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OVERVIEWS
Casals et al. The Use of Animal Models for Stroke Research: A Review, pp. 305-313
SUMMARY: Stroke is defined as a focal neurologic deficit caused by an alteration in circulation in the encephalon, and the term ‘encephalic vascular accident’ or EVA is the preferred medical reference term. Mice are the most commonly used animal models, followed by rats, with rabbits and NHPs increasingly being used (dogs and swine are also cited).  Human risk factors include smoking, sedentary lifestyle, obesity, stress and hypercholesterolemia. There are four types of EVA:
1. Transitory ischemic – recovery possible after 24h

2. Complete ischemic – ischemia persisting for >=1 day, stable injury
3. progressive
3.
?
4. Hemorrhagic
 
Ischemia results in decreased phosphate and glucose, increased neurotransmitter release, and decreased calcium and sodium – which leads to decreased neuronal metabolism, energy depletion, release of prostaglandins, leukotrienes and arachidonic acid, vasoconstriction and platelet aggregation.   Hemorrhage leads to compressive, destructive lesion formation that may result in secondary ischemic damage.  Pathology may be temporary to permanent, depending upon duration of ischemia, extent of vascular injury, and damage to intracranial structures.  Animal models have not translated well into humans, as interventional therapies in animals are most commonly highly time sensitive and regulated, and humans do not always recognize or treat signs of stroke in a timely fashion.  Major methods of inducing these injuries in animal models include embolism introduction (mouse, rat, rabbit), middle cerebral artery occlusion (rat), perforating artery occlusion (rat), endothelin 1 injection (rat), spontaneous stroke (rat, dog), bilateral carotid occlusion (mouse), 2 injection of sodium laurate into internal carotid artery (rat), genetic model of CADASIL syndrome (mice), and immunization with a HL60 promyelotic cell differentiation factor (rabbits).  The article references specific clinical symptoms based on injury to various major arteries of the encephalon in humans, and notes multiple differences in vasculature based on species and age.  For example, the role of the internal carotid artery as the major blood supply to the encephalon is assumed by the vertebral artery in dogs.  The ideal model will have clinical relevance, be easy, reproducible and not have any collateral effects unrelated to ischemia.  Craniotomy, occlusion of 3,4 cervical vessels or arterial embolism are often used to damage brain.  The most commonly used surgical model is occlusion of middle cerebral artery, producing striatocapsular infarcts. The most relevant animal models are rodents and rabbits.
 
QUESTIONS:
1. What species are most commonly used as models for stroke?  A NHP, B rat, C mouse, D rabbit

2. Occlusion of the anterior cerebral artery is the most commonly used surgical approach to produce EVA  T/F 

3. Stroke can be induced in rabbits by immunization T/F

 
ANSWERS:

1. C
2. F
3. T
 

 
Toth et al. Environmental Enrichment of Laboratory Rodents: The Answer Depends on the Question, pp. 314-321

Domain 4: Animal Care; K2/TT 4.2 – Environmental Enrichment

One Line: This review article discusses crucial issues surrounding the use of Environmental Enrichment (EE) with laboratory rodents.

SUMMARY: The article begins by defining Environmental Enrichment (EE) and listing the features usually incorporated in typical EE paradigms.  Approaches to studying EE includes evaluating the effects of EE interventions on physiologic or behavioral measures, on animals with and without additional enrichment, or evaluating the effects on disease models compared to normal animals.  Most of the studies done, according to the authors, are restricted in their conclusions because they evaluate only a limited number of conditions, parameters, and strains.
The standardization of EE programs is problematic because of a lack of consensus regarding the definition and implementation of enrichment and its effects on both the animals and the science. Implementation of any general EE program warrants careful consideration of the benefits and liabilities associated and reliance on professional judgment and performance standards.  

Crucial issues related to the application of EE are its undefined effect on animals, the potential for increased variability in the data, poor definition across laboratories and in publications, potential for harm to the animal or the study, and the relative costs and benefits associated with adequate, optimal, and preferred housing.  It should be noted that conditions that contribute to greater interindividual variability in measured parameters can potentially require the use of greater numbers of animals to achieve power, conflicting with the concept of “Reduction”.

