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OVERVIEWS
Hankenson et al. Effects of Rodent Thermoregulation on Animal Models in the Research Environment, pp. 425-438

Domain 4: Animal Care 
Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)

 

SUMMARY: This review article focuses on hypothermic adaptations of laboratory mice and rats. Chronic cold-induced exposures in mice can alter experimental results; therefore, their thermal biology should be better supported. In addition, a perceived “lack of reproducibility” in research may have less to do with experimental failure, and more to do with variables in housing, husbandry, and thermoregulation of animals. The thermoneutral zone is the range of temperatures across which the resting metabolic rate of heat production is at equilibrium with the animal’s evaporative heat loss to the surrounding environment. Within this zone, animals can maintain stable core body temperatures by responsive behaviors, peripheral vessel diameter, and body postures.

      
Behavioral thermoregulation focuses on sustaining metabolic heat by moving toward a warming environment, nest building, huddling and other postural changes. When in a colder environment or aversive drafts occur from air change cycles in ventilated cages, mice may adjust their posture to a hunched spheroid shape, show piloerection, and social huddling. The average preferred temperature range over 24 hours is 27.7-28.6C in mice. Core temperatures of rats are consistently 1-2C above that of mice.

            
When other energy-conserving adaptations are overwhelmed, endotherms increase metabolic heat production through thermogenesis- the process of generating additional heat above the basal metabolic rate. This occurs via shivering or non-shivering within brown adipose tissue. The largest deposit of brown adipose tissue in mice is in the intrascapular region.

            
Anesthetic drugs can cause peripheral dilation of blood vessels, which increases heat loss, especially when a body cavity is open. Even applying surgical scrub can have significant cooling effects in mice. Anesthetics can also suppress hypothalamic activity; as the main moderator of thermoregulation, this can lower the temperature at which the hypothalamus responds to hypothermia. Anesthesia associated hypothermia can increase the risk of infection, cardiac arrhythmias, and coagulopathies, supporting the need to maintain body temperature while rodents are anesthetized. The larger body mass of rats compared to mice lessens the rate of heat loss during anesthesia.

            
Monitoring body temperature via rectal thermometer can induce stress and potentially increase the resting body temperature. Alternatives include intraperitoneal telemetry devices to noninvasively provide core body temperature after surgical implantation, or subcutaneous transponders via microchip. Another option is infrared thermography to capture the surface temperature where the laser is directed, although skin temperature may be different than core body temperature.

            
The most effective techniques to maintain body temperature while under anesthesia in rodents include circulating warm-water blankets, warming lamps, infrared heating devices, and supplementation of warm IP or SQ fluids. For surface heating devices, maintaining temperature of the device at 37.5C will sustain the core body temperature of an isoflurane-anesthetized mouse at 36-37C for as long as 30 minutes.

            

QUESTIONS
1. 
What is the standard ambient temperature range for rodents?

2. 
Where does heat loss primarily occur in the rodent body and why? When exposed to the cold, how does the body respond in regard to blood flow?

 

ANSWERS
1. 
20-26°C (68-78.8°F)

2. 
Heat loss primarily occurs at the animal’s extremities- legs and tail, because they have a high surface area-to-volume ratio. When exposed to cold, peripheral blood flow to the tail and paws is reduced as a mechanism to diminish body heat loss to the environment.

Toth. Identifying and Implementing Endpoints for Geriatric Mice, pp. 439-451

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

Domain 3: Management of Pain and Distress (T2, K1, K6, and K8)

Domain 3: Research  (K3 and K6)

Primary Species: Mouse (Mus musculus)

SUMMARY: Determination of humane endpoints for laboratory animals is increasingly important to institutional animal care and use committees and regulatory agencies. Experimental endpoints in biomedical research should be determined on the basis of a combination of scientific, ethical, legal, practical, and humane considerations. The use of humane endpoints can be particularly problematic for longevity studies because the goal of such studies is the determination of lifespan. Identification of specific benchmarks for euthanasia and validation of those markers in the context of longevity is best determined in the context of specific experimental models and goals. Validated markers of clinical decline or imminent death can allow the use of endpoints that reduce terminal distress, do not significantly affect longevity or survival data, and permit timely collection of biologic samples. This review emphasizes that applying validated strategies can signal the need for increased animal observation, define clinical endpoints for preemptive euthanasia, reduce the incidence of spontaneous death, allow the evaluation of pathophysiologic changes in aged mice in the context of end-of-life clinical deterioration, and permit the timely collection of tissues from mice that are near death.

