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Goal

To remove an interfering peak due to a concomitantly
administered medication using FAIMS.

Introduction

The long and complex process of drug development can
take up to 14 years. One important aspect of that process
is pre-clinical development where absorption, distribution,
metabolism and excretion (ADME) studies of drug candidates
take place in animal plasma. During this phase of bioanalysis,
accurate determination of pharmacokinetic parameters is
critical to the evaluation of the safety and efficacy of the
drug compound under development.

Bioanalytical methods are developed to determine drug
concentrations and must be validated using the same matrix
as the study subjects. The ideal control matrix contains no
interferences, but this must be tested during the validation
according to FDA guidelines. Occasionally, individual defined
sources, or lots, of matrix show interferences. These matrices
contain numerous components which may interfere with
MS analysis. Compounds that may have MS transitions
similar to the analytes and internal standards (IS) include
but are not limited to: salts, proteins, peptides, lipids,
(phospholipids, fatty acids, bile acids and others) and sugars.

Other factors related to compound administration may
also contain potential interferences for the bioanalytical
assay. Sources of interference include the dosing vehicles,
phthalates (and other plasticizers), drug metabolites and
concomitantly administered medications (co-med). A
selective method will prevent these other compounds from
adding bias or imprecision to the assay.

During method validation for a drug candidate
undergoing preclinical trials, an interference appeared in
the internal standard (IS) transition of the control matrix.
By utilizing FAIMS and full scan MS, the interference was
identified as the co-med. Even with online sample cleanup
and the high selectivity of LC-MS/MS, the interference
was still present and the selectivity was less than optimal.

To improve the selectivity of the assay, high-Field
Asymmetric waveform Ion Mobility Spectrometry (FAIMS)
was used. FAIMS increases the selectivity of analysis by
selecting which ions are allowed into the MS. This technique
filters out interferences and leaves the signal cleaner than
LC-MS/MS alone.

Methods

Control blank and subject plasma samples were obtained
from rat subjects. Samples were prepared by adding 50 µL
of IS in water (50 ng/mL) to 100 µL aliquots of plasma.
The samples were mixed and injected onto the Thermo
Scientific Aria TLX-1 system powered by TurboFlow
technology. The online sample preparation system
included a 1 mm Cyclone™ extraction column (Thermo
Fisher Scientific, Franklin, MA) using pH9.5 loading
buffer at 5 mL/min. The analytical separation included a
gradient elution profile from 5% to 50% methanol in 20
mM ammonium formate buffer (pH3). The mobile phase
flow rate of 1 mL/min was used to elute the analyte and 
IS from a C18 analytical column (2.1 x 50 mm).

The optimal FAIMS conditions were dispersion
voltage (DV) -5000V, 50% He in nitrogen at 3.5 L/min,
inner and outer electrode temperatures were 65 and 95 °C,
respectively. The compensation voltage (CV) was determined
by infusing the analyte and ramping the CV. The ideal CV
for the component of interest was -13.9 V. At this CV, no
signal for the interference was observed, thus the interference
was eliminated.

MS conditions included the use of the heated electrospray
probe (H-ESI) and highly selective reaction monitoring
MS/MS (H-SRM 0.2 Da FWHM). The vaporizer temperature
was 400 °C, the sheath and auxiliary gases were 60 and
40 units, respectively. The analyte was monitored at m/z
217 → m/z 160 and the IS was monitored at m/z 220 →
m/z 163.

Data were acquired and chromatographic peak areas
were integrated in Thermo Scientific LCQUAN 2.5.5
software. Area ratios (analyte divided by the IS) for the
standard calibration samples were plotted vs. nominal
concentration. Linear regression with 1/[concentration]2

weighting was performed. Back-calculated concentrations
for the standards and QC samples were reported. 
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Results and Discussion

Prior to the inclusion of FAIMS, the drug and IS co-eluted
at 1.78 min (Figure 1a and b, respectively). An interference
was detected at 2.01 min in the IS transition (Figure 1b) 
in which there was significant overlap with the IS peak. 
By performing a full scan single MS experiment during
analysis by TurboFlow technology, the interference appeared
to be ketamine (m/z 238, data not shown). Ketamine
might potentially lose water in the ion source to form a
species at m/z 220, which is isobaric with the IS. Subsequent
fragmentation in the collision cell produced a fragment in
common with the IS (m/z 163).

