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Domain 3: Research K12. Replacement, Reduction and Refinement techniques

 
SUMMARY: This review focuses on score sheet design in animal studies that cause pain and distress. Score sheets can used to maximize the welfare of the animal and to focus on the refinement part of the 3 Rs.  The score sheet is an essential tool for reporting the degree of severity of an experiment retrospectively. Also, score sheets are an invaluable aide in deciding whether the predetermined humane endpoint has been reached. When designing a score sheet, a researcher should follow these 3 steps:

 

Step 1: Identify parameters that detect deviations from the normal state and that are easy to understand.

Useful publications:

  
Hendriksen C, Morton DB and Cussler K. Use of humane endpoints to minimize suffering. In: Howard B, Nevalainen T and Perretta G (eds) The COST manual of animal care and use: refinement, reduction and research. Boca Raton: CRC Press, 2010, pp.338–342.

  
Arbeitskreis der Berliner Tierschutzbeauftragten. Empfehlungen der Berliner Tierschutzbeauftragten zu Score Sheets und Abbruchkriterien. 2013.

  
Wolfensohn S and Lloyd M. Pain, stress and humane end points. In: Wolfensohn S and Lloyd M (eds) Handbook of laboratory animal management and welfare. Oxford: Blackwell Publishing Ltd, 2003, pp.65–73.

 
Hawkins P, Morton DB, Burman O, et al. A guide to defining and implementing protocols for the welfare assessment of laboratory animals: eleventh report of the BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement. Lab Anim 2011; 45: 1–13.

  
Fentener van Vlissingen J, Borrens M, Girod A, Lelovas P, Morrison F and Torres YS. The reporting of clinical signs in laboratory animals: FELASA Working Group Report. Lab Anim 2015; 49: 267–283.

  
Cussler K, Morton DB and Hendriksen C. Humane endpoints in vaccine research and quality control. In: International conference on humane endpoints (HEP) in animal experiments for biomedical research (ed C Hendricksen, B Steen, K Cussler and DB Morton), Zeist, The Netherlands 22–25 November 1998.

  
Jones HRP, Oates J and Trussell BA. An applied approach to the assessment of severity. In: International conference on humane endpoints (HEP) in animal experiments for biomedical research (ed C Hendricksen, B Steen, K Cussler and DB Morton), Zeist, The Netherlands 22–25 November 1998.

 

Step 2: Define the method of scoring the parameters. This may be a simple binary system or a numerical system that weights the symptoms.

Useful publication:

  
Hendriksen C, Morton DB and Cussler K. Use of humane endpoints to minimize suffering. In: Howard B, Nevalainen T and Perretta G (eds) The COST manual of animal care and use: refinement, reduction and research. Boca Raton: CRC Press, 2010, pp.338–342.

  
Morton DB and Hau J. Welfare assessment and humane end points. In: Hau J and Schapiro SJ (eds) Handbook of laboratory animal science, 3rd ed. Boca Raton: CRC Press, 2010, pp.555–559.

 
Hawkins P, Morton DB, Burman O, et al. A guide to defining and implementing protocols for the welfare assessment of laboratory animals: eleventh report of the BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement. Lab Anim 2011; 45: 1–13.

  
Fentener van Vlissingen J, Borrens M, Girod A, Lelovas P, Morrison F and Torres YS. The reporting of clinical signs in laboratory animals: FELASA Working Group Report. Lab Anim 2015; 49: 267–283

  
van der Meer M, Rolls A, Baumans V, Olivier B and van Zutphen LFM. Use of score sheets for welfare assessment of transgenic mice. Lab Anim 2001; 35: 379–389.

  
Office of Regulatory Affairs. IACUC Guideline: Humane intervention and endpoints for laboratory animal species. Philadelphia: Office of Regulatory Affairs, University of Pennsylvania, 2011.

 

Step 3: Treat the defined parameters. These interventions can be based on the rank of one of the parameters or, in the case of a numerical scoring system, on the sum of some or all parameters.

