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Summary

This document outlines the method transfer of paraben sample extraction for assay
and related substances from traditional manual extraction to an automated
application using the ePrep ONE Sample extraction Workstation. The goal is to
streamline the quantification of paraben extraction, ensuring compliance with British
Pharmacopoeia (BP) and United States Pharmacopoeia (USP) standards.
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Key Objectives:

e Assess the compatibility of extraction of common parabens for assay and related
substance analysis with ePrep ONE automation.

e Validate the ePrep ONE automated application against manual extraction methods.

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

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

The automated method uses potassium dihydrogen phosphate buffer and methanol (MeOH)
for extraction and is analysed using High Performance Liquid Spectroscopy (HPLC). Several
critical parameters such as precision, linearity, and limit of detection were evaluated, with
results demonstrating that the automated ePrep ONE method produced comparable or
better performance than manual methods. 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

This application, developed with scientists from Ego Pharmaceuticals, ePrep Australia and
students from Monash University, utilises the capability of the ePrep ONE Sample
Preparation Platform to deliver a reliable and repeatable automated sample extraction of
Ethyl Paraben, Methyl Paraben, Sodium Methyl Paraben, Propyl Paraben and Sodium Propyl
Paraben.

Parabens are a family of preservatives that are widely used in the food, pharmaceutical and
cosmetic industries. Naturally occurring parabens can be found in trace amounts in fruits
and vegetables such as blueberries and carrots. In cosmetics, they are mostly found in
topical products such as washes, lotions and creams, while in pharmaceuticals they are part
of various formulations such as nasal solutions and intradermal injections. The most
commonly used parabens include butyl paraben, ethyl paraben, methyl paraben and propyl
paraben.

While their exact mechanism of action is not well understood, it is thought that parabens
work by disrupting the microbial cell membrane and subsequently entering the cell. Here
parabens react with free amino acids - the cells’ basic building blocks, preventing the
microbial cells from producing essential proteins and enzymes necessary for cellular
function, ultimately causing the cells to die. In order to achieve good antimicrobial activity,
usually a combination of two or three parabens are used for preservation. Concentrations of
at least 0.4% (4g/kg) for a single paraben molecule and a maximum of 0.8% (8g/kg) for
multiple parabens are used in cosmetic products.

Traditionally, extraction is performed using volumetric glassware, a reliable but time-
consuming and labour-intensive method, consuming large volumes of solvents, the majority
of which is discarded as laboratory waste. Manual extraction techniques rely heavily on the



skill and expertise of Laboratory Analysts to ensure the safety and quality of samples for
analysis, especially when measuring active content in raw materials to meet the strict
standards of various Pharmacopoeias.

A key challenge in creating a validated automated extraction process for assay and related
substance analysis of parabens is the use of potassium dihydrogen phosphate buffer. The
automated solution must be capable of handling the salt solution without introducing carry
over or contaminants into the samples or damaging the instrument. Many automated
sample preparation instruments are not designed to work with salt solutions, leading to salt
build up in critical components potentially leading to cross contamination of samples, loss
of performance, or damage to the instrument.

Objective

To develop an automated sample extraction of common Parabens using the ePrep ONE
deck, and the ePrep ONE Solvent dispenser, that is compliant with British Pharmacopoeia
(BP). European Pharmacopoeia (EP) and United States Pharmacopeia (USP) monographs.

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 application while
dramatically reducing costs and environmental impact.

The ePrep ONE smart software streamlines the creation of new applications 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, applications 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 applications:

o 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.

o 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.

o 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.

e 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.

o 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.

Materials and Instrumentation

The reagents and solvents required for the analysis of parabens by HPLC are given in Table
1. The samples and standards were weighed as shown in Table 3, using an analytical
balance (XSR105DU — Mettler Toledo). They were then prepared using a fully automated
sample extraction technique on ePrep ONE. The equipment needed for performing
automated extraction using ePrep ONE is listed in Table 2.

