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, Abstract—Background: Since 2009, synthetic cannabi-
noid (SC) use has emerged as a growing public health threat
in the United States (US). Several outbreaks of unexpected,
severe toxicity linked to SC use have been reported since
2012. Reports of varied and significant morbidity after SC
use are expected to increase because newer compounds enter
the marketplace more frequently as manufacturers attempt
to circumvent regulatory efforts. Case Report: We report a
cluster of 7 patients who experienced a spectrum of anxiety,
delirium, psychosis, and aggressive behaviors after smoking
the same SC-containing product at a party. An 8th patient
with the same exposure source presented with delayed onset
seizures. Biologic samples were analyzed for novel, newly
identified SCs belonging to the FUBINACA family of
compounds. A previously unknown SC, N-(1-amino-3,
3-dimethyl-1-oxobutan-2-yl)-1-pentyl-1H-indazole-3-
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carboxamide (ADB-PINACA) was identified in biologic sam-
ples from 7 of the individuals. ADB-PINACA was identified
in the SC-containing product (‘‘Crazy Clown’’) seized by law
enforcement and identified as the product smoked by the 8 pa-
tients in the reported cluster. Why Should an Emergency
Physician Be Aware of This?: The information compiled using
this cluster of cases, and a similar reported outbreak of altered
mental status in Colorado, implicating the same SC (ADB-PI-
NACA) and brands of SC-containing products, aided the US
Drug Enforcement Administration in its temporary sched-
uling of ADB-PINACA and three other SCs. In this outbreak,
close cooperation between public health and law enforcement
allowed for a rapid intervention, which halted the outbreak by
interrupting the common source and accelerated regulatory
efforts to prevent further morbidity and mortality. � 2015
Elsevier Inc.

, Keywords—synthetic cannabinoid; delirium; ADB-PI-
NACA; cluster; outbreak; spice; K2; DEA scheduling
INTRODUCTION

Synthetic cannabinoids (SCs) are a newly emerging
public health threat. SCs (‘‘Spice,’’ ‘‘K2’’) collectively
constitute >50 individual synthetic compounds that are
part of this new designer drug epidemic. SCs typically
are dissolved in a solvent, applied to dried plant material
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or herbal potpourri, and smoked as an alternative to mari-
juana. SC-containing products are marketed commer-
cially as ‘‘herbal incense’’ and labeled ‘‘not for human
consumption,’’ both designations suggesting legitimacy.
Users smoke SC-containing products expecting to evade
standard urine drug screening and to experience a more
intense psychoactive effect than with marijuana. The
SCs tested so far are more potent than delta-9-
tetrahydrocannabinol (THC), and reports of sympathomi-
metic effects and seizures from smoking SCs are more
numerous than similar reported effects from smoking
marijuana (1–3). Reports of cases and outbreaks of
unpredicted, severe toxicity have increased as the
number of SCs introduced to the market has risen.
Seizures are one of the most common unpredictable
toxicities reported after SC exposure (4–10). Chest pain
and cardiovascular toxicity after SC use have also been
reported (11,12). Two of the authors (MDS, RRG) have
reported on a nationwide outbreak of acute kidney
injury (AKI) associated with use of the novel SC XLR-
11 (13). The recent outbreaks reported in Georgia and
Colorado are the first involving clusters of cases with
altered mental status and agitated delirium associated
with a specific compound (14–16). Recently, the
Arkansas K2 Consortium published a report of an
isolated case of fatal psychosis after SC exposure (17).

CASE REPORT

Initial Epidemiological and Law Enforcement
Investigation

On August 22, 2013, a hospital in Brunswick, Georgia
called the Georgia Poison Center seeking management
recommendations for 7 patients who presented simulta-
neously after smoking an SC-containing product at a
party. The patients were not known to have any medical
history, and all had been well previously on the day of
presentation. On the evening of admission, all patients
had been at the same party and smoked the same product.
Glynn County (GA) police noted that this index cluster of
7 patients had been smoking a new shipment of ‘‘Crazy
Clown,’’ a synthetic incense made in Colorado and pur-
chased from a smoke shop in Brunswick, GA. Emergency
Medical Services (EMS) were called after 3 of the pa-
tients began behaving aggressively and transported all 7
patients to the emergency department (ED). The patients
underwent laboratory evaluation with complete blood
count, comprehensive metabolic panel, creatinine phos-
phokinase (CPK), coagulation profile, arterial or venous
blood gas, and venous lactate.

