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STRESS

-

A real or perceived threat or challenge to homeostasis, safety or
security resulting in physiological and/or behavioral response

-

Where can it come from?
Internal and external environment
Injury, illness, disease, neurochemical imbalances
Physical Exercise
Cognitive Performance tasks- work/school
Socioeconomic pressures
Trauma or accident – PARTICULARLY IN CHILDHOOD
Stress may come from our internal or external environment, thus changes can
occur here as well

THE STRESS SYSTEM

-

Autonomic Nervous System and Hypothalamic-pituitary-adrenal HPA axis
Parasympathetic Nervous System: relaxation
Acetylcholine (Ach)/muscarinic receptors
shorter postganglionic neurons/ close to target
CN III, VII, IX and X
Pelvic splanchnic nerves S2-S4

-

Sympathetic Nervous System: excitatory
preganglionic neurons lie within lateral gray column of spinal cord from T1-L2
Acetylcholine (Ach)/ nicotinic receptors
Catecholamines – norepinephrine, adrenalin/epinephrine, and dopamine
Cortisol: increases glutamate (excitatory)- damages the hippocampus

HPA AXIS ACTIVATION

- HYPOTHALAMUS releases CHR corticotropin-releasing hormone
- Stimulates PITUITARY releases of ACTH adrenocorticotropin hormone
ADRENALS to release CORTISOL (glucose) and ADRENALINE (heart
- Stimulates
/BP)
- Increase
levels of glucocorticoid levels activate negative feedback loop to shut
off HPA axis at hypothalamus
Glucocorticoids – downregulate adult neurogenesis, promote
- Execessive
inflammation of ALL tissues, impair antibody immune reaction

NEUROCHEMICALS OF STRESS
Serotonin
M ood,sleep,digestion,contentm ent

- Cortisol – primary stress hormone – mobilizes glucose
- Norepinephrine/Epinephrine/ Adrenaline
- most common neurotransmitter of stress response
- increases heart rate, blood pressure and energy to muscles
- Dopamine – movement, motivation, pleasure chemical
- Serotonin – mood, sleep, digestion
- High- agitation, anxiety, tremors, spasms
- Low – depression, fatigue, sleep disorders
- GABA (inhibitory)/ glutamate (excitatory)

Cortisol
Figh t or figh t,stress respo nse,
increase energy,d ecrease im m u ne response

Dopamine
R egu lates m ovem ent and em otion ,
d rive, pleasure,and satisfactio n

Endorphins
R elieves stress an d pain ,
sedating, end ogenou s opioids

Adrenaline/Epinephrine
Nor-epinephrine
Increases heart rate,respiration,blood fow to m uscles,
Im proves focus,releases dopam ine
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STRESS TARGETS

- Adrenaline – gets us going! The first responder to stress
- Cardiorespiratory system
- Musculoskeletal system
- Gastrointestinal system- Metabolism
- Glucose and fat energy
- Executive or Cognitive functions – Limbic -Reward or fear systems
- Ultradian and Circadian rhythms
- Immune systems
- Growth, reproduction and thyroid hormones – hypothalamic pituitary axis

SYMPATHETIC NERVOUS SYSTEM
FIGHT – FLIGHT - FREEZE
- Increases heart rate and contractility
- Bronchodilation of the lungs
- Pupils dilate for better far vision
- Decrease GI motility and urination output
- Increase blood flow to mm, relaxing arterioles, dilation of coronary arteries
- Increased metabolism, glucose production and mobilization by the liver
- Increased lipolysis in adipose tissue – mobilize energy
- Increased sweating
- Suppression of immune system

PARASYMPATHETIC NERVOUS
SYSTEM – REST AND DIGEST
- Decrease heart rate and contractility
- Pupillary constriction for near vision
- Increased gut motility and urination excretion
- Bronchoconstriction of lungs
- Glycogen synthesis by the liver – restore energy reserves
- Sexual arousal – swelling of clitoris and erection of penis
- Activation of the immune system
- Less direct impact on vascular tone

ACUTE STRESS

- AKA “normal” stress response – neuroendocrine circuits
- Physiological balance between sympathetic and parasympathetic ns
- Sympathetic activation – work, exercise, short-duration stress
- Parasympathetic activation – eating, rest, relaxing
- Return to baseline - adaptation

STRESS RESILIENCE

- “absence of mental disease despite adversity”- Leschik J et al.
- Rapid adaptation and recovery
- Genetic, environment, lifestyle, behavioral, neurophysiological and cellular
- May
likely be an ‘individual’ trait that cannot be applied broad-spectrum
across a population - Baseline behavior profile
- We are far from understanding the mechanisms of stress resilience
- Studies are limited to mostly rodent models
exercises: protective role of neurogenesis and age-dependent volume
- Physical
decline

