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Mouse Models

Toth and Bhargava. Animal Models of Sleep Disorders, pp. 91-104

Domain: 3

SUMMARY: Defining sleep can be accomplished using electroencephalography as well as by utilizing behavioral data.   Even though electroencephalographic data can vary among species, it is a very useful tool in defining waking and stages of sleep in most mammals and birds.  Electroencephalography is often used with measurements of other physiologic parameters (body temperature, breathing rate, brain functioning) to assess sleep and sleep disorders.    Sleep can also be defined behaviorally as a regulated state of reduce movement and sensory responsiveness.  Behaviorally defined states of sleep that appear analogous to defined sleep have been identified in both mammalian and non-mammalian species.  Even so, the daily duration, cyclical arrangement, timing of sleep during the diurnal period amongst other features of sleep varies extensively among species.   Rodents are typically awake during the dark phase and asleep during the light phase.  Some species also spend a relatively larger total percentage of time in slow wave sleep (SWS).  Others spend relatively less time in REMS.  In order to effectively use animals to study sleep and sleep disorders must take into account the known similarities as well as differences of the species.  

The article discusses the 4 main sleep disorders: insomnia, sleep apnea, narcolepsy, and restless leg syndrome and animal models used to study these sleep disorders.  The most commonly reported sleep disorder in people is insomnia and is characterized by difficulty in falling asleep (or difficulty falling back asleep after waking), waking too early, and/or nonrestorative sleep.   Insomnia can be either acute or chronic and have a primary or secondary cause.   In regards to primary insomnia, there are 4 general pathophysiologic mechanisms involving disruption of: 1) sleep homeostatic regulation; 2) circadian clock 3) intrinsic systems responsible for expression of sleep.  The fourth mechanism involves enhancement of extrinsic systems that can alter normal sleep-wake regulation.   Utilization of rats exposed to a stressful environment incorporates several of these features in a model that mimics stress induced insomnia.  Other species that have been used as models for insomnia include DBA/2J mice, a rat model in which animals are exposed to environmental stress, and various strains of Drosophila.   Administration of caffeine, alteration of circadian clock genes, and the creation lesions of the ventrolateral preoptic nucleus also have been useful in the study of insomnia in animal models.   The ideal animal model would need to display reductions in the amount of quality of sleep when sleep would normally be expected.   Due to this shortage of sleep, the animal would then acquire a sleep debt of display fatigue during the normal active phase.  Few (if any) models actually are able to mimic these conditions.   The biggest pitfall is being unable to determine whether the animals are trying (unsuccessfully) to sleep or simply are not sleeping.   

Sleep apnea involves the cyclical or cessation of airflow during sleep.  There are 2 recognized forms, obstructive and central.   The Sprague-Dawley and spontaneously hypertensive rats have been used for study of the central form.   Obstructive sleep apnea (OSA) is the more typical presentation and is frequently accompanied by snoring.  Predisposing factors include obesity, large necks in men, menopause in women, and physical abnormality of the upper airway.   OSA occurs spontaneously in the English bulldog, and is related to upper airway anatomical features (enlarged soft palate and narrow oropharynx); however it is not related to obesity in this species.  Obese Yucatan minipigs have been proposed as a model for obesity associated OSA.  There are also both non-invasive and invasive techniques utilized to mimic the intermittent hypoxemic episodes that occur in both the central and obstructive forms of apnea.  Noninvasive models involve alterations of the environmental oxygen levels during the sleep-dominant phase of the diurnal cycle.   Benefit of this model is that it allows study of chronic consequences of intermittent episodes of hypoxemia.   Surgical tracheostomy that affords intermittent occlusion of the endotracheal tube has also been used as a model for OSA.   Strength of this model is that it produces predictable, reliable, and modifiable obstructive apneas.   C57BL/6J has been used to study the relationships among obesity, age and pharyngeal mechanical and neuromuscular control.  New Zealand obese and white mice have been used to study the effect of obesity on pharyngeal airway size during inspiration and expiration.  In general the main weakness to current animal models used for apnea is that these models mimic severe human OSA and therefore are not relevant to the majority of clinical forms of OSA.   Also animals that are exposed to the intermittent hypoxic episodes develop hypocapnia, whereas humans with OSA develop hypercapnia.

