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Summer of work exposes medical students to system'’s ills, The New
York Times, September 9, 2009
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metabolic adaptation to
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Nestlé Nutrition Workshop Series
Clinical & Performance Program, Vol.8

“An understanding of the

Nutrition and nature of stress is

Criticai Care fundamental to the rational

design of nutrient mixtures to
feed patients whose

Luc Cynober L

Frederick A. Moore homeostasis has been altered

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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Acute and "chronic” phase reaction—a mother of
disease

Stig Bengmark

Bengmark S. Acute and “chronic” phase
reaction — a mother of disease, Clin Nutr,
‘| Vol. 23, pp. 1256-66, 2004
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Effect of Omega-3 Fatty Acids: How Does
Fish Oil Act as a ‘Mind-Body Interface’?

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

Table 1. Overlapping of symptoms of acute sickness behaviour as-
sociated with [FN-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 Ve 3447
Psychomotor slowing 40¢ 59-65'
Insomnia 20-39¢ 63
Irritability 35d 50
Arthralgia 9-36 3
Musculoskeletal pain 26-32 628082
Abdominal pain 15-20 21
Anorexia 13-19 40
Anxiety 13-18° 57

Poor concentration 147 51

* |46]. unless otherwise specified; " [99], unless otherwise spec-
ified; © [100); ¢ [101); © [102]; " [103]; # [104].

! Nausea, vomiting, bowel problems.

* Result from depressed inpatient population.
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Modulation of tryptophan
and serotonin:
The big picture

The big picture

« Traditional allopathic approaches have
primarily revolved around
neurotransmitter modulation —
particularly serotonin

* How well has it worked?

1n

Antidepressant Drug Effects
and Depression Severity

A Patient-Level Meta-anabysis
= Fournier JC et al. Antidepressant drug effects and depression
A <~ severity, JAMA, Vol. 303, No. 1, pp. 47-53, January 6, 2010.

“The magnitude of benefit of antidepressant medication compared with
placebo increases with severity of depression symptoms and may be
minimal or non-existent, on average with mild or moderate symptoms. For
~| patients with very severe depression, the benefit of medications over
placebo is substantial.”
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The big picture

» For years we have taken a similar
approach:

« Using neutraceuticals/herbals to
modulate neurotransmitter activity

The big picture:
What approaches do we use?

« Symptom/disease-based protocols

* Protocols based on neurotransmitter
and/or neurotransmitter metabolite
measurement

The big picture:

How well have these approaches worked?

* Clinical feedback has been highly
variable.

* Results from controlled trials has been
highly variable.
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-+ Freeman MP et al. Complementary and alternative medicine for major
| depressive disorder: A meta-analysis of patient characteristics,

~—1 placebo-response rates, and treatment outcomes relative to standard
-~ antidepressants, J Clin Psychiatry, Vol. 71, No. 6, pp. 682-688, 2010

“Our findings suggest that the studied CAM therapies may have similar
efficacy and better tolerability than standard antidepressants.”

 “Overall, we found that both CAM therapies
and antidepressants were superior to
placebo.”

* “Itis important to assess depression severity
at baseline when comparing studies, as
depression severity at baseline is an
independent predictor of the differential
response between active antidepressant and
placebo response.”

* “There has been controversy due to
inconsistent results with St. John’s wort
across large studies as whether it is effective
for moderate to severe depression.”

« “Because CAM therapies are widely used and
have good apparent acceptability among the
general population, we expected that
placebo-response rates might be higher in
CAM than antidepressant studies.”

* “Interestingly, there was a lower placebo-
response rate for patients enrolled in CAM
studies compared with antidepressant
studies.”

* “One possible explanation for the lower
placebo-response rate in CAM trials is that
participants in CAM studies may have more
modest expectations compared to those
randomized into trials of antidepressants.”
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The big picture:
Why aren’t we replicating what we hear
about in major symposiums

 Placebo effect

» Expert practitioner/lecturers are not
reporting all modalities employed

» Selected case reports do not give an
accurate representation of overall
outcome.

The big picture:
Downside of success with current approaches
that focus on neurotransmitter modulation

e They do not deal with the cause!!

* Therefore, this is not functional
medicine in its truest sensel!