Useful publications:

  
Hendriksen C, Morton DB and Cussler K. Use of humane endpoints to minimize suffering. In: Howard B, Nevalainen T and Perretta G (eds) The COST manual of animal care and use: refinement, reduction and research. Boca Raton: CRC Press, 2010, pp.338–342.

 
Foltz CJ and Ullmann-Cullere M. Guidelines for assessing the health and condition of mice. Lab Anim Sci 1999; 28: 28–32.

 
Arbeitskreis der Berliner Tierschutzbeauftragten. Empfehlungen der Berliner Tierschutzbeauftragten zu Score Sheets und Abbruchkriterien. 2013.

  
Morton DB and Hau J. Welfare assessment and humane end points. In: Hau J and Schapiro SJ (eds) Handbook of laboratory animal science, 3rd ed. Boca Raton: CRC Press, 2010, pp.555–559.

  
Hawkins P, Morton DB, Burman O, et al. A guide to defining and implementing protocols for the welfare assessment of laboratory animals: eleventh report of the BVAAWF/FRAME/RSPCA/UFAW Joint Working Group on Refinement. Lab Anim 2011; 45: 1–13.

 

QUESTIONS
1. 
If there are no publically available score sheets for the experimental model, what should the investigator conduct?

2.
True or false, it is generally recommended measuring body weight instead of body condition score?

3. 
According to Morton and Griffiths, what is another name for ‘score sheet?’

 
ANSWERS
1.
A pilot study to identify relevant symptoms and critical phases

2. 
False, generally it is recommended using body condition sore instead of measuring body weight. 

3.
Welfare assess

Jeger et al. Analgesia in clinically relevant rodent models of sepsis, pp. 418-426

Domain 2

Primary Species:  Mouse (Mus musculus)
 

SUMMARY: The traditional model of fecal peritonitis is cecal ligation and puncture (CLP) and subsequent subacute abdominal sepsis. Rats sepsis models resemble human patients more closely. This experiments are highest in severity grade. Nowadays, the use of fluid resuscitation is mandatory and the use of antibiotics is widely applied. The application of analgesia has been neglected in animal research. 

To improve animal welfare, researchers have to identify animal distress. The rat grimace scale has not yet been validated to differentiate sepsis-induced distress from acute pain. The implementation of physiological parameters may be more reliable and better discriminators for the outcome.

Echocardiography-derived stroke-volume and heart rate can predict death as early as 6h after the septic insult. The use of implantable and wireless telemetry devices may further help. It might be possible to predict the outcome by defining adequate thresholds based on telemetry data. 

When using analgesia in sepsis models, behavior changes induced by analgesia have to be distinguished from sepsis-induced distress.

Nalbuphine has been used as a continuous analgesic during CLP-induced sepsis in rats. Its effect is not only strain-specific, but also gender-specific. Nalbuphine weakly inhibits gastric emptying and gastrointestinal passage, although has an effect on hemodynamics. Effects of buprenorphine in sepsis models are controversial. Butorphanol may be an alternative. 

The use of non-steroidal anti-inflammatory drugs in sepsis has been discussed. There is a risk of renal impairment and bleeding as well as an interference with the sepsis model due to their anti-inflammatory effect.

Oral self-administration cannot be applied in sepsis models as the animals tend to reduce their food intake. 

Assessment of pain and distress and measurement of effectiveness of analgesia in sepsis models is challenging since they have effects on the same parameters. 

Using less invasive sepsis models leads to refinement. Refinement of animal studies reduces suffering and improves scientific quality. 

 

QUESTIONS
1. 
Predefined deterioration thresholds of heart rate leads to more homogeneous study groups than data obtained from sampling at predefined time points.

2. 
Pain may influence behavior. Analgesia should reduce stress levels and increase reliability of the model.

3. 
Nalbuphine presents advantages compared with pure mu-opioids although has an effect on hemodynamics that has to be taken into account.

