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Cortisd is a stress hormone thatcts on the central nervous system in order
to support adaptation and timadjusted coping processes. Whereas previous
research has focused on slow emerging, genomic effects of cortisol likely mediated
by protein synthesis, theres only limited knowledge about rapid,on-genomic
cortisol effects onin vivo neuronal cell activity in humans. Three independent
placebacontrolled studies in healthy men were conducted to test effects of 4 mg
cortisol on central nervous system activitpccurring within 15 minutes after
intravenous administration. Two of the studies (N = 26; N = 9) used continuous
arterial spin labeling as a magnetic resnoa imaging sequence, and foumnalpid
bilateral thalamic perfusion decrements. The third study XNL4) revealed rapid
cortisokinduced changes in global signal strength and map complexity of the
electroencephalogram. The observed changes in neuronal functioning suggest that
cortisol may act on the thalamic relay of noglevant background as well as task
specific sensory information in order to facilitate the adaptation to stress challenges.
In conclusionthese results arghe first to coherently suggest that a physiologically
plausible amount of cortisol profoundly affects functioning and psidn of the

human CN& vivoby a rapid, norgenomic mechanism.
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INTRODUCTION AKDBJECTIVES OF THESIS INTRODUCTIO

1.1 INTRODUCTION

When people talk about thstressin their livesit is usually understod by those
around themwhat they meanFindinga commondefinition of gress however, hatheen
an enduring challerg since Hans Sely@st coined the termfor biologyin hisd DSy S NJ f
' RILIGA @S if the/mRANBITsEesg. Selye, 19361950. Since thenresearch on
what stress is and how it can influencé& 35 NJ& I@eyidprogressed significantly. Today,
stress is broadly definetl & an actual or anticipated disruption of homeostasisaor
anticipated threat to welo S A (UHiéhLai & Herman, @09). This defiition points out
that stress has been found to beherently biologicabnd yetholds many psychological
components. Biological (e.g., pain, extreteenperatures, injuries, etc.) gusychological
(e.g. fear, anxietyuncertainty, etc.) stessors bothtrigger physiologicatesponses in
order to support copingprocessesTherefore, physiologicalorrelates of stress (such as
its endocrine responses) have been increasingly used in order to study changes
psychological phenomena and vice se&r One of the most commonly used physiatagi
markers to assess whether or not a situation ftoe anticipationthereof) elicits stress is
to measure changes in the secretiohglucacorticoids

Glucocorticoidsare adrenal steroid hormonedkat are incrasinglyreleased during
stress. They modulate a variety of psychobiological processegmoduadaptation and
coping tochallerging situations. Many experimental investigatidmesve focused on how
glucocorticoid affect the functioning of the central nesus system (CNS) via genomic
mechanisms. However, even with mounting evidence for the existence of rapid, non
genomicglucocorticoidmechanismgrecent reviewsEvanson, Herman, Sakai, & Krause,
2010 Groeneweg, Karst, de Kloet, & Joels, 2@4ller, Mikics, & Makara, 20D8ttle is

known about tkeir in vivofunctional effects on the human CNS.

1.1.1 Glucocorticoids

Glucocorticoid secretion originates from neuroendocrinological feleack and
feed-forward mechanisms of thaypothalamiepituitary-adrenocortical HPA) axigFigure
1.1.1, left) which, together with the sympatheadrenomedullary axes of the autonomic

nervous system (ANS$ the gimary system for reinstating anthaintaining homeostasis
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during stressA breach in homeostasisan becharacterized byits origin - bottom-up
(physiological) braintem mediated stress signals (e.g. pain, inflammation, extreme
temperatures) or topdown (psychological) regulatogyrocesseghat involvethe limbic
forebrain (e.g. perceived or anticipated challenges)et both may result in (almost)
identical neureendacrinological response@-igurel.1.1, right). The HPA axis activated
after the exposureto stress signals (i.e. stressotisat triggerhypophysiotrophic neurons

in the paraventricular nucleus of the hypothalamuhkich secrete a number of releasing

hormones, such as the corticotropmeleasing hormone (CRH) and arginine vasopressin

- Stress signals "
= Experiential factors — T°P'd°:"’" regulation
« Innate programmes Limbic forebrain
STRESS l
17'//“’\/ P/_\ Qutput systems
HMI’ u | — ]
o Ongoing homeostatic “Middle r . 3 | FPA activation (PVIN) =—
b feedback asT and hypott I
b :f 3 cnu | BST and hypothalamus | e | SAM activation (ans).
\ R A ) Stress signals Stress response triggers
wwr. | ',‘ g Adeonal » Homeostatic imbalance Brainstem
\\q__'“{" I * Pain Hypothalamus
== » Inflammation (@Ye)

£~
Prysiclogical V7

readingess
of ergans ;
ANS — autonomic nervous system;

'
Inhibitory %
Feedback
(Cortsoi} +

HPA — hypothalamic-pituitary axis

PVN — paraventricular nucleus of the hypothalamus
oy BST— bed nuclues of the stria terminalis

l‘ CVO — circumventricular organ

SAM — sympathoadrenomedullary system
Irraniune System
Supprossion CRH - corticotropin-releasing hormone

ACTH — adrenocorticotropic hormone

Figue 1.1.1 The endocrine stress response

Left: Depiction of hypothalamiepituitary-adrenocortical (HPA) axi@®ryden & Fitch, 2000

Right: General sheme of acute stress regulation pathways. Stressors activate brainstem a
forebrain limbic structures. The brainstem generates rapid HPA axis and ANS responses 1
direct projections to hypophysiotrophic neurons in the PVN or to preganglionicnaotm

neurons. Forebrain limbic regions, by contrasts, have no direct connections with the HPA .
the ANS and require intervening synapses before they can access autonomic or neuroenc
neurons (topdown regulation). Most of these intervening newms are located in hypothalami
nuclei that are also responsive to homeostatic status, providing a mechanism by whic
descending limbic information can be modulated according to theeb@ohysiological status

OWYARRE S Y(lystrafios ahd gescaption adapted from: Ulridlai & Herman, 2009
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(AVP), into the portal circulation of the median eminence. Thretgasing hormones act
on the anterior pituitary in order to promote secretion ofhe adrenocorticotropic
hormone (ACTH), which itself acts on the inner adrenal cortex and initiates the release
and syntheseof glucocorticoid. Freely availableglucocorticoid in the bloodstream
promote the mobilization of stor@ energy and potentiate a number sfmpathetically
mediated effectssuch as periperal vasoconstrictiorfdescriptions of HPAxis adapted
from, UlrichLai & Herman, 2009 Glucocorticoid also divert energy suppliesto
challenged tissues anare believed tocontrol the excitability of neuronatetworks (de
Kloet, Oitzl, &oels, 1999

