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Jensen et al. Fasting of mice: a review, pp. 225-240
Domain 2: Management of Pain and Distress; Task T2. Minimize or eliminate pain and/or distress
Primary Species: Mouse (Mus musculus)

SUMMARY: The aim of this review was to summarise knowledge on the effects fasting has on mice with the hope that this information would help optimise the fasting procedure in terms of science and animal welfare. Fasting (complete deprivation of food but access to water) is usually used before surgery or to standardise tests. 
Physiology of non-fasted mice: Food intake can vary with housing, temperature and strain but usually mice eat small, frequent amounts mainly (two-thirds) during the dark phase and usually in association with drinking. Food intake stimulates the release of pancreatic insulin, and is stimulated by activation of neuropeptide Y- ergic neurons (NPY) in the hypothalamus. Feeding activity is regulated by ghrelin which is mainly produced in the stomach and is increased during fasting and suppressed after food intake. Other hormones such as adrenalin, noradrenalin, leptin and resistin regulate metabolism. The body temperature of mice follows a circadian rhythm with the highest temperature during activity and the lowest during resting. 

Physiological changes due to fasting: Fasted mice can alter their non-food (bedding/enrichment, coprophagy) and water intake. In response to fasting the levels of the following hormones increase: corticosterone, NPY, ghrelin and resistin whilst T4, T3, testosterone, insulin and leptin decrease in mice. Fasting does result in weight loss and the longer the fasting period the greater the weight loss. Fat stores decrease most after 28 hours of fasting. Gastric content changes with food intake which varies with circadian rhythm hence short fast periods may not alter gastric content. Fasting results in a decrease in blood glucose and during fasting glycogen and fat stores can be mobilised to provide energy. Fasting can lead to changes in the liver and liver parameters and fasting can influence drug toxicity. During fasting mice may suppress their metabolic rate (torpor) which may be a way of conserving energy. As part of the torpor response bradycardia and hypotension may be seen. In addition haematological parameters may be affected. 

As fasting can change several physiological parameters, it is important to report when the animals are fasted and how long for otherwise comparisons between studies would be impossible. The influence of fasting on animal welfare was not addressed in this paper except that duration and timing are important. The authors conclude that because fasting can heavily impact physiological parameters it would be worthwhile investigating whether fasting compromises animal welfare. Fasting in the photophase makes sense and the shortest fasting time should be established.

QUESTIONS
1. Which hormone is stimulated by food intake:

a. Ghrelin
b. Insulin
c. Adrenalin
d. Resistin
2. What is torpor?

3. Which of these haematological parameters are affected by fasting?

a. Platelet counts

b. White blood cell counts

c. Haemoglobin

d. All of the above

4.
Fasting does not influence drug toxicity. T or F

ANSWERS
1. b
2. Suppression of the metabolic rate to a level as low as 30% of the basal metabolic rate for a period of several hours by lowering the body temperature

3. d
4. False

ORIGINAL ARTICLES

Korou et al. The effect of biological age on the metabolic responsiveness of mice fed a high-fat diet, pp. 241-244

Primary Species: Mouse (Mus musculus)

SUMMARY: The aim of the authors was to test the impact of age on lipid and glucose homeostasis in young and middle-aged mice receiving a high-fat diet. Two groups of 8 male C57BL/6J mice were maintained on a high-fat diet for 12 weeks. One group was made up of 10 week old mice and the other of 54 week old mice. Blood samples were obtained at the start and the end of the experimental period, in both cases at 9am after a 12 hour fast, by retro-orbital bleeding. Younger mice showed smaller increases in body weight, serum total cholesterol, glucose and urea levels but had higher increases in HDL cholesterol levels, when compared to the older mice. The authors conclude that age is a very important factor that needs accounting for in experimental studies of diet-induced hypercholesterolemia and metabolic syndrome in animals. 

QUESTIONS
1. 
Which of the following is NOT commonly associated with the ageing process in humans or animals:

a.
Enhanced lipolysis

b.
Less hepatic control of glucose production

c.
Increased incidence of hyperinsulinaemia

d.
Progressive insulin resistance
2. 
In the context of serum biochemistry, what does HDL stand for?

a.
High definition luminescence

b.
High density leukocyte count

c.
High density lipoprotein

d.
Human D-levothyroxine
3. 
Which two groups of animals have been shown to develop more extensive atherosclerotic damage if they are fed an atherogenic diet when they are aged rather than when they are young?

a.
Rodents and dolphins

b.
Primates and rodents

c.
Dolphins and rabbits

d.
Rabbits and fruit flies

ANSWERS
1. 
a. Enhanced lipolysis 

2. 
c. High density lipoprotein

3. 
b. Primates and rodents

Laaksonen et al. Food and water intake, growth, and adiposity of Sprague-Dawley rats with diet board for 24 months, pp. 245-256

