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Quantification of 4-Fluoroamphetamine, 4-Fluoromethamphetamine,
4-Chloroamphetamine, and 4-Chloromethamphetamine in
Postmortem Blood and Urine by UHPLC-MS/MS

Chu-An Yang, MS*'; Hsiu-Chuan Liu, PhD*'; Ray H. Liu, PhD?*; Dong-Liang Lin, PhD'
'Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of Justice, No.123,
Min’an St., Zhonghe Dist., New Taipei City 235, Taiwan (R.0.C.); “Department of Criminal Justice,
University of Alabama at Brimingham, Brimingham, AL, USA

This presentation is aimed to enrich attendees with insights of a highly sensitive
ultra-high performance liquid chromatography tandem mass spectrometry
(UHPLC-MS/MS) approach for the analysis of four new psychoactive substances
(NPSs) — 4-fluoroamphetamine, 4-fluoromethamphetamine, 4-chloroamphetamine,
and 4-chloromethamphetamine — in blood and urine specimens following a

liquid-liquid extraction sample preparation protocol.

The development and validation of the UHPLC-MS/MS method, as described in
this presentation, will improve forensic laboratories’ ability in the identification and

quantification of these NPSs in postmortem specimens.

4-Fluoroamphetamine, 4-fluoromethamphetamine, 4-chloroamphetamine, and
4-chloromethamphetamine are substituted phenethylamine-type synthetic NPSs, with
amphetamine- and methamphetamine-like structural feature.  Reportedly,
4-fluoroamphetamine and 4-fluoromethamphetamine produce mainly
sympathomimetic effects and also exhibit entactogenic properties; while
4-chloroamphetamine and 4-chloromethamphetamine stimulate central-nervous
system, with longer half-life than their fluoro-counterparts.  These
phenethylamine-type NPSs have gained popularity on the illegal market and they
have been detected in specimens from many death cases in Taiwan during the past 6

years.

Blood or urine (0.5 mL) were mixed with sodium hydroxide and extracted with
ethyl acetate. The extracts were evaporated and reconstituted in the mobile phase
(initial gradient composition) for injection onto the UHPLC-MS/MS system.
Deuterated analogues of the analytes were used as internal standards.
Chromatographic separation was achieved using an Agilent Zorbax SB-Aq (100 mm

2.1 mm id.,, 1.8- m particle) analytical column at 50 oC. The mobile phase
included 0.1% formic acid (v/v) in water (A) and methanol (B), with a flow rate of
0.32 mL/min. The initial gradient composition (A/B 90:10, v/v) was decreased to 0%

A in 6 min; then increased to 90% A in 1 min. Parameters for mass spectrometric
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analysis included: (a) Agilent Jet Stream Technology electrospray ionization in
positive-ion multiple reaction monitoring (MRM) mode; (b) optimized collision
energy levels for selected precursor ions; and (c) monitoring two transitions for

analytes and internal standards.

Validity of the methodology was assessed using drug-free blood and urine that
were fortified with 1002000 ng/mL of the analytes. The following analytical
parameters were obtained: (a) average extraction recovery, derived from 5 different
sources of blood and urine, was higher than 75%; (b) matrix effect (ion suppression)
was observed, except for blood samples of 4-chloroamphetamine at the 100 and 250
ng/mL concentration levels, but was adequately compensated for by using respective
deuterated internal standards; (c) intra-/inter-day precision (%CV) and accuracy
ranges for blood were 0.6-7.0% / 3.7-10.2% and 85——109% / 93-105%, while the
corresponding ranges for urine were 0.8-5.1% / 3.5-17.7% and 86-110% / 92—106%;
(c) calibration linearity (r2) for all analytes were >0.997; and (d) the limits of
detection for 4-fluoroamphetamine, 4-fluoromethamphetamine, 4-chloroamphetamine,
and 4-chloromethamphetamine in urine and blood were 2.5, 0.5, 1, 5 ng/mL and 0.5,
0.5, 2.5, 5 ng/mL, respectively. In conclusion, this relatively simple protocol was
found effective and reliable for routine identification and quantification of these NPSs
in blood and urine. This method was applied to the analysis of a limited number of
postmortem specimens (1 blood and 4 urine) from forensic cases during the April-July,
2018 period. 4-Chloroamphetamine and 4-chloromethamphetamine were found in the
blood and the urine specimens from the same case, with 233 and 11,151 ng/mL for
blood and 807 and 185,095 ng/mL for urine. 4-Fluoroamphetamine was found in the

other 3 urine specimens with the concentrations ranging from 183—to 2,526 ng/mL.

