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» Adicionar excipientes capaces de conferir a la formulacion las caracteristicas

requeridas para la compresion directa’ constituye la forma mas facil y habitual
de conferir a un principio activo la capacidad de comprimir directamente, y
obviamente corresponde a la estrategia utilizada por el formulador en [a

solicitud colombiana en tramite.

Cualquier persona medianamente versada en la materia deber reconocer que
la celulosa microcristalina silicificada es un producto co-procesado, que se
realiza con 98% de celulosa microcristalina con diéxido de silicio coloidal al 2%.
Los dos ingredientes son secados por aspersién para producir microcristales
aglomerados que se forman como resultado de la fuerte asociacion fisica entre
los dos excipientes. Es asi como se reconoce dicho excipiente como una
opcidn adecuada para procesos de compresion directa®. Lo mismo aplica para
la silice que se ha utilizado como excipiente en formulaciones para compresién
directa con anterioridad®,

La patente Espafiola ES 2239119 publicada el 16 de Octubre de 2005 y
manera la patente americana US 5191114 publicada el 02 de Marzo de 1993
revelan el uso del excipiente silice (dioxido de silicio) en la elaboracion de

formulaciones solidas que se pueden comprimir directamente.

No tiene naturaleza inventiva elegir alguno de estos dos excipientes para
lograr incluir Ibuprofeno (o cualquier otro principio activo) en formulaciones de
compresion directa, puesto que no se debe determinar exclusivamente sobre la
base de la documentacién correspondiente al arte previo (si dichos excipientes
habian sido mencionados con anterioridad, como ademas es el caso), sino
teniendo en cuenta los conocimientos propios de una persona capacitada y
experimentada en la formulacién de productos farmacéuticos. Es asi como
dicha persona medianamente versada en la formulacién, debe reconocer que
la eleccion de excipientes con caracteristicas inherentes a la compresion

directa es una estrategia evidente, y por lo tanto dicha estrategia de seleccion

' Vila Jato. J.L. Tecnologia Farmacéutica. Volumen 11, Paginas 105 a 107,

* Mira Jivraja, Luigi G. Martini, , b and Carol M. Thomson, An overview of the different excipients useful for
the direct compression of tablets.

http://74.125 155.132/scholar?q=cache:Cwrb710eJHMI :scholar.google.com/&hl=es&as sdt=2000&as vis=1
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se evalla de manera rutinaria a través de los respectivos ensayos de
preformulacion y formulacion.

» Como regla general, las técnicas de formulacion y el conjunto de compuestos
que se pueden utilizar para desarrollar productos farmacéuticos viables en
cualguiera de sus formas, son elementos que son claramente conocidos para
una persona medianamente versada en la formulacién de productos
farmacéuticos, asi que de ninguna manera puede ser inventivo escoger uno u
otro excipiente para conseguir las caracteristicas de eficacia, eficiencia,

seguridad y estabilidad indispensables para todo medicamento.
Il. COMPLEMENTO DE INFORMACION

En complemento de los argumentos presentados oportunamente en la oposicién
correspondiente, se presentan nuevos argumentos relacionados a |a tesis de falta
de novedad y de nivel, veamos:

Existen documentos, como la patente americana US 6.103.219 publicada e 15 de
agosto de 2000 y titulada “PHARMACEUTICAL EXCIPIENT HAVING IMPROVED
COMPRESSIBILITY”, que con anterioridad describen las aplicaciones técnicas de
la celulosa microcristalina silisificada (entre estas la compresién directa) en
composiciones tipo tableta para administracién oral, tal y como se describe en las

reivindicaciones 1 a 8, 11 y 15 a 17 de la solicitud colombiana en tramite, veamos:

A microcrystalline cellulose-based excipient having
improved compressibility, whether utilized in direct
compression, dry granulation or wet granulation
formulations, is disclosed. The excipient is an agglomerate
of microcrystalline cellulose particles and from about 0.1%
to about 20% silicon dioxide particles, by weight of the
microcrystalline cellulose, wherein the microcrystalline cel-
lulose and silicon dioxide arc in intimate association with
each other. The silicon dioxide utilized in the novel excipicnt
has a particle sizc from about 1 nanometer to about 100
microns. Most preferably, the silicon dioxide is a grade of
colloidal silicon dioxide.

(..)

*G. K. BOLHUIS 2, C. F. LERK 2 AND J. R. MOES 2 Comparative evaluation of excipients for direct
compression. Pharmaceutisch . Weekblad.

htip://www.springerlink.com/content/1 70866223h374318/fulltext pdf
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20. A method of preparing a solid dosage form, compris-

ng:

(a) forming an aqueous slurry containing a mixture of
microcrystallice cellulose in the form of a wet cake and
silicon dioxide having a particle size from about 1 nm
to about 100 zm, the amount of silicon dioxide being
from about 0.1% to about 20% relative to the amount
of microcrystalline cellulose, by weight;

(b) drying said shurry to obtain an cxcipicnt comprising a
plurality of agglomerated particles of microcrystalline
cellulose in intimate association with said silicon diox-
ide;

(¢) mixing an active ingredient with said excipient in a
ratio from about 1:99 to about 99:1;

(d) incorporaling said mixture obtained in step (c) into a
plurality of solid unit doses.

En conclusion, y en sustentacion de los argumentos expuestos en la respectiva
oposicién presentada en su momento, se hace aun mas evidente que la solicitud
colombiana en trédmite carece absolutamente de nivel inventivo, y que la
formulaciéon descrita en su capitulo reivindicatorio, corresponde al resultado de la
aplicacién de una estrategia tecnolégica que deben ser reconocidas por cualquier
persona medianamente versada en la formulacion de productos farmacéuticos
solidos de compresion directa.

Por todo fo anterior, le solicito Sefior Superintendente, que analice los argumentos
citados con el rigor y detenimiento habituales y que decrete, ademas de la

negacion de la solicitud en comento, el archivo del citado expediente.
lll. ANEXOS

» La patente americana US 6.103.219 publicada el 15 de agosto de 2000 y

titulada ‘PHARMACEUTICAL EXCIPIENT HAVING IMPROVED
COMPRESSIBILITY™.

Sefior Superintendente,

P

JOSE LUIS REYES VILLAMIZAR
C.C. 79.162.473 de Usaquén
T.P. 44655 del C. Sdela J.



An ove-r_.view of the different excipients useful for the direct compressi...  hitp://74.125.155.1 32/scholar?q=cache:Cwrb71QgIHM)J:scholar.goog!...

Esta es ia versidn htm! del archiva http:/fwebs. nmmu.ac.za/s202316947/academicst ACADEMICS
12006/articles/direct%20compression%202.doc.

G o ¢ g | e genera automaticamente versiones htm! de los documentos mientras explora la Web.

An overview of the different excipients useful for the direct
compression of tablets

Mira Jivraj?, Luigi G. Martini*’ b and Carol M. Thomson’ 2

® The London School of Pharmacy, University of London, Brunswick Square, London, UK WCIN 1AX

b SmithKline Beecham Pharmaceuticals, Pharmaceutical Technologies, New Frontiers Science Park
{South), Harlow, UK CM19 5AW

Available online 14 February 2000.

Abstract

The humble tablet dosage form still accounts for more than 80% of all dosage forms administered to
man. This review will outline the various excipients that have been used as fillers in direct compression
formulations, with particular emphasis on what is expected from such excipients in terms of their
functionality. It is intended that this overview (which is by no means exhaustive) will serve as an ‘aide-
memoire’ to the formulation scientist.
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It is a remarkable fact that, in the new millennium, tablets still account for more than 80% of all dosage
forms administered to man. The principal reasons for their continued popularity include their ease of
manufacture, their convenience of dosing, and their stability compared with liquid and semi-solid
presentations. One mode of tablet manufacture is that of direct compression of the active ingredient with
other appropriate excipients to form a tablet, normally for medium- to high-potency compounds where
the drug content is less than 30% of the formulation. The advantages of direct compression are

well-known, the most important being fewer processing stages and the elimination of heat and moisture
effects.

This review will outline the various excipients that have been used as fillers in direct compression

formulations, with particular emphasis on what is expected from such excipients in terms of their
functionality.

Direct compression (DC) manufacture

Direct compression is viewed as the technique of choice for the manufacture of tablets containing

thermolabile and moisture-sensitive drugs[1], and although it affords many advantages it is still not as
popular as wet granulation {1, 2 and 3].

The existing popularity of wet granulation can be understood when considering the compaction process.

As a powder is compressed within a die, the various stages of the compaction process can be separated
as follows[1]:

2de 10 08/02/2011 02:45 p.m,
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. srearrangement — where particles move within the die cavity to occupy void spaces that exist between
particles;

« deformation — when particles can no longer rearrange themselves, the material will start to deform
elastically;

+ compaction — when the elastic limit of the material is exceeded, the material will deform either
plastically or destructively (fragmentation or brittle fracture). Either mechanism can occur and is
dependent upon the material characteristics, the compaction speed, compaction pressure and particle
size. Plastic deformation will aid bonding because it increases the contact area between particles and
fragmentation produces newer surfaces which also favours strong bonding,

» relaxation — once a compressional force has been withdrawn from a compressed mass (during punch
withdrawal and ejection from the die cavity) the compact will undergo relaxation; if these elastic forces
exceed the tensile strength of the tablet, then tablet integrity will fail.

Successful tablet production will depend upon achieving the right balance of brittle fracture and plastic
behaviour within the compression mix, which, in turn, is dependent upon the compressional
characteristics of the drug substance and the excipients. Theoretically, materials will compress by plastic
deformation, such as microcrystalline cellulose, or brittle fracture, such as dicalcium phosphate
dihydrate, but, in practice, most excipients and drugs will compact as a combination of these
mechanisms. The most commonly employed excipients have been ranked in ascending order in terms of
their brittleness: microcrystalline cellulose > spray-dried lactose > B-lactose > a-lactose > a-lactose
monochydrate > dicalcium phosphate dihydrate.

'The main advantage of wet granulation is that the poor compressional and flow properties exhibited by
many drug substances can be masked as a result of their incorporation into a granule, allowing batch-
to-batch differences to be ‘submerged in a sea of starch paste or povidone’[2]. However, with the
Jjudicious choice of excipients combined with an appropriate drug substance, the reward for establishing
a direct compression process can be substantial.

A summary of the general advantages and disadvantages of direct compression have been outlined in
Box 1, although formulation-specific differences may manifest with different drug substances[3].

Box 1. Advantages and disadvantages of direct compression

Mira Jivraj, Luigi G. Martini and Carol M. Thomson

Advantages

* Requires fewer unit operations compared with wet granulation (shorter processing time and lower energy consumption)
* Fewer stability issues for actives that are sensitive to heat or moisture

* For certain compounds, faster dissolution rates may be generated from tablets prepared by direct compression compared with

wet granulation; for example. norfloxacint

* Fewer excipients may be needed in a direct compression formula
Disadvantages

* Issues with segregation — these can be reduced by matching the particle size and density of the active drug substance with

3delo 08/02/2011 02:45 p.m.
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excipients
* In general, the drug content is limited to approximately 3G% or approximately 50 mg

* May not be applicable for materials possessing a low bulk density because after compression the tablets produced may be too
thin

» Not suited for poorly flowing drug compounds

* Static charges may develop on the drug particles or excipients during mixing, which may lead to agglomeration of particles
producing poor mixing

Direct compression excipients

Although the principles governing direct compression have been well known for many years, the
technique has only recently become more established as a result of the introduction of excipients
specifically designed for direct compression[5]. These excipients are not only directly compressible
themselves, but can also be mixed with a large proportion of drug substance with no significant
deterioration in tablet quality [6]. In addition to excipients possessing good flow and compression
properties, they must also possess the following attributes:

» particle size distributions that are similar for most active drug substances, thus avoiding segregation
during processing;

» a high bulk density;
* batch-to-batch quality must be reproducible.

These attributes are the most critical for direct compression functionality. The remaining atiributes are
required for all excipients, in that they should also be:

» physically and chemically stable when in contact with moisture, air and heat;

* chemically inert; that is, do not accelerate the degradation of active ingredients or other excipients;
* compatible with packaging components;

» available worldwide, and preferably from more than one supplier.

In addition, it is important to note that many excipients can possess multi-functionality, which is
dependent upon the concentration at which they are employed. For example, microcrystalline celtulose
(see below) can be used as an anti-adherent (5-20%), a disintegrant (5-15%) and as a diluent
(20-90%)[7]. Materials that are currently available as direct compression vehicles can be classified
according to their disintegration and flow properties, and these are summarized in Box 2.

Box 2. Materials used as direct compression vehicles classified according to their
disintegration and flow properties

Mira Jivraj, Luigi G. Martini and Carol M. Thomson

* Materials that act as disintegration agents with poor flow characteristics, such as microcrystalline cellulose and directly
compressible starch

4de 10 08/02/2011 02:45 p.m.
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« Free flowing materials that do not disintegrate, such as dibasic calcium phosphate dihydrate
* Free flowing powders that disintegrate by dissolution, such as lactose, mannito! and maltose

* Co-processed excipients — that is, excipients that have been combined together in a synergistic manner and which are more
beneficial than simple physical admixtures, such as silicified microcrystalline cetlulose

Disintegrants and poor flow

Microcrystalline cellulose

Microcrystalline cellulose is a purified, partially depolymerized cellulose, which is prepared by treating
a-cellulose with mineral acids, producing bundles of needle-like microcrystals. In terms of appearance,
this excipient is a white, crystalline powder composed of agglomerated porous particles{7]. In a survey
conducted within the pharmaceutical industry, Shangraw and Demarest [8] concluded that many
formulation scientists ranked microcrystalline cellulose as the most useful filler for direct compression.
Its popularity can be ascribed to its excellent compactibility at low pressures, high dilution potential and
superior disintegration properties. However, using paracetamol and potassium phenethicillin as model
compounds, Khan ez al.[9] found that the compactibility of microcrystalline cellulose decreased with a
reduction in its moisture content.

However, when microcrystalline cellulose with high moisture levels were employed (>7.0%) the tablets
formed were prone to capping. These workers postulated that moisture within the porous structure of
microcrystalline cellulose facilitated the slippage of individual microcrystals, upon deformation, and that
an optimum amount of moisture was needed to encourage hydrogen bonding between particles, thus
preventing elastic recovery. Previous reports have shown that compacts of microcrystalline cellulose
stored under high humidity tended to swell as a result of disruption of the hydrogen bonds that bind the
cellulose fibres together[10].

Particle size has very little effect on compactibility[11 and 12] and, as a result of its low bulk density,
microcrysialline cellulose has a high dilution potential. In addition, despite its plastic behaviour upon
compression, Bolhuis et al.[13] found that microcrystalline cellulose compressed both with and without
magnesium stearate (0.5%) still produced extremely hard compacts, although tabiets are seldom
manufactured without a lubricant and, as such, this is probably an academic point.

Microcrystalline cellulose is regarded as being chemically inert and compatible with most drugs. The
limitation of poor flow can be offset by mixing with another filler with good flowability, such as
a-lactose monohydrate or dicalcium phosphate dihydrate. Experimental findings{14] showed that
microcrystalline cellulose and exira fine lactose had the best overall properties when compared with
eleven other microcrystalline cellulose—excipient combinations.