Narcolepsy can be comprised of 4 symptoms: excessive daytime sleepiness, cataplexy, sleep paralysis, and hypnagogic hallucinations.   Cataplexy is the most characteristic feature, is emotionally triggered and can vary in duration.  The most likely cause of narcolepsy is degeneration of the hypothalamic neurons that contain the peptide orexin.   People diagnosed with narcolepsy have decreased orexin A in their CSF.   Canine narcolepsy with cataplexy has been identified in several breeds of dogs, including   Doberman pinschers and Labrador retrievers which both have an autosomal recessive form.  Food –elicited cataplexy tests are frequently used to study dogs with narcolepsy.   In these tests, the normal dog eats all the food, whereas the narcoleptic dog will exhibit episodes of either partial or complete cataplexy before eating all the food.   Another test used involves play-elicited cataplexy. Rodent species have also been used to study narcolepsy.  Mice that have been genetically modified to lack orexin will have episodes of behavioral arrest during the active phase and have similarities to human and canine narcolepsy in their electroencephalographic and electromyographic patterns.    The article goes on to discuss that an accurate animal model of human narcolepsy may require actual loss of orexin neurons rather than loss of only the orexin gene.   Mice that have loss of these neurons exhibit many of the symptoms that humans with narcolepsy, namely behavioral arrest, sleep fragmentation, and sleep-onset REMs period (SOREMSP), as well as obesity.  Other methods used to reduce orexinergic neurons have been injecting orexin B conjugated to the toxin saponin into rat hypothalamus as well as use of antisense RNA or RNA interference technology.  

Restless Leg Syndrome is relatively common, affecting 5% to 15% of the U.S. population with women more commonly affected.  The criteria for diagnosis include the urge to move the legs, accompanied by unpleasant sensations in the legs, the onset or worsening of the urge during rest or inactivity, the partial to total relief by movement, and the worsening of the symptoms during the evening or night.   Underlying pathophysiology of RLS has not been determined; however two major impairments are believed to be involved.   First there are abnormalities of the dopaminergic system.   And secondly the severity of symptoms is inversely correlated with serum and CSF iron levels.  Several types of animal models have been utilized for study of RLS.   One involves animals with dopamine related deficits in brain function.   Mice with iron deficiency also have been used.   Other models have utilized the combination of dopamine and iron deficiency.    The deficits can be caused either by genetic or pharmacologic mechanisms.    However, since RLS is a subjective clinical diagnosis, study of this syndrome in animals can be a major challenge.

Article concludes with acknowledging how invaluable animal models have been in the study of sleep and sleep disorders.   There are inherent weaknesses to use of animals in sleep research, one mentioned in the conclusion being the subjective aspects of sleep.  However, despite the many differences in sleep between animals and humans, the vast similarities have made animal studies fundamental to past and future research on sleep and sleep disorders. 

QUESTIONS
1. In patients with RLS, there typically is an increase in ferritin in the CSF.  T or F

2. What is the most characteristic feature of narcolepsy?

a. Sudden muscle atonia during wakefulness.

b. Sleep paralysis

c. Hypnagogic hallucinations

d. Excessive daytime sleepiness

3. There are several nonhuman primate species that exhibit spontaneous OSA.  T or F

4. The most commonly reported sleep-associated problem is:

a. Sleep Apnea

b. Restless Leg Syndrome

c. Narcolepsy

d. Insomnia

5. Various strains of Drosophila have been used to study insomnia.  T or F

6. Reduced levels of ________ in the CSF are found in patients with narcolepsy.
a. Serotonin

b. Orexin

c. Dopamine

d. Norepinephrine

         

ANSWERS
1.
False. Iron is decreased; severity of RLS is inversely proportional to serum and CSF iron levels
2. 
a. Cataplexy is the most characteristic feature    
3. 
False. Spontaneous OSA has not been reported in any NHP  
4.  
d.   
5. 
True   insomnia-like (ins-l) flies have been used to study aspects of insomnia 
6. 
b. Orexin (also called hypocretin)

Jacobsen et al. Effects of Buprenorphine and Meloxicam Analgesia on Induced Cerebral Ischemia in C57BL/6 Male Mice, pp. 105-113

