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OVERVIEW

Drevet et al. Mouse Models of Osteoarthritis: A Summary of Models and Outcomes Assessment, pp. 3-13
Domain 3: Research

Primary Species: Mouse (Mus musculus)

SUMMARY: Osteoarthritis (OA) is a disruption of articular joint cartilage homeostasis leading to a catabolic pathway characterized by chondrocyte degeneration and destruction of the extracellular matrix. Animal-based research is important to assess pain and function of OA and to study the efficacy of potential treatments.  Mice are the most commonly used model to study OA and are considered the best vertebrate model in terms of monitoring and controlling environmental conditions.  Available models for OA include spontaneous, genetic, chemical-induced, non-invasive, and surgical.  This review focuses on static (assessment of evoked pain) and dynamic (monitoring of spontaneous or evoked activity) clinical assessment of OA using automatic and noninvasive emerging techniques.

 
Static Measurements: Von Frey filaments are the most commonly used test and use calibrated nylon filaments of varied thickness to apply pressure against the skin of the plantar surface of the paw in ascending order of force to identify mechanical/tactile allodynia.  The lowest amount of force inducing a response is the paw withdrawal threshold (PWT), expressed in grams.  The knee extension test measures the number of vocalizations, indicating discomfort, evoked in a series of 5 extensions.  The hotplate is a thermal sensitivity test that measures the PWT by applying a heat stimuli to evoke pain-like behavior.

 
Dynamic Measurements (Spontaneous Activity): Methods include spontaneous cage activity, open field analysis, gait analysis, dynamic weight bearing system, voluntary wheel running, burrowing analysis, digital video recordings to assess facial grimace scores, and digital ventilated cage systems.  The digital ventilated cage system records spontaneous activity 24/7, during both the light and dark phases, directly from the home cage rack.  The open field test consists of locomotor analysis with paw print assessment.  Distance traveled, average walking speed, and rest time are related to horizontal locomotor activity.  The gait analysis test is a method used to indirectly assess pain.  Special equipment is required to measure the intensity of the paw contact area, and analysis includes velocity, stride frequency and length, symmetry, and step width.

 
Dynamic Measurements (Challenged Activity): The rotarod test evaluates motor coordination using gradual and continued acceleration of a rotating rod onto which the mice are placed.  The wire hang analysis evaluates muscle strength of limbs and muscle function and coordination by suspending the mouse on a wire and timing the latency to fall.  The hind limb and fore grip strength test measures muscle strength by placing the mouse over a base plate in front of a connected grasping tool.

Refinements to mouse models of OA should be considered through experimental design by improving animal welfare with appropriate housing and handling procedures, minimizing suffering through pain treatment, and terminating animals that reach humane endpoints.  Depending on the procedure, pain medication ranging from general anesthesia to analgesics can be administered before and after surgery in surgical models of OA.  Refined surgical procedures can be developed as using analgesics alters pain but not the joint.  Phase contrast micro CT, photoacoustic imaging, and new fluorescent substrates can be used to assess morphologic structural changes or molecular disease activity and to track the progression of damage in longitudinal studies, and thus provide additional refinement to OA studies.

QUESTIONS
1. Which of the following is NOT a characteristic that makes mice a good model to study OA?

a. Short development and life span

b. Easy and low-cost breeding and maintenance

c. Biomechanics and histologic characteristics better reflects human joint conditions

d. Availability of genetically modified lines

e. Small joints that allow histologic analysis of the whole joint

2. At what age do mice reach skeletal maturation and thus constitutes the minimal age they should be entered into an OA study?

a. 6 weeks

b. 8 weeks

c. 10 weeks

d. 12 weeks

3. Which of the following behaviors does the pictured test depict?
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a. Balance and motor coordination

b. Anxiety

c. Depression

d. Forelimb grip strength

4. The test pictured below is used to identify mechanical/tactile allodynia and is called:
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a. Randall-Selitto test

b. Electronic Von Frey

c. Orofacial stimulation

d. Hargreave’s test

ANSWERS
1. c
2. c
3. a
4. b
ORIGINAL RESEARCH

Chen et al. Corneal Changes and Strategies to Improve Survival of Hypomorphic Collagen VII-Deficient Mice for the Study of Ocular Dystrophic Epidermolysis Bullosa, pp. 14-21
Domain 3: Research

Primary Species: Mouse (Mus musculus)

 

