Amino Acid Analysis (Plasma)

. . . SM 63 Zillicoa Street
Great Smokies Diagnostic Laboratory Ashesille, e 280011074
Patient; Order Number:
Completed: February 16, 2001
Age: 50 Received: February 13, 2001
Sex: M Collected: February 13, 2001

MRN
Markers for Plasma Representativeness

Glutamine/Glutamate

20

Ref Range I
ratio 0 >=8

Asparagine/Aspartate

Ref Range I
ratio 0 >=6

Ammonia Concentration 60

Ref Range I
umol/dL <=6.5 20.0

Plasma Representativeness Index
Plasma Representativeness Index

Ref Range I

Arginine Phenylalanine
Ref Range I T Ref Range I I
umol/dL 7.5 13.0 umol/dL 4.60 7.90
Histidine Taurine
Ref Range I I Ref Range I I
umol/dL 7.9 12.1 umol/dL 5.25 9.00
Isoleucine Threonine
Ref Range I I Ref Range I I
umol/dL 5.40 10.50 umol/dL 6.40 14.00
Leucine Tryptophan
Ref Range ————1 Ref Range I T
umol/dL 10.5 18.0 umol/dL 3.30 6.50
Lysine Valine /—@\
Ref Range I I Ref Range I I
umol/dL 155 27.5 umol/dL 19.0 36.0
Methionine
Ref Range I T
umol/dL 25 4.9
\_ J
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Dietary Peptide Related Markers

Anserine = 1-Methylhistidine
(dipeptide) @

|

Ref Range I I Ref Range
umol/dL <=0.07 0.14 umol/dL <=1.65 3.30
Carnosine Beta-alanine
(dipeptide) @
Ref Range I | Ref Range T
umol/dL <=0.09 0.18 umol/dL <=04 0.8
\_ J

Non-Essential Protein Amino Acids

Alanine Glutamine
Ref Range I I Ref Range I I
umol/dL 26 55 umol/dL 50 70
Asparagine Glycine
Ref Range I T Ref Range I I
umol/dL 4.0 7.2 umol/dL 19 43
Aspartic Acid Proline
Ref Range I I Ref Range I I
umol/dL 0.20 0.60 umol/dL 10 32
Cyst(e)ine /GD\ Serine
Ref Range I I Ref Range I I
umol/dL 4.9 8.0 umol/dL 8.0 155
Glutamic Acid /@ Tyrosine
Ref Range I I Ref Range I I
umol/dL 0.5 7.0 umol/dL 5.1 10.0

\

Intermediary Metabolites and Diagnostic Markers

-

Alpha-amino-N- Phosphoet-
butyric acid hanolamine
Ref Range I T Ref Range I T
umol/dL 1.25 3.50 umol/dL 0.15 0.45
Citrulline @/\ Phosphoserine
Ref Range I I Ref Range I I
umol/dL 2.8 5.6 umol/dL 0.31 0.74
Ethanolamine Urea
Ref Range I I Ref Range I |
umol/dL 0.50 1.20 umol/dL 320 970
Ornithine
Ref Range I I
umol/dL 4.25 11.50

/
-
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Intermediary Metabolites and Diagnostic Markers

Alpha-aminoadipic Homocystine
i (017 (<)

Ref Range I Ref Range I I
umol/dL <=0.80 1.60 umol/dL <=0.03 0.06
Arginosuccinic acid Hydroxyproline
Ref Range I | Ref Range I |
umol/dL <=0.25 0.50 umol/dL <=2.50 5.00

Beta-aminois-
obutyric acid

|

sarcosine

.

Ref Range Ref Range I I

umol/dL <=0.30 0.60 umol/dL <=0.15 0.30
Cystathionine 3-Methylhistidine

Ref Range I I Ref Range I

umol/dL <=0.03 0.06 umol/dL <=0.75 1.50
Gamma-amino-
butyric acid @

Ref Range I I

umol/dL <=0.02 0.04

J

Histograms used on this report are not based on data from reference populations and should be used for illustrative purposes only.

Lab Comments
No date of collection given. mh 02/13/01

<dl = Unable to calculate results due to less than detectable levels of analyte.
REPRESENTATIVENESS INDEX

GSDL uses a new, much improved procedure for preserving plasma amino acids. Nevertheless, spoilage and
decay could occur. To check this, two key ratios and the ammonia concentration are monitored by computer and
portrayed at the beginning of the report.

