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formulation where the actives have markedly differing
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Abstract

A flow-through dissolution method has been developed for the routine testing of an anti-malarial tablet
formulation containing two actives having markedly differing solubility properties. The flow-through apparatus was
used because the dissolution rate of one of the components in the selected dissolution fluid using the EP/USP paddle
apparatus was found to be poor. This was found to result from the formation of non-sink conditions caused by the
presence of the other component in the formulation. We describe a test in which the component shown to exert the
adverse affect is removed prior to measuring the dissolution rate of the affected component. This was achieved by
taking advantage of the markedly differing solubility properties of each component in different dissolution fluids
(water and 0.1 M sodium hydroxide). After a specified time in the test, the dissolution fluid is switched from water
to sodium hydroxide to allow the dissolution of the affected component to occur. The results obtained were found
to be satisfactory with dissolution rates of over 90% obtained. The effect of flow rate and sodium hydroxide
concentration was investigated. The results showed that both factors had a significant effect on the dissolution rate
of the component of interest. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

GlaxoWellcome’s Malarone®! tablets are regis-
tered and approved for the treatment of Plasmod-

! Malarone® is a trademark of the GlaxoWellcome Group
* Corresponding author. of companies.
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ium falciparum malaria. The tablets contain the
actives atovaquone and proguanil hydrochloride,
and are available in two strengths containing 250
mg atovaquone and 100 mg proguanil hydrochlo-
ride or 62.5 and 25 mg of each drug respectively.
The higher strength tablet is manufactured for
adult and the lower strength tablet for paediatric
use.

The constituents of Malarone® tablets interfere
with two different pathways involved in the
biosynthesis of pyrimidines required for nucleic
acid replication. Atovaquone is a selective and
potent inhibitor of parasite mitochondrial elec-
tron transport. Proguanil hydrochloride primarily
exerts its effect by means of the metabolite cyc-
loguanil, a dihydrofolate reductase inhibitor.

The work in this publication concentrates on
the development of a suitable dissolution method
for atovaquone using the Ph Eur flow-through
apparatus (USP Apparatus 4). This was required
because the dissolution rate for atovaquone ob-
tained using the EP/USP paddle apparatus was
found to be poor, with only 40% being released
after 45 min in 0.1 M sodium hydroxide. Investi-
gation has shown that the release rate of ato-
vaquone is adversely affected by the presence of
proguanil hydrochloride which causes the forma-
tion of non-sink conditions, making the use of the
EP/USP paddle apparatus as a routine method of
testing for atovaquone in this product
unsatisfactory.

The advantages of the flow-through apparatus
have been emphasised repeatedly (Post and
Speiser, 1980; Talukdar and Plaizier-Vercammen,
1992). Of these, one significant advantage is that
sink conditions are maintained which are indepen-
dent of drug solubility, and therefore the appara-
tus is particularly suited as a test for drugs with
low solubility. Another advantage is the ability to
change pH conditions easily during the dissolu-
tion test. With these properties the flow-through
apparatus presents a useful alternative to other
compendial dissolution methods.

Applications of the flow-through apparatus
have been reported for a variety of pharmaceuti-
cal dosage forms. These include the study of the
influence of the amount of hard fat in supposito-
ries on the in vitro release rate and bioavailability

of paracetamol and codeine (Gjellan et al., 1994)
and the evaluation of the potential use of pectin/
ethylcellulose combinations as suitable film-coat-
ing agents for colonic delivery (Wakerly et al.,
1994). The flow-through apparatus has been
shown to be particularly useful in the design and
evaluation of solid oral sustained release formula-
tions (Moller and Langenbucher, 1982; Chaud-
hary et al., 1994). Critical evaluation (Nicklasson
et al., 1991) of the flow-through apparatus against
the EP/USP paddle apparatus has been made by
comparing the in vitro dissolution of phenacetin
crystals. It was found that the flow-through ap-
paratus showed less variation compared to the
EP/USP paddle apparatus and to be less depen-
dent on the hydrodynamics and amount of sub-
stance tested. It has also been reported (Aiache et
al., 1987; Phillips et al., 1989) that good correla-
tion between in vitro drug release and in vivo
drug absorption can be established.

The factors affecting drug dissolution using the
flow-through cell apparatus have been investi-
gated (Zhang et al., 1994). From the work re-
ported it has been shown that the linear flow
velocity of the dissolution medium is a major
parameter defining the hydrodynamic ‘agitation’
of the dissolution fluid. In general, it has been
shown that the greater the flow rate of media
through the flow cell the faster is the dissolution
rate. It has also been shown that the position of
the drug dosage form in the flow cell is important
and it has been found that drug release from
horizontally positioned tablets is different from
vertically positioned tablets. The study also
looked at the use of glass beads and found that
their use made the flow pattern of fluid more
laminar, helping to avoid agitation which could
have an impact on drug dissolution.

