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All Inflammation Is Not the Same

Inflammation=A defense mechanism of the body involving 
the immune system to a real or perceived danger, that 
could become destructive if it is not controlled.

• Systemic-cytokine storms=Sepsis
• Systemic-IL-1=Cryopyrin diseases
• Localized IL-4=Asthma
• Localized IL-28=Psoriasis
• Localized-IL-31=Chronic urticaria
• Generalized in the brain=Encephalomyelitis
• Localized to the brain lining=Meningitis
• Localized to the nerve insulation=Multiple 

sclerosis
• Localized to the amygdala of the brain=Autism

Blood

Pro-inflammatory

• IL-1, IL-6, IL-8, IL-17, IL-33, TNF

• Granzyme, lysozyme

• Metalloproteinases (MMP-9)

• Calprotectin (S100A8A)

Anti-inflammatory

• Alpha1-antitrypsin

• Alpha2-macroglobulin

• C1-esterase inhibitor 

• IgA, IgG, IgM

• IL-10, IL-37, IL-38 

• IL-1sr, IL-33sr
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• Atopic dermatitis (AD)
• Autism spectrum disorder (ASD)
• Chronic inflammatory response syndrome (CIRS)
• Electromagnetic hypersensitivity
• Fibromyalgia syndrome (FMS)
• Inflammatory response syndrome (IRS)
• Interstitial cystitis/bladder pain syndrome (IC/BPS)
• Long-COVID syndrome 
• Mast cell activation syndrome (MCAS)
• Multiple chemical sensitivity syndrome (MCSS)
• Multisystem inflammatory syndrome (MIS)
• Myalgic encephalomyelitis/Chronic fatigue syndrome (ME/CFS)
• Neurofibromatosis

• Pediatric acute neuropsychiatric syndrome (PAN)
• Post-Lyme syndrome (PLS)
• Psoriasis
• Rheumatoid arthritis (RA)
• Sick building syndrome (SBS)
• Toxic mold syndrome
• Vitiligo

Inflammatory Conditions Involving Mast Cells 
And Affected by Stress 
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Typical Skin Mast Cell Metachromasia 
as First Noted by Dr. Paul Ehrlich in 1887
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• Derives from distinct hemopoietic precursors

• Is Myeloid, Mononuclear CD34+ 

• PHENOTYPE: CD117+  (c-kit Receptor, SCF ligand)

• Expresses CD23+ CD25+, CD2+

• Expresses FceR1 (surface receptor for IgE)

• Contains 500-1000 secretory  granules

• Is distinct from Basophils

• Is present in all tissue

• Is located around blood vessels and nerves

5

Antigen

IgE
FcεRI

Degranulation 
(5-30 min)
• Chondroitin sulfate
• Chymase
• Heparin
• Histamine
• Leukotrienes 
• Prostaglandin D2
• PAF
• TNF 
• Tryptase

Ca2+

CGRP, CRH, Mastoparan 
Neurotensin, PTH, 
Substance P

IL-1, 
IL-33 

Bacteria (LPS), Fungi, 
Viruses (SARS-CoV-2)

De novo synthesis
(6-24 h)
IL-1, IL-5, IL-6, IL-17, 
IL-31, IL-33, TNF
CCL2, CCL5, CXCL8, CCL11 
Bradykinin, Hemokinin-1, 
Neurotensin, Osteopontin, VEGF
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ANAPHYLACTIC 
DEGRANULATION

DIFFERENTIAL 
RELEASE

IgE + antigen
Neuropeptide
s

CRH, SCF,
IL-1, LPS

TLRs

MRGPRX2

IL-1R, ST2

CRHR1, NK1, 
NT3

Activation of Mast Cells

Biological  Actions of Platelet Activating Factor (PAF)
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BioFactors. 2022;48:1217–1225.
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Mast Cells Communicate With Other Immune 
Cells and Pathogens

Diagnosis of Atopic Diseases

Blood

• IgE, IgG1, IgG4

• Anti-IgE receptor antibody

• Food Intolerance Panel

• Immune IgE (RAST for alpha-gal, casein, 

• gluten, dust mites, fungi, grass, pollen) 

• Anti-IgE receptor antibody

• IL-4, IL-6, IL-31, TNF

• PGD2

• Tryptase

Urine 24 hours (must be kept and sent cold)

• Methylhistamine (30% of histamine)

• MIA=methyl imidazole acetic acid (60% of 
histamine

• 23BPG=2,3-Dinor-11-PGF2
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Dermatographia

Dark under-eye circles
"allergic shiners"
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Primary
•Mastocytosis
•Monoclonal mast cell activation disorder (MMAS)