Domain 3: Research: T3: Design and conduct research

Primary Species: Rat (Rattus norvegicus)
SUMMARY: The article describes using the diet board (DB) as a novel method for achieving moderate dietary restriction (DR) in group housing rats. Food pellets are firmly attached into grooves in an aspen board, and rats have to gnaw the wood in order to eat. Food is available continuously, but due to the effort involved rats eat less. The study simulated a chronic safety test to assess the long-term effects of DB feeding. A total of 146 male and female outbred Sprague-Dawley rats, nine weeks old at onset, were housed in groups of three and fed either ad libitum (AL) or with DBs for two years. Food and water consumption were measured at six time points. The rats were weighed every one to two weeks. Body and tibial lengths and epididymal fat weight were measured at necropsy. Modified body mass index was calculated at five time points after one year of age. DB feeding reduced body weight and fat tissue moderately, more so in males. DB males ate less than AL males, but no differences were seen in the total food consumption in the females. There was no consistent difference in the within-group variations of the measured parameters. DB is a workable DR method, albeit some modification could enhance and standardize its DR effects, especially in female rats.

QUESTIONS
1. What effects does ad libitum feeding might have on rats in long-term studies? 

2. What type of diet is used commonly in research?

a. Natural ingredient

b. Purified

c. Chemically defined

3. What types of diet are used for GLP studies?
a. Natural ingredient

b. Purified

c. Chemically defined

d. Certified natural-ingredient

ANSWERS
1. increased susceptibility to cardiac and circulatory diseases, progressive kidney failure, hormonal disturbances, early development of tumors and decreased longevity

2. a.  Natural ingredient 
3. d.  Certified natural-ingredient

Domain 4: Animal care; T4.13. Watering and feeding (e.g., automated watering, liquid diets, ad lib or restricted diets, troubleshooting)

  

Primary Species: Rat (Rattus norvegicus)
SUMMARY: One widely recognized problem in long-term studies is unrestricted access to food or overfeeding. It is not only an uncontrolled and confounding variable in the design but it also produces health problems such as cardiovascular disease, obesity, kidney failure and tumor developing (among other) leading to shortened lifespan and impair animal welfare. 

Dietary restriction has been found to prevent overfeeding. Nonetheless it works best with single-housed rodents and therefore it is against legislation and guidelines. On the contrary, the authors propose diet board (DB) as an alternative for group-housed animals: DB is based in making animals work to get food so that they exercise preventing them from excessive energy intake leading to overfeeding. 

The study described in the article compared DB diet versus Ad libitum (AD) in Sprague-Dawley rats (nine week-old) during 2 years. DB group got food from a wooden aspen board in which pellets were tighten embedded  so that rats had to gnaw (and therefore work) to obtain food. AD group got their food in a conventional way. Food, water consumption and body weight were measured during the study. Adiposity (epididymal fat) and skeletal size were determined at necropsy. The effects between males and females were also evaluated.

The results were the following:

Food consumption (g/rat/week) and water consumption (g/rat/week) was lower in DB rats compared to AD group but was higher when measuring the same parameters relative to body weight (g/kg/week). There were no differences for absolute food consumption and relative water consumption in females.

Body weight was lower in DB group compared to AD rats during the first two weeks. After that, weight gain in DB rats get normalized and increased during the study.  The difference between weights in both groups peaked at the third week and week nº82. In between these periods differences tended to decreased.

Body mass index was higher for AD than DB-fed animals. Likewise epididymal fat weight more for AD group compared to DB rats and it correlated to body mass index.

All the parameters did not differ between males and females except for body length: feeding system did not induce changes in females while AD-fed male rats had larger body length than DB counterparts.

The authors conclude by saying that DB diet reduces food consumption and body weight (especially during the first three weeks) and emphasize that the effect is more evident in males and could serve as a way to prevent overfeeding and associated morbidity in long-term studies. A major drawback of this method is that measurement of food taken from dietary board is not as accurate as with AD system. Another weak point is that marginal pellets are more easily to eat and the variability in how attached is the pellet to the wood. These variables could account for total energy requirements of small rats.

QUESTIONS (T/F) 

1. 
Ad libitum feeding system although it contributes to increase experimental variability is a way to improve animal welfare as animals can intake as much as they want. 

2. 
The theoretical basis of diet board feeding system is make animals exercise in order to intake less food and spend more energy

3. 
The decreased in body weight was clearly evident, in the diet board feeding system, in the very early phase of the study

4. 
 For this study, feeding system had a marked effect depending on the sex

 

ANSWERS

1.
F

2.
T

3.
T

4.
F

Chaudhry et al. Streptozotocin is equally diabetogenic whether administered to fed or fasted mice, pp. 257-265
 
