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ABSTRACT 
 

Aﾉ┣ｴWｷﾏWヴげゲ SｷゲW;ゲW (AD) is the most common form of dementia characterized by a gradual 

loss in memory, reasoning and orientation. Currently clinical diagnosis of AD required 

documentation of progressive decline in memory by means of longitudinal clinical examinations 

and neuropsychologic tests. Unfortunately, due to clinical criteria, these tests are less than 70% 

accurate when diagnosing AD. Traditionally diagnosed postmortem by the observation of amyloid-

beta (A) deposits in the brain. Cleavage of the amyloid precursor protein (APP) by - and -

secretase results in plaque deposition, however mutations in presenilin1 (PS1) is known to affect 

this function, accelerating the rate at which the plaques are generated. A subgroup of cases has 

been termed familial AD (FAD) since they have been attributed to a genetic defect mapped to 

chromosome 21 by genetic linkage analysis. Despite the early onset seen in FAD patients, the 

pathology and symptoms have been found to be similar to that of the non-inherited form. This 

project utilizes the 5xFAD APP/PS1 double transgenic mouse model since it is known to have an 

aggressive and rapid plaque deposition, starting at around 2-months. Since this model does not 

show to have any significant tau pathology, it is representative of an amyloid-predominant model. 

In order to observe changes in plaque density and overall brain volume, 3D gradient-recalled echo 

fast low angle shot (GRE FLASH), more specifically gradient echo Fourier imaging tomography 

(GEFI-TOMO) were acquired. Scans acquired with a spatial resolution of 50-m were acquired at 

two different magnetic field strengths of 11.75-T (500-MHz) and 21.1-T (900-MHz) at two different 

echo times (TE). Scans acquired with a spatial resolution of 25-m were only acquired at 21.1-T. 

All scans were acquired at two different echo times (TE) of 7.5 and 15-ms. It was found that the 

optimal scan parameters when trying to best compromise when trying to optimize the SNR and 

spatial resolution for plaque visualization. Due to the presumed presence of iron in the plaques, 

susceptibility-weighted images (SWI) were acquired in order to try and exploit susceptibility 

differences in tissue. T2
* values were estimated and showed a decrease when comparing 1- to 6-

month samples due to iron causing changes in plaque voxel contrast. This decrease is assumed to 

be caused by the increased presence of plaques, however the TE times observed were not able to 

quantify these values by means of T2
* mapping. More echo times would need to be evaluated in 

order to better fit the data to an exponential curve. 
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INTRODUCTION 
 

Aﾉ┣ｴWｷﾏWヴげゲ DｷゲW;ゲW 

 

Aﾉ┣ｴWｷﾏWヴげゲ DｷゲW;ゲW ふADぶ ｷゲ デｴW ﾏﾗゲデ Iﾗﾏﾏﾗﾐ aﾗヴﾏ ﾗa SWﾏWﾐデｷ;く Iデ ｷゲ ;ﾐ ｷﾐI┌ヴ;HﾉW ;ﾐS 

irreversible progressive neurodegenerative disorder accompanied by the death of a large number 

of neurons in several brain regions and a decrease in overall brain volume.  It is characterized by 

the gradual loss of memory, reasoning and orientation. Neuroimaging studies of AD patients 

demonstrate significant abnormalities in brain structure and function, such as alterations in 

synaptic functions, hippocampal dystrophy and loss of connectivity (Kesler, Acton, Rao, & Ray, 

2018). These observed abnormalities were found to be abundant in the frontal and temporal 

regions, stimulating interests to become more focused on the hippocampus and prefrontal cortex. 

A hallmark of AD, discovered only by neuropathological examination of brain tissue postmortem, 

is the deposition of Amyloid-Beta (A) plaques and tangles of tau proteins. When observing the 

degree of intellectual impairment in patients, there appears to be a correlation with the deposition 

density of A in the cortex (Struble, Ala, Patrylo, Brewer, & Yan, 2010). Development of A plaques 

and tangles has been related to brain inflammation and restriction of blood flow to the brain, 

which is known to promote disease pathogenesis (Zenaro, Piacentino, & Constantin, 2017). It is 

known that, neuronal loss in AD proceeds along two different pathways. One way is by the 

continuous development of dense plaques outside the neuron while the other occurs inside the 

neuron and is associated with the neurofibrillary tangles (NFTs) (Norfray & Provenzale, 2004). The 

neurodegenerative processes involved with AD are believed to be driven synergistically by these 

plaques and tangles. 
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Plaque Pathology 

 

Amyloid plaques do not have a discrete tertiary structure but rather tend to fold into 

multiple different complex structures (Asharf, et al., 2014).  The dense -sheets are created by the 

IﾗﾐｪヴWｪ;デｷﾗﾐ ﾗa ﾐW┌ヴﾗﾐ;ﾉ ヮヴﾗデWｷﾐ ;ﾐS I;ヴHﾗｴ┞Sヴ;デWゲ ｷﾐ ; ヮヴﾗIWゲゲ デWヴﾏWS さ;ﾏ┞ﾉﾗｷS I;ゲI;SWざく TｴW 

aggregation of these proteins and carbohydrates into these -sheets produces senile (neuritic or 

dystrophic) plaques, the hallmark of AD. In response to amyloid formation, microglia attack the 

SWﾐゲW IﾗヴW ﾗa デｴW ｷﾐゲﾗﾉ┌HﾉW ;ﾏ┞ﾉﾗｷS ｷﾐｷデｷ;デｷﾐｪ ; ゲWIﾗﾐS I;ゲI;SW WaaWIデ ﾆﾐﾗ┘ﾐ ;ゲ デｴW さｷﾐaﾉ;ﾏﾏ;デﾗヴ┞ 

I;ゲI;SWざく TｴW ﾏｷIヴﾗｪﾉｷ; ゲデｷﾏ┌ﾉ;デW ;ゲデヴﾗI┞デWゲ デﾗ ｪWﾐWヴ;デW ; ｪﾉｷ;ﾉ ゲI;ヴ デｴ;デ WﾐIｷヴIﾉWゲ デｴW ;ﾏ┞ﾉﾗｷS ;ﾐd 

embeds both the intact and the lysed axons and dendrites. The activated astrocytes release 

growth factors that promote clonal expansion of microglia, further increasing the cellular 

inflammatory response. This plaque development occurring outside the neuron, with the activated 

microglia and astrocytes, is considered to be the extracellular pathway associated with neuronal 

loss in AD (Norfray & Provenzale, 2004).   

