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The Blood Brain Barrier (BBB)

Smooth muscle cells Endothelium

The blood—brain barrier (BBB) is a highly selective semipermeable border of
endothelial cells that regulates the transfer of solutes and chemicals between
the circulatory system and the central nervous system, thus protecting the
brain from harmful or unwanted substances in the blood



Metapopa HECW TOU AIUATOEYKEPQALKOU
ppayuou (BBB)

YPnAocg aplbuoc ovowwv petadépovtal LEoWw TwWV eVO0BNALAKWY TPLXOELOWV HIE
urtoBonBolpevn dlaxuon

1- Evwaetc uPnAou gvepystakou neptexousvou (Kavowya)

Mukdln:

H kUpLa mnyn evépyelag tou eykedpaiou

Metadépetal HEow TwV evioBnAlakwyv pepPpavwy pe dStaxuvon urtoBonBboupevn
arno GLUT-1 (Glucose Transporter-1)

Y€ ouykevtpwon YAukolng aipatog 60 mg/dl (katw amo to Km tou GLUT-1)

gudavilovtal CUMMTWHUOTA UTTOYAUKALLLLOG

2- AN\a:: Qc Ketovoowpata, pe AAAo cuoTnUa LETADOPAS
=  Ortav ta enineda toug oto aipa eival avefacpéva (kataotaon AlpokToviag)
= [lpokettal ylo ToAU GNUAVTLKA EVEPYELAKI) TINY OE TIOPATETAUEVN OOLTLA

Ta pn arnapattnta Autapd oé€a (amo ditatpodn N AutoAuon) dev dtanepvouv to BBB
Ta anapaitnta Autapd oé€a (AvoAeiko kot AtvoAeviko) dramepvouv to BBB




Transport across the Blood Brain Barrier (BBB)

A high number of substances are transported through endothelial capillaries assisted by
diffusion

1- Compounds of high energy content (Fuels)

Glucose:

The main source of energy in brain

It is transported across the endothelial membranes by assisted diffusion by GLUT-1
(Glucose Transporter-1)

When blood sugar concentration is down to 60 mg/dL (below the Km of GLUT-1)

symptoms of hypoglycemia occur

2- Other: Ketone bodies, using a different transport system
—  When their blood levels are elevated (starvation)
—  They are a very important energy source in prolonged starvation

The non-essential fatty acids (from food or lipolysis) do not permeate BBB
The essential fatty acids (linoleic and linolenic) penetrate BBB




The essential fatty acids
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Metapopa HECW TOU AIUATOEYKEPAALKOU
ppayuou (BBB)

3- Auwvoééa

Metapépovtat Ue Tov ELOLKO pLa TO KAFEVA UETAPOPED
Xpnowomnotouvtal otov yke@alo yia cuvieon:
- Mpwteivwy tou KN
- NeupoblaBiBaoctwy (amattouv cuykekpLlUEVEC BLtapiveg, onwe B12, B6, B1, k.a.)

Eién HETAQEPOUEVWV QUIVOEEWV:

1- Makpa ovdetepa auivoéea (e amAoUC UETAPOPEIC aUIVOEEWV)
Anapaitnta: Phenylalanine, Leucine, Isoleucine, Valine, Tryptophan, Methionine
Mn artapaitnta: Tyrosine
Hut-arapaitnta : Histidine

2- Mikpa oudetepa autvoéea (n elcod0G Toug eplopiletal avoTnpa eneLdn
ennpedlouv SPAUATIKA TO TIEPLEXOUEVO OE VEUPOSLOBLPaOTEG)
Mn artapaitnta : Alanine, Glycine, Proline

4- Birapivec: petadepovtal e 0oV HeTadOpPELC




Transport across the Blood Brain Barrier (BBB)

3- Aminoacids

Each aminoacid has its own specific transporter
They are used in the brain for the biosynthesis of:

- CNS proteins
- Neurotransmitters (specific vitamins are required, such as B12, B6, B1, etc.)

Types of transported amino acids:
1- Long-sized neutral amino acids (with simple transporters)
Essentials: Phenylalanine, Leucine, Isoleucine, Valine, Tryptophan, Methionine

Non-essentials: Tyrosine
Semi-essentials : Histidine

2- Small neutral amino acids (their entry is strictly limited because they dramatically

affect neurotransmitter content)
Non-essentials: Alanine, Glycine, Proline

4- Vitamins: they are transported with special transporters




MetaBoAiouoc¢ twv vevpodiabiBaotwv

NevpodbiaBiBaortéc

Xnuikég ouaiec arsAsudspouuevec atn cuvayn yia t StaBiBacon twv veupikwv naAuwv
Fevika, KABE VEUPLKO KUTTOPO OUVOETEL AMOKAELOTIKA TOUC VEUPOSLABLBAOTES TTOU XPNOLUOTIOLEL YL TL
StaBiBaocelc péow Twv ouvaypewy, kat, cuvaBwe oL veupkeg amoAnéels avayvwpilovtal amno Toug
vevpodiaBiBaotéc.

Aouka diakpivovrat as U0 Katnyopisg:

- Mikpoi, alwtouyot veupodiaBiBaotéc

- Nevponenrtidia: Xtoxsupeva oto KN (evbopdiveg) n ameleuBepwvovtal otnv
KukAodopia (GH kat TSH)

Kupiot uikpoi, alwrouyot veupodiaBiBacotéc:

* Glutamate * Dopamine

* GABA * Norepinephrine
* Glycine » Serotonin

* Acetylcholine e Histamine

ErunpooBeta twv: epinephrine, aspartate, nitric oxide



Metabolism of neurotransmitters

Neurotransmitters

Chemical substances released at the synapse to transmit nerve impulses

In general, each nerve cell exclusively synthesizes the neurotransmitters it uses for transmission across
synapses, and usually nerve terminals are recognized by the neurotransmitters

Structurally they are divided into two categories:
- Small, nitrogenous neurotransmitters
- Neuropeptides: Targeted to the CNS (endorphins) or released into the circulation (GH
and TSH)

Small, nitrogenous neurotransmitters:

* Glutamate * Dopamine

* GABA * Norepinephrine
* Glycine e Serotonin

* Acetylcholine * Histamine

In addition: epinephrine, aspartate, nitric oxide



MetaBoAtouoc¢ twv veupodiabiBaotwv

FEVIKG XOLPAKTNPLOTIKA TNE CUVOEDNC, EKAUCTC KAl TEQUATICHOU TWV
veupodrafifactwv

1- OLteploodtepol ouVvIETovTal oo TPOGUVATTKO GKpo armd: Apwvotéa
Evélapeoa tng yAUKOAUGONG
Evéldpeoa tou kUkAou Tou Krebs

2- A6 Tn oTyur ou Ba cuvteBoly, anoﬂnkedovral o€ kuotidia (ue evepyo mpdoAndin)

3- EKAUovTall o¢ QIOKPLON VEUPLKOU TIOALOU:

1- O veuplkog TaAUOG tpoKaAel elopon Ca?* (Léow avtAlwv Ca?t) oTo MPOCUVARTIKG GKPO
2- E€wkuttdpwon Twv veupodlafLBacTtwy OTnNV CUVARTIKN CXLOUN

3- Aéopevon twv veupodlaBLBactwy os utodoxelG oTnV ueTacuvanTikyg LeUBpdavn ----- ANOTEAEZMA

4- TEDM&TIUM&( : Me: Enavamnpdohnn tou veupodLaBLBooth 6To MPOoCUVAITTIKO GKpo (1 amnd ta yAoia)
'H Evlupuikn avevepyomoinon (mpoouvartiko [ LETOOUVATTTIKO AKPO 1 aoTPOoKUTTOPA)




Metabolism of neurotransmitters

General characteristics of neurotransmitter synthesis, release and
termination

1- Most @dre synthesized at the presynaptic terminal from: Amino acids
Intermediates of glycolysis
Intermediates of Krebs cycle

2- Directly after synthesis, they are stored {DGCngEdl in vesicles (active recruitment)

3- They are released in response to a nerve impulse:

1- The nerve impulse causes an influx of Ca?* (via Ca?* pumps) into the presynaptic terminal
2- Exocytosis of neurotransmitters in the synaptic cleft

3- Binding of neurotransmitters to receptors on the postsynaptic membrane-----RESULT

4- Termination: By: Reuptake of neurotransmitter at the presynaptic terminal (or by glia cells)
Or Enzymatic inactivation (presynaptic or postsynaptic terminal or astrocytes)




(A) LIFE CYCLE OF NEUROTRANSMITTER

Neurotransmitter is |
synthesized in cell
body or in terminal

is packaged into

vesicles

Metabolism of AN
neurotransmitters

eurotransmitter diffuses away S Neurotransmitter
and is metabolized and for binds to and activates
transported back into terminal postsynaptic receptors

“BY Transport of enzymes and H Enzymes modify pre-peptides
pre-peptide precursors | toproduce peptide neurotransmitter [
down microtubule tracks ¢

¥ Neurotransmitter diffuses away and i
| is degraded by proteolytic enzyvmes - X




Metabolism of neurotransmitters

Glutamate 1s a neurotransmitter

o Corncernttrated in
vesicles

Released by

exocylosts

Uptaken across the
cellular membrane

Binding to receptors

Functional effects




NeupodiabBiBagtec: KarexoAauives & Zeporovivn

Phenylalanine === Tyrosine

Tryptophan
Tyrosine Hydroxylase Tyrosine synthesis Catecholamine synthesis Serotonin synthesis
Cu-efaptwpevn ol FE
BH4 ﬁi T S Tryptophan
DOPA= Melz L | R s Hydroxylase
DOPA Decarboxylase melangcytes L — v\\| BH4
Dopamine
Dopamine Hydroxylase
. . .

guz - Monoamine Oxidases ~_ MAO-A

el 5 HIAA Serotonin

MAO-A
Norepinephrine mm) VMA ‘

2to Mugld twv \
Emv.t-:tbptﬁtmv Methyl transferase Sta OYPA Melatonin
(& Aiya vevpa) (SAM)
B‘ra“ivn B12 Epinephrine VMA: VanllIY|mande||C aC|d

QuAAwo HIAA: hydroxyindoleacetic acid



Neurotransmitters: Catecholamines & Serotonin

Phenylalanine === Tyrosine

Tyrosine synthesis Catecholamine synthesis Serotonin synthesis

Tryptophan
Tyrosine Hydroxylase
Cu-dependent
BH4 Tryptophan
DOPA™ Melaill e e == Hydroxylase
DOPA Decarboxylase MEIANOEYEES:...cn. oning amine acts ar wwanyarasioporn BH4
Dopamine

Dopamine Hydroxylase
3.:2* . Monoamine Oxidases —__ \1n0.A

itamin 5 HIAA Serotonin

MAO-A
Norepinephrine mm) VMA ‘

Adrenal \
medulla Methyl transferase In URINE Melatonin
(& some neurons) (SAM)
Vitamin B12 Epinephrine VMA: VanilIY|mande|iC aCid

Folic acid HIAA: hydroxyindoleacetic acid



NevpodiabBiBacotiic: lotauivn

H lotapivn ivot 6[8V€ptlk6§ veupodlaBiBaotnc oto KN2
JuvtiBetal oto KN amno lotdivn pe tn Spdon tng anokapBoulacnc tng
Lotdivne (ocuvevlvpo: pwodopkn uptdoéaAn - PLP)

Ta avtuotapvika pappaka (yio tn Ospamneia aAAepylwv) dSnuioupyouv
urtvnAia, aAAdQ oL VEEC YEVLEC avTLOTOMLWVIKWY gV Starmepvouv to BBB kat
€toL §gv SnuLoupyoLV averBupnteg evepyeleg oto KN2

@ — tuberomammillary nucleus (TMN) of the posterior hypothalamus
FOREBRAIN
Unmyelinated axons of TMN neurons project to:

— posterior pituitary

— hindbrain (cerebellum)

— medulla oblongata

— spinal cord

— frontal lobe cortex

— striatum

— midline thalamic region

- ventral tegmentum MIDBRAIN
and substantia nigra

— hyppocampus and amygdala

CEREBELLUM
PONS

4 Monoaminergic
— parietal lobe cortex pathway

— occipital lobe cortex

PO6 OECEOEEE

SPINAL CORD

MEDULLA
OBLONGATA (®




Neurotransmitter: Histamine

Histamine is an @XCitatory neurotransmitter in the CNS

— It is a mediator of "wakefulness" and its activity is necessary to maintain wakefulness,
alertness, and reaction time

— Infact, in the brain, histamine has been suggested to be a regulator of “whole brain”
activity
It is synthesized in the CNS from Histidine by the action of histidine
decarboxylase (coenzyme: pyridoxal phosphate - PLP)

Antihistamines (to treat allergies) cause drowsiness, but new generations
of antihistamines do not cross the BBB and thus do not cause CNS side
effects

@ — tuberomammillary nucleus (TMN) of the posterior hypothalamus
FOREBRAIN
Unmyelinated axons of TMN neurons project to:

% — posterior pituitary

— hindbrain (cerebellum)
@ — medulla oblongata

@ - spinal cord
®
@
®

— frontal lobe cortex

— striatum
(® - midline thalamic region

CEREBELLUM
(© - ventral tegmentum MIDBRAIN F PONS
and substantia nigra
- hyp.pocampus and amygdala Monoaminergic
— parietal lobe cortex pathway
— occipital lobe cortex MEDULLA SPINAL CORD

OBLONGATA ®




Neurotransmitter: Histamine
Biosynthesis and metabolism

H
NH; N N
HOMN» «NU H X0 Z/:]\/EOH
H

o) & -
HDC imidazole acetaldehyde
histidine ibosylati
istidin N s DAO ribosylation

