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Goto et al. Efficient production of immunodeficient non-obese diabetic/Sch-scid IL2r(null mice via the superovulation technique using inhibin antiserum and gonadotropin, pp. 13-20
Domain 3

Primary Species: Mouse (Mus musculus)
SUMMARY: Severe immunodeficient mice are widely used by scientific community, with a growing interest to systemically conduct large-scale studies using patient-derived tumour xenograft model. Various severe immunodeficient mice have been developed based on non-obese diabetic (NOD) and severe combined immunodeficient (SCID) mice backgrounds. The NOG mice (NOD/Shi-scid IL2rγnull mice) are characterized by lack of T-, B- and natural killer cells and poor function of macrophages and dendritic cells.

The average production efficiency of an NOG mouse is 5.3 pups/female mouse by natural mating, but the high demand of this animal model probably will require an improvement of the productivity of the animal breeding system. The ultra superovulation technique drastically enhanced the yield of ovulated oocytes and animal production through the co-administration of inhibin antiserum (IAS) and equine chorionic gonadotropin (eCG) but, the optimal conditions for this technique have not been determined in NOG, being this last the aim of the authors.

Materials And Methods: Female (aged 4, 8, 12, 24, 54 weeks) or male (aged 12 weeks) mice of the NOG as donors. Jcl:MCH(ICR) mice (aged 8–16 weeks) were used as recipients of two-cell embryos. All mice were maintained under specific pathogen-free conditions, food and water ad libitum, optimal environmental condition and all procedures were accepted by a certified Ethical Committee.

Superovulation and collection of oocytes: Female NOG mice were intra-peritoneally injected with 3.75 IU of eCG or 0.2 ml IASe (a mixed solution of 0.1 ml of inhibin antiserum and 3.75 IU eCG). 48 h after the administration of these reagents, 7.5 IU human chorionic gonadotropin. 17h after, cumulus–oocytes complexes were collected from the oviducts and transferred to 90 µl of fertilization medium. The number of ovulated oocytes and the fertilization ability of oocytes in each group were examined.

Sperm freezing and thawing; In-vitro fertilization; Embryo cryopreservation; and Embryo transfer were the other approved procedures to obtain the data of the articles.

Results are expressed as the mean ± SD. Group results were compared using analysis of variance after arcsine transformation of the percentages; p < 0.05 denoted statistical significance.

Results: IASe-treated NOG mice produced more oocytes than eCG-treated NOG mice at all ages, being at 12 weeks the age with highest production number of ovulated oocytes: 50-70 oocytes by  IASe-treatment vs. 30-40 of eCG-treated NOG mice; but decreasing fertilizing ability at this age:  80% IASe-treatment vs. 85% of eCG-treated NOG-females mice. Two-cell embryos derived from IASe-treated NOG mice developed normally into blastocysts at all ages with no difference with eCG treated NOG-mice: around 95%, although the birth rate of IASe-derived two-cell embryos was lower than that of eCG-derived two-cell embryos at 4- or 8-weeks old: 50% IASe-derived two-cell embryos vs. 60% of eCG-derived.

Discussion And Conclusion: Treatment with IASe to increase the number of ovulated oocytes and authors demonstrated that their optimized superovulation protocol for NOG mice was effective in efficiently and promptly expanding a colony of NOG mice and strongly suggested that this improved system for the supply of immunodeficient mice may reduce the number of animals used and accelerate innovation to address currently unmet medical needs.

QUESTIONS

1.
How was the NOD.Cg- Prkdcscid Il2rgtm1Sug/Jic strain obtained?

a.
A Il2rg gene targeted mutation, replacing the exon 7 and 8 with a neo-cassette in NOD.Cg- Prkdcscid strain

b.
A results of a spontaneous mutation in the Il2rg gene in a  NOD/ShiJic and a backcrossing with a  CB17/Icr- Prkdcscid strain

c.
It is the result of the backcrossing of  C57BL/6JJic-Il2rg strain with the line  NOD.Cg- Prkdcscid for up 8 generations

d.
All of them are true

2.
Which of these strains is considered as 'non-leaky'?

a.
B6.Cg-Foxn1nu
b.
CBySmn.Cg-Prkdcscid
c.
NOD.Cg-Rag1tm1Mom Il2rgtm1Wjl
d.
All of them are non-leaky

3.
Why NOD.Cg- Prkdcscid Il2rgtm1Sug are not diabetic?

a.
Due to its condition of 'non-leaky' scid model

b.
Because of being a scid model

c.
Because of its deficiency in Rag-1 and Rag-2 proteins

d.
This strains keep its diabetic conditions because of its NOD/ShiLtJ background

