Implementation of an Online USPE - The Final Step Towards Fully Automated LC-MS Urine Screening in Forensic Toxicology
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Systematic toxicological analysis (STA) is a major part of everyday work in forensic toxicology. Immunological screening offers great advantages in automation of sample
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preparation and reporting of results but neither the quantitative nor the qualitative information from immunoassays is admissible in court. e Routine LC-MS" (Toxtyper® (TT)) and LC-QTOF-MS (TargetScreener HR (TS)) screening ' LC-Eluents Bruker impact Il QTOF L & B
During the last decade, LC-MS has become a key technique in STA, but in contrast to immunoassays an appropriate sample preparation is crucial for screening of body e Elute UHPLC system (Bruker Daltonik) with PAL RTC sampler (CTC) TTA: 0.1%formic acid, 2mM NH4 COO,, 1% HCOOH ESI positive mode T I N
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fluids. Offline liquid-liquid extraction (LLE), solid phase extraction (SPE) or protein precipitation (PP) are often laborious but mandatory steps and their integration into e Three types of smartSPE"" cartridges (ITSP Solutions) TTB:  Acetonitrile, 2 mM NH,'COO, 0.1% HCOOH, 1% H,0 ic?lnsrangfoiol\/lsloqtcl)w[I)o?ocm 1306V +/-6V) @ 2H e wewmeans I~ w
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the analytical workflow is the missing piece towards a fully automated routine LC-MS analysis. S DAU | TSA: 0.1% H,0, 0.2% butfer concentrate, 1% eluent B e —— D e wm v @ m
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The aim of this project was to implement an online uSPE to an existing LC-MS method to achieve a fully automated LC-MS screening of urine samples. e L ] eetam——————————— ottt 000 1.) Full Scan e s AT b e T ——
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In comparison to routine PP with acetonitrile, the identification rate of the LC-MS" screening could be improved from 74% to 84% at low concentration levels and from A)General Proof of Concept ® o — _ ® 0@%} oo J 2 S e B
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90% to 96% at high concentration levels, when using puSPE. ® C13-10 cartridges ¢ o° ¢ SEREIRRRE AT r
. e . . o Tol| — Mixture Quadrupole: Collision cell: ToF Tube: . .
Due to higher sensitivity of the QTOF-MS system all spiked compounds could be detected even at low concentrations. SUbStance_S of forensic mtcerest (n =139 i Allows all ons fo pass _ Fragmentation of all ions _ Detection of all Automated evaluation of HR data using a database con-
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Comparison of Cartridges oo S/N Ratios of 18 Selected Analytes at ¢ = 25 ng/ml B) Comparison of USPE Cartridges
For further testing, 18 compounds covering different compound classes, as ., e (C18-10, C18-30 and DAU cartridges .
well as retention time and mass range of the method were chosen. 400 B cig-10 [ cig30 [ DAU 3 e Low, med, high concentration in pooled urine (n = 6) Toxtyper Screening (TT) Totyper 20 W Analyes Repor g
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For six analytes, higher S/N ratios could be observed using DAU cartridges. > . , , e Triplicates Bruker amaZon Speed o e A
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No preferable cartridge could be determined for all other analytes. e ) C) Reproducibility r“ ESI (zero delay polarity switching) - r [T
C18-30 cartridges led to higher S/N ratios for ecgonine methyl ester (EME) 200 - . s e (C18-10 and DAU cartridges . AutoMSn mode: 70 - 800 Da (32.000 Da/s) up to MS? i =g
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system. Therefore, the C18-30 cartridge was excluded from further method T f § F § & § " ¥ &#¥ = : ¥ : § :§ & ;@ e (C18-10 cartridges e N
3 -g 6 ) e g e |=_: % = § - g :g. . . ‘ xtyper 2 balin, IT ESI +MS3(160.07->142.087) (P: 978, ;,978, R: 978, M:
development. § S = i g e ME and RE: 27.5, 275 and 550 ng/ml in urine (n = 6) . 2 - T
ihili ® Duplicates (ME and RE), triplicates (LOD) ‘ iR Y
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Reproducibility was tested by QTOF-MS and data evaluation was carried out by comparing peak area ratios (areaanawte/areasro)- . E) Real Samples WSTE Steps . . . o : S D GEE L e
analyte RSD of tenfold extraction e LSPE (C18-10 and DAU) vs routine PP with acetonitrile - 1. Wash: 0.2% NH,acetate in MeOH 2. Condition: 20% NH, acetate in H,0 3. Sample load: 200 pl urine \ ‘ MS |
> |

