
RE V I EW ART I C L E

Long-COVID syndrome-associated brain fog and chemofog:

Luteolin to the rescue

Theoharis C. Theoharides1,2,3,4,5 | Christos Cholevas5 |

Konstantinos Polyzoidis5 | Antonios Politis6

1Laboratory of Molecular

Immunopharmacology and Drug

Discovery, Department of Immunology,

Tufts University School of Medicine,

Boston, Massachusetts

2School of Graduate Biomedical Sciences,

Tufts University School of Medicine,

Boston, Massachusetts

3Department of Internal Medicine, Tufts

University School of Medicine and Tufts

Medical Center, Boston, Massachusetts

4Department of Psychiatry, Tufts

University School of Medicine and Tufts

Medical Center, Boston, Massachusetts

5BrainGate, Thessaloniki, Greece

6First Department of Psychiatry, Eginition

Hospital, National and Kapodistrian

University, Athens, Greece

Correspondence

Theoharis C. Theoharides, Laboratory of

Molecular Immunopharmacology and

Drug Discovery, Department of

Immunology, Tufts University School of

Medicine, 136 Harrison Avenue,

Suite 304, Boston 02111, MA.

Email: theoharis.theoharides@tufts.edu

Abstract

COVID - 19 leads t o severe resp irat o ry pro b lems, b ut also t o lo ng- COVID

synd ro me asso ciat ed primarily wit h co gnit ive dysf unct io n and f at igue. Lo ng-

COVID synd ro me symp t o ms, esp ecially b rain f o g, are similar t o t ho se experi-

enced b y pat ient s und ert aking o r f o llo wing chemo t herapy f o r cancer

( chemo f o g o r chem o b rain) , as well in pat ient s wit h myalgic encephalo myeli-

t is/chron ic f at igue synd ro me ( ME/CFS ) o r mast cell act ivat io n synd ro me

( MCA S ). The pat ho genesis o f b rain f o g in t hese illn esses is present ly unk no wn

b ut may invo lve neuro inf lammat io n via mast cells st imulat ed b y pat ho gen ic

and st ress st imuli t o release mediat o rs t hat act ivat e micro glia and lead t o

inf lammat io n in t he hypo t halamus. These pro cesses co uld b e mit igat ed b y

ph yt o so mal f o rmulat io n ( in o live po mace o il) o f t he nat ural f lavo no id lut eo lin.
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1 | INTRODUCTION

Inf ectio n wit h t he recent co ro navirus ( severe acut e resp i-

rat o ry synd ro me [ S A RS ] - Co V- 2) leads t o COVID - 19, t he

severit y o f which derives f ro m t he ho st 's inf lammat o ry

resp o nse t hat invo lves release o f a st o rm o f pro -

inf lammat o ry cyt o kines,1 7– esp ecially int erleuk in- 6 ( IL-

6) ,8 11– b ut also IL- 1.12,13

Even t ho ugh symp t o ms asso ciat ed wit h S A R S - Co V- 2

inf ectio n in childr en are mild, a number o f recent pu b li-

cat io ns rep o rt ed a mult isyst em inf lammat o ry synd ro me

( MIA - C) in o lder childr en14 16– and ado lescent s,17 o f t en

present ing wit h symp t o ms reminiscent o f Kawasaki dis-

ease.16 S ympt o ms in MIA - C t ypically o ccur 4 6 weeks–

af t er inf ectio n and t he disease is characterized b y ele-

vat ed mark ers o f inf lammat i o n18 and t he presence o f

mult iple aut o ant ib o dies.18 A similar disease in adu lt s,

Abbreviations: AD, Alzheimer's disease; ACE2, angiotensin converting

enzyme 2; BBB, blood brain barrier; CNS, central nervous system;–

CRH, corticotropin-releasing hormone; DAMPs, damage-associated

molecular patterns; HPA, hypothalamic pituitary adrenal; MCAS, mast– –

cell activation syndrome; MCI, mild cognitive impairment; mtDNA,

mitochondrial DNA; ME/CFS, myalgic encephalomyelitis/chronic

fatigue syndrome; PAMPs, pathogen-associated molecular patterns;

PAF, platelet activating factor; SP, substance P; SM, systemic

mastocytosis; TLCOVID-19, toll-like receptor.
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named mult isyst em inf lammat o ry synd ro me ( MIA - A )

has b een recognized b y t he Cent er f o r Disease Co nt r o l

( CDC, US A ) ( ht t p s://ww w.cdc.go v/mis- c/) . In f act, aut o -

immune and inf lammat o ry diseas es are no w increasingly

id ent if ied f o llo wing COVID - 19.19 The et io lo gy o f MIA

remains unk no wn.

