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Summer of work exposes medical students to system’s ills The NewSummer of work exposes medical students to system s ills, The New 
York Times, September 9, 2009

“…a tidal wave of chronic illness…”
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• “Cachexia may well represent the devastating flip 
side of the tremendous achievements of modern 
medicine, as the incidence of cachexia is also a 
function of survival of chronic illness.”

• “Many diseases – which rapidly led to death only a 
few years ago – are now better controlled by new 
therapies Even if we cannot cure and eradicatetherapies.  Even if we cannot cure and eradicate 
these diseases, their natural history has significantly 
increased by months and years.  Although these new 
therapeutic strategies represent a remarkable 
advantage over the previous standards of care, it is 
impossible to ignore the fact that many more 
patients are now facing the nutritional and 
metabolic consequences of prolonged 
immunological and hormonal challenges due to
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immunological and hormonal challenges due to 
both the illness process itself and the aggressive 
therapies.”

Baracos VE.  Overview on 
metabolic adaptation to 
stress, pp. 1-13.

“An understanding of the 
nature of stress is 
f d t l t th ti lfundamental to the rational 
design of nutrient mixtures to 
feed patients whose 
homeostasis has been altered 
by one or more stressors.”  

“All stresses may be 
presumed to be associated 
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with characteristic 
modifications in the 
metabolism of lipids, 
carbohydrates, amino acids, 
and micronutrients.”
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Bengmark S.  Acute and “chronic” phase 
reaction – a mother of disease, Clin Nutr, 
Vol. 23, pp. 1256-66, 2004
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Su KP.  Biological mechanism of antidepressant effect of omega-3 
fatty acids: How does fish oil act as a ‘mind-body interface’?  
Neurosignals, Vol. 17, pp. 144-152, 2009
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Organic acidsOrganic acids
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Fatty acid metabolism:Fatty acid metabolism:
CarnitineCarnitine
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Lord RS & 
Bralley JA. Eds.,  
Laboratory 
Evaluations for 
Integrative andIntegrative and 
Functional 
Medicine, 2nd

Edition, 
Metametrix 
Institute, Duluth 
GA 2008
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GA, 2008
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AdipateAdipate
SuberateSuberate
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Fatty acid metabolism:Fatty acid metabolism:
Basic informationBasic information

• “Fatty acid metabolism by mitochondrial β-oxidation is• Fatty acid metabolism by mitochondrial β-oxidation is 
the dominant energy-yielding pathway in most 
tissues.”

• “Both β- and ω-oxidation systems are contained in 
peroxisomes.”

• “When the mitochondrial system fails to meet 
demands, peroxisomes can take over to a limited 
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degree, but lack of the double membrane 
containment of the mitochondrian means the system 
is less efficient because substrates may escape and 
be lost as renal secretory products.”

Adipate and suberateAdipate and suberate

• “Adipate (adipic acid) and suberate (subericAdipate (adipic acid) and suberate (suberic 
acid) are six- and eight-carbon-long 
dicarboxylic acids, respectively.”

• “Low carnitine availability or impaired enzyme 
activity can slow fatty acid oxidation by 
decreasing the transport of fatty acids into the 
mitochonrdria…”
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• “Need for extra carnitine may be indicated 
when urinary levels of adipate and suberate 
are elevated.”
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Adipate and suberateAdipate and suberate

• “Carnitine can be synthesized from the• Carnitine can be synthesized from the 
essential amino acid, L-lysine.”

• “However, limitations of available lysine due 
to dietary deficiency or digestive impairment 
or genetic polymorphism of the required 
enzymes can cause carnitine requirements to 

d bi th ti it ”
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exceed biosynthetic capacity.”
• “Therefore, carnitine is a conditionally 

essential dietary component.”

Carnitine and StressCarnitine and Stress

“Loss of carnitine in muscles can result“Loss of carnitine in muscles can result 
from chronic overuse of lipids by the 
mitochondria.”

Bahl JJ & Bressler R.  The pharmacology of carnitine, Ann Rev Pharmacol Toxicol, Vol. 27, pp. 
257-77, 1987. 18
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Carnitine and HyperinsulinemiaCarnitine and Hyperinsulinemia

“The regulation of carnitine dependent“The regulation of carnitine dependent 
transfer of fatty acids seems to depend 
mainly on the rate-limiting activity of 
carnitine palmitoyltransferase I (CPT-I) 
and its regulation by malonyl-CoA.”

