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In January 2014, the US government temporarily designated 5F-PB-
22, along with three other synthetic cannabinoids (AB-FUBINACA,
ADB-PINACA and PB-22), into Schedule I. Over the course of a
4-month time period (July–October 2013), our laboratory quantita-
tively identified 5F-PB-22 in specimens obtained from four postmor-
tem cases. We describe the four cases, to include pertinent
autopsy findings and decedent histories, together with quantitative
results for 5F-PB-22 determined in postmortem blood and antemor-
tem serum. Samples were prepared via a liquid– liquid extraction at
pH 10.2 into hexane : ethyl acetate. Instrumental analysis was
achieved with liquid chromatography coupled with electrospray ion-
ization tandem mass spectrometry operating in multiple reaction mon-
itoring mode. Two ion transitions were monitored for the analyte of
interest, and one ion transition was monitored for the internal stan-
dard. The observed concentration range of 5F-PB-22 is 1.1–1.5 ng/
mL for three postmortem blood specimens and one antemortem
serum specimen. Three of the decedents experienced abrupt, sudden
death; however, one decedent expired after a rapidly deteriorating
hospital course.

Introduction

In the USA, synthetic cannabinoids have been detected in

products obtained via smoke shops, gas stations and the

Internet (1–5). Many of these substances are surmised to be

full agonists of cannabinoid receptor 1 (CB1) and cannabinoid re-

ceptor 2 (CB2). The consumption of synthetic cannabinoids and

related products has been linked to adverse effects including ag-

itation, confusion, hypertension, respiration issues, seizures,

tachycardia, paranoia, hallucinations, psychoses and acute kidney

injury (6–12). They have also been associated with several driv-

ing under the influence or impairment cases and have been

implicated in human deaths (13–16).

During the summer of 2012, President Obama signed legisla-

tion which placed 15 synthetic cannabinoid compounds and 5

overall cannabinoid structural classes into Schedule I of the

Controlled Substances Act (CSA). These compounds include,

but are not limited to, AM-2201, JWH-018, JWH-019, JWH-073

and JWH-122 (17). The tetramethylcyclopropylindole cannabi-

noids, UR-144 and XLR-11, became prevalent for much of the

remaining portion of 2012 and were ultimately controlled by

the Federal government in April 2013 (4, 18). In early 2013, a

new wave of compounds that contained a large change in chem-

ical structure emerged and are classified as quinolinyl car-

boxylate derivatives. 1-(5-Fluoropentyl)-1H-indole-3-carboxylic

acid 8-quinolinyl ester, also known as 5F-PB-22, is a quinolinyl

carboxylate derivative that differs from the earlier generation

naphthoylindole, AM-2201, by replacing the naphthalene group

with an 8-hydroxyquinoline moiety (Figure 1). Pharmacological

and toxicological data for this compound do not currently exist,

but similar to other synthetic cannabinoids, it is expected to be a

CB1 and CB2 receptor agonist. Currently, this compound is con-

sidered a controlled substance in the states of Minnesota and

Florida. On 10 January 2014, the US government temporarily

placed four synthetic cannabinoids, including 5F-PB-22, into

Schedule I of the CSA via emergency schedule (19).

There are no published reports of the detection of this com-

pound in postmortem toxicology cases. We describe a liquid

chromatography with tandem mass spectrometry (LC–MS-MS)

method for the quantitation of 5F-PB-22 in blood and report a se-

ries of four fatalities involving these compounds.

Specimen Collection and Testing Protocol

Forensic pathologists collected blood specimens in polypropyl-

ene tubes containing sodium fluoride and EDTA during standard

autopsy procedures before transporting to the laboratory at am-

bient temperature for toxicological analyses. Methodologies uti-

lized in the analyses include an enzyme-linked immunosorbent

assay (ELISA) screen for classical cannabinoids and opiates/
opioids, a liquid chromatography–time-of-flight mass spectrom-

etry screen (LC–ToF) for other abused drugs and therapeutic

agents, and a headspace-gas chromatography with flame ioniza-

tion detection (GC–FID) screen for volatile compounds.

Synthetic cannabinoids were analyzed via a directed analysis by

LC–MS-MS.

