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Mouse Models

David et al. The Hidden Cost of Housing Practices: Using Noninvasive Imaging to Quantify the Metabolic Demands of Chronic Cold Stress of Laboratory Mice, pp. 386-391

Domain 3: Research

Primary Species: Mouse (Mus musculus)

 

SUMMARY: Laboratory mice routinely are housed at ‘room temperature,’ that is, 20 to 22°C. Room temperature is within the recommendations of the Guide for the Care and Use of Laboratory Animals but is well below the murine thermoneutral zone of 29 to 34 °C. The goal of this study was to show that mice housed at ambient temperatures of 20 to 22°C are chronically cold-stressed, have greater energy expenditure, and have high glucose utilization in brown adipose tissue. Chronic cold stress requires greater energy expenditure to maintain core body temperature and can lead to the failure of mouse models to emulate human physiology. To test the hypotheses, this study used indirect calorimetry to measure energy expenditure and substrate utilization in C57BL/6J and Crl:NU-Foxn1nu nude mice at routine vivarium (21°C), intermediate (26°C), and heated (31°C) housing temperatures. The study also examined the activation of interscapular brown adipose tissue, the primary site of nonshivering thermogenesis, via thermography and glucose uptake in this region by using positron emission tomography. Through these 3 noninvasive, independent metrics of metabolism, they demonstrate that routine vivarium temperatures drive high glucose metabolism to fuel nonshivering thermogenesis, which accounted for nearly half of the energy expenditures of hirsute mice (C57BL/6J) housed at 21°C. They also demonstrate that nude mice (Crl:NUFoxn1nu )were significantly more metabolically stressed than were hirsute mice at all tested temperatures. Brown adipose tissue showed significant activation at routine vivarium and intermediate temperatures in both hirsute and nude mice. The data indicate that mice housed under routine vivarium conditions are chronically cold stress.

QUESTIONS

1.
T or F: Chronic cold stress is a major, systemic confounder in rodent research, and the laboratory animal community should devise ways to address this issue.

2.
T or F: Mice housed at temperatures below their thermoneutral zone do not have a blunted response to LPS-induced fever and lack the classic early-phase hypothermia, demonstrating impaired immune function.

3.
T or F: Thermography is exciting when compared with traditional methods used to measure metabolism (for example, bomb calorimeter) because it allows researchers to assay metabolism in the mouse’s home cage.

ANSWERS

1.
T

2.
F. Mice housed at routine vivarium temperatures have greater oxygen consumption and feed intake than at thermoneutral temperatures (30 °C).Ultimately, this difference may adversely affect translational research, sometimes in unpredictable ways. For example, mice housed at temperatures below their thermoneutral zone have a blunted response to LPS-induced fever and lack the classic early-phase hypothermia, demonstrating impaired immune function

3.
T
 

Silva and Sundberg. Surgical Methods for Full-Thickness Skin Grafts to Induce Alopecia Areata in C3H/HeJ Mice, pp. 392-397

Domain 3: Research

Primary Species: Mouse (Mus musculus)
SUMMARY: Alopecia areata is an autoimmune disease that presents as focal, perifollicular, and intrafollicular inflammation of late anagen to early catagen stage hair follicles.  Aged C3H/HeJ mice spontaneously develop this condition at a frequency of about 20%.  However, spontaneous disease in mice is characterized by waxing and waning signs, with variations in the extent of alopecia.  When the affected phenotype is transferred to normal-haired histocompatible recipients, the model is more predictable.  This article describes in detail the surgical method used to graft skin from affected donors to normal recipients.  The donors are euthanized, the skin is prepped with standard surgical technique, and about a 1cm squared piece of skin is removed from the ventrum and dorsum.  The recipient is anesthetized with tribromoethanol, the dorsal skin is prepped, and a piece of healthy skin is removed.  In its place, the graft is oriented 180 degrees from normal so hair growth direction will delineate the site after healing.  The graft is sutured in place and bandaged.  Wounds heal in 2 weeks.  By 8-10 weeks after surgery, grafted mice show hair loss first adjacent to the graft and in the axillary and inguinal areas.  Ventral alopecia extends centrifugally, and then extends back to the dorsum.  Grafted mice are bald, with just stubble, by 20 weeks after surgery.  Surgical failure rate is approximately 20%.  Control mice were grafted with their own, healthy skin and developed alopecia areata at rates consistent with spontaneous disease.  This procedure can also be used in A/J mice, but their onset of disease is greatly prolonged.  Transfer of this phenotype is ineffective in immunodeficient mice due to role of immune autoreactivity in the disease process.  Dietary phytoestrogens will also increase resistance to alopecia areata induction in a dose dependent manner.  

