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INBRAIN Quantificacdo de metais INBRAIN Laboratory
~_/ ) ~_/
no O@H.@UH.O :GB”SO Goal: Functional and structural study of the brain through non-invasive physics techniques
application aiming basic knowledge and methods applicable in clinical practice.
Main lines of research:
y . O..&.—Om E. Garrido MN_BOF mgmao@mowg.cm@.dﬂ * Neurovascular metabolic coupling (TMS, EEG, fMRI, NIRS, ASL, fMRS).
D \ § - _\ D epartamento de Wmmmomu USP-Ribeirdo Preto. Structural connectivity and functional networks in brain normal aging (DTI, fMRI, EEG,
Wa L { am f Julho, 2018 , ASL, azm.v. . . | o
Nt * Quantitative magnetic resonance imaging techniques (Relaxometry, Magnetization

N , : Transfer, Diffusion, MRS, fMRI) to characterize central nervous system diseases (Epilepsy,
f/) m HHTJ.}z w m o Hn m R Alzheimer Disease, Stroke, Multiple Sclerosis, Parkinson).

i w:. * Assessment of paramagnetic ions content in the human brain.

* Neurofeedback.

I11 ESCOLA DE INVERNO EM FISICA

APLICADA A MEDICINA E BIOLOGIA Current students: 1 MSc., 4 PhD., 5 UG. https://inbrainlab.wixsite.com/inbrainlab

Former students: 11 MSc., 3 PhD.

Contrast mechanisms gMRI
M, =f(pT.T,.T,.T ,6,D,k, x) M, =f(p.T,,T.,6,D,k, %)

mm?&& scale: Morphology.
Traditional images -Time scale: T, H:u, T,, To*

* Absolute values<-Combination: Diffusion coefficient,
MUOOQOmOO@% ﬁoﬁbomcm:@ﬁ <®_OQ$\.
*Chemical shift () -Dimensionless: FA, pH, Tissue fractions

*Relaxation (T, T,)

*Nuclear density (p)

*Magnetization Transfer (k) CEST (-Brain activation.

-Susceptibility. - Oxygenation.
*Motion A\N D Angiography, Diffusion, Perfusion : . -Functional connectivity.
( ) BIOsTapAY Relative values < - —
*Susceptibility (y,T,*) fMRI, QSM -Metabolite concentration.

/-wnomm:ao. -Strain.
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mmmo::m_ computation behind QSM

wrmmo Image

Gradient Echo
acquisition

Magnitude Image

@zﬁ_:ﬁq& —&)I3 + a”IWoxll3

QSM applications: Blood deposits

» Paramagnetic and diamagnetic blood deposits.

Hemosiderin Calcification

Recurrent Glioblastoma

Radiol. Bras. 48, 93, 2015.

Clin Neuroradiol (Suppl) 25, 225, 2015.

QSM applications: O,

MR <m=omnm@3 and Ox%mg Saturation.

. Mi h h Red blood cell {(deoxvgenated) -6.52%107°%
1CIO-NEMOITNAZES.  pogp100d cell (oxygenated) -9.19%10°8
Red blood cell (methemoglobin) -72x% 10°¢

hemorrhage

D " lob L

Fel* Fe¥ Fe?* nim.u_
— . ...A

microglia/ma noﬂlu 1”0

RBC lysis h Hb degradation time

carbonic anhydrase 1

Clin Neuroradiol (2015) (Suppl) 25:225-230

QSM applications: Myelin
» Multiple sclerosis.

Detailed
structure QSM FLAIR Myelin y=-10-10-¢

Anisotropic

A White matter ,t.. B Myelin sheath

Additional lesions
Clin Neuroradiol (Suppl) 25, 225, 2015.

Neurolmage 59, 2088, 2012.
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Metal measurements

Iron/Susceptibility quantification techniques
applied to biological samples

In vitro (Iron) In vivo (Susceptibility)

e Perls’ Stain (Fe3*, Fe?*). *SQUID (digestive
*NAA °*MAS. -+XRFE system).
*ICP-(Mass/AE Spectroscopy). *Magnetic Resonance
*EPR (Fe3+). (brain).

How the susceptibility values are related to
the metal content in the brain?

Validation studies are necessary!

Post-mortem validation

Linear relationship between total iron and susceptibility.

600
S00 T CN
o PUT o
— o GP
M"\ 400 fited curve - B DD
z
Z 300}
E=3
g
m 0 Y=K*X+b
A =K*X+
© k0802001 0.8 ppb per ng/g
100 b=10.8122.9
R=0.87, N=1786
Q 1 1 '
[¢] 100 200 300 400 500 600

Iron concentration (pig/g wet tissue) Neuroimage: 78, 68, 2013.

* Other metals? Cu is paramagnetic.
* Where is that iron? dHb is paramagnetic.
* Does QSM has additional specificity? ..

Post-mortem studies

Quantitative MR Imaging of Brain lron: A Postmortem Validation Study
Radiology: Volume 257: Number 2—November 2010

Quantitative susceptibility mapping (QSM) as a means to measure brain iron?