Materials

The 5F-PB-22 reference standard was obtained from Cayman

Chemical Company (Ann Arbor, MI, USA). The internal standard,

JWH-018-d9, was purchased from Cerilliant Corporation (Round

Rock, TX, USA). Acetone (ACS grade), acetonitrile (HPLC grade),

ethyl acetate (GC–MS grade), hexane (GC–MS grade), isopropa-

nol (ACS grade), methanol (HPLC grade), sodium bicarbonate

(USP grade) and sodium carbonate (ACS grade) were acquired

from Fisher Scientific (Pittsburgh, PA, USA). Formic acid (98%)

was purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA).

Extraction

A 50-mL aliquot of JWH-018-d9 internal standard solution in ace-

tonitrile (25 ng/mL) and 500 mL of sodium bicarbonate buffer

(pH 10.2) were added to 500 mL of blood. The mixture was
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vortex-mixed, and 5 mL of hexane : ethyl acetate (98 : 2) was

added. The specimens were mixed via a test tube rocker

for 3 min and centrifuged for 3 min at 3,000 rpm. The superna-

tant was transferred to a clean test tube and evaporated to dry-

ness under nitrogen gas flow. The residue was reconstituted in

200 mL of deionized (DI) water : acetonitrile (50 : 50) and trans-

ferred to a glass autosampler vial.

Instrumental Analysis

Instrumental analysis was performed via a Waters (Milford, MA,

USA) Acquity UltraPerformancew Liquid Chromatograph cou-

pled with a Waters Quattro Premier XE tandem mass spectrom-

eter. Chromatographic separation was performed by injecting

10 mL of vial extract onto a Waters Acquity UPLCw BEH C18

column (2.1 � 100 mm, 1.7 mm particle size), held 608C, using
a gradient elution. Electrospray ionization (ESI) mass spectro-

metry was performed in positive ionization multiple reaction

monitoring mode. Two ion transitions were monitored for the

analyte of interest, and one ion transition was monitored for

the internal standard. The instrumental methods are summarized

in Tables I and II.

Method Validation

The analytical method for the determination of synthetic canna-

binoids, including 5F-PB-22, in blood specimens was validated as

a quantitative assay. Linearity, including limit of detection (LOD),

lower limit of quantitation (LLOQ) and upper limit of quantita-

tion (ULOQ), imprecision and accuracy, matrix selectivity, exog-

enous drug interferences, ion suppression and carryover were

assessed. The overall validation methodology used was previously

published and is a standard validation procedure for quantitative

mass spectrometry-based assays in our laboratory facility (13).

Currently, other synthetic cannabinoids monitored in the assay

include AB-PINACA, ADB-PINACA, AM-2201, BB-22, Cl-2201,

JWH-015, JWH-018, JWH-019, JWH-073, JWH-081, JWH-122,

JWH-210, JWH-250, MAM-2201, PB-22, UR-144 and XLR-11.

For 5F-PB-22, the blood assay was linear from 0.5 ng/mL

(LLOQ) to 10 ng/mL (ULOQ), with a LOD of 0.1 ng/mL. The

intrarun %CV values for the high control specimen (8 ng/mL)

were between 2.2 and 4.5% and the interrun %CV values were

between 1.6 and 5.6%, while the accuracy values were between

96.5 and 101.2%. The intrarun %CV values for the low control

specimen (2 ng/mL) were between 3.4 and 6.6% and the inter-

run %CV values were between 2.6 and 7.7%, while the accuracy

values were between 97.0 and 103.1%. While some matrix effects

were observed, the internal standard did compensate for sup-

pression or enhancement of the analyte signal. Of the 100

drugs and metabolites analyzed as possible interferences, none

were noted. No carryover was detected in blank extracts injected

immediately following a specimen spiked with 100 ng/mL of

5F-PB-22. The average ion transition ratio during analytical meth-

od validation for 5F-PB-22 was 1.7 (n ¼ 30).

Case Reports

The four case summaries describing the detection of 5F-PB-22 in

postmortem and antemortem specimens received by AIT

Laboratories occurred during the time period of July–October

2013 (Table III).

Case 1

A 17-year-old male was drinking alcohol with a friend over the

course of a day and reportedly had been using other drugs in-

cluding synthetic cannabinoids. The friend stated during the

early morning hours of the next day that the decedent appeared

‘to begin gasping for air and fell to the ground’. Resuscitative at-

tempts were immediately initiated by the friend and his parent,

Figure 1. Chemical structure comparison of JWH-018, AM-2201 and 5F-PB-22.