CHRONIC/PATHOLOGICAL STRESS
-

Too intense, too long exposure resulting in maladaptation of physiology and
behavior
Mechanisms for dysregulation is not fully understood or explained by current
BIOCHEMICAL circuit models
CHANGES IN STRUCTURE:
Dynamic compensatory changes in the mass of the gland over prolonged (weeks)
activation (Omar, et. al.)
Increasing corticotrophic cells of pituitary and gland mass of adrenals weeks after
prolonged HPA activation

-

Similar MATHEMATICAL proposal for neuroplasticity – limited ‘territory’ and the
‘animal’ you feed will take up more space AND insulin-glucose secretion

EFFECTS OF PROLONGED STRESS

cortisol levels effect heart health—increase in blood cholesterol,
- Increased
triglycerides, blood sugar, blood pressure, and truncal obesity”- Jones & Gwenin

- Metabolic disorders – “noncommunicable diseases”
disease (17.9 million deaths annually), Type II diabetes (1.6
- Cardiovascular
million deaths annually, arteriosclerosis, inflammatory disorders, obesity
- Behavioral/ psychological disorders
- Depression, anxiety, ADD/ADHD, mood swings, irritability, substance abuse

EFFECTS OF PROLONGED STRESS
Glucocorticoid receptor (GCR) function mediates high cortisol levels
- Impaired
resulting in:
- Depression/ anxiety, maladaptive behaviors
- Atrophy of the hippocampus
- Disruption of circadian rhythm
- Prolonged activation of the HPA axis stress response
- GCR
are on most cells of the body. Their function is anti-inflammatory and
immunosuppression

BRAIN DEVELOPMENT
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BRAIN DEVELOPMENT

propose brain development is a mix of internal programming
- Neuroscientists
and external events
- Development:
- 1. Proliferation of undifferentiated brain cells
- 2.typeMigration to predetermined location and differentiation to specific cell
similar cell types recognize each other and migrate together
- 3.to Aggregationdistinct regions and often align in the same orientation (dendrite-axoncell body)
- 4. Connections are created between neurons within and across regions
and selective elimination of connections to preserve about
- 5.100Competition
trillion connections – from 5 weeks after conception for years after
birth
- After about 18 months no new neurons are added

THE BRAIN DEVELOPMENT

- Approximately 86 billion neurons at birth
- Growth rate 250,000/minute in utero
- About 100 trillion interconnections
- Nerve
growth factor and physical movement of fetus stimulate growth among
other factors yet to be discovered
- Cerebellum ”little brain” – two hemispheres

-

The unique universe of our brain is the sum of influences:
”genetic, nutritional, toxic, environmental, social,
psychological, educational, and even accidental – that have all
converged, unpredictably and irreproducibly, during the
development of this particular brain” – Discovering the Brain.

EMBRYOLOGICAL BRAIN DEVELOPMENT
mammalian brain develops from the core hollow, fluid-filled ventricles
- The
outward following the scaffolding of radial glial cells that project towards the
cortical surface

- Fetus at 7 months emits its own brain waves, 17 weeks intense growth spurt
- Nutrition/ Folate important at this time
- Malnutrition can be supplemented within the first 3 months post conception
- Visualize your brain as a world map : distinct territories
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BRAIN DEVELOPMENT TAKEAWAY
- You’re born with most of the neurons in the brain you’ll ever have – 86 billion
brain’s peak performance for learning occurs before the age of 24, but
- Our
some skills like our ability to articulate thought using language improves with
age – there’s a season for everything

that matter: genetic, nutrition, hydration, physical activity, social,
- Factors
digital, education and environment
are like little scientists – curiously exploring, experimenting and
- Babies
observing their environment
we age, our brains become more ‘fixed’ based upon our predictions and
- Aspreferences
of past experiences

CHALLENGES IN RESEARCH

- Research is in its infancy and takes a long time to conduct
safe and effective ways to monitor brain development: ultrasound,
- Difficult
cell sample collection
- Most studies are animal or human of North American or European descent
- WHERE COULD WE GO FROM HERE:
- Study oscillations/waves - coherence/entrainment
- Focus on functionality – structure does not always determine function
- Size or amounts of gray/white matter (structure)
- Synaptic connections, neurochemicals, hormones, metabolism (function)
- Growth or atrophy of mass in tissues and glands

FUN BRAIN FACTS

- There’s more that we don’t know about the brain than we know.
- Most discoveries have been within the past 15 years
- Chronic stress and low fat diets have been shown to shrink the brain
- Our brain connectivity is unique as a fingerprint.
brain interprets pain signals from the body but does not contain pain
- The
fibers

FUN BRAIN FACTS

brain is 73% water – dehydration can affect attention, memory and
- Your
cognition

- The brain is a fatty organ, 25% of body’s cholesterol resides in the brain
- 70,000 thoughts per day, most are negative
- 95% of your decisions occur in your subconscious mind –
- Thoughts, adopted behaviors of social influence
- ANS functions- respiration, heart rate, digestion, metabolic reactions etc

CREATIVE PATTERNS

-

“Aoccdrnig to a rscheearch at Cmabrigde
Uinervtisy, it deosn’t mttaer in waht oredr the
ltteers in a wrod are, the olny iprmoetnt tihng
is taht the frist and lsat ltteer be at the rghit
pclae. The rset can be a toatl mses and you
can sitll raed it wouthit porbelm. Tihs is
bcuseae the huamn mnid deos not raed ervey
lteter by istlef, but the wrod as a wlohe.”