4. 
The usage of NSAIDs in sepsis models is the analgesia of choice.

ANSWERS 
1. 
True
2. 
True
3. 
True
4. 
False
Pushpalatha et al. The more the merrier? Scoring, statistics and animal welfare in experimental autoimmune encephalomyelitis, pp. 427-432

Domain 2

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Experimental autoimmune encephalomyelitis (EAE) is the most commonly used animal model for multiple sclerosis (MS).

Although MS is a uniquely human disorder not observed spontaneously in other species, animal models have served as useful tools in investigating the dynamics of both the immune system and the CNS during neuroinflammation. Accordingly, many of the MS drugs in use and under testing in humans have been developed on the basis of experimental data coming from EAE.

EAE is, however, not a single model but consists of a family of animal models induced through different protocols, each serving a different experimental purpose. It has been stablished in a variety of mammals such as monkeys, guinea pigs, cats, goats, primates, rats and mice.

In mice, active EAE is induced by subcutaneous immunization with myelin components and adjuvants. Self-tolerance is broken and encephalitogenic effector T cells migrate into the CNS to attack the myelin sheath.

In both MS and EAE, the CNS is infiltrated by T cells, B cells and macrophages. 

Other aspects of the disease differ between patients and can be modeled in EAE. For instance, induction in C57BL/6 mice using MOG35-55 peptide emulsified in complete Freund’s adjuvant (CFA) and followed by Pertussis toxin (PT) injection usually results in chronic disease. On the other hand, induction in SJL/J mice using PLP131-151 peptide in CFA results in a relapsing– remitting pattern. Adoptive transfer EAE, or passive EAE, is a model in which encephalitogenic T cells are transferred from myelin-immunized or diseased mice to naïve recipient mice, allowing the direct assessment of the effector phase of EAE.

Transgenic models have also been developed in which EAE develops spontaneously.

All these models, even though presenting occasionally with different symptoms and signs, are usually assessed through some similar type of ‘EAE scoring scale’.

Nevertheless, the term ‘EAE scoring scale’ does not refer to a cohesive scoring scheme.

EAE scoring usually serves two purposes:

 

(1)    Assessment of disease severity as outcome value of the scientific study.
(2)    Providing a parameter for the determination of animal welfare actions.

The EAE scales used range from 0 (no clinical signs) to between 4 and 10. Even scales that have the same range often do not have the same increment, or the same increment does not correspond to the same clinical description. Adding to the confusion, the same number of identifiers may describe different signs.

Ten-point scoring scales may be superior by allowing a more accurate description of symptoms, and provide a better distinction between recovering and relapsing stages.

Such more extended scales would also overcome partial scoring, another issue in EAE clinical monitoring.

However, while a larger range within the scale (i.e. the number of identifiers to choose from) is scientifically superior, the chances of inter-observer and intra-observer variability will be enhanced. In this regard, blinding experimental groups to the observer is crucial.
Dehydration can be easily assessed and treated, although critical weight loss, often defined as a reduction of 20% in body weight, leads to termination of the experiment because mice must be euthanized to abide with humane endpoints. Although to the best of the author’s knowledge there is no direct causal relationship between weight loss and disease progression; in EAE mice frequently lose weight transiently and over 20%, correlating with higher scores and paralysis. Thus, they are able to recover their weight when disease ameliorates.

A recent European Union document with practical guidelines on how to implement Directive 2010/63/EU in EAE studies suggests using 35% weight loss as the humane endpoint, whenever applicable, in order to maximize 3R practice.

Some studies also document temperature as an endpoint when using ABH mice. Future research will show if this parameter is applicable to C57BL/6 studies.

Refinement Opportunities:

1. One common scale.

2. Induction and measurement of disease at identical time of the day.

3. Induction and measurement of disease in a blinded fashion.

4. Use of littermate controls of the same genetic background and hosting similar microbiomes.

5. Use of non-parametric statistics for data analysis and power calculation during experimental planning.

6. Allowance of up to 35% transient weight loss, according to characteristics of the strain, EAE induction paradigm and aim of the study.