Table 1 Reagents and Solvents required for ePrep ONE Automated Extraction of Parabens

Name Grade Brand Mass
Methanol HPLC RCI Labscan N/A
Water N/A N/A
Potassium Dihydrogen Phosphate AR 6.89

Table 2 Equipment required for ePrep ONE Automated Extraction

Glassware Syringes/Tools DL S
50 mL Glass Reagent Jars 1 mL Standard Syringe TWD 2 x 8 x 20 mL tube Rack
20 mL Glass Vials 5 mL Probe Dispenser Reagent Jar 5 x 50 mL

10 mL Long needle Syringe Vortex Mixers



Table 3 Standards required for ePrep ONE Automated Extraction of Parabens

Name Grade Brand Mass

Assay & Related Substances of Ethyl Paraben

p-Hydroxybenzoic acid (impurity A) - reference solution A AR 0.0500 * 0.0050g
Methyl Paraben (impurity B) - reference solution A AR 0.0500 * 0.0050g
Sample - reference solution A N/A 0.0500 + 0.0050g
Ethyl Paraben (Standard, SRS) - reference solution B AR 0.0500 * 0.0050g
Sample - analysis sample N/A 0.0500 + 0.0050g

Assay & Related Substances of Methyl Paraben, and Sodium Methyl Paraben

p-Hydroxybenzoic acid (impurity A) - reference solution A AR 0.0500 + 0.0050g
Sample - reference solution A N/A 0.0500 + 0.0050g
Methyl Paraben (Standard, SRS) - reference solution B AR 0.0500 * 0.0050g
Sample - analysis sample N/A 0.0500 + 0.0050g
p-Hydroxybenzoic acid (impurity A) - reference solution A AR 0.0500 + 0.0050g
Ethyl Paraben (impurity C) - reference solution A AR 0.0500 + 0.0050g
Sample - reference solution A N/A 0.0500 + 0.0050g
Propyl Paraben (Standard, SRS) - reference solution B AR 0.0500 = 0.0050g
Sample - analysis sample N/A 0.0500 + 0.0050g

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 4.

Table 4 HPLC Method Conditions

Column Phenomenex®, Hyperclone ODS C18, 5um,150 mm x 4.6 mm
Guard Column Phenomenex®, Hyperclone C8, 5pm, 3mm x 4 mm
Column Temperature Ambient.

Autosampler Wash Solvent  Methanol.

Injection Volume 10pL

Mobile Phase 0.68% potassium dihydrogen phosphate KH2P0O4: Methanol; 35:65 v/v
Diluent 0.68% potassium dihydrogen phosphate KH2P04: Methanol; 35:65 v/v
Mode Isocratic

Wavelength 272 nm

Flow Rate 1.3 mL/min

Run Time 12 minutes

The exact application conditions used to complete the analysis are given in Figure 6. The
deck setup required for ePrep ONE, and the defined groups are shown in Figure 7.
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Figure 6 Screen capture of the ePrep application
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Figure 7 Screen capture of the ePrep ONE deck for automated extraction of parabens

Extraction Comparison of BP and USP Monographs to ePrep ONE

The automated ePrep ONE extraction application was validated against the manual
extraction methods for Ethyl Paraben, Methyl Paraben, Sodium Methyl Paraben, Propyl
Paraben and Sodium Propyl Paraben using the respective in-house validated methods based
on BP, EP and USP monographs. Ensuring that a single ePrep ONE application will be
compliant with any required specification.

Manual preparation requires 0.050 g of the paraben sample under examination to be
weighed into a 50 mL volumetric flask, 2.5 mL of methanol is introduced by volumetric
pipette and sonication with swirling is used to dissolve the sample. The solution is then
made to volume with diluent, and mixed by inversion. The resulting solution is then diluted
10 mL to 100 mL with diluent to obtain the concentration required for analysis. The final
solution is then used for HPLC analysis.

Sample extraction

In the automated ePrep ONE application, 0.050 g of the sample for analysis is weighed and
quantitatively transferred into a 20 mL glass vials and placed by the Analyst onto the ePrep
ONE instrument deck position group 8, Figure 7.