The drculating glucocorticoigl (cortisol in humans, corticosterone in rodents)
affect the entire body including the CNS via binding to glucocortimadptors (GRand
mineralocorticoid receptor{MR) Both receptors act as ligafattivated transcription
factors and induce slowly emerging changes in gene transcrifierKloet, Vreugdenhil,
Oitzl, & Joels, 1998hat alter protein expression, structuy@and functioning of affected
cells (for more detailed information abougenomic cortisol mechanisms, see e.de
Kloet, Joels, & Holsboer, 2Q05edovic, Duchesne, Andrews, Engert, & Pruessner,;2009
McEwen & Sapolsky, 1995apolsky, 1996 The MR binds glucocorticoigl with a high
affinity and is stronglybound even during low glucocorticoidecretion The GR has
approximately a tenth of thaffinity of MRsand is extasively bound only at high lesebf
glucocorticoidsecretion, such aduringacutestress response@le Kloet, et al., 1999The
GR is thought to be the maimeditor of the (several minutes)delayed genomic
glucocorticoidaction duringstress responsesOn the coirary, nongenomic effects of
glucocorticoid are thoughtto occur within seconds to minutes afteglucocorticoid
release(Groeneweg, et al., 201 Makara & Ha#r, 200). Indeed, it is believed that any
rapid effect that occurs within less than Ifinutes afterglucocorticoidinfusion cannot

be mediated by changes in protein expressi{vigics, Kruk, & Haller, 2004

1.1.2 Non-genomic effectof gucocorticoids

The knowledge about rapid, negenomic glucocorticoidaction in the CNS is
scarce and originates primarily from vitro studies and animal modelg.g. Coirini,

Marusic, De Nicola, Rainbow, & McEwen, 19B@& Kloet, Veldhuis, Wagenaars, &
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Bergink, 1984Ferris & Stolberg, 2010Mikics, et al., 200¢ with a fewin vivostudiesin
humans(e.g. Kuehl et al., 2010Lovallo, Robinson, Glahn, & Fox, 20B&hter et al.,
2011).

1.1.2.1 Ciriteria for the identification mn-genomic glucocorticoid effects

Makara and Halle2001) apply several criteri¢o differentiate genomic from non
genomic mechanismghat they derived from the knowledge of classical genomic
mechanisms of glucocorticoidés a simple heuristithey argue thatany glucoorticoid
effects that do not match the particularities of genomic mechanisms should be
considered to be another (i.e. negenomic) mechanisnithey introduce four criteri@o
judge whether or not effects are due tmn-genomic glucocorticoid mechanisms:

(i) The emporal criterion.Genomic glucocorticoid mechanisms involve a number
of time consuming steps. The translocatid®- 30 minutes)Nishi et al., 1999Robertson,
Schulman, Karnik, Alnemri, & Litwack, 1p88the ligand bound receptors to the nucleus
and the translation and transcriptiofd - 120 minutesCullinan, Herman, Battaglia, Akil, &
Watson, 1995 Hsieh & Watanabe, 2000keda, Nakajima, Osbne, Mies, & Nowak,
1994 are the most time demanding. These tiframes suggest that the genomic effects
may not become notable before at least 15 minutes have passed. In addition, it has been
reported that glucocorticoid effects that are mediated thuigh genomic inhibition require
considerably longethan 15 minutes(Webster & Cidlowski, 1999Furthermore, these
relatively fast genomic effects may be exceptional, since a numbemofe common
genomic effects are expressed after hours or even wesdker a stressful encounter
(Joels& de Kloet, 1994Makara & Haller, 2001 A final important temporal distinction of
non-genomic effects involves their washout time, which is considerably shorter than for
genomic actions. Since noegenomic effects depend on the interaction between the
ligand and targeted substrates, their effects disappear after the dissociation of the
involved molecules. As a consequence, the rapid termination of glucocorticoid effects also
seems to indicate nogenamic mechanism@gMakara & Haller, 2001

(i) The MR/GR independence criteri@enomic glucocorticoid effects are closely
linked to their cytoplasmic receptorg the mineralocorticoid and the glucocorticoid

receptor ¢ and only their ligand complex actually activatesngmic mechanismsThus,



INTRODUCTION AKDBJECTIVES OF THESIS INTRODUCTIO

genomic glucocorticoid actions can be interrupted by blocking these recef@ioets & de
Kloet, 1994. Therefore, if after blocking MR amdR the glucocorticoid effect remains
intact, some other (i.e. nagenomic) mechanism must have been activated.

(i) The genomendependence criterion.The ultimate result of genomic
glucocorticoid action is either the syntheses of proteinstlogir blockage (in case of
glucocorticoid induced gene inhibition). Thuglucocorticoid effects cannot be
genomically mediatedf their effects remainunchanged after eliminating the genomic
components.

(iv) The pausible physiological dose criteriddlucocortioid effects that occur at
concentrations that exceed the physiological abilities of an organism may be interesting
but they are also irrelevant for assessing the role of glucocorticoids in controlling neural
functions. Therefore, experimental manipulat®nesulting in brain concentrations higher
than physiologically plausible should be considered irrelevant from a functional point of
view (regardless if they occur rapidly or not)

Taken together, if effects JIccurearlier than 15 mintes, (2) are not dfected by
MR/GR blockade(3) do not require a genetic apparaguand (4 are elicited by a
physiologically plausible dosten theycannot be mediated by the genomic mechanism.
Generally Makara and Haller (2001 argue that the fulfillment of just oneof the first
three criteria is sufficient for excluding the involvement of genomiechanisms, e.g.
effects occurringwithin secondsor a few minutescannot be mediated by genomic
mechanismsOnly n a few other cases dahe authors propose thamore than one
criterion should be fulfilled (e.gresistance to protein synthesis blockade can be used as

an argument only if the process is very rapid, and/or is also resistant to MR/GR blpckade

