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1. Introduction

This chapter describes how large animal models can be used to improve our knowledge of
neuroscience and brain disorders. Various animal models have been used in Magnetic
Resonance Imaging (MRI). Rodents and non-human primates are the most commonly
used, but they present a number of drawbacks; for example, the rodent brain is smaller
than that of humans and thus a higher spatial resolution is required. In addition, there are
significant differences between human and rodent brain morphology: for example the
rodent brain is smooth, whereas that of the human is gyrencephalic. By contrast, the brain
of large mammals such as the pig, sheep or goat is gyrencephalic and has greater
similarities with the human brain (Lind et al. 2007). The Géttingen minipig is increasingly
used in experimental neuroscience, to investigate brain disorders and is a suitable
alternative model to non-human primates for economic, ethical and genetical
homogeneity reasons.

Functional imaging studies usually use the haemodynamic response to neuronal activity
which induces the Blood Oxygenation Level Dependent (BOLD) effect. In general, BOLD
functional MRI (fMRI) paradigms use block design protocols for stimulus presentation to
study cognitive processes. However, due to a number of constraints (immobilization,
conscious animals, etc.) these experimental paradigms are often unsuitable for animal
models. The development of MRI apparatus for animals offers new MR imaging techniques
to study brain functionality, including neuronal tracing by manganese-enhanced MRI,
pharmacological MRI or MR Spectroscopy (MRS). Toxicity and acquisition time can make
some of these techniques unsuitable for humans, and animal models could be used to
overcome these problems and improve the signal-to-noise ratio.

The first part of this chapter describes MRI techniques that can be used as alternatives to
typical block-design paradigms with large animal models, illustrated by a number of
research examples. The second part explores the state of knowledge about the functioning of
the central nervous system and its involvement in major functions and behaviour of farm
animals such as the pig and sheep. We discuss the relevance of these animal models for
human research into brain disorders.
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2. MRl techniques

MRI is a non-invasive and in vivo technique, both essential features for biomedical research.
It enables repeated measures to be carried out and also the longitudinal study of
phenomena such as development, ageing, and the influence of environmental factors and
physiopathology. MRI can also provide information about structural anatomy, functional
activity, cerebral blood flow and water diffusion.

MRI uses a high magnetic field (BO) that aligns the magnetic spin of hydrogen atoms in the
tissue in a low energy configuration. The spins are then excited out of equilibrium by a
radiofrequency pulse. During the relaxation phase (return to equilibrium), time constants T1
(longitudinal magnetization) and T2 (transverse magnetization) can be measured. These
values are used to construct MR images, as relaxation times differ across tissues.

One important advantage of MRI is its high spatial resolution associated with a higher
grey/white matter contrast than in X-ray imaging. Due to these properties, cerebral
structures can easily be identified. Depending on the animal model, the expected
grey/white contrast, and the sequence of acquisition, it is possible to obtain an in-plane
resolution of less than one millimetre and as low as tens of micrometres. Moreover, with its
ability to perform rapid imaging (e.g. Echo Planar Imaging, EPI), MRI can also be used to
obtain dynamic and thus functional imaging.

The most commonly used MRI techniques and their underlying principles are described
below, illustrated by a number of studies.

2.1 Pratical issues, anaesthesia, and immobilization of animals

The brains of small ruminants and other mammals with a bodyweight of less than 150 kg
(sheep, pigs, dogs, etc.) can be studied using conventional clinical scanners. Depending on
the morphological specificities of the mammals involved (size, shape, presence of horns,
etc.), surface or knee coils can be used.

The brain functions of healthy subjects can be studied using fMRI under non-invasive
conditions and without injection of exogenous markers (e.g. radio-isotope). Recent advances
have led to the possibility of imaging brain activity during cognitive processing, revealing
the neural bases of various cognitive processes such as language (Vigneau et al. 2006),
memory (Wager & Smith 2003), emotion (Sabatinelli et al. 2011), social cognition (Van
Overwalle 2009) and neural network dysfunctions associated with various brain disorders
(Ragland et al. 2007, Vocks et al. 2010). The method is based on localizing variations in blood
flow or metabolism rates under basal or stimulated conditions. The method requires short-
duration acquisition with repeated stimulations; the subject has to be immobile, which may
require anaesthesia.

The question of anaesthesia has been raised for clinical applications with children (Orhan et al.
2011) and also for experimental applications, with large and small animals. The impact of
various anaesthetics under different brain functioning conditions has been compared (for
reviews: Boly et al. 2004, Gyulai 2004, Heinke & Schwarzbauer 2002), showing the importance
of the type of anaesthetic (volatile e.g. halothane, isoflurane, or systemic e.g. propofol,
ketamine), and the dose (low doses with analgesic effect without loss of consciousness, or
higher doses with loss of ability to respond to commands). The impact of anaesthesia varies
according to these factors and can be specific to a particular brain area (Fig. 1).
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Fig. 1. Quantitative analysis of isoflurane-related changes in task-induced brain activation.
Representative voxels were selected in two different regions (left: anterior-superior insula;
right: lateral geniculate nucleus). The plots show the group-specific z-values for each group
(isoflurane, control) and condition (BC=baseline condition; IC=isoflurane condition;
RC=recovery condition). Comparing the corresponding time courses of the isoflurane and
control groups reveals a significant isoflurane-related decrease (z>3.1 corresponding to
P<0.001) in the anterior-superior insula, but not in the lateral geniculate nucleus. (Adapted
from Heinke & Schwarzbauer 2002).

It is clear that the neural processes involved in cognitive functions cannot be studied under
deep general anaesthesia; human brain activations induced by noxious, auditory or visual
stimulations decrease in a dose-dependent manner after analgesia by ketamine (Rogers et al.
2004), and after sedation by propofol (Plourde et al. 2006, Purdon et al. 2009). In these
studies, the authors described a decrease in BOLD in certain regions, but not in the primary
cortical areas. Experimental studies with immobilized or anaesthetized animals have used
new MRI paradigms with longer acquisition times or pharmacological agents, unsuitable for
use with humans. For example, in a rat exposed to hypercapnia, brain activations were
higher in conscious animals than those anaesthesia with isoflurane (Sicard et al. 2003).
Conversely, the networks of vision, motor or auditory sensitivity described in the resting
state persisted regardless of the depth or type of general anaesthesia (Hutchison et al. 2010),
and no difference between anaesthetics was found after visual stimulation in dogs (Willis et
al. 2001). Several MRI paradigms in anaesthetized animals have been developed to map
brain activation induced by serotonin infusion in the baboon (Wey et al. 2010) and cat
(Henderson et al. 2002) or brain connectivity in the rat (Pawela et al. 2009, Zhao et al. 2008).

Alternative functional MRI methods for paradigms requiring conscious animals, which
comply with ethical standards of experimentation with large animal models, can be used to
explore the organization and functioning of the brain (see section 3).

2.2 Structural studies

MRI allows brain images to be obtained with a very high spatial resolution (<0.5mm) and
high grey/white matter contrast. Cortical and subortical structures can be easily segmented
and their volumes can be determined precisely. Thus, both qualitative and quantitative
studies can be conducted. T1-weighted images are mainly used for anatomical studies, but
MRI can generate images based on numerous sequences and modalities, obtaining different
contrast images (T2, T2*). Among T2-based sequences, Fluid Attenuated Inversion Recovery
(FLAIR) enables an easier identification of white matter lesions by suppressing the signal
from cerebro-spinal fluid (CSF).
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2.2.1 Idenfication of structures — Qualitative studies

Schmidt and colleagues demonstrated that MRI is a useful tool for identifying and studying
in detail anatomical cerebral structures in small ruminants (Fig. 2) (Schmidt et al. 2011).
Using a conventional 1 Tesla MR scanner, they compared the brains of small ruminants with
those of dogs and observed several distinct features (deep depression of the insula,
pronounced gyri, larger diencephalon, and dominant positions of the visual and olfactory
systems). Using a 4.7 Tesla MR scanner, Saikali and colleagues (Saikali et al. 2010) built a
high-resolution (0.1x0.15x0.1mm) 3D atlas of the pig brain, including more than 100 cerebral
and cerebellar regions. Although this atlas was constructed post mortem from one
hemisphere, it can help to identify different structures.

Fig. 2. T2-weighted mid-sagittal MRI of a sheep brain. (Adapted form Schmidt et al. 2011).
Ans, ansate sulcus; aq, mesencephalic aqueduct; cho, optic chiasm; ci, cingulated gyrus; cu,
culmen; de, declive; Edg, endogenual sulcus; fo, fornix; fol, folium; fp, primary fissure; fs,
secondary fissure; gcc, genu of the corpus callosum; Gen, genual sulcus; ir, infundibular
recess; ita, interthalamic adhesion; li, lingula; Ic, central lobule; 1v, lateral ventricle; mb,
mamillary body; mo, medulla oblongata; no, nodulus; ob, obex; pb, pineal body; po, pons;
Py, pyramis; rc, rostral commissure; rcc, rostrum of the corpus callosum; roc, rostral
colliculus; scc, splenium of the corpus callosum; Spl, splenial sulcus; teg, tegmentum of the
mesencephalon; tu, tuber vermis; uv, uvula; 3, third ventricle; 4, fourth ventricle.

2.2.2 Morphometry — Quantitative studies

As mentioned above, MRI can be used for morphometric measures due to its high spatial
resolution and grey/white matter contrast. Furthemore, as MRI is a non-invasive in vivo
technique, it can be a valuable tool in longitudinal studies, revealing variations in the
volume of cerebral structures. For example, it has been shown that an oestrogenic anabolic
agent (zeranol) enhances the growth of the pituitary gland of rams (Carroll et al. 2007).

One limitation of morphometric studies is the anatomical variability between individuals.
Most morphometric analysis methods in humans include a spatial normalisation step to
overcome this problem. This involves a spatial transformation that places each individual
brain in a standard, common space. This step requires a template of a standard target brain,
which is constructed from several brains via linear affine coregistrations (see Collins et al.
1994 for method). Several templates (and atlases) have been constructed and are available,
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but most of them concern non-human primates (Black et al. 2004, McLaren et al. 2009) and
rodents (Schweinhardt et al. 2003). As mentioned above, a high-resolution atlas of the pig
brain has been constructed (Saikali et al. 2010). The same researchers also built a 3D
probabilistic pig brain atlas of the deep brain structures using ex vivo adult Large White pig
brains. The DaNex study group has also computed a template of the average brain of the
Gottingen minipig and a probabilistic atlas including 34 regions (Watanabe et al. 2001).

With the possibility of spatial normalisation, focal variations in brain anatomy can be
studied by Voxel Based Morphometry (VBM). VBM is a statistical analysis method that
consists in voxel-wise comparisons of the local concentration of grey (or white) matter. VBM
includes various steps such as spatial normalisation and segmentation (white matter, grey
matter and cerebro-spinal fluid). Voxel-wise statistical tests are then performed on these
tissue maps to identify group-wise differences or longitudinal changes based on the General
Linear Model (GLM) (Ashburner & Friston 2000). For example, a longitudinal paradigm has
revealed that training induces grey/white matter volume changes in macaques (Quallo et al.
2009). VBM can also highlight phenotypic variations. It has been demonstrated that MRI,
and particularly VBM, can be successfully used to test the heritability of cerebral anatomy in
baboons (Rogers et al. 2007).

2.3 Magnetic Resonance Spectroscopy

Magnetic Resonance Spectroscopy (MRS) is widely used in both clinical and preclinical
research for the in vivo study of cerebral metabolism and the quantification of numerous
metabolites (Fig. 3). This quantification is computed from the MR spectrum (intensity of the
resonance interaction against the frequency of the chemical compound). The frequency of
each compound is linked to its chemical shift which is affected by the chemical environment
of the hydrogen atoms. The area under the peak provides a measure of the relative
abundance of the corresponding compound. Among the detectable peaks, creatine is used as
a relative control value because its concentration remains relatively constant. For example,
choline and lactate are considered as markers for brain tumours, while N-Acetylaspartate is
used as a marker of neuronal integrity. The spectrum is usually acquired in one voxel (single
voxel spectroscopy) and the size of this volume of interest (VOI) is around 1 cm3. As
acquisition time is not necessarily a constraint in animals, a smaller VOI size could be
expected with a similar signal-to-noise ratio.

A limitation of MRS is that it uses metabolite ratios for quantification. This may produce
ambiguous results whenever several metabolite levels vary simultaneously. An absolute
quantification method has been developed (Barantin et al. 1997) called ERETIC (Electric
REference To access In vivo Concentrations). It uses a synthetic reference signal which is
synthesized as an amplitude modulated radio-frequency pulse, and is injected during the
acquisition of the spectrum.

Due to their brain size, small animal brains require higher spatial resolution than for human
brains to obtain similar acquisitions. In the macaque, MR spectroscopy has been performed
successfully with a spatial resolution of 0.05 cm3 (Gonen et al. 2008). These authors used
multivoxel spectroscopy to compute 2D or 3D maps of spectra and to distinguish brain
regions according to their metabolite content.
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Fig. 3. Example of MR spectrum. Cr: Creatine, PCr: Phosphocreatine, Glx: Glutamate +
Glutamine, ml: Myo-inositol, Tau: Taurine, Cho: Choline, Asp: Aspartate, Glu: Glutamate,
GIn: Glutamine, NAA: N-Acetylaspartate, Lac: Lactate, MM: Macromolecules.

2.4 Contrast agents

The role of contrast agents is to improve the contrast-to-noise ratio and the spatial sensitivity
of the MR signal. They are used in structural and functional studies. Several types of
contrast agents have been proposed, some of them directly injected into blood vessels and
others used to label cells that are subsequently injected. The use of several contrast agents is
limited, especially in humans, due to their putative toxicity.