P

IAA

I,

g

Ny

N
HMT NG IAA-RP
dephosphorylation \
NH; i i HO. O . x Il.
N N i @ |
Q—\f\/ % J/\cu-io | & ¥
CHs ~._H

Nt-MH 1-methylimidazole-4-acetaldehyde t-MIAA ~N IAA-R




NevpodiabiBaatrnc: AketuAoyoAivn

Zuvdean ato KNZ (otic mpoouvayei)

Choline Acetyltransferase enzyme
Acetyl CoA + Choline
XoAivn:
1- AqPn anod tn dtatpoen
2- Ao tn ewaeatibudoyoAivn (PC) twv pepBpavikwyv Autdiwv
H PC cuvtiBetal amno PE Aappdavovtag pebulopadec anod S-adenosyl methionine (SAM)
Artattouvtat ot Brtapiveg B12 kal B6

Acetyl Choline

Axketulopadeg:

H oéeibwan tn¢ yAukalncg (amattel oéuyovo) sival n kupla tnyn (eAdxlotn ofeidwaon FA oto KN2)
@swapivn (Bitapivn Bl)

Glucose === Pyruvate ==———————————————— Acetyl COA === ATP

Pyruvate Decarboxylase

Inu. Ze éAewpn Berapivng kat vrtoéia: dev urtapxel ATP — ev umtdpyeL o veupodlafLBaoctig
QaKETUAOXOALVN



Neurotransmitter: Acetylcholine

Biosynthesis in CNS (in the presynapses)

Choline Acetyltransferase enzyme
Acetyl CoA + Choline
Choline:
1- Obtained from the diet
2- From phosphatidylcholine (PC) of membrane lipids

PC is synthesized from PE -- S-adenosyl methionine (SAM) is the methyl- donor
B12 and B6 are needed

Acetyl Choline

Acetyl-groups:

Glucose oxidation (needs Oxygen) is the main source (limited oxidation of FA in CNS)
Thiamine (Vitamin B1)

GlUCOSE =y Pyruvate =———) ACELY| COA ey  ATP

Pyruvate Decarboxylase

Note: In thiamine deficiency and hypoxia: no ATP — no acetylcholine




NevpodiabBiBaotsc: Glu & GABA

*  Glu: O kUpLog Sreyeptikdg vevupodiapifaoctig oto KNZ
* Ta kUttapa nov anokpivovrat atn dpdon tov glu avadépovral WG YAOUTAULVEPYLKA

Mnyég glu ota axkpa Twv vevpwv:

1- H yAukOIn HECw TOU HETABOALOHOU TNG OTA VEUPLKA KUTTApA (KUpLat Ttnyn)
Glucose --- a Ketoglutarate (o0 KG) — glu (amattel PLP)

2- H glutamine (twv yAolakwv KUTTApwV) Ue TN §pdcn YAOUTAULVACNG

2- To aipa (eAdaytoto ylati dev Stamepva to BBB)

Mnxaviopocg dpaonc tov glu we vevpodraBiBactic:
1- ZuvtiBetal amod 1o HeTABOALOUO TNE YAUKOING — CUYKEVTPWVETAL O KUOTIOLa (0TLg mpoouvaeLg)
2- AmeAeuBepwVETAL OTN CUVATTTLIKY OXLOUN HE EEWKUTTAPWON

3- NMapalapBavetat ano tn petacvvadn
4- AeopeVETAL OTOUC YAOUTOLVEPYLKOUC UTIOSOXELG OTLC LETACUVAYELG

5- AELTOUPYLKO ATIOTEAECHA
6- TepUATIONOG: TO glu emavamnpocAaupavetal ano ta aotpokuTTapa (yAoia kuttapa) .. Antattet ATP (evépyela)

(ota aotpokUuTTOpa) TO glu petatpenetal o€ gin (arattei ATP)
n gln eKAVETAL ATTO TOL ACTPOKUTTAPO KoL TIOPAAAUBAVETAL OO TA VEUPLKA KUTTAPO
(ota veuptka kUTTOPA) N gln petatpemnetal og glu amo tn yAoutapLvacn



Neurotransmitters: Glu & GABA

* Glu: The main excitatory neurotransmitter in CNS
* Cells that respond to the action of glu are referred to as glutamatergic

Sources of glu in neurons:

1- Glucose after metabolizing in neural cells (main source)
Glucose — a Ketoglutarate (o KG) — Glu (amatteil PLP)

2- Glutamine (of glial cells) through glutaminase activity

2- Blood (minor amounts since Glu does not permeate BBB)

Mechanism of Glu as neurotransmitter:

1- Synthesized from glucose metabolism — concentrated in vesicles (at presynapses)
2- It is released into the synaptic cleft by exocytosis
3- Received from the postsynapse
4- Binds to glutamatergic receptors at postsynapses
5- Functional result
6- Termination: Glu is reuptaken by astrocytes (glial cells) --- It requires ATP (energy)
(in astrocytes) Glu is converted to GIn (requires ATP)
Gln is released by astrocytes and taken up by nerve cells
(in nerve cells) Gln is converted to Glu by glutaminase




NevpodiabiBaatrc: Glu & GABA

To GABA civat évac QVALOTOATIKOC veupoSiapipaotig oto KN

JTOL IPOOUVATTTLIKA VeUpa, To GABA ouvtiBetal amnod glu ano tnv anokapBoéuAdon tou glu
(GAD) pe ouvévlupo PLP

2Tn ouvexela, To GABA ekAUETAL OTN CUVATTTLIKY OXLOMN Kol avayvwplletal amo unmodoxeig
OTOUG LETACUVATTIKOUC VEUPWVEG

TepuaTIOpOG: To GABA 0Tn cuvarttiky oxlopn mapalapBavetat anod ta yAolokuttapa (wg
aoTpOoKUTTAPA) Kal HeTaTpEmneTal o€ glu

To Glu petatpénetal o€ gln ano tn ouvbetdon tng yAoutapivng (aroutel ATP)

Tuxn tovu glu Twv ACTPOKUTTAPWV:

1- Mé€pog tou glu ekAUeTal amo Ta acTpokUTTApa Kol TtapaAapBAveTaL amo TOUC VEUPWVEC.
Ekel, amapivwvetal n gln mpog glu anod tn yAoutapivaon

2- Mépocg tn¢ gln ekAVetal oto aipa (yia va petadepBbel otoug vedppoug Kal va
HetaBoAlotel o€ appwvia)

H Tiagabine xpnolpomoleital w¢ avTLETANTITLKO (aVTLOTIAOUWOLKO) KaBWS avaoTEAAEL TNV
enavanpooAnyn tov GABA



Neurotransmitters: Glu & GABA

GABA is an inhibitory neurotransmitter in CNS

In presynaptic neurons, GABA is synthesized from Glu by Glu decarboxylase (GAD) with
coenzyme PLP

GABA is then released into the synaptic cleft and recognized by receptors on
postsynaptic neurons

Termination: GABA in the synaptic cleft is taken up by glial cells (as astrocytes) and
converted to Glu

