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Efferent Vagus Nerve
provides anti-inflammatory
signals (e.g., acetylcholine)
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brain

T

Afferent Vagus Nerve

e MeIkTO veupo. ATTOTEAEI TO KUPIO VEUPO TOU
/ TTapOcuUPTTatnTIKOU GUCTAHATOC.
e AsiToupyia: Kapdid, MEYAAQ ayyEia, Adpuyyag,
NTS TPpaXEia, BpOyXol, TTVEUMOVEG, NTTAP, TTAYKPEAG,
YOO TPEVTEPIKOG CWANVAG (ATTO TOV 01C0(PAYO

£WG TO EYKAPOI10 KOAO) Kol VE@QPOI.

AtrokaAeital kai «lTEPITTAQVWUEVO VEUPO»

ATToTeALiTAl ATTO KIVNTIKEC, AICONTIKEC,

ITAPACUNTTAONTIKEC KAl aioONTNPIEC IVEC

detects and transfers

pro-inflammatory
signals (e.g., IL-186,
TNF-a) to the brain



The Vagus Nerve
(Cranial Nerve X)
is a powerful
superhighway
connecting your
brain to vital
organs like the
heart, lungs, liver,
stomach, and
even your gut.
It plays a key role
in calming the
nervous system,
supporting
digestion, and
regulating
inflammation.
This one nerve
influences nearly
every part of your
well-being.
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AvadueTtal HETASU TWV PICIOIWY TOU
YAWCCO@APUYYIKOU Kal TwV PIdIdiwV TNG
TTPOMNKIKNS MOiPAS TOU
TTAPATTANPWHATIKOU V.
AiEpXETal ATTO TO NECAIO TMAMO TOU
o@ayITIdIKOU TPAMATOG. KATW aTTO TO
TPHMO AUTO oXNMATICETAI TO AVW
KOl TO KATW YAYYAIO TOU
TTVEUMOVOYOOTPIKOU TTOU

OVOOTOMWVETAI ME TNV TTPOMNKIKNA
MOIPO TOU TTOPATTANPWHATIKOU V.

[MopeUeTal KABETA TTPOG TA KATW, EVTOG TNG
KOpWTIOIKNG BAKNG O€ OTEVI £TTAPN ME TNV

E0W KAPpWTIOA, METAEU AUTAG KAl TNG E0W
o@ayiTIdag PAERag



Mupnvec rou Mveupovoyaorpikou Neupou

MOTOR NUCLEL: SENSORY NUCLEL

Parasympathetic
nucleus of
oculomotor

nerve i) l

Oculomotor nucleus (lll) /‘

N

Mesencephalic
trigeminal nucleus (V)

Trochlear nucleus (IV)
Main sensory
Trigeminal

motor nucleus (V)

Abducens
nucleus (VI)

Vestibular
nuclei (VIII)

‘—Cochlear nuclei (VIII)

Mupniiva¢ Nwriaiag
Agopidag (v, 1x, X)

Vestibular nuclei (VIII)
Facial nucleus (VII)

Salivatory nucleus

KivnTiKGg . (IX, X)
Paxiaiog rupnvag X NwTiaiog TTuprvag
Tp1dupou (V)

Hypoglossal nucleus (XIl)

Spinal accessory
nucleus (XI)

trigeminal nucleus (V) %

- To MvI veupo &xel 2

EKPUTIKOUGC NUPNVEG:

TO VM KAl TO KATW YAyyAIlo

TOoU lv.I. Kal

3 NUPNVEC OTO EYKEPAAIKO

OTEAEYOC:

1. KUpioc KivnTIKOGC NUPAVAG,

2. MapacupnadnTikog n
Payiaioc nupnvac Tou MNv. T.

3. TeEAIKOC a100NTIKOC NUPRVACG
(oTov nupnva TnG Movnpoucg Asopuidac)



Kupioc Kivntikoc Mupnvac MNv.r.
(Nucleus Ambiguus)

BpiokeTal 010 AIKTUWTO 2XNMATIOMO TOU NpounkKn MUEAOU.
ATroTeAEl HEYAAO NEPOG TOU MEIKTOU () KOIAIOKOU) TTUPAVA.
O n gival KOIVOG TTUPRVOC VIO TO

YAWOCOCO@PAPUYYIKO, TO TTVEUMOVOYOOTPIKO KOI TNV TTPOMNKIKA
MOIipO TOU TTAPATTANPWHATIKOU VEUPOU.

