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Jacobs and Allen. Factors affecting the reliability of behavioural assessments for rodent osteoarthritis models, pp. 317-329
Domain 3: Research
Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
SUMMARY: Promising findings in preclinical studies historically have a low chance of successfully translating to clinically relevant outcomes.
Widespread inclusion of measures of pain and disability may improve the translation of osteoarthritis (OA) models and aid the identification of efficacious novel therapeutics.
Human patients report pain variably and the pain is often subject to confounding factors. Measuring pain in animal models of osteoarthritis is challenging.
Just as a single model of OA cannot replicate all clinically relevant aspects of the disease, neither can a single behavioural test replicate all effects of OA on pain and behaviour.
The review article suggests steps that can improve the reliability of behavioural assays used for study of OA.
The review first summarises animal models of OA and common behavioural assessment methods.
 
Animal models of OA include:
· Intraarticular injection of chemicals e.g. monoiodoacetate (MIA). This is used to model OA-related pain. May be of limited usefulness as it is not known if the pain is due to the same pathways as in humans or not, and it is accompanied by severe structural changes.
· Surgical models such as those manipulating the menisci or ACL and can be used to model post-traumatic OA. Little behavioural data have been collected on these models so far.
· Other models include spontaneous/genetic models and use of high fat diets/induction of obesity.
The origin of primary human OA is often idiopathic.
Commonly used behavioural tests include:
· Static weight bearing
· Gait analysis
· Motor co-ordination (rotarod)
· Open field test
· Mechanical allodynia (Von Frey test)
· Thermal hyperalgesia (e.g. Hargreaves test).
Grimace scoring has not so far been thoroughly explored to for assessing pain in OA models.
Pain is a complex emotional experience subject to biological, psychological, and social influences.
Absence of pain related behaviours should not be taken as absence of pain.
 
Improving reliability of behavioural assays used in animal models of OA:
Outcomes of behavioural assays may be influenced by: species (rat vs mouse), strain, sex so these factors should be considered when making comparisons between studies.
While it is recommended to use multiple methods of behavioural assessment, the number of tests must balance animal stress and fatigue.
Baseline controls are rarely appropriate for models of OA, due to the long duration of disease induction which is accompanied by ageing of the animal. Use of a separate control group receiving sham procedures is usually necessary.
Choice of assay - The original Chaplan method for Von Frey testing describes paw withdrawal in ambiguous terms. Other assays have more quantitative outputs. Subjective assays can still be useful but should be combined with tests with more quantitative outcomes.
Reducing animal stress is important to improve the reliability of behavioural assays and can be achieved by:
· Acclimatisation to handling procedures
· Use of tunnel handling
· Avoiding assessments that require the animal to be restrained
· Activity level measurement through home cage monitoring.
 
Improving Reporting: Relevant details that influence behavioural test outcomes are often omitted from methods in reports of studies using animal models of OA. These include factors such as sex of the experimenter, floor size and type for Von Frey assessments. For operant behaviour tests, reporting the enclosure type and posture characteristics is essential since different styles of chamber require the animal to perform very different tasks/ movements. Using consistent terminology and methods of presenting data is also essential to allow comparisons between studies. Standardisation can be difficult to achieve when the field is rapidly evolving.
 
Conclusions: Behavioural analysis serves an important role in preclinical research into OA since it allows measurement of clinically relevant consequences of the disease. To maximise the benefits of behavioural analysis researchers should aim to use consistent methodology and improve transparency when reporting methods. Clear definitions and calculations are needed. Studies should seek to understand behaviours indicating pain and disability int eh context of human disease and different OA phenotypes. 
 
QUESTIONS
1. T or F: Models of OA using intraarticular injection of chemicals such as MIA are limited to the study of pain associated with OA but do not recapitulate the translation pathways or aetiology of human OA.
2. T or F: Surgical models of OA have shared aetiology with primary OA in humans
3. What does the Hargreaves test measure?
4. In gait analysis what is the difference between stride length and step length?
  
ANSWERS
1. True
2. False - they share aetiology with post-traumatic OA in humans but not primary OA.
3. Thermal hyperalgesia
4. Stride length is the distance between subsequent footsteps on the same limb, step length is the distance between a left and right footstep along the distance of travel.
 

