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Summary

This document discusses the use of automated sample extraction compliant with United
States Pharmacopeia (USP), Chapter <905> Uniformity of Dosage Units. The chapter is
harmonized with the corresponding texts of the European Pharmacopoeia and the Japanese
Pharmacopoeia therefore the strategy discussed within this document may also be applied to
BP, EP and JP monograph requirements.




Key Objectives:

e Assess the compatibility of extraction of tablet dosage forms for USP<905> content
uniformity analysis with ePrep ONE automation.

¢ Demonstrate equivalence in precision and accuracy to meet USP and BP compendial
requirements.

e Enhance laboratory efficiency by reducing time, solvent usage, and labour.

For the purposes of discussion Acetaminophen 500 mg was selected as the case study,
Acetaminophen is readily available, has a high dosage unit form, as such it was a suitable
case study to prove the suitability of automation of content uniformity.

The automated method uses methanol (MeOH) and water (H,0) for extraction and is analysed
using High Performance Liquid Spectroscopy (HPLC). Several critical parameters of the
method such as precision, linearity, and reproducibility were evaluated. Several tablet forms
were extracted using the ePrep ONE, in each case the extraction produced satisfactory level
one pass results demonstrating that the automated ePrep ONE method was a suitable
alternative to manual extraction. Additionally, the automated process reduces the use of
hazardous chemicals, improves safety by minimising human contact with solvents, and
lowers operational costs through automation.

The document concludes that transitioning to an automated extraction application using the
ePrep ONE delivers significant efficiency and productivity benefits as well as time and cost
savings, improved consistency, data integrity and reduced environmental impact, all while
delivering a CFR Part 11 compliant validated pharmacopeia equivalent application.

Introduction

Content uniformity is routinely performed to ensure consistency of dosage units, to ensure
consistency of dosage units, each unit in a batch should have a drug substance content within
a narrow range around the label claim. Dosage units are defined as dosage forms containing
a single dose or a part of a dose of drug substance in each unit. This discussion will assume
that the dosage unit is presented as tablet form as the uniformity of dosage units’
specification is typically not applied to solutions, suspensions, emulsions, or gels in unit-dose
containers intended for external, or topical application.

The term ‘uniformity of dosage unit’ is defined as the degree of uniformity in the amount of
the drug substance among dosage units. Therefore, the requirements of the test apply to each
drug substance being comprised in dosage units containing one or more drug substances,
unless otherwise specified by the monograph. The uniformity of dosage units can be
demonstrated by either of two methods, ‘Content Uniformity’, or ‘Weight Variation’ this
discussion focuses on the test for content uniformity. The dosage forms and concentrations
where content uniformity is applicable are given in table one.



The test for ‘Content Uniformity’ of preparations presented in dosage units is based on the
assay of the individual content of drug substance(s) in several dosage units to determine
whether the individual content is within the limits set. The ‘Content Uniformity’ method may be
applied in all cases.

Table 1: Application of Content Uniformity for Dosage Forms'

Dose & Ratio of Drug Substance

Dosage Form >25mgand 225% | <25mgor <25%

Uncoated Not Applicable X
Tablets Film X
Coated Others X X
Hard X
Capsules Suspepsion, X X
Soft emulsion or gel
Solutions
Solution freeze-
Solids in single-unit  Multiple dried in final
containers components container
Others X X
Solutions in unit-
dose
containers and into
soft capsules
Others - - X X

For the purposes of the test, a minimum of 30 samples are taken and processed according to
the dosage form and assessed following the rational given in USP <905> Uniformity of Dosage
Units.

Initial content uniformity is completed by extracting 10 individual samples, with a subsequent
20 samples being prepared should the evaluation of the initial sample set be non-compliant.

Challenges with Automation of Content Uniformity

Traditionally, extraction for content uniformity is performed through a multi-step manual
process. Initial extraction of the dosage form is typically performed using mechanical shaking
or sonication of standard flasks, followed by dilution to volume, and sample clean-up before
HPLC analysis. The manipulation of the final solution concentration is typically achieved by
manipulating the capacity of standard flasks in combination with dilution steps. This method
is reliable but time-consuming and labour-intensive, consuming large volumes of solvents,
most of which become laboratory waste requiring secure disposal. The process requires large
amounts of analytical glassware, availability of clean standard flasks and pipettes are a
critical to the completion of the analysis. Commercial laboratories routinely performing
content uniformity typically have hundreds of volumetric flasks and pipettes, all requiring
correct waste disposal, cleaning and handling. It is not uncommon to find multiple lab
washers, and storage rooms designated for glassware storage, both of which impact the

1 General Chapter USP-NF <905> Uniformity of Dosage Units



laboratory operating costs. In addition, manual extraction techniques rely heavily on the skill
and expertise of laboratory analysts to ensure sample safety and quality, meeting the strict
standards of the Pharmacopoeia.

In addition to the extraction of the dosage form, standard and system suitability solutions are
also required to complete the analysis. The extraction of the dosage form and standard
solutions are typically straightforward to prepare. However, the requirements of the analysis
must be considered to meet Customer expectations:

Reference Materials: Certified reference materials (CRMs) are often used as calibration
standards to ensure traceability and credibility of the analytes. They can be costly, and their
availability can be restricted to small volumes and are reliant on the supply chain of the source
supplier. Accuracy and precision when handling is crucial.

Diluent: The solvents used as diluent will depend on solubility of the analytical components
and should be like the mobile phase solvent system for liquid chromatography (LC) or need to
be sufficiently volatile for gas chromatography (GC) samples. Typically, dosage forms are
extracted into an aqueous extraction solvent, however achieving the working concentration
required for analysis when starting with a single dosage unit can require large volumes of
extraction solvent and may require multiple dilution steps, which can be challenging for
manual pipetting processes as the repetitive nature of the task can affect the dispense
precision and carries the risk of manual handling issues.