QUESTIONS
1.  
Which strains of mice may be used as models of alopecia areata?

a.  
B6 and C3H/HeJ

b.  
D2 and C3H/HeJ

c.  
A/J and C3H/HeJ

d.  
A/J and D2

2.  Which of the following would best be used as a graft recipient in a surgically induced alopecia areata model?

a.  
Beige mouse

b.  
SCID mouse

c.  
An immunocompetent mouse of the same strain as the donor

d.  
An immunocompetent mouse that is also histocompatible with the donor

3.  In surgically induced models of alopecia areata, a skin graft is removed from a donor animal and placed on a recipient of the same strain.  This describes what kind of graft?

a.  
Autograft

b.  
Allograft

c.  
Xenograft

d.  
None of the above

4.  Which of the following is true regarding tribromoethanol?

a.  
If prepared and stored properly it can be an adequate anesthetic for short surgical procedures, but is generally recommended only for acute terminal studies

b.  
It acts at GABA and glycine receptors.

c.  
It has been known to produce inflammation and peritonitis when given IP to mice

d.  
All of the above are true

ANSWERS 
1.  
c

2.  
d

3.  
b

4.  
d

Nemzek-Hamlin et al. Development of a Murine Model of Blunt Hepatic Trauma, pp. 398-408

Domain 3: Research; T3. Design and conduct research; K3. Animal models; K6. Characterization of animal models      

Primary Species: Mouse (Mus musculus)

SUMMARY: This paper describes a mouse model for blunt hepatic trauma that was created by using a cortical contusion device. Male mice were anesthetized with ketamine-xylazine-buprenorphine and placed in left lateral recumbency. The researchers were able to produce a consistent pattern of hepatic injury with low mortality by localizing the impact to a specified target (see paper). Some mice were reanesthetized for serial monitoring of hepatic lesions by MRI. Mice were euthanized at various time points until day 7 days after the injury for gross exam, and collection of blood and peritoneal lavage fluids for cytokine analysis.

 

QUESTIONS

1.  
What are the current nonpenetrating liver trauma models available for study?

a.  
Pig

b. 
Cow

c. 
Rat

d. 
Pig and rat

2. 
What is IL10?      

a. 
A proinflammatory cytokine

b. 
An anti-inflammatory cytokine

c. 
An inflammatory cell

3. 
What is the student t test used for?

a. 
Compare control group and experimental groups

b.  
Compare multiple groups over time

c. 
Compare statistical models

 

ANSWERS

1.
d. Pig and rat

2.  
b. an anti-inflammatory cytokine

3.
a. Compare control group and experimental groups

 

Rat Models

Damle et al. Surgical Anatomy, Transperitoneal Approach, and Early Postoperative Complications of a Ventral Lumbar Spine Surgical Model in Lewis Rats, pp. 409-415

Primary Species: Rat (Rattus norvegicus)
SUMMARY: Rats are a common model for studying intervertebral disc and ventral spine conditions. The transperitoneal route of access has been reported and used since about 2004 for carrying out a number of studies including gene delivery, spinal fusion and tissue engineering. However, post-operative complications of these models using this access route have not been documented. The aim of this study was to review morbidity and mortality data to define parameters that might refine these techniques. A survey of morbidity and mortality parameters was undertaken across 268 surgeries which had accessed lumbar spines L4 to L6 by the transperitoneal route. A wide variety of endpoints were considered including anaesthetic death, bleeding intraoperatively,  postoperative gastrointestinal disease, wound problems and neurological complications post-op(transient or persistent). A key finding was that neurological complications decreased when dissection was limited to a width of 3mm. In cases of neurological dysfunction as a result of greater width incisions the majority of these were persistent deficits. In smaller width dissections, if neurological dysfunction occurred, recovery was spontaneous and no limb mutilation behaviour was seen. It is also suggested that familiarity with the technique may decrease surgical complications. Gastrointestinal complications post-surgery were minimised when the intestines remained in the abdomen during surgery. Complications that did occur were abdominal distension, bruising and death. Complications were most frequent if the cecum and small intestine were exteriorised during surgery. 
QUESTIONS
1. T/F. This model can be used to study gene delivery into the spine and nucleus pulposus cell delivery. 