Senile plaques contain other proteins such as tau, amyloid precursor protein (APP) and 

ubiquitin. However, for the purpose of this study we are mainly concerned with physiological 

changes due to APP.  The cross-sectional area of these plaques has been found to vary anywhere 

from 10 to 120-m and typically consist of 40- and 42-mer peptides (Ax-40 and Ax-42) (Su, 

Cummings, & Cotman, 1996) (Norfray & Provenzale, 2004). In other words, there are 40 or 42 

residues present on the peptide. The longer forms of Aare more hydrophobic and fibrillogenic 

and are the principle species deposited in the brain. Due to the belief that the aggregation of these 

peptides is closely related to the pathogenesis of AD, structural analysis of these specific plaques 
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has been performed (Irie, et al., 2005). From these studies, it was found that Ax-42 has more of an 

effect on the pathogenesis of AD due to its aggregative ability and neurotoxicity being considered 

more prevalent than that of the Ax-40.  

It has been suggested that the intrinsic contrast of these plaques is due to accumulation of 

iron, which is known to reduce both T2 and T2
* in and near the plaque resulting in a hypointense 

region [Chamberline]. Naturally occurring iron in the plaques should cause a phase shift in the 

respective voxel and could cause an increase in contrast when utilizing susceptibility-weighted 

images (SWI). SWI is an MR imaging technique that is highly sensitive to iron storage. Acquiring 

images by use of gradient recalled echo (GRE) pulse sequence, susceptibility difference between 

tissues can be exploited. When performed at high magnetic fields, allows for shorter echo times 

(TE) without a loss of contrast while also reducing scan time and motions of present artifacts. This 

is due to the linearly proportional relationship seen between contrast of the phase image to the 

TE time. By acquiring scans at two different TE times, or dual echo sequencing, T2
*-weighted 

images can be obtained without an increase in acquisition time.  

T2
*-weighted images rely upon the local dephasing on spins from the transverse energy 

pulse. Since the apparent transverse (T2
*) relaxation time are sensitive to changes in the 

biophysical environment of water in MR images, the presence of these amyloid plaques would 

have an impact on these transverse measurements. By variations in the TE time, the time between 

the delivery of the RF pulse to the receipt of the echo signal is also varied, providing differences in 

image contrast. When TE is increased, there is a loss in signal due to a decay in the transverse 

magnetization.  
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Neurofibrillary Tangles (NFTs) 

 

NFTs consist of large non-membranous bundles of abnormal fibers present in the perikarya 

or the apical dendrites (Holtzman, John, & Goate, 2011). By use of electron microscopy, it was 

found that NFTs are produced by the hyperphosphorylation of single tau protein filaments into 

paired helical filaments (PHFs). Tau is a normal protein that is specific to axons and functions in 

intracellular transport and movement of synaptic vessels (Norfray & Provenzale, 2004). These 

proteins have been found to be predominately expressed in neurons in the central nervous system 

(CNS) and can be identified in the fragmented axons and dendrites at the periphery of the senile 

plaques. They communicate with tubulin in order to formulate and stabilize microtubules. In AD 

brains, it has been found that the phosphorylation level is 3 to 4 folds higher than that of the 

normal brain, which contain 2 to 3 moles of phosphate per mole tau (Gong & Iqbal, 2008). 

Hyperphosphorylation of tau negatively impacts their biological function and pathological role.  

Phosphorylation at the proline-rich region, located upstream from the microtubule binding 

domain, has been found to transform tau into an inhibitory molecule on microtubule formation 

(Gong & Iqbal, 2008). Further phosphorylation at this site, promotes self-aggregation into PHFs. 

Phosphorylation at the C-terminal tail region, the end of an amino acid, increases this activity as 

well as self-aggregation. When observing phosphorylation at both of these regions, tau activity at 

the microtubule binding domain was nearly diminished, disrupting the microtubules. This 

impedance on the intraneuronal transport accelerates neuronal death, introducing the 

intracellular pathway for neuronal loss associated with AD (Norfray & Provenzale, 2004). NFTs 

have shown to give substantial correlations with clinical and cognitive stages in AD patients in 

comparisons to the senile plaques. Therefore, even though they are considered to not be as 
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important as amyloid pathology, they are widely used for postmortem staging of AD (Braak & 

Braak, 1991).  

Amyloid Precursor Proteins (APPs) 

 

APPs are complicated proteins with many functions. They can be found throughout the 

body, on the surface of cells. Similar to most other membrane-tethered proteins, it is difficult to 

study APPs as a whole since it contains of several domains connected by flexible linkers. Isolation 

of the defective gene associated with genetic AD, on chromosome 21, defined APPs to be a single 

transmembrane glycoprotein and is unique to the A sequence (Kang, et al., 1987) (Tanzi, et al., 

1987). They are expressed at high levels in the brain and metabolized in a rapid and highly complex 

fashion by a series of sequential proteases (O'Brien & Wong, 2011). There are several secretase 

enzymes that separate APP into its components. Of these enzymes, -secretase, cuts inside the 

A domain thus impeding A-peptide production. However, - and -secretase, as well as APPs, 

are key players in the production of A (Epis & et al., . First -secretase cleaves APP to 

release a large secreted derivative, sAPP, leaving a fragment of 99 membrane bound amino acids 

(Paul & Harry, 2010). These amino acids are then rapidly cleaved by -secretase, producing A. 

