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ORIGINAL RESEARCH
Fish Model

Powell et al. Effects of the Dietary (3:(6 Fatty Acid Ratio on Body Fat and Inflammation in Zebrafish (Danio rerio), pp. 289-294

Domain 1: Management of spontaneously and experimentally induced diseases

Secondary Species: Zebrafish (Danio rerio)
 

SUMMARY: The (3 and (6 polyunsaturated fatty acids (PUFA) and long chain PUFA (LC-PUFA) are essential fatty acids in human and other animals. The proportion of these fatty acids has been show to have beneficial and harmful effects. Few studies showed that disproportionately high intake of (6 fatty acids promote inflammation and cardiovascular diseases. In contrast, other studies showed that increased (6 intake reduces the risk of coronary artery disease. Hence, authors evaluated the effects of different dietary (3: (6 fatty acid ratios on weight gain, body composition and inflammatory proteins in zebrafish. Zebrafish were fed with diets containing different (3: (6 fatty acid ratio (1:2, 1:5 and 1:8) for 5 months. All the diets supported growth and all the female fish were reproductively mature. At 5 months, total body dry weights for female fish were 30% higher in those fed the 1:8 diet than 1:2 diet. The percentage of total body lipid in fish fed the 1:8 diet did not differ from that of fish fed the 1:5 diet. Adiposity was lowest for those that consumed the 1:8 diet. The expression level of inflammatory genes (C-reactive peptide, vitellogenin and serum amyloid A) were low in 1:8 diet. The results suggested that the changes in the composition of the PUFAs alter the physiological outcomes and higher proportion of (6 fatty acids lower inflammation.

 

QUESTIONS
1. 
The inflammatory effects (6 fatty acids is due to the production of arachidonic acid and other proinflammatory factors. True or False.

2. 
--------------- & -------------------- are essential fatty acids for human.

 

ANSWERS
1.
True

2.
Alpha linolenic and linoleic acids

Mouse Models

Sysa-Shah et al. Electrocardiographic Characterization of Cardiac Hypertrophy in Mice that Overexpress the ErbB2 Receptor Tyrosine Kinase, pp. 295-307
Domain 3: Research

Primary Species: Mouse (Mus musculus)

 

SUMMARY: A mouse model of cardiac hypertrophy was created by transgenically overexpressing cardiac ErbB2 receptor tyrosine kinase. These mice have histopathologic features compatible with hypertrophic cardiomyopathy (HCM). The authors hypothesized that transgenic mice could be distinguished from wild type mice using electrocardiography (ECG) instead of genotyping. They manually restrained unanesthetized mice and used a lead II configuration (negative in the right axilla, positive in the left inguinal region, and ground in the right inguinal area) to obtain ECGs. These were compared to echocardiographic examinations in lightly anesthetized mice, as echo is considered to be the gold standard for diagnosis of HCM in humans. Data was compared with gross heart weights obtained during necropsy. The authors found that ErbB2tg mice had heavier hearts and enlarged left ventricles, interventricular septae, and right ventricles and atria, all typical of concentric hypertrophy. ECG results showed that ErbB2tg mice showed increased voltages, wide QRS complexes, and prolonged QT intervals. Echo results revealed a strong correlation between left ventricular wall thickness and ST height, R wave amplitude, and QRS interval as shown on ECG. Ultimately, ECG can accurately define genotype in ErbB2tg mice in 98.8% of mice.

 

QUESTIONS
1. 
What is an important relationship with anesthesia and body temperature in the context of cardiac function?

2. 
What is one difference in ST segment analysis between mice and humans?

3.
Why did the authors use lead I over lead II in some of their experiments? 

 

ANSWERS
1. 
The combination of >2% isoflurane and body temperature <37C can result in bradycardia and depressed cardiac function.

2. 
Mice do not have clearly defined ST segments unlike humans whose ECG show a pause between the end of the QRS complex and the start of the T wave.