Bremer J.  The role of carnitine in cell metabolism, in Carnitine Today, DeSimone C & Famularo 
G eds., Chapman & Hall, New York, 1997, pp. 1-37. 19

Carnitine and HyperinsulinemiaCarnitine and Hyperinsulinemia

“The muscle isoform of CPT I is highly“The muscle isoform of CPT I is highly 
sensitive to allosteric inhibition by 
malonyl CoA, the precursor of fatty acid 
synthesis.”

Kelley DE & Goodpaster BH.  Skeletal muscle triglyceride. An aspect of regional adiposity and 
insulin resistance, Diabetes Care, 24(5):933-41, 2001. 20
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Carnitine and HyperinsulinemiaCarnitine and Hyperinsulinemia

“It is tempting to speculate that in the“It is tempting to speculate that in the 
preobese state a higher than normal 
content of malonyl-CoA in liver and 
muscle, possibly caused by 
hyperinsulinemia, predisposes to a 

McGarry JD.  Glucose-fatty acid interactions in health and disease, Am J Clin Nutr, 67(3S):500S-
504S, 1998. 21

reduced capacity for fatty acid oxidation 
and accumulation of fatty acyl-CoA.”

Carnitine and Carnitine and 
HyperinsulinemiaHyperinsulinemia

Stress accompanied by obesity lessens theStress accompanied by obesity lessens the 
positive impact of carnitine in two ways:

1. Higher levels of gluconeogenesis during stress 
increases lipolysis, causing depletion of 
endogenous carnitine stores.

2 Obesity and hyperinsulinemia increases levels of
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2. Obesity and hyperinsulinemia increases levels of 
the fatty acid precursor malonyl CoA, which 
inhibits CPT-I, without which carnitine cannot 
function.
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Adipate and suberateAdipate and suberate

“A secondary cause of elevated adipate• “A secondary cause of elevated adipate 
and suberate is riboflavin insufficiency.”

• Once they are inside the mitochondria, 
fatty acids cannot undergo oxidative 
metabolism without riboflavin 
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coenzymes.”

EthylmalonateEthylmalonate

• “Ethylmalonate accumulation is traced toEthylmalonate accumulation is traced to 
different pathways than the long-chain fatty 
acid oxidation origins of adipate and 
suberate.”

• “Although the exact origin is somewhat 
unclear, current evidence suggests that 
ethylmalonate is formed from butyrate.”
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• “Patients with ethylmalonic aciduria also have 
elevated levels of butyryl-CoA (and 
isobutyryl-CoA from isoleucine catabolism).”
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EthylmalonateEthylmalonate

• “Circulating butyrate a short-chain fatty acid with fourCirculating butyrate, a short chain fatty acid with four 
carbons, may be derived from intestinal bacterial 
metabolism.”

• “Butyryl-CoA is normally carried by carnitine into 
oxidative pathways.”

• “Just as for the long-chain fatty acids, carnitine may 
be insufficient to clear butyrate or riboflavin may be 
insufficient to sustain FAD, causing slowing of the 
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g g
rate of oxidation.”

• “Under these conditions, free butyrate is available for 
other reactions, including carboxylation to form 
ethylmalonate.

EthylmalonateEthylmalonate

• “Thus urinary ethylmalonate elevation shares• Thus, urinary ethylmalonate elevation shares 
carnitine and riboflavin dependencies with 
adipate and suberate, but the precursor 
arises from different metabolic sources.”

• “This may explain why in evaluating large 
numbers of organic acid profiles some 
i di id l h l t d di t d
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individuals have elevated adipate and 
suberate with normal ethylmalonate, whereas 
other show the opposite pattern.”
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EthylmalonateEthylmalonate

• “Patients with ethylmalonic acidurias should• Patients with ethylmalonic acidurias should 
not be treated with medium-chain 
triglycerides that produce metabolic stress 
from the accumulation of medium fatty acyl-
carnitines.”

• “Glycine (250 mg/kg/d) has been found to be
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• Glycine (250 mg/kg/d) has been found to be 
a useful adjunct in addition to carnitine and 
vitamin B2 in the treatment of these patients.”

EthylmalonateEthylmalonate

“Ethylmalonate excretion may also be• “Ethylmalonate excretion may also be 
stimulated by isoleucine loading, 
indicating that it may be an intermediate 
produced in the isoleucine catabolic 
pathway.”
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Thank you!!
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