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Mechanisms of Disease

Neuroplasticity

Neuroinflammation

Oxidative Stress

Glutathione Depletion

Mitochondrial dysfunction

Nutritional Deficiency

Infections

Toxicity
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Neurological Disorders

 Neurodegenerative Diseases:  Alzheimer’s, 
Parkinson’s disease, ALS

 Autism

 ADHD

 Mood disorders:  depression, anxiety, bipolar 
disease, schizophrenia

 Traumatic Brain Injury

 Neurologic Lyme and tic borne infections
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Neuroplasticity 4
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Neurogenesis 6

Only in 2 areas of the brain

1. Sub-ventricular zone(SVZ)

Continuously generate neurons 
travel into olfactory bulb become 
interneurons

2. Sub-granular zone(SGZ): dendrate
gyrus of the hippocampus

*Stress has strong negative impact on 

hippocampal neurogenesis*



Synaptogenesis
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Increase Neuroplasticity

 Physical Exercise

 Learning new skills

 Meditation

 Sleep

 Intermittent Fasting

 Increase BDNF(Brain Derived 
neurotrophic factor)

 Herbal supplements:  (work by 
increasing BDNF, anti-oxidants, 
decreasing stress

 Good nutrition:  omega three 
fatty acids
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Decrease Neuroplasticity

 Stress:  Increase cortisol, 
abnormal HPA axis

 Neurotoxins

 Physical and mental 
Inactivity

 Watching TV

 Poor nutrition

 Neuroinflammation from 
toxins, infections

 Traumatic brain injury

 Oxidative stress

9



Neurotrophic 

growth factors

 Proteins that promote the survival, 
development, and function of 
neurons

 Nerve Growth Factor (NGF): 
growth of sympathetic and 
sensory neurons

 Brain Derived neurotrophic 
Factor  (BDNF): primarily in 
the brain-central nervous 
system

 NT-3, NT-4:  peripheral and 
central nervous system
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BDNF Functions

 Neuroplasticity: 

 Nervous system can change 
and adapt

 Neurogenesis: 

 New nerve cells

 Neuronal differentiation:

 Nerve cells can change 
function

 Neuronal Repair

 Synaptogenesis: 

 Form new synapses

 Impact telomerase activity:  

 Stop breaking down 
telomeres so anti-aging
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BDNF Functions 12

 Learning

 Memory

 Cognitive function

 Attention

 Resilience



BDNF 

Receptors

 Two receptors

 TrkB:  tropomyosin-

related kinase

 LNGFR:  low affinity 

nerve growth 

factor receptor-

also known as p75
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TrkB receptor: 

BDNF

versus

p75 receptor:

Pro-BDNF
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Brain Derived 

Neurotrophic 

Growth Factor
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 Increased:

 Exercise

 Nutrition

 Herbs

 Learning

 Decreased

 Stress

 Poor diet

 Depression

 Low physical or 
mental activity



16

able 1: Effects of physical activity on brain-

derived neurotrophic factor (BDNF).

Reference Sample Treatment Assessment outcome

[233 13 young, healthy men
Moderate-intensity aerobic PA 4 d/wk for 

5 wks
↑ plasma BDNF

[234]
7 healthy, sedentary 

males
Aerobic PA 7 d/wk for 12 wks ↑ plasma BDNF

[238] 60 older adults Aerobic PA 3 d/wk for 60 wks ↑ BDNF and ↑ hippocampal volume

[236]
47 healthy, sedentary 

males
Aerobic PA 3 d/wk for 5 wks

↑ serum BDNF following PA and ↑ memory on 

face name matching

[235]
62 healthy, sedentary 

males
Moderate-intensity aerobic PA for 2 wks

↑ serum BDNF following PA and ↑ memory on 

face name matching

[247]

