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SUMMARY: Stroke is an important but challenging clinical disease.  Every 45 seconds, someone in the U.S. has a stroke, and about 25% of these cases will result in death.  Stroke is the leading cause of serious, long-term disability in the U.S.  Annual healthcare costs due to stroke are estimated to be more than $50 billion for 2003.  Interest in stroke research has been increasing over the past few years.  Tissue plasminogen activator (t-PA) is one of the first effective treatments for stroke to be used widely.  It is a thrombolytic agent that can result in sparing of vulnerable brain tissue if given in the first few hours after stroke.  There has been great interest in developing neuroprotective agents and more sophisticated neuroimaging techniques.  Maturation of neuroplasticity principles has provided a theoretical framework for understanding the process of brain repair and recovery.  New therapeutic approaches for the chronic stroke survivor are now under investigation as well.  One of the challenges of stroke research is the variability seen in human stroke because of differences in size of injured area and its location.  The inherent variability in the effects of stroke in humans can be controlled to a large extent in animal models.  Animal models of brain injury and recovery are not without their own problems, including the cost and availability of nonhuman primates as well as scientific concerns regarding the appropriateness and relevance of the animal model.  Additionally, there are a number of veterinary care and associated animal welfare issues with any injury and recovery model.

 

QUESTIONS & ANSWERS: None.

Clinical Issues in Animal Models of Stroke and Rehabilitation  pp. 83-84

Stroke is the third greatest killer in the US and surviving patients have often significant impairment and disability.

In contrast to animal models of stroke, when new therapies show efficacy, few human trials have documented clinical benefit. The reasons for that phenomenon are manifold.

Human patients with acute stroke are heterogeneous. Premorbid neurological function is variable, multiple stroke risk factors and concomitant diseases are often present, the site of the lesions is inconsistent, usually elderly people are inflicted. In contrast, in animal studies the condition is experimentally induced in an identical way, the animals are young, healthy, and genetically homogeneous; the site of lesion is usually uniform. 

Another factor is that the time period between early intervention (typically hours to days after stroke) and assessment of primary outcomes is a physiological black box. Not much is known regarding the distinct pharmacology during this clinical period and needs further elucidation. Increased research efforts into the pharmacology of recovery including the use of growth factors, cellular therapies, catechol-related compounds and other small molecules are needed. Brain mapping studies in humans as well as in animals may soon prove useful for guiding restorative treatment protocols. Studies using animal models have described benefit from increased motor activity after experimental infarct. Hence, physiotherapy may improve clinical outcome in humans.

A range of clinical considerations commonly affects recovery after stroke in human patients but are not addressed in animal models that include complications such as deep venous thrombosis, pulmonary embolism, aspiration pneumonia, urinary tract infection, or cardiac ischemia during the course of recovery from stroke. Depression and cognitive deficits after stroke are common. Recent work with animal models has begun to address some of these issues. However, the animal behaviors used to assess whether a new treatment improves outcome after experimental infarct sometimes have only an indirect or limited relationship with clinical endpoints of interest of human patients. 

For the future, the strongest bridges between animal models and the human condition after an acute stroke may be built on consideration of numerous social, physical, psychiatric, pharmacological, and medical morbidity issues. The recent development of additional animal models of stroke and the more recent increased focus on recovery models have already resulted in substantial progress.

Question:

T/F Homogeneity is desirable in any research application to minimize experimental variability.

Answer:

F. Increased attention to clinical heterogeneity in preclinical studies may yield results that more consistently extrapolate to the human stroke condition.

Animal Models of Focal and Global Cerebral Ischemia  pp. 85-95

 Focal cerebral ischemia (stroke) and global cerebral ischemia (cardiac arrest) are major causes of death and disability. Medical Scientists are attempting to understand the complex mechanisms which take place during injury to investigate new treatment modalities. Animal models of focal and global cerebral ischemia are important to develop an understanding of the mechanisms of injury as well as options for neuroprotection. 

Size of Animals as Models 

Large Animal Models 
Advantages                                                                      Disadvantages 
Easier to use sophisticated imaging techniques                In focal ischemia 
Easier to use sophisticated physiological monitoring         models the dura is 
Gyrencephalic brain                                                            opened. 

                                                                                           Animals are financially 
                                                                                           costly and expensive to 
                                                                                           maintain. 

                                                                                            Heightened animal 
                                                                                            welfare concerns 
                                                                                             when primates, dogs 
                                                                                              and cats are used. 
  

Small animal Models 

Advantages                                                                        Disadvantages 
inexpensive                                                                          lissencephalic brain 
genetic homogeneity                                                             physiologic monitoring 
less animal welfare concern                                                   is more difficult 
quick freeze techniques of brain 
ability to use sophisticated neurosensory 
and motor behavior measurements 

Definitions of Focal and Global Cerebral Ischemia 

                                 Models of Cerebral Ischemia 

                  Global - Complete or Incomplete 
                  Focal- MultiFocal or Proximal Middle 
                   Cerebral Artery Occlusion (MCAO) 
  

Focal Cerebral Ischemia Models: Most involve occlusion of a major cerebral blood vessel such as the middle cerebral artery (MCA) in small animals or large animals. This results in a reduction of cerebral blood flow in the striatum and cortex. Several different types of MCAO models exist. They differ in whether they are permanent or temporary (reperfusion) and whether the occlusion is at the proximal or distal part of the vessel. 
   Other models include a permanent proximal MCAO in rats involving a subtemporal craniotomy. Comparing rat strains in the normotensive strains the Fischer-344 rats had the largest and most consistent infarct. 
   Another MCAO model is to occlude the MCA in conjunction with the occlusion of the ipsilateral common carotid artery. Other researchers have used electrocoagulation of the MCA to produce ischemia. there is also a photochemical MCAO model which involves irradiation of several branches of the distal MCA with beams from an argon beam laser followed by iv rose bengal. This results ins consistent infarct in the frontoparietal cortex and the area of infarction is larger and more consistent in Sprague-Dawley than in Wistar rats. The disadvantage is that the photochemical reaction can result in microvascular injury. 
Another model is the use of an intraluminal filament to induce either permanent or transient MCAO. It uses 4-0 nylon suture in rats. Intraluminal filament techniques have been developed with mice. 
 The baboon has been used to study cerebral blood flow for three years  after an MCAO. 

