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Grimm et al. Harm–benefit analysis – what is the added value? A review of alternative strategies for weighing harms and benefits as part of the assessment of animal research, pp. 17-27

Domain 5 

SUMMARY: The use of animals for research gives rise to a dilemma between the protection of the interests of the animals used and the promotion of the interests of those, mainly humans, benefitting from the research. To come to grips with this dilemma may  be considered as an individual task in that the solution may depend on a moral outlook that can differ widely among different social groups; however, it remains necessary to find solutions to set standards governing what scientists are permitted to do when it comes to animal use.

Regulation of animal experimentation cuts through some of the moral disagreement. It typically does so by setting up some conditions: first, that the use serves a socially acceptable purpose, and second, that all possible efforts have been made to comply with the 3Rs; but a third condition has been discussed... the idea that research should be allowed only if the expected benefits of the research exceed the predicted harm to the animals. This idea was argued by Patrik Bateson where harms imposed on animals must be proportionate to the scientific value of the experiment, and he represented it with this scheme: 

  

                                                                            
Bateson P. Ethics and behavioral biology. Adv Stud Behav 2005; 35: 211–233
 

The concept of HBA is now more or less embedded as common practice globally and as an explicit requirement in a series of regulatory documents across the world: he Guide for the care and use of laboratory animals, committees are ‘obliged to weigh the objectives of the study against potential animal welfare concerns;  AAALAC International requires that committees ‘as part of the protocol review process, will weigh the potential adverse effects of the study against the potential benefits that are likely to accrue as a result of the research; and  Directive 2010/63/EU requires that the project evaluation includes ‘a harm–benefit analysis of the project, to assess whether the harm to the animals in terms of suffering, pain and distress is justified by the expected outcome taking into account ethical considerations, and may ultimately benefit human beings, animals or the environment.

Despite the mandatory evaluation of the HBA by the different committees, there is a perceived need for more rigorous methods of HBA, but also, there is also skepticism among practitioners about the methods that have been propose. 

HBA As An Integral Part Of Ethical Review In Committee: The Discourse Model
Although in a first approach the Batenson's cube could be a simple metric interpretation; his view seems rather to be that the application of his ideas will require deliberation in a diverse group of people: a process where ‘a lot of fair-minded people, who often start with utterly different views, are finding ways of reaching agreement’.  This could, in turn, be underpinned by various forms of ethical or political thinking. That thinking could range from so-called procedural or discourse ethics , according to which moral views should be validated through a social dialogue, across the view, found in the later works of John Rawls, according to which moral disagreements in a social setting should, as far as possible, be decided by means of so-called overlapping consensus, and on to more pragmatic views favoring moral compromise. This means that committees must be constituted by lab animal expert and outsiders to animal experimentation such as representatives of animal protection groups and so-called lay members sit, where pros, cons and moral disagreements would be exposed to reach acceptable social consensus.

The methodological ideal for HBA could be summarized in something like the following way. Legal or scientific experts check firstly whether a project satisfies the requirements that it is being conducted for an appropriate purpose and every possible effort has been made to apply the 3Rs. Harm and benefit must be estimated too. Following this, the committee in charge of reaching a verdict on whether a project should be accepted can engage in deliberation in terms of HBA. Here the committee will need to engage in a dialogue about whether the expected benefit is of a kind and size that can justify the anticipated harms to the laboratory animals. The committee must, to ensure fairness in the assessment of other projects, have a view to a more general policy level; it will develop a nuanced picture of where to place the bar determining how much harm to laboratory animals is acceptable for the sake of achieving various forms of benefit.

This account of the workings of HBA within the framework of ethics review in committees may be challenged on both theoretical and practical grounds. Theoretically, it can be argued that the idea of a sensible middle ground where disagreements about animal use can be argued out between fair-minded people who are not in the grip of ‘bigotry and fanaticism is an attempt to impose a specific moral view on the whole of society.  Instead of beefing up the majority view as the product of an imaginary social compact, HBA could instead be described as a process allowing the majority moral view overruling the view of the minority.

From another perspective, a system is only as good as how it works in practice.  A common observation focuses on the influence of scientists and the associated concern that non-scientist voices are not heard.  Studies of committee composition in both the USA and Canada show that scientists are present in much greater numbers than any other group. The deliberations of 10 committees operating in top-funded US biomedical research institution,  scientists contributed 50% more comments than the community members. Examining review procedures in three Canadian research institution,  33% of contributions were made by outsiders to animal experimentation. Scientists can also come to dominate discussion by taking on certain roles. Their expertise in science, which is both an important knowledge domain for the committee discussion and generally inaccessible to non-scientists, is likely to give them an advantage independently of whether they are in the majority.

Does an imbalance in committee composition and discussion affect the outcome of the reviews in general and the HBA in particular? 

The approval of most of applications offers a sign that scientific interest is prevalent against HBA. 

What do the committees actually discuss, and do they perform an HBA?

Interviews with 20 Swedish committee members found that the majority of interviewees ‘agree that the animal ethics committees are discussing the “wrong” questions’ and do not engage in analyzing harm versus benefit... explanation: technical discussion allows the committee to reach consensus.

How is the consistency and potential standardization of animal ethics review?

Plous and Herzog ( Science 2001; 293: 608–609) found no significant relation between the first (original) and the second (experimental) recommendation. In the cases where the first and second reviews made different recommendations, the second committee was nearly always more negative than the original review. 