2. T/F. Gastro-intestinal complications in these models result from prolonged anaesthetic times. 

3. T/F. A dissection depth of less than 3mm reduces the risk of neurological deficit development. 

4. T/F. Exteriorisation of the cecum alone during surgery increase the chance of gut complications. 

ANSWERS
1. T

2. F. The main factor seems to be exteriorisation of abdominal organs.  

3. T

4. F. The risk is greater if cecum and small intestine is reflected extra-corporeally. 

Frasier et al. Stage of the Estrous Cycle Does Not Influence Myocardial Ischemia-Reperfusion Injury in Rats (Rattus norvegicus), pp. 416-421

Domain: 3

Primary Species: Rat (Rattus norvegicus)
SUMMARY

Introduction: Cardiovascular disease is a leading cause of death in humans. The majority of preclinical studies using rats are conducted in males and not females based on the concept:  1) the later gender has reproductive hormone fluctuations and that 2) estrogen has a cardioprotective effect; these, can be confounding variables that can affect the interpretation of ischemic heart injury-reperfusion models. 
Goals: To determine whether the estrous cycle stage influences the susceptibility to ischemic injury in rat hearts using in vivo and in vitro models of heart injury.
Methods: This study was performed in Sprague-Dawley rats. Estrous stages were determined by cytologic evaluation using vaginal smears. In vivo studies: ischemia-reperfusion was conducted by occluding the left anterior descending coronary artery for 25 min. the ligature was then released and perfusion ensued for 2 h.
Ex vivo studies: hearts were removed in anesthetized rats and retrograde perfused. The coronary flow and electrocardiogram were assessed. For this study, no-flow ischemia was induced for 25 min after 5 min baseline time period. Immediately after reperfusion, the left ventricle was isolated and assessed for infarcts via tetrazolium staining.
Results: In vivo studies: infarct sizes were 42% ± 6%; 49% ± 4%; 40% ± 9%; 47% ± 9% of the zone-at-risk for rats in proestrus, estrus, metestrus, and diestrus, respectively. No change differences were observed in heart rate in rats of different groups. Ex vivo studies: similar to in vivo studies, there were no significant differences in susceptibility to infarction or extent of cardiac arrhythmia (severity or incidence) between rats that were at different estrous stages. 
Conclusions: The stage of estrous cycle does not significantly alter cardiac ischemia–reperfusion injury in rats.
 
QUESTIONS
1. What is the length of a typical estrous cycle in a rat (Rattus norvegicus)?
a. 3-4 days
b. 12-18 hours
c. 5-7 days
d. 4-5 days
2. What is the correct order of the estrous cycle stages in a rat?
a. Proestrus, estrus, metestrus and diestrus, anestrus.
b. Metestrus, diestrus, proestrus, and estrus
c. Proestrus, estrus, metestrus and diestrus
d. Diestrus, metestrus, proestrus, and estrus
3. According to a recent publication: The stage of the estrous cycle has --------------- impact in anatomic and physiologic outcomes using the myocardial ischemia-reperfusion model when female rats are used (please fill the gap with the more appropriate word).
a. No
b. Variable
c. Moderate
d. Significant 
 
ANSWERS:
1.
d

2.
c 

3.
a
 
Rabbit Model

Sunohara-Neilson et al. Experimental Infection of New Zealand White Rabbits (Oryctolagus cuniculi) with Leporid herpesvirus 4, pp. 422-431
Domain 1