Secondary
•Allergies
•Mast cell activation in inflammation or cancer
•Physical urticarias
•Chronic autoimmune urticaria

Idiopathic
•Anaphylaxis
•Angioedema
•Urticaria
•Mast cell activation syndrome (MCAS)

Adopted from (Akin et al. JACI 126:1099-104, 2010)
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Cutaneous
Flushing
Pruritus
Urticaria
Angioedema

Digestive
Abdominal cramps
Diarrhea 
Esophageal reflux 
Nausea and vomiting

Musculoskeletal
Aches
Bone pain
Osteopenia/Osteoporosis

Neurologic
Anxiety 
Depression
Decreased concentration and memory (Brain Fog)
Insomnia
Migraines 

Systemic
Fatigue
Generalized malaise 
Weight loss

Respiratory

Nasal congestion
Nasal pruritus
Shortness of breath
Throat swelling
Wheezing

CRH, chymase, 
histamine,IL-6, 
PAF, renin, 
TNF, tryptase

CRH,  histamine, IL-6, IL-8, IL-33, 
PAF, PGD2, TNF, tryptase

Histamine, IL-6, 
LCT4, PAF, PGD2

IL-6, PGD2, RANKL, 
TNF, tryptase

CRH, histamine, 
IL-6, TNF

CRH, histamine, IL-6, 
NT, PAF, PGD2, TNF

CRH, histamine, IL-6, NT, PAF, 
PGD2, serotonin, TNF, tryptase, 
VIP

Cardiovascular

Hypotension
Syncope or near syncope
Lightheadedness 
Tachycardia

Drugs

Allergens

Toxins
Cytokines

Peptides

Bacteria, fungi,  
viruses
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Common Symptoms

• Brain fog
• Diarrhea
• Flushing
• Gastrointestinal
• Headaches
• Hives
• Hypotension
• Itching (urticaria)
• Myalgias
• Neuropsychiatric
• Palpitations
• Shortness of breath
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Mast Cells Contribute to Abdominal Pain
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Taracanova et al. Proc Natl Acad USA, 2018 Oct 2;115(40):E9381-E9390.
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Mast Cells Can Secrete the Content of 
Individual Granules or Specific Mediators
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IL-6 Reflects Mast Cell Activationand Further 
Stimulates Mast Cells
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J Allergy Clin Immunol 2011;127:1522-31

Control

SP
(2 µM)

3/26/2023 16Copyright by Dr. TC Theoharides

Mast Cells Can Release Mitochondrial DNA that 
Triggers Autoinflammatory Responses
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Circulating Mitochondrial DNA is an Early Indicator 
of Severe Illness and Mortality from COVID-19

Davide Scozzi, Marlene Cano, Lina Ma, Dequan Zhou, Ji Hong Zhu, Jane 
A O’Halloran, Charles Goss, Adriana 
M. Rauseo, Zhiyi Liu, Valentina Peritore, Monica Rocco, Alberto Ricci, Rachele Am
odeo, Laura Aimati, Mohsen Ibrahim, Ramsey Hachem, Daniel Kreisel, Philip 
A. Mudd, Hrishikesh S. Kulkarni, Andrew E. Gelman
doi: https://doi.org/10.1101/2020.07.30.227553

Free Mitochondrial DNA Indicates COVID-19 Severity

Mast cell

SARS-CoV-2

Edema, 
Inflammation,
Microemboli

IL-1, IL-6, 
PAF, TNF

BioFactors. 2020;1–3.
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Edema, 
Inflammation
,Microemboli

IL-1, IL-6, 
PAF, TNF

BioFactors. 2020;1–
3.

Additional Evidence of Mast Cell Involvement in COVID-19
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Evidence of Mast Cell Activation in COVID-19

Chymase=Angiotensin 
Converting Enzyme
Not inhibited by Captopril

Theoharides, Tsilioni. New Engl J Med., In press.

Recombinant SARS-CoV-2 Spike Protein Stimulates 
Cultured Human Mast Cells to Release IL-1Via TLR-4

-
SP (2 μM)                               +
FL-Spike (10 ng/mL)                            +           +             +            +
Anti-TLR2 Ab (2 μg/mL)                                   +
Anti-TLR4 Ab (2 μg/mL)                                                  +                             
Anti-ACE2 Ab (2 μg/mL)                                                                +
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Prenatal Stress Contributes to Allergy and  Inflammation
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Stress Worsens CSU and AD Via CRH Acting on Mast Cells
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J Allergy Clin Immunol.

