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Abstract A couple bought “aroma liquid” and “bath
salt” type drugs at a dubious drug shop. Both of them
orally took the liquid type drug; although the male subject
showed no symptoms, the female subject suffered shiver-
ing, convulsions, and low levels of consciousness. The
woman was taken to an emergency hospital to receive
intensive medical treatment, but died about 20 h after
admission. The aroma liquid solution, and the antemortem
blood and urine collected during medical treatment at the
hospital were brought to our laboratory by the police for
analysis of the causative drug(s). In addition, a sample of
postmortem femoral vein blood was collected from the
cadaver. After some screening tests, we finally identified
PV9 (0-POP) in all specimens by gas chromatography—
mass spectrometry and liquid chromatography—tandem
mass spectrometry (LC-MS-MS). The concentration of
PV9 was 18.3 mg/ml in the aroma liquid solution, 45.7 ng/
ml in the antemortem blood, 20.3 ng/ml in the antemortem
urine, and 180 ng/ml in the postmortem femoral vein
blood. The concentrations in antemortem blood and urine
and in postmortem blood were greatly lowered by dilution
during the intensive medical treatment, including intrave-
nous drip infusion of a large volume of solution. The
probable coexistence of a B-hydroxyl metabolite was also
investigated by mass chromatography and analysis of
fragment ions of the product ion spectrum obtained by LC—
MS-MS. To our knowledge, this is the first reported
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Introduction

Cathinones and synthetic cannabinoids are now the most
widely distributed drugs of abuse in the world [1-4].
Among various types of cathinones, a-pyrrolidinophenone
derivatives have gained popularity as abused drugs,
because of their ability to exert strong psychedelic effects.
This is caused by the lipophilic pyrrolidinyl moiety, which
provides the molecule with a higher ability to cross the
blood-brain barrier [5].

Recently, we encountered a fatal case of drug poisoning,
in which PV9 (a-POP) was judged as the cause of death.
To our knowledge, this is the first demonstration of PV9 in
human blood and urine.

Case history

According to the explanation by police, a couple bought
both “aroma liquid” type and “bath salt” type drugs at a
dubious drug shop. Both of them orally took the liquid type
drug at a hotel; the volume of the aroma liquid ingested by
the female subject (18 years of age) was not clear.
Although the male subject showed no signs, the female
subject showed various symptoms soon after ingestion,
such as shivering, convulsions, and low levels of con-
sciousness. She was taken to an emergency hospital, where
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she received intensive medical treatments including an
intravenous drip infusion of a large volume of solution and
gastrolavage. Despite the efforts of the medical team, she
was pronounced dead about 20 h after admission. The
police authority, of course, intervened in this incident. As
evidence materials, the hospital gave the police the bottle
of aroma liquid, and blood and urine specimens of the
deceased that were collected during treatment. The police
brought all of them to our laboratory for forensic analysis.
In addition, we were allowed to sample the postmortem
femoral vein blood from the cadaver.

Routine analysis for blood alcohol by gas chromatog-
raphy showed negative results. The immunochemical drug
screening kit Triage DOA for the urine specimens (Alere,
Waltham, MA, USA) also showed negative results.
NAGINATA screening for conventional drugs and toxic
compounds in whole blood using gas chromatography—
mass spectrometry (GC-MS) [6] showed a low level
(semiquantitative concentration: 0.964 pg/ml) of caffeine.
Because our in-house MS screening for drugs of abuse
suggested no drugs, we consulted the Cayman Spectral
Library [7], which strongly suggested the presence of PV9
in the solution in the aroma liquid bottle.

Materials and methods

PV9-HCI [a-POP-HCI, 1-phenyl-2-(pyrrolidin-1-yl)octan-
1-one monohydrochloride] and PV8-HCI [a-PHPP-HCI,
1-phenyl-2-(1-pyrrolidinyl)-1-heptanone monohydrochlo-
ride] (for their structures, see Fig. 1) were purchased from
Cayman Chemical (Ann Arbor, MI, USA); 5-ml plastic
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Fig. 1 Chemical structures of PV9 and PV8 (internal standard, 1S)
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centrifuge tubes with caps from Labcon (Petaluma, CA,
USA); the QuEChERS dispersive-SPE centrifuge tubes
with caps, each of which contained 25 mg of primary
secondary amine, 25 mg of end-capped octadecylsilane
(Ciggc), and 150 mg of magnesium sulfate, from Agilent
(Santa Clara, CA, USA). Other common chemicals were of
the highest purity commercially available.