A post mortem validation study .
g In situ/small samples
C. Langkammer et al. / Neurolmage 62 (2012) 1593-1599

Measuring iron in the brain using quantitative susceptibility mapping and X-ray
fluorescence imaging

W. Zheng et al. / Neurolmage 78 (2013) 68-74 In vitro/imaging
Validation of quantitative susceptibility mapping with Perls' iron staining
for subcortical gray matter

H.Sun et al. / Neurolmage 105 (2015) 486-492 In situ/In vivo

Some measurements
* 3 postmortem human brains (<15 hours, In situ image).
» Formalin-fixed brains (>100 days, Ex situ image).
* 10 samples for each brain (GP, PUT, CN, THA, GM).

» e

ICP-MS (Fe, Cu, Al, Zn)

MRI, 3T EPR, X-Band
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EPR measurements

EPR (X-Band) of brain tissues (R.T.)

Simulated: Ceruloplasmin

Tetrahedral gite/ Fe*(g=4.28)
rhombic distortion

Biochem. Soc. Trans:{ 12, 316, 1984.
IMR: 153,69, 2001, —

"

Cu?*(g)=2.259;g:=2.062

Fe3*(g=2.0)

Simulated: Ferritin

Simulated:
Ceruloplasmin+Ferritin

Brain sample

Ferritin solution

T
0 200
ISMRM Meeting, 2017

T T
400 600 800

Magnetic Field (mT)

Fe3* vs total iron

Fe*(g=4.28)

"
Fe3*(g=2.0,

Simulated: Ferritin

Brain sample

T
[o] 200

T
400 600 800

0 Magnetic Field (mT)
120 -
= Globus pallidus mnw .

~ 100 e  Putamen R°=0.93
m 7| & Caudate nucleus
=4 v Thalamus .
i god 2 . .
s Nucleated Ferrihydrite/
= . FeO(OH) cores
£
m Biochem. Soc. Trans: 12, 316, 1984.
g 401 aa JMR: 153,69, 2001.
) ML 5 Applied Clay Science: 53, 42, 2011.
% 204 v E.J. Biotechnology: 7, 2004.
Dnnu :.«cn

0 T

0 50 100 150
J.H.O.Barbosa, 2017.

_ _ _ _ .J
200 250 300 350 400 450
Fe (ng/g)

4.3 (a.u.)

Peak-to-peak amplitude g

Cu?* vs total cooper

\
Cu?*(g=2.259;8:=2.062

T T
o] 200 400 600 800
Magnetic Field (mT)

Simulated: Ceruloplasmin

Brain sample

El
& 13
8 12 ©
&8 J. Mol. Biol.:2, 118, 1960.
& 104
2 o < "« »E
W 81 > xqxF "
e o,
o 51
2 4 Same copper for any
£ 5] . .
8 2] concentration/region
go—
kJ. 4 5 6 7 8 9 10 11 12 13 14 15
©
e C /
& S J.H.O.Barbosa, 2017.
3+ 11
Fe-* vs total iron
Simulated: Ferritin
et
Fe(g4.28) Fe’(=20)
Brain sample
n_u — Nmo An.vo mn.uo 800
“MH . mln_..w Magnetic Field (mT)
4“- 4 : Non aggregated Fe3* bound/
13 1 ° . .
12 s nucleation sites of core growth/
b S . : Biochem. Soc. Trans: 12, 316, 1984,
9 v o ow e . JMR: 153,69, 2001.
8 4 & Ay .
7] . or
61 Hematite
54 v A - = Globus pallidus ) ]
4 e Putamen Applied Clay Science: 53, 42, 2011.
3 A Caudate nucleus E. J. Biotechnology: 7, 2004.
rE v Thalamus
O T T T T ¢ T T T T 1
0 50 100 150 200 250 300 350 400 450 500

Fe (xg/g) J.H.O.Barbosa, 2017.
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Opportunities INBRAIN

*Metabolic response in the presence of short term visual stimuli.

*Assessment of channel combination techniques for spectroscopy dynamic studies.
*Intelligence prediction from structural and functional brain connectivity.

»Study of the brain metabolic and electric response in the presence of visual stimuli in
oxygen depletion.

*Evaluation of paramagnetic ions in the brain and their relationship with quantitative
imaging techniques.

+Study of the haemodynamic response function in epilepsy patients.

*Tractography as a priori information in the evaluation of EEG data of epilepsy patients.
*Implementation of neurofeedback in EEG/fMRI experiments applied to the control of
anxiety disorders.

Fetal tractography.

*Evaluation of the use of magnetic resonance images in radiotherapy planning.

*Study of acoustic noise as sensitivity element of auditory tasks in fMRI.

*Definition of neuronal area recruited during electric stimulation of upper limbs.
eImplementation and application of ultra-short TE sequence in the study of the
musculoskeletal system.

*Implementation and acquisition of phosphor spectra in bone tissue for the functional

evaluation in view of glucose overload. https://inbrainlab.wixsite.com/inbrainlab



