
The Persistent Cell Danger 
Response (CDR): 

Clinical Strategies to Optimize 
Mitochondrial Health & 

Metabolism

May, 2022 
NAA Conference

Nancy Hofreuter O’Hara, MD, MPH, FAAP
www.drohara.com



New Discoveries & Paradigm Shifts
Vs

Status Quo & Denials
u Problem: Doctors give names to things they don’t understand so they 

can start the process of understanding. NAME IT…BLAME IT…TAME IT…

u Bigger problem: Naming something gives the impression we understand 
it. 

u PATHOGENESIS OF DISEASE

u Quotes: 

u – “Your blood sugar is high because you have diabetes.” 
u – “You feel sad because you have depression.” 

u – “Your blood pressure is high because you have hypertension.” 

u – “Your son can’t speak because he has autism.” 
u How do you escape these misleading fallacies? SALUGENESIS

u Find the root cause of the disease (not just the symptoms) and 
direct new treatments at the root of each illness. 

u Understand underlying common cause(s) for many chronic illnesses

u Transform the Process of Healing through Mitochondrial Health



Pieces of the Puzzle

Genetics &
Epigenetics

Toxin Proliferation

Mitochondrial 
Dysfunction Chronic Illness



Autism 
Prevalence

u Incidence of Diabetes in 
Canada

u 1 in 325 by age 17

u http://managingdiabetes101
.weebly.com/diabetes-in-
canada.html



Chronic Illnesses in Children

CDC estimates the 1 in 6 children 
have a developmental disability 

1 in 44 children are diagnosed 
with ASD (press release 12/2/21)

In 2018, estimated that 20% of 
children were diagnosed with 
chronic illness with rates 
continuing to rise (Blackwell et al., Pediatrics, 2019)



u 40% of Children Born Today Suffer with Chronic Disease. The prevalence of over 20 
diseases has increased 2-to-10-times since 1980s. http://naviauxlab.ucsd.edu



The Perfect Storm:
Catastrophic Changes
u Toxin Proliferation

u Hydrocarbons/chemicals

u Heavy Metals

u Other (hormones, antibiotics)

u Nutrition Deterioration
u Ability to Detoxify Decreased

u Metabolic & Mitochondrial Dysfunction

u Debilitation of Methylation and Sulphation

u Decrease in Glutathione

u Epigenetics

u Persistent Cell Danger Response (CDR) & Chronic Illness



Why so much Chronic Illness?

u “When a deep injury is done to us, we never heal until we 
forgive” – Nelson Mendela

u Blocked or Persistent CDR – blocks our ability to forgive 
and to heal

u Stress, injury, infection – leave mark on mitochondria

u Perfect storm of environment and genetic/epigenetic  
factors and failure of defenses to manage environment, 
forgive and heal

u Factors that make chronic disease the same are more 
important for healing than their differences



Before Disease -> After Healing

PATHOGENESIS

• Infection
• Trauma
• Toxins

PATHOGEN 
BASED 

TREATMENT

• Antibiotics/Antimicrobials
• Medications/Nutraceuticals

SALUGENESIS

• Rebuilding and Active Healing
• Chronic Disease occurs after pathogen is gone and if rebuilding does 

not occur (The Persistent Cell Danger Response)



TRANSFORMATIONS

• Summer -> Winter
• Day -> Night
• Birth -> Death
• Health -> Disease

Metabolism changes 
systematically to adjust 
to the seasons, circadian 
rhythms, nutrition, 
activity, injury, and 
environmental change



Overview of 
Mitochondrial 
Function & Dysfunction
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Mitochondria
• Found in every cell of the body
• Many cells contain 500 to 2000 mitochondria

• Mitochondria have their own DNA (genome)
• Powerhouse of the cell

• Mitochondria generate ATP (energy)

• Liver mitochondria detoxify ammonia

• Programmed (apoptotic) cell death
• Glutathione

• Major protector against oxidative stress 

• Major protector against mtDNA damage

• Mitochondria cannot produce GSH, only import it from the cytoplasm

• Oxygen Radical Regulation
• Mitochondria are the primary source of free radicals (reactive oxygen species, ROS) by 

electron leakage from the electron transport chain; 1-2% of oxygen normally produces 
free radicals