Primary Species: Rabbit (Oryctolagus cuniculi)
SUMMARY: Leporid herpesvirus 4 (LHV4) is a novel alphaherpesvirus recently identified in commercial domestic rabbits.  Affected rabbits demonstrate lethargy, anorexia, conjunctivitis, fever, and abortion.  In order to discover more about the pathogenesis and time course of the viral infection, the authors intranasally inoculated 22 female New Zealand White rabbits with a clinical viral isolate.    A pilot study was conducted on 2 rabbits to determine the challenge dose.  16 rabbits were inoculated with 4.2 X 104  CCID50  in each nostril.  2 control rabbits were inoculated with control media and 2 control rabbits were housed in a separate room and not experimentally manipulated.  Blood was collected at 0, 3, 5, 7, 11, 14, 17, and 22 dpi.  Rabbits were euthanized at 3, 5, 7, 14, and 22 dpi.  Control rabbits were euthanized at 22 dpi.  15 of 16 rabbits developed clinical signs of infection ranging from serous nasal discharge to severe respiratory distress.  Virus shedding was determined by nasal shedding of virus particles.  There was not a distinct correlation between clinical signs and the amount of virus shed.  Virus neutralization assays demonstrated the presence of neutralizing antibodies starting at 11 dpi.  On gross pathology, the findings were limited to the facial skin, nasal cavity, lungs, spleen, and the liver.  At 3 dpi, there was moderate hemorrhage and consolidation of the lungs.  By 22 dpi, the lungs appeared near normal.  Splenomegaly was evident at 5 dpi with resolution after 7 dpi.  Nasal turbinate loss was grossly evident by 14 to 22 dpi.  Clinically, the virus induced severe bronchopneumonia  with clinical signs of infection primarily in the upper and lower respiratory tract.  The primary differential diagnosis is rabbit hemorrhagic disease virus.  In conclusion, further studies are needed to understand the impact of LHV4 pathogenesis on different rabbit populations but LHV4 should be considered when a rabbit presents with acute respiratory disease.

QUESTIONS
1. Alphaherpesviruses demonstrate which of the following characteristics:

a. Slow growing, producing giant cells in tissues

b. Rapid lytic responses in cell culture

c. Infect lymphoid tissue leading to oncogenesis

2. T/F.  Viral shedding in nasal secretions was a consistent finding in all infected rabbits.

3. T/F. Serum antibodies levels may be used to monitor viral prevalence in colonies

ANSWERS
1. B

2. F

3. T

Nonhuman Primate Models 

Stephens et al. Assessing the Pulsability of Luteinizing Hormone in Female Vervet Monkeys (Chlorocebus aethiops sabaeus), pp. 432-438

Tertiary Species: Other Nonhuman Primates [Vervet Monkeys (Chlorocebus aethiops sabaeus)]
SUMMARY: Alterations in luteinizing hormone are linked to obesity related subfertility in women. The hormonal control of the menstrual cycle has been studied in rhesus and cynomolgus macaques, and found to be similar to humans. Because the NIH has exposed the need to identify other species of NHPs suitable for research, the purpose of this study is to determine is the Vervet Monkey (Chlorocebus aethiops sabaeus) can be used to research obesity related sub-fertility in ovulating women.

In this study, 12 vervets were evaluated, and results were compared to those of 12 normal normal-weight ovulatory women.

Vaginal swabs were taken from the monkeys daily for 2 months to confirm monthly menstruation.

Blood sampling was performed during the early follicular phase of the menstrual cycle to asses LH pulsatility. Also, serum estradiol levels were measured daily beginning on the 7th day of the cycle, and continued until an estradiol peak level was noted. (Blood sampling was obtained via a remote catheter and tether system in awake vervets to avoid potential suppression of LH release due to stress of using a restraint device.)

