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Metabolic Considerations in the death of Autumn Klein 

And conviction of Robert Ferrante. 

Robert Ferrante, inmate # LW6933 

From Carol Gebert, PhD. 

For relevantce and background see  FDA guidances Safety Testing of Drug Metabolites at 

http://www.fda.gov/OHRMS/DOCKETS/98fr/FDA-2008-D-0065-GDL.pdf and exploratory IND studies: 

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm078933.pdf, 

and drug-drug interactions: 

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm292362.pdf  

This document summarizes the academic literature that supports the proposition that (a) Autumn Klein suffered 

toxicity from creatine metabolites in potential combination with retinoic acid, and (b) Quest Diagnostics measured 

a creatine metabolite.  See six main points below, with academic support of these propositions. 

 

1. (Importance of specific transporters) Creatinine is widely known to be the first metabolite of creatine.   Its 

clearance by kidney filtration is established medicine.  The article by Optivia and Gilead, abstract below, 

explicitly names the drug transporter OAT2 as the most efficient pump for creatinine, followed by OCT2 and 

OCT3.  http://www.ncbi.nlm.nih.gov/pubmed/24646860  

  

http://www.fda.gov/OHRMS/DOCKETS/98fr/FDA-2008-D-0065-GDL.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm078933.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm292362.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24646860
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2. (Additional clearance path by metabolism) When the kidney transporters do not function properly, then 

creatinine has enzymatic pathways that result in metabolites such as formaldehyde, methylamine, sarcosine 

and urea.  See abstract below and in vivo data from mice.  http://www.ncbi.nlm.nih.gov/pubmed/10859677  

Note also that Autumn Klein did NOT have elevated urine creatinine.  So where did it go? 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/10859677
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The enzymatic predictions are verified by human in vivo experiments by Jacques Poortmans, Belgium.  (see below 

for two examples) 

Med Sci Sports Exerc.  2005 Oct;37(10):1717-20.  

http://www.ncbi.nlm.nih.gov/pubmed/16260971  

Effect of oral creatine supplementation on urinary methylamine, formaldehyde, and formate. 

Poortmans JR1, Kumps A, Duez P, Fofonka A, Carpentier A, Francaux M. 

Higher Institute of Physical Education and Physical Therapy, Free University of Brussels, Brussels, 

Belgium. jrpoortm@ulb.ac.be 

Abstract PURPOSE:  It has been claimed that oral creatine supplementation might have potential 

cytotoxic effects on healthy consumers by increasing the production of methylamine and 

formaldehyde. Despite this allegation, there has been no scientific evidence obtained in humans 

to sustain or disprove such a detrimental effect of this widely used ergogenic substance. 

METHODS:  Twenty young healthy men ingested 21 g of creatine monohydrate daily for 14 

consecutive days. Venous blood samples and 24-h urine were collected before and after the 14th 

day of supplementation. Creatine and creatinine were analyzed in plasma and urine, and 

methylamine, formaldehyde, and formate were determined in 24-h urine samples. 

http://www.ncbi.nlm.nih.gov/pubmed/16260971
mailto:jrpoortm@ulb.ac.be
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RESULTS:  Oral creatine supplementation increased plasma creatine content 7.2-fold (P < 0.001) 

and urine output 141-fold (P < 0.001) with no effect on creatinine levels. Twenty-four-hour urine 

excretion of methylamine and formaldehyde increased, respectively, 9.2-fold (P = 0.001) and 

4.5-fold (P = 0.002) after creatine feeding, with no increase in urinary albumin output (9.78 +/- 

1.93 mg x 24 h(-1) before, 6.97 +/- 1.15 mg x 24 h(-1) creatine feeding). 

CONCLUSION:  This investigation shows that short-term, high-dose oral creatine supplementation 

enhances the excretion of potential cytotoxic compounds, but does not have any detrimental 

effects on kidney permeability. This provides indirect evidence of the absence of microangiopathy 

in renal glomeruli. 

Also: 

J Sports Sci. 2009 May;27(7):759-66. Doi: 10.1080/02640410902838237.   

http://www.ncbi.nlm.nih.gov/pubmed/19437189  

Urinary creatine and methylamine excretion following 4 x 5 g x day(-1) or 20 x 1 g x day(-1) 

of creatinemonohydrate for 5 days. 

