The Chromatographic Society - founded 1956 3m>

BRITISH MASS SPECTROMETRY SOCIETY

A permeapad® assisted sample preparation workflow for the selective
determination of anticonvulsants in human serum by liquid
chromatography tandem mass spectrometry

Pavana Mathai and Amy Dillon, Edinburgh Napier University

Abstract

The aim of this project was to develop a green sample preparation workflow using
Permeapad® 96-well plates for the determination of five anticonvulsants in human
serum. The biomimetic membrane within the Permeapad® facilitated selective drug
permeation from the complex serum matrix, significantly reducing organic solvent
consumption. The subsequent LC-MS analysis demonstrated excellent linearity (R2 >
0.98) across a wide range of concentrations, allowed effective chromatographic
analysis. Recovery studies confirmed selective permeation with aqueous donor
conditions proving most effective. This Permeapad® approach presented an efficient
and eco-friendly alternative to therapeutic drug monitoring, paving the way for high-
throughput bioanalysis.
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1.INTRODUCTION.

Therapeutic drug monitoring (TDM) is important for medications with narrow
therapeutic ranges to ensure that the dosage remains efficacious and to avoid patient
toxicity (4). This is particularly vital for anticonvulsant drugs, which are used to manage
epilepsy and other neurological conditions. For this class of drug, maintaining serum
concentration within a specific therapeutic window is essential. Sub-therapeutic
plasma concentrations can lead to the treatment being ineffective that is severe
seizures, while higher concentrations (exceeding the therapeutic range) may cause
adverse side effects ranging from dizziness and drowsiness to more severe
hepatotoxicity (2). Conventional bioanalytical methods for extracting anticonvulsant
drugs from serum require large volumes of organic solvents which cause



environmental, financial and practical challenges. Permeapad® 96 well plate (1)
comprises a biomimetic phospholipid bilayer of cellulose-hydrate membranes
enclosing a layer of dry phospholipids. Initially developed for high throughput
permeability screening, the Permeapad® offers a promising alternative as a greener (3)
and more efficient sample preparation tool due to its compatibility with different
solvents and resistance to pH variations. This project proposes a novel application of
Permeapad® for the efficient and sustainable extraction of anticonvulsant drugs,
namely Carbamazepine, Ethosuximide, Phenytoin, Primidone and Valproic acid,
facilitating highly selective quantification by minimising organic solvent consumption,
thereby advancing greener analytical methodologies in TDM.

2.MATERIALS AND METHODS.

All chemicals (purity>98%) for the project were purchased from commercially available
sources as follows.

Carbamazepine (Sigma Aldrich; CAS:298-46-4), Ethosuximide (Sigma Aldrich; CAS:77-
67-8), Phenytoin (Sigma Aldrich;CAS:57-41-0), Primidone (Sigma Aldrich; CAS:125-33-7)
and Valproic acid (Sigma Aldrich; CAS:1069-66-5), crystalline ammonium acetate (Alfa
Aesar, Thermo Fisher scientific; CAS:631-61-8), 2-Propanol LC-MS Grade (Rathburn;
CAS:67-63-0), Methanol LC-MS Grade (Honeywell; CAS:67- 56-1), Ethanol LCMS Grade
(Rathburn; CAS:64-17-5). The HPLC column used was a 3.0 um Evosphere C12 (Part no:
EV012-020703; Batch no: ES123-0089). The Permeapad® was acquired from InnoME
GmbH (LOT:20230305), nylon membrane filters were purchased from Cole- Parmer
(Part no: 15945-26).

2.1. BUFFER PREPARATION.

A 10 mM ammonium acetate buffer was prepared at pH 5 by dissolving an appropriate
mass of high purity (97%) crystalline ammonium acetate in LC-MS grade water using a
magnetic stirrer for complete dissolution. The pH was adjusted to the target value by
dropwise addition of acetic acid while monitoring the solution with a calibrated pH
meter (WTW inoLab pH 7110). The resulting buffer solution was filtered through 0.2 pm
nylon membrane filter (Cole-Parmer). The final filtered solution was used as a mobile
phase for chromatographic analysis.

