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Martins et al. Anaesthetics and analgesics used in adult fish for research: A review, pp. 325-341
Domain 2

Primary Species: Zebrafish (Danio rerio); Tertiary Species: Other Fish
 

SUMMARY: Anesthetics are useful in fish to minimize stress response and movement during transport or procedures. Analgesia is important when the procedure is invasive or if trauma is sustained.

There is high variability observed among fish species so anesthetic and analgesics should be tested in just one animal when giving for the first time in a new species.

 

There are few drugs available as injectable anesthetics due to poor efficacy and lack of licensing. This method also requires closer restraint of the fish to administer.

 

Immersion anesthesia is akin to inhalation anesthesia in mammals. Some immersion anesthetic agents include:

Benzocaine: Mechanism is sodium channel inhibition; requires a solvent; possible aversion, decreased growth, decreased food intake

Tricaine Methanesulfonate (MS-222): Mechanism is inhibition of sodium channels; requires buffering; licensed for fish for consumption in USA; must be buffered; possible hypoxemia, hypercapnia, hypoglycemia, elevated lactic acid, RBC swelling, elevated HCT, electrolyte/hormone/cholesterol/urea changes, aversion; can cause mucous membrane irritant and retinal toxicity in humans

Eugenol: Mechanism is activation of calcium and chloride channels; constituent of clove oil; requires a solvent; rapid induction time but long recovery; inexpensive; possible reduction of cardiovascular activity, decreased feed intake, electrolyte imbalance, increased glucose, decreased leukocyte count/ammonia/triacylglycerol; Aqui-S20E is 10% eugenol approved in some countries--zero withdrawal; skin sensitizer for humans

Isoeugenol: Aqui-S is approved in some countries; zero withdrawal; possible increase in ammonia; skin sensitizer for humans

Clove Oil: Contains eugenol and isoeugenol; inexpensive; skin sensitizer for humans; methyl eugenol is a suspected carcinogen

Metomidate/Etomidate: Mechanism is activation of GABA receptors; sedation; no analgesia or surgical anesthesia; possible respiratory depression, cortisol suppression, decreased feed intake, electrolyte imbalance, increased glucose, decreased leukocyte count/ammonia/triacylglycerol, increased RBCs/MCH, aversion, pigment enhancement, muscular tremors; expensive; contraindicated for air-breathing fish; AquaCalm licensed for ornamental fish

2-Phenoxyethanol: Mechanism is inhibition of NMDA receptors; bactericidal and fungicidal; possible blood pressure derangements, blood oxygenation reduction, increase in cortisol/glucose/adrenaline/ALT, changes in HCT; my cause neuropsychological syndrome in humans.

Lidocaine: Mechanism is sodium channel inhibition; slow recovery; can be used in low doses to improve perioperative analgesia

Propofol: Mechanism is GABA receptor inhibition; can also be used as injectable anesthetic; rapid induction and recovery; no analgesic properties

Essential Oils: 
· Tropical Bushmint: No mortality; long recovery. 
· Whitebrush: Varied recovery times; possible muscle contractions, cortisol reduction, genotoxicity. 
· Oaxaca Lemon Verbena: No mortality. 
· Menthol: Increased glucose, attenuated stress response. 
· Condalia: Light sedation. 
· Basil/Lemongrass: Safe. 

· Citronella: Deep anesthesia. Many others have been tested with varying success.

 

Indicators of pain in fish include reduction in swimming and food intake, increase in gill ventilation rate, and rubbing of an injured area. It is ideal to treat pain with a multimodal regimen. Analgesic administration requires close restraint. Opioids, NSAIDs, and local anesthetics have been used in fish and some examples include:

Morphine: Pure mu-opioid receptor agonist

Butorphanol: Kappa-opioid receptor agonist and mu-opioid receptor antagonist; limited efficacy

Buprenorphine: Partial mu-opioid receptor agonist

Tramadol: Mu-opioid receptor agonist and monoamine reuptake inhibitor

Ketoprofen: May cause GI ulcers and nephrotoxicity

Carprofen: Good postoperative analgesia with reduced side effects

Lidocaine: Local anesthesia to reduce the doses needed of other analgesics/anesthetics

 

More research is needed on these topics due to large variability in fish species and poor detail in the current literature.