 

Leenaars et al. Animal models for cystic fibrosis: A systematic search and mapping review of the literature – Part I: genetic models, pp. 330-340

Domain 3: Research

 

SUMMARY: Selection of an animal model for research should be based on a complete review of the scientific literature. This overwhelming task can be aided by the use of published reviews, which are papers collecting, organizing, and summarizing the results of multiple primary studies. Although many reviews are published for many different animal models of different diseases and conditions, most do not include the necessary information on the methodology used which makes it difficult for readers to determine the completeness of the review and understand any possible bias in the findings. While narrative reviews can be very informative, they are also at risk of conscious or unconscious bias. Systematized reviews (e.g. full systematic reviews, mapping reviews, scoping reviews, and rapid reviews) offer a more objective and complete way to evaluate the literature and provide a transparent description of the methodology used and any limitations. This article used a mapping review to describe animal models for cystic fibrosis (CF), and is one of the first published mapping reviews of animal studies. Part 1 describes the genetic models; non-genetic models will be described in Part 2.

                
Cystic fibrosis is an autosomal recessive genetic disease affecting chloride transport in epithelial cells that help regulate salt and fluid absorption and secretion. This results in a variety of symptoms affecting many organ systems, including respiratory, gastrointestinal, and reproductive systems. CF is caused by mutations in the CF transmembrane conductance regulator (Cftr) gene on human chromosome 7. A mouse model of CF was first introduced in 1992 and there are now many preclinical models available for CF research. The systematic mapping review performed for this study looked as the central question “What are the currently available animal models for CF?”. The searches of PubMed and Embase returned over 12,000 unique references. Focused screening of titles, abstracts, and full text led to 799 included references, of which 636 described genetic models. Data extracted from the full text publications included language, animal species, strain/stock, sex, type of model induction and mutation, percentage survival, outcome measures, and changes of the model animal versus control animals (if available). Mice were the genetic model species in the vast majority of CF animal studies, but pigs, ferrets, rats, and zebrafish have also been used and were captured in this mapping review. For the identified models, the authors provided an overview of basic characteristics and outcome measures from data in animal models of CF up to December 2015. These results are presented in Appendices 1-5.

                
The authors note several limitations and challenges for their study as well as for systematic mapping reviews in general. For the CF model, the sheer number of results required more than 2 years for analysis, and so more recent developments in CF models are not captured in this review. Data extraction was performed by a team of 9 scientists which led to different wording, resulting in challenges collating the data. There were also issues noted with the quality of data reported in the scientific literature, as many studies did not disclose the specific mutation and background of the genetic animal models. Additionally many studies were not blinded and poorly described the strains and genetic background of the animals. Another challenge specific to this mapping review was that cystic fibrosis is often abbreviated to CF. By including the abbreviation in the search, the authors generated a lot of irrelevant results that had to be excluded upon closer review. However not including CF in the search terms would have risked missing a lot of relevant materials.

               

QUESTIONS
1. Most animal models of CF contain alterations in what gene?

a. Ctrfc gene

b. Cftr gene

c. Rtpcr gene

d. Lyst gene

2. Mutations in which other genes can result in phenotypes that resemble part of CF pathology?

a. IL-10

b. Ednrb

c. β-ENaC

d. Both a and c

e. None of the above

3. All of the following are benefits of systematized reviews EXCEPT:

a. They are typically presented in a narrative fashion

b. They transparently describe the review methodology

c. They make it easier for readers to assess potential bias in the conclusions

d. Results are typically tabular or graphical and easy to understand

 

ANSWERS
1. b
2. d
3. a
 

ORIGINAL ARTICLES

Nørgaard et al. Optimising streptozotocin dosing to minimise renal toxicity and impairment of stomach emptying in male 129/Sv mice, pp. 341-352
Domain 3  

Primary Species: Mouse (Mus musculus)  

SUMMARY: Despite the extensively usage of streptozotocin (STZ)-induced mouse model to study diabetes and diabetic nephropathy (DN), obtaining a reliable induction of diabetes while reducing the toxicity is still a challenge. The toxic effects are associated with animal suffering, are not limited to beta cells, and compromise the quality of the study. Traditionally, a single high dose if STZ has been used, although Diabetic Complications Consortium has recommended the use of multiple low dose. The aim of the study was to determine whether a double intermediate dose would be a good alternative to reduce toxicity. 129/Sv male mice received either a single high dose, multiple low dose, double intermediate dose of STZ or vehicle and euthanized 24h after the last STZ injection. All of the STZ groups presented stomach enlargement, increased the albumin:creatinine ratio, and renal toxic effect. The double intermediate dose is equally capable of inducing stable diabetes and nephropathy. Moreover, it has the advantage of only fasting, handling, and injecting the mice twice, which reduces stress. Therefore, this regimen could be a good refinement over the multiple low dose.  