The big picture:
The downside of success

e Long term use
e Cost
* Risk of habituation
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Sarris J et al. Adjuvant use of nutritional and herbal medicines with
antidepressants, mood stabilizers and benzodiazepines, J Psychiatric
Res, Vol. 44, pp. 32-41, 2010

“Common sense suggests that a ‘one-size fits all' approach often adopted in
‘| clinical trials may have less success than tailored prescriptions treating the
cause/s of the individual’'s depression...”

« “In the case of nutritional adjuvancy, a
beneficial effect may more likely occur
when specific deficiencies or
neurological dysregulations are
apparent.”

 “For example, a patient who does not
eat any omega-3 containing foods may
potentially benefit more from adjuvant
omega-3 prescription than a patient who
regularly eats deep sea fish.”

» “Common deficiencies affecting mental
health outcomes may involve amino
acids (e.g. tryptophan, phenylalanine,
tyrosine), which provide precursors to
neurochemicals; B vitamins in particular
BS, B12, folate, which are involved in
methylating pathways; and omega-3,
which encourages neuronal
communication.”
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Chronic inflammation!!

J Chronic inflammation,

Key deficiencies or inflammaging

excesses, i.e.,

I Low calorie intake

Calories,
macronutrients, B
vitamins, zinc,
selenium, iodine,
sleep, psychological
and chemical stress,
movement against

gravity, weight

Gut
dysfunction/atrophy

Low grade chronic
metabolic acidosis/fluid
electrolyte imbalance

and excessive
carbohydrate/protein
ratio — Refeeding
syndrome

Hyperinsulinemia/Insulin
resistance

\

Sarcopenia/Loss of lean
body mass

THE CREATION OF THE EXCESSIVE CATABOLIC
PHYSIOLOGY “RESPONSE”

[T p— mant Flsa

.

MOsSs®

Considerations for the Catabolic Patient
Commier Tresn

Moniter
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Schrocksnadel K et al. Monitoring tryptophan metabolism in chronic
immune activation, Clinica Chimica Acta, Vol. 364, pp. 82-90, 2006

“The essential amino acid L-tryptophan
is required for the biosynthesis of
proteins and is precursor for several
biologically important compounds: (a) 5-
hydroxytryptamine (serotonin) which is
formed by tryptophan (5)-hydroxylase
following decarboxylation; (b)
tryptophan (2,3)-dioxygenase (TDO,
tryptophan pyrrolase); and (c)
indoleamine (2,3)-dioxygenase (IDO).”

“The latter two catabolize tryptophan via
the so-called kynurenine-pathway
synthesizing nicotinic acid, the vitamin
niacin and nicontinamide adenine
dinucleotides as end products.”

“Although TDO is localized to the liver
and is up-regulated by corticosteroids,
IDO is expressed by a variety of cells
and is inducible preferentially by Th1-
type cytokine interferon-y (IFN-y).”
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e “Similar to TDO, IDO catalyzes the first
step in tryptophan degradation, i.e.,
formation of N-formylkynurenine which
subsequently deformylates to

kynurenine.”
31
HO,
.{=}»..,/‘“’\‘:
(]
TSH L .
] “ Serotonin
= oH
Tryptophan 100 i
IDo e
M‘iw.
el
Kynurenine

* “In vivo, enhanced cytokine-induced
degradation of tryptophan is observed
whenever the cellular (Th1-type)
immune response is induced.”

* “In this case, a decrease in serum
tryptophan concentration and
concomitant increase in kynurenine or
other tryptophan catabolites can be
detected.”

© Dr. Jeff Moss
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« “Under normal conditions, kynurenine
concentration is related to tryptophan
level.”

“Reduced dietary intake of tryptophan
lowers endogenous tryptophan level.
Under these circumstances, lower
kynurenine concentration is also
observed.”

* “The kynurenin (kyn) to tryptophan (trp)
ratio (kyn/trp), i.e., the ratio of the
concentration of the first product of TDO
and IDO versus their substrate is an
appropriate indicator of tryptophan
degradation.”

 “The kyn/trp ratio provides a better and
normalized measurement than absolute
tryptophan or kynurenine
concentration.”

* “To substantiate that tryptophan
degradation is due to activation of IDO
rather than TDO it is necessary to
demonstrate concommitant immune
system activation.”

* “Thus, activated IDO is indicated when
kyn/trp correlates with an immune
activation parameter and endogenous
IFN-y formation.”
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84 K. Schricksnadel et al. / Clinica

T-cell

Target cell

lTryptophan l

Fig. 2. Thl-type cytokine interferon-y (IFN-y). which is released within
innate and adaptive immune response, induces enzyme indoleamine (2.3)-
dioxygenase (IDO) in macrophages, dendritic cells and various other cells.

