethyl-
tetradycline'or a non-toxic acid addition
salt thereof, on or in said quick release
granules;
35 said quick release granules being adapted to release
substantially completely said tetracycline or salt
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capsule formng and/or filling machi ne and optionally nmay be seal ed by any

means commonly known to one of ordinary skill in the pharnaceutical arts
i ncl udi ng but not -35 limted to .spot-welding, gelatin bands and.
mat ched | ocki ng ri ngs. -22- The hard shell capsules used in the present
I nwention are generally conprised of gelatin, water and optionally, FD&C
colorants, opacifying agents such as titanigum oxide, sul fur di oxi de
to pr event any 5 deconposition or a conbination of any of the
foregoing. Theytgeresal Ly SOmRUiISH haY iTRCld @IS0 ONEesd | PRARJaBYAE 3.9;
and

(B) from 20 to 49 parts by weight per 100 parts by
weight of (A) and (B) combined of a secondary loading
5 therapeutically effective number of blended polymer
coated spherical granules which comprise
(a) (i) an independent effective amount of at
E least one pharmaceutically acceptable
excipient which may be the same as or
10 different than (A)(a)(i) ; and |
(ii) an independent effective antibacterial
amount of 7-dimethylamino-6-deoxy-
6-demethyltetracycline or a
non-toxic acid addition salt
15 _ thereof, on or in said coated spherical
granules; and
(b) a substantially uniform cocating comprising
a blend of at least two polymers on said
coated spherical granules (B) one of which
20 _ is non pH-sensitive and rapidly erodible in
water and the other of which is pH-sensitive
and erodible in a medium having a pH in the
range of from about 4.5 to about 6.5; said
coated spherical granules thereby being
25 adapted to release some of said tetracycline
or salt thereof in a medium having a pH in
the range of from about 1.0 to about 3.0 and
the remainder rapidly in a medium having a
pH in the range of from about 4.5 to about
30 6.5.

Preferred features of the invention are such
pharmaceutical delivery systems in which the quick
release granules (A) comprise from about 55 to about 70
parts by weight and the coated granules (B)'comprise from

35 about 20 to about 45 parts by weight'per 100 parts by
weight of (A) and (B) together, and especially those
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the other, conpletely surrounding the filling. The soft shell capsul es used
I n.the present invention are generally a soft, globular, gelatin shell 10
somewhat thicker than the shell of .the hard shell capsule. The
gelatin is usually plasticized by the addi tion of glycerin, sorbitol, or a
simlar polyol. They may al so contain a preservative to prevent 't he gromﬁh
of fungi. 15 Al'l of the pharmagcgutical delivery systens,
conposi tions or oral dosage unit fornms of the present invention can be

prepared using afRiegenMeRhiOhalicRhaenBgSHt ggahuméedvssI@Bmggusarraabut%@ 1
illustrates the t ste n the 20 f uncoat ed

| cal epay ati on
spherical granul Bégf’ﬁr tﬁ’sewgégéltt Hud uﬁeﬁatc&f%ﬂ cREPRE eSS e (GHanGPEBTdFCas

precursors about 40 parts by weight per 100 parts by weight of (A)
and (B) together.
5 The invention further contemplates oral dosage

units in the form of pharmaceutically acceptable liquid

carriers containing the above compositions or systems,

hard or soft shell capsules at least partially filled

with the above compositions or systems, and tablets
10 formed from the above compositions or systems.

The invention also provides methods of
maintaining a therapeutic level of the tetracycline or
salt thereof in the blood stream of a warm-blooded mammal
for about 24 hours comprising administering to the mammal

15 the pharmaceutical delivery systems or oral dosage units
above. ,

A method  for the preparation of a
pharmaceutical delivery system is provided comprising the
steps of:

20 {I) forming an initial loading component by
(a) Dblending
(1) an effective amount of at least one
pharmaceutical acceptable
excipient; and
25 (ii) ‘an effective antibacterial amount of
7-dimethylamino-6-deoxy-6-demethyltetracycline or a
non-toxic acid addition salt thereof; '
- {b) granulating the resultant blend in the
presence of a granulating liquid;
30 ' (c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to form
quick release granules which are adapted to
release substantially completely said
tetracycline or salt thereof in a medium

35 having a pH of 1ess'than about 3.9; and
(e) drying said quick releasé granules; and
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of pH sensitive polymer coated spherical granules. Firstly, an
ef ftective anmount of at
exci pient and an effective 25 ---antibacteri al anount of

7- di met hyl am no- 6- deoxy- 6- denethyltetracycline or a non-toxic,acid
addition salt thereof are blended in a mixer. The resultant blend of the

first step is granulated with a l[iquid nedijgm e.g.

| east one pharmaceutically acceptable

an organi c solvent and preferably 30 water, until the proper consiste

for extrusion(iIg)redorifithg He&d@NdagnNll oddang abaphoret by

in an extruder

mm perforated plate an

to form 35

5

10

15

20

25

30

35

or extruger/s
3ls

(ii)

(b)

(c)
(d)

(e)
(£)

(B)

ggero i zer , through a suitably sized, e.qg.

an aqueous solution or

ncy

t hen extruded

1.0

%ed at hi gh speed for a tinme sufficient
spheri cal (gnanul es. anThedepensphe¢r aoaungr afulats lagast hen

dried in conventional equipnent aton%%ﬂ%?cé@@@éf‘taltj:rc%%table excipient

which may be the same as

or different than (A)(a)(i) ; and

an independent effective antibacterial

amount of 7—dj.methyla'mino—6—deoxy;s-

demethyltetracycline or a non-toxic

acid addition salt thereof;
granulating the resultant blend in the
presence of a granulating liquid;
extruding the resultant granulate;
spheronizing the resultant extrudate to form
precursors of coated spherical granules;
drying said precursors;
coating said precursors with a substantially
uniform coating comprising a blend of at
least two polymers, one of which is non pH-
sensitive and rapidly erodable in water and
the other of which is pH-sensitive and
erodible in a medium having a pH in the
range of from about 4.5 to about 6.5 and
preparing therefrom a controlled release
pharmaceutical composition in oral dosage
unit form by the step of at least partially
filling a hard or a soft shell capsule with
a pharmaceutical del'_ivery system with from
about 51 to about 80'-par'ts by weight of the

quick release granules prepared by steps (I)

and from about 20 to about 49 parts by
weight of the slow release granules produced
by the steps (I1) and optionally sealing
said capsules.

Preferred features of the invention comprise such

a method wherein the capsule is filled with from about 55
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-23- e.g. such as tray dryers at 55 to 65 C or a conventional fluid bed
dryer systemat 65 to [err] to a |low noisture level, e.g. about 1 to about
-7 percent and preferably about 2 to about 5 percent. 5 : FIG 2
illustrates that the quick release granules then, optionally, nay be
coated with a substantially uniform polyner coating which is réapidly and
substantially conpletely erodible in a nmedyym having a pH of |ess than
about 3.9 with an aqueous or organic 10 solvent, e.g. nethylene

;2: 3%?9 uging/gq{o awshanph , pspt ¥tbPpruigithe fener glicrateDgasorqiagules
’ prepared by steps (I) and from about 30 to about 45 parts

by weight of the coated granules prepared by steps (II),

per 100 parts by weight of said granules and especially

5 preferred is such a method wherein the capsule is filled
with about 60 parts by weight of the quick release
granules prepared by steps (I) and about 40 parts by
weight of the coated granules prepared by steps (II), per
100 parts by weight of the granules.

10 The pharmaceutical delivery systems and the
capsule oral dosage unit forms described above provide
once-a-day prolonged ‘effect controlled release forms of
minocycline which maintain improved therapeutic blood
levels for periods of up to twenty-four hours resulti'ng

15 in desirable and effective antibacterial therapy and less
frequent administration to a subject. They also avoid
high local concentrations in a system which may cause
side effects such as gastroirritability.

DETAILED DESCRIPTION OF THE INVENTION
20 Novel pharmaceutical delivery systems have been

discovered comprising mixed blends of an initial loading
therapeutically effective number of quick-release
granules and a secondary loadihg therapeutically
effective number of blended polymer coated spherical
25 granules. These systems and compositions can be filled
into capsules to prepare oral dosage units. Many
benefits can be realized from these novel delivery
systems and oral dosage unit fbrms over conventiocnal
controlled release formulations. They result in a
30 superior controlled and prolonged delivery of minocycline
to a subject which in turn results in the achievment of
once-a-day dosages of 7-dimet_hylamino-s_—deoxy-s—demethyl-
tetracycline or non-toxic acid addition salts thereof in
the compositions and oral dosage unit forms to sustain a
35 desired blood level concentration in a subject for a

relatively long period of time of up to twenty-four
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fluid bed technol ogy, pan-coating or t he | i ke. Preferably, fluid
beds are used. FIG 2 also illustrates that the precursors of coated
spherical granules are 15 i ndependent |y-coated with a substantially

uni form bl ended pol yner coating which is rapidly and partially erodable in
wat.er and thereafter substantially conpletely erodible in a medium having a
pH of fromabout 4.0 to about 7.5 in a manner- as expl ai ned above. 20

An initial loading therapeutically effective nunber of uncoated quick

rel ease granul epofics OptTﬁ@&b|fbrféqatl€§kSJUEféqueaitea‘smgmBmtd:&siorrapft here be

21?2&:ceantz;veﬁﬁsm%%m@éﬁsaed%mgﬁ COCR shRIFEY, A B g

shel|l or a soft lesdénedpsul es iy be aeffects, including reduced
gastroirritability, and better subject compliance with a

5_ medicament regimen are possible.
Oral dosage unit forms are those which are
orally administered and contain medicaments which are
' absorbed into the blood stream from the alimentary tract.
An initial loading therapeutically -effective
10 amount or number of quick release granules is that amount
or number which provides an immediate or rapid and
substantially complete release in a medium having a pH of
less than about 3.9 and, preferably in a range of from
about 1.0 to about 2.5, such as in the human stomach and
15 thereby delivers and maintains a recommended dosage or
concentration level of 7-dimethyamino-6-deoxy-6~demethy-
tetracycline or a non-toxic acid addition salt therxeof to
the blood stream or plasma of a subject within a
recommended period of time and maintains that level or a
20 further recommended level for a further recommended
period of time. This provides a first pulse of
minocycline, preferably in the stomach, which quickly
attains therapeutic plasma drug levels, i.e. at least
that amount determined by in vivo clinical evaluation or
25 in vitro microbiological assay to treat successfully
infections caused by the invading organism or organisms.
A sec_:ondary loading therapeutically effective
amount or number of blended polymer coated spherical
granules is that amount or number which provides a slow
30 release of a small amount in the stomach and a complete
release in a medium having a pH in the range of from
about 4.0 to about 7.5 and preferably from about 4.0 to
about 6, as in the human upper intestinal tract ‘and
particularly in the duodenum/jejunem. The use of a
35 higher level of quick release granules in proportion to
delayed release granules is believed to result in a
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| east partially filled and optionally sealed, as previously
described, to forma capsule oral dosage unit form 30 The
phar maceut i cal delivery systens, spheroni-zed pharnaceuti cal
conpositions, or oral dosage unit fornms containing themmy be adm nistered
by ingestion, thereby maintaining a therapeutic mnocycline level in the

bl ood stream of a warm bl ooded mammal for 3p3- about 24 hours, and thereby
provi di ng about a 24 hour -24- therapeutic blood level from a

once- a- day dosagiggesyabemrption of minocycline because minocycline is

preferentially absorbed in the duodenum and jejunem. It

thereby delivers and maintains a further recommended

dosage or concentration level of 7-dimethylamino-6-deoxy-

5 G-demethyltetracycline or a non-toxic acid addition salt

thereof to the blood stream or plasma of a subject within

an independent recommended period of time and maiﬁtains

that level or a different recormnended level for an

independent additional recommended period of time. This

10 second pulse provides a delayed release and a controlled

release of minocycline, preferably in the duodenum, which

extends therapeutic plasma drug levels initially achieved

by the first pulse, i.e. at least that amount determined

effective for the particular organism causing the

15 infection as described above, for a total prolonged
period of time, i.e. up to about 24 hours.

