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Summary

Peripheral neuropathy (PN) is a pervasive and complex condition affecting 10% of persons aged 40 years or older and is a leading cause of decreased workplace productivity and high use of healthcare resources. It encompasses a variety of etiologies and manifestations. The majority are acquired consequences of other conditions or processes, such as diabetes, hypothyroidism, renal failure, HIV, Guillain-Barre syndrome, anticancer therapy, alcohol, surgical interventions, etc. The clinical symptoms depend on the predilection of causative conditions to target particular peripheral nerve fiber types and the type of stimulus that activates each nociceptor. One of the challenges in establishing reliable animal models of PN is the fact that human peripheral nervous system perturbations lead to sensations that are episodic, paroxysmal or constant, as well as evoked or spontaneous sensations, all of which make preclinical modelling problematic. The cognitive aspects of human neuropathic pain allow for individual concepts of pain that make the distinction with nociception easier. Although peripheral nervous system damage can be quantified in animal models and by clinical neurological testing, more injury does not always equate with more pain or sensory symptoms. In addition, the complex psychosocial influences surrounding patients with PN (e.g., previous pain experience, social support, level of disability, employment status, etc) cannot easily be replicated in animal models. An added difficulty is the fact that higher cortical encoding of transmitted peripheral nociceptive information is hard to discern in animal models. They are not as adept at recapitulation of human sensory conditions because animals do not have specific means to relay the quality of pain. Certainly, there has been a lack of translational efficacy so far in terms of developing approved agents for treating PN based on animal studies.

 

Improving animal models of PN will need to take better account of observable activities and behaviours in rodents such as abnormal posture, changes in grooming, paw licking, aggressive behaviour, and facial expressions which may reflect abnormal unevoked sensations and may be usefully relevant to human PN. In addition, functional compromise such as alterations in sleep cycles, social function and cognition in response to neuropathy, should also be considered in future models. New assessment methodologies and models that are validated to correlate with human spontaneous sensations will be breakthroughs in modelling human neuropathic pain (NeP). The predictive ability of animal models will be enhanced by further collaborations among basic, translational, clinical and behavioural scientists that focus on PN symptom perception by the model in question. 

 

Questions

 

1. What is the most common identified cause of PN?

a. Renal failure

b. Diabetes mellitus

c. Alcohol abuse

d. Limb amputations

 

2. What proportion of PN cases in humans are classified as idiopathic?

a. About one quarter

b. About half

c. About two thirds

d. About one third

 

3. Which family of drugs were shown to have high analgesic activity in animal models and yet were ineffective in human studies?

a. Glutamate receptor antagonists

b. Bradykinin receptor antagonists

c. Neurokinin 1 receptor antagonists

d. Beta-endorphin receptor agonists

 

Answers

1. b. Diabetes mellitus

2. d. About one third

3. c. Neurokinin-1 receptor antagonists
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Abbreviations: DPN - diabetic peripheral neuropathy; T1DM - type 1 diabetes mellitus; T2DM - type 2 diabetes mellitus; NCV - nerve conduction velocity; MLD - Multiple low dose; SHD - short high dose; STZ - streptozotocin; IGT - impaired glucose tolerance; IENFD's - Intraepidermal nerve fiber densities

 
Summary:

Diabetic peripheral neuropathy (DPN) is the most common complication of diabetes, is associated with significant morbidity and mortality, characterised by progressive, distal to proximal regeneration of peripheral nerves that leads to pain, weakness and eventual loss of sensation. Mechanisms underlying DPN are uncertain and tight glycemic control in type 1 patient is the only effective control/treatment. Mouse models of both type 1 diabetes (T1DM) and type 2 diabetes (T2DM) are critical for understanding both DPN pathophysiology and development of novel treatment strategies.  The development, characterization and comprehensive neurologic phenotyping of clinically relevant mouse models for T1DM and T2DM will provide valuable resources for future studies examining DPN.

Approximately 95% of diabetes is T2DM or Non-insulin dependent DM, which results from an insensitivity to insulin or insulin resistance. The remaining 5% is T1TM, or insulin dependent DM, which is attributed to a loss of insulin production and signaling. DM has reached epidemic proportions worldwide and the number of cases is increasing in every country. Approximately 60% of all diabetic patients develop DPN, the most common microvascular complication. Several established diabetic mouse models exhibit neurological impairments associated with DPN. 

DPN Overview:

DPN is characterized by length-dependent loss of sensation that adopts“stocking glove” patterns, where the longest axons to the feet are affected first, followed by the hands. Loss of sensation progresses in a distal-to-proximal fashion. Clinical manifestations, including numbness, tingling, pain or weakness, differ depending on which nerve fibers are involved. Large diameter myelinated fibers are associated with cutaneous mechanoreceptors, large diameter thinly myelinated and unmyelinated small diameter transducer temperature and pain. Neuropathy involving the smaller nerve fibers appears first and is characterized by hyperalgesia and allodynia (an increased sensitivity to painful or non-painful stimuli, respectively). Progression then involves dysfunction and degeneration of larger myelinated fibers, resulting in a loss of ankle reflexes, sensory ataxia and decreased proprioception. Patients ultimately develop hypoalgesia and completely lose sensation. DPN is a major cause of diabetes related morbidity: the initial pain hypersensitivity can be disabling and the ensuing insensitivity combined with poor wound healing can compound minor lesions on the feet. 

DPN Etiology:

Precise etiology remains unclear, the growing consensus is that DPN results from the impact of metabolic and physiologic imbalances within the nerve environment, affecting both the nerve directly the microvasculature via chronic hyperglycemia and the associated generation of advanced glycation impaired insulin signalling, mitochondrial reactive oxygen species production, endoplasmic reticulum stress (ER stress) and dyslipidemia have also been linked to DPN progression.  As DPN progresses, neuronal dysfunction closely coincides with the development of endoneurial  microiopathy, capillary basement membrane thickening, and endothelial hyperplasia. Vascular abnormalities promote diminished oxygen tension, and hypoxia resulting in neuronal ischemia. 

Confounding our understanding of DPN pathogenesis, T1DM and T2DM have been suggested to be inherently separate disorders and maintaining good glucose control has been shown to attenuate the development of DPN in T1DM populations but no similar effect is seen in T2DM.

GUIDELINES FOR ASSESSING DPN IN MICE

NIH has formed the Diabetic Complications Consortium (www.diacomp.org) whose primary goal is to identify and characterize novel animal models of diabetic complications, as well as to provide a central resource for  phenotyping  protocols, and to establish criteria to define and characterize different diabetic complications as a means to minimize inter-investigator variability and maximize the impact of new studies. 

DPN diagnosis involves testing of abnormal sensory symptoms , nerve conduction velocity (NCV) deficits and decreases in myelinated fiber and/or intraepidermal nerve fiber densities (IENFDs) DPN characterization in mice uses a set of routine phenotyping methods to assess behavioral responses, NCV’s, and anatomical features as recommended and recognized by DiaComp. Sensory function is assessed using allodynia, hyperalgesia and hypoalgesia through behavioral responses to thermal or mechanical stimuli. The tail flick and hind limb withdrawal methods are recommended by DiaComp for thermal sensitivity and VonFrey filaments to assess tactile responses of the hind paw. Thermal hypersensitivity and tactile allodynia are common early in DPN with decreased responses and hypoalgesia occurring later.

DiaComp recommends motor and sensory NCV’s to assess nerve function as these provide an assessment of nerve function. IENFD and / or myelinated fiber density assessments are performed to examine neurological morphology on an anatomical level. IENFD is a sensitive marker of small sensory fiber nerve loss. 

To further characterize DPN, the metabolic phenotype must also be determined. Body weights, fasting blood glucose, and impaired glucose tolerance (IGT) are measured longitudinally. Dyslipidemia is also associated with T2DM and hence lipid profiles are important to examine. Metabolic measurements include glycated hemoglobin, plasma insulin, lipid analysis of plasma cholesterol, triglycerides and ratios of cholesterol and triglycerides to lipoproteins. 

