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Abstract approved:
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Sustained release acetaminophen dosage forms were

prepared by microencapsulating acetaminophen with
ethylcellulose (Chapter I1). Drug release from
microcapsules with a 2.5% ethylcellulose coat . was

extremely slow (15% acetaminophen released after 24
hours). Tablets or capsules containing microcapsules
with 2.5 or 10% ethylcellulose coats provided prolonged
in vitro drug release (time to 50% dissolution, dSO%’

>4.1 hr). Sustained acetaminophen release was achieved
in one subject following administration of capsules
containing 97 .5% acetaminophen/2.5% ethylcellulose
microcapsules.

Acetaminophen powder and pellets were spray coated
with sustained release and/or enteric coats using

aqueous—-based film-forming dispersions (Chapter II).

Tablets containing spray-coated acetaminophen powders



provided slow in vitro drug release when tested intact

(d of 5.4 to 22.6 hr) and rapid release when crushed

50%

(d <2 hr). Acetaminophen release from

50%
ethylcellulose-coated pellets was extremely slow at
coatings >4% with <25% of the drug released after 48
hours. In comparison, triple-coated acetaminophen

pellets provided more rapid release (d <48 hr).

50%
Compression of spray-coated pellets into tablets
resulted in even faster drug release (dSO% of 7.8 to 25
hours). Sustained acetaminophen release was achieved in
one subject following administration of +tablets and
capsules <containing spray-coated acetaminophen powders

which had slow in vitro drug release.

Saliva acetaminophen concentrations were determined

-in 15 subjects after administration of five different

doses of commercial acetaminophen tablets (Chapter III).
Saliva acetaminophen <concentration-time ©profiles for
individual subjects were adequately described with bi-
or triexponential equations. Statistically significant
differences (p<0.05) in elimination rate, mean residence
time, and the ratio of area under the curve to dose were
found between treatments (doses), suggestive of

dose-dependent pharmacokinetics.
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NEW PRODUCT FORMULATIONS

AND

PHARMACOKINETICS OF ACETAMINOPHEN

CHAPTER I

MICROENCAPSULATED ACETAMINOPHEN:

FORMULATION OF SUSTAINED RELEASE DOSAGE FORMS



ABSTRACT

Sustained release acetaminophen dosage forms were

prepared by microencapsulating acetaminophen with
ethylcellulose wusing a nonaqueous phase-separation
coacervation method. Drug release from microcapsules

with only a 2.5% ethylcellulose coat was extremely slow
in the rotating basket apparatus (15% acetaminophen
released after 24 hours) due to lack of wetting when
microcapsules are confined in the basket. Tablets and
capsules containing microcapsules with 2.5 or 10%
ethylcellulose coats brovided prolonged in wvitro drug

release (d > 4.1 hr). Release patterns for

50%
acetaminophen microcapsules and dosage forms were
complex and could not be described by any one process.
Sustained acetaminophen release was achieved in one
subject following administration of capsule dosage forms
containing 97.5% acetaminophen/2.5% ethylcellulose
microcapsules (saliva acetaminophen concentrations were
maintained at 3 pg/ml for 6-16 hours post dosing).
However, intact and chewed tablets did not provide
sustained release in_ vivo with the latter saliva
concentration-time profile being similar to that of an
immediate release tablet product. With the exception of

the intact tablet dosage form, in vivo results were in

agreement with in vitro data.




INTRODUCTION

Statement of the Problem

The primary objective of this study was to develop

a sustained release crushable and chewable acetaminophen

tablet by microencapsulating acetaminophen and
incorporating the microcapsules into tablets. During
the course of this work, other sustained release oral

dosage forms containing acetaminophen microcapsules,
such as hard gelatin capsules and tablets (to Dbe
swallowed intact), were also developed and examined for

purposes of comparison.

To date, no sustained release chewable tablet
products are commercially available. The only novel
oral sustained action product on the U.S. market which

is not administered as intact tablets or capsules is
Theo-Dur Sprinkle (Key Pharmaceuticals, Inc., Miami,
FL). This dosage form contains microencapsulated
theophylline and is ingested by mixing with soft food.
However, the package insert states that the product
should not be crushed or chewed prior to swallowing.
The development of a sustained release chewable tablet
poses quite a challenge since all known controlled or
sustained release systems for oral administration are
destroyed if masticated. Sustained release oral dosage

forms have been reviewed by De Haan and Lerk (1984) and
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others (Haenselmann and Voigt, 1971 ; Ritschel 19783;
Garcia et al., 1978). These products can be classified
as enteric coated preparations, repeat-action products,
ion-exchange resins, slow release particles in tablets
and capsules, matrices of waxes and fats, polymer
matrices, and systems with drug release controlled by
osmosis. The methods by which drug release is delayed
in such dosage forms include diffusion, dissolution,
erosion, leaching, and osmosis.

From a physiochemical point of view, acetaminophen
was considered to be a challenging model compound for
which to develop sustained release systems since it is
fairly water soluble and has a short half-life (2-3
hours) . The therapeutic rationale for development of an
acetaminophen product, in particular, was to provide a
convenient dosage form for pediatric or geriatric use
which would not have to be swallowed whole and would
extend the drug's antipyretic and analgesic activity,
resulting in less frequent dosing.

Microencapsulation is only one of many techniques
used to achieve sustained or prolonged release of drug
in vivo. Microencapsulation of acetaminophen with
ethylcellulose using a phase separation coacervation
procedure was used in this study because sustained
release of dyphylline from crushed tablets <containing

ethylcellulose microcapsules was unexpectedly achieved




in vivo following administration to pigs (Chang, 1984).
Results from in vitro dissolution testing and a
preliminary in vivo study were used to assess release
patterns of drug from oral dosage forms containing
acetaminophen microcapsules in order to determine

whether they would provide sustained drug release. The

in wvivo study was performed with one human subject and

involved monitoring saliva acetaminophen concentrations.
Saliva was chosen instead of plasma since it <can be
collected by non-invasive techniques and because saliva
and serum acetaminophen levels have been shown to be
correlated with mean saliva to serum concentration
ratios ranging from 1.0 to 1.4 {(Glynn and Bastain, 1973;
Ahmed and Enever, 1981; Adithan and Thangam, 1982). This
preliminary in vivo data was viewed only as a tool which
may be useful to supplement the in vitro dissolution
results.

Microencapsulation

Microencapsulation is a means of applying thin
film-forming coatings to small particles of solids,
droplets of liquids, or dispersions. Microcapsules
provide a means of converting liquids to solids,
altering colloidal and surface properties, providing
environmental protection, and controlling release
characteristics or availability of coated materials.

Microencapsulation technology is highly diversified and
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has been applied in many fields other than pharmacy and
medicine. Industries such as those which supply paints,
cosmetics, adhesives, pesticides, detergents, and foods
have all found useful applications for
microencapsulation (Untersee, 1963 ; Raun and Jackson,
1966; Herbig, 1967; Rindt et al., 1968; Schwarzkopf,
1969; Charle et al., 1970a, 1970b; Suffis et al., 1970;
Todd, 1970; Hollinshead, 1971; National Cash Register
Corporation, 1971; Fanger, 1974; Sliwka, 1975).

Microencapsulation techniques have also been widely
used for pharmaceutical applications. The most common
uses are development of sustained release medications,
taste-masked tablets, powders and suspensions, single
layer tablets containing incompatible ingredients, and
new formulations for creams, ointments, aerosols,
dressings, plasters, suppositories, and injectables
{Bakan and Anderson, 1976).

For =encapsulation of a particular material,
consideration must be given to the physical and chemical
characteristics of the core material and the coating
material, as well as the intended use and character of
the final product. Microcapsules can be made in sizes
ranging from a few microns to several thousand microns,
with coatings varying in amount from 1 to 70%vby weight,
although normal commercial applications require 2 to 30%

(Bakan, 1980). This corresponds to a dry film thickness




of 0.1 to 200 um, depending on the surface area of the
core material and other physical characteristics of the
system (Bakan, 1980). Capsule size and size
distribution can be predetermined by appropriate
processing controls and are usually highly reproducible.

The encapsulated product may be isolated as a free

flowing powder or in the form of a slurry. The material
to be coated (core material) can be a liquid, either
dissolved or dispersed, or a solid. Physical and

chemical properties of the <core material should be
considered first when choosing an appropriate
encapsulation system. Water soluble substances are

usually microencapsulated in organic vehicles while

water insoluble materials are microencapsulated 1in
aqueous vehicles. Selection of the coating material is
based on product objectives and requirements. In

general, the coating material must be capable of forming
a film that is cohesive with the <core material, is
chemically compatible and nonreactive with the core
material, and provides the desired coating properties,
such as strength, flexibility, impermeability, optical
properties and stability (Bakan and Anderson, 1976) .
Some typical coating materials are celluloses, gelatins,
polyvinylalcohol, waxes, and shellac.

Release of <core material from microcapsules can

occur by 1) disruption of the <coating by pressure,
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sheer, or abrasion forces; 2) enzymatic permeability
changes; or 3) release from inert coatings by diffusion
or leaching of a permeant fluid (Bakan, 1980). In the
latter case, the release rate is a function of
permeability of the <coating to extraction fluid and
permeability of the coating to the core material solute,
the rate of dissolution of the <core material, the
coating thickness, and the concentration gradient across
the coating membrane. The intended route of
administration will, to a great extent, dictate the type
of release desired which in turn can be achieved by
selection of an appropriate coating material.

Several methods have been proposed and successfully
used for microencapsulation of pharmaceuticals. These
can be <classified in the following categories:
1) coacervation-phase separation, 2) air suspension,
3) multiorifice centrifugal, 4) pan coating, 5) spray
dryving and congealing, 6) interfacial polymerization,
and 7) electrostatic and vacuum deposition techniques.

Microencapsulation by coacervation-phase separation
is generally attributed to the National Cash Register
Corporation (1963) and the patents of Green (1955, 1960)
and others (Green and Schieicher, 1956, 1957; Miller and
Anderson, 1964; Heistand et al., 1966; Brynko et al.,
1967; Miller et al., 1967). Coacervation can be defined

as salting out or phase separation of lipophilic




colloids into 1liquid droplets rather than solid
aggregates. The process consists of three steps which
are carried out under continuous agitation (Bakan,
1980). The first step is the formation of three,
immiscible <chemical phases: a ligquid manufacturing
vehicle phase, a core material (drug) phase, and a
coating material phase. The core material is dispersed
in a solution of the coating material, the solvent for
the polymer being the 1liquid wvehicle. The <coating

material phase is formed by changing the temperature of

the polymer solution; by adding a salt, nonsolvent, or
incompatible polymer to the polymer solution; or by
inducing a polymer-polymer interaction. These are all

methods of phase-separation coacervation and detailed
descriptions can be found in the literature (Bakan and
Anderson, 1976). The second step in the process is
deposition of the <coating. This is accomplished by
controlled, physical mixing of the coating material in
the vehicle. Deposition of the liquid polymer coating
around the <core material will occur if the polymer is
adsorbed at the interface between the core material and
the 1liquid wvehicle phase. Continued deposition of the
coating material is promoted by a reduction in the total
free interfacial energy. of the system which is brought
about by decreases in the coating material surface area

during <coalescence of liquid polymer droplets. The
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final step is rigidization of the coating which is
accomplished by thermal, crosslinking, or desolvation
techniques to give a self-sustaining microcapsule.
Because core materials are encapsulated in a 1liquid
vehicle, subsequent drying by spray-drying,
freeze-drying, fluid bed drying, or tray-drying may be
required.

Phase separation techniques can be classified into
two categories: aqueous phase separation and nonaqueous
phase separation. The aqueous system consists of a
dispersion of a polymeric or macromolecular wall
material in water. Wall formation occurs when the wall
material is caused to separate into liquid <coacervate
droplets by addition of a hydrophilic material or by
adjustment of pH. The coacervation process can further
be broken down into two types: simple coacervation and
complex coacervation {Bungenberg de Jong, 1949). In
simple coacervation, a strongly hydrophilic substance is
added to a less hydrophilic colloidal dispersion. This
results in the formation of two layers, one rich 1in
colloidal droplets and the other deficient in these
droplets. Complex coacervation depends primarily on pH
and deals with systems containing more than one colloid
in the <continuous phase of the fluid system. Two
oppositely charged colloids discharge with each other to

produce a coacervate. In nonaqueous phase separation
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the continuous wall-containing phase is organic or
hydrophobic in nature, and the core material is water
miscible.

In the air suspension process, finely divided
particles of the <core material are suspended by a
vertical current of air and spray-coated with the wall
material solution. This air stream also dries the
product, resulting in a solid shell of the wall material
being deposited around each particle. Proper adjustment
of air flow, temperature, and fluid application rate are
critical to successful operation of this process.
Wurster (1953, 1957, 1966) developed a special air
suspension method which is now known as the Wurster
process. It is carried out in chambers containing
vertical pipes around which the core material circulates
by an ascending air current. The particles move upward
through the interior of the vertical pipe section while
being sprayed and then descend outside the pipe section
while the <coating dries. During each pass through the
coating zone, the core material receives an increment of
coating material. The process is repeated until the
desired coating thickness is obtained.

The multiorifice-centrifugal method is a mechanical
process which wuses centrifugal forces to hurl a core
material particle through an enveloping

microencapsulation membrane, thereby effecting
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microencapsulation (Heistand et al., 1970; Bakan and
Anderson, 1976).

Microencapsulation of solid particles greater then
600 um can be achieved by pan coating. Coating material
can be applied as a solution or atomized spray to the
desired solid core material in a coating pan. To remove
the coating solvent, warm air is passed over the coated
materials and final solvent removal is accomplished in a
drying oven.

Spray drying and spray congealing both involve
dispersing the <core material in a 1liquid coating
substance and then spraying or introducing the
core-coating mixture into some environmental condition
whereby rapid solidification of coating occurs. The two
processes differ in the means by which solidification
occurs. In spray drying, the solvent in which the
coating material is dissolved or dispersed is rapidly
evaporated, thereby solidifying the coating. In spray
congealing, a molten <coating material is thermally
congealed or a dissolved <coating is solidified by
introducing the coating-core material mixture into a
nonsolvent. Removal of the solvent or nonsolvent is
accomplished by sorption, extraction, or evaporation
{Hecker and Hawks, 1964).

Microencapsulation by interfacial polymerization

involves bringing two reactants together at the
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interface existing between a core material substance and
a continuous phase in which the <core material is
dispersed. The reaction produces a continuous film of
the formed polymer around the dispersed phase. This
method is mainly wused to ©prepare microcapsules with
nylon coatings (Chang and MacIntosh, 1964; Chang, 1964,
1965, 1966; Chang et al., 1966).

In electrostatic microencapsulation the wall
material and core material are brought together in
aerosol form. The process is described in detail in
several patents (Langer and Yamate, 1964, 1966; Berger
et al., 1965). Vacuum encapsulation involves enveloping
a solid, nonvolatile core material under high wvacuum.
The wall material is volatilized in vacuum and condensed
on the colder particles which are in rotary motion.
Specific applications and processes can be found in the
patent literature (Brynko, 1961; Brynko and Scarpelli,
1961; Orsino et al., 1964 ; Orsino and Mandel, 1964 ;
Gorham and Chappaqua, 1967 ; Vandegaer and Meier, 1969,
1971).

No single microencapsulation process is adaptable
to all core materials or product applications.
Difficulties such as ihcomplete and discontinuous
coating, inadequate stability or shelf-life of sensitive
products, and economic limitations are often encountered

in attempts to microencapsulate a substance for a
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particular purpose. Bakan and Anderson (1976) have
classified several microencapsulation methods as to
their applicability regarding the nature of the core

material {solid or 1liquid) and suitable particle size

range. In general, coacervation-phase separation and
multiorifice-centrifugal methods have the widest
applicability. These two processes can be wused to

microencapsulate solids and liquids, and the size of the
resulting microcapsules can range from 1 to 5000 um.

Acetaminophen

Acetaminophen (N~acetyl-para-aminophenol, para-
cetamol) is a widely used antipyretic and analgesic
agent which was first used in medical therapy in 1893
(Woodbury and Fingl, 1975). Although its antipyretic and
analgesic actions are similar to those of aspirin
(Beaver, 1966), acetaminophen has only weak
anti—inflammatory‘action. It has been reported that
acetaminophen reduces fever by inhibiting the actions of
endogenous pyrogen on the hypothalamic heat regulating
centers (Clark and Moyer, 1972). The analgesic action
may be central.

Acetaminophen is a moderately water soluble
(1 g/70 ml), bitter-tasting, odorless white crystalline
powder. It has a pKé of 9.5 which means that it is
largely unionized over the physiological range of pH.

Acetaminophen is extrememly stable in agqueous solution,
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but degradation to p-aminophenol and acetic acid can be
catalyzed by acids and bases (Koshy and Lack, 1961).

Acetaminophen pharmacokinetics following
intravenous and oral administration are best described
by a two compartment open model with a fairly rapid
distribution phase and an elimination half-life of 2.5
to 3 hours (Albert et al., 1974 ; Rawlins et al., 1977;
Clements et al., 1978; Ameer et al., 1983). Although
acetaminophen is rapidly absorbed from the GI tract, it
is incompletely available to the systemic circulation
after oral administration with a variable proportion
being lost presumably through first-pass metabolism
(Chiou, 1975; Rawlins et al., 1977; Perucca and Richens,
1979; Ameer et al., 1983). Acetaminophen absorption is
dependent on the rate of gastric emptying (Heading et
al., 1973; Clements et al., 1978) and occurs primarily

from the small intestine by passive transport (Bagnall

et al., 1979). Several factors, such as other drugs,
disease, or other conditions which alter the rate of
gastric emptying will influence the rate of
acetaminophen absorption (Nimmo, 1976) . In particular,

it has been demonstrated that food will delay the rate
of drug absorption, but have no effect on the total
amount of drug absorbed (Jaffe et al., 1971; McGilveray
and Mattok, 1972).

Acetaminophen is relatively uniformly distributed
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throughout most body fluids and tissues, except fat and
cerebrospinal fluid (Brodie and Axelrod, 1949; Gwilt et
al., 1963). Acetaminophen exhibits negligible plasma
protein binding at therapeutic plasma concentrations of
10 to 20 pg/ml (Wagner, 1975) but is 15 to 21% bound at
a plasma concentration of 280 pg/ml (Gazzard et al.,
1973) which would be associated with overdosage.

The‘drug is eliminated in the wurine primarily as
glucuronide and sulfate conjugates with only 2 to 5% of
a therapeutic dose being excreted unchanged (Cummings et
al., 1967). A small fraction is converted by cytochrome
P-450 dependent mixed function oxidase to a highly
reactive alkylating metabolite, which 1is probably
N-acetyl-p-benzo-quinoneimine (Miner and Kissenger,
1979). This metabolite is normally rapidly inactivated
by <conjugation with reduced glutathione, eventually
being excreted in the urine as cysteine and mercapturic
acid conjugates. Hepatic necrosis occurs when overdoses
of acetaminophen are ingested, and this has been
attributed to depletion of glutathione resulting in
covalent binding of the excess reactive metabolite to
vital cell constituents (Mitchell et al., 1973, 1974) .
Acetaminophen half-life exceeds 4 hours when hepatic
necrosis is present (Prescott et al., 1971) . This
prolongation in half-life is‘associated with a marked
increase in the ratio of unchanged to conjugated drug

plasma concentrations (Prescott and Wright, 1973).
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MATERIALS AND METHODS

Preparation of Microcapsules

A phase-separation coacervation method was used to
prepare acetaminophen microcapsules (Anderson et al.,
1967; Powell et al., 1968; Bakan and Anderson, 1976) .
Acetaminophen (Malinckrodt, Inc., St. Louis, MO, Lot
No. 1A030 and Ruger Chemical Co., Inc., Irvington, NJ,
Lot No. 7032-LPR-94) was ground through a 200-mesh
standard sieve prior to microencapsulation. A g
ethylcellulose, 100 c¢cps (Aldrich Chemical Co., Inc.,
Milwaukie, WI), B g high density polyethylene (Aldrich
Chemical Co., Inc., Milwaukee, WI), and C g
acetaminophen were added to a 2-liter 3-neck roundbottom
flask fitted with a condenser, thermometer and
motor-driven high speed stirrer (Table I.1}). 600 ml
cyclohexane were added to the flask and contents were
stirred at 1100 rpm. A heating mantle was used to
increase the temperature of the mixture to 80°c (reflux
temperature) over a 15 minute period. Reflux
temperature was maintained for an additional 15 minutes,
after which time the temperature was decreased to roonm

temperature over a one hour period with <continued

stirring. The mixture was poured into a beaker through
a 10-mesh standard sieve to remove polyethylene
particles. Microcapsules were allowed to settle, the




Table 1.1 Composition of Mixture Used to Prepare Microcapsules

g Ethylcellulose g Polyethylene g Acetaminophen

Microcapsules (A) (B) (c)
97 .5% acetaminophen/ 1 3
2.5% ethylcellulose 39
90.0% acetaminophen/ 4 1
10.0% ethylcellulose 2 36
80.0% acetaminophen
p / 8 24 32

20.0% ethylcellulose

[
[e9]
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cyclohexane was decanted, and the microcapsules were
washed three times with 250 ml <cyclohexane. After the
final wash, the microcapsules were collected by gravity

filtration through Whatman No. 1 filter paper and
air-dried for 90 minutes. The damp microcapsules were
dried at room temperature for five minutes in a fluid
bed dryer (Lab-Line/PRL, Melrose Park, IL). Large
chunks were manually broken up and drying was continued

for an additional five minutes at which time more clumps

were broken. Microcapsules were then dried for thirty
minutes at 60°C, removed, and placed in a 100-mesh
standard sieve. Particles of size <150 um (100 mesh)

were recovered by gently rubbing microcapsules through
the sieve with a small Erlenmeyer flask using a circular
motion.