Domain 2: Management of Pain and Distress

Primary Species:  Mouse (Mus musculus)
SUMMARY

Background: The primary cause of ischemic stroke in humans is obstruction of a cerebral artery, which results in an infarction of a localized part of the brain. The middle cerebral artery occlusion (MCAO) model is a frequently used surgical model used in animal to study the pathologic and functional outcomes of cerebral ischemic stroke and resembles the embolic stroke seen in humans. This model results in infarction in the cerebral cortex and caudate putamen. Pain sensitive structures in the brain are limited to the cerebral and dural arteries; cranial nerves V, IX, and X; and parts of the dura at the base of the brain. These structures are rarely damaged during stroke; however this surgical model involves an incision through skin and muscle as well as damage to the skull and periosteum, which could result in pain. Analgesia is often not used in these models due to possible CNS protective qualities. Buprenorphine is a highly potent opioid that acts as a partial agonist of the μ receptor subtype and reduces pain from mild or moderately invasive surgical procedures. Meloxicam is a potent inhibitor if cyclooxygenase 2 and has analgesic, anti-inflammatory and antipyretic effects. 

 

Study: This study investigated whether buprenorphine (given SQ or voluntary ingestion) and meloxicam given at clinically relevant doses, would provide pain relief without altering the infarct volume in MCAO model using C57BL/6 mice. This was evaluated by measuring body weight, feed consumption, fecal corticosterone metabolites, body temperature, behavior observation, and histologic examination of lesion.  

 

Results: Buprenorphine did not alter infarction volume when compared to no analgesia mice. Mice receiving Buprenorphine via voluntary ingestion tended to have the lowest level of fecal corticosterone metabolites. Food consumption and body weight was decreased in buprenorphine treated mice the day after surgery but this effect was not noticed if you compared across all days of the study. Meloxicam significantly reduced infarction volume. An automated behavior scoring system showed that exploratory behaviors (such as rearing and sniffing) decreased as infarct volume increased.

 

QUESTIONS
1.  
What is the MCAO model used to study?

a. 
Middle cerebral artery occlusion model is used as a stroke model
b.  
Middle cardiac artery occlusion model is used as a model of cardiovascular disease

c. 
Main cardiac artery occlusion model is used as a model of cardiac infarction

d.  
Massive cranial artery occlusion model is used as an Alzheimer’s model
2.  
Buprenorphine is a:

a.  
Low affinity full antagonist of the κ (kappa) opioid receptor

b.  
High affinity full agonist of the opiate-like receptor (OLR)

c.   
High affinity partial agonist at the μ (mu) opioid receptor

d.  
Low affinity partial antagonist of the δ (delta) opioid receptor

 

ANSWERS
1. 
a

2. 
c

Liberati et al. Cytokine and Chemokine Responses of Lung Exposed to Surrogate Viral and Bacterial Infections, pp. 114-126

Domain 3

Primary Species:  Mouse (Mus musculus)
SUMMARY:  In vitro models can be used to study the molecular mechanisms that underlie normal and pathologic physiology; however this simplification may obscure or eliminate key influences that occur in vivo.  This study looked at determining the difference in the lung's response to infection in vitro and in vivo, which may be influenced by the lung's resident lung cells or related systemic response to pulmonary infection.  C57BL/6J, DBA/2J and B6.129S2-IL6 tm1kopf were inoculated with a viral (pIC) and bacterial (LPS) surrogate.  Animals were monitored for 24 hrs for locomotion, food, water and saccharin solution intake, and core temperature (via IP implanted transmitter).  Significant changes in these parameters determine time points to measure cytokine and chemokine concentrations in mice, lung slices and A549 lung carcinoma cells.  Results demonstrated both strain-independent and strain-dependent inflammatory responses indicating that in vitro model systems may not produce those same effects as in vivo.

QUESTIONS  
1. 
What mutation is present in the DBA/2J strain?

2. (T/F) In vitro models may obscure or eliminate inflammatory responses amid viral and bacterial infection.

