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Bioanalytical Methodology for Vortioxetine and Concomitant Drugs
	
	Vortioxetine 

	Sample preparation
	Blood samples (10 mL) were collected in Vacutainers® containing dipotassium ethylenediaminetetraacetic acid (K2EDTA) on Day 1 and kept frozen at –70 °C or lower until analysis. Pharmacokinetic analysis was performed at Aptuit (Edinburgh) Ltd, Edinburgh, UK.

	Details of LC-MS/MS
	The quantitative measurement of vortioxetine and its metabolites (Lu AA34443 and Lu AA39835) using a previously validated method. (McConnachie Determination of Lu AA21004, Lu AA34443 and Lu AA39835 in human plasma using HPLC with tandem mass spectrometric detection. BAM-037-06 [(09 Apr 09), BAM‐037‐07 [(16 Jun 09]) and BAM‐037‐08 [(25 Jun 09])) Vortioxetine and its metabolites (Lu AA34443, Lu AA39835) were extracted from plasma using a solid phase extraction followed by high-performance liquid chromatography (HPLC) and quantified by a tandem mass spectrometry (MS/MM) detector operated in positive electrospray mode.

	Brief description of instrument characteristics 
	The method was validated with human EDTA plasma within the measuring ranges of 0.08 to 80 ng/mL for vortioxetine, 0.2 to 200 ng/mL for Lu AA344443 and 0.04 to 40 ng/mL for Lu AA39835), at a sample size of 250 μL.
Chromatograms and integration of the peaks were reviewed by visual inspection to ensure the integration was performed correctly.
Accuracy was expressed as:
%Accuracy = (Mean concentration determined ÷ concentration expected ) x 100
Precisions, given as the coefficient of variation (CV) was expressed as:
%CV = (standard deviation of concentration determined ÷ mean concentration determined) x 100
% Difference = ([Mean conc. after treatment − Mean conc. before treatment] ÷ mean conc. Before treatment) x 100
Incurred sample reproducibility (ISR) was assessed as part of this study. In accordance with Aptuit’s SOP on ISR, discrete, individual samples, (not pooled), were selected and re‐analysis was consistent with the original method and within the validated storage stability timeframe assessed for the method. Two samples per subject, one near the maximum observed plasma concentration (Cmax) and one within the elimination phase (where an appreciable concentration of metabolites may be expected), were selected for 10 subjects. ISR was performed at the end of the study and was calculated as follows:
• ISR = (repeat – original) / mean < + 20 %
Two-thirds (67 %) of ISR samples must meet these criteria.



	

	Ethinyl estradiol/levonorgestrel

	Sample preparation
	Blood samples (2 tubes of 4 mL each [8 mL in total]), were collected in Vacutainers® containing K2EDTA and kept frozen at –70°C or lower until analysis at PPD, Richmond, VA. The bioanalytical method "Quantitation of 17α-ethinyl estradiol and Norgestrel in Human Plasma via HPLC with MS/MS Detection" was developed and validated by PPD Development, Richmond, Virginia, USA.

	Details of LC-MS/MS 
	Project samples were analyzed according to PPD Method LCMSC 256 Version 1.04, entitled “Quantitation of Ethinyl Estradiol and Norgestrel in Human Plasma via HPLC with MS/MS Detection,” which was validated under Project Code “ALL4.”
On subsequent initiation of method LCMSC 256, a low-level interference or baseline aberration was present at the lower level for 17α-ethinyl estradiol. To resolve the interference, evaluations of different percentages of mobile phase A and the associated valve timing settings were performed. These evaluations showed that the mobile phase percentages and valve timing settings must be optimized according to the section in the method titled “Evaluation of Mobile Phase Percentages: Optimization of Absolute Responses and Elution Timing.”. The final conditions resulted in the norgestrel retention time change from 3.5 minutes to 3.7 minutes and from 5.75 minutes to 8.3 minutes for 17α-ethinyl estradiol. The data included in this partial validation supports these method modifications.