• Increasing inspired PO2 increases free radical generation

Rossignol and Frye, 2011  Mol Psychiatry, doi:10.1038/mp.2010.136



M
• MITOCHONDRIA

• Key Pathway for Processing Glucose

• Dysfunction causes build up of 

• Pyruvate

• Lactate

• Alanine

• Dysfunction can cause depletion of glutamate



MITOCHONDRIA
u CITRIC ACID CYCLE

u Also known as the tricarboxylic acid cycle 

u TCA or the Krebs cycle

u Breaks down Acetyl-CoA to Energy 

u By Producing Electron Carriers 

u Further processed by Electron Transport Chain

u Dysfunction of the Electron Transport Chain 

u Results in build-up of TCA intermediates 

u As measured in organic acid testing

u If all works well, energy (ATP) is produced



MITOCHONDRIA & Carnitine

u Co-factor that helps transport long chain fatty acids into 
mitochondria for beta-oxidation

u Antioxidant that neutralizes free radicals, including 
those produced by the ETC

u Fatty acid oxidation disorders and some organic 
acidemias are associated with decreased plasma 
carnitine concentrations. 

u Relative carnitine deficiency in autism - values of free 
and total carnitine were significantly reduced in autistic 
children

u Filipek PA et al.  J Autism Dev Disord. 2004 Dec;34(6):615-23

u Compared to placebo, Carnitine improves attention in 
ADHD and speech/behavior in autism

u Prospective Double-blind, Randomized Clinical Trial of Levocarnitine To 
Treat ASD - Significant correlations between changes in serum free-
carnitine levels and positive clinical changes - hand muscle strength 
(R2=0.23, P=0.046), cognitive scores (R2=0.27, P=0.019) & CARS scores 
(R2=0.20, P=0.047).

u Geier et al., 2011  Med Sci Monit 17(6): PI15-23

u L-Carnitine Supplementation Improves The Behavioral Symptoms In 
Autistic Children 

u Fahmy et al., 2013  Research in Autism Spectrum Disorders 7(1): 159-166

CARNITINE



MITOCHONDRIA
u Oxidative Phosphorylation Defects

u OxPhos (Complex I)

u “Our clinical experience at Kennedy 
Krieger Institute over the last 15 years 
has shown that deficiency of 
mitochondrial complex I is a common 
cause of regressive autism.”

u Evaluation and Treatment of Patients 
with Autism and Mitochondrial Disease

u Richard I. Kelley, MD, PhD (Director, Division of 
Metabolism, Kennedy Krieger Institute Department 
of Pediatrics, Johns Hopkins Medical Institutions)



Mitochondrial Dysfunction & Treatment

©2016 The Institute for Functional Medicine

Lipoic 
Acid

Magnesium



Symptoms / Signs of Mitochondrial Dysfunction

• “Any symptom in any organ at 
any age”

• Developmental or growth 
delay

• Motor delay

• Clumsiness

• Developmental regression

• Seizures

• Hypotonia (low muscle tone)

• Migraines

• GI Abnormalities (diarrhea, 
constipation)

• Slow cognitive processing 
speed

• Fatigue / lethargy

• Ataxia

• Cardiomyopathy/Myopathy

• Oxidative stress



Regression In The Setting of Physiological Stress

• Illness

• Fever

• Surgery

• Anesthesia

• Fasting

• Dehydration

• High altitude / hypoxia

• Stressors

• Increased oxidative stress

NEJM 2012:366(12):1132-1141.



Secondary Causes of 
Mitochondrial Dysfunction

• Heavy metals 
• Mercury, lead, arsenic, cadmium, aluminum

• Belyaeva, E. A et al. (2012). Mitochondrial electron 
transport chain in heavy metal-induced neurotoxicity: 
Effects of cadmium, mercury, and copper. 
ScientificWorldJournal.

• Farina, Met al. (2012). Metals, oxidative stress, and 
neurodegeneration: A focus on iron, manganese, and 
mercury. Neurochem. Int. 62, 575–594.

• Pesticides and Organophosphates

• Diesel exhaust

• Propionic acid from clostridia, 
disordered carbohydrate metabolism

• Infections – viral, yeast, bacterial

• Medications



Selected Meds Causing Mitochondrial Dysfunction

• Aspirin (inhibition & uncoupling OxPhos)

• Acetaminophen (depletes GSH; oxid stress)

• Salicylates

• Indomethacin/Naproxen

• Lidocaine

• Tetracycline

• Statins (deplete CoQ10)

• Metformin (inhibits Oxid phosphorylation)

• Risperidone (inhibits Comp I)

• Valproate (depletes carnitine)

• HIV medications

• Amiodarone

• Citalopram

• Fluoxetine

• Haloperidol

• Alprazolam/Diazepam

• Phenobarbital



Studies showing 
Mitochondrial Dysfunction &
Effects in ASD



Mitochondrial Dysfunction: A Final Common 
Pathway to Chronic Illness?

