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What does the court need to know about
Creatine, its Chemistry & Metabolism?

Diane Fleming

Is creatine considered a stable molecule,
when dissolved?
No

Can drug substances spontaneously degrade?  Yes,
especially when dissolved in acidic pH solutions.

See FDA Guidance for Industry, INDs for Phase 2 and Phase 3 Studies.
Chemistry, Manufacturing, and Controls Information. Section 7
http://www.fda.gov/downloads/Drugs/.../Guidances/ucm070567.pdf
(shelf-life and consumption considerations)

If not performed earlier, stress studies should be conducted during phase 3 to demonstrate the
inherent stability of the drug substance, potential degradation pathways, and the capability and
suitability of the proposed analytical procedures. The stress studies should assess the stability of
the drug substance in different pH solutions, in the presence of oxygen and light, and at elevated
temperatures and humidity levels. These one-time stress studies on a single batch are not
considered part of the formal stability program. The results should be summarized and submitted
in an annual report. To ensure appropriate stability data are generated for filing at the NDA stage,
a stability protocol that will be used for the formal stability studies should be developed. The
analytical procedures should be referenced to the drug substance specification section of the IND
or an official compendium, if possible. Tests unique to the stability protocol should be defined and
described.







Question:  Does this mean creatine will spontaneously
degrade to methylamine and other chemicals, in
Gatorade?

Answer:  YES

Question: Does this mean methylamine is a predicted
substance in the Gatorade bottles still in storage?

Answer: YES



Is this well-
supported in
academic
literature?
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Path only activated
under shockSlowly

recycled

creatinine

Into urine

Dominant under low doses

SSAO semicarbide sensitive amine oxidases,
untethered form of VAP-1 enzyme, implicated in
vascular damage, especially brain hemorrhage.
(See paper by Peter Yu, 2000.)
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SOX

CAH

formaldehyde
dehydrogenase

What does the
complete DMPK
picture look
like?

The presence of methylamine and formaldehyde in the urine of
creatine consumers is verified in humans.

Is this verified in humans?



Drug concentration

Time after consumption
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D

Time to peak concentration = Tmax

Effective time

Can you please explain the timing aspects of
creatine metabolism?
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methylamine

formaldehyde

formic acid
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Peak: 3-5 hrs

Peak: 6-8 hrs

Peak: 6-8 hrs

Path only activated
under shock

Peak: 10-14hrs

For LOW doses, the metabolic cascade takes
~12hrs +/- 2 hrs.

Slowly
recycled

Absorbance peak
(Cmax) 1-2hrs

Drug concentration

Time after consumption
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C
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Drug concentration

Time after consumption

A
B

C
D

LOW dosage

HIGH dosage:  Peak time and effective
time are both stretched.

What happens at high doses?



creatine

sarcosine

methylamine

formaldehyde

formic acid
formaldehyde

Peak: 4-10 hrs

Peak: 10-20 hrs

Peak: 10-20 hrs

Path active, due
to shock

Peak: 15-30 hrs

For HIGH doses, the enzymes are saturated, slowing
down the completion metabolic cascade.

Peak: 24-36 hrs
Second Peak: 36- 48 hrs

What happens at high doses?

Has Creatine been evaluated for safety, per
FDA standards?  NO

• Creatine is an unregulated food supplement, even
though it is an active drug.

• Pharmaceutical-grade safety valuation is NOT
required for marketing.

• No comprehensive pharmacology study has ever
been performed (becaue no-one is compelled to).

• A few academic studies exist.  Leading publisher:
Jacques Poortmans.

We do not know with certainty, what
creatine toxicity look like.



Chuck Fleming:
1.5 to 3 heaping tablespoons of

creatine in each bottle.  Drank 1.33
bottles.
1 heaping Tbsp = ~25g creatine.

Thus he consumed 50-100g creatine
within 24 hrs.

Pharmaceutical Preclinical Safety Concepts:
“Maximum Tolerated Dose” (MTD) – unknown
“Lethal Dose 50%” (LD50) – unknown
“Acute Toxicity” – unknown
“Chronic Toxicity” – unknown

How does the dose of
creatine consumed by Chuck
Fleming compare to reports in
the academic literature?

Is there precedent for creatine toxicity?

