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Abstract

Non-traditional sample preparation/extraction techniques that utilized the Caliper Life Sciences Tablet Processing Workstation II (TPW II),
Microwave Assisted Extraction (MAE), and Accelerated Solvent Extraction (ASE) were evaluated for the extraction of Compound A from a
50mgA, 15% Spray Dried Dispersion (SDD) immediate released (IR) tablet formulation. The TPW II consistently provided complete recoveries
with very short preparation/extraction times (~30min). MAE also provided complete recovery of the API from the tablet formulation, but
required approximately twice the extraction time, while ASE provided the lowest recovery of the three non-traditional techniques. The sample
preparation/extraction efficiencies of the three non-traditional techniques were compared to that of the 5.5 h long manual method.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Development of suitable, robust, and efficient sample prepa-
ration/extraction procedures for solid oral dosage formulations
has and continues to be a challenge for analytical chemists.
The development of solubility enhancing formulations and/or
controlled released formulations such as Spray Dried Disper-
sions further adds to the analytical complexity, due to the
gelling effects of the polymers used in these types of for-
mulations. Hydroxypropyl cellulose, HPC, and hydroxypropyl
methyl cellulose, HPMC, which are often used in Spray Dried
Dispersion formulations, are known to gel in the presence of var-
ious solvents, including water. This gelling can trap the active
pharmaceutical ingredient, API, within the tablet matrix, affect-
ing recovery [1,2]. Conventional sample preparation/extraction
approaches involving techniques such as sonication and mechan-
ical shaking are often inadequate to efficiently and quantitatively
extract the API from the drug product matrix [3]. The need
for the development of non-tradition, automated, efficient, and
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robust sample preparation/extraction techniques for solid oral
dosage forms, especially those involving Spray Dried Disper-
sions and other complex formulations, are critical and necessary.
The purpose of this research was to evaluate three non-traditional
and automated sample preparation/extraction techniques for the
extraction of Compound A active from a 15% Spray Dried
Dispersion immediate released (IR) tablet formulation. The
three non-traditional techniques investigated were the Zymark
Tablet Processing Workstation II (TPW II), Microwave Assisted
Extraction (MAE), and Accelerated Solvent Extraction (ASE).
Compound A, a 50mgA, 15% Spray Dried Dispersion tablet
formulation in development at Pfizer, Inc was analyzed by
the three non-traditional techniques and the sample prepara-
tion/extraction efficiencies compared to that of the 5.5 h manual
sample preparation/extraction procedure.

2. Experimental
2.1. Compound A
Compound A is a 15% Spray Dried Dispersion tablet

formulation under development at Pfizer, Inc., for the treat-
ment of diabetes. The S0 mgA IR tablet formulation (900 mg
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tablet weight) was chosen because the current manual sam-
ple preparation procedure was very tedious, time-consuming
and involved. An opportunity existed to reduce sample
preparation/extraction time by utilizing non-traditional tech-
niques. The aqueous solubility of the active in 0.IN NaOH
is 0.97mgA/mL and decreases significantly with decreas-
ing pH (solubility in 0.IN HCI is 0.0004 mgA/mL). The
active is very soluble in acetone (3.5 mgA/mL) and in ace-
tonitrile (1.1 mgA/mL). The formulation composition of the
tablet is as follows: Compound A (333.3 mg/tablet, 15%
SDD); microcrystalline cellulose (324.8 mg/tablet); hydrox-
ypropyl cellulose (45.0 mg/tablet); dibasic calcium phosphate
(142.9 mg/tablet); crospovidone (45.0 mg/tablet); magnesium
stearate (intra-granular) (4.5 mg/tablet); and magnesium stearate
(extra-granular) (4.5 mg/tablet).

2.2. Manual sample preparation

The manual sample preparation procedure developed for this
IR tablet formulation has a preparation time of approximately
5.5h. A tablet is first weighed (~900 mg) and transferred to
a 250 mL volumetric flask. Approximately 25 mL of water is
added and the sample is sonicated for 30 min. An additional
25 mL of water is added to the flask and the flask is shaken for
15 min. Acetonitrile (~150 mL) is added and the flask is shaken
for an additional 30 min, followed by sonication for 30 min. The
flask is allowed to stand for 90 min, diluted to volume with
acetonitrile and then mixed well with swirling and inversion.
The resulting sample is sonicated for an additional 30 min and
allowed to stand for 90 min. Prior to analysis by HPLC, the sam-
ples are filtered with Whatman® Autovial® syringeless filters
with 0.45 wm PTFE membrane. The above procedure provides
for 100% recovery of the API from the tablet matrix.