Ketamine was in the commercially supplied control
plasma. The problem with this interference is that it
changes the integrated area of the IS for the Standard and
QC samples but not for the unknown samples. Though
the method may appear to pass the acceptance criteria, 
the determined concentrations of the drug in the study
samples may be biased by the presence of the interference. 

FAIMS successfully removed the interference. Figure 2
shows the compensation voltage ramp during infusion of
IS (m/z 220) and ketamine (m/z 238). The IS emerges from
FAIMS at CV = -13.9 V (blue trace, right-most peak) and

is transmitted into the MS. In contrast, ketamine emerges
at CV = -17.2 V (green trace). The interference due to
ketamine (blue trace, left-most peak) is separated by FAIMS
and is not transmitted into the MS when the CV is set to
transmit the IS (CV = -13.9 V). Thus, when FAIMS is set to
transmit the analyte and IS (CV = -13.9), the interference
is filtered out. Because the stable-labeled IS shows FAIMS
characteristics identical to the analyte, LC-FAIMS-MS/MS
analysis requires only one CV value.

A representative chromatogram for the TurboFlow
LC-FAIMS-MS/MS analysis of the analyte at the LLOQ 
in plasma is shown in Figure 3. Using a 1:1 split after the
column but before the source increased the signal and
signal-to-noise ratio for the analyte by 4.5-fold and 2000-
fold, respectively. The upper trace is for the analyte and the
lower trace is for the IS. When compared to previous results,
implementing FAIMS with a split yielded a 350% transmission
increase relative to the ‘without FAIMS’ experiment. Note
that the interference is not present in Figure 3.

Figure 4 shows results from the standard and QC
samples as determined by linear regression in Thermo
Scientific Watson LIMS software. All calibration and 
QC samples were within the FDA guidance criteria.

Figure 1: Representative LC-
MS/MS chromatograms for the
analyte at the LLOQ. Figure 1a,
the upper trace (analyte) shows 
a peak (retention time 1.78 min)
with signal-to-noise ratio of 4 and
significant chemical background.
Figure 1b, the lower trace (IS)
shows a peak for the IS at the
same retention time as the analyte
and a second peak at 2.01 min
for the interference. Integration
of the IS was adversely affected
by interference.
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Figure 2: CV scan. A reference
solution of IS and ketamine was
infused and the CV was ramped
from -25 to -5 V. The blue trace
(m/z 220) shows two peaks, 
one due to the IS (CV = -13.9 V)
and the other due to ketamine 
(CV = -17.2 V). Ketamine 
forms m/z 220 via in-source
fragmentation prior to FAIMS
separation. The CV for analysis
of the analyte is identical to the
stable-labeled IS at -13.9 V.
Ketamine is excluded from the
MS because it does not emerge
when FAIMS is set to -13.9 V.

Figure 3: Representative LC-
FAIMS-MS/MS chromatograms
for the analysis of the analyte at
the LLOQ in plasma at CV = 
-13.9V. The LC flow was split 
post-column to 0.5 mL/min. 
The signal-to-noise ratio is 7949
which is 2000-fold better than the
experiment performed without
FAIMS. The % transmission for
FAIMS was 4.5 times greater
relative to the standard LC-MS
experiment.
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Conclusions

FAIMS successfully prevented the ketamine co-med
interference from adversely affecting the accuracy and
precision of the bioanalytical method. This technology is
simple to optimize and the analysis yielded increased
signal by 4.5 times and the signal to noise ratio increased
by 2000 fold relative to data acquired without FAIMS.
Additionally, FAIMS reduced chemical background. This
is a robust technique requiring little intervention as
demonstrated in this GLP validated assay.

Figure 4: Watson LIMS results from a validation analysis of the analyte in rat plasma. For the regression analysis, the standard calibration samples were
between 1 and 200 ng/mL. Each standard calibration sample was analyzed in one replicate except for the LLOQ and ULOQ samples (three replicates each). 
All standard results were within the FDA guidelines for accuracy and precision. The QC samples at the LLOQ, < 3x LLOQ, mid-range, and ULOQ concentrations
were analyzed in six replicates each and were determined to be within the FDA criteria for accuracy and precision.
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