 

QUESTIONS (True or False)  
1.
Cell toxicity of STZ induces direct acute damage to the kidneys and can cause an impairment of gastric emptying.  

2.
STZ renal toxic effect is dose dependent and can be avoided using a low dose regimen.  

3.
(STZ)-induced mouse model to study diabetes has very low variability in the diabetogenic effect.  

 

ANSWERS  

1.
True  

2.
False  

3.
False  

 

Kersemans et al. Manganese-free chow, a refined non-invasive solution to reduce gastrointestinal signal for T1-weighted magnetic resonance imaging of the mouse abdomen, pp. 353-364

Domain 3: Research

Primary Species: Mouse (Mus musculus)

SUMMARY

 
Introduction: Use of Magnetic Resonance Imaging (MRI) has been used widely in biomedical research. There are many confounding factors that can interfere with image analysis. Signal hyper-intensities within the gastrointestinal tract may impede the identification of other abdominal targets.  Manganese (Mn2+) which enters the organism through chow diet and drinking water leads to high contrasting images and gut hyper-signaling, thus making image interpretation more complicated. In this study the impact of free Mn2+ chow diet on RMI was evaluated. 
Material and Methods:  CBA/CaCrl female mice were subjected to change diet from standard to Mn2+ free diet during cycles of 5 cycles of 5 days. A resting period of 2 days with a standard diet was set between cycles. A control group was provided with no changes in diet. Longitudinal MRI studies were performed at different time points (from 0 to 117 following change diet). Athymic nude mice (Crl:NU(NCr)-foxn1nu) bearing pancreatic xenografts were also used. Change diet was performed 48-60h prior to MRI. 
Results: Free Mn2+ diet had no impact on animal health, clinical status, food intake, body weight or animal welfare. There were no differences in Mn2+ plasma levels (or any other biochemical marker analyzed) between Free Mn2+ and standard diet animals. Water intake was reduced in the free Mn2+ group. In CBA mice, gut hyper-intensities were reduced 24h after switching diet to Mn2+ free diet (vs standard diet). In athymic nude mice, after 48-60h of switching diet to Mn2+ free diet, gut hypersensitivity was reduced (although not completely). The remaining hypersignal did not impede identification of tumor next to the gastrointestinal tract. 
Conclusions: Free Mn2+ diet fed at long term could reduce gastrointestinal background signal in MRI. Free Mn2+ diet does not have any adverse effect on animals. Mn2+ blood levels are maintained providing another alternative Mn2+ source (water).

 

QUESTIONS (True or False)
1.  
Gastrointestinal hyperintensities occurs in T2-weighted images

2.  
Reduction of gastrointestinal hyperintensities requires 10 days of free Mn2+ diet

3.  
Implementation of free Mn2+ diet interferes with the time-window for scientific end-points.

4.  
Mn2+ levels in plasma can be maintained with drinking water

5. 
Blueberry and pineapple juice can be used as a Mn2+ supplements

ANSWERS
1.
False

2.
False

3.
False

4.
True

5.
True
van Aken et al. An objective and automated method for evaluating abdominal hyperalgesia in a rat model for endometriosis, pp. 365-372

Domain 3: Research
Primary Species: Rat (Rattus norvegicus)
SUMMARY: The authors describe a method of monitoring abdominal pain in rats with surgically induced endometriosis based on their willingness to climb over a vertical divider to retrieve a food reward in a Skinner box (operant conditioning chamber).

Endometriosis develops due to the presence of ectopic fragments of uterine tissue, from which sensory nerve pathways develop, in the abdomen of affected patients. Movement or pressure on the abdomen can trigger a pain response.