3.  
Approximately 5% of their transgenic mice had left-axis deviation of the heart

 
Makidon et al. Effect of Chronic Uremia on the Cell Surface Expression of B7 Family Costimulatory Molecules in anHLA-A2 Transgenic Mouse Model of Chronic Kidney Disease, pp. 308-314

Domain 3: Research; K3 - Animal Models 
Primary Species: Mouse (Mus musculus)

 
SUMMARY
Introduction: Uremia due to chronic kidney disease (CKD) in humans is associated with immune dysfunction, increased susceptibility to infections, immune-activation–associated inflammation, and poor responses to vaccines. The pathophysiologic basis of these immune defects is hypothesized to be associated with a wide range of immunologic abnormalities, including an inability to sufficiently express the B7 family (B7-1, CD80; B7-2, CD86) of T-cell costimulatory molecules. However, testing the hypothesis that a state of chronic uremia contributes to attenuated expression of CD80 or CD86 has been difficult because few animal models faithfully recapitulate the immune defects observed in human CKD patients. Animal modeling of CKD is imperative to understand the pathogenesis of the disease. 

 

Materials and Methods: This study used a humanized mouse [Female B6.Cg-Tg(HLA-A/H2-D)2Enge/J transgenic mice (HLA-A2)] in a model of surgically induced renal failure and secondary chronic uremia to evaluate the effect of uremia on the expression of B7-1 (CD80) and B7-2 (CD86) markers. HLA-A2 transgenic mice express chimeric (human) HLA-A2.1 and retain the expression of endogenous murine MHC class I molecules. The establishment of uremia was confirmed by measuring serum BUN. 

 

Results: Similar to changes observed in CKD patients, surgically induced CKD in mice resulted in decreased costimulatory CD86 expression compared with that in sham-operated controls. Immunodeficiency was functionally demonstrated in this mouse model by documenting an attenuated immune response to a cholera-toxin–based hepatitis B vaccine. In contrast, chronic uremia does not affect the expression of CD80 (B7-1) in this mouse model.

 

Discussion: This model will be useful for investigating the mechanisms involved in chronic uremia-associated immunodeficiency, poor response to vaccination, and problems associated with immunization of CKD patients.

 

QUESTIONS 
1.
What percent loss/dysfunction of nephrons results in acute renal azotemia?

Answer the following questions for the mouse strain B6.Cg-Tg(HLA-A/H2-D)2Enge/J.

2. 
What is the background strain?

3.
This mouse strain is:

a.
Inbred

b. 
Outbred

c. 
Congenic

d.
Coisogenic

 

ANSWERS
1. 
Bilateral kidney damage associated with the dysfunction of at least 75% of the nephronic mass results in acute renal azotemia.

2. 
C57/BL6

3.
c

Rat Model

Grieves et al. Acute and Chronic Airway Disease After Human Respiratory Syncytial Virus Infection in Cotton Rats (Sigmodon hispidus), pp. 315-326
Tertiary Species: Other Rodents 

 

SUMMARY
Introduction:  Human respiratory syncytial virus (RSV) is generally limited to the upper airway, but can also manifest as bronchiolitis and pneumonia in young children and the elderly.  Mice have been used extensively to study RSV infection, but the mouse has poor permissiveness for human RSV with replication to a limited extent in the lung with primarily lower airway infection, unlike the human disease.  Unlike mice, cotton rats are susceptible to RSV infection of the upper airway, and the pattern of lower airway infection mirrors that seen in humans; however, the pathology of RSV infection in this species has not yet been extensively characterized.  

 

Materials/Methods:  6-10wk old female cotton rats housed in groups of 4 were inoculated intranasally with either RSV or sterile saline (50 μL divided equally between nares) under isofluorane anesthesia.  Saline-challenged controls were examined only at 1d after saline instillation; infected rats were examined on days 2, 4, 5, 6, 7, 10, and 28 after inoculation.  At each time point, nasal wash and bronchoalveolar lavage fluids were collected from 4 cotton rats, while lung and nasal cavities were collected from the remaining 4 cotton rats in the group for plaque assay, histology, and immunohistochemistry.  