Glu is converted to Gln by glutamine synthetase (requires ATP)
Fate of astrocyte Glu:

1- Part of Glu is released by astrocytes and taken up by neurons.
There, GIn is deaminated to Glu by glutaminase

2- Part of the GIn is released into the blood (to be transported to the kidneys and
metabolized into ammonia)

Tiagabine is used as an antiepileptic (anticonvulsant) as it blocks the reuptake of GABA
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NevpodiabiBacotiic: Glu & GABA

MetafoAilopoc tov Glu o viepappwviapia:

e J& KATAOTAON VTIEPAUUWVLIALULING, 1| QUi pTtopel va StayvOel otov
EYKEPAAO (aTTO TO ALt OTOVG VEUPWVEG)

H appwvia pmopel va @vagTEIAEL TN YAOUTQULVAGT] GTOVC VEVPWVEG,
LELWVOVTOG TO OXMNUATIONO glu 6TOVG TPOCGUVVATITIKOUG VEVPWVES

H dpaon tn¢ auuwviag cuuPaAAeL 6To atvousvo Anlapyikic
KQTAGTAGNC IOV CUVOEETAL UE TNV YAEPAUUDVIQIUIX TTOV
EUPaVI{eTAL 0 AOOEVEIC UE NTIATIKY) VOGO

(nrratwkn eykepalonadeia)




Neurotransmitters: Glu & GABA

Glu metabolism in hyperammonemia:

* Under hyperammonemia, ammonia may diffuse in the brain
(from the blood to neurons)

 Ammonia can inhibit glutaminase in neurons, eliminating Glu
biosynthesis in presynaptic neurons

The action of ammonia contributes to the lethargic phenomenon
associated with hyperammonemia that occurs in patients with
liver disease

(hepatic encephalopathy)




NevpodiabiBacotiic: Glu & GABA

ZUvdeon TG ouvOeon Tov glu Kat Tou KUKAOU TOU KLTPLKOU:

e JTOUC VEUPWVEC, N ouvBeon tou glu amopakpuvel a—ketoglutarate armo tov
KUKAO TOU KLTPLKOU, LELWVOVTOC £TOL TNV avayEvvnon tTou ofaAoéLkou

* H avayg&vvnon tou ofaAofkoU eival amapaitntn yia tnv oéeidwon tou acetyl
CoA Kkal auth mpayuatornoleital pe SUo KUPLA QVATIANPWTIKA LLOVOTIATL:

1- Artolkodopnon twv ile kat val mpog butyric-succinyl-CoA, to omoio odnyei tpog
0&AOELKO.

H avtidpaon amnattei Brrapivn B12 (cuveviupo tng methylmalonyl-CoA poutaong)
2- KapBoéuAiwon tou mupouPikou oe ofaholko (amattei biotin wg cuveviupo).



Neurotransmitters: Glu & GABA

Connection of Glu synthesis and the citrate cycle:

* In neurons, Glu synthesis removes a-ketoglutarate from the citrate cycle,
thereby reducing oxalacetate regeneration

* Regeneration of oxalacetate is necessary for the oxidation of acetyl CoA and
this occurs by two main alternative pathways:

1- Degradation of lle and Val to butyric-succinyl-CoA that regenerates
oxalacetate
The reaction requires vitamin B12 (coenzyme of methylmalonyl-CoA mutase)

2- Carboxylation of pyruvate to oxalacetate (biotin as coenzyme)



MetaBoAiouoc¢ tov KNZ
MetaBoAlauoc Nukolnc kat Evepyetlac

Evepyelakég nnyEg atov eyképalo

* H pala tou eykEparou gival LOALG 2% TNG OALKAC HAOG TOU CWHATOG, OLWG Ol
EVEPYELAKEC QTTALTACELC €lval TTAVW Ao emtd $opeC ar’ OTL ot AAAQ Opyava

e Apa, yLo tov eyKePaALko peTaBoAlopo, oL anattioelg o€ glucose kal oxygen
glval vpnAotatec o otabepo puOUO

* H kUpLa mtnyn eveépyelag ival n mapaywyn ATP anod tov agpdfio petaBoliound
TG YAukolng

Aerobic Glycolysis

In Cytosol Mitochondria & Oxygen
Glucose ---= Pyruvate ----- Acetyl CoA ---- With oxalacetate in CAC ------- ATP




CNS metabolism
Glucose and Energy

Energy sources in the brain

* The mass of the brain is only 2% of the total mass of the body, but the energy
requirements are more than seven times that of other organs

* So, for cerebral metabolism, the demands on glucose and oxygen are very high
at a constant rate

 The main energy source is ATP production from aerobic metabolism of glucose

Aerobic Glycolysis

In C\[tosol Mitochordria & Oxygen
Glucose ---- Pyruvate ----- Acetyl CoA ---- With oxalacetate in CAC ------- ATP




MetaBoAiouoc¢ tov KNZ
MetaBoAlauoc Nukolnc kat Evepyetlac

MetaBoAiopnocg Nukolne kat veupodraBiBactéc

(Gto KN:) Glucose

|
Yrapyxet cuoxetion tng ofeidwaong tng yAukolng ke 15 et
REOW TNEG YAUKOAUONG Kat TnG Tpododociag pue f
npodpoua ya tn cuvOeon vevpodiaBifactwv I

FH
3-phosphoglycerate —» —» Serine — Glycine

!

Pyruvate

OTOUG VEUPWVEG Tou KNZ

Zuvenwe, EAAswdn eite yAukolng eite o§uyovou
(vroyAukarpia  unoéia) emnpealet Tig eykePaAikeg

Pyruvate

A&eLtoupyieg yLati emnpealel: o
1- Tnv napaywyn ATP otoug veupwveg tou KNZ ome\ P Aok
2- Tnv tpododocia pe npddpopa yia tn cuvoeon Miochondrion

VEUDOSI.QBI.BGOT(;)V Aspartate Glutamate —— y-ABA

MetaBoAiopdg NMukolng kat guvOeon
veupodiaBiBactwv



CNS metabolism
Glucose and Energy

Glucose metabolism and
Neurotransmitters

(in CNS)

Oxidation of glucose through glycolysis and
supply of precursors for neurotransmitter
synthesis in CNS neurons is correlated

Therefore, lack of either glucose or oxygen
(hypoglycemia or hypoxia) affects brain
functions because it affects:

1- The ATP production in CNS neurons

2- The supply of precursors for the
biosynthesis of neurotransmitters
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Glucose metabolism and
neurotransmitter synthesis




MetaBoAiouoc¢ tov KNZ
Zuvidean eykepalikwv Autidiwv kat 0éeldWaELC

Mnyéc Auttdiwv ato KNZ:

* To BBB avaotéAAeL TNV eloobo oplopévwy Autapwy of€wv kot Aumidiwv oto KNZ, cuvenwg,
oAa ta Autidla tou Bpiokovtal oto KNI mpémel va ouvteBouv oto KNI