1122 CAYRAY M&roRNBEWIRASE YR FYAYIE Y2RSf a
The activation of stresselated reuronal networksthat is caused bythe
perception ofa threatening situationtriggers the signaling cascade of the HPA axis, and
plasma glucocorticoid levels begin to increase afteB minutes By 20 minutes,
concentrationshave approacted maximal valuegDallman, 200k Durirg the firstinitial
momentsatfter its release within milliseconds to minutes, rapglucocorticoidsignaling

already acts on targetissues that have beemound to include pons, hypothalamus,
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midbrain, and limbic systemIn addition,the actions ofglucoorticoids influence the
activity in various motor systems that are involved in the stnesgponse.These rapid
glucocorticoid actions in animal modelsinvolve increased locomotion activity, food
intake, ingestion of carbohydrates, vocalization, memorgragsive behavigpdecreased
sexual clasping, and ACTH secre{mted in: Dallman, 2005

Haller and colleagueg2008, in their review on ke existing physiological
evidence proposethat rapid, norgenomic glucocorticoid mechanisrage ableto modify
cell functioning(and ultimatelythe abovementionedbehavios) by their ability to affect
GomMO YSYONIYyS f ALRARE mefmbraheprotethis’(e.gNdory Bandfels dzA R
and neurotransmitter receptors), (3) intracytoplasmic proteins (e.g. mitegetivated
protein kinases, phospholipases, etc.), and (4) prajgiotein interactions (e.g.
secondary effects mediated by the componentgiué# glucocorticoid receptor complex)
w X 8 Thé[activation of the genomiajlucocorticoid transportew X6 &

Derived from the abovenentioned functional abilitiesand suggestive evidence
Haller and colleagueg2008 further propose that the purpose of negeromic
glucocorticoid actions maye to: (1) induce genomic effects, (2) affect genomic
mechanisms via negenomic action, and (3) assert influence on hreasms that are not
affected through genomic mechanisntdowever, which of these purposes may turn out
to be the most relevant for the agation to stressful situationstill has to be established
in further research.

The current state of the animal moetl literature indicates thatnon-genomic
mechanism®f glucocorticoidsnfluencea wide array of behavioral respondeg affecting
cell functionng in a large number of tissues and arg (through influencing a wide
variety of intracellular processgdt is important to note that genomic and negenomic
mechanisms are not separated; instead they often act togethed complementary
(Haller, et al., 2008 Rapid non-genomic effects are, therefor@n important contributor
to understandthe adaptationto stressos and the reinstitutionof homeostasisHowever,
even with the large number of recent findings, negenomic mechanisms of
glucocorticoids are still poorl understood, especially in regards to their

(psychophysiological) role in the human stress response.
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1.1.2.3  Current findings in humans

Despite their fareaching implications for understanding the rapid adaptation to
stress, the neuropysiological correlates ahe above mentionedbehavioral effectan
animal modelshave not beennvestigatedmuchin humans.The reasorfor this may be
that in addition to the above mentioned criteria for identifying non-genomic
glucocorticoid effectgsection 1.2.1)n humans,rapid nongenomic effects can only be
studied by applying intravenous infusio@his additioml criterionsignificantly increases
the required effortsthat areneededto assurethe proper legal and dtical framework for
running thesestudiesin humans To this point only threein vivostudies(Kuehl, et al.,
2010 Lovallo, et al., 20Q9Richter, et al., 20)1have recently applied intravenous
glucocorticoid infusions in humanand onlytwo of them have also implementethe
application of appropriate doses that do not exceed physiololyigalhusibleamourts.
The following paragraphsrovide more detailed information about these studiasd will
conclude with possible pitfalls that may compromise the detection of rapid
glucocorticoid mechanisms

In 24 healthy menKuehl and colleague010 investigated the effects of rapid
cortisol action on eyeblink condithing after they had first stabilzedthe basalHPA axis
activity throughmetyrapone (750 mg) ahthen intravenouslyinfused 2 mg of cortisol
(hydrocortisone)Under thesgperfectly) optimized experimental conditiongsiccelerated
learning in a trace eyeink conditioning paradigm occurred within minutgs10 minutes)
after cortisol administration, compared to placebo addition, hese cortisol effects were
only limited to the conditioned eyeblink responses, and there were no significant
differences between the cortisol and placebogroups in any other of the eyeblink
measures(e.g. spontaneous blink rate, alpha responses,-adaptive CRs, or reactivity
during familiarization).Importantly, these resultssuggest thatrapid, non-genomic
glucocorticoid (i.ecortisol) effects can be reliably measured in humanava

Richter and colleagug2011) were the first todemonstrate a rapid< 15 minutes)
but quickly recoveringdisruption of sensorimotor gatingmeasured with prepulse
inhibition of startlein a sample o8B0 healthy nen, after the intravenous infusion of 1 mg
of cortisol (hydrocortisone) The authors argue thahe disruption of prepulse inhibition

suggests a generally diminished capacity for sensorimotor gating, which in turid w
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increase the ability to process threatening startle stimialirthermore, acrucialpractical
implication was made that supports thenportance of theabove mentioned temporal
criteriafrom Makara and Hallg2001) - that is: Therapid norrgenomic cortisol effecand

its rapid recovensuggestghat stress effect®n sensorimotor gating should be evaluated
soon after stress inductioii.e. cortisol infusion)Experimental paradigms that pass a
certain critical window in which the negenomc effect occurs may not reveguch
effects.

Just onestudy, by Lovallo and colleagu€2009, has assessed th effects of
intravenousinfusion of cortisol (10 mg equalsa dose that exceeds th@hysiological
range on hemodynamic changesf the brain yet rapid(i.e. likely non-genomic)cortisol
effects were nofound. Instead,in 21 participants (11 womepndlecreases in the standard
deviations relative to placebo were reported after about 25 minutes, with its maximum at
about 35 minutes, for the hippocampus and the amygdala. These results match
experimenal findngs forgenomic glucocorticoid actionzan Stegeren, 2009but why
were there no rapid effestthat are in line withthe results of thetwo previously
mentioned studies?

The lack brapid cortisol effectan the third presented studysuggests thatan
intravenous infusionomay bea mandatory but notnecessarilya sufficient requirement for
unveiling rapid, nofgenomic glucocorticoid (i.e. cortisa)echanismsn humans.n fact,
the lack of such effects impliesahimportance ofaccuratelycontrolling for confounding
(i.e. error variance inducing) variabjessich as physiologithg plausible infusion doses
the heterogeneityof the sampleAfter all, the particular strengtbf the above mentioned
studies in vitro andwith animal models (that reliably uncovexd non-genomic
glucocorticoid actionsis their ability to precisely control for confounding variabl8sch
strict controls regarding the sam@eseem to have been met by the first twabove
describedstudiesin humans The third study however, used &eterogeneous sample
(age range: 18 55 years; mixed gender; not controlled femokingor time of data
acquisition) anda nonphysiological dose of cortisalhich makest entirely possible that
rapid effectsmayhavegoneundetected.

