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Lyme disease and psychiatric symptoms
Assessment

Controversies

New treatments

What are psychiatrists asked about
patients with tick-borne disease?

 This patient’s symptoms are so
complicated & can’t be explained. Is it
psychiatric?

» The patient clearly has emotional,
cognitive and/or neurological symptoms.
What is it?

* Is this a general medical illness, a
psychiatric illness or a general medical
causing psychiatric illness?

 Can psychiatric treatment help?

Disease is caused by an
interaction of one or more
vulnerabilities and one or
more environmental
circumstances.




Disease: An Adaptive Failure
from an Interaction of:
Vulnerability Life Situation
Genetic vulnerability Resource deficiency

Design compromises  Toxic exposure
Unique path of Competition with other

evolution organisms (microbes,
Developmental same species, etc)
vulnerability
Vulnerability from prior
event

Adapted from Nesse

Trauma to Host from Infectious Disease

Host Parsite
» Cytokine release * Cell penetration
» Antibodies » Toxin release

* Inflammation * Incorporation of

« Other cellular parasite genes into
response host genome

Infectious Disease Models

« Host defenses that lack adaptive specificity
i.e.; auto-immune, neuroimmune i.e.:
PANDAS

« Trauma from a prior episode of infection.
The earlier the trauma, the more severe the
dysfunction: i.e.: rubella, menningitis

 Chronic relapsing infection. Stealth
pathogens in immunologically privileged
sites i.e.: viral, vector borne, venereal

Infections & Psychiatric lliness

Infectious diseases cause psychiatric
symptoms and syndromes of dysfunction

The same infection may cause either no
psychiatric symptoms or different symptoms
and syndromes in different individuals

The same psychiatric symptom and
syndrome may have multiple causes, some of
which have an infectious component

Summary: Microbes & Mental

lliIness

» Microbes can be a contributor to the
trauma that causes dysfunction that
results in many mental and somatic
disease.

* Viruses, bacteria, parasites and other
microbes may cause complex, interactive
infections and complex interactions with
the body resulting in disease.

* http://www.stanleylab.org




Brain Imaging and Lyme
Encephalopathy

» Decreased blood flow
» Decreased metabolism
» Sometimes hyperintensities on MRI

Possible Pathophysiology

Toxins

Direct cell injury
Inflammation, gliosis
Cytokine effects
Vasculitis

Autoimmune mechanisms

Excitotoxicity (possibly from trytophan
metabolism into quinolinic acid)

Possible Pathophysiology

» Toxins

« Direct cell injury

* Inflammation, gliosis

» Cytokine effects

* Vasculitis

» Autoimmune mechanisms
 Excitotoxicity
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Screening Tor Lyme/tick-porne
Disease with Neuropsychiatric
Symptoms

» Exposure in endemic area, history of tick
bite, rash?

» Onset of progressive multi-systemic illness

» Cognitive, psychiatric & neurological
symptoms fluctuate in association with
multitude of somatic symptoms

Assessment

* In depth history, review of systems

 Establish a baseline status of each symptom
before illness progression over time

« Thorough exam relevant to patient’s
complaints and findings from history

« Laboratory testing as indicated; i.e. SPECT,
PCR, CD57 lymphocyte subset* (no test can
rule out the possibility of TBD infection)

* Medical judgment

*Stricker RB, Burrascano JJ, Winger EE; Longterm Decrease in the CD57 Lymphocyte
Subset in a Patient with Chronic Lyme Disease; AnnAgric Environ Med 2002,9,111-112




Psychiatric Assessment

» Cognitive

» Emotional

» Vegetative

» Behavioral

» Psychiatric syndromes
» Neurological

» Somatic

Pattern of Symptoms

» Herxheimer reaction

» Multi-systemic progression of symptoms
» Symptoms fluctuate throughout the day
* Stress increases symptoms

» Concomitant infection increases
infection

» 28 day cycle or longer

» Perimenstrual relapse
 Episodic relapses

» Antibiotics reduce symptoms

Neuropsychiatric Herxheimer

Reaction
Treating Lymel/tick-borne disease patients with

antibiotics may cause a Jarisch-Herxheimer
reaction

This reaction may exacerbate any symptom
caused by the infection

A sudden appearance of depression, suicide
attempts, agitation & violence may be a part of
this reaction (“You can’t bear to live. It is
beyond the imagination.”)

Slowly starting the antibiotic, close observation
& psychotropics are helpful

Clinical Experience
At least 1000 extensively documented patients
Complex comorbidity is the rule, not the
exception
Cognitive, psychiatric & neurological symptoms
often fluctuate in association with other late
stage symptoms
More severe cases mostly have coinfections
Virtually every psychiatric syndrome from DSM-
IV, but most commonly, fatigue, cognitive
impairments, depression, irritability & somatic
symptoms
Not all symptoms are caused by tick-borne

dicoaco
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Controversies

In theory,
theory and practice are the same.
In practice, they are not.
-- Yogi Berra




Controversies

“In theory, theory and practice are
the same. In practice, they are
not.”