Starch 1500

Native starches possess good compression characteristics, but their poor flow properties and high
lubricant sensitivity does make them less suitable for use in direct compression. They are particularly
useful as a result of their good binding and disintegrant properties. Nevertheless, Starch 1500 continues
to be widely regarded as the next choice exvipient after lactose and microcrystalline cellulose(8].

Starch 1500 is a form of pregelatinized starch that has been modified to make it more compressible and

flowable in character. In terms of appearance, it is a white to off-white powder of a moderately coarse-
to-fine nature. It is odourless, but is reported to have a distinctive taste[7].

5de 10 08/02/2011 02:45 p.m.
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During the manufacturing process, some of the hydrogen bonding between amylose and amylopectin is
partially ruptured, so that the product contains 5% free amylose, 15% free amylopectin and 80%
unmodified starch. The free amylose is responsible for the disintegration properties and the free

amylopectin provides cold water solubility and aids the binding properties[15].

Starch 1500 is extremely sensitive to the softening effects of alkaline stearate lubricants[16]. For this
reason, the use of magnesium stearate should be avoided or kept at a level below 0.5% w/w [13] because
higher concentrations can have adverse effects on tablet strength and dissolution. Consequently, stearic
acid is usually preferred as the lubricant to be used with pregelatinized starch. Starch is a good
disintegrant but this property may cause longer-term problems because the compacts formed may be
friable. At high strain rates during compression a large proportion of the deformation is elastic and
hence, elastic recovery occurs during the act of ejection, inducing capping [16 and 17].

Free-flowing materials that do not disintegrate

Dicalcium phosphate dihydrate

Dicalcium phosphate (dihydrate) is a commonly used directly compressible filler produced by a
complicated process using phosphoric acid and slaked lime. Although predominantly used in vitamin and
mineral supplements because of the high calcium and phosphorus content, the use of dicalcium

phosphate is increasing in pharmaceutical preparations as a result of its low cost and desirable flow and
compression characteristics[7].

The addition of a lubricant is necessary as non-lubricated tablets made with dicalcium phosphate are
difficult to eject from dies. One of the main advantages of using dicalcium phosphate as a filler or binder
is that alkaline lubricants such as magnesium stearate have practically no effect on its binding
properties[18]. This inscnsitivity to magnesium stearate has been attributed to the fact that clean,

lubricated surfaces are created by crystal fragmentation during the process of consolidation and
compaction.

When placed in water, dicalcium phosphate tablets are rapidly and completely penetrated by the
liquid[19]. This rapid penetration is caused by the hydrophilic nature of the material [20] and the high
porosity of the tablets. Despite the fast and complete water penetration, dicalcium phosphate tablets do
not disintegrate because the excipient is relatively insoluble in water and no disintegration force is
developed [21]. Therefore, it is important to include a disintegrant with an active mechanism such as
swelling, for example starch, povidone and sodium starch glycolate, to induce the disintepration forces
necessary to break up the tablet.

Dicalcium phosphate is best used in direct compression when combined with microcrystalline cellulose
or starch{22 and 23]. Good compression characteristics can be obtained with 10-33% dicalcium
phosphate and 66-90% microcrystalline cellulose with 0.5% magnesium stearate and as little as 0.1%

sodium starch glycolate. This combination of excipients can convert up to 20% of a poorly compressible
drug substance into a directly compressible formutation [24].

Free-flowing powders that disintegrate by dissolution
Lactoses

Lactose is widely used as a filler or diluent in tablets and several grades are commercially available with

6de 10 08/02/2011 02:45 p.m.
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- differing physical properties. Spray-dried laztose was developed 30 years ago and is a form of lactose
designed specifically for direct compression. It comprises mainly a-lactose monohydrate microcrystals
bound into spherical aggregates by small amounts of amorphous lactose. Other types used for direct
compression are agglomerated lactose produced by fluid bed drying, anhydrous a-lactose and anhydrous
B-lactose. Anhydrous a-lactose has the significant drawback of relatively slow disintegration, and is not

discussed further here. Hydrous lactose monohydrate is not directly compressible and is therefore used

in wet granulation formulations. The characteristics of some commonly employed lactoses have been
summarized in Boxes 3 and 4.

Box 3. Features of a-lactose monohydrate (crystalline)
Mira Jivraj, Luigi G. Martini and Carol M. Thomson
» Good flow characteristics!?

* Unreactive, except for discoloration when formulated with amines (Maillard reaction) and alkaline materials?2

+ Contains approximately 5% moisture but only 0.2% is free moisture. The residue is water of crystallization, which is
unavailable to react with moisture-sensitive drugs

+ Commonly used in combination with microcrystalline cellulose with synergistic effects on disintegration time and improved
crushing s&reng'(h2

* Inexpensive

Box 4. Features of anhydrous g-lactose and spray-dried lactose
Mira Jivraj, Luigi G. Martini and Carol M. Thomson

Anhydrous B-lactose

* Poor flowability

+ Can pick up moisture at elevated humidities, causing a change in tablet dimension
Spray-dried lactose

* Requires high compression pressures to produce hard tablets

* Compressibility is affected if it is allowed to dry below a level of 3% moisture

* Has high dilution capacity

* A disintegrant is required
* Requires a lubricant, but the lubricant does not affect binding

A comparative evaluation of the use of six lactose-based excipients as direct compression excipients
gave the following rank order in terms of effectiveness: anhydrous B-lactose, followed closely by
spray-dried lactose and Ludipress (see co-processed excipients section)[26].

Sorbitol

7 de 10 08/02/2011 02:45 p.m.
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Sorbitol is a common tablet excipient suitable for direct compression and is widely used in the
manufacture of chewable and sublingual tablets. It is a white, crystalline and odourless solid with a
pleasant, cooling, sweet taste[7], and is a hygroscopic isomer of mannitol, produced on a commercial
scale by high-pressure catalytic hydrogenation of glucose in the presence of copper or nickel.

There are four different types (u, B, y, and &) as well as an amorphous form that is known 1o exist. The Y
form is the most stable and has the best compaction properties. It does, however, require longer than
other excipients, such as lactose, for disintegration and dissolution to occur. The tableting propetties of
sorbitol are dependent upon particle structure, particle-size distribution and bulk density[27 and 28). The
addition of up to 2% magnesium stearate to a sorbitol tablet formulation produced no deteriorative
effects on tablet hardness [28]. One limitation of sorbitol is that its hygroscopic nature can accelerate the
degradation of moisture-sensitive compounds [7]. Other issues include the hardening of tablets upon
ageing, caused by the recrystallization of sorbitol. However, the inclusion of pregelatinized starch within
the formulation has been shown to prevent recrystallization [29].

Mannitol

Mannitol is commonly used in pharmaceutical formulations and for food products. It occurs as a white,
odourless, crystalline powder or as free-flowing granules. It has a sweet taste and a cooling sensation in
the mouth (negative heat of solution), making it a useful excipient for lozenges and chewable tablets[7].
Because mannitol is non-hygroscopic, it is possible to use it with moisture-sensitive drugs. In addition,
unlike sorbitol, the metabolism of mannitol does not cause increases in blood sugar levels, making it a
viable filler for the formulation of diabetic medications [30]. Previous studies have identified several
polymorphic forms for mannitol, including the «, B, and y forms. Their performance under compression
differed markedly, suggesting that wet granulation of the o form prior to direct compression improved its
poor flowability and binding properties [30].

Granulated lactitol

Lactitol is a direct compression filler derived from the catalytic hydrogenation of lactose. 1t is a wet
granulated product composed of microcrystalline agglomerates, and is chemically more stable than
related disaccharide-based fillers as it is not a mediator for the Maillard reaction[31]. This form of
lactose is freely soluble in water, has reasonably good flow properties, and formulations containing
granulated lactito] do not require a glidant [31].

Crystalline maltose

Crystalline maltose is a disaccharide carbohydrate used in the food and pharmaceutical industry. It has a
pleasant taste and can be used for both chewable and non-chewable tablets. This excipient is produced
by a spray-drying process, creating spherical, highly compressible and flowable particles. A study
revealed that when crystalline maltose (25%) was incorporated into a 75% microcrystalline

cellulose-based formulation and then tableted, there was an improvement in the powder flow, the
disintegration times and the friability[32].

Co-processed exicipients
Ludipress

Ludipress is a co-processed product consisting of three components: a filler, a binder and a disintegrant.
The exact concentrations of its constituents are stated below: 93.4% o-lactose monohydrate, 3.2%

8de 10 08/02/2011 02:45 p.m.
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polyvinylpyrrolidone and 3.4% crospovidone. Ludipress has excellent flowability because the material
consists of spherical particles made up of a large number of small crystals with smooth surfaces[33 and
34]. Good tablets can be prepared at low compression forces and when Ludipress was compared with six
other lactose-based excipients, including agglomerated lactose and the anhydrous B form, it gave the
second best performance in terms of physical strength.

Initial studies showed the need for a glidant to be incorporated within a formulation because of the build
up of friction upon compression[33 and 34]. Of the two glidants used, 2% stearyl fumarate showed the
better improvement in friability, crushing strength and disintegration time compared with magnesium
stearate, which appeared to increase both the friability and the disintegration time. In general, the
disintegration time of formulations containing Ludipress is much longer than those containing lactose, as
a result of the presence of PVP. This limitation can be overcome by the addition of microcrystalline
cellulose in the formula, promoting disintegration by a capillary and wicking action. Alternatively,

experiments have shown that powerful disintegrants such as sodium starch glycolate may also be of
some value [35].

Silicifted microcrystalline cellulose

Silicified microcrystalline cellulose is a co-processed product, which is made of 98% microcrystalline
cellulose that is silicified with 2% colloidal silicon dioxide. The two ingredients are spray-dried together
to produce agglomerated microcrystals which are formed as a result of the strong physical association
between the two excipients (although no covalent bonds are produced that classify it as a new chemical
entity). Silicified microcrystalline cellulose is claimed to have superior flow properties compared with
conventional grades of microcrystalline cellulose and a low lubricant sensitivity when blended with
magnesium stearate, producing tablets of an acceptable hardness even after prolonged mixing. Results

from experiments also show that there is no difference in disintegration time, friability and dissolution
rate[36 and 37.

Other factors that influence excipient selection

This overview has focused on the physicomechanical properties required from excipients; the
assumption being that excipients are ‘inert’ and unreactive entities. It is imperative that a comprehensive
drug—excipient compatibility screening procedure is initiated before a dosage form development
programme commences. Ofien drug—excipient compatibility testing will identify incompatibilities, such
as lactoses and amines[25], but sometimes a positive interaction may be desired [38]. In addition, the
nature of the interaction testing may itself yield false positives if the ratio of the drug to excipient is not
appropriate; the reader is referred to a recent publication that elegantly describes the main issues
involved in excipient compatibility and selection for solid dosage forms [39)].

Summary
In conclusion, an overview of the main excipients used for direct compression has shown that
alternatives to lactose and microcrystalline cellulose are available, and a summary of their properties has

been presented. It is up to the formulator to test each potential excipient with each new chemical entity,
bearing in mind the physicochemical properties of each component of the formulation.

Uncited reference (cited in box only)
[4]
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Abstract

Two drugs which are used in a low and a medium dosage range, respectively, have been
formulated with directly compressible excipients and compressed into tablets.

Of the prepared blends, the flow and lubrication properties were investigated. The tablets,
containing 5 mg prednisone and 50 mg phenobarbitone, respectively, were investigated for
content uniformity, crushing strength, friability, disintegration time, dissolution rate of the drug
and stability after storage for 8 weeks at 20£C and 50% or 85% relative humidity.

The results show that with a knowledge of properties and interactions of drugs, directly

compressible excipients and other tablet vehicles, formulations can be composed from which
tablets with good properties can be prepared.
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0. K. BOLHUS, C. F. LEXE??, J, B, MOES® AND €. W. A MULDER?

ABITRALT

Tore drugs whiich are used in & b ind & mediom dosage
rangs, respectively, have bocn Sonmolated with direetdy
comprensbie xipients and corapressed loto tablets

Of the prepared Dlends, the Bow and hebirication prop-
ertios wern investigatod. Tho rebders, contadning 5 my
predaisone and so-mg pheosbarzione, rapestively, were
Investipated for content urifoveity, crushing stength,
friabitity, divintegration time, tirsolutfon rete of the drup
and sability sfter storige for 8 veeks at 20°C and 0% o7
B5% relative hamidhy,

The resulis show that with & knowlcdpe of propertics
ond isteractions of drugs, directly compmessihle excipienty
snd other tabdet vohicles, forenvindons can be compesed
from which tables with good properties can be prepered.
{Pharm. Weekblad Sk B4 1, 253213 )

L. INTRODUCTION
Although 3 number of useful reportz have been
published deating with the properties of ex-
cipiepts for direct compression, the literawure
containg very few mudies where & drug has
been jnoorporated in the formulaton. For this
reason litte attention has been pald to fociors
like distribution, dissolution aad stability of the
drug and the mutual effects of drug and ex-
cipients on 1abler quality. Some investigators
(MANUDHANE ¢1 ol 1969 KBAN and puopss
Tg71; stxsmtte 1977} have used 1% amaranth
tracer to simulate dissolution from placebo
tablets. Most of the ready-made formulations
for direct compression bave ozigineted from
the research isboratories of the manufactarers
of directly compressible teblet excipisnts,
There are few studicy fr which éne or more
drogs have been tabletted by means of direct
compression, using difftrent excipients, which

wasg then followed by a conphrative evalustion
of the Lable's made. vox e al. (1963) compared
the propertics of omphetamine sulphate tablets
with different proportions of microcrystalline
cellelose (Avicel v 101) and spray-dried lace
tose. Acoeplable tablats were produced if st
least 60-70% Avioel wes present in the for-
mulation. puvaLL ¢r ol {1965) found few dii-
ferenioes in the properties of phenobarbitone
tablets, compressed with dexwoze monchy-
drate: (Celerose® hydrousy and spray-dried
loctose, respectively. ScHWARTZ and BAVITZ
{1978) incorporated low dosage range water
soluble and water insoluble drugs in tblets,
forimulated with verious exeipient combi.
nations, The authon concluded that the chojoe
of excipients was more critical when inzoluble
drugs ware incorporated.

The mos: sxtensive study in this Aeld was
from sramu and MaTRIE (1974). In 8 compara-
tive cvaluation, propyromazine was formulated

with siveral directly compressibie tblst ve-’

hicles. The aothors reported large differences
in tablet propertics, incloding dissolutbon rae,

A mepid dreg releass was found from tableey

condaining cellulnee products, a slow releass
from tablets with mannitol, sorbitol or spray-
dried matrote-dextrose (Eindex®). SEpeey ef of.
{1975} studied eight teblet formulstions with
70% disulfiram. Teblets from seven formu-
Tations did not disintegrate within 30 minutes,
whereat tablers from one Grulation had
disinteptation time less than one minute, .

A disadvantage of the foregoing studics is

¥ See for Part 1 Pharm Weskbind [1973) 1o8, 469 and for Bart B Phary, Wanskblsd (4574) 769, ]8.
! Labotutory for Pharmaccuiical Tochnology, State Universdty; Anl Dewsngian 3, Groningea, The Neiherandy:

* Reprince.