2.4.1 Gadolinium

Gadolinium (Gd) is a lanthanide metal with paramagnetic properties. However, as a free
ion, Gd is highly toxic for mammals, so chelated Gd compounds are used as contrast agents.
These agents enhance MRI by shortening the T1 relaxation time. In clinical examinations, Gd
is widely used in MR angiography to enhance vessels. It is also commonly used for the
exploration of brain tumours and blood-brain-barrier (BBB) integrity. Gd is a marker for
BBB breakdown because it is restricted to the intravascular space when the BBB is not
disrupted. Wuerfel and colleagues found that Gd-enhanced MRI could be successfully used
to explore BBB changes in-vivo during the development of neuroinflammation (Wuerfel et
al. 2010). A number of studies have also demonstrated the possibility of labelling and
tracking cardio-vascular stem cells (Adler et al. 2009).

2.4.2 Manganese-Enchanced Magnetic Resonance Imaging (MEMRI)

Manganese ions (Mn2*) are paramagnetic and enhance MRI contrast mainly by shortening
the T1 relaxation time in tissue. Divalent Mn2* is a calcium analogue and enters neurons
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through voltage-gated Ca2* channels. Due to these two properties, Mn2* is a unique contrast
agent for tracing axonal pathways and neuronal connections in the central nervous system
(for review see Silva & Bock 2008). Injections of low concentrations of Mn2* into a specific
cerebral structure produce significant contrast enhancement along the known relative
pathways (Watanabe et al. 2004). Jelsing and colleagues demonstrated in the Gottingen
minipig that in vivo tracking with MEMRI is very sensitive and corresponds closely to
histological labelling (Jelsing et al. 2006).

However, use of MEMRI remains limited because of the neurotoxicity of the Mn2* jon at
high concentrations (Shukakidze et al. 2003). Only one agent, Mn-dipyridoxyl-diphosphate,

is used in human clinical imaging of the liver.

2.4.3 Inorganic nanoparticles

The main inorganic contrast agents in use are SuperParamagnetic Iron Oxide (SPIO) and
Ultrasmall SuperParamagnetic Iron Oxide (USPIO) particles. They vary in size from 20-
140nm for SPIO to 60-150nm for USPIO. When placed in a magnetic field, iron oxide
particles induce local inhomogeneities, shortening T2 relaxation time. Iron oxide particles
produce hypointensity on T2 and T2* weighted images and hyperintensity on T1-weighted
images. The signal changes induced by iron oxide particles on T1 and T2 relaxation times
are linked to the particle size and the compartment of the particles (extra/intracellular). The
toxicity of nanoparticles seems to be limited, but their effect on stem cells is still discussed
(Farrell et al. 2008, Muldoon et al. 2005, Schlorf et al. 2010).

Several works have also demonstrated that Monocrystalline Iron Oxide Nanocompounds
(MION) can be used in functional studies in animals (Leite et al. 2002). Their main
advantage is the specificity of fMRI signal change induced by MION which is only
influenced by cerebral blood volume, whereas the BOLD signal is also influenced by
cerebral blood flow (CBF) and the metabolic rate of oxygen.

An alternative way of using iron oxyde particles is cellular MRI. This technique allows to
transplant and to follow labelled cells. Numerous studies have shown that in vitro neural
stem and progenitor cells can be loaded with iron oxyde particles (for review Couillard-
Despres & Aigner 2011). It has been suggested that this method has a very low detection
threshold (Kustermann et al. 2008). One limitation of this method is that the detected
contrast on MR images refers only to the particles and not to the labelled cells themselves.
This could lead to non-specific observations due to the lack of information on type or
viability of cells.

2.5 Diffusion Imaging and Diffusion Tensor Imaging

Diffusion MRI produces in vivo images of water diffusion (Le Bihan et al. 1986). Since water
diffusion is affected by the microarchitecture of cerebral tissue, in particular the white
matter, it can be used to study the organization of neural pathways. Measurement of
diffusion provides a non-invasive imaging method to estimate cellular integrity and
pathology, and to investigate disease-related changes in neuropathological processes that
cannot be observed directly. Several measures can be computed, such as the average
diffusivity, apparent diffusion coefficient (ADC), and the fraction of anisotropy (FA) that
corresponds to the degree of anisotropy of the diffusion process. These variables are
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influenced by factors such as fibre diameter or degree of myelination. Whole brain FA
changes may be linked to numerous neuropathological mechanisms including neuronal
loss, astrogliosis, myelin pallor and diffuse astrocytosis.

Diffusion tensor imaging (DTI) is an advanced method that produces images of the direction
and the magnitude of water diffusion. DTI can be used to study white-matter fibre
architecture and the influence of experience, disease or other factors on the white-matter
fibre networks. Based on DTI data and the FA value of each voxel for several directions,
different algorithms can be used to compute the location of white matter fibres and to
perform tractography of the neural pathways. DTI can be considered as a functional
imaging technique since it provides information about white matter tracts which carry
functional information between brain regions.

2.6 Functional Magnetic Resonance Imaging (fMRI)

fMRI enables the measurement of BOLD changes associated with neuronal electrical
activity. The BOLD effect is due to a local variation of desoxyhemoglobin concentration
(acting as an endogenous contrast agent) which induces a T2* modification and a variation
of the MR signal. fMRI uses EPI sequences that produces low spatial resolution images but
with a relatively high sampling rate (typically 1-3 seconds). A time course of the MR signal
(T2*) for each voxel can be computed. Neuronal activity induces a BOLD effect that affects
the time course which is known as the haemodynamic response function. The relationship
between neuronal activity and the BOLD effect is a combination of several physiological
changes (cerebral blood flow, cerebral blood volumes, cerebral metabolic oxygen
consumption, etc.) and is a subject of current research (Ekstrom 2010, Logothetis 2002).

When the effect of stimuli is assumed to be high, it can be examined by comparing the
BOLD signal with and without stimulus presentation (Ferris et al. 2001, Makiranta et al.
2002). The size of the effect can then be estimated by computing the percentage of signal
change ([average response over the stimulation period - average response over the control
period]/[average response over the control period]) (Fig. 4). As the effect of the stimuli may
be too weak to be observed with this method, block design paradigms have been developed.
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Fig. 4. Enhancement of BOLD signal in the preoptic area of male marmosets exposed to the
scent of peri-ovulatory females. Red spots correspond to regions with a significant increase
in the percentage of signal change during stimulus presentation. The average changes in
signal in the region of interest (in green) are shown in the time course data. (Adapted from
Ferris et al. 2001).
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2.6.1 Typical activation studies: Block designs

Typical activation studies use block designs and analysis based on the general linear model
(GLM). This method is used to make inferences about the effects of the stimuli by
decomposing data into effects and errors, and computes statistical maps related to the
effects of the stimuli (see Monti 2011 for principles). This kind of study is widely used in
human and non-human primates, but due to a required subjects’s involvement, typical fMRI
activation paradigms have only been used in a few studies in large animals such as pigs or
sheep (Fang et al. 2005b, Fang et al. 2005c, Fang et al. 2006, Opdam et al. 2002). Due to the
constraints mentioned above (see 2.1), this kind of experimental paradigm will not be
discussed further in this chapter.

2.6.2 Other experimental paradigms

The constraints relating to typical block activation paradigms can be avoided by analyzing
the data with model-free methods. These do not require any presentation of stimuli and are
thus also called data-driven analyses. One method widely used to identify brain networks is
correlation analysis which is the most straightforward way to examine the functional
connections of brain regions. It consists in computing correlations between the time course
of the MR signal in one particular region (known as the seed region) against the time
courses of all other regions, providing a connectivity map relative to the seed region.
Numerous studies have used this method to explore the resting-state network in humans
(van den Heuvel & Hulshoff Pol 2010 for review), non-human primates (Vincent et al. 2007)
and rats (Zhang et al. 2010). One of the limitations of this method is that the functional
connectivity map refers to a specific region and does not provide a whole-brain analysis.

Another data-driven approach is independent component analysis (ICA) whose goal is to
recover independent sources given only observations. ICA transforms the observed signals
into components and maximizes independency of these resulting components (see
McKeown et al. 1998 for principles). In other words, ICA identifies functionally connected
brain networks which covary independently of other regions. ICA has been used to explore
resting state and functional connectivity in arousal states in humans, non-human primates
(Moeller et al. 2009) and rodents (Hutchison et al. 2010).

2.6.3 Arterial Spin Labelling (ASL)

The ASL method measures CBF by providing cerebral perfusion maps without requiring a
contrast agent. This approach uses magnetically labelled endogenous blood water as a freely
diffusible tracer. The first studies were conducted in 1992 (Williams et al. 1992) and since then
various improvements have been proposed. The principle of ASL is to sequencially acquire
brain volumes and to obtain time series composed of tag images in which arterial blood is
magnetically labelled (by apllying a 180 degre radiofrequency inversion pulse) and control
images in which the inflowing blood is not labelled. First, the arterial blood water is tagged in
a region that is proximal to the imaging region, and after a period of time the image of the
region is acquired. The procedure is then repeated without the tagging step. This pattern of
alternate acquisition is repeated several times. The difference between the control and tagged
images provides a volume containing values proportional to the perfusion.

Because ASL measures CBF and uses rapid imaging sequences, activation studies similar to
BOLD fMRI can be performed. The advantage of ASL-fMRI is that the ASL signal is thought
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to be only associated with CBF in capillaries, while the BOLD effect results from numerous
haemodynamic changes in nearby veins. However, ASL-fMRI has a lower signal-to-noise
ratio, lower spatial and temporal resolutions, and can be less sensitive to stimuli.

In this section, we have described the different MRI techniques and their applications (Table
1). As there are a number of drawbacks to the use of rodents and non-human primates,
commonly used in MRI investigations (see introduction), we propose the use of large
animals (sheep, pigs) as alternative models. In the following section, we will outline the
main advantages of using these models for a better understanding of cerebral functioning
and related brain disorders.

Resolution
Structural Imaging <0.2mm3
Grey/white matter volumes
Long-term modifications
Diffusion Imaging <10mm?3
Architecture of white matter tracts
Long-term modifications

MORPHOLOGY

Blood Oxygenation Level-Dependent Effect  <5mm3
Neural bases of cognitive processes
Neural networks

Arterial Spin Labelling <20mm?
Perfusion maps
Neural bases of cognitive processes

FUNCTION

MR Spectroscopy <lcm3
Metabolite distribution
Neuronal death
Neurogenesis

METABOLISM

Table 1. Summary of the main MRI applications.

3. Animal models

The central nervous system of farm animals has been studied to understand the regulation
of major functions such as reproduction and food intake, with the aim of improving yields.
Researchers soon found that these models could also be used to improve understanding of
the brain (Lind et al. 2007, Sauleau et al. 2009) and the neurobiological regulation of various
functions (Lehman et al. 2002, Malpaux et al. 2002, Skinner et al. 1997). The next section
presents data obtained in large animals (pigs and sheep) providing fundamental knowledge
about brain functioning and the central control of various functions and behaviours.

3.1 Brain injury

Large animals are commonly used as experimental models for human-infant research into
brain disorders (pig, Lind et al. 2007), sudden infant death syndrome (pig, Tong et al. 1995),
head injury (Lehman et al. 2002), brain injury induced by hypoxia (pig, Foster et al. 2001;
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sheep, Laurini et al. 1999) or by preterm birth (sheep, Patural et al. 2010 , Pladys et al. 2008,
Riddle et al. 2006), and neurobehavioural topics (pig, Friess et al. 2007). They can also be
used for xenografts in Parkinson’s disease (Molenaar et al. 1997). Some of these studies have
focused on neuronal activation induced by hypercapnia in the dorsal vagal complex of
piglets (Ruggiero et al. 1999, Sica et al. 1999) and on cyto-architectural modifications
induced by hypoxia/ischaemia (HI), such as neuronal necrosis in the piglet hippocampus
(Foster et al. 2001), while others have investigated cell degeneration in the cerebral cortex of
fetal lambs (Riddle et al. 2006).

With regard to the development of MRI techniques, some authors have combined these
approaches with histological methods. For example, Fang and collaborators studied the
development of the pig brain (Fang et al. 2005a) and compared nociceptive and motor
stimulations at different ages (Fang et al. 2005b). They demonstrated the usefulness of fMRI
in non-anaesthetized piglets to identify differences in brain activation induced by pain
stimulation and passive movement (Fang et al. 2005b). Immunohistochemistry enabled the
authors to propose a hypothesis of functional brain maturation to explain the effect of age
on brain activation measured by fMRI (Fang et al. 2005a). It has also been demonstrated that
the volumetric analysis of brain lesions by MRI reveals the impact of traumatic brain injury
in a similar way to histological approaches (Grate et al. 2003; Fig. 5). The use of MRI has
been validated to detect HI injury in preterm fetal sheep, although detection was limited to
injury in deep structures (Fraser et al. 2007). These studies demonstrate first how MRI and
histology are complementary methods for understanding brain functioning, and secondly,
that MRI produces similar results to histology while offering a more ethical approach.

u‘x

Fig. 5. Serial T2-weighted MR images, histological section stained with hematoxylin and
eosin, and adjacent section stained with an antibody against glial fibrillary acidic protein
obtained at one-month post-injury in a one-month old piglet subjected to scaled focal brain
injury. Note that the traumatic brain lesion (green arrow) is found whatever the method
(adapted from Grate et al. 2003).

In the case of HI-induced brain injury in newborn piglets, magnetic resonance spectroscopy
(MRS) has been used to monitor the cerebral metabolite ratio in vivo (Bjorkman et al. , Li et
al. 2010, Vial et al. 2004). Bjorkman and colleagues measured the severity of the brain injury
with EEG, ADC, MRS and neuropathological analysis. They observed correlations between
these measures (Bjorkman et al. 2010).

MRI methods have also been used with large animal models in studies on epilepsy (sheep:
Opdam et al. 2002), to develop new chemotherapeutic strategies such as local injection in the
fourth ventricle (pig, Sandberg et al. 2008), and to test the toxicity of chemotherapeutic
treatment on normal brain tissue close to the injection site (Makiranta et al. 2002). In sheep,
MRI has validated in vivo ultra-sound transcranial brain surgery (Pernot et al. 2007).
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3.2 Cerebrospinal fluid functionality

The ewe has commonly been used in neuroendocrinology studies as an animal model for
neuroanatomical research (Lehman et al. 2002) into the neuroendocrine mechanisms of
reproduction (Malpaux et al. 2002), or to study the effect of drugs on the central nervous
system (Parry 1976). In this large animal model, CSF content can be analysed in real-time by
continuous sampling over several days in conscious and unstressed animals at different
stages of development (Dziegielewska et al. 1980, Tricoire et al. 2003).