Overall the most useful mouse model of DPN should exhibit sensory deficits, electrophysiological measures of nerve impairment and anatomic evidence of nerve fiber loss that follow the typical course of DPN onset and progression in humans.

T1DM Mouse Models: 
 Streptozotocin (STZ)-Induced Diabetes in Mice:
Pancreatitc B cell ablation by STZ is the most common approach to induce T1DM. DiaComp recommends two paradigms: a single high dose method (SHD) or consecutive multiple low doses (MLD’s). Both approaches induce diabetes and development of a neuropathic phenotype. The SHD-STZ develops a robust and early neuropathy, typically observed 12 weeks following STZ administration. This model is however also associated with severe toxicity and high post injection mortality. The MLD-STZ approach is less toxic but exhibits moderate to no neuropathy. 

Spontaneous and Genetic Models of T1DM:

Spontaneous models include non obese diabetic (NOD) and B6Ins2Akita  mice. Nod mice develop diabetes as a consequence of a heritable polygenic immunodeficiency that closely resembles T1DM in humans with frank diabetes onset at around 12-14 weeks of age. Sex affects diabetes onset in NOD mice with females developing T1DM symptoms earlier and at higher frequency vs males. Little neuropathy characterization has been done in NOD mice.

B6Ins2Akita  develop spontaneous T1DM because of a point mutation in the Ins2 insulin gene that results in impaired insulin secretion and subsequent hyperglycemia. These mice retain their ability to respond to exogenous insulin, diabetes onset is at approximately 7 weeks of age and sensory NCV at approx. 16 weeks were observed in one study but no significant impairments in NCV were observed at 24 weeks in another. Data suggest that DPN progression may be more gradual in this model and that further neurological characterization is required. 

 

T2DM Mouse Models: 

T2DM is the result of a combination of factors including genetic background, the Western diet and sedentary lifestyle. Factors culminate in insulin resistance and often present as IGT and prediabetes before the onset of overt hyperglycemia. T2DM is a component of the metabolic syndrome which includes obesity, high cholesterol and triglyceride, and high blood pressure which all may also contribute to the development of DPN. Three types of T2DPN mouse models: 1) genetic, 2) spontaneous and 3) diet induced. The neuropathic phenotype has however only been characterized in a few strains and neuropathy phenotype does not always correlate to degree and duration of hyperglycemia.

Genetic Models of T2DM:

Monogenic mouse models with impaired leptin signalling typically develop significant nerve deficits. Leptin is a hormone secreted postprandially from adipocytes and controls appetite by hypothalamic signalling. Mutations in leptin (ob/ob) or its receptor (db/db) mice result in compromised leptin signalling and a diabetic metabolic profile via hyperphagia, obesity, hyperglycemia and hyperinsulinemia. C57BKS db/db was one of the first mouse models of diabetic DPN and develop diabetes, hyperalgeisia, allodynia and progress to hypoalgesia, although some inconsistencies have been noted in these mice and background strain seems to influence the consistent expression of the DPN phenotype in the db/db strain. C57BL/6 ob/ob strain’s development of DPN is less well characterized but decreased NCV’s, thermal hypoalgesia, and tactile allodynia have been reported. 

Diet-Induced Obesity Models

Prediabetes is now recognized as a key contributory factor associated with the development of idiopathic neuropathy in non diabetic patients. Mice fed a high fat diet (HFD) that develop diet-induced obesity (DIO) are important in modeling the neurologic pathophysiology seen in prediabetes. HFD fed mice have a gradual onset of metabolic imbalances that more accurately mimic the human condition. When fed a HFD mice develop clinical signs associated with prediabetes after 6 weeks including increased weight gain, IGT, and normal levels of fasting glucose. Neuropathy has been demonstrated in these mice as evidenced by decreased NCV’s and impaired behavioral responses to mechanical and thermal stimuli. Sex-based differences, differences in the dietary fat composition (both % and type) as well as potential chow contaminants (phytoestrogens) are all variables that need to be standardized across studies.

 

Emerging Diabetes Mouse Models:

For T1DM, the “humanized mouse” model allows a novel approach to study the immunologic components of diabetes. Numerous mouse models of T2DM, including polygenic models that exhibit gradual onset diabetes. NON/ShiLtJ mice on a HFD are hyperglycemic and develop severe obesity and insulin resistance. NONcNZO/LtJ mice develop hyperglycemia in the absence of obesity and development of diabetes. TALLYHO mice are useful to study diabetes onset and progression because they develop hyperinsulinemia around 6 weeks of age and hyperglycemia by 12-14 weeks of age in the presence of only modest obesity. Neuropathy has however not yet been assessed in these models.

For T2DM modeling dyslipidemia in the diabetic mouse model is challenging because the lipid profile of mice is fundamentally different from humans. Models of GM mice to represent the human lipid profile exist however only mild neuropathy is seen in these. 

Insulin resistance and pancreatic B cell dysfunction seen in humans is also being modeled in mice by combining a HFD with MLD-STZ treatment, inducing insulin resistance and moderate levels of hyperglycemia respectively. 

Selecting an Appropriate Model:

Development of DPN is multifactorial and factors contributing to DPN severity include the duration of diabetes, diet, age, sex and ethnicity or genetic background. There is currently no single mouse model that accurately models human DPN for either T1/T2 DM. A model that most closely mimics the particular aspect of diabetes and DPN under investigation should hence be chosen. 

T1DM Considerations:

Mouse models that mimic multiple aspects of diabetes include: 1) pathogen-induced, 2) spontaneous, 3) autoimmune, 4) pharmacologic induced. Thus far the STZ-induced mouse model is the preferred model and the MLD-STZ is used the most extensively of these. 

T2DM Considerations: 

The model chosen should accurately represent the condition being investigated. Leptin-based models (ob/ob and db/db) are good models of frank diabetes because of the early onset and robust nature of neuropathy. Disadvantages of these models includes infertility, declining fasting blood glucose at approx. 4 weeks of age and do not maintain persistent hyperglycemia and models do not exhibit pre diabetes. 

Conclusions and Future Directions:

Additional characterization fo newer or more clinically relevant mouse models is warranted. For T1DM establishing a standard model that exhibits robust neuropathy in a consistent manner is necessary. For T2DM, leptin-based models exhibit DPN, but potential systemic consequences of disrupted leptin signalling must also be considered. HFD fed mouse models may provide a better representation of the human condition but there is extensive variability in the diet composition and regimens that complicates interstudy comparisons.  Standardization of approaches to establish reproducible DIO mouse models and the development and characterization of non-leptin based T2DM models is still needed. DPN in humans is multifactorial and hence newer polygenic mice models (TALLYHO and NON/NZO) may be ideal models for future DPN studies.

Overall there remains a critical need to explore and characterize novel mouse models that provide clinically relevant representations of human DPN and a complete characterization of diabetes, the neuropathic phenotype and the metabolic and physiologic profile are essential to understand the implicaitons of DPN study results. Comprehensive phenotyping and standardization of disease induction approaches is also important to gain insights into DPN pathogenesis and therapy design using animal models. 

Questions:

1) True / False: Diabetic peripheral neuropathy exists in both type 1 and type 2 diabetes ?