SUMMARY: Epidermolysis bullosa (EB) is a rare and disfiguring disease that causes blistering in multiple organ systems including the skin, eyes, larynx, gastrointestinal, and genitourinary systems. The authors of this article study dystrophic EB (DEB), a subtype of EB caused by genetic mutation of the Col7a1 gene that encodes type VII collagen (CVII).  Part of their research focuses on recessive DEB (RDEB), a more severe form of DEB that causes painful corneal disease in 41% of patients and vision loss in 25%.  As with all painful maladies associated with EB, there are no disease-specific therapies available for RDEB, so the standard of ophthalmic care is simply ocular lubrication, which is insufficient to alleviate suffering and vision loss.  While CVII deficiency occurs naturally in sheep, dogs, cats, and rats, no known colonies of large animals with CVII deficiency are available to date.  
To study RDEB, the authors work with collagen CVII hypomorphic mice (Col7a1[tm1Lbt]; MGI ID: 3796248) that were created in 2008. In this mouse strain, the Col71a gene is disrupted via a cassette insertion technique that generates a frame-shift mutation, limiting homozygous hypomorph offspring to produce only 10% of normal collagen VII levels in the skin and 35% to 58% of normal CVII levels in the cornea.  Heterozygous breeders for these mice are phenotypically normal, with no external abnormalities to the eye, no problems with skin, fur, or limbs, and no blisters.  Unfortunately, hypomorph offspring have – historically - suffered from very high attrition rates, with 67% death before 28 d, and 8.5% after 28 d, leaving only 24.5% of offspring weaned and available for experiments.  Chronic ocular fibrosis with RDEB requires time to develop, so a 24.5% survival rate to weaning makes it hard to produce enough suitable mice for RDEB ophthalmic studies.  
The authors report on how using enhanced husbandry practices helped hypomorphic mice in their research colony survive at twice the published rate.  Standard husbandry practices were bolstered/improved by using sterilized diet and drug delivery gels, acidified water, irradiated food pellets, cellulose fiber bedding, minimizing handling, along with removing non-affected siblings within 2-3 wk. from birth, and housing litters in preferred locations with low foot traffic and reduced noise or vibrations.  Genotyping of litters at 10-17 d allowed removal of non-hypomorphic littermates, which then allowed dams to concentrate on caring for hypomorph pups only.  Survival rates, breeding cycle, sex, weight, and cause of early euthanasia were recorded and analyzed over 43 mo.  
Using the enhanced care protocol, 49% of hypomorph survived to weaning and 76% of weaned mice survived to 20 wk. of age. Corneal opacities were seen in 65% of mice by 20 wk., but only 10% of eyes showed the sustained opacification that was indicative of fibrosis. Corneal opacities occurred at the same rate as in humans with epidermolysis bullosa.  Despite optimal care, 66% of the hypomorph mice started showing weight loss at 11 wk., with males developing significant health problems after 14 weeks and females after 17 weeks of age.  Males required early euthanasia 4 times more often than did females, typically due to urinary obstruction associated with penile prolapse (88% of males by the age noted).  
The authors conclude that their enhanced care protocol significantly improves survival of hypomorph mice, but even with use of their improved husbandry practices, experiments using hypomorphic mice to study RDEB should be planned with termination endpoints of 14 wk. for males and 17 wk. for females.

 

QUESTIONS:

1.  
T/F: There are no disease-specific therapies available for epidermolysis bullosa (EB), dystrophic epidermolysis bullosa (DEB), or recessive dystrophic epidermolysis bullosa (RDEB).

2.  
T/F: Heterozygous breeders for collagen CVII hypomorphic mice are phenotypically normal, with no external abnormalities to the eye, no problems with skin, fur, or limbs, and no blisters.

3.  
Chronic ocular fibrosis associated with RDEB requires time to develop in collagen CVII hypomorphic mice, but their low survival rate to weaning creates challenges for creating sufficient numbers of subjects suitable for ophthalmic studies… what was the reported survival rate to weaning for collagen CVII hypomorphic mice PRIOR to this study?

a. 
14.5%

b. 
19.5%

c. 
24.5%

d. 
29.5%

4. 
Chronic ocular fibrosis associated with RDEB requires time to develop in collagen CVII hypomorphic mice, but their low survival rate to weaning creates challenges for creating sufficient numbers of subjects suitable for ophthalmic studies… what was the reported survival rate to weaning for collagen CVII hypomorphic mice AFTER enactment of the enhanced husbandry practices detailed in this study?

a. 
29%

b. 
39%

c. 
49%

d. 
59%

5. 
Enhanced husbandry practices that helped hypomorphic mice survive at twice the published rate included using sterilized diet and drug delivery gels, acidified water, irradiated food pellets, cellulose fiber bedding, minimizing handling, and housing litters in preferred locations with low foot traffic and reduced noise or vibrations… what other important practice helped improve survival of hypomorph pups in litters?

