/[

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

o NATIo

Published in final edited form as:
Forensic ci Int. 2014 January ; 234: e14—e20. doi:10.1016/j.forsciint.2013.10.015.

Postmortem detection of 251-NBOMe [2-(4-iod0-2,5-
dimethoxyphenyl)-N-[(2-methoxyphenyl)methyllethanamine] in
fluids and tissues determined by high performance liquid
chromatography with tandem mass spectrometry from a
traumatic death

Justin L. Poklis®”, Kelly G. DeversY, Elise F. Arbefevilled, Julia M. Pearsond, Eric Houston®,
and Alphonse PoklisaP.

aDepartment of Pharmacology and Toxicology, Virginia Commonwealth University, Richmond,
VA, USA

bDepartment of Pathology, Virginia Commonwealth University, Richmond, VA, USA
¢Department of Forensic Science, Virginia Commonwealth University, Richmond, VA, USA
dHillsborough County Medical Examiner Department, Tampa, FL, USA

€Tampa Police Department, Tampa, FL, USA

Abstract

We present a traumatic fatality of a 19-year-old man who had ingested blotter paper containing
25INBOMe [2-(4-iodo-2,5-dimethoxyphenyl)-N-[(2-methoxyphenyl)methyl]ethanamine].
Postmortem specimens were analyzed by high performance liquid chromatography with tandem
mass spectrometry (HPLC/MS/MS). Toxicology findings for fluids based upon blood or urine
calibrators were as follows: peripheral blood, 405 pg/mL; heart blood, 410 pg/mL; urine, 2.86 ng/
mL; and vitreous humor, 99 pg/mL. While findings based upon the method of standard additions
were: gastric contents, 7.1 pg total; bile, 10.9 ng/g; brain, 2.54 ng/g and liver, 7.2 ng/g. To our
knowledge the presented case is the first postmortem case of 25I-NBOMe intoxication
documented by toxicological analysis of tissues and body fluids.
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1. Introduction

At the beginning of the present millennium, a large number of new, initially non-controlled
designer drugs appeared on the internet market sold as “Bath Salts”, plant food or fertilizer,
insect repellent, pond cleaner or vacuum freshener with the disclaimer, “Not For Human
Consumption” [1-9]. Many of these new, synthetic drugs belong to the class of beta-keto
derivatives of amphetamine: methcathinone, mephedrone, ethcathinone and pentedrone, as
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well as, the methylene dioxy ring derivatives similar to methylenedioxymethamphetamine
(MDMA, “Ecstasy”): methylone, ethylone, butylone, pentylone and
methylenedioxypyrovalerone (MDPV) [1-6]. Numerous cases of severe poisonings and fatal
intoxications in young adults who have ingested or smoked these “Bath Salt” designer drugs
have been reported in Europe and during the past four years in the United States and Japan
[9-17]. These drugs are now controlled substances in Europe and the United States [7,18].

Recently, a class of “2C” designer drugs, dimethoxyphenyl-N-[(2-
methoxyphenyl)methyl]ethanamine) derivatives have become easily obtainable over the
internet, particularly 2-(4-iodo-2,5-dimethoxyphenyl)-N-[(2-
methoxyphenyl)methyl]ethanamine (251-NBOMe) (Fig. 1). Blotter papers containing 25I-
NBOMe appeared on the designer drug market in 2011 [19]. It is sold under various names
including; 251, INB-MeO, N-bomb, Smiles, Solaris and Cimbi-5. The terminology “2Cs” is
an acronym invented by Alexander Shulgin for the 2 carbon atoms between the benzene ring
and the amino group on the perceptional distorting and/or hallucinogenic phenylethylamine
derivatives he synthesized [20-22]. These N-benzyl phenylethylamine derivatives are potent
serotonin 5-HT2A receptor agonists [23-28]. Recent reports from “personal drug experience
websites” and in the popular press indicate these drugs are the latest in a series of designer
“Bath Salt” drugs of abuse. The 5-HT2A receptor has been closely linked to complex
behaviors including working memory and cognitive processes. It is also implicated in the
pathophysiology of affective disorders such as depression and schizophrenia. Stimulation of
5-HT2A receptors is responsible for the hallucinogenic effects of recreational drugs such as
lysergic acid diethylamide (LSD) and 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane
(DOI) [29] whereas the therapeutic effects of atypical antipsychotics are due to antagonism
at the 5-HT2A receptor [30]. 25I-NBOMe was first synthesized by Ralf Heim at the Free
University of Berlin as one of a series of pharmacological tools to study the 5-HT2A
receptor [23-25]. Recently, positron emission tomography (PET) imaging of cerebral 5-
HT2A receptors with carbon-11 labeled 25INBOMe demonstrated that 251-NBOMe is a
particularly potent agonist [31,32].

