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Valentim et al. Euthanasia using gaseous agents in laboratory rodents, pp. 241-253
 
SUMMARY: This review summarizes the published works in which gases have been used as euthanasia agents for rodents (carbon dioxide (CO2), inhaled anaesthetics (such as isoflurane, sevoflurane, halothane and enflurane), as well as carbon monoxide and inert gases). A table listing currently available information to ease access to data regarding euthanasia methods using gaseous agents in laboratory rodents was compiled as well.
Carbon Dioxide: practical and effective technique associated with a good balance of costs and benefits. However, evidence from human studies has shown that the inhalation of CO2 at different concentrations causes pain and/or distress. In humans, rats and cats, most nociceptors are activated at a concentration of approximately 40% of CO2. Placing the animals in a chamber containing room air followed by a gradual fill of CO2 is a recommended and acceptable procedure. It is advised the use of compressed CO2 in cylinders combined with calibrated flowmeters, which allows the precise regulation of the inflow to the chamber. The gas flow should be constant at a rate of 15% to 35% V/min, and it may be increased after loss of consciousness (LOC), to speed up death.

Volatile Anaesthetics: may be less aversive than CO2 and do not inflict pain. Nonetheless, there is no consensus regarding whether the level of distress during induction is lower with these anaesthetics than it is with CO2. Animals may struggle and become anxious during the induction of anaesthesia because drugs may irritate and can cause excitement between the beginning of the procedure and LOC. 
Inert Gases: N2 and Ar are inert colourless and odourless gases. Rodents show less aversion to Ar compared with CO2, which may have been attributable to its odourless, tasteless and inert properties. The use of these gases is acceptable conditionally, and so should only be used if O2 concentrations <2% can be achieved rapidly and animals are heavily sedated or anesthetized. Combination N2O and CO2 has been suggested as an euthanasia refinement
Carbon Monoxide: CO binds irreversibly to haemoglobin to form carboxyhaemoglobin and blocks the uptake of O2 by erythrocytes, finally leading to unconsciousness and fatal hypoxaemia. Rodents should be placed inside a container pre-filled with at least 6% CO (volume). CO at a concentration above 10% is highly explosive and toxic to operators. There is no clear evidence that CO can be used as a refinement in euthanasia.
 
Fetuses and newborn animals: Inhaled anaesthetics or CO2 can be used; however, they require a long time of exposure, with the risk of distress.
Conclusion: evidence suggests a potential refinement of the CO2 method using volatile gas anaesthetics
 
QUESTIONS
1. 
Proper handling of animals before euthanasia include:
a.
Use of home cages
b.
Consistent group composition (cage mates rather than unknown animals)
c.
Performance of euthanasia in a room with no signs/odours of blood
d.
All of the above 
2. 
Physical methods of euthanasia:
a.
Require animal handling and restraint, which induce distress
b.
Are considered to be time-consuming and unaesthetic techniques
c.
Do not require any training
d.
a and b
3. 
Injectable anaesthetic agents may be used for euthanasia when employed at doses far higher than those used for anaesthesia, leading to overdose. 
4.
The period prior to loss of consciousness is a main concern in euthanasia, as animals may experience distress, anxiety, apprehension and pain
5. 
Fetuses and newborn animals are resistant to hypoxia and they metabolize drugs slowly. 
 
ANSWERS
1. d
2. d. Physical methods of euthanasia require training, which increases the possibility of errors during the killing process 
3. True
4. True
5. True

ORIGINAL ARTICLES

Helppi et al. Mouse reproductive fitness is maintained up to an ambient temperature of 28℃ when housed in individually-ventilated cages, pp. 254-263
Domain 3: Research

Primary Species: Mouse (Mus musculus)

SUMMARY: Although mice are commonly housed at 22º, when given the choice they seem to prefer higher ambient temperatures. The authors of the article investigated the effect of higher ambient temperatures in mice reproductive fitness housed in IVC system.  They concluded that mice can be housed at higher temperatures that one’s commonly recommended without compromising embryo production or sperm quality. This could be lead to changes in how mouse facilities are built and operate, especially in warmer climates, reducing energy consumption and costs.
QUESTIONS