AgxeTal @AOIOTTUPNVIKEG IVEG ATTO TA OUO NMICPAipPIA.
Neupwvel TOUG OCPIYKTAPESG HUG TOU (PAPUYYO KAl Adpuyyda.




NMapacupnadbnTikog n Payiaiog nupnvac
! Tou lNv.I (Dorsal Vagal nucleus)

1. BpiokeTal 010 £00(POG TNG KATW MOIPAS TNG 4NnN¢ KOIAIaAG,
payiaia, ETTi TA EKTOG TOU TTUPHVA TOU UTTOYAWGCCIOU V.
2. AéxeTal iveg atTo TOoV UTTOOAAOMO, Kal aTtro To FAwo.Pap. v.

3. Neupwvel Toug A€ioug HUG Kal AOEVEG TWV BPOYyXWYV, TNG
KapOIAG, TOU YOOTPEVTEPIKOU CWANVA (ATTO TOV O1I00PAYO
MEXP! TNV APICTEPN KOAIKI KAMTTR), TO NTTOP,

TO TTAYKPEAGS KOl TNV £EW NTTATIKA XOAN@OPO 000.




Aio0nTikoc Mupnvac MNv.T.

(Nucleus of Solitary tract)

= Eival To kaTtw TUAUa Tou nupnva Tng Movnpoug Asopidac.
s AEXETAI YEUOTIKEGC NANPOPOPIEC HE TIC NEPIPEPIKEC
ano@uadec Tou KaTtw yayyAiou Tou Mv.T.v.

O1 avioUOoEC ivec kaTaAnyouv S1apEcou Tou OaAdapou (HEPIKEG
Kai S1apECOU TOU unoBaAapou) oTnv onicdia KEVTPIKN EAIKA.

O1 KEVTPOHOAEG IVEG TWV YEVIK®OV AI0ONCEWV (KEVTPIKEC
anoPuadec Tou avw yayyAiou) kataAnyouv ortov NwTiaio

Mupnva Tou Tpidupou VEUPOU '




Vagus nerve

Mesencephalic nucleus and Westphal nucleus
Nucleus of the oculomotor n.

Nucleus of the trochlear n.

Motor nucleus of the
trigeminal n.

' /@L}/ \ % ‘ 5 E==/)

‘ Sensory ' Motor
O | Accessory (autonomic)
: nucleus = Edinger-

tract of the trigeminal n.

(-\\} - Principal sensory nucleus
\ of the trigeminal n.
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Q = “‘ T UBNSral vestibular n. salivatory nuclei
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<y MikTog Mup.)
Parasympathetic O \ //
+ Al wscera from neck to transverse colon NwT.Agop.
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S, Tpi1dupou
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_ Nucleus of the tractus solitarius

Dorsal nucleus of the vagus n.
Nucleus of the hypoglossal n.
Nucleus gracilis

Nucleus of the accessory n.

Spinal nucleus and tract
of the trigeminal n.




