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(
fMRI
functional magnetic resonance tomography

History
• NMR = nuclear magnetic resonance Felix
Block and Edward Purcell
• 1946: atomic nuclei absorb and re-emit
radio frequency energy
• 1952: Nobel prize in physics
nuclear: properties of nuclei of atoms
magnetic: magnetic eld required
resonance: interaction between magnetic eld
and radio frequency

Bloch

Purcell
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fMRI setup
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Blood oxygen changes after visual stimulation

↑ neural activity è ↑ blood oxygen è ↑ fMRI signal
Kwong et al., 1992

BOLD effect

Blood Oxygenation Level Dependent signal

Electromagnetic Specication
•

randomly oriented

•

spins tend to align parallel or antiparallel to B0
net magnetization (M) along B0
spins precess with random phase
no net magnetization in transverse
plane

25 -65 microTesla

•
•
•

3 Tesla
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Where EMF can inuence fMRI

TMS
Transcranial magnetic stimulation

Magnets: A New Depression Treatment? - Health For Life - MSNBC.com
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Dec. 11, 2006 issue - Anne and Mark (not
their real names) could never have guessed
that their lives would be saved by magnetism.
Both had suffered at least a year of disabling
depression. Numerous psychiatric treatments
failed to provide longed-for relief. Life was
miserable until they began receiving an
experimental treatment with a clumsy name:
repetitive transcranial magnetic stimulation, or
repetitive TMS.
Story continues below ↓
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Biomarkers: 'I'm Pretty Optimistic'
This magnetism has nothing to do with
Vitamin D in the Spotlight
magnets applied to the skin or with animal
magnetism, the charlatanry invented by Franz
The Dangers of Drug-Resistant Bacteria
Mesmer in the 19th century, although skeptics
A Six-Foot Lab Rat
have worried that people cured by repetitive
TMS have merely been mesmerized. Repetitive
Why Heavy Isn't Healthy
TMS uses real magnetic fields to induce
Health for Life M.D.: Preventing Disease
changes in brain function, and there's some
evidence it may make nerve-cell connections
Magnets: A New Depression Treatment?
more efficient. It may modify how regions of
Targeting Needless Breast Biopsies
the brain work together to regulate mood. It's
a cousin of "shock therapy," or
electroconvulsive therapy (ECT). Unlike ECT,
however, it does not require anesthesia. It's
localized, so side effects have been mild; some patients experience
headache or scalp discomfort.
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Transcranial Magnetic Stimulation

Intensity dependent effects

How deep can we stimulate?
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Electromagnetic induction

MAGNETIC FIELD
• Peak 1-2 tesla

Coil current

Current
Skull
Cortex

ELECTRIC FIELD
• 100 V/m

+

Neuronal activation

Coil dependent effects
Circular

Figure-8

Parabolic

(Butterfly)

At the surface of the coil

At 2 cm depth

How deep can we stimulate?
Circular coil

Figure-8-coil
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Circular coil
Magnetic
Field
Coil

Electric Field

More power – less focal

Figure-8-coil
Magnetic Field

Coil

Electric Field

Less power – more focal

Effects on neurotransmitter dopamine
• 11C-racloprid positron emission tomography
• Stimulation of the left prefrontal and the occipital
cortex in 8 healthy controls with 10 Hz frequency
rTMS (450 stimuli)

• enhanced dopaminergic neurotransmission
(reduction in 11-racloprid binding) in the left
caudate nucleus
Strafella et al 2001 J Neuroscience
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Effects on nerve growth factors
control

rTMS
marked increase in BDNF mRNA expression in
hippocampal areas CA3 and dendate gyrus

BDNF-like immunoreactivity is increased with large
immunoreactive granules

marked increase in BDNF mRNA expression in parietal
cortex

increase in cytoplasmic immunoreactivity
andprominent staining of cell membranes and dendritic
processes

Keck et al 2001 J Psych Res
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COMT-Gene
CHROMOSOME 22

1

22q11.23

22q11.22

27kb

PROMOTER

PROMOTER

5´

COMT-MB START CODON
TRANSMEMBRANE SEGMENT
COMT-S START CODON

210 BP

NlaIII

high-activity

5´-GATGACCCTGGTGATAGTGG

NlaIII

NlaIII

G1947 → A1947

…CGTG…

..AGVKD..

STOP CODON

PCR

5´-CTCATCACCATCGAGATCAA

⇓

COMT-MB/S:

Val158/108 → Met158/108

thermo-stable
ancestral allele

NlaIII

NlaIII

…CATG…

..AGMKD...

low-activity
thermo-labile
human allele

dopamine decomposing enzyme COMT
(catechol-O-methyltransferase)
COMT introduces a methyl group to the catecholamine

Prefrontal cortex interaction of dopamin,
glutamate and nerve growth factor
COMT

dopamin	


Val/Val	


NMDA
R3

Glutamate	


A/A	


BDNF

BDNF 	


Met/Met	

Tan et al 2007, PNAS	
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Dopamine in the human brain

Striatum

à Reward system

DA
DA transporter
DA receptor
COMT

Prefrontal cortex

NE transporter

à attention
à memor

Effects of dopamine on information processing

Suboptimal D1/D2-receptor signaling

Optimal D1?D2 -receptor signaling

dopamine improves information processing through improvement
of signal to noise ratio

Effects of dopamine on information processing:
Example M. Parkinson

“off state”
• 10 patients
• stable performance
• SPM 99, p<.001

“on state”

Mattay et al Ann Neurol 2002
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Impact of genetic variations on working memory
performance

à à dopamine, internal and external stressors etc....