ANSWERS

1.
c

2.
c

3.
b

Atkinson et al. Refining the unilateral ureteral obstruction mouse model: No sham, no shame, pp. 21-29

Domain 1

Primary Species: Mouse (Mus musculus)

 

SUMMARY: The unilateral ureteral obstruction (UUO) model is the most commonly used in vivo model of kidney fibrosis, since it creates tubular atrophy, interstitial fibrosis development and matrix deposition all hallmarks of the human disease. The surgical procedure to create this model consists of a small incision in the left flank and ligation of the ureter. Experimental control for the induction of disease is a sham-operated animal. This is to correct the original use of the contralateral (untied) kidney as a control as there are considerable systemic changes in an UUO animal. In the interest of the 3Rs the authors sought to find out if non-operated animals could be used as adequate control instead as has previously been shown for the ovariectomised rat model of osteoporosis. Male C57Bl6/J mice were used for this study. Fibrosis was quantified by assessing the kidneys for collagen accumulation using Picro Sirius Red staining. Transcriptome analysis was performed on snap frozen kidney tissue. The results showed that UUO surgery is typically well tolerated. Collagen staining was significantly elevated in the UUO group with a 22.8 fold increase, however there was no statistical difference between sham-operated and non-operated animals. Transcriptome analysis saw significant upregulation of fibronectin, collagen 1alpa1, TGF-beta, PDGFR-beta, TIMP1 and ACTA2. None of these gene regulations were significantly different between non-operated and sham operated animals. The paper shows that there is no collagen accumulation in the kidneys of sham-operated animals or non-operated animals and therefore the use of non-operated animals to replace sham operated animals would be justified in the read out of collagen accumulation. Additionally, the mRNA expression of key proteins involved in the mechanisms of fibrosis showed that there was significant upregulation at day 7, 14 and21 following UUO surgery and there was no difference in the expression of these proteins between non-operated animals and sham operated animas. There is no confounding collagen accumulation in the kidneys of mice subjected to sham operations and there is no upregulation of genes involved in any of the major pathways of fibrosis. Therefore, the authors conclude that non-operated animals are appropriate controls for collagen accumulation read out and transcriptomic profiles in UUO surgery and in the interest of the 3Rs should replace sham operations immediately.

  

QUESTIONS
1. Why can the contralateral, untied kidney not act as the control for the ligated kidney in the UUO model?

a.
Because it’s bad practice to use the same animal as its own control

b.
Because there are considerable systemic changes in a UUO animal that may affect the contralateral (untied) kidney

c.
Because surgical models always require a sham surgery group as a control

2. What is Picro Sirius Red (PSR) staining used for?

a. To stain Collagen

b. To stain Fibronectin

c. To stain tubular basement membranes

3. T/F: Non-operated mice cannot replace sham-operated mice as a control group in the UUO model

ANSWERS
1. b
2. a
3. False: non-operated animal are appropriate controls for collagen accumulation read outs and transcriptomic profiles in the UUO surgery

 

 

Hernandez-Becerra et al. Determination of basal bone mineral density in the femur bones of male and female Wistar rats, pp. 30-42

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

Primary Species: Rat (Rattus norvegicus)


SUMMARY: The authors of the current study had the objective to study the Bone Mineral Density (BMD) in the femurs of Wistar rats throughout the life of the animal, from a young age to adulthood (from 3 – to 27 weeks of age) and to correlate its changes to bone disease.

Rats represent a conventional animal model to study bone diseases and can therefore be used to evaluate the bone integrity and the changes that may be associated  to breed, sex, age, diet, diseases, habits.

The experimental objectives were achieved by dividing the study in 3 phases:

1) 
Determination of Bone Mineral Content (Ca, P, Mg and K levels) after dissection of the animals: rats from 3 weeks of age to 27 weeks were included in this phase and fed with standards diet. Six randomly chosen rats were sacrificed weekly and the mineral levels were detected in their femurs by coupled plasma optical emission spectroscopy. 51 male rats and 51 female rats were used in phase 1.

2) 
Determination of the basal curves of areal Bone Mineral Density (aBMD, g/cm2): performed as an in vivo study in Wistar rats (from 3 weeks of age to 27 weeks of age) fed with standard diet, by weekly radiographic scans of the femoral neck. Three radiographic scans of the femoral neck were taken per animal from week 3 to week 27. Rats were randomly chosen and sacrificed at the end of the experiment. 8 males and 8 females were used in this phase.