(Tt.%. 1N amapaitnta Autapd of€a, YoAnotepoAn, optyyoAurtidia, yAukooptyyoAurtidia &

kepeBpolitec)

OAa auta ival xpnotuo yLoe VEUpoAoyLkeg Aettoupylec ko Tn cuvdeon UUEAivNG armo T
yAoia kUTTOpO

* EZAIPOYNTAI:
Ta Amapaitnra Autapd o§€a (ALVoAEiKkO Kal AlVOAEVLKO) prtopouv va eloEpyovtal oto KN2

Evtog tou KNZ, avtd ta AO emipnkUvovTol KoL LETATPETIOVTOL OE KOPECUEVA VLA VOL
QATOTEAEOOUV TA PeyaAou pnkouc AO TIOU AmaltouvToL yia tTn oUVBEon ToUu PUEAWVWEOUC
eANUTPOV

H oéeibwan twv A0 w¢ rnyn evépyeiag:

* Heigobo¢ twv AO (mpoegpyousvwy ano tn dtatpopn n/kot ano ta totyAukepidia) ato KNZ
dev enapkel yLa tnv kaAvyn twv evepystakwv anautnoswv tov KNZ (uéow tn¢ oeibwanc
Twv AQ), yU’ auto umapyouv kat oL anaitnoels yla tov agpobio ustaBoAiouo tc yAvkolng

*  JNUELWVETAL OTL TA KETOVOOWUATA E(VaL TNV EVEPYELNC TOU EYKEQPAAOU OE TTEPLUTTWOELC
EKTETAUEVNC AtuokToviacg, dedougvou ott dtarepvouv eukoAa to BBB




CNS metabolism
Brain lipid synthesis and oxidations

Lipid sources in CNS:

 BBB blocks the entry of certain fatty acids and lipids into the CNS, therefore all lipids
found in the CNS must be synthesized in the CNS

(e.g. non-essential fatty acids, cholesterol, sphingolipids, glycosphingolipids &
cerebrosides)

All of these are useful for neurological functions and myelin synthesis by glial cells

* NOT INCLUDED:
The essential fatty acids (linoleic and linolenic) can permeate BBB

In the CNS, these fatty acids are increased in size and transformed to long-sized
saturated that are needed for synthesis and organization of the myelin sheath

Oxidation of fatty acids as energy source:

» The entry of fatty acids (derived from diet and/or triglycerides) into the CNS is not
sufficient to meet the energy requirements of the CNS (via their oxidation), so there
are also requirements for aerobic glucose metabolism

» |tis noted that ketone bodies are a source of brain energy in cases of extensive
starvation, since they easily penetrate the BBB




MetaBoAiouoc¢ tov KNZ
Zuvidean eykepalikwv Auttdiwv kat 0éElOWaELC

* H oéeidwon twv AO ota ulepouowpaTLa ival onUavVTLKH
oTnV nepimtwon tou eykedpalou, adou mepLtexel AO TTOAU
nakpac alvoidac N pe dtakAadwaoelc (m.x. dutaviko ofv, amno

Autda ofeldbwvovtol HEow oL 0€ELdWONC oTa UTIEPOEUCWATLAL

* Noooc Refsume: acB<vela mou emnpedlel Ta UTIEPOEUCWLATLOL
ExeL onpowvtikn Baputnta otov eykEPaAo, AOyw TNnG
QVLIKOVOTNTOC aUTOU va HETAPOoALlEL TOL LaKPA Kol To
StakAadlopeva NO




CNS metabolism
Brain lipid synthesis and oxidations

* Fatty acids oxidation in peroxisomes is very important in brain,
since it contains both long-sized FAs and branched FAs (e.g.

phytanic acid, from diet) )\/\/'\/\)\/\/ULOH

All these are oxidized via a. oxidation in peroxisomes

* Refsume Disease: A disease affecting peroxisomes
It has a significant impact on the brain, due to its inability to
metabolize long and branched Fas
— the accumulation of phytanic acid and its derivatives leads to
neurological damage
* Other disorders of peroxisome biogenesis also prevent alpha-
oxidation from occurring
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Zuvdeon Muelivng

H peyaAn taxvtnta tng veuplkng wong oto NN kot oto KNI e€aptdtoal amnod to
OXNUOTIOMO TNG RUEAIVNG

H uue)\wn glval éva no)\uotpwuauko uiypo Autoetdbwv (odryyoAutidiwv) kat
MPWTEIVWVY TToU XN patiletol otnv MAaoUATIKA HEUBPAVN TwV YAOLWV KUTTAPWV Kol
TUAlyeTal yUpw arod tov veupatova

Y10 MNZX n puelivn ouvtiBetoal amnod ta kuttapo Schwan
210 KNZ n pueAivn cuvtiBetal ano ta oAtyodevdpokutrapa

ZkAnpuvon katd mAakag (MS)
MpoKeLTal yia TPooSEUTLKI) ATIOUUVEAIVWON TWV VEUPWVWYV Tou KNZ

Mrmopel va odpeiletal og cupBav mou odnyel oTNV apOywyr} AUTOOVILIOWUATWY
EVOVTL OUOTOTIKWY TOU VEUPLKOU cuotApatog (r.x., ukn n Baktnplakn Aolpwén)

ATtwAELA TNG LUEALVNC (LOVWTLKO) oTn AUk ouoia Tou eykedAAou mou ennpedlel TN
VEUPLKN WON KATA PAKOG TNG ATMOUUEAVWHEVNG TTEPLOXNAG

To KNZ avtiotaBuilet tn BAABn dieyeipovtag ta oAlyodevdpokuTTopa va
ETIOVOLUEALVWOOUV TOV TPOUUATIOMEVO Afova

H emavapveAivwon ouvodevetal ano Bpadutnta otnv won (n taxvtnta eivatl
avaAoyn Tou TAXouc TNG LUEALVNC)




Myelin biosynthesis

The high speed of the nerve impulse in the PNS and CNS depends on the formation of
myelin

Myelin is a multilayered mixture of lipids (sphingolipids) and proteins that forms in the
plasma membrane of glial cells and wraps around the axon

In the PNS myelin is synthesized by Schwan cells
In the CNS, myelin is synthesized by oligodendrocytes

Multiple Sclerosis (MS)

It is a progressive demyelination of CNS neurons

May be due to an event that leads to the production of autoantibodies against
components of the nervous system (e.g., viral or bacterial infection)

Loss of myelin (insulator) in the white matter of the brain affecting nerve impulse
along the demyelinated area

CNS compensates for damage by stimulating oligodendrocytes to remyelinate the
injured axon

Remyelination is accompanied by slowness in impulse (speed is proportional to myelin
thickness)




KAwvikec EkbnAwaelc
YroyAvkawuikn Eykealonadsia

KAWiKEC EKONAWOELC TNC UTTOYAUKALLOG:

Tow APXLKA KALVLIKQL GUUITTWHLOTA TNG UTTOYAUKALULLOG EEKLVOUV ato
TOUC aoBnTpLouC TTUPNVEC Tou uroBaAapou wc epidpwon,
TaXUTaApia, ayxog Kol meiva.