The initial loading of the minocycline is
achieved by the administration of quick release granules
containing the minocycline. The secondary loading can

20 mixed blends of initial loading and secondary loading
components. The total period of time this therapeutic
plasma drug level is maintained from the combined effect
of the two different types of granules is preferably
about 24 hours. Therefore, only one dosage unit will

25 ' provide effective antimicrobial therapy for an entire
day, the total therapeutic amount, i.e. the initial
loading therapeutically effectivé.amount or number plus
the secondary loading therapeutically effective number,
being that amount and/or numbér-which will achieve and

30 will maintain at least a -therapeutically effective
concentration of 7—dimethylamino—6-deoxy-G-demethyl—
tetracycline or a non-toxic acid addition salt thereof/ml
of serum or plasma in the blood serum or plasma of a
human subject for about 24 hours.

35 The salts of minocycline useful in the
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DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The follow ng exanples

il lsustrat

t he total

Laborat ori es)

e

anount (extent) of drug that reaches the bl ood stream from an
adm ni st ered dosage 10 form COVPARATI VE EXAMPLE 1A One tabl et
contai ning 50 ng of mnocycline hydrochloride (Mnocin - Lederle

pBe &kt Nisvenesohoade hunann@xub&@eic aacfwh S@cﬂdﬂﬂtﬂ@ﬁc§alf:§t,i on

15 | evel s of m noc

peri od.
(M nocin)

h d d h
A SeoohiP | G0 ETOROR( o FETB S6OREE B kG %yﬁéd?se:ﬁ’e PEES"

i s adm ni st erBget bast named compound is also known

10

15

20

25

30

35

minocycline hydrochloride. Typically, minocycline
hydrochloride has been administered orally in a daily
dosage of about 100 to about 400 mg in at least two and
often more divided doses a day in a normal adult human
being. It is commercially available in many forms under
the trademark Minocin® from Lederle Laboratories, Wayne,
New Jersey (PDR 44th Ed.).

It should additionally be noted that minocycline
hydrochloride readily undergoes epimerization and
oxidative degradation to epiminocycline, a
pharmacologically inactive and.undesirable tetracycline
compound. The amount of the epimer should be minimal but
may range as high as from about 1.5 percent to about 10
percent without affecting the intended once daily dose of
the present invention.

Preferably, the pharmaceutical delivery'systems”

and oral dosage unit forms of the present invention will
contain from about 25 mg to about 400 mg of
7-dimethylamino-6-deoxy-6-demethyltetracycline or
non-toxic acid addition salt thereof and most preferably
from about 80 mg to about 280 mg. The ratio of initial
loading component, i.e. minocycline pdwder, quick release
granules, quick release coating or the 1like, to the

secondary loading component, i.e,_blended polymer-coated

.spherical granules or single coated core, ranges from

about 51:80 to about 20:49 parts by weight of initial
loading component and secondafy loading component
combined and preferably from about 55:70 to about 30:45.
Preferably, the initial loading cbmbonent, the secondary
loading component, or both independently contain from
about 20 to about 200 mg of minocycline.

The rapid and substantially complete release of
the initial loading component is such that the initial

ThSistheremacdmentsheet'
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the subject at the end of the twelve hour period, and serum concentration

| evel s 'of m nocycline hydrochl oride 20 are neasured over the next twelve
hour peri od. The results appear in FIG 5 in the curve-identified as
"Conparative Exanple 1A". Bioavailability is 100 percent because this is
the reference for conparison. 25 A fmaxi mum serum éoncentration

of mnocycline hydrochloride during the finngt twelve hour period of 0.8 .
ncg/ M of serumis reached after 2 hours; and a naxi mum serum concentrati on

of m nocycline W&Hm rﬁiﬁoﬁié'rﬁtt g 1@ e geRd t bret Hanhavoureriodercdnsd
ncg/ M is reached. rs after th% adm |strah|on of th r}:cel_é
tabl et. M nocycl? W&f&ﬁﬂ Y 8P ¥ PéVeIa fr PFBRS Pfg'uc?gat

broadly as in Flfindcwahifiesithtléss whdesiababked0 minutes and preferably
less than about 60 minutes in a medium of aqueous buffer,
5 e.g. hydrochloric acid and/or acetate buffer, having a pH
of less than about 3.9. Therefore, any optional polymer
coating on the initial loading component must be
specifically rapidly and substantially erodible or
dissolvable to permit the initial loading component to
10 | meet these conditions.

The rapid and substantially complete release of
the secondary loading component core is such that the
secondary loading component or single coated core
releases greater than about 40 percent and preferably

15 greater than about 70 percent of the minocycline in less
than about 90 minutes in a medium of aqueous buffer, e.g.
acetate and/or phosphate buffer, having a pH in the range
of from about 4.'5 to about 6.5. Therefore, the blended
polymer coating must be both partially water-soluble and

20 thereafter specifically rapidly and substantially
completely erodible or dissolvable at the specified pH
range to permit the secondary loading component to meet
these conditions.

_ Further preferred embodiments of the present

25 invention provide additionally that either from about 5
to about 20 percent of the minocycline in the secondary
loading component is released in about 2 hours when
suspended in a medium of simulated gastric fluid having
a pH of about 1.2 at about 37°C or from about 20 to about

30 50 percent of the minocycline in the secondary loading
component is released in about 2 hours when suspended in
a medium of simulated gastric fluid having a pH of about
1.2 at about 37°C.

The drug is released when it may be determined

35 by a standard assay.
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side effects such as nausea and gastroirritability. COVWARATI VE EXAMPLE 1B
[err] 35 (a) A blend is prepared by m xi ng 2500 parts of

m nocycl i ne hydrochl oride powder (Mnocin - Lederle -2 b5- _
Laborat ori es) and 2500 parts of mcrocrystalline cellulose (Avicel
PH-101, FMC Corporation) in a Hobart m xer at |ow speed. The pdwder bl end
I's then granulated to an extrudabl e consi stigcy by addi ng 3000 parts by 5
volunme of water slowy and m xing. The resultant granulate is
extruded at high speed thratghya bHarmadghatiealn aehe@Bfients will be

extrUder/Sphero@d@%ﬁﬂfgk%oéyﬁgé fH"%his invention. Judicious selection
will be easy with the requirements and the test
procedures mentioned herein kept in mind. An excipient
5 with a known degree of solubility in water and solubility
and swellability in the régpective.juices of the stomach

and the upper small intestine, particularly the duodenum,
should be used. Such excipients in either the quick
release granules, the slow release blended polymer coated
10 spherical granules, or a combination of any of the
foregoing include lactose, other mono- or di-saccharides,
microcrystalline cellulose, starch, sodium carboxymethyl
cellulose, hydroxypropyl cellulose, hydroxyethyl
cellulose, crosscarmellose sodium, pregelatinized starch,
15 polyvinylpyrrolidone, cross-linked polyvinylpyrrolidone,
hydroxypropyl methylcellulose, cellulose acetate,
hydroxypropyl methylcellulose phthalate, polyvinyl
acetate phthalate, microcrystalline cellulose in
combinﬁtion with lactose, microcrystalline cellulose in
20 combination with sodium carboxymethyl cellulose,
microcrystalline cellulose in combination with
crosscarmellose sodium, mixtures of any of the foregoing
and the like as well as others with which those of
ordinary skill in the art will be familiar, most of which
25 are listed in standard references, for example,
Remington's Pharmaceutical Sciences, 1985, 17th Edition,
Philadelphia College of Pharmacy and Science, Chapter 68,

Pharmaceutical Necessities, pages 1278-1320.
Alcthough a single excipient can be used, e.qg.,
30 microcrystalline cellulose, desirable results may require
more care in selecting an appropriate amount of
minocycline "to be used in . the spheres. Therefore,
combinations of more than one excipient may be desirable.
Suitable forms of microcrystalline cellulose are,
35 for example, the materials sold as Avicel® PH-101 and
Avicel® PH-105 (avgilable from FMC Corporation - American
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subsequently is spheroni zed at hi gh speed. The wet spheres are dried in
an Aeromatic fluid bed dryer at 70 C 10 air input until the noisture
content is about 1 to 7 percent to formyellow uncoated quick rel ease
granul es having a snooth surface and a honpgeneous tetracycline conpound
distribution. (b) A blend is prepared by m xing 3000 parts of 15

m nocycline hydrochloride powder (Mnocin.,- Lederle Laboratories), 1650
pa&ts of nlcrocrystalline cel lul ose (Avicel™' PH 101, FMC Cor por at i on)
and 350 ~parts y;of c(rFr 1”%5&8%9 QQ&HQ)Hd&a bay L er at
| ow speed. The p C\A‘fi’”% ngc_iL 'S t gr anul af elg to an ﬁgx?{ tJSda i()e

consi st ency by a’t‘d’dicrﬁ} 30@@)‘b‘&%t slﬁoyCVéFéﬁ’éeﬁizﬁﬂt &S shawyga@n nmavargge

;hﬁl rcisul tant gpaditie | $igxt bgdexh aim higdreiers shzeugheaitilatiionl dfe in
+60 mesh less than 1 percent and +200 mesh less than or

5 - equal to 30.0 percent, moisture specification of less
than 5.0 percent and acceptable flow propérties. Avicel’
PH-105 is characterized as having an average particle
size of 20 um, particle size specificatidn of +400 mesh
less than or equal to 1.0 percent, moisture specification