In summaryiwo recent studies irhumans that applied intravenous infusiovere

able to uncover rapid, negenomic, andstressrelevant effects of cortisol. Due to their



INTRODUCTION AKDBJECTIVES OF THEESIS OBJECTIVI

type andnature, these effects must hawe functional expression in theNS However,a
first imaging study that would have potentially been able to uncover cortisol induced
hemodynamic changes in the brain found no such effe€tere is, therefore, aap
between the theoreticallyimplied functional changesin the brainand the empirical
evidence It seems likely that this discrepancy can be overcome by applying dgreful
designedexperimental procedures (e.g.:ndinishing confounding variableghysiological
infusion doses etc) and appropriate physiological measuremenfs.g.: magnetic

resonance imaging arelectrophysiological measurements

1.2 OBJECTIVE

The ncreasing amount of evidender a rapid, norgenomic mode of neuronal
action raises many new questiotisat Groeneweg and colleagug¢2011) pin pointin
their most recent reviewdWhere in the brain do these rapid effects take place? What are
the functional consequences for cognition and neuroendocrine control? And, importantly,
how are these rapid corticosteroid actions integrated with other poments of the
aiNBaa NBaLRyaSKé

The aim of three independent, placeloontrolled, and doublélinded
intravenous infusion studiefresented in this thesisyas,to determine ifexperimenal
manipulations similar to natally occurring cortisolboosts (4 mg hydrocortisone;
hydrocortisone is the pharmaceutical term for synthetically produced cortisol with equal
binding characteristics; from this point on infusions/interventions with hydrbsone
will be referred to asortiso) may exert measurable, negenomic effects on the human
brain.With this objectivejt was pasible to pursue answers to tlggiestionsabout where
rapid, nongenomic glucocorticoid effects take place, and what the dtianal
consequences of their maanisms might be. Consequentli effect sites for rapid non
genomic effects are identifiedhe involvedreceptors and neuronal pathways responsible
for these effects may be more readigpparent and therefore, testable for future
research.In understanding thé& true attributes,rapid glucocorticoidactionsmay in fact

turn out to be themissing link in thability to more fully understand the normal human
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stress response and eventually its pathological extremes: (pagt-traumatic stress
disorder, or chronic depressive disordgr

The first of the threestudiesthat was particularly aimed to explore if and where
rapid, nonrgenomic cortisol mechanisms can actually be identified using magnet
resonance imaging (MRWill be presentedn Chapter ll The above mentioned work of
Lovallo and colleague009 already suggested that the challenge this may be to
adequately control the experimental setting in order to assure that rapid effects are
indeed tesed under optimal conditions.This includesnot only the application of
intravenous infisions, but also measurements anhomogeneous anditrictly controlled
sample of participats in which any (psychophysiologicatress inducing situatiois to be
avoided. Besides implementing experimental procedutteat would assure an adequate
experimenal setting, Study Jalso used a unique imaging sequence that allowed the
guantification of absolute cerebral blood flow (perfusion) during resting conditidhss
imaging sequence hassuperior spatial localizaim of experimental effects compared to
more commonly used MRlequences.

The secondstudy, presented in Chapter Mias designed to confirm an@plicate
the main findings of t8dy 1 in an independent, but equally well controlled samglae
replication of hemodynamic effectsn Study 2,in a separate group of participants
increases the reliability ofhe resulting interpretations and, therefore, increases its
scientific value.

The third and final studyn this thesis presented in Chapter I\Wyas desigad to
confirm the existence oflucocorticoidinduced and rapid functional correlates the
electroencephalogram (EEGY assessing the spectralyer of spontaneous oscillations
and global markers of signal strength angographicaimap complexityln Sudy 3, ejual
care was taken to assure that the acquisition conditions were optimaluhcovering
electrophysiological aspects of the hemodynamic effects ofitieand secondtudy.

Together, hese studies provide evidence for the existence of rapah-genomic

glucocorticoidactions in the human CNS.

11
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ABSTRACT

The stress hormone cortisol acts on the central nervous system in order to support
adaptation and timeadjusted coping processes$here is only limited knowledge about
rapid, nongenomic cortisol décts onin vivoneuronalactivity in humansTherefore, a
placebacontrolled and doubleblinded study in healthy men(N=26) wasconducted to
test effects of 4 mg cortisol on central nervous system activity, occurring within 15
minutes after intravenous administrationSince neuronal actityi is very energy
consuming and dependent ahe supply of freshly oxygenated blood, the assessment of
cerebral blod flow is well suited to indicate cortisol induced changes of such activity.
Cerebral blood flow was assessed ustogitinuous arterial spin labeling as a magnetic
resonaice imaging sequenceandrapid bilateralperfusion decrementsn the thalamus
and caudate nucleuswvere found Other regions affected by the cortisol infusion were
located in the frontal, occipital, and parietal lob&he observed changes in neuronal
functioning suggedtfor the first time)that cortisd may act on the thalamic relaand that
a physiologically plausible amount of cortisol fonendly affectsperfusion of the human

central nervous systenm vivoby a rapid, norgenomic mechanism.
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2.1 INTRODUCTION

The stress hormone cortisol tscon the human braim order to suppotr adaptation
and timeadjusted coping processés present or anticipated stressarBespite mounting
evidence fromin vitro studies and animal modglthere is only limited knowledge about
rapid, nongenomic cortisol effest onin vivoneuronal activity m humans.Therefore, a
placebacontrolled and doubléblinded study in healthy men (N=26) was conducted to
test effects of 4 mg cortisol oc8NSactivity occurring within 15 minutes after intravenous
administration. Since neuronal activity is very energysconing and dependent on the
supply of freshly oxygenated blood, the assessmerttemhodynamic measurements can
quantify cortisol induced changes in neuronal metabolism.

