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Poirier et al. ESLAV/ECLAM/LAVA/EVERI recommendations for the rules, responsibilities and training of the laboratory animal veterinarian and the designated veterinarian under Directives 2010/63/EU, pp. 89-99

SUMMARY: Directive 2010/63/EU was adopted in September 2010 by the European Parliament and Council, and became effective in January 2013. It introduces new requirements for the protection of animals used for scientific purposes. In particular, it requires that establishments that breed, supply or use laboratory animals have a designated veterinarian (DV) with expertise in laboratory animal medicine, or a suitably qualified expert where more appropriate, charged with advisory duties in relation to the well-being and treatment of the animals. 

This paper provides professional guidance on the role and postgraduate training of laboratory animal veterinarians (LAVs), who may be working as DVs under Directive 2010/63/EU.  It is also aimed at advising employers, regulators and other persons working under the Directive on the role of the DV. The role and responsibilities of the DV include development, implementation and continuing review of an adequate program for veterinary care at establishments breeding and/or using animals for scientific purposes. Postgraduate laboratory animal veterinary training should include a basic task-specific training module for DVs to complement veterinary competences from graduation, and continuing professional development on the basis of a gap analysis. 
This paper discusses and guide subjects such as Veterinary roles, tasks and responsibilities under Directive 2010/63/EU. For example:
a: 
Veterinary tasks required under the Directive

b: 
Provision of an adequate veterinary care program

c: 
Input to the AWB (animal welfare body)

d: 
Involvement in project evaluation

e: 
Training, supervision and assessment of competences of other persons and more.

QUESTIONS (True or False, according to Directive 2010/63/EU)
1.  
The minimum Veterinary care should be available at least 16 hours a day for 6 days a week?

2.   At the end of a procedure, a decision to keep an animal alive shall be taken only by a veterinarian.

3. 
Each breeder, supplier and user should have a designated veterinarian with expertise in laboratory animal medicine, or a suitably qualified expert where more appropriate, charged with advisory duties in relation to the well-being and treatment of the animals

4. 
Dog, cat and non-human primate shall have an individual history file, which includes veterinary and social information. 

ANSWERS
1. 
F. Veterinary care should be available at all times

2. 
F. By a veterinarian or by another competent person

3. 
T

4. 
T

ORIGINAL ARTICLES

Traul et al. Safety studies of post-surgical buprenorphine therapy for mice, pp. 100-110
Domain 2: Management of Pain and Distress

Primary Species: Mouse (Mus musculus)

SUMMARY: Post-surgical opiate therapy in rodents is commonly used. The effective duration of sc morphine in mice and rats is limited to 2-3 h; buprenorphine is effective for only 3-5 h in mice and 6-8 h in rats. Repeated injections stress small animals and consume significant personnel time. Additionally there are concerns regarding potential side effects which are common with opiate therapy namely respiratory depression and nausea. 

To test the hypothesis that an extended-release suspension of buprenorphine could be used safely in mice, surgically-treated male and female mice were challenged with significant over-doses with a proprietary buprenorphine suspension and monitored for adverse events (AE) according to FDA guidelines for assessing the safety of veterinary pharmaceutical products. Haematology and serum chemistry values were measured in mice treated with a surgical procedure using ketamine-xylazine aesthesia and challenged by single and repeat trials using one to five-fold doses (3.25-48.75 mg/kg of an injectable buprenorphine suspension. Body weights, organ weights, and histopathology were performed on all mice. No significant weight changes in control mice or mice dosed with 5x doses of the drug for at least eight days were seen. No AE were observed in the haematology studies. Liver chemistry values remained within normal limits. There were no drug related gross pathology findings. 2 male mice in the dose repeat group died but histopathology did not identify the cause of death and chemistry results were within normal limits.

The results of these trials demonstrate that an extended-release lipid-buprenorphine suspension can be used safely in male and female (20-22 g) adult BALB/c mice for analgesia following a surgical procedure. Disclaimer: The corresponding author holds significant financial interest in the company which produces the extended-release suspension buprenorphine tested in this study and the first author has served as a paid consultant to the company.

