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PET mrpg) 3-<4mm  30min  lab.

PET 1,0%) 10 mm 2 min scanner
SPECT 3-10 mm 20 seg libre
VIR 33mm 100ms  scanner

sonido






SPECT - Radiofirmacos de perfusion

Sangre BHE

PYmTe-HMPAO

PYmTe-ECD

Cerebro

99mTc_

HMPAO Glutation
g Potencial redox
Metabolitos

hidrofilicos

PmTe-ECD Esterasa
citoplasmadatica
Metabolitos

polares



Distribucion regional del flujo sanguineo cerebral

Sustancia Gris

FSCr, metabolismo cerebral y actividad neuronal estan
estrechamente ligados en casi todas las circunstancias




» Molécula (droga, enzima, glu, aa, nucleésido, etc)

marcada con un isétopo emisor de positrones.

» La biologia de la radiomolécula provee informacion

fisiologica visual y cuantitativa.

» FDG es el “caballito de batalla”: glucosa marcada

en la 2* posicién con '*F en lugar de un grupo -OH.



Captacion celular del FDG
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{Como obtengo la imagen PET
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(vi) PET image
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(iii) Injection
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(iv) Detection

(v) Image construction

‘ Imagen tomografica (3D)
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Neurorreceptores

postsinapticos. PET o SPECT.
O Evaluacion in vivo de sistemas neurotransmisores.

i | 4 ‘ ‘ I ‘ /4

alamico. 1231-FISCH y TISCH
IBZM), 11C-raclopride, etc.
aina, 1231-BCIT, etc.

, 1231-iomazenil

o IDEX
y carfentanil




Imagen de neurorreceptores
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Simultaneous multi-isotope SPECT & PET Imaging

% ID/g

100 MBq **™Tc-HDP (red) 35 M!tq 1BF-FDG (green)

Proc Natl Acad Sci USA. 2003:100:1232—1237 19 MBq '*'In-pentetreotide (magenta) 5 MBq *?*I-Nal (rainbow)

Scan of 60 minutes




BE-FDG: actividad neuronal L

Incorporacion despierta

Prieto et al
Eur J Nucl Med Mol Imaging 38, 2011

B Claves imagen PET en



IBE-FDG: metabolismo

v’ cerebral
v’ cardiaco
v’ renal

v’ muscular
v glandular

Etc...

Claves imagen PET en

Incorporacion despierto

Incorporacion
dormido
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e Gran reto técnico: RESOLUCION

Hombre 70000 g - 1,70 m
Rata 250 g - 17-27 cm 10% - 103

Raton 20g - 10 cm

* Primer equipo para animales: 1995

* Resoluciones cercanasa 1l mm

» Equipos hibridos comerciales: PET/SPECT/CT y PET/MRI
Q;\OP%%"' Nl
Bsi:;can Albira Mediso
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* Unidad de soporte a la Investigacion
Centro de Investigacion Médica Aplicada
Clinica Universidad de Navarra (Medicina Nuclear)

Clinica Universitaria

Facultades de:

» Medicina
 Farmacia
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v Animal llega a instalacion para
el estudio PET

v Anestesia: ketamina/midazolam o
1sofluorano

v Inyeccion radiotrazador en
vena safena

’ B Procedimientos



La seitial BOLD
Blood Oxigenation Level Dependen
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Oxyhemod obin

O Deaxyhen oglobin

En las dreas cerebrales que se activan el aumento del flujo sanguineo excede
al consumo de O,, con lo cual disminuye la proporcién de Hb desoxigenada
(decaimiento rapido de la seiial magnética) con respecto a la oxigenada
(decaimiento lento) dando como resultadeo un aumento local de la sefal.
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d Comparacion de 2 condiciones: basal y test de activacion

d SPECT de perfusion, °O-H,0 PET, fMRI

» Test farmacologicos
Ej: ACZ, AMP

» Test sensoriales

» Test cognitivos
Ej: WCST, Stroop Test

» Test asociados

Voxel-based activation maps and parameters




Functional images
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L Areas se mas activas o menos activas durante las distintas

etapas del sueno

1 El cerebro durante el sueiio es capaz de procesar estimulos
externos

] Sueiio y memoria

 Privacion de sueiio

1 Patologias del sueiio

] Nuevos aportes con imagenologia molecular



FSCr con Tc?’m"-HMPAO SPECT
durante el sueno NREM

Madsen et al, 1991.



Deactivation of the
central core
structures (brainstem
and thalamic nuclei)
basal forebrain
basal ganglia
orbito-frontal
cortex
anterior cingulate
cortex
precuneus

Maquet et al. 1997.




Disminucion del FSCr durante el
sueno NREM con con H,>O PET

Contrast: presleep W
+ SWS.
Transverse sections
showing deactivation
of the:
* brainstem
thalamus
basal forebrain

basal ganglia
orbito-frontal
cortex

frontal and parietal
cortices on the
convexity.

Broun et al. 1997.
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Right lateral Left lateral Right lateral Left lateral

Kajimura et al, 1999.