141070 Pharveoceisicch Weekhiad

1213

e e i e e

| DU —

http://www springerlink.conVcontent/95517081070hS 1 66/abstract/2tar. .

(o

Data Research
Interested In Data Research? See Our UK MSc In Market Analytics!

www.Lancs.ac.uk/MarketAnalvtics
Ads by Google

Share this Item

email citeulike Connotea Delicious

2de2 08/02/2011 02:49 p.m.



O

-
United States Patent (1 (1] Patent Number: 6,103,219
Sherwood et al. (451 Date of Patent: Aug. 15, 2000
’
[54] PHARMACEUTICAL EXCIPIENT HAVING 5,441,753 8/1995 McGinley et Bl. ... 426/96
IMPROVED COMPRESSIBILITY 3,447,729 971995 Belenduik el al. .
5,462,747 10/1995 Radebaugh et al. .
[75] Inventors: Bob E. Sherwood, Amenia, N.Y.; John 5,560,926 10/1996  Franz, el al. .
H. Staniforth, Bath, United Kingdom; Jo85,115 121996 Sherwood of al. .
Felword A. Hanter, Glonham. MY 5,725,883  3/1998 SIaniforlh ...ossocsrresr e, 4247489
. ’ v 5,725,884  3/1998 Sherwood ct Bl. ..c.ocveceinienn. 424/489
. 5,74 4, taniforth ct al. .
[73] Assignee: Edward Mendel! Co., Inc., Patterson, 741,524 41998 Staniforth cl a
N.Y. FOREIGN PATENT DOCUMENTS
0305051  3/1989 European Pat. Ol _....... ASIK 9/22
{211  Appl. No.: 08/392,073 0430287  6/1991  Furopean Pal O, ... AGIK /52
. 0543541 5/1993  European Pat. Of. ... A61K 31/165
(22] Filed:  Dec. 17, 1997 0609076 8/1994 Eeropean P'at. OF. .
. 4303846  8/1994 Germany .....oeeeeeee. AG1K 31719
Related U.S. Application Data 1464200  2/1977 United Kingdom ....... A61K 31/505
1480188  7/1997 'Uniled Kingdom . - ABIK 9/16
[60] g"tﬂl:;ualslo_’nlgl%[;pllc;l:c;‘n No. 08722, 61f3 8¢, P 3t0 19]36 WO203126 1992 WIPO ervvvesriseinese ABIK 9720
a 0. which is a division of application No W09212633 8/1992 WIPO ... o ADLN 25/10
08/370.576. Jai. 9, 1995, Pal. No. 5,585,115, WO9S35104 12/1995  WIPO ... ~ A6IK 31/19
[5” Int. C1.7 .. AB1K 7/16; AGIK 9/26; OTHER PUBLICATIONS
AB1K 9/32; AGIK 9/16
{521 US.CL . 424/49; 424/464; 424/489; Machines Collette High Shear Mixer Granulator Promo-
424/494 424/495; 424/496 424/497; 106/154.51  tional Literature {date unknown).
{58] Field of Search . - 4247489, 494, priyary Examiner—Thurman K. Pape
42’4/468 490 487 486 78.1, 461, 49, Assistant Examiner—W. Benston
495497, 464, 100/154.51  Aprorney, Agent, or Firm—Davidson, Davidson & Kappel,
LL
[56] References Cited <
. [57] ABSTRACT
U.S. PATENT DOCUMENTS
4,159,345 6/1979 Take €1 al. oo, 424362 44 MiCTOCrYstalline cellulose-bascd excipient having
4533674 $/1985 Schmidt of al. . improved compressibility, w‘hclhcr utilized in dlr_ccl
4,536,511 8/1935 Fischer ot al. . compression, dry granulation or wet granulation
4,664,915 51937 SIMONAN oo 4237128 formulations, is disclosed. The cxcipient is an agglomerate
4,721,709  1/1938 Seth el al. . of microcrystalline cellulose particles and from about 0.1%
4,744,987 5/1938 Mchra el al. crrneiiniiii e 4247156 to about 20% silicon dioxide particles, by weipht of the
4810516 3/1939 Kong-Choft wcocovcivinninrnn. 426548 microcrysialline cellulose, wherein the microcrystalling cel-
4,910,023 3/1990 Bolzolakis el al. . lulose and siticon dioxide are in intimate association with
:’34:’—3=92; f;”ggg Weihel et 8l oo . 536/56 cach other. The silicon dioxide utilized in the novel excipient
5’013’297 55:9‘” a,dog:e"e:’;;ﬂ' T ~ 423472 has a particle siz¢ from about 1 nanometer (o about 100
5 126,145 61992 Evcrf;lnd PR 424/465 microns. Most preferably, the silicon dioxide is a grade of
5,192,569 3/1993 MeGinley et al. o 42606 COlluidal silicon dioxide.
5,322,698 6/1994 Kovics cf al. .
5,441,731 8/1995 Jaxa-Chamicc ct al. . 83 Claims, 5 Drawing Sheets
1}
12
104
TERSILE STRENCTH,
Wio A¥E N
&
-
?..
I P

SENAHALE |
AENANPLE 1

OCIARPLE 2
ALHMRPLE S

UPPER FEAK, KN AVG

o LXANPLE 4

\¥



U.S. Patent Aug. 15, 2000 Sheet 1 of 5 6,103,219

F1G /
14
] A &
|

12 «

{ »
I0_' y

TENSILE STRENGTH,
MPa AVG 8-
]

]
6_
4 /

H

2...

-‘ ,
0 — — r - —r

0 ‘5 lb lr5 2IO {5 3?6 15

UPPER PEAK, kN AVG
e EXAMPLE | OEXAMPLE 2 m [ YAMPLE 4

ALXAMPLE 3 ATYANPLE 5



U.S. Patent Aug. 15, 2000 Sheet 2 of 5 6,103,219

FI1G6.2

8.00

6.00

TENSILE
STRENGTH,
UPa AVG

4 .00

200~

00’0 T I ] T 1 1
n.00 400 £.00 12.00 1600 20300 24.00 28.00

UPPER PEAK kN AVG

———FXAMPLE 12 —eoenEXAMPLE Y1 -~ — — EXAMPLE 10
"""" EXAMPLE ¢ — —-EXAMPLE 1 ro—e-—EXAMPLE 8

(4



U.S. Patent Aug. 15, 2000 Shect 3 of 5 6,103,219

FIG. 3

14.00

12.00

' 10.00
TENSILE
STRENGTH,

MPa AVG
8.00

6.00

4.00

2.00

0.00 I T T T =T T T
000  4.00 800 {2.00 16.40 2000 2400 28.00 3200

UPPER PEAK, kM AVG

——EXAMPLE 14 overen EXAMPLE 15 === EXAMPLE 16
----- EXAMPLE 5 — — EXAMPLE ]



U.S. Patent Aug. 13, 2000 Sheet 4 of § 6,103,219

F1G 4

0.00 — .
000 400 800 1200 1600 2000 2400  28.00 32.00

UPPER PEAK, kN AVG

—EXAMPLE [T e EXAMPLE 18 ——-—-EXAMPLE 19
--=-=-EXAMPLE 3 —— -EXAMPLE 3



U.S. Patent Aug. 15, 2000 Sheet 5 of 5 6,103,219

FIG.5

14.00

12.00

TENSILE
STRENGTH,

MPo AVG 10,00

8.00

7
6.00 4

4.00 -1

2.00 -

0.00 Y T T T ~T | T
0.00  4.00 8.00 12.00 1600 2000 . 2400 2800 3200

UPPER PEAK, kN AVG

EXAMPLE 20 - EXAMPLE 5 -——=EXAMPLE 21
------ EXAMPLE 22 — ——EXANPLE 3




6,103,219

1

PHARMACEUTICAL EXCIPIENT HAVING
IMPPROVED COMPRESSIBILITY

'This apptication is a continuation of application Ser. No.
08/724,613, filed on Sep. 30, 1996, now U.S. Pat. No,
5,725,884 which is a division of application Scr. No. 08/370,
576, filed on Jan. 9, 1995, now U.S. Pat. No. 5,585,115.

BACKGROUND OF THE INVENTION

The present invention relales (o 4 novel excipient for use
in the manufacture of pharmaceuticals, and in panicular,
solid dosage forms such as lablels which include oue or
more active ingredienis.

In order 1o prepare a solid dosage form containing one or
more aclive ingredients {such as drugs); il is necessary that
the material to be compressed into the dosage form possess
certain physical characteristics which lend themselves to
processing in such a manner. Among other things, the
matcrial 1o bc compressed must be frec-flowing, must be
lubricated, and, importanily, must possess sufficient cohe-
sivencss 10 insurc that the solid dosage form remains intact
after compression.

In the case of tablels, the tablet is formed by pressure
being applied to the material 10 be tabletted on a 1ablel press.
A tlablet press includes a lower punch which fits into a die
from the bottom and a upper punch having a corresponding
shape and dimension which enters the dic cavity from the
top after the tabletting material fills the dic cavity, The tablet
is formed by pressure applied on the lower and upper
punchces. The ability of the material 1o flow freely into the
dic is imporiznt in order to insure that there is a uniform
filling of the dic and a continuous movement of she material
from the source of the material, c.g. a feeder hopper. The
lubricity of the material is crucial in the preparation of the
solid dosage forms since the compressed malterial must be
readily ejected from the punch faces.

Since most drugs have none or only some of these
properiics, methods of 1ablet formulation have been devel-
oped in order to imparl these desirable characteristics 1o the
material{s) which is 10 be compressed into a solid dosage
form. Typically, the material lo be compressed into a solid
dosage form iacludes onc or more excipienls which impart
the [ree-flowing, Jubrication, and cohesive propenies 1o the
drug(s) which is being formulated into a dosage form.

Lubricants are typically added to avoid the malerial(s)
being tabletted from sticking to the punches, commonly
used lubricants include magnesium stearate and calcium
stearate. Such lubricants are commonly included in the final
tableited product in amounts of less than 1% by weight.

In addition to lubricants, solid desage farms often contain
diluents. Diluents are frequently added in order to increase
the bulk weight of 1he malcrial to be tabletted in order io
make Lhe tablel a practical size for compression. This is often
necessary where the dose of the drug is relatively small.

Another commonly used class of excipicnts in solid
dosage forms are binders. Binders are agenls which impart
cohesive qualities to the powdered material(s). Commonly
used binders include siarch, and sugars such as sucrose,
glucose, dextrose, and lactosc.

Disintegrants are often included in order 1o ensure that the
uliimately prepared compressed solid dosage form has an
acceptable disintegration rate in an environment of use (such
as the gastrointeslinal tract). Typical disintegrants include
starch derivatives and salts of carboxymethyleellulosc.

There are three pencral methods of preparation ol the
malerials Lo be included in (he solid dosage form prior Lo
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2
compression: (1} dry granutation; (2) direct compression;
and (3) wet granulation,

Dry granulation procedures may be utilized where one of
the constituents, either the drug or the diluent, has sufficient
cohesive praperties o be tabletied. The method includes
mixing the ingredients, slugging the inpredients, dry
screening, lubricating and finally compressing (he ingredi-
cats,

In direct compression, the powdered material(s) to be
included in the solid dosage form is compressed dircctly
without modifying the physical nature of the material itself.

The wet granulation procedure includes mixing the pow-
ders to be incorporated into the dosage form in, e.g., a twin
shell blender or double-cone blender and thereafler adding
solutions of & binding agent to the mixed powders to obtain
a granulation. Thercalter, the damp mass is screened, e.g., in
a 6- or 8-mesh screen and then dried, ¢.g., via tray drying,
the use of a fluid-bed dryer, spray-dryer, radio-frequency
dryer, microwave, vacuum, or infra-red drycr,

The use of dircet compression is limited to those situa-
tions where the drug or aclive ingredient has a requisilc
crystalline siructure and physical characteristics required for
formation of a pharmaccutically acceptable tablet, On the
other hand, it is well kaown in the art to include one or more
excipicnts which make the direct compression method appli-
cable to drgs or active ingredients which do not possess the
requisite physical properties. For solid dosage forms
wherein the drug itself is 10 be administered in a relatively
high dosc (e.g., the drug itself comprises a substantial
portion of the tolal tablet weight), it is necessary that the
drup(s) itself have suflicient physical characieristics (c.g.,
cohesiveness) for the ingredients to be directly compressed.

Typically, however, excipienls are added to the formula-
tion which impart good flow and compression characteristics
to the material as a whole which is to be compressed. Such
properties are 1ypically imparted to these excizients via a
pre-processing step such as wet granulation, slupging, spray
drying, spheronization, or crystallization, Useful direct com-
pression excipients include processed forms of cellulosc,
sugars, and dicalcium phosphate dihydrate, among others.

A processed cellulose, microcrystalline cellulose, has
been wiilized extensively in the pharmaceutical industry as a
direct compression vehicle for solid dosage forms. Micro-
crysulline cellulose is commercially available under the
tradename EMCOCEL® from Edward Mendell Co., Inc.
and as Avicel® from FMC Corp. Compared to other dirccily
campressible excipients, microcrystaltine cellulose is gen-
erally considered to exhibit superior compressibility and
disintegration properties.

Another limitation of direct compression as a method of
tablet manufacture is the sizc of the tablet. If the amount of
active ingredicnt is high, a pharmaceutical formulator may
choose to wet granulate Lhe active with other excipients to
attain an acceptably sized tablel with the desired compact
strength. Usually the amount of filler/binder or excipienis
needed in wet granulation is less thaa that required for direet
compression since the process of wet granulation contributes
to some extent toward the desired physical propertics of a
tablet. Thus, despite the advantages of direct compression
(such as reduced processing times and costs), wet granula-
tion is widely used in the industry in the preparation of solid
dosage forms. Many of those skilled in the arl prefer wet
granulation as compared to direct compression because this
method has a greater probability of overcoming any prob-
lems associated with the physical characteristics of the
various ingredients in Lhe formulation, thereby providing a
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maicrial which has the requisite flow and cohesive charac-
teristics necessary to obtain an acceptahle solid dasage farm.

The popularity of the wet granulation process as com-
pared 1o the direct compression process is based on ai least
three advantages. First, wet granulation provides the mate-
rial to be compressed with better wetting properties, par-
ticularly in the case of hydrophobic drug substances. The
addition of a hydrophilic ¢xcipient makes the surface of a
hydrophobic drug more hydrophilic, casing disintegration
and dissolution. Sceond, the content uniformity of the solid
dosage forms is generally improved. Via the wet granulation
methed, all of the granules thereby obtained should contain
approximalely the same amount of drug. Thus, segregation
of the different ingredients of the material 10 be compressed
{due to different physical characteristics such as demsity) is
avoided. Segregalion is a potential problem with the direct
compression method. Finally, the particle size and shape of
the particles comprising the gragulate to be compressed are
optimized via the wel granulation process. This is due to the
fact that when a dry solid is wel granulated, the binder
“glucs™ particles logether, so that they apglomzrate in the
granules which are more or less spherical.