We report a case of fatal behavioral intoxication due to ingestion of 25I-NBOMe with
laboratory confirmation in postmortem specimens by high performance liquid
chromatography with tandem mass spectrometry (HPLC/MS/MS). The assay is a
modification of a serum procedure previously developed in response to an outbreak of N-
benzyl-phenethylamine derivative abuse and non-fatal overdose cases in Virginia during
early 2012 [33]. To the best of our knowledge the presented case is the first and at present,
only postmortem case of 25I-NBOMe intoxication documented by toxicological analysis of
tissues and body fluids.

2. Case history

The decedent was a healthy 19-year-old man with no prior history of alcohol, tobacco or
drug abuse. The decedent was reportedly “trip-sitting” for his friends who were using “acid”
on the evening of his death. “Trip sitting” refers to someone who remains drug free for the
purpose of monitoring the safety of those under the influence of a drug. At some point that
evening, the decedent either knowingly or unknowingly ingested blotter paper infused with
“acid”. Subsequently, the friends noticed that the decedent began to display strange and
paranoid behavior, and they all agreed it would be a good idea to leave their gathering place
and go for a walk. Reportedly, the decedent’s behavior became increasingly more bizarre
and he abruptly walked away from his friends. His apparent bizarre behavior may be related
to the fact this was the first time he had ingested a hallucinogenic drug. He was normally the
trip sitter. The other individuals that took the same drug that night did not display similar
side-effects but all of them had used the drug in the past. The friends went to his apartment
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in search of him, and found him prone and unresponsive on the pavement near the apartment
complex swimming pool. 911 was activated, and shortly thereafter he was pronounced dead
at the scene. According to police and paramedics, the decedent apparently had either jumped
or had fallen accidentally from his apartment balcony, which was located multiple stories
above the pool deck. Upon questioning, the friends informed police that the decedent had
not been behaving normally that evening.

3. Autopsy findings

An autopsy was performed approximately 7 h after the decedent’s body had been found and
he was pronounced dead. The autopsy revealed a well-developed and nourished 19-year-old
man of normal weight with multiple blunt impact injuries, including lacerations of the heart,
aorta, liver and spleen. The skull had multiple fractures of the calvarium and base, with
subdural and subarachnoid hemorrhages, cortical contusions and traumatic axonal injury. No
non-traumatic abnormalities or lesions were identified. The stomach contained 200 mL of
tan-brown liquid and partially digested food fragments. Straining of the stomach contents
revealed a rectangular piece of white fibrous paper measuring 1.4 cm x 0.6 cm x 0.1 cm.
The paper was submitted to the toxicology laboratory for analysis. Postmortem specimens
submitted for toxicology included heart and peripheral blood, ocular fluid, urine, bile,
gastric contents and tissue samples from liver and brain. Histopathologic study of samples of
lung, liver, brain and heart revealed no non-traumatic abnormalities.

4. Initial toxicological analysis

Initial toxicological screens and analysis were performed on heart blood and ocular fluid that
included volatiles by gas chromatography mass spectrometry (GC/MS), immunoassay for 12
classes of drugs (acetaminophen, barbiturates, benzodiazepines, cannabinoids, carisoprodol/
meprobamate, cocaine metabolite, fentanyl, methadone, methamphetamine/MDMA, opiates,
oxycodone and salicylates) and a screen for alkaline extractable drugs by GC/MS. Based on
case history, a targeted analysis for LSD by immunoassay and HPLC/MS/MS was also
performed by a reference laboratory. No volatiles, drugs or LSD were detected.
Subsequently, the blotter paper from the stomach contents was analyzed by GC/MS but only
bile salts were detected. Based on negative findings and case history, the lead detective
investigating the death was contacted and was able to obtain another piece of non-ingested
blotter paper for analysis. Analysis of the non-ingested blotter paper by GC/MS identified
the presence of 251-NBOMe. A targeted analysis of 251-NBOMe was then performed by
HPLC/MS/MS in by the Virginia Commonwealth University Department of Pharmacology
and Toxicology Mass Spectroscopy Laboratory.

