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Abstract
In this report, we discuss the application of a methodology for high-contrast, high-resolution magnetic resonance microscopy (MRM) of
murine tissue using a 3.0-T imaging system. We employed a threefold strategy that included customized specimen preparation to maximize
image contrast, three-dimensional data acquisition to minimize scan time and custom radiofrequency resonator design to maximize signal
sensitivity. Images had a resolution of 100×78×78 μm3 with a signal-to-noise ratio per voxel greater than 25:1 and excellent contrast-to-noise
ratios over a 30-min acquisition. We quantitatively validated the methods through comparisons of neuroanatomy across two lines of
genetically engineered mice. Specifically, we were able to detect volumetric differences of as little as 9% between genetically engineered
mouse strains in multiple brain regions that were predictive of underlying impairments in brain development. The overall methodology was
straightforward to implement and provides ready access to basic MRM at field strengths that are widely available in both the laboratory and
the clinic.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction
The ongoing development of genetically engineered mice
as models for human pathology and a means to understand
gene function has generated a growing need for a rapid and
accurate means of anatomical phenotyping. Magnetic
resonance microscopy (MRM) has been used to assess intact
murine anatomy while avoiding many of the problems
associated with standard histological procedures, such as
uneven sections, realignment during volume reconstruction
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and tissue shrinkage during processing [1,2]. The initial
development of MRM as well as early applications was
conducted with magnetic field strengths as low as 1.5 to 3.0
T, but more recently field strengths greater than 10 T have
yielded greatly enhanced intrinsic signal sensitivity [3–6].
Given these results, it is important to note that the criteria
governing the success of an MRM study may not depend
critically upon the magnetic field strength in all cases. First
and foremost, the methods must provide adequate sensitivity
over the data acquisition period for resolution of structures
of interest. This criterion implies that higher fields are
preferable, but it is also clear that resolution should be
selected based primarily upon the spatial frequencies of the
structure under study. It is also true that adequate image
contrast must be achieved such that boundaries between
tissues or regions of interest within tissue can be accurately
delineated. Since in many cases nuclear relaxation times are
better differentiated at lower field strengths [7], this criterion
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actually suggests that lower field systems may be advantageous under certain conditions [8]. Third, rapid acquisition
of images is highly advantageous in order for high
throughput studies to be both economically and practically
feasible. In this case, strong magnetic field gradients can be
critical for overcoming magnetic susceptibility-related
image distortion and signal loss, but since the magnetic
susceptibility effects are proportional to field strength, the
necessary gradient strength also scales linearly with the
field. In addition, the wide magnet bores of lower field
systems are amenable to parallel imaging of multiple
animals. Finally, at higher field strengths the specific
absorption rate of introduced electromagnetic energy
increases, placing limits upon radiofrequency pulse power
and repetition times.
In this report, we detail a technique for the acquisition of
high spatial resolution images using a 3.0-T imaging
system in only 30 min, with both signal-to-noise and
contrast-to-noise ratios (SNR and CNR, respectively)
typically greater than 25:1 for defined regions of interest
[9]. Specifically, using the methods described here it was
possible to identify differences in substructural volumes in
the murine brain as small as 10%. We quantitatively
validated the methodology through a comparison of
hippocampal volume measurements obtained via MRM
vs. standard histological procedures. In addition, we
segmented multiple brain regions and compared regional
volumes between genetically engineered mouse models of
compromised neurogenesis. The techniques described here
can be easily and quickly adapted to nearly any MR clinical
imaging platform.

2. Materials and methods
2.1. Animals
For initial validation of the techniques, wild-type C57BL/
6 mice were used (n=14). For comparison of genetically
engineered lines of mice, FoxG1 heterozygous “knock-in”
mouse lines were used in which C57BL/6 mice had the
intronless FoxG1 coding region replaced with tetracycline
transactivator (tTA) (FoxG1/tTA) (FoxG1+/+, n=4, mean
weight=15.2 g; FoxG1+/−, n= 4, mean weight=12.3 g) [10].
As a more demanding test of the methodology, TrkB
heterozygous null lines of mice were maintained on a
C57BL/6 background (TrkB+/+ , n=4, mean weight=30.8 g;
TrkB+/−, n=4, mean weight=37.5 g) [11]. FoxG1 mice were
between 5 and 6 weeks of age and all other mice were 8- to
10-week-old adult animals.
2.2. Sample preparation
Mice were first deeply anesthetized with pentobarbital.
The thoracic cavity was then opened exposing the heart,
and animals were intracardially perfused with a solution
of 0.9% saline, 0.1% sodium nitrite and 5% gadolinium-