ANSWERS
1. 
Hemolytic complement (Hc on chromosome 2)

2. 
True 
Hubbard et al. Effect of Dietary Iron on Fetal Growth in Pregnant Mice, pp. 127-135

Domain 3; TT3.3

SUMMARY: Iron deficiency is the most common nutritional disorder of humans world wide.  Iron-deficiency anemia during pregnancy is associated with adverse effects on fetal development, including low birth weight, growth retardation, hypertension, intrauterine fetal death, neurologic impairment, and premature birth. They hypothesized that pregnant mice fed an iron-deficient diet would have a similar outcome regarding fetal growth to that of humans. Female C57BL/6 mice were randomly assigned to consume 1 of 4 diets (high-iron–low-bioavailability, high-iron–high-bioavailability, iron-replete, and iron-deficient) for 4 wk before breeding, followed by euthanasia on day 17 to 18 of gestation. In summary, mice fed an iron-deficient diet had similar hematologic values and fetal outcomes as those of iron-deficient humans, making this a useful model for studying iron-deficiency anemia during pregnancy. 
QUESTIONS
1. 
Studies have shown 
a. 
Iron supplementation in areas of high malaria prevalence is associated with an increased risk of mortality in children
b. 
Iron deficiency is associated with a decreased incidence of placental malaria, especially in primigravidae
c. 
Iron supplementation on pregnancy outcome in malaria-endemic regions are increases the risk of malaria
d. 
None of the above are true
e. 
All of the above are true
2.  
Mice and rats complete organogenesis at gestational day (GD) 
a. 
Rats 15 to 16 days and mice 19 to 21 days
b. 
Rats 19 to 21 days and mice 15 to 16 days
c. 
Rats 18 to 19 days and mice 19 to 23 days
d. 
Rats 17 to 21 days and mice 19 to 21 days
3.  
The most commonly used animal models for modeling human development
a. 
Rodents
b. 
Primates
c. 
Canine
4.  
Mice fed the iron-deficient diet showed all accept
a.  
Decreased MCV  
b.  
Decreased MCH  
c.  
Increased RBC distribution width
d.  
Decreased average platelet count
5.  
In this study it was found that pregnant mice fed an iron-deficient diet were 
a.  
Less fertile, 
b.  
Had fewer viable pups
c.  
Had pups with shorter crown–rump length 
d.  
Decreased body weight, and decreased brain iron
e.  
All the above are true
ANSWERS
1. 
e
2. 
a
3. 
a
4. 
d.  Platelet counts were increased in mice fed an iron-deficient diet
5.  
e
Park et al. tmie Is Required for Gentamicin Uptake by the Hair Cells of Mice, pp. 136-142
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Mouse (Mus musculus)
SUMMARY: The circling (cir/cir) mouse is a spontaneous model of deafness and also exhibits abnormal behaviors including circling and hyperactivity. In the present study the authors investigate the differences between 3-d-old (before hair degeneration) cir/cir and phenotypically normal (+/cir) mice. They found no differences between both strains suggesting that the structure of the inner ear of cir/cir begins to degenerate after birth. They also study the effects of gentamicin on the inner ear and they found that gentamicin eliminated the hair cells of +/cir mice whereas did not induce ototoxicity in cir/cir mice. This is because the hair cells of cir/cir mice did not take up the drug.  One possible explanation is that the deletion of the genomic region that includes the tmie gene (transmembrane inner ear gene) affects the mechanotransduction channel that is the route to enter hair cells.

 

QUESTIONS
1. 
Cells in the mammalian inner ear regenerate after damage or loss?

2.  
Name the two structures that comprise the inner ear.

3.  
What other difference has a cir/cir mouse comparing with the wild type mouse?

4.  
Which behavioral abnormalities exhibits the cir/cir mouse?
ANSWERS
1. 
Cells in the mammalian inner ear do not regenerate after damage or loss, thereby eventually leading to hearing impairment.

2.  
The cochlea, which is the structure for hearing, and the vestibule, which is involved in maintaining the balance of body. 

3.  
A decreased body weight.

4. 
Circling and head-tossing.

Rat Model

Bartnikas et al. A Novel Rat Model of Hereditary Hemochromatosis Due to a Mutation in Transferring Receptor 2, pp. 143-155

Domain 3

Primary Species: Rat (Rattus norvegicus)
SUMMARY: Hemochromatosis is iron overload usually with a hereditary cause (autosomal recessive disorder); it is characterized by an accelerated rate of intestinal iron absorption that leads to iron deposition in various tissues throughout the body. The most common presentation is hepatic cirrhosis in combination with cardiomyopathy, diabetes, arthritis, hypopituitarism and hyperpigmentation. Early diagnosis is important in attempting to prevent or slow the course of the disease. Seeking an animal model for research is important in understanding the molecular mechanisms of this disease. 