Conclusion of this point: There is a problem: there is lack of consistency across decisions taken by different committees, and it is difficult to ensure that common standards are applied in a transparent way. 

Metric Models Of HBA: Quantifying Ethical Deliberation
The promise of metric models is to facilitate the HBA and  the ideal is a methodology which can be used even without the help of a review committee. The overall theoretical idea of capturing the complexity of HBA in a systematic tool is not entirely different from the ideal of the discourse model and the work of committees. However, whereas in the discourse model the components of HBA are often only implicit, HBA components must be explicitly identified and in place beforehand in metric models. Basically, the HBA components must offer: a defined set criteria, the relevance of each criteria, factors to measure how the project fulfills the criteria and a procedure to evaluate the final HBA regarding each point of harm and benefit.  In this way, applicants to know beforehand which criteria are of relevance and what kinds of information have to be provided for the HBA to be carried out in the project application. Besides, same metric methodology as the authority, an applicant would know in advance whether the HBA is likely to result in a positive or negative outcome. The metric methodology would contribute massively to transparency, reduce identified inconsistencies in the evaluation process, lead to greater harmonization.

Unfortunately, criticisms have been made of various aspects of previously proposed models and the overall idea of metric HBA faces a number of theoretical and practical challenges:  how best to capture ethical deliberation in a metric model when measuring and weighing system eliminates responsible deliberation and judgement; the accountability issue; how to accommodate weightings of different value dimensions and reduce them to one ‘currency’; how to reduce the complexity and varying nature of project; and the idea of a clear-cut methodology in a field where clear-cut solutions are considered inappropriate or illusory.

 

How To Achieve The Added Value Of HBA? Combining The Two Model
The core idea of the metric model is promising applicants and the authorities work on the basis of a shared set of criteria which operationalize the harm and benefit dimension of particular experiment. An explicit set of criteria allows not only for more transparency, consistency and fairness, but also for improved efficiency in the authorization procedures of committees. Information on relevant criteria could easily be provided for the applicants and be picked up by committee members and authorities. Further, explicit criteria could facilitate a uniform development across committees and countries. The results on the various harm and benefit dimensions can be documented transparently, and step-by-step, in a way that facilitates retrospective analysis and allows committees to monitor their standards.
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On the other hand, the ideal of the discourse model is a procedural approach in which solutions are located in a social dialogue. For various reasons it is not very likely that agreement on a particular algorithm (metric model) will be achieved prospectively. However, for a decision to be reached in committees, weighing has to take place anyhow (implicitly or explicitly) in one way or another. 

In terms of methodological challenges, a merger of the two models could overcome the shortcomings of the discourse model.  An explicit set of criteria would focus and direct the work of review committees and help to avoid a bias, in their discussions, towards the values of committee members in dominant roles. The merger would allow room for flexibility within a transparent framework. Since a ‘one size fits all’ metric model with a predefined algorithm seems to be too ambitious, or even misconceived, the development of criteria which guide committees through the HBA and allow for reflection and debate seems desirable. The criticism of metric models over their inflexibility can be avoided, and the complexity of ‘non-standard’ projects can be taken into account. Therefore, authors suggest that the combination of both models offers the most promising way forward. HBA is built on the strengths of the metric model, transparent, consistent, fair and efficient approval processes are attainable. The risk that the discourse model will be used as a smoke screen is also avoided and its strengths maintained.

QUESTIONS
1.
Which is correct regarding metric components for HBA? 

a.
A defined set of criteria which comprise the harm and benefit dimensions to be included 

b.
The relative weights of the individual criteria 

c.
Operational factors to identify and measure how well each criterion is fulfilled 

d.
A procedure that aggregates total harms and benefits into a final HBA outcome

e.
All of them 

2.
Which of the following observations does not HBA put in value?

a.
HBA raises awareness that reducing harm and applying the 3Rs in animal research is no longer sufficient 

b.
The demand that we balance harm to animals and benefits to others emphasizes that animals have to be considered in a significant way
c.
HBA has given rise to valuable discussions about how decisions are taken in review committees and a call for transparency in approval procedures.

d.
HBA helps to underline the need for consistency across projects, committees and countries, which is of crucial importance for harmonization
e.
Unfortunately, the absence of flexible criteria during project evaluation preserve the needs of research animals. 

ANSWERS
1.
e

2.
e. HBA preserves the idea that applicants should receive fair treatment (in, among other things, legal terms), and that at the same time the needs of research animals should be given fair consideration.

Gosselin. Guidelines on statistics for researchers using laboratory animals: the essentials, pp. 28-42

 

SUMMARY: This review paper aims to provide guidelines in biostatistics and formulates twelve recommendations.

 

The first recommendation is to consult a statistician before starting the experiment. Early considerations of factors such as the type of variables to be measured, the unpaired or paired nature of the observations, the number of the experimental groups, the conditions of animal housing or the sex to be used will ensure the right analytical test can be chosen and a power and sample size calculation can be performed. For example, collecting a continuous variable (e.g. tumor size) allows the use of a parametric tests, but these tests are very sensitive to outliers. So here the investigator must consider early what policy to implement regarding outlier exclusion and the alternative possibility of collecting categorical variables instead.