Therefore, the design and implementation of EE should be based on solid data indicating that the enrichment intervention will enhance animal wellbeing without jeopardizing experimental design or outcomes.  EE should be designed, assessed, and implemented based on the combined judgment of all professionals involved.

QUESTIONS:

1. Give one definition of Environmental Enrichment, as outlined in article.

2. List some common features of EE paradigms.

3. Define Stereotypy.

4. T/F The same form of EE can reduce aggressive behavior in some strains of mice, while increasing aggression and physiologic indices of stress in other strains.

ANSWERS:

1. Environmental Enrichment has been defined as the use of housing conditions that offer enhanced sensory, motor, and cognitive stimulation of brain neuronal systems in comparison with standard caging.

2. Social housing, larger enclosures, increased environmental complexities (e.g. toys, structures for climbing, foraging opportunities etc.)

3. Stereotypy is repetitive, unvarying, purposeless behavior that can occur in people and animals.  

4. True

ORIGINAL RESEARCH

Fish Model

Murray et al. Transmission, Diagnosis, and Recommendations for Control of Psuedoloma neurophila Infections in Laboratory Zebrafish (Danio rerio) Facilities, pp. 322-329

Domain 1 Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: Zebrafish (Danio rerio)
SUMMARY:   Pseudoloma neurophilia, a microsporidian parasite, is increasingly prevalent in zebrafish research facilities.  Researchers at the Zebrafish International Resource Center (ZIRC) identified P. neurophilia in 74% of the facilities submitting fish.  Transmission of this obligate intracellular parasite may come through ingestion of the mature infective spore or during spawning.  Affected fish may have clinical signs including emaciation and spinal curvature, but normal fish can have heavy infections.  Histology is the most informative diagnostic test, though PCR testing was shown to be useful.  This study evaluated transmission, sampling and diagnosis of the parasite, and made 6 recommendations on controlling infection.   

1. All imported fish should be reared and bred in a quarantine facility that is physically separate from the main facility, and has a separate flow through water system.  After spawning, embryos should be surface-sanitized with bleach before being introduced into the main fish facility (though that will not kill all microsporidian spores). 

2. Effective UV sterilization in the water filtration system is necessary to kill the spores. 

3. Sick and old fish may act as a reservoir, so they should be removed from the population. 

4. Spawning can allow for transmission.  Stock used for crossing should not be returned to the wild type stock tanks. 

5. Infective spores are present in tank debris, so autoclaved utensils should be used with every tank, and infected tanks should be cleaned last.  

6. Positive fish should be made to spawn and the stock replaced as soon as possible.  

       
QUESTIONS: 

1. Name two types of stain that can be used to identify P. neurophilia , and the most important tissues to test. 

2. True or false:  testicular tissue was shown to contain cysts using Luna staining. 

3. What substance is recommended to clean tanks known to be infected with P. neurophilia spores? 

ANSWERS:
1. Luna stain and Fungi-flor.  Spinal cord and brain tissues should be tested.  Luna stains microsporidian spores red in histological section.  Fungi Flore fluoresces in the presence of the chitinous wall spore.  

2. False-  Histology and Luna staining did not reveal spores in testicular tissue, though PCR on brain and spinal cord of some samples was positive.  Contamination from surrounding tissues was suggested.

3. A bleach bath of at least 100 ppm chlorine, pH7 for 10 minutes will kill 99% of spores. 

Mouse Models

Paik et al. Murine Norovirus Increases Atherosclerotic Lesion Size and Macrophages in Ldlr-/- Mice, pp. 330-338
Domain 1: Management of Spontaneous and Induced Diseases and Conditions

Primary Species:  Mouse (Mus musculus)

SUMMARY: These authors explored MNV effects on two inflammatory conditions modeled in mice-obesity and atherosclerosis.  MNV is widespread in facilities worldwide and only causes clinical disease in immunocompromised mice.  However, these authors had previously shown that MNV can accelerate IBD in Mdr1a-/- mice and they wondered if this pointed toward possible immune effects in other models.  