Table II
The Mass Spectrometer Method

Analyte Ion transition Type Dwell time
(ms)

Cone voltage
(V)

Collision
energy (eV)

5F-PB-22 377.1 . 232.2 Quantifying 0.02 24 24
5F-PB-22 377.1 . 144.1 Qualifying 0.02 24 42
JWH-018-d9 351.2 . 154.9 Internal

standard
0.02 45 26

Capillary
voltage

Extractor
voltage

Source
temperature

Desolvation
temperature

Desolvation
gas flow

Collision gas
flow

0.60 kV 3 V 1408C 4508C 850 L/h 0.30 mL/min

Table I
Elution Gradient

Total time (min) Flow rate (mL/min) %A %B

Initial 0.500 58.0 42.0
0.30 0.500 58.0 42.0
5.60 0.500 34.0 66.0
8.00 0.500 24.0 76.0
8.50 0.500 0.0 100.0
8.51 0.500 58.0 42.0
Mobile phases A (0.1% formic acid in DI water); B (0.1% formic acid in

acetonitrile)
Retention times (min) 5F-PB-22 (4.75)

JWH-018-d9 (5.7)
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while 911 was called. The decedent was pronounced dead at a

medical center. An autopsy revealed no significant injuries or nat-

ural diseases. The remarkable toxicology findings included a fem-

oral blood concentration for 5F-PB-22 of 1.1 ng/mL, an ethanol

concentration of 0.033 g/dL, amiodarone (administered during

resuscitative efforts) and caffeine. Based on the known circum-

stances of death and the autopsy and toxicology findings, the

cause of death was attributed to 5F-PB-22 (synthetic cannabi-

noid) intoxication with the manner of death as accident.

Case 2

A 27-year-old male presented to a local emergency room after

being discovered by his girlfriend in the early morning hours ap-

pearing quite ill and diaphoretic. He was transferred to a tertiary

care facility with a diagnosis of acute liver and kidney injuries.

A current or past history of alcohol abuse or dependence was de-

nied by the patient; however, he admitted a history of marijuana

use of several times per week. Evaluation in the Medical Intensive

Care Unit indicated severe liver injury, severe coagulopathy,

acute kidney injury, acute respiratory failure, hypoxemia, severe

anion gap metabolic and lactic acidosis. His clinical condition de-

teriorated markedly over the next 12 h. This was punctuated by a

brief episode of cardiac arrest and pulseless electrical activity and

poor oxygenation secondary to acute respiratory distress syn-

drome likely the result of aspiration and pulmonary contusions

following chest compressions. He progressed to critically ill sta-

tus due to circulatory failure, respiratory failure, central nervous

system failure, renal failure and severe metabolic derangement.

A pair of hospital serum specimens obtained a day before

death, but �9.5 h apart in time of collection, indicated the pres-

ence of THCCOOH at concentrations of 246 and 176 ng/mL.

A different serum specimen, collected �7 h before death, re-

vealed 5F-PB-22 at a concentration of 1.3 ng/mL. The autopsy re-

vealed the cause of death to be fulminant liver failure in the

setting of THC (marijuana) and 5F-PB-22 (synthetic cannabinoid)

exposure. The manner of death was certified as undetermined.

Case 3

An 18-year-old malewas pronounced dead in the home of friends

during the afternoon following a night of partying. The decedent,

accompanied by two friends, attended a party at another resi-

dence, which included a number of people known only to the

decedent. Friends observed that the decedent consumed numer-

ous beers, mixed alcoholic beverages and smoked synthetic mar-

ijuana (K2/Spice). The decedent was described to be very

intoxicated. At some point in the evening, the friends and dece-

dent departed the party to return to the friends’ home. The dece-

dent retired for a nap, having been reported last seen alive and

well at 0945 h. He was later discovered unresponsive, not breath-

ing, cool to the touch and pulseless at 1342 h. Bilateral pulmo-

nary vasocongestion and congestion in the abdominal organs

(liver, spleen and kidneys) were observed at autopsy. A concen-

tration of 1.5 ng/mL of 5F-PB-22 was determined in iliac blood.

The cause of death was attributed to sudden death, in association

with synthetic cannabinoid use. The manner of death was classi-

fied as accident.