 

The second recommendation is to defeat pseudo replication and confounding. Pseudo-replication is defined as the use of inferential statistics to test for treatment effects with data from experiments where either treatments are not replicated or replicates are not statistically independent. Confounding refers to a situation in which the association or effect between the variables is distorted by the existence of at least another variable. Both issues may arise from insufficiently defining the exact structure of the experiment, i.e. the identification, selection and definition of variables and levels, as well as the rules by which the levels will be allocated to the experimental unit. For example, if you are collecting skin biopsies from various animals the experimental unit and the basis of the statistical analysis is the number of animals not the number of skin biopsies. Wrongly considering sampling units as independent experimental observations artificially inflates sample sizes, violates the principle of independence and results in an invalid analysis.

 

The third recommendation is to predefine the required power and alpha threshold. Statistical power is defined as the probability of concluding a difference or relationship if there is indeed a difference or a relationship to be detected. Alpha is the probability that the performed test gives a false positive result or in other words alpha is the cut-off threshold that p-values should reach to conclude a statistical significance. In life sciences usually, the power is set at 0.8 (80%) and alpha set at 0.05 (5%), but this can be changed to match the specific requirements of the study. A researcher investigating a possible increase in brucellosis in cattle might want to increase the power of the study up to 0.99 due to the potentially negative consequences of false negative results on public health while keeping the alpha threshold at 0.05 as false positives are less of a concern in this instance. Conversely, in confirmatory studies with an aim of identifying infected animals the power could be revised downwards (e.g. 0.8) and alpha set at a more conservative value (e.g. 0.001) to prevent false positive results.

 

The forth recommendation is to estimate the sample size to reach the desired power based on all available information. Many parameters influence power and in the first instance all available information has to be collected (literature, pilot studies). In a second step the minimum sample size to reach the predefined power is calculated using a computer assisted tool such as G*power, which utilizes the values of the parameters collected during the previous step.

 

The fifths recommendation is to consider options to increase power and precision without increasing sample size. For example, you can reduce variability by using a trained experimenter to collect the data, use blocking or stratification (e.g. analyzing males and females separately), using a different output variable with lower variability. You can change the variable and use continuous variables e.g. the exact length in cm instead of the categories such as short and long. Use paired measurement (e.g. longitudinal studies) and using cross-over designs.

 

The 6th recommendation is to avoid sequential sampling and optional stopping which is a form of p-hacking and may result in deeply biased conclusions with inflated chance of false positives. P-hacking is the collection or selection of data or statistical analyses until non-significant results become significant. Examples of p-hacking include stop collecting data once p<alpha, perform many tests but report only those with p<alpha, deciding whether to include or exclude outliers after the analysis to reach p<alpha, transform or rearrange treatment groups after the analysis to reach p < alpha.

 

Recommendation number 7 is to not use p-values uncritically. For example, imagine an experimenter making a mistake to mislabel a syringe and giving two groups of animals the exact same treatment. The probability of the null hypothesis is p(H0) = 1 since there is no doubt about the impossibility of an effect. Nevertheless, sampling inconsistency generates samples with slightly divergent statistics even though all rats underwent the same treatment. Consequently, the comparisons will give a wide variety of p-values that will only occasionally approach 1 and will even sometimes be below 0.05 by chance.

 

Recommendation number 8 is to make an informed choice between parametric and non-parametric tests. Categorical output variables such as disease scores and ranges of sizes have to be analyzed by a non-parametric test, while continuous output variables (e.g. weight, concentration, time) can be analyses using parametric and sometimes non-parametric tests.

 

Recommendation 9 is to use two tailed tests unless you can predict the direction of an effect and are interested in that direction only. There is a long-standing debate about the use of one-sided tests and one frequent misuse of these tests it the post-hoc decision to (re)analyze the date with a one-tailed test to increase power having observed the direction of the effect and concluding that finding sin the other direction so not occur. This approach is a form of p-hacking and is not acceptable.

 

Recommendation number 10 is to correct for multiple comparisons. The chances of finding a significant result by chance only increase rapidly the more groups are being compared. Therefore, corrective strategies (such as Bonferroni correction) must be applied to reduce the chances of false positives.

 

Recommendation 11 is to disclose all information needed for the understanding and replication of the study. The full statistical procedures must be discloses including the software used, the statistical test, including the post tests, whether a correction for multiple comparisons has been performed, the alpha threshold and the nature of the error bars.

 

Recommendation 12 is to choose a correct graphical display for your quantitative results. Bar graphs should be avoided since they convey very little information about actual data distributions. Instead, scatter plots showing all individual values and box/whisker plots or violin plots for larger samples SEMs should not be used as indicators of error since they are misleading representations and should be replaced by 95% confidence interval of the mean or median, or the SD should be used to show variability.