Global Cerebral Ischemia Models: 

decapitation: easy method but not able to variations 

neck tourniquet: produces global ischemia in rats, has been done in dogs but need to occlude the vertebral arteries also 

modified neck cuff technique in monkeys:the blood pressure is reduced by 50 mmHg before neck cuff inflation 

Ventricular fibrillation:  This is to mimic a cardiac arrest, and investigators have added CPR after the arrest. The dog or pig is fibrillated, goes into cardiac arrest, is given epinephrine and chest compression's 

Occlusion of arteries to neck and thorax:    Cat and monkey model, need intensive care 

Four Vessel Occlusion (4 V-O) reversible forebrain cerebral ischemia in rats. Two stage procedure. Atraumatic clasps placed loosely around the carotid artery and exteriorized on day one. 
Vertebral arteries are cauterized. On the second day the common carotids are occluded while the animal is awake. The technique is only successful 50 to 75% of the time. 

Two Vessel Model of Occlusion ( 2-V-O) bilateral common carotid artery occlusion coupled with systemic hypotension produces reversible forebrain ischemia. 

2VO Model is good to study  ischemia and reperfusion. Consistent pathological effects are very dependent upon temperature control. 

Global ischemia model in mouse has been difficult. Applying rat and gerbil models to mice has resulted in high mortality and seizures. 

Gerbils have unique anatomy in that they do not have a posterior communicating artery which connects the carotid and the vertebrobasila arterial system. Bilateral carotid artery occlusion in the gerbil will result in global cerebral ischemia in the gerbil. With unilateral carotid occlusion, gerbils develop severe neurological signs and die with in days. 

Questions : 

1.What is the definition of gyrencephalic? 
a. brain like a rodent 
b. smooth brain 
c. convolutions in the cerebral cortex 

2.What size suture is used in the rat intralumnal technique? 
a. 8-0 silk 
b. 8-0 nylon 
c. 4-0 silk 
d. 4-0 nylon 

3.Which normotensive rat produces the most consistent and  large infarcts in the MCAO model? 
a. SD 
b. Wistar 
c. F- 344 
d. Long-Evans 

4.Which kind of laser is use in photochemical MCAO production? 
a.. cold 
b. YAG 
c. argon 
  

Answers 

1. c , humans and primates have this kind of brain 
2. d, 4-0 nylon 
3.c, F- 344 
4.c, argon

Models of Focal Cerebral Ischemia in the Nonhuman Primate  pp. 96-104

Acronyms:

NHP: NonHuman Primate

RCBF: Regional Cerebral Blood Flow 

ICA: Internal Carotid Artery

MCA: Middle Cerebral Artery

MCAO: Middle Cerebral Artery Occlusion

LSA: LenticuloStriatal Artery

ACA: Anterior Cerebral Artery

M1: Proximal segment of the MCA

PMN: PolyMorphoNuclear Cells

There are three types of ischemic stroke in humans: cerebral atherothromboembolism, in situ thrombosis, and lacunar stroke. Cerebral artherothromboembolism usually originates from a vascular atheroma, usually in the carotid artery, which embolizes and subsequently thromboses' in the cerebral arteries, usually in the ICA or the M1 portion of the MCA. Though multiple models have been developed to study different aspects of the stroke phenomenon, not one model has reliably mimicked the human disease syndrome.

The rodent model of ischemic stroke has the following attributes:


Useful for understanding the effects of ischemia on neuron function and survival

·
Cost efficient


Availability lends itself to reliable degrees of statistical 

analyses

Limitations of the rodent model include:

·
The models have not translated testable interventions into human clinical benefit

·
Altered development in murine genetic constructs


Differences in their responses to antithrombotic and fibrinolytic agents

·
Species differences at all levels

·
Differences in hemostatic and vascular mechanisms

·
Differences in outcomes measures which do not reflect human cognates

·
Lack collateral circulation with an incomplete Circle of Willis

·
Platelets lack platelet activating factor receptors and behave paradoxically to aspirin

·
There are no PMN-platelet aggregates in the ischemic zone

The nonhuman primate model of ischemic stroke has the following 

attributes:


Findings are highly reproducible

·
Similar variability in injury volume


Hemostatic components (platelets, coagulation factors, fibrinolytic proteins) are very similar to humans

·
Cerebral vasculature anatomy is similar to humans (Complete Circle of Willis)

·
Brain is gyrencephalic and has subcortical white matter

·
Pathologic changes are similar to humans

·
Serial clinical assessments by CT, MRI, angiogram, and EEG can be performed

·
Have a rich vasculature collateral circulation

·
MCA distribution and its branches is very similar to humans

Areas where the NHP has great usefulness in the study of stroke:


Measurements of rCBP

·
Ischemia


Microvessel reactivity

·
Cellular inflammation

·
Infarction


Behavioral aspects of recovery

·
Ischemic stroke intervention

The use of the NHP in the study of stroke as the result of focal cerebral ischemia utilizes two approaches:

1.
Single arterial occlusion (usually the MCA). Specifically, occlusion of the M1 segment of the MCA (termed MCAO) allows for examination of the striatum and cortex. Approximately 40-60% of subjects display both cortical and subcortical injury, and the remainder experience only striatal injury.

2.
Occlusion of multiple supply arteries

Disadvantages of the NHP:


Specialized facilities for housing the animals is required

·
Specialists in the surgical technique and specialized surgical facilities and instruments are required


Expensive when compared to rodents with limited availability

·
Smaller cohort sizes for statistical analyses

The three most commonly used NHP stroke models are:


Baboons (Papio sp.)

·
Squirrel monkey


Macaque (no specific species given)

Most of the surgically prepared NHP stroke models involve occlusion of the M1 segment of the MCA, which mimics ischemic injury in approximately 10% of human stroke. Other stroke models use occlusion in the ACA territory or an occlusion producing thalamic infarction. There are four surgical approaches to the branches of the Circle of Willis, which primarily involve occlusion of the MCA or ICA to produce focal clinical signs:

1.
Intracranial approach along the sphenoidal wing- this technique has the disadvantage of leaving a large cranial defect at the site of the craniotomy, disturbs brain tissue as one dissects down to the artery to be occluded, and there is a prolonged recovery. Other disadvantages of opening the cranium include a disruption in intracranial pressure and altered temperature of the CNS. This approach is done on an anesthetized animal, which has the disadvantages of:


Anesthesia may confound the results

·
Inhaled anesthetics cause transient depression of leukocyte chemotaxis


During anesthesia attempts are made to keep the animal's mean arterial pressure stable and normal, which does not mimic that seen in human stroke victims

·
Barbiturates cause neuronal inactivation

·
Smaller infarct volumes, as the combined result of all of the above, are required (may not mimic the human condition)

2.
Retro-orbital approach -the sphenoidal wing is removed and the orbit and intracranial cavity are opened without opening the dura. This intracranial procedure is done on an anesthetized animal, and thus the disadvantages listed above apply.

