Neuroinflammation: The Brain is on Fire in a Cytokine Storm
By Dr. Debby Hamilton, M.D., MPH

Microglia are activated releasing pro‐inflammatory cytokines. More microglia activated means
more cytokines released and ultimately neuronal death.
The term for inflammation in the brain is encephalitis. Any practitioner hearing the term
encephalitis knows immediate intervention is required. Yet we do not treat diseases such as
Alzheimer’s and Autism with urgency even though both illnesses have documented
neuroinflammation. Education about existing safe treatment and neuroprotective options is
critical for practitioners.
Systemic inflammation in the body can trigger inflammation in the brain. Previously it was
thought that our blood brain barrier protected the brain from insult. Now we understand that
inflammatory mediators can damage cell membranes leading to a leaky blood brain barrier. In
medicine, the concept of an intestinal barrier with hyper permeability is generally accepted. Now
we have a blood brain barrier with increased permeability.
Neuroinflammation is well known in diseases such as Alzheimer’s and Parkinson’s. It is also a
component of diseases in children such as autism and the common disease of depression. Many
chronic systemic diseases have systemic inflammation such as cystic fibrosis which results in
mood issues from neuroinflammation. Even when you have an acute infection such as influenza
you can get neuroinflammation.

Immune pathology in the brain
The immune system in the brain is meant to work acutely as a normal host‐defense mechanism
to restore normal structure and function of the brain after an insult such an injury or infection.
The problem is when this system is continuously activated. In the nervous system, there are two
major glial cells involved in the immune system. First are the astrocytes which are the most
abundant glial cells occupying 25% of cerebral volume. Their functions are multiple and include:
promoting formation of the neuronal synapses, forming and maintaining the blood brain barrier,
neurotransmission by being part of the neuronal synapse, metabolic regulation, ion balance
maintenance, and development of the nervous system. Astrocytes are also involved in
glutamate metabolism. These cells help eliminate excess glutamate which is critical in preventing
excitotoxicity. Excitotoxicity can worsen neuroinflammation.
Microglia are the other type of glial cell involved in neuroinflammation and exist primarily in the
Hippocampus and the Substantia Nigra. They are the first line of innate immune defense in the
brain. Initial activation of microglia is neuroprotective but repeated activation is pro‐
inflammatory. Microglia have multiple functions in a similar manner as the astrocytes. They play
a role in embryonic development, secrete growth factors, contribute to maturation,
regeneration, and plasticity of neurons and are involved in synaptic pruning. Usually these cells

are in a resting or inactivated state. When they are activated, they are the primary source of pro‐
inflammatory factors in the brain. Uncontrolled activation of microglia leads to release of
inflammatory cytokines (TNF‐alpha, IL‐6, IL‐1B), nitric oxide, prostaglandin E2, and reactive
oxygen and nitrogen species. Once activated microglia become macrophage cells where they
engulf damaged cells along with intact neighboring neurons. Chronic neuroinflammation leads
to neurodegeneration and ultimately cell death. If this was not frightening enough, the
inflammatory compounds that the activated astroglia and microglia release disrupt the blood
brain barrier.
The brain uses a large amount of energy compared to other organs in the body. Since
mitochondria are responsible for cellular energy, they need to function well to create enough
energy. Unfortunately, mitochondria are sensitive to oxidative stress. Increasing inflammation
in the brain leads to increased oxidative stress and damage to the mitochondria. Mitochondria
dysfunction is involved in activated neuroinflammation associated with neurodegenerative
diseases such as Alzheimer’s and Parkinson’s among others1.
Systemic inflammation leads to neuroinflammation
Encephalitis or inflammation of the brain was once thought to be only from infections entering
the brain. Systemic infections and inflammation can cause microglial activation leading to brain
inflammation 2. It appears that peripheral cytokines can enter the brain and activate the microglia
and the astrocytes creating neuroinflammation3,4. In effect, peripheral cytokines lead to
microglial release of neural cytokines. If this process continues, a destructive cycle is created
leading to cell destruction and damage to the blood brain barrier which can further increase the
inflammatory mediators entering the nervous system.
Gut‐brain inflammation connection
Systemic inflammation can reach the central nervous system through the blood to induce
activation of the immune glial cells. The gastrointestinal tract is another route of connection.
The gastrointestinal system is connected to the brain in the gut‐brain connection where there is
a bidirectional communication system5. The brain is involved in regulating the immune system
and the intestine which is a large part of the immune system. An example is the pathogen
Helicobacter Pylori found in the stomach that can induce both humoral and cellular immune
responses that cross‐react with neural tissue and may be involved in Multiple Sclerosis6. Chronic
irritable bowel syndrome often associated with dysbiosis or an increase in pathogenic bacteria in
the microbiome can lead to an increase in systemic inflammatory cytokines and LPS causing
neuroinflammation5. Dysbiosis leading to dysfunctional bidirectional gut‐brain axis promotes
neuroinflammation.
Triggers for neuroinflammation
Considering that systemic inflammation and gastrointestinal inflammation can lead to
neuroinflammation, the number of potential causes is daunting. The causes can be grouped into
categories. Systemic infections that can have neuroinflammation include diseases such as Lyme
disease7, HHV6, measles, varicella, HIV, and West Nile Virus not to mention the specific