The most fundamental concepts presented in this review are the need to recognize that age is associated with declining health and that studies of aging mice may require a different norm for animal evaluation that might be appropriate for studies involving young mice. This perspective must be considered when developing endpoints for studies using geriatric mice. Another fundamental concept is that any systems or markers that are selected as endpoints for any study or model must be validated, interpreted, and implemented in the context of the scientific goals of the study. Although numerous scoring methods have been developed to assess rodent health status, most of these were designed for specific types of research studies using young adult mice. These systems may not be ideally designed or validated for health assessment of aging animals.

In the present review, the author first discusses general consideration for health assessment of aging mice. The present health assessments are developed based on young mice and need to be optimized to the aging mice. Further, the author outlined the issues related to the assessment of aging mice and discussed 2 important questions relevant to endpoints in aging mice:

1) 
Can we identify individual mice within an experimental population as they develop age-related deterioration?

2) 
Can terminal decline and imminent death be predicted in a population of aging mice?

To answer the first question, the author reviewed frailty assessment in mice and discussed 4 types of mouse frailty scales: Frail phenotype, Frailty index (FI), Clinical Frailty Index (CFI), and Physiologic Frailty Index (PFI). The author summarized that physical frailty and accumulation of deficits in old mice will lead to impairment and eventual death. Therefore, the experimental design must include a plan for recognizing and managing age-related deterioration in geriatric mice used in research studies. Understanding the concept of age-related frailty is fundamental to the ability to conduct meaningful research on elderly mice.

With regards to the second question, the author stressed the identification of few specific markers based on practical and objective criteria that can predict imminent death. The author presents multiple viewpoints from various experimental studies and discussed various measures- body weight, temperature, heart rate, activity and circadian rhythm as a possible predictor of imminent death in aged mice.  Studies focused on temperature and body weight have found that these 2 parameters can indicate a physiologic decline in advance of death in a useful time frame for studies of both aged mice, and acute mouse models of infectious disease and toxicity. Such an assessment may allow the collection of terminal tissue samples without markedly altering longevity data, although the application of this criterion may not be appropriate for all studies of longevity. Timely euthanasia of mice based on validated markers of imminent death can allow implementation of endpoints that alleviate terminal distress in aged mice, may not significantly affect longevity data and can permit timely collection of biologic samples.

In summary, the author outlined the current approaches and best possible practices to identify and implementing the endpoints criteria for aging mice. Identification and assessment of markers for heightened monitoring, imminent death, and euthanasia in aged inbred mice used in longevity and aging research will allow achieving the scientific purpose and minimization of animal harm.

  

QUESTIONS
1.
Prediction of imminent death in aged mice can often be accomplished by focusing on 2 objective parameters? (Choose any two)

a.
Body weight

b.
Moribund condition

c.
Activity

d.
Temperature

e.
Respiration

2.  
Assessment of an animal’s condition generally includes features such as? (Choose as many as appropriate)

a.
Physical appearance

b.
Body condition score

c.
Respiration [rate, pattern, effort]

d.
Ocular and nasal discharge

e.
Unprovoked and responsive behavior

f.
All of the above

3.
At what age C57BL/6J mice considered aged?

a.
3-6 months

b.
10-14 months

c.
18-24 months

d.
26-32 months

4. 
One research team want to study C57BL/6J mice that correspond, approximately, to a 56-69-year-old human. Which age range of mice correlates best?