 

Since mice are naturally resistant to obesity and atherosclerosis, transgenic mice have been developed that are susceptible to the disease and the most commonly used is the B6 Ldlr -/-  mouse which will develop pronounced atherosclerosis when fed a high fat, high cholesterol diet.  These authors performed this experiment in two phases.

Phase 1 involved feeding the mice a diabetogenic diet (high fat, high sucrose) for 16 wks.  They were placed in three groups: not MNV infected, MNV infected at start of diet, and MNV infected 4wks after start of diet.  Phase 2 involved feeding mice an atherogenic diet (high fat, high cholesterol) for 16 wks.  They were placed in two groups: not MNV-infected and MNV infected 8 wks after the start of diet.

 

Results showed that MNV infection had NO effect on weight gain, glucose metabolism or tolerance, insulin sensitivity, food take, and circulating or liver lipid levels in either Phase.  However, when the atherosclerotic lesions within the aorta were examined, it was found that mice on the atherogenic (HFHC) diet had significantly larger lesions than mice on the diabetogenic diet.  In addition, the MNV infected mice on the atherogenic diet had a significant increase in lesion size over non-MNV infected mice.  The MNV infected mice also showed a 20% increase in macrophage content within those lesions over the non-MNV infected mice.

 

The authors conclude that MNV infection could be a confounding factor to atherosclerosis research due its effects on macrophage activation or accumulation and further studies on larger populations should be done to determine the full effects and/or the benefits of eradicating this virus in mouse populations used for this purpose.

 

QUESTIONS:

1.  What of the following was NOT one of the “adipose depots” weighed to measure adiposity in this study?

a. 
Mesenteric

b. 
Retroperitoneal

c. 
Thoracic

d. 
Epididymal

2.  What test was used to determine lipid levels in this study?

a. 
Dry-column extraction

b. 
Sohlt extraction

c.  
Folch extraction

      d. 
Pressurized fluid extraction

3. 
True/False.  Ldlr-/- mice do not develop severe atherosclerosis without high cholesterol in the diet

 

ANSWERS:

1. C-the fourth site was inguinal fat pad

2. C-Folch is the most commonly used lipid extraction test, although the others listed are true tests as well.  http://www.cyberlipid.org/extract/extr0002.htm
3. True

Tatarov et al. Effect of Magnetic Fields on Tumor Growth and Viability, pp. 339-345

SUMMARY: In cancer therapy, non-ionizing magnetic fields have an advantage over radiation and chemotherapy in that they have the potential to cause less damage to normal tissue. This study compared multiple magnetic field exposure levels in mice with breast cancer. Pilot experiments in healthy mice showed no clinical disease or histopathologic abnormalities associated with magnetic field exposure. Female 3-4 wk old Swiss nude mice received metastatic mouse breast tumor cells (EpH4-MEK-Bcl2) via mammary fat pad injection. Cells had been transfected with luciferase prior to injection. Four treatment groups of magnetic field exposure (3 mice/group) were used: non-treated control and 60, 180, and 360 min of daily exposure for 4 wks (100-mT,1-Hz half-sine-wave unipolar magnetic fields). Tumor size was measured by calipers (weekly) and tumor progression/growth was measured by bioluminescence (twice weekly). After 4 wks, mice were euthanized and tumors were analyzed by TUNEL assay to detect  apoptosis.

In comparing tumor growth from week 1 to week 4, G360 showed only a 44-fold increase in luminescence, significantly less than for the other treatment groups (500, 900, and 200 –fold increases for the control, G60, and G180 groups, respectively). Caliper measurements showed control mice had the largest tumors, followed by G360, G60, and G180. Histologically, all tumors were poorly differentiated carcinomas. The G360 group had more extensive necrosis and TUNEL assay showed evidence of apoptosis in some areas.

Although tumor sizes were largest in the G360 group, this group had the slowest growing tumors, likely because bioluminescence only detects live cells, and much of the tissue mass measured in G360 animals was necrotic. The authors suggest magnetic fields may inhibit tumor growth by suppressing angiogenesis and blocking blood supply to tumor tissues. Long magnetic field exposure times over multiple months are recommended for further studies, as well as comparison of different waveforms.

