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DUALISM  vs

MONISM

Physicalism:
MATTER > Mind

Cartesian Dua[ity:
MATTER-MIND

Idealism:
Matter < MIND

Physica[ and Mental substance

is eitherﬁmdammtal or derivative.

(solid line) (dashed line)

Neutral Monism:
3rd SUBSTANCE
. Matter & Mind

“(ln.!';nn".‘-.!,L “ H ) .."..
L = /)" ‘71"'//'I:'z;~,.,,':11/,1/‘7//w I, //;

llustracija vidnog put&rincipiaPhilosophiae
(Principlesof philosophy Renéa Descartesa (1644
na latinskom, izdanje na francuskom 1647.)



HansBerger
(18731941)

- RichardCaton(18421926) 1874//5 galvanometro
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predstavlja popratni fenomen kontrakcija pojedini
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- EdgarAdriana LJ2 0§ ONRA2€¢ 99D
SherringtorNN1932 za» PAP uslijednl, A=all-
or-none)

- NN: 1936AHfalse1963940q 1942X, 1947X
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BergerH. Uber dasElektrenkephalogrammdes Menschen
Arch.PsychiatrNervenkrank1929 87: 527570. (+ 12li¢ do 1938.)



Frederchremer(1892-1982)

Cerebral cortex
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Cerveau

Bremeraje zainteresirao nalaz da savedneOA @2 (1 A y ¥ Ly
nakon navedene procedure, osim simptopaidipsije G Sloo)
| poliurije, bile i izrazitgpospane

Stogagje2 Rt deétifa2O (b2sedogodilopresjecanjem
mozgainterkolikularnimtransverzalninpresjekomna
razinisrednjegmozga(cerveauisolépresjek
ay ST Sy O SyFiI &1 @ Yvédikimozakostge
izoliranodY 2 OR I d¢htaf S SYW2S0RA v S cerveauisolé
Kadje 2 LJ@rtestezijaeterom prestala,dz2 6nko2ui
a LJdzO 2 16 yal8o dpdemarblje i medijalno,au
EEGu alfa valove 7-10 Hz, O {i §a je navelo na
LJ2 ANB O 1] f @alx6 § kdavate da je time

potvrdio svoju odeaferentacijskuk A LJ2 (n&starnka

BremerF.Cerveau "isolé" et physiologie du sha zbog nedostatka osjetnih informacijaiz £ S Sy
sommeil.C. R. Soc. Bidl935;118: 12351241 Y 2 O R AaaBaXoseradilo o trajnoj komi.




FredéricBremer(18921982)

‘i Cerebral cortex
. . . . ) . ) " 'f S Encéphale isolé
- U drUQOJ Vrst' pokusa u kOJem mesjecanjmapraVIO 3 ¥ = : . \’ (Normal sleep-wake cycle)
“ ’

YySLR2ANBRY2 AlYylIR Ya2Sadl “‘?}-ﬁlterieau
RSo6f2 A f SSofdhaleéd®ORAY L 0 s S

lako je njime 2 Y S Y 2 Dodyéchriie osjetnih informacijaizt SSy S
Y 2 OR kofBriikacijaA 1 Y SvBlidag mozgai Y 2 OR | géBla
ostala je netaknutg a rezultat je bio potpuno suprotan od
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ay ST Sy OSY¥I & W&dveau isold, ovakvo presjecanienije
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razlikovaleod onihu zdraveY I 6.1 S

encephalasolé

| taj je nalaz Bremer LJ2 3 NH.MONWRAI dzYilsklakli®sa svojim
uvjerenjemda sannastajezbogpriviemenedeaferentacijeY 2 OR | Y S
kore, odnosno da je san manifestacija smanjenja okortikalnog
0 2 y dedjilse® R NXuH{ @2y A yildiwkdtdosfetniiinformacija
uvelkiY21 I 1 &

FrédéricBremer18921982: a
pioneerin sleepresearch Sleep
Med.Rev2000; 4: 505514
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StarzITE, Taylor CWjagounHW.Collateral RamoénMoliner E., Nauta W. J. H. The
afferentexcitationof reticularformation of isodendriticcore of the brainstem. J.Comp
brainstem. J.Neurophysial1951; 14: 479196. Neurol 1966; 126: 311336.
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FIGURE 1. Sample record exhibiting rapid eye movements in a

ety st 1953: REM san

Resp.