15

(a)
Contrast: REMS +

[(W + SWS)/2].

Transverse sections
showing activation
of pontine
tegmentum, the
thalami, the
anterior cingulate
cortices and the
right parietal
operculum.

Maquet et al, 1996




Disminucion del ESCr durante el
sueno REM con con H,">O PET

Contrast: REMS +
SWS.

Activation of:

* Brainstem

* thalamus

» orbito-frontal

e anterior cingulate
and insular
cortices.

Braun et al, 1997.




(b)

A, H, amygdala and hypothalamus;
B, basal forebrain;

Ca, anterior cingulate gyrus;

Cp, posterior cingulate gyrus and precuneus;
F, prefrontal cortex;

M, motor cortex;

P, parietal supramarginal cortex;

PH, parahippocampic gyrus;

O, occipital-lateral cortex; Th, thalamus;
T-O, temporo-occipital extrastriate cortex;
TP, pontine tegmentum.

TRENDS in Cognitive Sciences

Schwartz et al, 2002.



Table 2 Increases in rCBF during REM sleep

Quantification
Global activity
adjustment
Brainstem
Thalami
Basal forebrain
Amygdala
Hippocampal
formation
Orbito-frontal
cortex
Parietal lobule
Extrastriate cortex
Anterior cingulate
cortex
Insula-temporal
cortex
Cerebellum
Remarks

Maguet et al.
{1996 )

- -

CBF
REMS -
[(W + SWS)/2]

Braun et al.
(1997 )

- — -

.

T
CBF
REMS - SWS

Nofzinger et al.
(1997 )

+
+

e e

Glucose

metabolism
REMS - W

Table 3 Decreases in rCBF during REM sleep

Maquet et al. (1996)

Braun et al. (1997 )

Quantification
Global activity
adjustment
Preformal cortex
Parictal cortex
Precunes/posterior
cingulate cortex
Remarks

-+

CBF
REMS - [(W + SWS)/2]

)
)
)

CBF
REMS - SWS
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Jd Correlacion entre la densidad de movimientos oculares

rapidos y el FSCr en la corteza occipital y los cuerpos

geniculados laterales del talamo (Peigneux P, 2001).

[ Correlacion positiva entre la variabilidad de la FC y el

FSCr en complejo amigdalino derecho (Henderson 2002).

 La corteza insular derecha covaria con la amigdala.
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Prefrontal cortex

Parietal cortex

Temporal cortex







Wakefulness N1 sleep N2 sleep N3 sleep




Inner speech Visual imagery




Aportes a la

patologia del sueno




* [11C]cocaine
(dopamine
transporter
radioligand)

* [11C]raclopri
de (dopamine
D2/3 receptor
radioligand)

Volkow et al, 2008

A [''C]cocaine

[!!'C]raclopride

7N

Non-slee
deprive

7N

Sleep
Deprived

low
DVR

DAT Availability

D2R Availability

(Bmac/Kd)

(Bmax/Kd)

B NonSD
] SD
|
0.8
0.6
04
0.2
0
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Dopamine Transporter Regulation during Four Nights of REM Sleep Deprivation
Followed by Recovery — An in vivo Molecular Imaging Study in Humans

RCS Martins, MS'; ML Andersen, PhD'; SA Garbuio, MS'; LR Bittencourt, PhD, MD"; C Guindalini, PhD'% MC Shih, PhD? MQ Hoexter, MD? RA Bressan,
PhD? MLV Castiglioni, MD?; S Tufik, PhD, MD'

'Department of Psychobiology—Universidade Federal de Sao Paulo, Escola Paulista de Medicina (UNIFESP/EPM); *LiNC-Laboratério
Interdisciplinar de Neuroimagem e Cognig¢ao, Departamento de Psiquiatria - Universidade Federal de Sao Paulo (UNIFESP/EPM), *Department
of Radiology-Universidade Federal de Sao Paulo, Escola Paulista de Medicina (UNIFESP/EPM)

Post-REM SD High

Baseline Post -REM SD BP

Recovery




Middle Occipital Cortex

Lower Occipital Cortex

BOLD
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Sleep Deprivation Increases Cerebral Serotonin 2A Receptor Binding in Humans

[18F]Altanserin-PET

Hypothesis that sleep
deprivation induces global
molecular alterations in the
cortical serotonergic
receptor system.

A total of 24 hours of sleep
deprivation led to a 9.6%
increase of [18F]altanserin
binding on neocortical 5-
HT2A receptors.

Medial inferior frontal
gyrus, insula, and anterior
cingulate, parietal,
sensomotoric, and
ventrolateral prefrontal
cortices.



Glucose Hypometabolism of
Hypothalamus and
Thalamus in Narcolepsy

Eun Yeon Joo, MD' Woo Suk Tae, MS' .
Jee Hyun Kim, MD' Byung Tae Kim, MD’
and Seung Bong Hong MD'

This study showed cerebral glucose
hypometabolism of the hypothalamus-thalamus-
orbitofrontal pathways in the narcoleptic brain.