An example manual sample extraction for the dosage form preparation for a commonly
available 500 mg tablet dose form of Acetaminophen (Paracetamol, CgHyNO,) is given in
Table 2;

Table 2: Dilution steps required for manual extraction of Acetaminophen

Standard Concentration (USP Monograph, Assay of Acetaminophen Tablets)

0.01 mg/mL of USP Acetaminophen RS in Diluent

Sample Preparation

Step Action Concentration Diluent Volume (10 Samples)
1 500 mg tablet into 250 mL 2 mg/mL (STOCK) 2500 mL

2 5mL (STOCK) dilute to100 mL 0.1 mg/mL (SOLN1) 1000 mL

3 5mL (SOLNT) diluteto 50mL ~ 0.01 mg/mL (SAMPLE) 200 ML

Using the example manual extraction process a total of 4 L of diluent is required to complete
the preparation of 10 samples. Should the initial 10 samples fail specification, an additional
20 samples are required, bringing the total volume of diluent for the sample extraction to 12
L. An additional volume of diluent is required for preparation of standards.

The volumes and dilution steps given in this example have not been optimized. Selection of
alternate volumetric flask pipette volumes would reduce the amount of diluent required, as
could addition of further dilution steps. However, optimization of the extraction to reduce
diluent volume would need to address risks associated with the ability to determine if the
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dosage form has completely dissolved, cumulative error through dilution, availability of
glassware and pipettes as well as risks associated with working with smaller volume pipettes.

Sample Matrix: It is typical for content uniformity to require sample clean-up to remove the
matrix prior to analysis, centrifugation or filtration of samples is often used, in some cases at
more than one stage of the sample extraction process.

A key challenge in developing a validated automated extraction process is balancing the need
to minimize hands-on analyst time with reducing environmental impact. The process must
ensure accurate and consistent results, significantly reduce solvent use and waste, and meet
regulatory standards. Assay Sample solutions are typically straightforward, but extracting
Active Pharmaceutical Ingredients (APIs) from dosage forms can introduce complications.
Solubility of the analytes of interest needs to be determined and addressed, especially when
working with high active content dosage units. Additional extraction and sample clean-up
steps may be required for low content dosage units containing high levels of excipients. Once
the sample components are addressed, it is critical to prepare them accurately using
calibrated volumetric equipment to ensure precise concentrations. This process should be
highly repeatable to meet quality and regulatory standards.

Objective

To demonstrate the suitability of the ePrep ONE for analysis of content uniformity for tablet
dosage forms. Using an automated sample extraction of 500 mg Acetaminophen tablet
dosage forms using the ePrep ONE deck, and the ePrep ONE Solvent dispenser, that is
compliant with USP<905> Uniformity of Dosage Units and United States Pharmacopeia (USP)
monograph Acetaminophen Tablets.

Introducing the ePrep ONE Automated Extraction System

The ePrep ONE offers a fully automated, end-to-end solution for chromatography sample
preparation, helping to increase the efficiency and accuracy of virtually any workflow while
dramatically reducing costs and environmental impact.

Figure 1: ePrep ONE Sample Preparation System



The ePrep ONE is an analytical syringe-based system that accurately handles a range of
solvents and sample matrices. It features syringes from 10 pL to 10 mL, allowing precise
handling of volumes down to 1 pL. The task-based, CFR Part 11 validated software enables
easy optimization of specifications such as dispensed volumes and flow rates,
accommodating differences in liquid properties with full audit trail capability necessary to
ensure Good Manufacturing Practice (GMP).

Syringes use positive displacement for superior performance with a wide range of non-
aqueous liquids. Stainless-steel needles eliminate the risk of solvent contamination from
extractable and leachable components, and their reusability reduces single-use plastic waste
compared to pipette-based alternatives, aligning with sustainability goals. Manual preparation
often requires experience and skill, as failure to ensure precision and accuracy can lead to Out
of Specification (00S) or Out of Trend (OOT) results, necessitating repeat analysis and
potentially leading to costly production delays.

Some manual preparation errors can be mitigated through thoughtful method design and
robust training programs. However, lab personnel performance can suffer from tedious and
repetitive tasks. Automation offers a solution, allowing skilled staff to focus on critical tasks
rather than routine sample extraction. The ePrep ONE provides efficiency gains without
needing multiple shifts or additional staff, as sample preparation can occur while the user is
elsewhere.

When Analysts familiar with the extraction method are not available to complete extraction,
work is not disrupted, as the programmed workflow delivers consistent results regardless of
the operator. The ePrep ONE also features a scheduler, allowing users to set up methods the
night before and schedule workflows to start overnight, ensuring samples are ready for
analysis the next morning.

Using the ePrep ONE for automated sample preparation ensures accurate and precise
preparation of samples and standards essential for quantitative analysis. The ePrep ONE
Sample Preparation Workstation improves efficiency, eliminates errors, and frees resources
for other laboratory tasks by automating the preparation workflow of standards and samples.

The ePrep ONE smart software streamlines the creation of new workflows by allowing users
to select hardware, including syringes, vials, racks and other tools, through a simple drag-and-
drop function. All coordinates are predefined at the outset, further decreasing the set-up time.
In addition, workflows can be saved and accessed at any time, which frees laboratory staff
from the need to rewrite programs.

A CFR Part 11 validated version available for laboratories needing to demonstrate GMP
compliance, such as PIC/s PE009. No movements need to be programmed; groups of vials
are defined, and tasks are selected. The software offers several tasks to streamline the
creation of sample extraction workflows:

Variable Dispense: Dispenses a reagent from a single input vial (or group) to a series of vials,
allowing different volumes to be dispensed to each unique output vial. The same syringe is
used for dispensing, with multiple aliquots aspirated for multiple dispenses. This is ideal for
making sample and standard solutions with varying final concentrations.



Serial Dilution: The user adds a starting dispense volume of a sample or standard from a
single input vial (or vial group) to the first output vial. Subsequent dispenses to the remaining
output vials are determined by a defined increment value.