1.
T/F. Production of genetically modified mice do not depend on environmental conditions
2.
Mice are commonly housed at

a.
18º

b.
20º

c.
22º

d.
24 º
3.
Mice are commonly housed at temperatures ___________ than their thermoneutral zone
4.
Name 6 indicators of reproductive fitness in mice
5.
T/F. Female mice produce high amounts of high quality embryos from 22º to 28º
6.
T/F. Between 22º to 28º male mice sperm count remain high but sperm motility and progressivity dropped continually
7.
Why mouse is one of the major animal models in biomedical research?
8.
T/F. Increase breeding efficiency in mice can lead to produce more embryos, which allow to produce more strains with fewer mice
9.
T/F. Breeding efficiency in mice could be improved with better welfare that is achieved if mice are content with their immediate environment
10.
T/F. Temperature of human comfort zone is higher that one of mice
11.
Mice are able to alter their microenvironment by ___________ and __________
12.
What is the thermoneutral zone?
13.
The thermoneutral zone of mice is between

a.
22º-28º

b.
24º-30º

c.
26º-32º

d.
28º-34º
14.
T/F. Mice housed under recommended animal facilities room temperatures can already be under cold stress
15.
T/F. No observation of changes in the ampulla is an indicator of successful reaction of female mice to hormone treatment
16.
T/F. Observation of swollen ampulla is an indicator of successful reaction of female mice to hormone treatment
17.
The hormones used to superovulated mice females are ___________ and _________
18.
What indicates good quality in mouse embryos?
19.
Mice female reproductive fitness is influenced when reduction in sperm count reaches

a.
10%
b.
30%

c.
50%

d.
70%
20.
T/F. Reproductive fitness of mating pairs is more predictable by sperm count rather than sperm quality
21.
The NIH guide for the care and use of laboratory animals endorses an ambient temperature range for mice between:

a.
20º-22º

b.
20º-24º

c.
20º-26º

d.
20º-28º
22.
T/F. Mice housed individually or group housed prefer temperatures that exceeded the lower threshold of the thermoneutral zone
23.
T/F. Laboratory mice are seasonal breeders
24.
T/F. Wider temperature range in mice facilities can allow to more efficient and economical technology to be installed and led to significant cost savings in facilities located in warmer climates
25.
T/F. Although ambient temperatures up to 28ºC can be tolerate without adverse effect in mice reproductive fitness, shift to 28º to 30º produce a significant drop in reproductive fitness in both male and female

ANSWERS
1.
F

2.
c

3.
Lower

4.
Success of mating (plug), embryo yield, embryo quality, sperm count, sperm motility, sperm progressivity

5.
T

6.
F

7.
Because its genome has been fully sequenced and it can be precisely engineered

8.
T

9.
T

10.
F

11.
Nesting, huddling

12.
Is the ambient temperature range in which the metabolic rate of an animal is minimal

13.
d

14.
T

15.
F

16.
T

17.
PMSG, hCG

18.
Healthy round form and intact zona pellucida

19.
c

20.
F

21.
c

22.
T

23.
F

24.
T

25.
T
Fleischmann et al. Injection anaesthesia with fentanyl–midazolam–medetomidine in adult female mice: importance of antagonization and perioperative care, pp. 264-274

Primary Species: Mouse (Mus musculus)
Domain 2

 

SUMMARY: Injectable anesthesia in laboratory mice is commonly used with the well-known drawback of relatively long recovery phases. During this phase, hypothermia is the most common prominent problem, but metabolic, respiratory and cardiovascular functions are usually also impaired. To circumvent these problems, a mixture containing drugs that could be antagonized was examined in this article.  The potential for shortening recovery phase after injection anesthesia with fentanyl-midazolam-medetomidine by antagonization fully all three-component-anesthesia with naloxone-flumazenil-atipamezole was assessed during this study.