DTPA (Magnevist, Berlex Laboratories, Wayne, NJ, USA)
followed by a solution of 4% paraformaldehyde and 5%
Magnevist in phosphate buffered saline (PBS). The final
concentration of gadolinium-DTPA in perfusion solutions
was 46.91 mg/ml. Perfusates were administered at a rate
of 5 ml/min using a silastic pump. Subsequently, the brain
was resected and either postfixed in a 4% paraformaldehyde and 5% Magnevist solution or stored in a 0.1-M
PBS solution containing 5% Magnevist for 3–7 days prior
to imaging.
2.3. Radiofrequency resonators
A Hoult-Deslauriers modular radiofrequency resonator
design was used consisting of five inductively coupled, 11mm-diameter resonant loops arranged in a cylindrical
geometry of length 20 mm with an inductively coupled
drive loop placed at one end (Fig. 1A, B) [12]. We used 62pF porcelain chip capacitors (American Technical Ceramics) on each of the loops with the exception of the center
loop, on which a 30-pF fixed capacitor was placed in
parallel with a 5- to 40-pF variable mini-trimmer capacitor
(Johanson 9341-9SL) that afforded a tuning range for the
entire structure of approximately 10 MHz without significant perturbations in the radiofrequency excitation (B1)
field as determined via image uniformity in a plane
containing the axis of cylindrical symmetry. Adhesivebacked copper tape cut into 3-mm-wide strips was used as
the conductor for each loop. The inductive drive loop had
an 82-pF fixed capacitor in series to avoid a DC short of
the circuit, and the loop and capacitor were both connected
to a low-noise 50-Ω coaxial cable (Belden 9223). The
structure belongs to a class of resonators that is well
understood both theoretically and experimentally [12,13].
The lowest eigenmode was tuned to the nuclear magnetic
resonance frequency for protons at 3.0 T (127.73 MHz),
matched to a 50-Ω impedance with each specimen in place
and produced a magnetic field profile well suited for
imaging (Fig. 1C). A primary advantage of this design is
that the resonators could be easily built and implemented to
provide high sensitivity with no additional changes to the
existing hardware or software of the scanner, with the
exception of the image reconstruction scale factor and a
radiofrequency power attenuator at the input to the main
amplifier. This class of ladder networks can be understood
using a highly compact formalism through consideration of
a recursion relation for Kirchhoff's voltage equations on
element n:
ð xL  1=xC ÞIn + jxLðIn + 1 + In1 Þ = 0;

ð1Þ

where L is the inductance on each loop element due to the
copper conductors, and C is the capacitance on each loop
element, In is the current amplitude for the nth element, κ
is the coefficient of mutual inductance between nearest
neighbor elements, and ω=2πν is the angular frequency of
current oscillations.
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Fig. 1. The inductively coupled solenoidal radiofrequency resonator design. (A) Circuit diagram of the resonator showing the five individual resonant loops
coupled via mutual inductance and driven with an inductively coupled drive loop. Capacitor values were as follows: C=62 pF, C1=30 pF, C2=30 pF and
Cv=5–40 pF. Adjustment of the distance between the drive loop and the resonator facilitated matching of the resonator with the 50-Ω transmission line
leading to the RF transmitter and receiver (not shown). (B) A fixed specimen of the murine brain and sketch of the resonator showing the positions of the
capacitors, drive loop and transmission line. (C) The resonant mode spectrum of the five-element resonator. The five discrete modes predicted from the
dispersion relation are visible, but only the lowest in frequency produces a field profile with all elements oscillating in phase and therefore most suitable
for imaging.

Eq. (1) completely defines the eigenvalue problem for the
resonator assuming no radiative or resistive losses and
simple boundary conditions of the form I0=IN=0. Trial
solutions of the form In=Asin(nπΓ/(N+1)), where A is a
global current amplitude on the resonator determined by the

magnitude of the driving voltage, and Γ is an integer
representing the resonant mode number, then lead immediately to a dispersion relation given by:
x2 = ð LC Þ1 ð1 + 2jcosðpC=ð N + 1ÞÞÞ1 