2) True/ False: The precise etiology of DPN has been thoroughly characterized

3) T2DM mouse models are classified as:

a) pharmacologic, diet-induced, spontaneous

b) genetic, spontaneous, diet-induced

c) genetic only

d) none of the above

4) Leptin is:

a) a hormone that is secreted by adipocytes and causes an increased appetite

b) a hormone that is secreted by the posterior pituitary and decreases appetite

c) a hormone that is secreted by adipocytes and causes a decreased appetite

d) a hormone that is secreted by the anterior pituitary and causes a decreased appetite

Answers:

1) True

2) False: precise etiology remains mainly unclear

3) b

4) c
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Rodent Models of Chemotherapy – Induced Peripheral Neuropathy
Hoke, A et. al

Domain 3 – Research
Primary Species – Mouse and Rat

Summary: Peripheral neuropathy is a dose limiting side effect of many chemotherapeutic drugs.  The published studies using rodents have a wide array of inconsistencies making it difficult to compare results.  The authors describe the types of outcome measures, drugs and rodents that have been used in studies of chemotherapy induced peripheral neuropathy (CPIN).  Behavioral testing is often used as an outcome measure of CPIN by assessing mechanical allodynia using the von Frey monofilament test, mechanical hyperalgesia using the paw pressure test, thermal hypoalgesia/hyperalgesia using the tail immersion test, radiant heat assay, cold plate assay, or tail flick test, and sensory-motor coordination using the rotarod test.  Electrophysiological testing can also be performed to test motor nerve conduction or sensory nerve conduction.  Lastly outcome measures can use histology by evaluating nerve morphology and nerve numbers, nerve morphometry, or intraepidermal nerve fiber density.  Of this extensive list of outcome measures, usually only a subset of these are performed in each study.  Behavior studies may show changes when myelinated fibers are affected, but not the early stages of CPIN when unmyelinated nerves are degenerating.  The authors also cautioned that nerve conduction studies can be affected by some anesthetics, do not often correlate with clinical signs of CPIN, and many studies do not control for temperature.  Additionally many histologic nerve analyses are performed using profile counts with or without blinded random sampling, but the best results would be obtained using true serial sections or stereologic methods.  Many of the axonal assessments do not account for effects on unmyelinated nerves.  Lastly, many studies perform these measures consistently at baseline, but there is a wide variety in how often and for how long they are performed after dosing with the chemotherapeutic drug.  Many chemotherapy drugs have been used to induce CPIN, but there is very little consistency with the drug used, the dose, the route of dosing, and the duration of dosing.  The authors recommend a move toward intravenous dosing instead of intraperitoneal dosing to more closely mimic what occurs in human patients receiving chemotherapy.  Finally, the animal selected for studies is inconsistent in species (rat vs. mouse), strain, sex, and age.  Strain and sex have been shown to affect behavior studies used for CPIN, and many studies do not report the age of animals used.  The authors recommend determining the best combination of outcomes measures to use along with a consensus on dosing regimen and choice of animal to decrease variability in studies.

Questions: 

1.     When assessing mechanical hyperalgesia in rodents using the paw pressure test, how is inflammation of the paw induced?

a.     Applying 50% dextrose under the skin

b.     Applying dry yeast under the skin

c.      Applying DMSO topically to the skin

d.     Submerging in water that is 48C or higher

2.     Which nerve is commonly used to test motor nerve conduction in rodent models of chemotherapy induced peripheral neuropathy?

a.     Femoral nerve

b.     Sciatic nerve

c.      Radial nerve

d.     Peroneal nerve

Answers:

1.     B – the paw pressure test applies increasing pressure to an inflamed paw that has previously had dry yeast applied under the skin to cause inflammation

2.   B – Sciatic nerve is most commonly used to test motor nerve conduction
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Animal Models of Autoimmune Neuropathy

Soliven, Betty

Domain 3

Primary Species – Various

Summary:

This article reviews common models of autoimmune neuropathy, focusing on the peripheral nervous system (PNS). The PNS in this article includes the cranial nerves, spinal nerves (along with their roots and rami), dorsal root ganglia neurons, the peripheral nerves, and the peripheral components of the autonomic nervous system. Most human autoimmune diseases occur spontaneously in genetically susceptible individuals, albeit with some exogenous triggers that are often unknown or not easily understood. Evidence supports the concept of molecular mimicry as a trigger in some forms of autoimmune neuropathy. Models in this review article are broadly divided into induced models and spontaneous models, including brief descriptions of the disease in humans, seminal studies, potential triggering mechanisms, and the most common associated animal model(s).

I. Induced models

Experimental Autoimmune Neuritis – EAN is a widely accepted model of Guillain-Barre syndrome and chronic inflammatory demyelinating polyradiculoneuropathy and can be induced in rats, mice, rabbits, and guinea pigs. EAN is induced by immunization with peripheral nerve homogenate or PNS myelin proteins. The primary cells involved with pathology are T cells, monocytes/macrophages, and B cells.

Acute Autoimmune Neuropathy Models Mediated by Antibodies against Glycolipids – Most work with this field has been performed in rabbits (ataxic sensory neuropathy and acute motor axonal neuropathy models), although more recently a mouse model has been developed for Miller Fisher syndrome.

Animal Models of Antibody-Mediated Chronic Dysimmune Neuropathies – This section focuses mainly on anti-myelin associated glycoprotein (MAG) neuropathy and multifocal motor neuropathy (MMN). Models of anti-MAG neuropathy include cats, rabbits, and chicks; currently there are no specific animal models of MMN available to the research community. Limited work on MMN has been performed in the rat.

Experimental Autoimmune Autonomic Ganglionopathy – Models for this disease are confined primarily to rabbits.

Paraneoplastic Sensory Neuronpathy – This condition often precedes detection of a malignancy and can include production of antibodies against a group of RNA-binding proteins collectively referred to as ‘Hu’ (anti-Hu paraneoplastic syndrome). The disease cannot, however, be reproduced in animals by immunization against Hu or by passive transfer of anti-Hu antibodies.

II. Spontaneous Autoimmune Polyneuropathy

Nonobese Diabetic Mouse Model – This model expresses an unusual H-2g7 MHC haplotype associated with increased susceptibility to type I diabetes, thyroiditis, sialadenitis, gastritis, and autoimmune neuropathy. The disease manifestations of this model vary depending on the cytokine and costimulatory milieu. NOD mice demonstrate that one autoimmune disease can shift to another upon administration of target-specific immunotherapy, a common problem in some human patients.

Other Models of Spontaneous Autoimmune Polyneuropathy – Other conditions described in this section include an inflammatory neuropathy in transgenic mice expressing the MHC class II IAb molecule that presents a single peptide Ea52-68, a FasL-dependent macrophage-mediated demyelinating polyneuropathy in transgenic C57Bl/6 mice, and coonhound paralysis, a condition in which black and tan coonhounds develop polyradiculoneuritis 7 to 14 days after being bitten by a raccoon.

Role of Immune System in Animal Models of Inherited Neuropathies – Inherited neuropathies in humans are caused by mutations in several genes including myelin components P0 and PMP22, and the gap junction protein connexin32. Work on these diseases has been performed primarily in mice with mutations of P0, PMP22, and connexin32.

Questions:

1. Which one of the following is NOT an example of an induced model of autoimmune neuropathy?

A. Experimental Autoimmune Neuritis

B. Acute Autoimmune Neuropathy Models Mediated by Antibodies against Glycolipids C. Nonobese Diabetic Mouse Model D. Paraneoplastic Sensory Neuronpathy

2. What is the most frequent form of Guillain-Barre syndrome in Western countries?

A. Acute Inflammatory Demyelinating Polyneuropathy B. Chronic Dysimmune Neuropathy C. Autoimmune Autonomic Ganglionopathy D. Paraneoplastic Sensory Neuropathy

3. Paraneoplastic Sensory Neuronpathy is often associated with increased levels of which antibody group?

A. Hu

B. Myelin Basic Protein

C. Gly

D. Ar

4. Which statement best describes the clinical signs associated with nonobese diabetic mice?

A. consistent and only associated with the pancreas B. consistent and affecting multiple organ systems C. variable but only associated with the pancreas D. variable and affecting multiple organ systems

Answers:

1.C, 2.A, 3.A, 4.D 
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This paper reviews and briefly describes recently developed models that can be used to study fundamental aspects of neuronal injury using the fruit fly Drosophila. 