The automated ePrep ONE extraction application uses a 10 mL analytical syringe to
accurately dispense 2.5 mL of methanol into each sample vial. The sample vials are vortex
mixed at 500 RPM for 3 minutes. The initial dilution and vortex mix of the samples is
completed concurrently with the preparation of the Reference solution B.

Following the initial vortex mix, 17.5 mL of diluent is added to each sample vial using the
ePrep ONE probe dispenser to create the sample stock solution. The sample stock solution
vials are vortex mixed at 500 RPM for 10 minutes. Following mixing the ePrep ONE uses a
1000 pL analytical syringe to accurately transfer 0.8 mL of the sample stock solution to 20



mL glass vials containing 19.2 mL of diluent to create the sample solution. The sample
solution vials are vortex mixed at 500 RPM for 3 minutes.

After placement of the initial vials containing the weighed standards and samples onto the
ePrep ONE deck, all of the dilution and vortex mixing steps are completed by the ePrep ONE
without intervention of the Analyst. The final solution is dispensed by the instrument into the
specified vial ready for collection by the Analyst and analysis by HPLC. The solution
concentrations are maintained to follow monograph guidelines, optimising solvent use by
the ePrep ONE.

The ePrep ONE application concludes with a system wash to remove any potassium
dihydrogen phosphate. This step is critical to ensure that no salt residue remains in the
system that has the potential to build up in critical components potentially leading to cross
contamination of samples, loss of performance, or damage to the instrument.

ePrep ONE System Parameters

The following Parameters will be discussed in detail; however a summary of the selected
parameters is in Table 5.

Table 5 Summary Table for Parameters of ePrep ONE Sample extraction

Vial Choice 20 mL Glass Vials (ALWSCI, P/N C0000413)
Probe Dispenser 5 mL Probe Dispenser
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 Vortex Mixing

Vial and Needle Choice

In this study, 20 mL Glass Vials were selected to complete the extraction, the glass
vials ensure consistent and support efficient extraction. Standard needle size
syringes are used in combination with the 20 mL glass vials, for accurate sample
collection. RFID identification of the required syringe, combined with platform setup
verification by the CFR 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 as speed and
time, was set to ‘Auto Low’, by configuring the needle depth to Auto Low, 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 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 Low, 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.

Waste

The ePrep ONE wash station is configured to wash the system during execution of
the sample extraction application. An additional ES Wash group containing methanol
is also used specifically for needle washing, along with a separate Waste group to
manage waste generated from a specific post - application washing processes. This
is designed to remove buffer residue from the ePrep ONE prior to shut down of the
system.

Standard Extraction

The manual extraction method requires preparation of two reference standards. Reference
solution A requires 0.050 g of p-Hydroxybenzoic acid, 0.050g of the substance under
examination and where required, 0.050g of Specified Impurity (Table 3), to be weighed into a
200 mL volumetric flask, sonication with swirling is used to dissolve the standard mix into
diluent. The reference solution A stock is then made to volume with diluent, and mixed by
inversion. The resulting stock solution is then diluted 2 mL into 100 mL with diluent, resulting
in a 1:50 dilution. The final solution serves as the Reference Solution A for HPLC Analysis.

Reference solution B requires 0.050 g of the Paraben Standard (Table 3), to be weighed into
a 50 mL volumetric flask, sonication with swirling is used to dissolve the standard mix into
diluent. The reference solution B stock is then made to volume with diluent, and mixed by
inversion. The resulting stock solution is then diluted 10 mL into 100 mL with diluent,
resulting in a 1:10 dilution. The final solution serves as the Reference Solution B for HPLC
Analysis.

In the automated ePrep ONE application, Reference solution A is prepared as follows; 0.050
g of p-Hydroxybenzoic acid, 0.050g of the substance under examination and where required,
0.050g of Specified Impurity (Table 3), are weighed, and quantitatively transferred into a 20.0



mL glass vial. The Reference solution A vial is placed onto the ePrep ONE deck by the
Analyst in the Group 6 position, figure 7.

Reference solution B is prepared by weighing and quantitatively transferring 0.050 g of the
required Paraben Standard (Table 3), into a 20.0 mL glass vial. The Reference solution B vial
is placed onto the ePrep ONE deck by the Analyst in the Group 6 position, figure 7.