Upon identifying the source of the implicated product
smoked by the case patients, law enforcement personnel
removed all Crazy Clown product from the smoke shop.
Analysis of the product inventory by the Georgia Bureau
of Investigation Crime Laboratory identified the
novel pentyl indazole SC N-(1-amino-3,3-dimethyl-1-
oxobutan-2-yl)-1-pentyl-1H-indazole-3-carboxamide
(ADB-PINACA) in samples of Crazy Clown (18).

Individual Case Descriptions

Case 1.Patient 1 was a 25-year-old male who was mark-
edly agitated and combative upon EMS arrival. He
required chemical sedation and intubation to control his
extreme agitation. First documented vital signs were
heart rate (HR), 130 beats per minute (bpm); blood pres-
sure (BP), 142/56 mm Hg; respiratory rate (RR), 20
breaths per minute (mechanically ventilated); and oxygen
saturation (SpO2), 100%. His initial laboratory results
were significant for an anion gap 15 mEq/L, venous
lactate 3.13 mmol/L, and CPK 920 IU/L. All other results
were within normal limits. He was admitted to the inten-
sive care unit (ICU) and continued to have intermittent
tachycardia and hypertension until hospital day (HD) 3,
when he was extubated. Although he was initially
confused after extubation, his mental status rapidly
improved, and the hospital discharged him in his baseline
state of health on HD 5.

Case 2. Patient 2 was a 24-year-old male who also was
confused and agitated upon initial EMS evaluation. He
required sedation and intubation for management of vio-
lent behavior. Initial vital signs were HR 132 bpm, BP
128/88 mm Hg, RR 22/min (mechanically ventilated),
SpO2 98%, and temperature, 98.9�F. His initial laboratory
results were within normal limits, without acidosis or
elevated CPK. Approximately 7 h after presentation, his
vital signs had normalized. He was admitted only briefly
to the ICU and was extubated 15 h after presentation.
Once fully alert, this patient signed out against medical
advice (AMA), declining further evaluation.

Case 3. Patient 3 was a 30-year-old male who was re-
ported to be the most severely combative and aggressive
of these 7 patients. EMS administered haloperidol and
lorazepam and intubated him shortly thereafter. En route
to the ED, he suffered a witnessed cardiac arrest and was
resuscitated by paramedics. He had regained spontaneous
circulation by the time he arrived in the ED. Vital signs
upon arrival were HR 93 bpm, BP 118/69 mm Hg, RR
16/min (mechanically ventilated), SpO2 99%, and tem-
perature 98.9�F. Initial electrocardiogram (ECG) showed
an anterior ST-elevation myocardial infarction, for which
he was promptly transferred to the cardiac catheterization
suite. Cardiac catheterization demonstrated complete oc-
clusion of the left anterior descending, and the patient un-
derwent successful balloon angioplasty. He was admitted
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to the cardiac care unit and extubated uneventfully on HD
3. Once awake and alert, this patient reported that he had
a medical history of familial hypercholesterolemia, as
well as premature coronary artery disease and past
cocaine use. He was discharged home on HD 5.

Case 4. Patient 4 was a 25-year-old female who was
brought to the ED agitated, but alert and oriented. Her
initial vital signs were HR 82 bpm, BP 117/61 mm Hg,
RR 20/min, SpO2 96% on room air (RA), and temperature
99.5�F. She left the hospital AMA after her initial blood
draw. She did not receive any other interventions before
she left the ED, and after her departure her laboratory re-
sults were reported to be within normal limits.

Case 5. Patient 5 was a 22-year-old female who was
brought to the ED agitated, but alert and oriented. Her
initial vital signs were HR 78 bpm, BP 105/63 mm Hg,
RR 16/min, SpO2 97% RA, and temperature 97.8�F.
She elected to remain in the ED for initial evaluation
and a period of observation. Her laboratory results and
ECG were unremarkable, and she was discharged from
the ED without requiring any therapeutic interventions.

