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SPHERONIZATION II: DRUG RELEASE FROM DRUG-DILUENT
MIXTURES

R.E. O'Connor and J.B. Schwartz

Philadelphia College of Pharmacy & Science
Philadelphia, PA 19104

ABSTRACT

Pellets were prepared from wet granulations using
an extruder and spheronizer. Binary mixtures of active
ingredient and different types of Avicel micro-
crystalline cellulose products have been processed
and evaluated to determine the effect of varying the
drug, the diluent, and the drug-diluent ratio.
Physical properties including in-vitro drug release
profiles were evaluated for the uncoated pellets.
Anhydrous Theophylline, USP and Quinidine Sulfate, USP
were evaluated at drug-diluent ratios from 10:90 to
80:20. Chlorpheniramine Maleate, USP and Hydro-
chlorothiazide, USP were incorporated into one system
to study the influence of more extreme values of
aqueous solubility on drug release, Drug release was
found to vary with the drug, diluent, and the

drug-diluent ratio.
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INTRODUCTION

Pellets for pharmaceutical uses are of interest
for both conventional dosage forms and controlled
release delivery systems. It has been reported in a
recent survey (1) that over 80% of the respondents
from the pharmaceutical industry and academia are
actively engaged in the research and development of
drug delivery systenms.

In an earlier report (2), materials used to
manufacture pellets were evaluated with commercially
available equipment, namely an extruder and
spheronizer. In that study, the Avicel micro-
crystalline cellulose (MCC) products were found to be
amenable to the spheronization process as single
components. As a logical extension, this study has
been expanded to include simple drug-diluent mixtures,
so that drug release could also be investigated. The
literature contains several references (3-5) to drug
release from coated or specially formulated pellets.
The emphasis in this report, however, is directed
toward drug release from uncoated pellets consisting
of binary mixtures of drug and diluent.

In the present study, two active ingredients,
theophylline and quinidine sulfate, were incorporated
into three diluents or matrix materials at three

drug-diluent ratios: 10:90, 50:50, and 80:20. These
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two drugs are of current interest in controlled
release dosage forms and are even represented by
several marketed products. The three diluents were
selected from those Avicel MCC products studied
previously and are Avicel PH-101, Avicel RC-581, and
Avicel CL-611. Two additional drugs, chlorpheniramine
maleate and hydrochlorothiazide, were selected as
soluble and insoluble model compounds, respectively,
and were evaluated in the system prepared with Avicel
PH-101 at a drug-diluent ratio of 10:90.

It is the authors' contention that this
experimental plan will provide a useful data base for
future research and formulation efforts, as well as,
insight into the application of this process to
controlled release.

EXPERIMENTAL

Materials

The matrix materials include: Microcrystalline
Cellulose, NF (Avicel PH-101, FMC Corporation,
Philadelphia, PA) and two types of Microcrystalline
Cellulose and Carboxymethylcellulose Sodium, NF

(Avicel RC-581 and Avicel CL-611, FMC Corporation).

Tne active ingredients used in this study
include: Chlorpheniramine Maleate, USP (VitaAmerican
Corporation, Little Falls, NJ), Hydrochlorothiazide,

JSP (supplied for this study by E. R. Squibb & 3ons,
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Inc., Princeton, NJ), Quinidine Sulfate, USP (supplied
for this study by the FMC Corporation, Philadelphia,
PA), and Anhydrous Theophylline, USP (Knoll Fine
Chemicals, New York, NY).

Pellet Manufacturing

The dry powders were preblended for 5 minutes in
a planetary mixer (Hobart Model A-200T, Hobart
Corporation, Hobart, NY). Batch size was held constant
at 1.0 kilogram of dry solid. Purified Water, USP was
added to the mixing powders in the planetary mixer to
achieve the proper consistancy for extrusion. The
wetted mass was passed through the extruder (Model
EXDS-60, LUWA Corporation, Charlotte, NC). The
extruder was operated at 50 rpm and was fitted with
1.5 mm screens. The extrudate was then processed in
the spheronizer (Marumerizer, Model Q-230, LUWA
Corporation) immediately following extrusion. The
spheronizer was operated at 1000 rpm and was fitted
with a 2 mm scored friction plate. Product was
collected after a two minute residence time. The
spheronized product was dried on paper lined trays

either by air or in a hot air oven (Stokes Model-38C,

" Pennwalt Corporation, Warminster, PA).