INTERESTING BRAIN FACTS ABOUT
HUMANS AND OTHER MAMMALS
cerebral cortex is the largest part of the human brain. This primarily sets
- The
us apart from other mammals
cells and neurochemicals/hormones can also be found in the heart,
- Brain
intestines and muscles in humans and other mammals
is the CONNECTIVITY and SYNAPSES that make the brain unique and able to
- Itprocess
information better than any sophisticated supercomputer
- Neurochemicals: receptor sites
- FUNCTION to CHEMICAL to FUNCTION: feedback or forward loops
areas of the brain compete for ”territory and energy” in evolution
- Adjacent
and personal development.
- Human primary visual cortex = 3% cerebral cortex
- Monkey primary visual cortex = 15% of cerebral cortex

MAMMAL BRAINS

- Hummingbird – energy to expenditure specialist
- Crow – can teach young or epigenetic transmission, use tools
- Octopus – use tools, escape artists
- Dolphin – large brain-to-body ratio, trainable, undeniably intelligent
- (sperm)Whale – have the largest brain
- Elephant – memory of family and terrain

BRAIN WAVES - KAUSHIK

- 1924 German psychiatrist – Hans Berger
EEG recorded oscillatory rhythms or waves of the
- Electroencephalography
brain
associated with a particular mental state and wellbeing, reflect
- Each
neurotransmitter level changes
- 1. Delta (0.5-3Hz) - sleep
- 2. Theta (3-8 Hz)-sleepiness
- 3. Alpha (8-13 Hz)-resting and quiet observer, attentive and alert
- 4. Beta (13-40hz) –active thinking and cognition
- 5. Gamma (40-100Hz) –deep meditative state of mind
and non-invasive way to observe the mind to measure
- Interesting
interventions for research

DELTA – DEEP SLEEP

- Deep rest and recovery
- Most active during deep and dreamless sleep
- Arise from the thalamus or cortex
- Frequency is not well understood

THETA – RELAXED BRO

‘creative space’, daydreaming, driving/commuting, 'auto pilot' type tasks
- The
when your mind can wander
- Stimulated by most forms of meditation: benefits linear to experience
attention (observant meditation), increases parasympathetic
- Internalizes
activity
- REM sleep role in synaptic structural plasticity and neurogenesis
- Theta coherence –
In hippocampus, prefrontal cortex and amygdala – cortical and subcortical
- structures
- Attention, Learning, Memory recall, recognition, visual spatial navigation

ALPHA – ATTENTIVE & ALERT

and quiet observer – attentive and alert. Also present in various
- Resting
stages of sleep

- Predominantly in Occipital Cortex, also Prefrontal and Parietal
- Most active in: meditation, mindfulness practices, observant nature walks
- Maybe it’s good to be a little nervous–
- decreased serum cortisol: decreased alpha wave activation: decreased focus

BETA – WORK/DOING

- Sensorimotor processing: Awake, active engagement, and arousal
emotion and cognitive control. Variable results for meditation
- Attention,
results
- Most active with: work, learning, conversation, teaching
by undiluted tangerine oil inhalation, limonene stimulates ANS –
- Stimulated
sympathetic arousal
and terpinolene decrease beta waves- relaxation and reduce stress –
- A-pinene
forest bathing

GAMMA - MEDITATION

- Sensory and cognitive responses, enhanced clarity
- May enhance neuroplasticity. Not functionally understood
styles: focused attention, open-monitoring, transcendental
- Meditation
meditation and loving kindness
frequencies of 40Hz in experienced meditators in BILATERAL
- Peak
HEMISPHERES of the brain

BRAIN WAVE RELATIONSHIPS

- Doing chores, work, conversation - beta wave
- Reading a book to relax - alpha wave
- Drifting to sleep or relaxed reflection - theta wave
- Falling deep asleep - delta wave
brain waves are present in all people all of the time, but one at a time is
- All
dominant
which brain wave state is most active at the time may help you
- Knowing
manage rest, play and learning

RX: YOGA & MEDITATION
-

Beneficial effects on mood consciousness and awareness
Decrease in chronic pain perception
Distinct changes in EEG regionally and locally
Results in structural and functional changes in the brain
Yoga combined with meditation – most significant effect combo