Dosage Form Preparation

The 1ingredients listed in Table I.2 were combined
by geometric dilution with magnesium stearate being
added last. This tablet formulation was placed in a
capped, glass container and tumbled with a rotating
motion to ensure uniform lubricant coating.

Small tablets (<400 mg each) were prepared using a
single punch tabletting machine (Model TPK-12, Chemical
and Pharmaceutical Industry Co.). Tablet hardness was
measured using a tablet hardness tester (Strong, Cobb,

and Co.) and ranged from 3.5 to 5.0 kg/sq in. Tablet




Table I.2 Composition of Tablet Formulation

Ingredient Weight %
Acetaminophen Microcapsules 80.0
Di-Pac@ 17.5
Magnesium StearateP 1.0
Sodium Saccharin® 0.5
Flavoring Agentd 0.5
Coloring Agent® 0.5

100.0%

aAmstar Corp., New York, NY.
bFischer Scientific Company, Fair Lawn, NJ.
CMerck and Co., Inc., Rahway, NJ.

dAromalok artificial wild cherry flavor, 182344,
Fritzsche Dodge and Olcott, Inc., New York, NY.

®Di-Pac with added F.D.&C. aluminum lake (<0.5%
Red No. 3), Amstar Corp., New York, NY.
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formulation was also hand-packed 1into size O hard
gelatin capsules (E1li Lilly Co.) to give capsules
containing <430 mg tablet formulation -each. Intact
tablets were also crushed by pressing between two spoons
prior to dissolution testing to evaluate possible "dose
dumping" and the feasibility of administering crushed
tablets to patients.

Granules containing 97.5% acetaminophen/  2.5%
ethylcellulose microcapsules were prepared by wet
granulation using the following binder solutions: 1) 10%
w/w starch in distilled water, 2) 10% w/w gelatin (175
bloom, Dyna Gel, Inc., Calumet City, IL) in distilled
water, and 3) 10% w/w ethylcellulose in 95% ethyl
alcohol (Table 1.3). Microcapsules were also sprayed
with 95% ethanol until a wet mass formed (Table I1.3).
The wet granulation masses were screened through a
6-mesh standard sieve and tray-dried in a 50°C oven for
three to five hours. Granules of size <10 mesh were
used for in vitro dissolution testing.

In Vitro Dissolution Procedures

Acetaminophen-containing preparations were
subjected to the United States Pharmacopeia XX rotating
basket and paddle dissolution tests, as. well as a
modified dissolution test <consisting of a stationary
basket situated to the side and just above the paddle.

The bottom of the paddle was 2 cm from the bottom of the
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Table 1.3 Composition of Microcapsule Granulations

Amount Binder,

Binder g/10g microcapsules Wt % Acetaminophen
Starch 1.07 88.1
Gelatin 1.00 91.2
Ethylcellulose 3.00 94.6
Ethanol-sprayed ~——- 97.5
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flask, and the bottom of the basket was 1 cm from the
top of the paddle. The basket was situated midway
between the paddle shaft and the side of the flask.
Formulations containing 1.0 g acetaminophen were placed
in standard dissolution baskets containing a disk of
filter paper at the bottom of the basket to prevent
powders from falling through the basket, or directly in
flasks for paddle tests, and rotated at 50 rpm in 900 ml
of dissolution medium at 37 1_0.500. The dissolution
medium consisted of simulated enzyme-free intestinal
fluid prepared by dissolving 6.8 g potassium phosphate
monobasic (Mallinckrodt, Inc., St. Louis, MO, Lot XDX)
in 250 ml deaerated, deionized water and adding 190 ml
of 0.2 N NaOH and an additional 400 ml water. pH was
adjusted to 7.4 + 0.1 with 2 N NaOH, and water was added
to give one liter of solution. Three ml samples were

collected with a continuous flow (5-10 ml/min) eight

channel peristaltic pump (Gilson minipuls 2, Gilson
Medical Electronics, Middleton, WI) fitted with
stainless steel 20-30 um in-line filters. Sampling

times were 15, 30, 45, 60, 90 minutes and 2, 3, 4, 5, 6,
8, 12 and 24 hours. An equivalent volume of
temperature—equilibrated' dissolution fluid was replaced
after each collection.

Dissolution samples were diluted with enzyme-free

simulated intestinal fluid, and absorbances were
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measured at 244 nm using a double-beam spectrophotometer

equipped with a sipper system (Beckman Instruments,

Inc., Model 34). A standard curve ranging from 0.5 to
20 pyg/ml acetaminophen was prepared, fitted to a 1line
via linear regression (r > 0.9996), and used to

determine drug concentration in the dissolution sambles.
Percentage drug released was based on the theoretical
amount of acetaminophen present as calculated from
percent drug loading of microcapsules and percent
microcapsules in the formulation.

Wall Thickness of Microcapsules

The thickness of the ethylcellulose <coat was
calculated using an equation reported by Madan et al.

(1974):

volume of wall material recovered

wall thickness =
surface area of particles encapsulated

(Eq. 1)
In applying this relationship the assumption is made
that the drug particles are uniform, smooth and
spherical and that all the ethylcellulose has been
deposited as wall material. The latter assumption was
verified by in vitro dissolution studies in which the
total amount of drug dissolved was consistent with the
theoretical amount of drug present. The derivation of
Equation 1 and the physical/chemical constants necessary

to perform the calculations are described in Appendix A.
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In Vivo Administration of Acetaminophen Microcapsules

Four different oral dosage forms of microcapsules
and a 1.0 g dose of Tylenol (two 500 mg tablets of
Tylenol Extra Strength Acetaminophen, McNeil
Laboratories, Fort Washington, PA, Lot No. PS2300) were
administered to a healthy, male volunteer who gave
informed written consent. Treatments were taken on five
separate occasions with a wash-out period of at least
three days prior to dosing, and no alcohol was allowed
on treatment days. Acetaminophen preparations were
swallowed with six fluid ounces of water immediately
followed by a thorough moﬁthwash rinse with 20 ml of
Scope (Proctor and Gamble, Cincinnati, OH) in an attempt
to remove any drug that may have adsorbed to the buccal
mucosa. Saliva samples were collected in 12 ml glass
centrifuge tubes, each over a one minute period. Saliva
production was stimulated by chewing a one-inch by
one-inch square of Parafilm {American Can Co,.,
Greenwich, CT). Samples were collected at o0, 10, 20,
30, 45, 60, 90, 120, 150 minutes and 3, 4, 6, 8, 12, 16,
20, 24, 30 and 36 hours. The saliva was centrifuged at
3000 rpm for 25 minutes to remove mucous and particulate
matter, The salivary supernatant was transferred to a
polypropylene container with a lock cap and frozen at

-20°C until analyzed.
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Acetaminophen HPLC Assay

Stock solutions containing 20, 50, 100, 200, 300,
400, 500, 600, 1000 and 1500 ug/ml of acetaminophen (USP
reference standard, USP, Inc., Rockville, MD) were
prepared in distilled, deionized water. An 80 ug/ml
solution of 2-acetamidophenol (Aldrich Chemical Co.,
Inc., Milwaukee, WI) in water was used as the internal
standard. Standards were prepared by spiking 500 upul of
blank saliva with 25 pul of the above stock solutions. 50
nl of standard or unknown was combined with 50 pl of
internal standard solution in a 250-ul polyethylene
centrifuge tube and vortexed thoroughly. All samples

.were analyzed in duplicate on two different days.

Acetaminophen <concentration was determined by HPLC
analysis using a delivery pump (M-6000A, Waters
Associates, Milford, MA), automatic sample injector

(WISP 710 B, Waters Associates, Milford, MA), 30-cm
reverse phase C18 column (pBondapak, Waters Associates,
Milford, MA), 10-cm guard column packed with reverse
phase C18, uV detector (Model 440, Waters Associates,
Milford, MA) set at 254 nm and dual pen recorder (Soltec
Co., Encino, CA). The mobile phase (Gwilt, 1984)
consisted of methanol in distilled water (25:75) and was
pumped at a flow rate of 1.5 ml/min with a chart speed
of four inches per hour. Ten microliter injections were

made at 0.02 AUFS sensitivity for concentrations under
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20 png/ml. For higher concentrations the sensitivity was
adjusted to 0.05 AUFS. Retention times for
acetaminophen and 2-acetamidophenol were four and six
minutes, respectively.

Peak height ratios versus standard concentrations

were fit to a line via linear regression. Standard
curves were prepared daily and had correlation
coefficients (r) >0.996. The coefficient of variation

varied from 2.0 to 10.4% over the range 0.95 to 50 ug/ml
of acetaminophen. The sensitivity of the assay was

approximately 1 ug/ml.




RESULTS AND DISCUSSION

Batch~to-Batch Comparisons

Comparison of jin vitro dissolution in the modified
apparatus for two different batches of 97 .5%
acetaminophen/2.5% ethylcellulose microcapsules revealed
no marked differences between the microcapsules (Table
I.4 and Figure 1.1). Release of acetaminophen from both
batches of microcapsules was very slow with only 10 to
15% of the drug released after 24 hours. However, some
of the dosage forms containing these two batches of
microcapsules varied with respect to dissolution
behavior (Table 1.4 and Figures I.2a-1.2d). The time

for 50% of the drug to be released jin vitro (d was

50%)

estimated from percent released versus time profiles

using linear extrapolation. There was a significant
difference in dso% between batches for the tablet
formulation and crushed tablets (p<0.05). The cause of

the differences in dissolution rate of acetaminophen
from the tablet formulations is unknown. The difference
in dissolution rate of the crushed tablets may be due to
variability in the particle sizes produced when the
tablets were crushed . since this factor was not
controlled.

Dissolution rate of acetaminophen from

ethylcellulose microcapsules appears to be reproducible
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Table 1.4 Time to 50% Dissolution of 97 .5%
Acetaminophen/2.5% Ethylcellulose Micro-
capsules in Modified Apparatus

Dosage Amt Acetaminophen, g d50%a
Form Batch 1 Batch 2 Batch 1 Batch 2

Microcapsules 1.00 1.00 >24 >24

Tabletsb 0.90+0.03 0.87+0.01 5.1+0.88 4.3+0.47

Capsules® 0.90+0.04 1.00 6.5+0.70 6.4+0.43

Tablet d 0.98 1.00 8§.1+1.8 13.1+0.80

Formulation

Crushedd 0.98 1.00 2.6+0.42 1.2+0.55

Tablets?%'®

aTime for 50% of the drug to dissolve. Values are

expressed in hours as mean + standard deviation " for
three replications.

bThree intact tablets.

CThree size 0 hard gelatin capsules containing tablet

formulation.

d.. o . .

Significant difference in between batches
50%
(p<0.05).

eThree crushed tablets
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Figure I.1 In vitro dissolution of 97.5% acetaminophen/
2.5% ethylcellulose microcapsules in modified apparatus.
Key: (O ) Batch 1; () Batch 2.
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Figure I.2a [In vitro dissolution of intact tablets
containing 97 .5% acetaminophen/2.5% ethylcellulose
microcapsules in modified apparatus. Key: (O ) Batch
1; () Batch 2.
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Figure 1.2b In vitro dissolution of capsules containing
tablet formulation (97.5% acetaminophen/2.5% ethyl-
cellulose microcapsules) in modified apparatus. Key:
(O6) Batch 1; () Batch 2.
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Figure I.2c In vitro dissolution of uncompressed tablet
formulation (97.5% acetaminophen/2.5% ethylcellulose
microcapsules) in modified apparatus. Key: (O) Batch
1; () Batch 2.
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Figure I.2d In vitro dissolution of crushed tablets
containing 97.5% acetaminophen/2.5% ethylcellulose
microcapsules in modified apparatus. Key: (&) Batch
1; () Batch 2. ,
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from batch to batch. However, the observed differences
in dissolution profiles for some of the dosage forms
containing the microcapsules may be due to unknown
differences in dosage form preparation.

Comparison of Dissolution Methods

When tested with the USP rotating basket apparatus,
97.5% acetaminophen/ 2.5% ethylcellulose microcapsules
(Batch 2) and microcapsule dosage forms exhibited
dissolution behavior similar to that observed with the

modified apparatus, as evidenced by d values (Tables

50%
I.4~-1.6 and Figures I.3a, I.3b). However, the intact

tablets dissolved more slowly (d of 5.6+0.36 hrs in

50%
basket and 4.3+0.43 hrs in modified apparatus). Although
statistically significant (p<0.025), this difference may
reflect variability in dissolution testing rather than a
difference between apparatuses. Based on these results,
the rotating basket apparatus was used for all
subsequent dissolution tests due to ease of set-up and
its acceptability as a standard dissolution method.
Batch 2 microcapsules were also tested with the USP
paddle apparatus (Table 1.6 and Figure 1.4). The mean
d50% (9.1 hours) was lower than for the other two
apparatuses but was also extremely variable, as seen by
the high standard deviation (6.9 hours) associated with

the mean value. This method is unsuitable for testing

microcapsules because the microcapsules float on top of
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Table I.5 Time to 50% Dissolution® of Acetaminophen

Microcapsule Dosage Forms in Rotating Basket
Apparatus

Acetaminophen Content in Microcapsules

Dosage Formb 80% 90% 97.5%
Tablets 0.71+0.28 7.8+0.62 5.6+0.36
Crushed Tablets 2.2+0.67 0.89+0.13 0.91+0.16
Capsules 1.9+0.10 4.1+0.29 6.0+0.36
Tablet
Formulation 3.4+1.4 3.2+0.87 12.2+1.2°
aValues are expressed 1in hours as mean +_ standard

deviation for three replications.

b
The number of tablets and capsules or the amount of

tablet formulation was adjusted to give about 1.0 g
acetaminophen per basket. Dosage forms prepared with
Batch 2 microcapsules.
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Table 1.6 Time to 50% Dissolution of 97.5%
Acetaminophen/2.5% Ethylcellulose Micro-
capsulesa (Batch 2)

d b
Apparatus 50%
Rotating Basket >24
Paddle 9.1+6.9
Modified >24

a
1.0 g acetaminophen with 3 replications per apparatus.

b,.. .
Time for 50% of the drug to dissolve. Values are

expressed in hours as mean + standard deviation.
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Figure I.3a In vitro dissolution of intact tablets ({))
and crushed tablets (D) containing 97 .5%
acetaminophen/2.5% ethylcellulose microcapsules in
rotating basket apparatus.
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Figure I1.3b In vitro dissolution of capsules containing

tablet formulation (D) and uncompressed tablet
formulation (O) (97.5% acetaminophen/ 2.5%
ethylcellulose microcapsules) in rotating basket

apparatus.
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| Figure I.4 1In vitro dissolution of 97.5% acetaminophen/
| 2.5% ethylcellulose microcapsules (Batch 2). Key: ((})
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the dissolution fluid which does not allow for wuniform
wetting (Hanson, 1982a).

It appears that dissolution of these microcapsule
dosage forms in the modified apparatus is the same as in
the rotating basket. It has been shown that dissolution
of dosage forms in the paddle apparatus is faster than
in the rotating basket at the same rotation speed
{Hanson, 1982b) due to the more vigorous agitation
afforded by the paddle. However, in the modified
apparatus this effect seemed to be offset by the
confinement of the dosage form in the *asket. As
expected, dissolution testing of microcapsules with the
paddle led to highly variable results which were caused
by nonuniform distribution of microcapsules in the
dissolution vessel.

Dissolution of 97.5% Acetaminophen/2.5% Ethylcellulose

Microcapsules

As noted above, dissolution of microcapsules in the
USP XX rotating basket and modified apparatus was very
slow, with <15% of the drug released after 24 hours.
Drug release from microcapsules under these <conditions
appears to be a zero order process up to 24 hours. The
slow dissolution can be attributed to the lack of
wetting since a tightly packed clump of dry
microcapsules remains in the basket after 24 hours in

simulated intestinal fluid. By mixing the microcapsules




42

with Di-Pac, wetting is facilitated due to the presence
of this water soluble excipient, and release is more

rapid as reflected by the mean d of 12.2 + 1.2 hours

50%
for the tablet formulation. Addition of a surfactant to
the dissolution medium has been shown to increase the
dissolution rate of dyphylline and theophylline
ethylcellulose microcapsules under similar dissolution
conditions by improving the accessibility of solvent to
the drug (Sommers, 1983).

Wet granulation of these microcapsules resulted in
granules from which drug release was very rapid (Table
1.7). These results are similar to those reported by
Deshpande and Njikam (1977) in which acetaminophen
microcapsules were granulated using 10% maize starch.
During wet granulation, the microcapsules may be wetted
which results in rapid drug release. Partial dissolution
of the ethylcellulose coat may ‘ also occur when
microcapsules are mixed with an ethanol binder solution.
Once the mixture is granulated and the granules have
been dried, dissolution is rapid due to the presence of
free drug on the surface and inside of the granules.

Thus, dissolution of 97.5% acetaminophen/ 2.5%
ethylcellulose microcapsules in the basket apparatus is
extremely slow due to .lack of wetting. Granulating the
microcapsules results in rapid drug dissolution because

free drug may be present within and on the outside of




Table 1.7 Time to 50% Dissolution of
Acetaminophen/2.5% Ethylcellulose
capsule Granulations

d a
Binder 50%
Starch <15
Gelatin <40
Ethanol-Sprayed <15
Ethylcellulose <80
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97.5%
Micro-

a,, . . . .
Time in minutes for 50% of the drug to dissolve for two

replications. Values were the same for basket,
and modified apparatuses.

paddle,
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the granules.

Amount of Ethylcellulose Coat

Microcapsules with a 2.5% ethylcellulose coat were
relatively homogeneous with respect to particle size and
there was no visual evidence of clumping. The particle
size was <150 um. However, microcapsules having 10% or
20% ethylcellulose coats agglomerated and clumped during
drying. This phenomenon was also observed in the
preparation of dyphylline and theophylline
ethylcellulose microcapsules wusing a similar procedure
(Chang, 1984 and Sommers, 1983) and can be attributed to
the ethylcellulose coming out of solution solvated with
cyclohexane when it is precipitated by cooling or
coacervation (Morse et al., 1978) . It has been shown

that clumping can be avoided by displacing the

cyclohexane with pentane, hexane, heptane or octane
prior to filtration and subsequent drying of
microcapsules (Morse et al., 1978). Formation of

aggregates in production of ethylcellulose microcapsules
has been reported for other drugs, as well (Fanger et
al., 1970, Jalsenjak et al., 1976; Agyilirah and Nixon,
1980). 80 to 90% of microcapsule particles with a 10%
ethylcellulose coat were <150 um in size with the
remaining portion being larger. The product having a
20% ethylcellulose coat consisted of particles ranging

in size from 3.5 mm down to <150 um. In preparation of
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dosage forms containing microcapsules with 80% or 90%
acetaminophen, only particles of size <850 um were used.