EYKEPOAAIKOC PA0IOC

KATIOUOEC IVEC
TOU QUTOVOUOU

" MapaocupTTadnTIKOC
| Paxiaiog rup. MNMv.rl.
[ |1 . Movijpoug Aeopidag
| P QIOGI]TIK()Q‘ TTup. Mv.lr.)
Kopio¢ Kivnmikég . MNv.r

TTUPNVEG TOU BaAapou
Kal TOu uTToBaAduou | {

QTTO TOV KaPWTISIKO KOATTO

510 TOU YAWOoO®apuyYIKOU V. v
KGTW OKEAOG S Mgy 1« g s T
NG apeyke@aAidag ~~/ O] RE&E [ X (Turpa MikToU Muprva)
" | N /f -~ . NwTiaiag Aeopidag
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TIVEULOVOYAOTPIKO V.

opharyngeal
Vagus

ACCESSOry-—a s

—

/ ’" ) ‘i
g/ 3 \ '/
— rnal branch of
superior laryngeal

External branch of
superior laryngeal

Recurrent

\
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’ \/ Pulmonary branch

Antero-superior surface
of stomach



Eneidn unapyel ouvdeon HETAEU TOU TPIOUHOU VEUPOU KAl TOU
NVEUHOVOYAOTPIKOU VEUPOU, onoiadnnoTe SIEyEpoN TOU TPIOUHOU
veupou (nieon oTov BoABO TOU HATIOU) HNOPEI va JIEYEIPEl TO
NVEUHOVOYAOTPIKO VEUPO.

Auyevikn NMveupovoyaoTponadeia (Cervical Vagopathy).

BAABec TnG avwTepNC AMZZ (KaK®WOEIC, aoTadeIa, EKPUAITEIC)
ennpealouv 10 MNv.I. veUpo €iTE aNO APEON NIEOCN EITE HEOW
d1aTtapayxnc TnG KIivnTiKOTNTAC TOU




Inferior Ganglion of Vagus

he closeness of the glossopharyngeal (CN IX), vagus (CN X) and
spinal accessory (CN XIl) nerves. Cranial nerves IX, X and Xl run together
just in front of the C1 and C2 vertebrae. They can easily be damaged

by the excessive motions of these vertebrae caused by upper cervical

Inferior Ganglion of Vagus
Nerve
PGRLINGIT ey ey ]
3 "
’ - . -

on Stressors:
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ional problems

= Glossopharyngeal
nerve

T e, . Vagus
7 ' '_«..— .' X - E "._- . \ \J nerve

\ ™ Accessory
t nerve

—

. Vagus Nerve

Vagus Nerve i

AKpaieg | ATTOTOMEG KIVAOEIG TNGS avwTePnS AMZZ ptTOpEi VO TTPOKAAEGOUV
Ywviwon Kai diataon Tou lNv.I. TTou odnyei o€ rpoocwpivni diatapaxn TnG

AYWYINOTNTAG TOU. XpOoVvia dIATaon odnyei o€ EKQPUAION & ATTWAEIN VEUPWVWYV



Jugular foramen VAGUS NERVE 1

|
Poste\rifr/

Spinal root
of accessory

1. Meningeal br. Sensory to posterior
cranial fossa

2. Auricular br. Sensory to external
auditory meatus & part of eardrum
(communicates with VII)

Inferior vagal ganglion - cell bodies:
1. Special visceral afferent
(baroreceptors & taste)

2. General visceral afferent (detects
stretch in heart, lungs, abdominal
contents, pharynx & larynx

Carotid body
nerve. Makes a Recurrent laryngeal n.
plexus with IX 1. Branchiomotor to muscles of
larynx & upper oesophagus
2. Somatic sensory to larynx
l below cords
Vagus continuing. 3. General visceral afferents from
Parasympathetic to pulmonary & larynx & pharynx for stretch

oesophageal brs & to coeliac, hepatic &
renal plexuses.

Carries general visceral afferents from
all these organs

Vagus arises from 8-10 rootlets on medulla. Associated nuclei are:

1. Dorsal nucleus of vagus.

General visceral efferent (parasympathetic) to smooth muscle of bronchi, heart,
oesophagus, intestine to transverse colon.

General visceral afferent (sensory) from above organs.