Even though there are reports of sporadic iron overload in rats, it has not been known if this was caused by genetic or environmental influences. Historically, mice have been used as the predominant rodent model to investigate inherited forms of iron deficiency or overload. The effect of iron overload via diet has been investigated in rats; however, there has not been a genetically defined rat model of inherited iron overload. 
Hereditary Hemochromatosis (HHC) is a group of inherited human diseases characterized by excessive intestinal iron absorption and progressive iron deposition in tissues in the environment of normal dietary iron intake. Excessive dietary iron absorption results from a deficiency in hepcidin which is a hormone that is secreted mostly by the liver; hepcidin inhibits uptake of iron from the intestine into the blood. Hepcidin also negatively regulates recycling of iron from senescent red blood cell macrophages. Deficiency of hepcidin can be caused by mutations in hepcidin by bone morphogenetic protein 6 (Bmp6) and transferrin (Tf); both of these stimulate hepcidin expression. Other factors requiring hepcidin expression are Beta 2 microglobulin, hemochromatosis protein, hemojuvelin, transferrin receptor 2, and neogenin. 
An outbred colony of Wistar rats were selectively bred to generate progeny carrying the candidate causative allele in Tfr2 (transferrin receptor 2) in hetero- or homozygosity. The authors were able to demonstrate the iron overload phenotype segregates largely as a codominant Mendelian trait in this population. Furthermore, the authors were able to demonstrate that a mutation in Tfr2 alters the hepcidin-iron  regulatory axis in this subpopulation of Wistar rats and causes HHC-like phenotype. By creating this model, it may prove useful in understanding the molecular mechanisms  underlying the regulation of iron metabolism. 

QUESTIONS
1. 
What is hemochromatosis? 

2. 
What is the primary hormone that regulates iron metabolism? 

3. 
What allele is mutated altering the iron regulatory axis? 

4. 
Name the first genetic rat model for hereditary hemochromatosis? 

ANSWERS
1. 
Hemochromatosis is either a dietary or inherited condition resulting in excessive iron absorption from the intestines and deposition in various tissues. 

2. 
Hepcidin is the primary hormone that regulates iron metabolism.

3. 
Transferrin receptor 2 (Tfr2) is mutated allele altering the iron regulatory axis. 

4. 
Hsd:HHCL rats are the first genetic rat model of hereditary hemochromatosis. 

Guinea Pig Model

Jensen et al. Hypervitaminosis D in Guinea Pigs with α-Mannosidosis, pp. 156-162

 

Domain 1- Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Guinea Pig (Cavia porcellus)

SUMMARY: Vitamin D is one of the main regulators of calcium homeostasis and intake of this in sufficient is crucial to many normal processes within the body. However excess intake can cause toxicity known as hypervitaminosis D (HD) and can result in anorexia, dehydration, hypercalcemia, metastatic calcification, renal failure and urolithiasis. Humans can acquire HD by chronic voluntary use of excessive Vitamin D supplements. In animals, HD occurs after ingestion of toxic plants, rodent bait or antipsoriasis ointments. However, laboratory animals have limited access to such toxins but are at risk for accidental overdose from contaminated pelleted diets.

In this case report, A colony of guinea pigs (n=9) with a genetic mutation for a-mannosidosis was fed a pelleted commercial laboratory guinea pig diet. Over 2 months, all 9 guinea pigs unexpectedly showed anorexia and weight loss (11.7% to 30% of baseline weight) and 3 animals demonstrated transient polyuria and polydipsia. Blood chemistry panels in these 3 guinea pigs revealed high normal total calcium, high normal phosphate, and high ALP. Urine specific gravity was dilute. Post-mortem examination revealed interstitial fibrosis with tubular mineralization, soft tissue mineralization in multiple organs, hepatic lipidosis, and pneumonia. Analysis of the pelleted diet revealed that it had been formulated with a Vitamin D3 content of more than 150x the normal (3.1 IU/g to 505 IU/g). Ionized calcium and 25-dihydroxyvitamin D values were both high in serum confirming the diagnosis of Hypervitaminosis D in the colony.

QUESTIONS
1. What is the condition α-mannosidosis and what is α-mannosidase action in the body?