The effect of varying the amount of ethylcellulose
coating on release of drug from microcapsules was
examined by comparing in wvitro dissolution {(rotating
basket apparatus) profiles of dosage forms containing
microcapsules with 2.5%, 10% and 20% ethylcellulose
coats. Dissdlution profiles for a representative batch
of each of the microcapsules are given in Figures
I.5a-1.5d, and d50% values are given in Table 1I.5.
Analysis of wvariance {(Snedecor and Cochran, 1980)
revealed that there was a significant difference in dso%
for different ethylcellulose coating levels for all of
the dosage forms (p<0.01). However, the rate of
dissolution from microcapsules was influenced by the
dosage form since no one dissolution pattern was
observed as the amount of ethylcellulose coating was
increased.

It would be expected that increasing the amount of
coating applied to drug particles and thus increasing
the thickness of the coat should slow the observed
dissolution rate of drug from microcapsules provided
that drug release occurs according to a diffusional
process which can be described by Fick's Law (Baker and

Lonsdale, 1974) . However, Chang (1984) unexpectedly

found that release of drug from dyphylline
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Figure I.5a In vitro dissolution of uncompressed tablet
formulations containing microencapsulated acetaminophen.

Key: (0) 97.5% acetaminophen/2.5% ethylcellulose; ()
90% acetaminophen/ 10% ethylcelulose; (O) 80%
acetaminophen/20% ethylcellulose microcapsules. Each
point is the mean + standard deviation of three

replications.
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Figure 1.5b In vitro dissolution of capsules containing
microencapsulated acetaminophen tablet formulations.
Key: (O ) 97.5% acetaminophen/2.5% ethylcellulose; (O)
90% acetaminophen/10% ethylcelulose; ({)) 80% aceta-
minophen/20% ethylcellulose microcapsules. Each point
is the mean + standard deviation of three replications.
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Figure 1.5c In vitro dissolution of intact tablets

containing microencapsulated acetaminophen. Key: (3Q)
97 .5% acetaminophen/2.5% ethylcellulose; (D) 90%
acetaminophen/10% ethylcellulose; (()) 80% aceta-
minophen/20% ethylcellulose microcapsules. Each point

is the mean + standard deviation of three replications.
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Figure I.5d In_vitro dissolution of <crushed tablets
containing microencapsulated acetaminophen. Key: (0)
97.5% acetaminophen/2.5% ethylcellulose; =~ (O) 90%
acetaminophen/10% ethylcelulose; (()) 80% acetaminophen/
20% ethylcellulose microcapsules. Each point is the
mean + standard deviation of three replications.
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ethylcellulose microcapsules increased as the amount of
ethylcellulose applied was increased. This phenomenon
was left unexplained but is now hypothesized to be due

to differences in particle sizes between microcapsules

with different amounts of ethylcellulose coat. Smaller
particles, such as microcapsules with a 2.5%
ethylcellulose <coat, resist wetting when confined to a

basket, presumably by forming a wunified hydrophobic
surface which repels water. As the amount of
ethylcellulose is increased, the particle size increases
due to clumping of microcapsules during drying, as
described previously. These larger particles wet more
readily and thus exhibit more rapid in vitro dissolution
under the specified conditions.

For acetaminophen it was also found that in vitro
dissolution of drug was slower from acetaminophen
microcapsules having only a 2.5% ethylcellulose coat
(Figure I.5a). The d50% for the uncompressed tablet
formulation containing 97.5% acetaminophen/ 2.5%
ethylcellulose (12.2+1.2 hours) was significantly longer
than that of microcapsules with 20% or 10% coats
(3.4+1.4 and 3.2+0.87 hours, respectively; p<0.01).
This was also true fof the tablet formulation packed
into hard gelatin capsules (Table 1.5 and Figure I1.5b).

For tablets containing acetaminophen microcapsules,

the observed in vitro dissolution profiles (Figure I.5c)
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reflect a combination of possible release mechanisms,

and the dissolution results are not as easily explained

as the "loose" tablet formulation which <contains
uncompressed microcapsules. When a polymer is combined
with drug and compressed into tablets, it may form an

insoluble plastic matrix or shell which slows drug
release (Dittgen et al., 1977; Lee and Robinson, 1978;
Kala et al., 1980; Georgakopoulos et al., 1981).
When a water soluble drug and water soluble excipients,
such as Di-Pac, are combined with ethylcellulose and
then compressed to form a tablet, drug release may occur
by a combination of diffusion and leaching via channels
which are formed as the excipients and drug dissolve
within the matrix. When all the drug has been reléased,
an empty, plastic skeleton remains which is then
excreted from the ©body. Drug release rate will be
largely independent of pH, motility and enzymes. For

tabletted microcapsules the microcapsule wall still has

to be penetrated to release the core. However,
compacting the microcapsules results in a greatly
reduced surface area being available for release. Even

after the drug has been released from microcapsules
composing the tablet, the dissolved drug still has to
permeate narrow channels in the tablet prior to release.
The combined effects of reduced surface area and channel

permeation result in slowing of drug release from
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tabletted microcapsules relative to untabletted
microcapsules (Nixon and Agyilirah, 1984). This effect
was observed for the 90% acetaminophen/ 10%
ethylcellulose microcapsules when one compares the d50%
for tablets with that of tablet formulation (Table 1I.5)
but not for the 97.5% acetaminophen/ 2.5% ethylcellulose
microcapsules. The probable reason for this is that
release from the latter microcapsules is retarded by
lack of wetting, as has been discussed previously.

The mean d50% for tablets made with 2.5%
ethylcellulose microcapsules was significantly shorter
than the dSO% for tablets made with 10% ethylcellulose
microcapsules (p<0.01). This observation cannot be
explained by differences in drug release from the
microcapsules since release from 90% acetaminophen/ 10%
ethylcellulose microcapsules was much more rapid than
from 97.5% acetaminophen/2.5% ethylcellulose micro-
capsules. Thus, it must be due to the higher
ethylcellulose content which resulted in formation of a
more extensive matrix wupon compression which further
slows drug release. The results obtained for tablets
prepared with 80% acetaminophen/20% ethylcellulose
.microcapsules are not in agreement with this finding
since release from these tablets was much more rapid
with a mean d of <1 hour (Table I.5 and Figure I.5c).

50%

This can be explained by the observation that these
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tablets disintegrated and did not form a plastic matrix
upon compression like tablets containing 2.5% and 10%
ethylcellulose microcapsules. The tablets were fairly
soft (hardness < 5 kg/sq in) and thus the compression
force may not have been high enough to form the plastic
matrix at this ethylcellulose content. Nixon and
Agyilirah (1984) found that for sodium phenobarbital/
ethylcellulose microcapsules, release was faster from
tablets made from larger aggregates of microcapsules.
This result was explained by an 1increase in tablet
strength as particle size increased, which was due to a
breakdown of aggregates and perhaps even individual
microcapsule walls, thus exposing free drug for
dissolution. The breakdown would be greater for larger
microcapsule particle sizes.

Crushing the tablets had a significant effect on in_
vitro dissolution. Release of drug from crushed tablets
containing 90% acetaminophen/10% ethylcellulose and
97.5% acetaminophen/2.5% ethylcellulose microcapsules
was much more rapid than from intact tablets (Table 1.5
and Figure I1.5d). This is as expected since the plastic
matrix has been destroyed. Such prompt release of drug
in vivo has been reported when tablets containing drug
in an insoluble polymer matrix are chewed (Ritschel,
1971). In addition, some of the microcapsules may have

cracked as a result of crushing between two spoons. It
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has been shown that upon compression of aspirin
microcapsules, some of the particles are fractured, but
the degree of fracture and immediate release are small
(Green, 1966) . Release of acetaminophen from crushed
tablets containing microcapsules with a 20%
ethylcellulose <coat was slower than from intact tablets

{Table 1.5 and Figures 1I.5c, 1.5d). This was not

expected and even though the difference in mean d50% was
statistically significant (p<0.05), the sample size was
small and the standard deviation was high. It is

unlikely that there actually is a difference in release
rate since the 1intact tablets disintegrate and thus
should release drug slightly slower or at the same rate
as tablets which have been crushed.

Release of drug from crushed tablets (Figure 1I.5d)
was also faster than from uncompressed tablet
formulation (Figure I.5a), and this can be explained by
increased wetting of crushed tablet ©particles when
compared to microcapsules which clump together in the
basket and resist wetting. This is consistent with the
finding that the largest difference in dissolution rate
between crushed and intact tablets was observed for
97.5% acetaminophen/2.5% ethylcellulose microcapsules
which have the smallest particle size.

Dissolution of wuncompressed tablet formulation

packed into three hard gelatin capsules was
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significantly faster than that of uncompressed tablet
formulation for 97.5% acetaminophen/2.5% ethylcellulose
microcapsules when placed "loose" in the dissolution
basket (Table 1.5, Figures I.5a, I.5b; p<0.01). Again,
this may be explained by increased wetting of
microcapsules since they have been divided into three
portions. Differences in d50% between capsules and
"loose" tablet formulation containing microcapsules with
20% and 10% ethylcellulose coats, respectively, were not
significant (p>0.05). This finding is consistent with
the observation that products with higher levels of
ethylcellulose coating are composed of larger particles
which wet more readily and thus dissolution is not
affected by dividing the tablet formulation into
separate portions.

The effect of compression forces on the
ethylcellulose coat can not be elucidated from the
dissolution data because compression of ethylcellulose
results in formation of a plastic matrix, as described
previously. Thus, the microcapsules in the tablet are
no longer discrete particles since some of them have
been molded together. Differences in dissolution
profiles between capsuleé containing tablet formulation
and tablets were observed for microcapsules with 10% and
20% ethylcellulose <coats. Because the tablets with a

20% ethylcellulose coat disintegrated, it was not
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possible to determine whether the release rate of
microencapsulated drug from nondisintegrating tablets
would be slower than from capsules, or whether the
amount of ethylcellulose would have an effect on the

magnitude of this difference.

In conclusion, tablets with 2.5% and 10%
ethylcellulose-coated acetaminophen microcapsules
provided prolonged drug release in vitro. However, when
these tablets were crushed, release was very rapid and
based on this observation, one would expect "dose
dumping” to woccur in vivo if such a dosage form was
crushed or chewed. Observed differences in in vitro
dissolution between the wvarious dosage forms can

primarily be attributed to differences in particle sizes
of microcapsule aggregates as the amount of
ethylcellulose coat was varied. Because discrete
microcapsules were not obtained at the higher coating
levels, the effect of increasing the amount of
ethylcellulose <coat on dissolution of drug from
microcapsules can not be determined.

Ethyvlcellulose Wall Thickness

Table I1.8 gives the =estimated thickness of the
ethylcellulose coat for the three levels of
ethylcellulose applied onto acetaminophen particles.
These values were calculated using Equation 1 with an

acetaminophen particle size of 75 um, which is the size




Table 1.8

Weight % Ethylcellulose

Calculated Ethylcellulose Wall
Acetaminophen Microcapsules

Thickness

Wall Thickness, um

2.5 < 0.37

10.0 < 1.59

20.0 < 3.58

57
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of the standard mesh sieve through which acetaminophen
powder was sieved prior to microencapsulation. It is
likely that many of the particles were smaller than
75 um, and thus these values are given as upper limits.
However, the size of some of the particles obtained
after microencapsulation was larger than 75 pm which
means that either the microcapsules have agglomerated
during drying or the ethylcellulose has been deposited
around several drug particles rather than discrete
particles. The latter hypothesis is unlikely since the
agitation rate during the &entire microencapsulation
process was maintained at a high speed (1100 rpm) which
should break up any aggregates.

For such thin coatings, one would not expect much
of a sustained release effect since Lehmann and Dreher
(1979) have found that a 10 pm thick wuniform layer of
acryclic resins around small particles (0.1-1.0 mm)
affords both complete coverage and taste proofing, but
to achieve a more pronounced delayed-release effect,
thicker coats are needed which correspond to
applications of 2—3 mg/sq cm of surface. Thus, the
ethylcellulose coating is not expected to be responsible
for the observed sustained release of acetaminophen in_
vitro.

Release Patterns

Microcapsules with a water insoluble membrane can
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be considered as a type pf reservoir controlled release
device from which the release of drug occurs by
diffusion. Assuming the microcapsules are spherical,
the release rate can be described by Equation 2 (Baker
and Lonsdale, 1974):

th/dt = (4nrori/ro—ri)DkAC (Eq. 2)
where Mt is the amount of drug released, th/dt is the
steady state release rate at time t, r. and r;, are the
outer and inner radius of the sphere, respectively, D is
the diffusion coefficient of the permeant in the
membrane, k is the distribution coefficient, Dk is the
membrane permeability, and AC is the difference between
the internal and external drug concentration, The term
47rrori/ro—ri represents the surface area per membrane
thickness. Zero order release occurs when all the terms
on the right side of the equation are constant, and a
plot of amount (or percent) released versus time would
give a straight line. It has been demonstrated that an
approximate constant release of drug <can be achieved
when small drug particles (about 10 puym in diameter) are
coated with thin <coats (Robinson et al., 1968) .
Although it is often desirable to achieve and maintain
zero order drug release from a sustained release dosage
form, sustained release can still be obtained if first
order absorption of drug occurs (Gibaldi and Perrier,

1982a; Boxenbaum, 1984). Several different sustained
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release forms of microencapsulated drug, such as rapidly
disintegrating tablets containing coated drug particles,
microencapsulated powder and a blend of coated pellets,
have illustrated apparent first order release kinetics
in wvitro, although diverse mechanisms are involved
(Bakan and Anderson, 1976; Bakan and Powell, 1983).

In vitro dissolution data for acetaminophen

microcapsules and dosage forms containing microcapsules
in the rotating basket apparatus were plotted as log of
percent unreleased versus time to determine whether
release of drug could be described by a first order
process since drug release was not zero order for most
of the dosage forms, as seen previously from the plots
in Figures I1.5a-1.5d. In addition, percent released
versus square root of time plots were made since such a
dependency has been described for monolithic devices
which consist of drug homogeneously dispersed in a
release-rate-controlling membrane (Baker and Lonsdale,
1974) . Release from microcapsules should not follow
such a pattern. However, such a relationship may hold
for tablets containing compressed microcapsules since
the polymer compresses to form a plastic matrix.

Because release frbm the 97.5% acetaminophen/ 2.5%
ethylcellulose microcapsules was so slow, it appears to
be linear for zero order, firsf order, and square root

of time relationships (Figures 1.4, 1.6). The plots
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Figure 1.6 In vitro dissolution of 97.5% acetaminophen/2.5% ethylcellulose
microcapsules: (A) percent acetaminophen wunreleased versus time; (B) percent
acetaminophen released versus square root of time.
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shown in Figures 1.7-1.12 reveal that total release
patterns for microcapsule dosage forms are complex and
cannot be described by any one mathematical model. For
tablets containing microcapsules with 2.5% and 10%
ethylcellulose coats, respectively, release appears to
be first order as evidenced by the linear curves on
percent unreleased versus time plots in Figure I.7, but
tablets made with 80% acetaminophen/20% ethylcellulose
microcapsules do not follow such a trend. Crushed
tablets (Figure 1.8) also appear to exhibit first order
release Kkinetics for the first 90% of drug released,
although some curvature is present. Deviations 'from
linearity were observed for capsules (Figure 1.9) and
the tablet formulation (Figure 1.10), as well, with the
exception of the tablet formulation containing 97.5%
acetaminophen/2.5% ethylcellulose microcapsules.

Possible linear relationships between percent
released and square root of time were observed only for
tablets containing 97.5% acetaminophen/ 2.5%
ethylcellulose and 90% acetaminophen/10% ethylcellulose
microcapsules (Figure I.11). The other dosage forms
gave release profiles which were curved, such as those
shown for the uncompressed tablet formulation in Figure
I.12. These results -were as expected since release of
drug from microcapsules and dosage forms containing

microcapsules should not follow patterns for monolithic
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Figure 1.7 In vitro dissolution of intact tablets
microencapsulated acetaminophen: percent acetamino
Key: (A) 97.5% acetaminophen/2.5% ethylcellulose;
ethylcellulose; (C) 80% acetaminophen/20% ethylcellu
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Figure 1.8 In vitro dissolution of crushed tablets containing
microencapsulated acetaminophen: percent acetaminophen unreleased versus time.
Key: (A) 97.5% acetaminophen/2.5% ethylcellulose; (B) 90% acetaminophen/ 10%
ethylcellulose; (C) 80% acetaminophen/20% ethylcellulose microcapsules.
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Figure 1.9 [In vitro dissolution of capsules containing microencapsulated
acetaminophen tablet formulations: percent acetaminophen unreleased versus
time. Key: (A) 97 .5% acetaminophen/2.5% ethylcellulose; (B) 90%
acetaminophen/10% ethylcellulose; (C) 80% acetaminophen/20% ethylcellulose
microcapsules.
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Figure I.11 In vitro dissolution of intact tablets containing
microencapsulated acetaminophen: percent acetaminophen released versus square

root of time. Key: (A) 97.5% acetaminophen/2.5% ethylcellulose; (B) 90%
acetaminophen/10% ethylcellulose: (C) 80% acetaminophen/20% ethylcellulose
microcapsules.
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Figure I.12 In vitro dissolution of uncompressed tablet formulations
containing microencapsulated acetaminophen: percent acetaminophen released
versus square root of time. Key: (A) 97.5% acetaminophen/2.5% ethylcellulose;
(B) 90% acetaminophen/10% ethylcellulose; (C) 80% acetaminophen/ 20%

ethylcellulose microcapsules.
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devices. However, it has been reported that if cracks
or pores are present in microcapsule walls, release of
drug may follow square root of time Kinetics (Kydonieus,
1980).

Thus, release of drug from acetaminophen
microcapsules and dosage forms containing the
microcapsules occurs by a combination of processes and
cannot be described by any one equation.

Biocoavailability and Pharmacokinetics of Micro-

encapsulated Acetaminophen

Saliva acetaminophen concentrations in one subject
following oral administration of several dosage forms
containing microcapsules are shown in Figure 1.13. The
dose administered was about 1.0 g. Only products made
with 97.5% acetaminophen/2.5% ethylcellulose micro-
capsules were tested in vivo since these microcapsules
exhibited the slowest release in vitro, were homogenous
with respect to particle size, and had the highest drug
loading.

Drug levels from microcapsules in one large capsule
were barely above 1 wug/ml for the first four hours
postdose and were maintained at about 3 ug/ml for 6 to
16 hours postdose. In contrast, the tablet formulation
in three capsules provided higher drug <concentrations
over the first four hours postdose, but the saliva drug

concentration began to decline 8 hours postdose from a
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Figure 1.13 Saliva acetaminophen concentrations in one
subject following administration of 97.5% acetaminophen/
2.5% ethylcellulose microcapsule dosage forms and a

commercial acetaminophen product. Key: {0O) two 500 mg
tablets Tylenol (1000 mg dose); {O) microcapsules in
one size 000 capsule (1000 mg dose); (Q) microcapsule

tablet formulation in three size O <capsules (1000 mg
dose; ((O) four intact tablets (1050 mg dose); (X ) four
chewed tablets (1120 mg dose).
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peak of 6.4 pyg/ml. This difference can be attributed to
the presence of Di-Pac in the tablet formulation which
facilitates wetting of microcapsules. Intact tablets
did not provide sustained release of acetaminophen which
is unexpected since jin vitro drug dissolution results
indicated otherwise. Drug concentrations rose to a peak
of 4 pg/ml at three hours and declined according to
first order Kkinetics over the next 9 hours. Drug
concentrations from the chewed tablets were similar to
those of the commercial tablet throughout the
elimination phase, and this is reflected in the similar
elimination rate constants (Table 1I1.9). Apparently,
chewing of the microcapsule tablet spreads apart the
microcapsules which allows for wetting and subsequent
rapid in vivo dissolution. In addition, chewing may
crack some of the microcapsules, resulting in release of
uncoated drug in the mouth. The subject did indeed
comment on the bitterness of the chewable tablets which
is probably due to free drug present in the mouth. No
data points for the first 90 minutes were plotted for

chewed tablets because it was discovered that when the

tablet is chewed, residual drug in the mouth due to
adsorption results in extrememly high saliva drug
concentrations at early sampling times. This was

determined by administering tablets which were chewed

but not swallowed. This finding is in agreement with




Table 1.9 Pharmacokinetic Parameters Following Administration of 97 .5%
Acetaminophen/2.5% Ethylcellulose Microcapsule Dosage Forms and a
Commercial Product

Dose k a‘ t b, t c’ o d, AUC /1.0 g drugg
e11 % p p 0—co £
Treatment g hr hr hr pg/ml ug-hr/ml F
Tylenol® 1.00 0.185 3.75 1.5 15.2 62.87 --
Microcapsules in one 1.00 0.172 4.03 12.0 3.4 59.16 0.94
size 000 capsule
Tablet Formulation 1.00 0.146 4.175 8.0 6.4 69.99 1.11
in three size 0
capsules
Intact Tablets (4) 1.05 0.162 4.28 3.0 3.9 35.47 0.56
Chewed Tablets (4) 1.12 0.223 3.11 1.5 13.6 59.17 0.94

aApparent elimination rate constant.
Apparent half-life.
dTime to peak.
ePeak saliva concentration.