Physical Testing

Physical testing included particle size analysis

by sieving, density determination, and friability

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/21/12

For personal use only.

SPHERONIZATION IIl: DRUG RELEASE 1841

evaluation using an abrasion wheel and glass beads, as
described in an earlier report (2). The geometric mean
diameter (d'g) was determined from the sieve analysis
data using a log-probability plot as discussed by
Martin (6).

Dissolution testing was performed in 900 ml of
distilled water at 37 degrees Celsius using USP/NF
Method I at a basket rotational speed of 50 rpm over a
four hour time period. All samples were analyzed by 7V
gpectroscopy at a maximum wavelength determined by an
absorbance versus wavelength scan.

RESULTS AND DISCUSSION

The manufacturing results are presentad in a
processing summary (Table I) for the binary mixtures of
theophylline and matrix material. In general, the
results demonstrate that active ingredient can be
incorporated into pellets under these simple mixing and

processing conditions. The physical appearance of the
products varied as a function of drug conceptration. At
a drug-diluent ratio of 10:90, the matrix material used
was the predominant Ffactor in determining the physical
appearance of the spheronized products. Thus, the
Avicel PH-101 prodict which formed the most spherical
placebo pellets (2) also formed the best pellets at
this concentration. At a drug-diluent ratio of 50:50,

the products were overall the most acceptable in
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appearance for all three matrix materials. At a
drug-diluent ratio of 80:20, a complete reversal in
pellet acceptability occurred with respect to that at
the 10:90 ratio. In fact, the Avicel PH-101 did not
yield acceptable pellets and those prepared with Avicel
CL-611 were the most spherical in appearance.

Therefore, based solely on physical appearance,
Avicel PH-101 appears to be the ideal matrix material
for the preparation of pellets containing low dose
medicaments. Conversely, Avicel RC-581 and Avicel
Cl.-611 appear to be more applicable to the preparation
of pellets containing a high dose of drug, at least by
this simple processing method.

The results of physical testing are reported in
Tables II, III, and IV for pellets containing
theophylline in Avicel PH-101, Avicel RC-581, and
Avicel CL-611, respectively.

In general, the particle size distributions for
these pellets represent a narrow distribution relative
to that produced by conventional wet granulation. The
percentage of the batch found in a 12/30 mesh cut
decreased with increasing active concentration for all
the matrix materials tested. The sieve analysis data,
as well as, the calculated geometric mean diameter,
indicate that increasing the active concentration

results in smaller particles for the pellets prepared
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with Avicel PH-101 and larger particles for those
prepared with Avicel RC-581 and Avicel CL-611. As
previously reported (2), some degree of vertical
orientation was necessary to obtain the particle size
results reported for the non-spherical pellets.

Pellet density appears to be unaffected by
changes in the drug-diluent ratio. The pellet
densities are generally greater than those usually
produced during a conventional wet granulation.

The friability appears to increase with
increasing active concentration. The large increase
for Avicel PH-101 was accompanied by the physical
characteristic of softness and may, in part, explain
the failure to form satisfactory product at a
drug-diluent ratio of 80:20. All other products could
be qualitatively classified as hard pellets and could
be expected to withstand rough handling.

The in-vitro dissolution results for pellets
containing theophylline have been summarized in Table
V and represent the percent dissolved at 30 and 60
minutes. These early sampling times are of interest to
demonstrate the delayed release characteristics of
these pellets by this test method. Dissolution data
are also presented in graphical form to facilitate
comparison and discussion of trends. The results of

dissolution testing were somewhat surprising, since
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Figure 1. Dissolution profiles for pellets containing
10% theophylline in different Avicel MCC
types. (KEY: ® Avicel PH-101, A Avicel
RC-581, m Avicel CL-611)

none of the pellets tested yielded an immediate
release profile,

The dissolution profiles for pellets containing
theophylline in each diluent at a drug-diluent ratio
of 10:90 are shown in Figure 1. These release profiles
were found to be the slowest of all three drug-diluent
ratios and appear to be dependent on the dilueat. The