Due to their essential roles in the generation of A, both  and -secretase are considered prime 

targets for the development of anti-AD pharmaceuticals. 

Recent studies have shown that APPs have a neuroprotective action in cultured rat 

hippocampal and septal neurons and in human cortical neurons (Mattson, 1994).  In both human 

and rodents, it was found that APP expression is highest in the cortex, hippocampus, and 

cerebellum (Sola, Mengod, Probst, & Palacios, 1993). Additionally, they have been found in nerve 

terminals, dendrites and synapses (Koo, et al., 1990). Although the physiological role is still 
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undetermined, it has been suggested that APPs are involved in cell adhesion, neurite growth, 

synaptogenesis, neuronal transport of proteins, transmembrane signal transduction and calcium 

metabolism (Zheng & Koo, 2011). Glutamate, a major excitatory neurotransmitter in the 

mammalian brain, is an important factor in regulating neurite growth and synaptogenesis during 

development. In cultured embryonic hippocampal pyramidal neurons, glutamate inhibited 

dendrite out growth by increasing intracellular-free calcium [Ca2+]i  levels (Mattson, 1994). 

Conversely, APPs cause a rapid and prolonged reduction in [Ca2+]i, which typically mediates 

hypoglycemic damage. More specifically, APPs695 and APPs751 have been shown to protect 

neurons from glutamate neurotoxicity, causing an increase in the excitotoxic threshold and 

counteracting glutamates inhibiting effect. However, due to the presence of antibodies, this 

neuroprotection was diminished.  Overall, neuronal degeneration of AD has been associated with 

compromising the normal function of these APPs and further promoting the deposition of A 

plaques.  

Mouse Model 

 

Even though the causation of this disease remains unknown for the majority of AD patients, 

a subgroup of cases has been termed familial AD (FAD), as they have been attributed to a genetic 

defect mapped to chromosome 21 by genetic linkage analysis and is the rarest form of AD (Tanzi, 

et al., 1987). Despite the earlier onset of FAD, the pathology and symptoms appear to be similar 

to that of the non-inherited form of AD. Our lab is currently utilizing the five-familial AD (5xFAD) 

double transgenic APP/PS1 mouse model. The presenilin1 (PS1) mutation is the most common 

cause of FAD. This mutation can alter the activity of -secretase on the cleavage of the -APP, in 

turn causing increased A production (Li, et al., 2016). This model expresses five AD mutations, 
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disposing them to early-onset cognitive and memory impairments resulting from accelerated A 

plaque accumulation and increased Ax-42 production relative to Ax-40 production (Oakley, et al., 

2006).  This increase in plaque deposition has been associated with an early onset, around 2 

months, reaching a significantly large burden, especially in the subiculum and deep cortical layers. 

This model was generated by introducing APP Swedish, Florida and London mutations into 

APPs695 and PS1 cDNAs via site-directed mutagenesis. This model showed to have stable 

transmission and expression of both APP and PS1 transgenes over generations, demonstrating 

that the 5xFAD mice breed as single transgenics (Oakley, et al., 2006).  

Observations made of the 5xFAD mice revealed that this model displays a sex-based effect. 

That is, when performing a stress test, the female mice exhibited a significantly higher plaque 

burden in the hippocampus that was not seen in the male mice (Devi, Alldred, Ginsberg, & Ohno, 

2010). Aside from the sex-based effect, there also appeared to be an age-dependent synaptic 

degeneration indicated by the reduction of synaptic markers (Oakley, et al., 2006). Before plaque 

deposition, it was observed that there was a colocalization of  site APP-cleaving enzymes and A 

to swollen presynaptic terminals and fine axonal processes. These structures undergo a 

continuous process of sprouting, swelling and dystrophy that lead to the development and 

deposition of extracellular A (Zhang, et al.). A IﾗﾐゲWケ┌WﾐIW ﾗa デｴW ﾏﾗSWﾉげゲ W┝デWﾐゲｷ┗W ヮ;デｴﾗﾉﾗｪ┞ ｷゲ 

the development of different behavioral impairments. Additionally, the 5xFAD transgenic mouse 

does not show significant tau pathology since the model lacks NFTs formation and is therefore 

representative of an amyloid-predominant model. Due to the variety of AD characteristics present 

in the 5xFAD mice, this model has allowed for the assessment of different potential therapeutic 

interventions. It has also been able to provide useful models for investigation of the molecular 
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mechanisms of AD pathogenesis and has the ability to test the effectiveness of possible treatments 

(Oakley, et al., 2006).  

AD Detection 

 

The diagnostic techniques for AD, the underlying mechanisms of degeneration, and how 

AD pathogenesis differs between the sexes remain areas of active research. The clinical diagnosis 

of AD requires documentation of progressive decline in memory by means of longitudinal clinical 

examinations and neuropsychologic tests. However, due to clinical criteria, there is a 90% 

sensitivity, or very few false negatives, in diagnosing any form of dementia but is less that 70% 

accurate when diagnosing AD (Norfray & Provenzale, 2004). AD is conventionally diagnosed 

postmortem by the observation of the pathological deposition of these A plaques in the brain. 

AD cannot be detected in a clinical radiological sense using either computed tomography (CT) or 

MRI, although recent research studies have demonstrated the utility of positron emission 

tomography (PET) to identify metabolic alterations related to AD. To date, there is limited 

quantitative data, even from preclinical rodent models, for characterizing A deposition and 

neuroinflammation in different brain regions and at different ages of 5xFAD mice (Spencer, Lovell, 

Elderfield, Brian, & Howe).  

