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CASE REPORT

The availability and use of novel psychoactive substances has risen
dramatically over the last decade. The unpredictability of their toxicity
constitutes a real challenge. We report a case of an adolescent who developed
prolonged encephalopathy after ingesting “Hot Molly,” which was found to
contain the novel psychoactive substance, methylenedioxybenzylpiperazine
when analyzed by high resolution mass spectrometry assay. This is the ﬁrst
case of human toxicity from methylenedioxybenzylpiperazine ingestion in the
medical literature conﬁrmed by body ﬂuid analysis presenting with signiﬁcant
and prolonged encephalopathy. The prolonged course may be due to CYP2D6
inhibition from a combination of the methylenedioxyphenyl moiety and the
patient’s ultrarapid metabolizer pharmacokinetics. The response to high dose
corticosteroids suggests a possible inﬂammatory effect that warrants further
investigation.

The availability and use of novel
psychoactive substances (NPSs) has
risen dramatically over the last
decade.1 The use of these substances is
associated with multiple challenges
including unpredictable and sometimes
severe toxicity.2 We report a case of an
adolescent who developed prolonged
encephalopathy after ingesting “Hot
Molly,” which was found to contain the
NPS, 1-(3,4-methylenedioxybenzyl)
piperazine (MDBP) when analyzed by
high resolution mass spectrometry
assay.

CASE REPORT
A previously healthy16-year-old boy
presented to the emergency
department with 1-day history of
confusion, ﬂight of ideas, ﬂat affect,
and perseveration. Physical
examination and vital signs were
unremarkable except for
disorientation and confusion, with no
other lateralizing neurologic signs.
Initial workup including a head

computed tomography scan was
unremarkable except for a urine drug
immunoassay screen positive for
tetrahydrocannabinol. Cerebrospinal
ﬂuid (CSF) analysis initially revealed
0 white blood cells, 0 red blood cells,
16 mg/dL proteins, and 91 mg/dL
glucose and no evidence of bacteria on
Gram staining with an opening
pressure of 46 cm H2O. After 3 days of
admission for further evaluation, he
developed increased somnolence and
a generalized tonic clonic seizure with
bowel and bladder incontinence.
Postictally, he was noted to
repetitively say, “Hot Molly.”
His mental status continued to
ﬂuctuate over the course of the
following 5 days with signiﬁcant
confusion. On hospital day 10, he
developed eye ﬂuttering, fencing of the
arms, and unresponsiveness suggestive
of a partial complex seizure. He was
started on valproic acid (750 mg twice
daily) despite the lack of seizure
activity on EEG.
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Extensive workup to elucidate the
cause of his encephalopathy,
including 2 lumbar punctures (LPs),
MRI/magnetic resonance
angiography/magnetic resonance
venography (MRV), and 2 EEGs, all
were unremarkable. A positron
emission tomographic scan done
around the 10th day revealed
diffusely decreased cortical uptake
suggestive of encephalitis.
A trial of high dose intravenous
methylprednisolone 1000 mg daily for
5 days was initiated for a presumed
diagnosis of autoimmune encephalitis
at the 10th day of his hospital stay.
Concurrently, autoimmune
(paraneoplastic) antibodies were
ordered, and serum, urine, and CSF
samples were sent for comprehensive
toxicology analysis using liquid
chromatography-quadrupole time-ofﬂight mass spectrometry (LC-QTOF/MS;
Agilent LC1260- QTOF/MS 6550;
Agilent, Santa Clara, CA). The
consumed compound was not
available for analysis.
Improvement in the patient’s mental
status was noted within 24 hours
after initiation of the
methylprednisolone. By hospital day
12, he was noted to be almost back to
baseline except for minimal
concentration problems. He was
discharged from the hospital on
a steroid taper for 3 weeks. No
autoimmune (paraneoplastic)
antibodies were detected in samples
sent for analysis. LC-QTOF/MS
analysis came back positive only for
MDBP. Remarkably, 25 ng/mL of
MDBP was detected in CSF obtained 8
days after initial presentation
(Table 1). None of the CSF sample
from the ﬁrst LP collected on day 3
was available for this analysis.
TABLE 1 Sample Analysis Report Using
LC-QTOF/MS
Sample

Date

Blood
Serum
Serum
Urine
CSF

Day
Day
Day
Day
Day

3
3
3
3
8

Time
0800
0800
1000
0755
1225

h
h
h
h
h

MDBP, ng/mL
575
650
422
850
25

Brieﬂy, serum samples were extracted
by protein precipitation by using
acetonitrile: methanol (95:5 v/v)
while urine and CSF samples were
diluted 5-, 10- and 100-fold before
LC-QTOF/MS analysis. A 2.5-uL
aliquot of each extracted and diluted
sample was analyzed in LC-QTOF/MS.
Chromatography was run by gradient
elution by using Agilent Poroshell
120 column (2.1 3 100 mm, 2.7 mm)
maintained at 50°C. Full scan data on
parent and fragment ions were
acquired by using an electrospray
ionization source run in both positive
and negative polarity. Compound
matches to a comprehensive drugs
database consisting of 550 designer
drugs, drugs of abuse, and
prescription drugs were done by
using the “Find By Formula”
algorithm in Agilent MassHunter
Qualitative Analysis software.
Quantitative analysis of conﬁrmed
drug in each sample was done by
isotope dilution method by using
Agilent MassHunter Quantitative
Analysis software for data analysis.