Drugs

Immune 
Dysregulation

Vitamin/mineral 
deficiencies

Toxins

Infection/Inflam
mation

Genetic 
factors



Labs: Mitochondrial Dysfunction

• Elevated lactic acid and 
pyruvate

• Elevated ammonia       
(>40 µg/dL)

• Low ubiquinone 
(CoEnzyme Q10)

• Low carnitine               
(free and total)

• Elevated creatine kinase

• Fasting plasma amino 
acids alanine (>450 
µmol/L); alanine/lysine 
(>2.5)

• Fasting plasma 
acylcarnitine analysis (3 
or more elevations)

• Abnormal urinary OAT: 
elevated Kreb Cycle 
Metabolites



Frye and Rossignol, 2013  OA Autism 1(1): 5



Mitochondrial Supplementation



Approach To Treatment

• Limited fasting, increased meal frequency, improved 
hydration and nutrition

• Consistent moderate exercise
• Ferreira et al, Front Public Health, 2018

• Avoiding mitochondrial toxins

• Treat & avoid constipation

• Avoiding physiologic stressors (e.g., illness, dehydration, 
fever, temperature extremes, surgery, anesthesia, 
prolonged fasting or starvation) especially in 
combination

• Supportive care during conditions of physiologic stress



DIET

u Whole food, organic, and non-processed 

u Include foods high in antioxidants:
u Berries, artichokes, kale, spinach, beets, dandelion greens,  

red cabbage, dark chocolate, etc.

u Culinary herbs and spices:
u Ginger, Garlic, Cilantro, Parsley, Thyme, Rosemary, Oregano, 

etc. 

u Cruciferous Vegetables

u Nuts

u Beans 

u Grass fed organic meats, wild caught fish 

u Remove sugars, additives, gluten, casein, 
soy, sensitivities



Diet & Nutrition

DIET

Five days on an organic 
diet (substituting organic 
fruits and vegetables for 
usual foods) the mean 
urinary excretion was 

reduced to non-
detectable! 



u Probiotics 

u Magnesium Citrate or Magnesium Oxide 

u Aloe 

u Vitamin C 

u Ginger and artichoke can help with motility

u Increasing fluids – at least ½ body weight in oz daily

u Increasing fiber in diet (i.e flax, vegetables, etc.)

u Physical Manipulation 

u Exercise

u Huang and Hu, Front Cell Infect Microbiol, 2017

u Furta et al, Pediatrics, 2012

u Cunnane et al, Am J Clin Nutr, 1994

Avoid &Treat Constipation What



32

Avoid Environmental Triggers
u Use natural, biodegradable and perfume free detergents and 

cleaning agents, do not dry clean clothes.
u Avoid chlorine: use water filters, limit pool/hot tubs.
u Wear 100% cotton clothes, avoid flame retardant materials, use 

organic bedding.
u Use fluoride-free toothpaste. (Xylitol)
u Use stainless steel, ceramic, glass or cast iron cookware
u Avoid aluminum and non stick products (cans also).
u Use an air purifier, especially in the bedroom.
u Avoid prolonged exposure to EMFs.
u No plastic furniture or flooring. (polyvinyl chloride).
u Use aluminum-free baking powder, deodorant. 
u Avoid use of herbicides or pesticides

u On lawns, garden, home or on pets.
u Use natural shampoos, soaps, lotions, make-up, lipstick 
u Avoid highly allergenic substances as much as possible

u Pollution, cigarette smoke, dust mites…



Mitochondrial Pearls

Speech delay or regression

Low muscle tone

Poor articulation

Constipation 

Regression with illness, surgery, excess exercise

Low activity level, fatigability

Slow processing

THINK MITOCHONDRIAL DYSFUNCTION!



