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Acute Myocardial
Infarction Associated
with Dietary Supplements

Containing 1,3-Dimethylamylamine and Citrus aurantium

We describe the case of a previously healthy 22-year-old man who presented with
anginal chest pain and was diagnosed with a non-ST-elevation myocardial infarction. For
3 weeks, he had been ingesting the dietary supplements Jack3d® (principal ingredient,
1,3-dimethylamylamine) and Phenorex™ (principal ingredient, Citrus aurantium) daily,
before undertaking physical activity. Coronary angiograms revealed a proximal left anterior
descending coronary artery thrombus with distal embolization. A combined medical regimen
led to resolution of the thrombus. Three months later, the patient was asymptomatic with
no evidence of ischemia.

The primary ingredients in the sympathomimetic supplements taken by our patient
are controversial in the medical community and have been individually associated with
adverse cardiac events. There are no safety data on their simultaneous use. We discuss
other reports of adverse effects associated with these supplements and recommend that
the relevant safety guidelines be revised. (Tex Heart Inst J 2014;41(1):70-2)

e present the case of a 22-year-old man, previously healthy and without

cardiovascular risk factors, who presented with an acute anterior-wall myo-

cardial infarction. For 3 weeks, before undertaking daily physical exer-
cise, he had been ingesting dietary supplements containing 1,3-dimethylamylamine
(DMAA) and Citrus aurantium. We outline our therapeutic approach, briefly review
the literature relevant to the chief ingredients in the dietary supplements, and com-
ment on safety guidelines.

Case Report

In September 2012, a 22-year-old white man with no relevant personal or family
medical history was transferred to our hospital. He had typical anginal chest pain
(Universal Pain Assessment Tool score, 8/10), which had started while he coached
basketball one day before admission. He did not use tobacco, alcohol, or illicit drugs.
However, 3 weeks before presentation, he had begun taking daily oral doses of the
dietary supplements Jack3d® (USPlabs, LLC; Dallas) and Phenorex™ (Gaspari Nutri-
tion; Lakewood, NJ) before undertaking physical activity.

The muscular patient had clear lung fields and no jugular venous distention. His
heart sounds were normal without murmurs, rubs, or gallops. His abdomen was
benign with normal bowel sounds. His peripheral pulses were palpable and equal bi-
laterally, and there was no lower-extremity edema. He was awake, alert, and oriented,
and his vital signs were all normal.

An electrocardiogram showed sinus arrthythmia and anterior J-point elevation
without findings of ischemia. A transthoracic echocardiogram revealed a normal left
ventricular ejection fraction and no wall-motion abnormalities. A contrast computed
tomogram of the chest showed no pulmonary embolus. Serologic markers of myocar-
dial injury were elevated as follows: cardiac troponin T, 1.36 ng/mL; creatine kinase,
518 U/L; and creatine kinase-MB fraction, 25.1 ng/mL. The diagnosis was a non-ST-
elevation acute myocardial infarction.

The patient reported no further chest pain. We gave him aspirin (325 mg) and ator-
vastatin (80 mg) orally and unfractionated heparin via continuous intravenous infu-
sion. Two hours after the patient was admitted to the coronary care unit, several runs
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of nonsustained ventricular tachycardia were detected,
s0 he was taken to the cardiac catheterization laboratory.
Coronary angiograms showed a filling defect consistent
with thrombus in the proximal left anterior descending
coronary artery, and distal tapering of that artery with
Thrombolysis in Myocardial Infarction grade 2 flow
due to distal thrombus embolization.

We took a cautious, noninvasive approach to man-
agement, giving the patient a 60-mg loading dose of
prasugrel and an intravenous infusion of eptifibatide.
After 48 hours, the thrombus had almost completely
resolved. The patient’s total cholesterol level was 106
mg/dL; low-density-lipoprotein cholesterol, 52 mg/
dL, high-density-lipoprotein cholesterol, 42 mg/dL,
and lipoprotein(a), 6 mg/dL. Investigation yielded no
hypercoagulability. The patient was discharged from
the hospital after 6 days and stopped taking the dietary
supplements. Three months later, an exercise stress test
revealed excellent functional capacity without symp-
toms and with no electrocardiographic evidence of
ischemia. As of December 2013, he remained asymp-
tomatic.

Discussion

In the absence of traditional atherosclerotic risk fac-
tors in our patient, we think that the acute coronary
syndrome was caused by the sympathomimetic supple-
ments that he was ingesting before exercise. The pre-
exercise supplements Jack3d and Phenorex contain
multiple ingredients, including caffeine, DMAA, and
C. aurantium. Although the individual constituents of
these 2 products have been reported to be “safe,” lictle
is known about pharmacologic actions or physiologic
effects when they are combined or are taken along
with other formulations. In accordance with the Di-
etary Supplement Health and Education Act of 1994,
manufacturers in the United States are responsible for
ensuring product safety before marketing a dietary sup-
plement." No structured post-marketing monitoring of
the adverse effects of dietary supplements is in place.