The automated ePrep ONE extraction application uses a 10 mL analytical syringe to
accurately dispense 2.5 mL of methanol into Reference solution B. The vial undergoes
vortex mixing at 500 RPM for 3 minutes to dissolve the analytes. The preparation of
Reference solutions B is completed concurrently with the preparation of the samples for
analysis.

Following the initial vortex mix, 17.5 mL of diluent is added to the Reference solution B vial
using the ePrep ONE probe dispenser to create the Stock Reference B solution. 20.0 mL of
diluent is added to the Reference solution A vial using the ePrep ONE probe dispenser to
create the Stock Reference A solution. A further 19.9 mL of diluent is added to the Final
Reference C vial at deck position 11, figure 7, using the ePrep ONE probe dispenser to create
the Reference C solution.

The Stock Reference A and Stock Reference Solution B vials are vortex mixed at 500 RPM
for 10 minutes. Following mixing the ePrep ONE uses a 100 pL analytical syringe to
accurately transfer 40 pL of the Stock Reference A to a 20 mL glass vial containing 19.2 mL
of diluent to create the Reference A solution, Group 11, figure 7.

A 1000 pL analytical syringe is used to accurately transfer 0.8 mL of the Stock Reference B
to a 20 mL glass vial containing 19.2 mL of diluent to create the Reference B solution, Group
10, figure 3.The Reference Solution vials are vortex mixed concurrently with the Sample Vials
at 500 RPM for 3 minutes. Lastly the ePrep ONE uses a 100 pL analytical syringe to
accurately transfer 100 pL of the Sample Solution to a 20 mL glass vial containing 19.9 mL
of diluent to create the Reference C solution, Group 9, figure 7.

ePrep ONE Standard Parameters

The parameters for the standard extraction are identical to the sample preparation as
previously discussed in detail. In addition to the probe dispenser, 10 mL and 1 mL standard
ePrep ONE syringes, the standard extraction utilises a 100 pL syringe. The use of the 100 pL
syringe is facilitates the transfer of the lower volume aliquots required to complete the
Reference Standard solutions while remaining within the recommended dispensing volume
of 10% of the full syringe volume. A summary of the selected parameters are given in Table
7.



Table 6 Summary Table for Parameters of ePrep ONE Standard extraction

Vial Choice 20 mL Glass Vials (ALWSCI, P/N C0000413)
Probe Dispenser 5 mL Probe Dispenser
Needle Choice 10 mL ePrep ONE Syringe

1 mL ePrep ONE Syringe
100 pL 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 Vortex Mixing

Results and Discussion

The results from the application validation of the automated extraction of parabens are
outlined below. During method development, it was identified that Ethyl Paraben, Methyl
Paraben and Propyl Paraben share an equivalent method of preparation. Sodium Methyl
Paraben and Sodium Propyl Paraben differ in the Standard Solution preparation used the in-
house validated method. The BP2025 monographs specify the same preparation approach
for all parabens, with the exception of the materials weighed for the assay standard.

As the sample and standard preparation are identical for Ethyl Paraben, Methyl Paraben,
Sodium Methyl Paraben, Propyl Paraben and Sodium Propyl Paraben were individually
assessed against identification criteria.

Identification: Samples extracted using the ePrep ONE application have a similar peak size
and area when the material is manually extracted.

The automated ePrep ONE sample extraction was validated with respect to accuracy,
precision (repeatability), intermediate precision, and robustness using propyl paraben as the
representative analyte. As the extraction procedure is identical for all parabens within the
scope of the application, satisfactory validation results for propyl paraben are considered
indicative of the method'’s suitability for the automated extraction of all parabens.

The following four parameters were used to assess the transfer of sample preparation from
manual extraction to automated extraction using ePrep ONE:

Precision 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 %. The RSD between extreme weight sample solutions is < 2.0
%. The RSD between extreme results (Lowest and highest observed result) is < 2.0 %.

Accuracy: The results obtained from samples prepared using the ePrep ONE automated
extraction are within 2.0 % of results obtained from manual extraction.