The glutamine/glutamate ratio can indicate specimen decay. When aged, heated, or improperly preserved,
plasma glutamine decays to glutamic acid and ammonia. Hence, low glutamine/glutamate ratio may reflect decay.

A high glutamine/glutamate ratio is metabolic and does not reflect on specimen representativeness.

The asparagine/aspartic acid ratio may also indicate improperly preserved plasma. Decay causes asparagine to
become aspartic acid and ammonia.

The ammonia concentration , if elevated, usually indicates overall decay of amino acids. An exception would be
elevated ammonia concentration with hyperammonemia of metabolic or bacterial origin. Because mail-in specimens
should not be used to quantitatively assess blood ammonia levels, this determination is qualitative only and is used
solely for checking specimen quality.

The representativeness of the plasma is rated in the Representativeness Index Section of the Report.

Arginine is low in the plasma. This amino acid is semiessential; it participates in the urea cycle for detoxication of
ammonia, and it is a component of body protein. Arginine is a precursor of creatine and creatinine which are
involved in muscle metabolism. Release of insulin by the pancreas is stimulated by arginine, and transient hyper-,
hypoglycemia can be a consequence of arginine deficiency. Additionally, arginine is very important to leukocytes
and immune function and is documented to stimulate killer cell activity for phagocytosis. Subnormal arginine often is
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consistent with muscle weakness, fatigue and is occasionally coincident with chronic infections. Arginine is found in
all protein foods and is very abundant in seeds and nuts. Deficient arginine uptake can result from a poor quality diet
or from gastrointestinal dysfunction. Rarely, low blood arginine can be secondary to renal wasting in cystinuria. A
24-hour urine amino acid analysis would rule out or confirm this possibility.

Histidine is low in the plasma. As a semiessential amino acid, histidine is the precursor of histamine which
mediates some inflammatory responses and which initiates gastric secretions for digestion of food. Nutritional
essentiality of histidine often is accentuated in infants and young children whose digestive enzyme capacity is
immature. Histidine is a necessary carrier of copper in blood, and deficient blood plasma levels of histidine are
implicated in peripheral deficiency of superoxide dismutase activity and in rheumatoid arthritis. Deficient histidine
can contribute to gastric hypochlorhydria, and gastrointestinal dysfunction can, in turn, perpetuate histidine
insufficiency. Histidine is found in all protein foods, especially cheeses, legumes, almonds, cashews, veal and beef.
Rarely, low blood levels of histidine coincide with singular hyperhistidinuria. A 24-hour urine amino acid analysis can
be used to assess hyperhistidinuria.

Low plasma histidine may also occur in generalized hyperaminoaciduria (urinary wasting) which can be secondary
to: nephrotic syndrome, hyperthyroidism, chemical toxicity, heavy element excess (Pb, Cd, U), Wilson's disease,
Fanconi syndrome and some hereditary diseases.

Lysine is low in the plasma. This nutritionally essential amino acid is needed for formation of body proteins and
enzymes. Transaminase enzymes, those that catalyze transfer of amino groups from amino acids to organic or
ketoacids, include lysine (as a lysyl residue) which is the anchor point for coenzyme pyridoxal phosphate. Much of the
coenzyme activity of vitamin B6 is linked to lysine by this structure. Lysine is abundant in protein foods - meat, fish,
fowl, and legumes - but may be insufficient in some vegetarian diets, particularly those based on corn, rice of cereal
grains. Symptoms consistent with lysine insufficiency include weight loss, poor appetite, muscle weakness, poor
muscle tone, growth failure (infants, children), anemia. Usually, low blood levels of lysine result from dietary protein
insufficiency. Rarely low blood levels of lysine are secondary to renal wasting in cystinuria. Also rarely, low blood
lysine is secondary to lysinuric protein intolerance or to lysine malabsorption which is an intestinal and renal transport
defect for this amino acid. A 24-hour urine amino acid analysis would rule out or help to confirm these possibilities.

Methionine, an essential amino acid, is measured to be low in the plasma. Methionine brings sulfur and methyl
groups into the body. Sulfur is needed for formation of body tissues, for metabolism of carbohydrates, lipids and
amino acids, and for antioxidant and detoxication processes. Insulin, coenzyme A, and glutathione contain cysteine
that may have been derived from methionine. Methylation (via S-adenosylmethionine) is essential to muscle
metabolism, adrenal catecholamine balance, and formation of methylated bases in DNA and RNA which assist
genetic expression. Major dietary sources of methionine include meat, fish, poultry, cheese, seeds and seed meals,
and Brazil nuts. Low methionine can result from a low protein or poor quality diet or from gastrointestinal dysfunction,
especially gastric insufficiency or hypochlorhydria.