QUESTIONS:
1.
Briefly describe the TUNEL assay and how it detects cell death
2.
True or False: Magnetic field therapy may be preferable to chemotherapy or radiation therapy in treatment of cancer due to sparing of healthy tissue
ANSWERS:
1.
TUNEL assays (terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end labeling) are used to detect DNA fragmentation with labeling of terminal ends of nucleic acids via the TdT repair enzyme. It can be used to identify cells in the last stage of apoptosis.
2.
True
Kyostio-Moore et al. STR/ort Mice, a Model for Spontaneous Osteoarthritis, Exhibit Elevated Levels of Both Local and Systemic Inflammatory Markers, pp. 346-355

Primary Species: Mouse (Mus musculus)

 

SUMMARY: This article shows that newly identified markers of low-grade inflammation found in human osteoarthritis patients are increased in the joints of the STR/ort mouse. This mouse, which develops osteoarthritis spontaneously at around 12-20 weeks, is recently introduced as a clinically relevant and cost-effective small animal model for testing osteoarthritis therapeutics.

The ligands studied in the project include AGE (advanced glycation end products- formed during oxidative stress), S100A4, and HMGB1 (high mobility group box chromosomal protein 1- associated with inflammatory properties). These ligands are known to increase in human osteoarthritis patients. This study showed that both HMGB1 and AGE increased strongly in this mouse model. Histological changes were also detected on the medial tibial plateau. These included mild focal fibrillations to deep erosions reaching to the subchondral bone. 

 

QUESTION:  

1. What is RAGE?

 

ANSWER:
1. 
Receptor for Advanced Glycation End products(RAGE) is a cell receptor involved in innate immunity and amplification of inflammation.

Graham et al. The Streptozotocin-Induced Diabetic Nude Mouse Model: Differences between Animals from Different Sources, pp. 356-360

Domain 3: Research: K3- animal models (spontaneous and induced)

Primary Species: Mouse (Mus musculus)

SUMMARY:  Alloxan, a glucose analogue, and streptozotocin (STZ), a glucosamine-nitrosurea alkylating agent, are preferentially toxic toward pancreatic β cells, and both chemicals are used in a number of animal species to create diabetic animal models.  The author’s institution (Univ. of Minnesota) uses a chemically-induced mouse diabetes model to test islet cell preparations for activity in diabetes reversal, preferentially using congenitally athymic nude mice to avoid any interference of immune rejection on the outcome of results.   For mouse bioassay testing of human islet cell preparations to be used in clinical trials, the Clinical Islet Transplant (CIT) consortium makes specific dose-range recommendations of 150-240 mg/kg for STZ; higher dose levels are used in nude mice because the destruction of β cells in nude mice must result from direct drug action with no assistance from the immune-mediated response.  While establishing their mouse STZ-induced diabetes model, the authors evaluated nude mice from 3 vendors.  Surprisingly, they documented remarkable vendor-origin intra-strain differences in sensitivity to STZ induction of diabetes, and in morbidity and mortality after STZ treatment.  Nude male mice (~ 12 wk, ~ 30 g) from Taconic Farms (TAC), Jackson Laboratories (JAX), and Charles River Laboratories (CRL) were given a single high dose (160 to 240 mg/kg) of STZ, and then monitored over 30 d for adverse side effects, blood glucose, and insulin requirements.  In CRL mice given 240 mg/kg STZ, more than 95% developed diabetes within 4 to 5 d, and loss of body weight was relatively low (mean, 0.4 g). Both TAC and JAX mice were more sensitive to STZ, evidenced by faster development of diabetes (even at a lower STZ dose), greater need for insulin after STZ, greater body weight loss (mean: TAC, 3.5 g; JAX, 3.7 g), and greater mortality.   The authors recommend conducting exploratory safety assessments when selecting a nude mouse vendor-source, with the aim of limiting morbidity and mortality to less than 10% in combination with successful induction of a diabetic state in at least 90% of animals.