a.
3-6 months

b.
10-14 months

c.
18-24 months

d.
26-32 months

5. 
Frailty basically is used to ascertain functional age, which is nested within chronologic age

a.
Chronological Age

b.
Functional Age

c.
Physiological Age

d.
All of the above

6. 
Frailty in humans has been linked to?

a.
Osteopenia

b.
Myopenia

c.
Leukopenia

d.
Sarcopenia

7. 
A Frail phenotype in humans is determined by an evaluation of which physical attributes?

a.
Weakness

b.
Slowness

c.
Low Activity

d.
Poor Endurance

e.
All of The Above

8. 
For the implementation of the Frail phenotype assessment mice are tested periodically by using what kind of test to measure Grip strength and walking speed, respectively?

a.
Rotarod and Inverted Cling Test

b.
Inverted Cling Test and Running Wheel

c.
Inverted Cling Test and Rotarod

d.
Rotarod and Running Wheel

9.
How is the endurance assessed for the Frail phenotype assessment?

a.
Rotarod

b.
Inverted Cling Test

c.
Running Wheel

d.
The sum of the performance durations achieved on the grip test and rotarod

e.
All of the above

10.
“Running wheel” test is used to measure?

a.
Grip Strength

b.
Voluntary physical activity

c.
Walking Speed

d.
Endurance

11.
What is the disadvantages of using “Frail Phenotype assessment” in aged mice? (Choose more than one, as appropriate)

a.
Individual housing is necessary

b.
Labor-intensive

c.
Challenging to use for routine assessment of large numbers of mice

d.
Considerable manipulation of mice in the course of the assessment

e.
All of the above 

12.
The criteria for an item to be used as a FI deficit are? (Choose more than one, as appropriate)

a.
Acquired

b.
Age-related

c.
Associated with an adverse health outcome

d.
Not present in all or nearly all of the patient population

e.
All of the above

13.
Based on research, a minimum of how many items to be necessary to include in mice assessment of FI?

a.
60

b.
80

c.
30

d.
31

e.
8

14.
In aging studies, temperature and body weight assessment in mice can provide the prediction for imminent death?       

a.
Hours before death

b.
Months before death

c.
Weeks before death

d.
Days before death

15.
Which mice are notable as the inbred mouse strain with the shortest natural lifespan that is listed in the Mouse Phenome Database and also provide the reason?

a.
NIH Swiss (Rapid accumulation of Health deficits)

b.
AKR/J (Development of Leukemia and lymphoma due to endogenous murine viruses)

c.
Tsumura Suzuki Obese Diabetics (TSOD) Mouse (Due to Obesity and Diabetes)

d.
NSG Mice (Due to Immunodeficiency) 

16.
How long it requires to perform Clinical Frailty Assessment (CFI) per mouse?

a.
2 min

b.
4 min

c.
6 min

d.
5 min 

17.
2 treatments that are known to increase lifespan and associated with lower CFI in experimental mice?

a.
Resveratrol and Rapamycin

b.
Rapamycin and Caloric Restriction

c.
Caloric Restriction and Resveratrol

d.
Retinol and Metformin

e.
Retinol and Caloric Restriction

f.
Metformin and Caloric Restriction 

18.
When compared, what are the similarities among human CFI data and mice CFI data?

a.
Average CFI increases with age in both mice and people

b.
Deficits accumulation variable across individuals

c.
CFI distribution broadens with age and is greatest in the oldest groups

d.
All of the above 

19.
When compared, what are the differences among human CFI data and mice CFI data?

a.
CFI values in mice are relatively less variable than those in people

b.
99th percentile value is lower in mice than in people in all age groups

c.
Mice die with a relatively lower CFI than do people

d.
Accumulated deficits are relatively more lethal in mice than in people

e.
All of the above 

20.
What are the 3 challenges mice will be exposed to measure physiologic resilience? (Choose 3 best answers)

a.
Cold water immersion (Measures time to recovery of normothermia)

b.
Inverted Cling test ( Measure Grip Strength)

c.
Sleep Deprivation (Performance on a radial water maze combined with blood glucose concentrations)

d.
Running wheel test (Measure voluntary physical activity for low activity)

e.
Cyclophosphamide administration (Rebound Neutrophilia)

f.
Rotarod ( Measures Walking Speed for slowness)

21.
T/F. The optimal endpoint both minimizes harm to the animal and is consistent with the scientific goal?

22.
T/F. Studies that use aging mice often have the goal of studying longevity or lifespan?

23. T/F. Knowledge of the survival curve and of age- and strain-related disease susceptibility of the mouse strain being used can provide strong evidence for the likelihood of spontaneous death?