"l would have not have seen it if |
hadn®believed it."
-- Yogi Berra

Scientific lHlusions

What do you see?

“Truth is eternal, knowledge is
changeable.
It is disastrous to confuse
them.”
-- Madeline L'Engle

How much is still unknown?

"Half of what doctors know is
wrong." This quote is from the
article by Lisa Sanders, which
also includes the quote "the
history of medicine is a long,
serpentine narrative of the death
of old ideas giving way to the birth
of new ones."

Validity of Literature on LD/TBD?

 Unfortunately, many physicians are not
attentive to, adequately assess, or
understand symptoms outside of their
area of specialization. Since there is
often a failure to adequately consider
cognitive & psychiatric symptoms, a
significant amount of the literature on
LY/TBD that has a restricted view of the
disease is undermined.




From Kapur, 1999 (presentation)

Parachute use to prevent death and
major trauma related to gravitational
challenge: systematic review of
randomized controlled trials

"We think that everyone might benefit if
the most radical protagonists of evidence
based medicine organized and
participated in a double blind, randomized,
placebo controlled, crossover trial of the
parachute."

Smith GC, Pell JP. Parachute use to prevent death and major trauma related to
gravitational challenge: systematic review of randomized controlled trials. BMJ.
2003 Dec 20; 327(7429): 1459-61.Full

Two Confrolled Trials of Anfibioiic
Treatment in Patients with Persistent
Symptoms and a History of

Lyme Disease
Mark S. Klempner, M.D., Linden T. Hu, M.D., Janine Evans,
M.D., Christopher H. Schmid, Ph.D., Gary M. Johnson, Richard
P. Trevino, B.S., DeLona Norton, M.P.H., Lois Levy, M.S.W.,
Diane Wall, R.N., John McCall, Mark Kosinski, M.A., and Arthur
Weinstein, M.D.
Conclusions There is considerable impairment of health-related
quality of life among patients with persistent symptoms despite
previous antibiotic treatment for acute Lyme disease. However,
in these two trials, treatment with intravenous and oral
antibiotics for 90 days did not improve symptoms more than
placebo. N Engl J Med 2001;345:85-92.

Interpreting the Data
from a Different
Perspective




EVALUATION OF ANTIBIOTIC
TREATMENT IN PATIENTS
WITH
PERSISTENT SYMPTOMS OF
LYME DISEASE:

AN ILADS POSITION PAPER

S Phillips, MD; R Bransfield, MD;

V Sherr, MD; S Brand, PhD; H Smith,
MD; K Dickson, BS; R Stricker, MD

Results

Inappropriate study design with respect to the
antibiotic treatment regimen; inappropriate
selection and inadequate randomization of
study patients; inaccurate categorization of
dropouts as treatment failures; failure to explain
positive cerebrospinal fluid findings, and failure
to report objective neurocognitive assessments;
failure to assess coinfection status of study
participants; exclusion of pertinent findings from
the final report, and lack of follow-up of study
participants; and failure to recognize that
spirochetal infection cannot be excluded without
adequate culture techniques.

Conclusion

The study by Klempner et al. contains a series
of interrelated errors. It fails to achieve its stated
goal of being a long-term, properly randomized,
placebo-controlled treatment trial. The study
appears to be scientifically invalid and risks
harming patients if its flawed conclusions are
accepted uncritically by physicians. In view of
the uninterpretable results of this study, further
research into the use of long-term antibiotic
therapy for chronic Lyme disease is warranted.

Harvey, WT; Salvato, P: ‘Lyme Disease’: Ancient

Engine of an Unrecognized Borreliosis Pandemic?
Medical Hypotheses (2003) 60(5), 742-759; Elsevier Science Ltd.

» Congenital G,
\& Transfer 62?/%

Infected With
Borrelia Transfer
burgdorferi
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Mental Health

» Mental functioning reflects life situation
and maintains balance by facilitating

adaptive allocati
in:

on of resources, resulting

— Capacity to experience well being, pleasure,
fulfilling relationships, productive activities

— Mental flexibility to adapt to change
— Ability to recognize and deal with adversity
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Mental Functioning and Arousal

Dominant Brain
Activity

Prefrontal Cortex
Cortex

Limbic System
Midbrain

Brainstem

Abstract

Alert Concrete

Awake Emotional

Drowsy Reactive)

Asleep Reflexive

Level of Arousal =—

Robert Bransfield, MD




Treating Infections

* Strategies to treat infections
— Antimicrobials and immune system activation
 Chronic stress reactions and non-restorative
sleep are associated with
— Compromised immunity
— Decreased resistance to infectious disease
» Thus, treating symptoms that contribute to

chronic stress reactions and normalizing the
circadian rhythm may have therapeutic value

What symptoms of Lymel/tick-borne
disease are the most severe and
cause the greatest impairment?