2, Nucleus ambiguus. Branchiomotor supply to striated muscle of palate,
pharynx, larynx & upper oesophagus (these fibres originate from the cranial root
of accessory).

3. Nucleus solitarius. Sensory for baroreceptors and taste.

4, Spinal nucleus of trigeminal nerve. All somatic sensory fibres in vagus end
here.

Superior vagal ganglion - cell bodies:

Medula Oblongata
Vagus nerve

Superior Ganglion
of Vagus Nerve

Inferior Ganglion
of Vagus Nerve




Thyroid gland Oesophagus Trachea Prelracheal Recurrent Sternomastoid
fascia laryngeal
nerve Stemothyroid

) Sternohyoid
/ Platysma
SO

Carotid sheath B s Tt e e B
Internal v \?" N : 4
jugular vein N \ Omohyoid
N WAZE
Deep cervical ‘ .\‘ \ nerve
Mg e el ) o Longus
Common \ v cenvicis
carotid artery ‘ > Scalenus
( 7 anterior
Investing
layer of Scalenus
superficial medius
fascia
Prevertebral
layer of fascia Trapezius
Vertebral artery
Ligamentum  Semispinalis
Spinal nerve nuchae capitis Splenius capitis Levator scapula

HYPOGLOSSAL NERVE

ACCESSORY NERVE

INFERIOR GANGLION OF VAGUS

POSTERIOR AURICULAR ARTERY

UPPER STERNOMASTOID
BRANCH OF OCCIPITAL
ARTERY

DIGASTRIC, POSTERIOR BELLY

OCCIPITAL ARTERY

e
ey

CAROTID SINUS

LOWER STERNOMASTOID
BRANCH OF OCCIPITAL

ARTERY
VAGUS NERVE

INTERNAL JUGULAR VEIN

GLOSSOPHARYNGEAL NERVE
SUPERFICIAL TEMPORAL ARTERY

MAXILLARY ARTERY
STYLOPHARYNGEUS

PHARYNGEAL BRANCH OF VAGUS

SUPERIOR LARYNGEAL NERVE

INTERNAL CAROTID ARTERY
EXTERNAL CAROTID ARTERY

FACIAL ARTERY

HYPOGLOSSAL NERVE
LINGUAL ARTERY

INTERNAL AND EXTERNAL
LARYNGEAL NERVES

SUPERIOR AND INFERIOR
ROOT OF ANSA CERVICALIS

COMMON CAROTID
ARTERY



Tpidupo v, |
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dapuyy. S

— CNIX
AUXEVIKO
rayyAio CN X
Cranial roots (XI)
KAadol Spinal roots (XI)
FTAwooo-]
®apuyy.| | Pharyngeal

plexus

Maxillary artery
and plexus

Middle meningeal artery and ple:

Externalcrotid Facial artery and plexus

artery and plexus
Common carotid artery and plexus

\___— Superior cervical sympathetic cardiac nerve

D40 FISHER

Glossopharyngeal
nerve (CN IX)

Vagus nerve (CN X) NG

Intermal juguiar vein

Supenor ganghon of //
Vagus nerve

Inferior ganglion of’
vagus nene

Tympanic branch
Inferior ganglion

Auricular nerve

CN VI

Communicating
branch

Internal
jugular
vein

Nodose ganglion

B~ Intemal carotid artery

Superior ganglion of
glossopharyngeal nerve

Inferior ganglion of
glossopharyngeal nerve

Internal laryngeal nerve

Extemal laryngeal norve



KegpaAikoi KAGSol KAdodol

MnVIyyIKOg KA.: avadUeTal aTrd 1o dvey  Vienmesalbranch | Nv.l. v.
YAyYYAIO Kal EICEPXETAI SAVA OTO KPAVIO canroocor— 8N A\