**Ovulatory status was confirmed by collection, and histology of the corpus luteum

The results revealed that women had approximately 2 LH pulses per 4 hours, similar to the rate in vervets. These results suggest that the vervet may be a more suitable model for LH pulsatility when compared to the rhesus which has approximately 5 pulses per 4 hours  

QUESTIONS
1. Which BSL mandates that all personnel shower on leaving the laboratory?

a. BSL 3

b. BSL4

c. BSL 3 and 4

d. BSL 3 enhanced
2. Which agBSL requires doors that self-close and lock?

a. BSL 3 

b. BSL 4

c. BSL 2

d. BSL 1 

ANSWERS 

1. 
b                  

2. 
d
Soto et al. An Outbreak of Yersinia enterocolitica in a Captive Colony of African Green Monkeys (Chlorocebus aethiops sabaeus) in the Caribbean, pp. 439-444
Domain 1:  Management of Spontaneous and Experimentally Induced Disease

Tasks 2-4: Diagnose, Control and Treat Disease

Tertiary Species: Other Nonhuman Primates [African Green Monkey (Chlorocebus aethiops sabaeus)]
SUMMARY: Yersioniosis (caused by Yersinia enterocolitica, or less frequently, Y. pseudotuberculosis) is typically a self-limiting gastrointestinal disease, affecting both human and animal populations. Y. enterocolitica is a zoonotic gram-negative pathogen that can cause mesenteric lymphadenitis, terminal ileitis, acute gastroenteritis, and septicemia in domestic animals and primates. Latent infection occurs in free-living wild rodents, which excrete bacteria in their feces. Contaminated food and water are common sources for the introduction of pathogens. 
Y. enterocolitica presents high antigenic variability. In primates, serotypes O2, O5/27, and O9 have relatively low pathogenicity, causing diarrhea; serotype O8 is highly pathogenic and may cause septicemia.

In 2012, 46 captive African green monkeys died during an outbreak of acutely fatal enteric disease over a period of 1 month on the island of St. Kitts. Affected monkeys presented with mucohemorrhagic diarrhea, marked dehydration, and depression. At necropsy of 5 moribund monkeys, spleen, lymph nodes, liver, lung and intestinal samples were collected for analysis. Y. enterocolitica was identified by biochemical analysis and sequence comparison of the 16S rRNA gene. Pathologic findings included: subcutaneous petechiation, diffusely pale mucous membranes, pale nodules scattered throughout hepatic and splenic parenchyma, diffuse reddening of intestines, mesenteric lymphadenopathy. 
Histologic Findings: ulcerative, necrohemorrhagic, suppurative enterocolitis with occasional foci of erythrophagocytosis and hemosiderosis; necrotizing lymphadenitis; large, irregularly shaped colonies of gram negative coccobacilli. 

After analysis of in vitro susceptibility, daily treatment with tetracycline (10mg/kg IM) was applied to monkeys presenting with hemorrhagic diarrhea and to cage mates. After the implementation of antibiotic treatment, no other mortalities were observed. 

QUESTIONS
1. What is the causative agent of the plague or Black Death? What is a biologic vector of this agent?

2. What is the pathogenic serotype of Y. enterocolitica in NHPs that may result in septicemia?

3. What is RAPD PCR?

4. What is the ABSL level for Yersinia pestis?

ANSWERS
1. Yersinia pestis; Xenopsylla cheopis (Oriental rat flea)

2. Serotype O8

3. Random Amplified Polymorphic DNA PCR analysis; segments of DNA that are amplified are random. 

4. 2 or 3, based upon risk assessment 

Christe et al. Generalized Seizure Activity in an Adult Rhesus Macaque (Macaca mulatta) during Ketamine Anesthesia and Urodynamic Studies, pp. 445-447

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

Primary Species: Rhesus macaque (Macaca mulatta)

 

SUMMARY: An 11 year old F RM with no prior history of seizure activity underwent ketamine sedation (10mg/kg) then CRI at 12mg/kg/hr for urodynamic study. A 7-Fr triple-lumen catheter was inserted into the urinary bladder for combined cystometry and urethral pressure measurements. Bipolar electrodes were inserted into the external urethral sphincter muscle to provide EMG measurement. Reflex bladder contractions were evoked by rapid manual infusion of saline into the urinary bladder. After bladder infusion, the subject developed generalized tonic-clonic seizures that lasted 36s and stopped spontaneously. Muscle fasciculations from seizure activity were detectable by continuous urodynamic recordings. Administration of diazepam (10 mg) IV immediately halted residual focal seizure activity. Rapid administration of saline into the bladder can provide an excessively strong stimulus to the nervous system from visceral primary afferents, compared with slower physiologic filling of the bladder provided by renal function alone. This physiologic stimulus, possibly in combination with the use of ketamine anesthesia, may have caused generalized seizure activity in an animal with no prior seizure history. 