2.3. HPLC method conditions

All HPLC analysis was done on an Agilent 1100 HPLC
system using a Waters Symmetry Shield RP8 column
(4.6 x 150 mL, 3.5 wm). The mobile phase consisted of 57/23/20
(v/vIv) 0.2% HCl104/ACN/MeOH (isocratic). The flow rate was
1.0mL/min and UV detection at 210 nm was employed. All
separations were performed at 35 °C. Injection volume was set
at 15 pL. The run time was 25min. A Whatman® Autovial®
syringeless filter with 0.45 pum PTFE membrane was used to
filter samples.

2.4. Caliper Life Sciences Tablet Processing Workstation 11
(TPW 1)

The Caliper Life Sciences Tablet Processing Workstation 11
(TPW 11, Caliper Life Sciences, Hopkinton, MA) is an auto-
mated bench-top workstation with total tablet assay sample
preparation capability. The instrument is designed to automate
sample preparation for solid samples, including feeds, blends,
powders, capsules, and tablets. A pictorial representation of
the system is shown in Fig. 1. The workstation consist of a
dispersion/homogenization module, dispersion vessels, robotic

Fig. 1. Caliper Life Sciences Tablet Processing Workstation II.

arm, balances, sample tube racks, controller and software, sol-
vent pumping system, filtration system and filters, dispersion
syringes and valves, vortexer, and sample collection device. The
TPW II allows for extraction of up to 100 samples with up to
10 different methods without human intervention. The driving
force of the TPW II is its high shear wet grinding homoge-
nizer for particle size reduction. It also has a vortexer for mixing
samples following particle size reduction. The TPW II can be
connected to an online HPLC system for injection analysis, mak-
ing it a completely automated system. All data are captured in
a Microsoft® Excel Spreadsheet for easy retrieval, providing a
complete audit trail. Although the TPW II has been around for
several years only a handful of publications could be found in
the literature employing it as sample preparation/extraction tool
[4-7]. This is very surprising, given the tremendous capabil-
ity and potential of this fully automated extraction technique to
reduce the most tedious and time-consuming part of the ana-
Iytical process, sample preparation/extraction. A typical sample
preparation procedure is shown below:

e Sample and solvent delivered into dispersion vessel.
Homogenization/particle size reduction (2 K-20 K rpm) and
defined pulse length and number of pulses.

Dilution and mixing.

Filtration.

Analysis (HPLC, UV) or collection.

Cleanup for next sample.

2.5. Microwave Assisted Extraction (MAE)

Microwave Assisted Extraction is a partially automated
sample preparation/extraction technique in which extraction
solvents are rapidly heated to temperatures 2-3 times higher
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than their atmospheric boiling points [8—10]. For example, ace-
tonitrile, with an atmospheric boiling point of ~82°C has a
closed vessel boiling point of 194 °C at 175 psi [8]. This rapid,
direct heating of the solvent medium is unique to MAE and
leads to shorter sample preparation/extraction times and higher
recoveries because of the direct relationship between temper-
ature and solubility, and because of the reduction in solvent
viscosity that comes with increasing temperature. Decreasing
solvent viscosity leads to increase in diffusion and increase
solvent/solute interaction. Additionally, because MAE allows
for the sample to be stirred during the heating process, a more
homogeneous solution is created and solvent/solute interaction
is increased. Current MAE technology allows the operator to
control the wattage, temperature, and length of time that goes
into the extraction process. Temperature fluctuations are within
42° and up 40 samples can be processed simultaneously with
the CEM MARSExtractor system. Although only polar solvents
are microwave absorbers, this drawback of MAE is not gener-
ally an issue for solid oral dosage forms, since typical extraction
solvents such as acetonitrile, methanol, and water are polar
in nature and excellent microwave absorbers. Only a handful
of publications have surfaced in the literature utilizing MAE
as a sample preparation/extraction tool for solid oral dosage
forms. Eskilsson et al. was one of the first to use this technique
for extraction of the active ingredient and degradation product
from Felodipine tablets [11]. MAE results were comparable to
both the manual extraction method and that obtained by ASE.
However, because of the ability of MAE to perform extrac-
tions in parallel, sample throughput was significantly higher
when compared to both the manual method and ASE [11].
Labbozzetta et al. later used MAE for extraction and LC determi-
nation of the active ingredient in naproxen-based suppositories
[12]. An excellent review of the use of MAE and the princi-
ple behind microwave heating was provided by Eskilsson et al
in 2000 [9]. A more recent review was completed by Domini
et al. in 2006 [10]. The MAE system used in this study was a
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Fig. 2. CEM MARSXtractor unit.