2014 Jun 27.

tv 99Tc-G

30 minutes restraint stress

C57BL +/+ normal
W/Wv mast cell-deficient 

mouse
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Immunocytochemistry of CRH-R in human 
mast cells 
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J Immunol 2005;174:7665-7675
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J Immunol 2005;174:7665-7675
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Mast Cells Increase Blood-Brain-Barrier Permeability,  
Which Permits Focal Inflammation of the Brain 

Theoharides TC. Life sciences 46 (1990)

Brain areas that regulate 
homeostasis & emotions
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Long-COVID Syndrome
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Long-COVID Syndrome Is Associated 
With Brain Perivascular Inflammation and Thrombosis

2022 Farzin et al. Cureus 14(9): e29561. DOI 10.7759/cureus.29561
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Long-COVID Syndrome Is Associated With 
Activation of Microglia

Neurotensin, 
mtDNA, 
Tryptase 

IL-6, TNF

MicrogliaMast cell

Cross-talk Between Mast Cells and Microglia Leading 
to Inflammation of the Brain

IL-1β, IL-6, TNF & 

CCL2, CCL5, CXCL8 

Pro-inflammatory mediators 
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Mast Cells and Microglia in Neuro-COVID

Luteolin 
(3′,4′,5,7-tetrahydroxyflavone) 

Unique Properties of Luteolin

• Reduces oxidative stress
• Inhibits inflammation
• Inhibits mast cell activation
• Inhibits microglia activation
• Inhibits neurotoxicity
• Is weak metal chelator
• Increases memory
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Treatment Approach:
•Acetyl salicylic acid
•BrainGain (Berberine, Calcium folinate, Luteolin, Hydroxytyrosol)
•Erythropoietin
•Misoprostol (Cytotec)
•FibroProtek (Luteolin & Quercetin)
•Rupatadine (antihistamine, antiPAF, antifibrotic, mast cell inhibitor)

Successful Treatment of a COVID-19 Patient on Lung Transplant List
This 49-year-old Caucasian female tested positive for COVID-19 on 11/30/2020 and complained of
dyspnea and fatigue. The patient was admitted to the hospital on 12/20/2020 severely hypoxic with a

Diagnosis of acute respiratory failure. CRP and D-Dimer were elevated. O2 sat=52%.

Fig. 1A-Before Treatment Fig. 1B-After treatment
A ventilation-perfusion (V/Q) scan on 3/1/2021 revealed coarse heterogenous perfusion

of the lungs bilaterally, suggestive of diffuse microthromboembolic disease (Fig. 1A).
Pulmonary clots were apparently fossilized and deep within the lungs rendering

athromboendartectomy not a viable option. The patient was placed on the lung transplant list.
A repeat V/Q perfusion scan on 8/6/2021 showed minimal heterogeneity of uptake (Fig. 1B).
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Methoxyluteolin 
(3′,4′,5,7-tetramethoxyflavone) 
www.GentleDerm.com • Better absorbed

• Decreased metabolism
• Methyl donor
• No phenol intolerance

Advantages of TetramethoxyLuteolin
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Mast Cell and Microglia Triggers

PI3K

AKT

mTORC1

PTENMast cell 
activation 

Mast 
cell/microglia 
activation and 
proliferation

Rapamycin

Methoxyluteolin

Calcium 
influx via 
receptor 

Inflammation 

NT Rapamycin Methlut

Microglia and Mast Cell Activation Involves mTOR

www.GentleDerm.com
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Methoxyluteolin 
(3′,4′,5,7-tetramethoxyflavone) 
www.GentleDerm.com

Properties of methoxyluteolin:

• Better absorbed
• Decreased metabolism
• Methyl donor
• No phenol intolerance
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Summary of Clinical Implications
• Mast cells are ubiquitous in the body, including critical areas of the brain.

• Mast cells contain as many as 1,000 secretory granules/cell  each storing as many as 50 
preformed mediators such as bradykinin, histamine, chymase, tryptase and TNF.

• Mast cells can synthesize and release another 50 or so pro-inflammatory mediators such 
as PAF, chemokines, cytokines and peptides.

• Mast cells can be triggered by allergic, but also pathogenic and stress stimuli.

• Mast cells can sense the outside environment, but also the blood vessel lumen

• Mast cell can orchestrate and regulate inflammatory reactions.

• Mast cells in the lungs are involved in the pathogenesis of COVID-19 and in the brain in 
Long-COVID and Neuro-COVID.

• There are no effective drugs to block mast cell activation.

• Liposomal (in olive pomace oil) dietary supplements containing pure flavonoids luteolin and 
quercetin (e.g. NeuroProtek and FibroProtek) can inhibit mast cells.

• A new supplement ViralProtek containing oleurupein, eriodictyol,  hydroxytyrosol and 
sulphraphane inbits multiple viral targets including ACE2, serine proteases, and TLR4.
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