ð2Þ
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The lowest of five predicted resonant modes produces
the most homogeneous radiofrequency excitation field (B1
field). All modes were observed experimentally and the
lowest was used for all imaging studies. Since the B1 field
is only a weakly varying function of small perturbations of
the capacitance on each element, the resonator was tuned
to the operating frequency using the mini-trimmer
capacitor on the center loop. Impedance matching to the
50-Ω transmission line was easily accomplished by
adjustment of the distance between the drive loop and
the resonator. A mounting platform was designed such that
the specimens were positioned at the magnet isocenter
during imaging.
2.4. Imaging
All image data were acquired on a 3.0-T magnetic
resonance imaging system (GE Medical Systems, Milwaukee, WI, USA) equipped with 50 mT/m gradients operating
at 150 mT/m per millisecond. The system was equipped with
software version E2.0-M4-0502.b. The three-dimensional
magnetization-prepared rapid gradient echo (MP-RAGE)
[14] pulse sequence had the following parameters for whole
brain coverage: pulse repetition time=20.3 ms, inversion
time=725.0 ms, echo time=9.6 ms, field-of-view=1×2 cm,
slice thickness=100 μm, matrix size=128×256×60-76, flip
angle=60° and number of averages=4. The above parameters
yielded a spatial resolution of 100×78×78 μm. In addition, it
was possible to view all images at half the SNR in
approximately 8 min using a single acquisition. This feature
allowed fast prototyping of the resonators and sample
preparation methods, but also yielded useful gross anatomical features.
2.5. Image post-processing and volumetrics
Image files were stored in DICOM (Digital Imaging
and Communications in Medicine, Rosslyn, VA, USA)
format on an off-line server. The DICOM datasets were
analyzed using Osirix software (The Osirix Foundation,
Geneva, Switzerland) with the observer blind to the
genotype of the specimens. Anatomical boundaries for all
brain structures were checked in reference to a mouse
brain atlas [15]. As an example, for the hippocampus, the
external capsule, alveus of hippocampus and white matter
were used as boundary landmarks. Two- and threedimensional renderings and animations of the MP-RAGE
datasets were generated using MRIcro (Chris Rorden),
Irfanview (Irfan Skiljan) and GIFAnimator (Microsoft,
Inc.) freeware.
2.6. Volume estimation of the hippocampus via histology
Following imaging, brains were infused with 30%
sucrose and then cut at 40 μm on a freezing microtome.
Every third section was mounted, stained with cresyl violet
and then dehydrated for use in stereological estimation of
volume. With the Steroinvestigator software (Microbright-