Sale C1, Harris RC, Florance J, Kumps A, Sanvura R, Poortmans JR. 

1School of Science and Technology, Nottingham Trent University, Nottingham, UK. 

Craig.sale@ntu.ac.uk 

Abstract: In this study, we examined the effect of two creatine monohydrate supplementation 

regimes on 24-h urinary creatine and methylamine excretion. Nine male participants completed 

two trials, separated by 6 weeks. Participants ingested 4 x 5 g x day(-1) creatine monohydrate for 

5 days in one trial and 20 x 1 g x day(-1) for 5 days in the other. We collected 24-h urine samples 

on 2 baseline days (days 1-2), during 5 days of supplementation (days 3-7), and for 2 days post-

supplementation (days 8-9). Urine was assayed for creatine using high-performance liquid 

chromatography and methylamine using gas chromatography. Less creatine was excreted 

following the 20 x 1 g x day(-1) regime (49.25 +/- 10.53 g) than the 4 x 5 g x day(-1) regime (62.32 

+/- 9.36 g) (mean +/- s; P < 0.05). Mean total excretion of methylamine (n = 6) over days 3-7 was 

8.61 +/- 7.58 mg and 24.81 +/- 25.76 mg on the 20 x 1 g x day(-1) and 4 x 5 g x day(-1) regimes, 

respectively (P < 0.05). The lower excretion of creatine using 20 x 1 g x day(-1) doses suggests a 

greater retention in the body and most probably in the muscle. Lower and more frequent doses 

of creatine monohydrate appear to further attenuate formation of methylamine. 

Note also that metabolites can react with each other to form yet more chemicals, depending on the 

distribution of key enzymes.  Dimethylamine (DMA) and paraformaldehyde are chief among these. 

 

 

(CG:  I highly suspect dimethylamine is the culprit analyte.  Else, formic acid would build up.)  

http://www.ncbi.nlm.nih.gov/pubmed/19437189
http://www.ncbi.nlm.nih.gov/pubmed/19437189
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sale%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19437189
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=19437189
http://www.ncbi.nlm.nih.gov/pubmed/?term=Florance%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19437189
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumps%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19437189
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanvura%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19437189
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poortmans%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=19437189
mailto:Craig.sale@ntu.ac.uk
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3. (Co-medications) Autumn Klein is on-record as having taken Accutane for some time.  Note that Accutane is 

isotretinoin, a retinoid.   Retinoic acid is known to down-regulate drug transporters in hepatocytes, with OAT2 

being measured in this study, abstract below. http://www.ncbi.nlm.nih.gov/pubmed/23352986  

 

More investigation of the role of retinoic acid is suggested.  E.g. a review of xenobiotic-retinoid interactions here: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4526766/ 

Note that Autumn Klein was diagnosed with a mitochondrial dysfunction.  This abstract (full text here: 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4452429/)  suggested a link between retinoids and mitochondrial 

toxicity. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/23352986
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4452429/
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Note also the drug has been linked to headaches, a severe symptom experiences by Autumn Klein in the months 

before her death. 

 

 

4. (Dosage)  Autumn Klein was prescribed 10g/day of creatine.  The European Sports Medicine Society 

recommends just 2g/day of supplementation.  Note the dosages studies in this review article: 
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Note that the highest dosages are 20g/day, and that only one study had duration of longer than a few weeks at 

this dose.  Note the article mentions athletes.  A reasonable assumption of body mass for a male athlete is ~210lb, 

or 2x that of Autumn Klein.  Thus, her effective dose was actually the equivalent of 20g/day for a male athlete.  

Autumn took this dose for 50 days, far longer than any study cited in this table.  Furthermore, if her OAT2 and OCT 

transporters were down-regulated by retinoids, then her effective dose was some multiple again.  Yet her urine 

creatinine was not elevated.  The only conclusion to reach is that Autumn Klein likely had high levels of secondary 

creatine metabolites in her blood. 
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5. (Interference of pyridine assays by creatine metabolites.)  Of the expected metabolites, dimethylamine is 

already well characterized as a pyridine ring opener, in a reaction class called Zincke aldehydes. 