Thirty two four-week old female mice obtained from a commercial vendor were housed individually for this study and randomly divided into four treatment groups. All animals underwent anesthesia for 50 minutes. Half of the mice were implanted with telemetric transmitters prior to the experiments in order to obtain intra- and post anesthetic measurements of heart rate and core body temperature, either with or without reversal of anesthesia. Another 16 animals were used for behavioral analysis. Information on agents and dosages for anesthesia and antagonization as well as the administration route were taken from the literature, and from a study employing the same strain, sex and approximate body weight rang of mice. A mixture of fentanyl-midazolam-medetomidine was injected intraperitoneally. All mice were assessed for their reflexes during anesthesia, noxious stimuli in the form of a tail pinch, and cervical as well as abdominal skin pinch were applied at 10 minutes intervals. Respiratory rate was assessed by counting the movements of the thorax wall and recorded at 10 minutes intervals. During anesthesia, mice were observed for respiratory rhythm abnormalities. In addition, they were monitored for alterations in heart rhythm using real-time telemetry electrocardiogram read-out. In half of the animals, anesthesia was stopped after 50 minutes by intraperitoneal injection of three reversal agents. In the remaining animals, saline was injected, and anesthesia was not antagonized.  Animals were continued to be monitored continuously either by telemetric or video recordings for 24 hours. The time elapsed to the regaining of righting reflex and spontaneous locomotion was determined from the video recordings. Arterial blood was sampled at 50 minutes of anesthesia to investigate the intra-anesthetic side effects of anesthesia on the partial pressure of oxygen and carbon dioxide. Obtained data were statistically analyzed. 

Intraperitoneal injection of fentanyl-midazolam-medetomidine induced quickly anesthesia for up to fifty minutes. Whereas in most animals the pedal reflex was negative at 10 minutes, it was still positive at 20 minutes in some mice, which probably resulted from individual variability of pharmacodynamics and sensitivity to the agents. During anesthesia, stable depressed heart rate and respiratory rate were observed. Arterial blood gas analysis detected hypoxia, hypercapnia, acidosis and hyperglycemia. Intraperitoneal injections of the antagonists naloxone-flumazenil-atipamezole resulted in clear reversal of anesthesia within a few minutes.

In summary, intraperitoneal injection of fentanyl-midazolam-medetomidine provides reliable anesthesia for up to 50 min in laboratory mice, with stable although depressed cardiovascular parameters together with slight hypoxia, hypercapnia, acidosis and hyperglycemia. Reversal of anesthesia is strongly recommended, as recovery phase was shortened markedly by antagonization and the adverse effects of the anesthesia were reduced to an acceptable level. However, if surgery or otherwise persistent pain-inducing interventions are performed under general injectable anesthesia, post-operative pain must be considered.

 

QUESTIONS
1.
True or False. If surgery or otherwise persistent pain-inducing interventions are performed under general injectable anesthesia, post-operative pain must be considered when using antagonization.

2. 
True or False. Injectable anesthesia in laboratory mice is commonly used with the well-known drawback of relatively long recovery phases. During this phase, hypothermia is not the most common prominent problem, but metabolic, respiratory and cardiovascular functions are usually impaired.

3.  
What is the antagonist for medetomidine?

a. 
Naloxone

b. 
Flumazenil

c.  
Atipamezole

 

ANSWERS
1. 
True

2. 
False

3. 
c

Li et al. Sex differences between APPswePS1dE9 mice in A-beta accumulation and pancreatic islet function during the development of Alzheimer’s disease, pp. 275-285

Primary Species: Mouse (Mus musculus)