MARSXtraction System (CEM, Matthews, NC). The system is
comprised of a CEM microwave unit with a built-in magnetic
stirrer and fiber-optic temperature sensor (Fig. 2). The sam-
ple rotor was a 12-position extraction rotor with 100 mL glass
vessels.

2.6. Accelerated Solvent Extraction (ASE)

Accelerated Solvent Extraction, like MAE, is an automated
solvent extraction technique for solid and semi-solid samples. In
ASE, an extraction solvent is pumped through a stainless steel
cell (5, 11, 22, or 33 mL cell volumes) containing the sample,
held for a specific amount of time at a defined temperature and
pressure, and then flushed and filtered into a collection vial. The
temperature, pressure and static times are all pre-determined by
the scientist. Flush volume cycles can also be applied to the
extraction process to improve extraction efficiencies. Up to 24
samples can be processed sequentially in less than 15 min each
(Fig. 3). The use of ASE as a sample preparation/extraction tool
in the pharmaceutical industry is relatively sparse. Bjorklund et
al. first used the technique in 1998 for extraction of Felodipine
from tablets [13]. Hoang et al. later used ASE to extract the active
ingredient from montelukast sodium oral chewable tablets and
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Fig. 3. Dionex ASE 200 extractor with schematic.
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Table 1

Optimized TPW II extraction conditions for the 50 mgA Compound A tablet (n=10)

Initial fill #pulses Pulse length (s) Speed (Krpm) Finish fill #pulses Pulse length (s) Speed (Krpm) % recovery Total prep time
volume (mL) volume (mL) (n=10) per tablet (min)
100 8 15 10 150 5 10 10 101.4 30

Note: After dilution to volume with 150 mL solvent, the diluted sample was again homogenized to ensure proper mixing/dissolution of the active.

Abend et al. applied the technique to the extraction of ivermectin
in a meat-based chewable formulation [14,15].

3. Results and discussions
3.1. TPWII

Sample preparation/extraction were performed on the
50mgA Compound A tablet using the TPW II. The dissolv-
ing solvent used in the manual method, 80/20 ACN/water, was
employed. Variables such as initial fill volume, number of pulses,
pulse length, and homogenization speed were investigated. It
was discovered that the number of pulses and initial fill vol-
ume, both impacted the percent recovery and extraction time.
The lowest recovery (63%) was obtained with initial fill vol-
umes less than 100 mL and number of pulses less than 5. Low
recoveries were also observed with initial fill volumes larger
than 150 mL. This is attributed to incomplete homogenization
of the tablets as a result of particles floating away from the dis-
persion unit. The larger volumes facilitate straying of particles
from the dispersion unit. The optimized TPW II condition for
the Compound A 50 mgA tablet is shown in Table 1. Extraction
on 10 tablets yielded quantitative recovery (101.4%) in less than
30 min per tablet.

3.2. Microwave Assisted Extraction

Method development experiments were also conducted on
the 50 mgA Compound A tablets using MAE. Variables such
as temperature, intact versus broken tablets, and dissolving sol-
vent (mixture versus aqueous first) were evaluated. Significantly
lower recoveries (<53%) were obtained at 40 °C for both bro-
ken and whole tablets when the premixed dissolving solvent
was used as the extraction solvent (Table 2, Methods 11-7).
Increasing the extraction temperature to 70 °C provided almost
quantitative recovery of the API from the tablets, whether they
were broken or whole. MAE performed with aqueous (water)
first followed by organic (ACN) provided superior recoveries
over the premixed dissolving solvent at 40 °C (Table 2, Meth-
ods 8—11). In the aqueous first procedure, a tablet was added to
the microwave vessel containing 10 mL of water. The vessel was
then microwaved for a prescribed amount of time. The vessel was
allowed to cool and 40 mL of ACN was added to the vessel and
re-microwaved. Higher recoveries were obtained for both whole
and broken tablets. The higher recoveries obtained with the
above approach is probably due to the fact that the aqueous envi-
ronment allows for complete disintegration (increased surface
area) of the tablet. The presence of crospovidone, a superdis-
integrant in the formulation, promotes the rapid disintegration