Cyt o kine st o rms have also b een implicat ed in a vari-

et y o f myst ery diseases.“ ”

20 One such disease af f ects

COVID - 19 survivo rs and is asso ciat ed wit h severe

f at igue and neuro p sychiat ric symp t o ms ( ht t p s://ww w.

h e a l t h . h a r v a r d . e d u / b l o g / t h e - t r a g e d y - o f - t h e - p o s t - c ov i d -

lo ng- haulers- 2020101521173) , esp ecially impairment in

co gnit ive f unct io ns kn o wn as b rain f o g“ ” ( ht t p s://ww w.

n y t i m e s . c o m / 2 0 2 0 / 1 0 / 1 1 / h e a l t h / c o v i d - s u r v i v o r s . h t m l ) .

S uch pat ient s have b een called lo ng- haulers“ ” ( ht t p s://

directo rsb lo g.nih.go v/t ag/po st - c o vid- synd ro me/) and t he

illness has b een t ermed lo ng- COVID synd ro me“ ”

( ht t p s://direct o rsb lo g.nih.go v/2021/01/19/t rying- to - make-

sense- of - lo ng- covid - synd rome/). In f act, t he Nat io nal

Inst itut es o f Healt h ( NI H, US A ) recent ly devo t ed a 2- day

co nf erence o n t he epidemio lo gy and pat ho ph ysio logy

o f t his illness ( ht t p s://www .niaid.nih.gov/news- events/

workshop- po st- acute-sequelae-covid- 19) . Ot her names used

f o r t his illness includ e chro nic COVID synd ro me,“ ”

“po st - COVID synd rome, o r lo ng haulers COVID” “

synd ro me.”21

In add it io n t o t he severe re spirat o ry and inf lam ma-

t o ry pro b lems discussed ab o ve, inf ectio n wit h S A RS -

Co V- 2 can also co nt rib ut e t o neuro lo gical22 25– and men-

t al26 30– disord ers. Fo r t his reaso n, NI H held an 1- day

wo rksh o p o n t he ef f ect o f COVID - 19 o n t he cent ral ner-

vo us syst em ( CNS ) ( ht t p s://ww w.ncb i.nlm.nih.g o v/

search/research- news/11277/ ) and recent ly launched

a dat ab ase t o t rack neuro l o gical symp t o ms asso ciat ed

wit h COVID - 19 ( ht t p s://ww w.nih.go v/news- event s/

news- r elea s es/ni h- launc hes- d at ab as e- t ra ck - neur o lo g ical-

symp t o ms- as so ciat ed- cov id - 19) . The impo rt ance o f t he

ef f ect s o f COVID - 19 o n t he b rain is highlight ed b y t he

b lo g recent ly po st ed b y t he NI H Direct o r o n t his sub ject

( ht t p s://d irect o rsb lo g.nih.go v/2021/01/14/t aking- a- clo ser-

lo o k- at - t he- ef f ect s- o f - co vid- 19- o n- t he- b rain/) .

Ho wever, f ew scient if ic pu b licat io n has so f ar dis-

cussed lo ng- COVID synd ro me ( ht t p s ://ww w.nyt imes.

co m/2021/01/21/magazine/covid- af t eref f ect s. ht ml) such

as t he o ne t hat rep o rt ed t he presenc e o f persist ent f at igue

app arent ly ind ependent o f t he severit y o f t he init ial

symp t o ms.31 S ympt o ms experienced b y lo ng- COVID syn-

dro me pat ient s ( Tab le 1) are very similar32 t o t ho se pre-

sent in pat ient s wit h myalgic encephalo myelit is/chron ic

f at igue synd ro me ( ME/C FS ) ,33,34 mast cell act iv at io n syn-

dro me ( MCA S ),35,36 o r syst emic mast o cyt o sis ( S M)37 in

who m t he uniq ue t issue immune cells, mast cells, are

st imulat ed b y enviro nment al, pat ho genic, and st ress

st imuli. Mo reo ver, IL- 6 has no t o nly b een implicat ed in

COVID - 198,12 b ut was also elevat ed in ME/CFS38 and

S M.39 41– To make mat t ers wo rse, IL- 6 pro mo t es an

increase in number o f mast cells.42

2 | CHEMOTHERAPY

Pat ient s und ergo ing chemo t herapy are suscept ib le t o

inf ectio n wit h COVID - 19.43

Mo reo ver, more t han 50% o f patient s o n o r f ollowing

chemo therapy develop symp t oms similar t o t ho se

describ ed ab ove f o r lo ng-COVID synd ro me ( Tab le 1) , esp e-

cially co gnit ive dysfunction,44 47– a co nd it io n t hat has b een

termed “chemo f o g”48,49 o r chemo b rain,“ ”