Studies conducted in sheep have demonstrated that the gonadotropin releasing hormone
(GnRH) pulses measured in the CSF are coincident with those measured in the hypophyseal
portal blood and with the luteinizing hormone pulses measured in jugular blood (Skinner et
al. 1997). Similar observations have been made for the melatonin (MLT) concentration
measured in the jugular vein and CSF which vary with day-night rhythm (Skinner &
Malpaux, 1999). It has been demonstrated in sheep that the CSF content varies according to
the cerebroventricular compartment (Fig. 6, GnRH, Caraty & Skinner 2008; MLT, Malpaux
et al. 2002, Tricoire et al. 2003), light-dark cycles (Skinner & Malpaux 1999, Thiery &
Malpaux 2003, Thiery et al. 2003, Thiery et al. 2006, Thiery et al. 2009) and ageing (Chen et
al. 2010a, Chen et al. 2010b). These findings suggest that the CSF is an active medium which
could play a role in regulating various functions (Malpaux et al. 2002, Skipor & Thiery 2008).
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Fig. 6. A: Lateral X-ray image, and B: diagram showing the placement of the four cannulae
implanted in the supraoptic (C1), infundibular (C2) and pineal (C3) recesses and in the
lateral ventricle. C: Examples of GnRH concentration profiles in the CSF harvested
simultaneously from the different cannulae (C1, C2, C3) with the corresponding LH
secretion in the peripheral blood. (Adapted from Caraty & Skinner 2008).
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One of the hypotheses regarding the variations in CSF content linked to season or ageing
concerns variations in the BBB permeability, as demonstrated in sheep (Chen et al. 2010b,
Lagaraine et al. 2011). BBB involvement and dysfunction in brain disorders has been
extensively documented (de Vries et al. 1997, Forster 2008, Hawkins & Davis 2005, Strbian et
al. 2008). Using MRI methods it is possible to study the BBB and its permeability in
physiological or pathological paradigms (Hjort et al. 2008, Israeli et al. 2011, Wuerfel et al.
2010), and also to develop new therapeutic strategies (Liu et al. 2010).

Another hypothesis about the CSF-brain-endocrine interaction concerns tanycytes, which
are ependymal cells of the third ventricle (Rodriguez et al. 2005). Their putative
involvement in photoperiodic regulations has been described in the hamster (Ebling
2010). Apart from their physiological role, they are also implicated in brain disorders, as
some chordoid gliomas could have a tanycytic origin (Sato et al. 2003). These tanycytoma
are differentiated from other intracranial neoplasms by their specific location in the
hypothalamus (Lieberman et al. 2003).

We therefore suggest that large animals such as pigs and sheep are relevant animal models,
as the CSF content is easily measurable (e.g. in sheep), the permeability of the BBB can be
investigated physiologically through day-night cycles (e.g. in sheep) and pharmacologically
using ultrasound (e.g. in pigs, Xie et al. 2008).

3.3 Neurogenesis, cell proliferation

Evidence of adult neurogenesis was first presented in 1965 (Altman & Das 1965). It is now
thought to play a role in different functions (Aimone et al. 2010) such as memory (Deng et
al. 2010), in sensory systems such as olfaction (Whitman & Greer 2009), and in mental health
disorders (Eisch et al. 2008), epilepsy (Rakhade & Jensen 2009) and Alzheimer’s disease
(Lazarov & Marr 2010).

In sheep, cell proliferation, evaluated by bromodeoxyuridine (BrdU) incorporation, has been
observed in the dentate gyrus of the hippocampus of ewes exposed to a novel male
(Hawken et al. 2009). Using BrdU incorporation and cellular biomarkers such as
doublecortin or glial fibrillary acid protein (for review Sierra et al. 2011), it has been
demonstrated that cell proliferation is down-regulated in the subventricular zone, the
dentate gyrus and the main olfactory bulb at parturition and during interactions with the
young (Brus et al. 2010, Fig. 7A). These authors suggest that cell proliferation could play a
role in maternal behaviour via the olfactory and memory neuronal systems. New
neurogenesis sites that could be involved in photoperiodic neuroendocrine systems have
also been described in the hypothalamus (Migaud et al. 2010, Fig. 7B).

MRS is a promising method for visualizing and studying endogenous neural progenitor
cells (Ramm et al. 2009, Sierra et al. 2011). In vivo imaging needs to be developed in humans
(Couillard-Despres & Aigner 2011) to study adult neurogenesis (Couillard-Despres et al.
2011).

Based on current knowledge and available tools, we suggest that large animal models such
as sheep can be used to validate the development of MRI techniques and to understand the
role of neurogenesis through longitudinal in vivo studies.
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Fig. 7. BrdU integrated cells observed in the olfactory bulb (A, A1) and the hypothalamus
(B) of adult sheep. In the main olfactory bulb, positive mature neuroblasts (A2) were
observed in the same area as the BrdU incorporated cells (A1) at parturition (adapted from
Brus et al., 2010). Constitutive cell proliferation observed in the adult sheep hypothalamus
(B, BrdU in red), the new cells differentiated into mature neurons (NeuN in green) (adapted
from Migaud et al. 2010).

3.4 Neurobiological regulation
3.4.1 Feeding behavior

The role of the central nervous system in regulating appetite and food intake has been
extensively studied (for review Berthoud 2006, Kalra et al. 1999, Schwartz 2006). Regulatory
systems in central areas include the hypothalamic system (ventromedian nucleus, arcuate
nucleus, etc.), the caudal brainstem (area postrema, nucleus of the tractus solitary, etc.) and
cortical structures (prefrontal cortex, amygdala, hippocampus, etc.). At the hypothalamic
level, numerous neuropeptides have been identified as major orexigens (neuropeptide Y,
galanin, etc.) or anorexigens (cholecystokinin, somatostatin, etc.), most of them regulated by
hormones such as insulin or leptin. In sheep, similar factors have been observed to regulate
food intake (Baile & McLaughlin 1987, Chaillou et al. 2000, Della-Fera & Baile 1984) or to be
regulated by nutrition (Chaillou & Tillet 2005, Zieba et al. 2008). The same factors have been
described in the pig (Baldwin et al. 1990a, Baldwin et al. 1990b, Baldwin & Sukhchai 1996,
Czaja et al. 2002, Czaja et al. 2007, Parrott et al. 1986), and similarities have also been found
in humans for preferences for sweet food (Houpt et al. 1979) and for energy metabolism
(Spurlock & Gabler 2008). All these observations support the idea that the pig can be used as
a model for human studies (Johansen et al. 2001).

Knowledge about the central regulation of feeding behaviour has been documented using
techniques including central injections of neuropeptides or hormones, comparison of
neuropeptide expression levels in different nutritional states, and more recently by MRI
(Van Vugt 2010). MRI has been used in human studies of the cognitive component of eating
disorders such as anorexia nervosa (volumetric MRI, Muhlau et al. 2007; fMRI, Vocks et al.
2010) or nutritional disorders such as obesity (fMRI, Killgore & Yurgelun-Todd 2010).

We suggest that large animal models could be used to study the putative consequences on
human brain functioning of nutritional disorders such as obesity. For example, functional
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connectivity, measured by MRI, is impaired in obese human subjects, and is correlated with
metabolic indicators such as insulin (Kullmann et al. 2011). It would be interesting to
compare the impact of different neuropeptides or diets on brain activation that could be
measured at different times of life, but this type of protocol would be difficult to standardize
in humans. The effects of gastric bypass surgery on hypothalamic functional connectivity
and on various indicators (inflammatory and metabolic) have been studied in obese human
subjects (van de Sande-Lee et al. 2011). Similar protocols could be designed in the pig,
making it easier to select animals and to set up a sham-surgery control group, and could be
used to study the long-term effects of surgery. Other studies could investigate interactions
between nutrition and other functions such as reproduction, or to evaluate the putative
sensorial effects induced by cognitive perturbations during prenatal, perinatal or childhood
periods. For example, a recent brain imaging investigation using PET scan compared the
cerebral blood flow of lean and obese minipigs (Val-Laillet et al. 2011).

3.4.2 Reproduction

Reproduction is controlled by the central nervous system, more particularly by the
hypothalamus where the neuronal population containing GnRH is located. This neuropeptide
is the key factor in the regulation of the hypothalamic- pituitary-gonadal axis. It is released in a
pulsatile fashion into the hypophyseal portal blood. Numerous studies have been performed
using a sheep model, as the oestrus cycle of ewes has the same temporal pattern as the
menstrual cycle of women, and because it is possible to sample blood from the hypophyseal
portal system of the ewe (Caraty et al. 1982). Many peripheral hormones from the gonads act
on distinct neuronal populations in the brain to regulate the neuronal activity of GnRH
neurons. The neuronal network controlling reproduction in sheep has been extensively
described, and the neuroendocrine factors regulating this network are known (steroids,
neuropeptides, monoamines, etc; for reviews Herbison 1995, Herbison 2006, Tillet 1995). All
these data have contributed to our knowledge of the central control of reproduction in
mammals, and more particularly in humans.

However, one outstanding difficulty concerns the precise description of the temporal
activations and interactions between the different neuronal partners in regulating the
menstrual cycle and puberty. MRI could help to overcome this difficulty and a number of
studies have already been performed in humans to investigate the interaction between the
neuronal population and the feedback effect of gonadal hormones. At puberty, when the
gonads start to produce hormones and particularly steroids, MRI methods have been used to
determine how steroids (oestrogen and testosterone) act on brain development and plasticity
(Jernigan et al. 2011). Another field of study has focused on brain functioning in women
during the menstrual cycle. Throughout the cycle, the ovaries produce successively increasing
levels of oestradiol and progesterone (Goodman & Inskeep 2006), concomitant with changes in
functional cerebral asymmetries (Weis & Hausmann 2010) which are potentially due to
variations in functional connectivity (Weis et al. 2010). These hormonal variations during the
menstrual cycle or caused by hormonal contraceptives affect the volumes of grey matter
(Pletzer et al. 2010) and modify the activation induced by negative emotion in the amygdala
and hippocampus as demonstrated by fMRI (Andreano & Cahill 2010), and hormonal
variations also affect food perception in interaction with feeding disorders (Van Vugt 2010).
These data have been obtained under clinical conditions and it is clearly impossible to extend
these human studies for obvious ethical reasons. The female sheep is an excellent model to
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understand the central effect of steroids on brain functioning and can also be very useful for
developing treatment strategies for central or pituitary infertility in humans, and for
investigating central effects of new therapeutics and contraceptives.

3.4.3 Social behaviour

For all species, the neuronal networks involved in social behaviour combine autonomic
regulatory and sensorial integrative structures. In the case of sexual and maternal behaviour,
partner recognition results from the interaction between the olfactory system (the main sense
involved in social recognition), and the neuroendocrine circuit involved in oestrus for sexual
behaviour and parturition for maternal behaviour (Gelez & Fabre-Nys 2006, Levy & Keller
2009, Poindron et al. 2007). Similarly, olfaction is important in establishing maternal
recognition by the lamb, and the development of the mother-young bond is reinforced by oro-
gastro-intestinal stimulation (Nowak et al. 2007). However, while olfaction is the first proximal
sense used (i) by the mother and infant to establish a bond, and (ii) by the male and female to
identify social partners, visual (Kendrick et al. 2001) and auditory (Sebe et al. 2007, Sebe et al.
2008) factors are also involved in the expression of social preferences.

In order to understand social behavioural, disorders, and the establishment of social bonds,
we need to study the sensory systems and how they interact with the neuroendocrine
system. Neuroanatomical approaches require a large sample and complex protocols. MRI
techniques can be used to show how the brain discriminates social sensory indices or is
activated by social neuroendocrine factors. For example, the BOLD signal of conscious non-
human primate males exposed to the scent of peri-ovulatory females is greater than when
exposed to the scent of ovariectomized females in various hypothalamic (Ferris et al. 2001;
see above Fig. 4) and cortical areas (Ferris et al. 2004). With regard to the formation of a
maternal bond in the rat, it has been shown that suckling activates similar brain areas to
those activated by a central injection of oxytocin (Febo et al. 2005), a neuropeptide involved
in social attachment (Young et al. 2008) and maternal behaviour (Levy et al. 2004).

Ungulates are similar to humans in the preference shown by the mother for her own
offspring, a process known as maternal selectivity (Poindron et al. 2007). This suggests that
ewes could provide an interesting model to investigate disorders of maternal behaviour. For
example, the impact of the offspring’s odour on variations in cerebral blood flow could be
compared between selective, maternal, and non-maternal ewes. Functional connectivity MRI
could also be used to describe the dynamic functional interactions between the cortical
structures involved in sensory integration and deep structures such as the hypothalamus or
amygdala, since the neuroanatomical connections between these neuronal systems are
known in sheep (Levy et al. 1999, Meurisse et al. 2009).