Case 6. Patient 6 was a 21-year-old female who was
brought to the ED alert and oriented, markedly anxious,
but not aggressive. Initial vital signs were HR 112 bpm,
BP 131/81 mm Hg, RR 14/min, SpO2 96% RA, and tem-
perature 98.0�F. She left the hospital AMA before a full
evaluation was completed.

Case 7. Patient 7 was a 16-year-old female who was
mildly agitated and anxious upon arrival to the ED, but
was alert and oriented. Initial vital signs were HR 100
bpm, BP 153/71 mm Hg, RR 14/min, SpO2 95% RA,
and temperature 98.0�F. Her initial laboratory results
and ECG were within normal limits. After receiving
1 L normal saline, her vital signs normalized and she
was discharged from the ED in her baseline state of
health.

Case 8.On September 3, 2013, the Georgia Poison Center
received a call regarding a healthy 24-year-old male who
presented with disorientation and delayed-onset seizures
several days after smoking SCs sold under the brand
names of Crazy Clown and ‘‘10X.’’ He had purchased
both substances from the same smoke shop in Brunswick,
GA where the previously reported index cluster of 7 pa-
tients had obtained their product on August 22. One day
after smoking 10X and Crazy Clown, the patient devel-
oped anorexia, nausea, and vomiting. Four days after
smoking the products, the patient complained of diffi-
culty concentrating and recalling short-term memory.
Seven days after smoking the product, the patient had a
generalized seizure for which he was evaluated in the
ED, then rehydrated and released. The following day he
appeared more disoriented and paranoid, according to
his family.

Two days later, on September 3, he went to a different
ED for evaluation; the poison center was consulted. His
initial vital signs included an HR 85 bpm and BP 150/
90 mm Hg. In the ED, he developed severe agitation,
had a witnessed generalized seizure, and required intuba-
tion. Laboratory evaluation showed slight elevation of
aspartate aminotransferase (AST) of 83 U/L and alanine
aminotransferase (ALT) of 150 U/L, an elevated creati-
nine of 1.7 mg/dL, and elevated CPK of 500 U/L. His
liver function tests peaked at AST 214 U/L and ALT
154 U/L. He had no further seizure activity and was extu-
bated the following day. An electroencephalogram
(EEG), magnetic resonance imaging (MRI) of the brain,
and bedside neurologic examination were normal, and
he was discharged home on HD 7 of this hospitalization.
On the day of discharge, the patient had an episode of
disorientation followed by an additional seizure that
required readmission to the hospital. Repeat EEG and
neurologic evaluation were again normal, and he was dis-
charged the following day.

Case 9.On September 13, 2013, an emergency physician
consulted the Georgia Poison Center about a 49-year-old,
previously healthy, male Drug Enforcement Administra-
tion (DEA) agent who was exhibiting symptoms of SC
intoxication. According to the agent, 2 days earlier, he
and a partner were searching and manipulating packaged
SC product during an unrelated seizure of drugs; the
agent wore Latex gloves but no respiratory protection.
The following morning, his wife observed that he
was lethargic and forgetful. He complained of anxiety,
difficulty sleeping, nausea and vomiting, and chest
discomfort. His wife reported he was irritable and argu-
mentative but not violent. Two days after exposure, he
was evaluated at the ED and admitted overnight; his
symptoms resolved with benzodiazepines and supportive
care. Routine laboratory testing was normal, as were an
MRI and a work-up for acute coronary syndrome.
He consented to serial blood sampling for subsequent
analysis for SCs.

Case Finding

To identify additional cases, the Georgia Department of
Public Health (DPH) asked the Brunswick ED to report
any other patients who reported use of SCs to the Coastal
District (GA) Health Department for the period August
22 (index cluster of 7 patients) through September 9;
Georgia DPH investigators then reviewed medical re-
cords of these patients.
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Laboratory Analyses