50 54– and has

b een associat ed wit h distinct neuro imaging f indings.55,56 A

number o f dru gs have b een implicat ed in chemo b rain“ ”

( Tab le 2) mo st no t ab ly do xorub icin,57–59 metho trexat e,60,61

lenalido mide,62 rituxi mab,62 and t rast uzamab .63

There have been intense e fforts to understand the bio-

chemical64 or cellular44,65,66 mechanisms responsible for

chemobrain. These have included disrupted neurogenesis,67

aberrant myelination,6869 interference with prefrontal

activity,70 but most importantly neuroinflammation 66 with

cytokine dysregulation.69,71

TABLE 1 Sym p to m s p resent in long-COVID synd rom e

• Angioed em a

• Brain fog

• Confusion

• Difficulty multitasking

• D izziness

• D ysautonom ia

• Fatigue

• Gastrointestinal c om p laints

• Head ac he

• Hyp otension

• Insom nia

• Irritability

• Lightheaded ness ( sync op e)

• Inability to find the right words

• Memory loss

• Myalgias

• Palpitations

• Shortness of b reath

• Weakness

Note: The symptoms listed, especially those bolded, are experienced, by

many long-COVID syndrome patients and also patients undergoing or after

having been administered chemotherapy.
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3 | INFLAMMATION OF THE
BRAIN

Microglia have impo rt ant f unct io ns in t he CNS , 72 esp e-

cially wit h resp ect t o neuro inf lammat io n 72 74– and neuro -

degenerat ive 75 77– diseases. Microglia expr ess To ll- like

recept o rs ( TLRs) ,78 act ivat ed b y damage - asso ciat ed

mo lecular pat t erns ( DA MPs) and were recent ly impli-

cat ed in COVID - 19.79,80 COVID - 19 can also af f ect t he

hypo t halamic pituitary adrenal ( HPA ) axis,– –

81 which is

t ypically act ivat ed b y st ress and can f urt her af f ect t he

emo t io nal st at e o f ind ividu als af f ected b y COVID - 19.82,83

Microglia also expr ess recept o rs f o r co rt ico t ro pin-

releasing ho rmo ne ( CRH)84 and co uld b e f urt her act i-

vat ed b y st ress, esp ecially asso cia t ed wit h COVID - 19.85

Microglia int eract wit h t he uniq ue immune cells,

mast cells, in t he b rain86 leading t o t heir act ivat io n 87 and

neuro inf lammat io n.88 A ct ivat io n o f mast cells 89,90 and

micro glia91 in t he hypo t halam us33 co uld lead t o co gnit ive

dysf unct io n92 co mmo nly also seen in pat i ent s wit h

MCA S93,94 ( Figure 1) . Psycho lo gical st ress has pro -

inf lammat o ry ef f ect s82,95 via st imulat io n o f mast cells,83

esp ecially b y CRH96 leading t o increased vascular perme-

ab ilit y.83 This pro cess also leads t o disrupt io n o f t he

b lo o d b rain b arrier ( BBB) ,–

97,98 via release o f IL- 699 and

CRH,100 f urt her exacerb at ing b rain inf lammat io n b y per-

mit t ing t he ent ry int o t he b rain o f mo re viral part icles,

cyt o kines, o r o t her t o xic sub st ances ( Tab le 1) . A recent

NI H st ud y rep o rt ed b lo o d vessel damage and inf lamma-

t io n, b ut no inf ectio n, in b rains o f pat ient s wit h COVID -

19.101 ( ht t p s://ww w.nih.go v/news- event s/news- releases/

n i h - s t u d y - u n c o v e r s - b l o o d - v e s s e l - d a m a g e - i n f l a m m a t i o n -

TABLE 2 Chem ot herap eutic agents im p lic ated in c hem ofog

• Bleomycin

• Carb op latin

• Cis-p latin

• Cyclop hosp ham ide

• Cytarabine

• Doxetaxel

• Doxorubicin

• Lenalido m ide

• Methotrexate

• Taxol

• Trastuzum ab

Note: The drugs listed, especially those bolded, have been reported to induce

“ ” “ ”chemofog or chemobrain .