Key Words: phenylethylamine derivatives, postmortem, UHPLC-MS/MS
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Quantification of 4-Fluoroamphetamine,
4-Fluoromethamphetamine, 4-Chloroamphetamine,

and 4-Chloromethamphetamine in Postmortem
Blood and Urine by UHPLC-MS/MS
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Department of Forensic Toxicology
Institute of Forensic Medicine University of Alabama at Birmingham
Ministry of Justice Birmingham, AL
New Taipei City, Taiwan USA

R. H. Liu
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Related Death Cases in Taiwan

4FAM, 4FMA, 4CIAM Detected in Death Cases

.

2012 2013 2014 2015 2016 207
Year
#4CIAM ®4FAM  2d4FMA

Number of cases
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- ]

Source: Institute of Forensic Medicine, Ministry of Justice, Taiwan
Figure by Shen, Yung-Hsien
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Phenethylamine-type Synthetic NPSs
I

4-Fluoroamphetamine
(4FAM)

4-Fluoromethamphetamine
(4FMA)

|

4-Chloroamphetamine
(4CIAM)

4-Chloromethamphetamine
(4CIMA)
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Seizure of Related Substances in Taiwan

4CIAM, 4FAM, 4FMA Seized in Taiwan
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Intro-4/4 M&M-1/4

Quantification of 4FAM, 4FMA, 4CIAM, 4CIMA Materials
. » Specimens
* By GC/MS in the Past > Blood
o Labor intensive s Urine
* Chemical derivatization « Standards
* Extraction: multiple steps = 4FAM, 4FMA, 4CIAM, 4CIMA (¢ iiam
= Potential misidentification (as = Working solution: 5 pg/mL
amphetamines) « Internal standards
= 4FAM-d;, 4AFMA-d;, 4CIAM-d,, 4ACIMA-d, ceitfiant)
= Working solution: 5 pg/mL
Suoemomen, o R

M&M-2/4 Mé&M-3/4

Instrument Conditions Instrumentation
« Liquid Chromatography: Agilent 1290 Infinity » Mass spectrometry: Agilent 6470 Triple Quadrupole
= Agilent Zorbax SB-Aq (100 mm x 2.1 mm, 1.8 pm) > Positive mode
= Column temperature: 50 °C = Transitions & MS-MS conditions
= Flow rate: 0.32 mL/min. R Precairad L Prnetiie e
nulyte f Fragmen E ullhlon Emerpy
» Injection volume: 0.5 uL with needle wash b il s el o i 4 2
= Gradient 4FAM 2.05 154 80 109 16
137 8
I.Il.li:'.l::_; A: % Water (0.1 % Tormiic acid) B: % Methanol (0.1 % formic acid) iy 2l 168 7 109 20
' 2 900 I1000 4CIAM 261 170 78 :;;' 240
7 90 0 4CIMA 2.75 184 85 18295 ﬁg
0 *Post time: 1.5 min @

NN warssee
. . Result-1/12
Five calibrators (10, 25, 50, 100, 200 uL) of mixed working standards MethOd Valldatlon e
Spiked with 0.5 mL blank urine or blood (50 yil. internal standards, IS)
v 0.5 mL NaOH * Recovery & matrix effects

Il_rqllrd-l.lquld extraction > mL Ethyl Acetate U Lmearlty

* Intraday & interday

 Limits of detection

4 + Limits of quantification

l Upper layer evaporated, reconstituted with 125 uL (A : B=90 : 10 v/v) ] « Matrix interference & Speciﬁcity

| UHPLC-MS/MS analysis |

Shaken 5 min; 4000 rpm 6 min

0 I Method Validation Hf'\pplic:mun to cases ] 18

BESHDAER
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Result-2/12

Recovery & Matrix Effects — Method

» Postextraction addition
= Mass spectrometric responses (peak area)
+ Recovery extraction (RE, %) = C/B x 100
* Matrix effects (ME, %) = B/A x 100
* A: standards of the analytes
» B: samples extracted and spiked with the analytes
(spiked alter extraction)
« C: analytes spiked into samples
(spiked before extraction)

@ ovovosen

Result-4/12

Linearity

» Calibration
= 100, 250, 500, 1000, 2000 ng/mL
o r2: >0.997
* MRM Chromatograms (500 ng/mL)

i~

1
) Il
N
i

4FAM

ot Pt b LBty o Jemetns

Result-6/12

Accuracy & Precision — Intraday

Blood (accuracy: 85—109%; precision: 0.6—7.0%)

Anal\te

L 100 250 300 1000 3 2000 100 250 S Loy 2000
4FAM 978 999 1035 9%0 1003 = AU 303 1.59 132 076

4FMA 980 1002 1039 975 1004 | T2 360 176 068 {04
4CIAM 852 1070 1087 1028 963 | 575  I¥% L7 176 09§
4CIMA 908 1013 1024 1001 998 | 524 279 133 061 090