104 persons with partial 

response to 

antidepressants

Add-on high (16 kcal/kg/week) or low 

(4 KKW) PA for 12 wks to standard 

depression care

Persons entering with ↑ BDNF levels exhibited ↑ 

rate of response to antidepressants

[248]
15 severely depressed 

adults

Add-on aerobic PA 16 kcal/kg/week for 

3 d/wk for 3 wks to standard care for 

depression or medication-only group

Similar ↑ in BDNF in aerobic PA and medication-

only group, but ↓ in oxidative stress markers 

seen only in PA group

Neural Plasticity
Volume 2017, Article ID 7260130

Review Article

Brain-Derived Neurotrophic Factor, Depression, and Physical Activity: Making the Neuroplastic 
Connection
Cristy Phillips

https://www.hindawi.com/journals/np/2017/7260130/#B233
https://www.hindawi.com/journals/np/2017/7260130/#B234
https://www.hindawi.com/journals/np/2017/7260130/#B238
https://www.hindawi.com/journals/np/2017/7260130/#B236
https://www.hindawi.com/journals/np/2017/7260130/#B235
https://www.hindawi.com/journals/np/2017/7260130/#B247
https://www.hindawi.com/journals/np/2017/7260130/#B248
https://www.hindawi.com/49051465/


Calabrese F. et al. Brain-

derived neurotrophic 

factor: a bridge between 

inflammation and 

neuroplasticity.  Frontiers in 

Cellular Neuroscience. 

2014;8:430. 
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Disease States 
Associated 
with Low BDNF

 Depression and 

mood disorders

 Traumatic brain 

injury

 ADHD

 Autism Spectrum 

Disorders?

 Degenerative 

Disease

 Aging
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Calabrese F. et al. Brain-derived neurotrophic factor: a 
bridge between inflammation and 
neuroplasticity. Frontiers in Cellular Neuroscience. 
2014;8:430. 
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The role of BDNF in comorbid depression: possible linkage 

with steroid hormones, cytokines and nutrition.
Numakawa T. et al.  Frontiers in Psychiatry. 2014 Vol 5(136)

21



Bipolar Disorder and Low 

BDNF
22



Genetic SNP’s 
in BDNF

Val66 Met 
polymorphism

20 to 30% of 
Caucasians

23



The association between BDNF Val66Met polymorphism and emotional 
symptoms after mild traumatic brain injury. BMC Medical Genetics. 2018. 
Wang Y-J, Chen K-Y, Kuo L-N, et al. ;19:13. doi:10.1186/s12881-017-0518-0.
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 Patients with the BDNF 

Val66Met allele

 Higher anxiety scores

 Higher depression scores

 Following traumatic brain 

injury



Prevalence of ADHD
https://www.cdc.gov/ncbddd/adhd/timeline.html
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(Percent of children with a parent-reported ADHD diagnosis)



Mechanisms of Disease in 

ADHD

 Poor Neuroplasticity:  low BDNF

 Neuroinflammation

 Mitochondrial dysfunction

 Oxidative stress

 Low glutathione

 Nutritional deficiency

 Toxicity
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Prevalence of ASD

 About 1 in 68 children in 2012:CDC’s Autism and 
Developmental Disabilities Monitoring (ADDM) 
Network. From 1 in 150 children in 2000

 ASD is about 4.5 times more common among boys (1 
in 42) than among girls (1 in 189). 

 Studies in Asia, Europe, and North America have 
identified individuals with ASD with an 
average prevalence of between 1% and 2%. 

 About 1 in 6 children in the United States had a 
developmental disability in 2006-2008, ranging from 
mild disabilities such as speech and language 
impairments to serious developmental disabilities, 
such as intellectual disabilities, cerebral palsy, and 
autism. 

 https://www.cdc.gov/ncbddd/autism/data.html
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Microglia: Functions

 Phagocytosis

 Synaptic Pruning

 Development of CNS

 Maintenance of CNS cells

 Instigate inflammation

 Repair and regeneration in 

CNS inflammation
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Activated Microglia:

Cycle of inflammation and repair

1. Rapid proliferation of microglial cells

2. Migrate to site of insult or infection

3. M1 activated microglia:  neurotoxic with release 

of pro-inflammatory cytokines including TNF-

alpha, IL-1B, IL-6, COX, Reactive oxygen species 

(ROS), Nitric oxide

4. Engulf dying cells, infectious agents, toxic 

proteins, and cell debris

5. M2 activated microglia:  secrete anti-

inflammatory cytokines for repair including:  IL-

10, TGF-B, enzymes to inhibit ROS production 

(arginase), proteins to maintain extra-cellular 

matrix
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Inflammation in ADHD

METHODS: Sixty children were studied: 34 
consecutive drug-naïve children with ADHD 
(30 males and 4 females; mean age of 10.10 
years, sd=2.43 age) and 26 healthy control 
children (22 males and 4 females; mean age 
of 10.70 years, sd=1.81). 

RESULTS: Data reveal higher IL-6 and IL-10 
levels in ADHD patients than in the control 
group (p= .03).

 DonFrancesco. R. et al.  Serum cytokines in paediatric
neuropsychiatric syndromes: focus on Attention Deficit 
Hyperactivity Disorder.  Minerva Pediatrica. 2016 Dec.
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Summary of 
Neuroinflammation markers in 
ASD

 Microglial activation

 Astrocytic activation with elevated levels of 

GFAP(glial fibrillary acidic protein) 

 Proinflammatory profile of cytokines in the brain, 

CSF and blood 

 Nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) activation
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ADHD in adults 

and low BDNF
32



ADHD in children 

and low BDNF
33



BDNF and other 

growth factors 

in Autism and 

ADHD
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 Galvez-Contreras AY. Et al. 

Alterations of Growth Factors 

in autism and ADHD. Front 

Psychiatry.13 July 2017.



Autism and 

BDNF: mixed 

results

35

 Measurement 

of ProBDNF

versus BDNF

 Different 

receptors with 

different 

actions



Circulating brain-derived neurotrophic factor has diagnostic and 

prognostic value in traumatic brain injury. Journal of Neurotrauma, 

Korley, F. et al. (2016). 33(2), 215-225. DOI: 10.1089/neu.2015.3949

 The found that levels of (BDNF), taken within 24 

hours of someone’s head injury, could predict 

the severity of a TBI and how a patient would 

fare.

 Healthy BDNF:  60

 Average head trauma:  20

 Most severe head trauma:  4

 patients with high levels of BDNF had mostly 

recovered from their injuries 6 months later. 

 patients with the lowest levels of BDNF, symptoms 

still lingered at follow-up 6 months later
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Neurodegenerative diseases

➢ 5 million Americans suffer from Alzheimer's disease

➢ 1 million from Parkinson's

➢ 400,000 from multiple sclerosis (MS)

➢ 30,000 from amyotrophic lateral sclerosis (ALS or 

Lou Gehrig's disease)

➢ 30,000 from Huntington's

➢ If left unchecked 30 years from now, more than 12 

million Americans will suffer from 

neurodegenerative diseases.

http://neurodiscovery.harvard.edu/challenge

37



Alzheimer’s 

Neuroinflammation

 Accumulation of protein aggregates

 Extracellular: B-amyloid plaques

 Intracellular:  Neurofibrillary tangles (NFT)

 Cause loss of synaptic function leading to 

neuronal death

 Microglial activation

 Astrocyte activation

 Pro-inflammatory cytokines near B-amyloid 

protein deposits and NFT
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Parkinson’s 

Neuroinflammation

 Loss of dopamine neurons in the 

substantia nigra

 Alpha-synuclein (Lewy body) protein 

inclusions in the nervous system

 Microglial activation

 Increase in pro-inflammatory cytokines

 Subramaniam SR et al. Targeting microglial activation states as a 

therapeutic avenue in Parkinson’s disease.  Frontiers Aging Neurosci. 