At the time of presentation, the ED collected clinical sam-
ples from the 7 patients who were transported from the
party in Brunswick on August 22. The poison center sub-
sequently sent the samples to a reference laboratory for
analysis to confirm SC exposure. The laboratory analyzed
serum and plasma samples using liquid chromatography-
quadrupole time-of-flight chromatography (LC-QTOF/
MS, Agilent LC1260- QTOF/MS 6550; Agilent Technol-
ogies, Santa Clara, CA). A 250-mL aliquot of each sample
was prepared for analysis by protein precipitation using
750 mL acetonitrile:methanol (95:5). A 2.5-mL aliquot
of the resulting extract was injected into the LC-QTOF/
MS for nontargeted MS scans. Compounds in each
sample were separated using gradient elution chromatog-
raphy in a C18 reverse-phase column (Agilent Poroshell,
2.1� 100mm, 3.0-mmparticle size) at 50�C. Compounds
eluting off the column were ionized by electrospray ioni-
zation in the positive and negative polarities in separate
runs. Each MS analysis consists of two MS experiments:
a TOF-MS experiment to detect all parent ions of com-
pounds in each sample and an MS/MS scan to collect
fragment ion data of parent ions exhibiting intensities >
5000 arbitrary units. The total ion chromatogram (TIC)
obtained for each sample was then queried for the tar-
geted analysis of 43 SCs and metabolites (retention times
for these compounds are established through a validated
method). No formula and retention time matches were
found for any of these compounds. The TIC was then
queried for formula matches using an expanded database
of SCs and metabolites (115 compounds). Formula
matches to ADB-PINACA or its N-pentanoic acid metab-
olite were detected in the samples. Confirmation and
quantitation of both compounds were performed by
isotope dilution method using reference standards that
became available 6 weeks after potential matches to
them were observed in the patients. Agilent MassHunter
Qualitative and Quantitative Analysis analyzed data for
each sample.

Process of DEA Emergency Scheduling

In addition to the Department for Health and Human Ser-
vices (DHHS),DEAmay temporarily schedule a substance
under the following conditions: if it is not listed in any other
schedule; if no exemption or approval is in effect for the
drug; or if the Attorney General (or the delegated Deputy
Administrator of the DEA) perceives an imminent threat
to public safety. DEA is required to consider the following
factors in its decision: the substance’s history and current
pattern of abuse; the scope, duration, and significance of
abuse; and any risk to the public safety. DEA also considers
available information regarding actual abuse, diversion
from legitimate channels, and clandestine importation,
manufacture, or distribution.

Before publishing a Final Order in the Federal Register,
DEA is required to notify the Secretary of DHHS of the
intention to temporarily place a substance into Schedule
I of the Controlled Substances Act (CSA), as well as pub-
lish a Notice of Intent to temporarily schedule a substance.
The Final Order may not be issued before the expiration of
30 days from the Notice of Intent to temporarily place a
substance in Schedule I of the CSA. The Final Order
temporarily scheduling a substance under the CSA is effec-
tive on the date of publication in the Federal Register and
will remain in effect for a period of no less than 2 years,
with a possible extension of 1 additional year.
RESULTS

Case Finding

DPH identified 22 patients who had been examined after
using SCs during August 22–September 9, 2013. The pa-
tients were aged 16–57 years (median 25 years), and were
predominantly male (18 [82%]). Patients experienced
hyperglycemia (13 [59%]), hypokalemia (9 [41%]),
acidosis (7 [32%]), tachycardia (13 [59%]), nausea/vom-
iting (8 [36%]), confusion/disorientation (7 [32%]),
aggression (7 [32%]), somnolence/unresponsiveness (7
[32%]), and seizures (3 [14%]). Complications included
pneumonia (2 patients), rhabdomyolysis (1 patient), and
myocardial infarction (1 patient). Six (27%) patients
were admitted to the ICU; 5 (23%) required assisted
ventilation; none died (15).

Concentrations of ADB-PINACA and Metabolite in
Biologic Samples

Table 1 shows the results of ADB-PINACA and ADB-PI-
NACA-5-pentanoic acid metabolite found in the seven in-
dex cases from August 22 in Brunswick and from an
unrelated secondary exposure in a DEA agent on
September 11. No biospecimens were available from an
8th patient who presented with delayed-onset seizures
on September 3 after smoking Crazy Clown and 10X.
Noteworthy is the finding of a trace amount of ADB-
PINACA metabolite in the first specimen obtained from
the DEA agent 2 days after his occupational exposure.