5. 25I-NBOMe analysis
5.1. Reagents

The primary reference materials 25H-NBOMe (the internal standard (ISTD)) and 25I-
NBOMe were purchased from Cayman Chemical Company (Ann Arbor, MI) as
hydrochloride salts. Acetic acid, ammonium acetate, dichloromethane, ethanol, formic acid,
isopropanol, methanol and deionized (DI) water were purchased from Fisher Scientific
(Hanover Park, IL). Ammonia was purchased from Macron Chemicals (Charlotte, NC).
Hydrochloric acid and sodium phosphate dibasic were purchased from J.T. Baker
(Phillipsburg, NJ). Sodium phosphate monohydrate was purchased from Sigma-Aldrich (St.
Louis, MO). All reagents were ACS grade or better. Medical grade nitrogen was purchased
from National Welders Supply Company (Richmond, VA) and the Clean Screen
ZSDUAO020 solid phase extraction (SPE) columns were purchased from UCT (Horsham,
PA).
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5.2. Sample preparation

No sample preparation was needed for the whole blood specimen or the vitreous humor.
Bile, gastric contents and urine were diluted 1:10 with DI water. Samples were mixed using
a vortex mixer and allowed to stand for 1 h. Two-gram aliquots of brain and liver tissue
were diluted with 6.0 g of DI water and homogenized using an IKA®-Labortechnik Ultra-
Turrax T25 homogenizer (Wilmington, NC).

5.3. Sample extraction

Quantitative analysis of 251-NBOMe was based upon a previously described serum method
[33]. Briefly, 50 uL of ISTD consisting of 10 ng/mL (500 pg total) of 25H-NBOMe was
added to 1.0 mL or 1.0 g aliquots of calibrators, quality control (QC) specimens, samples or
sample homogenates followed by the addition of 1 mL of 100 mM phosphate buffer (pH 6).
The samples were then mixed for 5 min and centrifuged for 10 min at 3000 rpm. The Clean
Screen ZSDUAO020 solid phase (SPE) columns were conditioned with 3 mL of methanol, 3
mL of DI water and 1 mL of 100 mM phosphate buffer (pH 6). The samples were added to
the columns and aspirated, followed by 3 mL of DI water, 1 mL 100 mM acetic acid and 3
mL of methanol. Columns were dried under vacuum. 25I-NBOMe and ISTD were then
eluted with 3 mL of 78:20:2 dichloromethane/isopropanol/ammonia (v:v:v). One hundred
microliters of 1% HCI in methanol (v:v) and 200 pL of DI water were added to the eluate.
The samples were evaporated under nitrogen leaving approximately 200 pL of DI water.
This solution was transferred to auto-sampler vials for HPLC/MS/MS analysis.

5.4. Instrumental analysis

The HPLC/MS/MS analysis was performed with an Applied Biosystems 3200 Q trap with a
turbo V source for TurbolonSpray attached to a Shimadzu SCL HPLC system controlled by
Analyst 1.4.2 software. The chromatographic separation, Fig. 2, was performed on a Luna
3 C8(2)100 A 100 mm x 2.0 mm column (Phenomenex, Torrance, CA). The mobile phase
consisted of (A) DI water with 10 mM ammonium acetate and 0.1% formic acid and (B)
methanol. The following gradient was used: 0.00-1.10 min at 20% B, a linear gradient to
40% B for 6.00 min, hold for 2 min, then return to 20% B at 8.00 min. The source
temperature was set at 650 °C and had a curtain gas flow rate of 30 mL/min. The ionspray
voltage was 5000 V, with the ion source gases 1 and 2 at flow rates of 25 mL/min. The
acquisition mode used was multiple reaction monitoring (MRM). The retention times were:
251-NBOMe, 4.8 min; and 25H-NBOMe, 3.8 min. 25I-NBOMe had a declustering potential
of 38 eV and 25H-NBOMe had a declustering potential of 19 eV. The following transition
ions (m/z) were monitored in MRM mode with their corresponding collision energies (eV) in
parentheses: 251-NBOMe: 428 > 121 (26) and 428 > 91 (50); and 25H-NBOMe: 302 > 121
(28) and 302 > 91 (70). The total run time for the analytical method was 10 min.