Serial Dispense: Useful for volatile samples or minimizing risk of sample loss. A series of vials
can be preloaded with solvent using "Add Diluent." An initial solution is created by adding a
defined volume of reagent or standard to the first vial, then aspirating the same volume from
the first vial to the next in the group, creating a series of concentrations.

Make Up to Volume: The software calculates the volume needed to fill each container within
the output group to a given total volume, considering all previous additions. This is particularly
useful when combined with Serial Dispense or Variable Dispense.

Mixing Options: Complete extraction can be achieved through various mixing methods, either
as a single operation or in combination. Solution homogeneity can be achieved via a syringe
mix process or using the ePrep ONE magnetic stirring or vortex shaker modules. These can
be easily fitted on the deck and are ready to run in minutes.

Sample Contamination: Wash steps are automatically included within tasks using the in-built
ePrep ONE wash station, adjustable for volume or cycle number for more “sticky" analytes.
Additional wash tasks can be directed to use stronger solvents if needed, offering multiple
ways to reduce sample contamination or carryover. For high contamination risk, the ePrep
ONE can specify syringe serial numbers used in a task, reducing contamination risk and
eliminating cross-contamination.

Automation of Content Uniformity using ePrep ONE

To meet the objectives of this study a modified USP high performance liquid chromatography
(HPLC) method was used. The HPLC column dimensions were altered due to availability, the
flow rate was adjusted to allow for the altered column dimensions. All other conditions from
the USP monograph method remained unchanged.

While this paper discusses the suitability of the ePrep ONE for automation of content
uniformity the extraction and analysis method utilized for content uniformity of
acetaminophenis identical to the assay. Therefore, the application discussed within this paper
is also applicable to the assay of acetaminophen.

Materials and Instrumentation

The reagents and solvents required for the content uniformity of Acetaminophen by HPLC are
given in Table 3. The samples and standards were weighed as shown in Table 5, using an
analytical balance (XSR105DU - Mettler Toledo). They were then prepared using the fully
automated sample extraction instrument, ePrep ONE. The equipment needed for performing
automated extraction using ePrep ONE is listed in Table 4.

Table 3 Reagents and Solvents required for ePrep ONE Automated Extraction

Name Grade Brand
Methanol HPLC RCI Labscan
Water N/A




Glacial Acetic Acid HPLC

Table 4 Equipment required for ePrep ONE Automated Extraction

Glassware Syringes/Tools Decks

50 mL Glass Reagent Jars 5 mL Probe Dispenser TWD 2 x 8 x 20 mL tube Rack
40 mL Glass Vials 10 mL Standard Syringe Reagent Jar 5 x 50 mL

20 mL Glass Vials 1 mL Standard Syringe Magnetic Stirrer (30 position)
1.5 mL HPLC Vials 2.5 mL Luer Syringe Vortex Mixers

Filtering Deck

Table 5 Standards required for ePrep ONE Automated Extraction of Acetaminophen Content Uniformity & Assay

Name Grade Brand Mass
Acetaminophen CRS Supelco 0.0200 + 0.0050g
Sample - Assay N/A 0.0500 + 0.0050g
Sample - Content Uniformity N/A 1 dosage unit

Following extraction of all Samples and Standards, analysis was performed via HPLC using
the conditions specified in the pharmacopeia monograph. For the purposes of validation, the
chromatographic conditions are as mentioned in Table 6.

Table 6 HPLC Method Conditions, based on USP NF Acetaminophen Tablets

Column Phenomenex®, Hyperclone ODS C18, 5um,100 mm x 4.6 mm
Column Temperature 40°C

Autosampler Wash Solvent  50:50 Methanol: Water (v/v)

Injection Volume 10uL

Solution A: 1% (v/v) Glacial Acetic Acid in water
Solution B: Methanol

Extraction Solvent (Diluent)  Methanol: Water; 10:90 (v/v)

Standard Reading

Mobile Phase

Mode Gradient
Time Solution A (%) ‘ Solution B (%)
0.0 90 10
4.0 90 10
4.1 20 80
6.0 20 80
Wavelength 243 nm
Flow Rate 1.0 mL/min
Run Time 10 minutes (6 minutes elution, 4 minutes re-equilibration)

Sample extraction

The exact application conditions used to complete the automated content uniformity
application of Acetaminophen are given in Figure 2. The deck setup required for ePrep ONE,
and the defined groups are shown in Figure 3. The purpose of this workflow is to extract each



dosage form with a 35 mL of methanol in a single 40 mL vial to create a stock solution. The
selection of the initial diluent is critical when working with high concentration dosage units at
smaller volumes.

Select

Add MeOH (35mL) Reag Volume h Methanol ( Tablet Group N

5000 uL Di 35000 pl ) Acc - Group 1 Group 6 )

Magnetic Stirrer (30min @800rpm) )
Group 6

Pause to settle samples Pause Time )
S min
Filter Samples Filtered Volume 3 ( Nylon Filters 0.45um ( Tablet Group Stock (Filtered 100% MeOH)
2500 uL Guided Luer Tool - 60ABS 1500 pl Group 4 Group 6 Group 5

Add H20 to intermediate samples (10:90) Reag Volume 100% H20 Intermediate (Filtered)
5000 ul Dispenser 6300 L ( Acc - Group 3 J Group 7

Add Reagent (1) Reag Volume ) (‘Sto:k(Fi!lerad 100% MeOH) ( Intermediate (Filtered)
1000 uL Syringe - AP83N 700 pl Group 5 Group7

Vortex Mix Mix Time / RPM Intermediate (Filtered)
120 Sec / 500 Group 7

Add 10:90 H20:MeOH to final bulk samples Reag Volume h (m 90 MeOH H20 Exiraction solvent Final Sample (BULK)
10000 uL Syringe - AP98Y 9900 L ) Group 2 Group &