24.
T/F. Lower frailty is associated with greater risk of illness, greater likelihood of hospitalization, and a greater likelihood of death?

25.
T/F. The Frailty Index (FI) is based on the concept that as subjects age, they accumulate health deficits over time?

26.
T/F. Larger FI values indicate lower frailty, which in turn indicates a lower likelihood of hospitalization and death.

27.
T/F. The FI seems to be a better predictor of death than chronologic age.

28.
T/F. The mouse CFI decreases with age, indicating that older mice exhibit more clinical signs than do younger mice

29.
T/F. Long-lived mouse strains develop an elevated CFI at younger ages than do short-lived strains.

30.
T/F. Validation studies have shown that mouse CFI scores above a specific threshold are highly correlated with veterinary recommendations for intervention in old mice. 

31. Define Frailty (related to endpoints for aged mice)?

32. Two of the most frequently used tools for assessing human populations which have been adapted for use in mice are?

33. A frail phenotype in humans is determined by evaluating 4 physical attributes— weakness, slowness, low activity, and poor endurance. These attributes have been translated into what terms in a mouse?

34. What are the 4 Mouse frailty assessment approaches are?

35. What are the 3 features required for successful implementation of all endpoint strategies?

 

ANSWERS 

1.
a, d
2.
f
3.
c
4.
c
5.
b
6.
d
7.
e
8.
c
9.
d
10.
b
11.
e
12.
e
13.
c

14.
c

15.
b

16.
b

17.
c

18.
d

19.
e

20.
a, c, e

21.
True

22.
True

23.
True

24.
False. Greater frailty is associated with greater risk of illness, greater likelihood of hospitalization, and greater likelihood of death?

25.
True

26.
False. Larger FI values indicate greater frailty, which in turn indicates a higher likelihood of hospitalization and death.

27.
True

28.
False. The mouse CFI Increases with age, indicating that older mice exhibit more clinical signs than do younger mice

29.
False. Short-lived mouse strains develop an elevated CFI at younger ages than do long-lived strains.

30.
True
31.
Frailty is defined as a high state of vulnerability to poor health outcomes among mice of the same age.

32.
Physical frailty (The frail phenotype)  and Deficit accumulation (The frailty index [FI])

33.
Grip Strength (for weakness); Walking speed (for Slowness); Voluntary physical activity (for low activity) and Endurance ( for poor endurance)

34.
Frail Phenotype; Frailty Index; Clinical Frailty Index; Physiologic Frailty Index

35.
Personnel training, a well-defined system for animal assessment, and clear lines of responsibility and authority.

 

ORIGINAL RESEARCH

Mouse Model

Haney et al. Effects of Intraoperative Vagal Nerve Stimulation on the Gastrointestinal Microbiome in a Mouse Model of Amyotrophic Lateral Sclerosis, pp. 452-460
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Primary Species: Mouse (Mus musculus)


SUMMARY: Vagal nerve stimulation (VNS) has been used as a treatment strategy for various disorders, due to its innervation and effect on multiple organ systems, including the nervous system. Currently, there are no published studies investigating how VNS affects gastrointestinal microbiota populations despite its role in linking the central nervous system and the gastrointestinal system (brain-gut axis). Amyotrophic lateral sclerosis (ALS), a fatal disease characterized by progressive loss of motor neurons, is one of multiple neurologic diseases with potential involvement of the gut microbiota, with VNS being sought after as a potential form of treatment. This study had two objectives: 1.) To examine the effects of intraoperative VNS on GM profiles in healthy and neurologically-diseased mice (ALS (SOD1dl) Mouse model) using a commonly-used experimental parameter for VNS that promotes swallowing and upper airway function, and 2.) To classify the gut microbiota of SOD1dl mice as compared to WT to see whether altered gut microbiota populations were present prior to disease onset.