Investigations ofrapid hemodynamiccortisol effects on theCNS(studies in
rodents andhumans)have so farused blood oxygenation level dependent (BOLD) MRI
sequencege.g.Ferris & Stolberg, 201Qovallo, et al., 2009At least in humans, this has
not led to neuroimaging results for rapid cortisol effects (see Sedtibr2.3in Chapter 1).
BOLDuses deoxyhemoglobiras an endogenaicontrast enhancing agent thaerves as
the source of the MRsignal(Goense & Logothetis, 20LMHowever, differences iMRI
sequenes and measurement parameters are knowninfluence the observed effects.

For example,he overall consensus is thél) gradientecho BOLDas used by.ovallo and
colleagues(2009) represents mostly a venous signal, which becomes more strongly
weighted toward smaller venules and digries as the filel strength increaseg?) spin

echo BOLD (as usedherris and Stolber(2010) represents mostly a capillary signal, the
cerebral blood viume (CBV) signal is thought to represent smaller vessels (arteries and
veins) and capillaries, ar@) the cerebral blood flow (CBF) signal is thought to represent
mostly arterioles and capillarig&oense & Logothetis, 2010

The specificity of the BOLD response to local neural activation depends on the
blood flow regulation that is believetb correspondwith neuronal activationGoense &
Logothetis, 201D The neurovascular response is regulated througloah muscles and
has recently been observed to be mediated by astrocytes (around capillaries), which due
to their key location between vasculature and neurons are believed to contribute to
changes in the CBF, and ultimately the BOLD si@mnse & Logothetis, 20L0The

14
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BOLD signal, howevetamot easily assess slow increasing and long lasting changes in
neuralactivity during repetitive measurements over long periods of ti(de Wang et al.,
2008 and it isinferior in regards to itsfunctional localizationabilities (seesection
2.2.3.7. Such changes, however, are walisessed by measuring cerebral blood flow
(CBF) directly.

The imaging sequencef Study lis therefore aimed at investigating cortisol
related effecs on absalte CBF which alsenables theassesmsent of longer lasting
changes in neural processes, such as may be evoked by preparatory cortisol mediated
coping mechanisms.

Absolute CBRs traditionally acquired utilizingxpensiveand invasive positron
emission tomography (PEWhichislimited in the duration of eacineasurement session
due to the risk of over saturating the tissue with exogenpwgiplied tracer substances.
Therefore CBF measurements in Studyvére implemented usinghe noninvasiveMRI
based continuous arterial spirabdeing (CASL) sequend®Villiams, Detre, Leigh, &
Koretsky, 199Pthat avoidedthe disadvantages of PHiirst and foremost the use fo
ionizing radiatiof Similar to PET, CASL allows the quantification of CBlRysiological
units (m/100gmin) - both at rest as well as during activatiogkection2.2.3.1in this
Chapter will provide more in depth information about the CASL imaging sequence.

It has been reported that in womerCBF in the hippocampus was positwvel
correlated with perceived stress during the task, while it was negatively correlated with
perceived stress in mer(J. Wang et al., 2007 These gender effects of stress
interventions, however, are not yet understood but may originate from differerines
cognitive processing or differences in gender specpitysiological mechanisms.
Therefore, Study Jonly investigated healthy young men in order to avoid unknown
interactions with the menstrual cycle or gender specific stress processing. This also
increased the statistical power compared to a mixed gender study, while keeping the
required number of participants relatively low addition special care was taken (during
a strict screening process) to ensure a homogeneous and healthy sample of patsicipan

and special attention was paid to avoid any (psychological) stress related arousal.
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2.2 METHODS

2.2.1 Participants

Twentysix righthanded healthymen participated(mean age = 25.54 years, SD =
2.94 years) Prior to the MRI measurements, all participants umdent a screening
interview to determine if they were suitable for MR imaging. Informed consent was
obtained for all participants. Exclusion criteria included cerebrovascular or cardiovascular
diseases, psychiatric disorders, medication (including glutooa containing
substances), smoking at any point in life, other than norbwly mass indexBMI), as
well as any acute or chronic diseas€be study waspproved by theesthics committeeof
RhinelandPalatinateand wasin accordance with the ethical glelines of the Declaration

of Helsinki

2.2.2 Experimental pocedure

In Sudy 1, participants were measured once, in a betwaeibjects design and
were randomly assigned to either cortisol (N = 13) or placebo (N = 13) groups.

Participants arrived one hour o to the arrival (10 Min before
= start of experiment)

start of the MRI measurement and were saliva cortisol (SC)

0 -TToTo oo T TTTT
lying down until entering the MRicanner 1 placingintravenous infusion line
. . . 0,25 questionnaires
room to ensure physical relaxation during 0.50 -
waiting. Upon arrival, an additional medical 0,75 1 } word list — syllabel task
exam assured their overall fithess othe 1 8C mmmmmmmmmmmmmm oo

begin of MRI measurement

measuring dayand a flexible IV linavas 1,25 [ |<=—= IV: cortisol/ placebo

placed into their right arm, which remained 1,50 —
syllabeltask during breaks
there until the end of the experimeniThe 1,75 4

one hour long waiting period before the 5 gc - SndofMRImeasurement

otime/h

reduce potential carmpver stress effectsFigure 2.21 Overview of the gener:

start of the experiment was intended t

related to the initial pain induced by experimental procedure of Study
placing the intravenous infusion lin8ubsequentlyparticipants were asked to complete

a number of questionnaires that obtained their general sleeping habits and their current

16
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psychological stateThirty minutes prior to MRI acquisition, all participantsagticed a
word discrimination task to familiarize them for a similar task in the scar@ee hour
after placing the IV line, the participants entered the MB&nnerroom and were
comfortably placedfor the MRimeasurements, and an extensidar the intravenous
infusion linewas attached to enable thintervention from outside the MRdcanner room,
unaware to the participant. MRl measurements lastedbout one hour with four
experimental measurement blockgndepencent variable MEASUREMENT BLQGE)
were intermitted by threeminute long breaks. The infusion afortisol (4mg) or
physiological saline solution (placeb@independent variable INTERVENTIOM)s
administered from outside the scanner room in a doublied fashion during the first
break. Duringthe two remaining breaks, participants were asked to perform the word
discrimination task to keep them engaged in the experiment. The task required
participants to determine ipre-recorded,audibly presented nouns had either one or two
syllables (e.g. twosyllables: "Thema"; one syllable: "Plgnby buttonpresses of their
right or left hand.The nouns were chosen to be nemotional, nonarousing, non
descriptive, low in valence, and low in concreteness in order to avoid emotional arousal
or cognitive ruminations during the CASL measurememarticipants received the pre
recorded nouns through a MRI compatible heads&fier the MRimeasurement was
finished, the participants completed final questionnairegere compenated for their
participation (5@ ,band were informed about whether they had received cortisol or

placebo(see Figure 2.2.1)

2.2.3 MRI measurements

Regional cerebral blood flowGBF was acquiredoy applyingCASILg see Figure
2.22 ¢ which reduces betweersubject variability in activation apfitude, improves
signalto-noise ratio in regions with high static susceptibility gradients, and provides
superior functional localization as compared to BOLD fdRWang, et al., 2008Due to
the short decay rate of the endogenous tracer, CASL measmsmmay be repeated
many times andn short intervals. CASL allows the riomasive quantification of rCBF in
physiological units (ml/100g/min), both at tesas well as during activation.