3) 
Evaluation of the changes in aBMD during low BMD (osteopaenia) and osteoporosis: female rats (from week 3 to week 27 of age) were fed a 50% Ca-depleted modified diet to develop a low BMD model (this has been the objective of a previous study conducted by some of the same authors). aBMD was determined in all experimental units and the values reported corresponded to the mean ± standard deviation of 8 female rats. Results obtained for female rats fed with standard diet were the control group for this treatment. These rats were euthanized at the end of the experiment. 8 females Wistar rats were used for this experimental model.

The results obtained showed that Ca and P are the main components of rat bones, but Mg, K and Na levels were high enough to be considered as part of the basic bone composition , which is also an indicator of bone quality (the presence of these minerals contributes to bone health and such minerals are directly related to the values of the aBMD).

Changes in the chemical composition of the bones as a function of age in rats is a kinematic process governed by sexual dimorphism and that can be modified by diet, hormones, physical activity and developmental stage.

The results observed in the aBMD curves showed an accelerated increment during weeks 3 to 10, with a pick occurring right before sexual maturity (weeks 11-12) and a tendency to stabilise  after week 16; it has been observed that after weeks 16-24, the aBMD began to decline.

The Calcium depletion in the diet by 50% appeared to be a valid method to generate an osteoporotic model : the animals did not reach the maximum peak of aBMD for 14 weeks as the normal group did, and the peak value was lower (0.242 g/cm2 compared to the 0.376g/cm2).

The determination of areal BMD as a function of the age shall be considered as a fundamental method to establish different bone disease models.

QUESTIONS

1. True or False: Areal and volumetric bone mineral density are the most used parameters to determine bone-mass loss or gain, skeletal integrity and bone quantity.

2.
Which of the following techniques has been used to measure areal bone mineral density? 

a. 
Dual photon absorptiometry

b. 
Quantitative scanning tomography

c. 
Dual X-ray absorptiometry (DXA)

d. 
All of the above

 

ANSWERS

1.
True

2.
d

 

Justin et al. Application of the 3R principles: Vertebra as an additional source of murine bone-marrow cells, pp. 43-52

Domain 1

Primary Species: Mouse (Mus musculus)

  

SUMMARY: Murine models are an important tool in bone marrow transplantation research. Due to its size, numerous mice are needed to obtain samples of bone marrow cells with needed size. This is opposite to the reduction principle of 3Rs. Number of bone marrow cells obtained from each mice depend on cell source and isolation method.  The most used source of bone marrow cells are long bones, but vertebrae can be an additional source. The authors compare the characteristics of the bone marrow cells obtained from long bones with those obtained from vertebrae. They concluded that bone marrow cells obtained from vertebrae are comparable to those obtained from long bones. 

QUESTIONS 

1.
What is the principal source used to obtain bone marrow cells? 

2.
T/F: Hematopoiesis occurs in bones from birth to old age 

3.
What is true about bone marrow cells ?
a.
Houses HSPCs in bone marrow niche 

b.
Is the main source of MSCs 

c.
Higher percentage of HSPCs are located in proximal endothelial region of bones 

d.
All of above 

4. What are MSCs? 

5. What are the two methods to obtain bone marrow, and which one is more efficient? 

6. T/F: Long bones have a higher progenitor content per cell basis than the vertebrae 

7. What is a colony-forming unit assay? 

8. T/F: Double number of isolated bone marrow cells per mice can be obtained if vertebrae are used together with long bones 

9. T/F: Although total haematopoietic  progenitors are higher in long bones, there are no statistical difference with those of vertebrae 

10. T/F: Bone marrow cells from vertebrae have higher expression of mesenchymal stromal cells surface markers than those from long bones 

ANSWERS 

1.
Long bones and ilia 

2.
True 

3.
d 

4.
Multipotent adult stromal cells able to differentiate in cells like osteoblast, chondrocytes and adipocytes 

5.
Bone flush and bone crush. Bone crush is more efficient 

6. 
False 

7.
A clonal assay used for the enumeration of progenitor cells 

8.
True
9.
True
10.
False
Stokstad et al. Refined experimental design may increase the value of murine models for estimation of bluetongue virus virulence, pp. 53-64

Domain 3: Research; T3. Design and conduct research  

Primary Species: Mouse (Mus musculus)  

 

SUMMARY: Bluetongue virus has a segmented genome. Simultaneous infections with two or more virus strains can result in virus strains with genome segments from both ‘parental’ virus strains – so-called reassortants. Those reassortant strains may differ from their parental virus strains in phenotypic characteristics such as altered virulence. This article describes work to assess the influence of various genes on blue tongue virus variant virulence, using a refined design of a mouse model for in vivo viral virulence measurement. That modified model is referred to as a “between-patient optimised three-level response surface pathway design”. Goals for the project include having a reproducible in vivo measurement of virulence that also meets the 3R’s (e.g. - reduced numbers used). Eight virus strains were used – three parental strains, and five strains with known reassortments from among the three parental strain genomes (determined through reverse genetics techniques).  