QUESTIONS
1.
Buprenorphine in rats has an effective duration of?

a.
2-3 h

b.
5 h

c.
6-8 h

d.
12 h

2.
True or False: Post-operative buprenorphine therapy has been associated with weight loss?

3.
Morphine in mice and rats has an effective duration of?

a.
2-3 h

b.
6 h

c.
8 h

d.
12 h

 

ANSWERS
1. 
c

2. 
True

3. 
a

 

Kleine et al. The effect of midazolam on the recovery quality, recovery time and the minimum alveolar concentration for extubation in the isoflurane-anesthetized pig, pp. 111-116

Domain 1

Primary Species: Pig (Sus scrofa)

SUMMARY: Hypotheses were that midazolam administered prior to recovery would decrease MACextubation (minimum alveolar concentration for extubation), prolong recovery time but provide a smoother recovery. 

Procedure
· Sixteen Yorkshire pigs were anesthetized with isoflurane for approximately 5 h. 

· The end-tidal isoflurane concentration was then stabilized at 1.4% for 20 min. 

· Pigs were randomly assigned to receive midazolam or saline. 

· The vaporizer was decreased by 10% every 10 min until extubation. Pigs were declared awake by a blinded observer and were assigned a recovery score by the same observer. 
Results
· Mean MACextubation was not significantly different for pigs receiving saline prior to recovery compared with those pigs receiving midazolam. 

· The overall mean MACextubation for both groups was 0.6_0.4 vol%. 

· Time to extubation was not significantly longer with midazolam (124_36 min) compared with the saline group (96_61 min; P¼0.09). 

· Recovery score was not significantly different between groups (midazolam, 0.86_1.1; saline 0.5_0.5; P¼0.26). 

Conclusion: In conclusion, midazolam did not affect MACextubation. There was no
advantage of administering midazolam in the recovery period when performing step-down titration of isoflurane anesthesia.
QUESTIONS

1.  
Mean MACextubation was not significantly different for pigs receiving saline prior to recovery compared with those pigs receiving midazolam. 

2.  
Midazolam treated pigs prior to recovery show significant longer time to extubate compared to those given saline prior to recovery.
3. 
There was no advantage of administering midazolam in the recovery period when performing step-down titration of isoflurane anesthesia.

ANSWERS  
1.  
True
2. 
False
3. 
True
Miller and Leach. Using the mouse grimace scale to assess pain associated with routine ear notching and the effect of analgesia in laboratory mice, pp. 117-120

Domain 2: Management of pain and distress; Task T2: Minimize or eliminate pain and/or distress

Primary Species: Mouse (Mus musculus)

 

SUMMARY: In this study, the authors hoped to determine whether pain following ear notching in mice could be assessed using the mouse grimace scale (MGS) and also whether EMLA cream application could help alleviate pain associated with ear notching. The ear notching in this study was carried out for identification purposes but it can also be used to take samples for genotyping mice.

Thirty male C57BL/6 mice were used on the study and the mice were photographed before and after ear notching and the photographs used to determine their facial expressions or grimace responses. The facial expressions scored were orbital tightening, cheek and nose bulge and the ear position. The whisker position was excluded.

The authors did not find any significant differences in the MGS score between the groups pre- and immediately post ear notch. The authors argue that this could be because MGS is not a suitable pain assessment technique for this practice although they do mention that alternatively it could be considered that ear notching is not painful. However, for the latter, the authors argue that, in other species, MGS is ineffective in identifying pain with a duration of less than 10 minutes. Therefore the assumption is that ear notching is painful unless further evidence demonstrates otherwise is provided. As the MGS scoring was not sensitive to determine pain associated with ear notching the effectiveness of EMLA cream could not be assessed. The authors suggest that other methods of pain assessment, e.g. behaviour of mice immediately following ear notching, could be trialed.