RH

WWWWMNW

RV = Vertical leads on right eye
e RH = Horizontal " " "

6:12 a.m. RF = Right frontal (EEG)
Bod
y - Calibration: 200uv for RY and RH
Motility 50y for RF

Paper speed: 10 seconds
RF
Rapid Eye Movements During Sleep

WMWMMWMWW AserinskyeugeneKleitmanNathaniel Regularly

RV = vertical leads on right eyes, RH = horizontal leads on right OCCUFI’Ing peI'IOdS Of eye m0t||lty, and COﬂCOmItan

eye, RF = right frontal (EEG). (Calibration: 200 pv for RV and RH,

50uv for RF; paper speed: 10 sec) phenomena, during sleefaciencd 953;118:273¢
274,
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Green JohnArduiniArnalda Hippocampal
electricalactivity in arousal J.Neurophysial 1954
17: 533557.
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Edlow et al ] Neuropathol Exp Neurol ® Volume 71, Number 6, June 2012

TABLE 1. Neuroanatomic Connectivity of the Human Ascending Reticular Activating System

Thalamus

Source Nucleus IL Ret PV Pul LGN Hypothalamus Basal Forebrain FF/Z1 Globus Pallidus
CSC NC&NSC DTTw DTT, DTTy VTTy DTT,, DTT,, VTT¢ VTTc DTT,. VTTc VTTc

PO NRTPo DTTy DTTL DTTy VTTgr DTTy, DTTy, VTTc VTTc VTTe VTTc

PPN Ch5 DTTy DTTy. DTTy VTTg DTTy. DTT, VTT¢ VTTc DTTy, VTTc VTTc
PBC MBPN DTTy DTT; DTTy VTTg DTT,. DTTy, VTTc VTTe DTTy. VTTe VTT¢

DR B7 DTTym DTT,, VTTgr — — VTTc VTTc VTTc —

MR  B6 — — — — VTT¢ VTT¢ VTT¢ —

LC A6 DTTw DTT, VTTg — — VTT¢ VTT¢ VTTe —

VTA Al10 — — — — VTTc VTTc VTTe VTTc

The pathways that connect each region are the dorsal tegmental tract, medial (DTTyy); dorsal tegmental tract, lateral (DTTy); ventral tegmental tract, caudal (VTT); and ventral
tegmental tract, rostral (VTTg).

““—,”” no connectivity.

CSC, cuneiform/subcuneiform nucleus; DR, dorsal raphe; FF/ZI, Forel fields/zona incerta; IL, intralaminar nuclei of the thalamus; LC, locus coeruleus; LGN, lateral geniculate
nucleus of the thalamus; MR, median raphe; PV, paraventricular region of the thalamus; PBC, parabrachial complex; PPN, pedunculopontine nucleus; PO, pontis oralis; Pul, pulvinar;
Ret, reticular nucleus of the thalamus; and VTA, ventral tegmental area.
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1990: Francis CriclChristophKoch

Towards a neurobiological
theory of consciousness

Visual awareness is a favorable form of consciousness to study
neurobiologically. We propose that it takes two forms: a very
fast form, linked to iconic memory, that may be difficult to
study; and a somewhat slower one involving visual attention
and shori-term memory. In the slower form an attentional
mechanism transiently binds together all those neurons whose
activity relates to the relevant features of a single visual object.
We suggest this is done by generating coherent semi-
synchronous oscillations, probably in the 40-70 Hz range.
These oscillations then activate a transient short-term
(working) memory. We outline several lines of experimental
work that might advance the understanding of the neural
mechanisms involved. The neural basts of very short-term
memory especially needs more experimental study.

Key words: consciousness / attention / binding / 40 Hz
oscillations / short-term memory

Crick FKochC.Towarda neurobiologicatheory of consciousnesssem Neurosci 1990; 2: 26275.
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Teorijametastabilnost

kao temelj za svjesnu aktivnost kroz sposobnost za integraciju
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metastability Prog Neurobiol 2009; 87: 340.
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CEREBRAL METABOLISM
(fMRI = PET scan)

Identification of Spontaneous
“Resting” Brain Activity
(stimulus independent)

U

PASSIVE PARADIGMS
(ERPs — fMRI — PET scan)

Identification of Stimulus-Induced
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(not necessary conscious)
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Related Activation aWFr@AlS asS 11

(necessary sign of
consciousnhess)

AJ¢ X<

—)