3.
Transorbital approach- this is the approach (with placement of a balloon occluder on the MCA) preferred by the authors. This approach, performed under general anesthesia, requires enucleation of an eye to gain access to the MCA. Once access to the MCA is achieved, a balloon occluder is placed around the vessel, and the connecting tube is tunneled subcutaneously under the scalp. The orbital site is surgically closed and the animal is allowed to recover for at least two days prior to the initiation of the ischemic event.

4.
Complex Interventional approach- emboli (e.g. silicone cylinders) are injected from the extracranial carotid artery bifurcation to occlude the intracranial ICA bifurcation. The technique has the advantages of not requiring a craniotomy and it can be done on an awake animal, thus the effect of the vessel's occlusion on neurologic function can be evaluated immediately without the confounding variables of anesthesia or intracranial surgery. This "awake" and immediate clinical episode mimics more closely the clinical setting seen in human patients.

There are multiple surgical techniques to produce the ischemic episode. 


Clipping- is done in the anesthetized patient, which has the disadvantages of anesthesia as detailed above. However, reperfusion injury may be evaluated using this technique.

·
Occlusion by an extrinsic balloon device or snare ligature- the device is placed under anesthesia, but the occlusion is delayed for days or weeks after the initial surgical placement. This has the advantage of not having (immediate) surgery as a confounding variable in the analysis of the stroke. This technique also allows for study of reperfusion injury. This technique is favored by the authors.


Electrocoagulation or photocoagulation- causes permanent occlusion of the vessel, though it is unclear whether intravascular occlusion by the coagulation method is complete

·
Embolization- causes permanent occlusion of the vessel (thus reperfusion injury cannot be evaluated)

The outcomes or endpoints of these stroke models that investigators evaluate are:


Neurologic outcome- neurologic clinical deficits are evaluated in the awake animal

·
Neuron injury- in preparations post mortem


Evidence of cell injury- there is selective neuronal cell pathology in stroke. Injury to astrocytes, oligodendrocytes, and microvascular cells occurs simultaneously, whereas secondary injury generated by cellular inflammation, particularly PMNs, occurs independently. These cell injury studies are attempting to discern which cells are injured directly by the ischemic episode, which are injured by the reperfusion event, and which are injured by the secondary inflammatory response.

·
Infarction volume- the amount of cerebral area which is infarcted is evaluated, because the areas and volume may be variable, though the striatum, subcortical white matter, and to a lesser degree of reliability, the cortex, are infarcted. To increase the area(s) and or volume infarcted, multiple vessels may be occluded, but this results in greater interanimal variability and mortality.

·
Imaging in real time- CT and MRI are used, but anesthesia is required

·
Vascular consequences- Vasospasm is an unwanted consequence. The use of papaverine (a smooth muscle relaxant) and gentle surgical technique can avoid this consequence.

·
rCBP- this measurement has shown that rCBF does not cease following MCAO, and rCBF increases with distance from the core of the injury. This measurement cannot be done on an awake animal

·
Microvascular and Neuron events- the vasculature, neurons, and 

subcellular receptors are evaluated for both their injury and their response to the injury

·
Behavioral outcomes- these are often simple assessments of motor 

function

Questions:

1.
Which vessel is typically occluded in the NHP model of focal cerebral ischemia?

2.
Which species of NHP is the preferred model?

3.
Which surgical approach is the preferred approach? Is this approach done on an awake or anesthetized animal?

4.
When a balloon occluder is used, can the ischemic event be initiated on an awake animal?

5.
What is the drug used to obviate surgical vasospasm? 

6.
List three disadvantages of general anesthesia when studying stroke.

7.
Which surgical approach is done on an awake (non-anesthetized) animal?

Answers:

1.
MCA (Middle Cerebral Artery)

2.
Papio sp. (baboon)

3.
Transorbital, done on an anesthetized animal (though the ischemic event can be done on an awake animal)

4.
Yes, as the ischemic event may be delayed for days after the surgical placement of the occluder

5.
Papaverine

6.
Barbiturates alter neuron function, mean arterial pressure fluctuations are intentionally minimized, and this does not mimic that which occurs in humans, and inhaled anesthetics cause transient depression of leukocyte chemotaxis

7.
Complex interventional approach

Perspectives on Reperfusion induced Damage in Rodent Models of Experimental Focal Ischemia and Role of Gamma-Protein Kinase C  pp. 105-109

Acronyms:

MCA: Middle Cerebral Artery

CCA: common Carotid Artery

PKC: Protein Kinase C

(PKC: Gamma Protein Kinase C


During ischemic stroke, blood supply to the ischemic core is less than 10%, which results in early death of area neurons. When the ischemic episode lasts less than 30 minutes, neurons in the core can “tolerate” the ischemia, and may respond favorably if blood flow is reestablished. When ischemia is greater than 30 minutes, damage to neurons in the ischemic core is irreversible, and even the reestablishment of blood flow cannot reverse the damage. The pathophysiology of this irreversible neuron death is the cessation of oxidative phosphorylation which then results in a subsequent energy failure throughout the affected region. However, the reestablishment of blood flow (reperfusion) may in itself trigger multiple adverse processes that may increase brain damage (reperfusion injury) beyond that produced by ischemia with no reperfusion. This reperfusion injury may be mediated by an alteration in the production of various cytotoxic substances (free radicals, excitatory amino acids, free fatty acids, pro-inflammatory cytokines, adhesion molecules, secondary calcium ion influxes, changes in activation of protein kinases) that may be deleterious and augment brain damage which was caused by the initial ischemic episode. 


One model of the reperfusion injury involves occlusion of the MCA and CCA in Long-Evans rats for either transient ischemia (3 hours of ischemia followed by 21 hours of reperfusion) or permanent ischemia (24 hours of continuous ischemia). Results of this study show a three fold larger area of brain damage in the transient ischemia group compared to the permanent ischemia group. Additional studies conducted with the administration of either a free radical scavenger (N-tert-butyl-alpha-phenylnitron) or  a protein synthesis inhibitor (cycloheximide) demonstrated a decrease in reperfusion augmented injury. This suggests that oxidative stress and reperfusion induced synthesis of proteins may play a role in reperfusion damage.