 
QUESTIONS
1.  
Which facial expressions are assessed when using the mouse grimace scale?
a. 
Orbital tightening

b. 
Whisker position

c. 
Ear position

d. 
All of the above

2. 
Ear notching is carried out in mice for identification purposes only. True or False.

3. 
True or False. Mouse behaviour could be used to assess pain immediately following ear notching. 

 

ANSWERS
1.   d
2.
False. It can also be used for taking samples for genotyping

3.  
True
 

Pfeiffenberger et al. Assessment and refinement of intra-bone marrow transplantation in mice, pp. 121-131

Domain 3: Research; T3: Design and conduct research
Primary Species: Mouse (Mus musculus)
One Line: Intra-bone marrow transplantation (IBMT) does induce post-operative distress, irrespective of the bone used, but when doing a tibial injection it is better to use a smaller gauge needle (30-gauge instead of a 26-gauge) and the procedure should be limited to one leg per animal.
 
SUMMARY: The transplantation of malignant human hematopoietic stem cells into immunodeficient mouse models has traditionally been conducted by intravenous (IV) injection into the lateral tail vein.  The injected cells have to reach the bone marrow to accomplish their functions.  Before when injected, the cells would leave the circulation and end up in other organs and tissues but not in the bone marrow.  As such the technique of Intra-bone marrow transplantation (IBMT) was successfully developed and used in mice. However, there have been no investigations to assess the impact of IBMT on animal welfare. The authors of this paper therefore aim to evaluate the actual impact of IBMT in the tibia of mice. In addition, they hope to determine the effects of using the femur as an alternative injection site and refine the procedure to reduce distress in the animals.

IBMT was performed in either the tibia or the femur of a recipient mouse under general anesthesia. Impact was determined using clinical scoring of different parameters (lameness, grip capacity, body weight loss, footprint analysis), behavioural tests (burrowing, open-field), monitoring of stress hormones and post-mortem histology. The results revealed that IBMT did induce severe post-operative distress and tibial injections, although technically easier, were more harmful to the animal. Furthermore a refinement of the technique in the tibia was achieved by using 30- instead of 26-gauge needles and by sparing the patellar tendon.  The authors also concluded that IBMT should be limited to one leg per animal.

  

QUESTIONS
1. According to the authors, it is preferable to perform Intra-bone Marrow transplantation in which bone:
a.  
Wing of the ilium
b.  
Femur
c. 
Tibia
d. 
Humerus
2. True/False. Good performance of spontaneous home cage behaviours like burrowing, post-operatively, is thought to be indicative of well-being, and no lasting levels of pain and distress.
3. According to the authors, some of the parameters measured, such as the level of stress hormone metabolites and increase in nest destruction could be due to which one of the following factors?
a. 
Rough handling by technicians

b.
Sex of animal

c. 
The combination of anesthestic drugs used

d. 
The types of cages they were housed in

4. When can the injected limb be used after the procedure?
a. 
1 month
b. 
7 days
c. 
3 days
d. 
3 weeks
ANSWERS
1. b
2. True 
3. c 

4. d

 
 
Lean-Rico et al. Comparison of haematopoietic stem cell engraftment through the retro-orbital venous sinus and the lateral vein: alternative routes for bone marrow transplantation in mice, pp. 132-141

Domain 1

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Bone marrow transplant (BMT) is a routine technique in mice use to study the hematopoietic system. The process first involves total body irradiation of the animal followed by delivery of repopulating cells to restore the hematopoietic system. Cell delivery for BMT has traditionally been performed vial tail vein injection. Tail vein injection is technically challenging, however, as the vessels are very small (typically pre-warming is performed to induce vasodilation); practice and accuracy are required for success. Additionally, scarring can occur which under some circumstances limits repeated injections. Retro-orbital delivery of substances is becoming increasingly more common, however, as it is technically simpler to perform and recent data demonstrate that it is often equivocal (if not superior) to standard tail vein injection. This article compared two methods of administration specifically for delivery of cells for bone marrow transplant – intravenous (IV) via the tail vein and retro-orbital (RO).  Engraftment of cells was evaluated via cell sorting (FACS) as a percentage of hCD4+ or CD45.1+ cells (two different experiments were performed); the authors demonstrated the RO delivery of cells for BMT was equivalent, and in some cases superior, to IV/tail vein delivery based on percent engraftment.