Due to the populanty of microcrystalline cellulose, phar-
maceutical formulators have deemed it desirable 10 include

this excipient in a formulation which is wet granulated prior 2

to tableiting. Unfortunately, currently-available microcrys-
talline celiulose docs not hold 10 the typical principle that the
amount of filler/binder needed in wet granulation is less than
that in direct compression. It is known that the exposure of
the microcrystalline ccllulose to moisture in the wet granu-
lation process severzly reduces the compressibility of this
excipient. The loss of compressibility of microcrystalline
ceflulose is particularly problematic where the formulation
dictates thal the final product will be relatively large in the
environment of use. For ¢xample, if a pharmaceutica] for-
mulator desires to prepare a solid oral dosage form of a high
dose drug, and 1he use of the wet granulation technique is
deemed necessary, Lhe loss of compressibility of the micro-
crystalline cellulosc dictales that a larger amoum of this
muelterial may be needed 0 oblain an acceplably compressed
final product. The additional amount of microcrysialiine
ccllulose needed adds cost 1o the preparation, but maore
importantly adds bulk, making the product more difficult to
swallow.

The loss of compressibility of microcrystalline cellulose
when exposed to wel granulation has long been considercd
a problem in the art for which there has been no satisfactory
solution.

Attempls have be:n made to provide an excipient having
high compressibitity, a small bulk (high apparent density),
and good flowability, while being capabls of providing
satisfuctory disintegration of the solid dosage form, which is
applicable to wet granulation as well as to dry granulation
and direct compression methods for preparation of solid
dosage forms.

For cxample, U.S. Pat. No. 4,159,345 {Iakco, et al)
describes an excipient which consists essentially of a micro-
crystalline cellulose baving an average degree of palymer-
ization of 60 to 375 and obtained through acid hydrolysis or
alkaline oxidative degradation of a cellulosic subsiance
selected from linters, pulps and regenerated fibers. The
microcrystalline cellulose is said 1o be a whitz cellulusic
powder having an apparent specific volume of 1.6-3.1 cc/g,
a repose angle of 33° 10 42°, 4 200-mesh sieve residuc ol 2
to 80% by weight and a tapping apparent specific volume of
at least 1.4 co/p.
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In U.S. Pat. No. 4,744,987 (Mehra, o al)), a particulate
ca-processed microcrystalline cellulose and calcium carhon-
ale composition is described wherein the respective compo-
nents arc present in a weight ratio of 75:25 to 35:65. The
co-processed composilion is said 10 be prepared by forming
a well-dispersed aqueous slurry of microcrystalline cellulose
and calcium carbenale and then drying the slurry to yield a
particulale product. The combination of these two ingredi-
cnis is said to provide a lower cost excipient which has
tabletling characteristics similar to those of microcrystalline
cellulose and which would satisfy a need for an economical
cxcipicnt with good performance that is desired by the
vitamin market.

European Palent Application EP 0609976A1 (assigned lo
Asahi Kasei Kabushiki Kaisha) describes an excipient com-
prising white powdery microcrystalline celtulose having an
average degree of polymerization of from 100 to 375,
preferably from 190 to 210, and an acetic acid holding
capacity of 280% or more, preferably from 290 10 370%.
‘The excipient is said to exhibit high compaciability and a
high rate of disintegration and is said 1o be obtained by
heat-treating an aqueous dispersion of purificd ccllulose
particles, which has a solids content of 40% or less by
weight, at 100° C. or more, followed by drying, or by
subjecting an agueous dispersion of purified cellulose par-
ticles baving a solids canteat of 23% or less by weight to thin
film-forming treatment and drying the resultant thin fim,
The excipient is said to possess a high compressibility, and
a good balance of compactability and rate of disintegration.

There still remains a need in the industry for a pharma-
ceutical excipient which possesses excellent compressibility
whether utilized in a direct compression or wet granulation
procedure.

OBIECTS AND SUMMARY OF THE
INVENTION

It is an object of the present invention to provide an
cxcipient which is useful in a variety of applicaticns, and
which may be utilized in direct compression or wet granu-
lation methods.

itis a further object of the present invention 1o provide an
cxcipient useful in direct compression methods which has
improved compressibility relative to microcrystalline celiu-
losc,

It is a further object of the present invention o provide an
cxcipient useful in wet granulation methods which has
improved compressibility relalive to microcrystalline cellu-
lnse,

It is a further object of the present invention to provide a
free-flowing excipient which has excellent compressibility
propertics when utilized in direct compression or wel granu-
lation methods, and which furthermore possesses pharma-
ceutically acceplable disintegration properties.

It is a further object of the present invention to provide an
impraved microcrystalline cellulose excipicnt in which the
microcrystalline cellulose has not been chemically altered,
and which has improved compressibility relative 1o “ofl-
the-shelf” commercially available microcrystalline cellu-
lose.

It is a further object of the present invention o provide a
solid dosage [orm which includes one or more aclive ingre-
dienis and the improved microcrystalline cellulose oxcipicnt
of the present invention.

It is a further object of the present invention to provide an
oral solid dosage form for one ot more drugs which is

FA\Y
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cconomical to manufactore, which maintains ils integrity
during storage, and which posscsses excellent disintegration
and dissolution properties when exposed, e.p., 10 gas-
trointestinal fluid.

In accordance with the above objects and others which
will be obvious (o those skilled in the art, the present
invention is direcled to an excipient comprising a particulate
agglomerate of coprocessed microcrystalline celiulose and
from about 0.1% Lo shout 20% silicon dioxide, by weight of
the microcrystalline cellulose, the microcrystalline ccllulose
and silicon dioxide being in intimate association with each
other, and the silicon dioxide portion of the agplomerale
being derived from a stlicon dioxide having a parlicle size
from about 1 nanometer (nm) to about 100 microns (um),
based on average primary particle size.

In preferred embodiments, the silicon dioxide comprises
from aboul (L5% 1o about 10% of the excipient, and most
preferably from aboul 1.25% Lo aboul 5% by weight relalive
to the microcrystalline cellulose.

In additional preferred embodiments of the invention, the
silicon dioxide has a particle size from ahout 5 nm to about
40 #m, and most prelerably from about 5 nm to about 50 gm.

In preferred embodiments of the present invention, the
silicon dioxide is further characterized by a surface area
from about 10 mg to about 500 m%g, preferably from abowt
50 m*/g to about 500 m?/g, and more preferably from abowt
175 m*/g 1o about 350 m%g,

The present invention is further directed 10 an aqueous
slurry useful in the preparation of a compressible excipient
uscful in dry and wet granulation formulation methods,
comprising a mixture of microcrystalline cellulose and from
about 0.1% to about 20% silicon dioxide, by weight relative
to the microcrystalline cellulose, the silicon dioxide having
a particle size from sabout 1 nm to about 100 am. The solids
contenl of the aqueous slurry is from about 0,5% to about
25%, by weight, preferably from about 15% to aboul 20% by
weight, and most preferably from about 17% to about 19%
by weight.

The presenl inveation ts further directed 1o a mixture of an
active ingredient(s) and an excipient comprising a particu-
late agglomerate of coprocessed microcrystalling cellulose
and from about 0.1% to about 20% silicon dioxide, by
weight of the microcrystalline cellulose, the microcrystalline
cellulose and silicon dioxide being in inlimate association
with gach other, and the silicon dioxide having a particle size
from about 1 nm to about 100 gm. The ratio of active
ingredient 10 excipient is from about 1:99 to about 99:1, by
weight.

The present invention is further directed to a granulate of
an active ingredieni(s) and the novel excipient described
herein, wherein the active ingredient(s) and excipicnt bave
been subjected to a wet granulation procedure.

The present inveation is further directed to a compressed
solid dosage form comprising an active ingredient(s) and the
novel excipienl described hercin, wherein the active
ingredient(s) and cxcipicat have been directly compressed
into the solid dosage form or have been subjecied to a wet
granulation procedurc and thereafter compressed into the
solid dosage form. The compressed solid dosage form
provides a suitable immediate release dissolution profile of
the active ingredient(s) when exposed to aqueoaus solutions
during invitro dissolution testing, and provides a release of
drug in an environment of use which is considerad bioavail-
uble. In [urther embodiments of Lhe invention, the dissolu-
tion profile of the sclid dosage form is modified to provide
a controlled or sustained release dissolution profile,
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The presenmt invention is further direcled o a method of
maintaining and/or enhancing the compressibility of micro-
erystalline cellulose. The method includes forming an aque-
ous slurry containing a mixture of microcrystalline cellulose
and silicon dioxide having a particle size from about 1 nm
to about 100 um, and drying the slurry to obtain microcrys-
lalline cellulose-based excipient particles in which the sili-
can dioxide particles have been integrated with the micro-
erystalline cellulose particles. Within this aspect of the
invention, the shurry contains from about 0.5% to about 25%
by weight microcrystalline cellulose, with amounts of from
aboui 15% to about 20% being preferred. Furthermeore, the
slurry contains from about 0.25% to about 5% by weight
silicon dioxide.

The novel excipient described herein is free-flowing,
posscsscs excellent disintegration properiies, and
importantly, in certain embodiments possesses improved
compressibility relative to normal “off-the-shelf™ commer-
cially available microcrystalline ceilulose when dircctly
compressed, The advanlages of the novel cxcipient
described herein are especially realized in pharmaccutical
formulations prepared using wel granulation lechniques.
When utilized in wel granulation techniques, lhe novel
excipient surprisingly provides a compressibility which is
substantially improved in preferred embodiments in com-
parison to the compressibility of normal “off-the-shelf”
commercially available microcrystalline cellulose used in
wet granulation and is cven comparable to “off-the-shelf”
microcrysialline cellulose used in dircet compression tech-
niques. In other embodiments, the novel excipient surpris-
ingly provides a compressibility which is substantially supe-
rior o the compressibililty of normal “off-the-shelf”
commercially available microcrystalline cellulose used in
direct compression techniques.

The lerm “environmental fluid” is meant for purposes of
the invention 10 cncompass, ¢.¢., an agueous solution, or
gastrointestinal fluid.

By “sustained rclease” it is meant for purposes of the
invention that the therapewtically active medicament is
rcleascd from the formulation at a controlled rate such that
therapeutically beneficial blood levels (but below toxic
levels) of the medicament are maintained over an cxiended
period of time, e.g., providing a 12 hour or a 24 hour dosage
form.

By “bioavailable” it is meant for purposcs of the invention
that the therapeutically active medicament is absorbed from
the sustained release formulation and becomes available in
lhe body at the intended site of drug action.

By “primary particle size” it is meant for purposcs of the
inveniion that the particles arc not agglomerated. Agglom-
eration is commeon with respect 1o silicon dioxide particles,
resuliing in a comparatively average large agplomerated
particle size.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are illustrative of embodiments
of the inventicn and are not meant to limit the scope of the
invention as encompassed by the claims.

FiG. 1 graphically shows a comparison of the tensile
strength of 1ablets prepared in accordance with the invention
and prior art tablets.

FIG. 2 graphically shows a comparison of the tensile
strength of APAP containing tablets prepared in accordasice
with the invention and prior art APAP containing tablets.

FIG. 3 graphically shows a comparison of the tensile
strength of tablets prepared in accordance with the invention
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1o contain MCC coprocessed with diatomaccous carth, tab-
lets containing MCC coprocessed with 2% w/w Si0, and
prior art tablets preparcd to contain only unmodified MCC.

FIG. 4 graphically illusirates a comparison of the tensile
strength of (ablets prepared using MCC coprocessed with
silica gel, tablets prepared with the novel coprocessed MCC
and tablets prepared with MCC alane.

I'IG. 5 graphically illustrates a comparison of the tensile
strength of tablets prepared using MCC coprocessed with
HS 5 grade Si0,, tablets prepared vsing coproccssed MCC-
5i0, and priar art tablets prepared 1o contain only unmodi-
fied MCC.

DETAILED DESCRIIFTION OF THE
INVENTION

Microcrystalline cellulose is a well-known tablel diluent
and disintegrant. Its chief advantage over other excipients is
that it can be directly compressed into self-binding tablets
which disintegrate rapidly when placed im0 water. This
widely-used ingrediunt is prepared by partially depolymer-
izing cellulosc obtained as a pulp from fibrous plant material
with dilute mineral acid solutions. Following hydrolysis, the
hydroceilulose thereby obtained is purified via filtration and
the agqueous slurry is spray dried to form dry, white odorless,
lastcless crystalline powder of porous particles of a broad
size distribution. Another method of preparing microcrys-
1allinc cellulose is disclosed in U.8. Pat. No. 3,141,875, This
reference discloses subjecting cellulose to the hydralylic
action of hydrochloric acid at boiling tempcratures so that
amarphous cellulosic material can be removed and aggre-
pales of crystalline cellulose are formed. The agpregates are
callecled by fittration, washed with water and agueous
ammoenia and disintegraled into small frugments, often
called cellulose crystallites by vigorous mechanical means
such as a blender. Microcrystalline cellulose is commer-
cially available in several grades which range in average
particle size from 20 to 200 microns.

Microcrystalline ccllulose is water-insoluble, but the
material has the ability to draw fluid into a 1ablet by capillary
action. The tablets then swcll on contact and the microerys-
talline cellulose thus acts as a disintegrating agent. The
material has sufficient self-lubricating qualities so as 1o
allow a lower level of lubricamt as compared 10 other
excipients.

Typieally, microcrystalline celluiose has an apparent den-
sity of sbout 028 gfem® and a tap density of about 0.43
giem®. Handbook of Pharmacewical Excipients, pages
53-55.

When utilized in pharmaceutical applications, microcrys-
talline cellulose is typically used as a tablet binder/diluent in
wel grapulation and dircet compression formulations in
amounts of 5-30% of the formulation, or more. However, it
is known to usc more or less microcrystalline cellulose in
pharmaceutical producis, depending wpon the requirements
of the formulation.

Silicon dioxide is obtained by insolubilizing dissolved
silica in sodium silicale solution. When obtained by the
addition of sodium silicate io a mineral acid, the product is
termed silica gel. Wien obtained by the destabilization of a
solution of sodium silicate in such a manner as 1o yield very
finc particles, the product is icrmed precipitated silica,
Silicon diexide is insoluble in water. Prior 10 the present
invention, silicon dioxide, and in particular colloidat silicon
dioxide, was used mainly as a glidant and anti-adherent in
1abletting processes and cocapsulation, promoting the
Nlowability of the granulation. The amount of silicon dioxide
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included in such tablets for those applications is very
limited, 0.1-0.5% by wcight. Handbook of Pharmaceutical
Excipients, ©1986 American Pharmacculical Association,
page 255. This is due in part to the fact that increasing the
amount of silicon dioxide in the mixwre to be tabletted
causes the mixture to flow oo well, causing a phenomena
known o those skilled in the 1abletting art as “[oudiog”. i
the mixture flows too well, a varying tablet weight with
uneven content uniformity can resuit.

Those skilled in the art will appreciate thal the name
and/or method of preparation of the silicon dioxide wtilized
in the present invention is not determinative of the useful-
ness of the product. Rather, as previously mentioned, it has
been surprisingly discovered that it is the physical charac-
leristics of the silicon dioxide which are critical. In
particular, it has been discavered that silicon dioxide having
a relatively large particle size (and correspondingly small
surface area), such as silica gel, is nol usctul in the prepa-
ration of the improved microcrysialline cellulose products of
the invention. The appended claims are deemed (o encom-
pass all forms of silicon dioxide having an average primary
particle size from about 1 nm lo abowt 100 zm, and/or a
surface area from aboutl 10 m*/g 10 about 500 m3/g.

