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Results

Overview

Purpose: Develop a quantitative, efficient method for the analysis of 30 therapeutic drugs in
urine supporting research and pharmacology applications.

Methods: A 9 minute LC method utilizing Thermo Scientific TurboFlow technology coupled
with a Thermo Scientific TSQ Quantum Access triple quadrupole mass spectrometer.

Results: Quantitation of 30 therapeutic drugs in urine was performed in 9 minutes with a
calibration range of 1-1000 ng/mL for 14 compounds, 5-1000 ng/mL for 9 compounds, 10-1000
ng/mL for 5 compounds and 50-1000 ng/mL for 2 compounds.

Introduction and Methodology

LC-MS is an efficient, sensitive, accurate and precise technique for the analysis of a large
number of compounds from various classes such as antidepressants, hypnotics, stimulants,
cardiacs, antihistamines and others. Implementation of TurboFlow™ technology (Figures 1-4)
allows a user to minimize sample preparation and increases LC-MS sensitivity.

TurboFlow — High turbulence liquid chromatography (HTLC) is a system for online
sample preparation and sample purification

Figure 1. Large particle columns (30 um or
larger) allow high flow rate with low back
pressure.

Figure 2. Small molecules diffuse into pores
of particles, large molecules (from matrix)
do not diffuse and are washed to waste.

Figure 3. The separation is bimodal, since
additional retention time is achieved with
different column chemistries.

Figure 4. Transcend TLX™ system and TSQ Series triple quadrupole MS.

Internal Standards: Eight internal standards were used in the study: Nicotine-d,, Cotinine-d,,
Midazolam-d,, Diphenhydramine-d,, Promethazine-d,, Norlfuoxetine-dg, Chlorpromazine-d,,
Fluoxetine-d, for the respective compounds. To the rest of the compounds the internal standard
with the closest retention time was assigned.

Sample Preparation: 100 pL of urine was diluted with 100 pL of MeOH containing internal
standards in concentration of 100ng/mL. Sample was vortexed, centrifuged and 10 pL of
supernatant was injected onto LC-MS system.

LC Method (Table 2):

Loading Solvent 0 mM Ammonium Formate in 0.1% Formic Acid

Loading Solvent 0 mM Ammonium Acetate

Loading Solvent C: 10 mM Ammonium Acetate in MeOH

Loading Solvent D: 0.3% formic acid in ACN:IPA:Acetone = 1:1:1 v/viv

Eluting Solvent A: 10 mM Ammonium Acetate in 0.1% Formic Acid
Eluting Solvent B: 0.1% Formic Acid in Acetonitrile

TurboFlow Column: Thermo Scientific Cyclone MAX, 0.5 x 50 mm
Analytical Column: Thermo Scientific Hypersil GOLD PFP, 100 x 2.1 mm, 5 ym

MS Conditions:

Samples were analyzed using a TSQ Quantum Access™ triple quadrupole mass spectrometer
equipped with a Thermo Scientific lon Max ESI+ source in an SRM data acquisition mode. Two
SRM transitions with scan time of 10 msec were collected for each analyte (Table 1.).

Table 1. List of SRM transitions collected for each analyte.

Class/Compound MH+ SRM Class/Compound

Antidepressants

Citalopram 325.1 109.2, 262.1 Dextromethorphan

Fluoxetine* 3 310,445 Topiramate 3 2640, 184.1

Norfluoxetine* 296.1,134.1 Orphenadrine 1810, 165.0

Mirtazapine ] 195.1,194.1 Lidocaine 35 863, 58.4

Paroxetine 192.1,704 Phenteramine 913,654

Sertraline 159.0,275.0 Mesoridazine 126

Trazodone 176.1, 148.1 Midazolam 291.1,22.