Y€ teAwa otadla, ta cupntwpota spdavidovral we coBapeg
ekdNAwoelg voonpatwyv tov KNZ kal sivat ouyxuon, Afapyoc,
OTILOLOL KOLL KWL




Clinical manifestations
Hypoglycemic Encephalopathy

Clinical manifestations of hypoglycemia:

The Initial clinical symptoms of hypoglycemia start from the
sensory nuclei of the hypothalamus as sweating, palpitations,
anxiety and hunger

In final stages, symptoms appear as severe manifestations of CNS
diseases and are confusion, lethargy, convulsions and coma




Bioxnueia tnc¢
YroyAuvkaiuikne¢ Eykeadonadeiac

Mrwan tn¢ yAukdlng aiparog kdtw amnod 45 mg/dL

0 eykedalog npoomabel va xpnolponolioel AAAa umootpwpata (glu kat evéLdpeca Tou KUKAOU
TWV TPLKAPBOEUALKWY 0EEWV) WG KAUOLUO yLa TNV Ttapaywyn ATP

Erteldn opwg Bplokovtal og YapnA£EG ToooTNTEG, IMOAU ypriyopa e€avrAouvtal

Mrwan ¢ yAukolng aiparog and ta 45 ara 36 mg/dL
Agv epdavilovral aAlayég oto eykedaloypadnua

Ta cupmtwpata gaivetal va EeKVoUV amo HELWpEVN cuvOeon veupodaBiBactwy oe LOLKEG
TLEPLOXEC TOU eyKePAAou (Imtmokaprmog kat DAolog)

Zuvexn¢ nrwan tne¢ yAukolng aiparog katw anod ta 18 mg/dL
To eykepaloypadnua yivetal LOONAEKTPLKO

AkolouBei Bdvatog Twv vevpwvwv odelAopevoc paAlov (?) os Sieyeptotoéikotnta tou glu (w¢
amotéAeopa TNG e€dvtAnong tou ATP)

ANAITEITAI KATANOHZH TOY METABOAIZMOY TOY GLU




Biochemistry of
Hypoglycemic Encephalopathy

* When blood sugar is below 45 mg/dL

the brain tries to use other substrates (Glu and tricarboxylic acid cycle intermediates) as fuel for
ATP production

Because they are in low quantities, they run out very quickly

» When blood sugar is between 45 and 36 mg/dL

No changes are seen on the EEG

The symptoms seem to start from a reduced synthesis of neurotransmitters in specific areas of
the brain (Hippocampus and Cortex)

- Continuous decrease of blood sugar levels below 18 mg/dL
The EEG becomes isoelectric

Neuronal death follows, probably due (?) to Glu excitotoxicity (as a result of ATP depletion)

IT IS REQUIRED THE UNDERSTANDING OF GLU METABOLISM




To Glu w¢ vevupodrafiBactiic

PoAoc¢ tou glu w¢ SraBrfaoctic oto KN2I:

2to KNZ, oL yAoutapivepyikoi veupwveg eivat urtevBuvol yla tn pecoAafnon
ToAAwV {wTIKWV SLepyaciwv, OMwE n Kwdkomnoinon twv nAnpodoplwy, o
OXNUOTLOMOC KOL N OLVALKTN O TWV OVOLULVI|CEWV, N XWPLKA avayvwpLlon Ko n
diatipnon tng ouveidnong

O HETOOUVATTTLKOL YAOUTQULVEPYLKOL VEUPWVECG ETLTEAOUV TO POAO TOUC HECW:

1- lovotpomikwv urntodoxEwv mou decpevouv to glu mou eKAUETAL OO TOUG
TIPOGUVATTTIKOUG VEUPWVEG
Avadépovrtal we urtodoxeic kainate, 2-amino-3-hydroxy-5-methyl-4-isoxalone
propionic acid (AMPA) kot N-methyl-D-aspartate (NMDA)

2- Metafotpomnikwv urtodoxEwv tou glu mov eivat LéEAN TNG OLKOYEVELAG TWV
G-protein coupled receptors (GPCR)




Glu as a neurotransmitter

The role of Glu as a neurotransmitter in the CNS:

In the CNS, glutamatergic neurons are responsible for mediating many vital

processes, such as encoding information, forming and retrieving memories, spatial
recognition, and maintaining consciousness

Postsynaptic glutamatergic neurons perform their role through:

1- lonotropic receptors (iGluRs) that bind the glu released by presynaptic neurons
They are referred to as kainate receptors, 2-amino-3-hydroxy-5-methyl-4-isoxalone
propionic acid (AMPA) and N-methyl-D-aspartate (NMDA)

2- Glu metabotropic receptors (mGluRs) that are members of the G-protein
coupled receptors family (GPCR)




Glu lonotropic receptors

Non-NMDA
KAINATE AMPA

AMPA and Kainate receptors
are generally permeable to
Na*and K* ions

non NMDA receptor

Na*
Glu e
~

@t

Fig. 6a. Non-NMDA receptors are selectively
agonized by kainate, AMPA and quisqualate.
The associated ion channels are more perm

eable to Na+ and K+ ions tha Ca+2 (from

Kandel et al,.1991).

NMDA

NMDA receptors are permeable
to both Na* and Ca** ions (more
permeable to Ca*)

NMDA receptor

caxl -
Glu_ ¥ - an"'
Gly

\ PCP X
¥ __—polyamine

oK”

Fig. 6b. NMDA receptors are structurally complex,
with separate binding sites for glutamate, glycine
MG+2, Zn+2 and polyamines. NMDA-gated
channels are more permeable to Ca+2 than

Na+ ions (from Kandel et al., 1991).
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Aweyeproroéikotnta tovu Glu

Ateyeproroéikotnta ovopaletal n maboloyikn KataoTaon UE TNV onola ta
VEUPLKA KUTTOPO KATAoTPEDOVTAL KAl oKoTwVovTaL amno To glu (kal mapouoLeg
ouaoiec)

Auto ocupPaivel otav oL utodoxeic tou glu (umodoxeic NMDA kot AMPA)
elval urtepevepyomnotlnuevol (urtepdleyepuevol)

H ektetapévn dleyepon Twv untodoxewv glu cuvdEeTal pe

YroyAvkatpuia kot eykepaAiko

(neputtwoelg otig onoieg urtapxel EAAewpn yYAukolng katy/n o€uyovou
kataAnyovtacg ae EAAewpn evépyelacg oto KN2)




Excitotoxicity of Glu

Excitotoxicity is called the pathological condition in which nerve cells are
damaged and killed by Glu (and similar substances)

This occurs when Glu receptors (NMDA and AMPA receptors) are
overactivated (overstimulated)

Extensive stimulation of Glu receptors is associated with

Hypoglycemia and stroke

(cases in which there is a lack of glucose and/or oxygen resulting in a lack of
energy in the CNS)