-CAUTION: you may experience an unpleasant meditation

BRAIN WAVE NEUROMODULATION
TECHNIQUE STUDY –COZZOLINO & CELIA
- Administered online during the first wave of COVID-19 – Randomized Clinical Trial
- 100+ participants in each control and experimental groups, mostly female mid 20’s
- Once
per week for 4 weeks – Based on Zazen Buddhist meditation practice applied in
psychiatric studies by Japanese psychiatrist Tomio Hirai in the 1970’s
- Technique
– approximate each finger to thumb with both hands, eyes close, relaxed,
no distractions (phone on silent) and end with ring and middle fingers touching
thumb
- Hold each position 3 minutes
- Significant
improvements on trait-anxiety, state-anxiety, global-distress, and
positive affect and less negative affect and slower, more relaxed brain waves
- Zen
meditation practices induce the slowing of EEG patterns parallel with mental
states and changes in consciousness
- WHAT ARE THE NEUROLOGICAL STRUCTURES STIMULATED HERE?

NEUROLOGICAL STRUCTURES
STIMULATED

- Breathing rate – Ujjayi breath – conscious ANS control
- Sensorimotor stimulation and coordination
temperature and proprioreceptors – brachial plexus, parasympathetic
- Touch,
ns
- Performing a task to completion – dopamine/serotonin
- Online group activity - social

ANOTHER OSCILLATORY RHYTHM:
REST
PLAY
LEARN
EAT
REPEAT

CIRCADIAN RHYTHM

24- hour cycle, Latin word “circa diem” means “about a day”, that
- Acoordinates
endogenous autonomous internal cycles to the external
environment – light, dark and temperature

- Coordinates rest-activity-metabolism-waste cycles.
- Newborns are arrhythmic and take years to develop.
- Adults can experience overt circadian rhythm changes and elderly arrhythmic
patients demonstrate loss of volume and cell number in
- Alzheimer
suprachiasmatic nucleus -SCN -

CIRCADIAN RHYTHM

clock- oscillators in the suprachiasmatic nucleus (SCN) in ventral
- Master
hypothalamus
- LIGHT electrical signal: chemical signals: changes in function
- Reset all molecular oscillators of all cells
- Pineal gland and retinal cells secrete melatonin ‘night time hormone’
lag- cycles can adjust 2 hours forward or 3 hours back within a cycle under
- Jet
optimal conditions: symptoms: fatigue, indigestion, disturbed sleep-wake
cycles, frequent urination at night

- ”Larks” and “Owls” – possible genetic variability

CIRCADIAN RHYTHM

- The rhythms in human physiology (primarily endogenous):
- Cerebral activity
- Cardiovascular system – heart rate and blood pressure
activity – urine production, blood pressure, electrolyte and water
- Renal
homeostasis
- Endocrine system – production and secretion of hormones
- Metabolism – GI motility/absorption
- The immune system - cytokines
- Body temperature

Pa ri e tal Lob e

Fro n ta l Lo b e

Oc ci p it a l Lo b e

Te m p o ral Lob e

Ce re b e l lu m
Bra in Ste m
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PERIPHERAL OSCILLATORS
cells have circadian oscillators- self-sustained and autonomous for gene
- ALL
expression and synchronize to central pacemaker in SCN
– German for something that “gives time” - ”a rhythmically
- “Zeitgeber”
occurring natural phenomenon which acts as a cue in the regulation of the
body’s circadian rhythms” – oxford dictionary

- LIGHT is the most important zeitgeber for circadian rhythm
Q? Do you feel different with prolonged exposure to artificial versus natural light?!

CIRCADIAN RHYTHM DISORDERS
- Seasonal affective disorder SAD – low light exposure in winter
- Social (work demands) or travel jet lag
of shift work – increased risk of cardiovascular disease, metabolic
- Decades
syndrome and CA (breast/colon)

first mammalian core clock genes have been identified only in the late
- “the
1990s” Bollinger –

- Research
has unequivocally demonstrated that PLANTS AND
CYANOBACTERIAL FAIL TO THRIVE WITH LACK OF RESONANCE BETWEEN
ENVIRONMENT AND CIRCADIAN RHYTHM

SLEEP

spend nearly 1/3 of our lives sleeping. Why do we sleep? There are many
- We
hypotheses
for ‘clean up’ - the brain does not have a lymphatic system and relies
- Allows
on cerebrospinal fluid (CSF) to cleanse metabolites, supply nutrients and
immune factors
is a 60% gain in interstitial space with sleep which lends to the
- There
theory of metabolite clearance
- Memory and learning consolidation
- Homeostasis of hormones and neurochemicals - CIRCADIAN RHYTHM