Unlike most of the previous reports involving SC
intoxication, admission blood samples from the Bruns-
wick, GA cases were available for analysis. These blood
samples obtained upon admission may have contributed
to the higher levels detected in our patients, compared
with those reported for other SC intoxications, when sam-
ples were collected at later times. In addition, the SC con-
centrations in products smoked by patients in this series



Table 1. Results of ADB-PINACA and n-Pentanoic Acid
Metabolite in Biological Specimens

Patient
Sample
Matrix Date Time

ADB-PINACA
(ng/mL)

ADB-PINACA
5-Pentanoic
Acid (ng/mL)

1 Serum 08/22 1958H 85 29
Plasma 08/22 1958H 65 16
Plasma 08/23 0530H ND 57
Plasma 08/24 0445H ND 63
Plasma 08/25 0730H ND 76

2 Serum 08/22 2000H 307 32
08/22 2000H 260 29

Plasma 08/23 0600H ND 109
08/24 0611H ND 52

Plasma 08/25 0600H ND 27
3 Plasma 08/22 2045H 61 28

Serum 08/22 2045H 56 32
Plasma 08/23 0455H ND 55

4 Plasma 08/22 2030H ND 24
5 Plasma 08/22 2033H 50 24

Plasma 08/22 2033H Insufficient
sample
volume

Insufficient
sample
volume

Serum 08/22 2033H 50 22
WB 08/22 2033H ND ND

6 Plasma 08/22 2100H 64 20
Plasma 08/22 2100H 59 16
Serum 08/22 2100H 133 22
WB 08/22 2100H ND ND
WB 08/22 2100H ND ND

7 Plasma 08/22 2105H ND 23
8 NA NA NA
DEA Serum 09/13 0221H ND 12

Serum 09/13 1224H ND ND
Serum 09/13 1254H ND ND
Serum 09/14 0251H ND ND
Serum 09/15 0236H ND ND

ADB-PINACA = N-(1-amino-3,3-dimethyl-1-oxobutan-2-yl)-1-
pentyl-1H-indazole-3-carboxamide; DEA = U.S. Drug Enforce-
ment Administration agent; NA = not available; ND = not
detected; WB = whole blood.
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may have been higher than in other products, resulting in
higher blood levels. Based on previous collaboration and
work on the laboratory analysis of patient samples from
SC intoxication cases, we knew the importance of
securing admission samples for laboratory analysis to
obtain measurable levels of SC in patient samples. As
in previously reported cases of SC intoxication, in our
cases, ADB-PINACA became undetectable in <12 h after
patient admission. Animal studies and a few human
studies on the SC JWH-018 have shown that aminoalky-
lindoles are rapidly metabolized (19). Later studies and
case reports with reported levels of other aminoalkylin-
doles, including JWH-073, JWH-081, JWH-250, AM-
2201, and XLR-11, support this observation (20–22).
Hydroxylation of the alkyl chain attached to the indole
moiety and its subsequent oxidation to a carboxylic
acid derivative are two of the major metabolic reactions
undergone by aminoalkylindoles (19,23). ADB-
PINACA undergoes similar metabolic transformations;
its N-pentanoic acid metabolite was detected in all patient
samples, and unlike the parent compound, the metabolite
is detectable in serum or plasma samples for much longer.
In a number of samples obtained from the same time,
some differences were observed in the measured levels
of ADB-PINACA or its metabolite. Variation in extrac-
tion efficiency can explain these differences. Because
serum is cleaner than plasma, our laboratory achieves
better recoveries in serum. Differences in sampling and
sample processing may have also contributed to the
observed differences.

Emergency Scheduling and Enforcement

In the state of Georgia, the ADB-PINACA compound is
categorized as a Schedule I substance by Official Code
of Georgia Annotated 16-30-31, as part of Chase’s Law,
which was passed by the Georgia General Assembly in
the 2012 session (18). The smoke shop owner was
charged on August 26, 2013 with distribution of a
Schedule 1 controlled substance under Georgia law.
The Brunswick ED has reported no additional patients
who used SCs. The information collected from both
this outbreak and the similar outbreak in Colorado was
included in the DEA’s Emergency Scheduling order
effective February 10, 2014 (79 FR 7577).

