The effects of melatonin on the
performance and brain activation of
desynchronized people performing the
emotional Stroop task

Samantha Leung



Overall PrelPost Means

I I

No. of Errors

Pre Face RTs Post Face RTs Pre “ord RTs Post \Word RTs Pre Face Emrors Post Face Errors Pre YWord Errors Post \Word Errors
Trial Types

Overall mean reaction times (RTs; grey bars) and errors (white bars) from subjects
performing the emotional Stroop task. All subjects reported here took part in the
melatonin treatment, and their baseline and experimental condition performances are
shown for each instruction set (face and word). The error bars signify the standard error

of mean (SEM).
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Histograms of subjects’ wake (left panels) and sleep (right panels) times during the baseline
period (top panels) and the experimental conditions (bottom panels). Numbers on the x-axes
represent times relative to dim-light melatonin onset (DLMO = 0). All reported subjects took
part in the melatonin treatment. Paired t tests revealed a significant statistical difference
between baseline and experimental condition sleep times (p < 0.05), and a trend towards
significance for the baseline and experimental condition wake times (p = 0.07).
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Histograms of subjects’ quality of sleep ratings on the 8 days before (top panel) and during
the 8 days of (bottom panel) the experimental condition. Numbers on the x-axes represent
subjects’ reported ratings of their quality of sleep, with the scale as follows: 1 = very poor, 2
= poor, 3 = average, 4 = good, 5 = excellent. Numbers on the y-axes represent frequencies of
occurrence. Paired t tests revealed a significant statistical difference between baseline and
experimental condition sleep quality ratings (p < 0.005).
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Tract-based spatial statistics (TBSS) images from 3 subjects’ mean diffusivity (MD) data
for the baseline > experimental contrast. The green tracts represent the mean
skeletonized FA data, while the yellow and red tracts represent voxels that resulted in
significantly different MD values at a confidence interval of 95%. The experimental >
baseline condition did not result in any significant data. MD values were extracted from
the voxels within the inferior frontal gyrus (IFG), as outlined by the blue box. The graph
represents the significant changes in MD values in the IFG from scan 1 (baseline) to scan
2 (experimental); p < 0.005



Structural Imaging of Thalamic Nuclei in Migraineurs
a Proton Density Imaging Study
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Volumetric Analysis of the Thalamus, Lateral Geniculate and
Thalamic Reticular Nuclei in Migraineurs




Volumetric Analysis of the Thalamus, Lateral Geniculate and
Thalamic Reticular Nuclei in Migraineurs




LGN and TRN

LGN has an approximate width of 4-6 mm (Andrews, Halpern,
& Purves, 1997) and similar height (Gupta et al., 2009),

The TRN is a sheet-like layer of neurons ~ 1 mm thick (Morel,
Magnin, & Jeanmonod, 1997);
It surrounds the lateral aspect of the thalamus

TRN’s axons do not project to the cerebral cortex but rather
to other thalamic nuclei

Corticothalamic projections pass through the TRN

This connectivity coupled with the GABAergic (inhibitory) nature
of the TRN neurons is suggestive of this nucleus’s regulatory role




General Background

The main subtypes for migraine are migraine without aura (MH-)
and migraine with aura (MH+),

The latter occurs in about 1/37 of migraineurs (Stewart, Linet,
Celentano, Van Natta, & Ziegler, 1991)

12t most disabling disorder for women and 19t for men

The prevalence of silent or cryptogenic stroke is higher in
migraineurs than HCs (Kruit et al., 2004; Kruit et al., 2005)

Migraine is a recognized risk factor for ischemic stroke in young
women (Chang, Donaghy & Poulter, 1999; Kurth et al., 2006)

Implicates an ischemic rather than neurogenic trigger of migraine

However, outside the clinical context, research does not support a
PE ischemic trigger of migraine (Dowson et al., 2008).

Other pathologies have shown alterations of the thalamus
(Schizophrenia) and LGN (glaucoma, amblyopia)




Literature review

* Migraine interictal data
Morphometric trends

Altered diffusional connectivity in visual motion and pain related

tracts (DaSilva et al., 2007a; Granziera et al., 2006; Rocca et al., 2008;
Schmitz et al., 2008)

increased cortical thickness
* Visual motion processing (Granziera et al., 2006; Messina et al., 2013)

* Somatosensory (DaSilva et al., 2007b; Maleki et al., 2012) areas

Reduced cortical thickness in pain processing areas (Kim et al., 2008;
Messina et al., 2013; Rocca et al., 2006b; Valifre et al., 2008)

An absence of V3A and somatosensory cortex alteration has been
reported in migraineurs

* (Datta, Detre, Aguirre & Cucchiara, 2011)




Possible causes

* Structural alterations were interpreted as stemming from
Ischemia (Rocca et al., 2006a; Kim et al., 2008)

Congenital CNS disorder (Granziera et al., 2006; Kim et al., 2008;
Messina et al., 2013; Rocca et al., 2008)

Frequency of attacks and disease duration (Maleki et al., 2011;
Maleki et al., 2012; Schmitz et al., 2008;Valfre et al., 2008)

Age (Rocca et al., 2006a; Valfre et al., 2008).




