
Awake, male wild-type and knock-in mice ( n=32; Psychogenics)  were acclimated to the imaging protocol 
over four virtual imaging sessions before actually data collection.  Motion artifact was greatly reduced as 
shown in the time course data below depicting motion in six degrees. Animals were presented with the 
odor of almond as a highly desirable, rewarding stimulus (Kulkarni et al 2012) or the odor of sable ferret an 
aversive stimulus associated with predatory fear.  Experiments were conducted using a Bruker Biospec 
7.0T/20-cm USR horizontal magnet (Bruker, Billerica, Massachusetts) and a 20-G/cm magnetic field gradient 
insert (ID = 12 cm) capable of a 120-µs rise time (Bruker).  At the beginning of each imaging session, a high-
resolution anatomical data set was collected using the RARE pulse sequence (20 slice; 0.75 mm; FOV 2.5 cm; 
data matrix 256 X 256; TR 2.1 sec; TE 12.4 msec; Effect ET 48 msec, NEX 6;  6.5 min acquisition time).  
Functional images were acquired using a multi-slice HASTE pulse sequence (Half Fourier Acquisition Single 

Shot Turbo Spin Echo). With this sequence it is possible to collect twenty, 0 .75 mm thick, axial slices in less 
than six seconds. With a FOV of 2.5 cm and a data matrix of 96 x 96, the in-plane pixel functional resolution 
for these studies was 260 µm2 

Study and Imaging Protocols 

Imaging Analysis 

Images were aligned and registered to a 3D mouse atlas, which is segmented and labeled with 116 discrete 
anatomical regions.   The alignment process was facilitated by an interactive graphic user interface.  The 
registration process involved translation, rotation and scaling independently and in all three dimensions. 
Matrices that transformed each subject’s anatomy were used to embed each slice within the atlas. 
Statistical comparisons of different image acquisitions are compared to baseline (see Tables 1 & 2).  A non-
parametric Kruskal-Wallis test statistic was used to compare the average signal intensity in each of ca 
15,000 voxel for their first 2.5 minutes baseline (acquisitions 1-25) to minutes 2.5 –  5 (acquisitions 26-50),  
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Huntington’s disease (HD) is characterized by motor dysfunction and cognitive 
decline, and is caused by an autosomal dominant expansion of CAG repeats in 
the Huntingtin (HTT) gene . HD patients often present with non-motor 
symptoms that include cognitive dysfunction affective disorders  and sleep and 
circadian rhythm disruptions which can all precede the onset of motor 
dysfunction.  The Q175 knock-in mouse contains human mHtt allele with the 
expanded CAG repeat (~179 repeats) within the native mouse huntingtin gene. 
Thus, this animal model is representative of Huntington’s disease in humans 
from a genetic aspect. Both homo- and heterozygous Q175 mice exhibit first 
signs of motor symptoms early, from 3-4 months of age, and behavioral deficits 
are accompanied by marked brain atrophy and brain metabolite changes by 8 
months.  Functional imaging in awake mice between 2-3 months of age was 
performed to indentify differences in brain activity associated with rewarding 
and aversive stimuli .  
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Figure 3. Shown are data stability as estimated by a 3D rigid 

body model with six degrees of freedom for translational and 

rotational movement. Data were collected from 29 awake 

mice imaged for five minutes during which they were 

exposed to a 5% CO2 challenge as a stimulus for a 

surrogate BOLD response. The average motion is less than 

20 microns. 
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Shown are data stability as estimated by a 3D rigid body model with six 
degrees of freedom for translational and rotational movement. Data were 
collected from 29 awake mice imaged for five minutes during which they 
were exposed to a 5% CO2 challenge (see below) as a stimulus for a 
surrogate BOLD response. The average motion is less than 20 microns. 