A\
' ,f'*,' | R A,
N

3.VIN977¢ 1. MRl 1 Al N,
yb OA@2Y 6202851dz S

\A

A non-invasivemethodto measurebrainQactivity

A isanindirectmeasuremenof vascularandhemodynamicsignals

A mostimportant variantusesBOLD signal

A Seiji0Ogawal990, AT&T Belibs MurrayHill, NJ, USAL(taskrelated fMR))

roc. Natl. Acad. Sc USA
7 pp 9868 987" December 1990

Brain magnetic resonance imaging with contrast dependent on

blood oxygenation

(cerebral blood flow /brain metabolism /oxygenation)

S. Ocawa, T. M. LEg, A. R. Kay, anp D. W. TANK
Biophysics Research Department, AT&T Bell Laboratories, Murray Hill, NJ 07974

Communicated by Frank H._. Stillinger, September 24, 1990 (received for review August



] oksiHbjedi j amagtmz i | an
Blood OxygenLevelDependentsignal magnetno polje prolazi bez
deformacija), a deoksiHb
' par ama g nltenhagnl palju dobiva
Basal state  [4 & . Activated state dodatni inducirani magnetizam istoga
- smjera kao i polje)

i . capill
HbO, arterioles | iedary

i !
o ® i verles
® ® ®_ ® ¢

‘ @ ®

T,* activation

- increased flow T,* control

- normal flow

w| - increased CBV
- - increased MRI signal
(from lower field gradients) time

- basal level [Hbr] - decreased [Hbr] ({ower é
T v field gradient d Is I,_
- basal CBV 77 .- field gradients around vessels ) ScoerI ® DS

- normal MRI signal

Static magnetic fieid B, Amplified signal Signal vs
vs time frequency

n A
| h'f"‘f’ {29 [
W | 1A', Fourier =
> rerbenr |V

AF excitation Proton - - time Transiorm - frequency
10 raise proton relaxation o
SDINS 10 LPPET signal received oton NMA signal
. ot 3 o ~ at only one freguency
evel because of the

consiant magnats

fheid

oo A oo |
|A\f'.'f' oidas ]%‘f%» Fourler  _ ,/\ g\

Transform

Proton - fme - {frequency

RF excitation R o

i8 on Proton N R —

broad-banded oton NMA frequancy
signal received varnes with position

anough o
a of th -
cover resonance because of the gradiont

at all Seld values magnetic ield Resting Activated




Promjene u intenzitetu BOLD signala-$%0)
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TherelationshipbetweenbaselineBOLD signal
and stimulusevokedBOLD signal

U0 2 O ToRie gt UKF-fMRI-20-09-03 KBIC Rebro-Polikinika Meuron
200 e LIKF-fhiRI-20-09-08 ioTim
STUDY 1
Mzan
1mes2 -
) C
! Positive ey
correlation 100008 +
-4085 :
990 57 rHree e e e e
0 10 a0 a0 4an 0 ]
iﬁl’ﬁﬁm e Image Acquisition Mumber
UKF-fMRI-20-09-08 H KBC Rebro-Poliklinika Neuron
TrioTim

a0t AR UKF-fMRI-20-09-08 ] ) BiC Rebro- on
STUDY 1 HFS JKF-thMiRI-20-09-05 stimulus im
Fused, MPR *209.1975 15
HFS
STUDY 1 Mean
1078 .44 - Ii -

. 10?4.1?_5_
; No correlation :
1059.89_:_
1DES.E1-E—
1061 33 ; TS §
0 10 20 30 40 a0 G0
Anat Act

Anat [50,-JFM OFF iClus OFF Image Acoquisition Number



Taskrelated fMRI

A An experimental task dhterest is presentedlternately
with a control taskand theBOLD signal during the
experimental task is compared the BOLD signal during
the control task

A The differencéetween baseline and tagielated activation
accounts forabout 1¢5%o0f the total BOLD signal

A Thus, comparedt@ Yy 32 Ay 3 Wo I &S forllypaS
small percentages needed to respond to an external
stimulus

A However,



Restingstate fMRI

A Focuseson spontaneousrather than tasknduced, fluctuations
iIn BOLD signal

A In the first restingstate fMRI studyBiswa) Magn Reson
Med., 1995, the time course o& seed regiofof-interest(ROI)
In the left motor cortex was correlated with the tino®urse of
all other brain voxels

A The resulting map demonstratédnctional connectivity
between the left and righinotor cortexeven in the absencef
a task