Add Reagent Reag volume ) ( Intermediate (Filtered) ( Final Sample (BULK)
1000 uL Syringe - AP83N 100 L Group 7 X Group &
Syringe Mix Mix Volume Final Sample (BULK)
1000 ulL Syringe - AP83N 600 pL Group 8
Aliquot Sample to HPLC Vials Sample Volume ( Final Sample (BULK) Final Samples forHPLC
10000 ul Syringe - APS8Y 1400 pL ) Group 8 ) Group 9
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ElElElEEEEIEIEIEIE

Figure 2: ePrep ONE application: Automated extraction of 500 mg Acetaminophen Content Uniformity

Individual tablets are weighed into a 40 mL vial, a magnetic stirring bead added, capped and
placed onto the ePrep ONE magnetic stirring deck, figure 3, group 6, deck position 8. The high-
volume probe dispenser, figure 3, group 1 delivers 35 mL of methanol (MeOH) to each sample
vial. Following delivery of solvent to all samples, the ePrep ONE automatically stirs the
samples at 800 RPM for 30 minutes to ensure complete dissolution of the tablet and
extraction of the analyte.

( Methanol
{ Group 1

Probe Dispenser Station

100% H20
Group 3
Probe Dispenser Station

L
L]
L
L]
L]
[ ]
L]
L ]
L]
L]

© Intermediate
y - —~
10:90 MeOHH20 Extraction sovent | | NYION Filters 0.45um || Swck (Finered 100% MeOH) Tablet Group (Filtered) .
= Group 4 Group 8 Group? &
5 Capped 10 selected 10 selected 10 Capped 10 Capped

Figure 3: ePrep ONE Deck Layout of Automated extraction of 500 mg Acetaminophen



Following the completion of stirring the application automatically pauses to
allow excipient material to settle, figure 2, line 3, deck position 12. Figure 4
shows an example of a 500 mg acetaminophen tablet in solution following
extraction by the ePrep ONE workflow.

After settling an aliquot of the stock sample is removed from the top of the
sample solution, by deliberately selecting the syringe position at the top of

[ the vial there is minimal disruption of the excipient at the bottom of the
sample vial. Whilst this is not necessarily crucial when dealing with high
content dosage forms, the ability to minimise disturbance of the settled
excipients would be critical for low concentration dosage forms where the
contribution by excipients is significant.

Figure 4: 500 mg Acetaminophen Tablet extracted for content uniformity analysis by ePrep ONE

The stock sample aliquot is filtered using 0.22 pm nylon filters, the ePrep ONE 2500 L Luer
syringe and filter rack, figure 3, group 4, position 12. The filtrate is delivered into a 1.5 mL vial,
figure 3, group 5, position 15 - front.to create the filtered stock solution. The application
development team created the filtered stock solution for the purposes of the study; however
they acknowledge that this step could be omitted by further optimisation of the method.

The high-volume probe dispenser, figure 3, group 3 delivers 6300 pL of water (H,0) into a 20
mL sample vial, figure 3, group 7, position 5. Following the addition of H,0 a 700 pL aliquot of
the filtered stock solution is added to create an intermediate (Filtered Sample). The vials are
now vortex mixed at 700 RPM for 120 seconds, figure 2, step 7, the sample extraction solvent
composition is adjusted to 10 MeOH: 90 H,0 as described in the USP monograph for
Acetaminophen.

The final sample concentration of 0.01 mg/mL is achieved as follows, a 9000 pL aliquot of
extraction solvent (90:10 H,0:MeOH) from 50 mL solvent jars, figure 3, group 2, position 1, is
added to 20 mL vials, figure 3, group 8, position 2. The bulk sample solution is then syringe
mixed to ensure a homogenous sample, figure 2, line 10.

The final sample solution is then seamlessly dispensed into the required HPLC vials, figure 2,
line 11 ready for collection and placement onto the instrument by the Analyst, figure 3, group
9, deck position 15 - back.

ePrep ONE Content Uniformity System Parameters

The following Parameters will be discussed in detail; however a summary of the selected
parameters are in Table 7.

Table 7 Summary Table for Parameters of ePrep ONE Content Uniformity Sample extraction

Parameter Chosen Option

Vial Choice 40 mL Glass Vials
20 mL Glass Vials (ALWSCI, P/N C0000413)
1.5 mL Glass Vials

Probe Dispenser 5 mL Probe Dispenser

Syringe Filtration 2.5 mL ePrep ONE Luer Syringe




Needle Choice 10 mL ePrep ONE Syringe
1 mL ePrep ONE syringe
Aspiration Speed (uL/Sec) 175
Aspirate Pause (Sec) 2
Dispense Flow Rate (uL/Sec) 500
Dispense Pause (Sec) 2
Waste ePrep ONE wash station
Mixing Type Magnetic Stirrer
Vortex Mixing

Syringe Mixing

Vial and Needle Choice

In this study, 40 mL Glass Vials were selected to complete the initial extraction. The
40 mL glass vials ensure that the solubility of acetaminophen can be achieved
consistently and support efficient extraction. 20 mL glass vials were used for the
intermediate solutions for the purposes of this study. Standard needle size syringes
are used in combination with the 40 and 20 mL glass vials, for accurate sample
collection. RFID identification of the required syringe, combined with platform setup
verification by the CRF Part 11 validated instrument software, ensures that errors from
incorrect apparatus are avoided. This process enhances accuracy and reliability
before commencing operations.

Aspiration

Speed, Pause Time and Dispense flow rate: The speed and duration of aspiration
ensure optimal performance during the sample extraction process. For the aspiration
speed, 175 pL/sec was selected, it was determined that using a moderate aspiration
speed setting did not introduce sample variability, as the application does not involve
higher viscosity liquids. To reduce error attributed to sample lag during the plunger
draw, a two-second pause is used during aspiration. The pause allows the sample to
be fully drawn into the syringe as the plunger is drawn back following aspiration. By
pairing a moderate aspiration rate with an extended pause, sample extraction was
determined to be more robust. The needle depth, while not as critical for high dosage
tablets containing minimal excipient contribution as for low dosage active with high
excipient content, was set to ‘Auto High’, by configuring the needle depth to Auto High,
we ensure that excipient deliberately settled at the bottom of the 40 mL vial is not
disturbed, as the needle is immersed in the pre-delivered solvent droplets are not
formed on the needle. This approach helps maintain the integrity of the sample
transfer process to further minimise variability in sample delivery.