3.4.4 Emotional reaction

Animals’ emotional reactions can be described through behavioural and physiological
responses. These are regulated in mammals by numerous neuronal networks: the
corticotrope axis (Herman et al. 2003), the brainstem, and the periaqueductal grey matter
that regulates motor responses (Keay & Bandler 2001, LeDoux 2000). These deep structures
interact with the prefrontal cortex and the amygdala (Herman et al. 2003, Keay & Bandler
2001, LeDoux 2000) and are all involved with neurochemical factors as cortico-releasing
factor (CRF), and serotoninergic and dopaminergic systems (Charney 2004, Rotzinger et al.
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2010). In large animals, such as sheep or pigs, similar neurobiological factors have been
found to be involved in emotional responses, especially in stressful situations. Invasive
neurobiological approaches based on functional neuroanatomy (sheep: da Costa et al. 2004,
Rivalland et al. 2007, Vellucci & Parrott 1994), intracerebroventricular pharmacology (pigs:
Johnson et al. 1994, Salak-Johnson et al. 2004), and neurochemical brain content (e.g. in pigs,
Kanitz et al. 2003, Loijens et al. 2002, Piekarzewska et al. 1999, Piekarzewska et al. 2000,
Zanella et al. 1996) have demonstrated the involvement of neuropeptides such as CRF and
enkephalins in different brain areas including the hypothalamus, brainstem and cortices.
While neuroanatomical methods have been used to describe the immunoreactive content of
brain areas (in sheep: Tillet 1995; in pigs: Kineman et al. 1989, Leshin et al. 1996, Niblock et
al. 2005, Rowniak et al. 2008; in large mammals: Tillet & Kitahama, 1998), and neuronal-
tracing methods have been used to describe the interconnections between some of these
brain areas (sheep: Qi et al. 2008, Rivalland et al. 2006, Tillet et al. 1993, Tillet et al. 2000;
pigs: Chaillou et al. 2009), no dynamic functional information is available about the
functional interactions among these different factors. The use of MRI techniques could be an
interesting way of gaining a better understanding of the neuronal circuits of animal emotion
and other functions.

MRI has been used in humans to develop knowledge of the neuroscience of emotions
(Junghofer et al. 2006), describing the neuronal circuit in order to demonstrate the impact of
pathological emotional behaviour (e.g. posttraumatic stress disorder) on hippocampal
volume (Wang et al. 2010) or the effects of antidepressants in major depression (Bellani et al.
2011). These studies have all focused on cortical structures. The posterior hypothalamic area
has been shown to play a major role in seasonal affective disorder (SAD) (Vandewalle et al.
2011). The sheep has been proposed as a model for SAD as it is a photoperiodic mammal.
More information is now available in sheep about emotional states (Guesdon et al. 2011) and
how they can be modified (Doyle et al. 2011, Erhard et al. 2004, Greiveldinger et al. 2007,
Vandenheede & Bouissou 1998). For example, it has been suggested that the serotoninergic
pathway is involved in the affective state of sheep (Doyle et al. 2011). MRI techniques could
be used to investigate the impact of various neurobiological factors on emotional state, as
shown in pharmacological models of depression (Michael-Titus et al. 2008). More
interestingly, we propose the use of large animal models to study the long-term effects of
strong acute emotion in prenatal or perinatal life on brain development and behaviour. For
example in the pig, prenatal stresses have been shown to affect ontogeny of the corticotrope
axis (Kanitz et al. 2003) and behaviour (Jarvis et al. 2006).

We suggest that large animal models can be used to validate and/or study the impact of non-
pharmacological clinical treatments that are now used in mood and anxiety disorders (Ressler
& Mayberg 2007), using standardized protocols that are inappropriate to conduct in humans.

4. Conclusion

This chapter described various MRI methods and their use in exploring brain anatomy and
functioning in large animal models. We discussed the way these models can be used to
study brain injury such as hypoxia/ischaemia, and the different compartments of the central
nervous system (e.g. CSF) or neurobiological control (e.g. food intake).

The brain circumvolutions, the brain size and development as well as the neurobiological
regulations are the most evident arguments to justify the interest for large animal models for
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human brain studies. These models also present many advantages for studying the dynamic
functional interactions between brain structures using functional connectivity MRI, to
understand the interaction between different brain functions with fMRI and for conducting
standardized longitudinal studies that are not feasible in human studies. They can also be
used to test new surgical procedures and the impact of treatment on healthy brain tissue
and behaviour.

5. References

Adler, E. D.; Bystrup, A.; Briley-Saebo, K. C.; Mani, V.; Young, W.; Giovanonne, S.; Altman,
P, Kattman, S. J.; Frank, J. A.; Weinmann, H. ].; Keller, G. M. & Fayad, Z. A. (2009).
In vivo detection of embryonic stem cell-derived cardiovascular progenitor cells
using Cy3-labeled Gadofluorine M in murine myocardium. JACC Cardiovasc
Imaging, Vol. 2, No 9, pp. 1114-1122, ISSN 1876-7591

Aimone, J. B.; Deng, W. & Gage, F. H. (2010). Adult neurogenesis: integrating theories and
separating functions. Trends Cogn Sci, Vol. 14, No 7, pp. 325-337, ISSN 1879-307X

Altman, J. & Das, G. D. (1965). Autoradiographic and histological evidence of postnatal
hippocampal neurogenesis in rats. | Comp Neurol, Vol. 124, No 3, pp. 319-335, ISSN
0021-9967

Andreano, J. M. & Cahill, L. (2010). Menstrual cycle modulation of medial temporal activity
evoked by negative emotion. Neuroimage, Vol. 53, No 4, pp. 1286-1293, ISSN 1095-
9572

Ashburner, J. & Friston, K. J. (2000). Voxel-based morphometry-the methods. Neuroimage,
Vol. 11, No 6 Pt 1, pp. 805-821, ISSN 1053-8119

Baile, C. A. & McLaughlin, C. L. (1987). Mechanisms controlling feed intake in ruminants: a
review. | Anim Sci, Vol. 64, No 3, pp. 915-922, ISSN 0021-8812

Baldwin, B. A.; de la Riva, C. & Ebenezer, 1. S. (1990a). Effects of intracerebroventricular
injection of dynorphin, leumorphin and alpha neo-endorphin on operant feeding in
pigs. Physiol Behav, Vol. 48, No 6, pp. 821-824, ISSN 0031-9384

Baldwin, B. A.; Ebenezer, 1. S. & De La Riva, C. (1990b). Effects of intracerebroventricular
injection of muscimol or GABA on operant feeding in pigs. Physiol Behav, Vol. 48,
No 3, pp. 417-421, ISSN 0031-9384

Baldwin, B. A. & Sukhchai, S. (1996). Intracerebroventricular injection of CCK reduces
operant sugar intake in pigs. Physiol Behav, Vol. 60, No 1, pp. 231-233, ISSN 0031-
9384

Barantin, L.; Le Pape, A. & Akoka, S. (1997). A new method for absolute quantitation of MRS
metabolites. Magn Reson Med, Vol. 38, No 2, pp. 179-182, ISSN 0740-3194

Bellani, M.; Dusi, N.; Yeh, P. H,; Soares, ]J. C. & Brambilla, P. (2011). The effects of
antidepressants on human brain as detected by imaging studies. Focus on major
depression. Prog Neuropsychopharmacol Biol Psychiatry, Vol. 35, No 7, pp. 1544-1552,
ISSN 1878-4216

Berthoud, H. R. (2006). Homeostatic and non-homeostatic pathways involved in the control
of food intake and energy balance. Obesity, Vol. 14 Suppl 5, No pp. 1975-200S, ISSN
1930-7381

Bjorkman, S. T.; Miller, S. M.; Rose, S. E.; Burke, C. & Colditz, P. B. Seizures are associated
with brain injury severity in a neonatal model of hypoxia-ischemia. Neuroscience,
Vol. 166, No 1, pp. 157-167, ISSN 1873-7544

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 225

Black, K. J.; Koller, J. M.; Snyder, A. Z. & Perlmutter, ]. S. (2004). Atlas template images for
nonhuman primate neuroimaging: baboon and macaque. Methods Enzymol, Vol.
385, No pp. 91-102, ISSN 0076-6879

Boly, M.; Faymonville, M. E.; Peigneux, P.; Lambermont, B.; Damas, P.; Del Fiore, G.;
Degueldre, C.; Franck, G.; Luxen, A.; Lamy, M.; Moonen, G.; Maquet, P. & Laureys,
S. (2004). Auditory processing in severely brain injured patients: differences
between the minimally conscious state and the persistent vegetative state. Arch
Neurol, Vol. 61, No 2, pp. 233-238, ISSN 0003-9942

Brus, M.; Meurisse, M.; Franceschini, I.; Keller, M. & Levy, F. (2010). Evidence for cell
proliferation in the sheep brain and its down-regulation by parturition and
interactions with the young. Horm Behav, Vol. 58, No 5, pp. 737-746, ISSN 1095-6867

Caraty, A.; Orgeur, P. & Thiery, J. C. (1982). Demonstration of the pulsatile secretion of LH-
RH into hypophysial portal blood of ewes using an original technic for multiple
samples. C R Seances Acad Sci 111, Vol. 295, No 2, pp. 103-106, ISSN 0249-6313

Caraty, A. & Skinner, D. C. (2008). Gonadotropin-releasing hormone in third ventricular
cerebrospinal fluid: endogenous distribution and exogenous uptake. Endocrinology,
Vol. 149, No 10, pp. 5227-5234, ISSN 0013-7227

Carroll, J. A.; Walker, M. A,; Hartsfield, S. M.; McArthur, N. H. & Welsh, T. H., Jr. (2007).
Visual documentation of ovine pituitary gland development with magnetic
resonance imaging following zeranol treatment. Lab Anim, Vol. 41, No 1, pp. 120-
127, ISSN 0023-6772

Chaillou, E.; Baumont, R.,; Tramu, G. & Tillet, Y. (2000). Effect of feeding on Fos protein
expression in sheep hypothalamus with special reference to the supraoptic and
paraventricular nuclei: an immunohistochemical study. Eur | Neurosci, Vol. 12, No
12, pp. 4515-4524, ISSN 0953-816X

Chaillou, E. & Tillet, Y. (2005). Nutrition and hypothalamic neuropeptides in sheep:
histochemical studies. Histol Histopathol, Vol. 20, No 4, pp. 1209-1225, ISSN 0213-
3911

Chaillou, E.; Tillet, Y. & Malbert, C. H. (2009). Organisation of the catecholaminergic system
in the vagal motor nuclei of pigs: a retrograde fluorogold tract tracing study
combined with immunohistochemistry of catecholaminergic synthesizing enzymes.
J Chem Neuroanat, Vol. 38, No 4, pp. 257-265, ISSN 1873-6300

Charney, D. S. (2004). Psychobiological mechanisms of resilience and vulnerability:
implications for successful adaptation to extreme stress. Am | Psychiatry, Vol. 161,
No 2, pp. 195-216, ISSN 0002-953X

Chen, C. P,; Chen, R. L. & Preston, ]. E. (2010a). The influence of cerebrospinal fluid turnover
on age-related changes in cerebrospinal fluid protein concentrations. Neurosci Lett,
Vol. 476, No 3, pp. 138-141, ISSN 1872-7972

Chen, R. L.; Chen, C. P. & Preston, J. E. (2010b). Elevation of CSF albumin in old sheep:
relations to CSF turnover and albumin extraction at blood-CSF barrier. | Neurochem,
Vol. 113, No 5, pp. 1230-1239, ISSN 1471-4159

Collins, D. L.; Neelin, P.; Peters, T. M. & Evans, A. C. (1994). Automatic 3D intersubject
registration of MR volumetric data in standardized Talairach space. | Comput Assist
Tomogr, Vol. 18, No 2, pp. 192-205, ISSN 0363-8715

Couillard-Despres, S. & Aigner, L. (2011). In vivo imaging of adult neurogenesis. Eur |
Neurosci, Vol. 33, No 6, pp. 1037-1044, ISSN 1460-9568

www.intechopen.com



226 When Things Go Wrong — Diseases and Disorders of the Human Brain

Couillard-Despres, S.; Vreys, R.; Aigner, L. & Van der Linden, A. (2011). In vivo monitoring
of adult neurogenesis in health and disease. Front Neurosci, Vol. 5, No 67 pp. 1-10,
ISSN 1662-453X

Czaja, K; Lakomy, M.; Sienkiewicz, W.; Kaleczyc, J.; Pidsudko, Z.; Barb, C. R.; Rampacek, G.
B. & Kraeling, R. R. (2002). Distribution of neurons containing leptin receptors in
the hypothalamus of the pig. Biochem Biophys Res Commun, Vol. 298, No 3, pp. 333-
337, ISSN 0006-291X

Czaja, K.; Barb, C. R. & Kraeling, R. R. (2007). Hypothalamic neurons innervating fat tissue
in the pig express leptin receptor immunoreactivity. Neurosci Lett, Vol. 425, No 1,
pp. 6-11, ISSN 0304-3940

da Costa, A. P.; Leigh, A. E; Man, M. S. & Kendrick, K. M. (2004). Face pictures reduce
behavioural, autonomic, endocrine and neural indices of stress and fear in sheep.
Proc Biol Sci, Vol. 271, No 1552, pp. 2077-2084, ISSN 0962-8452

de Vries, H. E.; Kuiper, J.; de Boer, A. G.; Van Berkel, T. J. & Breimer, D. D. (1997). The
blood-brain barrier in neuroinflammatory diseases. Pharmacol Rev, Vol. 49, No 2,
pp. 143-155, ISSN 0031-6997

Della-Fera, M. A. & Baile, C. A. (1984). Control of feed intake in sheep. | Anim Sci, Vol. 59,
No 5, pp. 1362-1368, ISSN 0021-8812

Deng, W.; Aimone, J. B. & Gage, F. H. (2010). New neurons and new memories: how does
adult hippocampal neurogenesis affect learning and memory? Nat Rev Neurosci,
Vol. 11, No 5, pp. 339-350, ISSN 1471-0048

Doyle, R. E.; Hinch, G. N.; Fisher, A. D.; Boissy, A.; Henshall, J. M. & Lee, C. (2011).
Administration of serotonin inhibitor p-Chlorophenylalanine induces pessimistic-
like judgement bias in sheep. Psychoneuroendocrinology, Vol. 36, No 2, pp. 279-288,
ISSN 1873-3360

Dziegielewska, K. M.; Evans, C. A.; Fossan, G.; Lorscheider, F. L.; Malinowska, D. H.;
Mollgard, K.; Reynolds, M. L.; Saunders, N. R. & Wilkinson, S. (1980). Proteins in
cerebrospinal fluid and plasma of fetal sheep during development. | Physiol, Vol.
300, pp. 441-455, ISSN 0022-3751