SUMMARY: Alzheimer’s disease (AD) is a neurodegenerative disease characterized by learning and memory impairment, and abnormalities of personality and behavior. The pathology associated with the disease include amyloid-beta (Ab) accumulation and insulin resistance. The mouse model APPswePS1dE9 (APP/PS1) is commonly used in studies of AD. The purpose of this study was to investigate the sex differences between APP/PS1 mice in the pathogenesis of AD. Changes of body weight, the status of glucose and insulin tolerance, plasma levels of lipids and insulin, the Ab levels in the brain, and spatial learning abilities and memory function of male and female APP/PS1 mice under a natural aging process with a regular diet were investigated. Significant differences in all such indicators between males and females of APP/PS1 mice were found. In particular, the impairment of glucose and insulin tolerance was found to develop earlier in male APP/PS1 mice than in females. Plasma insulin levels were significantly decreased in male APP/PS1 mice, while total cholesterol levels in male APP/PS1 mice were higher than those in females. Triglyceride levels in male mice in both the wild-type (WT) and APP/PS1 groups were higher than in their female littermates. Soluble and insoluble Ab levels in female APP/PS1 mouse brains were higher than those in males. And the learning and memorizing abilities of female APP/PS1 mice were poorer than those of males. In conclusion, the results of this study showed that there were sex differences in Ab formation, pancreatic islet function and insulin sensitivity between male and female APP/PS1 mice during the pathogenesis of AD.

 

QUESTIONS

1. 
Amyloid plaques could be found in the brains of APP/PS1 mice at the age of:

a.
3-4 weeks
b.
8-9 weeks
c.
6-7 months
d.
12-13 months
2. 
What is typically accompanied by an increase of amyloid plaques?
a.
Impaired glucose tolerance
b.
Insulin resistance
c.
Both above
3. 
Which of the following are typical pathological characteristics of AD) 
a.
Senile plaques.
b.
Neurofibrillary tangles.
c.
Extensive loss of neurons.
d.
All of the above.
e.
Only a and b  

 

ANSWERS

1. 
c

2. 
c 

3. 
d
 

López-Salesansky et al. Olfactory variation in mouse husbandry and its implications for refinement and standardization: UK survey of non-animal scents, pp. 286-295

Domain 3

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Reports about the influence of laboratory environment on the outcome of behavioral genetics in mouse experiments have raised questions about which environmental factors are most relevant. Mice rely on the olfactory system as a major sensory modality and some seemingly innocuous or imperceptible olfactory cues could also cause physiological and behavioral changes in mice, potentially confounding experimental data and/or increasing the severity of procedures. The behavior and physiology of mice are not only influenced by the scents of conspecifics and other species, but also by many other chemicals in the environment. The constraints of laboratory housing limit a mouse’s capacity to avoid aversive odors that could be present in the environment and so potentially odorous items routinely used for husbandry procedures such as sanitizing products and gloves could be perceived by mice as aversive or attractive and affect their behavior, physiology, and experimental results. 

The authors of this article conducted a survey in the United Kingdom in order to gather information on the diversity of the olfactory environment laboratory mice were exposed to during routine husbandry procedures that could impact on the olfactory environment of the mouse. The survey focused primarily on the type of glove material used to handle mice and cleaning products employed to sanitize different areas. They also asked participants specific questions about their personal experience and opinions on the subject.

Responses were obtained from 80 individuals working in 51 institutions; husbandry practices varied considerably. Seventy percent of respondents reported always wearing gloves for handling mice, with nitrile being the most common glove material (94%) followed by latex (23%) and vinyl (14%). Over six different products were listed for cleaning surfaces, floors, anesthesia and euthanasia chambers, and behavioral apparatus. In all cases Trigene (now called Anistel) was the most common cleaning product used (remember this study was conducted in the UK). Depending on the attribute considered, between 7 and 19% of respondents thought that cleaning products definitely, or were likely to, have strong effects on standardization, mouse health, physiology or behavior. The survey revealed that the olfactory environment of the laboratory mouse is highly variable between institutions. The use of different cleaning products and the variability of husbandry procedures could impact mouse welfare and influence mouse behavior, potentially affecting the scientific data obtained. 