field, USA), the entire volume of the hippocampus was
measured at 4× objective magnification. The external
capsule, alveus of the hippocampus and white matter were
used as boundary landmarks. All sections throughout each
hippocampus were traced and reconstructed, and the
Cavalieri estimator function was used to calculate the
volume [16].
2.7. BrdU labeling and detection
To quantify adult neurogenesis, 5-bromo-2′-deoxyuridine
(BrdU, 10 mg/ml; Sigma), a marker taken up during DNA
synthesis, was administered through intraperitoneal injection
in mice [TrkB+/+ (n=4) and TrkB+/− (n=4), as described
above] between the ages of postnatal day 60 and 90 (150 mg/
kg of body weight in 0.9% NaCl). Animals were perfused 28
days following BrdU injection to track the survival of newly
born cells. Following imaging, brains were infused with a
30% sucrose solution and then sectioned on a freezing
microtome and then processed for immunohistochemistry.
To denature DNA, sections were treated for 20 min at room
temperature followed by 20 min at 37°C with 2 M HCl in
PBS. Tissue was then washed in sodium borate buffer for 10
min (0.1 M, pH 8.5) and then rinsed with 0.1 M PBS before
blocking and subsequent incubation with anti-BrdU antibody (for single labeling: mouse anti-BrdU 1:100; Becton
Dickinson, for double labeling: mouse anti-NeuN 1:1000;
Chemicon, rat anti-BrdU 1:100; Dako). The anti-BrdU
antibody was then revealed either with a biotinylated
secondary (goat anti-mouse 1:200; Vector Labs), ABC
(Vector Labs, ABC Elite kit) and DAB peroxidase method
(DAB tablet set, Sigma), or a corresponding fluorescentlabeled secondary antibody (alexa conjugated goat anti-rat
488; Molecular Probes, or alexa conjugated goat anti-mouse
594; Molecular Probes), and only immunopositive nuclei
were counted.
2.8. BrdU quantitative analyses
To quantify the density of BrdU-positive cells in the
granule cell layer of the olfactory bulb (OB), an optical
fractionator method was used. Every third serially obtained
section (80 μm interval) was mounted and processed
immunohistochemically to detect BrdU. Sections were
counterstained with Nissl and a reference volume of the
granule cell layer was traced using a stereology system
(Stereoinvestigator, Microbrightfield). BrdU-positive nuclei
were counted within a 20×20×30-μm counting frame,
which was randomly sampled within a 122.8×68.9-μm
counting grid using a meander scanning technique. BrdUpositive cells throughout the z-plane were counted and
those that contacted the lateral or upper exclusion plane
remained uncounted. The total number of cells counted was
divided by the number of counting frames sampled
multiplied by the size of the counting frame in order to
obtain an estimate of the density of BrdU-positive cells
within this structure.
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2.9. Animal welfare statement
The animal protocol for studies of mice was reviewed and
approved by the Institutional Animal Care and Use
Committee at Weill Cornell Medical College.
2.10. Statistical analyses
Means and standard errors were calculated for hippocampal volumes obtained via both MRM and histology.
For comparisons of measurements obtained within the
same brain, paired sample t tests were utilized assuming
equal variance. For group comparisons between volumes
obtained from genetically engineered mouse lines, means
were compared using Student's t test for small samples
assuming equal variance. Data were analyzed using SPSS
software (SPSS Inc., Chicago, IL, USA) with a significance
level of α=0.05.
3. Results and discussion
3.1. Assessment of image quality
From first principles, it is possible to estimate the relative
quality of the images acquired in this study. We use as a
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benchmark images acquired at 9.4 T at a spatial resolution of
40×40×40 μm in 2 h with an SNR of 25:1 per voxel [17].
From our dataset, assuming that the pulse sequence
acquisition parameters and nuclear relaxation times are the
same at both field strengths, and that the signal sensitivity
varies roughly linearly with field strength, we would then
expect an SNR of approximately 20:1. The CNR will then be
less than or equal to 20:1 based upon the specific anatomical
regions of interest. The SNR estimate is close to the observed
values in this study. For example, as shown in Figs. 2B and
3A, the SNR in the hippocampus is approximately 25:1, and
the CNR is nearly equal to the SNR for the CA1/CA3 cell
layer, since it presents a very low signal relative to adjacent
hippocampal parenchyma. The remaining question is
whether the acquired image resolution at 3.0 T is sufficient
to both visualize and quantify structures of interest. This will
be demonstrated below for several structures within the
murine brain.
The superparamagnetic contrast agent gadopentetate
dimeglumine (Gd-DTPA), which is routinely used in clinical
magnetic resonance imaging, has also been adapted for
MRM [17]. In the present study, both the SNR and the CNR
in tissue were enhanced via a 96-h marination of each
specimen in a 5% solution of Gd-DTPA in PBS. A high

Fig. 2. Murine neuroanatomy obtained via MRM at 3.0 T. (A,B) Datasets obtained in 30 min using (A) Gd-DTPA-infused saline or (B) Gd-DTPA-infused saline
followed by substitution with deuterated water. (C) Comparison with a Nissl-stained histological section. (D) Coronal brain image showing blood vessels in the
hippocampus (green arrows) and (inset) a comparable histologically prepared section labeled with isolectin B-4 (red — a marker for vasculature) and
counterstained with TO-PRO3 (blue).
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Fig. 3. MRM of hippocampal anatomy. (A) Image of murine hippocampus clearly showing the cell layers CA1, CA3 and the dentate gyrus (DG) of the
hippocampus. The image was interpolated to a 1024×1024 matrix before cropping. (B) Corresponding histological section. (C) 3.0-T, 30-min MRM of the mouse
brain in three planes from the MP-RAGE dataset. (D) Surface and (E) partially transparent mean intensity plot of regions probed for volumetric analysis,
including the OB, cerebral cortex, cerebellum and hippocampus. Close inspection of both images reveals significant neurovascular architecture.

CNR was critical for clear delineation of boundaries within
samples and for comparison of differences between regions
of interest across samples. It was also observed that the CNR
was a sensitive function of the marination process and could
for example be altered by substitution of water (H2O) with
deuterated water (D2O). This is demonstrated through the
comparison of a brain imaged in gadolinium-infused saline
(Fig. 2A) or substitution of the carrier media with 95% D2O
(Fig. 2B), which resulted in a markedly different outcome
while using the same tissue preparation procedures, imaging
sequence and acquisition parameters. Images were compared to histologically prepared tissue sections and demonstrated a high degree of anatomical fidelity (Fig. 2C). MRM
images could be segmented into numerous easily identifiable structures (Fig. 2A). Furthermore, by combining
sodium nitrite in the perfusates at the time of sacrifice,
blood vessels were kept patent, which allowed for imaging
of vasculature within tissues of interest (Figs. 2D and
3D, E), thus demonstrating the potential utility of this
methodology for angiography.