Hypothesis

* Proton density (PD) weighted imaging and volumetric analysis

There will be thalamic structural alterations in migraine patients
relative to age-matched healthy controls (HCs

Overall altered thalamus volume as well as alterations in specific
thalamic nuclei:

Volume alteration is expected in
* Lateral geniculate nucleus (LGN)
* Altered thickness is expected in the thalamic reticular nucleus (TRN)




Method

* PD imaging

* Long duration TR and short TE will be used to minimize T, weighting
making proton density the main tissue contrast source

A fast spin echo protocol will be used to acquire coronal 1 mm thick
slices with the following parameters: TR= 3000 ms, TE = 22 ms,
matrix resolution of 256 x 256, acquisition time 1:29, field of view
(FOV) 192 mm, orientation C > T4.6 > S3.7, flip angle 120°.

* For each participant 5 to 8 scans will be acquired, averaged and
reoriented to heighted the signal to noise ratio (SNR).

Each scan will take approximately 9 minutes and total PD scanning
time will run between 45 and 72 minute

* For all participants, thalamus and LGN volume and TRN thickness
will be calculated from the voxel count of 3D masks of the latter
structures using R, version 3.0.1 GUI 1.61 (R Core Team, 2013,
http://www.R-project.org/).




Expected results

* Exploratory research
Liberal significance level of 0.10 will adopted
With 24 participants, and at a significance level of 0.10
Expected power of .80 with a medium effect size

Mean values for all migraine participants and HCs will be
calculated

mean values for subtypes (MH+ and MH-) and HCs

If the data are normal, one-way ANOVA (Welch’s F) will be used
to compare the means of MH+, MH- and HCs groups

In the event of non-normal data, a robust version of ANOVA
(Wilcox, 2005) will be used for group mean comparisons.

False discovery rate (Benjamini & Hochberg, 1995) will be used
for post hoc multiple comparison analysis.

Effect size will be calculated using omega squared (w?)




Subsequent research

* Planned subsequent study
Using data from the same participants (DTI)

VPM nucleus will be localized by its diffusion-weighted
connectivity profile (Behrens, 2007)

Migraineur and HCs VPM volume will be compared

FA analysis will be conducted for the input and output tracts of
VPM (trigeminothalamic and thalamocortical)
LGN (retinal ganglion and optic radiations).

FA values of the TRN input tract (corticothalamic) will also be
analyzed

The results should corroborate the findings of the current study




THE EFFECTS OF ATTENTION ON
MULTISENSORY PROCESSING:
COMPARING EXPERTS VS. NON-
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Research Questions

Question #1

How might modality specific attentional tasks modulate how both
unisensory and multisensory stimuli are processed?

Question #2

During focused attention, which modality (auditory or visual) will have a
greater effect modulating processing.

Question #3

How does specialized experience with certain complex multisensory stimuli
(music) effect how and where they are processed?

Question #4

How are the effects of the modality specific attentional task mediated by
specialized experience with certain complex multisensory stimuli?

Question #5

How might this experience effect ones performance on a modality specific
cognitive task? <Behaviour>




Research Questions

Hypothesis #1

Modality specific attentional tasks will increase neural activity in response to stimuli
of similar modalities, as well as related multimodal stimuli.

Hypothesis #2

Both visual and auditory tasks will result in enhanced signal, however the visual
attention task should produce greater effects, as it is a more salient stimuli.

Hypothesis #3

There will be less activation in areas involved in multisensory integration in experts
when compared to non-experts

Hypothesis #4

Experts will show greater increases in activity in multisensory processing areas when
both unisensory and multisensory stimuli are paired with their corresponding
attentional tasks. (i.e., Visual with visual task...etc.)

Hypothesis #5

Given their [audiovisual] exposure to performed music, experts will outperform non-
experts on the cognitive tasks.
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Research Design

e 4 vignettes (clips) - 6 seconds each
* Different original music in each clip
* The multimodal audio/visual vignette, were also

segregated into both audio only and video only
clips.

Vignette #1 Vignette #2

) ",\’;
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Research Design

* Auditory Task:

* Atarget tone is played during the
fixation period before the first
block of each vignette.

Fixation Stimulus Presentation

 Subjects will be asked to respond
when they hear the target tone.