QUESTIONS:

1.  All nude mouse strains share a common origin (NIH) and background (BALB/c), but different vendor lines may develop subtle differences over time… which vendor’s nude mouse strain was NOT evaluated for variation in STZ-induced diabetes as part of this study?

a. 
Crl:NU-Foxn1nu from Charles River (CRL)

b. 
Hsd:Athymic:Nude-Foxn1nu mice from Harlan (HAR)

c. 
NU/J mice from Jackson Laboratories (JAX)

d. 
CrTac:NCr-Foxn1nu from Taconic (TAC) 

2.  Which of the listed nude mouse strains demonstrated relatively easy induction of diabetes without emergence of complications following single dose administration of 240 mg/kg STZ? 

a. 
Crl:NU-Foxn1nu from Charles River (CRL)

b. 
Hsd:Athymic:Nude-Foxn1nu mice from Harlan (HAR)

c. 
NU/J mice from Jackson Laboratories (JAX)

     d. 
CrTac:NCr-Foxn1nu from Taconic (TAC) 

3.  TAC and JAX nude mouse strains demonstrated complications following single dose administration of 160-240 mg/kg STZ… which of the following was NOT presented as evidence of higher sensitivity of TAC and JAX nude mouse strains to STZ? 

a. 
Slower development of diabetes at lower STZ dose

b. 
Greater body weight loss

c. 
Greater need for insulin after STZ

d. 
Greater mortality 

ANSWERS:

1.  
b. Hsd:Athymic:Nude-Foxn1nu mice from Harlan (HAR)
2.  
a. Crl:NU-Foxn1nu from Charles River (CRL).

3.  
“a. slower development of diabetes at lower STZ dose” is incorrect- mortality for both JAX and TAC nude mice decreased at lower STZ doses, but diabetes developed faster, even at lower STZ doses

Duncan-Lewis et al. Effects of Zinc Gluconate and 2 Other Divalent Cationic Compounds on Olfactory Function in Mice, pp. 361-365

Primary Species: Mouse (Mus musculus)
SUMMARY: Intranasal application of zinc gluconate has been commonly used to treat the common cold; however there are reports of cytotoxic effects of zinc on respiratory epithelium. Users of products containing this compound were reporting the loss of the sense of smell or anosmia. This study had 2 purposes: 1) to confirm whether zinc gluconate causes anosmia and 2) to reveal whether any other divalent cationic compounds produce a similar effect. 

Materials and Methods: The compounds used were zinc gluconate, cooper gluconate, and magnesium gluconate on female CD1 mice. A modification of the buried food-pellet (BFP) test was used to assess olfactory function. Animals were fasted and then tested for olfactory function prior to testing with nasal compounds. Test substances were administered intranasally via syringe and blunted needle. BFP testing was performed 30 minutes after treatment. Mice that could not retrieve the food pellet after 6 minutes were returned to the home cage. The BFP test was repeated at 48 and 96 hours after first pretreatment time trial. Mice in the copper and zinc gluconate groups were allowed to reacclimate for about 3 weeks and at 32 days post- pretreatment testing, had the BFP performed again. 

Results: 

Pretreatment: Al mice were able to fin food in less than 6 minutes

After Zinc: Zinc control and experimental mice had increased time to find food. Mean latency of experimental group was significantly higher than control group and experimental group did not sniff for food as in control group mice. 5/6 mice in experimental group were considered anosmic (1/6 suspected to have poor nasal irrigation). 

After Copper: The mean food-finding time of the experimental group was significantly higher than the control group. All mice in exp. group were considered anosmic.

After Magnesium: None of the mice were considered anosmic

Discussion: Results support the notion that zinc gluconate and copper gluconate can impair olfactory function. The anosmia observed was only temporary. The mice regained function when tested at 1 month mark. Since copper gluconate caused anosmia, this supports the theory that divalent cations can block channels that facilitate the sense of smell. However, magnesium gluconate did not produce anosmia but this may be due to the small molecular mass of magnesium. Therefore a reasonable conclusion is that divalent cations larger than calcium can negatively affect olfaction. 

QUESTIONS:

1. What is the BFP test? 

2. What is anosmia?

3. Which of the three test compounds was not found to cause anosmia?

ANSWERS:

1. It is the Buried Food-Pellet test. It tasks the subjects with relying on the sense of smell to locate food. Food is hidden in a novel cage and the time that the mouse required to uncover the food and grab it was recorded. The bedding is changed for each mouse with the food being buried in the same location. 