6. 
Despite using the enhanced husbandry practices detailed in this study, results revealed that clinical maladies manifest in collagen CVII hypomorphic mice that made it impractical to plan experiments with endpoints beyond 17 weeks… which termination endpoints are recommended based on study findings?

a. 
14 wk. for both males and females

b. 
14 wk. for males and 17 wk. for females

c. 
17 wk. for males and 14 wk. for females

d. 
17 wk. for both males and females

7. 
According to this study, males required early euthanasia how many times more often than females?

a. 
2 times

b. 
3 times

c. 
4 times

d. 
5 times

8.  
According to this study, males required early euthanasia more often than females… what specific condition was observed in 88% of males that warranted early euthanasia?

 

ANSWERS:

1.  True

2.  True

3.  c. 24.5%

4.  c. 49%

5.  Removal of non-hypomorph pups within 2-3 wk. from birth to allow dams to focus on hypomorph pups

6.  b. 14 wk. for males and 17 wk. for females

7.  c. 4 times

8.  Urinary obstruction due to penile prolapse

 

Mrotz et al. Effects of Buprenorphine Treatment on Influenza Pathogenesis in the Ferret (Mustela putorius furo), pp. 22-29

Domain 1

Secondary Species:  Ferret (Mustela putorius furo)

 
SUMMARY: Ferrets are considered one of the best models for influenza research due to their larger size (compared to mice), similar lung anatomy and physiology (with humans), and adaptability to the research environment.  Influenza A virus continues to be a major problem among humans and animals alike.  Ferrets are susceptible to IAV and serve as a model of the disease progression in humans.  After they are infected, ferrets do exhibit many of the same clinical signs as humans, and these signs are dependent on the IAV strain, dose, and route of infection.  Efforts are made to minimize pain in distress in all animals models with an eye on minimizing confounding variables on the scientific aims of the research.  NSAIDs are known to interfere with the inflammatory cascade of IAV infection.  This article investigates the possibility of using the opioid Buprenorphine (at two dose schedules) in lieu of and NSAID treatment to see if there is any effect on the IAV disease process.

A total of 12 ferrets were used (twice daily dosing for 5 days after infection starting the day of infection, twice daily dosing for 5 days starting 5 days after infection, and a saline controls at each of these time points). Weight, temperature (via implanted transponder), respiratory symptoms and viral titer were measured.  Blood was also collected for CBC on days 0, 3, 7, and 14.

The duration and location of viral replication, lymphohematopoietic changes, and clinical signs were comparable across all groups at all time points.  The nasal wash specimens at all time points for all groups did not differ significantly, though there was a profound titer drop between days 5 and 7.  The ferrets dosed with Buprenorphine (both schedules) had transient wight loss compared to the saline groups as well as some pyrexia.  Taken together, the results of this study demonstrate that different dose schedules of buprenorphine did not substantially modulate viral replication, disease progression, or clinical responses to intranasal IAV infection in ferrets.  The study concludes that buprenorphine should be considered as a viable analgesic refinement in the study of IAV infection in ferrets.

 
QUESTIONS

1. Historically buprenorphine has been described as a ______ μ receptor agonist and κ and γ receptor antagonist, but the drug recently was described to behave as a ______ μ agonist.

2. MDCK cells are come from what species and are primarily used for what purpose?

a. Dog; vaccine production

b. Cattle: cancer cell mechanics

c. Dog; viral replication

d. Cattle; cell fusion

3. You are working with ferrets that infected with Influenza A Virus.  At what time point post inoculation would you expect peak viral titers in the nasal wash?

a. Days 0-5

b. Days 6-10

c. Days 11-15

d. Days 16-22

ANSWERS

1. Partial; Full

2. c

3. a

 

Barras et al. Hemodynamic Changes in Response to Hyperacute Spinal Trauma in a Swine Model, pp. 30-37

Domain 3: Research

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

Primary Species: Pig (Sus scrofa)

SUMMARY: A “pressor” response due to sympathetic activation is common in both humans and animal models of spinal cord injury (SCI). This response is characterized by widened pulse pressure, tachycardia, and hypertension followed by unstable hemodynamic conditions. This study aims to study these potential changes in more detail to help minimize negative study outcomes for researchers using Yucatan gilt pig models of thoracic SCI. It was hypothesized that heart rate, systolic blood pressure, diastolic blood pressure, mean arterial pressure, pulse pressure, core body temperature and blood gas parameters measured at baseline (5 min prior to injury) would not differ significantly from those recorded at 2,4,6,10,20,30,60,80 and 120 min after ASCI.  

