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Clinical Scenario

» 45-year-old woman with chronic
depression and diagnosed with major
depressive disorder since age 40.

» She has not responded to any
antidepressants.

» Her annual physical exam and
bloodwork are all normal.

What is her future in the healthcare system?



Clinical Scenario

» A 17-year-old girl has episodes of
depression and anxiety. She is unable to
focus on schoolwork and develop
friendships.

' » Her primary care physician told her
parents that itis just teenage hormones
and she will grow out of it.

S

What is her future in the healthcare system?



Clinical Scenario

» 38-year-old woman with episodes of
anxiety that are unpredictable and
debilitating.

» She responds to anti-anxiety
medications to dampen her anxiety, but
she falls asleep and is unable to function
the rest of the day from the anxiolytics.

What is her future in the healthcare system?



The Monoamine Model of Mood Disorders

Limbic Neurochemicals Mood
regions Deficiency expressions
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Basic Pharmaceutical Approach
to Mood Disorders
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imbalance
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Major classes of antidepressant drugs

1. Serotonin reuptake inhibitors (SSRISs)

2. Monoamine oxidase inhibitors (MAOs)

3. Serotonin-norepinephrine reuptake inhibitors (SNRIs)
4. Serotonin antagonist and uptake inhibitors (SARIs)

5. Tricyclic antidepressants (TCAs)

6. Tetracyclic and unicyclic antidepressants
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Global antidepressant users per 1,000 people
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Reported Side Effects of Long-Term Antidepressant Use

"

Weight gain

©

\Q 7,
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Feeling dependent
on the medication

Reduced positive Feeling emotionally
feelings numb
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Long-Term Effects of Antidepressants

The Main Side Effects Reported:

» Sexual problems (72%), including the inability to
reach orgasm (65%).

Weight gain (65%).

Feeling emotionally numb (65%).
Not feeling like themselves (54%).
Reduced positive feelings (46%).
Feeling as if they’re addicted (43%).

Caring less about other people (36%.)

vV V ¥V V V V V

Feeling suicidal (36%).

- 30% still said they had moderate or severe depression. \

Long-term antidepressant use: patient
perspectives of benefits and adverse effects Patient Preference and Adherence 2016:10
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Basic Model of Nutrition for Mood Disorders

Depression: Nutrient Deficiencies

»> Folate

> Methylfolate

> B-6

> B-12 (methyl B12)
> Tryptophan

» 5-HTP

Depression = Nutrient deficiency ——

Anxiety: Nutrient Deficiencies

> Magnesium

Anxiety = Nutrient deficiency ——> - ~otassium

> Calcium
> Lithium
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Basic Herbal Model for Mood Disorders

“Green Medicine”

Depression Support Anxiety & Sedation Support
Use botanicals Use botanicals
Depression = that support Neurotransmitters = that support
neurotransmitters sedation

» Passionflower @

> St. John’s wort =
> Rhodiola $&
» Saffron &

» Chamomile +
> Kava root #&
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The Neurochemistry of Depression

Healthy brain Depressed brain

stress hormones
insulin
inflammation
oxidized molecules

e ——

L growth factors
I antioxidants

P.C. Guest, Biomarkers and Mental Iliness,
DOI 10.1007/978-3-319-46088-8_5



The Physiologic Web of Mental Disorders

Limbic regions,
) circuits, neurons,

neuroglia, and

neurochemistry
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The Physiologic Web of Mental Disorders

Stress pathophysnology

‘ '-.3
A Limbic regions,
'\ 1 circuits, neurons,
) neuroglia, and
neurochemistry
'\1

----_,

inteqrative -
meﬁtal health DO OO #ipmcongress

CONFERENCE 26



Presentation Overview

4} Neuroinflammatory Pathophysiology @ Clinical Approaches

& Thelimmumssystenrane thc brain ® Dietary Approaches to Neuroinflammation

e Neuroinflammationinmental disorders
X Fasting Protocols
e Neuroinflammation: a personal story
Nutraceuticals Dampening Glia & Crossing

e The mechanisms of primed glial cells ("N SEE

e How toidentify primed glial cells clinically
-} Physical and Neurological Exercise

© Other Factors Dampening Inflammation
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Presentation Overview
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CELLULAR COMPOSITION AND WEIGHT OF THE HUMAN BRAIN

BRAIN WEIGHT AND CELL COMPOSITION: THE GLIAL MAJORITY

TOTAL BRAIN COMPOSITION BY WEIGHT (APPROX. 50% GLIA, 50% NEURONS) \
L CELLS (GLIA) (~50% by WEIGHT)
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(Contains ~80% of
.~ brain's neurons, but
. dense, tiny cells = lower
L combined weight

R\ | High glia-to-neuron
g\ ratio (~3.7:1),

glia dominate

massive glial mass
\ regional weight

Richin
oligodendrocytes,
| for myelination

- AXONS
(from NEURONS)

A review of 150 years of cell counting. J Comp Neurol. 2016 Dec 15;524(18):3865-3895.
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Culture of Microglia, Astrocytes, and Oligodendrocytes
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Microglia roaming through the brain, Resolution Imaging
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Neuroglia Activation

Z score
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Microglia Resting, M1 and M2 Functions

PAMPS (LPS elc.) / i Pro-inflammatory /?:;W
DAMPS (ATP etc.) : - g
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; Inhibition %_
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Wang et al. Journal of Neuroinflammation (2022) 19:132
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Immune-to-Brain Communication
Activation of the Brain's Innate Immune System
Diffusion Transportation

Circumventricular Organs Transportation Across
Lack a Blood-Brain Barrier the Blood-Brain Barrier

Neuronal Target

Journal of Leukoeyte Biology Volume 84, October 2008 Dilger and Johnson Aging as a factor for microglial priming
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Microglia Activation Throughout the Lifespan