The silicon dioxide utilized in the invention is of the very
fine particle size variety. In the most preferred embodiments
of the tnvention, the silicon dioxide utitized is a colloidal
silicon dioxide. Colloidal silicon dioxide is a submicron
fumcd silica prepared by the vapor-phase hydrolysis {¢.g., al
1110° C.) of a silicon compound, such as silicon tetrachlo-
ride. The product itself is a submicron, Auffy, light, loose,
bluish-white, odorless aznd tasteless amorphous powder
which is commercially available from 4 number of sources,
including Cabol Corporation (under the tradename Cab-0-
5il); Degussa, In¢. (under the tradename Aerosil); E.l.
DuPont & Co.; and W.R. Grace & Co. Colloidal silicon
dioxide is also known as colloidal silica, fumed silica, light
anhydrous silicic acid, silicic anhydride, and silicon dioxide
fumed, among others. A variety of commercial grades of
collvidal silicon dioxide arc produced by varying the manu-
facturing process. These modifications do not affect the
silica contenl, specific gravity, refractive index, color or
amorphous form. However, these modifications are known
te change the particle size, surface arcas, and bulk densities
of the colloidal silicon diexide products.

The surface area of the preferred class of silicon dioxides
ulilized in the invention ranges from about 50 m*/gm 1o
ahout 500 m?/gm. The average printary particle diameter of
the preferred class of silicon dioxides utilized in the inven-
tion ranges from aboul 5 nm to about 50 nm. However, in
commercial colloidal silicon dioxide products, these par-
ticles are agglomerated or aggregated (o varying extents.
The bulk density of the preferred class of silicon dioxides
utilized in the invention ranges from about 20 g/l to about
100 g/t

Commercially available colloidal silicon diaxide products
have, for example, 2 BET surface area ranging from about
50+15 m*/gm (Acrosil OX50) to about 400220 (Cab-0-Sil
$-17) or 390240 m*/gm (Cab-O-8il EH-5). Commercially
available patticle sizes range from 2 nominal particle diam-
eterof 7 nm, (e.g., Cab-0-Sil $-17 or Cab-0-Sil EH-5) ta an
average primary particle size of 40 nm (Aerosil 0X50). ‘The
density of these producis range from 72.0£8 g/1 (Cab-0-8il
§-17) to 36.8 g/1 (¢.g., Cab-0-Sil M-5). The pH of the these
products at 4% aqueous dispersion ranges from pH 3.5-4.5.
These commercially available products are described for
exemplification purposes of acceptable properties of the
prelerred class of silicon dioxides only, and this description
is not meant 1o limit the scope of the inventton in any manner
whatsoever.

26
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When the novel cxcipient of the invention utilizes a
colloidal silicon dioxide, it has been found that the cesultant
cxcipient product surprisingly provides a compressibility
which is substantially impraved in preferred embodiments
even in comparison 1o the compressibility of normal “off-
the-shelf” commercially available microcrystalline cellulose
used in dircct compression lechnigues.

In other embodiments of the prescot invention, it has been
discovered (hat the compressibility of microcrystalline ccl-
lulose which is wet granulated is significantly improved by
a wider range of silicon dioxide praducts. Thus, in embocli-
ments of the present invention where an improvement in
overall compressibility of the microcrystalline cellulose
(whether utilized in wet granulation or dry granulation) is
nol imporiant, and the microcrystalline cellutose product is
o be subjected to wet granulation, it has been discovered
that the surface area of the silicon dioxide can be as low as
about 50 m*/gm and the average primary particle diameler
can be as large as about 100 gm. Such silicon dioxide
products are also deemed Lo be encompassed within the
scope of the inventinn.

Both microcrystalline cellulose and silicon dioxide are
substantially walter josoluble. Therefore, the particle size of
these ingredients as present in the well-dispersed aqueous

slurry is directly related fo the panticle size of these two

ingredients as they were introduced into the aqueons solu-
tion. There is no appreciable dissolution of either ingredient
in the aquenus slurry.

After a uniform mixture of the ingredients is obtained in
the suspension, the suspension is dricd to provide a plurality
of microcrystalline cellulose-based excipient particles hav-
ing enhanced compressibility.

In the spray-drying process, the aqueous dispersion of
microcrystalline cellulose and silicon dioxide is brought
together with a sufficient volume of hot air to produce
evaporation and drying of the liquid droplets. The highly
dispersed slurry of microcrystalline cellutose and silicon
dioxide is pumpable and capable of being atomized. Tt is
sprayed into a current of warm filtered air, which supplies
the heat for evaporation and conveys a dried product to a
collecting device. The air is then exhausted with the
removed moisture. The resultant spray-dried powder par-
ticles ar¢ approximaiely spherical in shape and are relatively
uniform in size, thereby possessing excellent flowability.
The coprocessed product consists of micraerystalline cellu-
lose and silicon dioxide in intimate association with each
other. Magnifications of the resultant particles indicate thal
the silicon dioxide i integrated with, or partially coats, 1he
surfaces of the microcrystalline celiulose particles. When
the amount of silicon dioxide including in the excipient is
greater than about 20% by weight relative 1o the microcrys-
talline cellulose, the silicon dioxide appears to substantially
coal the surfaces of the microcrystalline cellulose paricles.
The exact relationship of the two ingredients of the excipi-
cnis after coprocessing is not presently understood;
however, for purposes of description the coprocessed par-
ticles are described herein as including an apglomerate of
nricrocrystalline cellulose and silicon dioxide in intimate
association with each other. By “intimate associatc”, it is
meant thal the silicon dioxide has in some manner been
integrated with the microcrystalline cellulose particles, e.g.,
via a partial coating of the microcrystalline particles, as
opposed to a chemical interaction of the lwo ingredients.
The term “intimate association” is therefore deemed for
purposes of the present descriplion as being synonymous
with “integrated” or “united”. The coprocessed particles arc
nol necessarily unilorm or homogeneous. Ralher, under
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magnification, ¢.g., scanning clectron microscope at 500x,
the silicon dioxide at the preferred percent inclusion appears
to be an “edgecoating”,

It is most preferred in the present invention that the
microcrystaliine cellulose and silicon dioxide are
coprocessed, resulting in an intimate association of these
ingredients, rather than being combined, ¢.g., as a dry
mixture. In preferred embodiments of the present invention,
the agueous slurry of the microcrysialline cellulose and
silicon dioxide are introduced into the spray drycr as a single
agqueous medium. However, it s possible to scparately
introduce each ingredient inlo separale aqueous medium
which are then combined. Other procedures for combining
the microcrystalline cellulose and silicon dioxide known 1o
those skilled in the anl arc deemed 10 be equivalent 1o the
spray-drying technique described above, and are furiher
deemed to be encompassed by the appended claims.

In certain preferred embodiments of the present invention,
lhe coprocessing of the microcrysialline collulose and sili-
con dioxide is accomplished by forming a well-dispersed
aqueous slurry of microcrystalline cellulose and silicon
dioxide, and thereafter drying the slurry and forming a
plurality of microcrystatline cellulose-based excipient par-
ticles. Typically, microcrystalline cellulose is first added to
an aqueous solution so that a shurry or suspension containing
from about 0.5% 1o about 25% microcrystalline cellulose in
the form of solids is obtained. Preferably, the slurry or
suspension contains from about 15% to 20% microcrystal-
line cellulose and most preferably from about 17% 1o about
19% microcrystalline cellulose. At this stage, it is often
desirable 10 adjust the pH of 1he slurry to about neutral with
ammonium hydroxide, sodium hydroxide, and mixtures
thereof or the like. The suspension is kept under constant
agilation for a sufficient lime 1o assure a upniform distnbution
of the solids prior to being combined with the silicon
dioxide.

At this point, the silicon dioxide is zdded to the suspen-
sion or slurry in amounts ranging from 0.1% to about 20%
by weight, based on the amounl of microcrystalline
cellulose, amounts from about 0.5% 1o about 10 arc
preferred while amounts of from about 1.25% to about 5%
by weight are especially preferred. The silicon dioxide is
preferably in colloidal form prior 1o addition 1o the MCC
slurry. The microcrystalline cellulose and colloidal silicon
dioxide are well-dispersed in the slurry or suspension prior
drying and forming the novel particles.

It is preferred that the suspension be dried using spray-
drying techniques, as they are known in the art. Other drying
techniques, howcever, such as flash drying, ring drving,
micron drying, tray drying, vacuum drying, radio-Irequency
drying, and possibly microwave drying, can also be used.
The exact manner in which the suspension is dried is not
believed 1o be critical for the microcrystalline cellulose/
silicon dioxide particles to demonstraie enhanced compress-
ibility after wet granulating.

Depending upon the amount and type of drying, the
concentration of the microcrysialline cellulose and silicon
dioxide in the suspension, the¢ novel compressible particles
will have different particle sizes, densities, pH, moisture
content, etc.

The particulate coprocessed product of the present inven-
tion possesscs desirable performance attributes that are not
presenl when the combination of microcrystalline cellulose
and silicon dioxide are combined as a dry mixture, It is
belicved that the beneficial result obtained by the combina-
lion of these two materials is due to the Fact that the two
malerials are inlimately associated with each other.
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‘The average particle size of the integrated excipient of the
present invention ranges from about 10 microns to abowt
1000 microns. Particle sizes of about 10-500 microns arc
preferred, particle sizes of aboutl 30250 microns are more
preferred and particle sizes of about 40-200 microns are
mosi preferred. It will be appreciated by those of ordinary
skill in the arl that the drying of the microcrystalline
cellulose-silicon dioxide suspension results in a random size
distribution of the novel excipient excipient particles being
produced. For example if spray drying techniques are used,
droplet size, temperatures, agitation, dispersion, air tlow,
atomizer wheel speed, ele. will effect final particle size,
Furthermore, it is within the scope of the invention to sart or
mechanically alter the dried particles according 1o ranges of
particic sizes depending upon end uses. The particle size of
the inlegrated excipient is nol narrowly critical, the impor-
tant parameler being that the average size of the particle
must permit the formation of a directly compressible excipi-
ent which forms pharmaccutically acceplable tablets.

The novel cxcipivmt has a bulk (loose) density ranging
from about 0.2 g/ml 1o about 0.6 g/ml, and mosl preferably
from about 0.35 p/m] to about 0.55 g/ml. The novel excipient
has a tapped density ranging from about 0.2 g/ml to about
0.6 g/ml, and most preferably from about 0.35 g;ml to about
0.55 g/ml. The pH of the particles is most preferably about
neutral, although granulates having a pll of from abous 3.0
to about 8.5 arc possible. The moisture content of the
cxcipicnt particles will broadly range from about 0.5% 1o
about 15%, preferably from about 2.5% o abcut 6%, and
most preferably from about 3.0% 10 abowl 5% by weight.

The angle of repose is & measurement used to determine
the flow charactenistics of a powder. The angle of repose is
subject 1o cxperiment and cxperimenter, but in a compara-
tive test, the novel excipient is superior.

The novel excipient of the invention is free-flowing and
dircctly compressible. Accordingly, the excipicn! may be
mixed in the desired proportion with an active agent and
optional lubricant (dry granutation), and then directly com-
pressed into solid dosage forms. In preferred embodiments
of the present invention whercin the silicon dioxide is
calinidal silicon dioxide, the novel excipient comprising the
coprocessed microeryslalline cellulose and colloidal silicon
dioxide integrated together represents an augmented micro-
crystalline cellulose having improved compressibility as
compared to standard commercially available grades of
microerystailine cellulosc,

Allernalively, all or part of the cxcipienl may be subjected
to a wet granulation with the active ingredient. A represen-
tative wel granulation includes loading the novel excipient
particles inio a suitable granulator, such as those available
from Baker-Perkins, and graoulating the particles togelher
with the active inpredient, preferably using an aqucous
granulating liquid. The granulating liquid is added to (he
mixture with stirring until the powdery mass has the con-
sisiency of damp snow and then wet screened through a
desired mesh screen, for example, having a mesh from about
12 1o ahout 16. The screencd granulate is then dried, using
standard drying apparatus such as a convection oven before
undergoing a final sereening. Additional dry screening of
this materia! is possible, such as by using screens of from
about 40 to about 200 mesh. Those materials flowing
through 40 and 60 mesh screens may be lurther ground prior
to ultimate tablet formulation. The thus oblained wet granu-
late containing novel excipient is now capable of undergoing
tabletting or otherwise placed into a unit dosags form.

In certain preferred embodiments, a portion of the total
amount of the novel excipicnt is wet granulated with the

25

30

40

45

50

55

12

active ingredient, and thercafter the additional portion of the
novel cxcipient is added to the granulate. Jno vet other
embadiments, the additional portion of the novel excipient
to be added 1o the excipient/active ingredient granulate may
be substituted wilh conventional microerystalline cellulose,
or other excipients commonly used by those skilled in the
art, depending of course upon the requirements of the
particular formulation,

By virtue of the novel excipient of the present invention,
the amount of the novel excipient compared to the amount
of microcrystalline cellulose which must be used in a wet
granulation technique to obtain an acceptable solid dosage
form is substantially reduced.

In other embodiments of the invention, a further material
is added to the slurry of microcrystalline ccllulose and
silicon dioxide. Such additional materials include non-
silicon metal oxides, starches, starch derivatives,
surfuctants, polyalkylene oxides, cellulose cihers, celluloses
esters and mixiures thereof. These additives may be included
in desired amounis which will be apparent to those skilled in
the art.

In addition lo one or more aclive ingredients, addilional
pharmaceutically acceptable excipients {in the case of
pharmaceuticals) or other additives known to those skilled in
the art (for non-pharmaceutical applicalions) can be added to
the novel excipient prior (o preparation of the final product.
For example, if desired, any generally accepted soluble or
insoluble inert pharmaceutical filler (dilvent) material can be
included in the final product (c.g., a solid dosage form).
Preferably, the inert pharmaceutical filler comprises a
monosaccharide, a disaccharide, a polyhydric alcohol, inor-
ganic phosphates, sulfates ar carbonates, andfor mixtures
thercol. Examples of suitable inert pharmaceutical fillers
inctude sucrose, dextrase, lactose, xylitol, fructose, sorhitol,
calcium phosphate, calcium sulfate, calcium carbonate, “off-
the-shelf” microcrystalline cellulose, mixtures thereof, and
the like.

An cffective amount of any gencrally accepted pharma-
ceutical lubricant, including the calcium or magnesium
soaps may optionally be added to the navel excipient at the
time the medicament is added, or in any evenl prior to
compression into a solid dosage form. The lubricant may
comprise, for example, magnesium stearate in any amount
of about 0.5-3% by weight of the solid dosape form.

‘The complete mixture, in an amount suflicient to make a
uniform baich of tablets, may then subjected to tabletting in
a conventional production scale tabletting machine at nor-
mal compression pressurcs for that machine, c.g., about
1500-10,000 Ibs/sg in. The mixture should not be com-
pressed ta such a degree that there is subsequent difficulty in
its hydration when exposed to gastric fluid.