AUC .o Was multiplied by 1.0/dose to adjust for differences in dose between
treatments.

F 1is the ratio of the normalized AUC for each treatment to the AUC for the
commercial product, Tylenol.

€Two 500 mg tablets Acetaminophen Extra-Strength Tylenol, Lot No. PS2300.
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Gwilt et al. (1979) who monitored saliva acetaminophen
levels following administration of an oral solution of
acetaminophen.

Relative bioavailability of the sustained release
dosage forms was determined by comparison of the total
area under the saliva acetaminophen concentration curves
(AUC0_>m). The AUC from time zero to the last time
point was calculated using the linear trapezoidal method
(Gibaldi and Perrier, 1982b). Assuming absorption to be
complete by the last. time point, the residual area
extrapolated to infinity was calculated as the final
plasma concentration divided by the =elimination rate
constant for the commercial product. The sum of these
two areas gives AUCO_’w. These values are presented in
Table 1.9. The capsule dosage forms and the chewed
tablets were bioequivalent to the commercial product
with respect to systemic availability. However, only
56% of the drug in the intact tablets was absorbed
relative to the commercial product. The intact tablets
may have passed through the GI tract and been eliminated
before all the drug «could be released. This is in
agreement with the observation that the tablets do not
disintegrate in_ vitro.. Apparent elimination rate
constants, apparent half-life, the time to peak, and the
bioavailability for all these treatments are given in

Table I.9. The apparent elimination rate constants were
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determined by calculating the slope of the elimination
phase based on first order kinetics. The apparent
half-1lives for the <capsules and intact tablet were
somewhat prolonged relative to that for the commercial
tablets, which indicated prolonged absorption in this
subject, as described by a "flip-flop" model (Gibaldi

and Perrier, 1982c). The apparent half-life for the

chewed tablets was faster, meaning that absorption was
rapid. These in vivo results are consistent with the
trends observed in dSO% from the in vitro dissolution

studies in which dissolution of drug from microcapsules
was very slow, dissolution of drug from intact tablets
and tablet formulation in capsules was more rapid but
still slower than from the crushed tablets. In vitro
release of acetaminophen from crushed tablets was about
the same as that from commercial products tested under
the same conditions (Borin, 1984) which would account
for the similar in vivo profiles.

Based on these preliminary findings, it appears
that sustained release of acetaminophen can be achieved
using microencapsulation. However, the saliva
acetaminophen concentrations obtained (assuming that
they are approximately equivalent to plasma
concentrations {(Ahmed and Enever, 1981)) were lower than
the reported therapeutic 1levels of 10 to 20 pg/ml

(Wagner, 1975) . Thus, it appears necessary to
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administer higher doses of microencapsulated
acetaminophen in order to achieve therapeutic drug
concentrations. The <calculated dose required to obtain
a steady state acetaminophen concentration of 15 ug/ml
with a 12 hour dosing interval, assuming that the volume
of distribution is wunchanged relative to an immediate
release product, is about 3.5 g. The equation and
pharmacokinetic parameters used to obtain this value are
given in Appendix B. Ahmed and Enever (1981}
administered a 1.4 g dose of acetaminophen as two 700 mg
tablets and reported sustained saliva acetaminophen
concentrations of about 15 upug/ml from 20 min to 5 hr
post dosing. Each of the tablets <contained 200 mg

immediate release acetaminophen and a 500 mg sustained

release core. To sustain saliva acetaminophen
concentrations at 15 ug/ml for 12 hours, a dose of at
least 3.36 g (i.e., 12 hr/5 hr = 2.4 increase in time;

2.4 X 1.4 g =3.36 g) is suggested by their data.

In conclusion, capsule dosage forms containing
97.5% acetaminophen/2.5% ethylcellulose microcapsules
provided sustained release of drug in_ vivo in one
subject. However, tabletted microcapsules had low
bioavailability (F = 0.56) and rapid drug release.
Chewed tablets gave a drug concentration-time profile
parallel to that of intact commercial tablets. With the

exception of the intact tablets, these in vivo results
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were consistent with the trends observed for in vitro

dissolution testing.
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CONCLUSION

Microencapsulation of acetmainophen with only 2.5%
ethylcellulose resulted in extremely .slow drug release
in vitro which was wunexpected due to the very thin
powder coat, but <could be explained by the lack of
wetting of such microcapsules when confined inside the
rotating basket. Microencapsulation with higher amounts
of ethylcellulose resulted in agglomeration and léd to
faster drug release. Tabletted 97.5% acetaminophen/2.5%
ethylcellulose microcapsules had slower drug release
than the uncompressed tablet formulation due to
formation of a plastic matrix which traps the
acetaminophen inside the tablet and allows for drug
release only by diffusion and 1leaching. However, in
vitro drug release was very rapid when tablets were
crushed. With the exception of the tablet dosage form,

preliminary in vivo data for 97.5% acetaminophen/2.5%

ethylcellulose microcapsule dosage forms was in
agreement with in vitro results, Sustained drug release
was obtained for <capsule dosage forms, but not for

tablets and chewed tablets.
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ABSTRACT

Spray-coated acetaminophen powder and pellets were
formulated into oral dosage forms. Spray-coated powders
with 20% inner enteric coats and ethylcellulose
overcoats of 2.5 to 10% as well as triple-coated powders

having a 10% inner ethylcellulose coat, 10 or 20% center

enteric coat, and a 10% outer ethylcellulose coat had
the slowest in vitro drug release (time to 50%
dissolution, dso%, of 3.75 to 6.31 hours). Tablets

containing spray-coated acetaminophen powders provided
slow in vitro drug release when tested intact (d50%
ranged from 5.4 hours wup to 22.6 hours) and rapid

release when crushed (d <2 hours). Acetaminophen

50%
release from ethylcellulose-coated pellets was extremely
slow at coatings >4% with <25% of the drug released

after 48 hours. In comparison, triple-coated

acetaminophen pellets with a 5% inner ethylcellulose

coat, 5,10 or 20% center enteric coat, and 5% outer
ethylcellulose coat provided more rapid release (d5096
< 48hours). Compression of spray-coated pellets (triple

or single coats) into tablets resulted in faster drug
release and release wds the same with or without a

disintegrant (d of 7.8 to 25 hours). The effects of

50%

crushing such tablets was dependent on the type of

pellet coating. For pellets having a 5% inner and outer
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ethylcellulose <coat and a 15% center enteric coat,
crushed tablets gave a dissolution profile similar to

that of intact tablets (d of 20 hours versus 25

50%

hours). Tablets containing pellets with “combination"
polymer coats had rapid drug release both as intact and

crushed tablets (d <5 hours) due to deformation and

50%

rupturing of this coating upon compression. Preliminary

in vivo data was supportive of in vitro results in that

sustained release was achieved in one subject following
administration of tablets and capsules containing

spray-coated acetaminophen powders that had slow in_

vitro drug release. However, when tablets containing
triple-coated acetaminophen pellets were vigorously
chewed, only a slight sustained release effect was

achieved.
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INTRODUCTION

Statement of the Problem

The primary objective of +this research was to
develop a sustained release <crushable and chewable
acetaminophen tablet by spray coating acetaminophen
powder or pellets with water-based film-forming
dispersions, and then incorporating the <coated drug
particles into tablets. During the course of this work
it was necessary, for comparison purposes, to develop
other sustained release oral dosage forms containing
film-coated acetaminophen such as hard gelatin capsules
and intact tablets. Reasons for developing a crushable
or chewable sustained release oral dosage form of
acetaminophen, along with in vitro and in vivo methods
used to investigate release of dfug from sustained
release formulations, have been discussed in Chapter I.

Environmental and economic pressures have caused an

ambitious shift from organic solvent to aqueous film

coating in the pharmaceutical industry. This work
investigated the feasibility of using aqueous
film~-forming dispersions for sustaining release of

acetaminophen instead of the polymer/organic solvent
coating system described in Chapter 1I. In addition, a
novel coating of drug particles and pellets was

developed in order to increase flexibility of the
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coating and/or maximize control of drug release. Both
factors are important in developing a product from which
drug release is not greatly affected by chewing. Two
different types of coating materials were applied over
the drug particle {resulting in particles with
multilayered coats}), or mixtures of coating materials
were applied resulting in formation of a film having
different permeability, flexibility, and strength.

Aqueous Film Coating

The film coating process involves evaporation of
solvent from a liquid preparation of <coating material,
leaving a film of coating material on the surface of the
solid material. Films sprayed from organic solvents may
offer processing advantages due to the solvent's low
heat of vaporization, but environmental and economic
concerns have made water a more attractive solvent.
Introduction of latex and pseudolatex materials used
with correctly selected equipment and processing
conditions have resulted in process times comparable to
organic solvent coating. In addition, with this
technique it is possible, using the same polymer, to
obtain films with diverse properties such as
permeability and mechanical strength. Aqueous film
coating methods have been applied to coating of tablets,
pellets, granules, crystals, particles, and even finely

divided powders (Jones, 1984). Coating functions such
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as enteric, sustained release, and taste masking are
achievable in addition to improved appearance and
protection. Polymers wused in film éoating can be
classified as water soluble, gastro-soluble, entero-
soluble, and water insoluble. Water insoluble films are
most often wused for applications in controlled release

delivery systems since release can be controlled by

diffusion through a membrane. Release rates are a
function of coating thickness, plasticizer
concentration, drug polymer solubility, and film

coalescence (which is affected by the temperature and
duration of drying).

The most commonly used agueous-based coating
materials are the commercially available latexes and
pseudolatexes which are low viscosity agueous
dispersions of polymeric spheres (20 to 30% solids). An
advantage of these systems is that they are less likely
to result in agglomeration than are dissolved film-
forming agents. Most of these latex materials are
produced by polymerization of a monomer {(Champetier and
Monnerie, 1969) which was previously emulsified or
dissolved in the aqueous phase. Examples of such
latexes are the polymethacrylate dispersions (Eudragit
E30D and L30D; Rohm Pharma, Weiterstadt, West Germany).
Another method involves dissolving the polymer in an

organic solvent and then preparing an O/W emulsion. The
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solvent is then evaporated, obtaining a stable
'suspension comprised of submicron spherical particles
(El-Aasser et al., 1977a; El-Aasser et al., 1977b) .
This procedure can be applied to derivatives which
cannot be manufactured by polymerization in situ, and it

also eliminates the presence of residual toxic monomer.

Aquacoat (FMC Corp., Philadelphia, PA) is manufactured
using this technique and contains ethylicellulose
particles having a mean dimension of 0.3 um. Aquacoat

is not a true latex in that it contains sodium lauryl
sulfate and cetyl alcohol at 2.7% and 5%, respectively,
of the amount of ethylcellulose in the formulation
(Vanderhoff et al., 1979).

Film formation in organic solvent systems occurs by
entangling and packing together of the molecules which
form an increasingly dense network as the sclvent is
removed (Banker and Peck, 1981). The mechanisms
involved 1in evaporation of a latex are quite different
(Brown, 1956; Sheetz, 1965; Bindschaedler et al., 1983).
In liquid state, the latex emulsion consists of discrete
polymer spheres which are independently suspended in
water. To form a clear, continuous film, these
individual particles must coalesce, become deformed, and
then fuse together during evaporation of water. In
general, plasticizers increase polymer pliability but in

latexes, they also serve to promote film coalescence. A
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plasticizer reduces the interchain forces of a polymer
film, thus resulting in increased mobility of the film
structure. This is accomplished by a lowering of the
polymer's glass transition temperature which is a
measure of plasticizer efficiency (Bolker, 1974). The
second step, deformation, requires a driving force to
overcome the inherent hardness of these polymer spheres
and electrostatic charges that these spheres bear.
Forces determining this ©process have been reported in
the literature (Vanderhoff et al., 1966 ; Vanderhoff,
1970). Softening and swelling of latex spheres by
plasticization aids in overcoming resistance ° to
deformation. In latexes where large surface areas
exist, the driving force to overcome repulsive forces is
known as capillarity. Capillarity is caused by the high
interfacial surface tension of water. When polymer

spheres are wetted and as the water of the wetting

droplet evaporates, the spheres are brought closer
together as the surrounding aqueous film constricts. As
water continues to evaporate, a <critical point is

reached at which the resistance of the stabilizing
layers on two spheres is overcome and polymer-polymer
contact occurs. Continued interfacial tension between
water and polymer spheres causes fusing of deformable
spheres into a Clear, continuous film. Mutual

interdiffusion of free polymer chains in deformed latex
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spheres causes overall knitting of film into one
continuous ©polymeric sheet. This is a physical process
which can be accelerated with elevated temperatures.

There are several types of equipment which have
been adapted or developed for aqueous film coating
processes (Jones, 1984). The perforated pan, a modified
round pan, was developed to improve drying efficiency by
drawing air through the bed as opposed to supplying it
to the bed surface only, as is done with round pans. Its
primary wuse 1is for coating of tablets. Air suspension
for application of aqueous film <coats has also been
used. The Wurster system, which was described in
Chapter I, <can be used to coat both tablets and smaller
particles such as pellets, granules, and materials as
fine as 50 um. Another type of air suspension technique
is the conventional top spray fluidized bed granulator
which can be wused for small particles but not for
tablets. However, films formed in this process are not
as uniform as those obtained with the Wurster system. A
more recently developed system is the rotary fluidized
bed which is an air suspension system using a rotating
disc to add centrifugal force to fluidization and
gravity forces, thus affording rapid mixing.

There are several kinds of pumps wused in <coating
applications. The peristaltic pump is the simplest and

easiest to clean but has several disadvantages such as
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pulsation, low 1liquid pressure, inability to pump
viscous liquids and fluctuations in liquid delivery rate
(Jones, 1984) . The gear pump provides smooth and
precise liquid delivery but is more difficult to clean,
and close tolerances between gears present a wear
problem when wusing 1liquids which contain undissolved
solids. The piston pump has the ability to clear minor
clogs in nozzles due to its pressure reserve. However,
it is also difficult to clean, and there is pulsation in
flow as the piston changes direction. Production
coating equipment uses one to seven nozzles which are
usually pneumatic for aqueous film coating systems since
droplet size is smaller than with hydraulic nozzles and
can be controlled independently of flow rate (Jones,
1984} .

Many factors affect sélection of the appropriate

process. Physical characteristics of the product, such
as surface area, shape, and friability all affect final
release properties. Surface area and shape are

reproducible for tablets but may vary considerably
within and between batches for smaller particles.
Variations in surface porosity and friability are also
more common for smaller particles. Scanning electron
microscopy has revealed that the most uniform films are
those applied wet to the surface, but under conditions

where the solvent or water is evaporated before core
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penetration occurs (Jones, 1984). For this reason,
sustained release coating of small particles should be
limited to the Wurster or rotary systems in which the
nozzle is immersed in the suspended ©particles and is

spraying concurrently with particle flow.
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MATERIALS AND METHODS

Preparation of Spray-Coated Acetaminophen Powder and

Pellets

Acetaminophen powder and pellets were spray coated
with several sustained release coating materials by the
pharmaceutics group at Warner-Lambert Company in Morris
Plains, New Jersey. One set of coated particles was
prepared by applying Eudragit L30D (Rohm Pharma,
Weiterstadt, West Germany), an enteric coating material
of polymethacrylic acid and acrylic acid esters, to
acetaminophen powder followed by application of an outer
ethylcellulose coat, Aquacoat (FMC Corp., Philadelphia,
PA), which was plasticized with triethyl <citrate. A
second set of coated particles was made by first coating
acetaminophen with ethylcellulose and then applying the
enteric coating material as the outer coat. Each of the
coating materials was varied from 0 to 20% by weight,
with a total coating of <30%. Acetaminophen particles
with various amounts of coating were made from the same
batch of acetaminophen powder on the same day by
starting with a fixed amount of acetaminophen, removing
a portion after it héd been <coated with the first
{lowest) amount of coating, applying additional coating
and removing another portion, etc., until the highest

desired amount of coating material had been sprayed onto
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the particles. A schematic of this procedure is shown
in Figure II.1.

Acetaminophen particles with three separate layers
of coating materials were also prepared using the same
procedure and coating materials described above. The
innermost and outermost coats were 5 or 10% Aquacoat,
and the center coat was 10 or 20% Eudragit L30D. A
schematic of the <coating procedure and the final
products obtained are given in Figure II.2,

Acetaminophen pellets were also triple-coated with

inner and outer coats consisting of 5% Aquacoat and a

center coat of 5, 10, or 15% Eudragit L30D.
Acetaminophen pellets were prepared by coating
non-pareil sugar seeds with acetaminophen. The

resulting pellets were approximately 1.3 mm in diameter
and contained 73% acetaminophen by weight. These
pellets were also coated with a single layer of Aquacoat
in the following amounts: 0.5, 1, 2, 3, 4, 5, and 10% by
weight. A schematic of the coating procedure and the
final products obtained are shown in Figure II.3.
Another sustained release coating was made by
mixing Eudragit E30D (Rohm Pharma, Weiterstadt, West
Germany), an insoluble, permeable film-coating material
based on polymethacrylic acid esters, and Aquacoat
together prior to spray coating the pellets. This

mixture was then applied in amounts of 2, 3, and 4% by
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Figure 11.1 Flow Chart for Spray Coating of Acetaminophen Powder. Key: Inner
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West Germany) and Aguacoat {an agueous ethylcellulose dispersion, FMC Corp.,
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00T

coat is Aquacoat and overcoat is Eudragit L30D.
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weight.

Dosage Form Preparation

The ingredients listed in Tables II.1a and II.1b
were combined by geometric dilution with magnesium
stearate being added last. These tablet formulations
were placed in a capped, rectangular, glass container
and tumbled with a rotating motion to provide uniform
mixing.

Acetaminophen granules used in the tablet
formulation along with spray-coated acetaminophen powder

(Table 1II.l1a) were prepared by wetting acetaminophen

powder with a 5% w/w starch solution, sCreening the wet
mass through a 6-mesh standard sieve, tray drying the
granules in a 50°¢C oven for three hours, and sieving

again to obtain the desired granule size.

Capsule-shaped tablets ("caplets") having a total
weight of 1.1 to 1.5 g were prepared with a manual
hydraulic tablet press (Carver Laboratory Press, Model
B, Summit, N.J.). The compression pressure was adjusted
to give tablets of hardness 14+1 kg/sq in for
spray-coated acetaminophen powder in tablets. These
tablets were 2 cm long, 10 cm wide, and 0.8 cm high.
Compression pressures necessary to obtain this hardness
for several of the spray-coated acetaminophen powders
are listed in Table II.2. The amount of drug in each

tablet was 750 or 1000 mg, depending on the amount of
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Table I1.1a Composition of Tablet Formulation for
Spray-Coated Acetaminophen Powders

Ingredient Weight %
Spray-Coated Acetaminophen Powder 84.0
Granulated Chewable Tablet Excipient Blenda 15.0
or Acetaminophen Granulesb (40 mesh})
Magnesium Stearate 1.0

100.0

aWarner—Lambert Company, Morris Plains, NJ.

b98.2% acetaminophen and 1.8% corn starch.