Intermediate Precision: The RSD between first and second analyst is < 2.0 %.



Robustness: The RSD between initial precision and various robustness parameters is < 2.0
o,
7.

Two samples from a single batch of Ethyl Paraben, Methyl Paraben, Sodium Methyl Paraben,
Propyl Paraben and Sodium Propyl Paraben were extracted. The first sample was extracted
using manual extraction, the second, using the automated ePrep ONE workflow.
Chromatographic analysis reveals no significant difference between manual and automated
extraction for each respective material. Additionally, a comparison of analyte areas indicates
similar values for samples of comparable weights, thereby meeting the acceptance criteria.

Table 7 Comparison of manual extraction against automated extraction of peak analyte areas in samples

Manually Extracted Peak Area  Automated Extraction Peak Area

(WAU*s) (WAU*s)
Ethyl Paraben 2806784 2759569
Methyl Paraben 3036169 2972977
Propyl Paraben 2516239 2621199
Sodium Methyl Paraben 2424907 2478270
Sodium Propyl Paraben 2070876 2122929

Figure 8 Representative Identification Chromatogram of Manual (Blue) vs ePrep ONE Sample Extraction (Black)

The result obtained by Analyst One using the automated ePrep ONE workflow, was 100.72 %
w/w. The content result obtained from manual extraction of the same batch of Propyl
Paraben, was 100.65 % w/w. Results for both the ePrep ONE and manual extraction
methods were within specification. The results of the automated ePrep ONE extraction are
within 2.0% of the results when extracted manually, as such the method is validated with
respect to accuracy.

Table 8 Accuracy between manual and automated extraction using ePrep ONE.

Sample Extraction SD %RSD Pass/Fail
Manual 100.6530 0.0506 0.05
ePrep ONE 100.7224 0.3260 0.32

Propyl Paraben % w/w




Intermediate precision was assessed by two independent analysts performing sample
extraction using the proposed automated ePrep ONE application. The mean assay values
obtained by each analyst (mean + 2.0%) were comparable, and the results showed
overlapping ranges. The %RSD between analysts was within acceptable limits, indicating
good intermediate precision. These results support the method'’s validation with respect to
intermediate precision. A summary of the data is provided in Table 9.

Table 9 Summary of Intermediate Precision using ePrep ONE.

Content of Propyl Paraben

Analyst Range % w/w Average % w/w % RSD Pass/Fail
Analyst 1 98.39 - 102.41 100.4012% 0.02% PASS
Analyst 2 97.50 - 101.48 99.4937% 0.21% PASS

Precision (Repeatability) of the automated sample extraction using ePrep ONE was
evaluated by performing six replicate extractions from the same sample under the proposed
application. The replicates consisted of two samples at the target weight, two samples at
+10.0% of the target weight, and two samples at -10.0% of the target weight to assess the
method’s response to minor variations in sample mass.

HPLC analysis of the extracted samples yielded consistent content results, with a %RSD of
0.38% across the six replicates. Evaluation of the extreme %RSD for sample mass and
sample content yielded values of 0.35% and 0.73%, respectively, as shown in Table 10.

All results were within the predefined specification limits, demonstrating that the automated
ePrep ONE extraction method is precise and robust to small variations in sample weight.

Table 10 Precision of Propyl Paraben extraction by ePrep ONE.

Preparation Content of Propyl Paraben % w/w

1 100.3879
2 100.4145
3 101.4346
4 100.6485
5 100.7626
6 100.8251
RSD 0.38 %

Extreme RSD (mass) 0.35%

Extreme RSD (content) 0.73 %

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

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



The results obtained under each modified condition were compared to those from the
original precision study. The assay results remained consistent, with overlapping ranges
observed across all conditions. No significant differences in sample content were detected,
confirming the robustness of the ePrep ONE extraction application under the tested
conditions.

Table 11 Robustness evaluation of the automated ePrep ONE application.

