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Inflammation is present in the gut of ASD 
childrenchildren

PetechialPetechial
Hemorrhages Widespread 

Lymphoid Nodular 
Hyperplasiayp p



Toxins from gutToxins from gut 
bacteriabacteria and yeast 
reach the brainbrain.reach the brainbrain. 

Immune chemicals 
from Inflammationfrom Inflammation 
also reach the brain





Epilepsy and ASDEpilepsy and ASD





Landau Kleffner
Syndrome 

When seizures occur 
in sleep in  the region 
of the expressiveof the expressive 
language cortex. 
Autoantibodies to 
endovasculature occur 
more commonly in 
autism and LKSautism and LKS.
(Connolly et al. 

J Pediatr. 1999 
May;134(5):607‐13.)



Landau Kleffner Syndrome EEGLandau Kleffner Syndrome EEG



LKS: Sources of MEG‐spikes
(Lewine 2000)

• Classical LKS N=6
– Sylvian unilateral 2/6 (33%)
– Sylvian bilateral, dependent 3/6 (50%)
Sylvian bilateral inderpendent 1/6 (17%)– Sylvian, bilateral inderpendent 1/6 (17%)

• Variant LKS N=9Variant LKS N=9
– Sylvian & frontal spikes 9/9 (100%)

• Autistic Epileptic Regression N=100
– Sylvian & multifocal 70/100





MEG reflects fissural cortex activity, 
EEG is dominated by gyral crown activity

EEG

MEG

EEG



Wavelet Analysis of EEG Spiking



QEEG Localization of SpikingQEEG Localization of Spiking



Video EEGVideo EEG



SPECT NeuroimagingSPECT Neuroimaging



When Autism Isn’t TypicalWhen Autism Isn t Typical









Synaptic EventsSynaptic Events
• Electrical Signal reaches axon terminal
• Chemical substance released by vesicles into 
the synapse
–Neurotransmitter (NT)

• Diffuses across synapse where they y p y
• Bind to receptor proteins
• This opens ion channels and the post‐p p
synaptic nerve depolarizes when enough 
channels open = signal

• NT released and is recycled or degraded







BALANCE

Acetyl‐
choline



Autonomic Nervous SystemAutonomic Nervous System

Acetyl Choline Nicotine effect Noradrenaline effectAcetyl Choline Nicotine effect Noradrenaline effect
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ti it i hild ith ti
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Many of the clinical symptoms of autism suggestMany of the clinical symptoms of autism suggest 
autonomic dysfunction. results suggest that there is 
low baseline cardiac parasympathetic activity with 
evidence of elevated sympathetic tone in children with

Many of the clinical symptoms of autism suggest 
autonomic dysfunction. results suggest that there is 
low baseline cardiac parasympathetic activity with 
evidence of elevated sympathetic tone in children withevidence of elevated sympathetic tone in children with 
autism whether or not they have symptoms or signs of 
autonomic abnormalities.

evidence of elevated sympathetic tone in children with 
autism whether or not they have symptoms or signs of 
autonomic abnormalities.



Subclinical effects of prenatal 
methylmercury exposure on cardiac
Subclinical effects of prenatal 
methylmercury exposure on cardiacmethylmercury exposure on cardiac 
autonomic function in Japanese children.
methylmercury exposure on cardiac 
autonomic function in Japanese children.
Int Arch Occup Environ Health. 2006 May;79(5):379‐86. Epub
2005 Dec 20.
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Conclusions: Despite the potential limitations involved 
in the retrospective study, these findings suggest that 
prenatal methylmercury exposure (median of

Conclusions: Despite the potential limitations involved 
in the retrospective study, these findings suggest that 
prenatal methylmercury exposure (median ofprenatal methylmercury exposure (median of 
estimated maternal hair mercury at parturition, 2.24 
mug/g) may be associated with reduced 

th ti ti it d/ th l hift

prenatal methylmercury exposure (median of 
estimated maternal hair mercury at parturition, 2.24 
mug/g) may be associated with reduced 

th ti ti it d/ th l hiftparasympathetic activity and/or sympathovagal shift.parasympathetic activity and/or sympathovagal shift.







Monoamine NT BiochemistryMonoamine NT Biochemistry



T t hTryptophan

Serotonin and
Serotonin

Serotonin and
Melatonin 
BiochemicalBiochemical
Pathways

Melatonin



Risperidone: Multiple Sites of ActionRisperidone: Multiple Sites of Action



Cognitive effects of risperidone in children 
with autism and irritable behaviorwith autism and irritable behavior

• J Child Adolesc Psychopharmacol. 2008 Jun;18(3):227‐36.