	Brief description of instrument characteristics 
	The method is applicable to the quantitation of ethinyl estradiol within a nominal range of 2.00 to 500 pg/mL and levonorgestrel within a nominal range of 50.0 to 25000 pg/mL. 
To assess specificity, human plasma samples, containing potassium oxalate/sodium fluoride, from six individuals were extracted and analyzed for 17α-ethinyl estradiol, norestrel, and their internal standards. There were no significant chromatographic peaks detected at the mass transitions and expected retention times of the analytes or their internal standards which would interfere with quantitation.




	
	Bupropion

	Sample preparation
	Blood samples (10 mL) were collected in Vacutainers® containing K2EDTAdipotassium ethylenediaminetetraacetic acid on Day 1 and kept frozen at –70°C or lower until analysis at PPD, Richmond, VA.

	Details of LC-MS/MS 
	Project samples were analyzed according to PPD Method P986.00, entitled “Quantitation of Bupropion, Hydroxybupropion, Erythrohydrobupropion, and Threohydrobupropion in Human Plasma via HPLC with MS/MS Detection,” which was validated under Project Code “AFFN2.”

	Brief description of instrument characteristics 
	The analytical method is applicable to the quantitation of bupropion, erythrohydrobupropion, and threohydrobupropion within a nominal range of 0.500 to 200 ng/mL, and hydroxybupropion within a nominal range of 1.00 to 400 ng/mL.
An analyte interference check was performed as part of this study to determine if samples fortified with Lu AA21004 (Takeda Lot 2117272), Lu AA34443 (Takeda Lot 60003-42), and Lu AA39835 (Takeda Lot 830/1798) interfered with the quantitation of bupropion, hydroxybupropion, erythrohydrobupropion, and threohydrobupropion in human plasma. Human plasma blanks with and without internal standard and low- and high-level quality control (QC) samples were fortified with Lu AA21004, Lu AA34443, and Lu AA39835 and analyzed following method P986.00. Results indicate there is no effect on the quantitation of bupropion, hydroxybupropion, erythrohydrobupropion, and threohydrobupropion in human plasma fortified to a concentration of approximately 200 ng/mL, with Lu AA21004, Lu AA34443, and Lu AA39835. 
To demonstrate reproducible quantitation of incurred subject samples, at least 10% of the study samples were reassayed. The incurred sample reproducibility (ISR) values were used for comparison purposes and are included in the analytical report but not used in determining the final reported value. Incurred sample repeats were considered acceptable if the original and reassay values from two‐thirds of the repeated samples had a relative percent difference of ≤ 20%. The results of the incurred sample repeats met the acceptance criteria.

	

	Omeprazole

	Sample preparation
	Plasma samples were frozen at approximately –70°C and were kept frozen during transport. Pharmacokinetic analysis was performed at Aptuit (Edinburgh) Ltd, Edinburgh, UK.

	Details of LC-MS/MS
	Omeprazole and 5-hydroxy omeprazole were extracted from plasma using protein precipitation extraction followed by HPLC and quantified by a tandem mass spectrometry detector operated in positive electrospray mode. Omeprazole‐d3 and 5-hydroxy omeprazole-d3 were used for quantification of the two analytes.

	Brief description of instrument characteristics 
	The method was validated with human EDTA plasma within the measuring ranges of 5 to 600 ng/mL for both omeprazole and 5‐hydroxy omeprazole, at a sample size of 100 μL.
For all calibration and quality control (QC) samples, accuracy and precision are calculated as follows:
Accuracy is expressed as:
%Accuracy = (Mean concentration determined ÷ concentration expected ) x 100
Precisions, given as the coefficient of variation (CV) was expressed as:
%CV = (standard deviation of concentration determined ÷ mean concentration determined) x 100
For the calibration line to be acceptable, a minimum of six calibration standard concentrations are required to be included. No more than two calibration standards from each replicate may be rejected and all mean back-calculated concentrations are required to be ± 15 % of the expected value, except for the lower limit of quantification (LLOQ) where it is required to be ± 20 %. The correlation coefficient (r) is required to be greater than or equal to ≥0.990. Calibration standards are dropped if this criterion is not achieved. The overall accuracy and precision of the method are required to be within ± 15 % from the true value at all levels, with the exception of the LLOQ where it is required to be within ± 20 %.