SLEEP

sleep promotes LOCAL circuitry associated with learning/memory
- REM
consolidation
sleep promotes GLOBAL circuitry, homeostatic functions and inter- NREM
region memory consolidation
neuroplastic changes in synaptic functioning related to memory and
- Promotes
learning
- Forming new connections
- Pruning unnecessary connections
- Consolidates memory
- Improves sequence of neuronal firing throughout the brain

SLEEP STUDY LIMITATIONS
Sleep and memory consolidation research studies are in their infancy due to:
the complex nature of subcategories of stages of sleep: rhythms and
- patterns
of memory – temporal, spatial, episodic, semantic, skills/procedural,
- types
paflovian conditioning and even forgetting

- Physiological / circadian rhytms
- Animal models are currently at the forefront due to difficulty of in vivo studies

WAYS TO RESTORE
CIRCADIAN RHYTHM- AGORASTOS A
- Set a schedule – go to bed and wake at the same time
- Avoid technology at least 30 minutes before bed - LIGHT
- Don’t go to bed on a full stomach – indigestion
- Light exposure in the morning to eyes and skin
- Social rhythm group therapy or Family bedtime
- Cognitive-behavioral sleep management

PTSD - STRESS - SLEEP

-

-

Most traumatic events occur between midnight and early morning –
disrupt circadian rhythms
heightened sympathovagal tone during REM sleep other sleep disruptions;
insomnia, night terrors and breathing-related sleep disturbances – Agorastos A.

-

-

Circadian disruption effects:
biological rhythms: Neuroendocrine, immune and autonomic system
dysregulation
memory consolidation
may enhance long-term maladaptive neuroendocrine and autonomic stress
regulation
Biobehavioral maladaptive mechanisms, increased stress sensitivity and
vulnerability
Agorastos A

PTSD – CIRCADIAN RHYTHM

rhythm disruption around a traumatic event increase risk of
- Circadian
developing PTSD

- A traumatic event is likely to disturb the circadian rhythm
and perpetual cycle of disturbances in circadian rhythm and the
- Vicious
increased risk for developing PTSD

PTSD

- Chronic activation of stress system –depression, anxiety, behavior disorders
- Inability to calm, easily distracted, always on guard, inability to focus
mindset – fear : avoidance behaviors or gives up easily – lack of
- Fixed
motivation/defeated
- Poor self image, negative self-talk or thoughts
– may not be able to escape home, work/school or systemic
- Situational
institutions or socioeconomic status

PTSD

- Treatment management:
- Re-visit the pathway
- Change the narrative, emotion, experience
- Reclaim personal power and power of choice
- Re-define experience, become a heroic survivor vs victim
- Heal the trauma

HOW DOES THE GARDEN OF
YOUR MIND GROW?
- Let’s cover the developmental stages
- Babies
- Teenage/adolescent
- Aspects of the digital era
- Adult or aging

BABY BRAIN

-

Infants (>3) spend about 50% in REM sleep
At 2-3 years of age babies undergo an abrupt transition in their sleep rhythms
Sleep is necessary for neural reorganization for learning rather than metabolite
clearance during this stage
This stage has the most neural plasticity that decreases with age
Most neurons in the brain are present at or soon after birth : 86 BILLION NEURONS
Learning primarily through observation, experimentation and exploration – “little
scientists”

PRETERM OR VERY LOW BIRTH
WEIGHT BABY BRAIN

less visuospatial working memory compared to babies born at
- Demonstrate
term.
cognitive performance is less accurate, less efficient and declines with
- Their
stress affecting ADLs
these individuals have lower education and socioeconomic
- Statistically
success comparatively

- MUSIC has been demonstrated to improve the neural connections

TEENAGE BRAIN

- Development of the prefrontal cortex - increases REM sleep at this stage
and environmental factors– “a period involving a multitude of
- Social
contextual changes paralleled by continued refinement of complex cognitive
and affective neural systems” Lia Ferschmann
poverty, racism, access to quality health services, nutritional foods,
- Relative
educational opportunities, social support (attachment/abandonment) and
recreational facilities
to pollutants, environmental toxins (water, air and noise
- ”exposure
pollution) or social stressors”
factors set the pace of brain maturation..Negative contextual
- ”Environmental
factors (particularly…long lasting) resulting in accelerated brain development,
reduced plasticity, and subsequently less efficient cortical networks”- Tooley et
al-

TEENAGE BRAIN

between close social network or caregivers “adversity and altered
- Associations
growth trajectory of amygdala and hippocampus” – reducing the capacity for
neuroplasticity - Van Tiegham et.al.

health and behavioral issues as well as poor coping mechanisms of
- Mental
substance abuse commonly begin in adolescence – Dalsgaard
need coupling of neuroscientists and behavioral health professionals to
- We
integrate more longitudinal studies to help determine what populations are
vulnerable: time, place and setting