» Fatigue & associates hypo-arousal
symptoms (cognitive, sleep, apathy, etc)?

» Psychiatric/mood impairments
(depression, anxiety, irritability, etc)?

» Neurological (neuropathy, CN’s, seizures,
etc)?

» Musculoskeletal symptoms (arthritis, etc)?

» Other systems (Gl, sexual, etc) ?

Treatment Strategies

* Prioritize which symptoms contribute most
to perpetuating pathological process

 Treating fatigue and associated symptoms
of hypoarousal, sleep disorders, and
symptoms that contribute most to chronic
stress often has the greatest therapeutic
value

» Treat cognitive impairments, psychiatric
syndromes and pain when needed

New Treatments

¢ Provigil (modafinil)

« Gabitril (tigabine)

¢ Xyrem (sodium oxybate)

* Namenda (Memantine)

¢ Rilutek (Riluzole)

e Zadaxin (Thymosin Alpha 1)
 ldebenone

« CHP I

< Duloxetine, Milnacipran, Pregabalin

Physiological Environmental
Stress Stress
Sickness Allocation of Stress
Syndrome Resources Syndrome

A

Two Obstacles to Recovery

Chronic Stress

Chronic Fatigue

10



Stress

* A shift in allocation of resources to
facilitate adaptation to imminently
threatening situations

« Brief & episodic periods are well tolerated

Chronic stress is destructive since

resources are allocated away from

restorative functions (psychological,
immune, somatic, etc)

Hyper/Hypo-arousal & Disease

» On a short term basis, episodes of both
hyper-arousal & hypo-arousal have
adaptive value.

* On along term basis, a failure of shut-off
of hyper-arousal (stress & associated
symptoms) &/or hypo-arousal (fatigue &
associated symptoms) are maladaptive
and contribute to disease.

Failed Shut-off After Stress

« Stress promotes adaptation (“"allostasis")

¢ A perturbed diurnal rhythm or failed shut-off of
mediators after stress ("allostatic state") leads,
over time, to wear-and-tear on the body
("allostatic load")

« Neural changes mirror pattern seen in
cardiovascular, metabolic, and immune systems

« Allostatic load leads to impaired immunity,
atherosclerosis, obesity, bone demineralization,
and atrophy of nerve cells in brain

Mc Ewen. Mood disorders and allostatic load. Biol Psychiatry, in press.

Brain/Body Interaction

/ Brain

Voluntary {Autonomic

Circulatory Endocrine Immune
Nervous [«— Nervous System i System E— System
System System

= B

Soma [~
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Sickness Syndrome

Mediated by Proinflammatory Cytokines iL-1, iL-6, and
TNF

+ Fatigue « Sleep disturbances “Don’t mess with
+ Anhedonia  Decreased sexual my brain. It's my
- Anorexia interest second favorite
« Increased pain + Social withdrawal organ.”
sensitivity « Cognitive from Sleeper
difficulties
Executive Dysfunction Executive Dysfunction is not
« Impairments of: Just an Enron Problem
« Activation—Organizing, Prioritizing, Activating
to work
« Focus—Focusing, Sustaining focus, Shifting
focus

« Effort—Regulating activities, Sustaining effort,
Processing speed

« Emotion—Managing frustration, Modulating
emotions

¢ Memory—Using working memory, Accessing
& recall

« Action—Monitoring self-regulation

In Summary: Fatigue & Associated IL-1Beta Causes Fatigue
Symptoms of Hypo-arousal
o Excessive daytime . Appetite disturbances ® S|gn|f|Cant eleV_ation in IL-1Beta during
sleepiness « Decreased libido postpartum period vs. controls

* Executive dysfunction . pain sensitivity « Correlated (although delayed) with
* Loss of amplitude of . Apathy fatigue
circadian rhythm s » Results suggest that activation of the
« Emotional blunting * Decreased 'n't'at've_ _ inflammatory response, as reflected by
« Anhedonia » Decreased productivity elevation in urinary IL-1Beta, occurs in
+ Decreased self-esteem association with postpartum fatigue

¢ Social withdrawal

Corwin et al. Ann Behav Med 2003;25:41-47




Normalizing the Amplitude of the
Circadian Rhythm

Activating agent in the morning

Sleep promoting agent at night
Importance of stage 3/4, delta deep sleep
Combination of both

Activating Agents
Mechanisms of Action

» Modafinil: Histamine (TMN)
 Stimulants: Dopamine, Norepinephrine
» Bupropion: Norepinephrine, Dopamine
» Atomoxetine: Norepinephrine

» Venlafaxine: Serotonin, Norepinephrine
* SSRI's: Serotonin

 Thyroid, cellular level

Provigil

In the United States Provigil is FDA approved for
the treatment of excessive sleepiness
associated with narcolepsy, obstructive sleep
apnea & shift work sleep disorder

These disorders are associated with
impairments of cortical activation, circadian
rhythm, wakefulness and energy homeostasis.