DIAGRAM: PROGRESSIVE MICROGLIAL ACTIVATION THROUGHOUT THE HUMAN LIFESPAN
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Mitochondrial Dysfunction and Neuroinflammation

Estrinsic/Intrinsic
Factors

NLRP3

IL-1B, IL-18 , TNFal Synthetic
/ inhibitors
anti-TNFa \V /
NSAIDs L
Plants derivati
ants aerivatives Ce" Death

Necroptosis

mtDNA
DAMPs

The Role of Mitochondria in Inflammation: From 1 ., 1.9 2020, 9, 740; doi:10.3390/jcm9030740
Cancer to Neurodegenerative Disorders



Neuroinflammation Reduces Nerve Conduction Speed

Normal

Nerve Conduction
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Tryptophan Metabolism:
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Finding intestinal fortitude: Integrating the microbiome into a holistic view
of depression mechanisms, treatment, and resilience

Neurobiology of Disease 135 (2020) 104578
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Tryptophan Metabolism:
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The Kynurenine Pathway in Major Depression

A Healthy Control B Major Depression C Major Depression
Glutamatergic Synapse Glutamatergic Synapse Glutamatergic Synapse
Based on Peripheral Findings Based on Cortical Brain Findings
Significant l;g?:;i(:

decreases in

kynurenic acid kynurenic acid

A NMDAR inhibition
¢ Ca?*/Na*influx
v

VNMDAR inhibition
TCa“/Ni+ influx

Homeostatic
balance of
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Excitotoxicity, apopotosis, cell death Sustained antagonism can lead to memory,
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The kynurenine pathway in major depression: What we know and where
to next Neuroscience and Biobehavioral Reviews 127 (2021) 917-927



Synaptic Dysfunction in Neuroinflammation

Str d, neuroinfl tory conditions
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Integrating neuroimmune systems
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Blood-Brain Barrier Permeability with Neuroinflammation

inflammation, the BBB can
become permeable.
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The Impact of Neuroinflammation on the Brain
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Brain, Behavior, and Immunity 91 (2021) 505-518

Contents lists available at ScienceDirect BEHE%%NR:

and IMMUNITY
e ——

Brain Behavior and Immunity 0T

i

L5

o ¥ gn
ELSEVIE} journal homepage: www.elsevier.com/locate/ybrbi

Neuroinflammation induces anxiety- and depressive-like behavior by e
modulating neuronal plasticity in the basolateral amygdala

Zhi-Heng Zheng ™', Jiang-Long Tu ™", Xiao-Han Li‘, Qing Hua ‘, Wei-Zhu Liu“, Yu Liu e
Bing-Xing Pan®, Ping Hu“, Wen-Hua Zhang

@ Laboratory of Fear and Anxiety Disorders, Institutes of Life Science, Nanchang University, Nanchang 330031, PR China
® Department of Neurology, The Second Affiliated Hospital of Nanchang University, Nanchang 330006, PR China

¢ Department of Clinic Medicine, School of Queen Mary, Nanchang University, Nanchang, PR China

9 Rehabilitation Department, Second Affiliated Hospital of Nanchang University, PR China

€ Institute of Translational Medicine, Nanchang University, Nanchang 330001, PR China
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Translational Psychiatry WWW.nature.com/tp

REVIEW ARTICLE W) Check for updates
Neuroinflammation mechanisms of neuromodulation therapies

for anxiety and depression

Binggi Guo "%, Mengyao Zhang'?, Wensi Hao'?, Yuping Wang (@ '*?, Tingting Zhang @~

* and Chunyan Liu®'?™

© The Author(s) 2023

Mood disorders are associated with elevated inflammation, and the reduction of symptoms after multiple treatments is often
accompanied by pro-inflammation restoration. A variety of neuromodulation techniques that regulate regional brain activities have
been used to treat refractory mood disorders. However, their efficacy varies from person to person and lack reliable indicator. This
review summarizes clinical and animal studies on inflammation in neural circuits related to anxiety and depression and the
evidence that neuromodulation therapies regulate neurcinflammation in the treatment of neurological diseases. Neuromodulation
therapies, including transcranial magnetic stimulation (TMS), transcranial electrical stimulation (TES), electroconvulsive therapy
(ECT), photobiomodulation (PBM), transcranial ultrasound stimulation (TUS), deep brain stimulation (DBS), and vagus nerve
stimulation (VNS), all have been reported to attenuate neurcinflammation and reduce the release of pro-inflammatory factors,
which may be one of the reasons for mood improvement. This review provides a better understanding of the effective mechanism
of neuromodulation therapies and indicates that inflammatory biomarkers may serve as a reference for the assessment of
pathological conditions and treatment options in anxiety and depression.

Translational Psychiatry (2023)13:5; https://doi.org/10.1038/s41398-022-02297-y
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More
Pharmacology & Therapeutics 269 (2025) 108825

Contents lists available at ScienceDirect 2
Pharmagology
Pharmacology & Therapeutics T
journal homepage: www.elsevier.com/locate/pharmthera
The (neuro)inflammatory system in anxiety disorders and PTSD: L)
Check for
Potential treatment targets -
Anupam Sah, Nicolas Singewald *
Institute of Pharmacy, Department of Pharmacology and Toxicology, Center for Molecular Biosciences Innsbruck, Leopold Franzens University Innsbruck, Innsbruck, Austria
ARTICLE INFO ABSTRACT
Available online 19 February 2025 Targeting the immune system has recently garnered attention in the treatment of stress- associated psychiatric

disorders resistant to existing pharmacotherapeutics. While such approaches have been studied in considerable
detail in depression, the role of (neuro)inflammation in anxiety-related disorders, or in anxiety as an important
transdiagnostic symptom, is much less clear. In this review we first critically review clinical and in part preclinical
evidence of central and peripheral immune dysregulation in anxiety disorders and post-traumatic stress disorder
(PTSD) and briefly discuss proposed mechanisms of how inflammation can affect anxiety-related symptoms. We