3.2. Validation for use in morphological phenotyping
A primary goal of this work was to determine the utility
of this methodology as a means to rapidly and accurately
quantify morphological features of specific tissues. In
studies of the excised mouse brain, images obtained using
the above procedures allowed for the accurate identification
of substructural detail in the hippocampus (Fig. 3A and B).
The acquisition of nearly isotropic datasets allowed
reformatting of images in any plane while retaining the
integrity of the display (Fig. 3C) and also facilitated threedimensional reconstruction of tissues of interest (Fig. 3D
and E).
Hippocampal volume measurements using MRM were
significantly correlated with those obtained from histological
preparations (R2=0.286, Pb.05). The methodologies were
found to differ by an average of less than 6% (±2 S.E.M.;
Fig. 4A). To then determine the reliability of measurements
obtained via MRM, we assessed both measure–remeasure
reliability (within-rater) and inter-rater reliability (indepen-
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Fig. 4. Comparison of 3.0-T MRM to standard histological techniques. Bar graphs depicting hippocampal volume measurements obtained from individual brains
of wild-type C57BL/6 mice for (A) comparison between MRM and histology (n=6), (B) measure–remeasure reliability [n=6, same cohort as in (A)] and (C)
inter-rater reliability for volume measurements from a second set of brains (n=8).

dent raters) for hippocampal volume measurements. We
found both within-rater and between-rater measurements to
be highly reliable (Fig. 4B and C), with the within-rater
measurements being significantly correlated (R2 =0.402,
Pb.05) differing on average from the first to second
measurement by 1% (±2.4 S.E.M.; Fig. 4B). For betweenrater measurements, we also found a highly significant
correlation between the first and second rater (R2=0.504,
Pb.01), with the two observers differing by an average of
3.5% (±2.4 S.E.M.; Fig. 4C).
3.3. Assessment of morphological alterations resulting from
gene knockout
To assess the applicability of this technique for anatomical phenotyping of genetically engineered mice, we used a
FoxG1 gene-targeted knockout mouse line (FoxG1+/−).
FoxG1 encodes a transcription factor that regulates neurogenesis in the embryonic telencephalon as well as in the
postnatal hippocampus [18,19]. In the central nervous
system, neurogenesis is most pronounced from neural tube

formation until birth and then, with the exception of the
hippocampus and OB, decreases significantly throughout
postnatal life. FoxG1+/− mice have been reported to be
generally microencephallic, with the hippocampal and
cortical regions [18,19] being most severely impacted. It
was possible to obtain complete imaging datasets on eight
prepared brain specimens in a total of 6 h. As expected, the
hippocampus, OB, cortex and cerebellum of FoxG1 +/specimens were found to be significantly smaller compared
with wild-type controls (Table 1). The effects of FoxG1
haploinsufficiency were particularly pronounced in the
hippocampus and OB; regions of the brain continue to
undergo neurogenesis throughout life, a process we have
shown to be impaired in FoxG1+/− mice [19].
As a second and considerably more demanding test of this
methodology, we investigated TrkB-haploinsufficient mice.
TrkB is a member of the Trk tyrosine kinase receptor family
and is found throughout the central nervous system [20].
TrkB is most highly expressed in the hippocampus and
cerebral cortex [21], and is the primary receptor to which
brain-derived neurotrophic factor binds [21,22]. The loss of
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Table 1
Regional volumes (mm3) for genetically engineered lines of mice
Cortex, right hemisphere

Cerebellum

Hippocampus

Olfactory bulb

FoxG1 (wild type), n=4
FoxG1 (+/−), n=4
t-Statistic

59.4±(0.86)
43.1±(0.99)⁎
t (5)=11.858

46.9±(0.64)
43.5±(0.77)⁎
t (5)=3.200

16.6±(0.37)
10.2±(0.29)⁎
t (6)=13.769

8.2±(0.23)
6.2±(0.20)⁎
t (6)=6.341

TrkB (wild type), n=4
TrkB (+/−), n=4
t-Statistic

53.6±(0.42)
56.9±(2.30)
t (6)=1.410

47.7±(1.88)
50.3±(0.49)
t (6)=1.278

19.4±(0.63)
17.8±(0.32)⁎
t (6)=2.238

9.1±(0.47)
7.6±(0.40)⁎
t (6)=2.518

Data are presented as mean volumes in cubic millimeters±(S.E.M.). For statistical analysis, Student's t test for small samples was used, with asterisks (⁎)
indicating a one-tailed P value of b.05 when comparing the results from knockout animals with wild-type controls.