Iwa’TOU o <P0(V|Tl5"’<°U’TPn|10(T0§ Yia va ] L niciiarvrstich

VEUPWOEI TN OKANPA MAVIYYO TTOU arrav&sjlﬁ)leriorand R . R T —

TOV OTTioB10 Kpaviako 66po. A T Superior laryngeal nerve

A
!\

QTI0i0¢ KA.: Neupwvel To déppa THG £0W ETTIPAVEING
TOU TTTEPUYIOU TOU WTOG, TO OTTic 010 KAl KATW TOIXWHA TOU
£¢W AKOUOTIKOU TTOPOU KAl TNV TTAPOAKEIMEVN Moipa Vagus nerve

', " Internal laryngeal nerve

TNG £SW ETTIPAVEIOG TOU TUPTTAVIKOU UMEVA. il
AN ‘}‘: L)/ \\{/"
TpaanlKOi KAd60| i External laryngeal nerve
% Z r : ]-’ ?::(_\—{/ Cricothyroid
DapuyyIko TTAEYHA (padi pe KA. Tou TA.Qap.v. T muscle
Kal Tou dvw AuyevikoU MayyAiou) i T
’Avw quUVVIKé V. Esophagus —-—|l$|- "lll I‘E._;_Il'
KGpBIGKOi KA. Subdlien— I J-‘{”‘—TSET Recurrent laryngeal
Kartw Aapuyyiko 1 NMaAivépopo v. ’ " nerve
(o TTaxuTePOG KA. ToU MV.I" | ‘
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A. Anterior craniocervical junction B. At level of brainstem and spinal cord

Connect to ‘ 3 %'77/9,}
branches of facial n. = )

s
Gy
& V3

Auricular n. Trigeminal nerve
Trigeminothalamic

Spinal tract of trigeminal nerve
tract

229
|
|
@

2 Vagus nerve
‘s, ®
5,
%, Trigeminovagal
ol
%/9 complex

a. Jugular ganglion CN X
b. Nodose ganglion CN X
c. Superior ganglion CN IX
d. Inferior ganglion CN IX

C3

a. Payiaiog rup. MNv.T.
(MapacuptradnTikég TTup.)
b. Mup. Nwriaiag Aeopidag
c. Tp1dupo-AuyXEVIKOG TTUp.
d. Kivnmikég mrup. MNv.T.
(MiIkTOC TTUPRVAG)
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(a) Cerebral Cortex

Peripheral TCR Ganglionic TCR Central TCR Brain stem
Ophthalmic (V1) Midbrain
phthalmic
Sensory Nucleus 5‘ " ;’
/ Of Vth CN Hypothalamus
z — Midbrain
MaXIIIary (V2) Gassel:lan Tn : Amygdala 7]
ganglion | Internuncial pons
/ neurons |
| Medulla
. > Vagus nerve - oblongata
Mandibular (V3) Afferent pathway ~ Dorsal motor Supoy e angin -
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CN s e Lot
) Cerebral Cortex
Efferent pathway ACgAggglf
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65 N 5 £> )
Trigeminocardiac reflex pathway e e o T -
SCG
5 TCC
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Spinal cord



Plate 5-11

Usual pathway
------ Accessory pathway
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Ventroposteromedial parvicellular
nucleus of the thalamus

Insular cortex

Hypothalamus
Amygdala

Parabrachial nucleus
Trigeminal nerve (V)

Mesencephalic

nucleus V4 M

and SGE
Motor nucleus—
of trigeminal

Trigeminal (semilunar) ganglion

Ophthalmic nerve (V1)

Maxillary nerve (V2)
Mandibular nerve (V3)

Z Pterygopalatine
Greater petrosal nerve

ganglion

Geniculate ganglion ]
Nerve (Vidian) of
terygoid canal
Facial nerve (VII) pielys

and

Intermediate nerve (of Wrisberg) 7 Lingual nerve
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. papillae

tympani N

Glossopharyngeal nerve (IX)
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Folifate
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oblongata
(lower part) Vallate
s papillae
» ‘ o
Inferior {petrosal) ganglion qf‘ Epiglottis

of glossopharyngeal nerve

Superior laryngeal
Vagus nerve (X) nerve

Inferior (nodose) ganglion of vagus nerve B Larynx
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Afferent pathway
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Cerebral Cortex

ppocampu
Hypothalamus -
— Midbrain
Amygdala i
— Pons
Medulla
Vagus nerve ~ Oblongata
Superior (jugular) ganglii | \ cc -
of the vagal nerve Rsinian coi