The flow-through apparatus can be operated in
either an ‘open-loop’ or ‘closed-loop’ mode, and
the choice of system configuration used will in-
variably be dependent on the dosage form. For
example, a low strength dosage form can be tested
using a ‘closed-loop’ system in which a small
volume of media is re-circulated through the sys-
tem to provide sample concentration levels suffi-
cient for assay. This approach has been applied to
the development of a potential dissolution test for
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Fig. 1. Schematic of USP4 test apparatus.

a low dose tablet formulation within GlaxoWell-
come. The effect of each type of system configura-
tion upon release characteristics has been studied
by investigating the release profiles obtained for
adinazolam sustained release formulations in pH
1.2 simulated gastric fluid (Phillips et al., 1989).
The results obtained showed that the differential
dissolution profiles produced using the ‘open-
loop’ configuration were more discriminating in
describing the release characteristics according to
the relative release rates than the corresponding
‘closed-loop’ configuration release profiles.

The work described below details the develop-
ment of a suitable dissolution test for atovaquone
in Malarone® tablets using an ‘open-loop’ system.

2. Materials and methods
2.1. Apparatus
The flow-through dissolution system is shown

schematically in Fig. 1. All work was carried out
on the following Sotax equipment: a CE6 Dis-
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sotest, a CY7 piston pump, an MS36 media
switcher controlled by a PD29 Technical Inter-
face. In addition, an Ismatec IPS peristaltic pump
and a Perkin—Elmer Lambda 7 double-beam UV/
Vis spectrophotometer equipped with a six-posi-
tion cell holder were also used.

2.2. Chemicals

Sodium hydroxide solution (0.1 M) was pre-
pared from sodium hydroxide pellets obtained
from BDH (Poole, UK). Deionised water was
used throughout.

2.3. Procedure

The CE6 Dissotest houses six vertically
mounted cells maintained at the test temperature
by a heated water jacket. Each cell was prepared
by placing a 5 mm ruby bead in the apex of the
cone to protect the inlet tube and filling the cone
with 1 mm glass beads in order to create laminar
media flow. For this test, 22.6 mm diameter flow
cells were used. The tablets (adult strength) were
positioned in each cell on the layer of glass beads.
To carry out the test, water was conveyed to the
cells from the media reservoir by the CY-7 piston
pump. After 1 h the medium was switched to 0.1
M sodium hydroxide. Both media were pumped
at a flow rate of 16 ml/min. Undissolved solid
material was retained in the cells by a filter sys-
tem? housed in the filter head positioned on the
top of the cell. The effluent from the cell was split
using a glass T-piece and a representative fraction
passed through the spectrophotometer for mea-
surement of UV absorbance of atovaquone in 1
mm cuvettes at 487 nm. Solvent debubblers
placed between the peristaltic pump and the spec-
trophotometer were used to remove air-bubbles
from the system. Analysis was carried out against
a 0.112 mg/ml atovaquone standard solution pre-
pared in 0.1 M sodium hydroxide. Both the main
effluent and split fraction were passed to waste.

2 The filter system was made up of Whatman filters placed
in the filter head in the following order: GF/F, GF/B, GF/C,
GF/A and GF/D. A glass wool plug was also added to prevent
blockage of the filters by undissolved material and maintain a
flow rate of 16 ml/min for the duration of the test.

3. Results and discussion

The initial development of a dissolution test for
atovaquone/proguanil tablets (Malarone® tablets)
was carried out using the EP/USP paddle appara-
tus. Sodium hydroxide was chosen because the
atovaquone molecule contains a weakly acidic
-OH group which ionises in alkaline solution. In
this media, the saturated solubility is 4.6 mg/ml at
25°C whereas the solubility in water and 0.1 M
hydrochloric acid is < 0.0002 mg/ml indicating
that these latter two solvents are unsuitable for a
dissolution test under sink conditions. Testing was
carried out in 0.1 M sodium hydroxide with a
paddle speed of 50 rpm. A two stage dissolution
test was employed because of the hypromellose
film-coating material used to film-coat the tablets
which is insoluble in alkaline conditions. The
initial dissolution fluid was 850 ml of water which
allowed for the dispersion of the film-coat and the
tablet to disintegrate prior to the addition of
alkali. After 5 min, 50 ml of 1.8 M sodium
hydroxide was added to give a final dissolution
fluid of 900 ml of 0.1 M sodium hydroxide.
During the first stage of the test prior to the
addition of alkali a significant amount of
proguanil hydrochloride was found to dissolve;
the solubility of proguanil hydrochloride is 1 in
110 parts of water at 20°C.