Table 2
Extraction of Compound A API from Compound A 50 mgA tablets by MAE using premixed dissolving solvent (80/20 ACN/H,0) and water (10 mL) first followed
by ACN (40 mL)
Method #  Temperature Tablet form  Ramp (min)  Hold time Cool time Solvent % recovery  Total prep time
[§®) (min) (min) (min)
1 40 Broken 5 10 10 80/20 ACN/H,0 27.5 25
2 40 Whole 5 10 10 80/20 ACN/H,0 50.0 25
3 40 Broken 5 30 10 80/20 ACN/H,0 52.0 45
4 40 Whole 5 30 10 80/20 ACN/H,0 412 45
5 70 Broken 5 10 10 80/20 ACN/H,0 98.4 25
6 70 Broken 5 30 10 80/20 ACN/H,0 99.9 45
7 70 Whole 5 30 10 80/20 ACN/H,0 99.5 45
8 40 Whole 1 15/15 5 10 mL H,O followed by 40 mL ACN 95.8 37
9 40 Whole 1 10/5 5 10mL H,O followed by 40 mL ACN 94.8 22
10 40 Whole 1 515 5 10 mL H,O followed by 40 mL ACN 95.2 17
11 40 Whole 7 15/15 5 10mL H,O followed by 40 mL ACN 94.3 49
12 40 Whole 7 10/10 5 10 mL H,O followed by 40 mL ACN 55.1 39
13 40 Whole 7 5/15 5 10mL H,O followed by 40 mL ACN 94.3 39
14 40 Whole 1 5/10 5 10 mL H,O followed by 40 mL ACN 92.9 34
15 40 Whole 10 15/15 5 10mL H,O followed by 40 mL ACN 55.8 45
16 40 Whole 10 15/15 5 10 mL H,O followed by 40 mL ACN 55.8 45
17 40 Whole 5/10 5/30 5 10mL H,O followed by 40 mL ACN  100.7 70
18 70 Whole 5/10 5/30 5 10 mL H,O followed by 40 mL ACN 97.2 60
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of the tablet (whole or broken). Addition of the organic compo-
nent (ACN) facilitates dissolution of the API, thus the higher
observed recoveries. Using the premixed dissolving solvent,
with only 20% water, probably leads to a slower rate of disinte-
gration and dissolution and thus lower recoveries, especially at
lower temperatures. The optimized MAE method with extrac-
tion at 40 °C, using whole tablets and the aqueous first approach,
is shown in Table 2 (Method 17). Extraction on 10 tablets gave
100.7% recovery of the API from the tablet matrix, with a total
preparation/extraction time of 70 min.

3.3. Accelerated Solvent Extraction

Attempts to extract Compound A tablets by ASE (ASE 200,
Dionex, Sunnyvale, CA) provided significant challenges. Our
initial approach involved crushing one tablet with a pestle while
wrapped in a piece of filter paper. The crushed tablet was then
carefully transferred to an 11 mL cell, together with the filter
paper. The cell was then extracted with the premixed dissolving
solvent at temperatures of 40 and 70 °C. As shown in Table 3
(Methods 1-4), recoveries were less than 55%, even at higher
temperatures (70 °C) and after up to 5 extractions, with 3 cycles
per extraction. It was postulated that the low recoveries obtained
for the Compound A tablets by ASE was possibly due to the fol-
lowing three factors: (1) surface area, (2) gelling effect of the
HPC polymer present in the formulation and (3) solubility. It
was believed that these three factors worked together to prevent
quantitative extraction of the API from the tablet matrix. The
gelling effect of HPC in the presence of solvents is well known
in the pharmaceutical industry [1-3]. Once gelling occurs, the
API becomes trapped in the matrix, making extraction very diffi-
cult. Gelling also decreases the surface area exposed, preventing
complete extraction of the API from the tablet matrix. The abil-
ity for both the TPW II and MAE to agitate samples during
the extraction process helped to minimize and possibly negate
this gelling effect, thus facilitating complete recovery of the API
from the tablet matrix.

