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General Unknown Screening in Postmortem Blood Specimens by
UHPLC-QTOF/MS and Automated Library Search

Dong-Liang Lin™*, Hsiu-Chuan Liu', Chu-An Yang', Ray H. Liu®

'Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry
of Justice, Taipei, Taiwan; 2Depar‘[ment of Justice Sciences, University of
Alabama at Birmingham, Birmingham, AL, USA.

Introduction and Objectives: Preliminary screen of drugs and toxic
compounds in various matrices is an important and challenging task performed
by forensic and clinical laboratories. Traditional methods for preliminary
screen include immunoassay (IA), gas chromatography-nitrogen/phosphorous
detection (GC/NPD), mass spectrometry (MS), GC/MS, and liquid
chromatography-diode array detection (LC/DAD). Recent advances in the
LC-MS/MS technology have provided an opportunity for the development of
more specific approaches to achieve the "screen" and "confirmation" goals in a
single analytical step. The objectives of this study are: (a) the establishment of
chromatographic and mass spectrometric database including 1000 plus toxic
compounds; and (b) the development of an effective UHPLC-QTOF/MS (ultra
high performance liquid chromatography/quadrupole time-of-flight mass
spectrometry) protocol for general unknown screen of these compounds for

application in forensic and clinical laboratories.

Methods: Liquid-liquid extraction procedure — using Toxi-tubes® A
protocol — was coupled to an Agilent 6540 Q-TOF instrument equipped with a
Jet Stream interface in combination with an Agilent 1290 Infinity LC
instrument. Separation was achieved within 15 minutes, at a 0.31 mL/min flow
rate, by gradient chromatography on Agilent Zorbax SB-Aq (2.1 x 100 mm, 1.8
um) analytical column operated at 50 °C. Mobile phase consisted of solvent
mixture composed of methanol and water containing 0.1% formic acid. Ions
were generated in positive electrospray ionization mode. Samples were
detected at 2 GHz single MS mode, m/z range 100—1000 with a scan rate of 2.0
spectra/sec. Data were acquired and processed with MassHunter B.05.00
software. An in-house database, comprising more than 1000 drugs and
metabolites, was established using data resulting from the analysis of samples

prepared from certified standards or other documented reference materials. The
16



"Find-by-Formula" algorithm was used for data extraction. Matching tolerance
parameters were: £5-ppm mass accuracy; +0.20-min retention time deviation;
and >10000-count peak height. These matching parameters and isotope pattern
were used to derive identification scores. Established protocol was used for the

analysis of postmortem blood specimens for effectiveness assessments.

Result: Current database includes 1043 toxic compounds. The established
method was applied to the analysis of 100 postmortem blood samples. The
numbers of drug detected, by UHPLC-QTOF/MS, LC-IT/MS (LC/ion trap
mass spectrometry) and GC/MS methods were 654, 351, and 130, respectively.
The established method was found highly effective when applied to the

analyses of postmortem specimens.

Conclusions: The over-all protocol provides a rapid, sensitive approach to
isolate, screen, and confirm a broad spectrum of toxic compounds. No
significant interference was found at the retention time expected of the targeted
compounds. Preliminary data derived from the analysis of postmortem blood
specimens are promising, significantly more effective than the RRLC-IT/MS
and GC/MS approaches. More specific parameters, such as specificity and

accuracy, of this method are currently under evaluation.

Key Words: UHPLC-QTOF/MS, General Unknown Screening, Postmortem

Samples
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Direct Injection LC-MS/MS Analysis of Opiates, Methamphetamine,
Buprenorphine, Methadone and Their Metabolites in Oral Fluid
from Substitution Therapy Patients

Hsiu-Chuan Liu™, Hsi-Tzu Lee', Ya-Ching Hsu?, Mei-Han Huangz, Ray H.
Liu®, Tai-Jui Chen®, Dong-Liang Lin'

'Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry
of Justice, Taipei, Taiwan; 2Department of Medical Laboratory Science and
Biotechnology, Fooyin University, Kaohsiung, Taiwan; *Department of Justice
Sciences, University of Alabama at Birmingham, Birmingham, AL, USA;

*Department of Psychiatry, E-Da Hospital, Kaohsiung, Taiwan.