 

The experimental design used is an alternative to the traditional LD50, which has been recognized to carry ethical, statistical and cost challenges, requiring large numbers of animals and still not necessarily as accurate as newer statistically and biologically based designs. The design for this project designated as “response surface pathway’ (RSP)”, is a variation of what is also known as “up and down” or “random walk” study design. A dose window is established based on maximum and minimum possible or interesting doses (in this case, a window based on in vitro data and recognized pathogenicity in ruminant species). The Procedure for generating the doses used in 2nd and 3rd steps is based on the response (number of mortalities) at the previous one. RSP consists of several levels, with a fixed number of animals used on each level. The dose window is limited by the maximum and minimum possible or interesting dose. The first dose is often the mid-dose of the dose window. The number of animals that die at this level will direct the dose to be used at the next level through use of a standard formula (higher or lower viral dose). That formula is further modified by use of a “k-factor”, which is generated by techniques that the author indicates are described in two of the references to this article. The k-factor ensures coverage of the entire dose window.  

 

The mouse model involves neonatal (1-3 days old) mouse intracerebral inoculation with virus. Individual neonatal mice, from multiple time-pregnant litters, were randomly assigned one of the virus strain inoculums, and individual mice were labeled using toe amputation (for which the description as to how that was determined to be the most appropriate method is present in the paper) and given a pre-determined dose of that particular virus strain. With that, an individual litter of mice would have multiple virus strains within it, eliminating variables related to dam and other husbandry-related issues. With the design, 15 suckling mice per virus strain were used, revealing significant pathogenicity differences between different recombinant virus strains.  

 

The steps of varying virus inoculation doses involved delivering the first virus inoculation to three mice, with a dose for each individual virus that is in the middle of the window of interest for that virus strain. The outcome variable was survival or death in each of the three levels. Certain clinical signs were taken to indicate impending death, and any animal with those signs was euthanized and counted as a mortality. Those clinical signs included neurological changes and failure to nurse, which included all clinical signs observed.  

 

The LD50 for each of the eight virus strains was determined by using an "optimized between-patient three level RSP design", with three design levels using virus doses calculated from the results in the previous level. If the calculated dose equaled 0 for any of the virus strains, a minimum dose of 0.1 log10 TCID50 was used. (The data indicating how the calculated dose for each virus strain was initially determined is not clearly described in the paper). As the previous level functions as a control group for the next level, the need for controls are implemented in the design, and traditional control groups are not necessary. To calculate LD50 for one virus strain, an experimental group of 15 mice was used, and a total of eight experimental groups were included (one for each virus strain). The experimental unit was each individual animal, and the experimental end point was 21 days post infection.  

 

With data derived from these studies, certain genes or gene groups were shown to increase virulence in recombinant viruses as compared to their previously low-virulent parental virus strains. The authors make a point that it can be a challenge to interpret results from this model, comparing in vitro data and to the relative pathogenicity in ruminant species. For instance, the two parental virus strains P1 and P6 were derived from attenuated virus strains. However, both original strains (not recombinants) showed higher virulence in mice compared with the third parental strain, P8, which derived from BTV8, a BTV strain that has been established as highly virulent in ruminants in the field. This indicates that despite an improved design, the gap between findings in mice and the outcome in ruminants is considerable and unpredictable. These differences likely further relate to combinations of host, environmental and viral factors.  

  

QUESTIONS  

1.
Select one of the following as an established in vivo model for testing virulence of bluetongue virus strains 
a. 
Intravenous inoculation of adult rabbits  
b. 
Intracerebral inoculation of neonatal mice  
c. 
Intraperitoneal inoculation of adult mice  
d. 
None of the above  
e. 
All of the above  
2.
True or False: classically designed viral LD50 studies require large numbers of animals, and there are no methods for refinement that can reduce animal numbers  
3.
True or False:  “response surface pathway” (RSP) “random walk” and  “up and down” are sequential test designs to help determine toxicity and other phenotypic characteristics of compounds or infectious agents  

4.
A virus strain that is the result of recombination of two parental virus strains is referred to as:  
a. 
Mutant strain  
b. 
Step-strain  
c. 
Reassortant  
d. 
None of the above  
5.
True or false:  The results of neonatal intracerebral bluetongue virus pathogenicity studies correlate directly with exposure studies involving ruminant species

 

ANSWERS  

1.
b.  Intracerebral inoculation of neonatal mice  
2.
False  
3.
True  

4.
c.  Reassortant 

5.
False

 

Frommlet and Heinze. Experimental replications in animal trials, pp. 65-75

Domain 3: research; K9 - principles of experimental design and statistics including scientific method
 

SUMMARY: The purpose of the author article is to fill the gap in the literature about statistical replication and to discuss the statistical consequences when a whole experiment is repeated several times by the same research group under exactly the same conditions.

