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Simultaneous Determination and Quantitation of Paraquat, Diquat, Glyphosate,
and Glufosinate in Postmortem Blood and Urine by LC-MS/MS

Yun-Chen Tsao %, Yung-Chun Lai ", Hsiu-Chuan Liu*, Ray H. Liu? Dong-Liang
Lin?,

1Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of
Justice, Taipei, Taiwan ; “Department of Justice Sciences, University of Alabama at
Birmingham, Birmingham, AL, USA

Aims: Paraquat (PQ), diquat (DQ), glyphosate (GLYP), and glufosinate (GLUF) are
non-selective contact herbicides and widely used. Since these herbicides are often
found in postmortem specimens collected from poisoning cases, we have developed a
simple and sensitive LC-MS/MS method for the analysis of these herbicides in
postmortem blood and urine samples. Methods: Deuterated analogs of PQ, DQ,
GLYP, and GLUF were served as internal standards. Acetonitrile and dichloromethane
were used for protein precipitation and organic solvent backwashing, respectively.
The mobile phase of LC-MS consisted of 15 mM heptafluorobutyric acid and
acetonitrile. Mass spectrometric analysis was performed under electrospray ionization
in positive-ion multiple reaction monitoring (MRM) mode. The precursor ions and the
two transition ions adopted for these four analytes were (m/e) PQ (185; 169 and 115);
DQ (183; 157 and 78); GLYP (170; 88 and 60); and GLUF (182; 136 and 119).
Results: Drug-free blood and urine, fortified with 1-20 ug/mL of the four analytes of
interest, used for method validation yielded the following results: (a) average
extraction recoveries ranged: 73.7-88.8% for urine, 43.4-102.9% for blood; (b)
inter-day and intra-day precision ranges (percent CV): 0.7-8.7% and 1.0-11.5%; (c)
inter-day and intra-day accuracy ranges: 93.4-108.1% and 89.8-112.3%; and (d)
calibration linearity (r?), detection limit, and quantitation limit: >0.999, 0.1-0.25
ug/mL, and 0.1-0.25 ug/mL, respectively. The observed ion suppression phenomenon
was lower than 20% for PQ and DQ; 54% for GLYP; and 50% for GLUF. The
validated protocols have been successfully utilized to the analysis in postmortem
samples. During the 2013-JUN2014 period, 12 blood specimens were found to
contain at least one of these four herbicides with the following means and
concentration ranges (ug/mL): PQ (343.76; 2.95-1234.40) and GLYP (1027.81;
3.39-3654.85). Conclusions: Among 4726 toxicological cases during the
2013-JUN2014 period in our institute, in which at least one of these four herbicides
was detected, these herbicides were ruled as the cause of death in 12 cases, clearly
indicating the significance of herbicide analysis. For these samples, the means and
concentration ranges (ug/mL) for blood samples were PQ (343.76; 2.95-1234.40) and
GLYP (1027.81; 3.39-3654.85).

13



wons RERE B
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11. Method validation
(A)um Inearty (F)c (B) ter-day and Intra-day accuracy
and precision; (C) limits of detection, LOD, and m of
quantitation I.OQ(D)mameM

at in human urine and blood

Mean SO CV(%) AcIa[s)  Mem S0 CV{%)  Accuagy
i
2456 0.122 5633 99.£23 2.513 0232 9.292 100.772
4927 0309 6277 98.541 5.141 0.302 S5.664 102.827
10.187  0.595 5337 101.370 10.131 0.825 9.083 101.603
2474 0107 4318 98.959 2413 0.070 2.895 56722
4846 0320 7013 96.927 4802 0.237 4.832 56.047
10.038 0842 E£3%0 100.376 10.212 _ 0.551 9.311 102.117
and n =5) for in human urine and blood
Interday | {mﬁay
(pgiml) (%) (pg/ml) | (%)
2403 0083 3667 £8.317 2429 10128 5191 97.144
845 0152 3133 £8.900 4018 0235 4786 88384
841 0402 4082 23410 9891 0688 8.934 88.013
2304 0137 5726 85.753 2200 0035 1473 05087
. U 4.44 £8.139 4,585 0.267 5.820 700