The study uses WAG/Rij rats, an inbred strain derived from the Wistar rat. A section of uterine horn is excised and dissected into pieces which are anchored within the abdomen and mesentery. For sham surgery sutures are placed in equivalent locations, leaving the uterus intact. Rats received buprenorphine prior to surgery and then daily for 2 days. The disease state was allowed to develop for 2 weeks following surgery prior to behavioral assessments using the Skinner box.

Treatment groups consisted of: Untreated, sham-prepared, auto- and allo-transplanted.

Training in the Skinner box started two weeks following surgery. A sucrose pellet was dispensed at either end of the box in conjunction with a cue from a light. Number of pellets consumed are counted automatically by the chamber. A vertical divider with an opening was then added and the width of the opening and height of the barrier varied according to a defined schedule, gradually over the course of the experiment, meaning the barrier would put more or less pressure on the abdomen of the rat as it crossed through the opening.

The induced endometriosis did not affect the ability of rats to learn to retrieve sugar pellets in the absence of a divider. Auto- and allo-transplanted rats collected fewer pellets at some barrier heights and opening sizes, although this was not always significantly lower than the sham and untreated groups - variation appears relatively high.

No association was seen between number of lesions and pellets consumed, suggesting either that the severity of induced disease did not influence the amount of pain or discomfort, or that the method was not sensitive enough to detect subtle differences in pain.

Barrier height and opening size affected operant behavior in all treatment groups but there were small and specific differences between control rats and those with endometriosis for some combinations of opening size and barrier height. No difference was seen depending on the method of disease induction (allo- or auto-transplantation).

 

QUESTIONS
1. What is operant conditioning?

2. True or false: The WAG/Rij strain of rat is an outbred strain.

3. What is the difference between allodynia, hyperalgesia, and pain?

4. What is the duration of action of buprenorphine as an analgesic in the rat?

 

ANSWERS
1. The process of learning through reinforcement and punishment

2. False, it is an inbred strain derived from the Wistar rat.

3. Allodynia is a pain response due to a stimulus that does not normally provoke pain. Hyperalgesia is an increased pain response from a stimulus that normally provokes pain. Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage.

4. 6-12 hours.

 

Marancik et al. Exploring the advantages and limitations of sampling methods commonly used in research facilities for zebrafish health inspections, pp. 373-385

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

T3: Diagnose disease or condition as appropriate  

 

Primary Species: Zebrafish (Danio rerio)  

  

SUMMARY: This paper is a contribution to the work being done to explore various possible methods (sampling strategy and types of tests) that can be a part of the health quality assurance program for zebrafish colonies within research facilities. It includes data from a comprehensive survey of infectious disease agents within a moderately large colony (1000 tank, 30,000 fish, recirculating research system), as well as comparative pathogen distribution data from five facilities that include multiple (from 2 to 5) separate systems within their fish facilities.  

 

The 1000 tank facility study compared data obtained from different “representative” fish, including 60 randomly selected fish (a number determined statistically to provide 95% confidence in pathogen detection based on a presumed pathogen prevalence level _5%), In addition to the 60 (+5 for histology) random fish, fish sampling included 53 fish from the system sump tank, 11 “sentinel” fish, and 18 moribund or freshly dead fish. For the five-institution study, the retrospective data was derived from 60 fish from each system in each facility.  

 

For the multiple institution study, Sixty-five fish were randomly sampled from each system, five from each group for histology, and the others tested with a comprehensive panel of tests.  

 

The type of testing done in both the single institution comprehensive study and the multiple system-multiple institution study involved a combination of targeted and broad-based diagnostic methodologies, including the following  

· PCR for a panel of recognized zebrafish infectious agents  

· Microbial culture for aerobic bacteria  

· Virology  

· Tissues used for PCR and viral cell culture consisted of brain, gill, heart, liver, spleen, and kidney pooled from five fish per sample.  

· Parasitology  

· Parasitology involved microscopic examination of gill and skin wet mounts, and caudal intestine contents  

 

Multiple infectious agents were detected, with the larger sample size groups having more different detected infectious agents. Those included the 60 fish randomly sampled group and the 53 sump tank fish. Breaking down the 60 fish into groups of 10 revealed variation in frequency of detection of pathogens (0 to 100%) in smaller groups than when all 60 were taken together as one group, reinforcing the importance of sample size in such surveillance studies.  