Table II.1b Composition of Tablet Formulation for
Spray-Coated Acetaminophen Pellets

Ingredient Weight %
Spray-Coated Acetaminophen Pellets 69.0
Granulated Chewable Tablet Excipient Blend? 27.5-30.0
(10-mesh)
Disintegrantb 0-2.5
Magnesium Stearate 1.0
100.0

aWarner—Lambert Company, Morris Plains, NJ.

bAc-Di—Sol (FMC Corp., Philadelphia, PA).
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Table II1.2 Tabletting Compression Force of Spray-Coated
Acetaminophen Powder Tablet Formulations?

Coatingb Compression Force, lbs/sq in
2.5% E-L30D/2.5% AQ 5056
5% E-L30D/5% AQ 2889
20% E-L30D/2.5% AQ 1878
20% E-L30D/5% AQ 939
20% E-L30D/10% AQ ‘ 939
5% AQ 5345
10% AQ 2456
20% AQ 1445
20% AQ + acetaminophen 1734

granules
5% AQ/5% E-L30D 2600

20% AQ/10% E-L30D 506

aComposition of tablet formulation is given in Table
II.1la.

bAQ is Aquacoat and E-L30D is Eudragit L30D. If more
than one <coating was applied, application was in the
order listed from left to right, i.e. for 2.5% E-L30D/
2.5% AQ the inner coat is Eudragit L30D and the outer
coat is Aquacoat.
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coating present.
Tablet formulation containing spray-coated

acetaminophen pellets was compressed at 4334 lbs/sq in,

giving tablets of hardness 10 kg/sq in. Hardness values
were determined for tablets ("caplets") aligned
horizontally and 1laying "on edge" in the hardness

testing apparatus (Strong, Cobb, and Co.). Because of
lower drug loading in acetaminophen pellets, the amount
of drug per tablet was only 500 or 650 mg.

As indicated in Table II.la, some tablets were made
by combining spray-coated acetaminophen powder with
uncoated acetaminophen granules instead of the chewable
tablet excipient mixtufe. These tablets could either be
swallowed intact or crushed if appropriate excipients
were added. If crushed, the uncoated granules would
provide some immediate release of drug. Tablets
containing a disintegrant (Table II.1b) were meant to be
crushable, but incorporation of a disintegrant would be
useful in the event that a patient preferred to swallow
the tablet intact.

A capsule dosage form was made by hand-packing
tablet formulations into size 00 hard gelatin capsules.
In comparison to tablets, the capsule dosage form
allowed evaluation of .the effects of compression on
coated powders and pellets. Tablets were evaluated

intact and also were crushed by pressing between two
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spoons to evaluate the effects of crushing on
dissolution. Such crushing may be desirable in elderly
or pediatric patients who have difficulty chewing. It

was also anticipated that in vitro dissolution of such
crushed tablets would help predict the effects of
chewing.

In Vitro Dissolution Procedures

In vitro dissolution tests were performed using the
USP XX rotating basket apparatus at a rotation speed of
50 rpm. Test conditions were as described in Chapter I,
with the exception that the dissolution medium for the
first two hours of the test was simulated gastric fluid,
which was prepared by dissolving 2 g sodium chloride in
7 ml hydrochloric acid and adding enough deaerated,
deionized water to give one liter of fluid. The pH was
adjusted to 1.4 + 0.1 with hydrochloric acid. Several
spray-coated acetaminophen pellet formulations were also
tested with the ©paddle apparatus under the same
conditions.

Transfer of dosage forms from gastric to intestinal
fluid was carried out by carefully removing the basket
from the shaft, filtering the gastric medium- to recover
any particles that may have come out of the basket, and
then placing 900 ml of temperature-equilibrated
simulated intestinal fluid into the vessel, along with

any recovered particles on the filter paper. The basket
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was then replaced onto the end of the shaft and rotation
was resumed for the duration of the test. This
"switching" procedure took 8 to 12 minutes, For
dissolution tests conducted with the paddle apparatus,
pellets were recovered from gastric fluid by filtration
and then placed (with the filter paper) into the vessel
containing temperature-equilibrated simulated intestinal
fluid.

Dissolution tests of all spray-coated acetaminophen
powders were performed on hand-packed powders in two
size 00 hard gelatin capsules because dissolution of
free powder in the basket was found to be quite
variable. ©Each formulation was tested at least in
duplicate, with up to as many as six replications.

Samples were collected at 15, 30, 45, 60, 90, 120
minutes (gastric fluid pretreatment period) and 2.25, 3,
3.5, 4, 5, 6, 8, 12, and 24 hours. For some tablets and
coated acetaminophen pellets, additional samples were
collected at 30, 36, 48, 54, 60, 72, and 84 hours.
Dissolution fluid volume was maintained at 900 ml by
adding fluid as needed prior to sample collection to
offset any significant fluid evaporation.

Wall Thickness of Spray-Coated Acetaminophen

Formulations

Wall thickness of coated acetaminophen powders and

pellets was determined using the equation described in
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Chapter I (Equation 1), Representative calculations are
given in Appendix A.

In Vivo Administration of Spray-Coated Acetaminophen

Formulations

Several capsules and tablets containing
spray-coated acetaminophen powders and pellets were
administered to a healthy, male volunteer who gave
informed written consent. Treatments were taken on
separate occasions with a wash-out period of at 1least
three days between doses. The dose of acetaminophen
administered varied between 1.25 and 2.0 g. Study
protocol, collection of saliva samples, and
acetaminophen assay procedures were the same as
described in Chapter 1I. In addition, one of the dosage
forms was administered immediately after a meal rather
than wunder fasting conditions to investigate the effect
of food on absorption of acetaminophen from a

spray-coated formulation.
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RESULTS AND DISCUSSION

Dissolution of Spray-Coated Acetaminophen Powders

In wvitro dissolution profiles of spray-coated
acetaminophen powders in hard gelatin capsules (600 mg
acetaminophen per capsule, 2 capsules per basket) are
given in Figures II.4a-d and II.5a-d. The dissolution

profile for uncoated acetaminophen is included in each

figure for comparison. Each point represents the mean
*_ standard deviation of two to six replications. A
split plot repeated measures analysis of variance
(ANOVA) (Bolton, 1984) was performed to test for

differences with respect to dissolution between the
different coatings (treatments). The subplot factor is
time and the time X treatment factor is a measure of
interaction; in particular, the time X treatment factor
compares whether the pattern of the dissolution curves
(percent acetaminophen released versus time) is the
same. The treatment factor measures only the difference
between overall averages of percent drug released (for
the time period tested) from the different coated
particles. In comparing these formulations, the
time X treatment factor is of most importance and
interest since it is a test of dissolution pattern over
time.

Four separate ANOVAs were performed for dissolution
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Figure II.4a In vitro dissolution of spray-coated

acetaminophen powder with 20% Eudragit L30D inner coat.
Key: (0) 0%; (D) 2.5%; (QO) 5%; (¥ ) 10% Aquacoat
overcoat; (———) uncoated acetaminophen powder. Each
point is the mean + standard deviation of two to six
replications.
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Figure I1.4b In vitro dissolution of spray-coated

acetaminophen powder with 10% Eudragit L30D inner coat.
Key: (D) 0%: (&) 2.5%; (O) 5%; (9 ) 10% Aquacoat
overcoat: (=—=—) uncoated acetaminophen powder. Each

point is the mean * standard deviation of two to six
replications.
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Figure II1.4c In wvitro dissolution of spray-coated
acetaminophen powder with 5% Eudragit L30D inner coat.
Key: (O) o0%; (06) 2.5%; () 5%; () 10% Aquacoat
overcoat; (———) uncoated acetaminophen powder. Each

point is the mean + standard deviation of two to six
replications.
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Figure 1I1.4d In_ vitro dissolution of spray-coated

acetaminophen powder with 2.5% Eudragit L30D inner coat.
Key: (Q) 0%; (&) 2.5%; () 5%; (<Q) 10% Aquacoat
overcoat; (——~) uncoated acetaminophen powder. Each
point is the mean + standard deviation of two to six
replications.
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Figure 11.5a In wvitro dissolution of spray-coated
acetaminophen powder with 20% Aquacoat inner coat.
Key: ((0O) 0%; (O) 2.5%; (O) 5%; (9) 10% Eudragit
L30D overcoat; (——-—) uncoated acetaminophen powder.
Each point is the mean + standard deviation of two to
six replications.
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Figure II.5b In vitro dissolution of spray-coated

acetaminophen powder with 10% Aquacoat inner coat.
Key: (0) 0%; (O) 2.5%; () 5%; (9Q) 10% Eudragit
L30D overcoat: (———) uncoated acetaminophen powder.
Each point is the mean + standard deviation of two to
six replications.
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Figure II.5c In vitro dissolution of spray-coated
acetaminophen powder with 5% Aquacoat inner coat.
Key: (0) o0%; (&) 2.5%; () 5%; (9) 10% Eudragit
L30D overcoat; (——~) uncoated acetaminophen powder.

Each point is the mean + standard deviation of two to
siXx replications.
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Figure 1I1.5d In wvitro dissolution of spray-coated

acetaminophen powder with 2.5% Aquacoat inner coat.
Key: (0O) 0%; (o) 2.5%; () 5%; () 10% Eudragit
L30D overcoat; (—=—=) uncoated acetaminophen powder.
Each point is the mean + standard deviation of two to
six replications.




119
of drug particles with 1) Eudragit L30D inner coat and
Aquacoat outer coat in simulated gastric fluid,
2) Aquacoat inner <coat and Eudragit L30D outer coat in
simulated gastric fluid, 3) Eudragit L30D inner coat
and Aquacoat outer coat in simulated intestinal fluid,
and 4) Aquacoat inner coat and Eudragit L30D outer coat
in simulated 1intestinal fluid. Data were divided in
this manner to determine the effect of type and quantity
of coating on dissolution in these two different fluids.
As noted in Figures II.4a-d and II.5a-4d, there is a
sharp break in the dissolution profile at 2 hours for
several coated powders when the dissolution medium is
changed from simulated gastric to simulated intestinal
fluid. It is instructive to determine whether this
effect is time and pH dependent. ANOVAs for each of
these groups of data are given in Tables II.3a-d. The
treatment (coating) and time X treatment effects were
broken down into separate tests of each treatment versus
the control to provide comparisons between coated and
uncoated acetaminophen (control).

For all four groups of data, treatment and
time X treatment interactions were highly significant
{p<0.01), as judged by the F values for treatment and
time X treatment interaction in Tables II.3a-d. This
means that there were significant differences between

some formulations and control with respect to mean
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ANOVA for Dissolution Profiles of Spray-Coated Acetaminophen
Powders (Eudragit L30D (E-L30D) inner <coat and Aquacoat (AQ)
outer coat) in Simulated Gastric Fluid

Source df SSE MSE E

Treatment 16 18337.98 1146.12 7.97%%
20% E-L30D vs. Controla 1 4298.19 4298.19 29.90%*
20% E-L30D/2.5% AQ vs. Control 1 3298.95 3298.95 22.95%*
20% E-L30D/5% AQ vs. Control 1 3641.05 3641.05 25.33%*
20% E-L30D/10% AQ vs. Control 1 5214.93 5214.93 36.28%*
10% E-L30D vs. Control 1 4377.05 4377.05 30.45%*
10% E-L30D/2.5% AQ vs. Control 1 1299.23 1299.23 9.04%**
10% E-L30D/5% AQ vs. Control 1 714.89 714.89 4.97*
10% E-L30D/10% AQ vs. Control 1 1554.59 1554.59 10.82%*
5% E-L30D vs. Control 1 1096. 34 1096.34 7.63%*
5% E-L30D/2.5% AQ vs. Control 1 322.54 322.54 2.24
5% E-L30D/5% AQ vs. Control 1 229.96 229.96 1.60
5% E-L30D/10% AQ vs. Control 1 482 .77 482.177 3.36
2.5% E-L30D vs. Control 1 118.77 118.77 0.83
2.5% E-L30D/2.5% AQ vs. Control 1 560.96 560.96 3.90
2.5% E-L30D/5% AQ vs. Control 1 167.96 167.96 1.17
2.5% E-L30D/10% AQ vs. Control 1 208.51 208.51 1.45

Main Plot Error 31 4456.12 143.75

Main Plot Total 417 22794.09

Time 3 46258.72 9251.74 852.81**

Time X Treatment 80 4967.90 62.10 5.72%*
Time X 20% E-L30D vs. Control 5 553.635 110.73 10.21%*+*
Time X 20% E-L30D/2.5% AQ vs. Control 3 336.41 67 .28 6.20%*
Time X 20% E-L30D/5% AQ vs. Control 3 419.89 83.98 7.74%*%
Time X 20% E-L30D/10% AQ vs. Control 5 589.59 117.92 10.87%*%
Time X 10% E-L30D vs. Control 5 322.64 66.53 6.13**
Time X 10% E-L30D/2.5% AQ vs. Control 5 48 .33 9.67 0.89
Time X 10% E-L30D/5% AQ vs., Control 5 48 .94 9.79 0.90
Time X 10% E-L30D/10% AQ vs. Control 5 36.93 7.39 0.68
Time X 5% E-L30D vs. Control 5 17.71 3.54 0.33
Time X 5% E-L30D/2.5% AQ vs. Control 5 73.13 14.63 1.35
Time X 5% E-L30D/5% AQ vs. Control 3 12.62 2.53 0.23
Time X 5% E-L30D/10% AQ vs. Control 5 54.02 10.80 1.00
Time X 2.5% E-L30D vs. Control 5 102.95 20.59 1.90
Time X 2.5% E-L30D/2.5% AQ vs. Control 3 16.82 3.36 0.31
Time X 2.5% E-L30D/5% AQ vs., Control 35 72.57 14.51 1.34
Time X 2.5% E-L30D/10% AQ vs. Control 3 4.14 0.83 0.08

Subplot Error 153 1681.52 10.85

Suplot Total 240 52908.14

aControl is uncoated acetaminophen powder.
* p<0.05
** p<0.01




Table II.3b ANOVA for Dissolution Profiles

Powders (Aquacoat (AQ) inner

Source
Treatment
20% AQ vs. Control?
20% AQ/2.5% E-L30D vs. Control
20% AQ/5% E-L30D vs., Control
20% AQ/10% E-L30D vs. Control
10% AQ vs. Control
10% AQ/2.5% E-L30D vs. Control
10% AQ/5% E-L30D vs. Control
10% AQ/10% E-L30D vs. Control
5% AQ vs. Control
5% AQ/2.5% E-L30D vs. Control
5% AQ/5% E-L30D vs. Control
5% AQ/10% E-L30D vs. Control
2.5% AQ vs. Control

2.5% AQ/2.5% E-L30D vs. Control
2.5% AQ/5% E-L30D vs. Control
2.5% AQ/10% E-L30D vs. Control
Main Plot Error
Main Plot Total

Time

Time X Treatment
Time X 20% AQ vs. Control
Time X 20% AQ/2.5% E-L30D vs. Control
Time X 20% AQ/5% E-L30D vs. Control
Time X 20% AQ/10% E~L30D vs. Control
Time X 10% AQ vs. Control
Time X 10% AQ/2.5% E-L30D vs. Control
Time X 10% AQ/5% E-L30D vs. Control
Time X 10% AQ/10% E-L30D vs. Control
Time X 5% AQ vs. Control
Time X 5% AQ/2.5% E-L30D vs. Control
Time X 5% AQ/5% E-L30D vs. Control
Time X 5% AQ/10% E-L30D vs. Control
Time X 2.5% AQ vs. Control
Time X 2.5% AQ/2.5% E-L30D vs. Control
Time X 2.5% AQ/5% E-L30D vs. Control

Time X 2.5% AQ/10% E-L30D vs. Control
Subplot Error
Suplot Total

aControl is uncoated acetaminophen powder.

* p<0.05
** $¢<0.01

Spray-Coated

coat and
outer coat) in Simulated Gastric Fluid
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bt
N
[

Acetaminophen

Eudragit L30D (E-L30D)

SSE MSE F
16091.78 1005.74 5.35%%
2485.95 2485.95 13.22%=*
1684 .28 1684.28 8.96%%
3950.86 3950.86 21.02%*
4068.75 4068.75 21.64%*
229.177 229.77 1.22
2112.75 2112.73 11.24%*
2750.12 2750.12 14.63%*
3671.17 3671.17 19.53%*
531.29 531.29 2.83
819.70 819.70 4.36%
708.57 708.57 3.77
1134.86 1134.86 6.04*
236.89 236.89 1.26
37.78 37.78 0.20
395.46 395.46 2.10
2289.73 2289.73 12.18%*
6579.87 188.00
22671.65
49000.76 9800.15 960.56**
2966 .04 37.08 3.63%*
91.04 18.21 1.78
27.86 5.57 0.55
198.80 39.76 3.90%*
532.84 106.57 10.45%*
2.31 0.46 0.05
48.81 9.76 0.96
126 .43 25.29 2.48*
301.17 60.23 5.90%*
292 .65 58.53 5.74%%
63.79 12.76 1.25
52.03 10.41 1.02
12.69 2.54 0.25
71.84 14.37 1.41
79.26 15.85 1.55
91.26 18.25 1.79
35.28 7.06 0.69
1785.45 10.20
53752.25
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Acetaminophen

Powders (Eudragit L30D (E-L30D) inner coat and Aquacoat (AQ)
outer coat) in Simulated Intestinal Fluid
Source df SSE MSE F
Treatment 16 63976.65 3998 .54 23.39**
20% E-L30D vs. Controla 1 1595.56 1595.56 9.33%*
20% E-L30D/2.5% AQ vs. Control 1 6895.78 6895.78 40.33**
20% E-L30D/5% AQ vs. Control 1 11642.24 11642.24 68 .09**
20% E-L30D/10% AQ vs. Control 1 20670.62 20670.62 120.89**
10% E~L30D vs. Control 1 556.08 556.08 3.25
10% E-L30D/2.5% AQ vs. Control 1 22.17 22.17 0.13
10% E-L30D/5% AQ vs. Control 1 20.12 20.12 0.12
10% E-L30D/10% AQ vs. Control 1 1160.16 1160.16 6.79*
5% E-L30D vs. Control 1 255.89 255.89 1.50
5% E-L30D/2.5% AQ vs. Control 1 1332.28 1332.28 7.79%*
5% E-L30D/5% AQ vs. Control 1 547.31 547.31 3.20
5% E-L30D/10% AQ vs. Control 1 2623.23 2623,23 15.34**
2.5% E-L30D vs. Control 1 - 58.73 58.73 0.34
2.5% E-L30D/2.5% AQ vs. Control 1 716.78 716.78 4.19*
2.5% E-L30D/5% AQ vs. Control 1 513.36 513.36 3.00
2.5% E-L30D/10% AQ vs. Control 1 1261.26 1261,26 7.38*
Main Plot Error 31 5300.49 170.98
Main Plot Total 47 69277.15
Time 7 55211.55 7887.36 601.70%*
Time X Treatment 112 7363.87 65.75 5.02**
Time X 20% E-L30D vs. Control 7 1454 .35 207.76 15.85**
Time X 20% E-L30D/2.5% AQ vs. Control 7 555.73 79.39 6.06*%*
Time X 20% E-L30D/5% AQ vs. Control 7 369.89 52.84 4.03**
Time X 20% E-L30D/10% AQ vs. Control 7 383.60 54.80 4.18%*
Time X 10% E-L30D vs. Control 7 650.91 92.99 7.09%%*
Time X 10% E-L30D/2.5% AQ vs. Control 7 102.95 14.71 1.12
Time X 10% E-L30D/53% AQ vs. Control 7 78.08 11.15 0.83
Time X 10% E-L30D/10% AQ vs. Control 7 341.07 48.72 3.72%*
Time X 5% E-L30D vs. Control 7 69 .26 9.90 0.76
Time X 3% E-L30D/2.5% AQ vs. Control 7 115.453 16.49 1.26
Time X 3% E-L30D/5% AQ vs. Control 7 188.53 26 .94 2.06
Time X 3% E-L30D/10% AQ vs. Control 7 149.20 21.31 1.63
Time X 2.5% E-L30D vs. Control 7 142.50 20.36 1.55
Time X 2.5% E-L30D/2.5% AQ vs. Control 7 79.43 11.35 0.87
Time X 2.5% E-L30D/5% AQ vs. Control 7 81.94 11.71 0.89
Time X 2.5% E-L30D/10% AQ vs. Control 7 114.09 16.30 1.24
Subplot Error 217 2844 .54 13.11
Suplot Total 336 65419.96

aControl is uncoated acetaminophen powder.
* p<0.05
** p<0.01
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ANOVA for Dissolution Profiles of Spray-Coated Acetaminophen
Powders (Aquacoat {(AQ) inner <coat and Eudragit L30D (E-L30D)
outer coat}) in Simulated Intestinal Fluid