A review of the physiology of brain activation can
help us to better understand narcolepsy as well
as obstructive sleep apnea and shift work sleep
disorder.

Modafinil Clinical Experience

» Study #1—Retrospective chart review

—N=341, sufficient data on 237

 Study #2—Prospective study

— CFIS & partial Zung

* Clinical experience in 4 years

(600+ patients)

Retrospective Chart Review
(N=341, 237 adequate data for analysis)
N=341pateints
Adequate data for analysis=237

69 patients referred with diagnosis of
Lyme/tick-borne disease

Primary indicator CGIS-S
Single site study

Retrospective Chart Review: LD
CGIS-S Improvement

» N=69 had primary diagnosis of L D (29%)
* Improved=63 (89%)

» 2 or more point improvement=33 (44.9%)
3 point improvement=8 (11.6%)

13



Retrospective Chart Review
Conclusions

Modafinil is an effective adjunctive
treatment for ES, fatigue, executive
dysfunction, motivation & mood
dysfunction in a broad spectrum of
illnesses, including late stage Lyme/tick-
borne disease

Safe
Well tolerated
No abuse was seen

Prospective Study
(First 14 LD patients analyzed)

» CFIS (84 to 0 scale; 40 cognitive, 36
physical & 8 psychosocial) Average 69
—85.7% improved average —16 pts. (average

—1 psychosocial, -10 cognitive, -6 physical)
—14.3% unimproved/worse average +5 pts

* Zung item 10, 11, 12, 16, 20 (20to 5
scale) Av starting score 18
—64.4% improved average -3 pts.

—35.6% unimproved/worse average +0.4 pts

» Tentative conclusion—significant
improvement from modafinil

Prospective Study
(First 48 patients analyzed)
» CFIS (84 to 0 scale; 40 cognitive, 36
physical & 8 psychosocial)
—83.3% improved average —19 pts. (average
—2 psychosocial, -9 cognitive, -8 physical)
—17.7% unimproved/worse average +4 pts
e Zung item 10, 11,12, 16,20 (20to 5
scale)
—73.9% improved average -4.5 pts.
—26.1% unimproved/worse average +1.3 pts
 Tentative conclusion—significant
improvement from modafinil

Provigil (Modafinil): Summary

“Based upon my data, modafinil is a cortical
activator that is effective, safe, well tolerated
and not abused in the treatment of the often
associated symptoms of fatigue, excessive
daytime sleepiness, certain cognitive
impairments, executive dysfunction and
disorders of motivation that are associated
with a broad range of psychiatric and general
medical illnesses.”

Robert C. Bransfield, M. D.
Treating Fatigue
BMJ, Letter 9-1-02

Normal Human Sleep Stages

Awake—Ilow voltage-random, fast |
50m/
I

1sec

Drowsy—38 to 12 cps-alpha waves |

Stage 1—3 to 7 cps-theta waves
—

Adapted from Hauri P. The Sleep Disorders. Kalamazoo, Michigan: Upjohn;1982.

14



Normal Human Sleep Stages

| Stage 2—12 to 14 cps-sleep spindles and K complexes |

sleep spindle K complex

| Delta Sleep (Stage 3 and 4)—1/2 to 2 cps-delta waves>75nmV |

REM Sleep—Ilow voltage-random, fast with sawtooth waves*

Adapted from Hauri P. The Sleep Disorders. Kalamazoo, Michigan: Upjohn;1982.

Williams J.
1974:69-1.

Sleep and Aging

& 600 -
i}
2 500 4 Total Time in Bed
= Awake in Bed
< 4007 Non-REM Stage 1
8 300 REM
]
T 200 |
° Non-REM Stage 2
100 4
o0 Non-REM Delta

10 20 30 40 50 60 70 80

Age in Years
Electroencephalography (EEG) of Human Sleep: Clinical Applications. New York: John Wiley & Sons;
18.

Possible Functions of Slow Wave
Sleep

» Restoration and recovery?!
— SWS rebound following sleep deprivation
— Growth hormone secretion during SWS
— Selective SWS deprivation in animals  physical
injury and death
— Relationship between SWS, aging, and sleep/wake
complaints
« Energy conservation?
—  SWS during hibernation
- SV%gre body temperature and metabolic rate during

» Predator avoidance?

1. Kryger MH et al. In: Kryger MH, Roth T, Dement WC, eds. Principles and Practice of Sleep Medicine. 21 ed.
Philadelphia, PA. W.B. Saunders 1994; 301-308.