Overview of Glutathione, Methylation 
& Transulfuration Metabolism



What is Methylation?
u Methylation - addition or substitution of a methyl group (CH3 ) to a substrate

u Methylation plays a role in the interaction of environmental factors with 
genetic expression

u Methylation is involved in:

u New cell synthesis; DNA and RNA repair

u Mitochondrial Function – COQ10 & carnitine synthesis

u Interface with folate metabolism and BH4 production to synthesize 
neurotransmitters (DA…)

u Detoxification of heavy metals

u GSH production

u Regulation of gene expression, protein function

u Immune function, T cell methylation, phospholipid methylation and susceptibility 
to disease

u What influences it?

u Nutrient deficiency (folate, B12, B6, zinc)

u Oxidative stress and low glutathione production

u Genetic polymorphisms (e.g. MTHFR)



Effects of Glutathione on 
Mitochondrial Function & 
Chronic Illness

Fernandez-Checa et al., 1998  BioFactors 8:7-11



GLUTATHIONE
1. Master antioxidant; maintains redox environment
2. Repairs oxidative stress; neutralizes free radicals
3. Helps remove toxicants and counteracts hydrogen 

peroxide, lipid peroxides, and xenobiotics 
4. Make GSH from amino acids (cysteine, glycine and 

glutamine) and recycles it via methylation using 
methyl donors (meB12, meTHF, TMG, other 
nutrients)



Mitochondrial Glutathione
A Key Survival Antioxidant

u Mitochondria are the primary intracellular site 
of oxygen consumption and the major source of 
reactive oxygen species (ROS)

u Most originating from the mitochondrial 
respiratory chain

u Mitochondrial glutathione (mGSH) emerges as 
the main line of defense for the maintenance of 
the appropriate mitochondrial redox 
environment to avoid or repair oxidative 
modifications leading to mitochondrial 
dysfunction and cell death

u Montserrat et al. Front Physiol, May 2012

© MAPS 2014
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SULFUROPHANE
u Upregulates heat shock protein response 

u The heat shock response is an organized response produced by a cell 
when under stress and is initiated during a fever. About 35% of children 
on the Autism Spectrum report improvement in symptoms during a 
febrile illness 

u Singh et al, Proc Natl Acad Sci USA. 2014

u Inhibits neuronal inflammation

u Upregulates Nrf2 signaling
u Regulates environmental stress response to balance redox reactions, 

cellular metabolism, repair and removal of proteins and nucleic acids 
u Yang et al, 2016

u Mitigates Mitochondrial Dysfunction
u The prevalence of mitochondrial disease in the general population of 

ASD was 5.0% compared to 0.01% and the prevalence of abnormal 
biomarker values of mitochondrial dysfunction was much higher in ASD 
than the prevalence of mitochondrial disease 

u Rossignol and Frye, Mol Psychiatry, 2012 
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Overview of CDR (Cell Danger Response) 
in Health & Disease

u Cell Danger Response (CDR) – evolutionarily conserved metabolic response 
that protects cells and hosts from harm. 

u Triggered by encounters with chemical, physical, or biological threats that 
exceed the cellular capacity for homeostasis. 



Cell Danger Response

u First wave of danger signals - release of                       
metabolic intermediates such as 

u ATP, ADP 
uKrebs cycle intermediates 
uReactive oxygen species 

AND is sustained by purinergic signaling extracellularly 
u After the danger has been eliminated -> choreographed 

sequence of anti-inflammatory and regenerative pathways 
activated –> HEALING 

u Abnormal persistence of CDR -> disturbance in whole body 
metabolism, gut microbiome, multiple organ performance, 
behavior -> chronic disease 



Abnormal Purinergic Signaling in ASD & Chronic Illness



Persistent CDR at root of ASD & Chronic Illness

• Mitokine signaling (purinergic and 
others) maintains the cell danger 
response 

• Treatment of purinergic signaling 
abnormalities in mouse models of ASD 
releases the metabolic block and 
restores normal behavior and 
neurodevelopment 

• This works in both environmental (MIA) 
and genetic (Fragile X) models of ASD 

• Cell Danger Response Persistence – can 
it be reversed?

• Thus, some chronic illnesses might 
have a reversible metabolic syndrome 
(counteracting the persistent CDR) 
that is treatable 



Antipurinergic - Suramin

• Suramin

• Might be called “armistice therapies”

• May adjust the CDR setpoint

• Send the chemical message that the “war is over”

• Return to the “peace time” activities of thriving health 

• Precision Medicine

• Utilize personal genome analysis and metabolomics to identify points of vulnerability in each person 

• Might be strengthened with supplements, drugs, diet, exercise, and restorative sleep

• Only identify “weak links” in the personalized chain produced by environmental conditions

• Ultimately, every chain has a breaking point 

• Could antipurinergics mend that breaking point?
Naviaux RK. Perspective: Cell danger response biology-The new science that connects environmental health with mitochondria and the 
rising tide of chronic illness. Mitochondrion. 2020;51:40–5. 

