
1Cen

Introd
implica
Howev
quantif
and lon
the spi
saturat
demon
Metho
System
sample
utilized
= 3.6 μ
group 
compu
magne
resonan

Ex vivo
extract
(SVS) 
In vitro
MRS w
choline
were re
In vivo
CEST 
maps 
inhomo
cerebro
Result
there a
Figure 
respon
contrib
metabo
exhibit
both ha
1.8ppm
have m
effect a
been d
exchan
will no
demon
contras
human
matter 
in the 
phanto
glutam
these d
in GM
CEST 
indicat
imagin
study s
the CE
cord di
Conclu
at 7T w
the ma
any ch
Refere
169, [4

 
Imagin

nter for Magnetic R

duction:  Glutama
ated in a range of 
ver, current imagin
fy concentrations o
ng acquisition tim
inal cord by explo
tion transfer (CES
nstrated the CEST 
ods: All imaging 
ms, Erlangen, Germ
es were prepared 
d a long irradiation
μT for 1 second) fo
protons have a c

uted by subtracting
etization at the cor
nce (-Δω).4  

  
o Spectroscopy: A
ted and equilibrate
was acquired usin
o Imaging: The C
were imaged under
e (Cho), 10 mM m
econstructed accor
o CEST Imaging: 

imaging sequenc
using eq. (1). A
ogeneities. The av
ospinal fluid (CSF
ts and Discussion
are several metabo

2 shows that wi
nsible for most of
butions from glycin
olites, Cho does no
t any CEST effect
ave amine protons

m while Gly proto
minimal contribut
are used at 3ppm. 

demonstrated in the
nge rate requiring 
ot be seen with th
nstrate that with t
st is due to glutam

n cervical spinal co
distribution patter
GM was 6.0% c

om data, it is exp
mate in the spinal 
differences are due

M and WM which 
signal (0.8±0.7%

ting that B0 inho
ng at 7T, were ade
suggests that the i

EST technique, wh
isorders.  
usion: In this wor
with high spatial re
ajority of the CEST
anges in Glu in th

ences: [1] Leu et a
4] Cai et al. ISMRM

ng of Glutama
Feliks K

Resonance and Op

ate (Glu) is the prim
neurologic disord

ng methods are un
of glutamate in the
es make the use o
oiting the chemica
ST)3. Previous wo
effect from Glu in
experiments wer

many) using a 32 
at a physiologica

n pulse consisting 
ollowed by a segm
chemical shift of 
g the normalized m
rresponding refere

A bovine cervical
ed in a bath of P

ng a stimulated ech
EST effect from a
r physiological co
myo-inositol (MI)
rding to Eq (1). 
CEST imaging w
e described above

All CEST image
verage CEST valu
F) as determined by
n: The high resolu
lites with concent

ith the experimen
f the CEST effec
ne (~0.4 %) and C
ot have any exchan
s. MI has exchang

s that exhibit a CE
ons have much fas
ions when the op
Finally, the CEST
e spinal cord in pr
a low saturation p

he parameters use
these particular pa
mate. The glutamat
ord demonstrates a
rn (figure 3). As sh
compared to 4.1 %
pected that the ma

cord with minor 
e mainly to differ
have been previo

%) was observed
omogeneities, whi
equately corrected
n vivo high resolu

hich provides a new

k, we demonstrate
esolution. We sho
T effect is due to 
e spinal cord in viv
al. Neuroscience. 
M Proceedings 278

ate in the Spin
Kogan1,2, Anup Sing
ptical Imaging, Un

mary neurotransm
ders that affect the
nable to measure th
e spinal cord and h
f current MRS cha
al exchange of pro
ork has shown tha
n vivo in a healthy 
re performed on 
Channel transmit 

al pH (7.0) and te
of a series of 100 

mented RF spoiled 
3.0 ppm from the

magnetization sign
ence frequency sy

spine specimen w
BS solution for s

ho acquisition mod
all major metaboli
nditions in a phan
, 6 mM creatine (

as performed on a
e. Two signal-ave

es and glutamate
es were calculated
y anatomical imag

ution single voxel 
rations sufficient e
tal parameters us

ct. A 6% CEST 
Cr (~0.8%), and ne
ngeable protons w
geable –OH proton
ST effect. Howeve
ster exchange rate
ptimal parameters
T effect from amid
revious literature, h
ower and long sat
d for Glu CEST5.
arameters, the ma
te CEST map obta
a distinct gray (GM
hown in table 1, th
% in the WM. A
ajority of the CE
contributions from

rences in the gluta
ously shown in the
d in the cerebro
ich are a major 

d for. The findings
ution mapping of G
w method to detec

ed that it is feasibl
wed that with the 
Glu with minor co
vo.   
93(1999): 1383-13
81, 2011, [5] Dula

nal Cord using
gh1, Mohammad H

niversity of Pennsy
Pennsylvania, Ph

mitter responsible f
 spinal cord includ
hese changes with
has shown that the
allenging for clinic
otons between the
at Glu exhibits a C
human spinal cord
a 7T whole body
and receive head 

emperature (37C).
ms Hanning wind
gradient echo (GR
e bulk water reso

nal at the Glu proto
ymmetrically at th

was obtained from
canning. A single

de (STEAM) seque
ites present in the 

ntom consisting of
(Cr), 6 mM glycin

a healthy 26 year 
eraged acquisition
 CEST contrast

d from the spinal c
ges. 