7. Consistent use of jellified food/water as welfare action.

8. Assessment of dehydration paired with respective actions.

QUESTIONS 
1.
In EAE, animal ill-being results from:

a. Neurological deficits such as reduced motor control

b. nausea and/or neuropathic pain

c. weight loss and dehydration

d. All of the above

2.
Weight loss can be an endpoint in EAE when over:

a. 40%

b. 35%

c. 20%

d. 15%

3.
In 2010, a meta-analysis of EAE studies showed that, of 126 manuscripts _ used a different clinical scoring scale

a. 15

b. 111

c. 83

d. 6

  

ANSWERS
1. 
d  
2. 
d 
3. 
c

Lang et al. Osteotomy models – the current status on pain scoring and management in small rodents, pp. 433-441

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
Domain 2: Management of Pain and Distress

 

SUMMARY: Fracture healing is a complex process, with disorders of fracture healing occurring in about 10% of human patients. Animal models are necessary to develop and test new therapeutic strategies for bone healing. Mice and rats make up more than half the animals used in orthopedic research, however there is no single animal model that replicates all of the key events of a human patient. The main differences between mice and humans include mice having permanently open growth plates in the epiphyses of long bones, lack of a Haversian system in mice, and mice having low cancellous bone content at the epiphysis of long bones. Mice are suitable for basic research into bone growth and healing, while rats are preferred for the study of pharmacological interventions, toxicology studies, and studies of biomaterial approaches for fixation and healing. There are well-established osteotomy models of long bones in rodents, with stabilization possibilities including external fixators, plates, or intramedullary pins / locking nails. The femur is the most common bone used in osteotomy models, followed by the tibia. Each device has advantages and disadvantages that should be considered prior to choosing a model. The mouse osteotomy model has been helped by the development fixator systems optimized for use on small mouse bones, as well as the increasing sensitivity of current analytical tools that allow for results using very small samples. The authors of this study note that bone healing is slower in female mice versus males, and that they only use C57BL/6 mice because this strain has good bone healing qualities. Severity of specific procedures is required by EU regulations, and in general depends on the degree of pain, suffering, distress, or lasting harm expected to be experienced by an individual animal during the course of the procedure. The level of severity of an osteotomy procedure depends on the degree of fixation stability; unstable fixation without restoration of functionality is normally classified as severe.

 

Recognition of pain in lab animals is of utmost importance for both biological and ethical reasons. Pain can lead to wound healing, blood flow disorders, immunosuppression, and increased risk of infection, and in osteotomy models pain can also have an impact on study results, as painful animals may change the load bearing of the affected limb. There is no ‘gold standard’ for measuring or assessing pain in rodents in bone research; all well-described systems apply only to large animal models such as dogs. Indicators of pain in mice and rats may include worsening of appearance, reduced body condition, prolonged convalescence, reduced food and water intake, abnormal posture or movement, pain face/ grimace, decreased activity, vocalizations, and absence of nest building. Pain assessment can be aided by daily observations by trained personnel, use of telemetry systems, and/or use of video monitoring. Specific methods to evaluate pain in osteotomy models can be described as either subjective assessment of spontaneous or palpation-induced behavior of the affected limb, or by methods such as hot plate or von Frey test. Both methods are invasive and cause additional stress and pain burden for the animal, so selection of a pain assessment method should be done after careful consideration. While there is no standardized score sheet or methods for pain evaluation in rodent osteotomy models, investigators may develop a scoring system for their studies, along with prescribed interventions based on the pain score, and defined humane endpoints. A rigorous and defined pain management plan is essential for animal welfare, and should include pre-operative, intraoperative, and post-operative analgesia. The selection of suitable analgesics for use in osteotomy models is limited, due to concerns about the potential adverse effects of NSAIDs during the initial and inflammatory phase of bone healing. There are also substantial deficits in knowledge about pain treatment in rodents in general. Commonly used analgesics for rodent osteotomy models include morphine, buprenorphine, and tramadol, but empirical evidence for their efficacy for osteotomy models is lacking. One should also consider the route of administration, and select the least invasive and stressful method of administration that still ensures effectiveness.  An effective pain management strategy should include knowledge of the pain pathology; knowledge of the pharmacological and non-pharmacologic analgesic strategies; and the ability to identify pain. Aside from analgesic medications, there are other ways to minimize stress and refine the osteotomy procedures, including adequate surgical training, use of standardized and validated fixation systems, as well as husbandry considerations such as easy to reach food and water and giving the rodents a chance to build a nest before they are physically impaired from the osteotomy. There is a distinct need for more research into ways to apply the 3Rs for rodent osteotomy models.