Ebling, F. J. (2010). Photoperiodic regulation of puberty in seasonal species. Mol Cell
Endocrinol, Vol. 324, No 1-2, pp. 95-101, ISSN 1872-8057

Eisch, A. J.; Cameron, H. A, Encinas, J. M.; Meltzer, L. A; Ming, G. L. & Overstreet-
Wadiche, L. S. (2008). Adult neurogenesis, mental health, and mental illness: hope
or hype? | Neurosci, Vol. 28, No 46, pp. 11785-11791, ISSN 1529-2401

Ekstrom, A. (2010). How and when the fMRI BOLD signal relates to underlying neural
activity: the danger in dissociation. Brain Res Rev, Vol. 62, No 2, pp. 233-244, ISSN
1872-6321

Erhard, H. W.; Boissy, A.; Rae, M. T. & Rhind, S. M. (2004). Effects of prenatal
undernutrition on emotional reactivity and cognitive flexibility in adult sheep.
Behav Brain Res, Vol. 151, No 1-2, pp. 25-35, ISSN 0166-4328

Fang, M.; Li, J.; Gong, X.; Antonio, G.; Lee, F.; Kwong, W. H.; Wai, S. M. & Yew, D. T.
(2005a). Myelination of the pig's brain: a correlated MRI and histological study.
Neurosignals, Vol. 14, No 3, pp. 102-108, ISSN 1424-862X

Fang, M.; Lorke, D. E,; Li, ].; Gong, X.; Yew, ]J. C. & Yew, D. T. (2005b). Postnatal changes in
functional activities of the pig's brain: a combined functional magnetic resonance
imaging and immunohistochemical study. Neurosignals, Vol. 14, No 5, pp. 222-233,
ISSN 1424-862X

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 227

Fang, M.; Zhang, L.; Li, ]J.; Wang, C.; Chung, C. H.; Wai, S. M. & Yew, D. T. (2005c). The
postnatal development of the cerebellum - a fMRI and silver study. Cell Mol
Neurobiol, Vol. 25, No 6, pp. 1043-1050, ISSN 0272-4340

Fang, M.; Li, J.; Rudd, J. A.; Wai, S. M,; Yew, ]J. C. & Yew, D. T. (2006). fMRI mapping of
cortical centers following visual stimulation in postnatal pigs of different ages. Life
Sci, Vol. 78, No 11, pp. 1197-1201, ISSN 0024-3205

Farrell, E.; Wielopolski, P.; Pavljasevic, P.; van Tiel, S.; Jahr, H.; Verhaar, J.; Weinans, H.;
Krestin, G.; O'Brien, F. J.; van Osch, G. & Bernsen, M. (2008). Effects of iron oxide
incorporation for long term cell tracking on MSC differentiation in vitro and in
vivo. Biochem Biophys Res Commun, Vol. 369, No 4, pp. 1076-1081, ISSN 1090-2104

Febo, M.; Numan, M. & Ferris, C. F. (2005). Functional magnetic resonance imaging shows
oxytocin activates brain regions associated with mother-pup bonding during
suckling. | Neurosci, Vol. 25, No 50, pp. 11637-11644, ISSN 1529-2401

Ferris, C. F,; Snowdon, C. T.; King, J. A.; Duong, T. Q.; Ziegler, T. E.; Ugurbil, K.; Ludwig, R.;
Schultz-Darken, N. J.; Wu, Z.; Olson, D. P.; Sullivan Jr, J. M.; Tannenbaum, P. L. &
Vaughan, J. T. (2001). Functional imaging of brain activity in conscious monkeys
responding to sexually arousing cues. Neuroreport, Vol. 12, No 10, pp. 2231-2236,
ISSN 0959-4965

Ferris, C. F.; Snowdon, C. T.; King, J. A.; Sullivan, J. M., Jr.; Ziegler, T. E.; Olson, D. P.;
Schultz-Darken, N. J.; Tannenbaum, P. L.; Ludwig, R.; Wu, Z.; Einspanier, A.;
Vaughan, J. T. & Duong, T. Q. (2004). Activation of neural pathways associated
with sexual arousal in non-human primates. ] Magn Reson Imaging, Vol. 19, No 2,
pp. 168-175, ISSN 1053-1807

Forster, C. (2008). Tight junctions and the modulation of barrier function in disease.
Histochem Cell Biol, Vol. 130, No 1, pp. 55-70, ISSN 0948-6143

Foster, K. A.; Colditz, P. B.; Lingwood, B. E.; Burke, C.; Dunster, K. R. & Roberts, M. S.
(2001). An improved survival model of hypoxia/ischaemia in the piglet suitable for
neuroprotection studies. Brain Res, Vol. 919, No 1, pp. 122-131, ISSN 0006-8993

Fraser, M.; Bennet, L.; Helliwell, R.; Wells, S.; Williams, C.; Gluckman, P.; Gunn, A. J. &
Inder, T. (2007). Regional specificity of magnetic resonance imaging and
histopathology following cerebral ischemia in preterm fetal sheep. Reprod Sci, Vol.
14, No 2, pp. 182-191, ISSN 1933-7205

Friess, S. H.; Ichord, R. N.; Owens, K.; Ralston, ].; Rizol, R.; Overall, K. L.; Smith, C.; Helfaer,
M. A. & Margulies, S. S. (2007). Neurobehavioral functional deficits following
closed head injury in the neonatal pig. Exp Neurol, Vol. 204, No 1, pp. 234-243, ISSN
0014-4886

Gelez, H. & Fabre-Nys, C. (2006). Role of the olfactory systems and importance of learning
in the ewes' response to rams or their odors. Reprod Nutr Dev, Vol. 46, No 4, pp.
401-415, ISSN 0926-5287

Gonen, O.; Liu, S.; Goelman, G.; Ratai, E. M.; Pilkenton, S.; Lentz, M. R. & Gonzalez, R. G.
(2008). Proton MR spectroscopic imaging of rhesus macaque brain in vivo at 7T.
Magn Reson Med, Vol. 59, No 4, pp. 692-699, ISSN 0740-3194

Goodman, R. L. & Inskeep, E. I. (2006). Neuroendocrine control of the ovarian cycle of the
sheep. In: Neill JD ed. Knobil and Neill’s Physiology of Reproduction r. edition,
New-York, pp. 2389-2449, 978-0-12-515400-0 978-0-12-515400-0

Grate, L. L.; Golden, J. A.; Hoopes, P. J.; Hunter, ]J. V. & Duhaime, A. C. (2003). Traumatic
brain injury in piglets of different ages: techniques for lesion analysis using

www.intechopen.com



228 When Things Go Wrong — Diseases and Disorders of the Human Brain

histology and magnetic resonance imaging. | Neurosci Methods, Vol. 123, No 2, pp.
201-206, ISSN 0165-0270

Greiveldinger, L. Veissier, I. & Boissy, A. (2007). Emotional experience in sheep:
predictability of a sudden event lowers subsequent emotional responses. Physiol
Behav, Vol. 92, No 4, pp. 675-683, ISSN 0031-9384

Guesdon, V.; Ligout, S.; Delagrange, P.; Spedding, M.; Levy, F.; Laine, A. L.; Malpaux, B. &
Chaillou, E. (2011). Multiple exposures to familiar conspecific withdrawal is a novel
robust stress paradigm in ewes. Physiol Behav, Vol. 105, No 2, pp. 203-208, ISSN
1873-507X

Gyulai, F. E. (2004). Anesthetics and cerebral metabolism. Curr Opin Anaesthesiol, Vol. 17, No
5, pp. 397-402, ISSN 0952-7907

Hawken, P. A,; Jorre, T. ].; Rodger, J.; Esmaili, T.; Blache, D. & Martin, G. B. (2009). Rapid
induction of cell proliferation in the adult female ungulate brain (Ovis aries)
associated with activation of the reproductive axis by exposure to unfamiliar males.
Biol Reprod, Vol. 80, No 6, pp. 1146-1151, ISSN 0006-3363

Hawkins, B. T. & Davis, T. P. (2005). The blood-brain barrier/neurovascular unit in health
and disease. Pharmacol Rev, Vol. 57, No 2, pp. 173-185, ISSN 0031-6997

Heinke, W. & Schwarzbauer, C. (2002). In vivo imaging of anaesthetic action in humans:
approaches with positron emission tomography (PET) and functional magnetic
resonance imaging (fMRI). Br | Anaesth, Vol. 89, No 1, pp. 112-122, ISSN 0007-0912

Henderson, L. A.; Yu, P. L.; Frysinger, R. C.; Galons, J. P.; Bandler, R. & Harper, R. M. (2002).
Neural responses to intravenous serotonin revealed by functional magnetic
resonance imaging. | Appl Physiol, Vol. 92, No 1, pp. 331-342, ISSN 8750-7587

Herbison, A. E. (1995). Neurochemical identity of neurones expressing oestrogen and
androgen receptors in sheep hypothalamus. | Reprod Fertil Suppl, Vol. 49, No pp.
271-283, ISSN 0449-3087

Herbison, A. E. (2006). Physiology of the Gonadotropin-releasing hormone neuronal
network. In: Neill JD ed. Knobil and Neill’s Physiology of Reproduction r. edition,
New-York, pp. 1415-1482, 978-0-12-515400-0 978-0-12-515400-0

Herman, J. P.; Figueiredo, H.; Mueller, N. K.; Ulrich-Lai, Y.; Ostrander, M. M.; Choi, D. C. &
Cullinan, W. E. (2003). Central mechanisms of stress integration: hierarchical
circuitry controlling hypothalamo-pituitary-adrenocortical responsiveness. Front
Neuroendocrinol, Vol. 24, No 3, pp. 151-180, ISSN 0091-3022

Hjort, N.; Wu, O.; Ashkanian, M.; Solling, C.; Mouridsen, K.; Christensen, S.; Gyldensted, C.;
Andersen, G. & Ostergaard, L. (2008). MRI detection of early blood-brain barrier
disruption: parenchymal enhancement predicts focal hemorrhagic transformation
after thrombolysis. Stroke, Vol. 39, No 3, pp. 1025-1028, ISSN 1524-4628

Houpt, K. A.; Houpt, T. R. & Pond, W. G. (1979). The pig as a model for the study of obesity
and of control of food intake: a review. Yale | Biol Med, Vol. 52, No 3, pp. 307-329,
ISSN 0044-0086

Hutchison, R. M.; Mirsattari, S. M.; Jones, C. K.; Gati, ]J. S. & Leung, L. S. (2010). Functional
networks in the anesthetized rat brain revealed by independent component
analysis of resting-state FMRI. ] Neurophysiol, Vol. 103, No 6, pp. 3398-3406, ISSN
1522-1598

Israeli, D.; Tanne, D.; Daniels, D.; Last, D.; Shneor, R.; Guez, D.; Landau, E.; Roth, Y,;
Ocherashvilli, A.; Bakon, M.; Hoffman, C.; Weinberg, A.; Volk, T. & Mardor, Y.

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 229

(2011). The application of MRI for depiction of subtle blood brain barrier disruption
in stroke. Int ] Biol Sci, Vol. 7, No 1, pp. 1-8, ISSN 1449-2288

Jarvis, S.; Moinard, C.; Robson, S. K.; Baxter, E.; Ormandy, E.; Douglas, A. J; Seckl, J. R.;
Russell, J. A. & Lawrence, A. B. (2006). Programming the offspring of the pig by
prenatal social stress: neuroendocrine activity and behaviour. Horm Behav, Vol. 49,
No 1, pp. 68-80, ISSN 0018-506X

Jelsing, J.; Hay-Schmidt, A.; Dyrby, T.; Hemmingsen, R.; Uylings, H. B. & Pakkenberg, B.
(2006). The prefrontal cortex in the Gottingen minipig brain defined by neural
projection criteria and cytoarchitecture. Brain Res Bull, Vol. 70, No 4-6, pp. 322-336,
ISSN 0361-9230

Jernigan, T. L.; Baare, W. F.; Stiles, J. & Madsen, K. S. (2011). Postnatal brain development:
structural imaging of dynamic neurodevelopmental processes. Prog Brain Res, Vol.
189, pp. 77-92, ISSN 1875-7855

Johansen, T.; Hansen, H. S.; Richelsen, B. & Malmlof, R. (2001). The obese Gottingen minipig
as a model of the metabolic syndrome: dietary effects on obesity, insulin sensitivity,
and growth hormone profile. Comp Med, Vol. 51, No 2, pp. 150-155, ISSN 1532-0820

Johnson, R. W.; von Borell, E. H,; Anderson, L. L.; Kojic, L. D. & Cunnick, J. E. (1994).
Intracerebroventricular injection of corticotropin-releasing hormone in the pig:
acute effects on behavior, adrenocorticotropin secretion, and immune suppression.
Endocrinology, Vol. 135, No 2, pp. 642-648, ISSN 0013-7227

Junghofer, M.; Peyk, P.; Flaisch, T. & Schupp, H. T. (2006). Neuroimaging methods in
affective neuroscience: selected methodological issues. Prog Brain Res, Vol. 156, pp.
123-143, ISSN 0079-6123

Kalra, S. P.,; Dube, M. G.; Pu, S;; Xu, B.; Horvath, T. L. & Kalra, P. S. (1999). Interacting
appetite-regulating pathways in the hypothalamic regulation of body weight.
Endocr Rev, Vol. 20, No 1, pp. 68-100, ISSN 0163-769X

Kanitz, E.; Otten, W.; Tuchscherer, M. & Manteuffel, G. (2003). Effects of prenatal stress on
corticosteroid receptors and monoamine concentrations in limbic areas of suckling
piglets (Sus scrofa) at different ages. | Vet Med A Physiol Pathol Clin Med, Vol. 50, No
3, pp. 132-139, ISSN 0931-184X

Keay, K. A. & Bandler, R. (2001). Parallel circuits mediating distinct emotional coping
reactions to different types of stress. Neurosci Biobehav Rev, Vol. 25, No 7-8, pp. 669-
678, ISSN 0149-7634