 

QUESTIONS
1. 
Toluene is considered ____________ in mice (when compared to water).

a. 
Aversive 

b. 
Attractive

c. 
Neutral 

2. 
Which acronym listed below represents guidelines for researchers regarding thorough reporting of all aspects of an experiment, including the apparatus, procedure, strain, environment and husbandry, and has been adopted by many journals and research funding bodies?   

a. 
CONSULE

b. 
LAB-RULES

c. 
VIV-ACT  

d. 
ARRIVE

3. 
Which agent below has been shown to reduce the concentration of halothane anesthetic by 50% at the onset of anesthesia and by 20% when cardiac arrest occurred when administered to rats IP prior inhalation anesthesia? (A similar effect was found in mice, with a reduction of up to 70% in the anesthetic required for surgical anesthesia)

a. 
Gluteraldehyde 

b. 
Benzene     
c. 
Chlorine   
d. 
Alcohol    

 

ANSWERS
1.
a
2.
d
3.
d
Jang et al. The vest-collar as a rodent collar to prevent licking and scratching during experiments, pp. 296-304

Domain 1

Primary Species: Mouse (Mus musculus)

 

SUMMARY: Elizabethan collars (E-collars) are commonly used in large species such as dogs and cats, but are more difficult to use in rodents due to their short necks and small/conical heads.  These authors designed a new device that they refer to as a V-collar, which includes a vest, which they proposed would be more comfortable than an E-collar.  To test their device, they evaluated three groups of 8 mice that were fitted with an E-collar, V-collar or nothing (control) for 14 days.   Food intake, body weight, non-fasting blood glucose, plasma corticosterone, and WBC counts were measured.  At the endpoint, the skin was evaluated histologically for signs of irritation and trauma.  They found no statistical differences in glucose, corticosterone, or WBC counts.  Body weight of mice wearing the V-collar was less than that of control mice and mice wearing the E-collar at multiple time points.  Mice wearing E-collars had a greater weight gain than V-collar mice.  Six of eight mice wearing E-collars had gross signs of trauma, and overall skin thickness as well as inflammatory cell counts was greater in these mice compared to control and V-collar mice.  V-collar mice had increased skin thickness compared to control, but inflammatory cell counts was not significantly different.  The authors concluded that the V-collar did not cause serious stress or skin injury.

 

QUESTIONS
1. 
What does the “V” in V-collar stand for?

2. 
What does the “E” in E-collar stand for?

3.  
According to these authors, what anatomical characteristics of rodents make E-collars difficult to use?

 

ANSWERS
1. 
Vest

2. 
Elizabethan

3.  
Short necks and small, conical heads

SHORT REPORTS
Miller and Leach. The effect of handling method on the mouse grimace scale in two strains of laboratory mice, pp. 305-307

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Pain assessment in laboratory animals is an ethical and legal requirement. The mouse grimace scale (MGS) is a new pain assessment method for laboratory mice. It has been studied that isoflurane anesthesia can increase MGS scores in DBA/2 mice, but how routine husbandry procedures can affect them is still unknown. For this reason, the authors aimed to evaluate if picking mice up by the base of their tails (a method which has been shown to result in high levels of anxiety) in comparison to using a familiar tunnel can affect MGS scores. Eight CBA and eight DBA/2 male mice were used. Half of the animals were randomly assigned to ‘tube handling’ and the other to ‘tail handling’. No significant difference in MGS scores between the tail- and tube-handled mice were seen. Fact that suggest that this methods of pain assessment must be reliable and seems to not be influenced by other non-painful but integral aspects of ongoing research procedures (e.g. routine husbandry procedures or PO drug administration).

 

QUESTION
1. 
T/F. In CBA and DBA/2 male mice it has been shown that routine husbandry procedures like picking the mice up by the base of their tails affect the mouse grimace scale. This should be taken into account when assessing pain.

 

ANSWER

1. 
False. No significant differences has been seen.

Shibuya et al. A novel postoperative immobilization model for murine Achilles tendon sutures, pp. 308-311

Domain 3: Research

T3. Design and Conduct Research; K8. Experimental Surgical Techniques and Instrumentation

 

SUMMARY: The main goal of the investigation was to evaluate a tendon fixation method that mitigates potential risks of tendon adhesions and contracture deformities of the joint as well as re-ruptures of the tendons as well as ensuring optimal healing. Many immobilization types have been studied in larger species and no controlled studies have been described in mice. The Achilles tendon of both lags were sectioned and sutured with a modified Kessler technique. The right ankles were immobilized with two or three pieces of the prepared splints and an alpha cyanoacrylate adhesive and kept for 7 days. They concluded that their new murine Achilles tendon suture model is useful with respect to the suture itself and immobilization of the tendon. However, there are still limitations, as differences exist with active and passive exercises.