 

QUESTIONS
1. 
Which of the following is an objective test for mechanical nociception?

a. 
Hot plate test

b.
Von Frey test

c.  
Forced swim test

d. 
Reaction to palpation of affected limb 

2. 
Which of the following characteristics is true about mouse bones but NOT true of human bones?

a.  
Presence of permanently open growth plates in long bones

b. 
Presence of a Haversian system

c. 
Presence of high cancellous bone concentration at the epiphysis of long bones

d. 
Presence of elevated calcium concentrations in long bones

3. 
What is the most common bone used in rodent osteotomy models?

a. 
Tibia

b.  
Radius

c.  
Femur

d.  
Ulna

 

ANSWERS
1. 
b
2.  
a
3. 
c    
Pinkernell et al. Severity assessment and scoring for neurosurgical models in rodents, pp. 442-452
Domain 3: Research 
Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)

SUMMARY: Traumatic brain injuries (TBI) and aneurysm-induced subarachnoid hemorrhages (SAH) are among the most common acute neurological diseases seen in neurosurgery units. Despite this, the pathophysiological mechanisms behind them still need to be understood and for this reason, animal models that mimic the human diseases are commonly used.

Both conditions are reproduced in animals with a surgical approach, which needs to be well designed throughout its different steps (defining human endpoints, surgical techniques, anesthesia design, post-operative analgesia and care) and must be followed by the functional assessment and behavioral testing.

In particular, authors of this review focus on the description of the most commonly used models of TBI and SAH in rats and mice and on the assessment of animal welfare after that the condition is induced: expected and unexpected signs of pain, stress, lesion-induced functional deficits and signs of reduced welfare; a list of refinements opportunities is also provided and it’s mainly based on the surgical techniques, anesthesia and the post-operative management.

The article also provides a score sheet specifically developed for SAH and TBI models in mice and rats, which may be particularly useful for the assessment of the severity of the condition.

Although a lot of efforts have been done to improve the refinement in animal models of SAH and TBI, the authors state that understanding pain and stress in these animals may be difficult, since the impairment of the normal behavior caused by the lesion cannot be easily distinguished by a specific clinical signs of reduced well-being; for this reason, additional research is needed to better understand animal suffering by the models and a more advanced evaluation is also recommended to have more reliable assessments.

QUESTIONS
1.
True or False: small rodents are the most commonly used species for TBI and SAH models in research.

2. 
Name at least 2 of the most common techniques used to induce SAH in small rodents.

3. 
Which is the mortality rate associated with SAH models?

ANSWERS
1. 
True. Rats and mice are commonly used for these models for the following reasons: low cost, easy handling, high level of standardization, possibility of advanced assessment of functional outcome and molecular cascades of cellular damage in tissue after euthanasia.

2. a) Endovascular perforation model (a small wire is introduced into the ICA and advanced intracranially to perforate the Circle of Willis at the region of the anterior circulation, at the bifurcation of the anterior cerebral artery and the middle cerebral artery);

    
b) Blood injection model in cisterna magna or prechiasmatic cistern.

3. 
60% with the endovascular perforation model; 10% with the blood injection model, but it depends on the amount of blood injected.

Graf et al. Morbidity scoring after abdominal surgery, pp. 453-458
Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
Domain 2: Management of Pain and Distress

SUMMARY: Proper protocols for the assessment of pain and analgesic treatments are needed for their use in all experimentations performed in laboratory animals. Some analgesic regimes are tedious and water drinking treatments might not ensure the proper doses. There is a need of long-lasting forms of analgesia.