4. Desalt: 20% NH, acetate in H,0 5. Elution: 0.2% NH, acetate in MeOH (v = 75 pl)
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First tests using two different PAL tools for sample and eluent handling - to circumvent carry over at all costs - led to poor c18-10 DAU )

results concerning reproducibility. So, a new 250 pl LC-MS Tool was tested for liquid handling including the injection. Injection |ow  56t0109%  10.0to 14.9% ® n =50 (ante mortem / post mortem)
reproducibility of different injection volumes (1, 2, 5 and 10 pl) ranged from 1.5 to 7%. Optimizing the cleaning procedures after  pish 4310 11.2% 1.8 10 6.8%

the different extraction steps led to no detectable carryover caused by the uSPE system.

Automated data evaluation and reporting of results

Reproducibility of the complete extraction process using a single tool was tested by tenfold preparation of pooled urine fortified with a chosen set of compounds.  LImMits of Detection (LOD) Analysis of Real Samples Conclusion
Morphine-glucuronide was the only outlier in this test with RSD ., of 23.3 and 19.8% and RSDy,, of 75.7 and 38.3%. LirT\its of detection fc?r the.uSPE.-LC-MSn sc?reening approach were determined in.pooled blafnk The pSPE-.LC-.MSn screeningT results of 28 urine and 22 post-mortem urine samples from real cases were in good agreement e The chosen hardware can be implemented in both routine workflows enabling a completely
Matrix Effects and Recovery A VE andl RE (n = 6) of 22 Selected Analvtes at Three C - urine (n = 10) fortified with different mixtures of drugs and drugs of abuse in decreasing  with the findings from routine analysis. automated LC-MS screening approach from sample preparation to data evaluation.
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Matrix effects (ME) and recovery (RE) were evaluated by QTOF-MS using 2 - concentrations dOV\{n to 25 r.1g/ml Compounds found mos.t in routme.cases. of th.e last year  Using npSPE, 90 % (C18-10) and 88 % (DAU) of the substances could be identified in accordance to routine analysis. Routine e The extraction time of about 14 min fits into the runtime of the QTOF-Screening (20 min) and
. . S B MEc. B ME cveq ME ciig e o . were chosen for this evaluation and the lowest concentration automatically identified (n =3)  |C-MS" screening with PP ACN could identify 80 % of the compounds. The sum of all different analytes identified by uSPE only slightly exceeds the Toxtyper runtime (11 min)
protocol adapted from Matuszewski et al. For the C18-10 cartridge, Joo 255 885 28 . 8ot 889 g8 9 was set as LOD -nd PP corresponds to 100 % y shgntly yp :
maximum ion suppression in six tested urine matrices was around 50%. DAU £ o ane 885 Bus en® 1 oud Bos mmn eas mes mmn gga g8 e P > e LC-MS" screening of fortified urine using USPE led to similar or better results than the routine
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cartridges showed comparable matrix effects in a pooled urine matrix. While = ; : - LODs of Selected Compounds of uSPE-LC-MS" and Routine LC-MS" Analysis Unfortunately, neither of the cartridges Screening Results in Real Samples (n = 50) sample preparation. This results could be confirmed in a batch of real urine samples. All uSPE-
ion suppression will have an effect on the limits of detection, ion =% i c e CO;:'? exl’icract eEthSyI g|rl;ICl:]r0nlde (itG) fand - LC-MS" screening results were in good agreement with the initial routine analysis.
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enhancement is not an issue in screening approaches. 50% - g W USPEACHS routine EENE Y ( .) . e The alcohol consumption markers EtG and EtS could not be detected with neither of the
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For morphine-glucuronide and ecgonine methyl ester (EME) the overall ] & 75 - o - . # of analytes per sample tested cartridges.
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ME () Urine A UrineB Urine ¢ UrineD Urinet urner 1 1IS could be improved by using the o screening. The Toxtyper only identified ; ; 13 13 13 e Evaluation of matrix effects showed a maximum ion suppression of 50% which was considered
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