In the majority of cases, two or three independent experiments are performed. What often happens in practice is that two experiments are made, and if those have differing outcomes, then a third experiment will be performed.

When asking researchers why they think it is a good idea to replicate the whole experiment, they usually argue that there might be huge differences between the observed effects due to unknown factors influencing the different experimental replicates. If this is actually the case, then three repetitions are not enough to capture this variation of the effect to be studied.

 

To quantify the usage of experimental replications in practice, the authors looked at 46 articles from volume 51 of Immunity, one of the leading journals in immunology research. Figure legends from each article were examined for text passages which point towards replications of animal experiments.

 

Type I error and power were computed for different strategies how to report results from several independent experiments. The main simulation study involving mixed models was performed in SAS 9.4(TS1M3) vXX (SAS Institute, Cary, NC). Generation of plots and other simulations was performed in R 3.6.0 vXX (R Foundation for Statistical Computing, Vienna, Austria).

The authors selected 37 articles which included animal experiments with mice. Among those were 25 articles having at least one figure with data representative of several independent experiments. If the exact number of independent experiments was given, then most often this was either two or three, quite rarely also four. However, the exact number was frequently not even specified. Instead, the information is given that data are ‘representative of at least two experiments’, ‘of at least three experiments’, ‘of two or three experiments’ and so on.

In 22/37 articles, there is at least one figure legend indicating that data were pooled from several experiments. Again, in the majority of cases, data from two or three experiments were pooled, but sometimes also from four or more. Once again, the exact number is often not clearly specified. In 13 articles, both representation and pooling of independent experiments occurred, sometimes within the same figure legend.

 

Only 3/37 articles with mice experiments do not mention any replication of experiments. None of the other 34 articles describes in the statistical methods section how independent experiments were accounted for. All the information that can be found, which is in virtually all cases insufficient, is given in the figure legends. No objective decision criteria are presented which would explain why a representative experiment is shown or why data are pooled. Almost always, the presented graphs are ornamented with different numbers of asterisks which are supposed to indicate certain levels of statistical significance. The corresponding p-values themselves are not provided. There seems to be no awareness at all that after selecting data from different experiments as one pleases, the concept of statistical significance becomes entirely meaningless.

 

Given the current practice, there are just too many ways that data sets can be tweaked to obtain p-values which are below a desired significance level: choosing the experiment with the most desirable result as representative, continuing to repeat experiments until significance has been achieved through pooling, potentially not including data from experiments which do not fit the hypothesis to be tested and so on. The reporting of the number of animals per experiment is often even worse, and undocumented attrition will further contribute towards biased results. The authors think it is absolutely necessary that the research culture changes and that journals request experimental designs which are less prone to delivering false-positive results and which have been clearly specified in advance.

 

Researchers most often perform two or three replications, which coincides with our experience as board members of the animal ethics committee. Often, they plan one experiment at a significance level of α = 0.05 with a power of 0.8 to detect a specific effect. Then, they request two or three times the number of animals needed for one such experiment but without actually specifying how they want to analyse the resulting data from independent experiments. The authors will provide here the consequences on type I error and on power when using five different analysis strategies:

 

· Strategy 1: Report the best of two independent experiments.

· Strategy 2: Two independent experiments must be significant.

· Strategy 3: Report the best of three independent experiments.

· Strategy 4: Three independent experiments must be significant.

· Strategy 5: Two out of three experiments must be significant.

 

Strategies 1 and 3 assume that two or three independent experiments were performed, and only the results of the ‘best’ experiment are presented, that is, the experiment with the most significant treatment effect. For apparent reasons, and confirmed by our results, this is not a good idea. While the resulting power is close to 1, the probability of a type I error becomes hugely inflated: 0.0975 for two experiments and 0.143 for three experiments. However, given the common practice of reporting a ‘representative’ experiment, the authors are afraid that the ‘choose-the-best’ approach is applied quite frequently.

With strategies 2 and 4, an effect is only concluded to be significant if all experiments which were performed gave significant results. Such a procedure is extremely conservative, as its overall power to detect significant treatment effects drops to 0.64 in the case of two experiments and to 0.51 in the case of three experiments. It is quite unlikely that any preclinical researcher would actually want to adhere to such an approach.