The aroma liquid bottle containing a small amount of
pink liquid, and the antemortem whole blood and urine, all
collected at the emergency hospital, were brought to our
laboratory for forensic analysis. The postmortem femoral
vein blood was sampled from the cadaver about 6 days
after death; during the postmortem interval, the cadaver
was kept refrigerated in the morgue at about 3 °C.

Extraction procedure

To 0.1 ml of whole blood or urine in a 5-ml plastic cen-
trifuge tube, 100 ng of PV8-HCI (internal standard, IS)
with or without an appropriate amount of reference stan-
dard PV9-HCI all dissolved in 10 pl of acetonitrile and
0.1 ml of distilled water were added and vortexed gently.
Acetonitrile (1 ml) was added to the mixture,which was
then sonicated for 5 min and centrifuged at 10,000 rpm for
2 min. The supernatant layer was decanted into the QuE-
ChERS dispersive-SPE centrifuge tube (2 ml) containing
25 mg of primary secondary amine, 25 mg of Ciggc, and
150 mg of magnesium sulfate [8], followed by vortexing
for 30 s and centrifuging at 10,000 rpm for 2 min. A 3.5-pul
aliquot of the upper acetonitrile layer was subjected to
analysis by liquid chromatography—tandem mass spec-
trometry (LC-MS-MS).

The aroma liquid solution was diluted 100,000-fold with
acetonitrile. To 1.0 ml of the diluted product solution,
100 ng of PV8-HCI (IS) with or without an appropriate
amount of reference standard PV9-HCI dissolved in 10 pl
of acetonitrile was added and vortexed gently. A 3.5-ul
aliquot of the solution was directly subjected to analysis by
LC-MS-MS without any extraction procedure.

GC-MS conditions

The GC-MS instrument was an Agilent 6850 gas chro-
matograph connected to a 5975 mass spectrometer (Agi-
lent). GC conditions were: separation column, Agilent
HP-5 ms fused-silica capillary (30 m x 0.25 mm i.d.,
0.25 um film thickness); injector temperature, 250 °C;
interface temperature, 280 °C; injection mode, splitless;
injection volume, 1 pl; carrier gas (He) pressure, 21.9 psi;
oven temperature program, initial temperature at 60 °C
(2-min hold) followed by ramp at 20 °C/min up to
325 °C. MS conditions were: ion source temperature,



Forensic Toxicol (2014) 32:243-250

245

230 °C; ionization mode, electron ionization (EI) at
70 eV; emission current, 35 pA; detection gain, 1,118 V;
identification, scan mode; scan range, m/z 50-300; scan
speed, 2.86 scans/s.

LC-MS-MS conditions

LC-MS-MS was conducted on an Agilent 1200 LC-SL
system connected to a 6460 Triple Quad LC/MS tandem
MS instrument (Agilent). The LC-SL system contained a
microdegasser and a high-performance autosampler. LC
conditions were: separation column, ZORBAX Eclipse
Plus C18 column (100 x 2.1 mm i.d., particle size 1.8 pm,
Agilent); injection volume, 3.5 pl; flow rate, 0.25 ml/min;
elution mode, gradient with 10 mM ammonium formate/
0.1 % formic acid in distilled water (A) and acetonitrile
(B) from 90 % A/10 % B to 100 % B in 20 min followed
by isocratic elution with 100 % B for 10 min. Column and
autosampler were operated at room temperature.

Tandem MS conditions were: interface, electrospray
ionization (ESI) mode; polarity, positive; ion source tem-
perature, 320 °C; ion source voltage, 500 V; quantitation,
selected reaction monitoring (SRM) mode using peak area;
ion transitions: m/z 274 — 91.1 for PV9 and m/z
260 — 91.1 for PVS (IS); collision and fragment energies,
21 and 100 V, respectively, for both compounds.