TrkB has been shown to alter postnatal hippocampal
neurogenesis, as well as to impact cell morphology in
hippocampal and cortical regions [22,23]. Adult TrkB+/−
mice have previously been reported to have a decrease in total
hippocampal volume of approximately 7% [24,25]. When
comparisons were made between genotypes via MRM, we
found a significant decrease in hippocampal volume of
TrkB+/− mice of 9.2% (±2 S.E.M.; Student's t test; t
(6) =2.283, Pb.03; n=4; Table 1) compared to wild-type
controls. Interestingly, we also found region-specific differences in brain volume in TrkB+/− mice that had not previously
been reported. TrkB+/− mice were found to have a significant
decrease in OB volume compared to wild-type controls,
suggesting anatomical defects within this region (Student's t
test; t (6)=2.518, Pb.05; n=4 mice per group; Table 1). To
investigate this finding in more detail, all mice that underwent
MRI were previously injected with BrdU, a thymidine analog
that is incorporated into the DNA of dividing cells. The mice
were allowed to survive for 28 days post BrdU injection prior
to sacrifice for imaging, which is a sufficient amount of time
for newly born cells that had incorporated BrdU to
differentiate into a mature neuronal phenotype [26]. Compa-

ring the density of BrdU-labeled cells in the OB, we
discovered an approximately 30% decrease in the survival
of newly born BrdU-labeled cells (Student's t test; t (6)
=3.644, Pb.05; n=4 mice per group; Fig. 5). This impairment
in cell survival may at least in part explain the observed
decrease in OB volume (Table 1). It should also be noted that,
despite reports describing alterations in cell morphology in
the cortex and cerebellum in TrkB-haploinsufficient mice, no
differences were found between genotypes for the cortical or
cerebellar volume (Table 1).

4. Conclusions
The methodology described in this report demonstrates
that quantitative MRM, specifically the evaluation of
murine neuroanatomy from genetically engineered mice, is
possible in 30 min at 3.0 T. By utilizing lower field
strengths and taking advantage of both inherent and contrast
agent-induced differences in relaxation times of structures
of interest, images could be obtained with high CNRs
making structural boundaries easily identifiable. The

Fig. 5. Quantification of disruption in OB neurogenesis in TrkB-haploinsufficient mice. (Left) Bar graphs depicting the quantification of BrdU-positive cells in
the granule cell layer of the OB for TrkB wild-type (+/+; n=4) and heterozygous (+/−; n=4) mice. (Right) Representative images of BrdU-labeled (brown) OB
sections that were lightly counterstained with cresyl violet (see text for details).
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selected image resolution of 100×78×78 μm was wholly
adequate for highly reliable and accurate estimation of
hippocampal volumes and approximates what is used for
standard histological procedures of volume estimation (at
typical sampling intervals of 120 μm). With these
techniques, it was possible to accurately and rapidly identify
volumetric differences by genotype and uncover novel
underlying defects.
The ability to detect novel differences in phenotypic
outcomes following a genetic manipulation was the primary
goal of the present methods. By using information available
a priori, such as gene expression patterns, it was possible in a
targeted fashion to use MRM to quantify differences that
were due to genetic disruption. In addition, quite often
genetic manipulations have unanticipated effects on both
region structure and function that may either be primary or
secondary to the genetic manipulation, and therefore a whole
brain scan may yield unexpected differences, as was the case
in the OB of the TrkB heterozygous mice.
While in this study regional volume was measured
through manual segmentation, the procedures described
here may be advantageous for conducting similar studies in
which automated segmentation is utilized. For most
autosegmentation algorithms designed to date, co-registered
images obtained with multiple scan sequences, resulting in
different contrast, are required for accurate analysis. The
ability to generate images with different contrast rapidly at
lower fields could be highly advantageous for highthroughput work.
The methods described herein are either widely available
or can easily be duplicated in most laboratories around the
world. The generation of image contrast using materials
other than, or in combination with, standard gadoliniumbased agents appears to be an area ripe for further
investigation. The overall methodology described in this
report may help MRM further realize its full potential, which
was first proposed more than 30 years ago [27].
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