Robustness Criteria: Variation in Aspiration Speed

Propyl Paraben % w/w

Sample Range % w/w Average % w/w Pass/Fail
-10% Aspiration Speed (P1) 97.63 — 101.62 99.6261 0.19 PASS
Control 98.39 - 102.41 100.4012 0.02 PASS
+10% Aspiration Speed (P2) 97.72-101.71 99.7139 0.15 PASS

Robustness Criteria: Variation in Vortex Mixing
Propyl Paraben % w/w

Sample Range % w/w Average % w/w Pass/Fail
-10% vortex mixing speed (P1) 97.75-101.74 99.7409 0.12 PASS
Control 98.39 - 102.41 100.4012 0.02 PASS
+10% vortex mixing speed (P2) 97.77 - 101.76 99.7606 0.34 PASS

Robustness Criteria: Alteration of Mixing Method to Magnetic Stirring

Propyl Paraben % w/w

Sample Range % w/w Average % w/w Pass/Fail
Magnetic Stirring (P1) 97.89 - 101.89 99.8907 0.07 PASS
Control Sample (P2) 98.39 - 102.41 100.4012 0.02 PASS
Considerations

The application discussed in this white paper has been validated against the in-house
method based on the BP2025 monograph for the Assay and Related Substances of Ethyl
Paraben, Methyl Paraben, Sodium Methyl Paraben, Propyl Paraben and Sodium Propyl
Paraben. Butyl Paraben was not evaluated, however, the development team believe that the
ePrep ONE workflow would be a suitable extraction method for Butyl Paraben.

The use of PIC (phosphate-containing) solvents on the ePrep ONE system may pose a risk of
salt precipitation or system blockages due to salt build-up. To address this, the ePrep ONE
application incorporates specific mitigation strategies. A water (H.0) purge is executed prior
to any solvent change, followed by a post-workflow cleaning step. This final step ensures
that all syringes and probes in contact with PIC solvents are thoroughly rinsed with H.O and
ethanol (EtOH), thereby minimizing residue accumulation.

In particular, the solvent switch required for the Probe Dispenser is intentionally scheduled at
the conclusion of the application. This allows analysts to initiate sample analysis without
interruption and simply select 'Continue’ once the solvent bottle has been replaced with H-0.
These built-in safeguards streamline the workflow and reduce the risk of salt-related issues,
supporting both system reliability and analytical integrity.



Variations in aspiration 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.

Benefits

Automation in sample extraction heralds transformative financial, environmental, and
human advantages. In addition, the ePrep ONE 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 the guidelines of the British Pharmacopoeia (BP) Monograph,
the ePrep ONE not only enhances operational efficiency but also ensures that laboratory
practices align with regulatory 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, enhancing job satisfaction and enabling 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 comparison of the manual extraction to the ePrep ONE automated workflow,
demonstrating the potential benefits are shown in Table 12



Table 12 Comparison of preparation of Standards and 2 Sample Replicates Manual Extraction to ePrep ONE
automated workflow

Comparison Parameter Manual Extraction ePrep ONE extraction

Solvent Usage 1650 mL 160 mL

Waste Generation 1650 mL 160 mL

Duration 1.5 Hours 30 Minutes

Hands on Time 1.5 Hours 10 Minutes
Conclusion

The successful method transfer from manual to automated extraction using the ePrep ONE
system for the assay and related substances of Ethyl Paraben, Methyl Paraben, Sodium
Methyl Paraben, Propyl Paraben, and Sodium Propyl Paraben demonstrates clear
advantages in efficiency, solvent consumption, and analytical precision. The evaluation of
robustness parameters confirmed that, when operated within a CFR Part 11-compliant
environment, the ePrep ONE system enables strict control over user access and application
parameters. This significantly reduces the risk of deviations from validated workflows and
mitigates errors commonly associated with manual sample preparation.

The automated workflow met the specifications outlined not only in the British
Pharmacopoeia (BP 2025) but also aligns with relevant criteria defined in other major
compendia such as the United States Pharmacopeia (USP) and the European
Pharmacopoeia (Ph. Eur.), supporting global applicability. Validation results demonstrated
that the ePrep ONE delivers accurate and precise sample preparation with minimal human
intervention, resulting in more consistent outcomes and improved data integrity.

