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

5

“…a tidal wave of chronic illness…”

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

“An understanding of the 
nature of stress is 
fundamental to the rational 
design of nutrient mixtures to 
feed patients whose 
homeostasis has been altered 

6

by one or more stressors.”  

“All stresses may be 
presumed to be associated 
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,

7

reaction a mother of disease, Clin Nutr, 
Vol. 23, pp. 1256-66, 2004
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Chronic inflammation, 
inflammaging

Hyperinsulinemia/Insulin 
resistance

Key deficiencies or 
excesses, i.e., 

Calories, 
macronutrients,  B 

vitamins, zinc, 
selenium, iodine, 

sleep, psychological 
and chemical stress, 
movement against 

gravity, weight

Low calorie intake 
and excessive 

carbohydrate/protein 
ratio – Refeeding 

syndrome

9

THE CREATION OF  THE EXCESSIVE CATABOLIC 
PHYSIOLOGY “RESPONSE”

Sarcopenia/Loss of lean 
body mass

Low grade chronic 
metabolic acidosis/fluid 
electrolyte imbalance

Gut 
dysfunction/atrophy
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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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g , , pp ,

11

Lord RS & 
Bralley JA. Eds.,  
Laboratory 
Evaluations for 
Integrative and 
Functional 
Medicine, 2nd

Edition

12

Edition, 
Metametrix 
Institute, Duluth 
GA, 2008
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Oxidative damage and Oxidative damage and 
antioxidant markersantioxidant markers
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antioxidant markersantioxidant markers

pp--HydroxyphenyllactateHydroxyphenyllactate

14

“Individuals with elevated p-
hydroxyphenyllactic acid, a 

carcinogenic tyrosine metabolite, 
tend to have decreased ascorbic acid

15

tend to have decreased ascorbic acid 
(vitamin C) in liver, adrenal glands 

and blood.”
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• “The methyl ester methyl-p-
hydroxyphenyllactate (MeHPLA) is an 
important cell growth-inhibiting agent.”

• “Tumor cells contain esterase activities 
that hydrolyze the compound to the free 
acid HPLA.”

16

• “Thus, the effects of elevated HPLA 
may be due to depletion of MeHPLA.”

• “…HPLA is an important regulator of  
normal and malignant cell growth, and it 
may mediate the cancer-promoting 
effects of estrogen.”

• “MeHPLA is deficient in a variety of rat 
and mouse mammary tumors and

17

and mouse mammary tumors and 
human breast cancer preparations, and 
this deficiency correlates with the loss of 
regulatory control.”

• “Elevated levels of HPLA result in a 
dramatic decrease in ascorbic acid 
concentration in the liver, adrenal 
glands, and blood.”

• “High doses of ascorbic acid (100 mg/kg 
body weight daily) were shown to arrest 

18

y g y)
or significantly inhibit the excretion of 
HPLA in patients with hemoblastoses 
and nephroblastoma.”
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“Tissue saturating levels of vitamin C 
should be considered in patients 

19

with elevated HPLA.”

Consider the vitamin C flush

20

88--HydroxyHydroxy--22--deoxyguanosinedeoxyguanosine

21

88 HydroxyHydroxy 22 deoxyguanosinedeoxyguanosine
(8(8--OHdG)OHdG)
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• “When inflammatory markers like 
quinolinate or metabolic enhancers like 
p-hydroxyphenyllactate are elevated, 
there is a need to know the overall 
impact of increased production of 
reactive oxygen species (ROS).”

22

• “8-Hydroxy-2’-deoxyguanosine (8-
OHdG) is a product of oxidative 
damage to DNA.”

• “8-OHdG is formed in a pro-mutagenic DNA 
lesion due to reaction of oxygen radicals with 
guanosine groups in DNA.”

• “It is recognized as a useful marker in 
estimating DNA damage induced by oxidative 
stress.”

• “In studies published in 2006, human 
conditions where oxygen radical damage has 
been assessed by measuring urinary 8

23

been assessed by measuring urinary 8-
OHdG include ultraviolet protection of skin, 
bladder cancers, hemodialysis, 
cardiomyopathy, insomnia, environmental 
toxin exposures, diabetes, effects of cigarette 
smoke, arsenic poisoning, and depression.”

• “Formation of 8-OHdG is sufficiently sensitive 
to reveal even mild chronic effects of ROS.”

• “8-OHdG levels rise with age in adults with 
mild hypercholesterolemia and/or mild 
hypertension.”

• “Lower levels of antioxidants may predispose 
to oxidative stress which is manifested by

24

to oxidative stress, which is manifested by 
higher levels of 8-OHdG.”

• “Levels of 8-OHdG were significantly higher 
in atherosclerotic patients, and vitamin C 
levels were significantly lower.”
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• “Moderate alcohol consumption seems 
to have the overall effect of reducing 
DNA damage in some individuals as 
shown by the decrease in 8-OHdG 
levels.”