Editor: M. Curtis

ﬁmﬁé then give an overview of existing and potential future targets in inflammation-associated signal transduction
Inflammation pathways and discuss effects of different immune-modulatory drugs in anxiety-related disorders. Finally, we dis-
Microglia cuss key gaps in current clinical trials such as the lack of prospective studies involving anxiety patient stratifica-
Cytokines tion strategies based on inflammatory biomarkers. Overall, although evidence is rather limited so far, there is data
Anti-inflammatory to indicate that increased (neuro)inflammation is present in subgroups of anxiety disorder patients. Although
Minocycline exact identification of such immune subtypes of anxiety disorders and PTSD is still challenging, these patients
Microbiome will likely particularly benefit from therapeutic targeting of aspects of the inflammatory system. Different anti-

inflammatory treatment approaches (microglia-directed treatments, pro-inflammatory cytokine inhibitors,
COX-inhibitors, phytochemicals and a number of novel anti-inflammatory agents) have indeed shown some ef-
ficacy even in non-stratified anxiety patient groups and appear promising as novel alternative or complimentary

therapeutic options in specific (“inflammatory”) subtypes of anxiety disorder and PTSD patients.
© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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The Impact of Neuroinflammation on the Brain

“‘% i

Neuromflammatlon

| 1 . 1 ] 1
& o S I

. . Activation of .. Blood-brain

Mitochondria ¥ Nerve . Activation of Astrocyte .
. . kynurenine . . . barrier
uncoupling conduction microglia dysfunction -
pathway permeability

* v ATP for * Reduced * ¥ Serotonin * * Brain * Synapse * Increase

neurons and nerve activity inflammation dysfunction susceptibility

neuro.glla transmission Anticytotoxic * * Neuron * ¥ Nerve Fo .

functions speed kynurenic acid injury growth inflammation
Y Neuro.n and * * Neurotoxic * Reactivate factors

neuroglia quinolinic acid primed glia

endurance

@

1* Synaptic dysfunction, ® Neuron degeneration, ¥ Plasticity



WHAT IS THE IMPACT?
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Ketamine Paradigm Shift for Depression Pharmacology
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Physiological Impacts of Ketamine on Neuroinflammation
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Ketamine Use Disorder (KUD)
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CLINICAL SEVERITIES OF NEUROINFLAMMATION

Neurodegeneration

Transient Neuroinflammation

Chronic Neuroinflammation

Microglia-Primed Neuroinflammation

Neurological Autoimmunity




"Our childhood determines the questions
we spend the rest of our lives trying to
answer." — /nspired by Sigmund Freud
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Microglia “Steady” Versus “Activated” State

MICROGLIAL ACTIVATION
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Pro-inflammatory
Patrolling microglia phenotype

Neurogenesis regulation
Synapses remodelling

! IL-10/B
Phagocytosis 11154'162 Pathogen elimination
i3 Tissue damage
TNF-a Neuroinflammation
iNOS
Anti-inflammatory
phenotype
IL-4
IL-10
IL-13 e
i Arg-
TGF!S s IGF-1 | Resolution of inflammation
Glucocorticoids Vm-1 ) .
Fl;"Z] Restoring of homeostasis

FIGURE 1 | Activation and polarization of microglia in resting conditions and during neuroinflammation. The morphology and the phenotype associated
with different functional states of microglia are represented. In physiological conditions patrolling microglia regulate central nervous system (CNS) homeostasis. In
neuroinflammation microglia assume ameboid morphology and acquire classical M1 or alternative M2 phenotype according to the nature of local milieu.

afrontiers Role of Atypical Chemokine
in Aging Neuroscience Receptors in Microglial Activation
and Polarization
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Microglia “Steady” Versus “Activated” State

MICROGLIAL ACTIVATION
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Transition Into a New Structure
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Picture with permission Aristo Vojdani, PhD
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healthy ageing dementia

Neuron-Glial interactions

keep microglia in a down-
regulated state (Resting y ) Primed (. Activated
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e LT e o \“Jéﬁ/'/
changes in microenvironment \ )
changes in microglia > >
adaptive/maladaptive Viral/bacterial infection Viral/bacterial infection
>

Chronic systemic inflammation (obesity, atherosclerosis)

Semin Immunopathpl (2013) 35:601-612

Neuroinflammation AE1267(20191003)
©2019 Datis Kharrazian. All Rights Reserved.



Basic Concept of Microglia Priming

First Hit: Second Hit:

l Potentiated
— - cytokine
S ) release Increased risk of
- mental illness:
====)»  Psychosis

Altered Depression
synaptic Anxiety
pruning
Microglial
priming

—

Prenatal / Early life Adolescence / Early adulthood Adulthood

Psychopharmacology (2016) 233:1637-1650

Inteqrative .
meﬁtal health D PO G #ipmcongress

CONFERENCE 206



00N : 7
@ﬂ) diagnostics Iil\D\Fy

Systematic Review

Leaky Gut Biomarkers as Predictors of Depression and Suicidal
Risk: A Systematic Review and Meta-Analysis

1, %
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Cells 2022, 11, 1362.
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Endotoxemia

Healthy intestinal barrier Leaky gut with dysbiosis
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Microglia Pre and Post LPS Stimulation

Microglia Pre LPS Microglia Post LPS
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Microglia Pre and Post LPS Stimulation
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Inflammation and Neuroprotection in
Traumatic Brain Injury