Olfactory Receptor Neuron Axotomy Assay

The olfactory receptor neuron (ORN) model was the first system developed to study axotomy in Drosophila. Axotomy is induced by surgical removal of the third antennal segments or maxillary palps, which ablates ORN cell bodies and fully transects the antennal or maxillary nerves in the process. The remaining distal axon segments and synapses in the central nervous system undergo stereotyped degeneration over the course of 6 to 12 hours. ORNs in the olfactory system are highly amenable to genetic mosaic analysis which has the distinct advantage of allowing one to make genetic mosaic animals in which genes are knocked out in small clones of homozygous mutant ORN. A major advantage of the ORN model is that the injured flies can be aged to normal lifespans, meaning several weeks which is particularly useful when working with Wallerian degeneration mutants. Disadvantages are that to visualize distal axon segments, fly heads must be removed and fixed and the fly brain must be dissected from the head which can be time consuming. Another limitation is that the cell bodies and dentrites are removed so the effects of different manipulations on these cellular compartments cannot be evaluated. Initial characterization studies showed that both the neuronal and glial responses to axotomy in flies are comparable with their respective mammalian equivalents. 

Larval Nerve Crush

The larval nerve model was established to investigate injury responses in neuronal cell bodies residing in the larval ventral nerve cord, distal axonal and synaptic degeneration and axon regeneration in the surviving proximal axon stumps. Fluorescently labelled nerves can be easily visualized through the transparent larval body wall cuticle. To injure these nerves larvae are anesthetized with carbon dioxide and forceps are used to crush the nerves through the ventral nerve cord. The crush typically results in paralysis of segments distal to the injury but is usually nonlethal because the larvae are still able to crawl and feed. After injury axon degeneration can be observed for 2-3 days. Drosophila motor neurons which are severed during crush injury have a well defined neuromuscular junction for which loads of molecular markers exist and electrophysiologic output can be recorded from the larval body wall muscles. Advantage of using the larvae vs adult animals is that mutations in many genes are lethal during pupal or adult stages but are compatible with larval life and therefore can be studied in the larval nerve injury system. Segmental nerves can be visualized through the cuticle in an intact larva. Because larvae are easily dissected the brains and the nerves can be stained with antibodies and the cell bodies and dentrites within CNS ventral verve cord can be visualised. 

Chemotoxicity in Larva

Drosophila larvae have been used in a chemotoxicity model of neural injury. Larvae are placed on food that contains a drug such as cisplatin or taxol. Advantages of this model is the speed and simplicity, however limitations of this model are the fact that received drug dosages can only be estimated and because larvae only remain larvae for approximately 2-3 days before pupating only acute effects of drugs can be assayed. It was shown in this model that as in mammals, Drosophila larval sensory neurons are selectively sensitive to taxol whereas motor neurons are largely unaffected. 

Laser Axotomy in peripheral nerves or sensory neurons

Very fine processes or even single axonal or dendritic branches can be severed with ultraviolet-pulsed lasers, similar to mechanical transaction but with great precision and significantly reduced collateral damage. The ability to image neuronal axons and dendrites in Drosophila larvae coupled with the relative transparency of the larval cuticle allows for live imaging of neuronal processes as well as photomanipulations of the neurons. Live imaging with markers for key cellular compartments, organelles, single molecules or cellular indicators combined with photoactivation or fluorescence recovery after photobleaching experimentation opens the door to examining almost any aspect of cell biology during and after neurite injury. The primary advantage of this approach is the ability to look at acute changes in cell biology after neuronal injury; disadvantage is, as with all of the larval models, the limited timeframe of 2-3 days before the larvae will develop into pupal stages.

Axotomy or crush in the adult wing

The fruit fly wing provides an additional adult system to study neural injury. In the wing margin, hundreds of sensory neurons reside in the major anterior wing vein, all of which project axons toward the CNS into the thoracic ganglion. To injure the wing vein axons the wing can be easily cut with scissors, which removes the cell bodies of the neurons distal to the cut site, similar to antennal ablations. Because the wing is largely made from a waxy cuticle it is not possible to use antibody stains, therefore any labelling of the neurons or glia in the vein must be by expression of markers in the cells of interest. Major advantage to using the wing model are the ease and speed of the nonlethal injury and no dissection is required for visualisation of the neural component, which makes this model ideal for large-scale screens. 

Questions

1. How long does the larval stage in Drosophila last before they develop into pupa?

a. 1 day

b. 7 days

c. 2-4 days

d. 14 days

2. True or False: the larval body wall is transparent

3. Which of these models uses the adult fruit fly?

a. Laser axotomy in peripheral nerves or sensory neurons

b. Chemotoxicity

c. Olfactory receptor neuron axotomy assay

d. Axotomy or crush in the wing

4. True or False: the wing of drosophila has a waxy cuticle and therefore it is not possible to use antibody stains

Answers

1. C

2. True

3. C and D

4. True
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Unraveling the Pathogenesis of HIV Peripheral Neuropathy: Insights from a Simian Immunodeficiency Virus Macaque Model

Mangus LM, Dorsey JL, Ringkamp M, Ebenezer GJ, Hauer P, and Mankowski JL

Abbreviations: ART= antiretroviral theapy; HIV-PN= HIV-related peripheral neuropathy; ATN= antiviral toxic neuropathy; TG= trigeminal ganglia; DRG= dorsal root ganglia

Summary

     The most frequent neurologic complication experienced by HIV-infected patients is peripheral neuropathy (HIV-PN), however the pathogenesis is still poorly understood.  Clinical signs can include bilaterally symmetrical pain, numbness and hypersensitivity of the feet and lower lags, but in severe cases may involve the hands and legs above the knees.  Standard analgesic medication is often not effective and HIV-PN can be very detrimental to a patient’s quality of life.  Complicating matters is the fact that many anti-retroviral medications (ART) can also cause damage to the peripheral nervous system.  While ART has decreased the incidence of other HIV-related neurologic complications such as dementia, the use of “d-class” nucleoside reverse transcriptase inhibitors (dNRTIs) can lead to antiviral toxic neuropathy (ATN), which is clinically indistinguishable from HIV-PN.  Protease inhibitors have also been implicated as a risk factor for development of peripheral neuropathy, along with old age, impaired immune system function, metabolic abnormalities, and genetic predisposition.  

     SIV-infected macaques have long been a model to study host and viral aspects of HIV in humans, however these models can vary widely with respect to development of peripheral neurologic disease.  A refined pigtail macaque model was developed specifically to study SIV-induced neurologic disease.  The model entails simultaneous IV infection of pigtails with both the neurovirulent molecular SIV clone SIV/17E-Fr and the immunosuppressive virus strain SIV/DeltaB670.  This leads to an accelerated and highly reproducible progression to AIDS with 84 days of inoculation, and about 90% develop encephalitis within the same time frame.  This pigtail model is very similar to HIV-associated encephalitis in people and has been useful to study many relevant aspects of SIV-associated CNS disease.  Since rodent models are not especially useful for studying HIV-PN- rodents are not susceptible to infection with HIV or analogous retroviruses- key components of the sensory pathway were collected from the SIV/pigtail macaque model and examined to determine if this could serve as a reliable model for HIV-PN.