Source df SSE MSE F

Treatment 16 25044 .31 1565.27 6.23**
20% AQ vs. Control? 1 5855.63 5855.63 23.29%**
20% AQ/2.5% E-L30D vs. Control 1 679.73 679.73 2.70
20% AQ/5% E-L30D vs. Control 1 748 .11 748.11 2.98
20% AQ/10% E-L30D vs. Control 1 7064.15 7064.15 28.10%*
10% AQ vs. Control 1 313.31 313.31 1.25
10% AQ/2.5% E-L30D vs. Control 1 817.19 817.19 3.25
10% AQ/5% E-L30D vs. Control 1 1469.90 1469.90 5.85*
10% AQ/10% E-L30D vs. Control 1 2566.15 2566.15 10.21%*
5% AQ vs. Control 1 2073.36 2073.36 8.25%*
5% AQ/2.5% E-L30D vs. Control 1 1442.92 1442.92 5.74%
5% AQ/5% E-L30D vs. Control 1 1208.35 1208.35 4.81*
5% AQ/10% E-L30D vs. Control 1 3.01 3.01 0.01
2.5% AQ vs. Control 1 445 .35 445.35 1.77
2.5% AQ/2.5% E-L30D vs. Control 1 9.00 9.00 0.04
2.5% AQ/5% E-L30D vs. Control 1 102.69 102.69 0.41
2.5% AQ/10% E-L30D vs. Control 1 93.08 93.08 0.37

Main Plot Error 35 8800 .48 251.44

Main Plot Total 51 33844 .80

Time 7 77200.28 11028.61 730.84%**
Time X Treatment 112 9092.52 81.18 5.38%**
Time X 20% AQ vs. Control 7 193.52 27 .65 1.83
Time X 20% AQ/2.5% E-L30D vs. Control 7 377.80 53.97 3.58%*
Time X 20% AQ/5% E-L30D vs. Control 7 1147.72 163.96 10.87%**
Time X 20% AQ/10% E-L30D vs. Control 7 1404 .97 200.71 13.30%**

Time X 10% AQ vs. Control 7 32.88 4.70 0.31
Time X 10% AQ/2.5% E-L30D vs. Control 7 384.12 54 .87 3.64%*
Time X 10% AQ/5% E-L30D vs. Control 7 419.03 59.86 3.97%*
Time X 10% AQ/10% E-L30D vs. Control 7 1066.82 1532.40 10.10%**
Time X 5% AQ vs. Control 7 294 .64 42.09 2.79%**
Time X 5% AQ/2.5% E-L30D vs. Control 7 234 .29 33.47 2.22%
Time X 5% AQ/5% E-L30D vs. Control 7 155.94 22 .28 1.48
Time X 5% AQ/10% E-L30D vs. Control 7 308.68 44.10 2.92%*
Time X 2.5% AQ vs. Control 7 58.47 8.35 0.55
Time X 2.5% AQ/2.5% E~L30D vs. Control 7 86.95 12.42 0.82
Time X 2.5% AQ/5% E-L30D vs. Control 7 46.61 6.66 0.44
Time X 2.5% AQ/10% E-L30D vs. Control 7 575.73 82 .25 5.45%*
Subplot Error 245 3697.14 15.09

Suplot Total

364 89989 .93

aControl is uncoated acetaminophen powder.
* p<0.05
** p<0.01
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amount of drug released and dissolution pattern in both
dissolution mediums.

Statistically significant differences between
several individual coated powders and uncoated drug were
found for acetaminophen particles having a single
Eudragit L30D coat or those having Eudragit L30D as the
inner coat and Aquacoat as the outer coat. When
compared to uncoated acetaminophen, all particles with
20 and 10% inner enteric coats and the 5% Eudragit L30D
coated powder had a lower mean percent drug released in
gastric fluid (Figures II.4a-II1.4c and Table II.3a).

The dissolution pattern in gastric fluid (as
determined by testing the individual time X treatment
interactions) was significantly different from that of
uncoated drug only for particles with 20% inner enteric

coats and the single-coated 10 and 20% Eudragit L30D

powders (Table II.3a). Inspection of Figures II.4a and
I1.4b reveals that dissolution from these <coated
particles was slower than from uncoated drug. Thus,

powders having 20% or 10% enteric coats and overcoated

powders with 20% inner enteric coats are effective in

delaying  drug release in gastric fluid. However, some
drug release still occurs in this medium, as is evident
in Figures IT.4a and II.4b. It is interesting to note

that the presence of Aquacoat as a layer over the

enteric coat unexpectedly results in an increase in the
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amount of drug released in gastric fluid relative to
acetaminophen particles having only an enteric coat
(Figures II.4a and I1.4b). For overcoated powders with
an inner coat of 10% Eudragit L30D, there were no
significant differences when compared to uncoated drug
particles (Table II.3a and Figure II.4b).

For acetaminophen particles having a single coat of
Aquacoat and those having an inner Aquacoat layer and
outer Eudragit L30D wall (Figures II.5a-d), most
formulations were found to be significantly different
from control with decreased mean percent drug released
in gastric fluid {Table II.3b). Exceptions were 10%
Aquacoat, 5% Aquacoat, 5% Aquacoat/5% Eudragit L30D,
2.5% Aquacoat, 2.5% Aquacoat/2.5% Eudragit L30D, and
2.5% Aquacoat/5% Eudragit L30D coated powders. The
powder with a 5% Aquacoat/2.5% Eudragit L30D coat barely
reached the 5% significance level (Table 11.3Db). If it
is ignored, one observes a pattern of delayed drug
release in gastric fluid for overcoated powders with the
highest amounts of Aquacoat as the inner coat (10 or
20%) and for powders with 2.5% or 5% Aquacoat inner
coats plus a 10% Eudragit L30D outer coat.

When dissolution patterns (time X treatment factor)
for spray-coated powders in gastric fluid were compared
to uncoated drug, significant differences were found for

20% Aquacoat/5% Eudragit L30D, 20% Aquacoat/10%
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Eudragit L30D (Figure IT.5a), 10% Aquacoat/ 5%
Eudragit L30D, 10% Aquacoat/10% Eudragit L30D (Figure
IT.5b), and 5% Aquacoat particles (Figure II.5c, Table
IT.3b). With exception of the latter, the 5 and 10%
outer enteric coats appear to be effective in retarding
drug release when combined with inner Aquacoat layers of
20 or 10%. Slow release from the 5% Aquacoat powder
relative to the control is unexpected since neither the
10% nor the 20% coats of Aquacoat alone delayed drug
release relative to the uncoated drug (control) ({Figures
IT.5a and II.5b). This particular coated powder was
prepared separately from the rest of the powders, and
thus its anomolous dissolution behavior may be due to
some variation in production conditions.

In simulated 1intestinal fluid following gastric
fluid pretreatment, treatment differences relative to
uncoated particles were obtained for the 20% Eudragit
L30D powder, for all overcoated powders with a 20%
Eudragit L30D inner <coat (Figure II.4a), and for 10%
Eudragit L30D/10% Aquacoat (Figure II.4b), 5% Eudragit
L30D/2.5% Aquacoat, 5% Eudragit L30D/10% Aquacoat
(Figure II.4c¢c), 2.5% Eudragit L30D/2.5% Aquacoat, and
2.5% Eudragit L30D/10% Aquacoat particles (Figure II.4d
and Table IT.3c). In addition, the powders with a
single coat of 20 or 10% Eudragit L30D and all

overcoated powders with a 20% inner enteric coat (Figure
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IT.4a) were also significantly different from uncoated
drug particles with respect to dissolution pattern in
simulated intestinal fluid, as was the 10% Eudragit
L30D/10% Aquacoat formulation (Figure II1.4Db).

Thus, the inner enteric coat initially retards drug
release in intestinal fluid when applied as a 20 or 10%
single <coat, and release 1is further slowed when
increasing amounts of Aquacoat are applied over a 20%
enteric inner coat. With a 10% Eudragit L30D inner
coat, release in intestinal fluid is delayed only for
particles overcoated with 10% Aguacoat.

For particles with single <coats of Aguacoat and
those having an inner Aquacoat layer and outer
Eudragit L30D coat (Figures II.5a-d), the 20% Aquacoat,
20% Aquacoat/10% Eudragit L30D, 10% Aquacoat/ 5%
Eudragit L30D, 10% Aquacoat/10% Eudragit L30D, 5%
Aquacoat, 5% Aquacoat/2.5% Eudragit L30D, and 5%
Aquacoat/5% Eudragit L30D coated powders were
significantly different from uncoated drug with
decreased mean percent drug released in intestinal fluid
following gastric pretreatment (Table 11.3d). The
dissolution pattern in intestinal fluid differed
significantly from uncoated drug for all coated powders
with a 10% outer enteric coat and for 20% Aquacoat/ 2.5%
Eudragit L30D, 20% Aquacoat/5% Eudragit L30D (Figure

IT.5a), 10% Aquacoat/2.5% Eudragit L30D, 10% Aquacoat/5%
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Eudragit L30D (Figure 1I1I.5b), 5% Aquacoat, and 5%
Agquacoat/2.5% Eudragit L30D (Figure I1.5c) coated
powders (Table II.3d). Application of only 2.5% Aquacoat
as a single <coat or inner coat was ineffective in
delaying drug dissolution relative to uncoated
acetaminophen.

The Eudragit L30D coat when applied alone, or when
applied as an outer coat, appears to be retarding drug
release in intestinal fluid at 20 and 10% coating levels
based on the statistically significant differences in
dissolution profiles compared to uncoated drug.
Inspection of graphs in Figures 1I1I.4a, IT.4b, - and
II.5a-d reveal that these statistically significant
differences for some of the above-mentioned coatings
occur only because the amount of drug released is 1lower
than from wuncoated drug at early time points following
the switch to simulated intestinal fluid. It takes a
while (lag time) for the enteric coat to break up and
after about 2 hours in simulated intestinal fluid (4
hours elapsed time from start of dissolution test) the
release pattern becomes the same as that for uncoated
acetaminophen. The release rate of drug coated with 10
or 20% Eudrégit L30D is initially more rapid than that
of uncoated drug in simulated intestinal fluid following
gastric fluid pretreatment, which is consistent for a

coating which is entero-soluble.
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Overall, it appears that the higher the amount of
coating, the slower the drug release. This is as
expected based on the literature but is the opposite of
the results obtained for acetaminophen microcapsules
with an ethylcellulose coat {Chapter 1I). An inner
enteric coat is effective in slowing drug release, but
only at the highest coating level of 20%. When compared
to a single <coat of 20% Eudragit L30D, overcoated
powders with an inner <coat of 20% Eudragit L30D were
significantly different (p<0.01) with respect to mean
percent drug released and dissolution pattern in
simulated intestinal fluid. Inspection of Figure 1II.4a
reveals that dissolution was significantly slower for
these overcoated powders. Thus, the overcoat, even when
it is only 2.5% Aquacoat, is having a marked effect on
dissolution of drug from powders having a 20% inner
enteric coat.

Acetaminophen powder with three separate layers of
coating material dissolved at about the same rate as the
double-coated powders irrespective of the total amount
of coat (Figure II.6 and Table 11.4). For example,
powder coated with 10% Aquacoat/20% Eudragit L30D/ 10%
Aquacoat (total coating of 40%) dissolved at the same
rate as powder coated with 20% Eudragit L30D/ 10%
Aquacoat (total coating of 30%) (Table II.4) which was

unexpected. Thus, drug release is not further delayed
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Figure II.6 In vitro dissolution of triple-coated
acetaminophen powder. Key: (Q) 5% Aquacoat/ 10%
Eudragit L30D/5% Aquacoat; (Q) 5% Aquacoat/ 20%
Eudragit L30D/5% Aquacoat; ((O) 10% Agquacoat/ 10%
Eudragit L30D/10% Aquacoat: () 10% Aquacoat/ 20%

Eudragit L30D/10% Aquacoat. Each point is the mean +
standard deviation of three replications.
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Table I1.4 Time to 50% Dissolution of Selected
Spray-Coated Acetaminophen Powders

Coatinga d50% » hr

20% AQ/10% E-L30D 3.98+0.11
10% AQ/10% E-L30D 3.17+0.30
20% E-L30D : 3.03+0.01

20% E-L30D/2.5% AQ 3.75+0.53
20% E-L30D/5% AQ 4.80+0.01

20% E-L30D/10% AQ 6.31+0.98

5% AQ/10% E-L30D/5% AQ 3.44+0.67
5% AQ/20% E-L30D/5% AQ 3.28+0.60
10% AQ/10% E-L30D/10% AQ 4.26+0.89
10% AQ/20% E-L30D/10% AQ 6.31+0.83

aAQ is Aquacoat and E-L30D is Eudragit L30D. Inner coat
is listed first.

bEach value is the mean + standard deviation for 2-6
replications. Only <coated powders with dSO% >3 hours
are included in this table. See Table II.8a for d_096
of all powders studied. °
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by "sandwiching" the Eudragit L30D enteric coat between
two layers of Aquacoat. Osmotic pressure from the
dissolved polymeric salts in the Eudragit L30D coating
(when exposed to intestinal fluid) may result in water
being drawn into the center coating layer of the <coated
particles, thus causing swelling and possible rupturing
of the rigid outer ethylcellulose coat.

The importance of the outer Aquacoat layer in
delaying drug release can be futher illustrated by
comparing dissolution of the 5% Aquacoat/10% Eudragit
L30D/5% Aquacoat and 10% Aquacoat/10% Eudragit L30D/ 10%
Aquacoat triple-coatings with that of the 5% Aquacoat/
10% Eudragit L30D and 10% Aquacoat/10% Eudragit L30D
coated powders, respectively. The dissolution pattern
of the 5% Aquacoat/10% Eudragit L30D/5% Aquacoat powder
was significantly different (slower dissolution) from
that of the 5% Aquacoat/10% Eudragit L30D powder in both
gastric fluid and intestinal fluid following <gastric
fluid pretreatment (p<0.01). Dissolution was also
slower from the 10% Aquacoat/10% Eudragit L30D/ 10%
Aquacoat coated powder compared to the 10% Aquacoat/10%
Eudragit L30D particles, but the difference in
dissolution pattern was significant only in intestinal
fluid (p<0.01).

The time to 50% drug release (d ) which was

50%

estimated by linear extrapolation, was 3 hours or less
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for all coated powders except those listed in Table
I1.4. (D50% values for other coated powders are given in
Table II.8a). Delayed release of drug from formulations
with an outer Eudragit L30D coat <can be attributed
primarily to the &enteric coat slowing drug release in
gastric fluid. It is interesting to note that a single
coat of Aquacoat, even when applied at 20%, did not

sufficiently delay drug release (d <3 hours).

50%
However, when 5% Aquacoat/10% Eudragit L30D/5% Aquacoat
was applied, drug release was delayed, even though the
total coat was still 20%.

It was not particularly surprising that low coating
levels of Eudragit L30D and Aquacoat were inadequate in
delaying drug release due to the high surface area of
the acetaminophen powder which results in a thin coat.
These results confirm that delayed dissolution with thin
coats produced by microencapsulation (Chapter I) are
quite unexpected. This aspect will be further discussed
in a subsequent section.

Visually, these ethylcellulose spray-coated drug
particles were not quite as uniform and free flowing as
those prepared with phase-separation coacervation as
described in Chapter 1I. 'The smaller the particle size,
the more difficult it is to effectively coat particles
using air suspension techniques. 74 um has been

identified as the 1lowest practical particle size for
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coating with air suspension (Bakan and Anderson, 1976) .
Acetaminophen powder is <75 um. Agglomeration may occur
when such fine particles are spray coated, but very few

such agglomerates were found in 300 g batches of these
coated particles. Another potential problem is that of
using aqueous based coating materials for coating water
soluble drugs. Unless the coating dries quickly, drug
may partially dissolve and then reprecipitate on the
outside of the particle, thus resulting in an incomplete
coat. Without microscopic examination of coated drug
particles, it is difficult to explain differences
between these two methods of applying an ethylcellulose
coat to small particles of acetaminophen. In vitro
dissolution tests revealed one marked difference:
microencapsulated acetaminophen dissolves very slowly
because it does not wet when confined inside a basket
while spray-coated acetaminophen (at the same coating
amount) dissolves very quickly, and this observation
could be due to differences in the nature of the coat
{number and size of pores, channels, etc.).

Dissolution of Dosage Forms Containing Spray-Coated

Acetaminophen Powder

Several spray-coated acetaminophen powders, most
notably those exhibiting the slowest in wvitro release,
were incorporated into tablets. Mean in wvitro

dissolution profiles for intact, halved, and crushed
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tablets are shown in Figures IT.7a-d, and the

corresponding d values are given in Table 1II.5.

50%
Tablets containing particles having an outer enteric

coat (Figure II.7a) and those with 2.5%

Eudragit L30D/2.5% Aquacoat particles (Figure II.7b) had

the fastest in wvitro drug release. Note the break in
the dissolution curves for the 5% Aquacoat/ 5%

Eudragit L30D and 20% Aquacoat/10% Eudragit L30D
formulations when the dissolution medium is changed from
gastric to intestinal fluid (Figure II.7a). These
tablets disintegrated in simulated intestinal fluid as
the enteric coating material dissolved, resulting in
rapid drug release. Tablets containing 20%
Eudragit L30D/2.5% Aquacoat also disintegrated (Figure
IT.7b), but more slowly than the previously mentioned
tablets. In contrast, the remaining tablets (Figures
IT.7b and II.7c) did not disintegrate during the
dissolution period (24 hours), probably due to formation
of a plastic matrix from which drug release occurs by
leaching and diffusion (De Haan et al., 1984). These
data show that the outer coating on the particles should
not be ethylcellulose if a disintegrating "~ tablet is
desired. Likewise, ethylcellulose should not be the
outermost coat if a product is desired which gives the
same release pattern when crushed or chewed as when

taken intact.




136

100.00 -

L

% RELEASED

000200 400 d.00" 8.0 10,00 12.00

TIME (HOURS)

Figure II.7a In vitro dissolution of intact tablets
containing spray-coated acetaminophen powder.
Key: (D) 5% Aquacoat/5% Eudragit L30D; ‘(C}); 20%
Agquacoat/10% Eudragit L30D. Each point 1is the mean *
standard deviation of two to three replications.
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Figure II.7b In wvitro dissolution of intact tablets
containing spray-coated acetaminophen powder. Key: (O)
2.5% Eudragit L30D/2.5% Aguacoat; (&) 5% Eudragit
L30D/5% Aquacoat; () 20% Eudragit L30D/5% Aquacoat;
(Y ) 20% Eudragit L30D/2.5% Aquacoat. Each point is the
mean + standard deviation of two to three replications.
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Figure I11.7c In vitro dissolution of intact | ) and
crushed (== —=) tablets containing spray-coated
acetaminophen powder. Key: (g) 20% Aquacoat plus

acetaminophen granules; ({)) 20% Aquacoat; (o) 10%
Aquacoat; (Q ) 5% Aquacoat. Each point is the mean +
standard deviation of two to three replications.
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Figure 11.7d In wvitro dissolution of halved tablets
containing spray-coated acetaminophen powder. Key: (D)
5% Eudragit L30D/5% Aguacoat; (O) 20% Aguacoat plus
acetaminophen granules; (O) 20% Eudragit L30D/5%
Aquacoat. Each point is the mean + standard deviation
of two to three replications.
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Table II1.5 Time to 50% Dissolution of Tablets

Containing Spray-Coated Acetaminophen
Powders
d b, hr
Intact érushed Halved
CoatingC Tablet Tablet Tablet
2.5% E-L30D/2.5% AQ 5.4+0.82
5% E-L30D/5% AQ 13.6+1.1 5.6+0.49
20% E-L30D/2.5% AQ 9.1+0.78
20% E-L30D/5% AQ 12.2+0.44 8.7+0.37
20% E-L30D/10% AQ 16.2+0.24
5% AQ 7.1+0.34
10% AQ 14.5+0.95 1.3+0.46
20% AQ 22.6+1.2

20% AQ + acetaminophen 22.6+1.5 1.8+0.31 15.9+2.83
granules

5% AQ/5% E-L30D 5.3+1.4
20% AQ/10% E-L30D 6.0+0.75
aComposition of tablet formulation is given in Table
Il.1a.
Each value is the mean + standard deviation for 2-3
replications. values for coated powders are

listed in Table I? %a

CAQ is Aquacoat and E-L30D is Eudragit L30D. Inner coat
is listed first.
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Drug release from tablets made with 2.5%
Eudragit L30D/2.5% Aquacoat was fairly rapid
(dSO% = 5.4+0.82 hours) especially when compared to
tablets containing 5% Eudragit L30D/5% Aquacoat

(d 13.6+1.1 hours) (Figure II.7b). This slight

50%
increase in the amount of coating greatly influenced the
dissolution rate of drug from such tablets. This effect
is most likely due to the increase in the amount of
ethylcellulose outer coat which, when compressed,
resulted in a more extensive plastic matrix. This same
result was observed for tablets containing acetaminophen
particles with a fixed amount of Eudragit L30D (20%) as
the inner coating. As the outer Aquacoat level was
increased from 2.5% to 5%, dso% increased from 9.1+0.78
to 12.2+0.4 hours (Figure II.7b). This increase was not
as great as that mentioned above, which may be due to
the high amount of enteric coating present. A small
increase in the amount of outer ethylcellulose may not
entirely block any channeling effect that occurs when
the polymeric enteric coating dissolves in simulated
intestinal fluid.