 
QUESTIONS
1. 
What are examples of p-hacking?

a. 
Perform may tests but only report those with p< alpha

b. 
Deciding whether to include or exclude outliers after the analysis to reach p<alpha

c. 
Transform or rearrange treatment groups after the analysis to reach p < alpha

d. 
Re-analyze data with a one-tailed test to increase power after having observed the direction of the effect

e. 
All of the above

2. 
In an experiment where multiple skin biopsies are going to be taken from individual animals housed as groups of 3 per cage what is the experimental unit?

a. 
The cage the animals are housed in

b. 
The skin biopsy

c. 
The individual animal

3. 
Please define “statistical power”

4. 
How can you estimate the sample size to reach the desired power? Put the below steps into the correct order

a. 
Adjust the estimated sample size upwards by the anticipated severe events (e.g. expected loss of animals due to experimental procedure)

b. 
Collect all relevant information through a literature search and/or pilot experiments

c. 
Use a computer assisted tool to calculate the predefined power

5. 
How can you increase power without increasing the sample size?

a. 
Use cross-over designs

b. 
Use repeated measures on same animals

c. 
Use categorical variables

d. 
a and b

e. 
c

ANSWERS
1. 
d

2. 
c

3. 
Statistical power is defined as the probability of concluding a difference or relationship if there is indeed a difference or a relationship.

4. 
b>c>a

5.
d

 
ORIGINAL ARTICLES

Kopic et al. Coagulation phenotype of wild-type mice on different genetic backgrounds, pp. 43-52

Domain 3: Research, K1 & K3
Primary Species – Mouse (Mus musculus)
 

SUMMARY: To test the efficacy of therapeutically administered coagulation factors, research groups use various animal models including bleeding and ex-vivo assays in hemophilic knock-out and wild-type mouse strains. Ex-vivo coagulation parameters are also important endpoints in evaluating the preclinical safety and toxicity of a compound.

Wild-type and hemophilic mice of different genetic backgrounds show different bleeding phenotypes. Due to the potential additional influence of physiologic and environmental factors in in-vivo testing, the present study was conducted to assess whether differences in wild-type mice strains are also observed ex vivo. For this purpose, the authors characterized the coagulation phenotype of four substrains of C57BL/6 and BALB/c mice, respectively, and one substrain of the 129Sl/Sv mouse.

The authors used the following tests:

· Thromboelastography (TEG)

· Plasma fibrinogen

· Partial thromboplastin time (aPTT)

· Prothrombin time (PT)

Substrains of C57BL/6 mice (C57BL/6 JCrl, C57BL/6 NCrl, C57BL/6 BomTac, C57BL/6 OlaHsd) and BALB/c mice (BALB/c AnCr1, BALB/c AnNTac, BALB/c OlaHsd, BALB/c J) and one substrain of 129Sv mice (129Sl/Sv mJ) were used.

These wild-type mouse strains were chosen as they are of the same genetic background as the FVIII knock-out mice, the principal animal model for hemophilia A

 

Groups of 10 male (m) and 10 female (f) mice (23 g body weight) were anaesthetized via intraperitoneal injection of 100—150 mg/kg ketamine and 10—15 mg/kg xylazine 10 minutes before performing the procedures. Groups of 10 mice (5m/50 were randomly assigned to TEG or to coagulation assessments. Mice were humanely killed by cervical dislocation immediately after exsanguination.

 

The blood withdrawal was performed opening the abdominal cavity by a median incision and the Vena cava caudalis exposed and punctured. Venipuncture was performed with a 2-ml syringe (25G) filled with 0.1 ml sodium citrate. 1 ml of citrated whole blood was drawn (blood: citrate = 10: l).
For the thromboelastography, 340 ul citrated blood was mixed with 20 ul CaCl2 and TEG analysis was started immediately using a Heamoscope TEG@ 5000 Thrombelastograph. For each animal, two TEG runs were performed in parallel, and the means from both runs were used for statistical analyses. Only TEG curves with results of ± 20% of the R-time in the double determination were evaluated to ensure repeatability of measurements. Parameters assessed were R-time (min) as the time of latency until initial fibrin formation, and maximum amplitude (MA, mm) as a measurement for the ultimate strength of the fibrin clot.

Regarding the coagulation parameters and fibrinogen, platelet poor plasma was prepared by centrifugation (2x 10 min at 1100 g) after which activated partial thromboplastin time (aPTT; s), prothrombin time (PT; s) and fibrinogen (mg/dl) were assessed

 

Results

a. TEG
All repeated measurements of plasma samples were within 20% R-time, and thus R-time and MA were assessable in all animals (n = 10 per substrain).

Median R-time was 30.42 min (coefficient of variation, CV 33%) in 129Sl/Sv mJ mice. R-time showed higher within-substrain (CV range: 28—54%) and higher between-substrain variation (median range: 25.53—42.60 min) for BALB/c in time to first clot formation (R-time) compared with C57BL/6 mice (CV range: 14—31 median range: 22.45—24.93 min).

Sex differences in median ratios (male/ female) in R-time appeared marked and were significant for particular substrains (C57BL/6 NCrl, C57BL/6 JCrl). However, no clear sex differences in either direction were observed in any other strains.

Generally, no marked differences were observed in median MA between strains or substrains. Median MA was 47.05mm (CV 14%) in 129S1/Sv mJ mice. Within-substrain and between-substrain variation in MA was relatively small among BALB/c substrains (CV range: 7—12%; median range: 53.35—55.65 mm). Coefficients of variation in MA were comparably small within C57BL/6 strains, ranging from 6 to 18%. Median MA among C57BL/6 substrains varied similarly to BALB/c substrains, ranging from 52.20 to 57.70 mm. Male mice consistently showed a tendency toward greater MA across all strains and substrains, with up to a 1.4-fold difference in C57BL/6

 

b. Coagulation parameters and fibrinogen
Median aPTT was 31.15 s in 129S1/Sv mJ mice (CV 7%). Longer and more varying values for aPTT were observed for the BALB/c substrains. Within-substrain and between-substrain variation was relatively small in aPTT among BALB/c substrains. The median range for aPTT among BALB/c substrains varied from 33.25 s (BALB/c J) to 41.8 s (BALB/c OlaHsd). BALB/c J Crl males had significantly shorter PT than females (data not shown), whereas no sex differences were observed in other substrains.