Wiedemar, N., Hauser, D. A., & Mäser, P. (2020). 100 Years of Suramin. Antimicrobial agents and chemotherapy, 64(3), e01168-19. 
https://doi.org/10.1128/AAC.01168-19



Suramin Trials
Phase I clinical trial - studied the safety and 
tolerability of a single dose of suramin in 
children with autism. Randomized, double-
blind, placebo controlled. 

• Hypothesis: Hyperpurinergia is a core 
feature of autism and a single dose of 
antipurinergic therapy with suramin
temporarily reversed some of the speech, 
social, and autonomic deficits in autism. 

• Inclusion criteria: Boys with ASD

• Intervention: Single dose of suramin
administered IV 

The Suramin Autism Treatment I Trial. Ann Clin Trans Neurol
Naviaux RK, et al., 2017



Suramin Trials
• Ten male subjects with ASD, ages 5–14 years

• Matched by age, IQ, and autism severity into five pairs, then randomized to receive a single, 
intravenous infusion of suramin (20 mg/kg) or saline. 

• The primary outcomes were ADOS-2 comparison scores and Expressive One-Word Picture Vocabulary Test 
(EOWPVT). 

• Secondary outcomes were the aberrant behavior checklist, autism treatment evaluation checklist, 
repetitive behavior questionnaire, and clinical global impression questionnaire.

• Results: Blood levels of suramin were 12  1.5 lmol/L (mean  SD) at 2 days and 1.5  0.5 lmol/L after 6 
weeks. The terminal half-life was 14.7  0.7 days. A self-limited, asymptomatic rash was seen, but there 
were no serious adverse events. ADOS-2 comparison scores improved by 1.6  0.55 points (n = 5; 95% CI = 
2.3 to 0.9; Cohen’s d = 2.9; P = 0.0028) in the suramin group and did not change in the placebo group. 
EOWPVT scores did not change. 

• Secondary outcomes also showed improvements in language, social interaction, and decreased 
restricted or repetitive behaviors. 

• Interpretation: The safety and activity of low-dose suramin showed promise as a novel approach to 
treatment of ASD in this small study

Naviaux RK. The Metabolic Features and Regulation of the Healing Cycle                                                               
Mitochondrion September 2018



Suramin Trials – PAX-101
• PaxMedica - developing innovative treatments for unmet needs in neurodevelopmental disorders (ASD & FXTAS)

• The Phase 2 study was a dose-ranging, randomized, double-blind, placebo-controlled, multidose trial evaluating the 
safety and efficacy of PAX-101 in patients diagnosed with moderate to severe autism spectrum disorder. 

• In the 14-week trial, patients were randomized 1:1:1 to receive 10mg/kg of PAX101, 20mg/kg of PAX-101 or placebo 
infusions every 4 weeks. Infusions were administered at baseline, week 4 and week 8. There was a 6-week follow-up 

• The trial enrolled 52 patients from 6 sites across South Africa. The study population included a patient population 
with diverse ethnicity and the mean age for the study population was 8.43 (± SD 3.24). 

• Fortythree (43) subjects completed the study, with 5 withdrawals due to COVID-19 lockdowns, 1 for an adverse 
event, and 2 for other reasons. The primary endpoint of the study was the change between baseline and Week 14 in 
the Aberrant Behavior Checklist (ABC) composite score of core symptoms (ABC Core) including ABC-II (lethargy/social 
withdrawal), ABC-III (stereotypy) and ABC-V (inappropriate speech). Secondary outcome measures included ABC 
individual sub-scores, Clinical Global Impression of Improvement scale, adapted for autism (CGI-I), Autism Diagnostic 
Observation Scale, version 2 (ADOS-2) changes, Autism Treatment Evaluation Checklist (ATEC), and safety and 
tolerability. 

• Marked and sustained improvement in several efficacy assessment measures, including the ABC Core, CGI-I and ATEC, 
all compared to placebo over the study’s 14-week duration. At Week 14, twice as many actively treated patients 
exhibiting a 70% or greater improvement vs. placebo. 

• Suramin was generally safe and well-tolerated over 14 weeks. There was one serious adverse effect (SAE), “status 
epilepticus,” in a subject (20mg arm) with multiple risk factors for seizure which resolved without sequelae.