Dispersion

Speed, Pause Time and Needle Depth: During the dispersion of the aspirated sample,
the parameters are less critical than those used during aspiration. The dispersion
speed was set to 500 pL/Sec, to reduce application time, however, the pause time of
two seconds was found to be a mandatory parameter. The pause time in addition to
aiding the sample draw also allows for any droplets formed on the syringe needle to



be dispensed rather than being drawn back onto the septum. By configuring the needle
depth to Auto High when working with the 40 mL vials, we ensure that droplets do not
accumulate on the syringe, as the needle is immersed in the pre-delivered solvent, this
approach helps maintain the integrity of the sample transfer process. In later stages
of the application configuring the needle depth to Auto Low, droplets do not
accumulate on the syringe, as the Auto Low setting ensures the needle is immersed in
the pre-delivered solvent, this approach helps maintain the integrity of the sample
transfer process.

Mixing

The initial tablet extraction is performed using magnetic stirring at 800 RPM for 30
minutes. Further optimization of the application may result in reduction of the mixing
time as the robustness study results indicate that a shorter mixing period at a reduced
speed would result in satisfactory extraction. The development team felt that for the
purposes of the study a conservative approach was appropriate. The intermediate
filtered solutions are mixed using vortex mixing at 500 RPM for 2 minutes to ensure a
homogenous sample is achieved. The final solution is syringe mixed, due to the
limitations of deck capacity when working with 20 mL vials.

Waste

The ePrep ONE wash station is configured to wash the system during execution of the
sample extraction application.

Standard Extraction

A second automated ePrep ONE application was created to prepare a 6 point standard curve
and system suitability solutions. The exact application conditions used to complete the
automated Standard and System Suitability application of Acetaminophen are given in Figure
5. The deck setup required for ePrep ONE, and the defined groups are shown in Figure 6.

The standard, CRS Acetaminophen is accurately weighed into a 20 mL vial, capped, and placed
onto the ePrep ONE deck, figure 6, group 2, deck position 4. The automated ePrep ONE
extraction application uses a 10 mL analytical syringe to accurately dispense 20 mL of diluent
(90:10 Water:Methanol v/v) into the stock standard vial, figure 6, group 2, deck position 4. The
vial undergoes vortex mixing at 600 RPM for 3 minutes to dissolve the analyte.

The ePrep ONE system then uses a 10 mL analytical syringe to add diluent to begin
preparation of the intermediate standard, figure 6, group 3, deck position 4. The intermediate
standard is completed by the ePrep ONE by accurately transferring a 10 mL aliquot of the
stock standard, figure 6, group 2, deck position 4 to the intermediate standard vial, figure 6,
group 3. The intermediate standard is then vortex mixed at 600 RPM for 60 seconds to ensure
a homogenous solution.



The ePrep ONE software command ‘variable dispense’ is used, figure 5, step 8, to add diluent
to the standard curve vials, figure 6, group 4, deck position 4. The intermediate standard is
then added to the vials using the ‘variable dispense’ command, figure 5, step 10.
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Figure 5: Automated Acetaminophen Standard and System Suitability Solution preparation using ePrep ONE
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Figure 6: ePrep ONE Deck Layout Acetaminophen Standard and System Suitability Solution Preparation

The ePrep ONE system uses a 10 mL analytical syringe to add 9800 pL of diluent to prepare
the system suitability vials, figure 6, group 9, deck position 4. The intermediate standard is
completed by the ePrep ONE by accurately transferring a 200 pL aliquot of the stock standard
to the system suitability 100% target vials, figure 5, step 9.



Following the preparation of the standard curve and system suitability vials the ePrep ONE
vortex mixes all of the solutions at 600 RPM for 60 seconds, figure 5, step 11.

The standard curve and system suitability solution solutions are then filtered, figure 5 steps
12 and 13 respectively into 1.5 mL HPLC vials ready for collection and analysis.

ePrep ONE Standard Parameters

The preparation of the standard and system suitability vials was deliberately completed in 20
mL vials. The selection of 20 mL vials ensures that enough standard and system suitability
solution is prepared for multiple analysis. The application used for the purposes of this study
results in 3 intermediate system suitability vials; however the application could easily be
configured to prepare a single intermediate system suitability vial. For the purposes of this
study a single final vial of each solution was prepared for HPLC analysis. The application can
easily be configured to prepare multiple vials of the standard curve and system suitability
solutions should solution stability studies indicate that storage of prepared solutions be
favourable.

The standard and system suitability application uses vortex mixing at 600 RPM to dissolve
the standard. Following the initial vortex mix, a prompt is used to alert the Analyst to inspect
the vial to ensure complete dissolution of the standard. If required, sonication may be used to
complete extraction of any undissolved particles. The development team also completed
studies extending the mixing time of the standard and omitting the pause step, and are
confident that this step could be omitted to enable out of hours preparation of the standard
and system suitability solution if desired. However for the purposes of the study the pause
was used to inspect and verify the standard extraction was complete.