The final strategy considers an effect to be significant if at least two out of three experiments lead to a p-value below the chosen significance level. With this procedure, one could omit the third experiment if the first two already led to the same result (with both either significant or not significant). According to researchers involved in such studies, this strategy is actually often applied informally, even when in the end only one representative data set is presented in the publication. The two-out-of-three procedure gives an overall power of 0.9 when planning for a nominal power of 0.8 for each individual experiment. At the same time, the overall probability of committing a type I error is < 0.01 for α = 0.05

In view of the ongoing discussion of the problematic nature of taking p-values as the exclusive basis of statistical analysis. These characteristics are actually not too bad. If preclinical researchers followed such a protocol rigorously, it could help to increase the reproducibility of published research because the probability of reporting false-positive results is substantially reduced. However, the ‘two-out-of-three’ decision procedure does not make optimal use of the data when there is reason to assume that the actual effect size does not differ between replications of the full experiment.

Better alternatives include methods for combining p-values or considering a combined analysis of all three experiments.

The authors have seen that apart from presenting a ‘representative’ data set, researchers also often present results after pooling data from independent experiments. This results in a larger sample size than planned, which will apparently yield an increase in statistical power. If the single experiment was already planned to detect a specific effect size with a certain power, then the pooled data set will be overpowered for the same effect size. In other words, too many animals will have been used.

If the decision of pooling is made only after the data have been looked at, then the procedure just turns into some form of p-hacking, specifically if there is no control over the number of experiments which are used for pooling. Furthermore, if the results from the independent experiments are not reported individually, then the question of reproducibility is actually no longer addressed. A first step in the right direction would be to report p-values of each independent experiment and then perform some p-value combination.

Fisher’s method for combining k p-values p1,…,pk is based on the observation that under the null hypothesis −2∑kj=1logpj∼χ22k, which means that a random variable equal to minus twice the sum of the logarithms of the p-values follows a chi-square distribution. To illustrate the advantages of Fisher’s method over the ‘two-out-of-three’ rule, consider a situation where the three experiments led to p-values p1 = 0.04, p2 = 0.06 and p3 = 0.06. Only the first experiment was significant at the α = 0.05 level, and a rigorous application of strategy 3 would lead to the conclusion that one cannot reject the null hypothesis. However, Fisher’s method gives a combined p-value of 0.007, resulting in a clear rejection of the null hypothesis. Even in the case that one experiment ‘did not work’ and gives a rather large p-value – say, p3 = 0.07 – the resulting combined p-value of 0.047 is still < 0.05. Finally, consider a situation where p1 = p2 = p3 = 0.1, that is, in all three experiments, the significance criterion was just missed, and thus none of the original three strategies would suggest to reject the null hypothesis. Still, Fisher’s method efficiently combines this information into a combined p-value of 0.032.

Effect sizes are measured in standard deviations, which is often done for convenience in preclinical studies when not much information about the actual variation of the outcome variable is available. Effect sizes of 1.5 (or 2) standard deviations are quite typical for animal experiments, and performing only a single experiment, eight (or five) animals, respectively, would be needed to achieve an approximate power of 0.8 at a significance level of α = 0.05. In comparison, the power of Fisher’s combination test is already very close to 1 both for n = 8 at effect size 1.5 and for n = 5 at effect size 2. In fact, only four animals per group would be needed at effect size 1.5 to achieve a power close to 0.8, which is half the number needed according to the sample-size calculation for a single experiment.

 

Researchers and reviewers often argue that they need to replicate whole experiments because the measured effect may vary a lot between replicates. Often, the cause of such variation is beyond the control of the researcher. Hence, it is desirable to account for that variation explicitly by a joint analysis of the data from all three experiments. In such an approach, the experimental replication is used as an additional factor – a so-called blocking variable.

Assume that in an experiment, the effect of some active treatment is compared to a sham treatment or placebo where the outcome Y is some metric variable. A suitable model to use in this situation is the two-factorial analysis of variance:

	E(Y)=μ+αi+βj+γij




	
	


where μ is the overall mean of the outcome variable, αi and βj are additive main effects of treatment i and experimental replicate j, respectively, and γij (sometimes also denoted as (αβ)ij) models interaction effects between treatment and experimental replicates. It follows that if any γij≠0, the authors have variability in the treatment effects between replicates. The conditions ∑iαi=0,∑jβj=0, and ∑iγi,j=0 for every j and ∑jγi,j=0 for every i ensure that all parameters of that model are identifiable.