10 of less than 5.0 percent, and poor flow properties.
< A suitable mixture of microcrystalline
cellulose and sodium carboxymethyl cellulose is, for
example, the material sold as Avicel0 RC-581 by FMC
Corporation. Avicel® RC-581 is characterized as having an
15 average particle size of less than 0.2 micron, particle
size specification of 60 mesh less than or equal to 0.1
percent, and moisture specification of 1less than 6
percent.
The term "spheres" is well known in the
20 pharmaceutical art, and means spherical granules having
a diameter in the range of from about 0.1 to about 2.5
millimeters, preferably from about 0.5 to about 2
millimeters, and most preferably from about 0.8 to about
1.5 millimeters. Preferably, the quick release granules
25 are spherical as well. If spheres havihg the medicaﬁent
as a surface layer are to be prepared, coated seeds,
e.g., non-pareil seeds or sugar crystals, may be used.
Such non-pareil seeds are generally of about 0.1 mm to
aboutr 2.0 mm in size and typically are about 1.0
30 millimeter in size. They can comprise, for example, a
blend of sugar and starch. Such crystals are generally
0.01 mm to about 0.1 mm in size. The cores of the
multi-coated composition are preferably such seeds.
However, the cores may comprise minocycline alone or in
35 combination with the excipient as well.
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extruder/ spheroni zer Mddel $S450, and subsequently is spheronized at high
speed. The wet spheres are dried in 25 an Aeromatic fluid bed dryer at
70 C air input until the noisture content is about 1 to 7 percent to form
precursors of coated spherical -granules. The core pellets are coated with a
sol ution containing a blend of hydroxypropyl nethylcellulose 30:

pht halate (HCMCP 50), a pH dependent cﬁq/ - which dissolves at pH
5 and above, and hydroxypropyl methylcellulose (HPMC), a water-soluble

pore form ng polyner, mhl%huﬁlag@iaﬁs @él@é&epF%EQHQiEbonﬁggﬁhH§lfJ“3are
coating pol yner system ( HCMCP HPMC) devel ope provid a ‘coat ed

syst em wher e soRBECAA&§M | IH%WGM imavt e SEtd WA borreatedfwith a
stomach (pH 1-3poapfkerapichating which is rapidly and substantially

completely erodible in a medium.having a pH of less than
5 about 3.9 and particularly in the human stomach, thereby
leaving their immediate or quick release characteristics
relatlvely unchanged.
" The film forming polymer,-if used, can vary
widely in type and amount which correlates into film or
10 coating thickness. Illustrativé but not limiting quick
release spherical granule coating polymers are methyl
cellulose, ethylcellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxYpropyl methylcellulose,
hydroxypropyl methylcellulose phthalate, cellulose
15 acetate phthalate, hydroxypropyl methylcellulose
succinate, polymers and copolymers of (meth)acrylic acid
or (meth)acrylic acid methyl ester, polyvinyl acetate
phthalate or polymers or copolymers of polyvinyl acetate,
cellulose acetate, fatty acids and esters thereof,
20 cellulose acetate trimellitate, and mixtures of any of
the foregoing, adapted to substantially completely
dissolve in a medium having a pH of less than about 3.9.
The coatings can include conventional additives, such as
plasticizers, pigments, colorants, etc. The plasticizers
25 include mineral o0il, high boiling esters, vegetable oils
and the like.

Commercial coating compositions found to be
useful include Eudragicﬂ. a product of Rohm Pharma,
Westerstadt, Germany, which comprises an anionic

30 polymerizate of methyacrylic acid - and methyl
methacrylate; Surelease‘a product of Colorcon, Inc., West
Point, PA, which comprises an aqueous dispersion of
ethylcellulose, dibutyl sebacate, oleic acid, fumed
silica, and ammonium hydroxide;'Aquacoate, a product of

35 FMC Corp., which comprises an aqueous dispersion of
ethylcellulose; Coateric’, a product of Colorcon, Inc.,
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-26- release of the remaining drug in the upper small intestine (pH
4.5-6.5). To achieve this, a polyner coating blend is prepared by m xing
.10.0 parts of hydroxypropyl 5 met hyl cel | ul ose pht hal ate ( HPMCP- 50,

Shi n- Et su Chem cal, Tokyo, Japan), 2.5 parts of hydroxypropyl nethyl

cellul ose, 2.5 parts of mneral oil, and 1.67 parts of orange cél orant
(Opaspray K-1-2562, Colorcon, Inc., West Pojqnt, PA) and dissolving the
m xture in an organic 10 solvent. The blended pol yner coating sol ution

i's sprayed onto 00’ dompPEsdsi 01V ERYL SRESt 8t CRALRA 18RRET itRlateric®,
a product of FMC Corp., which comprises cellulose acetate
phthalate; Eastman C-A-P ™ , a product of Eastman Kodak
Company, Rochester, New York, which comprises cellulose

5 acetate phthalate; and Eastman C-A-T °, a product of
Eastman Kodak Company, which comprises cellulose acetate
trimellitate. Preferred as a coating material for the
quick release granules is hydroxypropyl methylcellulose.

Although up to about 1 to about 10 parts by
10 weight gain due to the coating based upon the weight of
the uncoated quick release granules is suitable, from
about 2 to about 5 parts by weight gain is preferred and
about 2 parts by weight gain is most preferred.
" This polymer coating may also optionally
15 include a precoat, an overcoat or a combination of the
foregoing. For best resuits, a 1 to 10 parts by weight
‘gain level is preferred in addition to the standard
coating when using aqueous coating formulations.
The polymer coating of the coated spherical
20 granules is blended to provide solubility characteristics
which are independent of pH and also pH sensitive. The
coating should be capable of beginning to swell and
slowly release minocycline in the stomach. Upon reaching
the duodenum/jejunem, the pH-sensitive polymer dissolves,
25 and minocycline is completely released from the coated
pellets and is rapidly and substantially completely
erodible because the medium has a pH in the range of from
about 4.0 to about 7.5, whereby erosion is inhibited but
not precluded by a pH outside that range such as in the
30  human stomach. Thus there is a rapid, controlled release
of the remainder of the medicament from the coated
spherical granules in the upper small intestine, i.e.
duodenum. ‘
The film forming polymers'can vary widely in
35 ‘type and amount which correlate to film or coating
thickness.
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granules at an initial rate of 7 m/mn which.is gradually increased to 9
m/mn in an Uni-Gatt Mdel 15 82/E fluid bed until a 20 parts by

wei ght gai-n- based upon the weight of the precursors of coated spherical
granules is achieved. Input air is adjusted to [err] while output air is
- adj-usted between 22 and [err]. pH sensitive bl ended polymer coated
spherical 20 - granul es having a pol yner %cbati ng adapted to rel ease sone

drug in the acid environnent of the stomaclf {pH -3) and to erode rapidly

and substantially conpl et l&gtg‘?lérfﬁ%g.gugg h&%t PimifEng" ?‘g?wmé%ou%%ﬂs

small intestine (pH 4.5-6. ar e
of quick rel easeoagriagltde [Peblets dxe trethydicedd udiosSte® Kl Gid WS dar t s
of the bl ended @\Q)Wyéﬁ?}fd s@arﬂﬁ%lsegranuﬁﬁr@,ﬁwgglby td€llulose,

hydroxypropyl methylcelldlose, hydroxypropyl

-5 methylcellulose phthalate, cellulose acetate phthalate,
hydroxypropyl methylcellulose succinate, a polymer or
copolymer of (meth)acrylic acid or {meth)acrylic acid
methyl ester, polyéinyl acetate phthalate or polymers or
copolymers of polyvinyl acetate, cellulose acetate, fatty

10 " acids and esters thereof, cellulose acetate trimellitate,
and mixtures of any of the foregoing. These coatings can
include any of the conventional coating additives from
above as well. A suitable form of hydroxypropyl
methylcellulose is one having a viscosity in the range of

15 3 to 100 cps at 200C (U.S. National Formulary XIII), and
more particularly a viscosity of 6 cps at 20°Cc. Preferred
as the «coating is a combination of hydroxypropyl
methylcellulose phthalate and hydroxypropyl
methylcellulose, and most preferably, these coatings will

20 be adapted to dissolve substantially completely in a
medium having a pH of about 5.0 or greater than about
5.5.

Although from about 5 to about 35 parts by
weight gain due to the biended polymer coating based upon

25 the weight of the uncoated spherical granules (precursors
of coated spherical granules) or core is suitable, from
about 5 to about 25 parts by weight gain is preferred and
from about 10 to about 25 parts by weight is most
preferred.

30 The polymer coating may also independently
include a precoat, an overcoat; or a combination of the
foregoing. For best results, a 1 to 10 parts by weight
gain level is preferred in addition to the standard
coating when using an aqueous formulation.

35 The amounts of minocycline and excipient which
comprise the quick release granules can vary broadly but
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met hod of Step (b) are mxed in a | ow shear blender at | ow speed for 15
mnutes to forma spheronized 30 phar maceuti cal conposition m xture. (d)
The m xture prepared by the nethod of-Step (c) is filled into hard shel
gelatin capsules to formoral dosage unit forns having a total .m nocycline
content of 100 ng, with 50 ng of mnocycline contained in the 35 qui ck
rel ease granules and 50 ng of the m nocyclhpe -27- conpound contained in
the pH sensitive bl ended pol ymers coated spherical granules. Dissolution

profiles of  bel Gk0aQY§ beein the range of from about 10 to about 70
parts by weight of minocycline and from about 90 to about
30 parts by weight of excipient based upon 100
parts by weight of minocycline and excipient combined.
5 Preferably, the quick release granules comprise about 50
parts by weight of minocycline and about 50 parts by
weight of excipient based upon 100 parts by weight of
minocycline and excipient combined. )

The amounts of minocycline and excipient which

10 comprise the precursors of the blended polymer coated
spherical granules or the core of the multicoated
compositions should be be in the range of from about 10
to about 80 parts by weight of minocycline and from about
90 to about 20 parts by weight of excipient based upon

15 100 parts by weight of minocycline and excipient
combined. The amount of blended polymer coating on the
precursors or the core varies broadly as well and is
described above. Preferably, the coated spherical
granules will comprise about 60 parts by weight of

20 minocyciine and about 40 parts by weight of excipient
based upon 100 parts by weight of minocycline and
excipient combined, and the blended polymer coating will
comprise a weight gain of about 10 to about 25 parts by
weight based upon 100 parts by weight of minocycline and

25 excipient combined.

The components of the pharmaceutical delivery
systems be filled into either hard shell gelatin or soft
shell gelatin capsules alone or with additional active
medicaments, lubriéants, .disinteqrants, plasticizers,

30 colorants, pigments, flavoring, additional éxcipients or
a combination of any of the foregoing by any conventional
capsule forming and/or f£filling machine and optionally may
be sealed by any means commonly known to one of ordinary
skill in the pharmaceutical arts including but not

35 limited to 'spot-welding, gelatin bands and matched

locking rings.
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hydrochl ori de are deternmined by U S.P. XXI test nethods 5 usi ng buffered
nmedi a having pHs of 4.0 and 6.0. The results appear in FIGS. 3 and 4,
respectively, in graph form COVWARATIVE EXAMPLE 1C [err] The procedure of
Exanple 1B is repeated except 10 that Step (b) is nodified as foll ows:
(b). A pH sensitive polymer coating blend is prepared by nmixXing 5.94
parts of hydroxypropyl nethylcellul ose p_t}t{_al ate (HPMCP-50, Shin-Etsu
Chem cal, Tokyo, Japan), 0.31 parts of ydroxypropyl nmethyl 15

cellulose, 1.25 parts of mmerghr@l IsheAld fafduPas t 858l HRNEReC Y AUHMNL
(Opaspray K-1-2562, Colorcon, Inc., West Point, PA) and_dissolving the
mxture in an OFBgﬁpEL§8|@gﬁi.generally comprised 0f gelatin, water and

optionally, FD&C colorants, opacifying agents such as
titanium oxide, sul fur dioxide to prevent any
5 decomposition or a combination of any of the foregoing.
They generally comprise two sections, one slipping over

the other, completely surrounding the filling.
The soft shell cépshles used in the present
invention are generally a soft, globular, gelatin shell

10 somewhat thicker than the shell of the hard shell
capsule. The gelatin is: usuwally plasticized by the
addition of glycerin, sorbitol, or a similar polyol.
They may also contain a preservative to prevent the
growth of fungi. '

15 All of the pharmaceutical delivery systems,
compositions or oral dosage unit forms of the present
invention can be prepared using any conventional
pharmaceutical production equipment.

