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ABSTRACT

The quality of sample extraction had a significamtpact on mass spectrometry results. The presetice o
phospholipids in the sample extracts resulted iorppantitation and also it decreases the methdalstness. Here
we adopted a novel sample preparation Hybrid SPBspholipid technology to extract plasma samples for
improved phospholipid removal. This new methodvadlh simultaneous quantification of propafenone andH
propafenone at lower levels 0.5 and 0.25 ng/mLeespely. The phospholipid free filtrate obtainddough Hybrid
SPE-Phospholipid cartridge was chromatographed daemini C18 column (75 x 4.6 mm, 3.0 um). An igacra
mobile phase of a mixture of 10mM ammonium forn{pté 3.0 adjusted with formic acid) and methanol
(20:80%V/V) at a flow rate of 0.5 mL/min was us@tecursor ion and product ion transition for anadgtand IS
were monitored on a TSQ Vantage triple quadrupcdessrspectrometer, operated in the positive iorenathode.
Method was validated over a concentration rang8.60-500.00 ng/mL for propafenone, 0.25-250.00 hgitmn 5-

OH propafenone. The intra- and inter-day precisiover the concentration range for propafenone an®H-
propafenone were lower than 6.1 and 14.2% (coefiicof variation, %CV), and accuracy was betwee3-9808.7
and 94.6-108.3%, respectively. By using this newridySPE-Phospholipid technology the risk of phadipld
accumulation on column was knocked out completaly @sulted in good peak shape with excellent colum
performance.
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INTRODUCTION

Atrial fibrillation is the most common, clinicallsignificant arrhythmia [1, 2]. Propafenone is arghantiarrhythmic
drug used clinically as a racemate mixture of (8) &) propafenone. Although both enantiomers apeaky
potent in their activity as sodium channel blockits (S)-enantiomer exhibifsblocking activity approximately
100 times higher [3]. Propafenone undergoes exterfaist pass metabolism by cytochrome P450 2D6 into
active metabolites 5-hydroxypropafenone and N-dgsppropafenone. Both the metabolites have antyéinrhic
activity comparable to that of propafenone withegligible B-adrenergic activity [4].

Several chromatographic methods including HPLC-UBWY], gas chromatography-mass spectrometry (GC-MS)
[10] have been reported for the determination oppfenone and 5-OH propafenone in biological mastidlost of
the reported HPLC-UV methods have a very long e tof more than 25 min and have used a high volafme
plasma (1 mL) with tedious liquid-liquid extractisteps. The HPLC method developed by Minoo afshaid [11]

has used a simple protein precipitation method withinimal plasma volume of 250ul but the run tiwees 25 min.
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Among the published LC-MS/MS methods [12-14] thethod developed by Liping Pan et al [15] is the only
method which has short run time of 6 min and witlinat of quantification of 1.5 ng/mL for propafene from
sustained release formulations. This method wasldped in beagle dog plasma and didn’t focus oarsgion and
guantitation of its active metabolite 5-OH propafee.

To the best of our knowledge this is the first LGGMS method developed for the simultaneous quaatifin of
propafenone and its active metabolite 5-OH propaferin human plasma in a short runtime of 4 min\aithl limit
of quantification of 0.5 and 0.25 ng/mL respectweHybrid-SPE-Precipitation technology was usedsasple
preparation technique to achieve a sensitivity tigcl0 folds higher compared to recently publishesdhod.