Mouse models of reperfusion injury need to be characterized by strain differences to control for genetic heterogeneity between strains. This is particularly important in the use of transgenic mice in stroke studies, as transgenic mice usually have three different sources of genetic material. According to these authors, these three sources are:

1. Embryonic stem cells which are uasually 129/Sv 

2. Founder mouse is typically a C57Bl/6 

3. The strain for generating mice for experimental analysis is usually different than either 1 or 2 above, and is often a Balb/c
This phenotyping is necessary to determine whether differences in control versus experimental animals is due to heterogeneity from either strain’s genetic carryover or is a true “treatment/experimental manipulation effect”. Comparisons in both reversible and permanent ischemic damage were conducted between the three most commonly used mouse strains. Reversible damage consisted of 150 minutes of ischemia followed by 21.5 hours of reperfusion. Permanent ischemia was 24 hours of continuous ischemia. The ischemia induced was a tandem unilateral distal MCA/CCA occlusion. Brain damage was demarcated by staining with 2,3,5-triphenlytetrazolium chloride. Not only did all three mice have similar absolute cerebral blood flow rates at baseline, but the cerebral perfusion rate was static across all three stains. The results were as follows:

· Reversible ischemia showed no strain differences across the three groups 

· Permanent ischemia did have strain differences such that Balb/c had greater brain damage than the C57Bl/6J, both of which had greater brain damage than the 129/SvJ 

· There was also a strain difference between reversible and permanent ischemia, such that the C57Bl had no difference between permanent and reversible ischemic induced brain damage, but the Balb/c had greater brain damage in the permanent group when compared to the reversible. In contrast, the 129/SvJ had greater brain damage in the reversible when compared to the permanent. Taken together, this suggests that the 129/SvJ strain of mouse is more susceptible to reperfusion injury than the other two strains examined.

PKC is an enzyme that attaches a phosphate group to either a serine or threonine amino acid. There are multiple isoforms of this enzyme throughout the body, and the gamma PKC ((PKC) is the neuronal specific isoform. This enzyme is involved in CNS physiology, synaptic plasticity, excitability, growth, proliferation, gene _expression, and apoptosis. Evidence suggests that changes in PKC during ischemia may be an important factor regulating multiple tissues susceptibility to damage during a reperfusion event. (PKC knock out mice were generated to study the role of this neuron specific PKC in neural ischemia with and without subsequent reperfusion injury. Ischemia was produced by 150 minutes of unilateral MCA/CCA occlusion. In the permanent ischemia study (no reperfusion), the (PKC knock out mice had smaller areas of brain damage than the control mice (no deficiency in (PKC), In the reperfusion study, the (PKC knock out mice had larger areas of brain damage than the control mice (no deficiency in (PKC), Taken together this suggests that (PKC is involved in neuroprotection during reperfusion episodes, but it is deleterious in permanent ischemic episodes. These results suggest that (PKC has a contrasting role in regulating the vulnerability of neural tissue to ischemia/reperfusion- induced damage. The authors hypothesize that it functions as a deleterious factor during the initial ischemic episode, but it may be a neuro-protective factor during post-ischemic reperfusion.

Questions:

1. What is the function of a kinase? 

2. What strain of mouse is typically used as a source of embryonic stem cells? 

3. Which strain of mouse might be the best mouse model of reperfusion injury? 

4. Which vessels are typically occluded in the mouse model of ischemic stroke? 

5. What is the stain used to delineate areas of ischemia in the brain?
Answers:

1. A kinase attaches a phosphate group to an acceptor molecule. In this article, they were referring specifically to protein kinase C, which transfers a phosphate group onto a serine or threonine amino acid residue. 

2. 129/Sv 

3. 129/SvJ 

4. Middle Cerebral Artery and Common Carotid Artery 

5. 2,3,5-triphenyltetrazolium chloride

Neuroprotective Effects on Somatotopic Maps Resulting from Piracetam Treatment and Environmental Enrichment after Focal Cortical Injury  pp. 110-124

This study describes potential treatment regimens after focal cortical injury.  Rats in this study received a focal thermal-ischemic injury to the primary somatosensory cortex to a restricted part of the forepaw area.  The two experimental variables were use of an anti-ischemic drug, piracetam, compared to saline (a placebo), and housing of the rats in an enriched environment compared to an impoverished environment. Rats receiving piracetam had better preservation of somatotropic organization and neuronal responsiveness.  An enriched environment had neuroprotective effects.  The combination of drug therapy and environmental enrichment provided the most benefit.  The authors conclude that this combination therapy would provide the most benefits to persons recovering from a cortical ischemic event.

Methods:

Enriched environments consisted of 10 rats per cage (76 cm wide x 76 cm deep x 40 cm high), mobile and immobile objects of various shapes and textures changed daily.  Rats living in impoverished environments were housed singly without objects.  Researchers created the cortical lesion by exposing the cortex and applying an electrode to the center of the forepaw representational zone.  The temperature was raised to 70 C and kept in place for 1 minute.  A high resolution camera captures images of the cortical map, and neurons were recorded with microelectrodes.  The paw was stimulated with a probe and neuron responses were recorded, creating the map.

Discussion:

 Piracetam treatment given 1 hour after lesion induction limited the expansion of the thermal injury.  Treated animals also had better somatotropic organization and neuronal responsiveness.  Rats is enriched environments had substantial preservation of the representational zones of the cortex.  Researchers hypothesize that this is because exploratory behavior results in increased acylcholine liberation, thus strengthening neuronal connections.  The best recoveries from the thermal injury were in rats receiving both treatments.

QUESTIONS:

1. T or F.  The area of ischemic injury will spread after the initial event for up to 12 hours due to a cascade of biochemical events.

2. Both environmental enrichment and piracetam can improve recovery by increasing _____________ in the cortex

ANSWERS:

1. T

2. Microvasculature
Model of Recovery of Locomotor Ability after Sensorimotor Cortex Injury in Rats  pp. 125-129

Introduction: Because motor impairments are a major determinant of dependence in activities of daily living following stroke, many poststroke rating scales are heavily weighted to measure ambulatory ability.  Many stroke patients recover at least some motor functions but one of the goals of poststroke physiotherapy and other interventions is maximal enhancement of functional motor ability.  Viable animal models of locomotor recovery after brain injury are critical if we are to understand the basic neurobiological processes underlying stroke recovery in human patients and if we are to test novel therapies to improve poststroke outcome.  A variety of tests can be used to assess postbrain injury sensorimotor functions in rodent models.  The use of a battery of these types of tests can provide a comprehensive assessment of lesion-related deficits.  Measurements of the ability of rats to traverse a narrow elevated beam have proven to be a particularly useful test of locomotor function.  Repeated measurement of this behavior over time provides a simple method for quantifying the rate and degree of a rat’s locomotor recovery after sensorimotor cortex injury and constitutes a tool for studying its mechanisms and possible treatment strategies.