Aleyeproroéikotnra tov Glu

EnépxeTal OTOV TO KUTTAPLKA EVEPYELAKA anoBépata e€avtAolvtal
(6nwg o€ utoyAukarpia | eykepaAkd, kAn)

-

Aduvapia twv evepyo-e€apTwWHEVWV avtAlwy ntpocAnyPnc glu

d

Zuoowpevuon glu otn cuvantikn oXLOMA

d

YnepdLlEyeEpon TWV PHETOLOUVATTIKWY UTTOSOXEWV Tov glu

q

Napoatetapévn evepyonoinon twv unodoxEwv tou glu odnyel oe
TIOLPOLTETALUEVO ALVOLYLOL TOU LOVTLKOU SLOlUAOU TOU UTtodoXEQ KAl TNV ELOPON)
potpatwv moowv Ca?*, mov EVEPYOTTOLOUV KUTTAPOTOELKA EVéoKuTTAPL
LOVOTLATLO OTOUG LETAGUVANTIKOUC VEUPWVEC




Excitotoxicity of Glu

It occurs when cellular energy reserves are depleted

(as in hypoglycemia or stroke, etc.)

-

Weakness of energy-dependent pumps to uptake Glu

d

Accumulation of Glu in the synaptic cleft

d

Hyperstimulation of postsynaptic Glu receptors

q

Prolonged activation of Glu receptors leads to prolonged opening of the
receptor's ion channel and the influx of fatal amounts of Ca?*, which activate
cytotoxic intracellular pathways in postsynaptic neurons




Bioynueia tn¢ Eykealiknc loxauiac

Eykespalikn loxaipia

* Mpokeltal yia SuvNTKA AvToTPENTH AAAOLWUEVN KATAOTAON TC EYKEDAAIKAC

duorlodoyiag kat Broxnuetag, mov emEpXetal Be T dtakomr) (R onpavtikiy

HElWON) TNC MPOUNOELAC UMOCTPWHRATWV AOYW QYYELOKIC OTEVWONG | KOLUTUG

Eyxkespaliko

* opiletal we “pia ofeia veupoAoyikl SucAsttovpyia ayyelaking NPOEAEVONG ME
anotopn (adviki — oe seconds) N taxeia (o wpeg) epdavion twv
CUUMTWHATWY KAl CNUATWY TTOU QLVTLOTOLXOUV OTLG EUIAEKOUEVEC EOTLEC TOU
gykepalouv”

(Goldstein et al, 1989)




Biochemistry of
Cerebral Ischemia

Cerebral Ischemia

A potentially reversible altered state of cerebral
physiology and biochemistry, brought about by the
interruption (or significant reduction) of substrate
supply due to vascular stenosis or kinking

Stroke

defined as "an acute neurological dysfunction of
vascular origin with an abrupt (sudden - in seconds)
or rapid (in hours) appearance of symptoms and
signs corresponding to the involved brain foci”

(Goldstein et al, 1989)
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Madopuatodoyia tn¢ EykepalAiknc loxaiuiac

[ || ATP }
{ Emaywyn }—
{ Evioxuon }—
[ ‘Ek@paon }—




Pathophysiology of Cerebral Ischemia

B

Induction }—

Amplification }—

Expression }—




Meiwon Tng Tpo@odociag o§uydvou OTOUG ICXAINIKOUS VEUPWVES
Ta kKUTTOPO 0dnyouvTal O€ Evaepéﬁlo METABOAIOUO TTAPAYOVTAS YAAAKTIKO
ESavrAnon tou ATP
\

Kakn AsiToupyia TwV JEUBEAVIKWY IOVTIKWY CUCTNHATWY

EKTTOAWON TWV VEUPOVWV (I)OCGYI
| Enaywyng
Eiopor) aoBeoziov

)

AtreAeuBEpwoaon veupodiaBifaocTwy, 0TTwe glu
(dnuioupywvTtag digyeproTodikoTNTA glu)

Daon
Evioyvo
ZUCOWPEEVON ETtL TTAEOV EVOOKUTTAPLOV AVOMS

Ca?* mov 0ényei o€ mpocBetn £kAvon
glu (davAog kUKkAoG)



Decrease of oxygen supply in ischemic neurons
Neuronal cells are drivin to anaerobic glycolysis producing lactate

Depletion of ATP
\

Malfunction of membrane ionic systems

} Induction

Depolarization of neurons

| Phase

Calcium influx

)

Liberation of neurotransmitters, such as Glu
(Excitotoxicity glu)

Amplification
Phase

Even more accumulation of intracellular
Ca?* leading to additional release of Glu
(vicious circle)



Daon enpeaong

CaZ+ T

e N

1-tat KUTTOPO UTtEPSLEYELpOVTAL KOl odnyouvTal otnv mapaywyn erntBAaBwyv ovolwv, Ty
e\ev0epec pileg ( kataAnén: oéeldwtiko stress)

2- evepyomnoinon aoBeotlo-eEapTwHEVWY EVIU WV, TTX
calpain ( kat@Anén: anontwan)
dwodpoAundocec (kataAnén: kartactpodn Twv HEUBpavwv)

3- 10 a.oPEotio odnyel otnv EkAuon eni mA€ov glu (dreyeptotoéikdtnta glu)

=

OL KUTTOPLKEG pEpBpaveg Opavovtal and dwadoAUTAoEeS

Auéavetal n SLOMEPATOTNTA TWV KUTTAPLKWY HEUBPAVWY, £TOL TIEPLOCOTEPQL
Lovta kol erBAafeic ovoieg eloépyovtal ota KUTTAPA
+
2tadlouV ol LLTOXOVOPLOKEC LepPpaveg Kol amteAeuBepwVOUV TOELVEC Kol
QUITOTITWTLKOUC TTAPAYOVTEC OTA KUTTAPA



Expression Phase

CaZ+ T

e N

1-cells are overstimulated and driven to produce harmful substances, e.g.
free radicals (result: oxidative stress)

2- activation of calcium-dependent enzymes, e.g.
calpain (result: apoptosis)
phospholipases (result: destruction of membranes)

3- calcium drives to even more release of Glu (excitotoxicity glu)

=

Cell membranes are broken down by phospholipases

— =

The permeability of cell membranes increases, so more ions and
harmful substances enter the cells
+
Mitochondrial membranes rupture and release of toxins and
apoptotic factors into the cells



EKTeTQUEVN) MApaywyn YAAQKTIKOU OTNV loXatplia

2tnv eykedaAlkn oxatpio, n EAewpn oéuyovou otpedel To LETABOALOUO
NG YAUKOINC 0TO aVOEPOBLO LLOVOTIATL KOLL OTNV TTAPAYWYH YOAOKTLKOU

To yaAaktiko cupBaAAel otnv maboduaoiodoyia tng Loxatpuiag:

1- Mewvel to pH tpavpatilovtag Kol AVEVEQYOTTOLWVTOG T toxovépla

2- H &k tou yaAaktikou peiwaon tou NADH (amatteital yia tn ouvBeon ATP)
ouvnBwCc odnyel o€ Un eMapkn, LETA TNV LOXALpio, avaktnon tou ATP