5.5. Quantification of 25I-NBOMe

Calibrators prepared in drug-free whole blood were used to quantify 251-NBOMe in blood,
bile, gastric contents, vitreous humor and brain and liver homogenates. The 251-NBOMe
urine concentration was calculated using calibrators prepared in drug-free urine. Additional
testing by the method of standard additions [34] was used to quantify 251-NBOMe in the
diluted fluids and tissues to account for possible significant matrix effects. The
concentration of 251-NBOMe used in the standard addition sample was determined by the
linear regression equation for each specimen and yielded r? values of 0.990 or better, Fig. 3.
251-NBOMe was added in amounts of 0, 100, 500 and 1000 pg to 1.0 g aliquots of brain and
liver homogenates and dilutions of bile and gastric contents. The aliquots were vortex
mixed, allowed to stand for 1 h, and then were extracted by the method described above.
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5.6. Method validation of whole blood

The evaluation of the assay in whole blood was conducted over three separate days using the
following QC whole blood specimens for 251-NBOMe: limit of quantification quality
control (LOQC), target concentration of 25 pg/mL; low control (LQC), target concentration
of 75 pg/mL; medium control (MQC), target concentration of 400 pg/mL; high control
(HQC), target concentration of 1500 pg/mL. A drug free control (negative control) with
ISTD added and a double negative control containing neither 251-NBOMe nor ISTD were
also analyzed with each test batch. In order to account for the possible mistakes in the
preparation of stock solutions two different lots of primary reference material from Cayman
Chemicals were used. One lot was used to prepare the controls and the other lot was used to
prepare the working standard used in the preparation of the calibrators. All QC samples and
stock standards were stored at —20 °C until testing.

The samples were analyzed in batches as recommended for biomedical assay validation [35]
for linearity, LOQ, accuracy/bias, precision, selectivity and carryover. The assay was also
analyzed for absolute recovery and ion suppression. Linearity was verified from seven point
calibration curves with concentrations of 25, 50, 100, 200, 500, 1000 and 2000 pg/mL
prepared in drug-free in-house certified expired whole blood. A linear regression of the ratio
of the peak area counts of 25I-NBOMe and 25H-NBOMe (the ISTD) versus concentration
was used to construct the calibration curves. The linear regression correlation coefficients
(r?) for the 251-NBOMe calibration curves in the three batches yielded a mean r2 of 0.995 +
0.003. The lower limit of quantification (LOQ) was administratively set at 25 pg/mL. LOQC
samples were used to verify that the LOQ was within £20% of the target value and had a
response at least five times greater than the signal to noise ratio of drug-free whole blood.
Accuracy/bias and precision were determined from the prepared QC blood samples. Both
intra- and inter-assay accuracy/bias were determined to have a range 89-113% for all QC
samples and did not exceed a 15% coefficient of variation (CV), Table 1. One-way of
Variation (ANOVA) Approach was used to calculate combined intra- and inter-day
precision. The CV for the Inter-day at the LOQ was 16%, while the other control specimens
yielded intra-day and inter-day CVs not exceeding 15%, Table 2. The selectivity of the
assay was determined using six different lots of drug-free blood. Each individual lot was
analyzed with and without internal standard and no peaks were detected that co-eluted with
25I-NBOMe or with the internal standard. No interferences were observed from drug free
whole blood with 2000 pg/mL of the following nine NBOMe analytes added: 4-bromo-2,5-
dimethoxy-N-[(2-methoxyphenyl)methyl]-benzeneethanamine (25B-NBOMe); 2-(4-
chloro-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine (2CC-NBOMe); 2-(2,5-
dimethoxy-4-methylphenyl)-N-(2-methoxybenzyl)ethanamine (25D-NBOMe); N-(benzo[d]
[1,3]dioxol-4-ylmethyl)-2-(4-iodo-2,5-dimethoxyphenyl)ethanamine (251-NBMD); N-(2-
fluorobenzyl)-2-(4-iodo-2,5-dimethoxyphenyl)ethanamine (25I-NBF); (E)-2-(4-iodo-2,5-
dimethoxyphenyl)-N-(2-methoxybenzylidene)ethanamine (251-NBOMe imine analog);
(E)-2-(2,5-dimethoxyphenyl)-N-(2-methoxybenzylidene)ethanamine (25H-NBOMe imine
analog); 2-(2,5-dimethoxy-3,4-dimethylphenyl)-N-(2-methoxybenzyl)ethan-1-amine (25G-
NBOMe); and 2-(2,5-dimethoxy-4-(methylthio)phenyl)-N-(2-methoxybenzyl)ethan-1-amine
(2CT-NBOMe). Sample carryover was assessed in each of the three validation batches using
two different procedures. First, immediately following the injection of the 2000 pg/mL 25I-
NBOMe calibrator, a negative control was injected. No carryover was detected in the
negative control. Second, an injection of the HQC (1500 pg/mL) sample was immediately
followed by injection of the LQC (75 pg/mL) sample. This procedure was routinely applied
each time HQC and LQC samples were analyzed. Lack of carryover was confirmed as none
of the 251-NBOMe LQC samples demonstrated a significant quantified bias. The absolute
recovery and ion suppression of the assay for 251-NBOMe at 400 pg/mL (n = 6) was 84 +
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8% and 4 £ 10%, respectively and for 25H-NBOMe the ISTD at 500 pg/mL (n = 6) was 104
+ 10% and 10 + 5%, respectively.