2.2. PREPARATION OF STANDARD DRUG ANALYTES.

A standard stock solution of 5 anticonvulsants drugs (Carbamazepine, Ethosuximide,
Phenytoin, Primidone and Valproic Acid) with a concentration of 2 mg/ml each was
prepared by accurately weighing (Brash Weighing serial no:21000106) 20.0 mg of each
drug substance. The analytes weighed were quantitatively transferred to 10 ml standard



volumetric flask, made up with ethanol. This stock was used to prepare the standard
and sample working solutions.

2.3. PERMEAPAD PREPARATION.

For the Permeapad® sample preparation assay, the donor wells (400 pL) were prepared
by combining 200 L of foetal bovine serum (FBS) with 20 pL of each 2 mg/mL standard
drug solution and 100 pL of solvent (Water/Methanol/Ethanol/2- Propanol). The
corresponding receiver wells (200 uL) were filled with Methanol. This was prepared in
triplicate wells for each solvent condition for donor as well as receiver. The Permeapad®
plate was assembled and then agitated (PeQlab Mini Rocker Shaker) for 8 hours.
Following the incubation time, samples from the receiver wells were collected and
vialed for LC-MS analysis.

2.4. LC-MS ANALYSIS OF ANTICONVULSANTS DRUGS.

Analyte separation and quantitative analysis was performed using LC-MS (Waters
2695 Separation Module). A calibration curve was constructed from standard
solutions of each drug at different concentrations, working solutions were made up in
methanol to ensure wide standard range and accurate quantification. Each standard
and sample were run in triplicate to establish precision and reproducibility.
Chromatographic separation was achieved by using a reverse phase C12 column with
gradient elution (gradient method starts with mobile phase A (95%) and gradually
increases the mobile phase B to 65% over 16 minutes to elute the analytes and rapidly
re-equilibrate the column to the initial conditions for the next analysis) of mobile phase
A (10 mM ammonium acetate buffer) and B (Ethanol), with column temperature of 55
°C, flow rate 0.25 mL/min and an injection volume of 5.0 pL followed by selective
detection and quantification via electro spray ionisation with Acquity QDa single
quadrupole mass spectrometry operated in selected ion recording mode (SIR).

3.RESULTS AND DISCUSSION.

The purpose of the study was to develop and validate an analytical method for the
simultaneous quantification of five anticonvulsants drugs using Permeapad® as a
sample preparation tool.

3.1. LINEARITY AND CALIBRATION.

The linearity of this method was evaluated by constructing calibration curves for each
analyte. The data outlined in Figure 1 has excellent linearity (R2) across a wide
concentration range (~0.16 pg/mL - 250 pg/mL) for all the five drugs. The signal
responses measured indicated that the average signal response increased
proportionally with the concentration for each drug as anticipated. The remarkable
signal-to-noise ratios, even at lower concentrations, indicate good detector sensitivity.
These calibration curves form a reliable foundation required for accurately quantifying



the amount of each sample drug mixture permeated (recovery percentage) through the

Permeapad®.
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Figure 1. Calibration curves of five anticonvulsant drugs; namely Carbamazepine,
Ethosuximide, Phenytoin, Primidone, Valproic Acid. Data collected demonstrated
excellent linearity (R2 > 0.98) across the concentration range of ~0.16 pg/mL to 250.00
pg/mL. The calibration curves are shown as the mean =£SD, n=3.