 

The comparative (multiple facilities, each with multiple systems) study, when comparing results between different systems in the same institution, show that different systems within an individual institution often contained different pathogens, and/or the prevalence of a pathogen was significantly different in different systems in which the pathogen happened to be detected.  

 

Among other discussion points are the following:  

· Within a system and for the specific pathogens isolated, there are significant differences in disease signs and success of pathogen detection, depending on the sampling strategy  

· For most pathogens, the number of fish sampled may be more important to diagnostic success than the subpopulation, in particular for agents present with low prevalence  

· Histopathology is best used as a tool to confirm and characterize disease due to infectious agents and as a means for screening for non-infectious disease, but not as a method for targeted pathogen surveillance  

· The relative low sensitivity of histology and relatively higher costs compared to being able to pool five fish per sample for PCR renders it a less optimal strategy.  

· Bacterial culture cannot differentiate between colonization and true tissue invasion, and postmortem interval may have affected bacteriology results for dead fish within the moribund/ mortality group  

· Fish health inspections can also be useful for identifying potentially zoonotic pathogens present in the system. such as mycobacteria and Gram-negative bacteria isolated in this study, specifically, M. marinum , M. fortuitum  and M. chelonae , as well as Vibrio, Aeromonad, Pseudomonad, and Plesiomonas species  

· Within multi-system facilities, the pathogen landscape was different between systems more often than it was the same  

· Each system within a facility should be considered unique with regards to disease testing and biosecurity  

· This study did not find that there was an association between the number of fish in a system and the subsequent number of individual pathogens  

· In the absence of established guidelines, the evaluation of each health program is subjective, which makes it difficult to share data and support movement of fish between facilities  

 

QUESTIONS  

1. Which of the following is not considered to be a sensitive method for documenting the presence of a pathogen in a zebrafish population?  

a. PCR  

b. Microbiological culture  

c. Histopathology  

d. Parasitology  

e. None of the above  

2. True or False: the number of zebrafish in a system is proportional to the number of different infectious agents that are present in the population   

3. Which of the following is the most sensitive sampling method/group for detecting infectious agents of low prevalence in a zebrafish system population?  

a. Moribund or fresh dead fish  

b. Sentinel fish  

c. System sump fish  

d. Higher numbers of randomly sampled fish (e.g. – 60 per 30,000 fish vs. 15 fish)  

4. True or False: standardized zebrafish pathogen surveillance systems are established that can assure importing institutions that imported fish are free of infectious agents  

5. Which of the following is not an agent of zoonotic concern from zebrafish colonies?  

a. Pseudoloma neurophilia  
b. Mycobacterium marinum  

c. Vibrio spp  

d. Plesiomonas spp  

e. Mycobacterium chelonae  

 

ANSWERS  

1. c. histopathology   

2. False   

3. d. Higher numbers of randomly sampled fish   

4. False   

5. a.  Pseudoloma neurophilia  

 

SHORT REPORT
Sharpe et al. Use of high frequency jet ventilation as a refinement for imaging macaques with respiratory disease, pp. 386-390

Primary Species: Macaques (Macaca spp.)
 

SUMMARY: This study involves the first time use of high frequency jet ventilation (HFJV) for respiratory management during imaging of macaques and was done to maximize information and refine clinical endpoints in macaque model of tuberculosis. While CT, (PET) CT and MRI are usually used for imaging, the extended time required for image collection means that respiratory movement can impact image quality of highly mobile areas such as the lungs. HFJV is used as an adjunct method and involves continuous gaseous exchange resulting in cessation of spontaneous breathing motion providing a motionless field without the potential stresses induced by repeated breath-hold strategies. HFJV minimize respiration by delivering small tidal volumes (1-3ml/kg) from a high pressure jet at supraphysiological frequencies (1-10Hz) followed by passive respiration which results to cessation of spontaneous breathing motion providing relatively motionless field during imaging procedures such as CT, PET-CT, etc.