 

QUESTIONS
1. What is the mechanism of action of MS-222?

2. T/F: metomidate immersion is capable of inducing a surgical plane of anesthesia

3. What occupational hazards can be associated with clove oil use?

 

ANSWERS
1. Sodium channel blockade

2. False
3. Possible carcinogen, skin sensitizer

 

ORIGINAL ARTICLES

Ahloy-Dallaire et al. Automated monitoring of mouse feeding and body weight for continuous health assessment, pp. 342-351
Domain 3: Research; K12 - Replacement, Reduction, and Refinement Techniques

Domain 4: Animal Care; K13 - Watering and feeding

Primary Species: Mouse (Mus musculus)
 
SUMMARY: An automated apparatus for measuring body weight and food intake based on a mouse’s RFID tag was used to determine if the apparatus could detect illness (indicated by a decrease in body weight and food intake) in a mouse prior to human caretakers using conventional methods such as body condition scoring and illness behavior scoring. The apparatus included a tube on top of a scale that is inserted into the back of a standard rodent shoebox cage (Alternative Design, Siloam Springs, AR; 18.3 cm W x 29.1 L x 12.6cm H). When a mouse enters the tube, an RFID reader scans to identify them, then a picture is taken to assess the mouse’s appearance, a single pellet of food is dispensed inside the tube through a funnel, and body weight is measured. Male and female C57BL/6J mice were housed in same sex sibling pairs from weaning. At 53-63 weeks of age, they underwent RFID implantation and entered the experimental period 1 week later. Mice were placed in the automated apparatus and allowed to acclimate for 2 days prior to data collection. Data was collected for 24 hours for baseline food intake and body weights starting at 4:00 PM. One mouse from each pair was injected with 1 mg/kg LPS IP to induce illness and the other mouse received saline IP as a control the following day at 4:00 PM. 24 hours of data were then collected. Mice who were injected with LPS that did not resume eating within 24 hours were euthanized. Mice injected with LPS entered the tube for food significantly less (0-3 pellets dispensed during the 10 hour dark period) than the mice who received saline (70-138 pellets during the 10 hour dark period). Researchers were unable to compare body weights during the treatment period because LPS injected mice did not enter the tube enough times in the 24 hours after injection. In fact, only 2 of the 5 LPS treated mice entered the tube at all after injection. Human caretakers were unable to detect a change in behavior or BCS after injection during two separate health checks, morning and afternoon. The automated apparatus successfully detected illness behavior in mice as early as 2 hours after LPS injection, and was more sensitive than monitoring by humans. It allows for minimally invasive monitoring of group housed mice, and the lack of handling and absence of a human observer may reduce stress in the mice. 
QUESTIONS
1. How many grams of food and milliliters of water does a mouse require per day?

a. 5-6 g food; 8-9 mL water

b. 4-7 g food; 2-3 mL water

c. 3-5 g food; 6-7 mL water

d. 8-10 g food; 5-8 mL water

2. RFID information is captured by a reader via _____.

a. 
Microwaves

b. 
Radiowaves

c. 
Infrared

d. 
WiFi

 
ANSWERS
1. c
2. b
  

Resasco et al. Non-aversive photographic measurement method for subcutaneous tumours in nude mice, pp. 352-361

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

Primary Species: Mouse (Mus musculus)

SUMMARY: In efforts to reduce the stress of repeated handling, non-aversive photographic measurement (NAPM), is a refinement to manual measurement of subcutaneous masses is demonstrated and the associated results are compared against traditional manual and post mortem measurements.  Briefly, NAPM was done with the use of transparent tube, half of which was lined with graph paper.  Mice would voluntarily enter the tube and a camera positioned 15cm away from the long side of the tube would capture a photo. Image J software was used to determine photo scale and tumor measurements. To reduced confounders, when handling was necessary in the following experiments it was done by cupping the mice rather than tail holding or scuffing.

The first experiment looked to validate this refinement method where an equally divided tumor-implanted cohort of mice had their tumors measured either by NAPM or manual caliper measurement, two times a week apart, and then the tumors sizes were measured antemortem via water displacement. In this study, glucose levels, response to Novelty-Suppressed Feeding (NSF) test, and intra-observer variation (time to conduct each measurement) were also evaluated. Measurement results found excellent correlation within measurement groups but significant variation of measurements between each of the three groups. In the NSF test, NAPM had a significantly reduced response time. Blood glucose was not significantly different between group.  NAPM took longer to do than manual caliper measurements.