To minimize the apparent gelling effect of HPC and increase
surface area, the use of hydromatrix was investigated. Once the
tablet was crushed, it was transferred to a 30 oz amber glass
bottle and the bottle was half fill with hydromatrix. The bottle
was capped and shaken vigorously to allow the hydromatrix and
crushed sample to mix well. The hydromatrix/sample was then
transferred to an 11 mL cell and extracted with the premixed dis-
solving solvent at 70 °C. As shown in Table 3 (Methods 5-7),
significantly higher recoveries were obtained using the above-
described approach. Commingling the hydromatrix with the
crushed tablet helped to minimize gelling/clumping of the tablet
formulation on addition of the extraction solvent. Additionally,
the presence of hydromatrix helped to increase the surface area
of the tablet, facilitating higher recoveries.

The impact of solubility on extraction of the API from the
tablet matrix was also investigated. Even with addition of hydro-
matrix to the extraction procedure, several extractions had to
be performed on the cell to get nearly quantitative recovery at
70 °C (Table 3). Because of inherent limitations with the instru-
ment design, performing multiple extractions on a sample/cell

Table 3

Extraction of Compound A tablets by ASE with and without hydromatrix (11 mL cell)

Hydromatrix

Total prep time

% recovery

Solvent

# extractions

Flush volume

(%)

# cycles

Static time

Temperature Tablet form
(§©) (min)

Method #

per tablet (min)

No

120
120
300
240

30.7

80/20 ACN/H,0
80/20 ACN/H,0
80/20 ACN/H,0
80/20 ACN/H,0
80/20 ACN/H,0
80/20 ACN/H,0
80/20 ACN/H,0

50
50
50
50
50
50
50

20
20
20
40

Broken

40
70
70
70
70
70
70

No

40.3

Broken

No

54.8

Broken

No

394

Broken

90 Yes

150

96.2

10

Broken w/sand

Yes

98.1

10

Broken w/sand

75 Yes

98.0

5

Broken w/sand

569
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Table 4
Extraction of Compound A tablets by ASE with hydromatrix (33 mL cell)

Method #  Temperature  Tablet form Static time ~ #cycles  Flushvolume  # extractions  Solvent % recovery  Total prep time

(@) (min) (%) per tablet (min)
1 70 Broken w/sand 10 3 50 1 80/20 ACN/H,O  89.5 30
2 100 Broken w/sand 10 3 50 1 80/20 ACN/H,O  90.0 30
3 70 Broken w/sand 10 5 50 2 80/20 ACN/H,O  96.1 100
4 70 Broken w/sand 20 3 50 2 80/20 ACN/H,O  97.4 120
5 70 Broken w/sand 30 3 50 2 80/20 ACN/H,O 945 180
6 70 Broken w/sand 20 3 50 2 80/20 ACN/H,O 96.3 120
7 70 Broken w/sand 20 3 50 2 80/20 ACN/H,O  64.6 120
8 70 Broken w/sand 20 1 50 6 80/20 ACN/H,O  94.6 120
9 70 Broken w/sand 20 3 50 1 80/20 ACN/H,O 643 60
10 70 Broken w/sand 20 3 60 1 80/20 ACN/H,O 91.1 70

is very cumbersome. This is because the instrument forces you
to collect individual extractions in separate collection vials. For
example, 5 extractions on a sample would require the use of
5 separate collection vials. This is a major drawback of the
instrument design, because it impacts the number of samples
that can be extracted unattended. For example, extraction of
10 samples with 5 extractions per sample will require the use
of 50 collection vials. The ASE 200 system only has capac-
ity to handle 24 collection vials. It was felt that increasing
the cell size to 33 mL would help to minimize the number of
extractions and increase recovery, due to the greater volume of
solvent that could be used. As indicated in Table 4, the use of
the larger 33 mL cell did help to reduce the number of extrac-
tions needed, but had no dramatic impact on recovery. Although
higher recoveries could be obtained by performing multiple
extractions on a sample, this was not pursued as the method
of choice for the reasons indicated earlier. The optimized ASE
method is shown in Table 4 (Method 10), with recoveries of
91.1% (n=10).