3- To yaAaKTIKO QUEAVEL TOUG TPAUNATICHOUG ITov odeilovtal o€
gAev0epeg pileg

T FAAQKTIKO GTOUC VEUPWVEC > 0EEWON—> UTIOKIVNON TIPO-0EELE WTLKAC
dpaong

=2 P n toaxvtnta petatponng twv O,” o€ H,0, n o€ pileg hydroxyperoxyl




Extensive lactate production in ischemia

In cerebral ischemia, lack of oxygen shifts glucose metabolism to the
anaerobic pathway and lactate production

Lactate contributes to the pathophysiology of ischemia:

1- It lowers the pH, injuring and inactivating mitochondria

2- The decrease of NADH due to lactate production (it is needed for ATP
synthesis)

usually results in insufficient, post-ischemia, ATP recovery

3- Lactate increases injuries due to free radicals
T Lactate in neurons=acidosis=> induction of pro-oxidative activity
—> I conversion rate of O,” to H,0, or hydroxyperoxyl radicals




Oécldwrtiko stress amo loyauia

Tt eivat taa ROS?

Ta Reactive oxygen species (ROS) oxnuoatifovtal amo tn PEPLKN) avaywyr] Tou
noptakou O, pe mpooBrkn NAekTpoviwv, odnywvtag otnv napaywyr| superoxide,
hydrogen peroxide & hydroxyl radical.

Ev vével, ta ROS mpokaAovv {nuia o€ DNA, npwrteivec kat akopeota AO TwV KUTTAPWV.

Tt givat to oéeldwWTIKO stress

Mia kataotacon, otnv omola ta kuttapa urtofdaAlovtal oe upnAotata emnineda ROS
(eAeVBepec pilec) kal bev pmopolv va e€lcoppormoouy ta SnANTNPLWoN
QTTOTEAECHOTA TOUC LE AVTLOEELOWTLKAL

a (- e” e e
o, A—r 0O, A—» H,0, ; OH* A» H,O
Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water
B ( |
o, . 0.3 —_— H,0, e OH® —> H;0
Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water
I Superoxide I [ e ]
- [ eroxidase 1




Oxidative stress due to Ischemia

What are ROS?

Reactive oxygen species (ROS) are formed by the partial reduction of molecular O,
with the addition of electrons, leading to the production of superoxide, hydrogen
peroxide & hydroxyl radical.

In general, ROS damage DNA, proteins and unsaturated FAs of cells.

What is the oxidative stress

A condition in which cells are subjected to extremely high levels of ROS (free radicals)
and are unable to balance their poisonous effects with antioxidants

a (- e” e e
o, A—r 0O, A—» H,0, ; OH* A» H,O
Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water
B ( |
o, . 0.3 —_— H,0, e OH® —> H;0
Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water
I Superoxide I [ e ]
- [ eroxidase 1




To OéeldwTIKO stress oeiAsTal os Loyauia

Enidpaocn twv ROS ota kuttapa tov KNZ

* To NO untepriapayetat Kot KaATtaARyeL va YiveTol
VEUPOTOELKOC SLapecoAaBNTAC, AVTLSPWVTAC LE TO AVLIOV
superoxide mpo¢ mapaywyn Tov ToLKOU UTLEPOEUVITPWEOUC
(peroxynitrite), to ornoio 0ényei otnv napaywyn mo
LOXUPWV vevupotoékwyv, ontwg eiva ot hydroxylperoxyl pileg

* Ynepoéeidwon twv Autidiwv

* Avevepyornoinon eviVpwv

 BAaBec ota voukAeika oé€a, DNA & RNA

* ‘ExkAuon 10vtwv acBectiov ano evOOKUTTAPLEC ATtOONKEC, ME
arnotéAeopua entt MAEov BAABEC OTOUC VEUPWVEC

* BAGBEC OTOV KUTTOAPOOKEAETO




Oxidative stress is due to ischemia

Effect of ROS in CNS cells

NO is overproduced and becomes a neurotoxic mediator,
reacting with the superoxide anion to produce the toxic
peroxynitrite, which leads to the production of more potent
neurotoxicants, such as hydroxylperoxyl radicals

Lipid peroxidation
Inactivation of enzymes
Damage to nucleic acids, DNA & RNA

Release of calcium ions from intracellular stores, resulting in
further damage to neurons

Damage to the cytoskeleton




AONTWAN KAl VEKPWAan o@eiAovtal o€ loxatpia

Néxkpwon:
TIOPATNPELTAL APXLKA, LETA ATIO COPAPEC LOXOLULKEG TIPOCPOAEC

 Anrdntwon:
eudaviletal o€ mo ATLeC MPooBoAec pe peyalutepn nepiodo entBiwong

* O HUNXOVIOUOC KUTTOPLKOU BavaTtou eUNTAEKEL 0B ECTLO-EMAYOLEVN KO
uecoAaBoupevn amno calpain mpwteodAvaon tou eykepaAilkol LoToU

* Yrnootpwpata tng calpain (petagy aAAwv):
— MpwTtelveg TOU KUTTAPOOKEAETOU
— MepuBpavikec mpwteivec
— PUBULOTIKEC KOl ONUATOOOTIKEC TIPWTELVEC




Apoptosis and necrosis are due to ischemia

* Necrosis:
observed initially, after severe ischemic insults

* Apoptosis:
occurs in milder lesions with a longer survival period

* Mechanism of cell death involves calcium-induced and calpain-mediated
proteolysis of brain tissue

* Substrates (main) of calpain:
— Cytoskeletal proteins
— Cell membrane proteins
— Regulatory and signaling proteins




Anontwon

Opavaon prtoxovépiwy, EKAUCN TOEWVWVY KoL ATTOTITWTLKWY TOPAyOVIWY oTa KUTTaPA.
H ekkivnon tou, £0pTWUEVOU QIO caspase, AMOMTWTIKOU KATappaktn odnyel Ta KUTTApO € AUTOKTOVLKA TTPAEN.
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Apoptosis

Breakage of mitochondria, release of toxins and apoptotic factors in cells.
Initiation of the caspase-dependent apoptotic cascade leads cells to commit suicide.
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OL Calpains ival KUTTUPOTTAQLGLOLTLKEG
TMPWTEIVAOEG, TWV OMOILWV N MPWTEOAUTLKNA

Spaotnplotnta (un avriotpentr) ivat
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INTRINSIC APOPTOTIC PATHWAY

Calpains are cytoplasmic
proteinases, the proteolytic

activity (irreversible) of which
Is against cytoskeletal and

regulatory proteins /—"; Ischemia
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EXTRINSIC APOPTOTIC PATHWAY
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Fas ligand: a type-ll transmembrane protein that belongs to the TNF family Broughton et al., 2009; Stroke
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Fas ligand: a type-ll transmembrane protein that belongs to the TNF family Broughton et al., 2009; Stroke
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