encephalitis viruses and bacteria such as Neisseria meningococcus. Pathogenic organisms in the
intestines such as H. Pylori can trigger inflammation that proceeds to the nervous
system8. Multiple environmental chemicals can cause neuroinflammation. Heavy metals such as
mercury and lead are known neurotoxins. Air pollution and the chemicals in passive smoke
exposure can increase risk of neuroinflammation9. Traumatic brain injury releases pro‐
inflammatory cytokines such as IL‐1B that activate microglia. Autoimmune reactions from
infections such as strep bacteria can lead to neuroinflammation. Finally, the inevitable aging
increases risk of neuroinflammation by causing an imbalance of anti‐inflammatory and pro‐
inflammatory cytokines which increase the number of activated microglia.
Diseases with Neuroinflammation:
The list of neurodegenerative diseases associated with neuroinflammation is well known.
Alzheimer’s disease is the most common cause of dementia in people over 60 years old. The
pathology involves an accumulation of intracellular neurofibrillary tangles and extracellular
amyloid plaques leading to neuroinflammation and finally cell destruction10. Parkinson’s has a
progressive loss of dopaminergic neurons primarily in the Substantia Nigra11. Amyotrophic
lateral sclerosis and Multiple Sclerosis are also chronic degenerative diseases associated with
neuroinflammation. Mental health issues such as depression and bipolar disease are associated
with underlying inflammation. How we treat these mental health issues needs to shift its focus
to incorporate anti‐inflammatory treatment.
Children unfortunately are not immune to neuroinflammation. Autism and ADHD are both
diseases with neuroinflammation as the underlying cellular mechanism. Children with autism
have been shown to have microglial and astrocytic activation along with pro‐inflammatory
cytokines in both the nervous system and systemically12,13. Chronic microglial activation causes
cell loss and reduced connectivity which are both found in brains of those with autism. The
greater the cell loss and connectivity issues, the worse the symptoms of autism14. When the
pathology of neuroinflammation in Alzheimer’s is compared to autism, the activation of microglia
and astrocytes with subsequent release of pro‐inflammatory cytokines is similar12. If we have
children with neuroinflammation like adults with neurodegenerative disease, we have serious
problems ahead for our society.
Hope through Natural Treatments:
Although there has been great progress in understanding neuroinflammation, our options for
treatments with traditional medicines have been limited. Due to our decreased ability to find
effective medicines, natural treatments have become increasingly important.
When discussing inflammation, nutrition is always a primary starting point. A high sugar, highly
processed diet promotes inflammation. A plant diet high in fruits and vegetables with their active
phytonutrients is anti‐inflammatory. Incorporating omega 3 fats through food or supplements
are critical anti‐inflammatory nutrients15. Vitamin E in the form of tocotrienols and full spectrum
vitamin E incorporating the gamma components are good anti‐oxidants along with vitamin C 15.
Magnesium and zinc are also crucial minerals to combat neuroinflammation15. General immune
and digestive support with probiotics is also beneficial.

Many of the phytonutrients when isolated from plants have been found to be very effective in
moderating neuroinflammation16. Curcumin, the active ingredient in the herb Turmeric has
shown effectiveness against neuroinflammation17,18. Research has shown Curcumin to be
effective at down regulating many pro‐inflammatory cytokines which may explain part of its
effectiveness. The primary problem with Curcumin is its poor bioavailability which can be
bypassed using a form with increased absorbability. Resveratrol is another plant component with
research showing its anti‐inflammatory effects both systemically and in the nervous system19. In
animal models, resveratrol decreased inflammatory markers along with symptomatic
behavior20,21. Flavonoids such as luteolin can be useful in treating neuroinflammation. EGCG, a
component of green and black tea has neuroprotective properties.
Since mitochondrial dysfunction is involved in neuroinflammation, repair and support of this
cellular component is critical. The mitochondria have a lipid membrane similar to the cell
membrane that is damaged by oxidative stress. Repair of this fatty membrane with targeted
phospholipids is important. Supporting the mitochondria with nutrients such as CoQ10,
Carnitine, alpha‐lipoic acid, and B‐vitamins is crucial22.
A compound, molecular hydrogen or hydrogen water is a new treatment that targets
neuroinflammation. It is a covalently bound stable form of hydrogen with strong fat solubility
making it easy to cross the blood brain barrier. Once inside the brain it neutralizes the strong
free hydroxy radical without harming the free radicals needed for normal metabolism23,24.
Through cell signaling it decreases pro‐inflammatory cytokines23. It promotes mitochondrial ATP
function. Finally, it has additional anti‐oxidant capabilities by activating the Nrf2 cascade
increasing anti‐oxidant enzymes including glutathione peroxidase, catalase, and superoxide
dismutase (SOD).
Another advantage of molecular hydrogen is ease of use. It can be dissolved and then consumed
in water. The safety profile is excellent25. Awareness of the compound was brought about
through a study by Ohta in 2007 showing its anti‐oxidant and anti‐inflammatory mechanisms of
action23.
One of the most important properties of molecular hydrogen is its ability to protect against
neuroinflammation. Many of our treatments target ongoing inflammation but molecular
hydrogen can work pro‐actively to prevent neuroinflammation. Research has studied this
concept of neuroprotection in studies with traumatic brain injury, surgery, and stroke animal
models 26,27,28. (Please see article below on Molecular hydrogen for more detailed information).
Summary
Neuroinflammation or inflammation in the nervous system is gaining recognition as a significant
factor in many chronic diseases. Systemic and gastrointestinal inflammation can cause or
exacerbate neuroinflammation. Awareness of the connection between the brain and the body
through the gut‐brain neural connections and the systemic immune system is critical for our
understanding and treatment of this issue.
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