 

Methods to Perform Locomotor Function Test: Rats of either gender as young as 51 days may be used in this evaluation.  Housing conditions should be consistent within an experiment unless this condition represents a variable under study.  Behavioral testing should be carried out in a soundproof room with subdued lighting and with minimal ambient noise.  Temperature and humidity should be comparable to the housing facility.  The walkway is constructed by elevating the surface of a 2.5 x 122 cm wooden beam 75 cm above the floor with supports.  The goal box (20 x 25 x 24 cm) with a 9.5 cm opening is located at one end of the beam.  A switch-activated source of bright light and white noise are located at the start-end of the beam and serve as activating/avoidance stimuli.  Once rats are trained, the activating/avoidance stimuli are generally not required.  Behavioral training should be carried out at the same time each day, with 1-2 hours being allowing for rat acclimation to the testing room prior to each day’s training trials.  Rats are readily trained to perform the task of traversing the walkway within a given period of time.  Generally <1% of rats do not achieve training criteria within the first 2 days of training.  The type of cortex injury may be varied depending on the purpose of the experiment.  The hindlimb sensorimotor representation in rats is localized to the mesial region of the parietal cortex.  Experimentally, the hindlimb sensorimotor cortex has been most commonly injured by trauma or suction ablation-type methods.  By using the suction ablation lesion model, both lesion size and the initial motor deficit can be controlled and those processes related to recovery relatively can be isolated.  An observer blinded to treatment groups should perform all behavioral assessments using a standardized rating scale.  Ratings of locomotor performance using this scale are quite reliable and focus on the rat’s use of the hindpaw contralateral to the cortex injury.

 

Discussion: Sample sizes of 10 to 20 rats in each experimental group are generally adequate for statistical analysis.  Food and water deprivation is not required as an activating stimulus for the behavioral task and may introduce an unnecessary experimental variable.  Several variables such as experience and size/age may influence motor performance.  The size/age effect, which can confound longitudinal studies extending over months, makes direct comparisons of the locomotor abilities of rats of differing ages problematic.  Both non-task-specific environmental factors and task-specific postlesion practice can influence locomotor recovery in this paradigm.  Therefore, close attention to housing conditions (enriched housing, different housing conditions pre- and post-injury, etc.) is essential to avoid spurious conclusions.  Because locomotor recovery as measured by this task is highly dependent on pre- and postinjury experiences, training and testing conditions can also have important effects on beam-walking behavior.  It is therefore critical to standardize training and testing conditions across groups.  Because behavioral performance can be affected by all of the factors mentioned, it is critical to make direct, quantitative comparisons only within individual experiments and always to include appropriate controls.  Only qualitative comparisons between experiments are appropriate.
QUESTIONS:

1.  Name a commonly used poststroke rating scale that is heavily weighted to measure ambulatory ability in human patients.
2.  Name some tests that can be used to assess postbrain injury sensorimotor functions in rodents.  
3.  Which test is particularly useful in assessing locomotor function in rats?
4.  Generally what % of rats fail to achieve training criteria within the first 2 days of training?
A.  <0.5%
B.  <1%
C.  <5%
D.  <10%
5.  Name 4 advantages of the suction ablation lesion model in rats for investigations focused on postbrain injury recovery.
6.  Ratings of locomotor performance focus on the rat’s use of which paw?
A.  Front paw ipsilateral to or same side as the cortex injury
B.  Front paw contralateral to or the opposite side as the cortex injury
C.  Hindpaw ipsilateral to or same side as the cortex injury
D.  Hindpaw contralateral to or the opposite side as the cortex injury
ANSWERS:

1.  Rankin Index

2.  Some tests that can be used to assess postbrain injury sensorimotor functions in rodents include paw print analysis, rotor rod performance, incline plane, grid navigation, analysis of limb use asymmetries, and an elevated peg task

3.  Measurement of the ability of a rodent to traverse a narrow elevated beam is a particularly useful test of locomotor function in rats.

4.  B. <1% of rats do not achieve training criteria within the first 2 days of training.

5.  1) permits highly reproducible lesions of the hindlimb sensorimotor cortex; 2) pathological sequellae such as inflammation and gliosis are limited; 3) lesion size and the accompanying behavioral deficits are maximal at onset; and 4) secondary processes associated with other types of injuries (ischemia, concussive trauma, electrolytic lesions) are minimized.  

6.  D.  Hindpaw contralateral to or the opposite side as the cortex injury

Experimental Focal Ischemic Injury:  Behavior-Brain Interactions and Issues of Animal Handling and Housing  pp. 130-143

Focal Ischemic Brain Injury is a complex medical problem and efforts to recreate this injury in lab animals in order to test modalities of treatments is also complex. The authors suggest that for this work to yield more reliable data that the animals used in the tests need to have motor enrichment, as well as handling by humans to make them tame. They suggest that the housing environment should be more complex for rodents offering varieties of odors,things  to gnaw on, food and motor experience. This is most important for studies which are assessing the recovery of brain function after a focal ischemic event. 

The 5 major categories of experimental approaches are: 

1. Acute neuroprotection 
2. Pre ischemia procedures 
3. Neuroplasticity and repair 
4. Avoiding delayed secondary degeneration 
5. Promoting late residual opportunities for deficit compensation 
  

Acute neuroprotection- This is one of the most common goals of stroke research to reduce acute tissue damage.To date no treatment has successfully reduced infarct size in human stroke trials. It appears that the animals studies are too different than the natural stoke in a human. The authors suggest that there needs to be changes in the way animal stroke models are developed so that these models could be useful to predict new therapies for study in human clinical trials. Cell death after an ischemia event can be through various routes thus requiring multiple treatments at different times after the injury. Drugs that are neuroprotective during the first 48 hours after ischemia can actually be very bad if given later than 2 days after the event. examples of these are Benzodiazepines. Researchers are looking at treatments which may be less specific but helpful without having the effect of later causing a later negative effect. Treating edema seems to be an important  role in functional improvement 
after hemmorrhagic stoke even though histology doesn't show an improvements. 

Preoperative effect- studies trying to understand ischemic tolerance. Transient exposure to nondamaging conditions of vascular hypoperfusion a few days before an ischemic event can have a remarkable protective effect! Other factors that can affect the outcome are diet, genetics, motor experience and environment. These factors may modulate the bodies response to the ischemia event. Rats living in an enriched environment before brain injury had a 50% increase in the _expression trophic factor fibroblast growth factor2. Patterned intermittent food restriction of animals to 80% of their normal weight 2 weeks before brain injury has a sensorimotor functional enhancement and neural protective qualities. 