• “Diabetics tend to have higher urinary 8-

25

g y
OHdG excretion than healthy 
controls…”

Broedbaek K et al.  Urinary 8-oxo-7,8-dihydro-2’-
deoxyguanosine as a biomarker in type 2 diabetes, Free Rad 
Biol Med, Vol. 51, No. 8, pp. 1473-1479, October 15, 2011

26

“The available evidence indicates that compared with healthy subjects, 
type 2 diabetes patients have increased urinary 8-oxodG excretion, and 
type 2 diabetes patients with complications have increased 8-oxodG 
excretion compared with those without complications.”

“Urinary 8-oxodG excretion seems to be closely associated with glycemic 
control in patients, and various kinds of intervention that improve outcome in 
patients also reduce 8-oxodG excretion.”

Detoxification markersDetoxification markers

27

Detoxification markersDetoxification markers
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22--MethylhipurateMethylhipurate

28

22 MethylhipurateMethylhipurate

• “2-Methylhippurate is a by-product of 
the detoxification of the common solvent 
xylene, which is oxidized via hepatic 
P450 oxidase enzymes to 2-
methylbenzoate.”

• “This organic acid is then conjugated 

29

g j g
with glycine to form the peptide product, 
2-methylhippurate.”

• “Xylene is a very common solvent found 
in paint thinners and building products, 
fuel and exhaust fumes, and industrial 
degreasers and solvents.”

• “Spray-painting workers show elevated 
methylhippurate, indicating recent 
exposure to xylene ”

30

exposure to xylene.
• “Both spot urine specimens collected at 

the end of the work day and 24-hour 
urine specimens showed high 
correlation with time-averaged paint-
worker exposures.”
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OrotateOrotate

31

OrotateOrotate

• “When there is insufficient capacity for 
detoxifying ammonia via the urea cycle, 
carbamoyl phosphate leaves 
mitochondria and stimulates the 
synthesis of orotic acid (orotate).”

• “Increased orotate production is a

32

Increased orotate production is a 
sensitive indicator of arginine 
deficiency.”

• “In addition, orotate requires 
magnesium for its metabolism.”

• “Although a normal level in a urinary 
organic acid panel may not necessarily 
indicate magnesium sufficiency, high 
levels should alert one to a significant 

33

g
possibility of intracellular magnesium 
insufficiency, especially patients with 
kidney failure.”
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• “Oral glutamine supplementation at 
levels about 10g/d in adults can result in 
elevation of urinary orotate due to 
increased ammonia generated from 
hepatic oxidative deamination 
reactions.”

34

Van den Berg A et al.  A 
randomized controlled trial 
of enteral glutamine 
supplementation in very low 

35

birth weight infants: Plasma 
amino acid concentrations, 
J Pediatr Gastroenterol 
Nutr, Vol. 41, pp. 66-71, 
July 2005

• “Enteral glutamine supplementation 
in VLBW infants does not alter 
plasma concentrations of glutamine, 
glutamate or other amino acids.  

36

Enteral supplementation in a dose of 
0.3 g/kg per day seems safe in VLBW 
infants.”
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• “In the studies on enteral glutamine 
supplementation, including our study, plasma 
glutamine concentrations did not change, 
whereas in three of four studies on parenteral 
supplementation, plasma glutamine 
concentrations were increased in the 
glutamine-supplemented group.”

37

• “The difference can be attributed to the fact 
that enterally administered glutamine is 
almost entirely metabolized by the gut and 
does not reach the systemic circulation.”

• “We found that enteral glutamine 
supplementation did not alter plasma 
concentrations of glutamate, a glutamine 
metabolite that is potentially neurotoxic.”

• “This is in line with previous studies on 
enteral and parenteral glutamine 

38

g
supplementation in VLBW infants.  As a 
consequence, neurotoxicity caused by an 
elevated plasma glutamate concentration in 
VLBW infants receiving glutamine 
supplementation seems unlikely.”

GlucarateGlucarate

39

GlucarateGlucarate
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• “Glucaric acid (glucarate) is a by-product of 
the predominant liver hepatic phase I 
detoxification reactions involving cytochrome 
P450 oxidation of glucose to glucuronic acid, 
the substrate for phase II conjugation 
reactions.”

• “Measurement of glucarate in urine serves as 

40

a specific biomarker for glucuronidation.”

• “Elevations in urinary glucarate specifically 
suggest exposure to pesticides, herbicides, 
fungicides, petrochemicals, alcohol, and 
drugs.”

“…glucarate excretion is an indicator 

41

of overall hepatic detoxification 
demand.”

42
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• “Urinary glucarate is influenced by oral 
glucarate supplementation (usually as 
calcium-D-glucarate), because most 
absorbed glucarate is cleared in the

43

absorbed glucarate is cleared in the 
urine.”

Thank you!!
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