Five pigs were used in this study and all had an acute spinal cord injury produced with an impactor tip during a hemilaminectomy procedure. Pigs were give gabapentin orally the evening before and morning of surgery. They were then sedated with tiletamine-zolazepam and given morphine and atropine prior to intubation. Cefazolin was administered 90 minutes prior to first cut and at 90 minute intervals for the duration of surgery. A CRI with ketamine, fentanyl and morphine was maintained during surgery. Cis-atracurium was administered prior to the start of dorsal laminectomy to help with muscle relaxation.  

Results: No effect was found on HR, pulse pressure, SPO2, EtCO2, and respiratory rates between baseline and timepoints after SCI. Diastolic arterial pressure, mean arterial pressure and systolic arterial pressure feel by 18%, 16% and 15% respectively 2 minutes after SCI. Heart rate did not change, but blood glucose increased to 50% above baseline between 120 and 240 minutes after SCI. These findings suggest that mean arterial pressure should be above 85 mm HG prior to spinal trauma to prevent hypotensive states after SCI. 

QUESTIONS  

1. 
According to a recent journal article, which of the following hemodynamic changes are expected in after acute spinal injury in the Yucatan pig? 

a. 
Hypoglycemia 

b. 
Bradycardia 

c. 
Significant hypotension 

d. 
A decrease in diastolic arterial pressure, mean arterial pressure and systolic arterial pressure 

2. 
Which of the following has a large effect on hemodynamic changes that occur after acute spinal injury in the pig? 

a. 
Size of the pig 

b. 
Temperature of the pig prior to surgical induction 

c. 
The location of the acute spinal injury 

d. 
Respiratory rate prior to surgical induction 

ANSWERS

1.
d

2.
c 

Cole et al. Hemodynamic Effects of Cardiovascular Medications in a Normovolemic and Hemorrhaged Yorkshire-cross Swine Model, pp. 38-44

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

Primary Species: Pig (Sus scrofa)


SUMMARY: In normovolemic subjects, most vasoconstrictive medications have predictable responses that can be quantified by measuring changes in blood pressure, systemic vascular resistance (SVR), stroke volume, heart rate (HR), and cardiac output. However, hemorrhage can induce significant changes in these indices and in how vasoactive medications affect these indices. Juvenile Yorkshire-cross pigs were anesthetized and vascular access established in femoral arterial, central venous, and pulmonary arterial vessels. A series of five vasoactive medications were given in sequence during euvolemic states and after a period of acute hemorrhage which was induced by manually removing 30 mL/kg (approximately 50% of the estimated total blood volume) from the femoral artery over a 10 min interval. Hemorrhage had the greatest effect on the hemodynamic response to medications that primarily stimulate adrenergic receptors (phenylephrine, dobutamine, esmolol). Hemorrhage was found to not only attenuate, but reverse, the effect of esmolol on both mean arterial pressure and SVR. This study demonstrates the need to account for the complex and dynamic physiologic effects of hemorrhage when planning the use of  vasoactive drugs in study protocols.

QUESTIONS

1.
Phenylephrine is a selective α1 adrenergic agonist that increases systemic vascular resistance through

a.  
Direct arteriolar vasoconstriction

b.
Increasing cardiac ionotrophy and chronotropy

c.  
Venous dilation and functional decrease in cardiac preload

d.  
Myocardial depression and decreased heart rate

2. 
In stark difference to humans, which vessel in the swine heart drains directly into the coronary sinus

a. 
Descending vena cava

b. 
Left azygous vein

c. 
Pulmonary vein

d. 
Left circumflex vein

ANSWERS

1. 
a

2.
b

Gilberto et al. Chronic Collection of Cerebrospinal Fluid from Rhesus Macaques (Macaca mulatta) with Cisterna Magna Ports: Update on Refinements, pp. 45-49

Domain 3: Experimental surgical techniques and instrumentation
Primary Species: Macaques (Macaca spp.)