2. Zepelin H. In: Kryger MH, Roth T, Dement WC, eds. Principles and Practice of Sleep Medicine. 2™ ed.
Philadelphia, PA: W.B. Saunders 1994: 69-80.

Impaired Sleep Correlates with
Impaired Immune Functioning

Sleep and the immune system. Int J Immunopharmacol
1995;17:649-54.

Disordered sleep in fioromyalgia and related myofascial
facial pain conditions. Dent Clin North Am
2001;45:701-13.

Management of sleep disorders in fibromyalgia.
Rheum Dis Clin North Am. 2002;28:353-65.

Sleep, neuroimmune and neuroendocrine functions in
fibromyalgia and chronic fatigue syndrome.
Adv Neuroimmunol 1995;5:39-56.

Fibromyalgia, sleep disorder and chronic fatigue

syndrome. Ciba Found Symp 1993;173:262-79. H. Moldofsky

Role of GABA in Sleep

¢ GABA has an important role in sleep
regulation, affecting:
— Cortex and thalamus, which regulate EEG rhythms
— Suprachiasmatic nucleus, which regulates diurnal sleep

patterns

« Insomnia is related to a lack of CNS inhibitory
processes

¢ GABA is the main inhibitory neurotransmitter in
the CNS

¢ All GABA receptors (GABA-A, GABA-B, GABA-
C) have hypnotic effects when stimulated

« The quality of sleep (ie, effect on sleep stages)
varies depending on which GABA receptor is
stimulated

Gottesmann C. Neuroscience. 2002;111:231-239.

Normalizing the Amplitude
of Circadian Rhythm

Activating Agents (AM) Sleep Promoting (PM)
» Modafinil  Tigabine

« Stimulants » Gabapentin

« Bupropion * Benzodiazepines

* Trazedone

» Venlafaxine

* Some SSRIs ; ;
U ) * Mirtazapine
* Activating atypicals , aptinistamines
* Thyroid « Sedating atypicals

* Melatonin

« Doxepin, Amitriptyline

15



Normalizing the Amplitude of the
Circadian Rhythm

* Activating agent in the morning

» Sleep promoting agent at night

» Importance of stage 3/4, delta deep sleep
» Combination of both

Sleep Promoting Agents
Mechanisms of Action

« Tigabine: GABA reuptake inhibitor

» Gabapentin: Other mechanisms to
increase GABA & decrease glutamate

» Benzodiazepenes: modulate GABA
receptors

» Many antidepressants & atypicals:
Antihistaminic

» Mirtazapine, Nefazadone, atypicals:
Serotonin-2 blockade

* Melatonin

GABITRIL Use in Sleep Disorders
Rationale (cont.)

* GABITRIL is a selective GABA reuptake inhibitor (SGRI)

— Increases concentrations of endogenous GABA in
the synaptic cleft

* In preclinical models, tiagabine prominently enhanced
low-frequency activity in non-REM sleep-specific EEG

* In asingle-dose, placebo-controlled study involving 10
healthy elderly subjects, GABITRIL

— Significantly improved sleep efficiency
— Tendentiously decreased wakefulness

— Prominently increased slow wave and low-
frequency activity within non-REM sleep

Mathias S, et al. Neurobiol Aging. 2001;22(2):247-
253. Clinical Development |

GABITRIL and Sleep in Healthy Elderly
Objective Sleep Measures

Sleep Measure Placebo GABITRIL
Sleep onset latency (min) 232+104 222+151
REM sleep latency (min) 68.9 +47.6 66.1+30.4
Sleep efficiency (%) 781457  822+4.2*
Time in bed (min) 505.1 +20.1 508.1 +30.0
Total sleep time (min) 396.5+35.1 417.5+33.9
Number of awakenings 255+106 223+88
Wakefulness (min) 107.7 +28.3 87.0+224
Intermittent wakefulness (min) 67.1+228 52.4+258
Stage 1 (min) 417+127 340+136
Stage 2 (min) 236.3 +40.3 240.6+35.3
Slow wave sleep (min) 32.8+20.0 62.9+335*
Stage 3 (min) 29.0+13.4  46.6+22.7
Stage 4 (min) 38+93 16.3 +18.0
REM sleep (min) 84.1+11.6 779+14.1
Movement time (min) 1.7+22 22+15 .