2017. June
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BDNF 
Essentials™
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Research area Specifics Skullcap Lion's Mane Bacopa Ashwagandha Blueberry Citicoline PS

Neuroplasticity Increase BDNF x x x x x

increase learning x x x x x x x

increase memory x x x x x x x

improve cognitive fxn x x x x x x x

increase executive fxn x

improve psychomotor x

improved acetylcholine x x

improved attention x x x x

improved processing speed x x x

improved hippocampal fxn x

improved telomerase activity x

Neurologic Decrease glutamate x

decrease seizures x

improve mood x x x

decrease anxiety x x x

decrease depression x x

decrease b-amyloid x x x x x

improved optic fxn

improved sleep x x x

decrease synuclein protein x x

Inflammation Decrease oxidative stress x x x x x x

decrease inflammation x x x x x x x

inhibit NF-KB x

activate nrf2 x x

increase antioxidants x x x

stress decrease cortisol x x

decrease stress symptoms x

increased blood flow

formation of cell membranes x x

neurogenesis stimulate brain regeneration x x
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Lion’s Mane Mushroom 
(Hericium erinaceus)

45

 Increase BDNF*

 Increase neurogenesis*

 Decrease glutamate*

 Increase memory, learning, 

cognitive fxn

 Decrease b-amyloid 
protein(Alzheimer’s)

 Decrease synuclein 

protein(Parkinson’s)

 Decrease oxidative stress

 Anti-inflammatory
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Skullcap:  
American

Scutellaria 
Lateriflora
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Skullcap Functions

 Increase BDNF*

 Increase neurogenesis*

 Decrease seizures*

 Increase memory, learning, cognitive fxn

 Improved sleep

 Decrease anxiety

 Decrease b-amyloid protein(Alzheimer’s)

 Decrease synuclein protein(Parkinson’s)

 Decrease oxidative stress

 Anti-inflammatory
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Bilberry: 

Vaccinium 

myritillus
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Blueberry/Bilberry

 Increase BDNF*

 Increase neurogenesis*

 Activate Nrf2*:  Brain anti-oxidant*

 Increase attention

 Increase processing speed

 Increase memory, learning, cognitive function

 Improved sleep

 Decrease seizures

 Decrease depression

 Decrease oxidative stress

 Anti-inflammatory
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Bacopa: 

Bacopa 
Monnieri
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Bacopa:  Functions 53



Ashwagandha

Withania      

Somnifera
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General Ashwagandha 

Benefits
55



Neurologic Benefits of 

Ashwagandha

 Increase BDNF*

 Increase neurogenesis*

 Decrease cortisol and stress*- adaptogen

 Increase memory, learning, cognition

 Improved sleep

 Increase telomerase activity

 Decrease anxiety, depression

 Improve mood

 Decrease b-amyloid protein(Alzheimer’s)

 Decrease synuclein protein(Parkinson’s)

 Decrease oxidative stress

 Anti-inflammatory
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Citicoline:  CDP-choline
Metabolic Pathway
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Citicoline Benefits

 Improved cell membranes*

 Increase acetylcholine*

 Increase learning, memory, cognitive function

 Improve attention

 Decrease b-amyloid
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Citicoline research
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Cell Membrane
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 Improved cell membranes*

 Increase acetylcholine*

 Decrease cortisol and stress*

 Increase learning, memory, cognitive function

 Improved sleep

 Decrease anxiety, depression

 Improve attention

 Decrease b-amyloid
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Key concepts 

*BDNF Essentials™*

 Increases BDNF

 Increases Neuroplasticity

 Supports cognitive functioning:  

memory, attention, learning

 Decreases cortisol and stress:  helps 

increase BDNF

 Anti-inflammatory and anti-oxidant

 NOT activating
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Key concepts 

*Neuroplasticity*

 Exercise both body and brain

 Low glycemic diet with good fats

 Supportive herbs and nutrition

 Decrease stress so normalize HPA axis

 Decrease inflammation

 Decrease oxidative stress

 Minimize and remove neurotoxins
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