Detecting early biomarkers of AD can aid in presymptomatic diagnosis, drug development 

by providing surrogate endpoints, treatment decisions and disease monitoring (Spencer, Lovell, 

Elderfield, Brian, & Howe). In 2017, this disease affected 5.5 million individuals in the United 

States, over 46 million people globally, with prevalence expected to double every 20 years. While 

it is rare to observe the onset of AD before the age of 65, there were approximately 200,000 more 

individuals meeting the criteria for early onset, accounting for over 3% of all affected persons. 
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However, this disease affects more than just those with AD, it takes an emotional and monetary 

toll on those close to the affected person. The overall economic impact of AD, in the United States, 

is estimated to exceed $1 trillion dollars.  

Specific Aims 

 

 This study has been broken down into three specific aims: 

SA1: 3D susceptibility-based imaging will be acquired to identify onset and burden associated with 

A plaque deposition longitudinally using fixed brains scanned at two magnetic fields: 11.75 and 

21.1 Tesla (T). Evaluating 5xFAD and age-matched controls, this approach will be sensitive to 

protein aggregation as well as the accumulation of associated metal complexes differentially 

across the mouse brain related to AD pathogenesis. 

SA2:  Datasets will be rendered in 3D using AMIRA, a visualization software, and plaques will be 

quantified based on a 3購 approach to localize concomitantly decreased signal and measure 

effective plaque volume.  

SA3: As A plaques may accumulate metals, the image contrast that should be developed will be 

based largely on the dephasing of water spins in close proximity to the A as well as the 

perturbation of the magnetic field induced by susceptibility mismatches to the surrounding tissue. 

Therefore, the inhomogeneous spin-spin (T2*) relaxation will be quantified using 3D gradient-

recalled echo scans to measure the loss of regional signal coherence that may be linked to local 

A density.  
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METHODS 
 

Sample Preparation 

 

 Pヴｷﾗヴ デﾗ ;ﾉﾉ ゲI;ﾐゲが ゲ;ﾏヮﾉWゲ ┘WヴW ┘;ゲｴWS ｷﾐ D┌ﾉHWIIﾗげゲ Pｴﾗゲヮｴ;デW B┌aaWヴWS “;ﾉｷﾐW ふヱ┝PB“ぶ 

;ﾐS ﾆWヮデ ;デ ヱヰこC for 24-h. After, depending on the scanner being used, samples were placed into 

MR compatible vials. For the 900-MHz (21.1-T) scanner, samples were moved into a 10-mm glass 

flat bottom NMR tube filled with Fluorinert (FC-43, 3M Corp, Minneapolis, MN) for acquisition. 

Having no physiological effects on tissue samples, Fluorinert is used because of its inert properties 

and lack of 1H signal. Samples were secured in a 10-mm 1H birdcage coil before being placed in 

the magnet. After placement of the sample into the magnet, the coil was then tuned to 900-MHz 

by use of a calibrated network analyzer.  

 For scans using the 500-MHz scanner, samples were placed in sealed syringes and were 

acquired in groups of three using a 25-mm 1H tuned birdcage coil. This helped to minimize 

variations in tuning and matching as well as inconsistences in field homogeneity. While this does 

require longer scan times, it does speed up the overall acquisitions since the samples do not have 

to be changed out as frequently. Similar to the 900-MHz samples, the coil was tuned to 500-MHz 

utilizing a calibrated network analyzer once placed in the magnet. 

MRI Acquisitions 

 

To determine plaque deposition, 3D gradient-recalled echo fast low angle shot (GRE 

FLASH) scans, specifically gradient echo Fourier imaging tomography (GEFI-TOMO), were 

acquired. Scans were acquired at a 50-m isotropic resolution on a 500-MHz, 11.75-T 

superconducting magnet located at the FAMU-FSU College of Engineering and on a 900-MHz, 
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21.1-T superconducting magnet located at the National High Magnetic Field Laboratory (NHMFL). 

Acquisition times for the 50-m scans took approximately 9.5-h or 1-h when utilizing the 11.75-T 

or 21.1-T magnet, respectively. In addition to 50-m scans, 25-m scans were acquired at 21.1-T 

to utilize higher spatial resolution to better visualize the plaque localization. Approximate 

acquisition time for the 25m /900-MHz scans was 7.5-h. Multiple echo times (TE) of 7.5 and 15-

ms were evaluated to assess the necessary susceptibility-weighting required to visualize plaque 

burden at both magnetic field strengths.  

Shimming was performed on both the 900-MHz and 500-MHz magnets in order to 

minimize field inhomogeneity and provide a half height, full width maximum of less than 100-Hz. 

On the 900-MHz scanner, ParaVision auto-shim tool was used in order to perform the shimming. 

However, since the 500-MHz scans were acquired three at a time, manually shimming had to be 

performed due to the awkward placement of the samples toward the edges of the coil, resulting 

in dead space at the center. Localizers were acquired in each direction: x, y and z. Matrix sizes for 

each scan were dependent on the field of view (FOV) and desired resolution. That is, the 25-m 

had a matrix size of 600x370x370-mm, while the 50-m scans had a matrix size of 300x150x150-

mm, providing a constant FOV, across both matrix sizes of 15x9.25x9.25-mm. The FOV was 

consistent across most scans, however, certain scans required the FOV to be adjusted in order to 

better fit the sample and shorten the acquisition time. In these instances, the matrix size was 

adjusted in order to maintain the desired isotropic resolution.  