Values are means + SD (n = 10)

+P< 0, g
Mathias S et al. Neurobio Aging. 2001;22:247-253. P<0.05 (unlvanate F tests)

Conclusion

» Mental health correlates with changing patterns
of brain activation that alter brain activity to
facilitate adaptation

* A failure of shut-off of both hyper & hypo-
arousal states is associated with a broad range
of psychiatric & general medical conditions

» Treatments to reduce pathological hyper &
hypo-arousal states & to normalize the
amplitude of the circadian rhythm have
therapeutic value

Conclusion Il

 Provigil (Modafinil) is a novel wakefulness
promoting agent & has therapeutic value in
treating pathological hypo-arousal

 Gabitril (Tigabine) is a novel GABA re-uptake
inhibitor & has therapeutic value in treating
pathological hyper-arousal

» There are a number of other options to treat
pathological states of hypo & hyper-arousal

16



Conclusion
When Lyme/tick-borne disease patients
with fatigue and associated symptoms of
hypo-arousal are treated with modafinil
they generally achieve greater symptom
improvement and higher levels of
functioning with the same level and/or
lesser levels of antibiotics.

Based upon clinical observation, other
strategies that normalize circadian rhythm
and reduce chronic stress may also have
therapeutic value.

Sodium Oxybate: Physiology

« Endogenous metabolite of GABA
¢ Neuromodulator
— GABA
— Dopamine
— Serotonin
— Endogenous opioids
« Evidence for role as neurotransmitter

— Synthesized in neurons, stored in vesicles, released
via depolarization into synaptic cleft, reuptake,
specific receptors

Sodium Oxybate: CNS

Pharmacology
Binds to GABA; receptor

— May play important role in pharmacologic
activity at therapeutic dosage levels

— Antagonism of GABAg in animal models
inhibits sodium oxybate—induced sleep and
some neuromodulation effects

Metabolic effects
— Decreases cerebral glucose utilization
— Cerebral protective effects

Sodium Oxybate: _
Open-Label Dose-Escalation Trial—
Effect on Stage 3 and 4 Sleep

15 A

10 A

Total stage 3 and 4 sleep
(min)

Baseline 4.5 45 6.0 7.5 9.0
N=21 (1stdose) (wk 0-4) (wk 4-6) (wk 6-8) (wk 8-10)
*P=0.012 R
Stimulant medications maintained. Sodium oxybate dose (g)

Black et al. Sleep. 2001;23(suppl 2):A321.

Quinolinic Acid

Quinolinic acid (QUIN) is a product of tryptophan
metabolism that can act as an endogenous brain
excitotoxin when released by activated
macrophages.

Previous studies have shown correlations
between increased CSF QUIN levels and the
presence of the AIDS dementia complex (ADC),
a neurodegenerative condition complicating late-
stage human immunodeficiency virus type 1
(HIV) infection in some patients.

CSF QUIN is putatively one of the important
molecular mediators of the brain injury in this
clinical setting and, more generally, serves as a
marker of local macrophage activation.

Proinflammatory Cytokines Increase
Indoleamine 2,3-dioxygenase (IDO)

* The IDO enzyme converts tryptophan into kynurenine,
because IDO activation leads to reduced levels of
tryptophan, the precursor of serotonin (5-HT), and thus
to reduced central 5-HT synthesis.

« Kynurenine metabolites such as 3-hydroxy-kynurenine
(3-OH-KYN) and quinolinic acid (QUIN) have toxic
effects on brain function. 3-OH-KYN is able to produce
oxidative stress by increasing the production of reactive
oxygen species (ROS), and QUIN may produce
overstimulation of hippocampal N-methyl-D-aspartate
(NMDA) receptors, which leads to apoptosis and
hippocampal atrophy. Both ROS overproduction and
hippocampal atrophy caused by NMDA overstimulation
have been associated with depression.

17



Metabolites of the Kynurenine pathway of tryptophan metabolsm

in the cerebrospinal fluid of Malawian children with malaria.

Medana IM, Day NP, Salahifar-Sabet H, Stocker R, Smythe G,
Bwanaisa L, Njobvu A, Kayira K, Turner GD, Taylor TE, Hunt NH.

» Three metabolites were measured:
quinolinic acid (QA), an excitotoxin;
kynurenic acid (KA), a neuroprotective
receptor antagonist; and picolinic acid
(PA), a proinflammatory mediator.
Elevated levels of QA and PA in CSF were
associated with a fatal outcome in
Malawian children with cerebral malaria
(CM). QA was associated with a history of
convulsions.

A beta 1-42 induces production of quinolinic acid by human
macrophages and microglia.

Guillemin GJ, Smythe GA, Veas LA, Takikawa O, Brew BJ.

« We hypothesized that the tryptophan catabolites

produced through the kynurenine pathway (KP),
and more particularly the excitotoxin quinolinic
acid (QUIN), may play an important role in the
pathogenesis of Alzheimer® disease (AD). In
this study, we demonstrated that aggregated
amyloid peptide A beta 1-42 induced
indoleamine 2,3-dioxygenase (IDO) expression
and resulted in a significant increase in
production of QUIN by human primary
macrophages and microglia.

Tryptophan metabolites and brain disorders.

Stone TW, Mackay GM, Forrest CM, Clark CJ, Darlington LG.