Coefficients of variation in aPTT within C57BL/6 strains ranged from 7 to 15%, while median aPTT among C57BL/6 substrains ranged from 35.40 s (C57BL/6 JCrl) to 38.00 s (C57BL/6 NCr1). Males generally showed a shorter median aPTT than females.

Median PT was 7.70 s in 129S1/Sv mJ mice (CV 2%) (Table l). Longer and more varying values were seen in other substrains for median PT, ranging from 7.80 to 8.75 s in BALB/c and C57BL/6 substrains

 

Median plasma concentration of fibrinogen across all substrains ranged from 120.0 mg/dl in C57BL/6 JCrl to 179.5 mg/dl in C57BL/6 JOIaHsd mice. With the possible exception of C57BL/6N Crl substrain (CV 10%), the variation in plasma fibrinogen levels was notable in all substrains (129Sl, BALB/c, C57BL/6), ranging from 13% to 41%. This variation was due to a pronounced sex difference for plasma fibrinogen levels, with consistently greater values in males than in females in all substrains.

Median fibrinogen ratios (male/female) were 1.5-fold in 129Sl/Sv mJ and most pronounced in BALB/c J (2.2-fold) and C57BL/6 OlaHsd (1.9fold) substrains.

 

c. Tail-tip bleeding assay (blood loss)
 

The data demonstrate relatively lower blood loss in 129Sl/Sv mJ and BALB/c substrains (median range: 10.5—23.5 mg) v. relatively higher blood loss in C57BL/6 substrains (median range; 36—469.5 mg), with substantial variability in C57BL/6 JCrl and C57BL/6 J OlaHsd substrains. Additional analyses of both C57BL/6 substrains confirm marked sex differences in blood loss (mg) with significantly higher blood loss in male mice and median ratios

 

Discussion
 

TEG showed higher within-substrain and between substrain variation in R-time in BALB/c substrains than in C57BL/6 substrains. Marked sex differences in R-time, however, were detected in particular substrains of both strain

In contrast to the tail-tip bleeding results, where blood loss in certain wild-type mice of C57BL/6 substrains (J Crl, JOIaHsd) was particularly pronounced, ex-vivo data demonstrated no marked coagulation differences between 129Sl/Sv mJ, BALB/c and C57BL/6 strains.

Sex differences found were in accordance with other studies in both mice and humans, showing aPTT and fibrinogen with female mice of particular substrains having longer R-time (BALB/ c AnCr1, BALB/c OlaHsd, C57BL6 J cri, C57BL6/ N Crl, C57BL6 OlaHsd), a tendency (with varying confidence) to longer aPTT, and consistently lower plasma fibrinogen levels than males in all substrains investigated. However, females had significantly less blood loss in the tail-tip bleeding model than male mice of the same C57BL/6 substrain. While the underlying mechanism for these observations is unknown, an influence of hormonal status has been suggested previously.

 

Isolated ex-vivo analyses do not completely mirror the pathophysiological mechanisms in a living mammal following injury and blood loss. Ex-vivo analyses, however, often did correlate well with each other in describing the ex-vivo coagulation phenotypes.

 

The authors conclude that it appears that an ideal mouse strain for all preclinical efficacy models for testing of hemophilia compounds has not yet been identified. Depending on the model used and the parameters assessed, results between strains or substrains of the same strain, as well as between the sexes, may vary considerably. It is worthwhile, however, to identify the optimal strain for the experimental models used, as, for example, major sex differences can lead to high overall inter-animal and group variabilities.

 

QUESTIONS

1.
FVIII knock-out (and wild-type) mouse strains in the tail-tip bleeding model may have coagulations differences marked by:

a. Strain (background)

b. Sex

c. There are no differences

d. Strain, substrain and sex

2. T/F. C57BL/6 JOIaHsd mice present a deletion of multimeric I and u-synuclein that causes thrombus instability and impaired platelet function.

3. T/F. Ovariectomized female mice still present differences in coagulation parameters, even when estrogens are no longer detectable.

 

ANSWERS
1. d

2. T

3. F

 

Leidinger et al. Environmental enrichment prevents pup mortality in laboratory mice, pp. 53-62

Domain: 4

Primary Species – Mouse (Mus musculus)
SUMMARY: Pup mortality leads to an increased number of mice required and counteracts the aim of reducing the number of laboratory animals. It is critically important that reduced breeding efficiency is recognized as an indication of diminished well-being. Reasons for pup mortality are not always easy to define. Providing enrichment has been revealed to play a crucial role in successful breeding of laboratory animals. This study compares three different conditions (standard, super-enriched and impoverished) in individually housed primiparous timed-pregnant C57BL/6J.  Differences were noticed even before weaning. There was a significant pup loss and reduced pup weight in the impoverished environment. At the same time, improving environmental conditions after birth did not prevent litter loss. Nest-building material seems to be particularly important for the dam and the offspring. Super-enriched and standard enriched environments did not present any significant difference.