A

Inferior (nodose) ganglion
of the vagal nerve

Sensory
Afferents

Innervation of mucosal
surfaces of heart, lungs,
and digestive tract and
other internal organs to
provide brain with 80% of
body's sensory
information regarding:

* Blood pressure

« Circulation

* Energy metabolism
* Gut microbes

* Gut-derived hormones
* Pulse rate

* Inflammation

« Infections

*  Mucosal integrity

* Nutntional status

« Satiety (not hungry)

v

Motor
Efferents

Proper function of muscles of pharynx,

larynx, and esophagus for proper
swallowing and speech.

Lowers heart rate and blood pressure.

Controls tight junctions on surfaces
of lungs and digestive tract.

Stimulates digestive tract secretions,
gut motility, and proper functioning of
sphincters.

Interacts with spleen via splenic
nerve to control inflammation in body.

80% 20%



Right Vagus Nerve (CN X)

Pharyngeal branch of vagus nerve
Superior laryngeal nerve
Sinus nerve

Laryngeai nerve, Internal
Laryngeal nerve, External

Left vagus nerve (CN X)

Superior cervical cardiac branch Left recurrent laryngeal nerve

Right recurrent larynegeal nerve

Inferior cervical

cardiac branches —————— é

Cardiac plexus

Pulmanary plexus —— QQ

Substantia
Nigra

Phospholipid precursors Y BOR | = b .
Phospholipid cofactors E 1 B W - \ ‘Q{ cardiac plexus
Vagal Esophageal plexus .F—' 3 @ )
nerve B \ )
Anterior branches
of gastric nerves

Anterior vagal trunk
Posterior vagal trunk

Enteric . X ; g Probiotics v
neuron * - et Prebiotics
R : Synbiotics

Spleen
Pancreas

Left colic
Fplemc)
lexure of
large
intestine

Right kidney

AR e Right colic
o ol A ’hepatuc)
- Enteric lexure

glia

Small intestine

Immune system
Microbiome



To avooonoinNTIKO cUCTNHA HMNOPEI va EVEPYONOINOCEI AICONTIKEG

iveg Tou Mv.I. nou aveBaivouv yia va KAVOUV CUVAWEIC OTOV nupnva
TNG Movnpoug Aeopidac (AloOnTikoG nupnvac Mv.r.).

O eykealoc, HE TN O€1pA TOU, eneEepyddleTal TIC NANPOPOPIEC Kal,
£TOI, HMOPEI VA EVEPYONOINOCEI TIC ANAYWYEC IVEC

via TNV napakoAouOnon kai pubpuion TOU NEPIPEPIKOU
avooonoinNTIKoU CUCTHHATOG.

1. H xoAivepyikn avTi(pAeypovmwong odoc (CAP),
2. H onAnvikn cupnadnTtikn avTigpAeypovmwdnc od0¢ kal
3. O aéovac HPA.




O omrARvag gival n KUpIa TTNyN PAEYHOVWOWYV KUTOKIVWY OTO aipa. H Ach, o
KUp10G veupodlafifaocTtng Trou atreAsuBepwveTtal atro 1o MNv.I, avaoTéAAEl TV
TTOAPAYWYNR GPAEYHOVWOWYV KUTOKIVWYV OTA CTTANVIKA pakpo@aya. Méow Tou NMv.T.
METa@EPOVTAI EpEBioHATA ATTO PAEYHOVN I ICTIKES BAABEG OTO OTEAEXOG TOU
EYKe@AAou Kai 10iwg oTov AioBnTIKOG TTUpRVa ToU [V.T.