Impact of an activated reward system on neuronal
correlates of working memory
p<.05
corrected
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Impact of magnetic elds on CREB and cAMP

Hellmann et al (2011) EAPCN

Differential effects of magnetic elds and
magnetic elds plus psychopharmacological
medication
CREB Activation
vehicle

lithium
*
*

*

Intracellular cAMP levels

ketamine
*

0.8

cAMP levels rel. to
unstimulated vehicle

pCREB levels rel. to
β-actin expression

*

0.4

0

sham

rMS
60 series

*
sham

*

*

1,0

vehicle

rMS
180 series

rMS

1,5

lithium

ketamine

Hellmann et al (2011) EAPCN
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Neuroanatomy of memory

Neuroanatomy of memory
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Neural mechanisms underlying the
integration of emotion and working memory

sky
dog
sky
fruit

ISI: 1500 ms
stimulus: 500 ms

Grimm et al, NeuroImage, 2012

Neural mechanisms underlying the
integration of emotion and working memory

sky
dog
sky
fruit

ISI: 1500 ms
stimulus: 500 ms

Grimm et al, NeuroImage, 2012

Is the prefrontal cortex activation functional?
• 2-back
• 15 word per block
• 25.5 min (10 runs), 588 trials
• 10 Hz
• 90% motor threshold
• Left DLPFC (BA 9)

words > xation

• Neuronavigated TMS based
on individual activtation
pattern

Weigand et al, 2012, in press
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Improvement of positive emotion memory

	
  

	
  	
  

* p	
  <	
  0.5	
  

46

Can positive mood improve memory?
n = 20 healthy subjects (13f, age: 24-35)
EEG: 64 electrodes (Brainproducts / Easycap)

mood induction
through filmscene

resting state
measurement

mood
rating

wordlist
encoding

distractor
task

free
recall

Effects on mood and memory

3. METHODS

***
***

N = 20 healthy subjects (13f, age: 24-35)

EEG: 64 electrodes (Brainproducts / Easyc
12 Blocks
p<0.0001

mood induction
through filmscene

p<0.001

Gärtner et al, in rev.

(~ 4 min)

resting state
measurement
(1 min)

mood
rating

(0.1 min)
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Gärtner et al, in rev.

3. METHODS
N = 20 healthy subjects (13f, age: 24-35)

EEG: 64 electrodes (Brainproducts / Easyc
12 Blocks
mood induction
through filmscene
Gärtner et al, in rev.

(~ 4 min)

resting state
measurement
(1 min)

mood
rating

(0.1 min)

3. METHODS
N = 20 healthy subjects (13f, age: 24-35)

EEG: 64 electrodes (Brainproducts / Easyc
12 Blocks
mood induction
through filmscene
(~ 4 min)

resting state
measurement
(1 min)

mood
rating

(0.1 min)
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Electrical Stimulation of the hippocampus (1) and the
entorhinal Cortex (2)

1
2

Hypothesis

Stimulation of the perforant pathway results in
memory improvement

Patients and Electrodes

•
•

7 pharmaco-resistant epilepsy
patients with intracranial depth
electrodes
Electrode Placement:
•
6 with entorhinal electrodes
•
5 with hippocampal electrode
•
4 with both entorhinal and
hippocampal electrodes
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Neuropsych Task

Outcome parameter:
• path length
• latency

3 conditions

1.

Stimulation of the hippocampus

2.

Stimulation of the entorhinal cortex

3.

Stimulation of the entorhinal cortex and recording
from the hippocampus

Reduction in Excess Path Length after Entorhinal
Stimulation
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Theta-Wave Resetting in the hippocampus
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Age-related memory changes: cross-sectional

Rönnlund et al, 2006

Age-related memory changes: practice-adjusted

Rönnlund et al, 2006

Age-related memory changes: education adjusted

Rönnlund et al, 2006
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Variability in memory ageing

..

Habib et al 2007

Inter-individual variability in age-related structural
brain changes.

..

Nyberg et al, TICS, 2012

cortical thickness and executive control increases

Burzynska et al, 2011
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working-memory related BOLD responses in
ageing

..

Nagel et al, PNAS, 2009

Inter-individual differences in connectivity among
dopaminergic pathways

Rieckmann et al, 2011

Age-dependant effects of external stressors

1. Effects of adversity on
emotional competencies?
2. Resilience promoting
interventions?
3. Strategies to modulate
emotional memory

Lupien et al 2009
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1892: Darsonvalisation

Summary: Brain Physiology with focus memory

• Genotype may impact memory
function
• Consider interaction with medication
• Consider contextual factors like mood
• Ageing impact memory function on a
– structural level
– functional level
– connectivity level
– vulnerability level
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