FIG. 1 illustrates the typical steps in the

20 preparation of uncoated spherical granules for use as
either uncoated quick release granules or as precursors
of pH sensitive polymer coated spherical granules.
Firstly, an effective amount of at least one
pharmaceutically acceptable excipient and an effective

25 antibacterial = amount of 7-dimethylamino-6-deoxy-6-

| demethyltetracycline or a non-toxic acid addition salt
thereof are blended in a mixer. The resultant blend of
the first step is granulated with a liquid medium, e.q.
an aqueous solution or an organic solvent and preferably

30 water, until the proper consistency for extrusion is
realized. The resultant granulated mass is then extruded
in an extruder or extruder/spheronizer , through a
suitably sized, e.g. 1.0 mm, perforated plate and is
spheronized at high speed for a time sufficient to form

35 spherical granules. The wet spherical granules are then
dried in conventional equipment at suitable temperatures,
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The bl ended pol ynmer coating solution is sprayed 20 onto 900 parts of
dri-ed precursors of coated spherical granules in accordance with Step (b)

i n-Conpar ative Exanple 1B until a 10 parts by wei ght gain based upon the
wei ght of the precursors of coated spherical granules is achieved. 25

Bl ended polynmer coated spherical granules having a pol yner *coating
adapted to rel ease sone drug in the acid enpglLronnment of the-stomach (pH -3)
and to erode rapidly and substantially conpletely to rel ease the rest of
the drug in theeugpesughabk itiagsdiyersPdtd.5% @&Pb)sFHteo0a cdidmbiodL)

ind 750 parts ofifhg’ BeEnEEy Fo SHeronoaFed s el 48 O anuney SRERRGF by
t he level, e.g. about 1 to about 7 percent and preferably
about 2 to about 5 percent.

5 FIG. 2 iiiustrates that the quick release
granules then, optionally, may be coated with a
substantially uniform polymer coating which is rapidly
and substantially completely erodible in a medium having
a pH of less than about 3.9 with an aqueous or organic

10 solvent, e.g. methylene chloride and/or methanol,
solution of the desired coating forming polymer, using
fluid bed technology, pan-coating or the like.
Preferably, fluid beds are used. FIG. 2 also illustrates
that the precursors of coated spherical granules are

15 independently coated with a substantially uniform blended
polymer coating which is rapidly and partially erodable
in water and thereafter substantially completely erodible
in a medium having a pH of from about 4.0 to about 7.5 in
a manner as explained above. |

20 An initial loading therapeﬁtically effective
number of uncoated quick release granules or, optionally
coated quick release grénules, may then be mixed in a low
shear mixer with a secondary loading therapeutically
effective number of blended polymer coated spherical

25 granules. |

A hard shell or a soft shell capsule may be at
least partially filled and bptionally sealed, as
previously described, to form a capsule oral dosage unit
form.

30 The pharmaceutical delivery systems,
spheronized pharmaceutical compositions, or oral dosage
unit forms containing them may be administered by
ingestion, thereby maintaining a therapeutic minocycline
level in the blood stream of a warm blooded mammal for

35 about 24 hours, and thereby providing about a 24 hour
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met hod of Step (b) are mxed in a | ow shear blender at 35 | ow speed
for. 15 mnutes to form a spheronized pharnaceutical conposition

m xt.ure. -28- (d) The m xture prepared by the nmethod of Step (c) is
filled into hard shell gelatin capsules to formoral dosage unit forns
having a total m nocycline content -of 100 ng, with 50 ng of m hocycline
contained in the 5 qui ck rel ease granulgs and 50 ng of the m nocycline
conmpound contained in the pH sensitive bleﬁﬁed pol ymers coat ed spheri cal

granul es. Di Ssoéﬁgfggbupigfi£§80d0f1e$gf Pi&@cygliéﬁ%e—a—day dosaging
system.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following examples illustrate the invention

5 without limitation. All parts are given by weight unless
otherwise indicated. Biocavailability is a function of,
and is an absolute term that indicates measurement of,
both the true-rate and the total amount (extent) of drug
that reaches the blood stream from an administered dosage

10 form.
COMPARATIVE EXAMPLE 1A’

One tablet containing 50 mg of minocycline
hydrochloride (Minocin° - Lederle Laboratories) is
administered to a human subject, and serum concentration

15 levels of minocycline hydrochloride are measured over a

twelve hour period. A second tablet containing 50 mg of
minocycline hydrochloride (Minocin?) is administered to
the subject at the end of the twelve hour period, and
serum concentration levels of minocYcline hydrochloride

20 are measured over the next twelve hour period. The
results appear in FIG. 5 in the'curve identified as
"Comparative Example 1A™".

Bicavailability is 100 percent because this is
the reference for comparison.

25 A maximum serum concentration of minocycline
hydrochloride during the first twelve hour period of 0.8
mcg/ml of serum is reached after 2 hours, and a maximum
serum concentration of minocycline hydrochloride during
the second twelve hour period of 1.3 mcg/ml is reached 2

30 hours after the administration of the second tablet.
Minocycline hydrochloride plasma level concentration
fluctuates broadly as in FIG. 5 can result in undesirable
side effects such as nausea and gastroirritability.

) COMPARATIVE EXAMPLE lB'[QDIV]

35 (a) A blend is prepared by mixing 2500 parts of

minocycline hydrochloride powder (Minocin’ -~ Lederle
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hydrochl ori de are determned by U S.P. XXI test nethods 10 usi ng
buffered nmedia having pHs of 4.0 and 6.0. The results appear in FIGS. 3
and 4, respectively, in graph form EXAMPLE 1 [QVI] The procedure of
Exanple [err] is repeated except 15 that Steps (b) and (c) are nodified
as follows: (b) A polynmer coating blend is prepared by mxing 8.0 parts of
hydr oxypr opyl nethyl cel | ul ose phthal ate (HP¥P-50, Shin-Etsu Chenical,

Tokyo, Japan), 2.0 parts of hydroxypropyl nethyl cellulose, 2.0 parts of 20
m neral oil, and..a]b&ﬁhtp@ries@f amnge2800 or patrtECpashHr apnicdo2SHalline

Cof oren L1eL) GEElaTBLEt 1aBReR" S 550 VA0, LBERTLHLGR) 1% Shdiie
mixer at 1ow speed. The powder blend is then granulated
to an extrudable consistency by adding 3000 parts by

5 volume of water slowly and mixing. The resultant
granulate is extruded at high speed through a 1.0 mm
plate in a NICA extruder/spheronizer model S450, and
subsequently is spheronized at high speed. The wet
spheres are dried in an Aeromatic fluid bed dryer at 70°C

10 air input until the moisture content is about 1 to 7
percent to form yellow uncoated quick release granules
having a smooth surface and a homogeneous tetracycline
compound distribution.

_ (b) A blend is prepared by mixing 3000 parts of

15 minocycline hydrochloride powder (Minocin° - Lederle
Laboratories), 1650 parts of microcrystalline cellulose
(Avicelo PH-101, FMC Corporation) and 350 parts of
AC-DI-SOL (crosscarmellose sodium) in a Hobart mixer at
low speed. The powder blend is then granulated to an

20 extrudable consistency by adding 3000 parts by volume of
water slowly and mixing. The resultant granulate is
extruded at high speed tﬁrough a 1.0 mm plate in a NICA
extruder/ spheronizer Model S450, and subsequently is
spheronized at high speed. The wet spheres are dried in

25 an Aeromatic fluid bed dryer at 70°C air input until the
moisture content is about 1 to 7 percent to form
precursors of coated spherical granules.

The coxre pellets are coated with a solution
containing a blend of hydroxYpropyl methylcellulose

30 phthalate (HCMCP 50), a pH dependent polymer which
dissolves at pH 5 and above, and hydroxypropyl
methylcellulose (HPMC), a water-soluble pore forming
polymer, which dissolves at all pH conditions. Thus the
coating polymer system (HCMCP 50 : HPMC) developed provides

35 'a coated system where some drug will be released in the
acid environment of the stomach (pH 1-3) and rapid
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onto 900 parts of dried precursors of coated spherical 25 granules in
accordance with Step (b) in Conparative Exanple 1C until a 20 parts by
wei ght gai n based upon the wei ght of the precursors of coat'ed spherical
granules is achieved. pH sensitive bl ended pol yner coated spherical 30
granul es having a pol yner coating ‘adapted to rel ease sone drug in the acid
envi ronment of the stomach (pH -3) and te2&rode rapidly and substantially
conpletely to release the rest of the drug in the upper small intestine (pH
4.5-6.5) are frglemie 330f the remainimy dO0P partshd quipk rsaladdse

granul es prepqmyggbgﬁge(ﬁﬁtQgg_gfsﬁgep (a) and 600 parts of the This is
t he repl acenent sheet
To achieve this, a polymer coating blend is
prepared Dby mixing 10.0 parts of hydroxypropyl
5 methylcellulose phthalate (HPMCP-50, Shin-Etsu Chemical,
Tokyo, Japan), 2.5 parts of hydroxypropyl methyl
cellulose, 2.5 parts of mineral oil, and 1.67 parts of
orange colorant (Opaspray K-1-2562, Colorxrcon, Inc., West
Point, PA) and dissolving the mixture in an organic

10 solvent.

The blended polymer coating solution is sprayed
onto 300 grams of dried precursors of coated spherical
granules at an initial rate of 7 ml/min which is
gradually increased to 9 ml/min in an Uni-Glatt Model

15 82/E fluid bed until a 20 parts by weight gain based
upon the weight of the precursors of coated spherical
granules is achieved. Input air is adjusted to 54°C while
output air is adjusted between 22 and 25°C.

_ pH sensitive blended polymer coated spherical

20 granules having a polymer ceoating adapted to release some
drug in the acid environment of the stomach (pHl1-3) and
to erode rapidly and substantially completely to release
the rest of the drug in the upper small intestine (pH
4.5-6.5) are formed.

25 (c) 750 parts of quick release granules
prepared by the method of Step (a) and 750 parts of the
blended polymer coated spherical granules prepared by the
method of Step (b) are mixed in a low shear blender at
low speed for 15 minutes to form a spheronized

‘30 pharmaceutical composition mixture.