3.2. CHROMATOGRAPHIC ANALYSIS.

A chromatographic method was developed to detect and separate the five
anticonvulsant drugs. The chromatogram for the standard mixture (Figure 2) indicated
that the analytes eluted at distinct and repeatable retention times between 9 and 16
minutes (co-eluting Carbamazepine and Phenytoin). The chromatogram confirmed a
clear comparison between the standard drug mixture and the samples permeated
through Permeapad®, with few to no additional matrix related peaks. The intensity of the
standard and the sample analytes (samples prepared using Permeapad®) in the
chromatogram were detected using selected ion recording (SIR) mass spectrometry
(Carbamazepine SIR 238 positive, Ethosuximide SIR 140 negative, Phenytoin SIR 251
negative, Primidone SIR 219 positive, Valproic acid SIR 143 negative). The selectivity and
sensitivity of this detector was essential when using biomimetic membranes where only
a fraction of the analyte diffuses into the receiver wells, effectively purifying the sample
from the complex serum matrix.
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Figure 2. Chromatogram showing the separation of anticonvulsant standard drug
mixture, overlap with corresponding samples (each colour for each drug in which higher
intensity showing standards and corresponding-coloured lower intensities showing
samples prepared using Permeapad®). Co-elution of carbamazepine and phenytoin is
observed at retention time around 13 minutes. Detection was performed using SIR
mode at the specified m/z for each analyte.

3.3. ASSESSMENT OF PERMEATION EFFICIENCY (PERCENTAGE RECOVERY).

The sample percentage recovery was calculated by comparing the quantified amount of
drug that permeated into the receiver wells to the initial amount loaded into the donor
compartment. The percentage recovery of each drug analyte (Figure 3) was low which
signifies that the permeation process had occurred to some degree rather than
complete extraction. Permeapad® successfully allowed the membrane to actas a
barrier to large matrix components from human serum, leading to passive diffusion of
analytes of interest and protecting analytical equipment from complex and damaging
matrices. Water used in the donor chamber consistently yielded the highest recovery
rates for most drugs except for Ethosuximide, validating the use of this simple and
cheap aqueous solvent to achieve effective permeation of these compounds thereby
minimizing the environmental impact of such analyses.
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Figure 3: Percentage recovery of anticonvulsant drugs permeated through the
Permeapad® membrane from foetal bovine serum matrix using different donor solvents
and receiver with methanol, mean = SD, n=3.

3.4. LIMIT OF DETECTION AND LIMIT OF QUANTIFICATION.

LOD and LOQ are critical validation parameters in analytical chemistry that define the
lowest concentrations at which a drug can be reliably detected and quantified. Based
on the data (Table 1), comparison of analytical method sensitivity for detecting and
quantifying five anticonvulsant drugs, phenytoin showed the greatest detectability while
primidone required the highest concentration for reliable measurement (LOQ = 8.49
pg/mL). This data summarises the validation parameters, demonstrating that the
method is sufficiently sensitive for each drug. This confirms the methods reliability in
measuring these drugs within their therapeutic ranges for patient monitoring, such as
during dose adjustment, therapeutic drug management in clinical settings to ensure
optimal treatment outcomes and to minimize toxicity.



Table 1. Calculated limit of detection and limit of quantification for the five
anticonvulsant drugs. Values were calculated based on the standard deviation and the
slope of the calibration curve (LOD=3.30/S, LOQ=100/S).

LOD (pg/mL) LOQ (pg/mL)
Carbamazepine 0.13 0.39
Ethosuximide 1.01 3.06
Phenytoin 0.08 0.25
Primidone 2.80 8.49
Valproic Acid 1.49 4.53

4.CONCLUSION.

This study successfully demonstrated that a Permeapad® based sample preparation
method can be used in the quantification of anticonvulsant drugs in serum supporting a
greener, aqueous based workflow. Chromatographic analysis confirmed effective
separation, while calibration curves indicated excellent linearity and sensitivity
(LOD/LOQ). Recovery studies proved the selective permeation of analytes, effectively
permeating samples from serum matrices. Water used in the donor chamber and
methanol in the receiver chamber was proved to be the most effective method of
permeation. This work paves the way for implementing Permeapad® in high-throughput
Therapeutic Drug Monitoring, significantly reducing organic solvent waste. Future work
can focus on further optimisation of permeation conditions (solvents etc.), expansion of
analytes studied by including other relevant classes of drugs and exploring the
automation of the workflow for high-throughput clinical laboratory settings.
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