QUESTIONS (True or False)
1.
Super-enriched environments are preferred than standard enriched environments even though it means higher disturbance to inspect the dam and the pups.

2.
Pups born in an impoverished environment showed a reduced size at birth but the pups are able to close the gap in weight at weaning.

3.
The highest rate of pup mortality is on the first days of life. Without early counting, initial welfare-problems like preweaning mortality might be generally overlooked.

ANSWERS
1.
False

2.
False

3.
True

Mommers et al. Baseline performance of the ischaemic button model for induction of adhesions in laboratory rats, pp. 63-71

Primary Species – Rat (Rattus norvegicus)
 

SUMMARY: Intra-abdominal postoperative adhesions are fibrotic connections between intra-abdominal organs and structures as a result of a pathological healing following inflammation of the peritoneum. It occurs after nearly 100% of all intra-abdominal surgical procedures, from which between 5–18% of the adhesions become clinically relevant causing intestinal obstruction, infertility or chronic abdominal pain. The ischemic button model is one of the most frequently used animal models for experimental adhesions. The majority of studies concern male rats, possibly because they potentially have larger fat depositions in the lower body, their epidydimal or peritesticular fat, although this theory is not evidence based. In an attempt of refinement, the authors wanted to compare the performance of the ischemic button model in both male and female rats. 
Twenty-four adult Wistar Han rats (12 males/12 females) aged 8 weeks were used. Buprenorphine (0.05 mg/kg) and carprofen (4 mg/kg) were administered subcutaneously as preoperative analgesia. Anesthesia was induced using 3–4 vol.% isoflurane, and maintained with 2–3 vol.%. Animals were placed on a heating pad at 38ºC and their temperature was monitored rectally. A midline incision and the creation of four paramedian ischemic buttons on both sides of the abdominal wall (eight buttons per animal), placed 1 cm lateral of the midline incision and spaced 1 cm apart. Each button was created by grabbing a small 5mm portion of parietal peritoneum and ligating the base of the tissue with a non-absorbable suture (4-0 Proline). After tying the suture, it was turned around the entire base of the tissue and tied again to create the ischemic button. This procedure was repeated for all eight buttons. Thereafter, the abdomen and the skin were closed in the midline by absorbable sutures (4-0 Polyglactin 910 and 4-0 poliglecaprone 25). The animals were placed in a heated recovery cage. The analgesia regime was buprenorphine 0.05mg/kg preoperatively, and buprenorphine 0.03mg/kg postoperatively, 12 hours after. 
The morning of the first postoperative day, carprofen 4mg/kg was given to all animals. Thereafter, analgesia was administered based on clinical signs of distress such as wet-dog shakes, stretching or abnormal body posture, the animal not increasing in weight compared with the previous day or the welfare scores not improving compared with the previous day. The quantitative analysis of adhesion formation was scored by calculating the amount of intra-abdominal adhesions formed to the number of remaining buttons after 1 week of follow-up (eight buttons per animal – obliterated buttons due to postoperative mobilization or slipped sutures). Zühlke macroscopic adhesion scoring system was used. A total of 192 ischemic buttons (96 male/96 female) were created in 24 Wistar Han rats (12 male/12 female). 
After 1 week of follow-up, 93 buttons survived in the male group (96.9%) compared with 91 in the female group (94.8%). In the male group, 85 out of 93 (91.4%) buttons induced adhesions compared with 84 out of 91 (92.3%) in the female group (p¼0.881). All but one animal had a Zu¨hlke score of 3. There were no clinically relevant differences in welfare scores. Male animals increased in weight significantly faster compared to females, after correcting for physiological growth. The ischemic button model resulted in equal quality and quantity of intra-abdominal adhesions in both male and female Wistar Han rats. Both male and female Wistar Han rats are suitable for the induction of experimental adhesions in the ischemic button model.

QUESTION
1. 
T/F. The ischemic button model should be performed in male rats because they have larger fat depositions in the lower body, their epidydimal or peritesticular fat and this improve the creation of the adherences.

ANSWER
1. 
F. No differences has been seen between males and females in Wistar Han rats.

 

Musk et al. Multiple refinements to the anaesthetic protocol for laparoscopic orthotopic kidney auto-transplantation in a pig model, pp. 72-78

Domain 3: Research 
Primary Species - Pig (Sus scrofa)
SUMMARY: Fifty-four pigs from a commercial pig farm were anaesthetized over a six-year period. During the six -year period multiple refinements were introduced during anesthesia for example:
1. 
A heat pad was changed to a circulating warm air blanket
2. 
Routine administration of anticholinesterase and antimuscarinic drugs for reversal of neuromuscular blockade
3. 
A technique for urethral catheterization was developed
4. 
Ultrasound guidance for placement of a central venous line was learned
5. 
Intravenous infusions of morphine and ketamine were instituted for a more stable and balanced anesthetic protocol
6. 
Post-operative monitoring was performed by two technical staff for at least the first six hours after extubation of the trachea
The combination of refinements to the anesthesia protocol for laparoscopic orthotropic kidney auto-transplantation over the first 54 pigs has translated to improved outcomes. Refinement is a continuous process and should be applied to the entire range of procedures involved in animal use for scientific purposes.