• 38 children ages 5 17 (n=38) years with severe autism• 38 children, ages 5‐17 (n=38) years with severe autism  

• Risperidone (0.5 to 3.5 mg/day) or placebo for 8 weeks.

• A double‐blind placebo‐controlled parallel groups design wasA double blind placebo controlled parallel groups design was 
used. Dependent measures included tests of sustained 
attention, verbal learning, hand‐eye coordination, and spatial 
memorymemory .

• CONCLUSION: Performance on a cancellation task and a 
verbal learning task was better on risperidone than on g p
placebo (without correction for multiplicity).  Risperidone
given to children with autism at doses up to 3.5 mg for up to 8 
weeks appears to have no detrimental effect on cognitiveweeks appears to have no detrimental effect on cognitive 
performance.
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Galantamine and nicotine have a synergistic effect 
on inhibition of microglial activation induced by 
HIV 1 120HIV-1 gp120.

Brain Res Bull. 2004 Aug 30;64(2):165-70. 
Giunta B et al Neuroimmunology Laboratory College of Medicine UniversityGiunta B, et al  Neuroimmunology Laboratory, College of Medicine, University 
of South Florida, 3515 E. Fletcher Avenue, Tampa, FL 33613, USA. 

Chronic brain inflammation is the common final pathway in the majority of 
neurodegenerative diseases and central to this phenomenon is theneurodegenerative diseases and central to this phenomenon is the 
immunological activation of brain mononuclear phagocyte cells, called 
microglia. This inflammatory mechanism is a central component of HIV-
associated dementia (HAD). Recent data from our laboratory indicates that 
cultured microglial cells also express this same receptor and that microglial anticultured microglial cells also express this same receptor and that microglial anti-
inflammatory properties are mediated through it and the p44/42 mitogen-activated 
protein kinase (MAPK) system. Here we report for the first time the creation of an 
in vitro model of HAD composed of cultured microglial cells synergistically 
activated by the addition of IFN gamma and the HIV 1 coat glycoprotein gp120activated by the addition of IFN-gamma and the HIV-1 coat glycoprotein, gp120. 
Furthermore, this activation, as measured by TNF-alpha and nitric oxide 
(NO) release, is synergistically attenuated through the alpha7 nAChR and 
p44/42 MAPK system by pretreatment with nicotine, and the cholinesterase 
i hibit l t i O fi di t l th ti bi tiinhibitor, galantamine. Our findings suggest a novel therapeutic combination 
to treat or prevent the onset of HAD through this modulation of the 
microglia inflammatory mechanism. 
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TDN Superior to MethylphenidateTDN Superior to Methylphenidate 

Therapeutic Effect of Ritalin SR 20





Adverse Reactions to 7 mg/24hr Nicotine patch 
i d l i h ADHD

Adverse Reactions to 7 mg/24hr Nicotine patch 
i d l i h ADHDin young adults with ADHDin young adults with ADHD

NS ???



Data from ABC scoring 
f l f h

Data from ABC scoring 
f l f h9 yo female after 2 months9 yo female after 2 months

• Teacher Pre total ABC score = 42

• Teacher Post total ABC score = 9

• Teacher Pre total ABC score = 42

• Teacher Post total ABC score = 9Teacher Post total ABC score   9

• Change = 33

M h P l ABC 57

Teacher Post total ABC score   9

• Change = 33

M h P l ABC 57• Mother Pre total ABC score = 57

• Mother Post total ABC score = 18

• Mother Pre total ABC score = 57

• Mother Post total ABC score = 18

• Change = 39

• All domains dramatically reduced

• Change = 39

• All domains dramatically reducedAll domains dramatically reducedAll domains dramatically reduced



TDNTDN
• Step 1 = 21 mg/per 24 hrs
• Step 2 = 14 mg/24 hrs

/

• Step 1 = 21 mg/per 24 hrs
• Step 2 = 14 mg/24 hrs

/• Step 3 = 7 mg/24 hrs
• Usual dose we are using is ¼ to ½ 

of 7mg patch which is under 0.15 
h

• Step 3 = 7 mg/24 hrs
• Usual dose we are using is ¼ to ½ 

of 7mg patch which is under 0.15 
hmg per hour

• Manufacturer warns NOT to cut 
the patch, but in practice thus far 
h k d l ll

mg per hour
• Manufacturer warns NOT to cut 

the patch, but in practice thus far 
h k d l llit has worked extremely well. 