   The pigtail macaque model had lesions in the trigeminal ganglia (TG) and lumbar dorsal root ganglia (DRG)  that closely resemble lesions seen in HIV infected people.  Significant neuronal loss was also seen in these areas in the SIV-infected macaques at 12 weeks post-infection.  To characterize composition and severity of inflammatory changes of the TG and DRG immunohistochemistry was performed on samples from infected and uninfected animals.  CD68 immunostaining of the dorsal root ganglia and trigeminal ganglia was significantly higher in the SIV infected pigtails, compared to uninfected controls.  Glial cell activation has also been proposed to be important in the development and maintenance of neuropathic pain; immunostaining of samples from TG and DRG of SIV-infected pigtails revealed significantly increased glial cell activation at 6-8 weeks post-infection in the macaque model but further testing needed to determine functional significance.  In contrast to changes seen in somatosensory ganglia, there was little morphologic evidence of neuritis or damage to myelinated fibers of the peripheral sural and peroneal nerves.  It is unclear if this is simply because inflammatory changes were multifocal and missed by the sampling in this study or if there is more involvement of unmyelinated fibers but since there was not widespread inflammation of the peripheral nerves, the investigators looked more closely at nerve conduction.  There was a significant decrease in mean C-fiber conduction velocity in SIV infected macaques at 12 weeks post-infection.  Skin biopsies revealed that SIV-infected animals had a decline in epidermal nerve fiber (ENF) density throughout the course of the disease.  In humans, decreased ENF density is correlated with lower CD4 counts, higher viral loads, and presence of neuropathic pain.  Finally, the SIV-infected pigtail model was used to study the impact of infection on capacity of peripheral nerves to regenerate following injury.  Epidermal reinnervation in both in infected and control animals was complete by 56 days post-axotomy, which is different from what is seen in humans.  At every time point post-axotomy, SIV-infected macaques had lower mean Schwann cell density measurements and lower expression of vascular endothelial growth factor around regenerating neurovascular units than the uninfected controls.

     SIV-infected pigtail macaques share key features of HIV-PN.  This study found that the virus infects and immune-activates perineuronal cells of the somatosensory ganglia during early stages of infection, which provides a nidus for subclinical neuronal damage that becomes evident later in the disease process.

Questions:

1. Which class of medications/ART has been shown to be neurotoxic and can lead to antiviral toxic neuropathy, which is clinically indistinguishable from HIV-PN?

a. Fusion inhibitors

b. D-class nucleoside reverse transcriptase inhibitors

c. Protease inhibitors

d. Entry inhibitors

2. True or False: Rodents are excellent models for HIV because they are readily susceptible to HIV retroviral infection.

3. Which NHP species has been used to model HIV-related CNS disease?

a. Macaca nemestrina

b. Macaca mulatta

c. Macaca fascicularis

d. Macaca nigra

Answers
1. b. D-class nucleoside reverse transcriptase inhibitors

2. False

3. a. Macaca nemestrina 
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The Armadillo as a Model for Peripheral Neuropathy in Leprosy

Truman RW, Ebenezer GJ, Pena MT, Sharma R, Balamayooran G, Gillingwater RH, Scollar DM, McArthur JC, Rambukkana A

Domain 1, K2 and K4

Tertiary species: other mammals – armadillo (Dasypus novemcinctus)

 

SUMMARY:

Abstract - Leprosy is a chronic infectious disease caused by Mycobacterium leprae.  The bacterium targets the peripheral nervous system, although skin, muscle, and other tissues are also affected.  Humans and nine-banded armadillos (Dasypus novemcinctus) are the only natural hosts of M. leprae; armadillos are also the only laboratory animals that develop extensive neurological involvement with this bacterium.  The disease in armadillos closely follows many of the structural, physiological, and functional aspects of leprosy seen in humans.  Because of this, armadillos can be useful models of leprosy for basic scientific investigations into the pathogenesis of leprosy neuropathy and its associated myopathies.  This paper discusses the disease of leprosy as seen in humans, as well as what makes armadillos a model for leprosy.  It also discusses standard histopathological and immunopathological procedures that can be used effectively in armadillos.

 

Introduction – Mycobacterium leprae invades adult Schwann cells, the glial cells of the PNS, which enclose and support the axons of sensory and motor neurons.  Infection of the Schwann cell causes complex biological and pathological alterations including demyelination, de-differentiation, and reprogramming of the Schwann cells.  This infection brings an inflammatory response, which causes additional nerve injury and leads to the disability and gross deformity that are the central features in the pathology of leprosy.  Mycobacterium leprae targets the peripheral nerves early after the onset of infection, where the blood-nerve barrier protects the organism from many host immune responses.  Nerve involvement manifests itself as sensory and/or motor neuron damage, and progresses unless the patient is treated to both reduce the bacterial load as well as control the inflammatory response generated by the bacterium.  There are no laboratory tests to aid in the early diagnosis of leprosy, and the disease can only be diagnosed once clinical symptoms appear, such as skin lesions with characteristic hypoesthesia and anesthesia.  In humans, susceptibility to leprosy is rare and appears to have a genetic component, with the disease spectrum that is manifested determined by the individual’s immunological response to M. leprae.  The two ends of the disease spectrum in humans are the lepromatous type and the tuberculoid type.  Intraneural infection is the pathognomonic feature of leprosy, and perineural and intraneural inflammation are its morphological hallmarks.  The bacilli proliferate in macrophages and Schwann cells of the peripheral nerves of the hands, legs, and feet, or cooler regions of the body.  

 

The armadillo – Dasypus novemcinctus, the nine-banded armadillo, is a mammal of the Order Xenarthra and related to sloths and anteaters.  Their normal body temperature ranges from 33°-35°C, making them an idea model for Mycobacterium leprae which prefers cooler temperatures.  Experimental infection of armadillos requires anywhere from 18-24 mo to manifest as a fully disseminated disease, but a large quantity of bacteria accumulate through the animal’s reticuloendothelial organs and as many as 10^12 bacteria can be harvested from the tissues of a single animal.  Because of this, the armadillo is the host of choice for in vivo propagation of bulk quantities of leprosy bacilli.  Wild armadillos are reservoir-hosts and have harbored leprosy for many decades, and are recognized as the only nonhuman reservoir of Mycobacterium leprae.  Zoonotic transmission from armadillos is responsible for up to 64% of all leprosy cases seen in the US.  Although many of the disease aspects seen in humans can also be seen in armadillos, they do not exhibit many characteristic gross skin lesions.  The disease is seen internally, although the feet, nose, and eyes may show asymmetrically distributed, nonspecific, focal, ulcerated dermatitis that is associated with regional insensitivity of the skin.  The granulomatous response of the armadillo to M. leprae appears to be histopathologically identical to that of humans; however, the most important similarity between humans and armadillos is that they both develop extensive neurological involvement with the disease.  Armadillos are well established as models for leprosy pathogenesis and serve as the most abundant source of leprotic neurological fibers for basic science investigations.  The completion of the armadillo whole genome sequence allows the development of armadillo-specific reagents and molecular probes that are needed for modern neuropathogenesis studies.  

 

Preclinical leprosy – The use of the armadillo as a model for leprosy allows for the examination of the pathogenesis of infection at preclinical stages that have not been observed in humans.  Specifically, the post-tibial nerve in the armadillo has a high frequency of involvement in both armadillo and human infections.  It is easily accessible in the armadillo, running for about 5 cm beneath the skin surface of the medial hind limb, and a useful target for studies.  The duration of the experimental infection in armadillos is highly compressed when compared to the many years involved in human infections, but heavy bacillary loads (> 10^6 bacilli/cm) are common in armadillo post-tibial nerves.  

 

Molecular studies on clinically relevant nerves – Anti-leprosy drug therapies must have good neural penetration in order to kill bacilli sequestered in nerves.  Armadillo nerve segments can be used effectively for gene expression profiling and analysis of cell signaling pathways.  The gene expression profiles between uninfected-normal nerves, and infected-untreated or infected-treated armadillo post-tibial nerves can be compared with a broad array of neural specific markers.  

 

Electrophysiological studies – Armadillos do not respond reliably to thermal, light, or tactile nociceptive stimulants, but measurements of nerve conduction can be used effectively to assess function of armadillo motor nerves.  Nerve conduction studies are noninvasive and are ideal for repeated, or prospective, assessments.  Normal armadillos exhibit conduction profiles similar to humans.  Demyelinating events result in a decreased nerve conduction velocity (NCV) measured in m/sec, while axonal loss and muscular atrophy leads to a decrease in the compound motor action potential (CMP) measured in mV.  Conduction deficit is observed in the post-tibial nerves of 75% of all experimentally infected armadillos.