Data Analysis 

 

Susceptibility-weighted MR images were utilized to assess plaque deposition, respectively, 

in preserved male 5xFAD and age-matched controls harvested at 1, 2, 4 and 6 months with 



 

 

11 

N=5/transgene/age. Vﾗﾉ┌ﾏWデヴｷI ﾏW;ゲ┌ヴWﾏWﾐデゲ ﾗa Aé ヮﾉ;ケ┌Wゲ ふH;ゲWS ﾗﾐ デｴヴWゲｴﾗﾉSｷﾐｪぶ ;ゲ ┘Wﾉﾉ ;ゲ 

anatomical atrophy will be made and compared between experimental groups: phenotype and 

age. Post processing of the images first require that the images be reconstructed under the same 

parameter with which they were acquired. Reconstructed images are then loaded and analyzed in 

AMIRA as 16-bit color images with no zero filling and no filters. Using the segmentation window in 

AMIRA, the signal to noise ratio (SNR) was determined for each individual scan using estimated 

average signal and average noise values of the across all slices in order to provide individual 

thresholds. The found threshold values were then used, along with the LabelVoxel feature, in order 

to determine the void volume of each sample. The LabelVoxel feature in AMIRA provides a simple 

threshold segmentation algorithm applicable to MR image data providing an initial estimation on 

the volume of voids. In the segmentation window, the image can be further edited in order to 

achieve a more approximate estimation of the samples void volume.   

Statistical Analysis 

 

Statistical analysis was performed using JMP Pro version 13.0.0 from the SAS Institute Inc. 

licensed by the Florida State University (FSU) through the FSU Department of Statistics. To 

determine differences in void volume across age within phenotype, a Levene and Barlette test was 

performed with significance denoted by p<0.05. These tests were chosen due to unequal variances 

across age and phenotype. 
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RESULTS AND DISCUSSION 
 

Reconstruction of the image in ParaVision allowed for the image to then be loaded into 

AMIRA. Using the default threshold ranges, selected by AMIRA, the average signal and average 

noise of the entire brain were estimated in the segmentation window.  

 

 

 

 

 

 

Figure 1: Estimation of SNR ｷﾐ AMIRAげゲ segmentation window .  

Using the following equation, the SNR of each scan was calculated. 

                                                           SNR 噺 託辿巽樽叩狸 托奪叩樽貸択誰辿坦奪 托奪叩樽択誰辿坦奪 第奪旦辿叩担辿誰樽                                      (Equation 1) 

Everything selected by the purple outline contributes to the average signal of the brain and is 

inclusive of all 512 slices. The green circle in the bottom left corner provides the estimation of the 

scans average noise. It is assumed that the noise is constant throughout each slice and should not 

change a significant amount depending where the circle is placed. However, in order to remain 

consistent amongst all scans, the circle is always placed near the outer edge of the scan and a 

similar slice, as seen in Figure 1, is chosen for all scans when performing the SNR analysis.  

When comparing SNR at two different magnetic fields of 11.75-T (500-MHz) and 21.1-T 

(900-MHz), the following trend was observed.  
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Figure 2: Average SNR for a spatial resolution of 50 -m acquired at 900-MHz and 500-MHz. 

Gray bars representative of scans acquired at 900 -MHz while the blue bars represent  

those acquired at 500-MHz. 
 

Looking at Figure 2, it can be seen that there is an improvement on SNR at both TE times when 

acquired at 900MHz. This was expected since increasing the magnetic field strength will increase 

the longitudinal magnetization by aligning more hydrogen protons at the axis of the main magnetic 

field, increasing the overall signal. In Figure 3, below, it can be seen that the contrast of the images 

is improved when acquired at 900-MHz compared to those acquired at 500-MHz, holding the 

resolution constant at 50-m3.  

 

 

 

 

 

 
Figure 3: Image comparison of the sample 1078G acquired at different resolutions  

Of 25-m and 50-m at a TE of 7.5 and 15-ms. 
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These findings showed that at the lower magnetic field of 500-MHz, the desired tradeoff between 

contrast and resolution needed for plaque detection was not able to be achieved. A spatial 

resolution higher than 50-m needed to be tested and compared. Acquiring scans at higher 

magnetic field strengths allows for the generation of higher spatial resolution. That is, at higher 

magnetic fields, there is an increase in the echo signal. This in turn increases the amount of 

hydrogen protons that are reflected from the echo signal, corresponding to an even higher SNR 

generating higher resolution images without excessive noise. Looking at Figure 4 below, it can be 

seen that there is no significant change in noise when increasing the magnetic field strength, 

improving SNR. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Average noise for al l different scans with a resolution of 50 -m. 

Blue trend bars represent scans acquired at 900 -MHz while the 

gray bars represent those acquired at 500 -MHz. 
 

The noise in signal processing is white noise, corresponding to a wide range of frequencies, 

uncorrelated from measurement to measurement. In other words, it is a random signal having 

equal intensity at different frequencies, generating a constant power spectral density.  It is 
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produced by the static fluctuation of signal intensity, such as electrical resistance from receiver 

coils, data cables and the electronic elements of the measurement system.  

Limiting our acquisition to only 21.1-T, two different spatial resolutions (50-m and 25-

m) were observed, as well as two different TE times of 7.5 and 15-ms. Taking an average SNR for 

the various scan parameters observed at 21.1-T, the following trend was observed. 

 

 

 

 

 

 

 

 

 

Figure 5: Average SNR value across various scans acquired.  

 

 Across the two TE times observed, the resolution was held constant. Some scans had slight 

modifications to their FOV due to the size differences of each sample, in turn resulting in slight 

adjustments to their individual matrix size in order to maintain a constant resolution. Knowing that 

pixel size is an important factor for the spatial resolution of an image, keeping the FOV essentially 

constant allows for a finer matrix and an improved image spatial resolution going from 50-m to 

25-m. In Figure 5, it can be seen that scans acquired at a spatial resolution of 50-m did generate 

a higher SNR. This is seen because when increasing the voxel size from 25-m3 to 50-m3 a larger 

number of hydrogen protons are able to be present in each individual voxel, increasing the signal 
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in each individual pixel and overall, causｷﾐｪ デｴW ｷﾏ;ｪW デﾗ HW さHヴｷｪｴデWヴざく Tｴｷゲ ヴWﾉ;デｷﾗﾐゲｴｷヮ I;ﾐ HW 

seen in Figure 6 below. 

gure 6: Comparison of 25-m to 50-m acquired at 900-MHz with TE=15-ms. 