Table |
Relationship between tryptophan metabolic changes and immune activation

Changes of blood levels

Tryptophan Kynurenine Kyn/trp Immune

activation
markers
Insufficient dietary intake | | - -
DO | 1 f =

DO Y 11 I1

* “IDO activation limits availability of
tryptophan.”

« “Because tryptophan is required for
protein synthesis, withdrawal of this
essential amino acid from the micro-
environment arrests protein
biosynthesis and subsequent growth of
pathogens and proliferating cells.”
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« “Consequently, tryptophan depletion
is regarded as a defense mechanism
induced by IFN-y in
immunocompetent cells during
immune response.”

e “This phenomenon acts as an
antimicrobial or antitumoral effector
mechanism and limits the growth of
intracellular pathogens or malignant
cells.”

» “...in addition to tryptophan deprivation, the apoptotic
effect of certain tryptophan catabolites such as
kynurenine is also important.”

* “These observations support the view that
activation of IDO together with other biochemical
pathways induced by IFN-y represents an
important antiproliferative mechanism of
monocyte-derived macrophages and dentritic
cells.”

* “This phenomenon, however, can also decrease the
response of stimulated T-cells and thus contribute to
development of immunodeficiency.”

7 Chimica Acta 364 (2006) 82-90

Degradation of tryptophan
slowing-down protein biosynthesis

Infected malignant T-cells erythroid
cells cells progenitors
4 4
% %
Clear Stop Immune  Anaemia
infection cancer deficiency

Fig. 3. Deprivation of tryptophan slows-down protein biosynthesis and thus
cell growth. As an immunologic effector pathway, IDO is devoted to stop
growth of pathogens and malignant cells. but it may also diminish T-cell
responsiveness and growth of erythroid progenitor cells resulting in

immunodeficiency and anaemia.
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K. Schricksnadel et al. / Clinica €

Table 2
List of clinical conditions characterized by iryptophan degradation
associated with increased immune activation (References in brackets)

Infection
HIV infection [9.28 - 30], neuroborreliosis [35], sepsiz [33], Srreprococcus

pvagenes infection [34]

{utoimmune svadromes
Rheumatoid arthritis [44,45], systemic lupus erythematosus [43],
inflammatory bowel disease [36]

Malignancy
Adult T-cell leukaemia [41], colon carcinoma [36,37]. colorectal cancer
(2]

|42], gynaecological cancer [38], haematological neoplasia

Newrodegenerative disorders
Alzheimer's disease [46], Huntington's disease [47], Parkinson's disease
48]

Other conditions
Cardiovascular disease [11]. major depression [66]. cytokine treatment
[6,53,54], pregnancy [30—52]

“It is important to note that increased
tryptophan degradation and signs of
immune activation are common
during normal aging.”

 “Accelerated catabolism of tryptophan
appears to play a role in the
pathogenesis of the anemia of
inflammation as well as in weight loss
and the development of cachexia.”

» “Recently an association between
lowered tryptophan concentration and
drop in hemoglobin was reported in
patients with anemia of inflammation.”
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Mood changes
and
tryptophan availability

« “Decreased tryptophan availability
reduces the biosynthesis of
neurotransmitter 5-hydroxytryptamine
(serotonin) which can increase
susceptibility for development of mood
disturbances and depression and also
impair cognitive function.”

* “Immune-mediated tryptophan
degradation by IDO may thus elicit
neuropsychiatric symptoms when the
availability of tryptophan is insufficient
for normal serotonin biosynthesis.”

 “The concentration of kynurenine and
other catabolites such as quinolinic acid
accumulate as a consequence of
tryptophan degradation.”

» “The latter is a potent neurotoxin which
interferes with the NMDA receptor and
may therefore additionally influence the
neuroendocrine system.”
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» “Major depression is closely related to
disturbed tryptophan metabolism.”

* “Reduced concentration of 5-
hydroxyindolacetic acid, the main
catabolite of serotonin, confirms
insufficient availability of serotonin.”

“...enhanced degradation of
tryptophan due to immune
stimulation could underlie the
increased risk for development of
depression in patients with chronic
inflammatory diseases in general and
specifically during normal aging.”
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