The average tablet size for round tablets is preferably
about 50 mg to 500 mg and for capsule-shapcd tablets about
200 mg to 2000 mg. However, other formulations prepared
in accordence with the present invention may be suilably
shaped for other uses or locations, such as other body
cavities, e.g., periodontal pockels, surgical wounds, vagi-
nally. Tt is contemplated that for certain uses, e.g., antacid
tablels, vaginal tablets and possibly implants, that the tablet
will be larger.

In certain embodiments of the invention, the tablet is
coaled with a sufficient amount of a hydrophobic polymer 1o
render the formulation capable of providing a release of the
medicament such that a 12 or 24 hour formulation is
obtaincd. The hydrophobic polymer which included in the
lablet coaling may be thy same or different material us
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compared 10 the hydrophobic polymeric material which is
optionally granulated with the sustained release excipient. 1n
other embodiments of the present invention, the tablet
coating may comprise an entenic coating material in addition
to or instead or the hydrophobic polymcer coating. Examples
of sunitable enteric polymers include cellulose acetate
phihaiate, hydroxypropylmeihylcellulose phthalate, polyvi-
nylacetate phthalate, methacrylic acid copolymer, shellac,
hydroxypropylmethylcellulose succinate, cellulose acetale
wrimellitate, and mixtres of any of the forcgoing. An
example of a suitable commercially available citeric mate-
rial is available under the trade name Eudragit™ L 100-555.

In further embodiments, the dosage form may be coated
with a bydrophilic coating in addition to or instead of the
above-mentioned coalings. An example of a suitable mate-
rial which may be used for such a hydrophilic coating is
hydroxypropylmcthylcellulose (e.g., Opadry®, commer-
cially available from Colorcon, West Point, Pa.).

The coatings may be applied in any pbarmaceutically
acceptable manner known to those skilled in the ari. For
example, in onc cmbodiment, the coating is applied via a
fluidized bed or in a coating pan. For example, the coated
tablets may be dried, e.g., af about 60-70° C. for aboul 3-4
hours in a coating pan. The solveni for the hydrophobic
pelymer or caleric coating may be organic, aqueous, or a
mixture of an organic and an aqueous solvent. The organic
solvents may he, e.g., isopropyl alcohol, ctharnol, and the
like, with or without water.

The coalings which may be optionally applied to the
compressed solid dosage form of the invenlion may com-
prise from about 0.5% to about 30% by weight of the final
sokid dosage form.

In addilional embodiments ol the present invention, a
support platform is applied to the tablets manufactured in
accordance with the present invention. Suitable support
platforms are well known to those skilled in the arl. An
cxample of suitable support plaiforms is set forth, c.g., in
U.S. Pat. No. 4,839,177, hereby incorporated by reference.

In that patent, the support platform partially coals the
tablet, and consists of a polymeric material insoluble in
aqueous liquids. The suppornt platform may, for cxample, be
designed lo maintain its impermeability characteristics dur-
ing the transfer of the therapeulically active medicament.
The support platform may be applied 10 the tablets, c.g., via
compression coaling onto part of the tablet surface, by spray
coating the polymeric materials comprising the support
platform onto all or part of the lablet surface, or by imrers-
ing the tablets in a solution of the polymeric matcrials.

The support platform may have a thickness of, e.g., about
2 mm if applied by compression, and about 10 um if applicd
via spray-coating or immersion-coating. Generally, in
embodiments of the invention wherein a hydrophobic poly-
mer of cnteric coating is applisd to the tablets, the tablets are
coated 10 a weight gain from about 1% to about 20%, and in
certain embodiments preferably from about 5% 1o about
10%.

Maierjals useful in the hydrophobic coatings and support
platforms of the present invention include desivatives of
acrylic acid (such as eslers of acrylic acid, methacrylic acid,
and copolymers thereof) cclluloses and derivatives thereof
{such as ethylcellulose), polyvinylaleohols, and the like.

In cerain embodiments of the present invention, the tablet
cor¢ includes an additional dose of the medicament included
in cither the hydrophobic or enleric coating, or in an
additional overcoating coaled on the outer surface of the
lablet core (withont the hydrophobic or enteric coating) or as
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a sccond coating layer coated on the surface of the base
coating comprising the hydrophobic or cnteric coating matc-
rial, This may be desired when, for example, a loading dose
of a therapeulically active agent is needed lo provide thera-
peutically effective biood levels of the active agent when the
formulation is first exposed to gastric fluid. The loading dose
of medicament included in the coaling layer may be, ¢.g.,
from about 10% to about 40% of the lotal amount of
medicament included in the formulation.

The active agent(s) which may be incorporated with the
novel excipient described hecein into solid dosape forms
invenlion include systemically active therapeulic agents,
locally active therapeutic agents, disinfecting agents, chemi-
cal impregnants, cleansing ageais, deodorants, fragrances,
dycs, animal repellents, inscet repellents, a fertilizing agents,
pesticides, herbicides, fungicides, and plant growth
stimulants, and the like.

A wide variety of therapeutically active agenis can be
used in conjunction with the present invention. The thera-
peutically active agents (e.g. pharmaceutical agems) which
may be used in the compositions of the present invention
include both water soluble and water insoluble drugs.
Examples of such therapeutically active agents include
anti-histamines (e.g., dimenhydrinale, diphenhydramine,
chlorpheniramine and dexchlorpheniramine maleate), anal-
gesics (e.g., aspirin, codeine, morphine, dihydromorphonc,
oxycodone, clc.), non-steroidal anti-inflammatory agents
(e.g., naproxyn, diclofenac, indemethacin, ibuprofen,
sulindac), anti-emetics (¢.g., metoclopramide), anti-
epileplics (e.g., phenytoin, meprobamate and nitrezepam),
vasadilators (e.g., nifedipine, papaverine, dilliazem and
nicardirine), anli-tussive agents and c¢xpectorants (c.g.,
codeine phaosphate), anti-asthmatics (e.g. theophyllineg),
anlacids, anti-spasmodics (e.g. atropine, scopolamine),
antidiabetics (e.g., insulin), diuretics (c.g., cthacrynic acid,
bendrofluazide), anti-hypotensives (c.p., propranclol,
clenidine), antihypertensives (e.g, clonidine, methyidopa),
bronchodilators (c.g., albuterol), steroids (e.g.,
hydrocortisone, triamcinolone, prednisone}, antibiotics
(e.g., tetracycline), antihemorrhoidals, hypnolics,
psychotropics, antidiarrheals, mucolytics, scdatives,
decongestants, laxatives, vitamins, stimulants (including
appetite suppressants such as phenylpropanolamine). The
above list is not meant to be exclusive.

A wide variety of locally active agents can be used in
conjunction with the novel excipient described hercin, and
mclude both water soluble and water insoluble agents. The
locally active agent(s) which may be included in the con-
trolled release formulation of the prescat invention is
intended to exert its effect in the environment of use, e.g., the
oral cavity, although in some instances the active agenl may
also have systemic activity via absorption into the blood via
the surrounding mucosa,

The locally active agent(s) include antifungal agents (e.g.,
amphotericin B, clotrimazole, nystatin, ketoconazole,
miconazol, etc.), antibiotic agents (penicillins,
cephalosporins, crythromycin, tetracycline,
aminoglycosides, etc.), antiviral agents (e.p, acyclovir,
idoxuridine, cic.), breath fresheners (e.g. chlorophyll), anti-
tussive agents (e.g., dextromethorphan hydrochloride), anti-
caniogenic compounds (e.g., melaltic salts of fluoride,
sodium monofluorophosphate, stannous fuoride, amine
fluorides), analgesic agents (e.g., methylsalicylaie, salicylic
acid, eic.), local ancsthetics (e.g., benzocaing), aral antisep-
tics (e.g., chlorhexidine and salts thereof, hexylresorcinol,
deauvalinium chloride, cetylpyridinium chloridc), anii-
Qammatory agents (e.g., dexamethasone, betamethasone,
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prednisone, prednisolone, triamcinolone, hydrocortisone,
ctc.), hormonal agents (oestriol), antiplaque agents (e.g,
chlorhexidine and salts thereof, octenidine, and mixtures of
thymol, menthol, methysalicylate, cucalvptol), acidity
reducing agents (e.g., bullering agents such as potassium
phosphate dibasic, calcium carbonate, sodium bicarbonate,
sodium and potassium hydroxide, ele.), and 1ooth desensi-
lizers (e.g., potassium nitrate). This list is not meant to be
exclusive, The solid formulations of the invention may also
include other locally active agents, such as flavorants and
sweeleners. Generally any flavoring or food additive such as
thosc described in Chemicals Used in Food Processing, pub
1274 by the National Academy of Sciences, pages 63-258
may be used, Generally, the final product may include from
about 0.1% 1o about 5% by weight flavorant.

The tablets of the present invention may also contain
effective amouuts of coloring agents, (e.g., titamium dioxide,
D, & C. and D. & C. dyes; see the Kirk-Othmer Locyclo-
pedia of Chemical Technology, Vol. 5, pp. 857-384, hereby
incurporated by reference), stabilizers, binders, odor con-
Irolling agents, and preservatives.

Alternatively, the agovel excipicnt can be wlilized in other
applications wherein it is nol compressed. For example, Lhe
granulate can be admixed with an active ingredient and the
mixture then filled into capsules. The granulate can further
be molded into shapes other than those typically associaled
wilh tablets. For example, the granulate together with active
ingredient can be molded 1o “fit” into a particular area in an
environment of vse (e.g., au unplant). All such uses would
be contemplated by those skitled in the arl and are deemced
lo be encompassed within the scope of the appended claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following examples illustrale various aspeels of the
present invention. They are not to be construed io limil the
claims in any manner whatsoever.

The examples set forth the preparation of various micro-
crystzlline cellulose’silicon dioxide compositions. Tablets
were prepared using each of the compaositions and each of
lablet preparations was tested for lensile strength.

EXAMPLES 1-3

PREPARATION OF COPROCESSED MCC-8iQ,
COMPOSITIONS AND GRANULATIONS
THEREOF

Example 1

MCC-8i0, Product—5% wiw Si0,
A, EXCIPIENT PARTICLES

In this example, about 6.2 kilograms of microcrystalline
cellulose (MCC), (Mendell Co., Inc. Patterson, N.Y.) u the
form of a wet cake was combined with 5.2 kilograms of
water in a mix tank to form a slurry containing zbout 15%
solids. The pH was adjusted to about ncutral with about 3 ml
of ammonium hydroxide. The slurry was allowed 10 mix for
about 15 minutes before being combined with 5% whiw
silicon dioxide (Si0),), 200 m%g (CaboSil, PTG grade,
available from Cabot Corpo., Tuscola, 111.) After aHowing
the matertals to become intimately combined, the slurry was
spray dried using a Niro Produclicn Minor (Nira, Columbia,
Md.}o, inlet temperature-215° ., outlet temperature-125°
C., alomizer wheel speed 22,300 rpm, 1o provide MCC-Si0,
having an average particle size of 40-60 microas.
B. GRANULATION OF EXCIPIENT PARTICLES
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The MCC-5iQ, particles obtained as a resull of step 1 A.
were wet granulaied in a Baker-Perkins 10 liter high-sheer
granulator for 3 minuies using water as the granulating fluid.
The resultant product was wet screencd through a 12 mesh
screen, lray dried in a convection oven for about 2-3 hours
until a moisture content of less than 5% was obtained, dry
screcned and sieved (0 obtain an average particle size of
from about 55 to about 70 microns.

Example 2
MCC-8i0, Product—20% wiw Si0,

The processes of Example 1A and B were repeated except
that 20% w/w silicon dioxide was uvsed to form the product.

Example 3
MCC-8i0, Product—2% wiw SiQ,

In this example, the processes of Example 1A and B were
repcated except that 2% w/w silicon dioxide was used to
form the product.

Example 4
Dry Blend Mix of MCC and SiO, (5% w/w)—

Comparative
As & control, EMCOCEL® grade 50 M microcrystalline
cellulose (Mendell Co., Inc.) and 5% w/w silicon dioxide,
200 m*/g (CaboSil, PTG grade) were dry blended. No spray
drying or other treaiment of the mixture was undertaken.
The method of Example 1B, however, was repealed.

Example 5

Processed MCC without 810,

As a second control, the process described in Example 13
was repealed cxcept thal no Si0; was added.

Example 6

In this example, batches of compressed tablets were
prepared using cach of the products obtained as a result of
Examples 1-5. The 1ablels were preparcd using a Korsch
lablet press having a punch size of %" and an aim weight of
about 245 mg. The granelations were included in five
separate tabletting runs wsing compression forces of 6, 12,
18, 24 and 30 kN respectively. Ten tablets from each run
were weighed, measured for diameter and tested for thick-
ness and hardness on the Erweka TBH 30 tablel hardness
tester to determine the compressibility of the microcrystal-
line cellulose as measured by tensile strength. The results of
the analysis are graphically illustrated in FIG. 1 as a com-
parison of tensile strength versus compression force.

As can be scen from the graph, substantial benefits are
abtained by coprocessing MCC with Si0,. The lablets
prepared using, the products of comparative examples 4 and
5 demonstrated poor tensile strength, The novel exeipient is
superior and demonstrales approximately the same relative
improvement across the entire range of compression forces.
Furthermeore, the graph also illustrates that 1ablets prepared
with a mere dry admixture of MCC and Si0Q, (example 4
formulation) failed to demonsirate aceeptable lensile
strengths., Thus, the coprocessed MCC-510, described
herein provides significant retention of MCC compressibil-
iy,

EXAMPLES 7-12

In these examples, compressed tablet products containing
70% by weight MCC and 30% acetaminophen (APAP
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herein) were prepared. The products of examples 7-9 were
controls and prepared without the coprocessed MCC-8i0,
of the present invemiion. The products of examples 10-12,
on the other hand, included 70% by weight of the novel
coproegssed MCC-510, and 30% APAP. Details concerning
the preparation of each granulation product is set forth
below. A graphical comparison of the tensile sirength versus
compression force for each tabletted product is provided in
FIG. 2.

Example 7

Intragranulation and Extragranulation of APAP with
MCC

In this example, tablels were prepared using off-the-shell
MCC (EMCOCEL® 50 M) according to the following
formula:

INGREDIENTS WERIGHT (GRAMS)
MCC 267.9
APAP 114.3
Deionized wate: 165.8

One half of the MCC was added 1o a Baker-Perkins 10
liter biender and combined with atl of the APAP. The blender
impeller was adjusicd 10 200 rpm and the chopper was set at
1000 rpm. Afier one minute, the water was added over 90
seconds using a rinse botule. Thercafter, mixing was contin-
ucd for an additional 90 seconds. The granulation was
removed from the blender, wot screened through a 12 screen
mesh and dried in a convection oven for 2-3 hours al 60° C,
until a moisture content of less than 5% was obtained. The
granulation was then dry screened through a 16 mesh screen
hefore being blended for 10 minutes with the remaining
portion of the MCC in 2 2 quart V-blender. The granulation
was removed from the blender and tubletled in accordance
with the method described below,

Tablet Strength Testing

In order 1o prepare tablets for the formulations of
examples 7, 8, 10 and 11, the following procedure was used:
the wet granulation products were weighed and mixed in a

2 quart V-blender for 5 minutes with .2% Pruv™

(sodiumsteary] fumarate, available from Mendell Co., Inc.).