• Suramin has been in continuous use as the standard of care for the treatment of early stage East African sleeping 
sickness for more than 100 years. Looking to obtain an FDA approval for New Chemical Entity exclusivity, Orphan Drug 
exclusivity

Hough D. Suramin intravenous infusion for treating boys with autism spectrum disorder: Results of a 14-week, randomized, double blind, placebo 
controlled, multidose, phase 2 study. Presented at: American Academy of Child and Adolescent Psychiatry Annual Meeting; Oct. 18-30, 2021

•



Case of Suramin - Dawson

u In clinical study – received one dose of IV 
Suramin 10 mg/kg

u No adverse reactions, rash

u Within hours to days - > Awakening

u Tied shoes, hit baseball – improved motor 
planning

u Spoke clear sentences – improved speech

u Decrease in stimming and hyperactivity

u Behaviors reverted after 6 weeks

u Small captures of improvement with other 
interventions (ex: spironolactone)



Healing – From Pathogenesis to Salugenesis
u Trigger presents (virus, toxin) - >Cell Danger Response activated

u Trigger removed through antimicrobials, reversal of environment, time

u Healing occurs when appropriate chemical response present

u CDR and mitochondrial response determine degree of injury and completeness of 
recovery

u Chronic illness - actively maintained physiologic state, stuck in incomplete healing 
cycle

u Purine is the ALARM System

u Study through Metabolomics and Exposomics

u Metabolomics  - Chemistry of health and disease

u Exposomics - Chemistry of toxicants and chronic disease - the measure of all the 
exposures of an individual in a lifetime and how those exposures relate to health.

Gevi F, Zolla L, Gabriele S, Persico AM. Urinary metabolomics of young Italian autistic children supports abnormal 
tryptophan and purine metabolism. Molecular autism. 2016;7:47. 



Mitokines as the Alarm System
• Not more pollutants in those with chronic illness
• Just more sensitive to effects of pollutants
• Arsenic, cadmium, lead, mercury lower in hair of 

children with ASD
• Kern JK, Grannemann BD, Trivedi MH, Adams JB. Sulfhydryl-reactive 

metals in autism. J Toxicol Environ Health A. 2007 Apr 15;70(8):715-21. 

• Polychlorinated biphenyls (PCBs) and organochlorine 
(OC) pesticides - role in autism spectrum disorder 
(ASD). Participants -169 age- and sex-matched case-
control pairs of Jamaican children 2−8 years old.

• Inverse associations of PCB-153 [adjusted MOR (95 % 
CI) = 0.44 (0.23, 0.86)] and PCB-180 [adjusted MOR 
(95 % CI) = 0.52 (0.28, 0.95)] with ASD. Differences in 
diet between ASD and typically developing control 
groups may play a role in the observed findings of 
lower concentrations of PCB-153 and PCB-180 in 
individuals with ASD than in controls. 
• Bach et al. Association of polychlorinated biphenyls and organochlorine 

pesticides with autism spectrum disorder in Jamaican children. 
Research in Autism Spectrum Disorders,Volume 76,2020.

GENETIC 
VULNERABILITY 

TO TOXINS

Genetic Finding in ASD Clinical Result
MTHFR, Adenosine Deaminase Decreased Glutathione production

GST M1-null (Buyske et al. B<C Genet, 2006) Increased susceptibility to mercury 
and xenobiotic toxicity; increased 
body burden of mercury

ALAD (Rose et al, Am J Biochem Biotech, 2008) Increased susceptibility to lead 
toxicity; increased body burden of 
lead

PON-1 (D�Amelio et al, Mol Psychiatry, 2005) Increased susceptibility to pesticide 
toxicity

HLA-DR4 Increased allergy and intolerance to 
heavy metals

MTF1, SCL11A3 metal transporters Might lead to impaired efflux of 
heavy metals

Rossignol, 2014



Purine  - Alarm system

• Purine Nucleosides 10-800 fold increase day 2 after insult (virus, vaccine) in both ASD 
and neurotypical but with ASD persistent hypermetabolic response

• Males were more sensitive to the behavioral effects of systemic eATP. 

• Females were more sensitive to the metabolic effects of eATP. Female mice show 
fewer ASD-associated behaviors compared to their male littermates in the MIA mouse 
model. 

• The greater sensitivity of females to the metabolic effects of ATP signaling may 
contribute to the 3 to 1 increased risk of females compared to males for another 
complex disorder, myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). 

• The increased behavioral response in males to ATP signaling and decreased metabolic 
response may contribute to the 4 to 1 increased risk of males compared to females for 
the development of ASD.
• Zolkipli-Cunningham Z et al. (2021) Metabolic and behavioral features of acute hyperpurinergia and the maternal immune 

activation mouse model of autism spectrum disorder. PLoS ONE 16(3): e0248771. 