Resting Neuroglia Before TBI Activated Neuroglia After TBI

JAMA Neurol. 2015;72(3):355-362. doi:10.1001/jamaneurol.2014.3558
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Inflammation and Neuroprotection in
Traumatic Brain Injury

Resting Neuroglia Before TBI Activated Neuroglia After TBI

JAMA Neurol. 2015;72(3):355-362. doi:10.1001/jamaneurol.2014.3558
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Neuroinflammation Symptom Scale

Subtle

Moderate

Severe

*Brain fog (hazy thoughts and
recall)

*Noticeable variations in mental
speed

*Reduced brain endurance
Brain fatigue after exposure to
specific chemicals, scents or
pollutants

Brain fatigue after exposure to
specific food proteins

*Depression

eInability to concentrate especially
for long periods

*Sleepiness

sIncreased demand for sleep, must
sleep 8 or more hours

L ethargy/Fatigue

eLack of motivation

eLoss of appetite

*Malaise and inability to be
physically active

*Delirium/confusion/disorientation
*Dementia/personality/behavior
changes

Coma

*Seizures

«Difficulty speaking

*Trembling, tremors, involuntary
twitching




Clinical Pearl

An unproportionable deficit in neurological function from
various triggers that impact the immune system (dietary
proteins, lack of sleep, environmental exposure) suggests
microglia priming.
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Clinical Presentation of Primed Glial Cells

Loss of Neurological Integrity

Dietary protein reactivity

Infection
Oxidative stress
Cigarette smoke
Toxic chemicals

Air pollution

=

-> Dizziness

- Anxiety

-> Numbness of face or limbs
->» Tinnitus

->» Difficulty with motor tasks
-> Cognitive decline

Primed
glial cells

-> Depression

Cannot handle

neuroinflammatory
stimuli
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Clinical Strategy for Neuroinflammation
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DIETARY INTERVENTIONS FOR NEUROINFLAMMATION

Anti-Inflammatory

Stabilize Blood Glucose

Modified Ketogenic Diet Intermittent Fasting

1 Essential Fatty Acids

4 Fried & Hydrogenated Fats

® Phasel
Gluten-Free & Dairy-Free Diet

® Phase2
Paleo Diet (Grain-Free)

® Phase3
Autoimmune Paleo (Grain & Lectin-
Free)

integrative
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No Missed Meals: Maintain steady
glycemic levels to prevent cellular
stress.

Avoid Sugar: Eliminate high-
glycemic spikes and inflammation
triggers.

Limit Carbohydrates: Keep simple
carb intake to a minimal baseline.

Small Portion Size: Reduce
metabolic burden per meal.

Low Carb Intake: Keep e Delayed First Meal: Break fast 12-18
carbohydrates strictly under 20-50 hours after the previous night's
grams per day. dinner.

High Healthy Fats: Target 70-80%
of total daily calories sourced
directly from clean fats. recovery.

e Systemic Auto-phagy: Encourages
metabolic cellular cleanup and

Ketone Energy: Promotes direct
mitochondrial fuel sources to
reduce neural inflammation.

e Advanced Progression: Gradually
work up to supportive 1-5 day fasts.
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Stabilize Blood Glucose

No Missed Meals: Maintain steady
glycemic levels to prevent cellular
stress.

Avoid Sugar: Eliminate high-
glycemic spikes and inflammation
triggers.

Limit Carbohydrates: Keep simple
carb intake to a minimal baseline.

Small Portion Size: Reduce
metabolic burden per meal.

Modified Ketogenic Diet

Intermittent Fasting

Low Carb Intake: Keep e Delayed First Meal: Break fast 12-18
carbohydrates strictly under 20-50 hours after the previous night's
grams per day. dinner.

High Healthy Fats: Target 70-80%
of total daily calories sourced
directly from clean fats.

e Systemic Auto-phagy: Encourages
metabolic cellular cleanup and
recovery.

Ketone Energy: Promotes direct
mitochondrial fuel sources to
reduce neural inflammation.

e Advanced Progression: Gradually
work up to supportive 1-5 day fasts.
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Stabilize Blood Glucose

e No Missed Meals: Maintain steady
glycemic levels to prevent cellular
stress.

e Avoid Sugar: Eliminate high-
glycemic spikes and inflammation
triggers.

Limit Carbohydrates: Keep simple
carb intake to a minimal baseline.

e Small Portion Size: Reduce
metabolic burden per meal.

L §n N N N N N N §N N §B § N § N 8 N N N N _§N |}
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Modified Ketogenic Diet

Low Carb Intake: Keep
carbohydrates strictly under 20-50
grams per day.

High Healthy Fats: Target 70-80%
of total daily calories sourced
directly from clean fats.

Ketone Energy: Promotes direct
mitochondrial fuel sources to
reduce neural inflammation.

Intermittent Fasting

e Delayed First Meal: Break fast 12-18
hours after the previous night's
dinner.

e Systemic Auto-phagy: Encourages
metabolic cellular cleanup and
recovery.

e Advanced Progression: Gradually
work up to supportive 1-5 day fasts.
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DIETARY INTERVENTIONS FOR NEUROINFLAMMATION
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® Phase2 . . | . I :
Paien Diet (Brain-Free) e Limit Carbohydrates: Keep simple 1 ° Ketone Energy: Promotes direct | e Advanced Progression: Gradually
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PRINCIPLES OF A KETOGENIC DIET

DEPLETED B
— > ‘\?o
O \,A O

CARBOHYDRATE FUEL INDUCTION OF KETOSIS

I ! i
1. HIGH FAT (70-80%) 2. MODERATE PROTEIN (15-20%) 3. VERY I.OW CARB (<5%) ' / W

Wi @ O

KETOGENIC DIET
PRINCIPLES

' KETOSIS: 7 P
FAT As AN & All'~ g 4 i
PRIMARY FUEL B Y
%)~ '