Reproducibility of CASL results has also been ve(iednes et al., 2007
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2.2.3.1 Advantages of CASL

Absolute cerebral blood flow carebmeasured using magnet resonance imaging
by employing arterial blood water as an endogenous,-immasive blood flow tracer. The
labeling of inflowing arterial blood, known as arterial spin labeling (ASL), is achieved
through radio frequency fdaes Current applications of theASL techniques include
continuous AS(Detre, Leigh, Williams, & Koretsky, 199&hich was used for the present
study, flowsensitive alternating inversion recovery (FAIR)G. Kim, 199&Kwong et al.,
1995, and variousothers(Edelman et al., 1994Vong, Buxton, & Frank, 1998 he radio
frequency pulsegor CASlare applied just below the imaging field of viewO{ - the
labeling planein CASLis located 6 cm belowhe center of the BV. The difference
between succeeding pictures with and withtoa preceding labeling pulsis then used to

quantify the absolute CBF (Figwt2.2).

label picture control picture

2.2s 08s 11s 2.2s 08s 1l1s
label delay  measure no label delay  measure

- quantification -
label minus control

label

. ql control

ml/100g/min

Figure2.2.2 Simplification ofa continuous arterial spin labeling (CASL) dynamic

A CASldynamic is one pair of consecutive volusean acquisitions that consists of ssahat
were acquired after a lzel pulse (label picture) anstans that were acquired after the absen:
of a label pulse (control picture). In the subsequent quantificatédgorithm, the control
pictures are then(among other transformationsyubtracted from the labeling picture. Th
resultis an image that containgist the portion of the MRsignal that can be attributed to the
labeled arterial bloodSince the amount of labeling is known, this image also expresse:
cerebral blood flow inhe absolute physiological unit of ml per 100g of tissue per min

(ml/200g/min).
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Thefirst advantage of the CA$&chniquelies withinthe properties of the labeling
itself. Most of the labeled water molecules extract into the surrounding tissues laad t
remainders of thdabeledmolecules lose most of their label by the time they reach the
draining veingS. G. Kim, Jin, & Fukuda, 2010 fact, the labeling decays (i.e. relaxes)
with the T; of blood andhasa very short halfife. Therefore, CASL measurentge can be
obtainednon-invasivelyover a very long period of tim&ithout saturating thetissue with
any exogenously applied tracing substances (sashadioactive tracerghat have to be
intravenously infusedduring positron emission tomographyhich would compromise

signal quality

GE BOLD CBF

Figure2.2.3 GE BOLD and CBF fMRI maps of a cat brain during visual stimulation overlaid on

anatomical EPI images
Gray matter areas are outlineth green. The highest BOLD signal effeet® obsered at the
surface of the cortein the draining veis, while the highst CBF effectsccur at the middle of the

cortexin the capillariegS. G. Kim, et al., 2010

The seond, and for psychophysiological studies main, advantage of Gatbit
due to the shortidecay of the labelingCBF signals predominantlyiginate from the
capillariesand the arterial vessel@. Kim & Kim, 200%.ee, Silva, & Kim, 200%e et al.,
1997). As a resulttheir spatial specificitys superior comparedot GEBOLD techniques
(Duong, KimUgurbil, & Kim, 2001 For example,ignal changes imore commonly used
BOLD argredominantlylocated at draining veinas Figure2.2.3 illustrates. Perfusion

based fMRI techniqueare more specift to tissus and, therefore, are superior tGE
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BOLD f\RI.In addition, ASL techniqugi® genera) are not as sensitive to baseline signal
drifts, since slow nofactivationrelated signal changes are more easily removed by the
pair-wise subtraction and ASL is also more stable to-flequency stimulationas
compared to BOLD. For that reason, ASL fMRI techniques are the method of choice for
superior functional localizatioduring repetitive measurenents over long periods of time
(S. G. Kim, et al., 2010

The third and most practicahdvantageof CASL sequencesheir ability to obtain
CBF measurements in absolute physiological units (ml/100g/min). Other than BARLD f
sequences, whose particular strength it is to deterniimngh resolutiomneuronal(relative)
signal changes between rapidly alternatingd often externally induced stimuli, CASL
measurements are even meaningful in the absence of such stimuldtiofect, their
particular strength is to determine neuronal activation under resting conditions without
the need for exterally induced (evoked) activitfCASlis able to even detect very slow
signal drifts under resting conditions which cannot be easily aetdieuth BOLD fMRI.

In summary, CASL sequences are the method of choice foevent related
experimental settings in which it is important to precisely localize evenfiequency
changes of neuronal baseline activation. This makes CASL ideal for ésggation of

pharmacological glucocorticoid effects under resting conditions.

2.2.3.2  Acquisition

Imaging was performed on a clinical 1.5T scanner (Intera, Philips Medical Systems,
Best, The Netherlands) with a send/receive qmibvided by the manufacturer. The
imaging sequences and procedurewere conductedas reported by Hermes ad
colleague42009), with the exception of sequence order, scanning tiaed individual M
measurements. Interleaved label and control images were acquired using a-sigle
spinecho EPI sequenc@&hirteen slices covering the whole brain were acquired [FOV =
230 mm, matrix= 64 x 64, slice thickness = 8 mm, 1 mm gap, bandwidth = 78.4 kHz, flip
angle = 90 TR/TE = 4.125/42 ms] and reconstructed to a 2228 matrix The labeling
plane was placed 60mm beneath the center of the imaging slices (labeling duration=2.2s,
labeling amplitude=35mG, labeling gradient=0.25G/cm). The postlabeling delay varied

from 0.8 to 1.8s because each slice was acquired at a slightly different timev&3BF
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measured in four consecutive CASL measurement blocks. Each of the four measuring
blocks consisted of 46 individual CASL acquisitioas dynamics;scan duration: 6:50
minutes - rounded up and referred to as 7:00 minutes from herg and was acquired

while the participants kept their eyes op€see Figure.2.4).