 

This  hypothesis was informally confirmed by LabChem, manufacturer of the reagent used by Quest Diagnostics, in 

an email exchange with the Operations Manager in August, 2015.  Copied here: 

Subject: Pyridine-Barbituric Acid Reagent - interferences? 
  
Hi there, 
I am seeking information about your Pyridine-Barbituric Acid Reagent:   
http://www.labchem.com/tools/msds/msds/LC22190.pdf   
  
I understand it is a chromophore for cyanide assays.  Do you know if the reagent also reacts with organic 
amines?  I am especially interested to ask if dimethylamine is a known ring-altering substance likely to 
cause the pyridine reagent to change color.  We have a sponsor with a metabolite that we fear is cyanide-
mimetic, and need to know which diagnostic tests might give false positives. 
  
Carol Gebert  Ph.D. 
Director of Business Development 
Woodland Biosciences 
cgebert@woodlandpharma.com 
office: 617 513 5280 
 
--------- Original Message --------- 
Subject: RE: Pyridine-Barbituric Acid Reagent - interferences? 
From: "Matt Petrina" <mattp@labchem.com> 
Date: 8/19/15 9:44 am 
To: "'cgebert@woodlandpharma.com'" <cgebert@woodlandpharma.com> 
Carol, 
My guess is that organic amines would react similarly (vs cyanide) with the pyridine-barbituric acid 
method. Note that APHA method 4500-CN uses Chloramine-T as an indicator. I would suggest reviewing 
the APHA method and potentially adapting it to your situation, but the only way to really know is to try an 
experiment. I hope this is helpful. 
Regards, 
Matt 
  
Matthew V. Petrina 
Operations Manager 
  
Jackson’s Pointe Commerce Park – Building 1000 
1010 Jackson’s Pointe Court 

http://www.labchem.com/tools/msds/msds/LC22190.pdf
mailto:cgebert@woodlandpharma.com
tel:617%20513%205280
mailto:mattp@labchem.com
mailto:cgebert@woodlandpharma.com
mailto:cgebert@woodlandpharma.com
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Zelienople, PA 16063 
www.labchem.com 
Office: 412-826-5230 X116 
Fax: 724-473-0647 
------------- 
From: cgebert@woodlandpharma.com [mailto:cgebert@woodlandpharma.com]  
Sent: Wednesday, August 19, 2015 3:51 PM 
To: Matt Petrina 
Subject: RE: Pyridine-Barbituric Acid Reagent - interferences? 
  
Matt - Thanks for your reply, and your advice.  I guess anything that opens the ring into an aldehyde will 
test positive. 
I don't suppose you know of any gov or academic lists of known interferences, do you? 
Carol Gebert  Ph.D. 
Director of Business Development 
Woodland Biosciences 
cgebert@woodlandpharma.com 
office: 617 513 5280 
------------- 
Carol, 
Unfortunately I’m not aware of any such lists of known interferences. Good luck in your research. 
Regards, 
Matt 
  
Matthew V. Petrina 
Operations Manager 
  

------------------------------------------------------------ 

In support of these academic studies I suggest the following controls to collect data specific to the case of Robert 

Ferrante and Autumn Klein: 

(a) To spike human blood samples with creatinine, mono-methylamine (MMA), dimethylamine (DMA), 

paraformaldehyde, urea and other known creatine metabolites and perform a Conway-method cyanide 

assay using the pyridine reagent. 

(b) To incubate aqueous creatine /creatinine at various pH (2-5) at various temperatures (4deg to 60) for 

48hrs, and then perform GC/MS to verify degradation products include DMA.  This control tests whether 

the Quest protocol step of acid addition converts creatinine to DMA.  

(c) To dose rats with creatine, and confirm literature results identifying metabolites.  Or just perform an LD50 

in mice to find the lethal dose. 

(d) To retest any frozen blood samples still remaining from Autumn Klein, by GC/MS and LC/MS to identify 

known creatine metabolites, and to perform comparative mass balances of these findings to those from 

Quest Diagnostics’ first assay results.   

 

tel:412-826-5230%20X116
tel:724-473-0647
mailto:cgebert@woodlandpharma.com
mailto:cgebert@woodlandpharma.com
mailto:cgebert@woodlandpharma.com
tel:617%20513%205280