Five separate tabletting runs were undertaken with com-
pression forees of 5, 10, 15, 20 and 25 kN respectively using
a Korsch tablet press having a punch size of %" and an aim
weight of about 245 mg. Ten tablets from each compression
force were sclected and used in the experiment sel forth in
Example 13.

Example 8

Wet Granulation of APAP with MCC

In ihis example, only wet granulation ar the intragranu-
lation step as described above was underiaken. The (ormu-
lation was prepared according to the following lormula
using ofl-the-shell EMCOCEL® 50 M MCC:
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INGREDIENTS WEIGHT (GRAMS)
MCC 178.6
APAP 76.5
Deianized waler 170.1

The MCC was added to a Baker-Perkins 10 liter blender
and combined with the APAP. The blender impeller was
adjusted to 200 rpm and the chopper was set at 1000 rpm.
Afler one minule, the water was added over 90 scconds
using a rinse bottle. Thercafter, mixing was continucd for an
additional 90 seconds. The granulation was removed from
the blender, wet screcncd through a 12 sercen mesh and then
dried in a convection oven at 60° C. for 2-3 hours, until a
meoisture content of less than 5% was achicved. The granu-
lation was then dry screened through a 16 mesh screen and
tableuted in accordance with the method described in
example 7.

Example 0

Direct Compression Formulation of APAP with
MCC

A direct compression formulation for tablets was prepared
to contain 70% oft-the-shelf EMCOCEL® 50 M MOCC and
30% APAP by weight. The tablels were prepared according
to the following formula:

INGREDIENTS WEIGHT (GRAMS)
MCC 1750
AFAP 4.5
PRUV 0.5

The MCC and APAI® were combincd in a V-blender and
mixed for 15 minutes. Thereafter, the Pruv was added and
mixing was continued for another 5 minutes. The granula-
tion was removed and five separatc labletting runs were
undertaken using compression forces of 5, 10, 15, 20 and 25
kN respectively on 2 Korsch tablet press. The tablel press
had a punch size of 3" and an aim weight of about 245 mg.
Ten tablets from cach compression force were used in the
experiment sel forth in Example 13,

Example 10
Wet Granulation of APAP with Caprocessed MCC-
Si0, (5% wiw)

In this example, 1ablets were prepared by wet granulation
wilh the coprocessed MCC (5% wiw Si0,) of Example 1A.
‘The tablet granulation was prepared according to Lthe fol-
lowing formula:

[NGREDIENTS WEIGHT (GRAMS)
MCC-§i0, 178.6
APAFR 765
Deionized water 1701

The MCC-8i0, was added to a Baker-Perkins 10 liter
blender and combined with the APAP. The blender impeller
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was adjusted to 200 rpm and the chopper was set ai 1000
rpm. After one minuic, the water was added over 90 seconds
using a rinsc bollle. Therealter, mixing was continued for an
additionat 90 seconds. The granulation was removed from
the blender, wet screened through a 12 screen mesh and then
dried in a convection oven for 2-3 bours at 60° C. until a
moisture content of less than 5% was achieved. The granu-
lation was then dry screcned through a 16 mesh screen and
tabletied according to the method set forth in Example 7.

Example 11

Intra- and Extragranulation of APAP with MCC-
$i0, (5% wiw)

A granulation for compressed tablets was prepared
according to the following formula:

INGREDIENTS WEIGHT (GRAMS)
MCC-5i0, 2679
AFAF 114.8
Deionized wates 165.8

One half of the coprocessed MCC-SIiO, (prepared as in
Example 1A) was added to a Baker-Perkins 10 liter blender
and combined with ail of the APAP. The blender impeller
was adjusted to 200 rpm and the chopper was sct at 1000
rpm. After one minuie, the water was added over 90 scconds
using a rinse bottle. Thereafter, mixing was continued for an
additional 90 scconds. The granulation was removed from
the blender, wet screened through a 12 screcn mesh and then
dried in a convection oven for 2-3 hours at 60° C. until a
moisture content is Jess than 5% was achieved. The granu-
lation was then dry screened through a 16 mesh screen
before being blended for 10 minutes with the remaining
portion of the coprocessed MCC-5i0, in a 2 quart
V-blender, removed from the blender, and tabletted accord-
ing to the method of Example 7.

Example 12

Direct Compression Formulation of APAP with
MCC-5i0, (5% wiw)

A direci compression formulation similar to that set forth
in example 9 was undertaken ¢xcepl that the tablets were
prepared 10 contuin the coprocessed MCC-Si0, of Example
1A, The tablet granutation was prepared according 1o the
following formula:

INGREDIENTS WEIGHT (GRAMS)
MCC-8i0, 175.0
APAP %5
PRUV 0.5

As was (he case in example 9, five separate tableiling runs
were undertaken using compression forces of 5, 10, 13, 20
and 25 kN respectively on a Korsch ablet press, (punch size:
%" and aim weight-—about 245 mg). 'ken tablets from each
compression farce were used to carry out the experiment set
forth in Example 13.

Example 13
Tablet Strength Testing

Ten tablets from cach compression force run for each
formulation prepared in Examples 7-12 were weighed,
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measured for diameter and tested for thickness and hardness
on the Erweka TBH 30 1ablet hardness tester to deler-mine
the compressibility of the microcrystalline cellulose. The
resulis are graphically illustrated in FIG. 2 as a comparison
of tensile strength versus compression foree.

Referring now to FIG. 2, it can be scco that compressed
tablets made with the inventive coprocessed MCC-Si0,
have relatively high tensile strengths when compared to
those made with off-the-shelf MCC. The advaniages of the
coprocessed MCC-8i0Q, are clearly seen in both direct
compression and wetl granulation formulations and cspe-
cially in wet granulation producis.

EXAMPLES 14-16
Diatomaceous Earth

In these examples, the coprocessing method described in
Example 1A was repeated except that diatomaceous earth of
about 40 micron particle size (J. T. Baker, Phillipsburg, N.J.
was used as the souree of 8i0,).

Diatomaceous

Example Earth (wt %)
14 20
15 1.0
16 0.5

The resultant granulates prepared according 1o Example
18 were tabletted according to the same method described
in Example 6 and evaluated for tensile strength. The prod-
ucts of inventive Example 3 (MCC-8i0, 2% wiw) and
Example 5 (MCC alone) werc included in FIG. 3 for
COmpAarison purposcs.

Referring now to FIG. 3, it can be seen that although the
relention of compressibility afforded by coprocessing diato-
maceous carlh is not as great as thal provided by colloidal
8i0, having surface arcas of about 200 m*/g, the copro-
cessed MCC-diatomaceous earth nonetheless demonstrates
improved compressibility in wet granulation formulations.

EXAMPLES 17-19

Silica Gel

1In these examples, the coprocessing method described in
Example 1A was repeated using silica gel 200 micron
particle size (VWR Corp., Piscataway, N.). as the source of
Si0,).

Example Silicn Gel (wt %)
17 1
18 2
19 5

‘The resultant granulates preparcd according to Example
1B were tabletted according to the same method described
in Example & and evaluated for tensile strength. The prod-
ucts of inventive Example 3 (MCC-Si0, 2% w/w) and
Example 5 (MCC alone) were included in FIG. 4 for
COMPAriSon purposes.

Referring now 1o FIG. 4, it can be seen that the retention
of compressibilily alforded by coprocessing with silica gel is
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well below that provided by colloidal $i0, having surface
areas of about 200 m*g. In fact, MCC coprocessed with
silica gel demonstrates compressibility propertics about the
same as off-the-shelf MCC in wet granulation fermulations.

EXAMPLES 2022
HS-5 Grade Silicon Dhoxide

In these examples, the coprocessing method <lescribed in
example 1 was repeated using HS-5 grade Si0, surface arca
325 m?/g (Cabot Corp., Tuscola, I11).

Exampte Silica Gel (wt %)
20 2
21 1
22 0.3

The resultant granulates prepared according to Example
1B were tabletted according to the same method described
in Example 6 and cvatuated for ensile strength. ‘The prod-
ucts of inventive Example 3 (MCC-Si0, 2% w/w) and
Example 5 (off-the-shelf MCC) were included in FIG. 5 for
COMPpAariSon Purposes.

Referring now to FI1G. 5, the retention of compressibility
afforded by coprocessing with HS-5 is comparable to that
obtained using Si0, having surface areas of about 200 m%/g.

While there have been described whal ars presenily
believed to be the preferred embodiments of the invention,
those skilled in the art will realize that changes and modi-
fications may be made therelo without departing from Lhe
spirit of the iovention. It is intended ta claim all such

changes und modifications Lhat fall within the true scope of 3

the invention.

What is claimed is:

1. An aqueous slurry useful in the preparation of a
compressible pharmaceutical ¢xcipient, comprising a mix-
ture of microcrystalline cellulose in the form of a wel cake
and from about 0.1 % to about 20% by weight silicon
dioxide bascd on the weight of said microcrysialline
cellulose, said silicon dioxide having an average primary
particle size from about 1 nm o about 100 um, the solids
content of said aqueous slurry being from about 0.5% ta
about 25% by weight, said silicon dioxide being present in
an amount from about 0.5% to about 109%, by weight, hased
on the weight of said microcrystalline ceflulose.

2. The slurry of claim 1, wherein said silicon dioxide is

prescnl in an amount from about 1.25% to aboul 5%, by

weight, based on the weight of said microcrystalline cellu-
lose.

3. The slurry of claim 1, which has a solid cantent From
about 15% to about 20%,

4. The slumy of claim 3, which has a solid centent from
abont 17% to about 19%.

5. I'he Slurry of claim 1, which has been pH-adjusted with
a member of the group consisting of ammonium hydroxide,
sodium hydroxide and mixtures thercof,

6. The slurry of claim 1, further comprising a member of
the group consisting of non-silicon melal oxides, starches,
starch derivatives, surfaclants, polyalkyleae oxides,
celluloses, cellulose ethers, cellulose esters and mixlures
thercof,

7. A method of enbancing the compressibility of micro-
crystalline cellulose in wel gragulation products, compris-
ing:
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(i) forming an aqueous slurry containing a mixturc of
microcrystalline cellulose in the form of a wet cake and
silicon dioxide having an average primary particle size
from about 1 nm to about 100 gm, the amount of silicon
dioxide being from about 0.1% to aboul 20% relutive 10
the amount of microcrystalline cellulose, by weigh,
wherein said slurcy comprises from abouw 0.5% o
ahoul 25% by weight microcrystalline cellulose; and

(1) drying said slerry (o obtain an cxcipicnt comprising a
plurality of agglomerated particles of microcrysialline
cellulose in intimate association with said silicon diox-
ide.

8. The melhod of claim 7, wherein said slurry conlains

from about 15% to abowt 209 microcrystalline cellulose.

9, The method of claim 7, wherein said slucry contains
from about 17% to about 19% microcrystalline cellulose,

10. The method of claim 7, wherein said silicon dioxide
is colloidal silicon dioxide.

11. The method of claim 7, further comprising drying said
slurry of microcrystalline cellulose and silicon dioxide by a
method selected from the group consisting of flash drying,
ring drying, spray drying, and micron drying.

12. The method of claim 7, further comprising drying said
slurry of microcrysialline cellulose and silicon dioxide by
spray drying.

13. The method of claim 7, further comprising drying said
slurry such that the resultant excipient particles have an
average particle size from about 10 um to about 1,000 um.

14. The method of ¢laim 7, further comprising drying said
slurry such that the resullanl excipient particles have a
particle sizc of from about 10 gm to about 500 pm.

15, The mcthod of claim 12, further comprising drying
said slurry such that the resullant cxcipient particles have a
particle size of from about 30 um to about 250 um.

16. The method of claim 7, further comprising drying said
slurry such that the resultant excipient parlicles have a
moisture conlent of from about 0.5 10 about 15%.

17. The method of claim 7, wherein said slurry further
compriscs & member of the group consisting of nen-silicon
melal oxides, starches, starch derivatives, surfactanis, paly-
alkylene oxides, cellulose, celluloses, celluloses cthers, and
mixtures thereof.

18. The microcrysialline cellulose-based excipient par-
ticles prepared by the process of claim 7.

19. The microcrystalline cellulose-based cxcipient par-
ticles prepared by the process of claim 15.

2(+. A mcthod of preparing a solid dosage [orm, compris-
ing:

(2} forming an agueous slurry conlaining a mixture of
microcrystaltine cellulose in the form of a wet cake and
silicon dioxide having a particle size from about 1 nm
1o about 100 gm, the amount of silicon dioxide being
from about 0.1% to about 20% relative 10 the amount
of microcrystalline cellulose, by weight;

(b) drying said slurry 1o obtain an excipicnt comprising a
plurality of agglomerated particles of microcrystaltine
cellulose in intimate association with said silicon diox-
ide;

(c) mixing an active ingredient with said ¢xcipient in a
ratio from about 1:99 to about $9:1;

(d) incorporating said mixiure obtained in step (c) into a
pluralily of solid unit doses.

21. The method of claim 20, wherein said silicon dioxide
is colloidal silicon dioxide, further comprising wel granu-
lating said mixture obtained in step (¢} prior 10 incorporaling
said mixture inlo said solid unit doses.
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22. ‘T'he method of claim 22, whercin said agucous shurry
prepared in sicp (2) comprises from about 0.5% to sbout
25% by weight microcrystalling cellulose.

23, The methed of claim 20, wherein said drving of step
(b) is accomplished by spray drying such that the resultant
excipicnt particles bave an average particle size [rom about
10 g o about 1,000 gm.

24, The method of claim 20, wherein said drving of step
(b} is accomplished by spray drying such that (he resultant
excipient parlicles have an average particle size from about
30 gim to about 250 gm.

25. The method of claim 20, whercin the resultant excipi-
ent particles have a bulk density from about 0.2 g/ml lo
about 0.6 g/ml.

26. The method of elaim 21, wherein the resultant cxcipi-
cnt particles have a bulk density of from abowt 0.35 g/ml to
about 0.55 g/ml.

27. The method of claim 21, further comprising wet
granulating the mixture of step (c), adding a further amount
of excipient obtained in step (b) to said granulation, and
thereafter incorporating the mixture inlo a solid dosage
form.

28. The method of claim 21, further comprising wet
granulating the mixture of sicp (b) prior 1o mixing said
excipient with said active ingredient in step (c).

29. The method of claim 28, further comprising adding a
further amount of excipient obtained in step (b) io the
mixture of said granulation and said active ingredient, and
thereafter compressing the mixture into a solid dasage form.

30. The method of claim 21, further comprising wet
granvlating the mixture of step (c), adding a further amount
of a pharmaccutically acceptable cxcipieat Lo said
granulation, and thereaficr compressing the mixture into a
solid dosage form,

31. The method of claim 28, Turther comprising adcing a
further amount of pharmaceutically acceptable cxcipient to
the mixture of said granulation and said aclive ingredient,
and thereafter compressing the mixture into a solid dosage
form.