FIGURE 1 D iagram m atic rep resentation of how SARS-CoV-2 c ould stim ulate m ast c ells and m icroglia in the hypot halam us, inhibited

b y luteolin. SARS-CoV-2 c ould enter the b rain via the olfac to ry nerve trac t reac hing the hypot halam us w here it c ould ac tivate b rain m ast

c ells and m icroglia to release p ro- inflam m ato ry m olec ules, thus c ontributing to b rain inflam m ation and b rain fog. The effec t of SARS-CoV-2

c ould b e exaggerated b y c hem ot herap y, as w ell as c ytok ines and m tD N A, or neurop ep tid es released und er stress ( thund erb olt) . These

p roc essed c ould c ontribute to the p athogenesis and sym p to m s of long-COVID synd rom e and c hom ob rain and c ould b e p revented b y the“ ”

flavonoid luteolin

234 TH EO H AR ID ES .ET AL
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co vid - 19- pat ient s- b rains- no inf ectio n#: :t ext = In%20an%

20in%2Dd ept h%20st ud y,sho rt ly%20af t er%2 0co nt ract ing%

20t he%20disease.) These f indings may explain t he recent

co mpr ehensive rep o rt s o f signif icant ly increased neuro -

lo gic102 and psychiat ric103 disord ers in COVID - 19

pat ient s, as well as in lo ng- COVID synd ro me pat ient s. 104

Mast cells are ub iq u it o us in t he b o dy37 and are crit ical

f o r allergic diseases, 105 b ut also inf lammat io n.106 Mast

cells are also present in t he b rain, esp ecia lly in t he

median eminence o f t he hypo t halamus, where t hey are

lo cat ed perivascularly clo se t o nerve end ings po sit ive f o r

CRH.107 Mast cells are also t riggered b y viruses108 includ -

ing S A RS - Co V- 2.109,110 A recent pu b licat io n using no rmal

o ral cavit y mucosa rep o rt ed no gene expr essi o n o f t he

S A RS - Co V- 2 recept o r, angio t ensin co nvert ing enzyme

2 ( A CE2) in mast cells.111 Ho wever, mast cells are plas-“

t ic and t heir surf ace recept o rs can b e ind uced b y a vari-”

et y o f co nd it io ns. Fo r inst ance, we rep o rt ed t hat t he

neuro p ept id es neuro t ensi n 112 and sub st ance P ( S P)113

can ind uce CRHR- 1. Mo reo ver, S P can ind uce t he S T2

recept o r f o r IL- 33.114 In f act, A CE2 gene expr essio n was

recent ly sho wn t o b e ind uced b y int erf e ro n,115 and mast

cells can elicit st ro ng pro - inf lammat o ry and t ype I int er-

f ero n resp o nses in resp o nse t o viruses,116 implying an

aut o crine act io n o n A CE2 expr essio n. Of co urse, it

remains t o b e seen t o what ext ent pu lmo nary and /o r

b rain mast cells f ro m deceased COVID - 19 pat ient s

expr ess A CE2.

Fo llo wing st imulat io n , mast cells release pro -

inf lammat o ry mediat o rs117 such as hist ami ne, t rypt ase,

chemo kines ( e.g., CCL2, CCXL8)118 and cyt o kines ( IL-

6,119 IL- 1 ,β 120 and t umo r necro sis f acto r [ TNF]114) ,

esp ecially when primed b y IL- 33.121,122 Hist amine can

st imulat e macrop hages t o release IL- 1, 123 which st imu-

lat es mast cells t o release IL- 6. 119 Mast cells can also

secret e mit o chon drial DN A ( mt DN A ) , 124 which was

recent ly rep o rt ed t o b e increased in t he serum o f COVID -

19 pat ient s and co rrelat ed wit h disease severit y. 125 Ext ra-

cellular mt DN A serves as an alarmin and st imulat es

pro - inf lammat o ry mediat o r secret io n f ro m immune

cells.126,127 Mo reo ver, mast cells synt hesize and release

plat elet act ivat ing f acto r ( PA F) , which has b een impli-

cat ed in t he inf lammat io n128 and micro t hro mb o ses129

characterizing COVID - 19.