Tryptophan is metabolised primarily along the
kynurenine pathway, of which two components are now
known to have marked effects on neurons in the central
nervous system. Quinolinic acid is an agonist at the
population of glutamate receptors which are sensitive to
N-methyl-D-aspartate ﬂNMDA), and kynurenic acid is an
antagonist at several glutamate receptors. Consequently
quinolinic acid can act as a neurotoxin while kynurenic
acid is neuroprotectant. A third kynurenine, 3-
hydroxykynurenine, can generate free radicals and
contribute to, or exacerbate, neuronal damage. Changes
in the absolute or relative concentrations of these
kynurenines have been implicated in a variety of central
nervous system disorders such as the AIDS-dementia
complex and Huntington® disease
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Memantine (Namenda)

» Memantine is FDA approved for moderate to
severe Alzheimer’s disease.

* Itis similar to the antiviral, amantadine, and
was used to treat AIDS. Although ineffective
for AIDS, it was effective for AIDS dementia.

* Memantine is considered to be

neuroprotective as a NMDA antagonist .

Quinolinic acid is increased in infectious and

other neurodegenerative encephalopathies.

Quinolinic acid is neurotoxic as an NMDA

agonist.

Memantine Treatment Approach

« Memantine is the first of a new class of
medications for AD with a mechanism of action
distinct from currently available drugs

— Low to moderate affinity NMDA
(N-methyl-D-aspartate) receptor antagonist

« Memantine is thought to selectively block the
excitotoxic effects associated with abnormal
transmission of glutamate, while allowing for the
physiological transmission associated with
normal cell functioning

Sources: Rogawski MA, et al. CNS Drug Reviews. 2003;9:275-308,
Danysz W, et al. Neurotoxicity Res. 2000;2:85-97.

Memantine Mechanism of
Action

» Low to moderate affinity, uncompetitive
NMDA-receptor antagonist, voltage-
dependent, fast blocking/unblocking
kinetics
— Blocks the effects of abnormal glutamate

activity that may lead to neuronal cell
damage/loss and cognitive dysfunction
— Preserves physiological activation of NMDA

receptor required for learning
and memory

Source: Danysz W, et al. Neurotoxicity Res. 2000;2:85-87.

Normal NMDA Receptor
Transmission

Rest Coghnitive Activity
4
A <
—aala l o Aald
Normal AAly o O A{A &
& o
NMDA Signal
Receptor Detected
Signal
Noise Noise

L

A Glutamate
O Magnesium
Reprinted from Neuropharmacology, Vol 38, CG Parsons, W Danysz, G Quack. Memantine O Calcium

is a clinically el tolerated N-methyl-D-aspartate (NMDA) receptor antagonist—a review
of preclinical data, pages 735-767, copyright 1999, with permission from Elsevier.

Pathological Activation of
NMDA Receptors

impairment of Cogpnitive Chronic Neurodegeneration

Pathological Activation
Activity Neuronal Activity Neuronal Activity

of NMDA Receptors

</a Ry O
5 [ A A Q0 A\«
ETAAZE 00 g WALOD . ma i
S AA (@] OO A (@) OO‘ SN¢) /v’
s A/ A o A A/Od 0
-y A/ O (@] O 4 \

Noise Signal Noise Signal Not
Detected
A Glutamate
Reprinted from Neuropharmacology, Vol 38, CG Parsons, W Danysz, G Quack. Memantine O Magnesium
is a clinically well tolerated N-methyi-D-aspartate (NMDA) receptor antagonisi—a review X
of preclinical data, pages 735-767, copyright 1999, with permission from Elsevier. O Calcium

Memantine Selectively Blocks Pathological
Activation of NMDA Receptors

Memantine Blocks

Pathological Activation Glutamatergic Activation and Memantine Facilitates
of NMDA Receptors Chronic Neurodegeneration Cognitive Activity
2 Q
LN A <Y
© b 4‘
ETAAw OOO AA < OOO /1, OOO ﬁﬂ
S AA @) AA
3 A v o A o OO
<
o ®
Noise Noise signal | Noise
A Glutamate
O Magnesium
Reprinted from Neuropharmacology, Vol 38, CG Parsons, W Danysz, G Quack. Memantine O calcium
is  clinically well tolerated N-methyl-D-aspartate (NMDA) receptor antagonist—a review @ Memantine

of preclinical data, pages 735-767, copyright 1999, with permission from Elsevier.

19



Memantine Mechanism of

Action

» Low to moderate affinity, uncompetitive
NMDA-receptor antagonist, voltage-
dependent, fast blocking/unblocking
kinetics
— Blocks the effects of abnormal glutamate

activity that may lead to neuronal cell
damage/loss and cognitive dysfunction

— Preserves physiological activation of NMDA
receptor required for learning
and memory

Source: Danysz W, et al. Neurotoxicity Res. 2000;2:85-87.