In addition to enhancing analytical performance, the adoption of the ePrep ONE application
yields measurable savings in both time and resources, particularly through reduced solvent
usage and decreased manual labor. These efficiencies support broader operational and
sustainability goals, including waste minimization and greener laboratory practices.

Overall, the implementation of automated sample preparation using ePrep ONE offers a
robust and scalable solution for laboratories aiming to modernize operations. By reducing
human error, increasing throughput, and ensuring compliance with pharmacopoeial and
regulatory standards, this approach positions laboratories for enhanced productivity and
long-term success in a regulated environment.



Supplementary Data

Table 13 ePrep ONE Tool Settings: Sample Delivery

10 mL Probe 0.1 mL 1 mL

Syringe Dispenser Syringe Syringe
Basic Settings
Aspiration Speed (uL/sec) 175 2500 30 40
Aspirate Pause (sec) 2 2 1 1
Dispense Flow Rate (uL/sec) 500 750 250 400
Dispense Pause (sec) 2 3 1 1
Tool Wash Volume (pL) 800 N/A 30 100
Tool Wash Aspirate Flowrate (uL/sec) 175 N/A 30 50
Wash Aspirate Pause (Sec) 1 N/A 1 1
Tool Wash Dispense Flowrate (uL/sec) 500 N/A 250 400
Wash Dispense Pause (sec) 1 N/A 1 1
Tool Wash Cycles 2 N/A 4 3
Prime Volume (L) N/A N/A 15 100
Tool Wash Aspirate Flowrate (uL/sec) N/A N/A 30 50
Prime Aspirate Pause (Sec) N/A N/A 1 1
Prime Dispense Flowrate (uL/sec) N/A N/A 250 400
Prime Dispense Pause (sec) N/A N/A 1 0
Prime Cycles N/A N/A 4 3
Dispenser Purge Volume (uL) N/A 2500 N/A N/A
Dispenser Purge Aspirate Flowrate (uL/sec) N/A 2500 N/A N/A
Dispenser Purge Aspirate Pause (Sec) N/A 2 N/A N/A
Dispenser Purge Dispense Flowrate (uL/sec) N/A 2500 N/A N/A
Dispenser Purge Dispense Pause (Sec) N/A 3 N/A N/A
Dispenser Purge Cycles N/A 2 N/A N/A
Time 3 Minutes

RPM 500



Table 14 PIC Cleaning: Post Application

Probe 0.1 .mL 1 mL Syringe

Dispenser Syringe
Basic Settings
Aspiration Speed (uL/sec) 2500 30 40
Aspirate Pause (sec) 2 1 1
Dispense Flow Rate (uL/sec) 750 250 400
Dispense Pause (sec) 3 1 1
Tool Wash Volume (pL) N/A 30 200
Tool Wash Aspirate Flowrate (uL/sec) N/A 30 50
Wash Aspirate Pause (Sec) N/A 1 1
Tool Wash Dispense Flowrate (uL/sec) N/A 250 400
Wash Dispense Pause (sec) N/A 1 1
Tool Wash Cycles N/A 4 6
Prime Volume (uL) N/A N/A N/A
Tool Wash Aspirate Flowrate (uL/sec) N/A N/A N/A
Prime Aspirate Pause (Sec) N/A N/A N/A
Prime Dispense Flowrate (uL/sec) N/A N/A N/A
Prime Dispense Pause (sec) N/A N/A N/A
Prime Cycles N/A N/A N/A
Dispenser Purge Volume (uL) 1000 N/A N/A
Dispenser Purge Aspirate Flowrate (uL/sec) 2500 N/A N/A
Dispenser Purge Aspirate Pause (Sec) 0 N/A N/A
Dispenser Purge Dispense Flowrate (uL/sec) 750 N/A N/A
Dispenser Purge Dispense Pause (Sec) 0 N/A N/A
Dispenser Purge Cycles 15 N/A N/A

Delivery of Ethanol’

T While this is not a setting, the Ethanol acts as a reagent jar containing a sample, and
is dispensed, essentially cleaning the syringe/probe

Full volume cycles of Ethanol 6 4 4
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