(d) The mixture prepared by the method of Step
(c) is filled into hard shell gelatin capsules to form
oral dosage unit forms having a total minocycline content
of 100 mg, with 50 mg of minocycline contained in the

35 quick release granules and 50 mg of the mihocycline
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-29- pH sensitive bl ended pol yner coated spherical granules prepared by the
nmet hod of Step (b) are mxed in a | ow shear bl ender at |ow speed for 15

m nutes-'to forma spheroni zed pharmaceuti cal cofposition m.xture. 5

(d). The m xture prepared by the nethod of Step (c) is filled into hard
shell gelatin capsules to formoral dosage unit fornms having a total

m nocycline content of 100 ng, with 60 ng ef7ri nocycline.contained in the
qui ck rel ease granules and 40 ng of the mnocycline 10 conpound

contai ned in thegqipeansi tonealiineadeich pey M saoai eivsphbendad poapukes.

Dissolution profdd&sy sPheribll grBnlqeyc!ine
) Dissolution profiles of the minocycline
hydrochloride are determined by U.S.P. XXI test methods
5 using buffered media having pH's of 4.0 and 6.0. The
results appear in FIGS. 3 and 4, respectively, in graph
form. '
COMPARATIVE EXAMPLE quQDV]

The procedure of Example 1B’ is repeated except

10 that Step (b) is modified as follows:

(b) A pH sensitive polymer coating blend is
prepared by mixing 5.94 parts of  hydroxypropyl
methylcellulose phthalate (HPMCP-50, Shin-Etsu Chemical,
Tokyo, Japan), 0.31 pafts of hydroxypropyl methyl

15 cellulose, 1.25 parts of mineral oil, and 0.83 parts of
orange colorant (Opaspray K-1-2562, Colorcon, Inc., West
Point, PA) and dissolving the mixture in an organic

solvent.

The blended polymer coating solution is sprayed

20 onto 900 parts of dried precursors of coated spherical
granules in accordance with Step (b) in Comparative
Example 1B until a 10 parts by weight gain based
upon the weight of the precursors of coated spherical
granules is achieved.

25 Blended polymer coated spherical granules
having a polymer coating adapted to release some drug in
the acid environment of the stomach (pHl1-3) and to erode
rapidly and substantially completely Lo release the rest
of the drug in the upper small intestine (pH 4.5-6.35) are

30 formed.

{(c) 750 parts of quick release granules
prepared by the method of Step (a) and 750 parts of the
blended polymer coated spherical granules prepared by the
method of Step (b) are mixed in a low shear blender at

35 low speed for 15 minutes to form a spheronized

pharmaceutical composition mixture.
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hydrochl ori de are determned by U S.P. XXl test nethods using buffered
nmedi a having pHs of 4.0 and 6.0. The 15 results appear in FIGS. 3 and

4, respectively in graph form The dosage forns prepared above were S
fornmulated to determne the effect of several factors for inproving

bi gavail ability. These are described bel ow. 20 1. Increase the
uncoated portion of pellets in the fornula5|on 2. Incorporate pore
creating agents in the polyner coating. e.{§. coat the pellets with a bl end

LT 2L 00, 1SS T S D AT, B,
It is preferred(fd S |Fid eﬁrpabpehzrﬂoshell gelatln capsules tO form
oral dosage unit forms having a total minocycline content
of 100 mg, with 50 mg of minocycline contained in the
5  quick release granules and 50 mg of the minocycline
compound contained in the pH sensitive blended polymers
coated spherical granules.
Dissolution profiles of " the minocycline
hydrochloride are determined by U.S.P. XXI test methods
10 using buffered media having pH's of 4.0 and 6.0. The
results appear in FIGS. 3 and 4, respectively, in graph
form.
EXAMPLE 1 [QDVI]
The procedure of Example 1c” is repeated except
15 that Steps (b) and (c) are modified as follows:

_ (b) A polymer coating blend is prepared by
mixing 8.0 parts of hydroxypropyl methylcellulose
phthalate (HPMCP-50, Shin-Etsu Chemical, Tokyo, Japan),
2.0 parts of hydroxypropyl methyl cellulose, 2.0 parts of

20 mineral oil, and 1.30 parts of orange colorant (Opaspray
K-1-2562, Colorcon, Inc., West Point, PA) and dissolving
the mixture in an organic solvent. '

The blended polymer coating solution is sprayed
onto 900 parts of dried precursors of coated spherical
25 granules in accordance with Step (b) in Comparative
Example 1C until a 20 parts by weight gain based
upon the'weight of the precursors of coated spherical
granules is achieved.
pH sensitive blended polymer coated spherical
30 granules having a polymer coating adapted to release some
drug in the acid environment of the stomach {(pHl1l-3) and
to erode rapidly and substantially completely to release
the rest of the drug in the upper small intestine (pH
4.5-6.5) are formed.
35 (c) 900 parts of quick release granules
prepared by the method of Step (a) and 600 parts of the
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I ncrease the bioavailability of the product since Variable 1 would
potentially provide a product simlar to 30 | mredi ate rel ease product
and Variable 3 mght provide a product with greater variability in drug

rel ease, because of |ow coating level applied. Each of the Conparative
Exanpl es 1B*, 1C* and Exanple 1 were devel oped utilizing all of the above
35 vari abl es. They were devel oped in 100 ng dosage strength. Al of them
contai ned a bl end of yell ow uncoated and -29=30- orange coated pellets.

They differed in their dissolution profiles when tested in _pH 4.0
di ssol uti on pPH sensitive blended polymer coated spherical granules

prepared by the method of Step (b) are mixed in a low
shear blender at low speed for 15 minutes to form a
spheronized pharmaceutical composition mixture.

5 (d) The mixture prepared by the method of Step
(c) is filled into hard shell gelatin capsules to form
oral dosage unit forms having a total minocycline content
of 100 mg, with 60 mg of minocycline contained in the
quick release granules and 40 mg of the minocycline

10 compound contained in the pH sensitive blended polymers
coated spherical granules.

Dissolution profiles of the minocycline
hydrochloride are determined by U.S.P. XXI test methods
using buffered media having pH's of 4.0 and 6.0. The

i5 results appear in FIGS. 3 and 4, respectively in graph
form.
The dosage forms prepared above were
formulated to determine the effect of several factors for
improving bioavailability. These are described below:

20 1. Increase the uncoated portion of pellets in the
formulation.
2. Incorporate pore creating agents in the polymer

coating. e.g. coat the pellets with a blend of water
soluble and pH sensitive polymer (HPMC/HPMCP 50) and vary
25 the ratio of these two polymers.
3. Adjust the coating levels on pellets.

It is preferred to utilize Variable 2 to
increase the bicavailability of the product since
Variable 1 would potentially provide a product similar to

30 immediate release product and Variable 3 might provide a
product with greater variability in drug release, because
of low coating level applied.

Each of the Comparative Examples 1B*, 1C*
and Example 1 were developed utilizing all of the above

35 variables. They were developed in 100 mg dosage strength.
All of them contained a blend of yellow uncoated and
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medi um (Table 1 and Figure 3). In pH 6.0 dissolution nedium all showed
simlar profiles, as expected, 5 I ndi cating conplete rel ease of drug
occurred at pH 6.0 environnment (Table 1 and. Figure 4). The yell ow uncoat ed
qui ck-rel ease pellets used in all of the Exanples consisted of m nocycline
HC -and m crocrystalline cellul ose. The mcrocrystalline 10

cel | ul ose provi des mat ri x controll ed m nocycl i ne dissolution from
t hese pellets. The core conposition of the"apénge coated pellets used in

all of the Examples_includes_ m nocycline HCO, microcr allLi,ne celly|ose
and crosscarnelI8§§n§8diLﬁﬁat%%e %géggﬁrnello e%odpgﬁkﬁgeTS J'ningl'"tlz'(}iéfd
in the cores of dhesodatédnpgrtaiisldsd wren ateatedsint @ff 8t dhesebytion

Q:S;i ?LP?onﬁgd Ré&i‘lﬁmuRﬂbfé‘elCghhu'r‘l%ju“re”%r.i X LR g Ak 561 §REENO!
medium, all showed similar profiles, as expected,
5 indicating complete release of drug occurred at pH 6.0
environment (Table 1 and Figure 4).
The yellow uncoated quick-release pellets used
'in all of the Examples consisted of minocycline HCl and
microcrystalliné cellulose. The microcrystalline

10 cellulose provides matrix controlled minocycline
dissolution from these pellets. The core composition of
the orange coated pellets used in all of the Examples
includes minocycline HCl, microcrystalline cellulose and
crosscarmellose sodium. The crosscarmellose sodium is

15 included in the cores of the coated pellets to act as a
disintegrant, thereby providing rapid break up of the
cellulosic matrix for immediate release of drug following
dissolution of coating polymer.

The core pellets are coated with a solution

20 containing a blend of hydroxypropyl methylcellulose
phthalate (HPMCP 50), a pH dependent polymer which
dissolves at pH 5 and above, and hydroxypropyl
methylcellulose {(HPMC), a water-soluble pore forming
polymer, which dissolves at all pH conditions. Thus the

25 coating polymer system (HPMCP S50:HPMC) of the Examples
provides a coated system where some drug will be released
in the acid environment of the stomach (pH 1-3) and rapid
release of the remaining drug in the upper snall
intestine (pH 4.5-6.5}.

30 Considering the double pulse delivery design
for these prototypes, the dissolution test method in two
buffered media (pH 4.0 and pH 6.0) set for the above is
appropriate because the pH 4.0 (0-02 M Acetate Buffer)
dissolution medium differentiates the dissolution

35 profiles of these dosage forms as shown in Figure 3.
While the pH 6.0 (0.05 M Phosphate Buffer) dissolution
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di ssolution of coating polyner. The core pellets are coated with a sol ution
20, containing a blend of hydroxypropyl nethylcellulose phthalate.
(HPMCP 50), a pH dependent pol-yner which dissolves at pH 5 and
above, and hydroxypropyl nethylcellul ose (HPMC), a water-soluble pore
form ng pol yner, which dissolves at all pH conditions. Thus the 25

coating polyner system (HPMCP 50: HPMC) of -3he Exanpl es provi des a coated
system where sonme drug will be released in the acid environnment of the
stomach (pH 1- Bmedmdmr aprdvidesasasoirdmese r eﬁaicn:imgleirelg diirs dotan ttpper ool |

dol { very desi grEB0cPEALEY 1n s sppen, BRRR O8] HRE HRFLET Y RERRR S prico
buf fered nedi a @pHshognada FHP®E et for the above is
These prototypes (QD-1IV, QD-V & QD-VI; 100 mg
5 capsules) were evaluated in humans against MINOCIN
tablets (50 mg BiD), as reference, at Guy's Hospital in
London in a pilot Bioavailability (BA) study . The pilot
BA study screened the prototypes in a single dose study
design. |
10 The pilot study indicated that QD-VI showed 89%
bioavailability, better than QD-IV (65%) or QD-V (80%)
éompared to reference. The results of this study are
tabulated in Table 2 and graphically shown in Figure 5.
The QD-VI prototype was then selected for a multi-dose
15 biocavailability study. The multi-dose study results are
reported in Table 3.
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appropriate because the pH 4.0 (0-02 M Acetate Buffer) dissolution medi um
di fferenti ates t he di ssolution 35 profiles of these dosage forns as
shown in Figure 3. Wiile the pH 6.0 {0.05 M Phosphate Buffer) dissolution
-31- medi um provi des assurance of conplete dissolution of mnocycline in
thé upper part of the small intesti‘ne pH, as shown in Figure 4. These
prototypes (Q@D-1V, Q@-V & QO VI; 100 ng 5-32-capsules) were evaluated in
humans against MNOCIN tablets (50 ng BID), as reference, at GQuy's
Hospital in London in a pilot Bioavail al®dBLB I BA) study . The pil ot