 

Results:
1. Intranasal RSV inoculation causes diffuse upper airway and focal lower airway infection in cotton rats

a. Immunohistochemistry for RSV antigens showed diffuse viral replication in the nasal cavity, which peaked on day5, with widespread infection of ciliated epithelial cells, but was also detected in neuronal cells of the olfactory epithelium 

b. Only scattered foci of viral infection were seen in the lung 

c. Abundant mucus with sloughed epithelial cells positive for RSV antigens were noted with progressive acute infection thru day 6 

2. RSV infection persists in the upper airway of cotton rats

a. Low levels of RSV antigen were present in the upper airways of 100% of infected rats at 28d  

3. RSV infection of the upper airway of cotton rats triggers a mixed inflammatory infiltrate followed by rapid resolution

a. Diffuse viral spread was accompanied by mixed inflammatory response composed of neutrophils, eosinophils, macrophages, and lymphocytes involving the epithelium and underlying submucosa 

b. By 6d after infection, early evidence of epithelial regeneration emerged characterized by basal cell proliferation, with lingering evidence of inflammation including intraepithelial abscesses and loss of cilia 

c. By 28d, regeneration of nasal cavity mucosa and resolution of inflammation was evident with only goblet cell metaplasia remaining

4. RSV infection of the lung of cotton rats is characterized by rapidly resolving bronchiolitis and persistent eosinophilia

a. Moderate, multifocal, peribronchiolar inflammation characterized by primarily lymphocytic infiltrate and occasional macrophages and eosinophils with occasional alveolar septae involvement was maximal at 5d after infection 

b. Quick resolution of acute inflammatory response occurred with only rare eosinophils remaining by d10

c. RSV infection led to a marked shift in cellular composition of BAL fluid cytology with eosinophils as the predominant cell type recovered from BAL fluid cytology throughout the 28d study 

5. Asthma-like changes persist in the lungs following clearance of RSV infection of cotton rats

a. Chronic changes included: mucosal and goblet cell hyperplasia, persistence of eosinophils in mucosa and submucosa, and mast cells in smooth muscle surrounding airways 

b. Bronchiole smooth muscle layer appeared hypertrophied when compared with bronchioles of similar diameter in uninfected rats

c. Mucus was present in airways even at late time point, day 28 

Discussion:  RSV infection of cotton rats shows a pattern of virus growth and spread similar to that found in human patients with the exception of the predominance of eosinophilic infiltrates (human patients contain predominately lymphocytes and neutrophils in BAL fluids), although no clinical signs of illness were apparent.  The virus-mediated development of asthma-like pathology in cotton rats may represent a new opportunity to study the connection between RSV infection and the development of allergic asthma.  

 

QUESTIONS
1. Which characteristic is a key limitation of the mouse model for the study of human RSV disease and immunity?

a. High permissiveness in mice for human RSV

b. High RSV replication in the mouse lung

c. Primarily lower airway infection in mice after intranasal inoculation 

2. Cotton rats have been proposed as an ideal model system for determining the involvement of virus infection on the development of which disease?

a. Allergic asthma

b. Chronic obstructive pulmonary disease

c. Chronic bronchitis

d. Cystic fibrosis

3. What is the predominant cell type in the image of the BAL fluid collected from cotton rats infected with RSV?

a. Monocytes

b. Eosinophils

c. Neutrophils

d. Basophils

ANSWERS
1. c. Primarily lower airway infection in mice after intranasal inoculation – Mice show predominantly lower, not upper, airway infection even with intranasal inoculation of RSV, and are essentially resistant to upper airway infection, with little to no virus detected in nasal washes evaluated by plaque assay and only rare RSV-antigen positive cells detected by IHC even with intranasal inoculation (a markedly divergent pattern of infection between humans and mice).