 

QUESTIONS
1.
What is the most commonly used site for IV administration in mice?

a. 
Saphenous vein 
b. 
Tail vein

c. 
Jugular vein 

d. 
Cephalic vein 

2.  The retro-orbital sinus in the mouse is made up of which vessel(s)?

a. 
Supraorbital and superficial temporal veins 

b. 
Supraorbital, superficial temporal, and  inferior palpebral veins 

c. 
Supraorbital, superficial temporal, inferior palpebral, and dorsal nasal veins

d. 
Supraorbital, infraorbital, superficial temporal, inferior palpebral, and dorsal nasal veins 

3.  Which one of the following is a disadvantage of RO injection compared to IV/tail vein injection? 

a. 
Less volume can be delivered RO compared to IV 

b. 
RO injections are technically more difficult    
c. 
The mouse must be inverted to perform an RO injection 
d. 
IV injections are much faster than RO injections 

 

ANSWERS
1.
b

2.
c

3.
a
 
Windberger et al. Hemorheology in experimental research: is it necessary to consider blood fluidity differences in the laboratory rat?, pp. 142-152

Domain 1, K2
Primary Species: Rat (Rattus norvegicus)
 
SUMMARY: The aim of this study is to determine if blood fluidity differs between different laboratory rats. Blood fluidity is based on the quantitative and qualitative properties of blood cells and the constitution of blood plasma. Viscosity of whole blood is low due to the red blood cells (RBC) flexibility and deformability adaptation to hemodynamic forces.  RBC aggregates at low shear rates and suspend at high shear rates. All these influence the organization of RBC in the flow resulting in phase separation, creating a cell-free layer in the vessel lumen. Nitric oxide, prostacyclin and endothelin are vasoactive substances that adjust the arteriolar diameter. The pulsatility of blood flow and the arteriolar wall movement can also affect blood instability. Wild type SPF males and females of the Lewis, Long-Evans, Hairless, Wistar and Fisher rats strains and the mutant strains Dahl SS/JrHsdMcwiCrl and ZDF-Leprfa/Crl were used. The greatest differences were seen in hematocrit (HTC) between the Lewis and Long-Evans rats. HTC is the key parameter determining blood viscosity. In the same strains, RBC deformability (Lewis needed more shear stress) and aggregability were different, aggregability difference was small and might have not clinical relevancy, but deformability might have it, Lewis rat required higher shear stress for RBC deformability and this may affect transit time in capillaries and the formation of the marginal cell-free layer, which is associated to the endothelial nitric oxide synthase (eNOS). These differences did not affect the whole blood viscosity (WBV). Plasma total proteins (TP) are the main determinant factor in plasma viscosity (PV), and this was variable between Lewis and Long-Evans strains. 
Regarding to mutant rats, TP, fibrinogen and cholesterol were increased. These parameters can affect RBC aggregation, and significant increases in WBV, PV and RBC aggregation were found. It is believed that higher RBC aggregation can modulate the HTC, the flow resistance and the eNOS. Altogether, suggest that peripheral vasculature in the mutant strains will be altered. 
These findings should be considered in cardiovascular studies and in the phenotyping of the animals.
 
QUESTIONS
1. 
Viscosity of the whole blood is mainly determined by:
a.
White blod cells 
b.
Red blood cells
c.
Plasmatic proteins
d.
Platelets 
2. 
Which of the following can act as a vasoactive substances that adjust the arteriolar diameter? 
a.
Nitric oxide 
b.
Prostacyclin
c.
Endothelin
d.
All of the above
3. 
RBC aggregation can be affected by: a) Nitric oxide 
a.
Plasma total proteins
b.
Fibrinogen
c.
Cholesterol
d.
All of the above
4. 
T/F: Either in different wild type or in mutant rat strains, the assessment of blood and plasma viscosity and RBC aggregation should be considered as they can differ between strains and therefore affect  cardiovascular studies and in the phenotyping of the animals.
 