QUESTIONS
1. 
Basic regime include the induction of anesthesia with a combination of
a. 
Zolazepam
b. 
Tiletamine with xylazine by intramuscular injection
c. 
Propofol by intravenous injection if required to achieve an adequate depth of anesthesia for oral tracheal intubation
d. 
Maintenance of anesthesia with isoflurane
e. 
All the above
2. 
Examples of refinement:
a. 
Heat pad changed to a circulating warm air blanket
b. 
Routine administration of anticholinesterase (neostigmine)
c. 
Antimuscarinic (glycopyrrolate) drugs for reversal of neuromuscular blockade was introduced
d. 
Urethral catheterization for measurement of intra-operative urine output
e. 
All the above
3. 
Examples of Refinement
a. 
Ultrasound guidance for placement of a central line for measurement of central venous pressure and administration of intravenous mannitol and other therapies was learned
b. 
Intravenous infusions of morphine and ketamine were instituted for a more balanced
c. 
Post-operative monitoring was performed first six hours after extubation of the trachea
d. 
All the above
4. 
Example of anesthesia that can be used to achieve a depth of anesthesia for oral tracheal intubation.
a. 
Zolazepam
b. 
Tiletamine
c. 
Xylazine
d. 
Propofol to achieve a depth of anesthesia for oral tracheal intubation
e. 
All the above
5. 
T or F: Example of refinement is circulating warm air blanket to increased confidence in safety of the method of intra-operative active warming and decreased risk of intra- operative hypothermia
6. 
T or F: Routine administration of anticholinesterase and antimuscarinic drugs for reversal of neuromuscular blockade to decreased risk of residual neuromuscular blockade causing post-operative respiratory depression.
7. 
Refined technique for urethral catheterization for 
a. 
Non-invasive technique
b. 
Decreased time for procedure
c. 
Absence of surgical wound at this site
d. 
All the above
8. 
Continuous infusion of morphine and ketamine during maintenance of anesthesia
a. 
More balanced anesthetic technique
b. 
Decreased isoflurane requirement
c. 
More stable anesthesia with fewer intra-operative bolus doses of analgesia
d. 
All the above
ANSWERS
1. 
e
2. 
e
3. 
d
4. 
e
5. 
T
6. 
T
7. 
d
8. 
d

SHORT REPORT

Nosaka et al. Optimal tube length of orotracheal intubation for mice, pp. 79-83

Domain 3

Primary Species – Mouse (Mus musculus)
 
SUMMARY:  The position and depth of an endotracheal tube (ETT) in animals undergoing mechanical ventilation is crucial.  Malposition of the ETT can lead to serious complications, up to and including death.  This is especially true for mice where even a few millimeters of depth can make a difference.  The goal of this paper was to determine what the ideal length was for an ETT in mice between 17 and 25 grams (B6 and BALB/c mice).

 

The authors used a 20 GA IV catheter to measure the distance from the incisors to the bifurcation of the trachea in euthanized mice.  The authors also measured the length of the foot (tip of the heel to the tip of the middle toe) to see if this measurement could be correlated with the correct length of ETT.  Using the measurements of the Incisors to the bifurcation the authors noted a linear associate with body weight.  Therefore the following formula was determined: length (mm) = 0.5 × bodyweight (g) + 7.  This held true for both males and females of both strains of mice, but started to fall apart with more obese mice (those on a high fat diet).  The authors did find that the foot length served as a reasonable surrogate in more obese mice.

 
QUESTIONS
1. 
Which of the following size IV catheters is commonly used as an ETT in mice?

a. 
16 GA

b. 
18 GA

c.  
20 GA

d. 
27 GA

2. 
For B6 and BALB/c mice what mouse characteristic can aid in determining the correct ETT length in mm other than body weight?

a.  
Tail length

b.  
Hind paw length

c. 
Ear width

d. 
Whisker length

ANSWERS
1. 
c
2.  
b
 

Mahabir et al. Comparison of two prevalent individually ventilated caging systems for detection of murine infectious agents via exhaust air particles, pp. 84-88

Primary Species – Mouse (Mus musculus)
 

SUMMARY: Authors compare two different individually ventilated cage (ICV) rack systems (Techniplast and Allentown) for the analysis of pathogen by sampling racks exhaust air conducts for murine pathogens detection.  Differences between Allentown and Tecniplast racks are air flow inside cages, design of exhaust conducts and mode of capture of exhaust particles. Samples obtained  over three months from exhaust were analyzed using real-time PCR.  Pathogen agents detected in samples were Helicobacter, Pasteurella and Entamoeba.

Authors conclude that analyze samples from exhaust of racks is meaningful  for both systems (Tecniplast and Allentown) , and its use will reduce the number of mice that is needed to analyze for Health Monitoring Control.

 

QUESTIONS
1.
What is the method most used for health monitoring control?