Dissolution profiles for some intact and crushed
tablets made with acetaminophen coated only with
ethylcellulose (Aquacoat) are given in Figure II.7c.

The dissolution rate was clearly dependent on the amount

of ethylcellulose present since dissolution rate
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increased as the amount of ethylcellulose decreased, and
this effect was less marked at higher amounts of
ethylcellulose. DSO% doubled as the amount of Aquacoat
in these tablets increased from 5 to 10% and then
increased by only about 35% as the amount of Aquacoat
was again doubled to 20% (Table II.5). This can again
be attributed to the formation of a more extensive
plastic matrix. However, it appears that once the
ethylcellulose coat increases beyond a certain amount,
the corresponding decrease in dissolution rate
diminishes.

The similarity of the dissolution profiles for
intact tablets made with 20% Aquacoat drug particles
mixed with a chewable tablet excipient blend or
containing acetaminophen granules instead of the
excipient mixture indicated that the ethylcellulose
matrix traps the drug granules inside the tablet and
does not allow for immediate drug release or even an
increase in the release rate (Figure II.7c). Any free
drug that dissolved within the matrix still has to be
leached out of the tablet, and this process was impeded
by the ethylcellulose shell.

Halving some of these tablets resulted in faster
drug release, and the magnitude of the effect was least
for tablets made from 20% Aquacoat particles combined

with acetaminophen granules (Figure II.7d compared to
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I1.7c). Reasons for this faster release are probably
two-fold. First, cracking the tablet in half results in
the inner part of the plastic matrix being exposed to
the dissolution fluid, thus exposing free drug.
Secondly, the total surface area is increased and the
dissolution rate is expected to increase as given by the
Noyes-Whitney equation (Noyes and Whitnéy, 1897). With
a higher ethylcellulose content, the first effect (that
of exposing free drug from a freshly broken surface) has
a smaller influence, and this may explain the finding
that halving had only a slight effect on the rate of
dissolution from tablets containing 20% Aquacoat -drug
particles and acetaminophen granules,

Tablets with the slowest in vitro release (those
with 10% and 20% Aquacoat drug particles, respectively)
were crushed by cracking between two spoons. Such
crushing may be desirable for some elderly or pediatric
patients. Release of drug from crushed tablets was
extremely rapid (Figure 1II1.7c¢). Thus, crushing the
tablets destroys the plastic matrix formed upon
compression. This finding was also observed for
compressed ethylcellulose microscapsules in Chapter I.
This implies that chewing these tablets would result in
rapid drug release in vivo.

Dissolution tests of tablets, crushed tablets,

tablet formulation and tablet formulation packed into
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hard gelatin capsules were performed for the 20%
Eudragit L30D/10% Aquacoat particles in order to
determine what effect crushing compressed tablets has on
spray-coated acetaminophen particles (Figure 11.8).
Release from crushed tablets was much more rapid than
from intact tablets. However, the release rate from

crushed tablets is only slightly faster than from the

tablet formulation, indicating that crushing tablets
destroys the matrix, but probably does not crack
individual particle <coats. Thus, a formulation of
coated particles which produces delayed release

independent of polymer matrix formation may be useful
for <crushable <controlled release tablets. Coated
powders tested to date do not meet these criteria.
Release profiles of drug from the tablet
formulation and tablet formulation packed into hard
gelatin capsules were virtually identical, as expected,
with a slight lag time for the capsules to dissolve.
DSO% for the tablet formulation in <capsules (2.68+0.2
hours) is faster than that from coated acetaminophen
particles in capsules (6.31+0.98 hours, Table II.4) and
may be .attributed to the presence of soluble sugar in
the excipient blend which increase wetting of

acetaminophen particles.

Dissolution of Spray-Coated Acetaminophen Pellets

In vitro dissolution profiles for acetaminophen
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Figure I1.8 In_ vitro dissolution of dosage forms
containing spray-coated acetaminophen powder: 20%

Eudragit L30D/10% Aquacoat. Key: (OQ) intact tablets;
(P ) crushed tablets; () tablet formulation in hard
gelatin capsules; ((}) uncompressed tablet formulation.
Each point is the mean + standard deviation of three
replications.
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pellets coated with Aquacoat alone are given in Figure
II.9a. Release was extrememly slow from pellets with 4,
5, and 10% Aquacoat, with less than 25% of the drug
released after 48 hours. The release rate from 0.5% and
1.0% Aquacoat drug pellets was extremely rapid, which
implies that such small amounts of coating material are
insufficient to completely coat the pellets or that the
coats are too thin. The dissolution profile for the 2%
Aquacoat pellets lies midway between the 1 and 3% coated
pellets. Thus, the release rate of drug from pellets
coated with Aquacoat is affected markedly by slight
changes in the amount of <coating in this region.
Release of drug from these pellets appears to be zero
order for coatings > 3%. The dissolution profile for
the 2% drug pellets is also linear on this scale but
only over the first 8 hours of the dissolution test.

A mixture of Aquacoat and Eudragit E30D was applied

as a "combination <coat" to pellets at 2, 3, and 4%
amounts. Dissolution profiles are given in Figure
IT.9b. Release of drug from pellets with the 2%

combination coat was virtually the same as that from the
2% Aquacoat pellets (Figure II.9a). However, at higher
coating levels, drug release from pellets with a
combination coat was more rapid than from the analagous
single Aquacoat layer. It is quite unexpected that the

2% "combination coat" gives the same release as 2%
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Figure II1.9a In_ vitro dissolution of spray-coated

acetaminophen pellets. Key: (Q) 0.5%; (D) 1%; (O)
2%; (O) 3%; (Q) 4%; (X) 5%; (%) 10% Aquacoat. Each
point is the mean + standard deviation of two to three
replications.
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Figure I1II1.9b In_ vitro dissolution of spray-coated
acetaminophen pellets. Key: () 2%; (&) 3% (O) 4%
Agquacoat and Eudragit E30D "combination <coat". Each

point is the mean + standard deviation of two to three
replications.
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Aquacoat, but the 3% and 4% "combination coats" provide
faster release than the 3% and 4% Aquacoat pellets. A
practical application of this finding is that the
"combination coat" is not as sensitive to the amount
applied as pure Aquacoat which would allow for less
difficulty in manufacturing. It was observed wvisually
that at completion of the dissolution test period,
"combination coats" did not retain their original pellet
shape, but rather had broken apart. This is quite
different from pellets coated with Aquacoat alone which
retain their shape, leaving intact opaque beads in the

basket after all the drug has been released.

Dissolution profiles for triple-coated
acetaminophen pellets are given in Figure II.9c.
Release was more rapid than from the 4, 5, and 10%

single-coated Aquacoat pellets which means that the
inner enteric coat, rather than slowing drug release,
serves to increase it. As the enteric coating material
is dissolved due to passage of intestinal fluid into the

pellet, the polymeric salts formed may act as an osmotic

attractant since they are trapped in between two
Aquacoat layers. Thus, fluid is drawn into the pellet
faster, leading to an increased dissolution rate. The

additional water drawn into the bead may also cause the
outer coat to partially rupture by swelling of the

center layer. However, even if this occurred, the 5%
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Figure II.9c In vitro dissolution of spray-coated
acetaminophen pellets. Key: ( ) triple coat; ([OQ)
5% Aquacoat/5% Eudragit L30D/5% Aquacoat; (D) 5%
Aquacoat/10% Eudragit L30D/5% Aquacoat; (O) 5%
Aquacoat/15% Eudragit L30D/5% Aquacoat; (—-—-—) single

coat; (™) 5% Aquacoat; (%) 10% Aquacoat. Each point .
is the mean + standard deviation of two to three
replications.
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inner Aquacoat layer should be wunaffected and thus
should delay drug release at least as much as the single
5% Aquacoat wall. The absence of an extensive delayed
release effect for the triple-coated pellets when
compared to single-coated pellets seems to suggest that

Eudragit L30D does not form a hydrogel when trapped by

overcoating with Aquacoat, because a hydrogel should
delay, not increase, the rate of drug release. The
results are quite wunexpected and cannot be fully

explained at this time.

The 2, 3, and 4% Aquacoat-coated drug pellets were
also tested in a 50 rpm paddle apparatus (Figure II.9d).
The release profiles were virtually identical to those
obtained from testing with the rotating basket apparatus
{Figure II.9a). This is somewhat surprising but also
useful since it means that in vitro drug release from
such pellets is independent of the type of apparatus
used. This implies that the transfer of dissolved drug
from the core through the Aquaboat barrier is the rate
limiting step in this dissolution‘process. Otherwise,
one would expect that drug release would be faster in
the paddle apparatus since dissolved drug in the
diffusion layer at the surface of the pellet would be
dispersed into the bulk of the dissolution fluid more
rapidly under more vigorous agitation conditions,

resulting in an increase in dissolution (Hanson, 1982).
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Figure 11.9d In_ vitro dissolution of spray-coated

acetaminophen pellets in paddle apparatus at 50 rpm.
Key: (O) 2%; (O) 3%; (Q) 4% Aquacoat. Each point is
the mean + standard deviation of two to three
replications.
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Dissolution of Tablets Containing Spray-Coated

Acetaminophen Pellets

Dissolution testing of uncompressed tablet
formulation revealed that the presence of the chewable
tablet excipient blend does not affect release of drug
from coated pellets (Figure II.10a compared to Figure
II.9a). This is in contrast to coated powders from
whicﬁ drug release is increased in the presence of sugar
due to increased wetting. This suggests that release of
drug from pellets occurs primarily by a diffusion or
leaching process.

Release of acetaminophen from tablets containing
compressed coated pellets (Figure II.10b) was more rapid
than from the coated pellets alone (Figure II.10a).
This effect must be due to cracking of the pellet coats
during compression. This increase in dissolution was
most pronounced for the thinnest coat (5% Aguacoat), as
expected, since surface cracks would disrupt a thin coat
more so than a thick coat. Visual inspection of the
tablets over the course of the dissolution tests
revealed that they do not disintegrate, and the pellet
shape is retained within the tablets as they are
depleted of drug. When these tablets were crushed
(Figure 1II1.10c) release was more rapid than for intact
tablets (Figure II.10Db), which can be explained by the

pellets being spread apart. However, the extent of this
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Figure I1I.10a In_ vitro dissolution of tablet
formulation containing spray-coated acetaminophen
pellets. Key: { ) triple coat; ((J) 5% Agquacoat/ 5%
Eudragit L30D/5% Aquacoat; (D) 5% Aquacoat/ 10%
Eudragit L30D/5% Aquacoat; ((}) 5% Aquacoat/ 15%
Eudragit L30D/5% Aquacoat; (—-——} single coat; () 5%

Aquacoat; {%) 10% Aquacoat. Each point is the mean +
standard deviation of two to three replications.
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Figure I1.10b In vitro dissolution of intact tablets

containing spray-coated acetaminophen pellets.
Key: ( ) triple coat; (Q) 5% Aquacoat/ 5%
Eudragit L30D/5% Aquacoat; (D) 5% Aquacoat/ 10%
Eudragit L30D/5% Aquacoat; (O) 5% Aquacoat/ 15%
Eudragit L30D/5% Aquacoat; (———) single coat; (X ) 5%

Aquacoat; (%) 10% Aquacoat. Each point is the mean +
standard deviation of two to three replications.
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Figure II1.10c In vitro dissolution of crushed tablets

containing spray-coated acetaminophen pellets.
Key: ( ) triple coat; (3O 5% Aquacoat/ 5%
Eudragit L30D/5% Aquacoat; (D) 5% Aquacoat/ 10%
Eudragit L30D/5% Aquacoat; (QO) 5% Agquacoat/ 15%
Eudragit L30D/5% Aquacoat; (——=—) single coat; (X)) 5%

Aquacoat; (%) 10% Aquacoat. Each point is the mean =+
standard deviation of two to three replications.
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effect was least for tablets containing the 5%
Aquacoat/15% Eudragit L30D/5% Aquacoat pellets, The
finding that these triple-coated pellets give about the
same release pattern from intact tablets as from crushed
tablets is different from any previous findings.

With the exception of tablets made with 10%
Aquacoat pellets, addition of a disintegrant to the
tablet formulation had little effect on drug release
from such tablets (Figure 1I.10d). It was wvisually
observed that after 2 hours in simulated gastric fluid,
tablets containing 5% Aquacoat pellets and triple-coated
pellets had only slightly disintegrated and after an
additional 22 hours in simulated intestinal fluid, the
pellets were still not completely spread apart as for a
crushed tablet. Thus, it appears that 2.5% Ac-Di-Sol is
incapable of fully breaking apart the tablet. This
could be due to uneven distribution of disintegrant in
the tablet formulation, since the disintegrant is
composed of fine particles relative to the size of the
pellets and excipient granules. Another poésibility is
that the plastic matrix effect of the ethylcellulose
overcoat - cannot be overcome by a disintegrant. Release
of drug from tablets containing only 10% Aquacoat
pellets was more rapid with the disintegrant than
without it. This finding was inconsistent with results

for the other tablets and perhaps could be explained by
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Figure I11.10d 1In vitro dissolution of disintegrating
tablets containing spray-coated acetaminophen pellets.

Key: { ) triple coat; () 5% Aquacoat/ 5%
Eudragit L30D/5% Aquacoat; (0) 5% Aquacoat/ 10%
Eudragit L30D/5% Aquacoat; (O) 5% Aquacoat/ 15%

Eudragit L30D/5% Aquacoat; (———-) single coat; {x) 5%
Aquacoat; (%) 10% Aquacoat. Each point is the mean +
standard deviation of two to three replications.
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uneven distribution of the disintegrant, resulting in
differences in the extent of tablet disintegration.
D50% values for the triple-coated formulations and the 5
and 10% Aquacoat formulations are given in Table II.6 as
a summary of the results discussed above.

Pellets coated with the "combination coat" composed
of a mixture of Aquacoat and Eudragit E30D gave very
rapid release when compressed into tablets. Crushing
these tablets further increased the release rate (Figure
II.11a and Table 1II.7). This finding 1is surprising
because it was anticipated that a more flexible coating
would be less 1likely to crack upon compression.
However, it was observed that these pellets are ruptured
by compression. They deformed inside the tablet, not
retaining their original shape as do Aquacoat pellets.
In addition, this <coating material does not form an
extensive plastic matrix when compressed. At completion
of the dissolution test, the insoluble coating material
is spread apart in the basket, rather than in the form
of a tablet-shaped skeleton. In addition, crushing
these tablets exposes free drug present inside the
tablet and thus results in faster drug release and
dissolution. Addition of a disintegrant to the tablets
did not have much of an effect on drug release, although
the mean d values were lower for tablets with the

50%

disintegrant compared to those without it for 3 and 4%




Table II.6 Time to 50%

Pellets

Coatingb
5% AQ/15% E-L30D/5% AQ
5% AQ/10% E-L30D/5% AQ
5% AQ/5% E-L30D/5% AQ
5% AQ

10% AQ

Dissolution of Spray-Coated Acetaminophen
dgog” hr

Intact Crushed Tablets with

Pellets Tablets Tablets Disintegrant
>48 24.6+0.6 20.0+5.7 25.4+1.1
46.7+2.9 23.9+0.1 11.4+1.1 28.2+2.7
>48 24.1+2.6 7.5+1.4 26.5+0.4
>84 7.7+0.6 3.8+0.6 7.2+0.4
>84 24.3+1.5 9.0+1.17 13.9+3.2

a . . . .
Each value is the mean + standard deviation for 2-3 replications.

bAQ is Aquacoat and E-L30D is

first.

Eudragit L30D.

Inner

coat is listed

et
o))
o
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Figure I1.11a 1In vitro dissolution of intact ( } and
crushed (———) tablets containing spray-coated
acetaminophen pellets. Key: ((0O) 2% (O) 8% () 4%
Aquacoat and Eudragit E30D "combination <coat". Each

point is the mean + standard deviation of two to three
replications.
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Table II.7 Time to 50% Dissolution of Acetaminophen
Pellets Spray Coated with "Combination Coat"”

a

d50 , hr
b Intact %rushed Tablets With
Coating Pellets Tablets Tablets Disintegrant
2% AQ & E-E30D 14.7+0.5 2.5+1.2 1.7+0.6 4.0+1.9
3% AQ & E-E30D 21.2+1.1 4.1+1.0 1.7+0.1 3.4+1.1
4% AQ & E-E30D 25.8+0.1 4.7+0.5 1.6+0.0 2.9+0.7

®Each value is the mean +_ standard deviation for 2
replications.

b . . .
AQ is Aquacoat and E-E30D is Eudragit E30D.
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combination coats, and were higher for tablets
containing pellets with a 2% "combination coat" (Figures
IT.11a and II.11b; Table II.7).

Results described in the above paragraph were
consistent with expectation based on the literature.
That is, compression forces applied to the tablet
ruptured the pellets and destroyed the <controlled drug
release. Crushing of tablets further destroyed any
residual <controlled release effects. These results,
consistent with expectation, make the results with some
of the previously described coated pellets quite
surprising. For example, Table II.6 shows some coated
pellets which gave extended controlled drug release from
intact and crushed tablets.

Wall Thickness of Spray-Coated Powders and Pellets

Tables II.8a and II.8b give the estimated thickness
of the ethylcellulose and Eudragit L30D coats on the
spray-coated powders and pellets. For drug particles
having more than one coat, the diameter was adjusted to
account for the thickness of the first coat by adding
the thickness of the inner coat to the drug particle
radius and then multiplying this value by 2 to obtain
the new diameter. This diameter was then wused to
determine the thickness of the second coat. However, no
adjustment was made with regard to particle density.

The assumption was made that the density of the first
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Figure I1.11b In vitro dissolution of disintegrating
tablets containing spray-coated acetaminophen pellets.

Key: (0) 2%; (D) 3%; () 4% Aquacoat and Eudragit
E30D "combination coat". Each point is the mean +
standard deviation of two to three replications.




Table 1I1.8a

Powders

Coatinga

uncoated acetaminophen

2.5% AQ
5.0% AQ
10% AQ
20% AQ

2.5% E-L30D
5.0% E-L30D
10% E-L30D
20% E-L30D

20% E~L30D/2.5%
20% E-L30D/5%
20% E-L30D/10%

10% E~L30D/2.5%
10% E-L30D/5%
10% E-L30D/10%
5% E-L30D/2.5%
5% E~-L30D/5%

AQ
AQ
AQ
AQ
AQ
AQ
AQ

AQ

5% E-L30D/10% AQ

2.5% E-L30D/2.5% AQ

2.5% E-L30D/5%
2.5% E-L30D/10%

AQ
AQ

20% AQ/2.5% E-L30D

20% AQ/5%

E-L30D

20% AQ/10% E-L30OD
10% AQ/2.5% E-L30D

10% AQ/5%

E-L30D

10% AQ/10% E-L30D
5% AQ/2.5% E-L30D

5% AQ/5%

E-L30D

5% AQ/10% E-L30D

2.5% AQ/2.5% E-L30D
E-L30D
2.5% AQ/10% E-L30D

2.5% AQ/5%

5% AQ/10% E-L30D/5% AQ
5% AQ/20% E-L30D/5% AQ
10% AQ/10% E-L30D/10% AQ
10% AQ/20% E-L30D/10% AQ

%AQ is Aquacoat and E-L30D is Eudragit L-30D.
coat is listed first.