The second experiment examined behavioral responses between cohorts (different from the first experiment but again, tumor implanted) that had tumors measured by NAPM and manual calipers. Behavioral observations (voluntary establish contact with researchers) were made and fecal boli were collected to determine stress responses. Mice that were exposed to NAPM were more likely to voluntarily establish contact with researchers.  Fecal cortisol was significantly different at the beginning of the experiment but did not significantly differ between treatment groups.

 

QUESTIONS
1.  
Which of the following strains has a high natural prevalence for mammary tumors?

a. BALB/c

b. DBA/2

c. C57BL

d. AKR

2. 
T/F: Exogenous Mouse Mammary Tumor Virus (MMTV) is endemic in contemporary laboratory mice.

 

ANSWERS
1.  
b. Laboratory Animal Medicine, Third Edition. Chapter 2 pg 136

2.  
False. Laboratory Animal Medicine, Third Edition. Chapter 2 pg 98

  

Akalestou et al. Establishing a successful rat model of duodenal- jejunal bypass: A detailed guide, pp. 362-371

Domain 2: Research

Primary Species: Rat (Rattus norvegicus)

SUMMARY: Bariatric surgery was developed experimentally to investigate weight-independent mechanisms of surgical control of diabetes. Duodenal-jejunal bypass (DJB) induces long-lasting remission of hyperglycaemia and reduces cardiovascular disease and mortality associated with Type2 diabetes mellitus (T2DM).  

DJB is a well-characterized procedure in rodents. The entire duodenum and 10 cm of the proximal jejunum are bypassed and a duodeno-jejunostomy is performed. The excluded limb of small bowel (excluded from food passage but still carrying bile and pancreatic juice) is re-anastomosed downstream in the distal jejunum/proximal ileum, usually about 15 cm from the duodeno-jejunostom.  

This study provides insight on the development of an experimental model of DJB in rats, focusing on the aspects of surgical technique and peri-operative management to improve long-term survival rate. 

This is the scheme of the surgery: 


Special consideration for the success surgical outcome: 

Authors determines that approximately 20 DJB cadaver practices are required to master the technique for an experienced microsurgeon, without a realistic representation of the bleeding risks during mesenteric handling and intestinal resection (with that in mind). 

Different limb lengths have been reported with a range extending from 12 cm to 35 cm for the alimentary limb. In this study, authors recommend a DJB procedure involving a 10 cm biliary limb and 15 cm alimentary limb. These lengths were chosen to proportionally resemble a standard gastric bypass in human. 

In terms of anaesthesia, isoflurane inhalation offered better control anaesthesia levels and time. Fasting the animals overnight can be helpful when creating the anastomoses, as it allows a clearer exposure of the intestinal lumen. 

Factors that can facilitate recovery include pre-operative liquid diet and maintaining appropriate hydration peri-operatively. It is useful to expose the animals to the same liquid diet before and after surgery to avoid they might refuse to eat due to the combination of pain and a new diet in the first days post-operatively. Hydration through subcutaneous 0.9% sodium chloride injections can facilitate recovery, but placement of HydroGel inside the cage can be less stressful to the animals that are not able to stretch their abdomen to reach their water bottle due to pain. 

QUESTIONS
1.  
Murine duodenal-jejunal bypass is used as a model in research due to:

a. Modification of insulin sensitivity

b. Impact glucose transporters and its circadian clock

c. Biliopancreatic juice effect

d. Alteration of gut microbiota

e. All of them

2. 
Why should you provide liquid diet for the recovery of rat after a DJB surgery?

a. Liquid diets assess a better rat nutrition that soft diets

b. Liquid diets impact lesser of the gut microbiota

c. Liquid diets for the first post-operative days allow a sufficient amount of nutrients even in the case of a partial anastomotic stenosis or pain.

d. Liquid diets are less relevant than hydrogel support because animals need to be perfectly hydrated.