Case 4

A 19-year-old male attended a Saturday night party as evidenced

by some photographs showing him ‘unconscious with drinking

involved’. He returned to his home around noon the next day

and indicated to his mother that he felt lightheaded and retired

to his bed. The decedent was discovered deceased by his brother

the next morning. The pertinent findings at autopsy included

bilateral pulmonary edema, necrotizing granulomatous inflamma-

tion with histoplasma microorganisms and congestion of viscera.

The toxicology findings observed in superior vena cava blood

were notable for the presence of 5F-PB-22 at a concentration

of 1.5 ng/mL. The stated cause of death was suspected acute

drug intoxication using the synthetic cannabinoid 5F-PB-22.

The manner of death was accident.

Discussion

Here, we describe four postmortem case reports that include the

detection and quantitative determination of the synthetic canna-

binoid, 5F-PB-22, in blood or antemortem serum. The cases were

received by our laboratory during a 4-month period (July–

October 2013), prior to 5F-PB-22, and three other synthetic can-

nabinoid compounds, gaining the designation as Schedule I in

the CSA. The decedents in all cases were young males; three

teenage and one 27 year old. Three cases (1, 3 and 4) presented

as relatively sudden or abrupt episodes following a history of

‘partying’ in the company of others. In Case 2, the decedent pre-

sented with several acute medical problems which progressively

became worse during an intensive care unit hospital stay. The

most prominent autopsy findings were associated with Case 2

(fulminant liver failure); Cases 3 and 4 exhibited relatively non-

specific findings (pulmonary edema, visceral congestion and pul-

monary granulomatous inflammatory changes). The observed

concentration range of 5F-PB-22 is 1.1–1.5 ng/mL for three post-

mortem blood specimens (femoral, iliac and superior vena cava

sites) and one antemortem serum specimen. Other remarkable

toxicology findings included ethanol (Case 1) and THCCOOH

(Case 2); other findings were consistent with medical interven-

tion (Case 2).

Although synthetic cannabinoids have been associated with

sudden death in the USA and abroad, the exact physiological

mechanisms for causation, or initiators to contributing factors,

remain unclear. In Case 1, a possible anaphylactic etiology was

ruled out by the forensic pathologist. Sudden onset cardiac dys-

rhythmias or seizure suggest plausible mechanisms. In contrast,

Case 2 presented as a protracted, rapidly deteriorating clinical

event over 24 h culminating in acute hepatic failure. Another

possible biochemical etiology to these unfolding sequelae may

Table III
Case Results

Case
number

Blood source 5F-PB-22
(ng/mL)

Other toxicology

1 Femoral (postmortem) 1.1 Ethanol (0.033 g/dL), amiodarone, caffeine
2 Serum (antemortem,

Day 1, 10 : 20)
Not tested THCCOOH (246 ng/mL)

Serum (antemortem,
Day 1, 19 : 54)

Not tested THCCOOH (176 ng/mL), piperacillin,
levofloxacin

Serum (antemortem,
Day 2, 04 : 00)

1.3 Lorazepam (19.5 ng/mL)

3 Iliac (postmortem) 1.5 None
4 Superior vena cava

(postmortem)
1.5 None
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reside in a yet undetermined or unidentified metabolic interme-

diate of 5F-PB-22. It is noteworthy that a distinct feature of the

quinolinyl carboxylate synthetic cannabinoids is an ester linkage.

The earlier waves of compounds, such as JWH-018, AM-2201 and

XLR-11, contained a ketone linkage between the indole moiety

and the naphthoyl or tetramethylcyclopropyl groups. The ester

bond may be susceptible to in vivo hydrolysis reactions cata-

lyzed by carboxylesterase enzymes. This mechanism could

cause the accumulation of a metabolite that is perhaps analogous

to the toxic mechanism peculiar to paracetamol (acetamino-

phen) and the accumulation of a quinone metabolite and its re-

actions with hepatocellular proteins and nucleic acids. Because

of the ease of degradation by in vivo hydrolysis reactions, it

may be prudent to investigate the possible accumulation of prob-

able metabolites in the blood.

Clearly, further investigation is required with respect to the

pharmacokinetics of 5F-PB-22 and other synthetic cannabinoids,

their role in human toxidromes and their relevance to detection

in postmortem casework. Important point sources for this infor-

mation will continue to include the US National Network of

Poison Information Centers, reporting emergency departments

and urgent care centers and medical examiner/coroner systems

with their attendant toxicology laboratories.
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