2. a. Allergic asthma – Severe RSV disease in infancy is increasingly recognized as a major predisposing factor for development of asthma and recurrent wheezing.  Chronic changes in cotton rats after RSV infection are consistent with chronic changes seen in human patients with asthma, and are consistent with the observed association between RSV-induced lower airway disease and later onset of asthma and recurrent wheezing in children.

3. b. Eosinophils – (E) differentiated from neutrophils (N) by the presence of abundant brightly eosinophilic cytoplasmic granules.  Monocytes (M), the second-most predominant cell type observed, are large cells characterized by abundant basophilic granular to vacuolated cytoplasm and frequently ruffled cell borders

 
Swine Models
Collins et al. Spontaneous Dilated Cardiomyopathy and Right-Sided Heart Failure as a Differential Diagnosis for Hepatosis Dietetica in a Production Pig, pp. 327-332

Domain 4 

Primary Species: Pig (Sus scrofa) 

 

SUMMARY: An experimentally naïve 37.7-kg Yorkshire-crossbred gilt died unexpectedly 2 d after arrival. Necropsy revealed severe dilated cardiomyopathy characterized grossly by markedly dilated ventricles and thinned ventricular walls and interventricular septum. Histologically there was multifocal myofiber attenuation and patchy loss of myofiber cross striations. The liver contained submassive to massive, diffuse hepatic centrilobular hemorrhage and degeneration. These lesions supported a diagnosis of dilated cardiomyopathy with right heart failure and secondary hepatic degeneration due to marked acute passive congestion. 

DCM has been recognized in numerous species, including humans, dogs, and cats. Both dogs and swine serve as experimental models of this disease in research settings through the induction of chronic supraventricular tachyarrythmias resulting in myocardial hypokinesis and ventricular dilation. Although hypertrophic cardiomyopathy has been reported as heritable in some pig breeds, spontaneous dilated cardiomyopathy has not previously been reported in swine, unlike in dogs, cats, and humans.

The histopathologic lesions in the liver and clinical presentation of the current case might be misinterpreted as those indicative of the disease syndrome hepatosis dietetica. Hepatosis dietetica is part of the spectrum of vitamin E–selenium deficiency diseases of young, rapidly growing pigs associated with oxidative injury to multiple organ systems including the liver (hepatosis dietetica), heart (mulberry heart disease), and skeletal muscle (white muscle disease or nutritional myopathy).

Also supporting the diagnosis of DCM, this case lacked lesions characteristic of mulberry heart disease. Gross lesions of mulberry heart disease include subendocardial and subepicardial hemorrhages and multifocal myocardial pallor (necrosis), with or without hydropericardium and pulmonary edema, which were not observed in this pig. These lesions result from a microangiopathy caused by oxidative damage to the endothelium and histologically can vary from minimal to no myofiber degeneration with areas of hemorrhage in acute cases to substantial areas of necrosis with calcification, followed by macrophagic invasion and fibrosis. In addition, lesions of systemic vasculitis (fibrinoid vascular necrosis) secondary to microangiopathy occasionally occur in other tissues of swine with vitamin E–selenium deficiency.

This case exemplifies the need to recognize primary cardiac disease as a differential diagnosis in cases of submassive to massive hepatocellular degeneration and congestion, particularly in the absence of lesions that support the diagnosis of disease due to vitamin E–selenium deficiency

 

QUESTIONS
1. Nutritional myopathy in young, fast growing pigs is most associated with what deficiency: 

a. Selenium

b. Vitamin D

c. Vitamin E

d. A and B

e. A and C

f. All of the above

2. Muscle degeneration in nutritional myopathy is the result of: 

a. Lack of vitamin C

b. Oxidant damage to cell membranes and proteins

c. Disruption of Ca+ influx

d. Myosin degeneration

3. True or false? Dilated cardiomyopathy is a common pathologic finding in swine.  

 