FAT LIVER =T0 FOODS: Avocado, Fatty Fish (Salmon), Eggs,
LOWCARB  DECREASED o .ovve  PRODUCES }‘ Grass-Fed Meats (Bacon, Steak), Cheese, Butter, Heavy Cream,
INTAKE INSULIN  "/iosisy  KETONES x Qils (Qlive, Coconut, MCT), Nuts, Seeds, Low-Carb
(BHB, AcAc) Low-Carb Veggies (Spinach, Broccoli, Asparagus)
\
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Review
12 August 2024
10.3389/fimmu.2024.1425816

:‘ frontiers ‘ Frontiers in Immunology

(M) Check for updates

Exploring the ketogenic

diet’s potential in reducing
neuroinflammation and
modulating immune responses

1s

OPEN ACCESS

Michele Costanzo,
University of Naples Federico I, Italy

Han-Qing Pang,
Yangzhou University, China

“The ketogenic diet has been shown to exert specific effects on neuroinflammation within
the central nervous system (CNS). Ketone bodies can penetrate the blood-brain barrier
and modulate microglial activation, thereby reducing neuroinflammation...”

30 July 2024
12 August 2024

Monda A, La Torre ME, Messina A, Di Maio G,
Monda V, Moscatelli F, De Stefano M, La
Marra M, Padova MD, Dipace A, Limone P,
Casillo M, Monda M, Messina G and Polito R
(2024) Exploring the ketogenic diet's potential
in reducing neuroinflammation and
modulating immune responses.

Front. Immunol. 15:1425816

doi: 10.3389/fimmu.2024.1425816

© 2024 Monda, La Torre, Messina, Di Maio,
Monda, Moscatelli, De Stefano, La Marra,
Padova, Dipace, Limone, Casillo, Monda,
Messina and Polito. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

NaptEes, Tayy, "D

The ketogenic diet (KD) is marked by a substantial decrease in carbohydrate
intake and an elevated consumption of fats and proteins, leading to a metabolic
state referred to as "ketosis,” where fats become the primary source of energy.
Recent research has underscored the potential advantages of the KD
in mitigating the risk of various illnesses, including type 2 diabetes,
hyperlipidemia, heart disease, and cancer. The macronutrient distribution in
the KD typically entails high lipid intake, moderate protein consumption, and
low carbohydrate intake. Restricting carbohydrates to below 50 g/day induces a
catabolic state, prompting metabolic alterations such as gluconeogenesis and
ketogenesis. Ketogenesis diminishes fat and glucose accumulation as energy
reserves, stimulating the production of fatty acids. Neurodegenerative diseases,
encompassing Alzheimer's disease, Parkinson's disease are hallmarked by
persistent neuroinflammation. Evolving evidence indicates that immune
activation and neuroinflammation play a significant role in the pathogenesis of
these diseases. The protective effects of the KD are linked to the generation of
ketone badies (KB), which play a pivotal role in this dietary protocol. Considering
these findings, this narrative review seeks to delve into the potential effects of the
KD in neuroinflammation by modulating the immune response. Grasping the
immunomodulatory effects of the KD on the central nervous system could offer
valuable insights into innovative therapeutic approaches for these
incapacitating conditions.

KEYWORDS

ketogenic diet, neurcinflammation, ketone bodies, central nervous
system, immunomodulation




DIETARY KETONES DAMPEN BRAIN INFLAMMATION: MULTIPLE PATHWAYS OF ACTION

THE DIETARY SOURCE
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Key Clinical Concept

If a person’s cognitive and mental function dramatically
iImprove while in ketosis, it strongly suggests
neuroinflammation as an underlying mechanism.
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DIETARY INTERVENTIONS FOR NEUROINFLAMMATION

Anti-Inflammatory

1 Essential Fatty Acids

4 Fried & Hydrogenated Fats

® Phasel
Gluten-Free & Dairy-Free Diet

® Phase2
Paleo Diet (Grain-Free)

® Phase3
Autoimmune Paleo (Grain & Lectin-
Free)
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Stabilize Blood Glucose

No Missed Meals: Maintain steady
glycemic levels to prevent cellular
stress.

Avoid Sugar: Eliminate high-
glycemic spikes and inflammation
triggers.

Limit Carbohydrates: Keep simple
carb intake to a minimal baseline.

Small Portion Size: Reduce
metabolic burden per meal.

Modified Ketogenic Diet >

Intermittent Fasting

Low Carb Intake: Keep
carbohydrates strictly under 20-50
grams per day.

e Delayed First Meal: Break fast 12-18
hours after the previous night's
dinner.

High Healthy Fats: Target 70-80%
of total daily calories sourced
directly from clean fats.

e Systemic Auto-phagy: Encourages
metabolic cellular cleanup and
recovery.

Ketone Energy: Promotes direct
mitochondrial fuel sources to
reduce neural inflammation.

e Advanced Progression: Gradually
work up to supportive 1-5 day fasts.
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Fasting to Promote Autophagy of Primed Glial Cells

PRIMED
MICROGLIA

°
oo ©
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FASTING-INDUCED AUTOPHAGY & GLIAL CLEARANCE

1. PRIME STATE
(e.g., AGING or CHRONIC INFLAMMATION)

2. FASTING INDUCTION

Fastlng o @

AUTOPHAGY:

Clearing Damaged
Components

rejuvenated % ! ; ':

Fastmg

Primed !