inhibition.4 There are no published
data concerning the mechanism of
action of MDBP.
Piperazines psychiatric effects are
similar to those of sympathomimetics
and include agitation, confusion,
anxiety, depression, paranoia, and
auditory hallucinations.5 Tachycardia
and hypertension are commonly
described.5 Higher levels of
benzylpiperazine have been
associated with seizures,6 the longest
reported symptoms last up to
24 hours after ingestion.3 Treatment
after piperazine ingestion is
supportive.

MDBP is an NPS that belongs to the
piperazine family of compounds. This
family of compounds is unique for
containing a heterocyclic
6-membered ring that has 2 nitrogen
atoms at opposite positions. Multiple
piperazine compounds are used as
NPS. Benzylpiperazine is the most
commonly encountered and is
frequently sold as “Party Pills.”3 There
are no previous reports of MDBP use
in the medical literature.

There are no previous reports
detailing the human toxicity of MDBP.
In this case, it was associated most
prominently with prolonged
encephalopathy. This may be due to
the structural similarity to
methylenedioxymethamphetamine
(MDMA). MDMA is known to promote
serotonin and dopamine release from
neurons.7 In addition, MDMA had
been shown to promote release of
norepinephrine.8 MDBP may have
similar effects. The
methylenedioxyphenyl (MDPh)
moiety present in MDBP may also
impact its toxicity. Experience with
MDMA and other similar structures
reveals that the MDPh moiety is
a potent inhibitor of cytochrome
P450 enzymes, speciﬁcally
CYP2D6.9,10 This is the result of
a reactive intermediate formed by the
metabolism of the parent drug, and it
causes permanent inactivation of the
enzyme.11 A number of cytochrome
P450 enzymes are implicated in drug
metabolism. CYP2D6 is the primary
enzyme involved in the
demethylenation of the
methylenedioxy ring in MDMA,
a metabolic reaction also observed in
MDBP.12 Resulting inhibition of
CYP2D6 by MDBP may help explain
the prolonged symptoms seen in this
case.

The piperazines are thought to have
their toxic effects via a combination of
monoamine release and reuptake

Pharmacogenomics may have also
played a role in the prolonged toxicity
seen in this case. There is a high

At the time of his 6-week follow-up
appointment, the patient had fully
returned to his baseline. Due to the
apparent prolonged clearance of
MDBP in this case, CYP2D6
genotyping was performed and the
patient was found to be an
ultrarapid metabolizer
(CYP2D6 *2A/*2A).

DISCUSSION
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degree of variability in the CYP2D6
gene.13 Based on the number of
functional alleles, patients can be
categorized as ultrarapid, extensive,
intermediate, or poor metabolizers.
Clinically, this can manifest as having
different serum levels from what is
expected relative to drug dosing,
causing more adverse effects or less
therapeutic effects depending on the
metabolizer’s polymorphism.14,15
This patient was found to be
a CYP2D6 ultrarapid metabolizer,
which may have resulted in increased
rate of enzyme inhibition due to rapid
metabolism of the parent drug thus
prolonging the duration of action of
MDBP.
It is notable that this patient’s clinical
condition began to improve upon
initiation of intravenous
methylprednisolone. This may have
been coincidental or it is possible that
MDPh containing substances induce
neurotoxicity and/or inﬂammation,
which may respond to the
corticosteroids.16 However, this has
not been described to date with
MDMA or MDBP. Further research is
warranted to investigate the
possibility that high dose steroids
may be of beneﬁt in toxicity seen with
MDBP and similar compounds.

CONCLUSIONS
We report the ﬁrst case of human
toxicity from MDBP ingestion in the
medical literature conﬁrmed by body
ﬂuid analysis presenting with
signiﬁcant and prolonged
encephalopathy. Due to the patient’s
ultrarapid genotype, the prolonged
course may be due to the profound
CYP2D6 inhibition from the MDPh
moiety. The response to high dose
corticosteroids suggests a possible
inﬂammatory effect that warrants
further investigation.