 

30 B6SJL-Tg(SOD1*G93A)dl 1Gur (SOD1dl) and 30 age-matched WT control mice were used for their study. The mice were divided into 3 groups (10 SOD1 and 10WT per group): 1.) Experimental group with surgery with 1 hour VNS, 2.) Sham group with surgery (received surgery, but no VNS to control for surgery as a confounding variable), 3.) Control group with no surgery and VNS. The mice that received surgery underwent a ventral neck approach to access the vagus nerve. Fecal samples were collected from individual mice from all groups 1 day prior to surgery and week after surgery. For the first experimental group, VNS was done at with biphasic 0.5-ms square wave pulses delivered at 20 hz. DNA extracted from the fecal samples was subjected to bacterial 16S rRNA amplification and sequencing. Operational Taxonomic Units (OTUs) were identified for these sequences using BLAST and the differences in richness (number of OTUs) and alpha-diversity (relative abundance of those OTUs) between genotypes and treatment groups were compared.

 

Richness and diversity did not differ significantly between WT and SOD1dl groups, as well as between the three treatment groups. Gut microbiota only differed between individuals from breeding groups from the SOD1 animals. They concluded that the results suggest that brief periods of intraoperative VNS using the parameters in the study do not have long-term effects on the gut microbiota of mice. However, chronic application of VNS and different stimulation parameters may have a greater effect on the gut microbiota and should be further explored.

 

QUESTIONS
1. 
In the mouse model of ALS, what gene is mutated?

a. 
APP (Amyloid plaque protein)

b. 
SOD1 (superoxide dismutase1)

c. 
Alpha-synuclein

d. 
PRNP
e. 
PMP22

2. 
True or False: Vagal nerve stimulation has a significant effect on the gut microbiota when given in brief periods using a commonly-used experimental stimulation parameter that promotes swallowing and upper airway function.

3. 
Which of the following is not a target of the vagus nerve? 

a. 
Heart

b. 
Lungs

c. 
Pharynx

d. 
Gastrointestinal tract

e. 
All of the above are targets of the vagus nerve

ANSWERS
1. 
b
2. 
False

3. 
e
 

Nonhuman Primate Models

Tarantelli et al. Longitudinal Evaluation of Pulmonary Arterial Hypertension in a Rhesus Macaque (Macaca mulatta) Model of HIV Infection, pp. 461-473
 

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

Primary Species: Macaques (Macaca spp.)

 

SUMMARY: In the HIV+ human population, the prevalence of pulmonary arterial hypertension (PAH) is increased, although very little is known of the pathogenesis of HIV-associated PAH (HIV-PAH). This is partly due to a lack of appropriate animal models that mimic the human condition. While rodent models of PAH exist and have led to some understanding of PAH pathogenesis, these do not take into account the role of HIV in the development of HIV-PAH. NHP species infected with SIV or HIV-SIV chimeric viruses are not only well-characterized models of HIV infection, but chronically infected animals have also been demonstrated to have a high prevalence of increased pulmonary artery and right heart pressures. These animals therefore may serve as that elusive model of HIV-PAH. Based on novel assessment protocols developed by this lab for longitudinal evaluation of cardiopulmonary function in SIV-PAH primates, including serial right heart catheterization, serial echocardiography, and serial assessment of inflammatory mediators in plasma and bronchoalveolar lavage fluid, three distinct outcomes with regard to hemodynamic function are described. These include early development of elevated pulmonary arterial and right ventricular pressures, and progressive or transient SIV-PAH. This naturally-occurring model of HIV-PAH offers insight into specific disease pathways that may help lead to development of targeted, novel therapeutic agents.   

 

QUESTIONS
1. Name two rodent models of PAH.

2. Name the tracer used here:


3. What is highlighted by the special stain used below?

[image: image1.png]



4. Name the imaging modality used here:

[image: image2.png]



 

ANSWERS
1. Monocrotaline and hypoxia

2. 2-deoxy-2-[18F]-fluoro-D-glucose

3. Collagen (trichrome stain)

4. Positron emission tomography (PET)

  

King et al. System for Scoring Severity of Acute Radiation Syndrome Response in Rhesus Macaques (Macaca mulatta), pp. 474-488