Urine (accuracy: 86-110%; precision: 0.8-5.1%)

¢ Accuracy (Vo of farget, n=§
{L1] 230 500 TOE 200 100 250 300 1000 2000

4_|-‘.=_\.\.| 1098 1009 1004 971 1007 247 261 253 092 432
JENA 1092 1005 1009 w71 (007 262 296 188 077 443
ACIAM BG4 1054 U083 1040 950 542 354 200 076 280
1CIMA WT3 1010 1021 993 |00 | 444 216 158 244 333

@uoooonan,

Result-3/12

Recovery & Matrix Effects — Data

= Sample sources: n =5
« Analyte conc.: 100, 250, 500, 1000, 2000 ng/mL

Analyte Blood Irine
Average RE  Average ME i Average RE  Average ME |
4FAM 82 5% 91.0% 84.3% 92.6%
4FMA 84.2% 949% | 86.5% 93.1% |
4CIAM 81.2% 836% | 851% 93.5%
4CIMA 84.1% 938% |  88.9% 96.9%
@ nommomen,

Result-5/12

Specificity

« Quality control — 500 ng/mL

« Potential interference drugs (commonly abused
and seized drugs in Taiwan) — 5000, 10000,
20000 ng/mL

= Amphetamine, methamphetamine, MDA, MDMA,
phentermine

= Ketamine. norketamine

= Nimetazepam, nitrazepam, 7-aminonimetazepam,
7-aminonitrazepam

= Methylone, ethylone, butylone, eutylone, pentylone,
mephedrone, dibutylone, #-ethylpentylone, MDPV

@ voweommn,

e e e

Result-7/12

Accuracy & Precision — Interday

Blood (accuracy: 93—105%; precision: 3.7—-12.3%)

Inter-day Precleitn (SRSD, 5]

Analyte

[CTTNCIGANE 100 250 300 1000 2000 100 250 S0 won 2000 |
4FAM 1016 06 1020 9%6 002 | 602 450 464 373 404
AFMA 1005 993 1020 990 1000 | 694 L6 36T 403 178
ACIAM 976 NS 1082 @96 932 | 1230 102 0dv K32 788
ACIMA 953 MR 1020 el [T 683 432 in 450 441

Urine (accuracy: 96-103%; precision: 1.0-6.2%)

Infer-day Precision (#RSD, n#=s)

Analyte =)
SO {1 250 S0 1040 2000 (L) g_.ﬂl S0 LLELE

U 2000
4FAM 964 1003 1007 b G998 | 47 363 178 302 147
AFMA 956 1009 (012 1003 W98 | 450 3w 245 202 1T
ACIAM oo 1024 TOLE qou1 Wl 528 39 1,47 163 203

JCIMA 976 1026 1012 YK 1004 616 338 104 412 174

19 0:———-—# ity ot iy



om0 0 T T R e

Result-8/12

LOD & LOQ — Definitions

« Limits of detection (LOD)

» Chromatographic peak shape acceptable

= Quantification/qualifier transition ion
intensity ratio comparable to the 500 ng/mL
calibration standard (within $20%)

» Limits of quantification (LOQ)

= LOD criteria
= Observed analyte concentration value within
120% of expected value

o

Result-10/12

Matrix Interference — Method

* Blank postmortem blood and urine from
12 difference sources

= At 500 ng/mL — Quality control
= Considered no interference if
» Chromatographic peak shape: Acceptable

* Quantification/qualifier transition ion intensity
ratio: Comparable (within £20%) to the calibration
standard

* Observed concentration value: Within £20%

S uomensn,

Result-12/12

Applications and Findings

No./ng/mL. Type 4FAM 4FMA 4CIAM 4CIMA  Other drugs detected

Blood - - 0233 112 AM,MA K, NK, NEP,
Sample 1 . Pentylone, Ethylone,
Urine : 807 1851 Nilrlazigpain

K, NK, pentylone,
a-PPP, Nimetazepam |
K, NK, Butylone,
Dibutylone, a-PPP,
FM2, Nimetazepam,
ephedrine,
Methyephedrine
K, NK, Butylone,
Sample 4 Urine  2.53 - - - Pentylone, Dibutylone,
a-PPP, Nimetazepam
NEP: #-Ethy Ipentylone
Unit: pg/ml.