Early post acute neuroplasticity There are many neural events that occur the first several weeks post injury which can have an effect on  long term outcome. These are behavioral as well as molecular and structural factors that are produced by the body.Complex environment housing or acrobatic/ skilled motor training can influence neural events. In squirrel monkeys there was loss of "hand control territory" after focal ischemic injury which extended into health brian tissue. When these animals were given retraining of hand and wrist food retrieving skill 5 days after injury the tissue loss was not extended. 

After brain injury many neurotrophic factors are upregulated in astrocytes. One of the most studied factors is FGF-2. Trophic factors when combined with physical therapy and environmental enhancement may promote learning of motor skills to make up for losses due to the ischemic event. 

Avoiding delayed secondary degeneration Even weeks and months after the ischemic brain event degeneration of brain tissue near and far from the ischemic site can occur. A large part of research is aimed at finding treatments to use early in the disease process that may limit the secondary degeneration Studies using forced overuse of a forelimb after focal sensorimotor cortex injury show that lesions can double in size by day 60 after injury. In MCAO models in which the infarct is restricted to the neocortx forced overuse of the affected forelimb increases the size of the infarct. 

Delayed Motor Therapy There seems to be a difference in this area between humans and animals In human residual impairment of an affected limb is amenable to motor therapy because it is associated with "learned non-use". There are some animal models where this may also be seen but to a lesser extent. 

The recap of the article is that the study of stroke in humans is extremely complex. Rodents make good animal models provided that they receive appropriate housing and behavioral experience and investigators use appropriate outcome measures. 

I could not come up with good questions for this article. 

Importance of Behavioral Manipulations and Measures in Rat Models of Brain Damage and Brain Repair  pp. 144-152


Brain damage resulting from traumatic head injuries and strokes is a leading cause of death and long-term disability in humans.  In research aimed at improving stroke outcome, two major approaches are used for reducing the functional impairments incurred by stroke.  The first approach is to try to reduce the damage resulting from the initial and secondary cascades of cell death after the stroke onset.  The second major research approach is to promote reorganization of remaining brain tissue and neural circuitry so the lost function becomes side-stepped by the reorganized brain.  


As a result of behavioral experiences and learning the brain undergoes continuous modification of its neural connection throughout the lifespan of an animal.  Understanding experience-dependent neural plasticity is important for brain damage research in part because individuals that survive brain damage may undergo some of the most significant behavioral changes of their adult life.  It is also important to understand how changes in behavior can be used to drive functional restructuring after brain damage.  The behavioral changes that contribute to brain reorganization after brain damage can be loosely grouped into two categories: (1) changes an animal develops in an effort to compensate for lesion-induced impairments and (2) changes induced using rehabilitative training.  


In rats following a unilateral lesion to the sensorimotor cortex, there is development of a compensatory reliance on the impaired forelimb for the postural support behaviors used to explore vertical and horizontal surfaces.  These postural support behaviors have been chosen for quantification Because they are extremely common behaviors expressed by the rats whenever they are active.  


A positive side effect of some lesion-induced degenerative events may Be that they promote the development of behavioral changes, including those that can be used to circumvent lesion-induced impairments.  Central to neural plasticity research is the need to detect behavior and brain changes sensitively and to perform behavioral manipulations and measures that are not confounded by stress and emotional responses of the rats.  Sensitive behavioral measures and manipulations require care, housing, and handling procedures that minimize stress and emotional responses of the animals and that preferably also promote the development and maintenance of relatively normal brains. In the author's laboratory, tame rats are produced through extensive handling of young rats, pair housing, food treats, manipulanda, exposure to the investigators, and auditory simulation. 


Biocontainment and biosaftey practices need to be carefully evaluated in neural plasticity research, since these practices have the potential to limit the richness of sensory experience and the development of close comfortable interactions between rodents and experimenters.  They can ultimately interfere with the progress of research in neural plasticity and brain damage and result in delays for those awaiting more effective treatments for stroke and traumatic brain injury.   

Questions:

1.
Following unilateral lesions to the sensorimotor cortex there is a/an  _____________ in the use of the ipsilateral (nonimpaired) forlimb.


a.
Increase


b.
Decrease


c.
No change

2.
Unilateral lesions of the sensorimotor cortex result in a sequence of glial and neuronal changes including:


a.
Increases in the astrocyte expression of FGF-2


b.
Increases in dendritic processes 


c.
Increases in axonal processes


d.
Increases in synaptic connections


e.
All of the above

Answers: (1) A, (2) E

Assessment of Cognitive and Motor Deficits in a Marmoset Model of 

Stroke pp. 153-160

       Promising new neuroprotective drugs administered following strokes in clinical trials have not produced the results that were hoped for.  This may be the result of inappropriate doses, the wrong ength of therapeutic time window following the stroke, and /or patient selection.  These drugs might have been better evaluated with animal models that allowed for long term behavioral testing following stroke and that was closer phylogenetically to humans than rats.  Baboons and macaques have been used historically but the common marmoset (Callithrix jacchus) was selected because its smaller size (300-500g at 18 months) allows for better postoperative care, it is easily bred in captivity, and individuals can be trained on behavioral tasks without the need for restrictive diets.

Surgery

        The animals are anesthetized with Saffan (alphaxalone [9mg/ml]/alphadolone acetate [3mg/ml], 0.15ml/100g BW; Galaxo Vet Ltd, Uxbridge, UK) IM which produces reasonable anesthesia for 1-1.5 hours. (NOTE 1: Ketamine is not used because it interacts at the N methyl D-aspartate receptor.  NOTE 2: Alphaxolone potentiates GABA which is the mechanism by which clomethiazole is believed to be neuroprotective in animal models of stroke, however alphaxolone hs not shown any neuroprotective action against global cerebral ischemia.)

        After anesthesia, the animal's head is secured in a stereotaxic frame.  A skin incision is made between the ears over the top of the head and a bone flap is opened with dental drills over the right sagital sinus.  A stellar incision is made in the meninges of the the right frontal lobe to expose the middle cerebral artery (MCA) as it exits the top of the lateral sulcus.  The MCA can be visualized at the junction of the frontal and temporal lobes as it crosses the olfactory tract by lifting the frontal lobe and observing it with an operating microscope. he right M1 segment of the MCA is permanently occluded and bisected 2 mm medial to the olfactory tract which disrupts blood flow to the MCA territory which includes the subcortical structure, the caudate, and the putamen.

        At conclusion of vessel disruption, the meninges are sutured, the opposing temporalis muscles are secured together, and the skin is closed.  Animals recover in incubators for 3-5 days until they are capable of self-care.

Drug Treatment

        Experimental neuroprotective drugs or saline are administered to the animals 5 minutes after permanent middle cerebral artery occlusion (pMCAO) (1ml, 22g IV catheter) along with the subcutaneous implantation of primed osmotic minipumps which are then replaced after 24 hours and removed at 48 hours.