Approximate Wall
Dissolution

Thickness and Time to 50%

of Spray-Coated Acetaminophen
Thickness, um 0%

Inner Center Outer Total gr
1.3

0.37 1.8
0.75 2.5

1.59 1.7

3.58 2.7

0.49 1.4
1.01 2.0

2.14 2.5
4.81 3.0
4.81 0.41 5.22 3.8
4.81 0.85 5.66 4.8
4.81 1.79 6.60 6.3
2.14 0.39 2.53 1.9
2.14 0.80 2.94 1.7
2.14 1.68 3.82 2.2
1.01 0.38 1.39 2.0
1.01 0.77 '1.78 2.0
1.01 1.63 2.64 2.1
0.49 0.37 0.86 1.9
0.49 0.76 1.25 1.9
0.49 1.61 2.10 1.7
3.58 0.54 4,12 2.2
3.58 1.11 4.69 2.7
3.58 2.34 5.92 4.0
1.59 0.51 2.10 2.5
1.59 1.06 2.65 2.6
1.59 2.23 3.82 3.2
0.75 0.50 1.25 2.4
0.75 1.03 1.78 2.1
0.75 2.18 2.93 2.3
0.37 0.50 0.87 1.1
0.37 1.02 1.39 1.6
0.37 2.16 2.583 2.3
0.75 2.18 0.81 3.74 3.4
0.75 4.91 0.87 6.53 3.3
1.59 2.23 1.75 5.57 4.3
1.59 5.01 1.87 8.47 6.3
Inner
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Table II.8b Approximate Wall Thickness and Time to 50%
Dissolution of Spray-Coated Acetaminophen

Pellets?

o Thickness, um dgo%,

Coating Inner Center Outer Total r
0.5% AQ 1.24 0.8

1.0% AQ 2.48 1.4

2.0% AQ 5.02 12.9

3.0% AQ 7.61 >48
4.0% AQ 10.3 >48

5.0% AQ 12.9 >84

10.0% AQ 27.3 >84

5% AQ/5% E-L30D/53% AQ 12.9 17.8 13.6 44.3 >48
5% AQ/10% E-L30D/5% AQ 12.9 37.5 14.0 64.4 46.7
5% AQ/15% E-L30D/5% AQ 12.9 59.6 14.4 86.9 >48

aUncoated pellet size is 1.29+0.09 from sampling of 25
pellets.

bAQ is Aquacoat and E-L30D is Eudragit L30D. Inner coat
is listed first.
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coat has little effect on the overall density of the
particle, so the drug density was used in calculations
of overcoat thicknesses. For Aquacoat-coated pellets,
the density of acetaminophen was also used to calculate
the <coating thickness, although the pellet is composed
of a non-pareil sugar seed. However, the exact content
of this seed is not known and thus no correction for the
contribution of the density of this material could be
made . Representative calbulations are given in Appendix
A. Because several assumptions were made in calculating
the coating thickness, the values given in Tables II.8a
and II.8b represent only approximate wall thicknesses
and are useful in making comparisons among various
coated pellets rather than statements about the actual
magnitude of the values.

As expected, the wall thickness of coated
acetaminophen powders was quite thin, and this accounts
for the fairly rapid release observed from most of these
powders. The thickest coat obtained for double-coated
powders was 6.6 um for the 20% Eudragit L30D/10%
Aguacoat particles. Even the highest coating
combination of the triple-coated powders (10% Aquacoat/
20% Eudragit L30D/10% Aquacoat) had a total coat
thickness of only about 8.5 um. As discussed in Chapter
I, such coating thicknesses should have little effect on

retarding drug release from small particles. However,
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d50% for both of these formulations was about five times

that of uncoated acetaminophen powder (6.3 versus 1.3
hours) which is quite surprising.

Comparisons between d and coating thickness for

50%
coated powders (Table 11.8a) revealed that a total
thickness of at least 3.8 pm was necessary to achieve a
dSO% of >3 hours. The double-coated powder having a 20%
Eudragit L30D/10% Aquacoat wall and the 5% Aquacoat/ 20%
Eudragit L30D/5% Aquacoat triple-coated powder both had

a total coating thickness of 6.6 um, vet the double-

coated powder dissolved more slowly (dso% of 6.31 hours
versus 3.28 hours). Thus, such a triple coating for
powders does not retard drug release relative to

double-coated powders having equivalent total coating
thicknesses. Note that the triple-coated powder (10%
Aguacoat/20% Eudragit L30D/10% Aquacoat) having the
thickest total coat of 8.5 pm had a d50% of 6.31 hours,
which is equivalent to that of the 20% Eudragit L30D/
10% Aquacoat formulation having a 6.6 um coat.

Coatings for the pellets (Table II.8b) were thicker
than for powders at the same weight percentages of
coating, as expected, since the total surface area 1is
lower for larger siied particles. Thus, larger
particles may be more effectively and uniformly coated

(as expected), which is also demonstrated by the in_

vitro dissolution results. For coated pellets there was
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no delay in drug release until the coating thickness was
greater than 2.5 um (Table II.8b). Also, release was
faster from triple-coated pellets with thicker total
coats (44 to 87 um versus <27 um for single <coats of
<10% Aquacoat) . This establishes that the <center
enteric coat is somehow unexpectedly increasing the rate
of drug release rather than delaying it. Thus, the
process of dissolution can no longer be considered to be
simply diffusion controlled.

Release Patterns

Theoretical aspects regarding drug release from
small, spherical particles, as well as actual findings
from the literature, were discussed in Chapter I. Some
in vitro dissolution data for spray-coated acetaminophen
powders and pellets and dosage forms containing these
formulations were plotted as log of percent drug
unreleased versus time to determine whether drug release
could be described by a first order process since many
of these formulations did not exhibit zero order release
patterns. In addition, percent released versus square
root of time plots were made since such a dependency has
been described for monolithic devices which <consist of
drug homogeneously dispersed in a release-rate-
controlling membrane ({Baker and Lonsdale, 1974) .
Release from coated particles and pellets should not

follow such a pattern. However, such a relationship may
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exist for tablets containing these formulations since

ethylcellulose may form a plastic matrix when
compressed, and it has already been shown that several
of these tablets do not disintegrate, but leave a
hollow, ethylcellulose shell at completion of

dissolution.

Release patterns for several of the spray-coated
powders do not appear to follow either first order or
square root of time relationships (Figures II.12-11.14).
However, for particles with outer ethylcellulose coats
(Figure I1I1.13) the log of percent unreleased versus time
plots are approaching linearity for the higher coating
levels (20% Eudragit L30D/ 10% Aquacoat and 20%
Eudragit L30D/5% Aquacoat) which indicates that first
order release may apply for said particles. This was
also observed for the triple-coated acetaminophen
powders with outer ethylcellulose coats from which the
release of drug appears to be a sum of at least two
first order processes over the first 12 hours of
dissolution (Figure II.14).

Release from intact and crushed tablets containing
coated acetaminophen powders are adequately described by
a combination of first order processes, as well (Figures
II.15 and 1I1.186). Square root of time plots were
curved.

Many coated pellets produced zero order release
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Figure I1.13 In vitro dissolution of spray-coated acetaminophen powders with
20% Eudragit L30D inner coat: {(A) percent acetaminophen wunreleased versus
time; {B) percent acetaminophen released versus square root of time.
Key: (O) 0%; (H) 2.5%; (O) 5%; (O ) 10% Aquacoat overcoat. Each point is
the mean of two to six replications.
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Figure II1.14 [In vitro dissolution of triple-coated acetaminophen powders: (A)
percent acetaminophen wunreleased versus time; (B) percent acetaminophen
released versus square root of time. Key: (0) 5% Agquacoat/ 10%
Eudragit L30D/5% Aquacoat: (U ) 5% Aquacoat/20% Eudragit L30D/5% Aquacoat;
(O) 10% Aquacoat/10% Eudragit L30D/10% Aquacoat; (O) 10% Aquacoat/ 20%
Eudragit L30D /10% Aquacoat. Each point is the mean of three replications.
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Figure II1.15 In vitro dissolution of intact ( ) and crushed (———) tablets
containing spray-coated acetaminophen powder: (A) percent acetaminophen
unreleased versus time; (B) percent acetaminophen released versus square root

of time. Key: (0O) 20% Aquacoat Plus acetaminophen granules; (O) =20%

. Aquacoat; (O) 10% Aquacoat; (Q ) 5% Aquacoat. Each point is the mean of
two to three replications.
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Figure I1.16 In vitro dissolution of intact tablets containing spray-coated
acetaminophen powder with 20% Eudragit L30D inner coat: (A) percent
acetaminophen unreleased versus time; (B) - percent acetaminophen released
versus square root of time. Key: (D) 2.5%; (D) 5%; () 10% Aquacoat
overcoat. Each point is the mean of two to three replications.
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patterns, as seen previously in Figures II.9a and II.9c.
This is as expected for spherical, reservoir controlled
release devices (Baker and Lonsdale, 1974; Bakan, 1980).
However, Aquacoat pellets with thin coats (0.5 and 1.0%)
gave rapid first order release of drug over the first
90% of drug release (Figure II.17) while release from
the 2% Aquacoat pellets was not first order. Release
from pellets with a combination coating of Aquacoat and
Eudragit E30D could not be described by either a first
order or zero order process (Figures II.9b and 11.18).

Compression of pellets which had apparent zero
order in wvitro drug release into tablets altered the
release pattern considerably as seen in Figure II1.19.
The release is apparently a combination of several
processes since a square root of time ©plot gave
nonlinear dissolution profiles while first order plots
were somewhat linear. This was also observed for
tablets containing pellets coated with the Aquacoat and
Eudragit E30D “combination coat"” (Figure I1.20),
although in this case the drug release from pellets
alone was not zero order.

In summary, the release patterns from spray-coated
acetaminophen formulations are complex and cannot be
described by any one process. This was also found to be

true for microencapsulated acetaminophen in Chapter 1I.
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Figure I1.17 1In_ vitro dissolution of spray-coated
acetaminophen pellets: percent acetaminophen unreleased
versus time. Key: ({Q) 0.5%; (D) 1%; (Q) 2%
Aguacoat. Each point is the mean of two to three
replications.
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Figure I1.18 In_ vitro dissolution of spray-coated

acetaminophen pellets: percent acetaminophen unreleased
versus time. Key: (O) 2%; (O) 3%; ((O) 4% Aquacoat
and Eudragit E30D "combination coat". Each point is the

mean of two to three replications.
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Figure 11.19 In vitro dissolution of intact tablets containing spray-coated
acetaminophen pellets: (A) percent acetaminophen unreleased versus time: (B)
percent acetaminophen released versus square root of time. Key: ( )

triple coat; ((J) 5% Aquacoat/5% Eudragit L30D/5% Aquacoat; (D) 5% Aquacoat/
10% Eudragit L30D/5% Aquacoat; ({)) 5% Aquacoat/15% Eudragit L30D/5% Aquacoat;
{(———) single coat; {®) 5% Aquacoat; (%) 10% Aquacoat. Each point is the
mean of two to three replications.
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Figure I11.20 In vitro dissolution of intact tablets containing spray-coated

acetaminophen pellets: (A) percent acetaminophen unreleased versus time; (B)
percent acetaminophen released versus square root of time. Key: (O) 2%;
(D) 3%; ((O) 4% Aquacoat and Eudragit E30D "combination coat". Each point is

the mean of two to three replications.
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Bioavailability and Pharmacokinetics of Spray-Coated

Acetaminophen Dosage Forms

Saliva acetaminophen concentrations in one subject
following oral administration of several dosage forms
containing spray-coated acetaminophen powder and pellets
are given in Figures Ir1.21a and 1II.21b. This data
provides some preliminary information only regarding
drug release from spray-coated formulations in vivo_ and
is meant as a tool. It may be useful when taken in
combination with in vitro dissolution data to indicate
trends.

Dosage forms containing the highest and lowest
coating combinations of spray-coated acetaminophen
powder showed differences in saliva drug levels. In vivo
release of drug from the 2.5% Eudragit L30D/2.5%
Aquacoat powder administered in two size 00 hard gelatin
capsules (Figure IT.21a) was similar to that of
commercial immediate release tablets (Figure 1.13 in

Chapter I) and thus no sustained release of drug

occurred. This is consistent with rapid dissolution in_
vitro (dSO% approximately 2 hours). The apparent

elimination half-life of 3.5 hours was also equivalent
-to the value obtained for commercial tablets.

The spray-coated product with a double coat of 20%
Eudragit L30D/10% Aquacoat provided a peak saliva drug

concentration of 8.5 ug/ml at 90 minutes post dosing
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Figure II.21a Saliva acetaminophen concentrations in
one subject following administration of spray-coated
acetaminophen powder formulations. Key: ( ) fasting
conditions; (———) with food; (Q) 2.5% Eudragit
L30D/2.5% Aquacoat in two size ©00 capsules (1250 mg
dose); ({)) 20% Eudragit L30D/10% Aquacoat in two size
00 capsules (1300 mg dose).
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Figure II.21b Saliva acetaminophen concentrations in
one subject following administration of spray-coated
acetaminophen powder formulations. Key: (Q) 20%
Eudragit L30D/10% Aquacoat tablet formulation in two
size 00 capsules (1530 mg dose); (A ) 20% Eudragit L30D/
10% Aguacoat tablets (1500 mg dose); (O) 2.5%
Eudragit L30D/2.5% Aquacoat tablets (2000 mg dose).
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(Figure I1.21a). This level decreased slowly to
approximately 5 pg/ml at 6 hours post dosing and then
declined according to first order kinetics over the next
10 hours. Thus, a sustained release effect was
achieved, and absorption was delayed since the apparent
elimination rate constant increased to 5 hours (Table
11.9). This is <consistent with dissolution results
which indicated delayed release of drug (d50% of 6.3
hours). When this treatment was administered
immediately after a high calorie, high carbohydrate
meal, absorption was delayed (Figure 1II.2la). A peak
saliva drug concentration of 6.9 pg/ml was not attained
until 6 hours post dosing and was less than the peak
concentration achieved for administration under fasting
conditions (8.5 pg/ml at 90 minutes post dosing). In
addition, the apparent elimination half-life was
prolonged even more from 5 to 8.5 hours (Table 1II.9),
which reflects continued absorption occurring throughout
the terminal portion of the curve. The area under the
curve for the two treatments was virtually egquivalent
and actually slightly higher for capsules administered
with food (Table II.9). Thus, food delayed the rate,
but not the extent, of écetaminophen absorption, as has
been reported in the literature (Jaffe et al., 1971,
McGilveray and Mattock, 1972).

n vivo release of drug from the tablet formulation




Table II1.9 Pharmacokinetic Parameters Following Administration of Spray-
Coated Acetaminophen Powder Formulations

Dose, k P, t, °©, t 9, ¢ ® auc ,
ell % p p 0+ ¢
Treatment® g hr hr hr pg/ml ug-hr/ml F
2.5% E-L30D/2.5% AQ in 1.25 0.198 3.50 0.5 19.7 76.37 0.96
two size 00 capsules
20% E-L30D/10% AQ in 1.30 0.139 4.99 1.5 8.5 67.14 0.81
two size 00 capsules
20% E-L30D/10% AQ in 1.30 0.082 8.45 6.0 6.9 73.47 0.88
capsules with food
20% E-L30D/10% AQ tab- 1.53 0.076 9.12 0.5 22.4 107.20 1.10
let formulation in
two size 00 capsules
20% E-L30D/10% AQ 1.50 0.069 10.04 12.0 6.5 99.99 1.04
tablets
2.5% E-L30D/2.5% AQ 2.00 0.112 9.96 1.5 27 .1 146 .50 0.91
tablets :

aAQ is Aquacoat and E-L30D is Eudragit L30D. Inner coat is listed first.
Apparent elimination rate constant.

Apparent half-life.

Time to peak.

Peak saliva acetaminophen concentration.

F is the ratio of the AUC (adjusted for dose) for each treatment to the
AUC for the commercial product, Tylenol, at the 1.5 g or 2.0 g dose.
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containing 20% Eudragit L30D/10% Aquacoat powder was
somewhat different than from coated powder alone when
administered in gelatin capsules (Figure II.21b). A
peak drug concentration of 22 pg/ml was achieved for the
capsule at only 30 minutes post dosing with a subsequent
decline in the saliva drug concentration. However, when
the formulation was compressed into tablets, there was a
dramatic decrease in saliva acetaminophen levels, and a
peak drug concentration of 6 qug/ml was not attained
until 12 hours post dosing (Figure II.21b). Thus, there
is a definite sustained release effect provided by these
intact tablets, and this in vivo behavior correlates
with in vitro dissolution tests, since dso% values for
the tablet formulation and intact tablets were about 2.5
and 16 hours, respectively. Tablets containing the 2.5%
Eudragit L30D/2.5% Aquacoat formulation showed little
delay in drug release, with a peak concentration being
achieved at 90 minutes post dosing followed by a
biphasic decline in drug concentration (Figure II.21b).
These tablets had a dSO% of approximately 5 hours, which
suggests that an in vitro time to 50% dissolution of >5
hours is necessary to obtain sustained release of
acetaminophen in vivo. Further work with more than one
subject is needed to confirm this trend.

Several pharmacokinetic parameters for these dosage

forms are given in Table I1I1.9. They were calculated as
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described in Chapter I. The bioavailability was
determined relative to that of commercial acetaminophen
tablets which were administered to this same subject as
part of a different study, which is the topic of Chapter
III. The area under the curve (AUCo—.w) for the
spray-coated formulations was divided by AUC of the
commercial tablets at the 1.5 g dose and then corrected
to account for differences in the dose, giving the
relative bioavailability which is listed in the last
column of the table. The AUC for a 2.0 g dose of the
commercial tablets was used to determine the relative
biocavailability of the tablets containing the 2.5%
Eudragit L30D/2.5% Aquacoat powder.

Peak concentrations were 1lower for formulations
exhibiting sustained release and for the formulation
administered with food (Table 11.9). The apparent
elimination half-1life was prolonged for all treatments,
even those for which no apparent decrease in absorption
rate was observed from saliva <concentration curves.
This probably means that some absorption is still
occurring through the terminal portion of the curve.
However, the actual magnitude of these values does not
correlate well with the time to peak which is also an
estimate of the rate of absorption. The bioavailability
was virtually equivalent to that of commercial tablets,

with exception of the 20% Eudragit L30D/10% Agquacoat
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formulation in hard gelatin capsules which had a
bioavailability of 0.80. With only one subject and a
single administration of this treatment, it is difficult
to ascertain whether this decrease in bioavailability is
a true effect or one that is due to single study or
intrasubject variability, such as an increase in GI
transit time, particularly because the same treatment
administered with food gave a higher bioavailability
(0.88). A decrease in bioavailability would seem to be
more likely for intact tablets, since they exhibited
slower in vitro release and are a non-disintegrating
dosage form. However, the 20% Eudragit L30D/10%
Aguacoat formulation compressed into tablets was
bioequivalent to the commercial tablets (F=1.04). In
Chapter I it was found that when acetaminophen

microcapsules with a 2.5% ethylcellulose coat were

compressed into tablets, the relative bioavailability
was quite low (F=0.586). Thus, with only these
preliminary results, the question of bioequivalency
cannot be further addresssed. The trends however, are

quite wuseful since d50 correlates with in vivo effects

%
as discussed earlier.
Tablets containing 5% Aquacoat/10% Eudragit L30D/
5% Aquacoat or 5% Aquacoat/15% Eudragit L30D/ 5%
Aquacoat pellets (3 tablets, 500 mg acetaminophen per

tablet, giving a total dose of 1.5 g) were administered
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to this same subject. The subject chewed the tablets
quite thoroughly and commented that he felt the pellets
collapsing between his teeth, and that the taste was
quite bitter (indicating that drug has been released in
the mouth). Acetaminophen saliva <concentrations are