)L activating

AcAc f

young

» ‘h‘.‘.
No . R
Glucose

METABOLIC CHANGE: KETOGENESIS: 3. CLEARED STATE
Glucose Decline Ketone Bodies (POST-FASTING)
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Cognitive and Translational Impact

+ ] Cognitive resilience
» T Long-term potentiation
« Improvement in cognition

o
Intermittent Fasting Functional Pathways Influenced
+ Time-restricted eating of N
« Alternate day fasting X Neurop[;'otectlon:
. \¢\ + ] BDNF _
b e, ® %ynapllc density
. au phosphorylation

Barrier & Inflammation:

. E{)_ilhehgl barrier integrity

. icroglial activation
Neuroinflammation

: Epiielmetic Modulation:
« HDAC inhibition = T
Synaptic plasticity genes

Gut Microbiota Restructuring
. * Alpha diversity
o T Akkermansia muciniphila, Lactobacillus,
Faecalibacterium prausnitzii, Bifidobacterium
longumipseudolongum g™l
+ Metagenomic & metabolomic shifts

l!l'l.t.!-c..-tlllil.-u-ll-a-l'lcil)

: Metabolite Production

0+ T SCFA (Butgga(e. Acetate, Propionate)
+ T Secondary bile acids (e.g., lithocholic acid)
« T Tryptophan-derived neuromodulators (e.g.,
serotonin, kynurenine)

PO L

llll.lll.ll.IIlllllI..l'llll)

Nutrients 2025, 17, 2266.



The Physiologic Web of Mental Disorders

Stress pathophysnology

‘ '-.3
A Limbic regions,
'\ 1 circuits, neurons,
) neuroglia, and
neurochemistry
'\1
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Patrolling microglia
Neurogenesis regulation
Synapses remodelling
Phagocytosis

IL-4
IL-10
IL-13

TGF-
Glucocorticoids

FIGURE 1 | Activation and polarization of microglia in resting conditions and during neuroinflammation. The morphology and the phenotype associated
with different functional states of microglia are represented. In physiological conditions patrolling microglia regulate central nervous system (CNS) homeostasis. In

Pro-inflammatory
phenotype

Anti-inflammatory

phenotype

IL-10/B
IL-6
IL-12
1L-23
TNF-o
iNOS

Arg-1
IGF-1
Ym-1
FIZ71

Pathogen elimination
Tissue damage
Neuroinflammation

Resolution of inflammation
Restoring of homeostasis

neuroinflammation microglia assume ameboid morphology and acquire classical M1 or alternative M2 phenotype according to the nature of local milieu.

1? frontiers
in Aging Neuroscience

Role of Atypical Chemokine

Receptors in Microglial Activation

and Polarization




Polyphenol Modulation of Microglia

Polyphenols
Activate CREB
Inhibit NF-kB 4 IL-10
v 4 T6F-B
v TNF
¥ IL-1
v M1 4 M2
Microglia Activation Microglia Activation

Balance Microglia Polarization

A
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Key Clinical Concept

Natural compounds that can cross the blood-brain barrier
are the most effective agents for neuroinflammation.

Antioxidants or natural compounds that cannot cross the
BBB have limited impact on neuroinflammation.
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Natural Compounds that Can Cross the BBB
are ldeal for Neuroinflammation

Brain microvasculature
Blood capilary

‘ ™S Ef@helial cells
— e

Astrocytes

* p.gp 4 BCRP 4MRPs

v

"l&)

_— Pericytes

P N
= 5 AW -
A (2] |
o - e
- ‘7'.'\7 > oo
v o Q

Lipo-soluble  Glucose, Transferrin, Water-soluble
metabolites amino acids, ~ insulin, albumin, metabolites
nucleosydes ~ plasma proteins

BRAIN

Polyphenols Beyond Barriers: A Glimpse into the Brain Current Neuropharmacology, 2017, Vol. 15, No. 4



RATINGS OF POLYPHENOLS IN CLINICAL PRACTICE
FOR NEUROINFLAMMATION

* % kX
* %k %k
*

*

Resveratrol (Grape Skin)
Curcumin (Turmeric Root)
Apigenin (Celery, Parsley)
Catechins (Green Tea)

Luteolin (Onions, Capers)
Baicalein (Tree Bark)
Rutin (Pomegranate)

Naringenin (Orange, Cherries)
Quercetin (Berries)

). ¢

Hesperidin (Citrus Fruit)
Fisetin (Strawberries)
Myricetin (Grapes, Onions)

Chrysin (Citrus Fruits)
Kaempferol (Broccoli)

Dr. Datis Kharrazian copyright 2019
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The Basic Concept
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Essential Fatty Acids



Rapid DHA Passive Diffusion Across BBB
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Molecular Aspects of Medicine 64 (2018) 109—134



DHA Breakdown from Neuronal Membrane
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Short-Chain Fatty Acids



Science. 2013 Aug 2;341:463-464.

Feed your T-regs more fiber

Fatty acid ——

Starch metabolites 6 R
) Pectin \ : Acetate
Fiber | Fru Ct?“ MICfObIOta J bﬁ Butyrate
Cellulose é
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Inflammatory response
is blocked

124



Environmental Factors, Genetics, and Epigenetics in MS Susceptibility and Clinical Course

Dietary fatty acids and susceptibility to
multiple sclerosis

Stefanie Haase, Aiden Haghikia, Ralf Gold and Ralf A Linker

Abstract

Background: The gut microbiome as well as dietary habits have recently been established as environ-
mental contributors to the pathogenesis of multiple sclerosis (MS), a T-cell-mediated autoimmune disease
of the central nervous system (CNS).

Objective: To summarize recent findings on the Janus-faced effects of dietary short-chain fatty acids
(SCFAs) and long-chain fatty acids (LCFAs) on T-cell immunity with a special focus on the gut and the
microbiome as an interface linking diet and T-cell responses during MS.

Methods: Review article.