The Mitochondria & ASD 
A Model of Chronic Illness
• Mitochondria & ASD - traced back to 1985 when lactic acidosis was noted in a subset of children with 

ASD. 
• A large population-based study in 2007 found that a subset of children with ASD (∼4%) had mitochondrial 

disease. 
• Further studies - children with ASD and mitochondrial disease have fatigability, gastrointestinal 

disorders, unusual types of neurodevelopmental regression, seizures/epilepsy, and motor delay. 
• Further research of biomarkers of mitochondrial dysfunction and electron transport chain activity -

abnormalities of mitochondrial function could affect up to 80% of children with ASD. 
• Recent research has identified a type of dysfunction of mitochondria in which the activity of the 

electron transport chain is significantly increased. This type of mitochondrial dysfunction may be 
associated with environmental exposures and neurodevelopmental regression. 

• Several treatments that target mitochondria appear to have evidence for use in children with ASD, 
including cofactors such as L-Carnitine and the ketogenic diet. 

R. E. Frye, Mitochondrial Dysfunction in Autism Spectrum Disorder: Unique Abnormalities and Targeted Treatments,Seminars in Pediatric Neurology,Volume
35,2020,

R.E. Frye, S. Vassall, G. Kaur, et al. Emerging biomarkers in autism spectrum disorder: a systematic review Ann Transl Med, 7 (2019), p. 792

S. Rose et al. Clinical and Molecular Characteristics of Mitochondrial Dysfunction in Autism Spectrum Disorder. Mol Diagn Ther, 22 (2018), pp. 571-593

K. Singh et al. Developmental regression and mitochondrial function in children with autism. Ann Clin Transl Neurol, 7 (2020), pp. 683-694



The Ocean Microbe Within Us



Initial Labs to Consider
u CMP – Chemistry panel
u CBC with differential and platelets
u Vitamin D 25 OH and Vitamin A
u Mitochondrial markers – carnitine, acylcarntine, ammonia, lactate, 

Amino acids, CK

u Iron and ferritin (iron stores)

u Zinc, Magnesium, Selenium, Molybdenum (RBC levels)

u Lead, mercury, arsenic, aluminum
u TSH, free T4, free T3, reverse T3, thyroid antibodies

u Celiac panel (HLA DQB1)
u MTHFR and SNPs

u Urine Organic Acid Test
u Others as warranted by history and PE (ionized calcium, strep and 

mycoplasma titers, inflammatory markers (ANA, CRP, ESR), stool 
testing, mold sensitivities, lyme, FRAT, methylation panel, cortisol)



Key Nutrients to Support 
Mitochondrial Function

u Coenzyme Q10
u Niacin

u Riboflavin
u Alpha-Lipoic acid 

u Vitamin E
u Vitamin C
u L-Carnitine

u Magnesium

u D.M. Niyazov et al. Primary Mitochondrial 
Disease and Secondary Mitochondrial 
Dysfunction: Importance of Distinction for 
Diagnosis and Treatment. Mol
Syndromol, 7 (2016), pp. 122-137



Treatments – Mitochondrial Support
• Carnitine & CoQ10

• M.N. Ziats, M.S. Comeaux, Y. Yang, et al.Improvement of regressive autism symptoms in a child with 
TMLHE deficiency following carnitine supplementation. Am J Med Genet A, 167A (2015), pp. 2162-2167

• E. Mousavinejad, M.A. Ghaffari, F. Riahi, et al.Coenzyme Q10 supplementation reduces oxidative stress 
and decreases antioxidant enzyme activity in children with autism spectrum disorders. Psychiatry 
Res, 265 (2018), pp. 62-69

• A. Legido, M. Goldenthal, B. Garvin, et al. Effect of a Combination of Carnitine, Coenzyme Q10 and 
Alpha-Lipoic Acid (MitoCocktail) on Mitochondrial Function and Neurobehavioral Performance in Children 
with Autism Spectrum Disorder (P3.313). Neurology, 90 (2018)

• N Acetyl Cysteine & Glutathione
• Deepmala, J. Slattery, N. Kumar, et al.Clinical trials of N-acetylcysteine in psychiatry and neurology: A 

systematic review. Neurosci Biobehav Rev, 55 (2015), pp. 294-321
• Aggarwal et al. Glutathione supplementation attenuates lipopolysaccharide-induced mitochondrial 

dysfunction and apoptosis in a mouse model of acute lung injury. Front. Physiol., 28 May 2012 

• Nutrition and Nutraceuticals
• J.B. Adams, T. Audhya, E. Geis, et al.Comprehensive Nutritional and Dietary Intervention for Autism 

Spectrum Disorder-A Randomized, Controlled 12-Month Trial. Nutrients, 10 (2018), pp. 1-43

• L.M. Delhey, E. Nur Kilinc, L. Yin, et al.The Effect of Mitochondrial Supplements on Mitochondrial Activity 
in Children with Autism Spectrum Disorder - Bioenergetic variation is related to autism 
symptomatology. Metab Brain Dis 32, 2021–2031 (2017). 



