
TOXICOLOGY/CASE REPORT

Use of Recreational Drug 1,3-Dimethylethylamine (DMAA)
Associated With Cerebral Hemorrhage
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Dimethylamylamine (DMAA) was a forgotten pharmaceutical that was patented in 1944 as a nasal decongestant.
DMAA has recently gained popularity as a dietary supplement, with claims of effectiveness as an athletic
performance enhancer and weight loss aid. It is also sold as a recreational stimulant drug. DMAA is a
sympathomimetic and potent pressor agent. This report describes 3 cases of cerebral hemorrhage in adults after
the use of DMAA. The status of this substance as a synthetic or naturally occurring compound is also discussed.
[Ann Emerg Med. 2012;xx:xxx.]
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INTRODUCTION
1,3-Dimethylamylamine (DMAA) is listed under the

International Union of Pure and Applied Chemistry name 4-
methylhexan-2-amine (Chemical Abstracts Service number: 105-
41-9). It is also also known as methylhexanamine,
methylhexaneamine, 2-amino-4-methylhexane, 4-methyl-2-
hexylamine, and 1,3-dimethylpentylamine and under the trade
names Geranamine and Floradrene. It is an unscheduled stimulant
used as a weight loss aid, athletic performance enhancer,1 and party
drug. Its use is becoming increasingly prevalent among the young
adult demographic, especially those seeking a legal alternative to
3,4-methylenedioxymethamphetamine or previous users of 1-
benzylpiperazine.2,3 This article describes 3 cases of cerebral
hemorrhage in adults after the recreational use of DMAA. All 3
cases occurred within the Canterbury province, New Zealand
(population 490,000), and were treated at Christchurch Hospital.

CASE REPORT
Patient 1

A 23-year-old woman purchased party pills identified as
“Pure X-S.” She took a dose of 2 tablets, as recommended on
the packet. She had already ingested a quantity of alcohol. The
pill packaging listed the main ingredient as Pelargonium extract
(synthetic equivalent) 75 mg. Within 30 minutes, she developed
a sudden, severe frontal headache with dizziness. Vomiting and
involuntary twitching of the arms and legs were reported by the
patient. She vomited twice before being taken to the emergency
department (ED).

On arrival to the ED, she was orientated but very agitated.
She was hypertensive, at 185/100 mm Hg. Other vital signs
were pulse rate of 85 beats/min, respiratory rate 16 breaths/min,
temperature 35.9°C (96.6°F), Glasgow Coma Scale (GCS) score

15, SaO2 100%, and blood sugar 6.1 mmol/L. Pupils were 6 d
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m bilaterally and reactive. Her skin was clammy. She had no
ocal motor deficits or lateralizing cerebellar signs.

An urgent computed tomograph (CT) of the brain was
equested and showed a thin-layer subarachnoid hemorrhage
xtending 23 mm over the right frontal lobe and extending into
he underlying sulcus, with no mass effect. A subsequent
erebral angiogram failed to showed evidence of aneurysm or
rteriovenous malformation to account for the hemorrhage. Her
lood pressure returned to baseline (112/69 mm Hg) after 5
ours. After 3 days, she showed improvement and was
ischarged with follow-up.

Blood drawn 100 minutes postingestion was analyzed by
iquid chromatography and tandem mass spectrometry and
eturned a plasma concentration of 1.09 mg/L DMAA. Plasma
nd urine were screened with high-performance liquid
hromatography–mass spectrometry (an Agilent 1200 series
PLC [Agilent Technologies, Santa Clara, CA] with an AB-

ciex 3200 QTrap mass spectrometer [AB-Sciex, Foster City,
A]). The samples were run against a database of 150
rescription medications and drugs of abuse (including 18
ifferent amphetamine-type substances). No other drugs of
buse were identified.

A tablet from the same purchase was analyzed by LC-MS/
S and GC-MS and identified DMAA 66 mg, caffeine 84 mg,

nd phenethylamine (an amine breakdown product) with
almitic and stearic acid (2 tableting compounds). DMAA was
onfirmed by comparison with a reference standard.

atient 2
A 36-year-old man was drinking at a public bar. He

urchased a quantity of legal party drugs called Cocaine Party
owder, with a listed composition of 50 mg of 1,3-

imethylamylamine HCl. He took one quarter of the packet
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with a drink. Soon after, he felt flushed and slightly euphoric.
Within 60 minutes, he developed a severe headache and
weakness in his right hand and became unstable on his feet.
He went back to his hotel and went to bed, hoping to sleep off
the effects. He woke the next day with a left facial droop and
left-sided weakness. He was referred to the hospital.

His initial vital signs (16 hours post-DMAA ingestion) were
blood pressure 134/85 mm Hg, pulse rate 94 beats/min,
respiratory rate 14 breaths/min, GCS score 15, temperature
36.0°C (96.8°F), SaO2 96%, and blood sugar 6.1 mmol/L. He
had a CT result that showed a right-sided 64�27�23-mm
intraparenchymal hemorrhage with mass effect (Figure 1).
Delayed angiography showed a generalized arterial beading
pattern reported as being consistent with vasculitis. Markers for
an immune or infectious cause for vasculitis were negative.

He was treated nonsurgically. His weakness resolved during
2 weeks, and he was discharged with follow-up. A DMAA
plasma level of 0.76 mg/L was measured 17 hours postingestion.
Urine toxicology testing was positive for DMAA, ethanol,
nicotine, and paracetamol.

