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> THE CASE

A 26-year-old healthy male veteran with bipolar disorder and post-traumatic stress disor-
der was referred for a gastroenterology consultation after a routine laboratory evalua-
tion revealed elevated levels of aspartate aminotransferase (AST), 1040 IU/L (normal range,
10-40 IU/L), and alanine aminotransferase (ALT), 334 IU/L (normal range, 7-56 IU/L). He had
been taking divalproex and ziprasidone for the previous 2 years, during which time liver test
results had been normal.

1 The patient reported no symptoms in the course of a detailed history. He had no
family history of liver disease, drank alcohol infrequently, and didn’t use tobacco. He hadn’t
received any blood transfusions and didn’t have tattoos.

The patient indicated that he had recently returned from military deployment and that
a week before his laboratory tests, he'd resumed weight training. To boost his workout, he’'d
begun taking a nutritional supplement supplied by a friend. Further questioning revealed
that the supplement was MuscleMeds’ Code Red, which contains 1,3-dimethylamylamine
(DMAA). He denied using any other dietary supplements.

1 The physical examination was unremarkable and additional lab work was unreveal-
ing. Lab results included normal levels of ceruloplasmin, alpha-1 antitrypsin, ferritin, iron,
and transferrin. Viral hepatitis serologies revealed immunity to the hepatitis A and B virus.
The patient tested negative for Epstein-Barr virus, cytomegalovirus, herpes simplex virus, hu-
man immunodeficiency virus, antinuclear antibody, anti-smooth muscle antibody, and antimi-
tochondrial antibody. A toxicology screen was remarkable for cannabinoids. The remainder
of the basic metabolic panel and complete blood count were within normal limits.

THE DIAGNOSIS
The patient’s AST and ALT levels prompted measurement of creatine phosphokinase (CPK),
which was elevated at 34,270 IU/L (normal range, 22-198 IU/L). We diagnosed rhabdomy-
olysis in this patient, which can be associated with elevated levels of AST and ALT. When we
contacted the patient about the diagnosis, he reported no muscle aches or pains, or other
symptoms.

We instructed the patient to increase his fluid intake and refrain from further use of
Code Red. Repeat liver tests one month after the initial consultation revealed significant
improvement in AST (29 IU/L) and ALT (68 IU/L), as well as a decline in CPK to 743 IU/L.

DISCUSSION
Much debate has surrounded the safety and use of DMAA, also known as methylhexamine
or Geranamine, in dietary supplements such as Code Red. Eli Lilly and Company developed
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and patented DMAA in the 1940s, then trade-
marked it under the name Forthane as an in-
haled nasal decongestant in 1971."* United
States Food and Drug Administration (FDA)
approval for Forthane was withdrawn in 1983
at Lilly’s request.* DMAA was reintroduced as
a dietary supplement more than a decade ago
after the FDA, in 2004, banned supplements
containing ephedrine alkaloids, which have
effects similar to DMAA.S

IDMAA has been used to increase
muscle mass, promote weight loss, and im-
prove physical performance; it’s also been
used as a recreational drug.®® Several case
reports have described poor outcomes in
patients who consumed DMAA products. In
2012, the deaths of 2 military personnel who
used DMAA prompted the FDA to warn man-
ufacturers of DMAA-containing supplements
to stop production, but such supplements
remain easily available in the United States.®

DMAA’s validity as a dietary supplement
is controversial. The claim that DMAA is nat-
urally present in geraniums hasn’t been veri-
fied, leading some to question whether an
inaccurate description of DMAA as a natural
substance was employed to justify its use as
a nutritional supplement.® No published evi-
dence exists to establish DMAA as a dietary
ingredient.'*"

A long list of potential
adverse effects
DMAA is an indirect sympathomimetic with
vasoconstricting and cardiovascular effects.
Animal studies have shown effects similar to
ephedrine and amphetamines.'>'> Marsh and
colleagues reported that a single oral dose of
3 mg/kg in a human (210 mg/70 kg) moder-
ately increases heart rate and blood pressure
and can lead to confusion and concentration
problems.'®

Oral intake of DMAA affects the lungs
at doses above 4 to 15 mg, the heart after
50 to 75 mg, and blood pressure after
100 mg."” Because of the drug’s long half-
life—24 hours based on urinary excretion
rates—Venhuis and Kaste reported that
there is a risk from repeated doses within
24 to 36 hours that can lead to steadily stron-
ger pharmacologic effects."”
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The use of DMAA has been cited in
5 cases of hemorrhagic stroke, a case of acute
heart failure, and the deaths of 2 military per-
sonnel who experienced asystole during aer-
obic exercise.”®'®2° These individuals ranged
in age from 22 to 41 years.

Initial symptoms included severe head-
aches, palpitations, dizziness, twitching of
extremities, nausea, vomiting, confusion, agi-
tation, and chest pain. The 2 military person-
nel suffered leg cramps and dyspnea followed
by loss of consciousness. Several individu-
als were hypertensive on presentation to the
emergency department with blood pressures
as high as 240/120 mm Hg.

THE TAKEAWAY
Our patient presented with transaminitis and
was found to have rhabdomyolysis after using
DMAA. A few case reports have associated
rhabdomyolysis with elevated liver function
tests.??> We suspect that DMAA use, which
has been linked to adverse effects such as hy-
pertension, tachycardia, and muscle aches,
may also cause leakage of muscle enzymes
and the development of rhabdomyolysis.
Although a single instance can’t prove
causation, this case may illustrate additional
adverse effects of DMAA beyond the already
long list of risks, including hypertension, sei-
zures, cerebral hemorrhage, arrhythmias,
myocardial infarction, cardiomyopathy, and
death.”®18202 [t’s important for physicians
to recognize that their patients may be us-
ing dietary supplements to increase strength,
energy, or weight loss and to be aware of the
potential adverse effects. JFP

References

. Shonle HA, Rohrmann E, inventors; Eli Lilly and Company, as-

signee. Aminoalkanes. Patent US2350318A. May 30, 1944.