MATERIALS AND METHODS

Chemicals and materials

The reference sample of propafenone hydrochlor®8.0%) and 5—hydroxy propafenone hydrochloride {9%)
were purchased from Clear synth labs (Mumbai, Indiad Propafenone d5 hydrochloride (98.22%) fromaYii
Lifesciences Ltd, India and their chemical struetuwere shown in Fig 1. Hybrid-SPE phospholipdidgés were
purchased from Sigma (Sigmaaldrich, UK). Water uggdhe LC-MS/MS analysis was collected from MiQi
water purification system procured from MilliporBangalore, India). HPLC grade acetonitrile and raeth were
purchased from J.T Baker (Phillipsburg, USA). Analgl grade formic acid and ammonium formate were
purchased from Merck, (Mumbai, India). The conttaiman plasma sample was procured from Deccan’s
Pathological Labs, (Hyderabad, India).
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Fig.1 Chemical structures of propafenone, 5-OH proafenone and internal standard

Chromatographic conditions

An HPLC system (Shimadzu, Kyoto, Japan) consistiiga binary LC—20AD prominence pump and an auto
sampler (SIL-HTc) and a solvent degasser (DGU-20#Xe used for the study. The separation of analyias
performed on Gemini C18 column (75 x 4.6 mm, 3.0 |i@henomenex, Cheshire, UK). Aliquots of the pesegl
samples (20 pL) were injected onto the column, tvhi@s maintained at 36. An isocratic mobile phase of a
mixture of 20mM ammonium formate (pH 3.0 adjustathviormic acid) and methanol (20:80%V/V) was deligd

at a flow rate of 0.5 mL/min into the mass spect&ten

Mass spectrometer conditions

A TSQ Vantage triple stage quadrupole mass speetamngThermo Scientific, USA) with a heated elecipray
ionization (HESI-Il) probe operated in positive iotode at a spray voltage of 4.0 kv, capillary terapee of 270
°C and vaporizer temperature of 30 Sheath and auxillary gas pressures were sé and 10 units respectively.
Compound optimisation was done manually using Tleefi8Q Tune Master 2.1.0.1028 (Thermo Scientific, jySA
by infusion into the mass spectrometer and the gmamameters were shown in Tablel. Selective Reactio
Monitoring (SRM) mode was used for data acquisitiBaak integration and calibration were carriedusing LC
Quan 2.5.2 software.
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Table 1: Mass Spectrometry Parameters

Analyte Pa(rr:;]zt) 'oN|" Product ion ih/z) Eiglrlg;o(r:/) Tube lens
Propafenone 342.2 116.1 27 105
5-OH propafenong 358.3 116.2 31 95
Propafenone-d5 347.1 121.1 28 105

Preparation of stock, working solutions, calibration and quality control samples

Primary stock solutions (1 mg/mL) of propafenonehygroxy propafenone, and internal standard weepared in
methanol separately and these stocks were stor2d8atC. Two sets of working solutions containingiixture of
propafenone and 5-OH propafenone were preparedethanol and water (50:50, v/v; diluent) separafelythe
preparation of calibration standards and qualityticd samples.

Calibrations standards (CC) containing a mixturénaf analytes were prepared by 2% addition of waglgolution

in human blank plasma (20 pL of working solutiorsvealded to 1 mL human plasma) giving final coneagiuns of
0.500, 1.270, 3.750, 12.500, 24.990, 49.980, 99.260.900, 425.000, 500.000 ng/mL for propafenamt @250,
0.640, 1.870, 6.250, 12.500, 24.990, 49.980, 124.952.950, 250.000 ng/mL for 5—-hydroxy propafendrie CC
samples were analyzed along with the quality cdnt@C) samples for each batch of plasma samples. Q6
samples were prepared at five different conceninaivels of 0.520 (lower limit of quantificatioh]. OQ), 1.350
(low quality control, LQC), 26.800 (middle qualigpntrol, MQC-1), 125.000 (MQC-2) and 375.000 (higality
control, HQC) ng/mL for propafenone and 0.260 (LLOQ.700 (LQC), 12.500 (MQC-1), 65.800 (MQC-2) and
187.500 (HQC) ng/mL for 5—hydroxy propafenone. thik prepared plasma samples were stored at -40°€.1Q
separate working solution of internal standard (&@§0nL) was also prepared in the diluent.

