Chapter 4

Case lllustrations

CASE ILLUSTRATION 4.1 —

Metabolic Fragility from Insufficient Glu & GIn

History: Four years prior to the testing date, this 30-year-
old clinician had recurrent urinary tract infections for several
months, treated with antibiotics. She says, “Then suddenly
my body just broke down. My immune system just collapsed
and | had infections everywhere: lungs, ears, nose, bladder,
etc. | got allergic to everything | ate.”

Current diagnosis and symptoms: Interstitial cystitis,
frequent upper respiratory infections, constipation
and bloating.

The amino acid profile was measured on a plasma
specimen. The results show concurrent low Glu and GIn.
Although neither amino acid is below the 95th percentile
ranges, the dependent nature of this pair makes the results
quite unusual. The physiological state might be described as
one of metabolic fragility because of difficulty in responding
to systemic pH and ammonia production shifts.

She reports that her bladder and general body pain is much
worse in the morning, a time when systemic pH is under
stress from cortisol-stimulated organic acid and
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CASE ILLUSTRATION 4.2 —

High Glu/GIn Ratio in a Patient with Autism

A routine amino acid profile was orderd

along with other metabolic testing on a
severely autistic 3-year-old girl. Her plasma
glutamate was very elevated, 383 pM
(19-153), while glutamine was only 35 pM
(303-626).

Extreme elevations of multiple organic
acids were found in urine, consistent with
acidemia and calcium was very high in

Glutamic Acid

Glutamine

Amino Acid Analysis - 20 Plasma

Essential Amino Acids

Methodology: ION Exchange HPLC

Percentile Ranking by Quintile
95%

Resuls | Ist | 2nd | 3rd | 4th | 5th | | peerence

umol/L 20%  40%  60%  80% Interval
33

383 H t t } } } > 19-153
427

35 L de—t : : : v | 303-626

erythrocytes, indicating difficulty main-

taining the membrane calcium pumping

system. Her plasma fatty acid profile showed an extremely
high AA/EPA ratio that is associated with the pro-inflamma-
tory state and her urine contained very high quinolinate and
kynurenate levels, indicating interferon-y-stimulated macro-
phage inflammatory response. Since her urinary p-hydroxy-
benzoate was very elevated, one area of suspected etiology
is a severe overgrowth of bacteria or parasites producing an
inflammatory response in the gut.
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This case has multiple metabolic disturbances that can
be affecting systemic pH and brain chemistry. Her situa-
tion is exacerbated by the loss of control over conversion of
glutamate to glutamine. There is the possibility of genetic
impairment of hepatic glutamine synthetase, but correction
of potential dependent metabolic issues could be undertaken
before attempting to confirm such diagnosis. %
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Table 6.1 — Summary of Abnormalities for Organic Acids in Urine

‘ Potential Intervention Metabolic Pathway

Fatty Acid Oxidation
Adipate H | .-Carnitine, 500-1000 mg TID;

Suberate L-Lysine (if low), 500 mg TID; B2, 100mg BID

Fatty acid oxidation
Ethylmalonate H | See text for other interventions in genetic disorders

Carbohydrate Metabolism

Pyruvate H By, up to 100mg TID with B complex support; i _
For concurrent H Lactate: lipoic acid, 500mg TID Aerobic/anaerobic energy
production
Lactate H | Coenzyme Qio, 50 mg TID
B-Hydroxybutyrate H | Chromium picolinate, 200 pg BID Balance of fat and CHO metab.