Postoperative Care

        The animals receive 5ml of sterile saline IP while still anesthetized.  Flunixin meglumine is given SC SID for the first 2 days following surgery.

        Withing the first 48 hours, the marmosets exhibit left arm hemiparesis, abnormal grasp reflex, left-sided neglect, and rotation. Because of these deficits, they must be handfed and given regular oral fluids.  This includes Lectade, an oral rehydration therapy, mixed with banana milk shake mix; a baby porridge mix; or thin slices of banana.  The monkeys remain in incubators until they can care for themselves (3-5 days).

        When the monkeys are returned to their cages, the cages are lined with soft material because initially they may have difficulty climbing and jumping.  With time, the monkeys accomodate to their contralesional incapacity but may exhibit postural abnormalities with occasional slips with their contralesional hands and feet on the cage perches and poles.

Behavioral Tasks


Before surgery, marmosets are habituated with a test apparatus in their home cages and rewarded with marshmallow pieces.  After this, they can be introduced to the test apparatus with a central perch and trained to do certain tasks with plentiful rewards.  During training periods, no time limit is imposed.  The pre-surgery training period takes 3-4 weeks.  The marmosets are retested 3 and 10 weeks after surgery.

A.  Hill and Valley Staircase Tasks


In the Hill test, the marmoset must reach through 1 of 2 vertical laterally positioned slots in a plexiglass front to acquire marshmallow pieces from steps on a staircase that rises to the center of the test apparatus.  In the Valley test, there is one vertical slot from which the marmoset can reach through to take marshmallow pieces from 2 staircases that rise toward the outward sides of the apparatus.  The animals are scored by the number marshmallow pieces they can obtain (5 pieces on each side) from each test in 3 minutes.


The marmosets were divied into 2 groups.  One group received NXY-059, a free radical trapping agent, and the second group received saline.  All were evaluated 3 weeks after surgery.  The group that was treated with saline demonstrated 2 deficits: 1. Inability to retrieve marshmallow pieces from either hemispace with their contralesional left arm and 2. Inability to retrieve marshmallow pieces in contralesional space with their nonaffected ipsilesional right arm due to perceptual problems in one side of space (spatial neglect).  It is believed that these deficits are the result of a disruption in higher order cognitive processing rather than a visual disturbance.  Marmosets that were treated with NXY-059 had reduced motor impairment with the contralesional left arm and the degree of spatial impairment.

B.  Six-tube Search Task


Six black plastic tubes are attached to a plexiglass bar and a piece of marshmallow is placed into only 1 tube.  The monkey is timed and scored according to the length of time it takes to find the marsh-mallow or 30 seconds has passed.  This sequence is presented to each animal 30 times so that each of the six tubes is baited 5 times randomly.  This task tests spatial neglect.


Saline treated animals found the reward if it was hidden in the 3 ipsilateral tubes but had difficulty finding marshmallow pieces the farther lateral they were in contralesional space.  An experimental drug, AR-R15896AR (an n-methyl D-aspartate antagonist), improved the deficit.

C.  Two-tube Choice Test


This is a test of extinction or disengagement deficit which is a tendency for attention to items in ipsilateral hemispace to overshadow attention to items in contralesional hemispace.  It uses 2 black plastic tubes side by side and only one is baited.  They are presented randomly in front and to both the right and left sides of the monkey for a total of 30 trys.  Clomethiazole treated monkeys performed significantly better than the saline treated group.

Rotation


Rotation (a bias to rotate in 1 direction) was observed inmarmosets to the ipsilesional side 3 and 10 weeks after surgery.  Monkeys treated with NXY-059 rotated on 68+/-12% while saline-treated animals rotated 95+/-5%.

Histology


The brains were removed and sectioned pieces of brain containing the induced infarct were collected.  They were stained with solochrome cyanine and cresyl violet.  At 12 weeks after surgery, the infarcts are large with tissue loss to the lateral, frontal, motor, parietal, and temporal cortex.  The damate extends subcortically to the underlying white matter withloss of both the caudate and putamen.


This model has been used predominently to evaluate the efficacy of neuroprotective drugs in a primate species to ensure positive effects before proceeding to Phase III clinical trials.
Questions:
1.  What is the fluid volume needed by marmosets per day following

surgery?

2.  What are typical problems of human stroke victims suffering

spatial neglect?

3.  Is spatial neglect a permanent feature following stroke?

Answers:
1.  20 ml/day

2.  Bumping into objects with the contralesional side, failure to

to shave or dress the contralesional side of the body, and omitting

details from the contralesional side when copying drawings

3.  No, it recovers over time.  Little evidence was seen in the

marmosets 10 weeks after surgery.
A squirrel monkey model of poststroke motor recovery.  p. 161-174


In humans where a stroke affects the motor cortex, motor deficits (such as paralysis, weakness, abnormal muscle tone, posture, movement synergies or interjoint coordination) in the upper extremity contralateral to the injury are common. It is possible that the injured cortex may partially recover through neural remodeling. This article details the squirrel monkey animal model of motor cortex stroke, in particular focusing primarily on deficits in motor activity of the impaired hand and secondarily on possible physical therapy modalities that may augment post-stroke neuronal plasticity/recovery.


There are limitations to the rodent models of stroke, which have resulted in nonhuman primates (NHP) expansive use in this field. Specifically, NHPs have a more highly differentiated motor cortex and larger brain size overall than rodents. NHPs are also closer phylogenetically to humans, and their stroke recovery rates more closely parallel that of humans when compared to rodents.  The squirrel monkey (Saimiri spp) was chosen by this lab because the motor hand area is contained within a flat, unfissured section of frontal cortex which is easily accessible surgically. The functional area of the primary motor cortex (also known as M1), which mediates skilled voluntary movements, especially of the distal musculature, can be mapped out in each individual animal using electrical stimulation via microelectrodes.  Lesions of M1 result in weakness or paralysis in the contralateral musculature and disruption of skilled limb use.  In humans, gradual recovery of some motor abilities is commonly observed, though full use of the digits is usually not.

To map out the area of the monkey’s cortex responsible for voluntary hand movements, a procedure known as intracortical microstimulation (ICMS),which utilizes glass electrodes with a diameter of 15-20 micrometers at the tip, is performed. The animal is initially placed under gas anesthesia and a craniotomy over the lateral portion of the frontal cortex contralateral to the monkey’s preferred hand is made. Once the frontal cortex is exposed, the gaseous anesthesia is replaced with intravenous bolus injections of ketamine. Bolus injections are preferred to a constant rate infusion (CRI), as the CRI tends to place the monkeys too “deep”. Small doses of either diazepam or acepromazine may be supplemented to decrease muscle tone Slowly, over the next 15-20 hours, the entire hand area (digit, wrist, and forearm) is electrically mapped out and its location recorded.  When an electrical stimulation is able to evoke movement of the hand area of interest, the area is considered to be a topographical landmark/boundary. This procedure is done for each animal, as there is inter-animal variation in the topography of the hand area. After the topography is complete, the craniotomy site is closed by cementing the bone flap back into place.