TRAJECTORY OF STUDY

studies demonstrate relationships between brain development
- Longitudinal
and:
- Behavioral health issues and cognitive functions
- Sensorimotor stimulation and functional or structural change
- Meditation
and to what degree do environmental and social factors effect
- How
development
are the implications of accelerated development vs. delayed
- What
development
- both are assumed to be a risk for negative mental health outcomes

THE ADULT BRAIN

- Less neural reorganization and more metabolic clearance occurs with rest
- Somatocortical
pathway and prefrontal cortex development, abstract thinking,
language development
- Experience-based learning that forms our adult behaviors -Likes and dislikes
- Sleep is required for consolidation of memory and learning
- Sleep affects synaptic quality - formation, sizing and pruning of connections
- Brain metabolism determines the amount of information input it can process

SECOND OBJECTIVE

- Differentiate Neuroplasticity between kids and adults
- Kids
- More synaptic potential
- “Little scientists” – exploring and experiment with their environment
- Social shaping – parents and peers, changing environment/school
- Adults
- Less synaptic potential – pruning and metabolite clean-up
is a great prediction machine – fine tuned to expectation, likes and
- Brain
dislikes that overshadow new experiences
- Socialization still important. Environment stable/routine

QUESTION?
SHOUT OUT YOUR ANSWER

-

What exposure do young
generations have during their
development compared to ‘our’ older
generations?

IMPACT OF THE DIGITAL ERA –

MARTIN KORTE, PHD

-

“95% of people aged 16-24 years old own a smartphone and check it on average
every 12 minutes”

-

The positive –
Connects us to our peers and the world around us
Good for training/teaching kids and adults

-

The negative –
Gaming addiction
Social bullying or pressures /”FOMO”
Poor language development
Inability to recognize and respond appropriately to social cues and lower
cognitive empathy with other humans

IMPACT OF THE DIGITAL ERA

- Our memory recall from a book is better than digital –
- Multiple system sensory stimulation:
- think about how a book feels or smells
- Digital – multiple distractions: linked phone to computer alerts
use of touchscreen can reshape our somatosensory processing of
- Repetitive
the thumb or index finger within a short time-frame.
skills are inversely correlated with screen time, due to either
- “Motor
competition between cortical space and motor programs or because of an
overall lack of exercise”

IMPACTS OF THE DIGITAL ERA

related to time consumption, type of cognitive task involvement,
- Effects
quality of environment (social bullying), age of individual
– “internet use disorder” IUD classification – “compulsion to seek and
- WHO
use either a substance or a behavior.” And is associated with negative
behaviors and emotions with restriction from addiction.
addiction is characterized by overall network changes in
- “Neurologically,
frontostriatal and frontocingulate circuits. These are also the hallmarks for
IGD/IUD addiction. Adolescents in particular might be at risk”
has demonstrated improved cognition in older adults/elderly (frontal
- Gaming
lobe)
can also serve for neuroenhancement in conditions such as
- Technology
Parkinson’s or paralysis – avatar bodies

IMPACTS OF THE DIGITAL ERA

- Effects of multitasking:
- Attention span/Concentration/distraction
- Capacity of working memory and spatial relations - navagation
- Shifting focus/distractions – unable to filter out irrelevant stimuli
- Poor task performance and poorer memory function
- Increased impulsivity, less empathy and higher amount of anxiety
- Less real life social interactions and difficulty being alone
- Reduced volume in anterior cingulate cortex and reduced prefrontal activity

WHERE DO WE GO FROM HERE?
longitudinal studies are needed. Some subjects may have reduced
- More
overall cortical processing capacity as a baseline.
”always connected” which is taxing to our brain. Considering evolution,
- We’re
human may be designed to connect closely with approximately 150 people,
compared to chimpanzees designed to interact closely with 50 people.

our brains will likely develop new networks evolutionarily similar to
- Consider
our advancement from spoken to written language

- Interesting to see which ‘territories’ grow

WHAT IS NEUROPLASTICITY?

ability of the nervous system to change its activity in response to
- ”The
intrinsic or extrinsic stimuli by reorganizing its structure, function and
connections” – Mateos-Aparicio

- The brain can adjust it’s FUNCTIONAL and STRUCTURAL connectivity
- London cab drivers, musicians, gymnasts, etc.
growth may be at the expense of other functions due to limited
- Synaptic
available space/territory – also offers healing capability to help restore around
injured areas

- Impaired plasticity - schizophrenia

WHAT IS NEUROPLASTICITY?

or synaptic plasticity” – changes in strength and efficacy of
- “FUNCTIONAL
synaptic transmission
plasticity” – changes in the structure or number of synaptic
- “STRUCTURAL
connections
synaptic plasticity” – Hebb: ”what fires together wires
- “Activity-dependent
together” for better or worse. Learning by associations: ABC’s song,

mnemonics, head-fingers-knees and toes, raft guide- remembered names with
a dance move