Kendrick, K. M.; da Costa, A. P.; Leigh, A. E.; Hinton, M. R. & Peirce, J. W. (2001). Sheep
don't forget a face. Nature, Vol. 414, No 6860, pp. 165-166, ISSN 0028-0836

Killgore, W. D. & Yurgelun-Todd, D. A. (2010). Sex differences in cerebral responses to
images of high versus low-calorie food. Neuroreport, Vol. 21, No 5, pp. 354-358,
ISSN 1473-558X

Kineman, R. D.; Kraeling, R. R.; Crim, J. W.; Leshin, L. S.; Barb, C. R. & Rampacek, G. B.
(1989). Localization of proopiomelanocortin (POMC) immunoreactive neurons in
the forebrain of the pig. Biol Reprod, Vol. 40, No 5, pp. 1119-1126, ISSN 0006-3363

Kullmann, S.; Heni, M.; Veit, R.; Ketterer, C.; Schick, F.; Haring, H. U.; Fritsche, A. & Preissl,
H. (2011). The obese brain: Association of body mass index and insulin sensitivity
with resting state network functional connectivity. Hum Brain Mapp, doi:
10.1002/hbm.21268. ISSN 1097-0193

www.intechopen.com



230 When Things Go Wrong — Diseases and Disorders of the Human Brain

Kustermann, E.; Himmelreich, U.; Kandal, K.; Geelen, T.; Ketkar, A.; Wiedermann, D.;
Strecker, C.; Esser, J.; Arnhold, S. & Hoehn, M. (2008). Efficient stem cell labeling
for MRI studies. Contrast Media Mol Imaging, Vol. 3, No 1, pp. 27-37, ISSN 1555-4317

Lagaraine, C.; Skipor, J.; Szczepkowska, A.; Dufourny, L. & Thiery, J. C. (2011). Tight
junction proteins vary in the choroid plexus of ewes according to photoperiod.
Brain Res, Vol. 1393, No pp. 44-51, ISSN 1872-6240

Laurini, R. N.; Arbeille, B.; Gemberg, C.; Akoka, S.; Locatelli, A.; Lansac, J. & Arbeille, P.
(1999). Brain damage and hypoxia in an ovine fetal chronic cocaine model. Eur |
Obstet Gynecol Reprod Biol, Vol. 86, No 1, pp. 15-22, ISSN 0301-2115

Lazarov, O. & Marr, R. A. (2010). Neurogenesis and Alzheimer's disease: at the crossroads.
Exp Neurol, Vol. 223, No 2, pp. 267-281, ISSN 1090-2430

Le Bihan, D.; Breton, E.; Lallemand, D.; Grenier, P.; Cabanis, E. & Laval-Jeantet, M. (1986).
MR imaging of intravoxel incoherent motions: application to diffusion and
perfusion in neurologic disorders. Radiology, Vol. 161, No 2, pp. 401-407, ISSN 0033-
8419

LeDoux, J. E. (2000). Emotion circuits in the brain. Annu Rev Neurosci, Vol. 23, No pp. 155-
184, ISSN 0147-006X

Lehman, M. N.; Coolen, L. M.; Goodman, R. L.; Viguie, C.; Billings, H. J. & Karsch, F. J.
(2002). Seasonal plasticity in the brain: the use of large animal models for
neuroanatomical research. Reprod Suppl, Vol. 59, No pp. 149-165, ISSN 1477-0415

Leite, F. P.; Tsao, D.; Vanduffel, W.; Fize, D.; Sasaki, Y.; Wald, L. L.; Dale, A. M.; Kwong, K.
K., Orban, G. A.; Rosen, B. R; Tootell, R. B. & Mandeville, J. B. (2002). Repeated
fMRI using iron oxide contrast agent in awake, behaving macaques at 3 Tesla.
Neuroimage, Vol. 16, No 2, pp. 283-294, ISSN 1053-8119

Leshin, L. S.;; Kraeling, R. R;; Kineman, R. D.; Barb, C. R. & Rampacek, G. B. (1996).
Immunocytochemical distribution of catecholamine-synthesizing neurons in the
hypothalamus and pituitary gland of pigs: tyrosine hydroxylase and dopamine-
beta-hydroxylase. ] Comp Neurol, Vol. 364, No 1, pp. 151-168, ISSN 0021-9967

Levy, F.; Meurisse, M.; Ferreira, G.; Thibault, J. & Tillet, Y. (1999). Afferents to the rostral
olfactory bulb in sheep with special emphasis on the cholinergic, noradrenergic and
serotonergic connections. | Chem Neuroanat, Vol. 16, No 4, pp. 245-263, ISSN 0891-
0618

Levy, F.; Keller, M. & Poindron, P. (2004). Olfactory regulation of maternal behavior in
mammals. Horm Behav, Vol. 46, No 3, pp. 284-302, ISSN 0018-506X

Levy, F. & Keller, M. (2009). Olfactory mediation of maternal behavior in selected
mammalian species. Behav Brain Res, Vol. 200, No 2, pp. 336-345, ISSN 1872-7549

Li, Y. K; Liu, G. R; Zhou, X. G. & Cai, A. Q. (2010). Experimental hypoxic-ischemic
encephalopathy: comparison of apparent diffusion coefficients and proton
magnetic resonance spectroscopy. Magn Reson Imaging, Vol. 28, No 4, pp. 487-494,
ISSN 1873-5894

Lieberman, K. A.; Wasenko, J. J.; Schelper, R.; Swarnkar, A.; Chang, J. K. & Rodziewicz, G.S.
(2003). Tanycytomas: a newly characterized hypothalamic-suprasellar and
ventricular tumor. AJNR Am | Neuroradiol, Vol. 24, No 10, pp. 1999-2004, ISSN 0195-
6108

Lind, N. M.; Moustgaard, A.; Jelsing, ]J.; Vajta, G.; Cumming, P. & Hansen, A. K. (2007). The
use of pigs in neuroscience: modeling brain disorders. Neurosci Biobehav Rev, Vol.
31, No 5, pp. 728-751, ISSN 0149-7634

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 231

Liu, H. L.; Hua, M. Y; Yang, H. W,; Huang, C. Y.; Chu, P. C;; Wu, J. S,; Tseng, I. C.; Wang, J.
J Yen, T. C.; Chen, P. Y. & Wei, K. C. (2010). Magnetic resonance monitoring of
focused ultrasound/magnetic nanoparticle targeting delivery of therapeutic agents
to the brain. Proc Natl Acad Sci U S A, Vol. 107, No 34, pp. 15205-15210, ISSN 1091-
6490

Logothetis, N. K. (2002). The neural basis of the blood-oxygen-level-dependent functional
magnetic resonance imaging signal. Philos Trans R Soc Lond B Biol Sci, Vol. 357, No
1424, pp. 1003-1037, ISSN 0962-8436

Loijens, L. W.; Janssens, C. J.; Schouten, W. G. & Wiegant, V. M. (2002). Opioid activity in
behavioral and heart rate responses of tethered pigs to acute stress. Physiol Behav,
Vol. 75, No 5, pp. 621-626, ISSN 0031-9384

Makiranta, M. J.; Lehtinen, S.; Jauhiainen, J. P.; Oikarinen, J. T.; Pyhtinen, J. & Tervonen, O.
(2002). MR perfusion, diffusion and BOLD imaging of methotrexate-exposed swine
brain. | Magn Reson Imaging, Vol. 15, No 5, pp. 511-519, ISSN 1053-1807

Malpaux, B.; Tricoire, H.; Mailliet, F.; Daveau, A.; Migaud, M.; Skinner, D. C.; Pelletier, J. &
Chemineau, P. (2002). Melatonin and seasonal reproduction: understanding the
neuroendocrine mechanisms using the sheep as a model. Reprod Suppl, Vol. 59, No
pp. 167-179, ISSN 1477-0415

McKeown, M. J.; Makeig, S.; Brown, G. G.; Jung, T. P.; Kindermann, S. S; Bell, A. J. &
Sejnowski, T. J. (1998). Analysis of fMRI data by blind separation into independent
spatial components. Hum Brain Mapp, Vol. 6, No 3, pp. 160-188, ISSN 1065-9471

McLaren, D. G.; Kosmatka, K. J.; Oakes, T. R.; Kroenke, C. D.; Kohama, S. G.; Matochik, J. A.;
Ingram, D. K. & Johnson, S. C. (2009). A population-average MRI-based atlas
collection of the rhesus macaque. Neuroimage, Vol. 45, No 1, pp. 52-59, ISSN 1095-
9572

Meurisse, M.; Chaillou, E. & Levy, F. (2009). Afferent and efferent connections of the cortical
and medial nuclei of the amygdala in sheep. | Chem Neuroanat, Vol. 37, No 2, pp. 87-
97, ISSN 1873-6300

Michael-Titus, A. T.; Albert, M.; Michael, G. J.; Michaelis, T., Watanabe, T.; Frahm, J.;
Pudovkina, O.; van der Hart, M. G.; Hesselink, M. B.; Fuchs, E. & Czeh, B. (2008).
SONU20176289, a compound combining partial dopamine D(2) receptor agonism
with specific serotonin reuptake inhibitor activity, affects neuroplasticity in an
animal model for depression. Eur | Pharmacol, Vol. 598, No 1-3, pp. 43-50, ISSN
0014-2999

Migaud, M.; Batailler, M.; Segura, S.; Duittoz, A.; Franceschini, I. & Pillon, D. (2010).
Emerging new sites for adult neurogenesis in the mammalian brain: a comparative
study between the hypothalamus and the classical neurogenic zones. Eur | Neurosci,
Vol. 32, No 12, pp. 2042-2052, ISSN 1460-9568

Moeller, S.; Nallasamy, N.; Tsao, D. Y. & Freiwald, W. A. (2009). Functional connectivity of
the macaque brain across stimulus and arousal states. | Neurosci, Vol. 29, No 18, pp.
5897-5909, ISSN 1529-2401

Molenaar, G. ].; Hogenesch, R. I.; Sprengers, M. E. & Staal, M. J. (1997). Ontogenesis of
embryonic porcine ventral mesencephalon in the perspective of its potential use as
a xenograft in Parkinson's disease. ] Comp Neurol, Vol. 382, No 1, pp. 19-28, ISSN
0021-9967

Monti, M. M. (2011). Statistical Analysis of fMRI Time-Series: A Critical Review of the GLM
Approach. Front Hum Neurosci, Vol. 5, No 28 pp. 1-13, ISSN 1662-5161

www.intechopen.com



232 When Things Go Wrong — Diseases and Disorders of the Human Brain

Muhlau, M.; Gaser, C,; Ilg, R; Conrad, B.; Leibl, C.; Cebulla, M. H.; Backmund, H.;
Gerlinghoff, M.; Lommer, P.; Schnebel, A.; Wohlschlager, A. M.; Zimmer, C. &
Nunnemann, S. (2007). Gray matter decrease of the anterior cingulate cortex in
anorexia nervosa. Am | Psychiatry, Vol. 164, No 12, pp. 1850-1857, ISSN 0002-953X

Muldoon, L. L.; Sandor, M.; Pinkston, K. E. & Neuwelt, E. A. (2005). Imaging, distribution,
and toxicity of superparamagnetic iron oxide magnetic resonance nanoparticles in
the rat brain and intracerebral tumor. Neurosurgery, Vol. 57, No 4, pp. 785-796;
discussion 785-796, ISSN 1524-4040

Niblock, M. M.; Luce, C. J; Belliveau, R. A.; Paterson, D. S.; Kelly, M. L.; Sleeper, L. A.;
Filiano, J. J. & Kinney, H. C. (2005). Comparative anatomical assessment of the
piglet as a model for the developing human medullary serotonergic system. Brain
Res Brain Res Rev, Vol. 50, No 1, pp. 169-183, ISSN

Nowak, R.; Keller, M.; Val-Laillet, D. & Levy, F. (2007). Perinatal visceral events and brain
mechanisms involved in the development of mother-young bonding in sheep.
Horm Behav, Vol. 52, No 1, pp. 92-98, ISSN 0018-506X

Opdam, H. I; Federico, P.; Jackson, G. D.; Buchanan, J.; Abbott, D. F.; Fabinyi, G. C.;
Syngeniotis, A.; Vosmansky, M.; Archer, J. S.; Wellard, R. M. & Bellomo, R. (2002).
A sheep model for the study of focal epilepsy with concurrent intracranial EEG and
functional MRI. Epilepsia, Vol. 43, No 8, pp. 779-787, ISSN 0013-9580

Orhan, M. E,; Bilgin, F.; Kilickaya, O.; Atim, A. & Kurt, E. (2011). Nitrous oxide anesthesia in
children for MRI: a comparison with isofl urane and halothane. Turk | Med Sci, Vol.
41, No 3, pp. 387-396, ISSN 1303-6165

Parrott, R. F.; Heavens, R. P. & Baldwin, B. A. (1986). Stimulation of feeding in the satiated
pig by intracerebroventricular injection of neuropeptide Y. Physiol Behav, Vol. 36,
No 3, pp. 523-525, ISSN 0031-9384

Parry, G. J. (1976). An animal model for the study of drugs in the central nervous system.
Proc Aust Assoc Neurol, Vol. 13, pp. 83-88, ISSN 0084-7224

Patural, H.; St-Hilaire, M.; Pichot, V.; Beuchee, A.; Samson, N.; Duvareille, C. & Praud, J. P.
(2010). Postnatal autonomic activity in the preterm lamb. Res Vet Sci, Vol. 89, No 2,
pp. 242-249, ISSN 1532-2661

Pawela, C. P.; Biswal, B. B.; Hudetz, A. G.; Schulte, M. L.; Li, R,; Jones, S. R.; Cho, Y. R,;
Matloub, H. S. & Hyde, J. S. (2009). A protocol for use of medetomidine anesthesia
in rats for extended studies using task-induced BOLD contrast and resting-state
functional connectivity. Neuroimage, Vol. 46, No 4, pp. 1137-1147, ISSN 1095-9572