SNR should increase with the size of the voxel since the lower spatial resolution of 50-m 

decreases the number of pixels while increasing the size of the remaining ones. This makes it more 

difficult for AMIRA to detect plaques at the estimated threshold values as much of the 

susceptibility is averaged into the signal of the surrounding tissue and ultimately masked. Without 

the use of contrast agents, it appeared to be problematic when trying to use this method of 

detection at 50-m. At this discovery, it was decided to stop acquiring any scans at 50-m and 

turn focus to acquiring scans only at a spatial resolution of 25-m.  

 With a constant relaxation time (TR) of 100-ms and an essentially constant flip angle, 

varying from 18-ヲヰこ across all scans acquired at 21.1-T, the only parameter that had an impact on 

the SNR is the increase in TE time from 7.5 to 15-ms. With a longer TE time, the SNR should 

decrease since there are fewer signals being acquired. This relationship is due to the fact that 

when you decrease the TE time, there is less time for dephasing to occur and in turn providing a 

higher signal when reading out the signal echo. Additionally, longer TE times cause the transverse 

magnetization, the net magnetization vector locaデWS Γヰこ デﾗ デｴW ﾏ;ｷﾐ ﾏ;ｪﾐWデｷI aｷWﾉSが デﾗ SWI;┞ 

resulting in signal loss. 
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Figure 7: Comparison of sample 1078G acquired with an isotropic resolution of 25 -m at 

Two TE times of 7.5 and 15-ms. 

 

Observing Figure 7 above, there is a noticeable change in contrast going from a TE of 7.5 to 15-ms. 

Looking at the image on the right, the image contrast is much more dominant in the respective 

dark regions (i.e. the corpus callosum).  

Utilizing the 3購 approach, individual threshold values were obtained for each scan at 21.1-

T using the following equation. 

                                      Threshold 噺 mean signal 伐 ぬ 茅 signal deviation                (Equation 2) 

 

 

 

 

 

 

 

 

 

 

 

gure 8: Average threshold value across various scans acquired.  

 

 Comparing the 25-m scans, we see a decrease in the threshold value going from a TE of 

7.5-ms to 15-ms. This is excepted since there is less signal acquired at a TE of 15-ms. Since the 

deviation in signal is relatively the same across all scans, this decrease in signal will cause the 

9853

6816

11823

7810

7.5 15

Average Threshold

25-micron 50-micron



 

 

18 

threshold value to also decrease. Going back to the previous discussion of the 50-m scans, we 

can see that the threshold values are larger than those at 25-m. This is expected since more 

signal is acquired at lower TE times and lower spatial resolutions. These higher threshold values 

again make it difficult for AMIRA to select individual dark spots, potentially missing pixels that 

could be plaques. This furthered the decision to stop acquiring scans at a resolution of 50-m. 

In AMIRA, the LabelVoxel tool was used to load the scans into the segmentation window, 

selecting pixels across all slices that are above the designated threshold value, generating an image 

as seen in Figure 9. Looking at the prefrontal cortex in Figure 9, there are some pixels that are 

outlined in blue that have the potential to be plaques amongst other artifacts that could be 

selected. 

An immunohistochemical analysis would need to be 

performed in order to either confirm or deny the selected 

pixel is a plaque or something else. It should also be noted 

that the corpus callosum is being picked up by AMIRA due 

to its large area compared to that of the other dark regions. 

Since the same dark regions were picked up amongst all 

scans, it was assumed that the essentially the same volume 

of these dark regions contribute roughly the same value to 

the calculated void volumes.  

The 5xFAD APP/PS1 transgenic mouse model has shown to have increased plaque 

deposition around 2 months of age. Looking at Figure  below, a trend was found that represents 

this specific model characteristic.  

 Figure 9: Bubble image from AMIRA  
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Figure : Dependence of void volumes on the age and phenotype of the sample.  

Light blue trend bars are representative of the AD samples, while the dark blue  

represents the controls. Scans were acquired with a TE=15ms and a resolution 25 -m. 

 

From 1- to 2-month there is little change in the void volume increasing by 4.70E8. Moving up to 

the 4-month there is a more noticeable increase in the void volume from 2-months of 1.94E9. This 

allows for two assumptions to be made: that plaque deposition accelerated after to 2-month mark 

and that there are in fact plaques that are being detected when determining the overall brain 

volume. The largest increase is seen between the 4- and 6-month with a difference in void volumes 

of 5.49E9.    

Looking at the trend among the wild type samples, it is seen that between the 1-, 2- and 

6-month samples there is very little change in void volume going from 3.89E9, 4.34E9 and 4.69E9, 

respectively. This is expected since we do expect to have slight deterioration of brain tissue due 

to aging, causing minimal increases in the calculated void volumes. The 4-month wild type on the 

other hand had an average void volume of 6.13E9, well above that of the other ages. This obscure 

trend can be assumed to be due to large amounts of mold leading to severe tissue degradation 

that was apparent after reconstruction of the images H┞ デｴW ヮヴWゲWﾐIW ﾗa ﾉ;ヴｪW さｴﾗﾉWゲざ デｴヴﾗ┌ｪｴ 

multiple slices. Since the contrast of these holes would be above the designated threshold value, 
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all of the respective pixels were not included in the brains total volume causing drastic increases 

to the void volume, skewing the data.  