Minocycline QD IV, V and VI, Dissolution Data
in pH 4.0 and pH 6.0 Buffer Media
pH 4.0 Buffer |
' & Minocycline dissolved (Mean + SD, N=12)

Time

Minutes QD-IV QD-V QD~-VY

0. ’ 0 0 0

30 39.5+/-10.3 45.8+/-4.9 57.7+/-4.1
60 53.2+/-12.0 60.0+/-6.3 73.9+/-5.5
90 65.5+/-11.7 79.1+/-6.8 83.2+/-5.2
120 78.2+/-10.4 89.5+/-4.6 90.5+/-5.0

pH 6.0 Buffer

% Minocycline dissolved (Mean +SD, N=12)

Time

Minutes QD-1V QD-V QD-VI

0 0 0 0

30 74.3+/-6.3 80.3+/-3.2 76.7+/-5.9
60 95.8+/-5.9 102.4+/-2.7 96.6+/-5.1
90 99.9+/-5.2 104.2+/-2.3 103.3+/-2.3
120 102.3+/-4.2 104.5+/-2.4 105.4+/-1.8
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BA study screened the prototypes in
The pilot study indicated that QD Vi

than QD 1V (65% or QD V (80% conpared to reference.

a single dose study design. 10
showed 89% bi oavailability, better
The results of this

study are tabulated in Table 2 and graphically shown in Figure 5. The QD VI

pr ot ot ype was then selected for a nulti-dose 15
The multi-dose study results are reported in_Table 3.
Di ssol ution Dafd”

M nocycline Q@ 1V, V and VI,

bi oavail ability study.
-32- TABLE 1

TABLE 2

IN VIVO SUMMARY RESULTS ON QD-IV, OD-V & QD-VI

PROTOTYPES

(100 mg Capsules)

Single Dose Study Data

Tmax Cmax Bioavailability
(hrs.) (mcg/ml) AUC (4) (%)
MINOCIN Tablets 2.0 0.9 100
(50 mg, BID) (14.3)~* (1L.3)*
QD-1IV (100 mg, QD) 2.8 1.2 62
QD-V (100 mg, QD) 3.1 1.3 80
QD-VI (100 mg, QD) 2.7 1.5 89
Number in ( ) is second dose data.
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Q- V
0 30

Q- V

Media pH 4.0 Buffer % M nocycline dissol ved

N=12) Tinme M nutes
0

'o ' I

( 2
qD_ Vl-

in pH 4.0 and pH 6.0 Buffer

Mean-.+ SD

.0
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30 74.3+/-6.3 80.3+/-3.2 76.7+/-5.9 60

95.8+/-5.9 102.4+/-2.7 96. 6+/-5.1 90 99.9+/-5.2
104.2+/-2.3 103.3+/-2.3 120 102. 3+/-4.2 104.5+/-2.4
105.4+/-1.8 -33- TABLE 2 IN VI VO SUMVARY RESULTS ON Q@D IV, @DV & QD VI
PROTOTYPES (100 ng Capsul es) Singl e: Dose Study Data Tmax Cmax

Bi oavai lability (hrs.) (ncg/ M) AUC (- (%

Examples 1B, 1C and 1 (FIGS. 3 and 4)
demonstrate the selective release properties of blended
polymer coated release spherical granules.

Example 1 demonstrates the ability of

5 compositions and oral dosage unit forms of the present
invention to maintain superior prolonged and controlled
release of minocycline and thus the ability to provide a
relatively even, at least minimum therapeutic. blood
concentration level of minocycline for up to about 24

10 hours with only once-a-day administration.

Comparative Example 1A" illustrates the uneven
release rate and the broad fluctuations in blood levels
of minocycline that result from conventional minocycline
dosages.

15 Example 1 further demonstrates that the
prolonged controlled release properties are also
maintained in a fasting patient, thereby obviating the
need for a patient to eat regularly for a therapeﬁtic
effect.

20 Comparative Example 1A  illustrates, when
compared with Example 1, that the relatively low dosages
of the present invention provide relatively even
therapeutically effective .concentration levels of
minocycline.

25 Examples 1 in comparison with Comparative
Examples 1B’ and 1C’ demonstrate that if the quick release
pellets predominate, the oral dosage unit forms of the
present invention are more bicavailable and less subject
to reduction of biocavailability after eating.

30 | All patents, applications, publications and
test methods mentioned above are hereby incorporated by
reference.

Many variations of the present invention will
suggest themselves to those skilled in the art in light

35 of the above detailed description. For example, the
separate administration units can be different oral
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M NOCI N Tabl et s 2.0 0.9 100 (50 my, BID)
1.2

(14.3)* (1.3)* @1V (100 ng, QD) 2.8 : 62 QD V
(100 mg, Q) - 3.1 -~ 1.3 780 @ VI (100 ng, QD) 2.7
1.5 89 Nunber in ( ) is second dose data. - 34- - 35-
Exanmples 1B, 1C and 1 (FIGS. 3 and 4)

_36_

dosage unit forms inclﬁding medicament-coated pellets and

the ratio of quick release to slow release pellets can be

- as high as 80:20 parts by weight. All such modifications

40 are within the full intended scope of the appended
claims.
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denonstrate the selective rel ease properties of blended pol yner coated
release spherical granul es. Exanple 1 denonstrates t he ability of
5 conpositions and oral dosage unit forms of the present invention to
mai ntai n superior prolonged and controlled rel ease of m nocycline and thus
the ability to provide a relatively eveéd, —-at | east m ni mum therapeutic

bl ood concentration |evel of mnocycline for up to about 24 10 hour s
with only once-a-day admnistration. Conparative Exanple 1A illustrates the
uneven rel ease rate and the broad fluctuations in blood |evels of

m nocycl i BALNSE result from conventional ninocycline dosages. 15

Exanmple 1 further 1,denpist fapesvetihaphaifi@ceuiolcipedel Donty oldyatem

rel ease Q&%B%Eﬁi % pf@&idéﬂéy%herapeutically effective blood concen-
tration level of 7-dimethylamino-6-deoxy-6-demethyltetracy-
cline or a non-toxic acid addition salt thereof for a
sustained period of time of up to about twenty-four hours
comprising: )
(A) from S1 to 80 parts by weight per 100 parts
by weight of (A) and (B) combined of an initial loading
therapeutically effective number of quick release granules
which comprise
(a) (i) an effective amount of at least one
pharmaceutically acceptable excipient;
and (ii) an effective antibacterial
amount of 7-dimethylamino-6~deoxy-
6-demethyltetracycline or a non-toxic
acid addition salt thereof, on or in
said quick release granules;
said quick release granules being adapted to release sub-
stantially completely said tetracycline or salt thereof in a
medium having a pH of less than about 3.9; and
(B) from 20 to 49 parts by weight per 100 parts
by weight of (A) and (B) combined of a secondary loading
therapeutically effective number of blended polymer coated
spherical granules which comprise
(a) (i) an independent effective amount of
at least one pharmaceutically acceptable
excipient which may be the same as or
different than (a)(a) (i) 7 and
(ii) an independent effective antibact-
erial amount of 7-dimethylamino-6-deoxy-
6-demethyltetracycline or a non-toxic
acid addition salt thereof, on or in
said coated spherical granules; and

| RHN O O T st opacamant shoo
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mai ntained in a fasting patient, thereby obviating the need for a patient
toeat regularly for a therapeutic effect. 20 Conparative
Exanple 1A illustrates, when conpared with Exanple 1, that the
relatively | ow dosages of the present invention provide relatively even
therapeutically effective concentratison |evels of m nocycline. 25
Exanples 1 in conparison wth Conparative Exanples 1B and 1C denonstrate
that if the quick release pellets predom nate, the oral dosage unit forns
of the present invention are nore bioavail able and | ess subject to
reduction of bioavdb)abid isubstantiakiy ngniform pH sensitive\ cophiagt s,

appl i cations, publicati emprAthidfsd BEEAQISRY | PAR+ARANS BbEyRErabY
| ncorporated by on said coated spherical granules (B) one of
which is non pH-sensitive and ©rapidly
erodible in water and the other of which is
pH-sensitive and erodible in a medium having
a pH in the range of from about 4.5 to about
'6.5; said coated spherical granules thereby
being adapted to release some of said
tetracycline or salt thereof in a medium
having a pH in the range of from about 1.0 to
about 3.0 and the remainder rapidly in a
medium having a pH in the range of from about
4.5 to about 6.5.
2. A pharmaceutical delivery system as defined
in Claim 1 wherein said quick release granules (A) comprise
from about 55 to about 70 parts by weight and said coated
granules (B) comprise from about 30 to about 45 parts by
weight per 100 parts by weight of (A) and (B) together.

3. A pharmaceutical delivery system as defined
in Claim 2 wherein said quick release granules (A) comprise
about 60 parts by weight and said coated granules (B)
comprise about 40 parts by weight per 100 parts by weight of
(A) and (B) together. _ )

4. A pharmaceutical delivery system as defined
in Claim 1 wherein said tetracycline or salt thereof in said
quick release granules comprises from about 10 to about 70
parts by weight and said at least one pharmaceutically
acceptable excipient in said quick release granules compris-
es from about 90 to about 30 parts by weight based upon 100
parts by weight of said tetracycline or salt thereof and
said excipient combined.

5. A pharmaceutical delivery system as defined
in Claim 4 wherein said tetracycline or salt thereof com-
prises about 50 parts by weight and said at least one

This is the replacement sheet
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reference. Many variations of the present invention wll suggest thensel ves
to those skilled in the art in light 35 of the above detail ed
descri ption. For exanple, the separate admnistration units can be
different oral -36- dosage unit forns including medi canent-coated
peliets and the ratio of quick rel ease33o-slow rel ease pellets can be as
hi gh as 80: 20 parts by weight. Al such nodifications 40 are within the
full intended scope of the appended clains.
pharmaceutically acceptable excipient comprises about 50
parts by weight based upon 100 parts by weight of said
tetracycline or salt thereof and said excipient combined.

6. A pharmaceutical delivery system as defined
in Claim 1 wherein said minocycline in said coated spherical
granules (B) comprises from about 10 to about 80 parts by
weight and said at . least one pharmaceutically' acceptable
excipient in said coated spherical granules comprises from
about 90 to about 20 parts by weight based upon 100 parts by
weight of said tetracycline or salt thereof and said
excipient combined, and said blended polyiner coating conm-
prises from about 5 to about 35 parts by weight based upon
100 parts by weight of said tet'racycline or salt thereof and
said excipient combined. |

7. A pharmaceutical delivery system as defined
in Claim 1 containing from about 25 to about 400 mg of
7-dimethylamino~6-deoxy—-6-demethyltetracycline or a non-
toxic acid addition salt thereof.