• Skin reactions #1 issue: less with 
generic

it has worked extremely well. 
• Skin reactions #1 issue: less with 

generic
• Nausea and dizziness next
• Cigarettes deliver 2‐3 mg per 

cigarette or 40 to 120 mg per 24 

• Nausea and dizziness next
• Cigarettes deliver 2‐3 mg per 

cigarette or 40 to 120 mg per 24 
hours for typical smokershours for typical smokers



Acetylcholine is made from 
h li d l

Acetylcholine is made from 
h li d lCholine and Acetyl‐CoACholine and Acetyl‐CoA



Cytidinediphosphocholine (CDP‐choline) for cognitive and 
behavioural disturbances associated with chronic cerebral 
Cytidinediphosphocholine (CDP‐choline) for cognitive and 
behavioural disturbances associated with chronic cerebral 
disorders in the elderlydisorders in the elderly
This version first published online: 20 April 2005 in Issue 2, 2005

Cochrane Database of Systematic Reviews 2005, Issue 2.
This version first published online: 20 April 2005 in Issue 2, 2005

Cochrane Database of Systematic Reviews 2005, Issue 2.

CDP‐choline (cytidine 5'‐diphosphocholine) is a precursor essential for the synthesis of 
phosphatidylcholine, one of the cell membrane components that is degraded 
during cerebral ischaemia to free fatty acids and free radicals. Animal studies 
suggest that CDP‐choline may protect cell membranes by accelerating resynthesis

CDP‐choline (cytidine 5'‐diphosphocholine) is a precursor essential for the synthesis of 
phosphatidylcholine, one of the cell membrane components that is degraded 
during cerebral ischaemia to free fatty acids and free radicals. Animal studies 
suggest that CDP‐choline may protect cell membranes by accelerating resynthesissuggest that CDP choline may protect cell membranes by accelerating resynthesis
of phospholipids. CDP‐choline may also attenuate the progression of ischaemic cell 
damage by suppressing the release of free fatty acids. CDP‐choline is the 
endogenous compound normally produced by the organism. When the same 
substance is introduced as a drug it can be called citicoline.

suggest that CDP choline may protect cell membranes by accelerating resynthesis
of phospholipids. CDP‐choline may also attenuate the progression of ischaemic cell 
damage by suppressing the release of free fatty acids. CDP‐choline is the 
endogenous compound normally produced by the organism. When the same 
substance is introduced as a drug it can be called citicoline.

Due to its effects on the adrenergic and dopaminergic activity of the CNS, CDP‐
choline has also been used as an adjuvant in the treatment of Parkinson's disease.

Plain language summary

Due to its effects on the adrenergic and dopaminergic activity of the CNS, CDP‐
choline has also been used as an adjuvant in the treatment of Parkinson's disease.

Plain language summaryPlain language summary
Some evidence that CDP‐choline has a positive effect on memory and behaviour in 
at least the short/medium term in elderly people with cognitive deficits associated 
with chronic cerebral disorders of the brain.

Plain language summary
Some evidence that CDP‐choline has a positive effect on memory and behaviour in 
at least the short/medium term in elderly people with cognitive deficits associated 
with chronic cerebral disorders of the brain.

Accepted evidence the orthomolecular approach can 
be effective therapy in certain cases.



Interaction of Choline with Methylation
d T lf tiand Transsulfation

Steven H Zeisel UBMB Life 2007 June ; 59(6): 380 387Steven H. Zeisel UBMB Life. 2007 June ; 59(6): 380–387



NT Orthomolecular OptionsNT Orthomolecular Options

• Vitamins: B6 and Magnesium in ASD andVitamins: B6 and Magnesium in ASD and 
Schizophrenia. Thiamine and other vitamins

• Lithium in near nutritional doses• Lithium in near nutritional doses

• Precursor Molecules: 
– Tryptophan (5HTP?) > Serotonin and Melatonin 

– Tyrosine > Monoamines (Dopamine, etc)

– DMAE (Dimethylaminoethanol ) > Acetylcholine

– CDP Choline > Acetylcholine



CNS Anti‐inflammatoriesCNS Anti inflammatories

• Things active in the gut may not cross into the gs act e t e gut ay ot c oss to t e
brain, ie: 5‐ASA (sulfasalazine) type meds. 

• Nonsteroidals may work but at the risk of further y
worsening esophagitis and gastritis.

• Steroids may be effective but long term problems 
limit use.

• IVIG often effective but expensive and insurance 
li it dcoverage limited.

• Novel Agents; Pioglitazone (Actos), 
Spironolactone Minocycline and othersSpironolactone, Minocycline and others. 



Neuroscience Letters 241 (1998) 17–20



“The observed increase in urinary native y
neopterin in autism agrees with our 
previous observations and indicatesprevious observations and indicates 
activation of cellular immunity in these 
children thus supporting the possiblechildren thus supporting the possible 
involvement of autoimmunity in the 

h * f ”pathogenesis* of autism.”