The results obtained showed that the amount of
atovaquone released after 45 min was less than
40% label strength. The results obtained were
surprising because under the conditions used sink
conditions should have been achievable for the
full strength product. Furthermore little improve-
ment was found in the amount of drug released
when the concentration of sodium hydroxide was
increased to 0.2 or 0.5 M.

In an attempt to explain these low results it was
hypothesised that the solubility of atovaquone
was reduced in the presence of proguanil hy-
drochloride. This was subsequently proved by sol-
ubility experiments which showed that the
solubility of atovaquone decreased with increasing
proguanil hydrochloride concentration, the results
from this experiment are shown in Table 1 and
graphically in Fig. 2. The results confirmed that
sink conditions for atovaquone could not be ob-
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Table 1
Solubility of atovaquone in 0.1 M sodium hydroxide at 20°C
in the presence of proguanil hydrochloride

Table 2
Dissolution results for atovaquone in 0.1 M sodium hydroxide
using a flow rate of 16 ml/min

Concentration of proguanil Resulting atovaquone
hydrochloride mg/100 ml concentration mg/100 ml

0.0 67.9
5.5 18.6
8.0 17.7
11.0 17.4

tained under the experimental conditions used. As
a consequence the EP flow-through apparatus
(USP Apparatus 4) was investigated.

Initial experiments using the EP flow-through
apparatus were carried out in 0.1 M sodium hy-
droxide using a flow rate of 16 ml/min. The
results obtained were found to be unsatisfactory
with less than 4% of drug released after 120 min.
These results were attributed to the poor disper-
sion of the film-coat preventing disintegration of
the tablet and the presence of proguanil hy-
drochloride preventing the dissolution of ato-
vaquone. In order to ensure dispersion of the
film-coat, and dissolution of proguanil hydrochlo-
ride the procedure was modified by passing water
through the flow cell for 1 h. This approach
removed the film-coat and was also effective in
removing the water soluble proguanil hydrochlo-

Time (min) Mean result (%) RSD (%)
75 59 6.0

90 87 44

105 93 5.2

120 96 5.2

Readings were taken every 30 s after the initial hour in water.
The above time intervals were chosen to allow simple evalua-
tion of drug release in a QA enviroment.

ride from the system allowing atovaquone to dis-
solve when the dissolution medium was switched
to 0.1 M sodium hydroxide. This 1 h water wash
stage was included in all subsequent experiments.
The results obtained are given in Table 2 showing
the percent released at four time points during the
experiment and shown graphically in Fig. 3.

The influence of both flow rate and sodium
hydroxide concentration on the dissolution rate
were investigated. In one experiment the sodium
hydroxide concentration was varied to 0.05 and
0.15 M. In a second experiment the flow rate was
adjusted to 8 ml/min and a sodium hydroxide
concentration of 0.1 M used. The results obtained
for both are shown in Tables 3 and 4, and graph-
ically in Figs. 4 and 5 respectively. The data in
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Fig. 2. Solubility of atovaquone in 0.1 M sodium hydroxide at 20°C in the presence of proguanil hydrochloride.
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Fig. 3. Atovaquone dissolution profile in 0.1 M sodium hydroxide at 16 ml/min.

Table 3

Dissolution results for atovaquone in 0.05 and 0.15 M sodium hydroxide with a flow rate of 16 ml/min

Time (min) Mean result in 0.05 M* RSD (%) Mean result in 0.15 M** RSD (%)
75 31 5.9 74 13.5
90 62 54 90 9.4
105 77 5.7 94 7.0
120 84 59 95 5.2
*n=4,
**n=06.

Table 3 show that the dissolution rate of ato-
vaquone in 0.05 M sodium hydroxide was found
to be slower than that in 0.1 M sodium hydrox-
ide, with 84% released after 120 min compared to
96% released at the same time point as shown in
Table 2. In 0.15 M sodium hydroxide the dissolu-
tion rate in the early stages of the test was found

Table 4
Dissolution results for atovaquone in 0.1 M sodium hydroxide
using a flow rate of 8§ ml/min

Time (min) Mean result (%) RSD (%)
75 26 5.6

90 50 6.0

105 59 5.9

120 64 6.3

180 72 5.9

240 76 5.3

to be faster than that in 0.1 M sodium hydroxide
with 74% released after 75 min compared to 59%
at the same time point (Table 2). On the basis of
the results obtained it was felt that the dissolution
rate in 0.05 M sodium hydroxide to be too slow,
and that in 0.15 M sodium hydroxide too fast
particularly in the early stages of the test to
provide a discriminating test for atovaquone. It
was decided therefore that 0.1 M was the opti-
mum medium concentration.