Energy Production (Citric Acid Cycle)

Citrate H | Arginine, 1-3 gm/day
L | Aspartic acid, 500 mg @
2
Cis-aconitate H | Cysteine, 1000 mg BID; Check for iron deficiency % Renal ammonia clearance
Isocitrate H ' Lipoic acid, 25 mg/kg/day é
Magnesium, 400 mg; manganese, 20 mg %
a-Ketoglutarate L | a-KG, 300 mg; arginine, 1000 mg; glutamine, 1-5 g %‘
H | B-complex, 1 TID; lipoic acid 100 mg g
Succinate L | Isoleucine, 1000 mg TID; valine, 1000 mg TID £
H | CoQ1o, 50 mg TID, Magnesium, 500 mg §
Fumarate L | Tyrosine, 1000 mg BID; phenylalanine, 500 mg BID O
Malate H | CoQ1o, 50 mg TID, Bs, 100 mg TID
Hydroxymethylglutarate LH | CoQ1o, 50 mg TID 8:')) SI-Llll\t;ISér-a(;g;A”rl’giéi?:tggeQiﬁhsi)k/)?ttizzSis
B-Complex Vitamin Markers
o-Ketoisovalerate H Valine catabolism
a-Ketoisocaproate H | B-complex, 1 TID; lipoic acid 100 mg Leucine catabolism
a-Keto-B-methylvalerate H Isoleucine catabolism
Xanthurenate H | Vitamin B, 100 mg/d Tryptophan catabolism (hepatic)
B-Hydroxyisovalerate H | Biotin, 5 mg/day; Magnesium, 100 mg BID Isoleucine catabolism
Propionate H | Biz, 1000 g TID faty acid eatabolism
Formiminoglutamate H | Folic acid, 400 pg/d Histidine catabolism

Neurotransmitter Metabolism

(L) Tyrosine-limited or

Vanilmandelate LH | Tyrosine, 1000 mg BID-TID, between meals and (H) Tyrosine-depleting epinephrine
phenylalanine hydroxylase cofactors as needed & norepinephrine catabolism
L . . o (L) Tyrosine-limited or
Homovanillate LH @ Contraindicated for patients taking MAQ inhibitors (H) Tyrosine-depleting
DOPA catabolism
5-hydroxytryptophan, 50-100 mg TID; (L) Tryptophan-limited or
5-Hydroxyindolacetate LH ' magnesium, 300 mg; vitamin Bs, 100 mg (H) Tryptophan-depleting
(5-HTP may be contraindicated with SSRI’s) Serotonin catabolism
Kynurenate H | Bs, 100 mg; magnesium, 300 mg Inflammation-stimulated
o ) macrophage and astrocyte
Quinolinate H | Magnesium, 300 mg kynurenine pathway activity

Table 6.1 continued on following page...
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Ficure 6.2 — Mitochondrial Fatty Acid Metabolism Markers

In all tissues except brain, most ATP generation is derived from oxidation of fatty acids. The process is initiated by entry

of the fatty acid into the matrix of mitochondria. The rate limiting step for entry is the formation of fatty acyl carnitine by
one of three enzyme systems that operate on medium, long or very long chain fatty acids. Even a slight interruption of this
dynamic pathway causes increased amounts of fatty acids to be processed via omega oxidation occurring in peroxisomes.
The lower efficiency of peroxisomal processing allows intermediates to escape and be lost when the blood is filtered in the
kidneys. Adipate and suberate are biochemical markers that reflect the degree to which mitochondrial entry is impaired due
to insufficiency of carnitine or other genetotrophic factors. See Figure 5.4 (Fatty Acids) for carnitine shuttle details.

of fatty acyl-carnitine, and this reaction is governed by
carnitine concentration. The extreme importance of fatty
acid oxidation to provide cellular energy is indicated

by the redundancy of systems. Both (3- and w-oxida-
tion systems are contained in peroxisomes. When the
mitochondrial system fails to meet demands, peroxi-
somes can take over to a limited degree, but lack of the
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double membrane containment of the mitochondrion
means that the system is less efficient because substrates
may escape and be lost as renal excretory products. Ex-
amples of human mitochondrial 3-oxidation deficiency
are well known to produce infant death, though some
individuals exhibit normal development for a few weeks
or months.® As usual, the severe manifestations of such