Domain 1

Primary Species: Macaques (Macaca spp.)
SUMMARY: Based on the human Medical Treatment protocols for traditional accident victims called also METREPOL, a clinical assessment tool for use in Non-Human Primates (NHP) radiation models was further developed which included evaluation of additional multiple parameters, thus with minimal supportive care and  based on clinical observations. The goal of this study was to quantify the time course and severity of radiation injury from acute radiation syndrome (ARS) on the basis of a relevant organ-based systems in NHP, and in addition to identify animals that require enhanced monitoring or medical management. This study in NHP had its importance as a biomedical study as a relevant animal model with the goal to rapidly identify persons exposed to potentially life threatening radiation doses and distinguish them from those not exposed or exposed to lower doses as part of the initial triage in case of mass-casualty irradiation exposure incidents.

The study protocol was IACUC approved, and the FDA had accepted rhesus macaques as an appropriate animal model for testing radiation countermeasures under the Animal Efficacy Rule, where experiments couldn’t be performed in humans.

This study included 16 male and 12 female rhesus macaques, which were match-paired by weight and sex into 5 groups of 6 animals. These groups received bilateral Co-gamma irradiation at approximately dose rate of 0.6 Gy /min which allowed accurate exposure over a range of doses. Radio telemetry chips were implanted in all animals to assess subdermal temperature. In addition blood samples were obtained at different time points of the study, and ARS severity responses scores were obtained before and after each irradiation and serially as needed for clinical assessment until 60 days post irradiation. For irradiation procedures all animals were anesthetized with an injectable anesthetic. The ARS severity scoring system which was developed previously for humans was modified for the rhesus macaque radiation model which included now not only measurements of clinical signs but also symptoms for relevant ARS sub syndromes affecting the gastrointestinal, neurovascular, respiratory, cutaneous , and hematopoietic system. The study was designed to assess radiation responses prior to use of supportive-care medical treatment. Another objective was to characterize the time course for biomarkers of acute phase and ARS organ injuries until 60 days post irradiation. During this phase the macaques received only minimal supportive care which included supplemental nutrition, subcutaneous fluids, and antibiotic creams. These treatments were administered based on clinical observations and ARC severity scores. Defined criteria for euthanasia were established.

All data obtained during this study could validate that using the ARS severity score system in animal models supported the principles of refinement in humane animal studies because it could accurately assess the health status of the animal after recent irradiation dosage. Thrombocytopenia could be identified as a strong indicator for mortality and correlated with animals that showed internal bleeding. The gastrointestinal sub syndrome of the ARS indicated a strong relationship between ARS severity score and the incidence of gastrointestinal signs. NHP that received the higher irradiation dose showed a lack of responsiveness within two weeks of irradiation which was most likely due to multi organ failure.

Adapting and enhancing the ARS severity scoring system, it could be used as a method of refinement for the care of irradiated NHP by aiding of identifying of animals in the high-does groups that required enhanced monitoring.

QUESTIONS
1. 
What does ARS stand for?

a.  
Animal Research Study

b. 
Acute Radiation Syndrome

c. 
Acute Research Study

2. 
True or False: The study demonstrated that adapting and enhancing the ARS severity scoring system in animal models supports the principles or refinement in humane animal research.

ANSWERS
1. 
b

2. 
True
 

 

CASE STUDIES
Schmidtke et al. Spontaneous Spongiform Brainstem Degeneration in a Young Mouse Lemur (Microcebus murinus) with Conspicuous Behavioral, Motor, Growth, and Ocular Pathologies, pp. 489-495

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

Tertiary Species : Other Nonhuman Primates


SUMMARY: Mouse lemurs are increasingly used as a model of age-related neurodegeneration. Many aged lemurs develop amyloid plaques and accumulations of tau protein, similar to humans with Alzheimer disease. In one mouse lemur colony, a female was born that showed developmental, behavioral, and sensory deficits as early as 9 days after birth. The lemur was significantly underweight compared to others born at the same time and retained the characteristics of a neonate at day 125. She had incipient cataracts and demonstrated vision deficits. She developed progressive motor dysfunction, including dysphagia, ataxia, tremors, and hindlimb weakness. These abnormalities were not noted in either parent, although the mother had poor fertility. An MRI was performed that showed changes in the ventral hippocampus, right lateral ventricle, dorsal third ventricle, and aqueduct. The lemur died during the MRI and was submitted for necropsy. Grossly, the left uterine horn was underdeveloped and the left ovary was absent. The right lateral ventricle was dilated. Histological analysis showed multiple large, vacuolated areas in much of the brainstem, characterized as spongiform degeneration. Staining for amyloid and tau protein was negative. Whole-genome sequencing revealed mutations in the gene DAG1 and POMGNT2, although these were scored as relatively benign by mutation analysis programs. Mutations in the LARGE2 and CAC-NA1A genes were found that were scored as likely damaging.