Sample 2 Urine 0.183 - - -

Sample 3 Urine 0.300 -

MA: metl ] inc: K: k inc: NK: nork

AM: 3§ i
T

ORI N S S A T |

Result-9/12

LOD & LOQ — Findings
 Decreasing concentrations:
50, 25, 10, 5,2.5, 1, 0.5, 0.25, 0.1 ng/mL
< IS Blood Urine
ALELE LOD LOQ | LOD LOQ
4FAM 05 | [ 25 5
4FMA 0.5 1 0.5 1
4CIAM 25 5 | 25
4CIMA 5 | S -
Unit: ng/mL
S noneowen,

Result-11/12

Matrix Interference — Findings

Blood (accuracy: 99-103%; CV: 1.6-5.8%)

Analyte  Average Conc.z STDEV (ng/mL)  Accuracy (%) CV (%)

_ 4FAM 5146268 103 5.2
4FMA 5155+8.1 103 1.6
4CIAM 4943+ 13.1 99 26
4CIMA 514.0 £30.0 103 58 |

Analyte  Average Conc.t STDEV (ng/mL)  Accuracy (%)

| 4FAM 5305SE|D Y| 107 23

" 4FMA  536.6=197 - 107 3.7

" 4CIAM 5195+ 16.7 104 32

[ 4cMA 550.7+232 110 42
@ nawpamnn,

Conclusion

 Simultaneous determination of 4FAM,

4FMA, 4CIAM, 4CIMA
o Effective & Efficient — less labor-intensive
= Reliable

» Routine used for the identification and
quantification of 4FAM, 4FMA, 4CIAM,
4CIMA in postmortem blood & urine

20@



Analysis of Carboxyhemoglobin in Postmortem Blood and
Epidemiology Data of Suicide Autopsy Cases During the 2011-2016
Period in Taiwan

Chu-An Yang, MS*'; Hsiu-Chuan Liu, PhD*'; Ray H. Liu, PhD* Dong-Liang Lin, PhD'
'Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of Justice, No.123,
Min’an St., Zhonghe Dist., New Taipei City 235, Taiwan (R.0.C.); *Department of Criminal Justice,
University of Alabama at Brimingham, Brimingham, AL, USA

After attending this presentation, attendees will gain insights to: (a) important
factors associated with the analysis of carboxyhemoglobin (COHb) in postmortem
blood specimens; and (b) trends and epidemiology data of carbon monoxide
(CO)-poisoning deaths in Taiwan during the 2011-2016 period.

Findings resulting from this study will improve forensic laboratories’ analysis of
COHb in postmortem blood specimens, helpful to medical examiners’ determination

on cause of death in CO-poisoning cases.

Poisoning-related deaths statistics in Taiwan, regularly provided by Ministry of
Justice’s Institute of Forensic Medicine, indicated the number of CO-poisoning cases
has been consistently significant in recent years. The most common cases were
suicidal deaths facilitated by coal burning. The measurements of COHb in
postmortem blood specimens could be unreliable and difficult due to putrefaction and
other factors. The purpose of this study was to evaluate whether test results could be
affected by: (a) blood from different sources (heart, pelvis, and thoracic cavity); and
(b) specimen storage temperature (-20, 4, 25, 40 °C). In addition, suicide cases (with
autopsy) were studied to reveal the trend of CO-poisoning deaths in Taiwan during the
2011-2016 6-year period. Hopefully these epidemiology data would be helpful to the

formulation and administration of suicide prevention policies in Taiwan.

ABL80 FLEX CO-OX blood gas analyzer (Radiometer: Brenshgj, Denmark)
was used to determine COHb concentration in test specimens, following the operation
guide provided by the manufacturer. It was found easy to operate, requiring short test
time and small sample volume (around 70 pL). Test results indicated: (a) ranges of
intra-/inter-day precision and accuracy were 0.00% — 6.37% and 98.1% ——104.7%; (b)
best results for postmortem blood specimens came with 2-fold dilution (with
deionized water and 0.9% sodium chloride aqueous solution), as specimens provided
were often too thick with small volume; (¢) no significant difference was found
among specimens collected from different parts of the same person; and (d) COHb

concentration was stable through 28 days when specimens were refrigerated at —20 °C

21



or 4 °C.

This method was successfully applied to the analysis of postmortem blood
specimens from forensic cases in Taiwan for the 2011-2016 periods. Statistics of
autopsy cases (404 total) during this 6-year period revealed: (a) numbers of suicidal
deaths beginning 2011 were: 17, 19, 18, 30, 18, 18 (120 total); (b) there were 108
CO-poisoning suicides by coal burning — nearly 90% of the total number of suicide
cases; (c) number of male victims was significant higher than female (272 vs. 132); (d)
most victims (71) were 31-40 years old; (e) the peak periods were January/February
and September/October; and (f) most cases were found in residence. The range, mean,
and median of COHb concentrations found in the 120 suicide case specimens were
10.1-91.1%, 59.9%, and 62.9%, respectively. Alcohol, sedatives, and antidepressants
were the most commonly drugs found in these specimens, but with concentrations

below their respective lethal levels.

Key Words: carboxyhemoglobin (COHb), postmortem blood specimen,
epidemiology
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