ANTIOXIDANTS
u Vitamin D

u Neuroprotective, immunomodulation, upregulates gamma glutamyl 
transpeptidase and subsequently increases glutathione (Prufer et al, 2000)

u Improvement in ASD symptoms with vitamin D (Jia et al, Nutr Neurosci, 2018)

u Vitamin A 
u Enhances the immune system, anti-viral properties, reduces ROS 

(Fiedor and Burda, Nutrients, 2014)

u Proper supplementation in children with ASD who have vitamin A 
deficiency decreased symptom severity (Gou et al, Brain Res Bull, 2018)

u Zinc

u > 200 enzymatic functions; in energy metabolism, protein, 
immunity, detox

u Autism caused by Shankopathies due to loss of one copy of the 
SHANK3 gene, may benefit from zinc supplementation (Hagmeyer et al, Front 
Synaptic Neurosci, 2018)

u Selenium 

u Supports healthy thyroid functioning, detoxification of heavy metals 
(cadmium, mercury, silver, thallium) , enhances immune system 
functioning (Nuttall and Allen, 1984)

u Children with ASD have  impaired selenoenzyme and thiol metabolic 
pathways (Raymond et al, Autism Res Treat, 2014)

Anti-oxidants!!



ANTIOXIDANTS
u Vitamin C

u Antiviral, antibacterial, detoxification of xenobiotics, involved in metabolism of neurotransmitters, 

u Best if used acutely. Clinically, have seen increases in hyperactivity and stimming 

u Vitamin E 
u Essential lipid soluble antioxidant, scavenging hydroperoxyl radicals in lipid milieu, detoxification of heavy 

metals (lead) 

u Supplementation improves absorption of fat-soluble vitamins in patients with malabsorption (Taber et al, 1994)

u Resveratrol 
u Resveratrol restored the core and associated symptoms of autistic phenotype by suppressing oxidative stress, 

mitochondrial dysfunction, TNF-α and MMP-9 expression in PPA induced ASD in rats (Bhandari and Kuhad. 
Neurochem Int. 2017).  

u CoQ10
u Supplementation helps to improve oxidative stress, mitochondrial dysfunction, sleep disorders, and 

gastrointestinal issues in children with ASD (Mousavinejad et al. Psychiatry Res, 2018)



HERBALS FOR DETOXIFICATION
u Milk Thistle 

u Silymarin acts as a antioxidant by decreasing free radical damage and activated phase II detoxify 
enzyme GST (Gopalakrishnan et al, Mol Cell BioChem, 2013). 

u Dandelion Root
u Contains polysaccharides that are support liver function due to anti-inflammatory and anti-oxidant 

properties that decrease ROS and protecting DNA (Cai et al, Molecules, 2017)

u Chlorella 

u Supports secretion of heavy metals such as mercury (Uchikawa et al, J Toxicol Sci, 2011)

cadmium and lead (Zhai et al, Nutrients, 2015)

u Cilantro
u Culinary herb used to support excretion of heavy metals such as mercury

(Abascal and Yarnell, Alternative and Complementary Therapies, 2012)

u Parsley 
u Culinary herb used to support excretion of heavy metals such as lead

(Aga et al, J Ethnopharmacol, 2001)  

u Garlic 
u Enhances of detoxification foreign compound and hepatoprotection

u (Colín-González et al, Oxid Med Cell Longev, 2012)



MITOCHONDRIAL SUPPORT
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Conclusions

u Mitochondrial dysfunction has been implicated 
in many chronic diseases, including 
neurodevelopmental disorders, all of which 
are increasing in prevalence at an alarming rate 

u The Cell Danger Response Persistence may be 
at the root of metabolic dysfunction and 
diseases

u Current approaches to treatment include 
nutrition and lifestyle modifications, avoiding 
neurotoxicants, and nutritional 
supplementation including glutathione 
induction and support

u Novel therapies may reverse this dysregulation 
and allow transformation to healing
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