Data acquisition, peak integration, and calculations were
performed with a computer workstation (Agilent Mas-
shunter, Revision Acquision B. 02. 01, Qualification B. 03.
01SP2 and Quantification B. 04. 00).

Standard addition method

The standard addition method [9] was employed to quan-
titate PV9 in the aroma liquid solution, and whole blood
and urine specimens. The method can overcome matrix
effects and recovery rate differences. In addition, the
method requires no blank human specimens, which avoids
the ethical problem of collecting human specimens con-
taining no drugs. However, a disadvantage of this method
is the need to construct a calibration curve with at least six
plot points to obtain a single concentration value. The
minus concentration where the straight standard addition
calibration curve intersected with the horizontal x-axis of
target compound concentration showed the existing con-
centration of the target compound in a specimen [9].

Matrix effects and recovery rates

Although the standard addition method can overcome the
matrix effects together with differences in recovery rate,
we were interested in the matrix effects and recovery rates
for the present extraction procedure in combination with

LC-MS-MS analysis. To determine the matrix effects and
recovery rates for PV9 in body fluids, we first measured all
concentrations of PV9 in the matrices by the standard
addition method. According to each concentration of PV9
in a matrix, we prepared reference standard PV9 solution
dissolved in acetonitrile at two concentrations; one with a
concentration ten times lower than that in the matrix, and
another one with a concentration ten times higher than that
in the matrix. Then, two sets of the same extraction pro-
cedure were again conducted for each matrix; we obtained
a couple of the final QUEChERS dispersive-SPE centrifuge
tubes after centrifugation for a matrix. To the upper ace-
tonitrile layer of one of the two final centrifuge tubes, 10 pl
of the PV9 acetonitrile solution at the high concentration
was added. The centrifuge tube with addition of reference
standard PV9 was capped, shaken vigorously, and centri-
fuged; a 3.5-pl aliquot of the upper acetonitrile layer was
injected into the LC-MS-MS system to obtain a peak area
designated as A. A 3.5-pl aliquot of the upper acetonitrile
layer of the counterpart final QUEChERS dispersive-SPE
centrifuge tube without any addition was also injected into
the LC-MS—MS system to obtain a peak area designated as
B. A 3.5-pl aliquot of the PV9 acetonitrile solution without
any extraction, the concentration of which was ten times
lower than that in the corresponding matrix, was finally
injected into the LC-MS-MS system to obtain a peak area
designated as C. The matrix effect and recovery rate could
be calculated as follows. Matrix effect (%) = [(A — B)/
C] x 100. Recovery rate (%) = [B/(A — B)] x 100.

Results and discussion
Identification of PV9 by GC-MS and LC-MS-MS

According to the screening result using the Cayman
Spectral Library, we carefully recorded the EI mass spectra
of the aroma liquid product solution and the reference
standard PV9 after dilution with acetonitrile by GC-MS, as
shown in Fig. 2. The peaks of m/z 168 appeared as the base
peaks for both the product solution and reference standard.
The small peaks appearing below m/z 120 for the aroma
liquid solution also coincided with those for the reference
standard PVO.

Figure 3 shows product ion mass spectra obtained from
reference standard PV9, the aroma liquid product solution,
and the extract of postmortem femoral vein whole blood
measured by LC-MS-MS. The three spectra completely
coincided.

The recorded GC-MS and LC-MS-MS data show that
the present compound detected from the aroma liquid
product and whole blood of the deceased can be identified as
PV9. To our knowledge, this is the first demonstration of PV9
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Fig. 2 Mass spectra obtained
from the reference standard PV9
and the aroma liquid solution
recorded by gas
chromatography—mass
spectrometry, and the probable
fragmentation mode

Fig. 3 Product ion mass spectra
obtained from the reference
standard PV9, the aroma liquid
solution, and the extract of
postmortem femoral vein whole
blood, recorded by liquid
chromatography—tandem mass
spectrometry (LC-MS-MS)
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in human specimens, although Uchiyama et al. [10] first
reported identification of PV9 in a brown powder product.