SUMMARY: Cisterna magna ports (CMP) are used for chronic collection of CSF safely and reliably. Successful implantation of CMP includes 4 months of CMP patency, and successful maintenance procedures once every month. Implantation utilizes CMP catheters attached to a titanium port body. Silicone catheters are typically 5mm long and 5-Fr. Catheters at 1.0cm long, have been noted to cause physical depression of the brainstem when implanted. No clinical effects have been noted, but 5mm catheters are preferred, erring on the side of safety. Internally, the port is held in place by a silicone collar which rests against the atlantooccipital membrane. Externally a fixed silicone collar rests against the atlantooccipital membrane, securing the port in place. Preoperative analgesia includes 0.01mg/kg buprenorphine IM, 4.4mg/kg carprofen SC, and a local block of 2.0mg/kg bupivacaine SC at each skin incision. A second dose of carprofen is given the morning after surgery. Macaques are given 14 days for recovery prior to the initiation of studies. Maintenance of implants originally occurred three times a week. Updated protocols now include maintenance once per month, and this decreased frequency of maintenance does not increase implant failure rates. In fact, it decreases the frequency of repair surgeries needed since less needle punctures occur at the port. CSF should be cultured every month to monitor for contamination. When a positive culture is confirmed with re-culture, 0.3mL of enrofloxacin within the CMP, in addition to systemic dosing. When injected into the CMP, enrofloxacin should be flushed through the CMP with small amount of flush. Severe adverse reactions have been noted when cephalosporins or aminoglycosides are used. Animals should be monitored for 5-10 minutes after antibiotic administration. Typically, clearance of contamination occurs after twice a week intraCMP injections of antibiotics for two weeks. Treatment should extend to 3 weeks if bacillus is cultured. If bacillus is cultured, the use of ceftriaxone, ampicillin or gentamicin can be used systemically once daily for 10 days. Two weeks after antibiotic treatments are completed, CSF should be re-cultured for contamination. 53% of rhesus CMP will become contaminated. The use of intraCMP antibiotic treatment will clear contamination in 80% of cases. The most commonly cultured and treatable bacteria include the staphylococcus genus (51%) and the Bacillus genus (49%). Bacillus contamination is much more difficult to resolve than staphylococcus contamination, with successful clearance at 64% for bacillus and 100% for staphylococcus. Chronic CMP models are not viable in African green monkeys and canines.  

 

QUESTIONS

1. T/F: When daily maintenance of CMP ports is performed, the CMP frequency of failure decreases. 

2. The drug of choice for intraCMP antibiotic administration during contamination is: _______. 

a. Gentamicin 

b. Cefazolin 

c. Enrofloxacin 

d. Clindamycin 

e. Triamcinolone  

 

ANSWERS  

1. False: Monthly maintenance is best for longevity of the port 

2. c 
CASE STUDY

Johnston et al. Toxigenic Profile of Clostridium perfringens Strains Isolated from Natural Ingredient Laboratory Animal Diets, pp. 50-58

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

SUMMARY: This article reports the incidence of Clostridium spp. in various commercial laboratory animal diets verifying the importance of sterilizing feed prior to use. The diets tested included NIH-31, NIH-07, NIH-2004 swine diet, four natural ingredient diets, two closed-formula rodent diets, and one purified high-fat rodent diet.  Seven species of Clostridium were isolated from 23 separate lots of feed.  Toxins were isolated in all C. perfringens strains, but not in the other six strains. Of the toxinotypes, the cpa gene encoding alpha toxin was isolated in all C. perfringens samples. The researchers attempted to replicate the study by using PCR, but only could identify it in 4 of the 7 diets successfully.  Based on their findings, this group recommends sterilizing feed or autoclaving prior to use. The use of PCR to evaluate contamination is not yet recommended. 

QUESTIONS
1. 
C. perfringens is

a. 
Gram positive, aerobic, spore-forming bacterium

b.
Gram negative, anaerobic, non-spore forming bacterium

c.  
Gram negative, anaerobic, spore-forming bacterium

d. 
Gram positive, anerobic, non-spore forming bacterium

2. 
What are some toxinotypes produced by C. perfringens?

3.
What are common diseases caused by C. perfringens toxins? What are common causes? 

ANSWERS
1. 
c
2.  
This article mentions alpha, beta, epsilon, iota, enterotoxin, theta and NetB

3.  
This article describes necrotic enteritis, gas gangrene, enterotoxemia caused by antibiotic exposure, changes in feeding regimens, overeating and dietary changes

 