Threonine is measured to be low in the plasma. Threonine is an essential amino acid needed for formation of
body proteins, enzymes, peptides and hormones. Also, it is the precursor of other important protein-forming amino
acids, glycine and serine. Threonine is needed for some glycoproteins where it becomes the link between the protein
and a carbohydrate or sugar molecule. Glycoproteins are involved in collagen and globulin formation and in
immune function. Agglutinins that determine blood group are glycoproteins, some of which require threonine.
Cheeses (especially Swiss), meat, fish, poultry, seeds, walnuts, cashews, almonds and peanuts contain relatively high
levels of threonine. Low threonine can result from a poor quality diet or from gastrointestinal dysfunction, particularly
intestinal malabsorption. In the small intestine, threonine absorption occurs slowly and is sensitive to disturbances in
mucosal transport.

Glutamine is measured to be low. Glutamine is an important nitrogen carrier and protein-forming amino acid. It
o _/
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can be formed endogenously and also is obtained from dietary protein. Glutamine is an important nutrient for the
intestinal mucosa and it also allows vitamin B3 (niacin) to become nicotinamide which is part of the coenzyme forms:
NAD, NADH, NADP, NADPH. Endogenous formation is by addition of nitrogen as an amide to glutamic acid. In the
CNS, formation of glutamine provides a means of nitrogen (ammonia) detoxication; the glutamine then traverses the
brain-blood barrier into the bloodstream. In the kidneys, glutamine can be decomposed using the glutaminase
enzyme to form glutamic acid and ammonium ion. This process increases urine pH and is a pH-balancing
mechanism that compensates for acidosis. Low blood levels of glutamine can be the result of a low protein diet,
malnutrition, or gastrointestinal dysfunction limiting amino acid uptake from dietary protein.

Low plasma glutamine may also occur in generalized hyperaminoaciduria (urinary wasting) which can be
secondary to: nephrotic syndrome, hyperthyroidism, chemical toxicity, heavy element excess (Pb, Cd, U), Wilson's
disease, Fanconi syndrome and some hereditary diseases.

Note that low glutamine can also be an artifact of specimen decay. This possibility is monitored by the
Representativeness section of the Report.

Glycine, a major nonessential, protein-forming amino acid, is low. Glycine comes from digestion of dietary
protein, and it has multiple routes for endogenous formation and removal. The amino acids threonine and serine are
important sources of glycine as is glycolysis. After two days of fasting or in early stages of starvation, elevated glycine
may occur from catabolism of body protein. Later, as body muscle and protein are depleted, decreased glycine
occurs. Negative nitrogen balance and deficiencies of threonine and serine may accompany low glycine. Subnormal
blood levels of glycine also may coincide with renal wasting (hyperglycinuria) as determined by 24-hour urine amino
acid analysis. Blood glycine can be depleted by conjugation with benzoic acid for detoxication if benzoic acid is
consumed in excess. Benzoic acid (benzoate) is commonly used as a food/drink preservative.

Serine, a nonessential protein-forming amino acid, is low. Serine comes from digestion of dietary protein and
from endogenous sources that include threonine, glycine, and glycolysis. Vitamin B6 or magnesium dysfunctions can
limit the glycolysis route, and malabsorption or poor quality diet can limit serine formation from glycine. Depression,
and loss of libido, may accompany serine deficiency. Long -term serine deficiency may contribute to cardiovascular
disease if it provokes homocystinuria which is assessed by 24-hour urine amino acid analysis. Serine may also be
depleted in urinary wasting conditions, including generalized hyperaminoaciduria, hyperglycinuria, and nephrosis or
nephrotic syndromes.

Citrulline is measured to be low. Citrulline is a non-protein-forming intermediate of the urea cycle for detoxication
of body nitrogen. Low citrulline may be of no clinical consequence and may be secondary to a relatively low protein
diet. However, low citrulline in conjunction with high ornithine or high arginine or with low urea could indicate urea
cycle difficulties.

Ethanolamine, an intermediate of the serine-to-choline metabolism sequence, is measured to be low.
Ethanolamine is formed metabolically from serine and phosphatidylethanolamine; this endogenous formation is
pyridoxal phosphate dependent and requires adequate serine. Consequences of ethanolamine insufficiency may be
limited or insufficient levels of phosphoethanolamine, phosphatidylcholine and choline. Acetylcholine, the
neurotransmitter, is formed from choline. Dietary lecithin provides an independent source of the neurotransmitter
precursors. Ethanolamine insufficiency is significant if cholinergic functions are limited.