ANSWERS
1. 
e

2. 
c

Gray et al. Using preferred fluids and different reward schedules to motivate rhesus macaques (Macaca mulatta) in cognitive tasks, pp. 372-382

Domain 3: Research
Primary Species: Macaques (Macaca spp.)
SUMMARY: This study investigated fluid reward preferences in fluid-restricted macaques, using those preferences to compare motivational power of various reward schedules, and exploring if preferred fluids could keep macaques motivated to perform cognitive tasks when fluid restriction was relaxed. This study used 4 male macaques already on water restriction. The first step was establishing fluid preferences, which was done in the testing chair for Monkeys 1 and 2 and in the home cage for Monkeys 3 and 4. In the chair, fluid rewards offered were either water, Ribena (a nutritive fruit drink) or fruit tea (non-nutritive fruit tea), and each of these liquids were represented by a symbol on the screen for the monkeys to choose. Monkey 1 showed a clear preference after 6 days, but Monkey 2 never figured out the task so he was removed from study. Monkeys 3 and 4 were offered juices (apple, pineapple, tropical and orange) in random pairings/orders in their cages via syringe over seven days. Monkey 3 preferred tropical juice and Monkey 4 preferred apple juice.

Once fluid preference was established, motivational value of different fluid-reward schedules was assessed by having each monkey perform a familiar task while fluid restricted at their normal level and receiving one of four different reward schedules. These schedules were previous reward, which was the reward given in previous studies, preferred reward as established in the previous test, variable schedule where they had a 50% chance of receiving either preferred or previous, or choice schedule where they could choose between previous and preferred rewards. Monkey 1’s highest performances were with preferred reward or variable reward while Monkeys 3 and 4 showed no difference in task performance across the different reward schedules.

Lastly, fluid restriction was relaxed (daily intake increased by 100mL) to assess whether reward schedules remained motivating. Monkey 1’s performance decreased for previous reward, Monkey 3’s performance lowered for choice, and Monkey 4 performed similarly for each schedule. 

Authors concluded that establishment of preferred fluids only worked under fluid control in the laboratory and not in home cages where animals have free access to fluids. Schedules of choosing reward or having variable preferred reward did not appear to increase motivation. Variable reward schedules enhance performance in other species, but this study shows that these are less motivating for primates, which was a surprise along with free choice not enhancing motivation. Finally, they concluded that this study provides empirical support for using preferred fluids to enhance motivation and allow relaxation of fluid control for macaques used in behavioral neuroscience.

QUESTIONS
1. 
True/False: As is does in most species, variable reward schedule appears to enhance motivation on cognitive tasks in macaques.

2. 
True/False: Establishment and use of preferred fluids in NHP neuroscience testing may allow for relaxation of fluid restriction.

3.  
According to the Animal Welfare Regulations, if potable water is not offered continuously to NHPs, how often and how long must it be offered?

a. 
Once daily for 2 hours

b.  
Twice daily for 2 hours each time

c. 
Once daily for 1 hour

d.  
Twice daily for 1 hour each time

 

ANSWERS
1.
False

2.
True

3. 
d

Henderson and Small. Rapid acclimation of the cortisol stress response in adult turquoise killifish Nothobranchius furzeri, pp. 383-393

Domain 4: Animal Care

Tertiary Species: Other Fish
 
SUMMARY: Turquoise killifish are endemic to semi-arid regions of SE Africa were rain is restricted to a few months per year and killifish live in ponds that are created as water drains to lowland plains. Because of this, killifish have a unique adaptation where their development is extremely rapid. When the water evaporates from the pool, the eggs within become encased in dry soil and remain in diapause for more than a year. Once the next rainy season occurs, the developed embryos are triggered to hatch and the frys rapidly advance to maturity. 3 months from hatching, adult killifish have accumulation of aging biomarkers that lead to death through multiple organ failure. Because of the rapid development and facultative diapause in developing embryos, the turquoise killifish is an opportune model organism for comparative studies.

The hypothalamic-pituitary-interrenal (HPI) axis is widely accepted indicator of stress in fish due to consistent increases in the teleost glucocorticoid (GC) cortisol. High levels of GCs seen during a stress response actively inhibit glucose uptake while stimulating gluconeogenesis in the liver. Laboratory and husbandry practices subject fish to frequent stressors and chronic exposure may alter HPI axis responsiveness to future stressors. Chronic stress may also manifest deleterious effects on other physiological systems. In this paper, they describe sex specific HPI axis activity of adult turquoise killifish before and after introduction to a novel confinement stressor.