The results from the second experiment using a
flow rate of 8 ml/min and sodium hydroxide
concentration of 0.1 M showed that the dissolu-
tion rate was significantly slower. The results ob-
tained showed that only 64% was released after
120 min compared to 96% released at the same
time point using a flow rate of 16 ml/min in the
same medium concentration; after 240 min the
amount of atovaquone released was found to be
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Fig. 5. Atovaquone dissolution profile in 0.1 M sodium hydroxide at 8§ ml/min.

only 76%. The results obtained from this experi-
ment therefore indicated that 16 ml/min was the
preferred flow rate. The data obtained from both
experiments suggested that the preferred condi-
tions of medium concentration and flow rate was
0.1 M and 16 ml/min. The test was therefore
validated using these conditions.

The use of the above procedure to monitor
proguanil hydrochloride release during the initial
1 h ‘water wash’ period was considered. Experi-
ments were carried out in water using a flow rate
of 16 ml/min. Measurement of the dissolution rate
was carried out by on-line UV analysis at 253 nm.
The results from these experiments were found to
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be variable and the dissolution profiles obtained
showed that the dissolution rate under these con-
ditions was too rapid to be monitored accurately,
with most of the drug released in under 10 min.
Attempts to slow the release rate by reducing
the flow rate to 8 ml/min provided no improve-
ment in release profile. As a consequence, a sepa-
rate dissolution test in water using the EP/USP
paddle apparatus is used for proguanil hydrochlo-
ride.

4. Validation

4.1. Linearity of the method

The linearity of the method was determined by
measuring the standard response of atovaquone
in 0.1 M sodium hydroxide solution over the
range 0-250% of the standard level. This equates
to approximately 2 absorbance units which covers
the expected maximum absorbance of a typical
test sample (around 1.0 absorbance unit). Linear
response of absorbance versus concentration (as a
percentage of the standard level) was obtained
with the relationship: y=0.00798x — 0.00077,
r=0.99996.

4.2. Specificity

An inert formulation with respect to ato-
vaquone was subjected to the dissolution test. A
response of 0.45% w/w of the expected ato-
vaquone response at the maximum dissolution
rate was obtained. The method was considered
specific for the dissolution of atovaquone in the
tablet formulation.

Table 5
Recovery of atovaquone in the dissolution test

Recovery level (%) Recovered (%)

50 98.2, 97.8
80 99.6, 100.1
100 98.5, 101.8
120 100.5, 101.3

4.3. Accuracy

The accuracy of the method was determined by
recovery experiments. A series of recovery solu-
tions equivalent to 50, 80, 100 and 120% of the
nominal content were prepared by dissolving ato-
vaquone in 0.1 M sodium hydroxide solution. The
formulation materials, excluding atovaquone,
were added to each flow cell. Water was passed
through the cells for 1 h according to the first
stage of the dissolution test. The medium was
then switched to the atovaquone recovery solution
and the filtrate from each cell collected and as-
sayed to determine the amount of atovaquone
recovered. This was repeated for each recovery
solution, the results obtained are given in Table 5.
These results were considered satisfactory.

4.4. Precision

The repeatability of the assay was assessed by
carrying out ten absorbance measurements of a
standard solution on a single occasion. An RSD
of 0.06% was obtained indicating that the method
is sufficiently precise for the assay of dissolution
samples. The reproducibility of the method was
determined by examination of twelve tablets from
a single batch on three separate occasions. The
mean result obtained was 89.8% with an RSD of
5.2%.

5. Conclusions

A flow-through dissolution test has been devel-
oped for a two component anti-malarial tablet
formulation as an alternative to a test using the
EP/USP paddle apparatus which has been shown
to provide unsatisfactory release data for the low
solubility component in the formulation. During
method development, variations in test parame-
ters were investigated, and the results from the
experiments performed led to the conclusion that
a suitable test for atovaquone can be carried out
in 0.1 M sodium hydroxide using a flow rate of 16
ml/min. Validation of the method for linearity
and precision of the method for atovaquone was
found to be satisfactory. The method has been
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successfully transferred to other laboratories and
is used for the testing of commercial batches and
stability testing. This approach can be applied to
similar formulations containing drugs which have
markedly differing solubility properties and where
conventional dissolution methods are shown to be
inappropriate.
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