Study 1
CASL CASL CASL CASL

survey scan Baseline Block 1 Block 2 Block 3
| T1 scan | Break | Task | Task |

2:22 13:22 7:00 3:00 7:00 3:00 7:00 3:00 7:00 *

0 -7 min 10 - 17 min 20 - 27 min
post infusion post infusion post infusion

infusion

Figure2.2.4 Order of measurements and duration (in minutesj Study 1

(*) The experimental measurements were succeeded by ambhsurenent (3:25 minutes) and
a T-weighted anatomical measuremen®:64 minutes) to further control for physiological
abnormalities. The time that each participant spent in the-8nner was about 58 minutes in
total. After all MRl measurements were finishediet participants provided their final saliva

samplefor the manipulation check.

In order to familiarize the participant to the scanner environmeni,aveighted
sequence (fast field echo, 160 slices, FO256 x 192 mm matrix = 256 x 256, slice
thickness= 1 mm, TR/TE = 11.9 / 3.3 ms, duration: 13:22 min) was acquired prior to the
CASL measurementafter the CASL measuremenésT-weighted image was acquired in
order to control for neurological abnormalities (scan duration: 2id). After the 3-
weighted image, a series of 46 Nmages were acquired to determine the equilibrium
magnetization (scan duration: 3:28in). The same imaging parameters as in the CASL
sequence (same TR, TE, etc.) were usedthe My, measurements except that the

labelingwascompletely turned off.

2.2.3.3 Data Processing

Offline data processing of CASL andmiages was performed with the Statistical
Parametric Mapping Software (SPM8, Welcome Department of Imaging Neuroscience,
London UK, implemented in MATLAB 2008, The MathWorksNatick, MA, USA), using
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the methods as descrdd by Hermes and colleagué2007) ¢ see Figure 2.5 for an
overview of the processing stegdsirst, the datavaschecked for gross artifacts. Since the
lowest slice showed heavy lemtensity artifacts in all subjects, all voxels in this slice
were set to zero and thereby excluded fromFCguantification. Nextthe label, contral
and My images were motion correetl. During these steps no interpolation was applied
to the data, but a set of parameters was estimatadhich was applied later on. Thehe
parameters for normalization were estimated based on thanage (with the default
bounding box of SPM8) and trdased to the label, contrgland M, images. The
template for normalzation was the MNI 152 participardverage brain (Montreal
Neurological Institute). Then, the Tmage as well as the label, contraind My images
were resampled using a fourth degree-spline interpolation, which applied the
parameters derived from realignment, reorientation, and normalization. The CASL images
were resampled to a voxel size of 1.8x1.8x9mm and thémBges to 1x1x1mm.
Following these stepdabel and nodabel imagesvere separately averagefibr each of
the four CASL acquisition blocks. TheitMages werelsoaveraged separately. The label,
non-label and M, averages were usetd quantify CBF following the quantification model
proposed byAlsop and Detr¢1996):

660 b0 2
) ] oG QF O 0 Yeoo @
0 3 IY VNN o QOF——y—— QN p —y—

where 6 0 ® the cerebrablood flow in ml/100 g/min;0 is the tissue magriezation in
the label pictures_ is thebrain-blood partition coefficient of water which was set @08
for gray matter and 0.82 for white mattdiHerscovitch & Raichle, 198Roberts, Rizi,
Lenkinski, & Leigh, 199@ is the equilibrium magnetization; is the labeling efficiency
6 h T (Fristom, ishburner, et al., 1995Y is the T of brain tissue which was set tb
s for graymatter and 0.6 s fowhite matter;] is the assumedrterial transit time from
the labeling plane to the imagetif A OS &Y is the Wotarteridl bidod (To= 1.4 s);
0 is the postlabeling delayAlsop & Detre, 1996which varies from 0.8 td4.8 s because

each slice is acquired at a slightly differ¢me; “Y; is the T of brain tissue in the
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presance of thelabeling pulse which was s 0.75 s for gray mattefOguz et al., 2003

and 0.45 s for white matteThese parameters are identical to the ones used by Hermes

and colleaguef2007).

For each participant

Structural image

Normalized
structural image

Dichotomous \
gray matter mask

warp segment
\:
For each condition & block Normalized muftfp.';\
CASL images CASL images averaged
CASL image CBF image
| average quatify
Dichotomous CBF images
Segmented ROI masks for ROIs CBF for ROIs
CBF image
B : 56.88
multiply = average 45.89
mI/lOl(.).gjmin
\~ -/

Figure2.2.5 Overview of data processing steps to obtain CBF for individual ROIs

Realigning and ceregistering steps were omittedn this schematic depictionFor each

experimental condition and measement blockper participant,the CBF of 45 ROMasobtained

for each hemispherafter quantificationon the basis of dichotomous gray matter and ROI masks.

After quantification,T; images were segmented and converted into dichotomous

gray matter masksThese gray matter masks were multiplied with the CBF images which

resulted in CBF maps for gray mattéimary ROIgonsisted of regions dhe limbic lobe,

and the subcortical gray because these structures are likelype involved in fast

cognitive stras effects(Dedovic, et al., 2009Sutanto, van Eekelen, Reul, & de Kloet,

1988. However, since glucodicoid binding sites are distributed throughout the entire

brain (Sanchez, Young, Plotsky, & Insel, 2G@2&ondary ROlsonsisted of all regions in
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the frontal, temporal, parietal, and occipital lobe, and central regiérimary and
secondary ROlsogether consisted of45 regions (independent variable REGIOIE}
defined based on published templatéBzouriecMazoyer et al., 2002 and were used to
create dichotomous ROI maskROls were grouped by thesuperordinate lobe or area
locationto classify them according to their anatomical relationshgge MARINAWalter
et al., 2003 toolbox or Appendix A for region labels.Anally, the ROl masks were
multiplied with the gray matter CBF images and the mean rfoBleach hemisphere
(independent variable HEMISPHERERach ROl was calctdd intra-individually (see
Figure 22.5).

In addition, images for the voxblased result presentations were generated by
spatially smoothing the unsegmented CBF images of each acquisition block with a

6x6x12mmdll width at half maximunkernel.