 

QUESTIONS
1.
Is ketamine known to be a:

a. 
Pro-convulsant agent

b. 
Anti-convulsant agent

c.  
Both effects have been documented

2.
______ can be administered IV to eliminate remaining focal seizure activity after generalized seizures have stopped spontaneously.

a.     Ketamine 

b.     Propofol

c.     Diazepam

d.     Acepromazine

3. 
Infusion of saline into the bladder will cause activation of _____ ______ _____ (in order) as part of the micturition control system.

a.     Visceral primary afferents; spinal cord; brain

b.     Brain; visceral primary afferents; spinal cord

c.     Visceral primary efferents; spinal cord; visceral primary afferents

d.     Spinal cord; brain; visceral primary afferents

 

ANSWERS
1.   c

2.  
c
3.  
a

Laing et al. Metastatic Hepatocellular Carcinoma in a Juvenile Rhesus Macaque (Macaca mulatta), pp. 448-453

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

Primary Species: Macaques (Macaca spp.)
 
SUMMARY:  A 3.75 year old, primiparous female macaque presented with a grossly enlarged liver.  Initial blood work found a mild normocytic, hypochromic anemia, moderately elevated fibrinogen and mild neutrophilia.  Chemistry results showed moderately elevated serum ALT, AST, LDH, ALP and GGT.  Albumin and cholesterol were slightly decreased, and BUN was slightly elevated.  Abdominal radiographs and ultrasonograms confirmed severe hepatomegaly.  The initial percutaneous biopsy results were non-diagnostic.  A 14-day reassessment found the liver had continued to increase in size, and anemia and leukocytosis worsened.  Abdominal and thoracic imaging showed substantial enlargement of the liver, and multiple, small, round, soft tissue-opacity nodules throughout the lung fields.  The macaque was euthanized due to the rate of disease progression and grave prognosis.  The liver contained multiple nodules, as did nearby lymph nodes, pancreas, the left adrenal glands, both kidneys, spleen and all lung lobes.

 

Histopathology of liver sections showed coalescing blood-filled cavities that were discontinuously lined by round to polygonal neoplastic cells and separated by bands of compressed hepatic parenchyma without a surrounding desmoplastic response.  Neoplastic cells had a variably high nuclear-to-cytoplasmic ratio, with a small amount of microvesciular, pale amphophilic cytoplasm.  The cells were arranged in sheets, multifocally supported by a fine fibrovascular stroma.  There was marked anisokaryosis and anisocytosis, with frequent multinucleate giant neoplastic cells. Nuclei were central, round to oval, and had 1 to three magenta nucleoli.  Mitotic figures were bizarre and frequent, averaging more than 4 per 400X field.  Immunohistochemistry was performed.  The tumor was diagnosed as an anaplastic hepatocellular carcinoma. 

 

QUESTIONS
1. 
T/F. Naturally occurring metastatic hepatic neoplasia is common in rhesus macaques. 

2. 
In what type of tissue is the antibody CK7 expressed? 

a. 
Mature hepatocytes
b. 
Bile duct epithelium and progenitor cells of the canals of hering
c.  
Mature hepatocytes
3.  
Hepatocellular carcinoma is frequently associated with ________ in human children and adults.  

ANSWERS
1. 
False

2. 
b. bile duct epithelium and progenitor cells of the canals of Hering

3. Infectious or non infectious chronic inflammatory disease and Hepatitis B are mentioned in the article.  Other risk factors can include Hepatitis C, cirrhosis, alcoholism, hereditary hemochromatosis, aflatoxin exposure, Wilson’s disease and Type 2 diabetes.  