ANSWERS
1. 
b
2. 
d
3. 
d
4. 
True
Feuillet et al. Coil optimization for low-field MRI: a dedicated process for small animal preclinical studies, pp. 153-167

Domain 3: Research  
Primary Species: Rat (Rattus norvegicus) and Rabbit (Oryctolagus cuniculus)
 
SUMMARY: Low field magnetic resonance imaging (MRI) coils were designed and optimized so as to maximize the signal-to-noise ratio (SNR) in the images. For the validation of the model, coils were first characterized in terms of quality factor using saline phantoms. Two in vivo tests were then performed to assess the applicability of the system.
Preclinical imaging using a clinical whole body MRI with the commercial coils that come with the system is not always optimal. This is especially the case if none of the coils amongst the set of coils provided by the manufacturer of the MRI device properly matches the animal shape. Moreover, third party companies do not always offer commercial dedicated coils for small or medium-sized animal imaging in clinical MR systems. Examinations of small animals are often performed over small regions of interest (ROI), and only a weak signal is available with a non-dedicated coil, especially at low magnetic field strengths (below 0.5 Tesla [T]). Even if preclinical imaging focused on small animals employs dedicated high magnetic field MRI (4.7T, 7T or higher), these MR systems are expensive and are not always accessible in institutions.
The advantages of clinical low-field systems are that the open architecture offers the possibility of performing interventional surgery. They also lead to a reduction in set-up times and are less hazardous with regard to magnetostatic forces. Moreover, no specific absorption rate (SAR) issues, which cause tissue heating, are reported, and less susceptibility artifacts are observed.
The cost of this system is three to six times lower than that of clinical wide bore systems (1.5T and 3T). Besides the low initial cost, the maintenance cost for a low-field permanent magnet is almost insignificant, notably because of the absence of power consumption and cryogenic fluids in the magnet.
Two specific in vivo preclinical applications were assessed, and a dedicated coil was designed for each application. First a circular-shaped loop surface coil was built to quantify intradermic volumes of gels (200uL) injected into rabbit dermis.
In the second place, a volume coil was developed to image the tail of the rat in order to observe intervertebral disks and to further detect potential lesions.
Each of the five rabbits was injected in the dermis over eight sites with four different hyaluronic acid gels, one control reference gel and three gels under test. MR (followed by image processing for volume calculation) of all 40 intradermal injection sites was performed on d0, d28 and d84. The rabbits were anaesthetized during the MRI examinations using 1% isoflurane. The caudal disks were imaged in vivo on a Wistar adult rat anaesthetized with 1% isoflurane. For SNR characterization, both the commercial knee volume coil and the designed surface coil were employed for the MRI of an injection site. 
For the volume quantification, it was essential that the volume of the voxels was minimized to reduce volume quantification error. It was also important that the total acquisition time remained short to minimize anesthetic hazard and improve rabbit recovery. A scan time of 12min41s for each injection site was considered a good compromise to allow the acquisition of images with a sufficient SNR (80) using the surface coil. Based on these considerations, both with regard to spatial resolution and SNR, the study would not have been feasible using the commercial coils at our disposal (mean SNR=8), or it would have required a scan duration 100 times longer.
The in vitro validation study gave for the 100mL tubes a repeatability of 4.7% and an accuracy of 0.5%. The MR acquisition protocol associated with the dedicated surface coil was therefore appropriate for the rabbit study with volumes ranging from 130mL to 420mL.
Concerning the volume coil dedicated to the rat tail, the model confirmed that for solenoid-shaped coils of this size, coil losses are still dominant. Reducing the radius R to its minimum for this specific rat breed would ultimately maximize SNR, but the available margin (1.5mm on both sides for the largest tails) was found to be practical for the experimental set-up. Sequence parameters were chosen to provide a good SNR on intervertebral disks along with a good spatial resolution. In comparison, the SNR obtained with the rat tail in the surface coil was 109+-1 over the same ROI.
In this work, analytical SNR models for coil designs have revealed the importance of small coil optimization for low-field MRI, since sample losses become negligible. Using these easily built home-made coils at 0.18T, the images in both studies described here had an SNR (>100) suitable for the accurate measurement of small volumes, with a satisfactory image acquisition time of about 10min. Accurate quantification of small volumes varying from 200mL down to 25mL is thus possible with low-field MRI. The design procedure proposed in this paper is clearly applicable to other low-field strengths, such as at 0.4T, where the SNR is intrinsically better.
QUESTIONS
1.
MR is considered low field when:
a.
Lower than 1.5T
b.
Lower than 0.8T
c.
Lower than 3T
2. 
T/F. Acquisition and operation costs of a system as the ones above are between 1/3 and 1/6 of the cost of commercial systems
3. 
T/F. Voxel size has to be minimized  by reaching the maximum amplitude of the gradients along with the smallest receiving bandwidth available to maximize the SNR
ANSWERS
1.
a
2. 
T
3. 
T
SHORT REPORTS
San Martin et al. Non-invasive 3D time-of-flight imaging technique for tumour volume assessment in subcutaneous models, pp. 168-172
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Subcutaneous tumour xenograft volumes are generally measured using callipers. This method is susceptible to inter- and intra-observer variability and systematic inaccuracies. Non-invasive 3D measurement using ultrasound and magnetic resonance imaging (MRI) have been considered, but require immobilization of the animal. In this study authors used an infrared-based 3D time-of-flight (3DToF) camera to acquire a depth map of tumour-bearing mice. A semi-automatic algorithm based on parametric surfaces was applied to estimate tumour volume. Four clay mouse models and 18 tumour-bearing mice were assessed using callipers (applying both prolate spheroid and ellipsoid models) and 3DToF methods, and validated using tumour weight. Inter-experimentalist variability could be up to 25% in the calliper method. Experimental results demonstrated good consistency and relatively low error rates for the 3DToF method, in contrast to biased overestimation using callipers. Authors reported that accuracy is currently limited by camera performance; however, they anticipate the next generation 3DToF cameras will be able to support the development of a practical system. Authors describe an initial proof of concept for a non-invasive, non-immobilized, morphology-independent, economical and potentially more precise tumour volume assessment technique.