 

One could now proceed and use the methodology of general linear models to estimate the unknown parameters of that model, that is, μ, αi, βj, γij. However, compared to the analysis of a single replicate, there are more parameters to be estimated. In case of two treatments and three replicates, taking into account the identifiability constrictions, the model would require two further β parameters and even four γ parameters to be estimated. The number of degrees of freedom spent to estimate these parameters becomes very large relative to the sample size, and this hampers precise estimation. Therefore, so-called random effects models were proposed, which do not require explicitly estimating some parameters of the model, but rather assume that those parameters follow a pre-specified distribution.

Mixed models which include a random effect for the blocking variable were often shown to be more powerful than the so-called fixed-effects models, even if the implicit distributional assumption is only a rough approximation. In the author’s case, it is reasonable to assume that βj and γij follow a bivariate normal, which extends the univariate normal distribution by also assuming some correlation between β and γ. Still, only three parameters (standard deviations of β and γ, and their correlation) would have to be estimated instead of six.

 

To highlight the key principles involved, the authors simplify the setting of the simulation study even further and assume in the model above that βj=0. The treatment is allowed to differ between replicates via the random effect γij. The authors consider two groups (active treatment = 1 vs. control = 0) and allow the effect of the active treatment relative to control to differ between replications. To this end, the overall treatment effect is defined as Δeff=α1−α0, and the variation of the treatment effect between replications is modelled via γ0j=0 and γ1j∼N(0,σ2γ)

 

The authors consider three different effect sizes, Δeff∈{0,1,2} , which once again are measured in standard deviations. The error terms of our model are assumed to be independent and standard normally distributed. Δeff=0 corresponds to the null hypothesis that on average the treatment does not have any effect. Δeff=1 would be a rather small effect for an animal trial, whereas Δeff=2 is a rather large effect. With respect to the variation between replications, the authors also consider three different scenarios, with variance σ2γ∈{0.01,0.25,1}

 

In the previous section, the authors focused on the consequence of repeating an experiment three times, where n = 8 per group is a commonly chosen sample size. Here, the authors want to compare experimental designs to different numbers of replication. Keeping the total number of animals constant, the authors let the number of replications vary between k∈{3,4,6,8} with corresponding sample size per group n∈{8,6,4,3}.

The first thing to observe is that in case of Δeff=0, a valid testing procedure should control the type I error below the significance level (in our case α = 0.05). The linear mixed model is actually quite conservative, and particularly when there are only three replications, the type I error is controlled at a level way below 0.01. For larger numbers of replications, the type I error is getting closer to the desired α level, but the mixed model still remains conservative. Correspondingly, we observe both for small effects (Δeff=1) and large effects (Δeff=2) that the power to detect the treatment effect systematically increases with the number of replications. This is the first indication that it might be better to perform many replicates of small experiments rather than few replicates of larger experiments. Power tends to decrease with increasing σγ, which does not come as a big surprise. The more variation there is between replicates, the more difficult it should be to detect the overall treatment effect.

The power curves of Fisher’s combination test tell a completely different story. For both small and large treatment effects, it seems that Fisher’s method provides larger power than the linear mixed model, specifically in cases when there are only few replicates.

There are quite a number of instances where the one-sided Fisher’s combination test rejects both the right- and left-sided hypotheses. Stouffer’s Z-score method suffers less from the last problem, but it still has a rather inflated type I error rate for larger σγ (results not shown here). This leads to the conclusion that combination tests are inappropriate to test the null hypothesis Δeff=0 if treatment effects are expected to vary across replications.

The author’s discussion above shows that performing sample-size calculations for a single experiment and then repeating that experiment two or three times violates the principle of ensuring that the sample size is not too large and not too small because the resulting total number of animals used in the overall experiment is too large.

 

The author’s simulation study suggests that given a fixed total number of animals, that is, under economic constraints, it is better to perform many smaller experiments than only a few replications of larger experiments, particularly if one expects the observed effect sizes to change between replications. This finding seems to be quite intuitive because with more replicates, it becomes easier to estimate the variation between individual experiments. Having only three experiments, it is almost impossible to obtain a reliable estimate of the variance if there is actually variation between replications. This speaks against the ‘two-out-of-three’ rule if it is enacted with the intention of showing replicability of results and might actually be an important consideration to increase reproducibility of preclinical results.

 

Finally, in the author’s opinion, it is really important that journals publishing the results from animal studies become stricter in terms or statistical methodology. Shortcomings of experimental design and statistical analysis of animal studies were already being discussed extensively10 years ago, but changes in scientific culture are rather slow.  Recent efforts to establish preregistration of animal trials are laudable, but there is still much to be done. In particular, the practical application of experimental replication we have described here is extremely problematic. The reporting on the number of experiments and the number of animals used per experiment is extremely poor, which is bound to result in biased results. Researchers will tend to present those results which fit and to conceal results which contradict their hypotheses. Given the current practice, there is often no way of knowing how many experiments have actually been performed from which the ‘representative’ experiment was chosen. It would be a big improvement if journals requested study protocols which were approved by animal ethics committees.