Results: The autoimmune basis of MS most likely stems from an imbalance between pro-inflammatory
T helper cell (Th)1 and Th17 cells and anti-inflammatory or regulatory mechanisms including regulatory
T cells (Treg). Hence, the rationale of currently available therapeutic interventions is to either suppress
pathogenic Th1/Th17 and/or to foster Treg responses. Dietary fatty acids are often discussed for their det-
rimental role in MS. However, recent studies investigating saturated fatty acids in animal models of MS
revealed harmful as well as beneficial effects depending on their aliphatic chain length.

Conclusion: Dietary SCFAs constitute interesting candidates as safe and potent add-on therapy in the
immunomodulatory treatment armamentarium for relapsing-remitting MS.

Keywords: Animal model, immunology, disease-modifying therapies
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Immunity

Dietary Fatty Acids Directly Impact
Central Nervous System Autoimmunity
via the Small Intestine

Aiden Haghikia,1.10* Stefanie Jorg,21°? Alexander Duscha,’ Johannes Berg,’ Arndt Manzel,2 Anne Waschbisch,?
Anna Hammer,? De-Hyung Lee,? Caroline May,® Nicola Wilck,* Andras Balogh,* Annika |. Ostermann,’

Nils Helge Schebb,>¢ Denis A. Akkad,” Diana A. Grohme,® Markus Kleinewietfeld,® Stefan Kempa,® Jan Thone,’
Seray Demir,” Dominik N. Miiller,* Ralf Gold,":'" and Ralf A. Linker®11.*

1 - v/

“..Dietary short-chain FAs (SCFAs) expanded gut T
regulatory (Treg) cells by suppression of the JNK1 and
p38 pathway.”

“Treatment with SCFAs ameliorated EAE and reduced
axonal damage via long-lasting imprinting on lamina-
propria-derived Treg cells.”




Short, but Smart:
SCFAs Train T Cells in the Gut to Fight Autoimmunity in the Brain.

Bone marrow Gut Elsewhere ill body
Thymus (e.g. Brain)
l(Dietary or bacteria-derived fatty acids)|
MCFAs and LCFAs
(p38 MAPK)
Naive
CD4+ Th1 (IFN-Y)

T cell ‘ o
( —_— Th17(IL-17A) =—1=> >‘ Treg

\ ( Th17
‘ Treg (IL-10) Promotion of inflammation

Naive Exacerbation of autoimmunity
CD4+ —

Teel SCFAs
lipin2-JIP2

Dawe ‘ Th1 (IFNY )
T cell ‘ i
( _.( Th17(IL-17A) __>‘ Treg>

( Th17

Treg (IL-10) Suppression of inflammation
Amelioration of autoimmunity

i

Immunity. 2015 Oct 20;43(4):629-31.



Nutrients

(Vitamins and Minerals)



RATINGS OF VITAMINS AND MINERALS FOR
NEUROINFLAMMATION

- * J K K %k

Magnesium * * *

Vitamin A
Vitamin E




Review

Developmental

7 Dev Neurosci 2018;40:1-12 Received: May 4, 2017
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Magnesium as a Neuroprotective Agent: A Review
of Its Use in the Fetus, Term Infant with Neonatal
Encephalopathy, and the Adult Stroke Patient

Ingran Lingam? Nicola J. Robertson®®

3|nstitute for Women'’s Health, London, UK: ®Sidra Medicine, NICU level 3, Qatar Foundation, Doha, Qatar



Mechanisms of excitotoxic-mediated injury

Glutamate

Extracellular
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Intracellular

1‘ Na*
Proteases . P Mitochondrial Sodium and
Nucleases Lipases Nitric oxide dysfunction water accumulation
Cytotoxic
Cytoskeleton and Cell membrane Free raqlma(lagenara.tlon edema
nuclear injury damage Reactive O species ¥
Reactive nitrogen species

Cell lysis

Necrosis-apoptosis continuum
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Mechanisms of excitotoxic-mediated injury

Glutamate | l/ l/ o
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Intracellular
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Mechanisms of excitotoxic-mediated injury

Glutamate

Extracellular
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Antioxidants



THE ROLE OF GLUTATHIONE IN

IMMUNE-CHEMICAL TOLERANCE

Supports the
Mitochondria*

Natural
Chelating Agent*

[

* Thiol group can
bind to metals

Supports

Blood-Brain Barrier

Integrity*

Supports
Lung Barrier
Integrity*

Glutathione
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+NH; |
H 0
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Biotransformation
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Integrity*
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Is Involved in Antioxidant Processes;
Has Oxidation and Reduction Ability*
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Balance*

Supports
Regulatory T-Cells*

Integrative
mental health

CONFERENCE 206

DO O ® #ipmcongress



RATINGS OF GLUTATHIONE SOURCES

Liposomal

S-Acetyl L-Glutathione

S-Acetyl Glutathione * * * *
N-Acetyl Cysteine * * *




Summary of Nutraceutical
Approaches for
Neuroinflammation



NUTRACEUTICAL MANAGEMENT OF NEUROINFLAMMATION

= T

 Polyphenols
Resveratrol (Liposomal) 4 CERB Balance M1 and M2 Polarization
Curcumin (Liposomal) | - v NF-kB ___s Prevent Mitochondria Uncoupling
Apigenin | 4 Microbiome Diversity Protect BBB
Luteolin . § FreeRadicals Protect Neurons
Baicalein
Rutin

e — Protects Neuron Membranes
Essential Fatty Acids | — | | ipid Peroxidation => Modulates Prostaglandin Inflammation

EPA/DHA Improves Neuron Membrane Function
Short-Chain Fatty
Acids —> 4 T-Reg Function —> Balance M1 and M2 Polarization
Butyrate
Acetate
:ngéo_nate —> NMDA Receptor —>» Reduces Neuron Injury
Nutrients Antagonist
Magnesium
r _g_ : Balance M1 and M2 Polarization
 Antioxidants - ¥ NF-kB Prevent Mitochondrion Uncoupling
Glutathione 4 CREB Protect BBB
¥ Free Radicals Protect Neurons
Integrative -
mental health DO O @ #ipmcongress