Patient 3
A 41-year-old man was offered a white powder dissolved in

water as a pick-me-up in a bar. Thirty minutes later, he
collapsed with a severe headache and vomited. He was brought
to the ED, where he was observed to be confused and agitated.
His initial vital signs were blood pressure 240/120 mm Hg,
pulse rate 54 beats/min, respiratory rate 16 breaths/min, GCS
score 14 (E3,V5,M6), temperature 35.0°C (95.0°F), SaO2 98%,

Figure 1. Cranial CT scan from patient 2 showing
subarachnoid hemorrhage.
and blood sugar 4.6 mmol/L. His pupils were midposition, 6 d
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m and reactive bilaterally. His skin was diaphoretic. He had
o focal long tract or lateralizing cerebellar signs.

He received morphine for his headache. CT showed an
1�6�3-mm hemorrhage in the left basal ganglia. His blood
ressure was controlled with labetalol, and his neurologic deficit
mproved during 24 hours. Blood drawn at 2 hours
ostingestion showed a DMAA level of 2.31 mg/L. No other
rugs were detected, other than a trace of cannabis in the urine.
e was discharged after 2 days with no headache and no

etectable neurologic deficit.

ISCUSSION
DMAA was patented by Eli Lilly in 1944 as a nasal

econgestant called Forthane.4 It was produced when many
econgestants such as dl-amphetamine or racemic amphetamine
ere abused for their psychoactive properties. It is a small
olecule that shares structural similarity to amphetamines

Figure 2). Animal studies confirm DMAA’s sympathomimetic
roperties,5-7 but there have been almost no data on the
harmacology of DMAA in humans until recently. The authors
ere able to locate only 1 early reference of human testing–
ebulized DMAA as a bronchodilator.8 Sufficient data existed

n 2010 for the World Anti-Doping Agency to place a ban on
he use of the substance in competitive sports.9

DMAA use is becoming more prevalent in the United States
nd likely to be from the use of performance supplements.1,10

n Ireland and New Zealand, it is sold as a legal recreational
rug.3,11,12 DMAA has been marketed under the trade names
eranamine and Floradrene, purportedly because it is a natural
erivative of geranium oil. Recent studies have failed to identify
he presence of DMAA in geranium plant material.13-16 Health
anada has recently revoked DMAA from the list of permitted

igure 2. Structure of DMAA related to amphetamine and
ethamphetamine.
ietary supplements.17
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Cerebral hemorrhage is a well-known complication of
amphetamine use.18,19 Two cases of cerebral hemorrhage after
DMAA use were reported in 2010.12

The 3 cases in this article were also associated with DMAA
used as a recreational stimulant. None of the patients had any
history or signs of head trauma. The stated doses of DMAA in
party pills sold in New Zealand range between 50 and 300 mg
per pill. The products are often combined with caffeine.

Two of the patients reported here presented early after
ingestion, and both displayed significant hypertension. An early
animal study showed that DMAA was the most potent pressor
agent of 39 aliphatic amines tested (3.5 times the pressor effect
of epinephrine).7 A recent small volunteer study showed that 75
mg of DMAA ingested orally produces a significant increase in
systolic blood pressure 30 to 90 minutes after oral
administration.20 The effect appears dose related. Combination
with caffeine produced an additive increase in systolic blood
pressure. Cerebral hemorrhage may be a result of a spike in
blood pressure, though in patient 2 there was evidence of
possible drug-related vasculitis.

Hemorrhages associated with amphetamines are often
intracerebral or simultaneously intracerebral and subarachnoid.
They are most often confined to the frontal lobe and
occasionally the basal ganglia.21 These cases conform to this
pattern. Amphetamine-induced vasculitis has been
demonstrated in animal models and human case reports. The
beading pattern observed in the angiography of patient 2 has
also been described with other cases of hemorrhage after oral
amphetamine or stimulant use.21 It may represent vasculitis or
vasospasm, but confirmation is impossible without histology.

Three manufacturer-funded human studies of DMAA-
containing supplements have recently been published in the
nutrition science literature.22-24 They all originate from 1 group
of researchers and were published in 1 open-access journal.
They studied the cardiovascular and metabolic effects of named
dietary supplements in 3 small placebo-controlled trials. These
trials have been put forward as evidence of safety for human
consumption. None described the actual dose of DMAA
administered to trial subjects, so it is difficult to draw any
conclusions. Mild increases of pulse rate and blood pressure
were observed in the studies.

Safety concerns about this compound have escalated after
recent reports of DMAA-induced cardiomyopathy25 and the
deaths of 2 servicemen linked to dietary supplements containing
DMAA.1,26

Identifying the substance used as DMAA may be difficult
because several synonyms are used. In particular, the packaging
of DMAA products may identify it only as an extract of
geranium, or Pelargonium species. Doses recommended for
recreational use may be substantially higher than those intended
for weight loss or athletic performance.

Patients who report adverse effects after use of DMAA
should have vital signs carefully monitored. If DMAA use is

suspected and severe headache is the predominant symptom,
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hen early cranial CT scan should be performed. The precise
harmacology of DMAA is unknown, but it is likely to act
imilarly to other sympathomimetics. Hypertension and
gitated behavior should be managed in the first instance with
enzodiazepines (midazolam or lorazepam); large doses may be
equired. Resistant hypertension should be treated with
alcium-channel blockers (nifedipine or nicardipine) or a
itrated glyceryltrinitrate infusion. Nonselective �-blockers
hould be avoided because of the theoretical risk of vasospasm
nd paradoxic hypertension from unopposed �-agonism.27
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