Normally the animals are monitored after abdominal surgery looking for signs of abdominal pain. Facial changes can be also assessed. This study propose a score sheet for postoperative surveillance in hepatic abdominal surgical procedures with cut-offs for termination of the experiment and euthanasia if unacceptable suffering overcomes.

For examination of the animals a solid knowledge of the normal behavior is needed and each individual should be taken out of its cage for best observation. Activity should be assessed, taking into account both absence of activity and increased activity levels. Rapid breathing rate and superficial breathing may indicate physical impairment too. Ruffled/unclean fur is indicative of absence of normal grooming behavior and thus indicator of abnormal behavior probably due to pain/suffering. Posture, particularly arching behavior should be considered also and given the proper scoring. Jaundice in hepatic procedures is important too, and if yellowing of the skin is observed loss of liver function may be happening. The site of surgery should be monitored also to assess proper closing and absence of infection.

At the end of the assessment points should be added up and animals having two or more points should receive pain relieve with analgesics. In cases where the score is too high or when the pain treatment is not effective, animals should be euthanized. Other termination criteria includes heavy body weight loss from the beginning of the experiment and in the acute phase after surgery. Extremely low levels of activity or self-mutilation are also reasons for performing euthanasia.   

QUESTIONS

1.
The ________________ is a system which allows assessment of pain through the observation of facial changes in the animals.

2.
With respect to buprenorphine treatment in rodents:

a. 
It provides analgesia for 24 h when administered subcutaneously
b. 
It can lead to mutilation of the wound site if overdosed

c. 
Animals tend to drink more when administered in drinking water due to its known tasty flavor
d. 
In terms of pain relief it should be only used in procedures considered as mild

3.
True/False. After abdominal surgery pain is experienced within the first 2-3 days.

4.
True/False. The impact of abdominal surgery is considered to be mild.

5.
Which of the following statements is true regarding the ‘small-for size syndrome’:

a. 
Analgesia is essential to solve this condition

b. 
Animals’ activity is increased

c. 
Encephalopathy can lead to death

d. 
As in humans, it is considered a very painful condition

ANSWERS

1.
Grimace scale

2.
B
3.
T

4.
F

5.
C
 

Kanzler et al. Recommendation for severity assessment following liver resection and liver transplantation in rats: Part I, pp. 459-467

Primary Species: Rat (Rattus norvegicus)
Domain 3: Research

SUMMARY: The need of an objective evaluation of pain and the ability to assess and quantify suffering in animals is a well-known refinement measure, in accordance with the 3Rs role within European directive 2010/63. This also represents a moral imperative as well as a requirement for good and reliable scientific results. 

In the present study, authors reported the use of a scoring system to assess post-operative severity in rats who underwent hepatectomy and liver transplantation, giving results and recommendations on the use of such tool.

Rats undergoing those 2 hepatic surgeries were scored during 3 post-operative days; changes in body weight, general state, spontaneous behaviour, clinical results and degree of strains (DS) were assessed by attributing scores between 0 to 20 points. 0 points indicated no alterations on physiological state, whereas a result of 20 and more represented the highest severity level and immediate euthanasia was required. Observations were all performed by a single, experienced technician.

As for the liver resection, 120 male Wistar rats were used and were divided in 3 experimental groups, based on the type of procedure (resection of the left lateral lobe and consequent sealing of the resection surface with a tissue glue (1) OR with a fibrin glue (2) or a non anatomic hepatic resection (3)); orthotopic liver transplantation was performed on 40 male Lewis rats (8-10 wks age); recipient animals were divided in 3 groups: control group without remote ischemic conditioning, remote ischemic conditioning before liver excision and recipient hepatectomy, and remote ischemic conditioning after graft reperfusion.

All procedures were performed under general anesthesia and analgesia; scoring was made by comparison of experimental groups within the same surgery procedure and also by comparing both protocols; the study showed that all parameters were slightly increased for both studies, with a higher DS in rats that underwent liver transplantation compared with those who underwent resection, even if this was not statistically significant and allowed the authors to conclude that both procedures were classified as minor.

