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Abstract

In vivo 1H short echo-time magnetic resonance spectra exhibit overlapping spectral components from many metabolites.
Metabolite concentrations are obtained by quantitating such spectra. Quantitation is difficult due to the overlap of metabolite
resonances, macromolecules and lipids and to the presence of the water residue. Moreover, the signals have low signal-to-noise
ratio. A fitting algorithm invoking extensive prior knowledge is needed. We quantitated 1H in vivo mouse brain signals obtained
at 7 T using the time-domain algorithm QUEST combined with an in vitro metabolite basis set. Brain metabolite concentrations
estimated from eight mouse brain signals are compared to previously reported results. To cite this article: C. Cudalbu et al.,
C. R. Chimie 9 (2006).
© 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Les spectres proton de spectroscopie de résonance magnétique acquis in vivo à temps d’écho courts présentent de nombreux
métabolites caractérisés par de multiples résonances se superposant, et un faible rapport signal sur bruit. L’opération de quanti-
fication, consistant à estimer les concentrations de ces métabolites, est difficile du fait de la multitude et de la superposition des
résonances, de la présence des macromolécules, des lipides et du résidu d’eau. L’utilisation d’un algorithme intégrant une
connaissance a priori forte est nécessaire. Nous proposons de quantifier les métabolites cérébraux observés à 7 T chez la souris
saine en exploitant la méthode du domaine temporel QUEST et une base de signaux des métabolites cérébraux acquis in vitro.
Les concentrations des métabolites cérébraux estimées après quantification de huit signaux ont été comparées à celles de la
littérature. Pour citer cet article : C. Cudalbu et al., C. R. Chimie 9 (2006).
© 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

The important role of magnetic resonance spectros-
copy (MRS) has been demonstrated in many neurologi-
cal studies, for example, in monitoring the effect of
therapies and in diagnosing major diseases including
Alzheimer’s, Parkinson’s diseases, dementia and can-
cer [1–4]. Using short echo-time localization pulse-
sequences to investigate mouse brains, the observation
of metabolites with short spin–spin relaxation decay
constants is possible. However, quantitation of the cor-
responding spectra is difficult. Three major problems
are encountered: (1) strongly overlapping metabolite
resonances (many hundreds); (2) low signal-to-noise
ratio (SNR) due to the small size of the mouse brain
(voxel size of (2.5 mm)3) and the limited acquisition
time; (3) a broad, partially known background compo-
nent originating mainly from macromolecules and lip-
ids that overlaps the metabolite peaks. Fitting of time
or frequency-domain model function to such low-SNR
in vivo data requires extensive prior knowledge. The
latter can be provided from measured signals/spectra
of selected metabolite aqueous solutions used as
numerical time/frequency domain model functions as
done in QUEST [5,6] and LC-Model [7], respectively.

As few papers focus on quantitation of healthy
mouse brain metabolites, we investigated the central
region of the brain containing the striatum and thala-
mus of eight healthy mice. In this paper, we report the
mean values of the estimated metabolite concentra-
tions. In vivo short echo-time healthy mouse brain sig-
nals were acquired at 7 T. Quantitations were per-
formed using the time-domain method QUEST and an
in vitro metabolite signal basis set. The reliability of
our concentration estimates was assessed using the
Cramér-Rao lower bounds (CRBs), which reveal the
quantitation precision.

2. Method

Healthy mice (Swiss, 25–30 g in weight, 3-month-
old) were anesthetized by inhalation of isoflurane
(Abbott Laboratories, Rungis, France) with 2.5% con-
centration in a mixture of 50% oxygen and 50% nitrous
oxide. The body temperature was maintained at 37 °C
by warm water circulation, monitoring of respiratory
cycle was performed using an air pillow. Experiments

were conducted according to the procedures approved
by the institutional animal care and ethical committee
of our University.

The experiments were performed on a 7 T Biospec
BRUKER system –ANIMAGE platform, Lyon, France,
equipped with a gradient coil (12 cm diameter,
400 mT/m max amplitude, 80 µs rise time). A birdcage
coil (72 mm inner diameter) for excitation and a receiver
surface coil (15 mm diameter) were used. All first- and
second-order shim terms were adjusted using FAST-
MAP [8] for each voxel of (2.5 mm)3 positioned in the
striatum and thalamus region. The water signal was sup-
pressed by variable power RF pulses with optimized
relaxation delays (VAPOR) [9]. Outer volume suppres-
sion combined with a PRESS sequence (bandwidth of
4 kHz, 4096 complex points, 128 averages, TR = 5 s,
TE = 20 ms, acquisition time of 11 min) was used for
localization. Eddy current compensation and static mag-
netic field drift correction were applied during the
acquisitions.