1-Methylhistidine is found to be elevated; it is a component of the dietary peptide anserine. Anserine is
beta-alanyl-1-methyl-L-histidine, and it is known to come from chicken, turkey, duck, rabbit, tuna and salmon. Other
food sources (especially trout and fowl) also are likely but are not documented. The peptidase enzyme that
hydrolyzes anserine is present in the small intestine and also present in liver, spleen, and kidney tissues and in blood
serum. Some direct uptake of dietary anserine is normal, and slight levels of 1-methylhistidine in the blood are not
abnormal. However, high levels suggest increased uptake of short-chain peptides, possibly increased gut
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permeability, and decreased activity of digestive peptidases in the small intestine. There may or may not be
associated symptomatology. 1-Methylhistidine itself is not known to be detrimental. Diagnostic testing of digestive
capacity and gut permeability is suggested.

3-Methylhistidine is elevated. This methylated form of histidine comes from muscle tissue, both dietary and
endogenous, where it is part of the muscle proteins actin and myosin. A slight elevation of plasma 3-methylhistidine
is not abnormal. Elevated levels suggest either an inordinately high intake of dietary actin/myosin or accelerated
catabolism of muscle tissue in this individual. 3-Methylhistidine levels may be temporarily increased after strenuous
physical exercise. Physiological and pathological conditions featuring 3-methylhistidinemia include muscle wasting
due to extended bedrest or physical inactivity, muscular dystrophy, and terminal stages of serious iliness. Elevated
3-methylhistidine is observed in some cases of arthritis, Lyme disease, and neuromuscular disorders. Convulsions and
seizures also feature increased 3-methylhistidine. There is some correlation between elevated 3-methylhistidine and
increased need for vitamin B12, folic acid, methionine and perhaps histidine if it is marginal or low.

Leucine and isoleucine, two of the three branched-chain essential amino acids, are elevated. Valine, the third
branched-chain amino acid, is not elevated. This could indicate a weakness of transaminase enzymes, limited
guantities of alpha-ketoglutaric acid (amino group acceptor), or increased need for vitamin B6 as coenzyme pyridoxal
phosphate. This could also indicate weakness of keto acid dehydrogenase activity with excessive levels of
alpha-ketoisocaproic acid (from leucine) and alpha-keto-beta-methylvaleric acid (from isoleucine). A blood plasma or
urine organic acid analysis would rule out or confirm the latter condition. Moderate elevations of the keto acids would
be consistent with mild/moderate "maple syrup urine disease" (MSUD), also classed as intermediate or intermittent
MSUD. Sometimes deficiencies in or increased need for thiamin or lipoic acid are involved. Severe, metabolic
MSUD is expected to cause notable elevations of all three branched-chain amino acids and is a rare autosomal

recessive disease with an occurrence of about one in 100,000.

Phenylalanine , a nutritionally essential amino acid, is measured to be elevated. Tyrosine, a direct metabolite of
phenylalanine, is not elevated. This may be an artifact of ingestion of artificial sweeteners (Aspartame, Equal) during
the fasting period. Also, the blood drawing should be between 7am and 10am. Phenylalanine has a very strong
circadian rhythm and blood levels may be increased by more than 100% by late afternoon or early evening. If the
fasting period has not been violated, and if renal transport is normal, then elevated phenylalanine may reflect either
disrupted circadian rhythm or impaired metabolism of this nutritionally essential amino acid. Disrupted circadian
rhythm may occur in various disease states and in endocrine disorders with abnormal levels of hormones, or
melatonin.

Impaired metabolism of phenylalanine, with normal or low tyrosine, suggests a rate limitation in
phenylalanine-to-tyrosine metabolism. This involves the enzyme phenylalanine monooxygenase and several
cofactors: oxygen, reduced phosphorylated NAD, biopterin, and iron. Iron activates the monooxygenase; NADPH
donates hydrogen to form tetrahydrobiopterin (BH4); and the BH4 and oxygen combine to put a hydroxyl group on
phenylalanine (to form tyrosine).

The following problems are associated with rate-limited formation of tyrosine from phenylalanine, often
manifested by increased blood plasma phenylalanine level.