The cholinergic anti-inflammatory pathway ATTO TOV TTUPAVA OUTOV ATTAYWYEG IVEG
@OAvVOUV OTO CTTANVIKO V. OTTOU ATTEAEUBEPWVETAI
o Ach oTtov omAfjva. H Ach gvepyoTtroisi Ta
_ _ L HOKPO@Aya TOU OTTARVA KAl AVOOTEAAETAI N
- TTAPAYWYR TTPOPAEYMOVWSWY KUTOKIVV
\ : (TNF-a, IL-1, IL-6) e
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\ S 5

) ‘e

\ ‘ ¥

2 etylcholine @ ®
\| MACROPHAGE ' e _o ®

W) ‘ o P e

Immune cells Proinflammatory
cvtokines

Sensory vagus




O onARvac ePNAEKETAI OTNV ANEAEUOEPWON KUTOKIVV
O£ KOTAOTAOEIC CUCTNHATIKNAG (PAEYHOVAC KAl Eival Eva
Opyavo yia Th VEUPWVIKN pUOHION TG PAEYHOVIC.
Eival ndn yvwoTo 0TI N OnNANVIKRN cudnaénTikn
VEUPWOT) UMNOPEI va PUBHICEI TIC XUHIKEC KUTTAPIKEG
(aVOOOAOYIKEC ANMOKPIOEIG TOU ONANVA. Z€ AUTH TNV
NEPINTWOTN, TO ANMTEPO AKPO TOU ONANVIKOU VEUPOU
aneAguBEP®VEI VOPENIVEPPIVN N ONoia CUVOEETAI PE
TOV B2-adpPEVEPYIKO UNOJOXEA TWV ONANVIK®V
: e AEMPOKUTTAPWYV, NPOWOMVTAG TNV ANEAEUOEPWON TNG
& ACh. ZTn ouveyxela ouvoesTal ge aZnAChRs ano Ta
HAaKpOPAyd TOU onAnva, avacTEAAovTag TNV ouvOeon
Kal aneAeuBEpwon Tou TNF-a ano auTo To opyavo.

‘Eto1, To VN Ba gival og Béon va peiwoel tov TNF-a 1600

O KUTTOPIKO 000 KOl € opyaVviKo eTTiTredo. H orAnvekToun
MTTOPEI va avaoTEIAEI TN OIEYEPTIKA OPACN TOU TTVEUMOVOYOOTPIKOU VEUPOU KAl
TWV AYWVIOTWV TWV HOUCKOPIVIKWY UTTOOOXEWV
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CHOLINERGIC ANTI-INFLAMMATORY PATHWAY | - z\j\’/\‘?
<J —> JA\ —— (ACh) —
) |

1. Detection of 2. Activation 3. Release of 4. Action on

inflammation of vagus acetylcholine macrophages
(ACh) and other cells
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Vicious Cycle of Stress

Stress pathways are diverse and involve
much of the brain in feedback loops that
can sometimes greatly amplify a response.
The process—simplified somewhat in this
diagram—begins when an actual or perceived
threat € activates the sensory and higher-
reasoning centers in the cortex 0 which then
send a message to the amygdala, a key mediator
of the stress response. Separately, the sensory information
about the threat also projects directly to the amygdala, hav-
ing preconscious effects there o The amygdala releases
corticotropin-releasing hormone (CRH), which stimulates the
brain stem 0(0 activate the sympathetic nervous system via
the spinal cord Q In response, the adrenal glands produce
the stress hormone epinephrine; a different pathway, via the
pituitary gland, also triggers the adrenals to release glucocorti-
colds. The two types of hormones act throughout the body