 

 

 

 

 

 

 

 

 

 
Figure : Dependence of void volumes on the age and phenotype of the sample.  

Light blue trend bars are representative of the AD samples, while the dark blue represents the 

controls. Scans were acquired with a TE=7.5 -ms and 

a resolution 25-m. 

 

The same scans were analyzed in the same manner as those acquired with a TE of 15-ms, 

but a different trend is observed at a TE of 7.5-ms, as seen in Figure . There is a more noticeable 

increase between the 1- and 2-month samples with a difference of 6.9E9. Then, moving to the 4-

month samples, there is a comparatively smaller increase seen with a value of 3.70E8. Based off 

the transgenic model being used, this does not coincide with the known characteristic. 

Additionally, there is a decrease from the 4- to 6-month but as each individual slice is observed for 

plaques, we do in fact see possible dark regions that are included in the voids but not in the 

selection and may very well be susceptibility caused by associated metals. Based off these findings, 

it was assumed that scans acquired with a resolution of 25-m and a TE of 7.5-ms do not provide 

an optimal tradeoff between contrast and resolution needed for plaque detection without the use 

of contrast agents.  
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Utilizing the equations for signal intensity for both the echo times, assuming the TR term 

is equal to zero since it is considered long and excluding any variations due to noise, we have the 

following equations. 

鯨怠 噺 鯨待結貸胎┻泰脹鉄茅  

鯨態 噺 鯨待結貸怠泰脹鉄茅  

 

Dividing the equations and rearranging to solve to T2
*, the following equation was derived. 

 

                                                                          T態茅 噺 貸胎┻泰袋怠泰狸樽岾鍍迭鍍鉄峇                                                      (Equation 3) 

 

Where S1 was the SNR of the respective sample acquired with a TE of 7 5.-ms and S2 was the SNR 

of the same sample acquired with a TE or 15-ms. It should be noted that the SNR was used in order 

to eliminate some discrepancies that were seen across the two scans posing issues when 

calculating the respective T2
* values. Comparing the estimated T2

* values between 1 and 6-month 

samples, the following trend was observed in Error! Reference source not found..  
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Figure : Calculated T 2
*  values for 1- and 6-month AD and WT phenotypes. Blue bars are 

representative of the AD phenotype while the gray bars represent the WT phenotyp e. 

 

By definition, T2* relaxation refers to the decay of the transverse magnetization caused by a 

combination of spin-spin relaxation and magnetic field inhomogeneity [Chavhan, (2009)]. This 

relaxation can only be seen with GRE imaging since the transverse relaxation caused by 

ｷﾐｴﾗﾏﾗｪWﾐWｷデｷWゲ ｷﾐ デｴW ﾏ;ｪﾐWデｷI aｷWﾉS ;ヴW Wﾉｷﾏｷﾐ;デWS H┞ デｴW ヱΒヰこ ヮ┌ﾉゲW ;デ ゲヮｷﾐ-echo imaging.  

In terms of image contrast with GRE sequences, T2* is one of the main determinants. By use of 

susceptibility-weighted (SW) imaging, T2* based imaging can be used in order to exploit the 

magnetic susceptibility due to the presence of endogenous iron. The observed trend seen in Error! 

Reference source not found. coincides with this relationship as seen by the decrease in T2* going 

from 1- to 6-month in the AD phenotype and essentially constant looking at the WT phenotypes, 

further allowing for the assumption that plaques and other artifacts are in fact being detected by 

use of this novel method.  
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Using the image algebra tool in ParaVision, T2
* maps were generated for sample 1078E, a 

6-month AD sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure : T2
*  map generated in ParaVision for a middle sl ice of sample 1078E, a 6 -month AD. Scan 

was acquired with a resolution of 25-m. Top left has a TE=7.5 -ms, while top right has TE=15-ms. 

 

Looking at one of the middle slices, slice 273 of sample 1078E, a potential plaque can be seen and 

is circled in red in Figure . In the bottom right corner, the image was scaled from 0 to 50 giving 

an ideal tradeoff between signal and noise in order to attempt to locate the potential plaques, also 

circled in red. The image was inverted, as seen in the bottom left, to improve visualization. Moving 

through the slices, slice 314 appeared to have multiple visual dark spots in various regions of the 

brain.  
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Figure : T2
*  map generated in ParaVision for an end sl ice of sample 1078E, a 6 -month 

AD. Scan was acquired with a resolution of  25-m. Top left has a TE=7.5ms,  

while top right has TE=15ms.  
  

Again, the potential plaques are circled in red in each of the images of Figure . Since this analysis 

is only inclusive of two points at the two TEs observed, there is not enough signal in order to more 

distinctively see these spots. Using only two points fits the data to a linear relationship, however, 

as seen in equation 2, this is not a linear relationship, it is exponential. More points would need to 

be observed by looking at more than two TE times. Compared to the age-matched control in Figure 

and Figure  it can be seen that there are no visual dark spots in the control, further allowing 

for the assumption that these are indeed plaques. 
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Figure : Comparison of a 6-month AD to an age-matched control, middle sl ice.  

 

 

 

 

 

 

 

Figure : Comparison of a 6-month AD to an age-matched control, end sl ice.  

  

Performing a Levene and Barlette statistical analysis test to compare void volume across 

age within the AD phenotype, we do in fact see significance. Changes in void volume are significant 

(p<0.05) across age in the AD phenotype as seen by a p-value of 0.0294. Utilization of these tests 

were done due to the unequal variances among the varying ages.  
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Figure : Variance test for AD phenotypes with 

respect to age.  

 

 

 

 

 

 

Figure : Levene and Barlette statistical 

analysis test comparing void volume across age 

within AD phenotype.  