 

Epidermal nerve fiber and Schwann cell density – Immunostaining of punch skin biopsies for protein gene product 9.5, a neuronal pan axonal marker, has been used to visualize the intra-epidermal nerve fiber densities, dermal nerves, and Schwann cells in lieu of nerve conduction tests.  These nerve conduction tests may fail to detect small nerve fiber impairment.  Small nerve fiber innervation is length dependent, and in small fiber sensory neuropathies associated with other conditions (HIV, diabetes, and idiopathic conditions) a decrease in epidermal density in the distal leg has been demonstrated.  Quantitation of epidermal fibers in skin biopsies of ears, abdomen, and a distal leg of naïve armadillos has shown a length dependent innervation similar to humans.  Staining of cutaneous axons and Schwann cells in naïve armadillos also mimicked the human cutaneous nerve network pattern.  

 

Impairment of muscle architecture and function in infected armadillos – A common pathological hallmark of human leprosy, as well as M. leprae-infected armadillos, is the involvement of the extremities.  As the disease affects peripheral nerves, the muscles innervated by these nerves exhibit paralysis.  In humans, the medial and lateral plantar nerves that innervate the lumbrical muscles of the foot are affected in leprosy patients.  To study this phenomenon, the hind limb musculature of affected armadillos has been studied.  

 

Routes and timing of infection – Armadillos are susceptible to a multitude of routes of infection, including intravenous, intradermal, percutaneous, and respiratory instillation.  Armadillo nerve trunks are also large enough to permit direct inoculation of bacilli to the peripheral nerve.  

 

Limitations of the armadillo model – Armadillos are not commonly used in laboratory studies outside of leprosy research.  The primary limitation in use of armadillos is a direct result of this fact, as reagents, especially antibodies, are difficult to find.  Armadillos are not available from standard commercial vendors, and must be obtained from the wild for investigative purposes.    

 

QUESTIONS:

 

1. Which of the following is a model for Hansen’s disease?

a. Spermophilus richardsonii
b. Octodon degu
c. Dasypus novemcinctus
d. Meriones spp.

2. Which histochemical stain can be used to visualize the causative agent of Hansen’s disease?

e. Brown and Hopps

f. GMS

g. Mucicarmine

h. Ziehl-Neelsen

3. The normal body temperature range of Dasypus novemcinctus is what?

i. 23°-25°C

j. 33°-35°C

k. 43°-45°C

l. 13°-15°C

4. What technique is being demonstrated here?  

m. Immunostaining with anti-PGP 9.5

n. Immunostaining with myosin heavy chain

o. Immunostaining with collagen

p. Immunostaining with DAPI
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ANSWERS:

1. C – Dasypus novemcinctus
2. D – Ziehl-Neelsen

3. B - 33°-35°C 

4. A – Immunostaining with anti-PGP 9.5

Rao et al. Animal Models of Peripheral Neuropathy Due to Environmental Toxicants, pp. 315-323 

Kate Shuster katherine.shuster@merck.com 

ILAR 54(3): 315-323, 2014

Animal Models of Peripheral Neuropathy Due to Environmental Toxicants

Rao DB, Jortner BS, Sills RC

Domain 3: Research, TT3.3. Animal models (spontaneous and induced) including normative biology relevant to the research (e.g., background lesions of common strains)

 

Summary: 
· Peripheral neuropathy in humans due to toxicants can be caused by the following:

· Acute and accidental exposures

· Chronic low-dose exposures in industrial or occupational settings

· Exposures in the ambient environment due to increased commercial use of chemicals

· Intentional exposures (recreational abuse, suicide, chemical warfare, and terrorist activities)

· Classes of agents: pesticides, chemical and organic solvents, metals, chemical contaminants, nutritional ingredients, and pharmaceutical drugs

· The peripheral nervous system (PNS) should be examined during clinical evaluations in humans, in preclinical safety evaluation studies, and in hazard identification studies for screening of environmental chemicals

· PNS includes innervation of somatic (skeletal muscle) and visceral (autonomic) components of the nervous system by afferent (sensory) and efferent (motor) fibers

· Environmental toxicants cause the following:

· Neuronopathies – pyridoxine, arsenic, thallium

· Axonopathies – organophosphates, carbon disulfide

· Myelinopathies – trichloroethylene

· Organophosphorus ester-induced delayed neurotoxicity (OPIDN)

· Degeneration of distal regions of large, long axons; latent period 

· Involves myelinated fibers in the peripheral and central nervous systems

· Clinical signs (CS)  – flaccidity, tingling, loss of sensation, locomotor difficulties, abnormal limb reflexes, bilateral weakness progressing to flaccidity

· Carbon disulfide

· CS – tingling and numbness of the extremities and weakness of limbs

· Prominent central and peripheral neuropathies (long, large-diameter myelinated axons; causes axonal swelling)

· Hexacarbons

· Paranodal giant axonal swelling accompanied by myelin retraction

· Axonal atrophy is an important pathologic change 

· Animal models; pigeons, chickens, mice, guinea pigs, cats, dogs, monkeys, rats (best characterized model)

· Pyridoxine neuropathy

· Progressive injury to the neuron leading to necrosis à axonal  degeneration à myelinated fiber degeneration

· Causes bilateral sensory neuropathy

· Acrylamide neuropathy

· CS – skeletal muscle ataxia and weakness

· Causes progressive loss of cerebellar Purkinje cells and the degeneration of sensory and somatomotor nerve terminals; the molecular mechanism of toxicity is currently unknown

· Histopathologic Evaluation of Peripheral Nerves

· Perfusion fixation is the preferred method (immersion fixation can be used)

· Epoxy resin embedding is the preferred method (paraffin embedding can be used)

· Proximal and distal levels of peripheral nerves and peripheral ganglia or autonomic ganglia should be included

Questions:
1. List the major components of the PNS (histologically).

2. List the clinical signs that can be seen with neurotoxicants that affect the somatic sensory-motor fibers and those that affect the autonomic fibers.

3. What is the standard animal model for OPIDN?

4. What vitamin is pyridoxine?

 

Answers: 
1. Axons, myelin sheaths, and Schwann cells (ganglia also contain neuronal cell bodies and satellite cells)

2. Somatic sensory-motor fibers – sensory loss (changes in sensitivity to vibration, touch, and proprioception) and motor weakness in distal extremities (damage to nerves or neuromuscular junctions leading to muscle atrophy); autonomic fibers – abnormal sweating, cardiovascular changes, or disturbances in GI and genitourinary systems

3. Domestic chicken (shows similar CS to humans; seems to be an age related sensitivity as mature chickens are more susceptible than chicks)

4. Vitamin B6
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Task: T2 (K1, 2, 3 and 8)

SUMMARY

This article describes the ethical and legal responsibilities of the research investigators in institutions that are supported by Public Health Services (PHS).  