 

The degenerative lesions in the brainstem were believed to be the cause of the behavioral, sensory, and motor deficits seen in the lemur. The poor development of the lemur was likely due to malnutrition secondary to these issues. Prion disorders are known to cause spongiform lesions, but no prion protein was found. DAG1 and POMGNT2are both implicated in Walker-Warburg syndrome. LARGE1, similar in function to LARGE2, has also been associated with this syndrome, which is characterized by a progressive muscular dystrophy combined with brain and eye abnormalities. No evidence of muscular abnormalities was found on histopathology. CAC-NA1A has been linked to epilepsy disorders. The exact cause of the clinical signs and histopathological lesions in this lemur is not known, but the combinatorial effects of the mutations in LARGE2, DAG1, POMGNT2, and CAC-NA1A may have played a role in the development of a Walker-Warburg-like syndrome.

 

QUESTIONS
1. 
Which of the following can be used to stain for amyloid plaques?

a. 
Toluidine blue

b. 
Congo Red

c. 
GMS

d. 
PAS

2. 
T/F: Microcebus murinus may undergo long periods of torpor during dry periods.

3. 
T/F: Microcebus murinus often develop neurofibrillary tau tangles with aging.

 

ANSWERS
1. 
b
2. 
T

3.  
F

 

Li et al. Longitudinal MRI Evaluation of Ischemic Stroke in the Basal Ganglia of a Rhesus Macaque (Macaca mulatta) with Seizures, p. 496-502

Domain 3

Primary Species: Macaques (Macaca spp.)

 
SUMMARY:  This paper is a case report for a 14 yr. old female Rhesus macaque that underwent a surgically induced ischemic event.  To induce the stroke the middle cerebral artery (MCA) occluded.  When this procedure is usually done (and confirmed with fluoroscopy) the ischemic injury is typically to the cortical area served by the MCA.  In this case study the animal underwent the MCA occlusion which resulted in an infarct in the basal ganglia (rather than the cortex).  The basal ganglia is a group of subcortical nuclei that are involved in many neuronal pathways associated with emotional, motivational, associative, and cognitive functions. Injury to this area of the brain can result in problems with movement, perception, or judgement.  48 hours after the surgery the animal exhibited seizure like signs.  This case report examines the MRI results of this animal during the progression of the infarction of the basal ganglia.

The day after the stroke the animal was QAR with hemiparesis of the left limbs.  On day 2 the animal was BAR with less pronounced left side paresis.  However, soon after day 2 scoring the animal began to have seizures.  It was determined that this was caused by an infarct in the basal ganglia, specifically in the putamen region.  The involvement of the basal ganglia in epileptic seizures of clinical patients suggests that these structures play an important role in various epileptic syndromes.  Because it is known that the basal ganglia plays an important role in epileptic seizures this can be seen as a target area for therapeutics.  The other macaques with MCA occlusion in the study did not have seizures due to the abundant collateral blood supply in NHP. 

 
QUESTIONS
1. 
Damage to the basal ganglia in the brain in primates is associated with deficits in all of the following areas except:

a. 
Judgment

b. 
Perception

c.  
Hunger

d.  
Movement

2. 
A case report of a Rhesus macaque in which the animal underwent middle cerebral artery occlusion resulted in an infarct in the basal ganglia.  What clinical sign was associated with this?

a.  
Inappetence

b. 
Diarrhea

c. 
Seizures

d. 
Blepharitis

e.  
Buphthalmia 

 

ANSWERS
1.
c
2.
c
 

  