BRAIN METABOLISM

- The brain consumes an immense amount of energy:
- 20% of the body’s glucose at rest
- Greater synaptic neuron density: greater energy required
studies are linking metabolic and neurodegenerative disorders but
- Newer
there is no set linear relationship
- Brain functional capacity is regulated by it’s metabolism
information can come from the PNS (touch, temperature, movement,
- Sensory
vibration) but not interpreted in the brain

YOU ARE WHAT YOU EAT

- Fatty fish – Omega-3/ DHA
- Plant-based: mostly vegetables. Eat the rainbow
- Some nightshades can be acidic pH – tomatoes, eggplant
- Green leafy vegetables: kale, spinach, chard
- Nuts (walnuts), seeds and avocados
- Beans, lentils, quinoa, rice and oats
- Fruit, berries, citrus, apples, strawberries
- Fermented foods – kombucha and kimchi/ pre- & probiotics
- FOODS TO AVOID: COMMON ALLERGENS- Dairy, Wheat/Gluten, Eggs and Soy
- Highly processed – high salt and sugar foods

EATING FOR YOUR BRAIN

fatty acids/ DHA – maintain cell membranes, synaptic function and
- Omega-3
plasticity.

- Saturated fats have adverse affects on cognition
- Food aversion involves hypothalamus, hippocampus and amygdala
- learning and memory of a bad experience – food poisoning
- Pleasant memories of food are related to the reward centers in the brain

EATING FOR YOUR BRAIN

- Energy input should match energy/metabolism expenditure
carbohydrate content of meals is the most efficient for both brain
- ”Adjusted
function and metabolic regulation improvement”- Carneiro
suggest that diet can impact inflammation, mitochondrial function,
- Studies
gene expression, oxidation-reduction/redox balance, neurogenesis and

neuronal activity and ATP energy production – although no direct correlation
has been demonstrated

- Most popular diet modifications- low glycemic diet or ketogenic diet
available to the brain can regulate mood, memory, anxiety, behavior
- Energy
and motor skills

FIGURE OUT WHAT FOODS WORK
BEST FOR YOUR BODY

-

Food should be enjoyable make time to eat, eat slowly, don’t eat too much

GUT – BRAIN AXIS

- (SCFAs) Short-chain fatty acids – produced by MICROBIOTA
metabolites of bacterial fermentation of dietary fibers and resistant
- main
starch –
- subject of study for regulation of neuro-immunoendocrine function.
- SCFAs can cross the BBB and help maintain its integrity
- influence glial cells/neuroinflammation
neurotrophic factors (NGF, GDNF, BDNF) that increase
- modulate
neurogenesis and help synthesize serotonin
and indirectly affect emotion, cognition and pathophysiology of
- directly
brain disorders
regulate lumen pH, mucous production, help hosts regulation of
- SCFAs
appetite, energy expenditure, glucose balance and immunoregulation –Blaak
EE

GUT MICROBIOTA -

SILVA

are established and affected by maternal influence
- Colonies
(antibiotics/infection), mode of delivery (c-section/vaginal), childhood
exposure of environment, infection, antibiotics

gut’ – increased permeability can cause endotoxin translocation of
- ‘leaky
bacteria into circulation – cytokine production inflammation that can impact
BBB/blood-brain-barrier

GABA, Serotonin, Dopamine and Noradrenaline neurotransmitters
- Produces
among others
in microbiota have been demonstrated in MDD major depressive
- Deficits
disorder, but has not been shown as an effective treatment – need a healthy
gut prior to stress exposure

BENEFITS OF REST - PLAY - LEARN
- REST
- metabolic waste clearance
- Assimilation of information
- PLAY
- Day-dreaming – Theta break, allows for creative thinking
- Inconsequential way to explore our environment- try, fail, repeat
- LEARN
or novel experience: pick something that you’re good at and something
- New
else that challenges you
- A short-lasting stress experience – completed = reward
- Coupling special senses for associated learning and memory recall

MANDALAS

TAKE YOUR TIME – RELAX!

WE’RE SOCIAL CREATURES

- Our social environment shapes who we are throughout a lifetime
encounters can help buffer stress or the effects of negative memories,
- ”Social
as well as extinguish maladaptive behaviors.” – Leblanc H
processes “social engrams” for learning, memory and the
- Hippocampus
emotional affect of positive and negative experiences dependent upon quality
of social support

- Be a good friend and have good friends

NEUROGENESIS AND STRESS
RESILIENCE – LESCHIK J

life adversity is highly associated with developing major depressive
- Early
disorder MDD and suicidal behavior in adults
is linked to decreased mass/neurogenesis of the hippocampus. Most
- MDD
neurogenesis occurs in childhood. Resiliency is associated with increased mass
of the hippocampus

treatment- takes 6 weeks to have effect – upregulates brain- Anti-depressant
derived neurotrophic factors BDNF thereby neurogenesis
treatments – selective serotonin uptake inhibitors, neurogenesis
- Other
independent and short-term effects