CONFERENCE 206



Presentation Overview

4} Neuroinflammatory Pathophysiology @ Clinical Approaches

4
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e Neuroinflammationinmental disorders
X Fasting Protocols
e Neuroinflammation: a personal story
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e How toidentify primed glial cells clinically
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EXERCISE, MYO

N\

[ I. EXERCISE-INDUCED MYOKINE RELEASE

CONTRACTING
SKELETAL
MUSCLE

KINES, AND NEUROPROTECTION
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Brain-Derived Neurotropic Factor (BDNF) and Plasticity

>
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Neuroplasticity

Neural networks before Neural networks 2 weeks Neural networks 2 months
training after stimulation after stimulation
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Clinical Pearls

* Sometimes the stimulation from exercise causes adverse
reactions from degenerated areas of the brain that cannot handle
activation.

* If there is an adverse reaction, you may need to determine if this is
occurring by trying different type of exercises.



Potential Adverse Reactions With Impaired Brain Regions

BRAIN REGIONS

SENSITIVITY TO TYPE OF EXERCISE

* Balance exercises (yoga)

Cerebellum * Core platform exercises (BOSU)
* Lots of ups and downs (burpees)
* Excessive motionin environment
Vestibular (crowded gym)

* Unstable ground (treadmill)

Frontal cortex

* Exercise thatrequires focus
and concentration

Auditory context/Tectum

* Environments that are very loud
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[ Identify which physiological mechanisms are impaired ]

+ Digestion (proteins, fats, carbohydrates)
« Barrier integrity (gut, brain, pulmonary)

CI INnica I Eva I u atl on * Microbiome diversity —> History
. * Blood glucose regulation .
In * Hepatic biotransformation Metabolic

* Adrenal gland circadian rhythm Assessment Form

* Thyroid function —> Physical exam
* Reproductive function

Functional Medicine

* Immune function —> Lab tests

[ Understand the web of interactions with physiological imbalances ]

¥

Prioritize treatment plan to impact the
physiological web most efficiently

\ 4

[ Develop clinical strategy ]

} ! v ! !

Diet Nutraceuticals Lifestyle Toxic Load Hormone
Medications therapy

* Brain function

* Resiliency
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Mechanisms for Brain Inflammation

Head trauma

Poor circulation
Anemia
Autoimmunity
Systemic
inflammation

Gut permeability
Gluten sensitivity
Blood-brain barrier
permeability
Glycosylated end
products/diabetes
Alcohol

Drug abuse
Environmental
pollutants

Insulin surges

Activate glial
neuroinflammation

-

Symptoms of )
Neuroinflammation

Brain fog

Unclear thoughts

Poor brain endurance
Slow and varied mental
speeds

Loss of brain function
after trauma

Brain fatigue and poor
mental focus after meals
Brain fatigue promoted
by systemic
Iinflammation

Brain fatigue promoted
by chemicals, scents
and pollutants

J




[ A Visceral fat ]—

— Body mass

[ J, Muscle mass ] —_—

[ Hyperinsulinemia ]
[ Advanced glycation ] | Blood glucose

end products

[Reproductive Hormones]

[Prostaglandin Imbalance] Endocrine

[ HPA axis rhythm dysregulation ] dysfunction

[ Hypothyroidism ]

[ Microbiome dysbiosis ] —

Endogenous [Mucosal immunity upregulation ]

Intestinal Permeability ]

Sources of
Inflammation — Pulmonary permeability

Immune
dysregulation

[

[ ]
[ Loss of immune tolerance ]
[ Underlying autoimmunity ]
[ ]

Persistent tissue damage

Impaired hepatic
biotransformation Toxic load
— and

clearance

[ Kupffer cell upregulation ]

[d, Antioxidant reserves/synthesis]

[ Chronic viral infection ]

[ Persistent bacterial infection ] — Active infection

[ Pathogen evasion ]—

[ Immune senescence ]— Aging
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. -> Dietary
Trlggers - Environmental
-» Lifestyle

Prostaglandin
imbalance

Impaired hepatic
biotransformation

Overactive
dendritic cell
Overactive
Kupffer cells
Underlying autoimmunity

Vitamin D
deficiency

Mucosal Loss of
i i i immune

Intestinal Immumt_y
upregulation tolerance

permeability

Advanced
glycation end
products

Persistent
damage to
tissues

J Antioxidant
reserves

Persistent
bacterial infection

Clinical expression of inflammation
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Thank you
for your attention



Kharrazian Institute (§/

The largest online functional medicine platform

The most comprehensive, science-based functional medicine training

programme available.

200 hours of CPD credits

The core curriculum covers immunology,
neuroendocrinology, gastrointestinal
physiology, chronic inflammation, blood
chemistry, and more, earning you
foundational and advanced certifications
that count towards your annual CPD
requirements.

Amazing, brilliant knowledge, well
organised, very comprehensive, and
excellent foundational knowledge that
builds with every module.

Dally Ratra, MBChB, UK

Monthly classes taught by leading
functional medicine practitioners

Each month, an expert clinician delivers
a clinically applicable class,
complemented by 100 hours of case
analyses, physical exam lessons, lab
discussions, and interviews with
successful clinicians.

This training is incredibly profound and
well-founded. I’'m deeply grateful for the
opportunity to be part of it. It has
completely changed how | work.

Sonja Mihaljevic, The Netherlands

Explore with a 7-day free trial

(No credit card required)

Functional Medicine
and Nutrition
Training and
Certification

kharrazianinstitute.com
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