WHY SHOULDAN EMERGENCY PHYSICIAN BE
AWARE OF THIS?

The ongoing epidemic of designer drug abuse is entering
its 5th year in the United States (US). Already, the partic-
ular SC compounds present in SC-containing products
prevalent in the US market have changed several times
since the introduction of SC-containing products in
2009. These changes in manufacture of SC compounds
occur in response to efforts at regulation and enforce-
ment, rather than concerns about user safety. As a result,
the potential that any one SC compound will result in a
severe, unpredictable organ-specific or systemic toxicity
is greatly increased. At the same time, detecting these
compounds with laboratory analysis and thus linking
confirmed exposures with adverse health effects is chal-
lenging, because newer compounds are developed and
marketed so rapidly.

The large number of designer drugs currently on the
market, and the lack of readily available confirmatory
laboratory testing, makes identifying the exact etiology
in any particular clinical case challenging. Sophisticated
laboratory capabilities are not available in most hospitals,
and lack of analytical standards may make confirmatory
testing on clinical specimens difficult. Even if confirma-
tory laboratory testing were immediately available, the
results would not likely alter management. SC com-
pounds do not give a positive result for marijuana on urine



6 M. D. Schwartz et al.
immunoassay drug screens. Absent a history of Spice or
‘‘synthetic marijuana’’ use by the patient, a clue to SC
intoxication might be the report of using marijuana with
a negative urine drug screen. Severe signs, such as sei-
zures, sympathomimetic toxidrome, or organ-specific
toxicity, such as AKI, in the context of reportedmarijuana
use, might also suggest use of an SC-containing product.

There are a number of ways to report SC intoxication
cases. Clusters of adverse health effects potentially
related to SC product use can be reported either to the
local poison center or to local public health departments.
Cases of severe SC intoxication, unusual toxicity, death,
or multiple presentations for SC intoxication clustered
in time and space are important public health events;
rapid identification of these events will allow public
health officials to better support local practitioners.

SCs are synthetic compounds that activate cannabi-
noid receptors CB1 and CB2 and are functionally similar
to delta-9-THC found in cannabis. A small number of
SCs were originally designed as research chemicals to
investigate the function of the endocannabinoid receptor
systems in the body. They have no legitimate medical
purpose. Despite their labeling by users and
the media as ‘‘synthetic marijuana’’ or a ‘‘legal high,’’
SC-containing products are neither. Users smoke SC-
containing products expecting the same psychotropic
effects as from smoking marijuana. The compounds
themselves are primarily synthesized by foreign chemists
and without quality controls or manufacturing standards.
The compounds are smuggled into the United States and,
again without quality control or safeguards against
contamination, dissolved in solvent and applied to dried
botanical mixtures. The uniformity of SC distribution in
a particular packet of product can vary greatly, as can
mixtures of various SCs in a single product. The SC-
containing product is marketed in colorful and equally
colorfully named packages, marked ‘‘not for human con-
sumption’’ and sold in smoke shops and gas stations to a
younger, often first-time drug-using, demographic.

In November 2008, US authorities first intercepted an
SC-containing product entering the United States. Since
that time, drug trend reports from the Substance Abuse
and Mental Health Services Administration, surveys of
high school students, calls to state poison centers after
SC exposure, and visits to EDs for adverse health effects
after use are all evidence of the rapid growth of the SC
epidemic in just 5 years. The outbreak reported here is
yet another example of the types of expected public
health consequences as the SC epidemic progresses.
The first generations of SC-containing products, although
abused recreationally, contained compounds that were
previously developed for research purposes; therefore,
some pharmacokinetic and biologic activity data were
available. However, subsequent generations of SCs are
novel compounds for which no pharmacologic or chemi-
cal information is available. For example, ADB-PINACA
did not appear in the scientific literature before its emer-
gence in the designer drug market; the Brunswick, GA,
outbreak was, therefore, toxicologists’ and law enforce-
ment’s first encounter with the drug. Therefore, as novel
SCs appear on the designer drug scene, novel toxicities
are expected to follow. Our group first reported a nation-
wide outbreak of AKI associated with use of a then-newly
emerged compound, XLR-11, in 2012 (13). Additional
reports of AKI associated with XLR-11 use followed in
Alabama and in Oregon (24,25).