2. What is the biologically active form of vitamin D?

3. True or False: Successful activation of motile guinea pig sperm after cryopreservation has not been reported

4. True or False: Older guinea pigs have been reported to have a high incidence of metastatic or dystrophic mineralization of soft tissues like heart and kidneys

5. Give  2 examples of disease that may also illicit PU/PD

 

ANSWERS
1.
α-mannosidosis is a lysosomal storage disorder caused by a deficient activity of the enzyme alpha-D-mannosidase. Deficiency of this impairs cell function and complete absence of functionality of this enzyme leads to death due to deterioration of the central nervous system. α-mannosidase helps to break down complex sugars derived from glycoproteins in the lysosome.
2.  
Calcitriol

3. 
True

4.
True

5.  
Diabetes mellitus or insipidus; hyperadrenocorticism

Canine Models

Vite et al. Features of Brain MRI in Dogs with Treated and Untreated Mucopolysaccharidosis Type I, pp. 163-173

Domain 1: Control, Diagnose, and Treat Disease; Tasks 2, 3, 4
Primary Species: Dog (Canis familiaris)
SUMMARY: Mucopolysaccharidosis I (MPS I, Hurler syndrome) is a lysosomal storage disorder causing progressive physical and neurological disease in humans.  A canine model exists, sharing the same enzyme mutation: alpha-L-iduronidase.  The goal of this study was to characterize the neuroimaging findings in the MPS I dog model (hydrocephalus, cortical atrophy, and white matter intensities including the corpus callosum) and their response to intravenous enzyme replacement therapy (IV ERT, recombinant alpha-L-iduronidase).

Dogs assessed: untreated MPS I dogs (14), heterozygous carrier dogs (6), and MPS I dogs treated with IV ERT as adults (4, beginning at age 13 to 16 mo), intrathecal and intravenous ERT (IT+IV ERT) as adults (4, beginning at age 13 to 16 mo), or IT ERT as juveniles (4, beginning at age 4 mo).
MRI imaging: saggital and axial T1, axial fluid-attenuated inversion recovery (FLAIR), coronal T2-weighted images at one facility; axial proton density, axial T2, axial FLAIR, and coronal fast spoiled gradient recovery (FSPGR) were performed at another study facility.  Frontal-occipital horn ratio (FOR) was calculated by computer analysis as the maximal distance between the outer borders of the frontal horns of the lateral ventricles plus the distance between the outer borders of the occipital horns of the lateral ventricles, divided by twice the maximum diameter of the brain measured on dorsal plane images.

IT ERT was found to reach the corpus callosum.  IT ERT patients had similar alpha-L-iduronidase concentrations when compared to carrier dogs in both the genu (cranial) and splenium (caudal) areas of the corpus callosum.  Human significance: thinning of the corpus callosum has been seen in several conditions, including attention deficit disorder.
Corpus callosum thinning and volume loss is attenuated with IT ERT.  Juvenile MPS I dogs had corpus callosum volumes similar to age-matched carrier dogs.  Two dogs had thin areas, but average volume was greater to that of their untreated MPS I littermate.

MPS I dogs had cerebral ventriculomegaly that may be attenuated with IT ERT.  Compared to carrier dogs, untreated MPS I dogs 12-16 mo old dogs had greater frontal-occipital horn ratio.  Untreated dogs' ratio increased 28% by 17-22 months, and further to 33% by 28 mos.  Adult IT ERT and IT+IV ERT dogs showed no increase throughout the study.

In addition to quantitation by FOR, ventriculomegaly was evaluated subjectively in a blinded fashion by a 4-point scoring system.  As expected, FOR increased with worsening ventricular enlargement score.

Cortical atrophy, dilation of perivascular spaces, and abnormal signal intensity of white matter have been noted in humans and were variably present in MPS I dogs of this study.

Difference between species:  Normal dog corpus callosum appears complete by 8 wk and remaining white matter structures appear complete by 16 wk (via MRI).  Normal human corpus callosum myelination continues into adolescence and beyond.

The main use of animal models of lysosomal diseases has been for preclinical testing of potential therapies for humans.  Models using larger animals such as dogs have particular advantages.  Naturally occurring and overt phenotype ensures clinical disease is present.  Also, large animals are longer-lived than are mice, are relatively more outbred, have vigorous immune responses, and are studied more readily by the same types of clinical testing that can be performed in humans.

This study is limited by the small numbers of dogs per group, together with substantial variability in several of the findings.

The corpus callosum is attractive as an imaging marker, because it is readily identified on imaging studies and may have functional relevance to MPS I disease.