Interday |Imaday'j
lhm SD  CV{%) Accuacy Mam SD G.mGnﬁq

p. 7' 0. 108 o2 uh 23 o 0.04 202 | 45,054
768 0.122 2,561 05388 4861 0048 1 0!21 97.224
10.000 .000  0.316_ 3.167 00004 0088 0205 20531 00.880
2 . g - i
5.000 4671 0402 8610 03426 4482 0515 11478 80.772
10.000 724 0717 7382 07240 0573 0614 6419 05733
]
Table 7. and Infraday accuracy and precision (n = §) for glufosinats In human uring anldblood
- sampie. concantration (pg'mi) Interoay lmaa::!a
Wesn  SD  CV.%)  Accuscy | Mean  SD | V%) Acouracy
(pgimi) (%) {pymi) i (%)
Lring 2.500 2456  0.030 1.231 93,634 2453 0083 3612  9E.128
5.000 1.893 97.507 4901 @ 0.082 1575 98.020
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Zolpidem-Related Deaths In Taiwan 2004-2012: A Report On 117
Fatalities

Yung-Chun Lai ™, Yun-Chen Tsao™, Hsiu-Chuan Liu*, Ray H. Liu? Dong-Liang Lin®,
'Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of Justice,
Taipei, Taiwan ; 2Department of Justice Sciences, University of Alabama at Birmingham,
Birmingham, AL, USA

Aims: Zolpidem, a short-acting nonbenzodiazepine hypnotics commonly used for
treating insomnia, was investigated in this retrospective study of 881 forensic
autopsy cases from Taiwan during 2004-2012 at our institute. Zolpidem
concentrations found in these cases were studied, in particular, with respect to the
manner and cause of death. Methods: Postmortem blood specimens were routinely
screened for zolpidem using liquid-liquid extraction (by a Toxi-tubes® A protocol),
followed by GC/MS and/or LC/ion-trap/MS methods of analysis. Positive specimens
were confirmed for zolpidem and quantified by LC/MS/MS using zolpidem-ds as the
internal standard. This method has been validated earlier for the quantification of 26
benzodiazepines and Z-drugs (zolpidem, zopiclone and zaleplon), with 0.005 pg/mL
as the limit of quantitation for zolpidem. Results: Complete autopsy records for 117
cases were obtained, reviewed, and analyzed. Yearly distributions of these
zolpidem-positive cases were: 2012, 11; 2011, 10; 2010, 22; 2009, 24; 2008, 12; 2007,
7; 2006, 14; 2005, 13; 2004, 4. Among these 117 cases, the mean age was 42.3,
ranging from 10 to 81; with 79 (67.5%) of these deaths were women. Various drugs
including ethanol were detected in 94 cases. The manners of death for these cases
were suicide (57.3%), accident (15.4%), uncertain (15.4%) , homicide 6.8%), and
disease (5.1%). The causes of death were intoxication - including single and multiple
drugs (43.6%), drowning (21.4%), charcoal-burning suicides (15.4%), other asphyxia
(7.7%), fire disaster (5.1%), hanging (3.4%), and falling (3.4%). Blood zolpidem
concentrations ranged from 0.50 to 95.3 ug/mL; mean concentrations, with respect to
manner of death, were 5.05, 2.46, 1.28, 3.95 and 1.08 pg/mL for suicide, accident,
homicide, uncertain, and disease, respectively. Mean concentrations, according to
cause of death, were 2.80, 3.93, 9.71, 1.45, 2.35, 2.41 and 1.25 pg/mL for intoxication,
drowning, charcoal-burning suicides, other asphyxia, fire disaster, hanging, and
falling, respectively. Conclusions: Zolpidem-positive specimens were frequently
detected in forensic autopsy cases at our institute .Yearly distribution data indicated
zolpidem-related fatalities increased dramatically, especially in the most recent 4
years included in this study. Among the zolpidem-positive cases, the most common
manner of death and cause of death were suicide (57.3%) and intoxication (43.6%),
respectively. The concentrations of zolpidem in charcoal-burning cases were
substantially higher, indicating zolpidem was also commonly wused in
non-pharmaceutical suicides in Taiwan.
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Zolpidem is an imidazopyridine dervative
and used since 1986 in Europe and 1993 in
United States. It is sold under the brand
names Ambien, Stilnox, Intermezzo, Sublinox,
and Edluar. In case of acute zolpidem
overdose, adverse effects inculde dissocative
behaviors, dizziness, anterograde amnesia,
headache, nausea, sleep driving and even
death. A shor-acting nonbenzodiazepine
hypnotics, Zolpidem commonly used for
treating insomnia, was investigated in this
retrospective study of 881 forensic autopsy
cases from Taiwan during 2004-2012 at our
institute. Zolpidem concentrations found in
these cases were studied, in parficular, with
respect to the manner and cause of death.

Sciences,? University of Alabama at Birmingham, Birmingham, AL, USA.

Figure 2. Age and gender distributions of the 117 zolpidem
fatalities during 2004-2012 in Taiwan.