1,3-Dimethylamylamine
1,3-Dimethylamylamine is a simple aliphatic amine
with sympathomimetic properties. We have identified
30 names by which this substance is known: the most
common are methylhexaneamine, 2-amino-4-methyl-
hexane, 1,3-dimethylpentylamine, and 4-methyl-2-hex-
ylamine. It is also known as Geranamine™ (Proviant
Technologies, Inc.; Champaign, Il1).2

The exact source of DMAA is controversial. Al-
though this substance, an extract of the Pelargonium
graveolens plant,* is now marketed as a nutritional sup-
plement, it was first patented by Eli Lilly in the 1940s
as Forthane, an inhaled local vasoconstrictor agent used
to treat nasal congestion.’

Texas Heart Institute Journal

Case reports linking dietary supplements with acute
myocardial infarction have emerged in the last few
years.” In 2011, 2 United States soldiers (ages, 22 and
32 yr) died after sustaining heart attacks during fit-
ness exercises. 1,3-Dimethylamylamine (present in
Jack3d) was found during postmortem toxicologic
screening. In February 2012, the U.S. Department of
Defense removed Jack3d and all products containing
DMAA from stores on military bases.” At least one
case of cerebral hemorrhage linked to the recreational
use of DMAA has been reported.” In March 2012, the
New Zealand Health Ministry imposed a complete ban
on DMAA.® In February 2012, The Medicines and
Healthcare Products Regulatory Agency of the United
Kingdom warned several companies to stop selling
products that contained DMAA?

In reaction to the increasing scrutiny of DMAA,
USPlabs, a major producer of DMAA-containing
products, sponsored several short clinical trials to prove
its efficacy and safety. Bloomer and colleagues**’ con-
ducted 7 clinical studies to evaluate DMAA’s safety
after single- and repeated-dose administration and a
follow-up period of up to 10 weeks. The investigators
found that DMAA can produce a mild and transient in-
crease in systolic blood pressure; however, they reported
no other hemodynamic changes and no severe adverse
events. Of note, no long-term studies appear to have
been conducted.

Citrus aurantium

Citrus aurantium, a principal ingredient of the pre-
exercise supplement Phenorex, is also controversial
in the medical community. Extracts of C. aurantium
have attained substantial popularity in the treatment
of obesity. The substance is marketed as an alternative
to ephedrine alkaloids, which have been banned from
dietary supplements by the U.S. Food and Drug Ad-
ministration (FDA) since April 2004 because of an as-
sociation with severe adverse health effects.”

Citrus aurantium contains synephrine alkaloids,
which are structurally similar to ephedrine, amphet-
amines, phenylpropanolamine, adrenaline, and nor-
adrenaline." The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure lists C. aurantium as
a cause of resistant hypertension.”” The structural simi-
larity suggests that C. aurantium would have pharma-
cologic actions similar to those of ephedrine and would
evoke comparable physiologic responses.”® Synephrine
can exist in 3 positional isomeric forms—ortho (o-),
meta (m-), and para (p-)—and each positional isomer
can also be found in 2 enantiomeric forms." P-syneph-
rine (oxedrine) is an a-adrenergic agonist that also dis-
plays some B-adrenergic properties.” It is thought to be
the primary ingredient in C. aurantium that contributes
to weight loss. However, neither this theory nor the con-
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tention that C. aurantium actually induces weight loss
in human beings has been firmly established."

The Canadian government has enacted restrictions on
p-synephrine dosage and on the legality of combining
p-synephrine with other ingredients; however, the U.S.
government has not.”® From April 2004 through Octo-
ber 2009, the FDA received 22 adverse-event reports,
and 10 clinical case reports were published in regard to
adverse events associated with C. aurantium-containing
products.” Some authors have postulated that because
these formulations were polyherbal and polyalkaloidal,
C. aurantium might have been unjustly imputed in the
association with adverse events.” Others have cited the
traditional use of C. aurantium in Chinese medicine
as justification of its safety in weightloss products."*"
We think that both of these assumptions should serve
as poignant reminders of the ephedra debacle, because
these same rationales were the chief arguments to vali-
date ephedra’s use.””

Summary

Our patient was ingesting 2 dietary supplements with
sympathomimetic properties that could lead to vaso-
constriction or plaque rupture followed by thrombosis.
On the basis of this case and previous reports, we pro-
pose that the safety guidelines for these supplements be
revised. No safety data exist on the simultaneous use
of these products. The manufacturing practice of pro-
ducing polyherbal and polyalkaloidal products makes it
difficult to prove the causality of any particular ingredi-
ent when adverse events occur. Regardless, the medi-
cal community, supplement users, and manufacturers
should remain informed and report all suspected ad-
verse events until unbiased and incontrovertible proof
supports the safety of the supplements. In addition,
post-marketing monitoring should be advocated if we
are to understand the long-term effects of these agents.
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