32. Asolid dosage {form of a compressed mixture of from
about 1% to aboul 99% of an excipient comprising a
particulate agglomerate of coprocessed microerystalline cel-
lulose and from about 0.1% 1o aboul 20% by weight silicon
dioxide, the microcrystalline cellulose and silicon dinxide
being in intimatc associalion with each other, said silicon
dioxide portion of said agglomerate being derived from a
silicon dioxide having an average primary paricle size from
ahbout 1 nm to aboui 100 um, and from about 99% to aboul
1% of a systemically active therapeutic agent.

33. The solid dosage form of claim 32, wherein the aclive
agenl is an antihistamine.

34, The solid desage form of claim 33, wherein the
antihistamine is selecled from the group consisting of
dimenhydrinate, dimenhydramine, chlorpheniramine, and
dexchlompheniramine,

35. The solid dosage form of clzim 32, whercin the aclive
agent is an analgesic.

36. ‘The solid dosage form of claim 32, wherein the
analgesic is selected from the proup consisting of aspirin,
codene, morphenc, dihydromorphene, and oxycodone.

37. The solid dosage form of claim 32, wherein the active
agenl is a non-sicroidal anti-inflammalory agent.

38. The solid dosage form of claim 37, wherein the
non-steroidal anti-infammatory agent is sclected form the
group consisting of naproxyn, diclofenac, indomethacin,
ibuprofen, and sulindac.

39. The solid dosage form of claim 32, wherein the active
agent is an anti-emelic.
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40. The solid dosage form of ctaim 39, whercin the
anli-cmelic is metoclopramide.

41. The solid dosage form of claim 32, wherein the active
agenl is an anti-epileptic.

42. The solid dosage form of claim 41, whercin the
anti-cpileptic is sclected from the grouwp cousisting of
phenyloin, meprobamate and nilrezeparn.

43. The solid dosage form of claim 32, wherein the active
agent is a vasodilator.

44. The solid dosage form of claim 43, wherein the
vasodilator is selected from the group consisting of
nifedipine, papaverine, diltiazem and nicardirine.

45. The solid dosage form of claim 32, wherein the aclive
agent is an anti-tussive agent.

46, The solid dosage form of claim 32, wherein the aclive
agent is an cxpeclorant.

47. The solid dosage form of claim 32, wherein the active
agent is an anti-asthmatic.

48, The solid dosage form of claim 32, wherein the active
agent is an anlacid,

49. The solid dosage form of claim 32, whercin Lhe aclive
agenl Is an anti-spasmodic.

54, The solid dosage form of ¢laim 32, wherein the active
agent is an antidiabetic.

51. The solid dosage form of claim 32, wherein the active
agent is a diuretic.

52. The solid dosage form of claim 32, wherein the active
agent is un antibypoiensive.

53. e solid dosage form of claim 32, whercin the active
agenl i$ an antihypertensive,

54. The solid dosage form of claim 32, whercin the active
agent is a bronchodilator,

§5. The solid dosage form of claim 32, wheretn the active
agent is a steroid,

56. The solid dosage form of cleim 55, whercin the stereid
is sclected from the group consisting of hydroconisone,
triamcinolone, and prednisone.

57. The solid dosage form of claim 32, wherein the active
agenl is an antibiotic.

58. The solid dosage form of claim 32, wherein the active
agent is sclected from the group consisting of
antihemorrheidals, hypnotics, psychotropics, antidiarrheals,
mucolytics, sedatives, dccongestants, laxatives, vitamins,
and stimulants.

59. The solid dosage form of claim 32, prepared hy a
process comprising the steps of

(a) forming an aqueous shirry conlaining a mixture of
microcrystalline cellulose in the form of a wet cake and
silicon dioxide having a particle size fram aboul 1 nm
1 about 100 gm, the amount of silicon dioxide being
from about 0.1% to aboutl 20% relative 1o the amount
of microerystalline cellulose, by weight;

(b) drying said slurry to obtain an excipient comprising a
plurality of apgglomerated particles of microcrysialline
cellulose in inlimate associalion with said silicon diox-
ide;

(c) mixing the active agent with said excipient in a ratio
from about 1:99 to about 99:1;

(d) incorporating said mixture obtaincd in step () into a
plurality of solid dosage forms.

601 The solid dosage form of claim 32, whercin the solid
dosage form provides a sustained-release of the sysiemically
aclive therapeutic agent.

61. The solid dosage form of claim 32, the solid dosage
form provides a sustained-release of the systemically active
therapeutic agent over a period of at jeast 12 hours.

62. 'The solid dosage form of claim 32, wherein the solid
dosage form provides an immediate release of the systemi-
cally active therapeulic apent,
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63. The solid dosage form of claim 32, further comprising
a coating of a hydrophobic polymer.

64. The solid dosage form of claim 63, wherein the solid
dosape form includes a sufficient amount of the hydrophobic
pelymer coating to provide a suslained release of the active
agent over a predetermined period.

65. The solid dosage form of claim 63, wherein the
coaling further includes an enteric coating material.

66. The solid dosage form of claim 32, further comprising
a coating of an enteric coating material.

67. The solid dasage form of claim 66, wherein the enteric
coating malerial is sclected from a growp comsisting of
cellulose acctate phthalate, hydroxypropylmethyleellulose
phthalate, polyvinylacctatc phihalatc, methacrylic acid
copolymer, shellac, bydroxypropylmethylcellulose
succinate, cellulose acctale trimellitate, and mixtures
thercof.,

68. The solid desage form of claim 63, whercin the
coating further includes a hydrophilic material.

69. The solid dosage form of ¢laim 32, further comprising
a coaling of a hydrophilic material.

70. The solid dosage form of claim 66, wherein the solid
dosage form includes a sufficicnt amount of the coating to
provide a sustained release of the active agent over a
predetermined period.

71, The solid desage form of claim 64, wherein the
predetermined period is 12 hours.

72. The solid dosage form of claim 64, wherein the
predetermined period is 24 hours.

73. The solid dosage form of claim 69, whercin the
hydrophilic matcrial is hydroxypropylmethylceliulose.

74. The solid dosage form of claims 32, further compris-
ing a couling of an additional amount of the aclive agent.

75. The solid dosage form of claim 63, wherein the
coaling further includes an additional amount of the actlive
agent.
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76. The solid dosage form of claim 32, fucther comprising
at least a: partial ‘coating of a support platform.

77. A solid dosage form of a compressed mixture of from
about 1% 1o about 99% of an excipient comprising a
pamculaiu agg]drheralc of coprocessed microcrysialline cel-
Tuiose and from about 0.19% 1o about 20% by weight silican
dioxide, the mlcroLrysldllmc ceflulosé and silicon dioxide
being in mtlmalc association with each other, said silicon
dioxide poruon of said agglomeralc bcmg derived from a
silicon ledeC havmg an average primary particle size from
about 1 nm fo ‘about 100 gm, and from about 99% to about

% of a Iocale ictive therapeutic agent.

78.The solid dosagc form of claim 77, wherein the Iocally
aclive thcrapcuuc agen! is selected from a group consisting
of antifungal Jagems, antibiolic agems, antiviral agents,
breath fresheners, antitussive agcntq, anti-cariogenic
compoundz. analgcsm agents, local anesihetics, oral
aszcpucs anti-flammalory agents, hormonal agents, anti-
plaque agents,’ ac:ldlty reducing agenis, and tooth desensi-
tizers.

79. The scsl:d dosage form of claim 77, wherein the solid
dosage form provides a sustained- rt.lcdy.. of the locally
aclive therapcuuc agent,

80. The solid dosage form of claims 69, whercin the solid
dosage form includes a sufficient amount of the coaling lo
prowdcln sustained release of lhc]acllve agenl over a
predclcrmmCd ‘period.

8}, The solid dosage form of claim 70, wherein the
prcdclcrmmcd *period is 12 hours. |

82, The “solid dosage form of claim 70, whercin the
prcdctcrmmcd pcnod is 24 hours. |

83 Thc snhd ‘dosage form of claim 66, wherein the
coating furlher includes an additional amount of the active
apent.
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CAPITULO 2: FORMAS SOUDAS CRALES 105
o .. 4o |a lactosa o el fosfato dicdlcico. Este tipo de sustancias estdn adquiriendo cada
s ¥ Ez;nés importancia en la formulacién de comprimidos, y la continua investiga-
Vvién sobre el tema ha incrementado el nimero de excipientes de compresion direc-

AT o dispomb]es y la cantidad de farmaco que pueden incorporar.

26 Comprimidos oblenidos por compresién directa

La importancia del proceso tecnoldgico en la elaboracion de comprimidos, hace
ue éstos puedan clasificarse segtin el método de obtencion en comprimidos obte-
nidos por compresién directa del firmaco o de una mezcla del firmaco con exci-
ientes y comprimidos obtenidos por compresién de un granulado.

. Por compresion directa se entiende la compresién de farmacos pulveriformes
o de mezclas de éstos con coadyuvantes, sin tralamiento previo. S6lo un pequefio
pumero de sustancias pueden comprimirse directamente con buenos resuitados
(bromuro y cloruro sodices. yoduro potdsico, dcido bérico, dcido acetilsalicilico...).
Las propiedades gue hacen posible la compresién directa son poco conocidas. se
sabe que ello depende, en parte, del sistema de cristalizacién que adopta ia sus-
tancia, lo que condiciona su capacidad de deformacidn pldstica y engarzamiento
de particulas. Asi, las sustancias cristalizadas en un sistema isométrico pueden, en
J]a mayoria de los casos, comprimir directamente. Por el contrario, la compresién
directa es pricticamente imposible en las sustancias de naturaleza orgdnica que
cristalizan en el sistema monoclinico o triclinico, como es el caso de 1a mayoria de
las sustancias farmacolégicamente activas. Estas consideraciones deben ser inter-

los sistemas monoclinico v triclinico comprimen de forma directa.

Otros pardmetros indicativos de la compresibilidad de ias sustancias son los
puntos de fusién y ebuilicion, que dan una idea de la cohesion intermolecular, la
%3, simetria molecular v la presencia de agua de cristalizacién. De igual modo, el tama-
fio de los cristales también parece influir en la capacidad de compresion; asi. por
_ ejemplo, el permanganato potdsico sélo puede comprimirse directamente, en esta-
- do cristalino, a un determinado tamafo de particula.

A la compresidn directa se oponen-las escasas fuerzas de ligazon entre las par-
ticulas, {o que da tugar a comprimidos con poca consisiencia. v la escasa o mala
capacidad de fluencia del polvo del que se parie. En consecuencia, las estrategias
enfocadas a favoreczrla serian:

i

i

b — Modificar, por via fisica. la estructura y propiedades de las particulas de! far-
maco, fundamentalmente el tamafio, la forma, el contenido en humedad, el
estado cristalino, confiriéndeles las caracteristicas deseabies comentadas
anteriormente en los excipientes de compresion directa.

— Emplear dispositivos de alimentacidn forzada para mejorar el flujo de las

mezclas de polvos. Los alimentadores de fiujo forzado son dispositivos mecd-

pretadas como una regla orientativa, ya que algunas sustancias que cristalizan en’
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nicos que facilitan la eliminacién del aire del material liviano ¥ volupy
$0, manteniendo un flujo constante del polvo que pasa a las matrices§
ello se reduce al minimo el atrapamiento de aire, evitando la formacigl
casquetes (capping) en el comprimido terminado. Ademais, al aumeny
densidad del polvo se obtiene una mayor uniformidad de peso.
— Adicionar excipientes capaces de conferir a |a formulacién las caractg
ticas requeridas para la compresién (excipientes de compresion dirg)
Esta constituye la forma mds ficil y habitual de conferir a un principio ;
vo la capacidad de comprimir directamente; sin embargo, el elevado 3
de estos excipientes puede llegar a constituir un inconveniente frente 4
métodos convencionales.

— Diferencias en la densidad ¥ el tamafio de particula del firmaco y el exg
piente pueden dar lugar a una estratificacion del granulado, lo que se fr
duce en problemas en la uniformidad de contenido del farmaco, en espegi
en los principios activos que se utilizan 2 bajas dosis. Por ello, se aconss]
que todos los componentes de {a formulacian tengan un tamaric y una def
sidad similares.

— Farmacos que se dosifican en cantidades grandes, si no comprimen algo paf
si mismos, pueden plantear problemas en la compresién directa. Conside

Compresidn
Farmaco Excipientes
— 2
Comprimido

1 _ Mezclado

FIGURA 2.23. Etapas del proceso de compresidn diracta.
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— Debido a que el proceso se realiza en seco, se produce gran cantidad de pol-
vo y se generan cargas electrostdticas en los componentes durante las ope-
raciones de pulverizacion y mezclado, las cuales pueden originar una dis-
tribucién no uniforme del principio activo en el comprimido final.

Las ctapas previas, utilizadas bdsicamente en la compresién directa, incluyen

gnicamente las operaciones de pulverizacién y mezclado. Un esquema de este méto-
do de preparacién de comprimidos se recoge en la figura 2.23.

2.2.7. Comprimidos obtenidos por compresién de un granufado

La granulacién tiene como objetivo la transformacién de particulas de polvo
cristalizado o amorfo en agregados sélidos mds o menos resistentes y porosos denc-
minados granulados. Las particulas se unen mediante enlaces interatémicos e inter-
moleculares de diferente naturaleza: fuerzas de Van der Waals, enlaces por puen-
tes de hidrégeno, puentes sélidos de sustancias cristalinas, etc. El granulado
constituye un estado intermedio, no sélo en la fabricaciéon de comprimidos sino
también de otras formas farmacc¢uticas como cédpsulas rigidas, sellos y sobres, aun-
que puede utilizarse como tal.

Las principales razones por las que se recurre a la granulacién son:

— Prevenir la segregacién de los componentes en el mezclado de polvos, debi-
das a diferencias en el tamadio y densidad de las particulas de los compo-
nentes. Un granulado ideal (figura 2.24) contendra todos los componentes
de Ya mezcla en cada grinulo, evitando de esta forma la segregacién de com-

L ponentes.

. — Mejorar las propiedades de flujo de la mezcla. Los granulos obtenidos a par-
tir de un sistema cohesivo son mds grandes, esféricos e isodiamétricos que
los componentes iniciales, mejordndcse asi la capacidad de flujo. Ademds,
estas propiedades reducsn las fuerzas de friccidn y son menores los efectos
de carga eléctrica.

— Aumentar las caracteristicas de compresién de la mezcla. Ello se consigue
por la homogénea distribucion del aglutinante como pelicula adhesiva 2n la

superficie de las particulas dentro del granulado.

i — Favorecer la expulsién del aire interpuesto. El aire se expulsa ms ficilmente
A al comprimir un sélido constituido por grdnulos que por un polvo fino.

a — Reducir significativamente la cantidad de polvo generado en el proceso de
R fabricacién. La liberacién al medio de polvo que contenga un farmaco de
b die gran actividad puede tener graves consecuencias sobre el personal gue lo
f maneja.

— Reducir la higroscopicidad de la mezcla. Los componentes que son ligera-
mente higroscdpicos en forma de polvo pueden adherirse y formar una pas-

A
A
N
o

o

323