1. Iron deficiency, anemia conditions

2. Subnormal tissue oxygenation, anemia, pulmonary disorders, cardiovascular problems.

3. Magnesium deficiency (limits phosphorylation rate)

. J
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4. Aluminum excess (interferes with phosphorylation)

5. Vitamin B3 or niacin deficiency (deficient NADH, NADPH)

6. Vitamin B1 or thiamin deficiency (limits hexose monophosphate shunt which forms NADPH outside of cell
mitochondria)

7. Mitochondrial damage (could limit pyrimidine-linked dehydrogenase formation of NADPH in mitochondria)

8. Biopterin insufficiency (in vivo formation is from guanosine triphosphate)

9. Adrenocortical insufficiency, Addison's disease and insulin insufficiency (may down-regulate Phe hydroxylase)

10. Genetic weakness in phenylalanine hydroxylase, biopterin reductase, or the hydroxylase stimulator protein.
Severe weakness can result in phenylketonuria, "PKU".

Symptoms consistent with mild/moderate hyperphenylalaninemia include fatigue, headaches, "brain fag" or
mental confusion, and possibly nausea or diarrhea. Artificial sweeteners containing phenylalanine should be
avoided. Also, the diet should be limited in high-phenylalanine foods: soy protein, peanuts, lima and garbanzo
beans, lentils, cheese, cashews and most fish and shellfish.

Beta-alanine is measured to be high in blood plasma. Often this amino acid is elevated when the dietary peptides
anserine and carnosine are elevated because they contain beta-alanine. Beta-alanine also is a breakdown product of
the pyrimidine bases cytosine and uracil. Catabolism of damaged or diseased body tissue, tumors and malignancy
feature increased production of beta-alanine. In the absence of elevated anserine or carnosine and accelerated
catabolism of unwanted body tissue, the next most likely source of beta-alanine is imbalanced gut flora. Some
beta-alanine is produced by normal gut flora which also make pantothenic acid from it. Intestinal dysbiosis and
infections with staphylococcus or streptococcus are observed to coincide with increased levels of beta-alanine.
Continuously elevated beta-alanine can be detrimental by impairing renal conservation of taurine. Elevated urine
taurine with depleted blood levels may result.

Phosphoethanolamine is elevated. Metabolically, phosphoethanolamine is an intermediate of the
serine-to-choline sequence. Impairment of this sequence beyond phosphoethanolamine is not documented except
for presumptive evidence of impaired methylation. Triple methylation by S-adenosylmethionine (SAM) of
phosphatidylethanolamine produces choline. If methionine is deficient or elevated, limited SAM or rate-limited
methylation could contribute to elevated phosphoethanolamine. Conditions consistent with elevated
phosphoethanolamine due to impaired methylation by SAM include: mood swings, mental depression, cognitive and
memory impairments, cholinergic dysfunction.

Other, more commonly-encountered conditions featuring elevated plasma phosphoethanolamine are -

1. Hypophosphatasia: genetic or acquired deficiency in the enzyme alkaline phosphatase (measured in blood
serum/plasma)

2. Intestinal dysbiosis with increased formation and absorption of phosphoethanolamine from gut flora.

3. Unspecified imbalances in calcium/phosphorus levels, osteomalacia or bone metabolism disorder,
o _/
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hypervitaminosis D, and parathyroid disorders.
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Interpretation At A Glance - Implied Conditions and Presumptive Needs

A. Need for Pyridoxine or Pyridoxal 5-Phosphate J. Need for Iron
| (5) | QDI |
0 10 0 10
B. Need for Folic Acid K. Nitrogen Insufficiency
| (7)) | (o) |
0 10 0 10
C. Need for Vitamin B-12 L. Nitrogen Excess

o) | (o) |
0 10 0 10

D. Need for one or more of Thiamine,
Riboflavin, Lipoic Acid, Niacin M. Need for Alpha-Ketoglutaric Acid (Alpha-Ketoglutaric)

| (4) m\(%) |

0 10
E. Need for one or more of Vitamins A, D, E,
Beta-Carotene N. Deficient Plasma Cyts(e)ine, possibility of Cystinuria
| Ce T (o) |
0 10 0 10
F. Need for Magnesium O. Impaired Xenobiotic Detoxication

(o3 | Ce I
0 10 0 10
G. Need for Manganese P. Increased Susceptibility to Occlusive Arterial Disease
| (6) | (3) |
0 10 0 10
H. Need for Molybdenum Q. Collagen or Skeletal Disorders
| (4) || (7)) |
0 10 0 10