Validation for quantitative analysis of PV9

Figure 4 shows the SRM chromatograms of reference standard
PV9, PVO extracted from the femoral vein blood, and PV8
spiked into whole blood as IS. Sharp peaks appeared at 12.8 min
for PV9 and 11.7 min for PV8 (IS). All chromatograms showed
almost no impurity peaks with low backgrounds. To confirm the

Fig. 4 Selected reaction 11 sz
monitoring chromatograms for 0.9 1
the reference standard PV9 and 0.8 1
the extract of postmortem 07 ]
femoral vein whole blood with 0.6 1
ion transition from m/z 274 to 05 |
91.1, and for the extracts of the 0.4 1
same whole blood spiked or not 03 ]
spiked with IS using ion 02 ]
transition from m/z 260 to 91.1 o1 1
recorded by LC-MS-MS

m/z 274—91.1

absence of PV8 in the specimens, the SRM chromatogram with
tracing at m/z 91.1 using precursor ion at m/z 260 without spiking
PV8 was recorded. As shown in the bottom panel of Fig. 4, a
very small peak appeared, but it was negligible; we interpreted
the very small peak as the carryover of IS.

Table 1 shows the standard addition calibration equa-
tions and their correlation coefficients for PV9 in the
aroma liquid product and antemortem and postmortem
body fluids of the deceased. All of them showed satis-
factory linearity with correlation coefficients greater than
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Table 1 Standard addition calibration equations for PV9 in aroma
liquid solution and body fluids of the deceased

Table 3 Matrix effects and recovery rates for determination of PV9
in fluidal specimens obtained from the deceased

Correlation
coefficient (r)

Specimen Equation®

Aroma liquid® y = 0.00582x + 1.07 0.9996
Antemortem blood y = 0.000730x + 0.0334 0.9996
Antemortem urine y = 0.000722x + 0.0146 0.9986
Postmortem femoral y = 0.000562x + 0.101  0.9983

vein blood

* If y equals 0, the preexisting concentration (x) can be calculated as a
minus value. The concentration range was 10.0-1,000 ng/ml for all
specimens

® The aroma liquid solution was diluted 100,000-fold with acetoni-
trile before construction of a standard addition calibration curve

Table 2 An example of intraday and interday repeatability for
determination of PV9 in postmortem femoral vein blood and ante-
mortem urine of the deceased

Specimen Intraday (n = 5) Interday (n = 5)
Concentration Repeatability Concentration Repeatability
found (%RSD) found (%RSD)
(ng/ml)* (ng/ml)*

Postmortem 180 £+ 18.9 10.5 186 £ 22.1 11.9

femoral
vein blood
Antemortem  20.3 £ 1.88 9.26 213 £2.72 12.8

urine

? Data given as mean =+ standard deviation (SD)

RSD relative standard deviation

0.998. By extensive dilution of some specimens, the
detection limit (signal-to-noise ratio = 3) of PV9 by this
method was estimated to be around 0.05 ng/ml.

Because we employed the standard addition method for
quantitation without the use of blank specimens, it was
impossible to present the usual accuracy and precision data.
Instead, as shown in Table 2, we repeated intraday and
interday determinations of PV9 in postmortem femoral
vein blood and antemortem urine specimens as an example.
The repeatability expressed as relative standard deviations
was not greater than 12.8 %.