* Visual Task | ,; Ezeé;rt]hn?
* Atarget position is described , - | | the

. . . . | | musician

during the fixation period before (41 .

the first block of each vignette . ) M certain spot

e Subjects will be asked to respond
when they see the musician
touch the target position.




Research Design

Each participant will undergo 14 functional scans

e 7 conditions — each repeated twice

e 232 seconds per run

* =54 minutes of functional scan time per participant

7 conditions ( / Experimental )

4. Auditory stimulus only with auditory task

Visual stimulus only with visual task

6. Auditory / visual together with auditory
task

7. Auditory / visual together with visual
task

v




Paula’s Update

« Submitted EBA manuscript to Cerebral Cortex!
— Thanks to all lab members for your valued feedback!

¥ DiNoto et al._2013_EBA_CerCor-2013-01053.pdf
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Paula’s Update
We found extrastriate body area activity

 Greatest when all subjects a video of a ballet dance

 Increased in right hemisphere at 34 weeks compared to all
previous scans, and from 4 to 34 weeks in left hemisphere
during of a newly learned ballet sequence

e Significantly activated during of the right foot in
control subjects only




Paula’s Update
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Implications:
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Paula’s Update

Next steps:

Initial learning Learning 2 (watch clip 5x
(watch clip 10x, n=7) [15x total], n=7)

1. EEG study launched on URPP e
—  Continue testing motor learning and ( .

o ———
Learning 3 (watch clip 5x Learning 4 (watch clip 5x
[20x total], n=3) [25x total], n=1)

visualization experiment
Alpha and beta activation

. Motor learning through observation
KMI during eyes open vs closed

&. Finalizing manuscript from McGregor
Lab EEG study

—  Methods write-up in progress L
—  Submission to Social Neuroscience journal by _ “
January 2014

KMI Visualization, eyes KMI Visualization, eyes
open (n=7) closed (n=7)

3. Finalizing dissertation proposal
— Introduction , Research Questions,

Alpha Power During Kinesthetic Motor Imagery:
Eyes Open vs Eyes Closed (n=6)

Hypotheses and Methods for Project #1 co. T7anaP7 (ef hemisphere) when
(EBA) a,Ild #2 (EEG) S 50 visualizing 'v\gllgscc)ées open and T

OKMI EO




DANCE FOR PD: SHORT AND
LONG TERM CHANGES IN
RESTING EEG

GABRIELLA LEVKOV




RESEARCH
QUESTION(S)

1. Will changes in resting EEG occur after a single dance
class?

2. Will changes in resting EEG occur after 6-12 dance
classes?

3. How do these changes correlate with overt behavioral
changes, such as balance? (Far stretch)




HYPOTHESES

Changes in resting EEG will parallel...
1. Comparisons to age-matched controls

2. Comparisons to changes observed in ON/OFF levodopa
studies




METHODS

- Subjects will be asked to keep their eyes closed while
seating comfortably (chin rest optional)

- Resting EEG will be recorded for 5 minutes (Moazami-
Goudarzi et al. 2008; Babiloni et al. 2011)

- Recordings will take place at two instances

- Before and after a SINGLE dance class
- Before and after 6-12 weeks of dance




Functional Connectivity fMRI and
PLS : Continuing Work at Baycrest

JoeLab — Paul Dhami




Resting State / Task fMRI
Work

*Focused on Dancers 2 Cohort data

*Have looked at functional
connectivity in both resting state
and task related designs

16+

*Have also looked at seed regions
of interest (SMA and Auditory
primarily) in resting state and task
runs




Current Goals for PLS

« Work backwards...

3:

Looking at

1: o

Data :
Running PLS Results

Preprocessing




General Steps from Beginning to End
for PLS

« Chapter 1: Data Preprocessing
= 1.1 Reformat the directory structure
= 1.2 Data Reconstruction (York Scanner)
Data Reconstruction
Checking Your Data
= 1.3 Motion Correction

Slice Timing Correction — AFNI and FSL

Rigid Motion Correction
s 1.4 ICA Denoising
Running FSL MELODIC from the command line
Using SelectIca2 to select components to remove
Guidelines for rejecting ICA components
Regressing rejected components out of the signal
s 1.5 Despike the Data
« Chapter 2: Resting State Analysis with PLS )
s 2.1 Getting the Data Ready for PLS
= 2.2 Formatting Session and Datamat Files
= 2.3 Running Mean-centered (Task) PLS
o 2.431 Running a Seed PLS — PLS
« Chapter 3: Results
= 3.1 Results: Mean-Centered PLS Rest Data
= 3.2 Results: Mean-Centered PLS Visualize _
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Current Goals

- Figure out how to load anatomical images
behind the functional images in PLS...

» Get Dancers 1 Cohort Data onto Baycrest
Servers...

- Continue going through AFNI and batch scripts
provided

- Start going through preprocessing