 

Results: Images collected during free breathing, although acceptable, the impact of diaphragmatic motion at the lung bases causes image blur (fig B) which was not detected during HFJV (Fig C) demonstrating improved definition and diagnostic quality. Following cessation of ventilation, spontaneous breathing returned within 2 minutes.  (d, e, f – PET CT images from HFJV TB-infected macaques showing blue arrow: lung parenchyma, Pink: lung associated lymph node, white: heart

 

[image: image1.png]



Respiratory motion control, which is a key challenge in thoracic imaging, was achieved using HFJV while maintaining normal gas exchange in a steady state without the use of muscle relaxant or apnea. Scanning protocols were standardized to a frequency of 150-180CPM to avoid compromising efficiency of gaseous exchange in animals in more advanced stages of tuberculosis. HFJV provides welfare advantages requiring protracted serial breath-holding, by reducing dangers of drugs used and by reducing anesthetic dosing requirements and avoidance of muscle relaxants, also minimize physiological distress due to cardiorespiratory challenge.
 

QUESTIONS
1. 
This equipment is used to measure the volume of air in lungs and to visualize the amplitude of chest movements

a.  
Lightspeed CT scanner

b.  
Plethysmography chamber

c.  
Capnomac oxicapnograph

d.  
Jetting chamber

2. 
T or F: respiratory control through breath-holds at positive end- expiratory pressure risks the accumulation of CO2 to potentially dangerous levels

 

ANSWERS
1. 
b
2. 
T

CASE REPORT

Thiele et al. A cautionary note: Toxicity of polyethylene glycol 200 injected intraperitoneally into mice, pp. 391-396

Domain 3  - Research

Primary Species: Mouse (Mus musculus)

 

SUMMARY:  Organic solvents are often necessary for the parenteral administration of hydrophobic substances in vivo.  Often DMSO (dimethyl sulfoxide)  is used, however PEG (polyethylene glycol) is another choice based on the premise that it is non-toxic.  This case report details the administration of PEG 200 intraperitoneally at a dosage of 8 ml/kg in 16 C57Bl/6J mice.  Immediately following the injection, all animals had contracted flanks and showed signs of pain.  These behaviors were observed for several hours.  Eventually, 8 animals became moribund and were euthanized 24 hours post-injection.  A review of the literature revealed a paper from 1965 in which the LD50 of PEG 200 was 7.5 ml/kg when administered IP in Swiss albino mice.  As a result, the authors of this case report decreased their dosage to 2 ml/kg of PEG 200 given IP.  After the injection, the mice shows signs of transient pain that lasted 60 minutes.  The injections were continued daily for a total of 19 days with no more adverse events other than pain following injection.    

These authors had previously used DMSO as the solvent for their agents, however they were advised that due to toxicity and other side effects, PEG 200 would be preferential.  The current belief is that PEG 200 is non-toxic when applied orally or dermally.  However, adverse events have been reported when PEG has been applied to mucous membranes or damaged skin.  Few studies have examined the toxicity of parenterally applied PEG in mice.  Similarly, there are no reports of pain associated with the injection of PEG. The observations in this case report indicate pain, as evidenced by flank contracture and restless behavior, is more than transient and analgesics should be considered. It is also generally recommended that injections given to animals should have a neutral pH of 7.0 – 7.3.  The measure pH of the PEG 200 was between 8.6 and 9.1.  Therefore, the contribution of the alkaline pH to the pain observed cannot be ruled out and may have an impact on abdominal tissues. 

 

QUESTIONS
1. 
What is PEG and what does the 200 indicate?

2. 
T/F:  PEGs are widely used in pharmaceuticals, cosmetic products and as food additives.

3. 
What is DMSO?

4. 
What toxicities or adverse events are associated with the IP administration of DMSO?

5. 
To minimize the suffering of experimental animals, solvents used for injection should be:

a. 
Isotonic

b. 
Neutral pH

c.  
Body temperature

d. 
All of the above

ANSWERS
1. 
Polyethylene glycol.  They are synthetic hydrophilic polyethers that consist of repeating ethylene oxide units.   200 is the average molecular weight representing an average number of 4.2 oxyethylene groups 

2. 
T

3. 
Dimethyl sulfoxide

4.  
Several systemic side-effects from the use of DMSO in people have been reported, namely nausea, vomiting, diarrhea, hemolysis, rashes, renal failure, hypertension, bradycardia, heart block, pulmonary edema, cardiac arrest, and bronchospasm.  DMSO is known to cause transient pain upon injection in mice.

5. 
d
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