Above are the different components of the mouse imaging system. Below 
are sagittal and axial views of an awake mouse brain. Note the linearity along 
the Z-axis. The axial images from a 22-slice RARE sequence (.6mm thickness) 
demonstrate complete brain coverage from the olfactory bulbs to the 
brainstem.  The mouse system was provided by Animal Imaging Research, 
Holden, Massachusetts 

Shown above are time-course data depicting the change in BOLD signal 
in the somatosensory cortex in response to 5% CO2 challenge.  Each 
acquisition time point is the mean and SEM of wild-type mice (n = 7).   

Table 1.  Brain Activity Associated with Reward 

Brain areas showing reduced BOLD activation in homozygotic Q175 mice for both emotional provocation paradigms 

Table 2. Brain Activity Associated with Fear 

Shown above are truncated lists from 116 brain areas activated within mins of presentation of almond odor as a rewarding stimulus and ferret odor as a fearful 
aversive stimulus. The brain areas are rank ordered by significance.  The voxel numbers were analyzed using a Newman-Keuls multiple comparisons test statistic.  
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Shown above are 3D renderings of the putative neural circuit involved in the fear response as pulled from the 
literature.  These 15 color-coded areas were taken from a 3D segmented mouse atlas with 116 discrete brain 
regions. Below, these areas are coalesced into a single volume shown in yellow .  The location of the average 
significant positive (red) and negative (blue) change in BOLD signal are depicted.  The areas delineated  (black 
circles) in the homozygous Q175 negative BOLD, identify absence of signal in PAG and median raphe.   

Shown above are 3D renderings of 14 volumes comprising the putative neural circuit of Papez 
involved in emotional experience.  This circuit was taken from Kulkarni et al., 2012. The color-
coded volumes are coalesced into a single volume shown below in yellow.  The location of the 
average significant positive (red) change in BOLD signal are depicted.   

Shown are time-course data depicting the change in 
BOLD signal intensity in the anterior cingulate for 
wild-type and KO-in mice in response to the 
presentation of almond odor (red line). Mean ± SEM 

Shown are 2D activation maps for wild-type and KO-in 
mice in response to the odor of almond.  The average 
significant positive BOLD signal  is registered to axial 
sections in the mouse atlas.  Note the reduced BOLD 
signal in homozygous Q175 mice. These are the same 
data shown in the 3D maps on the previous panel. 

3D Activation Maps for Reward 3D Activation Maps for Fear 

Time Course Data for Reward 

2D Positive Activation Maps for Reward 

2D  Negative BOLD Activation Maps for Fear 

Shown are 2D activation maps for wild-type and KO-
in mice in response to the odor of ferret.  The 
average significant negative BOLD signal  is registered 
to axial sections in the mouse atlas.  Note the 
reduced BOLD signal in homozygous Q175 mice in 
the areas of the periaqueductal gray and median 
raphe  The decrease in signal was also highlighted in 
the 3D activation maps for fear on the previous 
panel.  

•  Awake mouse imaging is technically feasible as  mice can be acclimated to the 
imaging procedure, resulting in minimum motion artifact, with significant 
changes in BOLD signal in response to CO2 challenge or odors with strong 
emotional valence. 

• With a 3D segmented, annotated MRI mouse atlas it is possible to reconstruct 
distributed integrated neural circuits both in 3D and 2D that “finger print” the 
pattern of brain activity for different provocation paradigms. 

• In this example using wild-type and KO-in transgenic mice engineered for 
Huntington’s disease it is possible to identify difference in brain activity 
between control and transgenic mice to rewarding and aversive stimuli. 

• The caudate/putamen (blue rectangle in Tables) shows reduced 
activity in homozygous but not heterozygous mice as would be 
predicted from the literature. 

• There are common brain areas that are significantly different for 
both provocation paradigms. These common areas (yellow 
rectangles in Tables) include the caudate/putamen, CA1 
hippocampus, periaqueductal gray, piriform ctx and mesencephalic 
reticular formation. 

• Certain brain areas showed a “genetic dose effect” i.e., 
heterozygous mice show a reduction in brain activity from wild-
type that is further reduced in homozygous mice.  These areas are 
delineated in the red rectangles in Tables 1 & 2. 