 

QUESTIONS (T/F)
1.
Fisher’s method can be used to obtain a combined p-value for different, independent experimental replications

2.
Combination of p-values is useful for either one-sided or two-sided hypothesis testing

3.
If the sample size varies between experimental replicates, then an alternative method based on weighted Z-scores might be preferable to Fisher’s

4.
p-value combination address the question of replicability of an experiment, as opposed to one-time designs

5.
It is worse to make more replications of smaller experiments rather than fewer replications of larger experiments.

 

ANSWERS
1.
True
2.
False (Otherwise, experiments with effects in opposing directions would not cancel out when pooling the information.)

3.
True
4.
False
5.
False
 

SHORT REPORTS
Teixeira-Santos et al. An alternative method for oral drug administration by voluntary intake in male and female mice, pp. 76-80

Domain 1
Primary Species: Mouse (Mus musculus)  

   

SUMMARY
Introduction: Even though oral gavage allows to deliver of precise doses of drug, it occasionally causes esophageal or gastric injuries, reflux, aspiration pneumonia and death. Therefore, the development of alternative non-invasive oral methods of drug delivery should be a priority, both for animal welfare reasons and for accomplishing more robust experiments. A commercially available aqueous gel with flavor has also been investigated, but the willingness of mice to ingest it was low. This study presents an alternative method of drug administration by voluntary oral intake in mice, using strawberry jam.  

Study Design: C57BL/6J (11 weeks old, M and F) were used for this experiment and each mouse was kept individually in a cage, without access to water and food pellets, solely during the short periods (up to 20 min) required for daily jam/drug administration. 60 ul of jam was placed on the Petri dish and the caloric contribution of the 60 ul volume of jam amounts to 0.17 kcal, which corresponds to between 1 and 1.7% of the average daily caloric intake for a 25 g. Therefore, it did not expect it to cause significant diet changes. After 3 days of daily training, all mice ingested the entire volume in a single attempt within 10-20 minutes.  

Conclusion: This non-invasive method of oral administration through voluntary intake of strawberry jam affords an effective, cheap and less-stressing alternative to injections or gavage, reducing potential injuries and allowing control of dose and ingestion timing. But there are several consideration for further studies such as stain difference (genetic factors), difference of compound taste, and conflict between on-going projects.    

QUESTION  
1.
Which is not a main complication from oral gavage?  

a. 
Esophageal trauma  

b. 
Aspiration pneumonia  

c. 
Death  

d. 
Hindlimb paralysis  

e. 
Stress response  

ANSWER

1.
d  

Gandhi et al. Technical experience and postoperative complications with repeat transperitoneal approach to the lumbar spine in female Lewis rats, pp. 81-87

Primary Species: Rat (Rattus norvegicus)
 

SUMMARY: Rats are commonly used as models of lumbar intervertebral disc (IVD) degeneration for evaluation of therapeutics, but their anatomy and small size preclude consistent delivery of injectable therapeutics to the lumbar spine via the traditional posterolateral approach. This study describes the author's experience (> 30 rats) on the development and application of a repeat ventral approach in a Lewis rat lumbar spine, consisting of two separate surgeries to induce degeneration and then intervene via intradiscal injection (IDI). Surgeries consisted of 1) ventral disc puncture injury, and 2) ventral intradiscal injection. Eight weeks after the initial surgery, follow-up surgery was performed via the same approach, and an injectable gelatin hydrogel was delivered using a 31G needle. A custom injection guard was developed to control injection depth, ensuring consistent delivery to the nucleus pulposus. Significant challenges associated with repeat surgery were increased tissue adhesion, intraoperative bleeding, and difficulty placing the injection guard due to mobile gastrointestinal tissues. The most frequent complications associated with repeat surgery were transient neuropraxia and significant intraoperative bleeding (6.3% each). The repeat transperitoneal approach is a reproducible method to facilitate both injury and later intervention in a female rat model of lumbar IVD degeneration.

 

QUESTION

1. 
Which of these are ADVANTAGES of using rats as models of intervertebral disc (IVD) degeneration?

a.
Low cost

b.
Comparable spinal anatomy

c.
Good size

d.
None of the above. In vitro or mouse models are often the models of choice.

 

ANSWER

1. 
a, b, c
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