Introduction and Objectives: As an alternative matrix for drug testing, oral
fluid is relatively cleaner and more accessible to sampling. The sampling
process can be readily supervised, reducing risks of adulteration or substitution;
while cleaner matrix facilitates direct LC/MSMS analysis. In this study, we
explored the LC-MS/MS methodology, with a simple sample preparation step,
for simultaneous quantification of heroin, methamphetamine, buprenorphine,
methadone and their metabolites (6-acetylmorphine, morphine, codeine,

amphetamine, norbuprenorphine, EDDP) in oral fluid.

Methods: Clinical oral fluid specimens were collected upon patients’ arrival
for their daily dose. In most cases, patients’ last doses were taken
approximately 23 h earlier. Patients were asked to rinse prior to sample
collection and the samples were stored at —20 °C until use. IRB protocols
established by E-Da hospital were followed for sample collection and
information processing and usage. For analysis, 40 uL of thawed oral fluid was
fortified with 10 pL of 10-internal standard solution (0.1 pg/mL). Samples
were briefly vortex-mixed and centrifuged at 12000 rpm for 10 min. Ten
microliter of supernatant was injected onto the LC-MS/MS system. Standard
oral fluid samples were prepared similarly using oral fluid collected from
laboratory personnel. Chromatographic separation was achieved using an
Agilent Zorbax SB-Aq (100 mm x 2.1 mm i.d.; 3.5 um particle) analytical
column operated at 50 °C. The mobile phase consists of 0.1% formic acid (v/v)
in water (A) and methanol (B). Under these conditions, all of the analytes
eluted in less than 10 minutes with a total run time of 15 minutes. Mass
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spectrometric analysis was performed in positive-ion mode; applying multiple
reaction monitoring (MRM) using optimized collision energy for each

precursor ion designating each analyte of interest.

Result: The overall protocol was evaluated by: (a) applying the method to the
analysis of laboratory-prepared standards; and (b) comparing analytical data of
clinical samples derived from this and GC-MS methods. When applied to the
analysis of oral fluid specimens fortified with 1-100 ng/mL of the 10 analytes
of interest, this method achieved the following results: (1) inter-day and
intra-day precisions range from 1.3 to 12.8% and 0.9 to 12.2% (percent CV),
respectively; (2) method linearity (r*), detection limit and quantitation limit for
all analytes were >0.995, 0.1-1.0 ng/mL and 0.25-1.0 ng/mL (5 ng/mL for
buprenorphine), respectively. Analytical data derived from LC-MS/MS and
GC-MS analysis of methadone in 13 clinical samples were found compitable.
Specifically, 10 out of the 13 sets of data overlap at the £20% level, with the

remaining 3 sets barely outside of overlap range.

Conclusions: Direct injection of freeze-and-thaw samples appears to generate
favorable results for LC-MS/MS analysis of oral fluid samples. Peak shape of
chromatograms derived from oral fluid containing high concentrations of
certain drugs, such as morphine, codeine, and (to a lesser degree)
6-acetylmorephine and buprenorphine, show irregular characteristics, which
can be improved by diluting the sample with the mobile phase prior to injection.
With heroin exhibiting ideal LC-MS/MS chromatographic characteristics,
inclusion of this compound in the analyte list help detect abnormality of the
analytical protocol and test specimens. Overall, our data indicate the
LC-MS/MS method is more effective than our current GC-MS methods in the
screening and analysis of the 10 analytes included in this study. We are
currently conducting further studies on: (a) irregular chromatographic behavior
of certain analytes and improvement methods; and (b) comparing analytical
findings of all analytes derived from LC-MS/MS and GC-MS analysis.

Key Words: Drugs of abuse, Oral fluid, LC-MS/MS
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