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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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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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Pyruvate and lactate as major Pyruvate and lactate as major 
indicators of catabolic indicators of catabolic 
physiology and overall physiology and overall 

i f h i illi f h i ill
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severity of chronic illnessseverity of chronic illness



Organic Acids Part 2
Dr. Jeff Moss

© Jeff Moss, DDS
http://www.mossnutrition.com 7

13

• “Abnormalities of urinary excretion of 
pyruvate and lactate provide useful 
insight to basic metabolic factors due to 
their position in the energy production 
process.”

• “Pyruvate and lactate are anaerobic 
breakdown products of glucose.”
“Under conditions favoring anaerobic 
metabolism pyruvate is reduced to
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metabolism, pyruvate is reduced to 
lactate by the action of lactate 
dehydrogenase.”
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• “Conditions favoring aerobic metabolism 
increase the clearance of pyruvate by 
oxidation to acetyl-CoA, avoiding a 
buildup of lactate.”p

• “Mitochondrial conversion of pyruvate to 
acetyl-CoA requires the pyruvate 
dehydrogenase complex (PDC), the 
enzymatic gatekeeper for generation of 
acetate units to drive the citric acid
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acetate units to drive the citric acid 
cycle.”
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Jacobs DO & Robinson MK.  Body composition, in 
Fischer JE. Ed., Nutrition and Metabolism in the
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Fischer JE. Ed., Nutrition and Metabolism in the 
Surgical Patient, Second Edition, Little, Brown & Co., 
Boston, pp. 3-26, 1996.

• “…within the first 24 hours of illness, glycogen stores 
are rapidly depleted, and thus muscle amino acids, 
glycerol, lactate, and pyruvate released from the 
periphery are used as precursors for accelerated 
hepatic gluconeogenesis.”

“Th it d f i i l d ti i• “The magnitude of increase in glucose production is 
proportional to the extent of illness.”

• “The glucose produced is used by the central 
nervous system, which specifically requires 
carbohydrate to meet its energy needs, although its 
rate of utilization is relatively normal.”
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• “The remainder of the glucose is used for reparative 
processes in wounds or in other injured tissues.”
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• “Injured tissue abounds with 
inflammatory cells, erythrocytes, and 
fibroblasts.”

• “Cells populating such tissue undergo p p g g
anaerobic metabolism and produce 
large quantities of lactate.”

• “The lactate is then transported back to 
the liver for resynthesis of glucose that 
can then be reused by tissues
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can then be reused by tissues 
undergoing repair (the Cori cycle).”

“Sobotka L & Soeters PB.  Basics in clinical 
nutrition: Metabolic response to injury and 
sepsis, e-SPEN, the European e-Journal of 
Clinical Nutrition and Metabolism, Vol. 4, pp. 
e1-e3, 2009
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• “Quantitatively, lactate is the most important 
precursor of gluconeogenesis.”

• “As this substrate is the result of anaerobic 
glucose metabolism, the glucose carbons 
i l t b t i h l ti d licirculate between peripheral tissues and liver 

(Cori cycle).”
• “Under normal conditions about 150 g of 

lactate is metabolized in the liver, but this 
amount can increase greatly in stress 
conditions ”
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conditions.
• “The total energy loss in this cycle is 4 ATP 

molecules.”
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Interconversion of Metabolic FuelsInterconversion of Metabolic Fuels

Interconversion of metabolic fuels, Coffee CJ.  Metabolism, Fence Creek Publ., Madision, CT, 
1998, p. 102 23

Gunnerson KJ & Sharma S.  Lactic acidosis, eMedicine 
Critical Care, Medscape.com.

24



Organic Acids Part 2
Dr. Jeff Moss

© Jeff Moss, DDS
http://www.mossnutrition.com 13

25

• “…hyperlactemia in patients with sepsis 
is a marker of the severity of stress 
response.”

• Hyperlactemia may possibly develop as yp y p y p
a byproduct of overall acceleration in 
glycolysis in severe sepsis.”

• “This may well be an adaptive host 
mechanism designed to provide efficient 
generation of energy in response to
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generation of energy in response to 
severe stress.”
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Gunnerson KJ et al.  Lactate versus non-lactate 
metabolic acidosis: a retrospective outcome 
evaluation of critically ill patients, Crit Care, Vol. 10, 
No. p. R22, 2006
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• “In critically ill patients in which a 
measurement of lactate level was 
ordered, lactate and strong anion gap 

t i d d t di t fwere strong independent predictors of 
mortality when they were the major 
source of metabolic acidosis.”

• “Overall, patients with metabolic 
acidosis were nearly twice as likely to 
di ti t ith t t b li
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die as patients without metabolic 
acidosis.”
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Ti d l MJ Bi l f h i J N t CTisdale MJ.  Biology of cachexia, J Nat Cancer 
Inst, Vol. 89, No. 23, pp. 1763-73, December 3, 
1997
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• “Patients with progressive cancer have 
been shown to have an increased 
glucose synthesis not only from lactate, 
but also from alanine and glycerol.”

• “The Cori cycle normally accounts for 
20% of glucose turnover, but it was 
shown to be increased to 50% in 
cachectic cancer patients, accounting 
for the disposal of 60% of the lactate
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for the disposal of 60% of the lactate 
produced.”



Organic Acids Part 2
Dr. Jeff Moss

© Jeff Moss, DDS
http://www.mossnutrition.com 16

31

Fuels of the heartFuels of the heart
PyruvatePyruvate

• “Pyruvate stands at the crossroads of• Pyruvate stands at the crossroads of 
glycolysis and oxidative metabolism in the 
citrate cycle.  It is formed from lactate taken 
up by the heart and from glycolysis.”

• “In the anaerobic heart, pyruvate forms 
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lactate.  In the aerobic heart, the major fate of 
pyruvate is oxidative decarboxylation and 
entry into the citrate cycle, which requires the 
activity of pyruvate dehydrogenase.”
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Thank you!!
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