2.
What means SBS mice?

3.
What is best and worst of IVC racks related to health monitoring control?

4.
Describe the air flow inside Tecniplast and Allentown cages

5.
T/F. In Allentown racks, exhaust air from cages goes to a vertical plenum to fall in a horizontal air exhaust plenum

6.
T/F. In Tecniplast racks, exhaust air from cages goes to a vertical plenum to fall in a horizontal air exhaust plenum

7.
Air changes per hour in Allentown NexGen IVC racks is:

a.
20

b.
30

c.
40

d.
50

8.
What cages have higher air changes per hour, Greenline Techniplast or Nexgen Allentown?

9.
In Tecniplast racks, collecting exhaust plenums are placed___________ whereas in Allentown racks are placed______________

10.
What agents can be detected easily by exhaust air particle capture rather than dirty bedding sentinels?

a.
Klebsiella and Staphylococcus
b.
Helicobacter and Pasteurella

c.
Proteus and Pseudomonas
d.
CAR bacillus and C. bovis

11.
T/F. Different systems of exhaust air particles capture lead to different results of health monitoring control

12.
T/F. Different systems of exhaust air particles capture lead to comparable results of health monitoring control

13.
What of the next pathogen agents is easy transmitted  by dirty bedding sentinel system?

a.
C. bovis
b.
Entamoeba
c.
P. pneumotropica
d.
CAR bacillus
14.
T/F. Nucleic acids of pathogen agents can be eliminated only by autoclave

 

ANSWERS
1.
Soiled bedding mice sentinels

2.
Soiled-bedding sentinel mice

3.
The biocontainment. IVC acts as micro-isolators and mice of one cage are isolated from mice of the other cages. It is possible to have a contaminated cage surrounded by clean ones. Transmission of pathogen agents from one cage to another is hard.


Oppositely, this hardy transmission of pathogen agents in IVC racks makes insufficient the use of dirty bedding sentinels for accurate Health Monitoring Control

4. 
Tecniplast: air is supplied and exhaust at lid level


Allentown: air is supplied at cage floor level and exhausted at lid level.

5. 
F

6. 
T

7. 
d

8. 
Tecniplast, 75 air changes per hour

9. 
Back, lateral

10. b

11. F

12. T

13. b

14. F

 
CASE REPORT

Nitezki et al. Fatal gastric distension in a gold thioglucose mouse model of obesity, pp. 89-94

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

Task 1. Prevent spontaneous or unintended disease or condition.

TT1.5. physiology with emphasis on normative data and characteristics (e.g., seasonal changes in squirrel monkeys; coprophagia in rabbits), metabolic differences (e.g., hypoglycemia in squirrel monkeys) or metabolism of induced disease (e.g., streptozotocin-induced diabetes mellitus), reproductive physiology, and clinically significant physiological features.

Primary Species: Mouse (Mus musculus).

SUMMARY

Introduction:  The administration of gold thioglucose (GTG) technique is an experimental mouse model aiming for massive weight gain by inducing a hyperphagic state. It is well known that metabolic responses in mice are prone to genetic factors and certain subtle environmental factors. 
Aim: The intention of this study was to investigate the impact of obesity on specific recombinant congenic mice.

Case Presentation: 
Animals — Five-week-old male C57BL/6 (n = 8) were used. C57BL/6 is a standard experimental mouse strain that is most frequently used for diabetes and obesity research. 
Experimental preparation — Mice received an intraperitoneal injection of GTG dissolved in saline. A pilot dose-finding experiment was conducted staring with a relatively low GTG dose (0.5 mg/g BW, n=8; controls, n=4). Animals were subjected to restricted feeding in physiological amounts (5 g/d) with the intention of successively augmenting chow quantity. Monitoring, each hour for 10 minutes in the first 12 hours after GTG administration, was conducted observing behavior, gait, posture, fur coat, potential eye or nose effusions, breathing and structure of feces. 
Results — No changes in behavior, signs indicating suffering or pain, or hyperphagia were observed during monitoring time. The next day, all eight GTG animals had died, while all control mice survived. In GTG treated mice, a massive bulge in the abdominal region could be observed. Sectioning revealed severe distension of stomach dissection with a mass consisting of imbrued and macerated bedding material.

Discussion and Conclusion: The hyperphagic onset after GTG administration (0.5 mg/g BW) occurred later than 12 hours (13–22 hours after injection) in this study. The strategy of restricted feeding to prevent gastric dilatation seems to be contraindicated. It is clear that dysregulated appetite sensation converted hyperphagia into pica behavior, resulting in intake of non-physiological amounts of bedding material. This study and the apparent high rate of mortality indicate that the GTG model must be used only when there is an extremely strong ethical justification.

QUESTIONS
1. 
True or False. The administration of gold thioglucose (GTG) technique is an experimental mouse model aiming for massive weight gain by inducing a hyperphagic state.

2. 
The GTG mouse model is still used, for example, to discover:

a. 
The mechanism of agents improving insulin resistance and preventing obesity

b. 
The study of the role of microRNA in insulin-resistant conditions, such as obesity or type 2 diabetes

c. 
Peripheral vasoconstriction and biphasic arterial blood pressure response

d. 
Respiratory depression, hypoxemia and acute pulmonary edema

e. 
a and b are true

f. 
c and d are true

g. 
All of them are true

3. 
True or False. Pica behavior is defined as a pathological tendency to eat or drink unusual substance(s) (e.g. bedding material) and might be a consequence of stress, pain or the application of emetic stimuli.

4. 
Intraperitoneal injection of GTG induces an area of necrosis of ventromedial hypothalamic (VMH) regions, presumably by primarily targeting glucose-sensitive neurons. The onset and extent of VMH lesions is dose dependent, and lesions become histologically apparent after _____?
a. 
1 h

b. 
6 h

c. 
12 h

d. 
24 h

ANSWERS
1. 
True

2. 
e. a and b are true

3. 
True

4. 
c. 12 h
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