Table 8 Summary Table for Parameters of ePrep ONE Standard extraction

Parameter Chosen Option

Vial Choice 20 mL Glass Vials (ALWSCI, P/N C0000413)
1.5 mL Glass Vials

Probe Dispenser 5 mL Probe Dispenser

Needle Choice 10 mL ePrep ONE Syringe
1 mL ePrep ONE Syringe
2.5 mL ePrep ONE Luer Syringe

Aspiration Speed (uL/Sec) 175

Aspirate Pause (Sec) 2

Dispense Flow Rate (uL/Sec) 500

Dispense Pause (Sec) 2

Waste ePrep ONE wash station

Mixing Type Vortex Mixing



Results and Discussion

The results from the application validation of the automated content uniformity of
acetaminophen are outlined below. During development, it was identified that uncoated
tablets and gel capsules share the same method of extraction, although the treatment of the
dosage form differs. To ensure complete extraction of gel capsules the development team
modified the initial solvent dispensing to dispense an initial 10 mL volume of methanol into
each sample vial. The application was paused to allow each capsule to be slit and the cutting
tool rinsed into the dispensed solvent. A magnetic stirring bead was added to each sample
vial, the vial was recapped and returned to the stirring deck, the remaining volume of methanol
is then dispensed into each vial and the workflow continues from figure 2, step 2.

The Coated tablets require a modification to the initial solvent delivery, with two additional
initial steps required to dissolve the coating through addition of a volume of water and mixing.
Once the tablet coating has been removed, the application described in figure 2 is used to
complete the extraction.

The ePrep ONE sample and standard preparation for automated content uniformity analysis
of acetaminophen 500 mg tablets was validated with respect to specificity, accuracy,
precision (repeatability) and robustness using acetaminophen as the representative analyte.
The automated ePrep ONE extraction procedure for tablet samples was validated for
repeatability and robustness using uncoated tablets.

Specificity: The specificity was conducted by examining the extraction solvent, standard, and
a tablet sample under the test conditions described in table 4. Placebo was not examined as
the exact composition is not known at the time of this study. As the resultant chromatogram
of the sample and standard show peaks of similar shape and intensity at reproducible
retention time it was determined that the method is specific for acetaminophen.
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Figure 7 Representative Chromatograms of Acetaminophen Standard, Sample and Extraction Solvent completed
as per conditions given in Table 4

Linearity: The linearity was conducted by preparing three separate five point standard curves
using the ePrep ONE standard preparation application. The three standard curves examined
meet the specification of r>> 2.0 the method, and ePrep ONE standard preparation application
is satisfactory for linearity.

Table 9 Linearity Results

Curve Result

1 0.9992
2 0.9993
3 0.9992
Average 0.9992 % RSD 0.006

Acceptance Criteria Outcome

r2=0.999 Complies

Precision (Repeatability) of Sample extraction: A set of six samples will be prepared using
the ePrep ONE workflow, with results analysed for relative standard deviation (RSD), the limit
for the RSD of 6 sample preparations is < 2.0 %.

Table 10 Precision (Repeatability) Results

Sample Result (%) Outcome
1 101.1

2 101.8

3 99.0

Complies

4 98.1

5 102.1

6 100.2

Ave (110 6) 100.5% % RSD: 1.4 Complies

Accuracy (Recovery): The accuracy was conducted by preparing three separate samples at
target weight (T), three samples at increased target mass (IM) and three separate samples at
decreased target weight (DM). The accuracy was assessed using the following criteria, each
sample has 98 to 102 % recovery. The RSD between P1 to P9 is within 2.0 %. The RSD between
the injections of each sample solution is within 2.0 %. The RSD between extreme results
(lowest and highest result) is within 2.0 %.



Table 11 Accuracy Results

Sample Result (%) Outcome
IM 1 101.1
Ave: 100.6 % .
IM 2 101.8 % RSD- 1.8 Complies
IM 3 99.0
DM 1 98.1
Ave: 100.1 % .
DM 2 102.1 % RSD- 2.0 Complies
DM3 100.2
T1 99.9
Ave: 100.5 % .
T2 99.7 % RSD- 1.2 Complies
T3 101.8
Average 100.5% % RSD: 1.4 Complies
Extreme weight % RSD % RSD: 1.1 Complies
Extreme result % RSD % RSD: 1.5 Complies

Robustness: The robustness of the chromatographic method described in table 4 was
assessed by deliberately manipulating the column temperature, solvent composition and flow
rate by + 10%. The method was determined to be robust as there was no significant difference
in system suitability.

Table 12 Robustness Results

Sample Robustness -10% (% w/w) Robustness +10% (%w/w)
1 101.3 102.6

2 102.1 101.5

3 101.7 103.2

4 97.5 98.8

5 100.0 101.0

6 99.6 102.9

Ave(1t06)  100.4% 101.7 %

% RSD: 1.7 % 1.6%

Content Uniformity Precision (Repeatability): The suitability of the ePrep ONE application for
automated extraction of acetaminophen 500 mg tablets was assessed by preparing three sets
of ten uncoated tablet samples using the ePrep ONE sample workflow described in figure 2.
The results were analysed using the chromatographic method described in table 4 and
evaluated against the assessment criteria for content uniformity USP NF acetaminophen
tablets, Level 1: AV (10 units) < 15.0%, no Individual unit less than (0.75*M)% or greater than
(1.25*M)%.



Each of the three sets of tablets satisfactorily passed level one assessment criteria indicating
that the ePrep ONE application is suitable for content uniformity analysis of acetaminophen
500 mg tablets.

The extraction of tablet three was prepared by a second analyst, necessary to expedite the
completion of the study, but satisfies both the criteria for the content uniformity and
intermediate precision, analysis of 10 individual dosage units performed on a different day by
a different analyst Level 1: AV (10 units) < 15.0% no Individual unit less than (0.75*M)% or
greater than (1.25*M)%. The standard assessment criteria used to evaluate intermediate
precision of RSD < 2.0% was not applied to the evaluation of content uniformity due to the
nature of the test conditions.

The suitability of ePrep ONE to extract content uniformity of alternate acetaminophen 500 mg
dosage forms, namely coated tablets and gel capsules was assessed by comparing the
results from a modified extraction procedure with the results obtained by the validated
uncoated tablet extraction application, these results are given in table 13 below. These results
indicate that the ePrep ONE is suitable for completing content uniformity of alternate dosage
forms, the development team acknowledges that further optimization and validation of the
modified workflows is required to confirm suitability of the modified applications.