The causes of death were intoxication -
including single and multiple drugs (43.6%),
drowning (21.4%), charcoal-bumning suicides
(15.4%), other asphyxia (7.7%), fire disast
(5.1%), hanging (2.4%), and falling (3.4%).
(Figurs4) Blood =zolpidem concentrations
ranged from 050 to 953 pg/mlL; mean
concentrations, with respect to manner of
death, were 5.05, 2.46, 1.28, 3.95 and 1.08
pgimL for suicide, accident, homicide,
uncertain, and disease, respectively. (Table2)
Mean concentrations, according to cause of
death, were 2.80, 3.93, 9.71, 145, 2.35 2.41
and 1.25 pg/mL for intoxication, drowning,
charcoal-burning suicides, other asphyxia, fire
disaster, hanging, and falling, respectively.
(Table3)
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Figure 3. The percentage of Manner of death of zolpidem
related 117 fatalities.

Methods and Materials

Postmortem blood specimens  were
routinely screened for zolpidem using liquid-
liquid extraction (by a Toxi-tubes® A protocol),
followed by GCMS and LClon-trapMS
methods of analysis. Positive specmens
were confirmed for zolpidem and quanfified
by LC/MS/MS using zolpidem-dé as the
internal standard. This method has been

Figure1.

Haomicide, B,
6.8%

Yearly distribution of Zolpidem related 117
fatalities during 2004-2012 in Taiwan. Unceriain,

18, 164%
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validated for the quantification of 26
benzodiazepines and Z-drugs  (zolpidem,

16

zopiclone and zaleplon), with 0.005 pg/mL as

[Figure 4. The percentage of Cause of death of zolpidem

the limit of quantitation for zolpidem.
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Chromatographic separation was achieved
using an Agilent Zorbax SB-Ag (100 mm =
24 mm id., dp = 1.8pm) analytical column
operated at 50°C. The mobile phase consists
of 0.1% formic acid (viv} in water (&) and
methanol (B), operated at a flow rate of 0.32
mli'min. Mass spectrometric analysis was
performed in positive-ion mode, applying
multiple reaction monitoring (MEM)  using
appropriate  collision energy for each
precursor ion. Then, all information and data
were recorded and analyzed with Excel
software.

117 cases were obtained, reviewed, and
analyzed. Yeary distributions of these
zolpidem-positive cases were: 2012, 11; 2011,
10; 2010, 22; 2009, 24; 2008, 12; 2007, 7;
2008, 14; 2005, 13; 2004, 4. (Figure1) Among
these 117 cases, the mean age was 42.3,
ranging from 10 to 81; with 79 (67.5%) of

Fire Disaster,
5,51%

-
Falling, 4, Asphfxia, 3,
Tabled. Age and Sex Distributions of 117 Fataiities for = o

Zolpidem during 2004-2012 in Taiwan. dan. TR
“sexc 1 0 [ Aoe | MeanssD. | wedn JNINN
Mae 38 1363 432641225 41 .
Female ri: 10-81 41 7612380 k)
Total 117 10-81 42 9541259 40

Table 2. Manner of death of blood zolpidemn concentration
related 117 fatalities.
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Homicide 8  05M-3783 1234107 0948 I - . ;
Nature & 0560-1516 1084032 0966 n summary, Zol p'dem'poeme. Specimens
E were frequently detected in  forensic
Uncertsin 18 051823315 3551573 1248 autopsy cases &t our institute. Yeary

distribution data indicated zolpidem-related
fatalities increased dramatically, especially
in the most recent 4 years included in this
study. Among the zolpidem-positive cases,
the most common manner of death and

Table 3. Cause of death of bleod zolpidem concentration
related 117 fatalities.

EE AN

Intoxication 51 052723315 280373
these deaths were women. (Tabled figure2) Charcoabuming cause of death were suicide (57.3%) and
Various drugs including ethanol  were suicides 18 051785307 871=228 138 jntoxication  (43.6%), respectively. The
detected in 94 cases. The manners of death Drowming 25 0518-27489 393#665  1.3M concentrations of zolpidem in charcoal-
for these cases were suicide (57.3%), Hanging 4 0511-6402 2412271 1357 burning cases were substanfially higher,
accident (15.4%), uncerain (15.4%) Faling 4 0526-2555 1252098 (367 indicating zolpidem was also commonly
homicide (6.8%), and disease (5.1%). Other Asphyia 9 05014022 1.4521.14 1048 used in non-pharmaceutical suicides in
(Figure3) ! Taiwan.
Fire Disaster & 0514699 23542 48 0834
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