spectra taken on 
enough to be detec
ed to optimize th
effect was observ

egligible contributi
while NAA has an a
ns and only exhibi
er, at physiologica

es than Glu and th
 for the Glu CES
e protons, which h
has a much a slow
turation duration a
. Thus, these resu
ajority of the CES
ained from a healt
M) and white (WM
he average CESTa

As supported by t
ST contrast is fro
m Cr and Gly. Th
amate concentratio
e brain2. A minim

ospinal fluid (CS
concern for CES

s of this prelimina
Glu is feasible usin
ct changes in Glu 

le to detect the CE
optimal parameter
ontributions from 

389, [2] Hurd et a
a et al. ISMRM Pro

Figure 3: An
cervical spin
anatomy is s

g Chemical Ex
Haris1, Kejia Cai1, 
ylvania, Philadelph
hiladelphia, PA, U

 
for excitatory syna
ding multiple scle
h sufficient spatial
e concentrations ar
cal use. In this stu
e amino group (-N
CEST effect whic
d at 7T.  
y scanner (Sieme
coil. All in vitro

. The CEST satur
dowed saturation p
RE) readout. Gluta
onance. CESTasym

on frequency (+Δω
he opposite side o

 
m which the spina
e voxel proton MR
ence and 100 signa
spinal cord as ob
10 mM N-acetyl a

ne(Gly) and 10 mM

old human cervic
ns were performed

maps were corr
cord grey and whi

the bovine spinal 
cted by current CE

he Glu CEST con
ved from 10 mM
ions from all other
amide proton and 
ts a CEST effect a

al pH, the Cr CEST
hus 
ST 
has 
wer 
and 
ults 
ST 
thy 
M) 
sym 
the 
om 
hus 
ons 
mal 
SF) 
ST 
ary 
ng 
concentration in s

EST effect from glu
rs for Glu CEST c
Cr and Gly. CEST

al.Magn Reson Me
oceedings 407, 201

F
sp

natomical image (left
nal cord showing sign
shown in upper left)

Table 1:

xchange Satur
Hari Hariharan1, a

hia, PA, United Sta
United States 

aptic transmission 
erosis (MS), amyo
l resolution. Magn
re high enough for

udy, we describe a 
NH2) of Glu and w
ch is linearly prop

ens Medical 
and ex vivo 
ration pulse 

pulses (B1,rms 
amate amine 

maps were 
ω), from the 
of the water 

[1] 
al cord was 
R spectrum 
al averages.  
served with 
aspartate (NAA), 
M Glu. CESTasym

al spinal cord usin
d for calculating 
rrected for B0 an
ite matter as well 

cord demonstrate
EST methods (figu
ntrast, glutamate i

M glutamate with
r metabolites. Of t
at neutral pH does

at ≤1ppm.  Cr and
T effect occurs aro

spinal 

utamate 
contrast, 
T contrast from gl

ed. 51(2004): 435
11  

CESTa

GM 

WM 

igure 1: Single voxel 
pinal cord at 7T 

t) and overlaid CESTa

nificant distinction b
)

: Mean and (SD) Glu 

Figure 2: 
metabolit
for B0 & B
MI, 6 mM

ration Transfe
and Ravinder Redd
ates, 2Bioengineer

in the brain stem 
trophic lateral scle

netic Resonance Sp
r detection with M
novel, noninvasiv

water using a tech
portional to the G

8 mM 
Maps 

ng the 
CEST 
nd B1 
as the 

es that 
ure 1). 
is still 
small 

these 
s not 

d Gly 
ound 

lutamate can be u

-440, [3] Wolff et

GM 

asym (%) 6.0 (0.

Gly 

Cho

spectra (SVS) from a

asym map (right) of a h
etween WM, GM an

CESTasym (%) from th

CESTasym (%) Maps o
tes present in the sp
B1). [10 mM NAA, 8 
M Cr, 6 mM Gly and 

er (CEST) at 7
dy1 
ring Graduate Gro

and spinal cord. G
erosis (ALS) and 
pectroscopy (MRS

MR.2 However, poo
ve approach for im
hnique known as 
Glu concentration4

used to study relati

t al. J. Magn. Reso

WM 

5) % 4.1 (0.9)

Glu 

NAA

o 

an ex vivo bovine 

healthy human 
nd CSF. (Spinal Cord 

e cervical spinal cord

of different 
inal cord (Corrected 
mM Cho, 10 mM 
10 mM Glu] 

7T 

oup, University of 

Glutamate has bee
spinal cord injury
S) has been used t
or spatial resolutio

maging glutamate i
chemical exchang

4. In this work, w

ive distribution an

on. 86(1990): 164

CSF 

% 0.8 (0.7) %

MI

CR

d

n 
1. 
to 
n 
n 

ge 
we 

nd 

–

737Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