Table 13 Content Uniformity Results

% Label Claim

Tablet 1 Tablet 2 Tablet 3 '(I?gsr:ti Gel Capsules
1 102.3 101.9 93.4 104.0 89.2
2 95.7 101.5 92.6 103.7 88.9
3 93.8 101.1 91.4 103.6 88.9
4 95.4 101.4 94.6 109.6 90.5
5 95.1 100.5 93.0 103.9 89.5
6 99.2 102.4 93.6 101.9 88.4
7 95.7 100.3 92.6 103.8 88.8
8 94.0 100.2 94.7 105.3 88.7
9 95.8 101.6 92.4 103.9 88.2
10 98.4 101.1 91.5 105.0 89.3
Mean 96.5 101.2 93.2 104.5 89.1
% RSD 2.96 0.75 1.18 2.41 0.69
M 98.5 98.5 98.5 98.5 98.5
AV 7.88 4.19 7.64 10.78 10.82
Minimum % 93.8 100.3 91.5 101.8 88.4

Maximum % 102.3 102.4 94.7 109.6 90.5




Acceptance Criteria Outcome
Level 1: AV (10 units) < 15.0% Complies
no Individual unit less than (0.75*M)% or
greater than (1.25*M)%

Intermediate precision analysis of 10 Complies
individual dosage units performed on a

different day by a different analyst Level 1:

AV (10 units) = 15.0%

no Individual unit less than (0.75*M)% or

greater than (1.25*M)%

Content Uniformity Robustness: The robustness of the automated ePrep ONE sample
extraction application was evaluated by introducing deliberate variations to critical application
parameters, followed by HPLC analysis of the resulting extracts.

The modifications included (i) adjusting the magnetic stirring speed and duration by -10%, (ii)
varying the vortex mixing speed and duration by -10%, and (iii) reducing the syringe mixing
volume. These parameters were selected by the development team based on their potential
impact on extraction efficiency.

The peak areas of six samples obtained under the modified conditions were compared to
those from the original precision study, as shown in table 14. The peak areas remained
consistent with no significant differences detected, confirming the robustness of the ePrep
ONE extraction application under the tested conditions.

Table 14 ePrep ONE Content Uniformity Application Robustness Results

Sample Precision Result Content uniformity -10%
(% w/w) Area

1 483946 501311

2 484276 89137

3 492796 =85199

4 487998 588469

o 493777 588832

6 480440 588654

Ave (1to6) 487205 583600

% RSD: 1.1% 0.33 %

Acceptance Criteria

The method is considered robust if there is no significant
impact on system suitability.

Considerations

The application discussed in this white paper has been validated against the in-house method
based on the USP monograph for the content uniformity of acetaminophen tablets using
uncoated 500 mg tablets. Modifications to the application for alternate dosage forms, coated
tablets and gel capsules were trialled but not validated, however, the development team



believe that the modified ePrep ONE applications would be a suitable extraction method for
these dosage forms.

Variations in magnetic stirring speed and vortex mixing intensity have the potential to impact
extraction efficiency and, consequently, analyte content. To mitigate this risk, the ePrep ONE
employs CFR Part 11-compliant software with controlled user access and permission levels.
This ensures that only authorized personnel can modify critical application parameters,
thereby preventing both accidental and deliberate alterations that could compromise method
performance. Furthermore, as part of the method validation, robustness testing was
conducted by varying aspiration speed and vortex mixing speed. The results demonstrated no
impact on chromatographic performance, confirming that the method is resilient to such
operational variations.

Organizations that operate without robust, version-controlled applications or user access
restrictions, such as those provided by CFR Part 11-compliant software, must consider the
risks associated with unauthorized modifications to extraction parameters. As demonstrated
through robustness testing, even minor, uncontrolled changes to critical extraction settings
can lead to non-conformant results.

The ePrep ONE mitigates this risk through its integrated CFR Part 11-compliant software,
which enforces user permission levels and maintains a complete audit trail. This ensures that
all method changes are either restricted or traceable. Furthermore, the fully automated ePrep
ONE application standardizes sample preparation, effectively eliminating variability
introduced by differences in analyst experience or manual technique.

The application discussed in this paper was prepared to demonstrate how the ePrep ONE can
be used to prepare the initial 10 dosage unit samples required for initial evaluation of content
uniformity. For the purposes of the study, the application development team chose 20 mL
vials to create the filtered intermediate and final bulk samples. These were selected due to
availability of equipment. The development team would undertake further optimization of the
application to scale down these solutions to utilize 1.5 mL vials enabling vortex mixing in place
of syringe mixing. By scaling down to 1.5 mL vials and selecting a 60-position magnetic stirrer
up to 6 batches of content uniformity (level 1) samples could be analysed at once.

Benefits

Automation in sample extraction heralds transformative financial, environmental, and human
advantages. In addition, the ePrep ONE’'s 21 CRF Part 11 software ensures compliance, by
providing a validated pharmacopeia-equivalent workflow that meets stringent quality and
regulatory standards. The ePrep ONE automates the extraction process, reducing human
intervention and minimizing errors, while maintaining precision and accuracy. By adhering to
Chapter <905> Uniformity of Dosage Units of the United States Pharmacopeia (USP),
European Pharmacopoeia (EP) and Japanese Pharmacopoeia (JP), the ePrep ONE not only
enhances operational efficiency but also ensures that laboratory practices align with
regulatory and GMP requirements, thus safeguarding data integrity and reliability.

The ePrep ONE system can revolutionize laboratory practices by optimizing reagent use,
minimizing waste, and reducing hazardous chemical disposal, easily achieving sustainability



goals and decreasing the ecological footprint. For Analysts, the ePrep ONE system liberates
them from monotonous repetitive tasks, enhances job satisfaction and frees up time to focus
on more intricate scientific endeavours. It significantly boosts safety by minimizing exposure
to hazardous substances and reducing lost time due to repetitive stress injuries.