The use of such scoring system seems to be a good method to implement animal welfare as well as a refinement tool for rats undergoing liver resection and liver transplantation. Its good understandability and the easy assignment of scores are advantages of this method, which could possibly be improved if evaluations are performed by a single, experienced observer. Authors suggest that a video recording of rats overnight could be a good method to assess their natural and spontaneous behaviour and could improve objectivity of the observations, without disturbing animals.

Among the limitations of this scoring system, there is the need of training personnel on normal animal behaviour and physiology, so to reduce as much as possible the variability in the severity assessment, especially if this is done by different observers; as previously reported in literature, video training could be very useful to educate animal users. Authors suggest that autopsies should be performed in case of sudden death of animals, since this method cannot allow the detection of complications such as internal bleeding.

Interestingly, all animals of this study were assigned a DS of 1, which was considered as a minor strain and this in contrast with the severity classification in EU directive 2010/63/EU Appendix VIII, where laparotomy and organ transplantations are both assigned to the moderate severity category.

 

QUESTIONS (True or False)
1.
The use of the score sheet presented in this article showed that liver surgeries such as liver resection and liver transplantation in rats are considered invasive procedures with a high degree of distress.

2.
The use of score sheets to assess pain and distress in laboratory animals was first suggested in the eighties by Morthon and Griffiths.

ANSWERS
1.
False: this study showed that the surgeries performed were associated to a minor severity.

2.
True: in 1985, Morthon and Griffiths introduced general parameters that can be altered when animals are in pain/distress; deviations of the normal behaviour were categorized into 4 groups: 1. No obvious deviation from normal; 2. A minor change; 3. A definite change; 4. A gross change from normal.

 

Drude et al. Severity assessment in rabbits after partial hepatectomy: Part II, pp. 468-475

Primary Species: Rabbit (Oryctolagus cuniculus)
SUMMARY:  In this paper the authors describe a scoring system for the estimation of severity and recovery status of New Zealand White rabbits (NZW) in a standardized liver resection model using two different adhesive treatments and one control group. Although the recognition of pain, distress and discomfort has already been described in 1985 by Morton and Griffiths there is still very little known about the establishment of score sheets especially, regarding postsurgical pain and severity assessment for laboratory animals such as rabbits. In the Study presented, 36 female NZW rabbits were used and welfare was assessed at 3–4 consecutive days after surgery using a scoring system which included the following criteria: body weight, general state, clinical results, spontaneous behavior and clinical examination. Values could range from 0 to 20 where increasing values indicated increasing severity with a predefined humane endpoint for a score ≥20 points. Documented score points were almost exclusively a result of body weight loss, whereas clinical signs and general health status had no influence on the overall sum of points scored. Behavioral variation was solely observed postoperatively, within the first 24 h, with an average score ≤1. In contrast to the classification of a laparotomy as a moderate procedure in the EU Directive 2010/63 (annex VIII) the assessment herein presented showed a mild burden in all groups according to the scoring system used. The partial hepatectomy itself, as well as the adhesive treatment using either synthetic glue VIVO-107 or fibrin glue, were well tolerated.

QUESTIONS (True or False)
1. A surgical procedure involving laparotomy such as partial hepatectomy under general anesthesia and analgesia, associated with post-surgical pain, suffering or impairment of general condition is classified as a severe intervention in annex VIII of EU Directive 2010/63

2. A procedure is considered to be moderate if the animals are likely to experience only short-term moderate, or long-lasting mild pain, distress or suffering, or if the animals’ well-being or general condition is impaired.