4 | TREATMENT APPROACHES

Unf o rt unat ely, t here are no clinically ef f ect ive int erven-

t io ns f o r lo ng- C OVID synd ro me1,130 o r b rain f o g asso c i-

at ed wit h eit her chemo b r ain, ME/CFS ,131 o r MCA S .36 It

is also hard t o decid e wheth er it wo uld b e b est t o st imu-

lat e o r sup pr ess t he immune syst em,132,133 since ant ib o dy

pro du ct io n and T cells app ear t o b e pro t ective, while pro -

inf lammat o ry cyt o kines are destr uctive.1,134,135 A reaso n-

ab le app ro ach esp ecially f o r b rain f o g asso ciat ed wit h

lo ng- COVID synd ro me, ME/CFS , MCA S , and

chemo t herapy- ind uced chemo b r ain wo uld b e inhib i-“ ”

t io n o f mast cell- asso ciat ed neuro inf lammat io n.

Even t ho ugh inhib it io n o f mast cells co uld b e b enef i-

cial in COVID - 19 o r lo ng- COVID synd ro me, 38 t here are

no ef f ect ive mast cell inhib it o rs.136 Inst ead , mast cells

co uld b e inhib it ed wit h t he st ruct urally relat ed nat ural

f lavo no ids lut eo lin and q uercet in,137 141– which are read -

ily availab le and are generally co nsidered saf e 142 146–

( Figure 1) . Bot h f lavo no ids have b ro ad ant i- viral pro per-

t ies, inhib i t ent ry o f t he virus int o ho st cells, 108,147,148

inhib it neuro inf lammat io n, 149 and red uce co gnit ive

decline.150 Furt hermo re, lut eo lin b et t er penet rat es int o

t he b rain, inhib it s b o t h micro glia151,152 and mast

cells,153,154 and has b een rep o rt ed t o red uce neu-

ro inf lammat io n145,155,156 and co gnit ive dysf unct io n,157,158

includ ing A lzheimer's disease in humans159,160 and in

animal mo dels.161

Lut eo lin and q uercet in are diff icult t o ab so rb af t er

o ral administ rat io n,162 b ut t heir ph armacok inet ics are

great ly impro ved in lipo so mal preparat io ns using o live

po mace o il.163 In f act, a lut eo lin f o rmulat io n in o live

po mace o il ( Neuro Pro t ek®) has b een used ef f ect ively f o r

impro ving aut ism spect rum disord er,144,164 while ano t her

o ne ( BrainG ain®) red uced b rain f o g.157 These lipo so mal

f o rmulat io ns no t o nly impro ve o ral ab so rpt io n and b io -

availab ilit y b ut also pro vid e t he add it io nal neuro -

pro t ective165 170– and ant i- inf lammat o ry171,172 act io ns o f

TABLE 3 Im p ortant fac ts and outstand ing issues c onc erning

long-COVID synd rom e

• Long-COVID synd rom e is a serious c onc ern

• Sym p to m s of long-COVID synd rom e are sim ilar to those

p resent in ME/CFS, MCAS and d uring or after

c hem ot herap y

• The m ost vexing sym p to m s are c hronic p hysic al and m ental

fatigue ( b rain fog)

• The m ec hanism und erlying these sym p to m s is p resently not

k now n

• Stress-related neurop ep tid es and interferons c ould ind uc e

ACE2 exp ression on m ast c ells and m icroglia

• Stim ulation of hypot halam ic m ast c ells and m icroglia b y

SARS-CoV-2 c ould lead to release of p ro- inflam m ato ry

m ed iators

• Foc al inflam m ation of the b rain m ay b e p revented /red uc ed

b y ap p rop riate lip osom al luteolin form ulations

Abbreviations: ACE2, angiotensin converting enzyme 2; MCAS, mast cell

activation syndrome; ME/CFS, myalgic encephalomyelitis/chronic fatigue

syndrome.
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o live po mace o il po lyph eno ls, as well as t he increase in

memo ry pro vid ed b y t he o live hydro xyt yro so l169,173 pre-

sent in BrainG ain®.

Ho wever, o ne sho uld b e aware o f t he f act t hat

lut eo lin is no w present in numero us diet ary sup plement s

wit h misleading names ( e.g., lut eo lin co mplex ) and“ ”

wide variat io ns in t he so urce, co nt ent , and pu rit y ( o f t en

no t disclo sed at all) o f lut eo lin. 163

5 | CONCLUSION

The number o f COVID - 19 cases may t urn o ut t o b e f ewer

and t he asso ciat ed b urd en t o t he healt h syst em mo re b y

t he lo ng- COVID synd ro me.174 Ob vio usly, t here are many

o ut st and ing issues t o b e invest igat ed ( Tab le 3) . In t he

meant ime, t he b rain f o g asso ciat ed wit h lo ng- COVID

synd ro me and use o f chemo t herapy may b e prevent ed/

red uced wit h app ro priat e lut eo lin f o rmulat io ns.
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