The outbreak associated with ADB-PINACA in Geor-
gia was followed a week later by reports in Colorado of
significant increases in hospitalization for altered mental
status after using SC-containing products, two brands of
which—Crazy Clown and 10X—were encountered in
Brunswick (14,16). Testing of SC products in Colorado
(‘‘Black Mamba,’’ Crazy Clown, and 10X) has
identified the presence of ADB-PINACA and the related
AD-BICA (N-(1-amino-3,3-dimethyl-1-oxobutan-2-yl)-
1-pentyl-1H-indole-3-carboxamide). No testing of clin-
ical samples from the Colorado outbreak has been
reported.

Joint Public Health and Law Enforcement Efforts

Two trends inform the increase in severe, unpredicted,
and otherwise idiosyncratic toxicities associated with
SC use such as the one reported here: 1) heightened ef-
forts at regulation of SC-containing products, followed
by 2) the rapid introduction of newer SC compounds
into the marketplace in an effort to circumvent regula-
tions. Figure 1 shows how regulatory efforts are success-
ful in leading to a rapid decline in the newly scheduled
cannabinoids, while also heralding the appearance of
entirely new groups of compounds in the marketplace.
The speed with which new SCs are introduced precludes
efforts to systematically research and demonstrate
toxicity through traditional methods. By the time toxi-
cokinetic studies or absorption, distribution, meta-
bolism, and excretion data are available, and before
longitudinal animal assays can be completed, the rele-
vant compounds will already be replaced on the designer
drug market. At the time of the outbreak reported here,
analytical standards were unavailable, and it was
6 weeks before the ADB-PINACA findings we report
could be quantitated. Obtaining standards of the theoret-
ical metabolites of ADB-PINACA caused an additional
delay. Faced with the challenge of previously unknown
SC compounds, the DEA may use clinical reports of
adverse health effects and outbreak reports of severe
or previously undescribed toxicities to assist and inform
their regulatory efforts.



Figure 1. Synthetic cannabinoid marketplace trends and regulatory actions*,y. CSA = Controlled Substances Act; DEA = Drug
Enforcement Agency.
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After the introduction of SC-containing products to the
USmarketplace in 2009, the predominantly circulating SC
compounds were former research chemicals, such as ami-
noalkylindoles (JWH compounds developed by John W.
Huffman at Clemson University in the 1990s) and cyclo-
hexylphenols (CP compounds developed and patented by
Pfizer). The first DEA scheduling of five SCs (JWH-018;
-073; -20; CP 47,497; and 47,498c8) occurred in March
2011. Subsequently, in the face of a growing epidemic of
SC misuse and abuse, the Synthetic Drug Abuse Preven-
tion Act signed on July 9, 2012 listed 15 SCs as well as
a number of other designer drugs, including two synthetic
cathinones (also known as ‘‘bath salts’’) and nine phenyl-
ethylamine hallucinogens.

In early 2012, the National Forensic Laboratory Infor-
mation System (NFLIS) reported a new generation of SC
compounds, the tetramethylcyclopropyl ketone indoles
and indazoles, UR-144, XLR-11 (5F-UR-144), and
AKB-48, which were detected in SC-containing products
analyzed by state, local, and federal laboratories. NFLIS-
combined seizure data for all three compounds demon-
strated 5643 positive findings for these SCs in the third
quarter of 2012 (26). Thus, our previous investigation
of an outbreak of AKI associated with XLR-11 occurred
when XLR-11 was the predominantly circulating SC in
the market. In May 2013, the DEA temporarily scheduled
UR-144, XLR-11 (5F-UR-144), and AKB-48. Within the
various components of the scheduling action, DEA cited
the nationwide reports of AKI associated with XLR-11 as
evidence of a public health threat, demonstrating the
value public health investigations may bring to regulatory
and enforcement efforts during this rapidly evolving SC
epidemic.

The information compiled during the investigation of
the Brunswick outbreak, and the similar outbreak of
delirium associated with the same compound reported
in Colorado, aided the DEA in its temporary scheduling
of ADB-PINACA and three other SCs on February 10,
2014 (79 FR 7577).
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