2. Anosmia is the lack of the sense of smell.

3. Magnesium gluconate was not found to cause anosmia. This is thought to be due to the small molecular mass of magnesium and the conclusion is that divalent cations larger than calcium can negatively affect olfaction.

Rat Models

Zimberknopf et al. Prior Parity Positively Regulates Learning and Memory in Young and Middle-Aged Rats, pp. 366-377
Primary Species:  Rat (Rattus norvegicus)

SUMMARY: This article examines the effects that pregnancy and parturition have on memory and learning in rats.  Previous reports have shown that following parturition female rats express less fear behavior and are more likely to show exploratory behavior, and have improved memory response.  This change in behavior is believed to provide dams with advantages in acquiring food and caring for young.  This study expanded on previous work by examining the effects of age (young versus middle-aged animals) and reproductive status (nulliparous versus primiparous).  Memory was assessed using a Morris water maze (MWM), and compared acquisition of memory, retention of memory, and development of working memory (same day memory).  Results showed that young primiparous animals performed better and obtaining and retaining memory than did nulliparous animals.  Additional results also show that aged animals have less behavioral flexibility but stronger memory consolidation than younger animals.

QUESTIONS:

1. What does a Morris water maze test?

2. What is the motivating factor in a Morris water maze?

3. Briefly describe how a Morris water maze test is conducted.

ANSWERS:

1. Memory

2. Animals are placed in a liquid of sufficient depth to require swimming, and the motivation is to achieve a safe perch out of the liquid.

3. A MWM is conducted usually using a circular liquid chamber.  A resting platform is secured in place just below the surface of the liquid, and an opaque liquid is used to obscure platform and prevent animals from finding it visually.  Visual cues may be placed on the sides of the maze to act as reference points for the animal in future tests.  An animal is placed within the liquid and allowed to swim until the resting platform is located.  The experimental variable is the time required for the animal to locate the platform.

Tsuji et al. Inferior Ectopic Pupil and Typical Ocular Coloboma in RCS Rats, pp. 378-384

Primary Species: Rat (Rattus norvegicus)
SUMMARY: This article evaluated the clinical, histological, morphmetric and heritable presentation of congenital ocular abnormalities in RCS rats.  RCS (Royal College of Surgeons) rats are an inbred strain that is well-known for retinal degeneration.  Previous research showed that these rats also have a low incidence of microphthalmia (5%) and that inferior ectopic pupils are associated with small-eyes in these rats.  In humans, ocular coloboma often occurs with microphthalmia.  

Clinically, the ectopic pupil in these rats presents as being unable to visualize the inferior portion of the iris (great pictures!).  Fundic examination showed iridal defects as well as chorioretinal defects in the affected animals.  Morphologically, they closely resembled typical ocular coloboma in humans.  In the animals with inferior ectopic pupils (corectopia), there was a shortened iris at the 6 o'clock position (inferior portion).  These eyeballs were also smaller than normal eyes, though this may or may not have been clinically apparent.    In these rats, ectopic pupils and ocular coloboma appears to follow an autosomal recessive inheritance mode with incomplete penetrance.

Additionally, in humans, coloboma results from a failure of closure of the embryonic optic fissure.  Prenatal rats were also evaluated in this study and the histopathological examination of the primordia from these fetuses also showed incomplete closure of the optic fissure.  

Overall, according to this publication, the RCS rat strain appears to be a suitable model for human ocular coloboma and the presence of the inferior ectopic pupil is a strong indicator of ocular coloboma in these animals.

QUESTIONS:

1.
RCS rats are an inbred strain of rats that is well-known for __________, and RCS stands for__________? 

2.
In this publication, the iridal defect seen in the RCS rats with ectopic pupils was present at the following location?

3.
According to this study, the mode of inheritance for ectopic pupils and ocular coloboma in the RCS rat strain was_____?

ANSWERS:

1.
Retinal degeneration and Royal College of Surgeons

2.
Inferior, at the 6 o'clock position

3.
Autosomal recessive with incomplete penetrance