STRESS RESILIENCE- LESCHIK J

- Boost neurogenesis in the hippocampus
- Environmental enrichment – social, physical and cognitive stimulation
- Physical exercise and mindfulness
with lactobacillaceae reduced depressive symptoms and restored
- Microbiota
neurogenesis levels – gut health
system – “multiple mechanisms, including proliferation,
- Endocannabinoid
antiapoptotic defense, antioxidant defense, immunoregulation and
autophagy/mitophagy

SPECIAL SENSES

-

-

Vision
Primary sense: safety – danger
Familiar – unfamiliar; knowing what to expect in a certain environment (game,
school, social event)
Hearing
Safety – danger (sirens, alarms, loud noises)
Music and coordination
Smell
Olfactory nerve has direct connection to the (BBB) Blood- Brain Barrier
Good and bad smells, nostalgia, safety (smoke)
Taste
Good and bad flavors connect to reward centers or fear-avoidance behaviors
(food poisoning)

ESSENTIAL OILS
- gramineus, Lavandula angustifolia, eucalyptus
limonene, a-and b-pinene, nigella sativa, acorus
globulus, mentha piperita, rosemarinus officinalis,
“Quinta Essential” Hippocrates – Father of Medicine

Effective for anxiety disorders, relaxation, attention stimulation, neuroprotective
and anti-aging

Limonene effects neurotransmitters: dopamine, serotonin and glutamate – waking
system of brain
A- and B- pinene increase alpha wave- improve brain functions and enhance
relaxatiom
Common ones studied: : (Ayaz M):

Jasminum samback, piper nigrum and others.

FOREST BATHING- CHO K

in Japan means “taking in the forest atmosphere or forest
- “Shinrin-yoku”
bathing” 1982
and phytochemicals from trees (primarily conifers): anti- Terpenes
inflammatory, anti-tumorgenic and/or neuroprotective properties
make up the majority of molecules in 90% of Eos – limited
- ”Monoterpenes”
studies for chemotherapeutic drug application
- Show decrease in anxiety disorder symptoms and salivary cortisol levels
Get outside, take a walk and observe

-

OLFACTORY DYSFUNCTION – REBHOLZ H.
from various factors: structural, infection, local inflammation or
- Caused
epithelium and peripheral nerve damage
bulb connects to amygdala and BBB– smell of G’Mas cookies, coffee
- Olfactory
in the morning

- Dysfunction in 20% of population, not life-threatening
- Poor quality of life, relationship to food, can’t smell - exposure to toxins
- Parkinson’s, Alzheimer’s disease and early COVID 19 infections

STRESS RESILIENCY EXERCISES

- Look at things in a new and novel way - develop a child like curiosity
- Get physical – best results for neuroplasticity, memory and mood
- Make meditation part of your minute-to-minute program
- Breathing exercises – stimulating or relaxed
- Learn a new skill or language or play an instrument
a task increases BDNF-mediated synaptic plasticity in the
- Completing
hippocampus which helps form memories

EXERCISES FOR STRESS RESILIENCE AND
NEUROPLASTICITY

- Mindfulness training using awareness and choice –ANS training
- recognize brain and body connections and who’s in charge
- Choose your mood, be the person you want to be – all of the time
- Physical exercise promotes neurogenesis
- counteracts age-related mental decline
- enhances mental capacity of young adults
- facilitates recovery from brain injury or disease

EMPLOY EXERCISES TO SUPPORT
NEUROPLASTICITY AND STRESS RESILIENCE

- Set a timer and choose a task. Work to completion of task or time
do you feel when challenged or don’t know what to do? –welcome the
- How
challenge, frustrated, anxious/nervous, unable to act
- Take a break – play, take a walk, exercise, daydream, task-irrelevant activity
- Combine physical activity and mindfulness for best results
- Take a new commute or walk route - navigation
- Mix up your routine – new restaurant or grocery store – sensory stimulation

EMPLOY EXERCISES TO SUPPORT
NEUROPLASTICITY AND STRESS RESILIENCE

- Engage and challenge a combination of senses
- Hebb – what fires together wires together – learning by association
- Play games – social team, emotional support and healing. Entrainment
- Ask for help – don’t be limited by what you don’t know
- Get proper nutrition – eat for your energy expenditure and hydrate
- Rest – take a nap, set your circadian rhythm, get adequate rest

TAKEAWAY

- Brain waves and other body oscillations are measurable and non-invasive
changes occur with exercise, meditation, nutrition, hydration and
- Measurable
toxicity exposure
- Be mindful in everything you do everyday, be thoughtful
- Integrate small challenges and rewards into your routine
- Continued practice and repetition paves neuroplastic pathways
- Be kind to yourself and to others – promote growth mindset

-

-

-
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