Quantitations were performed with QUEST com-
bined with the ‘Subtract’approach for background mod-
eling [5] and an in vitro metabolite signal basis set was
used as prior knowledge in the parametric estimation
of the in vivo metabolite signals.

To set up the in vitro metabolite basis set, eleven
metabolite solutions were prepared.Aspartate (Asp), cre-
atine (Cr), choline (Cho), c-aminobutyric acid (GABA),
glucose (Glc), glutamate (Glu), glutamine (Gln),
N-acetylaspartate (NAA), taurine (Tau), lactate (Lac) and
myo-inositol (Ins) (Sigma–Aldrich) were dissolved sepa-
rately in aqueous solutions (100 mM, pH = 7.0 ± 0.1,
10 ml). Trimethylsilyl-propanesulfonic acid sodium salt
(DSS) and sodium formate were added as chemical shift
references. It is essential that the eleven in vitro signals
be measured using identical acquisition parameters as
the in vivo ones, and the same conditions of pH and
temperature that exist in the mouse brain. The metabo-
lite basis set used is displayed in Fig. 1.

3. Results

Eight mouse brain signals were analyzed using the
jMRUI software [10,11]. Removal of residual water
components of the in vivo and in vitro signals was per-
formed in a preprocessing step using the Hankel–
Lanczos Singular Value Decomposition algorithm –
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HLSVD (25 spectral components were used for mod-
eling). In the quantitation step, the number of trun-
cated initial data-points, which is an important param-
eter for background removal in the ‘Subtract’-QUEST
method, was equal to 20–25 (corresponding to a dura-
tion of 7 ms). The zero-order phase and the dead time

were fixed to zero. A jMRUI window displaying the
quantitation results obtained for an in vivo mouse brain
signal acquired from the striatum region is shown in
Fig. 2. The background signal (dashed line) is well mod-
eled; both lipid resonances (0.9 and 1.3 ppm) and the
three principal resonances of macromolecules (around
2, 3 and 3.9 ppm) are well identified.

Most of the eleven metabolites were successfully
quantitated. The reliability of metabolite quantitation
is assessed using the CRBs. These bounds were below
15% of the estimated amplitudes for most of the
metabolites of the eight signals (Table 1).

The mean values and the corresponding standard
deviations of the estimated metabolite concentrations
reported in Table 1, were computed from the relevant
concentration estimates of the eight signals.

QUEST automatically and partially compensates
for the spin–spin relaxation effects. The in vivo
signals weighted by exp� −TE ⁄T2vivo� is modeled
by a weighted sum of in vitro metabolite signals
weighted by exp�−TE ⁄T2vitro�, where T2vivo and T2vitro
correspond to the in vivo and in vitro relaxation times
of the considered metabolite respectively, and TE is the
echo time. If T2vivo and T2vitro of each spectral compo-
nent are known [12], the difference between the in vivo
and in vitro T2 effects can be corrected by multiplying
each estimated concentration by exp �TE�1⁄T2vivo −
1⁄T2vitro�� . These corrections (below 10%) were not
taken into account in this study.

The mean values of the estimated metabolite con-
centrations are displayed in mmol/kgww in Table 1,
assuming that the mean water tissue concentration is

Fig. 1. Fourier transform of the metabolite signal basis set, acquired
in vitro at 7 T with a PRESS sequence (bandwidth of 4 kHz,
4096 complex points, 128 averages, TR = 10 s, TE = 20 ms).

Table 1
In vivo mouse brain metabolite concentration estimates and confidence intervals, and Cramér-Rao bound ranges given in percentage, obtained
from eight signals. Published metabolite concentrations from biochemical rat brain assays and from quantitation of in vivo rat brain spectra
using LC-Model are also displayed for comparison. *Only Cr was included in the metabolite basis set

Metabolite This study Literature
Mean ± S.D.
(mmol/kgww)

CRB range
(%)

Biochemical rat brain assays
(mmol/kgww)

In vivo rat brain value ± S.D.
(mmol/kgww)

NAA 6.88 ± 0.76 0.9–1.3 4.7–9 8.3 ± 0.5; 7.7 ± 1
Cho 1.6 ± 0.37 1.8–3.2 – 0.7 ± 0.1; 1.1 ± 0.05
tCr (Cr + PCr)* 4.73 ± 0.9 1.0–2.0 8.5–9.7 7.78; 8 ± 0.4
Ins 1.96 ± 0.39 2.6–5.2 – 4.08 ± 0.5; 3.7
Tau 4.38 ± 1.06 1.9–3.3 1.66–6.6 4.25 ± 0.59
Glu 5.16 ± 0.98 3.0–4.1 7.4–12.5 8.67 ± 0.7; 8.1
Gln 2.45 ± 0.87 4.8–11.2 2.1–5.6 1.25 ± 0.3; 3.5
Glc 1.37 ± 0.35 5.0–15.4 0.96 2.7; 3.5 ± 0.4
Asp 1.6 ± 0.73 0.8–3.9 1.5–2.7 1.43 ± 0.4; 1.2
GABA 2.95 ± 1.02 2.1–6.5 0.8–2.3 1.1 ± 0.25; 1.1
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43.7 mol/l [13]. The confidence intervals correspond-
ing to one standard deviation are also reported in
Table 1. Since few studies focused on quantitation of
the mouse brain metabolites, published rat brain me-
tabolite concentrations are also displayed in Table 1
for comparison. These reported values were estimated
from biochemical rat brain assays [15] and from quan-
titation of in vivo rat brain spectra using LC-Model
[14,15].