HybridSPE-Phospholipid Technology(Sample preparation)

HybridSPE-Phospholipidcatridges were usedor effective removal of phospholipids and for awte and
reproducible LC-MS/MS Analysis. Protein precipitatiwas performed offline by adding 100 pL of spikdasma
followed by 300 pL of 1% formic acid in acetoniérilcontaining internal standard (100 ng/mL) into in&
eppendorf tube. Samples were thoroughly mixed updoyexing for 30 sec. 400 pL of the above mixtwas
transferred into a Hybrid SPE catridge. Samplesewmassed through the Hybrid SPE catridge by appl@n
positive vacuum. The filtrate was analyzed direayng the analytical conditions.

Method validation

The validation of the above method was carried asitper US FDA guidelines [16]. The parameters il
selectivity, specificity, sensitivity, matrix effedinearity, precision and accuracy, recoveryuytiin integrity, and
stability.

RESULTS AND DISCUSSION

Method development

The goal of this work is to develop a simple, rapitd a sensitive LC—-MS/MS method for the simultaiseo
determination of propafenone and 5—-hydroxy propaiensuitable for pharmacokinetic and bioequivalestadies.
Hence, during method development different optiase evaluated to optimize detection and chromafugy
parameters. Tuning was done in positive and negjatimization modes using ESI source. The signaniities
obtained in the positive ion mode was much higbettie analytes than the negative mode. Data ilSB& mode
were considered, which showed better selectivity.

Once the mass spectrometer conditions were sedmetiographic conditions such as mobile phase, flate,
column type and injection volume were monitoredbdain the good resolution from the endogenous corepts
which in turn affect sensitivity and reproducilyiliof the method. The mobile phase composition waBrized with
acetonitrile and methanol by varying its proportiith volatile buffers like ammonium acetate, amioom formate
as well as acid additives like acetic acid and foricid in varying strength. Symmetric peak shapetter
separation and best sensitivity were achieved tiimM Ammonium formate (pH 3.0 adjusted with fornaicid):
Methanol (20:80%V/V) as the mobile phase. Among tlagious chromatographic columns tested for their
suitability Gemini Gg, 75 x 4.6 mm, 3.0um column gave good peak shapk rasponse even at lowest
concentration level for both the analytes. Thentide time of propafenone, 5-hydroxy propafenomel mternal
standard (2.18, 1.71, and 2.17 min, respectivelgewshort enough allowing a small run time of 4id mith a
mobile phase flow rate of 0.5 mL/min. Stable labdeleternal standard is suggested for bioanalyticsdays to
increase assay precision and limit variable reco\mtween analyte and the 1S. Propafenone-d5 wed as
internal standard in this method.
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When used a standard protein precipitation methivll acetonitrile or methanol with and without ac&bulted in
increased back pressure of the column after feeciigns. Steps were taken to back flush the colbefare start of
each run. This didn’'t improve the performance ofuom and this explains the elution of phospholipids
intermittently from the column affecting the repuotbility and peak shape. Liquid Liquid extractiaith different
extraction solvents yielded poor recovery for 5-Pidpafenone. Before moving onto Solid phase extrador
better cleaner extracts a new technology for remo¥ghospholipids namely HybridSPE-Phospholipidiath
combines the simplicity of protein precipitationtiwthe selectivity of solid phase extraction (SRi)the targeted
removal of phospholipids in biological plasma wasleated. The mean recovery was more than 80% dthr b
propafenone and 5-OH propafenone which was moretti&a LLE and S/N ratio was 10 times higher compdoe
standard protein precipitation, suggesting thatritie of phospholipid accumulation was knocked caipletely
and resulted in good recovery with excellent colyparformance using Hybrid SPE-Phospholipid techgylo

Method Validation

Selectivity

The selectivity of the method was examined by atiatyextracted blank human plasma samples frondiffierent
sources. As shown in Fig.2 and 3 for individual lgi@ss, no significant interference in the procesBkohk plasma
samples were observed at the retention times adrthf/tes and internal standard.
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Fig.2. Typical chromatogram of propafenone (left pael) and IS (right panel) in human blank plasma [A] plasma spiked with internal
standard [B] and lower limit of quantification sample along with IS [C]
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Fig.3. Typical chromatogram of 5-OHpropafenone (lefpanel) and IS (right panel) in human blank plasmaA], plasma spiked with
internal standard [B] and lower limit of quantifica tion sample along with IS [C]