 

 

 

The same tests were performed within the wild type phenotype in order to verify that no 

significant changes were detected, as seen by a p-value of 0.5846. This agrees with the assumption 

that the increase in void volume across is due to increases in plaque density as a function of age. 

 

 
Figure : Variance test for WT phenotypes with 

respect to age. 

 

 

 

 

Figure : Levene and Barlette statistical analysis 

test comparing void volume across age within WT 

phenotype.
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CONCLUSION AND FUTURE WORK 
 

Through this project, it was found that acquiring scans at the lower magnetic field of 11.75-

T, compared to that of the 21.1-T, does not allow for a high enough spatial resolution in order to 

utilize this novel model of plaque detection. At the higher magnetic fields, the echo signal is 

increased due to the increased longitudinal magnetization by the alignment of more hydrogen 

protons at the axis of the main magnetic field. In turn, increasing the overall signal that is acquired. 

This increase in signal provided an unideal contrast of the images that became problematic when 

attempting to detect dark spots above the designated threshold value. Therefore, 500-MHz scans 

were no longer acquired half way through this project after the confirmation that the 900-MHz 

would give us a more precise analysis to changes in overall brain volume.  

 Limiting scan acquisitions to just the 900-MHz gave an opportunity to see how changes in 

the spatial resolution, from 50-m to 25-m would affect image contrast. Due to the small cross-

sectional area of senile plaques, it was presumed that a higher spatial resolution of 25-m would 

be necessary in order to visualize plaques without the use of contrast agents. With that being said, 

although an isotropic resolution of 50-m does give a larger SNR, it gives too coarse of a matrix 

when attempting to detect plaques. Since the FOV was essentially constant across all scans, the 

smaller resolution returned grainer images limiting AMIRAげゲ ;Hｷﾉｷデ┞ デﾗ ｷﾐSｷ┗ｷS┌;ﾉﾉ┞ ゲWﾉWIデWS ヮｷ┝Wﾉゲく 

Moving forward, scan acquisition at 21.1-T was performed only at a resolution of 25-m.  

 Focusing analysis on how variations in TE time would affect image contrast and to allow 

for examination of changes in T2
*, two different TE times were examined at 7.5 and 15-ms. At the 

lower TE time of 7.5-ms, there is a slightly higher SNR than seen at the 15-ms. However, this 

increase in signal increased the threshold value, causing AMIRA to not be as selective when 
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determining the void volume. At a TE of 15-ms, a trend is generated that coincides with the known 

characteristic of the 5xFAD transgenic mouse model as seen in Figure . That is, at around 2-

months there is a slight increase, in relation to the 1-month AD samples, of in 4.70E8 in the void 

volume. This allowed for the assumption that plaques are beginning to deposit and are being 

detected by AMIRA. Then there is more noticeable increase going from 2-to 4-months of age of 

1.94E9 and then the largest increase was seen between the 4 and 6-month with a value of 5.49E9. 

Performing the same processing techniques on the same samples, except now at a TE of 7.5-ms, 

the increase in the signal poses an issue when looking at changes in void volume generating an 

odd trend.  

A similar trend is seen going from 1 to 2 to 4-months of age but compared to the changes 

seen at a TE of 15-ms the observed trend does not follow the known model characteristics. That 

is, there is larger increase between the 1- and 2-month of 6.90E9 and a smaller increase from 2- 

to 4-month with a value of 3.70E8. Then there is a decrease going to the 6-month, which is 

assumed to be due to this type of analysis being affected by this increase in signal. Therefore, a 

conclusion was made that the optimal scan parameter at an isotropic resolution of 25-m would 

be a TE of 15-ms. It appears that this was the best compromise when trying to optimize the SNR 

and spatial resolution for plaque visualization.  

Acquiring scans at two different echo times allowed for the examination of changes in T2
* 

values with respect to age and phenotype. Since naturally occurring iron increases contrast of 

plaque voxels, it was expected and observed that the values would decrease with increase in age 

in the AD phenotypes due to the increased presence of plaques. There were minimal changes in 

the WT T2
* values, permitting to assumption that this decrease in T2

* was in fact due to deposition 
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of plaques. Performing image algebra in ParaVision, T2
* maps were generated in order to see if the 

plaques could be better detected. Unfortunately, since only two TE times were examined, there 

was not enough signal in order to visualize the potential plaques. These two points fit the data to 

a linear trend when attempting to quantify these values, but as seen in Equation 3, it is in fact an 

exponential relationship. In order to better quantify these values more TE times need to be tested. 

Moving forward, the next step would be to complete acquiring all of the eight samples that 

are left on the 21.1 T, only concerning ourselves now with the 25-m since it is apparent that dark 

regions that could potentially be plaques is more difficult to detected from scans acquired at the 

lower spatial resolution of 50-m. After which, reruns should be done on the scans that were 

stopped or set-up with too high of a receiver gain, causing ACD overflow and pushing some of the 

signal into the noise, affecting the scans SNR and T2
*. Remaining female samples would also need 

to finish being acquired at the same scan parameters to allow for an analysis on the sex-based 

changes seen in this model.  

Additionally, MR metrics will be compared to and confirmed by immunohistochemistry 

ゲデ;ｷﾐｷﾐｪ aﾗヴ Aéが tau protein and neurofibrillary tangles, with correlations provided to genomic 

analysis conducted on similarly prepared samples. This would allow for the correlation of 

localization regions that see structural connectivity changes as determined by another 

undergraduate in the Grant lab.  

In order to improve the quality of the scans, those with excessive amounts of mold should 

be replaced with age and transgene matched samples, which will provide better signal, cleaner 

images, and more accurate void volumes during processing. Ultimately, lack of regular access to 

use the 900 MHz magnet results in the brains being left in PBS or fluorinert longer than they should 
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have. This lead to the growth of mold and overall degradation of brains, which may have caused 

inaccurate results.  
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