Pernot, M.; Aubry, J. F,; Tanter, M.; Boch, A. L.; Marquet, F.; Kujas, M.; Seilhean, D. & Fink,
M. (2007). In vivo transcranial brain surgery with an ultrasonic time reversal
mirror. | Neurosurg, Vol. 106, No 6, pp. 1061-1066, ISSN 0022-3085

Piekarzewska, A.; Sadowski, B. & Rosochacki, S. J. (1999). Alterations of brain monoamine
levels in pigs exposed to acute immobilization stress. Zentralbl Veterinarmed A, Vol.
46, No 4, pp. 197-207, ISSN 0514-7158

Piekarzewska, A. B.; Rosochacki, S. J. & Sender, G. (2000). The effect of acute restraint stress
on regional brain neurotransmitter levels in stress-susceptible pietrain pigs. | Vet
Med A Physiol Pathol Clin Med, Vol. 47, No 5, pp. 257-269, ISSN 0931-184X

Pladys, P.; Arsenault, J.; Reix, P.; Rouillard Lafond, J.; Moreau-Bussiere, F. & Praud, J. P.
(2008). Influence of prematurity on postnatal maturation of heart rate and arterial
pressure responses to hypoxia in lambs. Neonatology, Vol. 93, No 3, pp. 197-205,
ISSN 1661-7819

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 233

Pletzer, B.; Kronbichler, M.; Aichhorn, M.; Bergmann, J.; Ladurner, G. & Kerschbaum, H. H.
(2010). Menstrual cycle and hormonal contraceptive use modulate human brain
structure. Brain Res, Vol. 1348, pp. 55-62, ISSN 1872-6240

Plourde, G.; Belin, P.; Chartrand, D.; Fiset, P.; Backman, S. B.; Xie, G. & Zatorre, R. J. (2006).
Cortical processing of complex auditory stimuli during alterations of consciousness
with the general anesthetic propofol. Anesthesiology, Vol. 104, No 3, pp. 448-457,
ISSN 0003-3022

Poindron, P.; Levy, F. & Keller, M. (2007). Maternal responsiveness and maternal selectivity
in domestic sheep and goats: the two facets of maternal attachment. Dev Psychobiol,
Vol. 49, No 1, pp. 54-70, ISSN 0012-1630

Purdon, P. L.; Pierce, E. T.; Bonmassar, G.; Walsh, J.; Harrell, P. G.; Kwo, ]J.; Deschler, D.;
Barlow, M.; Merhar, R. C; Lamus, C.; Mullaly, C. M.; Sullivan, M.; Maginnis, S.;
Skoniecki, D.; Higgins, H. A. & Brown, E. N. (2009). Simultaneous
electroencephalography and functional magnetic resonance imaging of general
anesthesia. Ann N'Y Acad Sci, Vol. 1157, pp. 61-70, ISSN 1749-6632

Qi, Y.; Igbal, J.; Oldfield, B. J. & Clarke, I. J. (2008). Neural connectivity in the mediobasal
hypothalamus of the sheep brain. Neuroendocrinology, Vol. 87, No 2, pp. 91-112,
ISSN 1423-0194

Quallo, M. M,; Price, C. J.; Ueno, K.; Asamizuya, T.; Cheng, K.; Lemon, R. N. & Iriki, A.
(2009). Gray and white matter changes associated with tool-use learning in
macaque monkeys. Proc Natl Acad Sci U S A, Vol. 106, No 43, pp. 18379-18384, ISSN
1091-6490

Ragland, J. D.; Yoon, J.; Minzenberg, M. J. & Carter, C. S. (2007). Neuroimaging of cognitive
disability in schizophrenia: search for a pathophysiological mechanism. Int Rev
Psychiatry, Vol. 19, No 4, pp. 417-427, ISSN 0954-0261

Rakhade, S. N. & Jensen, F. E. (2009). Epileptogenesis in the immature brain: emerging
mechanisms. Nat Rev Neurol, Vol. 5, No 7, pp. 380-391, ISSN 1759-4766

Ramm, P.; Couillard-Despres, S.; Plotz, S.; Rivera, F. J.; Krampert, M.; Lehner, B.; Kremer,
W.; Bogdahn, U.; Kalbitzer, H. R. & Aigner, L. (2009). A nuclear magnetic
resonance biomarker for neural progenitor cells: is it all neurogenesis? Stem Cells,
Vol. 27, No 2, pp. 420-423, ISSN 1549-4918

Ressler, K. J. & Mayberg, H. S. (2007). Targeting abnormal neural circuits in mood and
anxiety disorders: from the laboratory to the clinic. Nat Neurosci, Vol. 10, No 9, pp.
1116-1124, ISSN 1097-6256

Riddle, A.; Luo, N. L.; Manese, M.; Beardsley, D. J.; Green, L.; Rorvik, D. A,; Kelly, K. A,;
Barlow, C. H.; Kelly, J. J.; Hohimer, A. R. & Back, S. A. (2006). Spatial heterogeneity
in oligodendrocyte lineage maturation and not cerebral blood flow predicts fetal
ovine periventricular white matter injury. | Neurosci, Vol. 26, No 11, pp. 3045-3055,
ISSN 1529-2401

Rivalland, E. T.; Tilbrook, A. J.; Turner, A. L.; Igbal, J.; Pompolo, S. & Clarke, I. J. (2006).
Projections to the preoptic area from the paraventricular nucleus, arcuate nucleus
and the bed nucleus of the stria terminalis are unlikely to be involved in stress-
induced suppression of GnRH secretion in sheep. Neuroendocrinology, Vol. 84, No 1,
pp- 1-13, ISSN 0028-3835

Rivalland, E. T.; Clarke, I. J.; Turner, A. I.; Pompolo, S. & Tilbrook, A. J. (2007). Isolation and
restraint stress results in differential activation of corticotrophin-releasing hormone

www.intechopen.com



234 When Things Go Wrong — Diseases and Disorders of the Human Brain

and arginine vasopressin neurons in sheep. Neuroscience, Vol. 145, No 3, pp. 1048-
1058, ISSN 0306-4522

Rodriguez, E. M.; Blazquez, J. L.; Pastor, F. E.; Pelaez, B.; Pena, P.; Peruzzo, B. & Amat, P.
(2005). Hypothalamic tanycytes: a key component of brain-endocrine interaction.
Int Rev Cytol, Vol. 247, No pp. 89-164, ISSN 0074-7696

Rogers, J.; Kochunov, P.; Lancaster, J.; Shelledy, W.; Glahn, D.; Blangero, ]J. & Fox, P. (2007).
Heritability of brain volume, surface area and shape: an MRI study in an extended
pedigree of baboons. Hum Brain Mapp, Vol. 28, No 6, pp. 576-583, ISSN 1065-9471

Rogers, R.; Wise, R. G.; Painter, D. ]J.; Longe, S. E. & Tracey, 1. (2004). An investigation to
dissociate the analgesic and anesthetic properties of ketamine using functional
magnetic resonance imaging. Anesthesiology, Vol. 100, No 2, pp. 292-301, ISSN 0003-
3022

Rotzinger, S.; Lovejoy, D. A. & Tan, L. A. (2010). Behavioral effects of neuropeptides in
rodent models of depression and anxiety. Peptides, Vol. 31, No 4, pp. 736-756, ISSN
1873-5169

Rowniak, M.; Robak, A.; Bogus-Nowakowska, K.; Kolenkiewicz, M.; Bossowska, A.;
Wojtkiewicz, ].; Skobowiat, C. & Majewski, M. (2008). Somatostatin-like
immunoreactivity in the amygdala of the pig. Folia Histochem Cytobiol, Vol. 46, No 2,
pp- 229-238, ISSN 1897-5631

Ruggiero, D. A.; Gootman, P. M.; Ingenito, S.; Wong, C.; Gootman, N. & Sica, A. L. (1999).
The area postrema of newborn swine is activated by hypercapnia: relevance to
sudden infant death syndrome? | Auton Nerv Syst, Vol. 76, No 2-3, pp. 167-175,
ISSN 0165-1838

Sabatinelli, D.; Fortune, E. E.; Li, Q.; Siddiqui, A.; Krafft, C.; Oliver, W. T.; Beck, S. & Jeffries,
J. (2011). Emotional perception: meta-analyses of face and natural scene processing.
Neuroimage, Vol. 54, No 3, pp. 2524-2533, ISSN 1095-9572

Saikali, S.; Meurice, P.; Sauleau, P.; Eliat, P. A.; Bellaud, P.; Randuineau, G.; Verin, M. &
Malbert, C. H. (2010). A three-dimensional digital segmented and deformable brain
atlas of the domestic pig. | Neurosci Methods, Vol. 192, No 1, pp. 102-109, ISSN 1872-
678X

Salak-Johnson, J. L.; Anderson, D. L. & McGlone, J. J. (2004). Differential dose effects of
central CRF and effects of CRF astressin on pig behavior. Physiol Behav, Vol. 83, No
1, pp. 143-150, ISSN 0031-9384

Sandberg, D. I.; Crandall, K. M.; Petito, C. K; Padgett, K. R.; Landrum, J.; Babino, D.; He, D.;
Solano, J.; Gonzalez-Brito, M. & Kuluz, ]J. W. (2008). Chemotherapy administration
directly into the fourth ventricle in a new piglet model. Laboratory Investigation. |
Neurosurg Pediatr, Vol. 1, No 5, pp. 373-380, ISSN 1933-0707

Sato, K., Kubota, T, Ishida, M.; Yoshida, K., Takeuchi, H. & Handa, Y. (2003).
Immunohistochemical and ultrastructural study of chordoid glioma of the third
ventricle: its tanycytic differentiation. Acta Neuropathol, Vol. 106, No 2, pp. 176-180,
ISSN 0001-6322

Sauleau, P.; Lapouble, E.; Val-Laillet, D. & Malbert, C. H. (2009). The pig model in brain
imaging and neurosurgery. Animal, Vol. 3, No 8, pp. 1138-1151, ISSN 1751-7111

Schlorf, T.; Meincke, M.; Kossel, E.; Gluer, C. C.; Jansen, O. & Mentlein, R. (2010). Biological
properties of iron oxide nanoparticles for cellular and molecular magnetic
resonance imaging. Int | Mol Sci, Vol. 12, No 1, pp. 12-23, ISSN 1422-0067

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 235

Schmidt, M. J.; Langen, N.; Klumpp, S.; Nasirimanesh, F.; Shirvanchi, P.; Ondreka, N. &
Kramer, M. (2011). A study of the comparative anatomy of the brain of domestic
ruminants using magnetic resonance imaging. Vet ], doi: 10.1016/j.tvjl.2010.12.026
ISSN 1532-2971

Schwartz, G. J. (2006). Integrative capacity of the caudal brainstem in the control of food
intake. Philos Trans R Soc Lond B Biol Sci, Vol. 361, No 1471, pp. 1275-1280, ISSN
0962-8436

Schweinhardt, P.; Fransson, P.; Olson, L.; Spenger, C. & Andersson, J. L. (2003). A template
for spatial normalisation of MR images of the rat brain. ] Neurosci Methods, Vol. 129,
No 2, pp. 105-113, ISSN 0165-0270

Sebe, F.; Nowak, R.; Poindron, P. & Aubin, T. (2007). Establishment of vocal communication
and discrimination between ewes and their lamb in the first two days after
parturition. Dev Psychobiol, Vol. 49, No 4, pp. 375-386, ISSN 0012-1630

Sebe, F.; Aubin, T.; Boue, A. & Poindron, P. (2008). Mother-young vocal communication and
acoustic recognition promote preferential nursing in sheep. | Exp Biol, Vol. 211, pp.
3554-3562, ISSN 0022-0949

Shukakidze, A.; Lazriev, I. & Mitagvariya, N. (2003). Behavioral impairments in acute and
chronic manganese poisoning in white rats. Neurosci Behav Physiol, Vol. 33, No 3,
pp. 263-267, ISSN 0097-0549

Sica, A. L.; Gootman, P. M. & Ruggiero, D. A. (1999). CO(2)-induced expression of c-fos in
the nucleus of the solitary tract and the area postrema of developing swine. Brain
Res, Vol. 837, No 1-2, pp. 106-116, ISSN 0006-8993

Sicard, K.; Shen, Q.; Brevard, M. E.; Sullivan, R.; Ferris, C. F.; King, J. A. & Duong, T. Q.
(2003). Regional cerebral blood flow and BOLD responses in conscious and
anesthetized rats under basal and hypercapnic conditions: implications for
functional MRI studies. | Cereb Blood Flow Metab, Vol. 23, No 4, pp. 472-481, ISSN
0271-678X

Sierra, A.; Encinas, J]. M. & Maletic-Savatic, M. (2011). Adult human neurogenesis: from
microscopy to magnetic resonance imaging. Front Neurosci, Vol. 5, No 47 pp. 1-18,
ISSN 1662-453X

Silva, A. C. & Bock, N. A. (2008). Manganese-enhanced MRI: an exceptional tool in
translational neuroimaging. Schizophr Bull, Vol. 34, No 4, pp. 595-604, ISSN 0586-
7614

Skinner, D. C.; Caraty, A.; Malpaux, B. & Evans, N. P. (1997). Simultaneous measurement of
gonadotropin-releasing hormone in the third ventricular cerebrospinal fluid and
hypophyseal portal blood of the ewe. Endocrinology, Vol. 138, No 11, pp. 4699-4704,
ISSN 0013-7227

Skinner, D. C. & Malpaux, B. (1999). High melatonin concentrations in third ventricular
cerebrospinal fluid are not due to Galen vein blood recirculating through the
choroid plexus. Endocrinology, Vol. 140, No 10, pp. 4399-4405, ISSN 0013-7227

Skipor, J. & Thiery, J. C. (2008). The choroid plexus-cerebrospinal fluid system:
undervaluated pathway of neuroendocrine signaling into the brain. Acta Neurobiol
Exp, Vol. 68, No 3, pp. 414-428, ISSN 0065-1400

Spurlock, M. E. & Gabler, N. K. (2008). The development of porcine models of obesity and
the metabolic syndrome. | Nutr, Vol. 138, No 2, pp. 397-402, ISSN 1541-6100