pellets containing Avicel PH-101 as the matrix
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material exhibited 100% release after 3 hours of
dissolution testing, while those containing either
Avicel RC-581 or CL-611 exhibited only 40% release
after 4 hours. The physical appearance of the basket
contents after dissolution testing may explain the
delayed release from these pellets. The results of
dissolution testing for pellets prepared with Avicel
PH-101 have been attributed to their
non-disintegrating nature. Intact drugless pellets
remained in the basket after testing; this phenon=an
vould be expected of an inert matrix release system
(7). The pellets prepared with Avicel RC-581 or Avicel
CL-611 appear to have a similar release system, since
these pellet systems formed a swollen gelatinous plug
in the dissolution basket assembly. These latter two
systems can be best described as water-swellable
hydrogel matrix systems (7).

The results of an extended dissolution test for
pellets containing theophylline in Avicel RC-581 at a
drug-diluent ratio of 10:90 is shown in Figure 2.
Testing was extended over a 12 hour time period to
determine the release profile under constant test
conditions. The first four hour segment of this
dissolution profile is superimposable on the previous
four-hour profile (Figure 1). It is obvious that

release continues over a 12 hour time period.
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Figure 2. Dissolution profile for pellets containing
10% theophylline in Avicel RC-581 with an
extended time axis.

For personal use only.

The dissolution profiles for pellets containing
theophylline in each diluent at a drug-diluent ratio
of 50:50 are shown in Figure 3. These profiles exhibit
the same trend as that established at a drug-diluent

ratio of 10:90. In addition, the differencs in druyg

release between pellets prepared with Avicel RC-581

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/21/12

and those prepared with Avicel CL-611 is more apparent
at this drug concentration. Comparison of Figures 1
and 3 supports the hypothesis thai drug release is
dependent on the nature of the diluent or matrix

material.
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Figure 3. Dissolution profiles for pellets containing
50% theophylline in different Avicel MCC
types. (KEY: e Avicel PH-101, A Avicel
RC-581, = Avicel CL-611)

The dissolution profiles for theophylline in
Avicel CL-611 at drugz-diluent ratios of 10:90, 50:50,
and 80:20 are shown in Figure 4. A direct relationship
appears to exist between drug concentration and drug

release. Therefore, drug release was also found to be

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/21/12

dependent on the drug-diluent ratio.
The results of manufacturing, physical testing,
and dissolution testing for pellets containing

quinidine sulfate were similar to those discussed for
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Figure 4. Dissolution profiles for pellets containing
different concentrations of drug in Avicel
CL-611. (KEY: O 10%, O 50%, A 80%)

pellets containing theophylline and, therefore, will
not be presented in this paper. The dissolution
profiles are probably similar for the two series of
pellets due, in part, to the similar aqueous
solubility of the two active compounds (Table VI).
The dissolution profiles for pellets containing
Avicel PH-101 and various active ingredients (Table
VI) at a drug-diluent ratio of 10:90 are shown in

Figure 5. The results demonstrate that this system
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Figure 5. Dissolution profiles for pellets containing
10% drug in Avicel PH-101, (KEY: A Chlor-
pheniramine Maleate, O Quinidine Sulfate,

X Theophylline, 0O Hydrochlorothiazide)

follows a direct correlation between aqueous
solubility and drug release, which has been previously
described by the Noyes-Nernst equation (8). These data
suggest that drug release from this system is
dependent on the properties of the drug, in
particular, its aqueous solubility.

The influence of in-vitro dissolution test
methodology on the results of any dissolution study is
well documented in the literature and is worthy of

further study for these test systems.
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CONCLUSTONS

Based on the data and discussion presented in
this paper, several conclusions can be made regarding
this work. Drug release from these simple drug-diluent
mixtures has been found to vary with the drug, the
diluent, and the drug-diluent ratio under the
specified test conditions. At least two different drug
release systems have been identified, namely, the
inert matrix and the swelling hydrogel matrix systems.
It appears that the Avicel microcrystalline cellulose
products have specialized properties that pernit
spheronization as single components and in binary
mixtures of drug and diluent using only purified water

as the granulating fluid.
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