QUESTIONS

1.    What is a modified Kessler procedure?

2.    What are passive and active rehabilitation exercises?

3.    What is the most common complication associated with prolonged immobilization of a joint?

ANSWERS

1. 
One of the most common tendon repair technique developed by Isidor Kessler and Fuad Nissim in 1969. This technique is one of the grasping and locking repairs

2. 
Passive exercises - don’t exert any effort. Instead, someone helps the movement of muscles and joints through their full range of motion. Active exercises - involve your physical effort exerted into muscular activity. 
3. 
Muscle and joint contracture, tendon adhesions and muscle/tendon weakness and consequently re-rupture.
Ringer et al. Fentanyl bolus induces muscle tremors in sevoflurane-anaesthetized piglets, pp. 312-314
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions.
Task 1 - Prevent spontaneous or unintended disease or condition; TT1.9. Pharmacology with emphasis on drugs used to treat spontaneous or induced disease (e.g., indications, use and contraindications of drugs; adverse reactions; adverse interactions; mechanisms of action; species-specific toxicity), and drugs used to induce disease (e.g., azoxymethane to induce neoplasia, or DSS to induce colitis).
Primary Species: Pig (Sus scrofa).
SUMMARY
Introduction-Problem-Interest:  Trembling can be observed during anesthesia in pigs. Drugs or mechanisms that might be involved cannot be found in the literature. Aim. To investigate the effect of a 10 mcg/kg intravenous fentanyl bolus on trembling in sevoflurane-mono-anaesthetized piglets.
Animals: Ten 4-6-week-old female piglets.
Material and Methods: 
Study Design - Prospective controlled randomized blinded crossover study 
Groups - 2 groups: group fentanyl (F; 10 mcg/kg IV); group control (S; saline- same volume IV). Anesthesia- sevoflurane. 
Data Recorded - Trembling was assessed by a visual analogue scale (VAS) and a simple ordinal scale at baseline and 5 min (T5) after drug administration. If no trembling was observed at that time point, the opposite treatment was administered and piglets were re-evaluated after another 5 min (T10). 
Vital Signs Monitored - pulse oximetry, electrocardiogram (ECG), measurement of inspiratory and expired gas concentrations, non-invasive blood pressure and rectal body temperature control.
Results: Nine out of 10 sevoflurane-anaesthetized piglets showed muscle tremors after intravenous fentanyl. Tremors subsided over time and no specific treatment was necessary. Four out of five piglets showed trembling after fentanyl (T5), while none given saline showed any trembling. Control animals received fentanyl after the 5 min evaluation and all piglets showed clear trembling afterwards. The median time after fentanyl administration until first muscle tremors was 51 (20–840) s.
Discussion and Conclusion: This study shows that fentanyl bolus administration can induce muscle tremors/myoclonus in piglets during sevoflurane anesthesia.
 
QUESTIONS
1. 
True or False. Fentanyl is not one of the preferred opioids in clinical anesthesia and critical care settings currently.
2. 
The 10 mcg/kg dose of fentanyl used in the present trial was chosen based on: 
a. 
Pilot results in piglets
b. 
Recommended dosages for human infants
b. 
No adverse effects on ventilation and oxygenation noticed
c. 
Trembling could be achieved with this dose
d. 
All of them are true
3. 
True or False. The term as ‘myoclonus’, is defined as sudden, brief, shock-like, involuntary movements caused by muscular contractions or inhibitions.
4. 
Regarding mechanisms leading to trembling during anesthesia:
a. 
In human adults and children, chest muscle rigidity (wooden chest syndrome) or myoclonus can occur following opioid administration
b. 
Occurrence seems not to be dose-dependent
c. 
Exact mechanisms leading to opioid-associated myoclonus are very clearly elucidated
d. 
All of them are true
 
ANSWERS
1. 
False. Fentanyl is one of the preferred opioids in clinical anesthesia and critical care settings.
2. 
d
3. 
True
4. 
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