8. A pharmaceutical delivery system as defined
in Claim 1 wherein said excipient in said quick release
granules (A) comprises lactose, other mono- or
di-saccharides, microcrystalline cellulose, starch, sodium
carboxymethyl cellulose, hydroxypropyl cellulose, hydroxy-
ethyl cellulose, crosscarmellose sodium, pregelatinized
starch, polyvinylpyrrolidone, cross-~linked polyvinylpyrrol-
idone, hydroxypropylmethyl cellulose, cellulose acetate,
hydroxypropyl methylcellulose phthala{:e, polyvinyl acetate
phthalate, microcrystalline cellulose in combination with
lactose, microcrystalline cellulose in combination with
sodiun carboxymethyl cellulose, microcrystalline cellulose
in combination with crosscarmellose sodium, or a mixture of
any of tne foregoing. '

9. A pharmaceutical delivery system as defined
in Claim 8 wherein said excipient in said quick release
granules (A) comprises microcrystalline cellulose.

10. A pharmaceutical delivery system as defined
in Claim 8 wherein said excipient in said coated spherical
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CLAI MB: - 1. An inproved pharmaceutical delivery system adapted to provide

a therapeutically effective blood concen- tration | evel offhisSheet Has Been Replaced

7-di met hyl am no- 6- deoxy- 6-denet hyl tetracy- cline-or a non-t

addition salt thereof for a sustained period of time of up| wm&muﬂ"

twenty-four hours conprising: (A fremd®l-to 80 parts by weig

parts by weight of (A and (B) conmbined of an initial |oading

t herapeutically effective nunber of quick rel ease granul es which conprise

(a) (i) an effective amount_ of at |east one pharmaceutically acceptable

exci pi ent granules (B) comprises microcrystalline cellulose in combi-
nation with crosscarmellose sodium.

11. A pharmaceutical delivery system as defined
in Claim 1 wherein said blended polymer coating blend
comprises at least two polymers selected from

(2) methylcellulose

(b) ethylcellulose _

(c) hydroxyethyl cellulose

(d) hydroxypropyl cellulose

(e) hydroxypropyl methylcellulose

(f) hydroxypropyl methylcellulose phthalate

(g) cellulose acetate phthalate

(h) hydroxypropyl methylcellulose succinate

(i) a polymer or copolymer of (meth)acrylic acid

or an ester thereof

(i) polyvinyl acetate phthalate

(k) a polymer or copolymer of polyvinyl acetate

(1) cellulose acetate

(m) fatty acids and esters thereof

(n) cellulose acetate trimellitate; or

(o) a mixture of any of the foregoing, alone, or
in further combination with a plasticizer, a colorant, or a
pigment; adapted to partially erode in water and to dissolve
substantially completely in a medium having a pH in the
range of from about 4.5 to about 6.5.

12. A method of maintaining a therapeutically
effective level of 7-dimethylamino-6-deoxy-6-demethyltetra-
cycline or a non-toxic acid addition salt thereof in the
blood stream of a warm-blooded mammal for about 24 hours
comprising administering to said mammal a pharmaceutical
delivery system as defined in Claim 1.

13. A method for the preparation of a pharmaceu-
tical delivery system comprising the steps of

(I) forming an initial loading component by (a)

blending
(i) an effective amount of at 1least one
pharmaceutical acceptable excipient; and

A ' T
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and (ii) an effective antibacterial anount of T TUeme—
7- diknet hyl am no- 6- deoxy- 6-demet hyltetracycline or a norrmimeemg eg,,

addition salt thereof, on or in said quick rel ease granul Y
rel-ease granul es being adapted to rel ease sub- stantiall y m
tetracycline or salt thereof in a nmedrui having a pH of

3.9; and (B) from20 to 49 parts by weight per 100 parts by wei ght of (A
and (B) conbined of a secondary | oading therapeutically effective nunber of

naependont BF ect rve-angdd) Gt ate PR kB R e ot e

exci pient which may be the sarmp-dimeéthylanino-6-deoxy-6 demethyltetra-
cycline or a non-toxic acid addition
salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid;

(c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to
form guick release granules which are
adapted to release substantially com-
pletely said tetracycline or salt
thereof in a medium having a pH of less
than about 3.9; and

(e) drying said quick release granules; and

(II) forming a secondary loading component by

(a) blending

(i) an independent amount of at least one
pharmaceutical acceptable excipient
which may be the same as or different
than (A)(a) (i) ; and

(ii) an independent effective antlbacterlal
amount of 7-dimethylamino-6-deoxy-6
demethyltetracycline or a non-~toxic acid
addition salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid;

(c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to
form precursors 'of coated spherical
granules;

(e) drying said precursors;

(f) coating said precursors with a substan-
tially uniform coating comprising- a
blend of at least two polymers, one of
which is non pHsensitive and rapidly
erodable in water and the other of which

is pH-sensitive and erodible in a medium

HIIIIII IIIIII | IIIII II IIII This is the replacement shoet
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different than (A (a) (i) ; and (ii) an independent effective antibact-
erial anount of 7-dinethyl am no-6-deoxy- 6-denethyltetracycline or a -

non-toxic acid addition salt thereof, on or in said coadside:HR L&

granul es; and - 38 - (b) a substantially uniform pH 1T h I'ng
conprising a blend of at |east two pel4arers on said CO&EE Hﬂm
granules (B) one of which is non pHsensitive and ble in
wat er and the other of which is

having a pH in the range of from about 4.5 to

about 6.5 and
(B) preparing therefrom a controlled release
pharmaceutical composition in oral dosage unit form by the
step of at least partially filling a hard or a soft shell
capsule with a pharmaceutical delivery system with from
about 51 to about 80 parts by weight of the quick release
granules'prepared by steps (I) and from about 20 to about 49
parts by weight of the slow release granules produced by the
steps (II) and optionally sealing said capsules.

14. A method as defined in Claim 13 wherein the
capsule is filled with from about 55 to about 70 parts by
weight of the quick release granules prepared by steps (I)
and from about 30 to about'45 parts by weight of the coated
granules prepared by steps (II), per 100 parts by weight of
said granuleé. _ -

15. A method as defined in Claim 13 wherein the
capsule is filled with about 60 parts by weight of the quick
release granules prepared by steps (I) and about 40 parts by
weight of the coated granules prepared by steps (II), per
100 parts by weight of said granules.
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pH-sensitive and erodible in a nmediumhaving a pH in the range of from
about 4.5 to about 6.5; said coated spherical granul es thereby being
adapted to rel ease sone of said tetracycline or salt thereof in a nmedium
having a pHin the range of fromabout 1.0 to about 3.0 and the remai nder
raptdly in a nediumhaving a pHin the range of fromabout 4.5 to about

6.5. 2. A pharmaceutical delivery systemas defined in Claim1l wherein
said quick release granules (A) conprise fromabout 55 to about 70 parts by
wei ght and sai d coated granul es (B) cggprise from about 30 to about 45
parts by wei ght per 100 parts by weig of (A) and (B) together. 3. A
phar maceuti cal delivery system as defined

PULSATILE ONCE-A-DAY DELIVERY SYSTEMS FOR MINOCYCLINE
ABSTRACT OF THE DISCILOSURE

Pharmaceutical delivery systems containing
7-dimethyl 6-deoxy 6-~demethyltetracycline or a non-toxic
acid addition salt thereof comprising mixtures of a minor
proportion of slow-release blended polymer coated spherical
granules adapted to release part of the minocycline in a
medium having a pH of below 3.9 and the rest in the range of
from about 4.0 to about 7.5 and a major proportion of coated
or uncoated gquick-release granules adapted to release
minocycline in a medium having a pH of less than about 3.9
and oral dosage unit form capsules containing the above are
provided. These systems and formulations provide enhanced
therapeutic blood levels of minocycline for at least about
24 hours when administered to a subject only once-a-day,
regardless of whether the patient is fed or'fasted. Methods
for the preparation of the systems and formulations are
provided as well.
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in Caim2 wherein said quick rel ease granules (A) conprise about 60 parts
by wei ght and said coated granules (B) conprise about 40 parts by wei ght
per 100 parts by weight of (A) and (B) together. 4. A phar naceuti cal-
del'ivery systemas defined in-Claim1l wherein said tetracycline or salt
thereof in said quick release granules conprises fromabout 10 to about 70
parts by weight and said at |east oneppharmaceutically acceptahl e excipient
in said quick rel ease granul es conpris--es fromabout 90 to about 30 parts
by wei ght based upon 10@RERARADIONECOHMSPHEREAIN GRANUMGEL| i ne or salt

t hereof and said excipient conbined. 5. A pharneceutical delivery system
as defined in Cdaim4 wherein said tetracycline or salt thereof com prises

about 50 parts by fvm—gh-t——aﬂd—sal-de&t—J—eas{——ene————DRUG
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- 39 - pharmaceutically acceptabl e excipient conprises about 50 parts by
wei ght based upon 100 parts by weight of said tetracycline or salt thereof
and sai d excipient conbined. 6. A pharnmaceutical delivery system as
defined in Claim1 wherein said minocycline in said coated spheri cal

granul es (B) conprises fromabout 10 to about 80 parts by weight and said
at | east one pharmaceutically acceptabl e excipient in said coated spherical
granul es conprises from about 90 toaapout 20 parts by weight based upon 100

arts by wei ght of idtetracycline or_salt thereof_ and id excipient
Sonbi ned,  and sai d BIGRASALION o Cottey Senepical oRARULEs® © ' P

DRIED SPHERICAL GRANULES (FROM A)

COATING POLYMER
l COATED QUICK v  COATED DELAYED
RELEASE SPHERICAL. SPHERICAL GRANULES
LGRANULES |
FIG. 2
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prises fromabout 5 to about 35 parts by weight based upon 100 parts by
wei ght of said tetracycline or salt thereof and said excipient conbined. 7.

A-phar maceut i cal

delivery systemas defined in Claim1l containing from

about., 25 to about 400 ng of 7-dinethyl am no-6-deoxy-6-denet hyl tetracycline

or. a. hon- toxic acid addition salt thereof. 8. A pharnaceutical delivery
systemas defined in aim1 wherein said excipient in said quick rel ease
granul es (A conpri ses | act os8/5 ot her nono- or di'-sacchari des,
mcrocrystalline cellulose, starche Mnpeksting jaiaslved cel | ul ose,

hydr oxypropyl cellul ose, hydroxy- ethyl cellulose, crosscarnellose sodium
pregel atinized starch, polyvinylgyrrol | one, CrQss- | i nked pol ygl n)@pyrrol
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hydr oxypr opyl

m crocrystalline cellulose in conbination with | actose,

met hyl cel | ul ose pht hal at e,

pol yvi nyl

cellul ose in conbination.with sodi um carboxynet hyl

acet at e phthal at e,
m crocrystalline
cel I ul ose,

m crocrystalline cellulose in conbination with crosscarnellose sodium or a

mxture ofﬂény of tne foregoi

ng. 9.