Although the standard addition method can overcome
matrix effects and low recovery rates, we were interested
in determining the matrix effects according to the kind of
specimen. In our extraction procedures, we used depro-
teinization with acetonitrile plus QuEChERS dispersive
solid-phase extraction (SPE) for fluidal human specimens.
As shown in Table 3, both antemortem urine and post-
mortem femoral vein blood showed only a slight and
almost no depressive matrix effects, respectively, while
the antemortem blood specimens showed a 31.1 %
depressive effect. After compensation calculation, the
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Specimen Matrix effect (%) Recovery (%)
Antemortem blood 68.9 £+ 6.20 709 + 6.38
Antemortem urine 91.8 + 3.99 88.3 + 3.84
Postmortem femoral vein blood 98.2 £+ 6.04 73.8 + 4.55

Data given as mean + SD (n = 3)

Table 4 Concentrations of PV9 in aroma liquid solution, and ante-
mortem and postmortem body fluids

Specimen Concentration (ng/ml)

Aroma liquid 18,300,000 + 1,380,000

Antemortem whole blood 45.7 + 3.18
Antemortem urine 20.3 £+ 1.88
Postmortem femoral vein blood 180 + 18.9

Data given as mean + SD (n = 3-5), expressed as concentrations of
the free base form of PV9

recovery rates for the three specimens were not lower
than 70.9 %.

Concentrations of PV9 in aroma liquid solution,
and antemortem and postmortem body fluids

Table 4 shows the concentrations of PV9 in its free base
form in the aroma liquid solution, antemortem whole
blood, antemortem urine, and postmortem femoral vein
whole blood. The product solution contained as much as
18.3 mg/ml of PV9. Other specimens contained PV9 at
concentrations lower than those expected in spite of the
judgement that the victim had died of PV9 poisoning. This
seems reasonable given that the woman had received
intensive medical care including an intravenous drip infu-
sion of a large volume of solution, which would have
greatly lowered the concentrations of PV9 in blood and
urine.

Search for a major metabolite of PV9

For most synthetic cathinones, reduction of the B-ketone
moiety is a major metabolic pathway [4, 11]. Therefore,
we searched for the coexistence of the p-hydroxyl
metabolite of PV9 (OH-PV9). If such a metabolite were to
coexist, its protonated molecular ion should appear at m/z
276. Thus, we conducted mass chromatography by LC—
single stage MS with ions at m/z 276 and 274 (protonated
molecular ion of precursor PV9). As shown in Fig. 5a, a
peak at m/z 276 appeared at a retention time of 13.2 min;
the protonated molecular ion of PV9 appeared at a
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Fig. 5 Trial to search for a B- a
hydroxyl metabolite of PV9 in

the extract of femoral vein

whole blood. a Mass

chromatograms obtained by

liquid chromatography-single

stage mass spectrometry with

m/z 276

x100
13.2 min

ion at m/z 276 and 274.

b Product ion mass spectrum
corresponding to the peak
appearing at 13.2 min recorded
by LC-MS-MS, and the
probable fragment mode of the
compound

m/z 274

12.8 min x10

x10 4 722

Precursor ion m/z 276

91.1

0 | .| ||I . ||.|.‘..I||I..I.

117

20 40 60 80

retention time of 12.8 min as expected. According to the
comparison of the peak areas, the area of the probable
metabolite was about six times less than that of the pre-
cursor PV9. The product ion mass spectrum correspond-
ing to the peak at 13.2 min was recorded as shown in
Fig. 5b. The protonated molecular ion of OH-PV9 was
very small; however, a peak was observed at m/z 258 that
most probably formed by subtraction of a water molecule
from the protonated molecule of OH-PV9. Such a sub-
traction peak also appeared in the product ion mass
spectrum of the B-hydroxyl metabolite of a-pyrrolidino-
valerophenone (o-PVP) [11]. These data strongly suggest
the coexistence of OH-PV9 in postmortem femoral vein
whole blood, although its conclusive identification was
not possible due to unavailability of a reference standard
of OH-PV9.

Conclusions

To our knowledge, this is the first report to describe the
identification of PV9 in human specimens, and the first
demonstration of a fatal PV9 poisoning case. Among cathi-
none derivatives, human fatal poisoning cases have been
reported for 3,4-methylenedioxypyrovalerone [12—14] and
o-PVP [15]. Based on these reports together with the present
study, it appears that drugs based on o-pyrrolidinophenone

t T T T T T T T
120 140 160 180 200 220 240 260 280 300 (m/z)

derivatives are especially dangerous to human life. Increased
strict control is suggested for this group of cathinone drugs.
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