	

	Fluconazole

	Sample preparation
	Blood samples (6 to10 ml) were collected in Vacutainers® containing dipotassium ethylenediaminetetraacetic acid on Day 1 and kept frozen at –70°C or lower until analysis at PPD, Middleton, WI. 50 µL sample aliquots were fortified with 20 µL of internal standard working solution. A 20-µL aliquot of standard diluents was added to the sample which were briefly vortexed. Ammonium hydroxide solution and methyl t-butyl ether were added and the samples were vortexed and centrifuged. The organic layer was transferred to clean tubes and evaporated to dryness. The samples were reconstituted and 10 µL of the final extract was injected and analyzed via HPLC with MS/MS detection.

	Details of LC-MS/MS
	The linearity of the procedure was evaluated by analyzing nine calibration standards over the nominal concentration range of 20.0 to 10,000 ng/mL using a linear-weighted, 1/concentration, least-squares regression algorithm to plot the peak height of the appropriate analyte to its internal standard versus concentration. Linearity was indicated by correlation coefficients > 0.990 for each standard curve.
The LLOQ was the lowest non-zero concentration level that could be quantitated accurately and reproducibly. For this validation, the LLOQ was nominally 20.0 ng/mL.

	Brief description of instrument characteristics
	Precision and accuracy were evaluated by analyzing quality control pools prepared at the LLOQ, not more than three times the LLOQ, the approximate midpoint of the semi-log plot of the calibration range, and at or higher than the second highest calibration level. Precision was expressed as the percent coefficient of variation (%CV) of each pool.  



	

	Ketoconazole

	Sample preparation
	Blood samples (6 to10 ml) were collected in Vacutainers® containing dipotassium ethylenediaminetetraacetic acid on Day 1 and kept frozen at –70°C or lower until analysis at PPD, Richmond, VA.

	Details of LC-MS/MS
	Ketoconazole and an internal standard, ketoconazole-d4, were isolated from human plasma, containing sodium heparin by protein precipitation with acetonitrile followed by dilution with 30:70 acetonitrile/10 mM ammonium acetate, v/v. HPLC separation was achieved by reverse phase HPLC on a Waters XTerra MS Cs, 5-µm column. A 10 µL volume of the final extract is injected and analyzed via HPLC with MS/MS detection.
The LLOQ was the lowest non-zero concentration level that could be quantitated accurately and reproducibly. For this validation, the LLOQ was nominally 0.100 µg/mL. Standard solutions of the analytes were prepared using ketoconazole, USP Lot G4B179 and ketoconazole-d4, PPD Lot 090903D.

	Brief description of instrument characteristics
	Eight calibration standards were analyzed in duplicate over the nominal concentration range of 0.100 to 20.0 µg/mL. A quadratic, 1/concentration squared weighted, least-squares regression algorithm was used to plot the peak area ratio of the analyte to its internal standard versus concentration. The average correlation coefficient from four standard curves was >0.990.
Precision and accuracy were evaluated by analyzing quality control pools prepared at 0.100, 0.200, 0.500, 1.50, 4.00, and 15.0 µg/mL. Precision was expressed as the percent coefficient of variation (%CV) of each pool. Accuracy was measured as the percent difference from theoretical.



	
	Rifampicin

	Sample preparation
	Blood samples (2 tubes of 4 mL each [8 mL in total]) were collected in Vacutainers® containing K2EDTA on Day 1 and kept frozen at –70°C or lower until analysis at PPD, Middleton, WI. 

	Details of LC-MS/MS
	Samples were analyzed according to PPD Method P941.01, entitled “Determination of Rifampicin in Human Plasma by LC/MS/MS,” which was validated under Project Code “AEWO2.” 

	Brief description of instrument characteristics 
	Concentrations of rifampicin in human plasma were measured by LC/MS/MS, with a validated concentration range of 0.100 to 10.0 μg/mL.
An analyte interference check was performed as part of this study to determine if samples fortified with the following analytes interfered with the quantitation of rifampicin in human plasma.
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