Increased serotonin receptor availability in human sleep:
Evidence from an ['**FJMPPF PET study in narcolepsy

These findings indicate that serotonin receptor availability 1s increased in
sleep compared to wakefulness in narcoleptic humans.



In vivo activity of modafinil on dopamine

transporter measured with positron emission
tomography and ['°FIFE-PE2I

[18F]FE-PE21

High

‘ T Low

w

Control Modafinil

Kim et al. Int J Neuropsychopharmacol. 2014 May;17(5):697-703.




Assessing cerebral glucose metabolism in patients with
idiopathic rapid eye movement sleep behavior disorder

A SMA  Cingulate S )
A Parahippocampus

/‘:— D. ",
/ > oy ' " BV /
7 Frontal Lingual N\ Amelaeen i
i Pons Pons
Occipital Sup. Parietal

Patients with RBD showed increased metabolism in the hippocampus/

9.1

-3.3

parahippocampus, cingulate, supplementary motor area, and pons, but decreased

metabolism in the occipital cortex/lingual gyrus

Geetal.2015



Consistent abnormalities in metabolic network
activity in idiopathic rapid eye movement sleep
behaviour disorder

Ping Wu,"* Huan Yu,”* Shichun Peng,’ Yves Dauvilliers,* Jian Wang,? Jingjie Ge,’
Huiwei Zhang,” David Eidelberg,® Yilong Ma>" and Chuantao Zuo™"
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A Contzol RBD RBD PD

Trastorno del
sueno REMy
Parkinson

Ve

z 64

Y - -

e o -3; e

""‘“- T*;*Zg& -

§2- * : _§_+

=) - - - -
0

Con!;ol(R)Com;ol(L) 1R8O R) 1R8O (L} PD(R) PO

M. Miyamoto, T. Miyamoro /Sleep Medicine 14 {2013) 739-743

Miyamoto et al. Sleep
Medicine 14 (2013) 739—
743




Neurologia (Parkinson)

v’ Estudio de SISTEMA DOPAMINERGICO Macaca
fascicularis
Dopaminergic 4'
8F-DOPA:
7 metabolismo de
DAT L dopamina
D, |
) \' 'C-DTBZ:
s ligando del
poi‘;‘g:‘;f“‘: 1 transportador Animal control
VMAT2

Animal lesionadd
unilateral




Control " Asymptomatic Recovered Moderate Severe
1IC-DTBZ ymp

Collantes et al, Neuroimage. 2009; Blesa et al. NeurobiolDis. 2010, Blesa et al. NeurobiolDis. 2012

v’ Efecto de un tratamiento: recuperacion

3 meses 4 meses




Reduced sleep duration mediates These findings suggest that
decreases in striatal D2 /D3 impaired sleep patterns contribute

ilabilitv i ] to the low striatal D2/D3R
receptor availability in cocaine availability in cocaine abusers. As

abusers sleep impairments are similarly
observed in other types of
substance abusers (for example,
alcohol and methamphetamine),
this mechanism may also underlie
reductions in D2/D3R availability
in these groups.
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Wiers et al. Transl Psychiatry. 2016 Mar 8:;6:e¢752.




Regression of sleep duration with striatal D2/3R
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Ultimos aportes de la
imagenologia molecular



Pain Med. 2013 December ; 14(12): 1882-1892. doi:10.1111/nme 12231

Individual Variation in Sleep Quality and Duration Is Related to
Cerebral Mu Opioid Receptor Binding Potential during Tonic
Laboratory Pain in Healthy Subjects

[1 lC]Carfentanil,.a mu opioid receptors agonist

Poor sleep quality (PSQI) was positively associated with greater BP in regions within
the frontal lobes. In addition, sleep duration was negatively associated with BP in these
areas as well as the temporal lobe and anterior cingulate.



Imagen del -amiloide

Klunk et al. Ann Neurol 2004;55



Among community-
dwelling older adults,
reports of shorter sleep
duration and lower sleep
quality are associated
with greater B-amyloid
burden.

Spira et al. Neurol 2013



[''C]TASP457, a novel PET ligand for histamine H; receptors
in human brain

&
[(11)C]TASP457 is a useful ‘
novel PET ligand for the ’ “ '
investigation of the density of ¢ ‘
histamine H3 receptors in human 3 »
brain.

11-15min 107-123 min




Circadian variation of metabotropic glutamate receptor 5
availability in the rat brain

[11C]ABP688 — PET

This study shows that mGluRS availability 1s
increased during the light-on, or sleep phase, of
rodents by approximately 10%.
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Evaluation of Potential PET Imaging Probes for the Orexin 2
Receptors

Changning Wang?, Colin M. Wilson?2, Christian K. Moseley?, Stephen M. Carling, Shirley
Hsu?2, Grae Arabasz?, Frederick A. Schroeder2.l, Christin Y. Sander2¢, and Jacob M.
Hookera:”




Primitive Emotion
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