Sensitivity

The reliable lowest limit of quantification (LLOQ9r the propafenone and 5—-hydroxy propafenone wasitsthe
concentration of 0.5 ng/mL and 0.25 ng/mL, respetyi At this concentration, the precision and aacy results
were found to be 5.38% and 106.2% and 8.17% an8%®Jor propafenone and 5-hydroxy propafenone. The
signal-to—noise ratio (S/N) was measure at LLOeatration and found to kx5 for both the analytes.

Matrix effect

Matrix effect assessment was done with the ainhexk the effect of different lots of plasma on blaek calculated
value of QC's nominal concentration. The precisiod accuracy for propafenone at LQC concentratiereviound
to be 5.28% and 107.2%, and at HQC level they we34% and 108.2%, respectively. Similarly, the miea and
accuracy for 5-hydroxy propafenone at LQC concéntravere found to be 8.07% and 108.3%, and at H&Y€EI

they were 4.92% and 97.9%, respectively. Thesdtsaisdicate that no significant matrix effect watsserved in all
the six batches of human plasma for the analyteswaand high quality control concentrations.

Linearity, Precision and Accuracy

Ten—point calibration curve was found to be lineaer the concentration range of 0.50-500 ng/mlpfopafenone
0.25-250 ng/mL for 5-hydroxy propafenone. After paming the two weighting models (1/x and?/a regression
equation with a weighting factor of #/&f the drug to the IS concentration was foundrmdpce the best fit for the
concentration—detector response relationship foth tbe analytes in human plasma. The mean cowalati
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coefficient of the weighted calibration curves gaed during the validation was0.99 for both the analytes.

The results for intra—day and inter—day precisiod accuracy in plasma quality control samples amansarized in
Table 2. The intra—day and inter—day precision eglwere within 15% of the relative standard devia(RSD) at
low, middle 1, middle 2 and high quality controéd, whereas LLOQ QCs level was within 20%. Theantay
and inter—day accuracy deviation values were willti@ + 15% of the actual values at low, middle iddie 2 and
high quality control level, whereas LLOQ QCs lewgls within 100+ 20%. The results revealed goodipi@t and

accuracy.
Table 2: Intra day and inter day precision and accuacy of the method
Intra-day Precision and Accuracy Inter-day Precision and Accuracy(n=30; 6 from eac
(n=12; 6 from each batch) batch
Analyte conc. - Conc. Found L
(ng/mL) Conc. Found Precision Accuracy (Meaﬁ +SD: Precision Accuracy
(Mean £ SD; ng/mL) (%CV) (%) ng /mI) ' (%CV) (%)
0.520 0.5159 + 0.02339 4.53 99.2 0.5174+ 0.03168 126 99.5
1.350 1.3936 £ 0.08118 5.83 103.2 1.3938+ 0.07837 625 103.2
Propafenone 26.800 27.4575 + 1.67744 6.11 102.4 27.3270+ B523 5.52 101.9
125.000 135.9283 + 4.12760 3.04 108.7 134.24904885 3.84 107.4
375.000 389.6733 + 18.87515| 4.84 103.9 390.53236P3. 4.70 104.1
0.260 0.2530+0.03061 12.10 97.3 0.2580+0.0169[L 6.55 99.2
5.0H 0.700 0.7482 + 0.10682 14.28 106.8 0.7284+0.05307 297 104.0
Propafenone 12.500 13.0683 + 1.04510 8.00 104.5 13.4524+0.9429 7.01 107.6
65.800 71.2833 + 3.77403 5.29 108.3 69.6413+3.48566 5.01 105.8
187.500 184.5042+ 19.05371 10.33 98.4 177.448729.30 5.25 94.64

Recovery and dilution integrity
The recoveries of analytes and the internal stahdere good and reproducible. The mean recoveryn@s)85.05,
80.22 and 87.58% for propafenone, 5-OH propafemmaeinternal standard with CV (%) less than 5%.

