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Table 1. Overlapping of symptoms of acute sickness behaviour as-
sociated with IFN-a therapy and the somatic symptoms in

MDD
Symptoms Prevalence in Prevalence
IFN-a therapy?, % in MDD®, %
Fatigue/asthenia 39-90 73
Headache 27-67 33
Gastrointestinal symptoms 50" 34-47"
Psychomotor slowing 40°¢ 59-65¢
Insomnia 20-39¢ 63
Irritability 354 50
Arthralgia 9-36 31°
Musculoskeletal pain 26-32 62-808 2
Abdominal pain 15-20 21¢
Anorexia 13-19 40
Anxiety 13-184 57
Poor concentration 144 51

1[46), unless otherwise specified; " [99], unless otherwise spec-
ified; © [100]; ¢ [101); ¢ [102]; T [103]; 8 [104].

! Nausea, vomiting, bowel problems.

2 Result from depressed inpatient population,

Organic Acids

Markers for vitamins B1, B2,
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PDH, pyruvate dehydrogenase.
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FiG. 11-6. The major fates of pyruvate. In the normal aercbic heart, Jactate is taken up and
converted to pyruvate, the major part of which enters the citrate cycle. Transamination is a path-
way of minor significance. In the anaerobic heart, iactate is produced from pyruvate derived from
glycolysis. There is also formation of alanine and the possibility of ATP production via GTP as
succinate is ultimately formed. During postischemic reperfusion, pyruvate can be converted to
malate to help replenish the citrate cycle intermediates by anaplerosis. aKG, o-ketoglutarate:
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Ficure 6.4 — The Pyruvate Dehydrogenase Complex

The large enzyme complex contains multiple copies of three subunits, Ei, E; and E;. This figure emphasizes the bound
cofactors, thamin pyrophosphate on E, two lipoyl groups in peptide linkage to lysine side chains of E; and flavin aden)
dinucleotide on Es. An isoenzyme that carries out similar oxidative decarboxylation of branched chain amino acids is
illustrated in Chapter 4, “Amino Acids,” Figure 4.13. A third isoenzyme carries out the oxidative decarboxylation of
a-ketoglutarate, The three forms differ in amino acid sequence for E; and E;, while maintaining the same gene for |
That means that genetic polymorphisms of E, will manifest metabolic interferences in all of the keto acid pathways sim
to that found in simple B-vitamin deficiency, Generic alterations of pathway-specific E or E; can produce specific
abnormalities in pyruvate or u-ketoglutarate levels

» “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 cycle.”

* “The three-step operation of the PDC is
carried out by enzymes E1, E2, and ES3...”

* “The cycle of reactions requires cofactors
derived from thiamin, riboflavin, niacin, lipoic
acid and pantothenic acide (the dietary
essential precursor of coenzyme A).”

18
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Amino Acid Catabolism
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Adenosylcobalamin (B;;)

[-Hydroxyisovalerate

€O; + H;0

Thiamin
Riboflavin
Niacin (B
Lipoate
Pantothe

Biotin

Ficur 6.8 — Biochemical Markers For Vitamins B,, B,, By, Bs, Lipoic Acid, Vitamin B,, and Biotin

Catabolism of the branched chain amino acids, valine, leucine and isoleucine creates intermediates that can servs
of restricted rates of metabolism when they accumulate due to insufficient levels of their cofactor forms to susta

dependent enzymes. There are three separate steps of isoleucine breakdown that signal insufficiencies of the t

shown, vitamin B:; or biotin, depending an which intermediate spills into urine. This pathway schematic shows the
enzyme substrates that accumulate in each scenario.

I
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* “When hepatic or small intestinal enzymes
remove the amino groups from the branched-
chain amino acids (BCAA) valine, leucine,
and isoleucine, they form the branched-chain
keto acids (BCKA), a-ketoisovalerate, a-
ketoisocaproate, and a- keto-f-
methylvalerate, respectively.”

» “...the enzymes require cofactors derived
from five B-complex vitamins: B,, B,, B3, Bs,
and lipoic acid.”

« “Elevations of the branched-chain keto acids
provide functional assessments of the
sufficiency of these vitamins, especially
thiamin.”