10 prepare the body for “fight or flight™ 0. If the stress be-
comes chronic, glucocorticoids induce the locus coeruleus 0
to release norepinephrine that communicates with the amyg-
dala @ leading to the production of more CRH o —and to
ongoing reactivation of the stress pathway.
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a7nAChR
Macrophage

afferent fibers

SARS-CoV-2
Inflammation
Cytokines Chemokines

Vago-parasympathetic
reflex

Inflammation
TNF IL6 IL1
CCL-2, CCL-3, and CCL-5

The Vagal Cortical Pathways

Posterior
cingulate
COnex  potrosplenial
cortex

Anterior
cingulate

Dorsomedial
Prefrontal
cortex

Auricular branch of
the vagus nerve

4 consecutives pathways :
==t A. Lower brainstem pathway
=== B. Upper brainstem pathway
wep C. Norepinephrine pathway

weetp D, Serotonin pathway

oy stimulating the auricular branch of the vagus nerve, it leads to (a) the

activation of the trigeminal nucleus and tractus of the solitarius nucleus
located in the lower brainstem ( ). Their activation leads to
(b) the activation of the locus coeruleus and the raphe nuclei localized
in the upper brainstem (red arrows). Then, (c) the locus coeruleus
produces norepinephrine and modulates global brain activity (pink
arrows). Finally, (d) the raphe nuclei produce serotonin, which also
targets the brain, especially some structures of the limbic system and

the frontal cortex (blue arrows).



H ogpotovivn (5-HT) gival évag amrd Toug
ONUAVTIKOTEPOUG VEUPODIARBIBAOTEG TTOU EUTTAEKOVTAI
OTNV ETTIKOIVWVIO EVTEPOU-eYKEPAAoU. MNepitTou TO
90% TNG CEPOTOVIVNG TOU CWHATOG OUVTIOETAI OTO
EVTEPO, KUPIWG ATTO EVTEPOXPWHAPIVIKA KUTTAPA.
AUTH N CEPOTOVIVI TTOU TTPOEPXETAI ATTO TO EVTEPO OXI
MOVO pUBNICEl TIG TOTTIKEG EVTEPIKEG AEITOUPYIEG, OTTWG
n TEPICTAAON KAl N EKKPIOT, OAAG AOKEI Kal
OUCTNHOATIKEG ETTIOPACEIS EVEPYOTTOIWVTAGS TIG
TTPOCAYWYEG IVEG TOU TTVEUHOVOYOOTPIKOU VEUPOU.
AUTEG 01 iveG HETODIOOUV CEPOTOVIVEPYIKA OjHATA
otov TTupnva TnG Nwriaiag Asopidag, 6tTOU
utrofBaAAovTal o€ eTTECEPYATia Kal peTadidovTal o€
AVWTEPEG TTEPIOXEG TOU EYKEPAAOU,(UTTOBAAQMOG,
UTTOMEAOG TOTTOG, AMUYOOAR, KA.)..

MEow aQuTWV TWV CUVOECEWYV, N OEPOTOVIVN ETTNPEALE!
TN ouvaiocOnuaTikn pubuion, TiIG avTiIdOPACEIG OTO
stress Kal TNV avoooTPOTTOTToIiNo
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e Anxiety

e Autoimmune
disease

e Blood pressure
imbalance

e Brain fog

hypothalamus
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e Fatigue

anterior

o O pituitary

O \ ACTH

adrenal
gland

o]

cortisol

Ultrasound of neck showing the 3 main structures in the carotid
sheath.
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Cervical branch
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Auricular

branch of Auricular
vagus nerve stimulation
(1) Targeting
fascicles and
fibers Fascicle
Cervical

vagus

Fibers

Stimulation
contact-sites

(3) Targeting
end-organs

Splenic nerve |
(2) Targeting
nerve
branches

A shock to the immune system

The vagus nerve, which connects the brainstem to several organ systems
in the body, has a putative connection with the splenic nerve, part of the
sympathetic nervous system. It is through this connection that a technique
called vagal-nerve stimulation is thought to reduce inflammation.
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