3. Partial hepatectomy in rabbits is a very innovative model used for liver regeneration assessment developed in the early 2000s

4. The first guidelines on the recognition of pain, distress and discomfort in laboratory animals using a score sheet system were published by Morton and Griffiths in 1985

5. Apart from the objective signs the most widely noninvasive method used to assess pain/distress in animals is still their behavior

ANSWERS
1. False: A surgical procedure involving laparotomy such as partial hepatectomy under general anesthesia and analgesia is classified as a moderate intervention in annex VIII of EU Directive 2010/63

2. True

3. False: Partial hepatectomy in rabbits has been practiced since the early 19th century; whereas the first operation, even though performed initially in the 1830s by Cruveilhier and Andral, was only described in 1879 by Tillmans et al. as a proof of liver regeneration

4. True

5. True

 

Martins et al. Anaesthesia and analgesia in laboratory adult zebrafish: a question of refinement, pp. 476-488

Secondary Species: Zebrafish (Danio radio)

SUMMARY: This article reviews the main anesthetic agents and protocols used in laboratory adult zebrafish, and some of the analgesic methods to be used in this species that still need more research. In addition, a systematized observation of signs is proposed to evaluate adult zebrafish welfare to reduce pain and distress.
The article contain charts of 1. Proposal pain and distress score sheet for laboratory adult zebrafish, 2. Anesthesia stages in fish and 3. Anesthetic and analgesic agents tested in laboratory adult zebrafish such as:

MS-222: The most used inhalant anesthetic in fish. MS-222 is highly absorbed through the gills and is administrated by bath, inducing general anesthesia. Overall it is a safe anesthetic for fish, although there are some concerns regarding risks of overdose in deeper stages of anesthesia and long duration procedures, mainly in small animals such as zebrafish. The anesthetic solution of MS-222 should be buffered before use due to its acidic nature, which may cause aversion, epidermal and corneal lesions, and physiological alterations in the fish. Also, MS-222 can be toxic to humans.

Clove Oil: Clove oil and eugenol are used as inhalant anesthetics, and must be mixed with ethanol to be soluble in a water bath. They show rapid induction times and consistent anesthesia, fish recovery takes longer than with MS-222. Clove oil is efficient at a range of temperatures, easily available, and relatively inexpensive.

Etomidate and Etomidate are non-barbiturate hypnotic drugs, and both are used as inhalant anesthetics in a water bath in fish. These agents induce quick anesthesia induction and recovery but they should only be used for minor procedures, as they do not induce a surgical anesthetic stage or analgesia. Also, they alter fish physiology by suppressing cortisol production.

Lidocaine a local anesthetic and analgesic, is used as an immersion anesthetic in fish. It induces anesthesia within one minute and the recovery is also rapid, taking about three to four times the induction period. A high dose of lidocaine seems promising as an anesthetic agent for surgical procedures but has a low margin of safety in zebrafish. Thus, the addition of another agent, such as protocol, may potentiate this effect and reduce the dosage. Moreover, perioperative analgesia with lidocaine seem to improve zebrafish welfare.

Propofol is a sedative-hypnotic anesthetic drug used for the induction and maintenance of general anesthesia. Propofol can either be injected or used in an anesthetic bath. It is rapidly metabolized, thus lacking any cumulative effects. Although propofol is highly lipophilic, it can induce anesthesia in a rapid and smooth way. Moreover, the recovery from anesthesia is also quick and complete. Although the preliminary results seem promising it may not be fully soluble in the water and more research is needed.

Ketamine induces a dissociative anesthesia with some analgesia. In fish, it can either be injected or used in an anesthetic bath. The use of ketamine in fish depends largely on the species, since it could cause incomplete anesthesia, apnea, prolonged recovery and excitement in salmonid species. Ketamine has been revealed to be neurotoxic to zebrafish larvae, and to interfere with the development of embryos.

Isoflurane: Studies evaluating volatile drugs in fish are scarce, since the anesthetic depth is difficult to control, causing an overdose. Furthermore, anesthetic preparation and anesthesia should be conducted in a chemical fume hood for scavenging waste gas, and reducing the risk to the operator. These characteristics and the observed clinical effects render volatile anesthetics less practicable in fish anesthesia.

QUESTIONS
1.
Which anesthetic material is in common use in zebrafish?
2. 
How does MS-222 absorbed?
3.
What is the Swimming behavior of a painful fish?
ANSWERS
1.
In general, MS-222 is a good anesthetic, and is in wide use in zebrafish
2. 
MS-222 is highly absorbed through the gills

3.
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