The technique which is used to mimic human stroke is vascular electrocoagulation. In this technique a bipolar electrocoagulator is applied to venous drainage and small end arteries supplying the targeted tissue (motor cortex of the preferred hand area). Both “small” and “large” lesions within the physiologically identified hand area of M1 are made. Small lesions destroy approximately 35% of the hand area; large lesions destroy more than 90% of the M1 hand area. The large lesions produce more severe and long lasting deficits. However, the response of individual monkeys to the infarct is variable, even when the location and size of the lesion is constant. This procedure is akin to that seen in naturally occurring embolic stroke in humans. Because some of the monkeys have exhibited post-procedural motor deficits not related to the vascular occlusion of the hand motor cortex area, dexamethasone is administered before and after the ischemic procedure to ameliorate any surgical related cerebral edema. This model of ischemic infarct is more limited to that seen in naturally occurring human strokes, in that humans generally have deficits in the entire arm. In contrast, the squirrel monkey model only exhibits deficits in the distal forelimb or hand. Similar to humans, the squirrel monkey does show limited voluntary motor recovery in the weeks to months following the surgical infarct.


During both the motor cortex mapping and surgical ischemic procedure, vital signs and hematologic values are monitored. With regards to vital signs, the only statistically significant change is a decrease is body temperature. Because squirrel monkeys are prone to hypoglycemia, a continuous rate infusion of 3% dextrose  in LRS is administered. The authors do have some concerns with using ketamine (a NMDA antagonist) in neuroplasticity studies, especially during the ischemic surgeries, as NMDA receptors have been implicated in synaptic mechanisms of neuroplasticity. Thus the use of an antagonist may have a confounding effect. Also NMDA antagonists, especially MK-801, have been found to be neuroprotective during ischemic stroke in rat models. However as ketamine is a weak NMDA antagonist, the authors believe that its neuroprotective benefits are minimal in their focal ischemic model. Other anesthetic options the authors have explored include propofol and telazol. Propofol, like ketamine, provides immobilization without the abolition of stiluation evoked movements in the periphery. The induction and recovery rates were comparable to ketamine, though the cost was more. The authors consider propofol to be an excellent, viable alternative to ketamine. Telazol produced neurophysiological results similar to that of ketamine, but a much longer recovery time convinced the authors to discontinue its use.


In order to evaluate the pathophysiology of the infarct and the effects of subsequent physiotherapy on recovery outcomes, standardized behaviors evaluating manual skill are conducted. These are evaluated both before and after the cortical infarct. The primary task to evaluate manual skill is the “Kluver board”.  Reasons that the Kluver board task are used are:

1. the task is quickly learned

2. task difficulty can be varied

3. squirrel monkeys perform it in a highly stereotypified way with practice

4. the motor performance measures can be easily quantified

5. the kinematics of the movements used in the task are highly correlated with specific changes in functional motor map topography during motor learning

6. the time course of deficits and recovery of manual skill on this task have been described in detail and are reproducible

In this task, an automated apparatus with five food wells of varying size (the smaller wells are more difficult to access) dispenses flavored pellets. The monkey retrieves the pellet through access doors which are positioned so that only the desired hand can gain access to the well. The automated apparatus records the opening of the door, the target well size, the hand used to retrieve the pellet, successful retrievals, time to initiate trials, number of total reaches, and time that fingers are in the well. Initially, a probe trial is conducted to determine hand preference. Once that is known, a custom made jacket which prevents the use of a particular hand, usually the nonpreferred hand, can be applied so that the hand of interest (and thus the area of motor cortex of interest) can be evaluated. 


Preinfarct training on the apparatus continues until the animal is able to retrieve 600 pellets from the smallest well on two consecutive days. The course of recovery postinfarct is dependent upon the size of the infarct and time since infarct.

	Infarct Size
	Recovery:Acute 0-1 week
	Acute 1-2 weeks
	Subacute 2 weeks to 1 month
	Subacute 1-3 months
	Chronic 3 months to 2 years

	Small
	Flaccid paralysis of the hand for first few days but movement about the shoulder and elbow is normal. Hand preference changes to the less-impaired hand. Use of the impaired hand usually does not occur until 4-5 days post infarct. Both sensory and motor deficits noted.
	Sensory deficits subside and motor skills improve
	Motor skill improves and returns to baseline by one month. Monkeys develop compensatory kinematics for pellet retrieval
	Motor skills relatively stable
	Motor skills remain at baseline (pre-infarct) level

	Large
	Flaccid paralysis of the hand lasts for several days,  elbow deficits seen, though shoulder continues to be normal. Monkey uses less impaired hand almost exclusively
	May begin to use impaired hand, but only when non-impaired hand is not available. Some elbow use recurs. 
	Motor deficits improve but postural deficits still present
	Postural deficits begin to improve but motor skill deficits are still mild to moderate
	Animal prefers to use their less impaired hand with no resolution of chronic motor impairment



In human stroke patients, it is known that if the affected limb is not given physical therapy, there is a subsequent decrease in the excitability of the motor cortex and the cortical representation of the affected muscles is decreased. In contrast, in human patients which receive physical therapy of the affected limb, motor representations in the injured hemisphere are enlarged relative to the initial preinjury representation. This same phenomenon of alterations in M1 (neuroplasticity) as the result of forced activity are reflected in the squirrel monkey model. The authors propose that through post stroke physical therapy, the injured portion of the cortex may undergo remodeling such that a return to partial motor function is possible.

Questions:

1.What is the name of the technique (described in this article) for mapping areas of the cerebral cortex?

2. What is the mechanism of action of ketamine?

3. What is the primary hematologic concern with long term anesthesia of squirrel monkeys?

4. What is the eponym for the primary motor cortex?

5. What type of stroke does vascular electrocoagulation mimic?

6. In “small” infarcts, when does a near-full return to motor function (return to baseline) occur by?

7. What is the name of the manual skill test most frequently used in a laboratory setting?

Answers:

1. Intracortical microstimulation (ICMS)

2. It is a NMDA (N-methyl-D-aspartate) antagonist

3. Hypoglycemia

4. M1

5. Vascular infarct

6. One month

7. Kluver board
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