Venlafiaxine 2 58 Chiorpromazine

Promazine

Diphenhydramine 1 167.1,165.1 Trifluoperazine 408.1 1411, 113.1

Chlorpheniramine s 230.1, 167.1 Cardiac

Pheniramine 2412 196.1, 167.1 Diltiazem 4152 178.1,150.1

Cetirizine 380.1 2009, 165.1 Metaprolol 268.1 1162, 1911

Promethazine 285.1 198.1,240.1 Verapamil 455.3

Stimulants Sedatives

Nicotine [e2 [ 021172 Doxylamine [ 27 1821, 167.1

Cotinine [ 1771 [ 802, 98.1 Hydroxyzine [ 3 1 201.0,166.1

Internal Standards

Nicotine-d, 1672 1211, 134.1 Chlorpromazine-d; 613,892

Cotinine-d, 1802 02,1011 Promethazine-d, 92,1979

Fluoxetine-d, 315.9%% 443 Midazolam-d, 33 227.0,295.1

Norlfuoxetine-d," 34317 Diphenhydramine-d, | 259.0 167.0,165.0

Table 2: LC Method

Step start Flow

00:00 15

00:20 0.1

00:23 02

01:23 15

02.03 15

02:33 15

03:03 15

03:33 15

04:03 15

04:33 15

05:13 [

06:13 30

06:43 20

08:03 30

Calibration Standards were prepared in house by spiking urine with analytes to concentration:
of 1,5, 10, 50, 100, 250, 500 and 1000 ng/mL.

QC samples were prepared in house by spiking urine with analytes to concentrations of 2, 15,
20, 200 and 800 ng/mL.

Calibration Standards and QC samples were processed with the sample preparation procedure
and analyzed with LC-MS method.

Intra assay variability was obtained by processing and analyzing 5 replicates of each QC
sample.

Inter assay variability was obtained by processing and analyzing 5 replicates of each QC
sample in 3 different batches.

For each analyte calibration range, limit of detection, intra- and inter-assay variability with QC
samples with concentration within determined compound specific calibration range were obtained
(Figures 5-6, Tables 3-5).

Figure 5. Chromatographs of the lowest calibration standard

Table 3. Intra-assay variability (%RSD) for 30 analyzed compounds

Class/Compound

act
(2ng/mL)

acz

(15 ng/mL)

acs

(20 ng/mL)

acs

(200 ng/mL)

acs
(800 ng/mL)

Antidepressants

Table 5. Inter-assay variability (%RSD) for 30 analyzed compounds
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Figure 6. Examples of calibration curves

Table 4. Calibration Range and Limit of Detection (LOD) for 30 analyzed compounds

Promazine

Chlorpromazine

Trifluoperazine

Class/Compound

Cal range
(ng/mL)

Lop
(ng/mL)

Class/Compound

Cal range
(ng/mL)

LOD (ng/mL)

Orphenadrine

11000 ng/mL.

Dextromethorphan

1-1000 ngimL.

Antidepressants

Others

Citalopram

1-1000

Dextromethorphan

1-1000

Fluoxetine

10-1000

Topiramate

50-1000

Norfluoxetine

10-1000

Orphenadrine

1-1000

Mirtazapine

1-1000

Lidocaine

1-1000

Paroxetine

10-1000

Phenteramine

10-1000

Sertraline

10-1000

Mesoridazine

5-1000

Trazodone

1-1000

Midazolam

1-1000

Venlaflaxine

1-1000

Chlorpromazine

5-1000

Nicotine

5-1000 ng/mL.

Citalopram

11000 ng/mL.

Antihistamines

Promazine

5-1000

Diphenhydramine

1-1000

Trifluoperazine

5-1000

Chlorpheniramine

1-1000

Cardiac

Pheniramine

1-1000

Diliazem

1-1000

Cetiizine

5-1000

Metaprolol

5-1000

Promethazine

50-1000

Verapamil

5-1000

Stimulants

Sedatives

Nicotine

5-1000

Doxylamine

1-1000

Cotinine

5-1000

Hydroxyzine

1-1000

Conclusions

An efficient (9 min), sensitive (LOQ of 1-50ng/mL), and precise (see inter/intra assay variability)
method was developed for the quantitation of 30 therapeutic drugs in human urine to support
research and pharmacology applications. TurboFlow technology simplifies sample preparation,
improves method robustness and reliability and minimizes mass spectrometer maintenance time
by enhancing purity of injected samples.

The method can be executed in a dual column system, enhancing laboratory throughput by
decreasing mass spectrometer acquisition time per sample to about 5 min.
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