2.2.4 Manipulation checks

Acute HPA axis activity was obtained through threlevassamples per sessida
check if the pharmacological manipulation succeeded. Participants provided their first
sample upon arrival, the second before entering the MRI scanning room, anthitial
after the last MRI sequendgndependent variable TIMEAIl samples were immediately
frozen for biochemical analysiSalivary cortisol was analyzed with an immunoassay with
fluorescence detectionsee Dressendorfer, Kirschbaum, Rohde, Stahl, & Strasburger,
1992. Intra- and interassay variability was less than 10 and 12% respectiapty this

reliability wassuited for further statistical analyses

2.2.5 Statistical analyses

2.2.5.1 Manipulation check
For $udy 1, the pharmacological manipulation was assessedawviaanalys of
variarce (ANOVA) with the variables INTERVENTdGisol, placeboand measurement

TIME(arrival, before MRI, after MRI) amixed betweenrsubject factorial design
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2.2.5.2 ROl analyses

A ROI based approach decreased the likelihood of-fadséive results during the
brain wide result exploration.

Study lassessed individual rCBF averages of each ROI by perfokmahgses of
CovarianceANCQOVA in order to avoid multiple-tests between the ROIs, control for the
compounding error rates, and increase the statistical power of the analBassline rCBF
(-7 to 0 min before cortisol infusionjvere intra-individually subtracted from the
remaining three CASL measurement bloakslbtain the absolute change of rCBF relative
to baseline of each ROI. This accounted for naturally occurring personal baseline
differences béween participants which, in Study, reached from 61.12 to 91.44
ml/100g/min in global gray matter CBF. Baseloerected rCBF values were used for all
further ANOCOVA.

A separate AROVA was performed for each anatomical lobe or area otainget
and exploratory ROls,entering the factors INTERVENTIO(Mortisol, placebq)
MEASUREMENT BLO@OK 7 min, 10- 17 min, 20 - 27 min post infusion), REGION
(according to ROIs), and HEMISPHE&E right). This led to two AROVAs for thearget
ROIglimbic lobe with 7ROls, and subcortical gray with 6 ROIs), and five ANCOVAs for the
exploratory ROIfrontal lobe with 13 egions; central region with 3 regions; occipital lobe
with 7 regions; parietal lobe with 5 regions; and temporal lobe with 4 regidnsll
ANQOVAs a Huyntieldt correction of the degrees of freedom was performed whenever
appropriate Significant effectg¢alpha < 0.05) were further analyzed usibgnn's Multiple
Comparison Procedur@unn, 196) asposthoc analyseandi KS ONA G A OF f RA 7
for p < .05,p < .01, and the number of comparisor§ @re stated.For the interaction,
INTERVENTION x MEASUREMENT BLE&HONROr example three comparisonsper
ROlwere observednamely the difference between cortisol and placebo inttiree post
intervention CASL measurement blocR$ie number of comparisons (C) for testing a
significant effect in the ABDVA of the subcortal gray ROIs would then de (3 CASL
measurement blocks * 6 ROIZIl the ANCOVA analyses contained the individual CASL
baseline perfusion of the gray matter CBF images as a covariate in order to reduce
unexplained statistical variandee. error variage) thatcan be attributed to differences

in baseline perfusion.
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The presentation of results will be limited to significant (p < .05) intervention
related effects only an@ccording degrees of freedom {gfs;; dferror), andthe effect size
measurepartial ' > (Cohen, 198Bare reported.All statistical analyses were performed
with SPSS for Windows (Version 17, SPSS Inc.).

2.2.5.3 Voxel based analyses

A voxelbased analysis was set igr the primary ROIlsvithin the framework of
the general linear modgFriston, Holmes, et al., 1995wvhich isemployedin SPM8. The
voxel based analysis much less sensitive to statistical effects than the ROI analyses, yet
it is used to only visualize the localization of the effects of than ROI analyses
Therefore, it is not meant to substitute ROI analyses, but it is to compliment the
visualization of its results. Thheasoning for this visualizatiae the theoretical possibility
that an effectthat is located on the border dfvo neighbouringROIss cut in half during
the ROI definition procedure. The effect can then either (1) Itsspower and noshow
up statstically (a statistical dilution or on the contrary (2t might be strong enough to
induce a statistical effect intol{e border region of) a R@thich in realityharbours no
effect at all(a statistical wasin). Case®f split effects(washin) would be more difficult
to interpret but they are possible and need to be explored and excluded as possible
sources for fals@ositive ROI effects.

The mean (unsegmented and smoothed) CBF images @maptoyed in random
effectsfull factorial models. &tistical parametric maps (SPMsgre calculatedfor CBF
changesfor the interaction INTERVENTION MEASUREMENT BLOCTKe interactbn
contrasts were set up to account for interdividual differences in the CASL baseline by
subtracting the betweergroup baseline effect from théhree postintervention CASL
measurement blocksThe significance threshiblwas set toP<0.01 (uncorrected)at the
voxel leveln order to visualize and confirm the location of all results of the ROI analyses
To minimizethe contribution of extracerebral voxelsan absolute CBF threshold of

5ml/100g/min was employed
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2.3 RESULS

2.3.1 Manipulation check

The cortisbintervention was succesdfin all participantgRy 4= 5.066, p = .015,
'Zpart = .174) with signifiaat salivary cortisol increaseslirectly after the MRI
measurements in the cortisol but not in the placebo group (significant increases, f

cortisol condition 2.6 nmol/).

2.3.2 Primary ROIls

Cortisol infusion significantly effectedCBF in regions of the subcortical gray,
which is expressed in a significant three waneraction between INTERVENTION,
MEASUREMENT BLOCK, and REGMable 2.1). t 234G K20 Ik {7@aSa

Figure2.3.1 Cortisol induced rCBF changéstudy 1)

Left: Locally distinct bilateral perfusion decrements in the thalarmang caudate nucleus (baselin
corrected), after the intravenous infusion of cortisol (4 mRRight: Bilaterally averaged rCBF fc
significant ROI comparisons for all pasiusion measurement block®5% confidence interva
(Cl)) The cortisol induced ptrsion decrease is significant in tifiest measurement block after
glucocorticoidinfusion (0¢ 7 minutes) for the thalamus and caudate nucleus. The effect rem
significant during the second pestfusion measurement block (107 minutes) in thalamusut

returns back to baselinfor both ROIs$n the third block (227 minutes).
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