Adult male and female killifish were exposed to either single-stress(SS) or repeated stress(RS) (reduced volume of aquaria) and fish were sampled at different time points (15, 30, 60, and 120 min post confinement). What they found is that the RS fish had lower cortisol levels when compared to SS fish and that there were no significant differences in constitutive expression of brain CRH, GR, or MR mRNA in male or female killifish previously exposed to RS events compared to non-stressed fish.

They concluded that just one week of daily repeated acute stress can significantly alter the cortisol stress response in male and female adult turquoise killifish without altering brain CRH, GR, or MR expression. A greater understanding of how stress is induced by laboratory procedures is directly relevant to the development and fitness of this short-lived model species which can improve the killifish’s utility as an animal model and informing practices to improve animal welfare for this species.

 

QUESTIONS
1. During times of the year when the temporary pools dry, turquoise killifish enter into what phase of development?

2. How long does it take for turquoise killifish to develop to maturity and accumulate aging biomarkers leading to death by multiple organ failure?

3. True/False: turquoise killifish sexes are highly dimorphic in both morphology and behavior.

 
ANSWERS
1. Diapause

2. 3 months

3. True 

Reynolds et al. Informing efficient pilot development of animal trauma models through quality improvement strategies, pp. 394-404

Primary Species: Pig (Sus scrofa)
 

SUMMARY: Poor quality data in preclinical trials can result from inconsistent and unstandardized experimental processes. Pilot studies (short series of mock runs of the proposed trial) have the objective of informing design and conduct for future primary trials. They represent an important 3Rs refinement and reduction tool (replacement being the third R) by identifying and correcting of problems in a small scale pilot greatly reduce risk of experimental failure and subsequent waste of animals. The process can be made more efficient by targeted quality improvement strategies, such as Define-Measure-Analyse-Improve-Control (DMAIC). DMAIC follows an organized iterative sequence of task mapping, process standardization and problem identification to direct specific operational changes designed to improve performance. Authors report a pilot study designed specifically to inform development of a swine model of trauma and coagulopathy, used in a subsequent randomized controlled trial. DMAIC (Define-Measure-Analyse-Improve-Control) process formalizes identification of tasks to be performed and in what order, identifies checks to ensure tasks are performed correctly and specifies actions to be performed when problems occur.

D-Process Definition: Definition of the process involves specification of (a) project scope; (b) checks to ensure tasks are performed correctly; and (c) corrective actions to be performed when problems occur.

M-Process measurement. Process performance, gaps and changes are assessed by clearly defined, specific and measurable process metrics. Data that are not clearly defined will be inconsistently measured and collected, and therefore will not provide reliable information.

A-Process Analysis: The analysis stage consists of comparison of performance metrics to desired target values and identification of specific problems with the current process.

I-Process Improvement: ‘Improvement’ is a three-step process: prioritizing the most important problems, identification of specific changes to fix the problems and recommendations of practical solutions.

C-Process Control: A process in control is predictable, stable and consistent; it is assessed by comparison of current with past performance

Essential elements of a DMAIC quality improvement effort include clear definition of tasks (work-stream maps are recommended for complex protocols); measurement of simple performance metrics; frequent assessment and evaluation of compliance; and ongoing control measures (including checklists and visual aids). Strengths of this approach are the use of simple routine measurements and tracking procedures to identify problems and guide decisions, and inclusion of all team members as contributors to the improvement process (especially the technical staff most involved with the day to day work). The main barriers to effective implementation are, first, the immense amount of planning and organization required before the study can begin and second, the sometimes radical cultural and behavioural changes required of all members of the team.

QUESTIONS (True or False)
1. 
Define-Measure-Analyse-Improve-Control (DMAIC) is a process that can be used in preclinical studies which will help in quality improvement of the obtained data.

2. 
Pilot studies are needed to identify and correct problems in a small scale pilot greatly reduce risk of experimental failure and subsequent waste of animals. Unfortunately, pilot studies often represent missed opportunities to address problems before a main trial.

ANSWERS
1. 
True
2. 
True
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