ANSWERS
1. e
2. b
3. F

 
Christoffersen et al. Age- and Sex-Associated Effects on Acute-Phase Proteins in Göttingen Minipigs, pp. 333-341

Domain 3: Research
Primary Species: Pig (Sus scrofa)
 

SUMMARY: The objective of the authors was to establish reference values for selected Acute-Phase Proteins in Göttingen minipigs and to investigate the effects of age, sex, and various stimuli on these ranges. Serum concentrations of C-reactive protein (CRP), serum amyloid A (SAA), haptoglobin, pig major acute-phase protein (PMAP), albumin, and porcine α-1 acid glycoprotein (PAGP) were evaluated in 4 age groups (6, 16, 24 and 40–48 wk) of male and female Göttingen minipigs. In addition, minipigs were tested under 2 housing conditions, after acute LPS challenge, and after diet-induced obesity with and without mild diabetes. The results of changing the pigs to a new environment induced significant increases in CRP, PMAP, haptoglobin and PAGP and a decrease in albumin. Furthermore, an acute LPS stimulus increased CRP, PMAP, haptoglobin, and SAA; PAGP was unchanged and albumin decreased. Obese pigs with and without diabetes showed increases in CRP and PAGP, albumin decreased, and haptoglobin and SAA were unchanged. PMAP was increased only in obese pigs without diabetes. The authors concluded that, reference values for CRP, PMAP, haptoglobin, SAA, PAGP and albumin were established for male and female Göttingen minipigs of different ages. These Acute-Phase Proteins were influenced by age and sex, underlining the importance of considering these factors when designing and interpreting studies including aspects of inflammation. In summary, reference values for CRP, PMAP, haptoglobin, SAA, PAGP, and albumin were established for Göttingen minipigs. 
 

QUESTIONS
1. Acute-Phase Proteins are primarily synthesized by
​a.
Liver
b.
Kidney
c.
Intestines ​
d.
Pancreas 
2.
Acute-Phase Proteins are influenced by
​a.
Age
​b.
Sex
​c.
Age and sex
​d.
All of the above
3.
Diabetes can be induced in pigs using
​a.
Alloxan
​
b.
Streptozotocin
​c.
Streptozotocin combined with nicotinamide
​d.
All of the above  
 

ANSWERS

1.
a

2.
d

3.
d
Rhoades et al. Diffraction-Enhanced Computed Tomographic Imaging of Growing Piglet Joints by Using a Synchrotron Light Source, pp. 342-347
Domain 1

Primary Species: Pig (Sus scrofa)


SUMMARY: The objective of this project was to develop and test a new technology for imaging growing joints by means of diffraction-enhanced imaging (DEI) combined with CT and using a synchrotron radiation source. 


Procedure: DEI-CT images of an explanted 4-wk-old piglet stifle joint were acquired by using a 40-keV beam. The series of scanned slices was later 'stitched' together, forming a 3D dataset.


Results: High-resolution DEI-CT images demonstrated fine detail within all joint structures and tissues. Striking detail of vasculature traversing between bone and cartilage, a characteristic of growing but not mature joints, was demonstrated.


Conclusion: This report documents for the first time that DEI combined with CT and a synchrotron radiation source can generate more detailed images of intact, growing joints than can currently available conventional imaging modalities.


QUESTIONS

1. 
Images demonstrated fine detail within all joint structures and tissues can best be achieved by_____.

a. 
Diffraction-enhanced imaging (DEI) 

b. 
CT 

c. 
Diffraction-enhanced imaging (DEI) combined with CT and using a synchrotron radiation source

d.
X-rays

2. 
Swine influenza is _______.
a. 
RNA orthomyxovirus 

b. 
First IDd in 1918 type A influenza

c.  
Severe resp signs including barking cough, fever, conjuctivitis labored, open mouth breathing

d.  
Usually recover in 5-7 days

e.  
All the above

3. 
Leptospirosis

a. 
L. interrogans gram negative motile aerobic spirochetes

b. 
S. pomona is most common cause of clinical cases 

c. 
Leptospires shed in urine of carriers and genital fluids 

d. 
All the above        

ANSWERS  
1. 
c

2. 
e

3. 
d

Nonhuman Primate Models
Hope et al. Solitary Osteochondroma in a Ring-Tailed Leumr (Lemur catta), pp. 348-351
Domain 1
Tertiary Species: Other Nonhuman primates
 