PHS Policy: The research investigators conducting biomedical research have moral and legal responsibilities to ensure that their research animals do not suffered unwarranted pain or distress.   Although the institution that receives the funds from a grant or contract is responsible for compliance with the requirements of the PHS Policy, principal investigators are responsible for leading and directing the project, both intellectually and logistically.   The institutional official (IO) is responsible for resource planning and ensuring alignment of program goals with the institution’s mission. At the federal level, two agencies are responsible for animal welfare oversight.  First, the Animal Health and Plant Inspection Service (APHIS) of the US Department of Agriculture (USDA) which oversees use of most warm-blooded animals used in research, excluding mice, rats and birds bred for research.  Second, the Office of Laboratory Animal Welfare (OLAW) at the National Institute of Health (NIH) which oversees the welfare of live vertebrate animals  used in research, training, testing in PHS funded activities.  The PHS funded activities include research and training grants, cooperative agreements, and contracts, at domestic and foreign institutions. The PHS policy oversight is a self-monitoring/correcting and highly flexible system relies on professional judgment and performance standards.  The examples of PHS agencies include NIH, Food and Drug Administration (FDA), Center of Disease Control (CDC).  PHS Policy incorporates the following documents: 1) US Government Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training, 2) the Guide for the Care and Use of Laboratory Animals, 8th edition, 3) the applicable Animal Welfare Act and Regulations (AWA) and 4) the American Veterinary Medical Association (AVMA) Guidelines for the Euthanasia of Animals, 2013 edition.  The institution requires having an approved Animal Welfare assurance on file with OLAW before awarded a PHS funded grant.  PHS assurance include: A commitment that the institution will comply with the PHS Policy, the Guide for the Care and Use of Laboratory Animals, and the Animal Welfare Act and Regulations, (2) a description of the institution’s program for animal care and use. (3) A designation of the institutional official responsible for compliance with the PHS Policy. There are three types of PHS Assurances: domestic (awardee has its own animal facility), inter-institutional (the recipient organization has no animal facility and will do the work at an assured performance site.), and foreign (the direct award is made to an institution outside the United States or if the domestic awardee has a foreign performance site, US institution must have an IACUC approved protocol). Each institution conducting PHS-funded research using animals must have one of these types of assurances. The foreign institution agrees to follow the International Guiding Principles for Biomedical Research Involving Animals ([CIOMS] Council for International Organizations of Medical Sciences/ [ICLAS] International Council for Laboratory Animal Science 2012) developed by CIOMS (www.cioms.ch/) and ICLAS (http://iclas.org/) and to comply with all laws, regulations, and policies regarding the humane care and use of laboratory animals in their country of origin.  OLAW monitors institutions by evaluating self-reported noncompliance and annual reports and, potentially, by conducting a site visit. If noncompliance is identified, the institution is given a reasonable opportunity to take corrective action, and if no action is taken, OLAW has the authority to restrict or withdraw the Assurance, which hen precludes the receipt of PHS support for the conduct of animal activities.

IACUC responsibilities: (1) Review animal research protocols. (2) Review significant changes to protocols. (3) Evaluate institutional compliance with PHS Policy, the Animal Welfare Act and Regulations, the Guide for the Care and Use of Laboratory Animals, and institutional policies. (4) Monitor institutional animal care and use programs and inspect animal facilities. (5) Review concerns about animal care and use. (6) Report noncompliance and suspensions to NIH OLAW. The NIH and other PHS agencies will not fund research that uses animals if the IACUC has not approved the proposed study. It has authority to suspend any activities involving animals if the research is not in compliance with federal requirements: 

Investigator Responsibilities in Preparing Applications or Proposals: Before beginning the research, investigators must provide a written justification for animal use in their grant application or contract proposal. This section of the application or proposal is called the Vertebrate Animal Section (VAS), and it must contain the following information 1) A detailed description of the proposed use of the animals, including species, strains, ages, sex, and the number of animals to be used. (2) Justification of the use of animals, choice of species, and numbers to be used. (3) Information on the veterinary care of the animals.

(4) A description of the procedures for ensuring humane treatment (i.e., minimization of discomfort distress, pain, and injury). (5) The method of euthanasia, the reason for its selection, and consistency with the AVMA Guidelines for the Euthanasia of Animals.  Investigators must provide a VAS if their work involves the use of live vertebrate animals, including the generation of custom antibodies or the obtaining of tissues or other materials from live vertebrate animals. Antibodies are considered customized if produced using antigens provided by or at the request of the investigator (i.e., not purchased off the shelf). An organization that produces custom antibodies for an awardee must have or obtain an Assurance or be included as a component of the awardee’s Assurance. NIH Scientific Review Groups (SRGs) evaluate the involvement of animals as part of the scientific assessment to ensure that only the highest quality research projects are considered for funding. SRGs verify that any proposed research with animals is scientifically appropriate. The final scoring of the application is therefore impacted by the reviewers’ assessment of the thoroughness and appropriateness of the VAS includes verifying the validity. Examples of vertebrate animal concerns include the following: (1) inappropriate animal model or unjustified number of animals; (2) unnecessary pain or distress; (3) lack of veterinary care; (4) inappropriate anesthetic or inappropriate use of tranquilizing drugs or restraining devices; and (5) method of euthanasia that is inconsistent with the recommendations of the AVMA Guidelines for the Euthanasia of Animals without adequate justification. The principal investigator has additional responsibilities for maintaining compliance with the federal animal welfare requirements. These include the following: (1) Obtaining IACUC approval before using animals and before implementing significant changes. (2) Ensuring research is conducted according to the approved protocol. (3) Complying with institutional policies and procedures. (4) Addressing significant changes to the use of animals in progress reports to the NIH. (5) Obtaining prior permission from the NIH for the use of animals involving a change in scope, including changes in performance site.  

IACUC application approval: The Guide for the Care and Use of Laboratory Animals requires the following elements be addressed in the protocol for review by the IACUC: (1) A rationale and purpose of the proposed use of animals. (2) A clear and concise sequential description of the procedures involving the use of animals. (3) Availability or appropriateness of the use of less invasive procedures, other species, isolated organ preparation, cell or tissue culture, or computer simulation. (4) Justification of the species and number of animals proposed. (5) Prevention of unnecessary duplication of experiments. (6) Nonstandard housing and husbandry requirements. (7) Impact of the proposed procedures on the animals’ well-being. (8) Appropriate sedation, analgesia, and anesthesia. (9) Conduct of surgical procedures. (10) Postprocedural care and observation. (11) Description and rationale for anticipated or selected endpoints. (12) Criteria and process for timely intervention or euthanasia if painful or stressful outcomes are anticipated. (13) Method of euthanasia or disposition of animals. (14) Adequacy of training and experience of personnel and roles and responsibilities of the personnel involved. (15) Use of hazardous materials and provision of a safe working environment.  The use of animals approved by the IACUC must be congruent with the description in the grant application or contract proposal. Any modification required by the IACUC that affects the content of the application or proposal must be submitted to the NIH funding officer along with the IACUC approval date.

Post-Award Responsibilities: PHS Policy requires IACUC approval at least every 3 years and annually for activities covered by USDA Animal Welfare Act and Regulations. Awardees must also obtain prior approval from the NIH for changes in scope that constitute a significant change from the aims, objectives, or purposes of the approved project. Conducting research in the absence of a valid IACUC approval or implementing a significant change without IACUC approval are considered serious noncompliance and are to be reported to OLAWand the funding agency supporting the award.

Protecting the Investment: The NIH requires institutions to have disaster plans that address both the well-being of animals and personnel during unexpected events that compromise ongoing animal care. Plans should consider failure of critical systems, including the heating, ventilation, air conditioning systems and alarm systems, as well as failures in primary and emergency power sources; mechanisms for maintaining appropriate temperatures, ventilation, food, and water sources, and the logistics for relocating or euthanizing animals when power cannot be restored or repairs cannot be done promptly. Contingencies for preserving valuable animals through cryopreservation or other methodologies are prudent practices.