A fMRI has since been useddemonstrate that the brain is
segregated into a widarray of8-15 or more functional
networksmediatinga host of sensory, motor, cognitive, and
affectivefunctions YA UK S Ff ®d> tb! )=



h 0 1 NRA 8aSthebestibgstate
network, thetasknegative network) = =

DMN jelateraliziranau LH, a DAN u DH

Inicijalna vizualizacija DM&alje godinama zanemarivana kao vjerojatni
artefakt

DMN je pretpostavidMarcusRaichle2001. godine (WU, St. Louis, M

FfA 2y yA2S Y23t oAGA R271F1
matrice 4dim. BOLD signala (volumen svakogselamozga x vrijeme

Il a6A06Sy2Sé 2R dziegSOl 2 NIR Iw!
RNHZZAK Al 92N} Odzy IFF % il l
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UrsDMNdz 2S Yy I NRBGA G2
koji nastaje od sporog ritma disanja

2@2NRAOH 88aBSH 1 GABANI 2dz LI2 20N ;,,Ta
bilo koje druge aktivnosti, pa je aktivnost DMN prvi izravno snimio f < |
2003. godinéMichealGreicius a potvrdioRandyBuckner2004. godine
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ICAprinciple

2 independentsources

Linearmix: A-2B Linearmix 1.73*A+3.41*B

’ ICAalgorithm '




Restingstate fMRI

Limitations the seed ROI must be selected by |CAseparatedinearlymixedsources
the investigator a preprocessing stepf
regressinghe global signatan inducdalse e
negativecorrelationsbetween brain regions | g ‘lTaSkfe'ated
(Murphy et al, Neurolmage2009 SR

To avoicthese issuetndependentcomponent [ = & M ,"f'M,f
analysis (ICAJecomposegseparateythe 4 | 55 Wl Ay W Iy
dim. (brain volumeover time) BOLD signal in
a set of spatially distinahaps and their

‘ m Breathin%related
associated time cours€Beckmann et al. 4 | escinial il s e,
Philos Trans RSoc Lond B, 2005.

Heartbeat resated

5 ™ Vasomotoroscillation
A general limitation to restingtate fMRI is tha <8 A Y s
it is verydifficult to separate physiological

noise, induced by theardiac pulse and g awhite noise:
respiration from the BOLD signdi(net al, | {ga “ R .,.u{r.,t.,.‘,fn,-’t*,\.'r»'ﬂ‘“..-'fm_,,»_,,,,.ﬂ
Hum.BrainMapp., 2008 =

Motion related




ICAapplied to restingstate dataidentifies 8 main cortical networks

(a) g i

z2=-12 (b) x=-13

Primary H_|gherorder
vision visual |
processing
(¢) x=3
Hearing Touchand
movement
(e) x=-4 =-99 z2=97
Salience
(+memory) processing
(g) x=45 y =-42 z=27 x =-45 y =-42 z=27
Executive Executive
control control

Beckmaret al., 2005Philos Trans RSoc Lond B, 2005 360, 1001¢1013
GreiciugM, Curt Opin Neurol, 2008, 21, 42430



DMN activity at individual and group level

Timecourse in sec
0 e S ——————————— e ———————————————————————————————————— S ve——
P mm— ) ) 3 ) ) 207 ) ! ) : '
| FFT of Timecourse (Hz/100)

t score

Individualbestfit to standard DMN Computedfrom 13 meanimages
template among26 components

GreiciusandMenon, J.Cogn Neurosci, 2004, 16, 1484492



fMRI - default mode network (DMN)

The DMN
includes

mPFC

PCC

precuneus

ACC

parietal cortex
and in a minority
of studies also the
hippocampus

Hafkemeijeret al., Biochim Biophys Acta, 2012, 1822, 43441

A DMN connectivityeflects the level of consciousne@reiciuset al., HumBrainMapp.,
2008 Vanhaudenhuyset al., Brain, 201)) generatespontaneous thoughts, and
preferentially activates when individuals engage in internal tasks such as daydreaming
envisioning the future, and retrieving memorjeshile it isnegatively correlated with brain
systems that focus on external visual signals

A In a subject resting quietly for 8 min during an fMB4n,BOLDsignal will fluctuate up and

down at a very lowWrequency €0.1 Hz) theselow-frequency BOLBignal fluctuations are
strongly correlated in tim@cross regions that are known to be functiona@bnnected

A DMN undergoes developmental changes and coherent neuronal oscillations at a rate |
than 0.1 Hbecome more consistent in children aged ® yearsand in older subjects




DMN FQCorrelateswith the level of consciousness

Vanhaudenhuyset al.,Brain 2010, 133, 16171