1. Bames CA, et al. Eur. J. Neurosci. 1996;8:565-571.
2. Wenk GL, et al. Eur. J. Pharmacol. 1995;293:267-270,
3. Miguel-Hidalgo JJ, et al. Brain Res. 2002;958:210-221.

Memantine: Effects In

Preclinical Models*
. Impioves long-term potentiation in aged
rats

¢ Protects basal forebrain cholinergic cells
from NMDA-induced toxicity in vivo?

« Protects rat hippocampus from b-amyloid—
induced toxicity in vivo®

« Protects rat cortical and hipﬁocampal cells
from toxicity induced by hig
concentrations of glutamate and other
insults/lesions*6

*The clinical significance of preclinical models is unknown.

4. Erdo SL, Schafer M. Eur. J. Pharmacol. 1991;198:215-217.
5. Muller WEG, et al. Eur. J. Pharmacol. 1992;226:209-214.
6. Pellegrini LW, Lipton SA. Ann. Neurol. 1993;33:403-407.

Riluzole (Rilutek)

Approved by FDA for treatment of ALS

Riluzole is used for the treatment of amyotrophic
lateral sclerosis and reported to have
neuroprotective effects in animal models of
Parkinson® disease, Huntington® disease, and
brain ischemia.

The neuroprotective action of riluzole has been
attributed to its ability to inhibit glutamate release
Preliminary research by NIMH demonstrated
efficacy for treatment-resistant depression

Pregabalin

Currently researched by Pfizer
Gamma-aminobutyric acid analog that is under
development by Pfizer for the potential treatment
of central nervous system disorders, including
epilepsy, neuropathic pain, fibromyalgia and
generalized anxiety disorder

Some similarities to Neurontin (gabapentin)

Demonstrated to reduce pain and improve sleep
and mood disturbances

Zadaxin (Thymosin Alpha 1)

Increases th1/th2 ratio
Enhances immune response
Investigational in US

Approved in some countries for treatment
of hepatitis B and hepatitis C

Cymbalta (Duloxetine)

SNRI with similarities to Effexor

Will be released by Lilly in about 2 months
for treatment of depression

Appears to have some effective for chronic
pain and somatic symptoms
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Milnacipran

* SNRI under research by Forest Labs for
depression and fibromyalgia

* Similarities to other SNRI's (Effexor and
Cymbalta)

Idebenone

Investigational drug

Appears effective for mitochondrial
diseases such as Friedreich® Ataxia

Antioxidant, similar to CoQ10

Possibly slows decline of Alzheimer’s and
improves alertness

Effects of one Chinese herbs on improving

cognitive function and memory of
Alzheimer® disease mouse models

RESULT: CHP Il has profound curative
effects on improving the memory and
cognitive function of AD-like animal model.
CONCLUSION: The present study
indicates that it has a satisfactory prospect
to seek new drugs from Chinese herbs to
treat AD.

Levetiracetam (Piracetam)

Now market is US as Keppra

Considered a nootropic

Animal studies suggest that piracetam
may improve neuronal efficiency, facilitate
activity in neurotransmitter systems, and
combat the age-related decrease in
receptors on the neuronal membrane.

No clear-cut support for a mnemonic
benefit.

Nonprescription
“Memory Enhancers”

phosphatidylserine
phosphatidylcholine

Citicoline

Piracetam

Vinpocetine

acetyl-L-carnitine

antioxidants (particularly vitamin E)
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Summary: Collective Evidence that

TBD Causes Psychiatric lllness
Theoretical considerations, especially when
incorporating systems & evolutionary concepts
Microbes contribute to causing many illnesses
Cause of most psychiatric illnesses cannot be
explained by other models
Evolving models that recognize microbes &
TBD contribute to causing mental illness
Medical literature & clinical experience that TBD
causes psychiatric illness

Improvement of psychiatric illness from
antibiotics

Conclusions: Tick-borne Disease &
Psychiatry

« An integrated model of disease was
presented. It incorporates the role of
microbes in causing disease.

« Infectious disease, including tick-borne
disease can cause psychiatric illness.

* Restrictive view of TBD can cause under-
treatment, resulting in a preventable epidemic
of psychiatric illness

« Attention to the psychiatric aspect of Tick-
borne disease needs to be better
incorporated into research, assessment &
tfreatment

Websites

» Potential Uses of Modafinil in Psychiatric
Disorders www.jmlappliedresearch.com
* PBM forms
— Mental Health Needs and Services in NJ
— (in Addenda) www.psychnj.org

— Mental Health and lliness .com
www.mentalhealthandillness.com

Questions?

“Albert, Did you ask any
interesting questions in school
today?"*

*A frequent after school remark from
Mrs. Einstein to her son, Albert.
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