Table 3: Stability data for propafenone and 5-OHprgafenone

. C Precision Accuracy/
Analyte Stability test (spiked c?)nc. (ng/mL) Mean+ SD (ng/mL (%CV) Stability (g%)
Bench top 1.350 1.3983+0.05670 4.05 103.5
375.000 403.0500+33.04217 8.20 107.4
Freeze Thatv 1.350 1.3248+0.11838 8.94 98.1
375.000 405.2500+22.76015 5.62 108.0
Wet Extract 1.350 1.2962+0.05388 4.16 96.0
Propafenone 375.000 384.8370+ 45.44420 11.81 102.6
Auto Sample"r 1.350 1.2587 + 0.08864 7.04 93.2
375.000 359.4095+ 36.28007 10.09 95.8
Re injectiof 1.350 1.4033+0.01366 0.97 101.3
375.000 403.8767+25.26407 6.26 95.4
Long ternt 1.350 1.3367+0.14685 10.99 99.0
375.000 388.3633+47.80075 12.31 103.5
Bench top 0.700 0.6880+0.05217 7.58 98.29
187.500 178.6317+10.32239 5.78 95.27
Freeze Thatv 0.700 0.7302+0.03173 4.35 104.31
187.500 177.9167+14.17185 7.97 94.89
Wet Extract 0.700 0.6840+0.08473 12.39 97.71
5-OH 187.500 177.8133+16.22439 9.12 94.83
Propafenone Auto Sample"r 0.700 0.7100+0.04599 6.48 101.43
187.500 206.3133+£14.05315 6.81 110.03
Re injectiof 0.700 0.7065+0.02561 3.62 103.9
187.500 187.1900+7.89803 4.22 101.6
Long tern} 0.700 0.6682+0.04208 6.30 95.4
187.500 197.8887 £ 21.84971 11.40 105.5
3 after 7 h at room temperaturBafter 3 Freeze thaw cycleSafter 50 h at 2-& ; Y after 72 h at 2-%C; € after 52 h at 2-%; at —40C for 45
days

The upper concentration limits can be extended7®.®@ng/mL for propafenone and 437.5 ng/mL for Sbyy
propafenone and further diluted by 1/2 and 1/4tiihs with screened human blank plasma. The paetiand
accuracy for propafenone at 1/2 dilution were fotmdbe 4.55% and 92.6%, and at 1/4 dilution theyew&35%
and 90.6%, respectively. Similarly, the precisiomd accuracy for 5-hydroxy propafenone at 1/2 dilutivere
found to be 3.98% and 106.7%, and at 1/4 diluti@ytwere 1.67% and 111.5%, respectively.
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Stability studies

Various stability experiments carried out namelydie top stability (7 h), autosampler stability (@g repeated
freeze—thaw cycles (3 cycles), reinjection stapi{®2 h), wet extract stability (50 h at 2°8) and long—term
stability at —40°C for 45 days. The mean % nominal values of thdysamwere found to be withiil5% of the
predicted concentrations for the analytes at th&i€ and HQC levels (Table 3). Thus, the resultsewieund to be
within the acceptable limits during the entire gation.

CONCLUSION

Sample preparation plays an important role to afdmroblems encountered during method developnant f
guantification of small molecules from biologicahnsples by LC-MS/MS. Matrix effect due to endogenous
phospholipids results in poor sensitivity and sfieity. Here we adopted a new sample preparatiohrtigjue called
Hybrid SPE phospholipid for cleaner extracts. Theppsed method has several advantages comparéanttasd
protein precipitation and LLE and also this is mle single step method and can be used as alterriat Solid
phase extraction for sample clean up to eliminaa&imrelated effects on LC-MS/MS with improved Siio.
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