Shonle HA, Rohrmann E, inventors; Eli Lilly and Company, as-

signee. Carbonates of 1-R-1 aminoethanes. Patent US2386273.

October 9, 1945.

. Eli Lilly and Company. Forthane. Registration 0925396, February

1, 1971. United States Patent and Trademark Office.

Federal Register. Vol. 48, No. 218/Notices. November 9, 1983.

. Shipley A. Chemist’s new product contains hidden substance.
Washington Post. May 8, 2006:Sports. Available at: http://www.
washingtonpost.com/wp-dyn/content/article/2006/05/07/
AR2006050700913.html. Accessed June 5, 2017.

. Gregory PJ. Availability of DMAA supplements despite US Food

—

34

w

o

@

VOL 66, NO 7 | JULY 2017 | THE JOURNAL OF FAMILY PRACTICE

>

Supplements
containing
DMAA are still
readily available,
despite a 2012
FDA warning

to discontinue
production.

451



CASE REPORT

and Drug Administration action. JAMA Intern Med. 2013;173:
164-165.

. Gee P, Jackson S, Easton J. Another bitter pill: a case of toxicity
from DMAA party pills. NZ Med J. 2010;123:124-127.

GeeP, Tallon C, LongN, et al. Use of recreational drug 1,3 Dimeth-
ylamylamine (DMAA) [corrected] associated with cerebral hem-
orrhage. Ann Emerg Med. 2012;60:431-434.

PingZ, Jun Q, Qing L. A study on the chemical constituents of gera-
nium oil. Journal of Guizhou Institute of Technology. 1996;25:82-85.

10. Lisi A, Hasick N, Kazlauskas R, et al. Studies of methylhexa-
neamine in supplements and geranium oil. Drug Test Anal.
2011;3:873-876.

11. Elsohly MA, Gul W, Elsohly KM, et al. Pelargonium oil and methyl
hexaneamine (MHA): analytical approaches supporting the ab-
sence of MHA in authenticated Pelargonium graveolens plant
material and oil. ] Anal Toxicol. 2012;36:457-471.

12. Charlier R. [Pharmacology of 2-amino-4-methylhexane]. Arch Int
Pharmacodyn Ther. 1950;83:573-584.

13. Ahlquist R. A contribution to the pharmacology of the aliphatic
amines. ] Pharmacol Exp Ther. 1944;81:235-239.

14. Swanson EE, Chen KK. Comparison of pressor action of aliphatic
amines. ] Pharmacol Exp Ther. 1946;88:10-13.

15. Swanson EE, Chen KK. Comparison of pressor action of ali-

cyclic derivatives of aliphatic amines. J Pharmacol Exp Ther.
1948;93:423-429.

N

i

©

16. Marsh DE Howard A, Herring DA. The comparative pharmacol-
ogy of the isomeric nitrogen methyl substituted heptylamines. J
Pharmacol Exp Ther. 1951;103:325-329.

17. Venhuis BJ, Kaste D. Scientific opinion on the regulatory status of
1,3-dimethylamylamine (DMAA). European Journal of Food Re-
search and Review. 2012;2:93-100.

Eliason M]J, Eichner A, Cancio A, et al. Case reports: Death
of active duty soldiers following ingestion of dietary supple-
ments containing 1,3-dimethylamylamine (DMAA). Mil Med.
2012;177:1455-1459.

19. Young C, Oladipo O, Frasier S, et al. Hemorrhagic stroke in young
healthy male following use of sports supplement Jack3d. Mil Med.
2012;177:1450-1454.

20. Salinger L, Daniels B, Sangalli B, et al. Recreational use of a body-
building supplement resulting in severe cardiotoxicity. Clin Toxi-
col (Philadelphia). 2011;49:573-574.

. Lee GY, Lee H, Kim YJ. Rhabdomyolysis recognized after eleva-
tion of liver enzymes following prolonged urologic surgery with
lateral decubitus position: a case report. Korean ] Anesthesiol.
2011;61:341-343.

22. Karcher C, Dieterich HJ, Schroeder TH. Rhabdomyolysis in
an obese patient after total knee arthroplasty. Br J Anaesth.
2006;97:822-824.

23. Karnatovskaia LV, Leoni JC, Freeman ML. Cardiac arrest in a

21-year-old man after ingestion of 1,3-DMAA-containing work-

out supplement. Clin J Sport Med. 2015;25:e23-e25.

1

®

2

—

ONLINE NOW!

A SUPPLEMENT TO THE JOURNAL OF FAMILY PRACTICE

Elements for Success in
Managing Type 2 Diabetes
With SGLT-2 Inhibitors

Eden M. Miller, DO

Executive Director and Co-founder, Diabetes Nation
High Lakes Health Care

St. Charles Hospital

Bend, Oregon

This supplement highlights the role of the
kidney and the benefits of SGLT-2 inhibitors in
individualizing treatment for type 2 diabetes.

o

Mabetes With®
SELT-2 Inhlbktors ek Co—is

To read the supplement, visit the Education
Center section on The Journal of Family
Practice website:

MDEDGE.COM/JFPONLINE/
EDUCATION-CENTER/LATEST

and Primary Care Metabolic Group
aceuticals, Inc.

THE JOURNAL OF FAMILY PRACTICE | JULY 2017 | VOL 66, NO 7