21
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« “Vitamin B insufficiency leads to elevated
excretion of xanthurenate and kyurenate
because of a pyridoxal-5-phosphate
dependent step in this metabolic pathway,
called the kyurenin pathway.”

 “Dietary deficiency of B4 quickly manifests as
slower rates of the Bs-dependent step, with
accumulation of 3-hydroxykynurenin, which
causes accumulation of kynurenin.”

* “These compounds are rapidly converted to
xanthurenate and kynurenate, respectively,
which appear at elevated concentrations in
urine.”

24
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* “In most individuals the urinary xanthurenate
rises to the higher concentrations, sometimes
appearing as the only positive marker.”

» “Elevated kynurenate provides biochemical
confirmatory evidence of B insufficiency,
especially when quinolinate is not high.”

« “Although the excretion of both kynurenate
and xanthurenate are increased when vitamin
B, is insufficient to maintain this function,
xanthurenate is the principal product that
appears in most cases. This is due to the
further metabolism of kynurenate to citric acid
cycle intermediates in the liver.”

25

» “Elevated urinary xanthurenate may be
produced from dietary tryptophan even
when there is no extra tryptophan
challenge.”

 “In such cases, vitamin B insufficiency
IS significant enough to interfere with
even the normal conversion of dietary
tryptophan.”

26
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“Vitamin B deficiency produces elevated
xanthurenate that, in turn, produces
increased oxidative stress.”

“This means, that, in addition to indicating a
need for therapy with vitamin B, elevated
xanthurenate leads to suspicion of antioxidant
insufficiency.”

“Interpretation of elevated urinary
xanthurenate should take into account
kynurenin pathway modulation by steroid
hormones and bacterial endotoxins, plus
decreased flux of tryptophan through the
pathway for individuals on low-protein intake.”

27

“Xanthurenic acid forms complexes with insulin,
decreasing circulating concentrations and reducing
activities of the hormone.”

“Significantly elevated excretion of xanthurenate has
been found in diabetic patients and animal models of
diabetes.”

“In pregnant women with gestational diabetes,
excessive amounts of urinary xanthurenate were
found.”

“Treatment with 100 mg of pyridoxine daily for 14 to
23 days restored the urinary xanthurenic acid to
normal in all patients tested. In women who received
pyridoxine for 14 days oral glucose tolerance also
improved.”

28
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What is biotin?

» “Biotin is a cofactor in the acetyl-CoA
carboxylase, pyruvate carboxylase,
methylcrotonyl-CoA carboxylase, and
proprionyl-CoA carboxylase. The
biochemical function of biotin-requiring
enzymes is the insertion of carboxyl.”

31

Function of biotin-dependent
enzymes

* “The carboxylase enzymes have critical
roles in major pathways for the
utilization of energy from amino acids
(where B-hydroxyisovalerate is formed),
the synthesis of fatty acids for cell
membrane replacement, and the
maintenance of blood glucose via
gluconeogenesis.”

32
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How the biomarker is formed

» “Because leucine turnover amounts to many
grams per day, its catabolism is a high-flux
process that offers a biochemical marker of
biotin deficiency.”

* “The product formed after the first three steps
of the pathway, f-methylcrotonyl-CoA,
requires a biotin-dependent carboxylation to
allow the flow to continue.”

33

» “Deficiency of biotin causes
accumulation of the this biotin-
dependent intermediate, and its
hydrated product, B-hydroxyisovalerate,
spills in urine.”

» “B-hydroxyisovaleric aciduria appears
early in people who are made biotin
deficient by consuming the biotin-
binding protein, avidin.”

34
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deficiency.”

» “Even antibiotic-induced disruptions of
gastrointestinal bacterial biotin synthesis can
produce biotin insufficiency detectable by
elevated B-hydroxyisovalerate.”

* “In addition to increased f-
hydroxyisovalerate, biotin deficiency may
produce elevations of lactate and alanine in
urine and accumulations of odd-chain fatty
acids (C15:0 — C29:0) in plasma or red blood
cell membranes.”

* “The lactate and alanine effect results form
decreased rates of gluconeogenesis in biotin
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Thank you!!
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