ABBREVIATIONS
CSF: cerebrospinal ﬂuid
LC-QTOF/MS: liquid
chromatographyquadrupole time-ofﬂight mass
spectrometry
MDBP: methylenedioxybenzylpiperazine
MDMA: methylenedioxymethamphetamine
MDPh: methylenedioxyphenyl
NPS: novel psychoactive substance

REFERENCES
1. United Nations Ofﬁce on Drugs and
Crime. The challenge of new
psychoactive substances: a report from
the Global SMART Programme. March
2013. Available at: www.unodc.org/
documents/scientiﬁc/NPS_2013_SMART.
pdf. Accessed April 13, 2015
2. Zamengo L, Frison G, Bettin C, Sciarrone
R. Understanding the risks associated
with the use of new psychoactive
substances (NPS): high variability of
active ingredients concentration,
mislabelled preparations, multiple
psychoactive substances in single
products. Toxicol Lett. 2014;229(1):
220–228
3. Arbo MD, Bastos ML, Carmo HF.
Piperazine compounds as drugs of
abuse. Drug Alcohol Depend. 2012;122(3):
174–185
4. Simmler LD, Rickli A, Schramm Y, Hoener
MC, Liechti ME. Pharmacological proﬁles
of aminoindanes, piperazines, and
pipradrol derivatives. Biochem
Pharmacol. 2014;88(2):237–244
5. Wilkins C, Sweetsur P, Girling M. Patterns
of benzylpiperazine/
triﬂuoromethylphenylpiperazine party
pill use and adverse effects in
a population sample in New Zealand.
Drug Alcohol Rev. 2008;27(6):633–639

ACKNOWLEDGMENT

6. Gee P, Gilbert M, Richardson S, Moore G,
Paterson S, Graham P. Toxicity from the
recreational use of 1-benzylpiperazine.
Clin Toxicol (Phila). 2008;46(9):802–807

We thank Dr Gary Gronseth for his
review of the manuscript and
continuous support.

7. Baumann MH, Clark RD, Budzynski AG,
Partilla JS, Blough BE, Rothman RB.
N-substituted piperazines abused

by humans mimic the
molecular mechanism of 3,4methylenedioxymethamphetamine
(MDMA, or ‘Ecstasy’).
Neuropsychopharmacology. 2005;
30(3):550–560
8. Rothman RB, Baumann MH, Dersch CM,
et al. Amphetamine-type central nervous
system stimulants release
norepinephrine more potently than they
release dopamine and serotonin.
Synapse. 2001;39(1):32–41
9. Nakajima M, Suzuki M, Yamaji R, et al.
Isoform selective inhibition and
inactivation of human cytochrome P450s
by methylenedioxyphenyl compounds.
Xenobiotica. 1999;29(12):1191–1202
10. O’Mathúna B, Farré M, Rostami-Hodjegan
A, et al. The consequences of
3,4-methylenedioxymethamphetamine
induced CYP2D6 inhibition in humans.
J Clin Psychopharmacol. 2008;28(5):
523–529
11. Kamel A, Harriman S. Inhibition of
cytochrome P450 enzymes and
biochemical aspects of mechanismbased inactivation (MBI). Drug Discov
Today Technol. 2013;10(1):e177–e189
12. Maurer HH, Kraemer T, Springer D,
Staack RF. Chemistry, pharmacology,
toxicology, and hepatic metabolism of
designer drugs of the amphetamine
(ecstasy), piperazine, and
pyrrolidinophenone types: a synopsis.
Ther Drug Monit. 2004;26(2):127–131
13. Ingelman-Sundberg M, Oscarson M,
McLellan RA. Polymorphic human
cytochrome P450 enzymes: an
opportunity for individualized drug
treatment. Trends Pharmacol Sci. 1999;
20(8):342–349
14. White PJ. Patient factors that inﬂuence
warfarin dose response. J Pharm Pract.
2010;23(3):194–204
15. Prandota J. Advances of molecular
clinical pharmacology in
gastroenterology and hepatology. Am J
Ther. 2010;17(5):e137–e162
16. Blum K, Foster Olive M, Wang KK, et al.
Hypothesizing that designer drugs
containing cathinones (“bath salts”)
have profound neuro-inﬂammatory
effects and dangerous neurotoxic
response following human consumption.
Med Hypotheses. 2013;81(3):450–455

Downloaded from www.aappublications.org/news by guest on October 22, 2019
e248

ALBADAREEN et al

Unusually Prolonged Presentation of Designer Drug Encephalopathy Responsive
to Steroids
Rawan Albadareen, Stephen Thornton, Arezou Heshmati, Roy Gerona and Jennifer
Lowry
Pediatrics 2015;136;e246
DOI: 10.1542/peds.2015-0073 originally published online June 8, 2015;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/136/1/e246

References

This article cites 15 articles, 0 of which you can access for free at:
http://pediatrics.aappublications.org/content/136/1/e246#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Pharmacology
http://www.aappublications.org/cgi/collection/pharmacology_sub
Substance Use
http://www.aappublications.org/cgi/collection/substance_abuse_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on October 22, 2019

Unusually Prolonged Presentation of Designer Drug Encephalopathy Responsive
to Steroids
Rawan Albadareen, Stephen Thornton, Arezou Heshmati, Roy Gerona and Jennifer
Lowry
Pediatrics 2015;136;e246
DOI: 10.1542/peds.2015-0073 originally published online June 8, 2015;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/136/1/e246

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2015 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on October 22, 2019