3.4. Comparison of the TPW II, MAE, and ASE to the
manual sample preparation/extraction method

Table 5 provides a side-by-side comparison of the extraction
efficiencies of TPW II, MAE, and ASE to the manual extraction
procedure for Compound A. The TPW II provided quantita-
tive recovery of the API from the tablet matrix in the shortest
time (30 min) and at room temperature. MAE also provided
quantitative recovery of the API from the tablet matrix, how-
ever, the extraction time needed was more than doubled that
of the TPW II and temperatures above ambient (40 °C) were

Table 5
Comparison of extraction efficiencies between the optimized TPW, MAE, ASE,
and the manual method

Technique Recovery (%) Temperature Total prep time
(per tablet) (min)

Manual 100.0 Ambient 330

TPW 101.4 Ambient 30

MAE 100.7 40°C 70

ASE 91.1 70°C 70

needed. ASE on the other hand provided the poorest recovery,
91.1%, and required significantly higher extraction temperatures
(70°C). There was no degradation observed in any of the sam-
ples extracted above ambient temperatures. The superiority of
the TPW II and MAE over ASE is primarily due to agitation.
Both the TPW II and MAE allows for the samples to be agi-
tated during the extraction process. This agitation factor is very
important for quantitative recovery, especially with SDD for-
mulations in which the HPC polymer can cause gelling of the
matrix and trapping of the active, once in contact with solvents.
With the TPW II, the tablets are completely homogenized in a
very short time. The significant reduction is particle size that is
provided by the TPW II, together with its ability to increase inter-
action between the active and solvent by vortexing the sample
are the critical drivers for the shorter extraction times observed.
The above, together with the potential to completely automate
the extraction and assay process makes the TPW II a superior
sample preparation/extraction technique for solid oral dosage
forms.

MAE, like the TPW 11, is able to agitate the samples by stir-
ring. Agitation by stirring, in addition to the use of water to help
disintegrate the tablet, helps to prevent gelling of the matrix
and increases interaction between the active and the extraction
solvent. The above process is slower at room temperature and
slightly higher temperatures are needed to provide quantitative
recovery over shorter time periods. MAE as a sample prepa-
ration/extraction technique has two major advantages over the
TPW II. Firstly, sample throughput in MAE is higher than the
TPW II. The higher sample throughput is due to the fact that
in MAE extractions are performed in parallel, while extractions
are performed sequentially in the TPW II. In MAE, up to 40
samples can be extracted simultaneously in less than 70 min.
However, the same 40 samples would require over 1200 min
by the TPW II. Secondly, the ability to increase extraction
temperatures in MAE is a potentially powerful tool, which is
unavailable in the TPW II. Increasing extraction temperatures
decreases solvent viscosity, increasing diffusion and increases
analyte/solvent interaction. Additionally, increasing extraction
temperatures leads to increased solubility of the analyte in the
extraction solvent. One potential drawback of higher extrac-
tion temperatures is increase degradation, which has not been
observed for Compound A.
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Of the three automated extraction techniques, ASE provided
the poorest recovery (91.1%). The lower recovery obtained with
ASE is due to a combination of factors, most notably the inability
to agitate samples in the ASE cells. Addition of extraction sol-
vent to the cell facilitates gelling of the tablet matrix as a result
of the presence of HPC polymer. This gelling effect serves to
trap the active within the matrix, thus inhibiting the dissolution
process. Mixing the crushed tablet with hydromatrix helps to
minimize this gelling effect, however, quantitatively recovery
was still not possible even at higher temperatures and increased
cell volumes. ASE, with its ability to extract samples under ele-
vated temperature conditions, might be better suited for less
challenging, non-SDD immediate released formulations. MAE
and TPW II on the other hand, because of their ability to agi-
tate samples by stirring or homogenization are well equipped to
handle more challenging formulations such as SDDs.

4. Conclusions

The TPW II consistently provided complete recoveries with
very short preparation/extraction times (~30 min) for the extrac-
tion of Compound A from a 50mgA, 15% Spray Dried
Dispersion (SDD) tablet IR formulation. MAE required twice
the extraction time to provide complete recovery of the API from
the same tablet formulation. Of the three non-traditional tech-
niques, ASE consistently provided the lowest recovery of API
from the tablet formulation. From a sample throughput perspec-
tive, MAE is the most superior technique, since it is capable
of performing extractions in parallel (up to 40 samples with
the MARSExtractor System). The TPW II has a 100 sample
capacity, however, only one tablet can be processed at a time.

Both the TPW II and MAE proved to be significantly faster and
more efficient than the 5.5 h long manual validated method for
Compound A.
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