• Several published case reports of fatalities.
• Several publised reports of non-fatal adverse events.
• Many anecdotal reports, especially of college athletes.
• >Hundreds of self-reports of adverse events on internet

sites.
• Several self-reports directly to defense team.
• Carol Gebert – first-hand experience.  May 2002.



What are common descriptions
of creatine toxic events?

ü Nausea, intestinal distress
ü Lactic acidosis
ü Respiratory distress
ü Arrythmia (both brady- and tachycardia)
ü Confusion, weakness
? Headache
x Rhabdomyolysis

üCG
? untested
üCG
üCG
üCG
üCG
x no

Chuck Fleming

What is Rhabdomyolysis and what does
literature say about it?

Destruction of muscle (and sometimes other) cells.
Known Causes:
• Crushing
• Impact
• Torture, trauma
• Venom
• Severe viral attacks
• Potent poisons
• Severe dehydration
• Heat stroke

Rhabdomyolysis’ association with creatine is reported
in athletes in strain and impact sports, often in
situations of training camps. Dissociation from
steroids and other performance enhancers as
confounding factors is impossible, since the data are
so sparse.   No clear mechanistic link exists between
creatine and rhabdomyolysis, except perhaps through
muscle swelling.

The professional opinion seems to be
“Insufficient high quality data to know.”



What are the biomarkers of Rhabdomyolysis?

• Elevated creatine kinase (CK) and
other enzymes as measured by
activity assay.

• Elevated myoglobin, due to
destruction of muscle and blood
cells.  Urine dark, pigmented casts in
kidney tubules.

CK not abnormal in Chuck Fleming.  CK
activity assay inactivated by peroxide.  Other
interferences: bicarbonate, salicylate.  Other
enzymes in Fleming blood are highly
elevated.

Chuck Fleming’s blood data does show blood cell
lysis.  Urine color obscured by hemoperfusion &
hemodialysis.  No pigmented casts.



Is rhabdomyolysis ALWAYS
associated with creatine
adverse events?  NO

How many toxic paths might exist?
• Excess parent compound (creatine or

phosphocreatine).  Rhabdomyolysis may be associated
here, especially with impact sports.

• Toxic metabolites (formaldehyde, formic acid,
methylamine).  Common to methanol.

• Misdiagnosis. (Fomepizil and heparin, when no
methanol was present.)



Would there be similarities between
creatine toxicity and methanol toxicity?

Methanol symptoms Chuck Fleming Creatine symptoms

Respiratory distress from
formaldehyde metabolite

yes Respiratory distress from
formaldehyde metabolite

Metabolic acidosis & anion gap
from formic acid metabolite

yes Metabolic acidosis & anion gap
from formic acid metabolite

Arrhythmia yes Arrhythmia

Eye damage from formic acid
metabolite (high doses, only)

no Formic acid peak too flattened to
reach concentrations necessary
for ocular damage.

Inebriation, from methanol Agitation,
confusion.

No inebriation.

Agitation, confusion



What are Peroxisomes & RXR/PPAR?
• Peroxisomes are subcellular compartments, somewhat like

mitochondria.
• Sarcosine oxidase and D-amino acid oxidase localize to the

peroxisomes.
• Peroxisomes proliferate under activation of RXR/PPAR

family of nuclear receptors.
• RXR/PPAR activated by steroids, retinoids (e.g. vitamin A).

Chuck Fleming had used a dermal steroid for many years to
treat rosacea.  His enlarged heart suggests chronic steroid
effects.  Diane Fleming claims that he was a serial abuser of
performance fads, that had included transient periods of high
protein diets and vitamins in the year before his death.
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~1g/day through kidney glomerulus.
Rate a function of blood concentration
and blood pressure.

~1g/day by active transport into kidney
proximal convoluted tubule. Can be
induced 10x and can be inhibited.
(DDI – drug-drug interactions)

What does that mean for most people?

Not dangerous unless
peroxisomes are activated.



Dominant under low doses and in people with high
expression of OAT2, OCT2 and MATE drug transporters
in the kidney proximal convoluted tubule.creatine

sarcosine

methylamine

formaldehyde

formic acid
formaldehyde

Path only activated
under shock

Slowly
recycled

creatinine

Into urine

SSAO

DAAO

SOX

CAH

formaldehyde
dehydrogenase

Not dangerous unless
peroxisomes are activated,
or unless high doses are
consumed.

Peroxisomal action

Slowly
recycled