QUESTIONS:

1. Define these acronyms: AHPIS, AWA,CIOMS, ICLAS ,OLAW, IACUC, NIH, PHS, SRG, USDA, VAS

2. Which of the following (group/individual) is responsible for resource planning and ensuring alignment of program goals with the institution’s mission?

a. Attending veterinarian

b. Institutional official

c. IACUC

d. IACUC Chair

3. Which of the following federal agencies are responsible for animal welfare oversight?

a. Animal and Plant Health Inspection

b. Office of laboratory Animal Research

c. Center of Disease Control

d. a and b only

e. all of the above

4. Which of the following do not require PHS policy?

a. Use of live mice in research funded by federal government

b. Use of insects funded by federal government

c. Use of dead mice funded by federal government

d. Use of training grants funded by federal government

5. Which of the following are examples of PHS agencies?

a. NIH

b. CDC

c. FDA

d. All of the above

6. Which of the following documents is not incorporated in PHS policy?

a. US Government Principles for the Utilization and Care of Vertebrate Animals Used in Testing, Research, and Training

b. AVMA Guidelines for the Euthanasia of Animals, 2007 edition

c. Animal Welfare Act and Regulations (AWA)

d. The Guide, 8th edition

7. The PHS Assurance includes all EXCEPT which of the following statements?

a. A commitment that institution will comply with all PHS policy required documents

b. A description of the institution’s program for animal care and use

c. A commitment for  not using federal funded grants in abroad

d. A designation of the institutional official responsible for compliance with the PHS Policy

8. Which of the following are types of PHS Assurances?

a. Domestic

b. Inter-institutional

c. Foreign

d. All of the above

9. The foreign institution is required to follow which of the International Guiding Principles?

a. CIOMS

b. ICLAS

c. COLTES

d. ACLAM

10. How OLAW monitors institutions?

a. Evaluating self-reported noncompliance

b. Annual reports

c. A possible site visit

d. Annual, unscheduled site visit

e. All of the above

11. Which of the following is not considered IACUC responsibilities?

a. Review animal research protocol

b. Review significant changes to protocol

c. Report noncompliance and suspensions to NIH OLAW

d. Monitor institutional animal care and use programs and inspect animal facilities

e. All of the above

12. How IACUC needs to report on-compliance?

a. Promptly notify OLAW

b. Explanation of noncompliance

c. Action taken

d. Corrective measures

e. All of the above

13. What is the name of the section in grant proposal for justification of use of animal in research?

a. Vertebrate Animal Section

b. Invertebrate  Animal Section

c.  Research animal section

d. In vivo section

14. All of the following information about animal use need to be described in the grant application, EXCEPT:

a. Species, strains, ages, sex, and the number of animals

b. Veterinary care of animals

c. Database search for duplicative research

d. A description of the procedures for ensuring humane treatment

15. Which form of antibodies does not require VAS?

a. A custom made antibodies against specific antigens that requested by an investigator

b. Antibodies that  are purchased off the shelf

c. Both forms require VAS

d. B only

16. What is the name of the group in NIH who review animal section of the grant application?

a. Scientific Review Group (SRG)

b. In vivo Review Group (IRG)

c. Animal Review Group (ARG)

d. None of the above

17. All the  following situations can be a concern regarding use of animal in research by peer grant reviewers, EXCEPT

a. In appropriate animal model

b. Painful procedures with scientific justifications

c. Animal number is not justified

d. Method of euthanasia is not according to AVMA Guidelines

18. All the followings are considered PI responsibilities, EXCEPT: 

a. Obtaining IACUC approval before using animals

b. Informing NIH about all changes were made in animal studies including the scope and performance site

c. Research is conducted according to the approved IACUC protocol

d. Obtaining prior permission from NIH for the use of animals involving a change in scope and performance site

19. What are required elements that according to the Guide need to be addressed in the protocol?

a. Postprocedural care and observation

b. A rationale and purpose of the proposed use of animals

c. Method of euthanasia or disposition of animals

d. Adequacy of training and experience of personnel who perform animal studies

e. Use of hazardous materials and safety

f. a to d only

g. All of the above

20. How often PHS policy requires IACUC protocol renewal?

a. Every 2 years

b. Annually

c. Every 3 days

d. Until the project is finished

21. T/F.  NIH requires institutions to have disaster plan

22. Which of the following items need to be included in the disaster plan?

a. Failure of heating, ventilation, air-conditioning, primary and secondary power sources

b. Logistic for animal relocation or euthanasia

c. Food and water sources

d. Animal disease outbreaks

e. Laboratory break-ins

f. All of the above

23. Which of the following phrases is the NIH slogan about research with animals?

a. Good animal care and good science go hand in hand

b. Skillful investigator  and good science go hand in hand

c. Good animals and investigators go hand in hand

d. NIH does not have any slogans

24. T/F. NIH mandate cryopreservation of animals to protect research investment

25. T/F. The use of animals approved by the IACUC must be congruent with the description in the grant application or contract proposal.

ANSWERS:

1. APHIS (Animal and Plant Health Inspection), AWA (Animal Welfare Act), CIOMS (Council for International Organizations of Medical Sciences), ICLAS (International Council for Laboratory Animal Science), OLAW (Office of laboratory Animal Research), IACUC (Institutional Animal Care and Use Committees), NIH (national Institute of Health), PHS (Public Health Service), SRG (Scientific Review Group), USDA (United Stare Department of Agriculture), VAS (Vertebrate Animal Section)

2. b

3. d

4.b and c

5. d

6. b.  It is 2013 edition not the latest 2007

7. c

8. d

9. a and b

10. a,b and c

11. e

12. e

13. a

14. c

15. d

16. a

17. b. It should be unnecessary pain or distress 

18. b

19. g

20. c

21. T

22. f

23. a

24. F, it recommends not mandate

25. T
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Domain 1: Management of Spontaneous and Experimentally Induced Diseases and 

Conditions 

            Tasks

T3. Diagnose disease or condition as appropriate 

T4. Treat disease or condition as appropriate

Domain 2: Management of Pain and Distress 

            Tasks  

            T1. Recognize pain and/or distress 

T2. Minimize or eliminate pain and/or distress 

Domain 5: Regulatory Responsibilities 

            Tasks

           T2. Advocate for humane care and use of animals 

T6. Review protocols and provide advice to investigators and the IACUC 

Summary

Animals are used as models of peripheral neuropathy and neuropathic pain.  These conditions produce pain, thus the design of humane endpoints is essential to minimize and manage the pain that these animals will inevitable experience.  Models can be divided into three categories: spontaneous, chemically induced, and surgically induced. Most models involve rodents; however, other species, such as macaques, cats, Drosophila, and armadillos, have also been used. Surgical models of sensory and motor neuropathy /neuropathic pain include the Chung model (spinal nerve ligation), the Seltzer model (partial sciatic nerve ligation), the Bennett model (chronic constriction injury of the sciatic nerve), and the Decosterd and Woolf model (spared nerve injury with selective ligation). The ethical challenges for the IACUC are to weigh the benefits of the research with the potentially unrelieved pain for the animal.  The investigator “must reduce animal pain to the minimum and strongly justify leaving any pain unalleviated.” For all parties involved, defining the humane endpoints for the study is critical. Recognition of neuropathy can be difficult, as these vary from species to species, and model to model.  Pain from peripheral neuropathy is not manifested the same as other pain.  For example, the facial grimace scores are not useful for determining neuropathic pain. Treatment of neuropathic pain can be accomplished by a multimodal strategy.  Preemptive pain relieve may be effective.  First tier treatment involved anticonvulsant drugs and tricyclic antidepressants. Second tier treatments may include opioids and NSAIDs.  Nonpharmacologic treatments may also be useful. Finally, post-approval monitoring of the project is essential for the IACUC.  The IACUC must be sure that the study is performed as described in the approved protocol.  

Questions

1. Define the following words:

Allodynia

Hyperalgesia

Autotomy

2. The responsibility for monitoring pain in animals during a study should fall to:

a. the IACUC

b. the veterinary staff

c. the investigator

d. all of the above

Answers

1. Allodynia - Pain that results from a non-injurious stimulus to the skin; pain resulting from a stimulus (as a light touch of the skin) which would not normally provoke pain

Hyperalgesia - an exaggerated sense of pain; increased sensitivity to pain or enhanced intensity of pain sensation

Autotomy - self-amputation of a damaged or trapped appendage; self-mutilation by chewing or biting

2. d