QUESTIONS
1. 
On a T1-weighted MRI, water appears brighter than fat.  T/F

2. 
In MPS I, which enzyme's production is disrupted?

a. 
Beta-glucuronidase

b. 
Alpha-L-iduronidase

c. 
Hexosaminidase

ANSWERS
1. 
F.  Fat appears brighter on a T1-weighted MRI.  Water appears brighter on a T2-weighted MRI.

2. 
b.  Alpha-L-iduronidase production is decreased, resulting in increased beta-glucuronidase and hexosaminidase.

Feeney et al. Parenchymal Signal Intensity in 3-T Body MRI of Dogs with Hematopoietic Neoplasia, pp. 174-182

Primary Species: Dog (Canis familiaris)
 

SUMMARY: Canine malignant lymphomas have been recognized as a multicentric, hematopoietic cancer that is very similar to nonHodgkin lymphoma in humans. Regardless of the underlying disease process or distribution, focal or multifocal lesions represent measurable entities that can be monitor either clinically or with imagine techniques. However, diffuse disease can be problematic since no easy definable parameters other than changes in organ volume or probably signal intensity from which to differentiate normal from abnormal. Therefore, the present study pilot was performed in 10 dogs to assess the applicability of body MRI for staging of canine diffuse hematopoietic neoplasia.

All dogs had either cytologic or hematologic evidence of hematopoietic neoplasia. For imagine, the body was divided into cranial and caudal halves, and different pulse sequences were used like T1-weighted (before and after intravenous gadolinium), T2 weighted, in phase, out-of-phase, and short tau inversion. All image interpretation was done without knowledge of bone marrow, lymph node or parenchymal organ status other than the dogs had suspected hematopoietic malignancy or were clinically normal. 

Relative parenchymal organ (medial iliac lymph nodes, liver, spleen, kidney cortex and kidney medulla) signal intensity was quantified by using digital region of interest (ROI) and visual comparison techniques. All 10 dogs were affected with either B-cell lymphoma (n=7) or myelodyplastic syndrome (MDS) (n=3), also, the visual assessment of liver on T2-weighted images allowed all but one of the dogs with B–cell lymphoma and all MDS affected dogs to be distinguished from the normal dogs. These findings suggest that the MR signal-intensity comparison approach may justify further investigation of normal relationships in signal intensity among tissues and their comparison with diffuse infiltrative parenchymal disease in dogs as patients and as animal models of human diseases. 

QUESTIONS: True or False

1.
The use of skeletal muscle as a source for signal intensity for comparison seemed to have practical value in identifying parenchymal organ signal intensity relationships that differ fro between affected and normal dogs.

2.  
In infiltrative parenchymal organ malignancies, standard MRI detection may rely on measurable nodules or masses and may require diffusion characterization.

ANSWERS
1. 
T

2. 
F. In infiltrative parenchymal organ malignancies, standard MRI detection may rely primarily on organ size and signal intensity instead of measurable masses.

Nonhuman Primate Model 

Sammak et al. Investigation of Tularemia Outbreak after Natural Infection of Outdoor-Housed Rhesus Macaques (Macaca mulatta) with Francisella tularensis, pp. 183-190
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species:  Macaques (Macaca spp)

SUMMARY: An outbreak of tularemia was seen in an outdoor colony of rhesus macaques and confirmed by PCR or positive culture. Francisella tularensis is a gram-negative coccobacillus that is zoonotic. This multisystemic disease is transmitted by a biting arthropod and early signs can include ulceration at the bite mark and enlarged lymph nodes that can progress to a fatal pneumonia. Most cases are caused by either F. tularensis, tularensis and holartica, both of which are present in the United States. Despite an extensive screening process for the source of this organism, no fleas screened tested positive and no ticks were collected. 

QUESTIONS
1. T or F: Tularemia has a potential to be used as a weapon in bioterriorism and such that is a USDDHS Tier 1 Select Agent.

2. T or F: Infection with this strain of Francisella tularensis subsp holartica is associated with high pathogenicity in macaques.

3. T or F: Rodents are more commonly infected with F. tularensis subsp holartica than are lagomorphs.

ANSWERS
1. True: Tularemia has a potential to be used as a weapon in bioterriorism and such that is a USDDHS Tier 1 Select Agent.

2. False: Infection with this strain of Francisella tularensis subsp holartica is associated with high pathogenicity in macaques.

3. True: Rodents are more commonly infected with F. tularensis subsp holartica than are lagomorphs.