Our estimated metabolite concentrations are in good
agreement with the biochemical rat brain assays pub-
lished values, except for tCr and Glu. We emphasize

that for the latters the estimated CRBs on the concen-
trations are below 5%. Moreover, the estimated con-
centrations of NAA, Cho, Gln, Glc, Tau, Asp, GABA
are in good agreement with the reported concentra-
tions in rat brain. Quantitation of weakly represented
metabolites, such as Lac, is not significant.

4. Conclusion

• In vivo 1H signals of healthy mouse brain were mea-
sured at 7 T from the striatum and thalamus region

Fig. 2. jMRUI QUEST Quantitation result window. From bottom to top, original spectrum of an in vivo mouse brain acquired at 7 T from the
striatum and thalamus region using a PRESS sequence with an echo-time of 20 ms; estimated spectrum and background (dashed line) using
QUEST and an in vitro metabolite signal basis set; selected metabolite (NAA) spectrum; and residue.
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and quantitated using QUEST combined with an in
vitro metabolite basis set.

• Metabolites are well identified. The reliability of the
reported concentration estimates of the main metabo-
lites was assessed using the CRBs. Our in vivo
metabolite concentration estimates are in good agree-
ment with the values from the literature.

• The estimated concentrations partially take account
of T2 relaxation effects. The corrections of the dif-
ference between in vivo and in vitro effects (below
10%) were ignored in this study.

• Estimated concentrations of weakly represented
metabolites (Lac, Asp) are not reliable due to the
overlapping resonances and macromolecules. For
better quantitation, more prior knowledge is neces-
sary.

• Background signals from macromolecules and lip-
ids are well modeled.

• The differences between the metabolite concentra-
tion estimates of this study and the literature may be
explained by the different experimental conditions
(shim, sequence, voxel size) and data processing
used.

References

[1] S.B. Antel, L.M. Li, D.L. Collins, R.E. Kearney, R. Shinghal,
D.L. Arnold, Neurology 2 (2002) 1505.

[2] C.E. Clarke, M. Lowry, Eur. J. Neurol. 8 (2001) 573.
[3] X. Leclerc, T.A.G.M. Huisman, A.G. Sorensen, Curr. Opin.

Oncol. 14 (2002) 292.
[4] K. Lyoo, P.F. Renshaw, Biol. psychiat. 51 (2002) 195.
[5] H. Ratiney, Y. Coenradie, S. Cavassila, D. van Ormondt,

D. Graveron-Demilly, MAGMA 16 (2004) 284.
[6] H. Ratiney, M. Sdika, Y. Coenradie, S. Cavassila, D. van

Ormondt, D. Graveron-Demilly, NMR Biomed. 18 (2005) 1.
[7] S.W. Provencher, MRM 30 (1993) 672.
[8] R. Gruetter, MRM 29 (1993) 804.
[9] I. Tkac, Z. Starcuk, I.Y. Choi, R. Gruetter, MRM 41 (1999)

649.
[10] http://www.mrui.uab.es/mrui/.
[11] A. Naressi, C. Couturier, J.M. Devos, M. Janssen, C. Mangeat,

R. de Beer, D. Graveron-Demilly, MAGMA 12 (2001) 141.
[12] C. Cudalbu, S. Cavassila, D. Grenier, H. Ratiney, A. Briguet,

D. Graveron-Demilly, Book of abstracts ESMRMB,,
2004 Copenhagen, MAGMA 17 (Suppl. 1) (2004) 337.

[13] A. Schwarcz, O. Natt, T. Watanabe, S. Boretius, J. Frahm,
T. Michaelis, MRM 49 (2003) 822.

[14] I. Tkac, R. Rao, M.K. Georgieff, R. Gruetter, MRM 50 (2003)
24.

[15] J. Pfeuffer, I. Tkac, S. Provencher, R. Gruetter, JMR 141
(1999) 104.

538 C. Cudalbu et al. / C. R. Chimie 9 (2006) 534–538


	Estimation of metabolite concentrations of healthy mouse brain by magnetic resonance spectroscopy at 7 T
	Introduction
	Method
	Results
	Conclusion

	References