The results of the toxicological analysis of 251-NBOMe by both direct analysis using whole
blood or urine calibrators, as well as by the method of standard addition are presented in
Table 3.

Comparison of the results from standard addition to direct analysis indicates that brain
values were 9% less by the method of standard addition; while bile and liver results were
11% and 22% higher, respectively. For postmortem specimens, the results between the
procedures were in good agreement and demonstrate the lack of matrix effects and ease of
extraction of 251-NBOMe and the ISTD, 25H-NBOMe from tissue matrices.

7. Discussion

Recently, several published abstracts and a few papers have described signs, symptoms and
treatment of 251-NBOMe intoxication [36—40]. These publications have addressed a total of
22 cases of 251-NBOMe intoxication with the following demographics: the average age of
the patients were 18 years with a range of 14-29 years; thirteen of these cases included the
sex of the patient, all were male [36,38,39] except one [40]. We calculated incidence of
clinical presentations as a percentage of the total reported cases and found: tachycardia
(95%), agitation (77%), hallucinations (76%), hypertension (73%), and seizures (45%) to be
present in these cases. A noticeable finding in 251-NBOMe intoxicated patients was
persistent seizure activity, with resultant rhabdomyolysis, requiring continuous
administration of sedatives and skeletal muscle blocking agents, often for several days.

While in vivo binding studies indicate that the pharmacology of 251-NBOMe would reflect
5-HT2A receptor agonist effects such as agitation and hallucinations [26,27], it is interesting
to note that symptoms were consistent with those in 236 cases of “Bath Salt” intoxication
reported by Murphy et al. [9]. In their study the exact intoxicating compounds were not
identified in body fluids from the patients; but, indirectly identified by history and/or
perceived availability of “Bath Salt” products. The data collected was primarily from
intoxications from the commonly abused designer drugs: MDPV, methedrone and
methylone. These compounds have been found to cause significant alternations in brain
monoamine transporters such as increasing release and/or blocking reuptake of synaptic
norepinephrine and dopamine [41]. Resultantly, the most common sympathomimetic effects
and symptoms documented were agitation (82%), combative violent behavior (57%),
hallucinations (40%), paranoia (36%), confusion (34%), and chest pain (17%). The most
common signs of intoxication were tachycardia (56%), hypertension (17%), and mydriasis
(13%). The most common laboratory abnormalities were elevated CPK and hypokalemia,
noted in 9% and 4% of cases, respectively.