In essence, automated sample extraction using ePrep ONE, elevates efficiency, sustainability,
and workplace safety, profoundly benefiting both the laboratory environment and its
dedicated professionals.

The potential benefits of automating the content uniformity of 500 mg Acetaminophen
Tablets are summarized in Table 3.

Table 15: Potential benefits of ePrep ONE Automated Content Uniformity of Acetaminophen 500 mg Tablets

Factor Manual Method Automated Method (1) Benefit

Efficiency

Manual Labor 11 Steps One Step 91 % Reduction

Anal Ik
Limited opportunity to nalysts can walk away

Multi-tasking perform additional tasks Set-and-Forget follllowmg place.ment of
initial sample vials
Hands On Time  Two hours 10 minutes 83 % Reduction
Sustainability
Solvent Usage 4000 mL 580 mL 86 % Reduction
OH&S Repetl.tlve Manual No Manual Handling Reduced Injury Risk
Handling
. . Energy saved from not
Energy Fume Hood Required No Fume Hood Required o
utilising a fume hood
Waste 4000 mL 580 mL 86 % Reduction
Generation
Conclusion

The adoption of automated ePrep ONE to satisfy USP <905> Uniformity of Dosage Unit
requirements has the potential to dramatically change the pharmaceutical testing laboratory.
It signifies a transformative leap in efficiency, solvent conservation, and precision. This
automated workflow not only meets the stringent specifications of the United States
Pharmacopeia (USP), Japanese Pharmacopoeia (BP), and European Pharmacopoeia (EP)
monographs, but also rivals the performance of traditional manual methods.

This study demonstrates the suitability of the ePrep ONE for analysis of content uniformity for
high active content tablet dosage forms, compliant with USP<905> Uniformity of Dosage
Units. The prowess of ePrep ONE in delivering precise sample preparation, significantly
reducing human intervention and ability to enhancing consistency and minimize errors has
the potential to deliver significant cost savings and efficiency gains. The study underscores



remarkable savings in both time and resources, notably through reduced solvent usage and
labour.

In essence, automation of content uniformity analysis using the ePrep ONE heralds a new era
of scientific advancement. The ePrep ONE offers profound benefits by diminishing human
error, optimizing laboratory throughput, and championing sustainability through decreased
solvent use and generation of chemical waste. Embracing automated workflows, achieved
using the ePrep ONE as demonstrated here, empowers laboratories to achieve unparalleled
productivity while steadfastly adhering to global Quality standards.



Supplementary Data

Table 15 ePrep ONE Tool Settings: Content Uniformity

10 mL Probe 2.5mL Luer | 1T mL

Syringe Dispenser Syringe Syringe
Basic Settings
Aspiration Flow Rate (pL/sec) 175 2500 50
Aspirate Pause (sec) 2 2 1
Dispense Flow Rate (uL/sec) 500 750 400
Dispense Pause (sec) 2 3 1
Tool Wash Volume (uL) 800 500 100
Tool Wash Aspirate Flowrate (uL/sec) 175 175 50
Wash Aspirate Pause (Sec) 1 0 1
Tool Wash Dispense Flowrate (uL/sec) 500 150 400
Wash Dispense Pause (sec) 1 1 1
Tool Wash Cycles 2 2 3
Prime Volume (uL) 1000 100
Tool Wash Aspirate Flowrate (uL/sec) 175 50
Prime Aspirate Pause (Sec) 2 1
Prime Dispense Flowrate (uL/sec) 500 400

o

Prime Dispense Pause (sec)

Prime Cycles

Prime Cycles for Refills

—_
—_

Purge Settings

Dispenser Purge Volume (uL) 2500
Dispenser Purge Aspirate Flowrate (uL/sec) 2500
Dispenser Purge Aspirate Pause (Sec) 2
Dispenser Purge Dispense Flowrate (uL/sec) 750
Dispenser Purge Dispense Pause (Sec) 3
Dispenser Purge Cycles 2

Filtration Settings

Filtered Volume to Collect (uL) 1500
Filter holdup Volume (uL) 500
Aspirate Needle Position 75
Aspirate Flowrate (uL/sec) 175
Aspirate Pause (Sec) 2
Dispense Needle Position Auto High
Dispense Flowrate (uL/sec) 150
Dispense Pause (Sec) 10

Time (Seconds) 120
RPM 500

Magnetic Stirrer



10 mL Probe 2.5mL Luer | TmL

Syringe Dispenser Syringe Syringe
Time (Seconds) 1800
RPM 800

Table 16 ePrep ONE Tool Settings: Standard and System Suitability

10 mL 1T mL 2.5mL Luer
Syringe Syringe Syringe
Basic Settings
Aspiration Flow Rate (uL/sec) 175 50
Aspirate Pause (sec) 2 1
Dispense Flow Rate (uL/sec) 500 400
Dispense Pause (sec) 2 1
Tool Wash Volume (uL) 800 100 150
Tool Wash Aspirate Flowrate (uL/sec) 175 50 175
Wash Aspirate Pause (Sec) 1 1 0
Tool Wash Dispense Flowrate (uL/sec) 500 400 0150
Wash Dispense Pause (sec) 1 1 1
Tool Wash Cycles 2 3 2
Prime Volume (pL) 1000 100
Tool Wash Aspirate Flowrate (uL/sec) 175 50
Prime Aspirate Pause (Sec) 500 1
Prime Dispense Flowrate (uL/sec) 0 400
Prime Dispense Pause (sec) 2 0

Prime Cycles 3
Filter Settings

|

Filtered Volume to Collect (uL) 1450
Filter holdup Volume (uL) 650
Aspirate Needle Position Auto Low
Aspirate Flowrate (uL/sec) 175
Aspirate Pause (Sec) 2
Dispense Needle Position Auto High
Dispense Flowrate (uL/sec) 150
Dispense Pause (Sec) 10

Time (Seconds) 1200 60

RPM 600 600

www.eprep-analytical.com
This information is subject to change without notice.
© Copyright ePrep Pty Ltd 2025, R01