Strbian, D.; Durukan, A.; Pitkonen, M.; Marinkovic, I.; Tatlisumak, E.; Pedrono, E.; Abo-
Ramadan, U. & Tatlisumak, T. (2008). The blood-brain barrier is continuously open

www.intechopen.com



236 When Things Go Wrong — Diseases and Disorders of the Human Brain

for several weeks following transient focal cerebral ischemia. Neuroscience, Vol. 153,
No 1, pp. 175-181, ISSN 0306-4522

Thiery, J. C. & Malpaux, B. (2003). Seasonal regulation of reproductive activity in sheep:
modulation of access of sex steroids to the brain. Ann N 'Y Acad Sci, Vol. 1007, pp.
169-175, ISSN 0077-8923

Thiery, J. C.; Robel, P.; Canepa, S.; Delaleu, B.; Gayrard, V.; Picard-Hagen, N. & Malpaux, B.
(2003). Passage of progesterone into the brain changes with photoperiod in the ewe.
Eur | Neurosci, Vol. 18, No 4, pp. 895-901, ISSN 0953-816X

Thiery, J. C.; Lomet, D.; Schumacher, M.; Liere, P.; Tricoire, H.; Locatelli, A.; Delagrange, P.
& Malpaux, B. (2006). Concentrations of estradiol in ewe cerebrospinal fluid are
modulated by photoperiod through pineal-dependent mechanisms. | Pineal Res,
Vol. 41, No 4, pp. 306-312, ISSN 0742-3098

Thiery, J. C.; Lomet, D.; Bougoin, S. & Malpaux, B. (2009). Turnover rate of cerebrospinal
fluid in female sheep: changes related to different light-dark cycles. Cerebrospinal
Fluid Res, Vol. 6, pp. 9, ISSN 1743-8454

Tillet, Y.; Batailler, M. & Thibault, J. (1993). Neuronal projections to the medial preoptic area
of the sheep, with special reference to monoaminergic afferents:
immunohistochemical and retrograde tract tracing studies. ] Comp Neurol, Vol. 330,
No 2, pp. 195-220, ISSN 0021-9967

Tillet, Y. (1995). Distribution of neurotransmitters in the sheep brain. | Reprod Fertil Suppl,
Vol. 49, pp. 199-220, ISSN 0449-3087

Tillet Y. & Kitahama K. (1998). Distribution of central catecholaminergic neurons : a
comparison between ungulates, humans and other species. Histol Histopathol,
Vol.13, pp. 1163-1177, ISSN 0213-3911

Tillet, Y.; Batailler, M.; Thiery, J. C. & Thibault, J. (2000). Neuronal projections to the lateral
retrochiasmatic area of sheep with special reference to catecholaminergic afferents:
immunohistochemical and retrograde tract-tracing studies. | Chem Neuroanat, Vol.
19, No 1, pp. 47-67, ISSN 0891-0618

Tong, S.; Ingenito, S.; Anderson, J. E.; Gootman, N.; Sica, A. L. & Gootman, P. M. (1995).
Development of a swine animal model for the study of sudden infant death
syndrome. Lab Anim Sci, Vol. 45, No 4, pp. 398-403, ISSN 0023-6764

Tricoire, H.; Moller, M.; Chemineau, P. & Malpaux, B. (2003). Origin of cerebrospinal fluid
melatonin and possible function in the integration of photoperiod. Reprod Suppl,
Vol. 61, pp. 311-321, ISSN 1477-0415

Val-Laillet, D.; Layec, S.; Guerin, S.; Meurice, P. & Malbert, C. H. (2011). Changes in brain
activity after a diet-induced obesity. Obesity (Silver Spring), Vol. 19, No 4, pp. 749-
756, ISSN 1930-7381

van de Sande-Lee, S.; Pereira, F. R.; Cintra, D. E.; Fernandes, P. T.; Cardoso, A. R.; Garlipp,
C. R,; Chaim, E. A;; Pareja, J. C.; Geloneze, B.; Li, L. M.; Cendes, F. & Velloso, L. A.
(2011). Partial reversibility of hypothalamic dysfunction and changes in brain
activity after body mass reduction in obese subjects. Diabetes, Vol. 60, No 6, pp.
1699-1704, ISSN 1939-327X

van den Heuvel, M. P. & Hulshoff Pol , H. E. (2010). Exploring the brain network: a review
on resting-state fMRI functional connectivity. Eur Neuropsychopharmacol, Vol. 20, No
8, pp. 519-534, ISSN 1873-7862

Van Overwalle, F. (2009). Social cognition and the brain: a meta-analysis. Hum Brain Mapp,
Vol. 30, No 3, pp. 829-858, ISSN 1097-0193

www.intechopen.com



MRI Techniques and New Animal Models for Imaging the Brain 237

Van Vugt, D. A. (2010). Brain imaging studies of appetite in the context of obesity and the
menstrual cycle. Hum Reprod Update, Vol. 16, No 3, pp. 276-292, ISSN 1460-2369

Vandenheede, M. & Bouissou, M. F. (1998). Effects of an enriched environment of
subsequent fear reactions of lambs and ewes. Dev Psychobiol, Vol. 33, No 1, pp. 33-
45, ISSN 0012-1630

Vandewalle, G.; Hebert, M.; Beaulieu, C.; Richard, L.; Daneault, V.; Garon, M. L.; Leblang, J.;
Grandjean, D.; Maquet, P.; Schwartz, S.; Dumont, M.; Doyon, J. & Carrier, J. (2011).
Abnormal Hypothalamic Response to Light in Seasonal Affective Disorder. Biol
Psychiatry, doi: 10.1016/j.biopsych.2011.06.022 ISSN 1873-2402

Vellucci, S. V. & Parrott, R. F. (1994). Expression of c-fos in the ovine brain following
different types of stress, or central administration of corticotrophin-releasing
hormone. Exp Physiol, Vol. 79, No 2, pp. 241, ISSN 0958-0670

Vial, F.; Serriere, S.; Barantin, L.; Montharu, J.; Nadal-Desbarats, L.; Pourcelot, L. & Seguin,
F. (2004). A newborn piglet study of moderate hypoxic-ischemic brain injury by
1H-MRS and MRI. Magn Reson Imaging, Vol. 22, No 4, pp. 457-465, ISSN 0730-725X

Vigneau, M.; Beaucousin, V.; Herve, P. Y.; Duffau, H.; Crivello, F.; Houde, O.; Mazoyer, B. &
Tzourio-Mazoyer, N. (2006). Meta-analyzing left hemisphere language areas:
phonology, semantics, and sentence processing. Neuroimage, Vol. 30, No 4, pp.
1414-1432, ISSN 1053-8119

Vincent, . L.; Patel, G. H.; Fox, M. D.; Snyder, A. Z.; Baker, J. T.; Van Essen, D. C.; Zempel, J.
M.; Snyder, L. H.; Corbetta, M. & Raichle, M. E. (2007). Intrinsic functional
architecture in the anaesthetized monkey brain. Nature, Vol. 447, No 7140, pp. 83-
86, ISSN 1476-4687

Vocks, S.; Busch, M.; Gronemeyer, D.; Schulte, D.; Herpertz, S. & Suchan, B. (2010). Neural
correlates of viewing photographs of one's own body and another woman's body in
anorexia and bulimia nervosa: an fMRI study. | Psychiatry Neurosci, Vol. 35, No 3,
pp. 163-176, ISSN 1488-2434

Wager, T. D. & Smith, E. E. (2003). Neuroimaging studies of working memory: a meta-
analysis. Cogn Affect Behav Neurosci, Vol. 3, No 4, pp. 255-274, ISSN 1530-7026

Wang, Z.; Neylan, T. C.; Mueller, S. G.; Lenoci, M.; Truran, D.; Marmar, C. R.; Weiner, M. W.
& Schuff, N. (2010). Magnetic resonance imaging of hippocampal subfields in
posttraumatic stress disorder. Arch Gen Psychiatry, Vol. 67, No 3, pp. 296-303, ISSN
1538-3636

Watanabe, H.; Andersen, F.; Simonsen, C. Z,; Evans, S. M.; Gjedde, A. & Cumming, P.
(2001). MR-based statistical atlas of the Gottingen minipig brain. Neuroimage, Vol.
14, No 5, pp. 1089-1096, ISSN 1053-8119

Watanabe, T.; Frahm, J. & Michaelis, T. (2004). Functional mapping of neural pathways in
rodent brain in vivo using manganese-enhanced three-dimensional magnetic
resonance imaging. NMR Biomed, Vol. 17, No 8, pp. 554-568, ISSN 0952-3480

Weis, S. & Hausmann, M. (2010). Sex hormones: modulators of interhemispheric inhibition
in the human brain. Neuroscientist, Vol. 16, No 2, pp. 132-138, ISSN 1089-4098

Weis, S.; Hausmann, M.; Stoffers, B. & Sturm, W. (2010). Dynamic changes in functional
cerebral connectivity of spatial cognition during the menstrual cycle. Hum Brain
Mapp, Vol. 32, No 10, pp. 1544-1556, ISSN 1097-0193

Wey, H. Y.; Li, J.; Szabo, C. A.; Fox, P. T.; Leland, M. M.; Jones, L. & Duong, T. Q. (2010).
BOLD fMRI of visual and somatosensory-motor stimulations in baboons.
Neuroimage, Vol. 52, No 4, pp. 1420-1427, ISSN 1095-9572

www.intechopen.com



238 When Things Go Wrong — Diseases and Disorders of the Human Brain

Whitman, M. C. & Greer, C. A. (2009). Adult neurogenesis and the olfactory system. Prog
Neurobiol, Vol. 89, No 2, pp. 162-175, ISSN 1873-5118

Williams, D. S.; Detre, J. A.; Leigh, J. S. & Koretsky, A. P. (1992). Magnetic resonance
imaging of perfusion using spin inversion of arterial water. Proc Natl Acad Sci U S
A, Vol. 89, No 1, pp. 212-216, ISSN 0027-8424

Willis, C. K.; Quinn, R. P.; McDonell, W. M.; Gati, J.; Partlow, G. & Vilis, T. (2001).
Functional MRI activity in the thalamus and occipital cortex of anesthetized dogs
induced by monocular and binocular stimulation. Can | Vet Res, Vol. 65, No 3, pp.
188-195, ISSN 0830-9000

Wuerfel, E.; Infante-Duarte, C.; Glumm, R. & Wuerfel, J. T. (2010). Gadofluorine M-
enhanced MRI shows involvement of circumventricular organs in
neuroinflammation. | Neuroinflammation, Vol. 7, pp. 70, ISSN 1742-2094

Xie, F.; Boska, M. D.; Lof, J.; Uberti, M. G.; Tsutsui, J. M. & Porter, T. R. (2008). Effects of
transcranial ultrasound and intravenous microbubbles on blood brain barrier
permeability in a large animal model. Ultrasound Med Biol, Vol. 34, No 12, pp. 2028-
2034, ISSN 1879-291X

Young, K. A, Liu, Y. & Wang, Z. (2008). The neurobiology of social attachment: A
comparative approach to behavioral, neuroanatomical, and neurochemical studies.
Comp Biochem Physiol C Toxicol Pharmacol, Vol. 148, No 4, pp. 401-410, ISSN 1532-
0456

Zanella, A. ]J.; Broom, D. M.; Hunter, J. C. & Mendl, M. T. (1996). Brain opioid receptors in
relation to stereotypies, inactivity, and housing in sows. Physiol Behav, Vol. 59, No
4-5, pp. 769-775, ISSN 0031-9384

Zhang, N.; Rane, P.; Huang, W.; Liang, Z.; Kennedy, D.; Frazier, ]J. A. & King, J. (2010).
Mapping resting-state brain networks in conscious animals. | Neurosci Methods, Vol.
189, No 2, pp. 186-196, ISSN 1872-678X

Zhao, F.; Zhao, T.; Zhou, L.; Wu, Q. & Hu, X. (2008). BOLD study of stimulation-induced
neural activity and resting-state connectivity in medetomidine-sedated rat.
Neuroimage, Vol. 39, No 1, pp. 248-260, ISSN 1053-8119

Zieba, D. A.; Szczesna, M.; Klocek-Gorka, B. & Williams, G. L. (2008). Leptin as a nutritional
signal regulating appetite and reproductive processes in seasonally-breeding
ruminants. | Physiol Pharmacol, Vol. 59 Suppl 9, pp. 7-18, ISSN 1899-1505

www.intechopen.com



When Things Go Wrong - Diseases and Disorders of the Human

WHEN THINGS Brain

GO WRONG , I
e, % AND EHSORDERS OF THE HUMAN DRAIN Ed'ted by DI’ Theo Mantamadlot's

w This Mantamadio

ISBN 978-953-51-0111-6

Hard cover, 238 pages

Publisher InTech

Published online 29, February, 2012
Published in print edition February, 2012

In this book we have experts writing on various neuroscience topics ranging from mental illness, syndromes,
compulsive disorders, brain cancer and advances in therapies and imaging techniques. Although diverse, the
topics provide an overview of an array of diseases and their underlying causes, as well as advances in the
treatment of these ailments. This book includes three chapters dedicated to neurodegenerative diseases,
undoubtedly a group of diseases of huge socio-economic importance due to the number of people currently
suffering from this type of disease but also the prediction of a huge increase in the number of people
becoming afflicted. The book also includes a chapter on the molecular and cellular aspects of brain cancer, a
disease which is still amongst the least treatable of cancers.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Elodie Chaillou, Yves Tillet and Frédéric Andersson (2012). MRI Techniques and New Animal Models for
Imaging the Brain, When Things Go Wrong - Diseases and Disorders of the Human Brain, Dr. Theo
Mantamadiotis (Ed.), ISBN: 978-953-51-0111-6, InTech, Available from:
http://www.intechopen.com/books/when-things-go-wrong-diseases-and-disorders-of-the-human-brain/mri-
techniques-and-new-animal-models-for-scanning-the-brain

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