Messahel et al, Neuroscience Letters 241 (1998) 17–20

*Pathogenesis = the cause of disease



















N l Mi h d i F lNeuronal Mitochondria Fuel 
Nerve Signal Impulses









Maladaptive Neurotransmitter Compensation 
f i h d i l f ifor Mitochondrial Dysfunction 



Si ifi l i d NH3 d Al i i h ildSignificantly increased NH3 and Alanine with mild 
increase in Lactate = Mitochondrial Dysfunction 



Amino acids = Source of AmmoniaAmino acids   Source of Ammonia

Amine + Carbohydrate               Amino Acid 



Mitochondrial CocktailMitochondrial Cocktail
• D‐Ribose: generates ATP via a bypass of the 
pentose phosphate shunt pathway ATP energypentose phosphate shunt pathway.  ATP = energy 
storage. 

• Acetyl L Carnitine: Fuels CNS mitochondria betterAcetyl L Carnitine: Fuels CNS mitochondria better 
than plain carnitine.

• UBQH: more active form of CoQ10, a facilitator of 
i h d i l i imitochondrial activity. 

• Antioxidants: protect mitochondrial OXPHOS
• Multiple small feedings per day no large meals• Multiple small feedings per day – no large meals 
– constant supply of energy 

• Moderation of protein intake – expensive for cellsModeration of protein intake  expensive for cells 
to get rid of extra ammonia. 



Antioxidant Effect per 1 gram of 
h l f d

Antioxidant Effect per 1 gram of 
h l f dwhole foodwhole food



Pediatric Autoimmune Neuropsychiatric 
Disorders Associated with 
Streptococcal InfectionsStreptococcal Infections



7 yo boy with persistent severe OCD and 
i d i f f i

7 yo boy with persistent severe OCD and 
i d i f f iASD issues and NO signs of Strep InfectionASD issues and NO signs of Strep Infection







The failure to maintain GSH/GSSG redox balance
and to resolve acute inflammatory stress promotes 

A t  I fl ti  (R l ti )

and to resolve acute inflammatory stress promotes 
a self-perpetuating cycle of chronic inflammation 

PGJ(2)PPAR-RXR dimer
(downregulates transcription)

Acute Inflammation (Resolution)
Heavy Metals
Genetics
Viral infection

NFkB TNFα

GSH/GSSG 
(↑GCL)

(downregulates transcription)

Nrf‐2 (ARE)
l

Inflammation
OFF-SWITCH

ROS AP-1 IL-6
IL-1

iNOS NO
peroxynitrite

low

highFree 
Radicals Transcription 

factors Cytokines
Nitric oxide

GSH/GSSG

Th1

factors y

NK

GSH/GSSG 

Chronic Inflammation
(Self-Perpetuating Cycle)

Th2
NK

Courtesy Jill James PhD





Cysteine Deficiency : male age 3Cysteine  Deficiency : male age 3



Oxidative Biomarkers and TreatmentOxidative Biomarkers and Treatment

• Isoprostane = oxidized fatty acid membranessop osta e o d ed atty ac d e b a es
• 8 OHG = oxidized RNA
• Biopterin = oxidation due to inflammationBiopterin  oxidation due to inflammation
• Neopterin = immune activation which will lead to 
oxidation

• Build up Cysteine and Glutathione (Methionine)
• Porphyrins = coproporphyrin may rise from p y p p p y y
oxidation not just metal related events. 

• Ammonia & lactic acid link to mito dysfunction
• Dysbiosis markers may reflect on these issues



Increased excretion of a lipid 
peroxidation biomarker in autism.
Ming X, Stein TP, Brimacombe M, Johnson WG, Lambert GH, Wagner GC.
Department of Neurosciences, UMDNJ‐New Jersey Medical School, Newark,

Prostaglandins Leukot Essent Fatty Acids. 2005 Nov;73(5):379‐84. 

Department of Neurosciences, UMDNJ New Jersey Medical School, Newark, 
07103, USA. 



Immune/Gut Case male age 3Immune/Gut Case male age 3Immune/Gut Case male age 3Immune/Gut Case male age 3



Immune/Gut Case male age 3Immune/Gut Case male age 3Immune/Gut Case male age 3Immune/Gut Case male age 3



Immune/Gut Case male age 3Immune/Gut Case male age 3Immune/Gut Case male age 3Immune/Gut Case male age 3



Present: normal; absent autistic

Present: autistic; absent normal

Phylogenetic
Relationships in
the Gut Firmicutesthe Gut Firmicutes

ABNORMAL RELATIONSHIPSABNORMAL RELATIONSHIPS
IN FIRMICUTES IN AUTISM!



Environmental Intoxication (Metals, 
Dysbiosis, Viruses, Chemicals)?

Structure Modification

Inflammation Oxidant Stress 

Functional Loss

Genetic 
Association  & 

R l tiRegulation