At present, there is limited data in the published literature concerning the pharmacokinetics
and disposition of 251-NBOMe in man or whole animals. Hill et al. [39] identified 25I-
NBOMe in patient plasma in seven clinical cases but did not quantify it. Serum specimens
from a number of 251-NBOMe cases drawn 25-48 h after admission to the emergency
department (ED) were reported to have 251-NBOMe concentrations ranging from 250 to
2700 pg/mL [37,38]. However, the ratio of 251-NBOMe serum to whole blood
concentrations is unknown. Importantly, the peripheral whole blood concentration of 25I-
NBOMe in this postmortem case was 405 pg/mL and is within the range of known serum
values from intoxicated patients. The decedent’s urine was determined to contain 2.8 ng/mL
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of 25I-NBOMe which was within the range of concentrations, 2-36 ng/mL, reported by
Kelley et al. [36] from specimens drawn from intoxicated patients 3.5-6 h after admission to
the ED. These values were also comparable to the 180 pg/mL serum and 1900 pg/mL urine
25B-NBOMe, the bromide analog of 251-NBOMe concentrations reported by Poklis et al.
[42].

It is reasonable to assume that the decedent in this postmortem case was suffering from
hallucinations and/or delusional thoughts and/or mental confusion due to 251-NBOMe
intoxication which possibly contributed to his fall, whether intentional, i.e. impulsively
attempting to fly or commit suicide, or accidental. It is also possible that another person or
persons pushed him. However, the autopsy findings, circumstances of the death and the
results of the police investigation render this possibility highly unlikely.

The supplier of the “acid” was arrested following the death of the decedent. He informed the
police that 25I-NBOMe was purchased on line in powder form. He also stated that 1 g of
251-NBOMe after mixing will yield 2000 “hits”. Therefore each “hit” on a section of blotter
paper would contain approximately 500 g of 251-NBOMe. As only one piece of white
blotter paper was found in the decedent’s gastric contents the suspected dose in this case was
approximately 500 pg of 251-NBOMe.”

8. Conclusion

The cause of death was attributed to skull fractures with contusions of brainstem and
lacerations of heart and aorta due to blunt impact to head and torso. The manner of death
was ruled undetermined. We found that direct quantification of 251-NBOMe in brain, liver
and bile using a whole blood calibration curve was comparable to the quantification of the
tissue and bile by method of standard addition. The greater concentrations of 251-NBOMe in
the tissues then in the blood or vitreous humor may indicate a high apparent volume of
distribution of 251-NBOMe.
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Fig. 1.
Chemical structure of 251-NBOMe.
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Chromatographic separation of 251-NBOMe and 25H-NBOMe.
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Standard addition curves.
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Table 1

Accuracy/bias, intra- and inter-day precision for 251-NBOMe in whole blood.

25|-NBOMe Control Mean conc. (pg/mL)  %CV (%) Accuracy/bias

Accuracy/bias and precision

Intra-day (n = 6) LOQ (25 pg/mL) 28 6 111
LQC (75 pg/mL) 85 4 113
MQC (400 pg/mL) 335 14 89
HQC (1500 pg/mL) 1530 5 102

Inter-day (n = 12) 3-days LOQ (25 pg/mL) 26 12 106
LQC (75 pg/mL) 82 6 109
MQC (400 pg/mL) 380 13 95
HQC (1500 pg/mL) 1534 9 102
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Table 2

One-way analysis of variation (ANOVA) combined intra- and inter-day precision.

LOQ (25pg/mL) LQC (75pg/mL) MQC (400 pg/mL) HQC (1500 pg/mL)

Combined intra- and inter-day precision
Intra-day (%CV) 8 6 11 5
Inter-day (%CV) 16 7 14 9
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Table 3

Page 15

251-NBOMe findings in decedents’ specimens as determined by direct analysis and the method of standard

addition.

Specimen

Direct analysis  Standard addition

25|-NBOMe (pg/mL or pg/g)

Heart blood
Peripheral blood
Urine

Vitreous humor
Brain

Liver

Bile

Gastric contents

410 ND

405 ND

2860 ND

99 ND

2780 2540

5640 7200

12,100 10,900

ND 7.1 g (total)
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