QUESTIONS
1. 
True or False. A downfall to the use of calipers for tumor volume measurement is the inter/intra-observer variability and systematic inaccuracies.

2. 
List three examples of current methods to measure subcutaneous tumor xenograft volume in both human and veterinary medicine.

ANSWERS
1. 
True

2. 
Callipers, Ultrasonography, and MRI


PS
- Here's the data information page on the 3dTofF camera used in this study: http://www.softkinetic.com/Portals/0/Download/WEB_20120907_SK_DS325_Datasheet_V2.1.pdf

Sasaki et al. Surgical procedure of extracting teeth for obtaining dental pulp for regenerative medicine in swine, pp. 172-176

Domain 3: Research; Task K8 - Surgical techniques and instrumentation
Primary Species: Pig (Sus scrofa)
 
SUMMARY: Dental pulp has been used for regenerative medicine for different neurological disorders. Mini-pig is an emerging animal model for dental pulp extraction. This study reports how to surgically extract teeth in this animal species for dental pulp extraction. 4 eight-month NIBS mini-pigs were used for this study. Under general anesthesia and local anesthesia, a mucoperiosteal flap was created on the buccal side of the gingiva for right incisors 1 and 2 and the alveolar bone was incised. After the root was exposed, teeth were extracted. The mucoperiosteal flap was then repositioned and sutured using silk. Dental pulp was minced and homogenized and the cells obtained were incubated and counted. After the procedure animals were euthanized. 
QUESTIONS
1. 
T/F.  Main weak point of extracting teeth in pig model is that dental roots are extremely long and are prone to fracture.
2. 
Mark the correct answer about teeth extraction in pigs.
a. 
Open extraction is don’t needed
b. 
Teeth extraction implies several major complications
c. 
Extraction of incisors is preferred over molar since incisor are easily extracted
d. 
Dental pulp cells extraction has a low performance and only 1.0 x 103 cells are obtained 
3. 
T/F.  Third molar extraction is routinely used in humans.
ANSWERS
1.
T

2.
c

3.
T
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