A pharmaceuti cal

delivery system as-

defi-ned in Caim8 wherein said excipiemysin sai d quick rel ease granul es

(A) conprises microcrystalline
systemas defined in Claim8
spheri cal

el l,ul ose.
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nation with crosscarnell ose sodium 11. A pharnaceutical delivery system as
defitned in Caim1l wherein said blended pol yner coating blend conprises at

| east two polynmers selected from (a) nethylcellulose (b) ethylcellulose (c)
hydr oxyet hyl cellul ose (d) hydroxypropyl cellul ose (e) hydroxypropyl

met iyl cel l ul ose (f) hydroxypropyl nethylcellul ose phthalate (g) cellul ose
acetate phthalate (h) hydroxypropyl ngyp§ylcellulose succinate (i) a polymer
or copol yner of (meth)acryl mxmuih@éy@mgeﬁﬁmtdwce.o&cg)ugm ywi nyl

acetate phthal ate
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(k) a polymer or copol yner of polyvinyl acetate (1) cellul ose acetate (m
fatty acids and esters thereof (n) cellulose acetate trinellitate; or (0) a
m xture .of any of the foregoing, alone, or in further conbination with a
pl ast'ici zer, a colorant, or a pignent; adapted to partially erode in water
and to dissolve substantially conpletely in a mediumhaving a pHin the
range of from about 4.5 to about 6.5. 120 A-nethod for the preparation of a
pharmaceu- tical delivery systemconprising the step of (1) form ng an
initial |oading conmponent by (a) blending (i) an effective anpbunt of at
| east one pharmaceuti cal acceptabl e excipient; and:

granules (B) comprises microcrystalline cellulose in combi-

nation with crosscarmellose sodiumn.

11. A pharmaceutical delivery system as defined
in Claim 1 wherein said blended polymer coating blend
comprises at least two polymers selected from

(a) methylcellulose

(b) ethylcellulose

(c) hydroxyethyl cellulose

(d) hydroxypropyl cellulose

Y (e) hydroxypropyl methylcellulose

(£f) hydroxypropyl methylcellulose phthalate

(g) cellulose acetate phthalate

(h) hydroxypropyl methylcellulose succinate

(i) a polymer or copolymer of (meth)acrylic acid

or an ester thereof

(j) polyvinyl acetate phthalate

(k) a polymer or copolymer of polyvinyl acetate

(1) cellulose acetate ”

(m) fatty acids and esters thereof

(n) cellulose acetate trimellitate; or

(o) a mixture of any of the foregding, alone, or
in further combination with a plasticizer, a colorant, or a

o/ pigment; adapted to partially erode in water and to dissolve
' substantially conpletely in a medium having a pH in the
range of from about 4.5 to about 6.5.

12. A method for the preparation of a pharmaceu-
tical delivery system comprising the step of
(I) forming an initial loading component by (a)
blending
(i) an effective amount of at least one
pharmaceutical acceptable excipient; and




-41- (ii1) an effecti've antibacterial anount of 7-dimethyl an no-6-deoxy-6
denethyltetra- cycline or a non-toxic acid addition salt thereof; (b)
granulating the resultant blend in the presence of a granulating |iquid;
(c) extruding the resultant granulate; (d) spheronizing the resultant
extrudate to form quick rel ease gfranules which are adapted t*o rel ease
substantially com pletely said tetracycline or salt

(ii) an effective antibacterial amount of
7-dimethylamino-6-deoxy-6 demethyltetra-
cycline or a non-toxic acid addition
salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid:

(c) extruding the resultant granulate;

(d8) spheronizing the resultant e;ctrudate to
form quick release granules which are
adapted to release substantially com-

\_ ' pletely said  tetracycline or salt
thereof in a medium having a pH of less
than about 3.9; and

(e) drying said quick release granules; and

(II) forming a secondary loading component by

(a) blending

(i) an independent amount of at least one

- pharmaceutical acceptable excipient
which may be the same as or different
than (a)(a)(i) ; and

(ii) an independent effective antibacterial
amount of 7-dimethylanino-6-deoxy-6

. demethyltetracycline or a non-toxic acid
s addition salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid:;

(c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to
form precursors of coated spherical
granules;

(e) drying said precursors;

' (f) coating said precursors with a substan-
tially uniform coating comprising- a
blend of at least two polymers, one of
which is non pHsensitive and rapidly
érodable in water and the other of which
is pH-sensitive and erodible in a medium




thereof in a nmediumhaving a pH of |ess than about 3.9; and (e) drying said
qui ck rel ease granules; and (Il1) form ng a secondary | oadi ng conponent by
(a) blending (i) an independent anmount of at |east one pharmaceuti cal

accept abl e exci pi ent which may be the same as or different than (A (a)
(i) ; and (ii) an independent effective antibacterial anmount of

7-di met hyl am no- 6-deoxy-6 denethyltetracycline or a non-toxic acid addition
salt thereof; (b) granulating the resultant blend in the presence of a
granul ating |iquid; _ - 42 -

having a pH in the range of from about 4.5 to
about 6.5 and
(B) preparing therefrom a controlled release
pharmaceutical composition in oral dosage unit form by the
step of at least partially filling a hard or a soft shell
capsule with a pharmaceutical delivery system with from
about 51 to about 80 parts by weight of the quick release
granules prepared by steps (I) and from about 20 to about 49
(7 parts by weight of the slow release granules produced by the
steps (II) and optionally sealing said capsules.

13. A method as defined in Claim 12 wherein the
capsule is filled with from about 55 to about 70 parts by
weight of the quick release granules prepared by steps (I)
and from about 30 to about 45 parts by weight of the coated
granules prepared by steps (II), per 100 parts by weight of
said granules. '

14. A method as defined in Claim 12 wherein the
capsule is filled with about 60 parts by weight of the quick
release granules prepared by steps (I) and about 40 parts by
weight of the coated granules prepared by steps (II), per
100 parts by weight of said granules.




(c)—ext ruding the resultant granulate; (d) spherofi zi REPLACEMENY SH¥ETS G
extrudate to form precursors of coated spherical prid Seﬁptidrﬁ)pagéd'j..ﬂqoﬁ%% d
precursors; (f) coating said precursors with a su Lainis)al |:)ba_£}w',’f}.@rt6n —ﬁd 5o
coating conprising- a blend of at |east two pol yner3 Draningph MARGH s Fgged =
pHsensitive and rapidly erodable in water and thel di Besypdt W@&ﬁ%&ds

pH sensitive and erodible in a nmedium. 49 42 - ¢

granules (B) comprises microcrystallineJcellulose in combi-
nation with crosscarmellose sodiunm.

11. A pharmaceutical delivery system as defined
in Claim 1 wherein said blended polymer coating blend
comprises at least two polymers selected from

(a) methylcellulose

(b) ethylcellulose

(c) hydroxyethyl cellulose

(4) .hydroxypropyl cellulose

(e) hydroxypropyl methylcellulose

(f) hydroxypropyl methylcellulose phthalate

(g) cellulose acetate phthalate

(h) hydroxypropyl methylcellulose succinate

(i) a polymer or copolymer of (meth)acrylic acid

_ or an ester thereof

(3) polyvinyl acetate phthalate

(k) a polymer or copolymer of polyvinyl acetate

{1) cellulose acetate

(m) fatty acids and esters thereof

(n) cellulose acetate trimellitate; or

(o) a mixture of any of the foregéing, alone, or
in further combination with a plasticizer, a colorant, or a
pigment; adapted to partially erode in water and to dissolve
substantially completely in a medium having a pH in the
range of from about 4.5 to about 6.5.

12. A method for the preparation of a pharmaceu-
tical delivery system comprising the step of
(I) forming an initial loading component by (a)
blending
(i) an effective amount of at least one
pharmaceutical acceptable excipient; and
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having a pHin the range of from about 4.5 to about 6.5 and (B)

preparing therefrom a controlled release pharmaceutical conposition in
oral dosage unit formby the step of at least partially filling a hard or a
soft shell capsule with a pharmaceutical delivery systemw th from about 51
to about 80 parts by weight of the quick rel ease granul es prépared by steps
(1) and from about 20 to about 49 parts by weight of the slow rel ease
granul es produced by the steps (I1) and optionally sealing said capsul es.
13. A nethod as defined in Caim12 wherein the capsule is filled with from
about 55 to about 70 paidsaBy eéfgetive tartibpekerdprdasampumtul &F prepared

by steps (1) and from abouy_gd9mbengbenindSePacsiyby &%h?%htyqftét%ﬁoat ed
0}

ranul es prepared by steps (Il), pér 100 parts by wei
g Prep y P cgclgnep or a %on—to#&c éyld addition

salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid;

(c) extruding the resultant granulate;

(d) spheronizing the resultant extrudate to
form quick release granules which are
adapted to release substantially com-
pletely said tetracycline or salt
thereof in a medium having a pH of less
-than about 3.9; and

(e) drying said quick release granules; and

(II) forming a secondary loading component by

(a) blending

(i) an independent amount of at least one
pharmaceutical acceptable excipient
which may be the same as or different
than (A)(a)(i) ; and

(ii) an independent effective antibacterial
amount of  7-dimethylamino-6-deoxy-6
demethyltetracycline or a non-toxic acid
addition salt thereof;

(b) granulating the resultant blend in the
presence of a granulating liquid;

(c) extruding the resultant granulate;

(d) . spheronizing the resultant extrudate to
form precursors of coated spherical

_ granules; |

(e) drying said precursors;

(f) coating said precursors with a substan-
tially wuniform coating comprising- a
blend of at least two polymers, one of
vhich is non pHsensitive and rapidly
érodable in water and the other of which

is pH-sensitive and erodible in a medium
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said granules. 14. A nethod as defined in O aim12 wherein the capsule is
filled wth about 60 parts by weight of the quick rel ease granul es prepared
by steps (1) and about 40 parts by weight of the coated granul es prepared
by steps (I1), per 100 parts by weight of said granules.

-42_

having a pH in the range of from about 4.5 to

about 6.5 and
(B) - preparing therefrom a controlled release
pharmaceutical composition in oral dosage unit form by the
step of at least partially filling a hard or a soft shell
capsule with a pharmaceutical delivery system with from
about 51 to about 80 parts by weight of the quick release
granules prepared by steps (I) and from about 20 to about 49
parts by weight of the slow release granules produced by the
steps (II) and optionally sealing said capsules.

13. A method as defined in Claim 12 wherein the
capsule is filled with from about 55 to about 70 parts by
weight of the quick release granules prepared by steps (I)
and from about 30 to about 45 parts by weight of the cocated
granules prepared by steps (II), per 100 parts by weight of
said granules. _ . '

14. A method as defined in Claim 12° wherein the
capsule is filled with about 60 parts by weight of the quick
release grahules prepared by steps (I) and about 40 parts by
weight of the coated granules prepared by steps (II), per
100 parts by weight of said granules.

This is the replacement sheet

A O Date: 2 2 JUN 1699