SUMMARY: A 20-y-old, male, ring-tailed lemur (Lemur catta) presented with a large, firm mass on the proximal caudolateral left femur. The animal displayed no clinical signs associated with the mass. Radiographs revealed a mineralized mass protruding from the femur, with an intact femoral cortex. Histopathology diagnosed osteochondroma in view of the presence of a peripheral layer of cartilage with progressive endochondral ossification and typical remodeling of bony trabeculae. 
 
Osteochondromas are cartilage-capped bony projections that arise from the external surface of bone and contain a marrow cavity continuous with that of the underlying bone. In humans and dogs, these tumors develop early in life, primarily affect the long bones, and possess hereditary components. In dogs, osteochondromas often occur on the appendicular skeleton, but they have also been found at other sites including on vertebrae, the trachea, and the hard palate. In domestic cats, the tumors develop after skeletal maturity, are not usually associated with long bones, and have been linked to the retrovirus, feline leukemia virus. Compared with that in humans and other domestic species, the transformation rate to malignant tumors is higher in cats, with up to 20% of osteochondromas converting to osteosarcomas or chondrosarcomas.
 
The mass grew quickly after the initial biopsy, and a second surgery to debulk 95% of the tumor was performed. Histopathologic features of the larger samples were similar to those of the initial biopsies, with the cartilage layer being discontinuous and development of bone from some borders progressing directly from a periost-like layer. Nineteen months after the second surgery, the mass had regrown and extended further proximally on the femur toward the epiphysis, but the animal remained asymptomatic, and additional debulking was not attempted. 
 
QUESTIONS
1. 
Osteochondromas have been found in dogs in 

a. 
The appendicular skeleton

b. 
The vertebrae, the trachea, and the hard palate

c. 
The appendicular skeleton, and the hard palate

d. 
The appendicular skeleton, the vertebrae, the trachea, and the hard palate
2. 
T/F: In domestic cats, the tumors develop after skeletal maturity, are not usually associated with long bones, and have been linked to the retrovirus, feline leukemia virus.
3. 
T/F: The transformation rate to malignant tumors in cats is up to 20% of osteochondromas converting to osteosarcomas or chondrosarcomas.
 
ANSWERS
1. 
d
2. 
True
3. 
True
Matthews et al. New-Onset Diabetes Mellitus After Transplantation in a Cynomolgus Macaque (Macaca fasicularis), pp. 352-356

 

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

Primary Species: Macaques (Macaca spp)

 

SUMMARY: Following a heart and thymus transplant ~1 mo prior, an adult, male cyno NHP was found with weight loss and inappetence. Diagnostic pathology revealed elevated plasma glucose and glycated hemoglobin (HbA1c) levels, glucosuria, and ketonuria and these findings were consistent with a diagnosis of diabetes mellitus. This case was managed by gradually decreasing all immunosuppressive drugs and initiating insulin therapy. On day 281, insulin therapy was discontinued and the animal’s blood glucose remained stable. 

 

QUESTIONS
1. 
What is NODAT?

2. 
What are risk factors for NODAT in humans?

3. 
What co-anesthetic agent was used in this case along with ketamine?

 

ANSWERS
1.
New-onset diabetes mellitus after transplantation

2. 
Elevated pretransplant fasting plasma glucose levels, immunosuppressive drugs, older age, nonwhite ethnicity, obesity, hepatitis C and male gender bias

3. 
Dexmeditomidine

	 


 