SUMMARY: Streptozotocin (STZ) is a selective pancreatic b cell toxin used to generate experimental hyperglycemia in rodent models. Several laboratory animal protocols suggest that STZ be administered to fasted rodents to minimize competition between STZ and glucose for low affinity GLUT2 transporters on b cells. However, whether the diabetogenic effects of multiple low dose (MLD)-STZ administration are enhanced by fasting has not been addressed. Given that repeated bouts of fasting can cause undue metabolic stress in mice, we compared the efficacy of MLD-STZ injections (50 mg/kg body weight daily for 5 days) to induce experimental hyperglycemia in both NOD/SCID/gchainnull and C57BL/6J mice that were either ad libitum fed (STZ-Fed) or that had been fasted for 6 h (STZ-Fasted) prior to the time of STZ administration. Both STZ-Fed and STZ-Fasted mice had significantly worse glucose tolerance than vehicle-treated control mice 10 days after initiation of the MLD-STZ regimen. In C57BL/6J mice, fasting glucose levels, serum insulin levels, b cell mass, and glucose disposal during intraperitoneal glucose tolerance tests (IPGTTs) were indistinguishable between STZ-Fed and STZ-Fasted mice 20 days after MLD-STZ. The glucose intolerant phenotypes persisted for 20 weeks thereafter, irrespective of whether C57BL/6J mice were fed or fasted at the time of STZ injections. However, STZ-Fasted C57BL/6J mice experienced significant weight loss during the repeated bouts of fasting/re-feeding that were required to complete the MLD-STZ protocol. In summary, induction of experimental hyperglycemia can be achieved using the MLD-STZ protocol without repeated bouts of fasting, which have the potential to cause metabolic stress in laboratory mice.
 
QUESTIONS
1. 
T/F. STZ contains a nitroso moiety, and once inside beta cells, STZ can acts as a nitric oxide (NO) donor to create a reactive oxygen species that influence beta cell death. Structurally, STZ contains a DNA alkylating moiety conjugated to the two carbon position of glucose, and the cytotoxic effects of STZ on beta cells have been attributed to its ability to alkylate DNA.

2.
What type of dose of STZ administered by intraperitoneal injection is often used to model T cell dependent autoimmune destruction of beta cells?

a. 
Single large dose (180-190 mg/kg BW)

b. 
One moderate dose (150 mg/kg BW)

c. 
MLD (35-55 mg/kg BW)

3.
The uptake of STZ into the beta cells is mediated by which transporter?

a. 
Potassium channel transporter

b.
Glucose transporter-6 (GLUT6)

c. 
Insulin Transporter

d. 
Glucose transporter-2 (GLUT2)

e.
2-deoxy-D-glucose transporter 

4.
T/F. Collectively, these data indicate that the development of MLD-STZ-induced glucose intolerance and hyperglycemia is similar regardless of whether C57BL mice are ad libitum fed or fast before consecutive STZ injections. 

5.
T/F. Beta cell mass is decreased to a similar extent in STZ-fed and STZ-fasted mice. 

6.  
T/F. Glucose stimulated insulin secretion (GSIS) is decreased to a similar extent in STZ-fed and STZ-fasted mice. 

 
Statement: Author concludes that ad libitum fed mice respond equally well to MLD-STZ compared with mice that are fasted for 6h before MLD-STZ. Furthermore, fasting may add unnecessary steps to experimental designs and unnecessary metabolic stress to experimental mice. Fasting mice before MLD-STZ injections can justifiably be considered for omission for animal protocols.
 

ANSWERS
1.
T

2.
c

3.
d 
4.
T

5.
T

6.
T
 

Carpenter et al. Considerations to maximize fat mass gain in a mouse model of diet-induced weight gain, pp. 266-273

Domain 3:  Research; Task 1 – Provide research support 
Primary Species: Mouse (Mus musculus)

SUMMARY:  Mouse experimental models of diet-induced weight gain are used to study human obesity. Although a wide type of feeding methods to induce weight gain are available, which one is most effective to optimize weight gain is not known.  Maximizing mouse weight gain allows reducing the number of mice needed for experimental purpose, consistent with 3R. Two experiments were designed, one related to dietary macronutrients (fat intake) and other related with diet source. Measures selected to evaluate results were food intake, body mass and body composition. Measures were statistically analyzed.  Results obtained suggested that it is possible to optimize mouse weight gain using high fat based diet (> 45%) mixed with stock diet. Consequently, it could be reduced nearly 40% mice needed for given experiment.
QUESTIONS
1. 
T/F. GEM mice models are the only way to have analogs to human models in obesity research

2. 
T/F. Mouse models of diet induced weight gain are commonly used as analogs for human obesity studies

3. 
The most effective way to maximize weight gain in mice models is

a 
30% fat and 30% protein diet

b 
20% fat and 60% protein diet

c 
60% fat and 20% protein diet

d 
Not known

4. 
T/F. Maximizing mouse weight gain can allow reducing the number of mice needed for given experiment.

5. 
To achieve the greatest amount of mouse weight gain it is important_________ and the ________ of the diet

6. 
Three measures to evaluate weight gain in mice are

7. 
T/F. The only way to evaluate mouse body composition is euthanize and sampling the mice

8. 
High fat based diets means a minimum fat percentage of

a. 
25%

b. 
35%

c. 
45%

d. 
55%

9. 
T/F. Mixing high fat diet with stock diet can improve mice weight gain

10. Improving mouse weight gain can allow researchers to need

a. 
15% fewer mice

b. 
40% fewer mice

c. 
60% fewer mice

d. 
25% fewer mice

11. T/F. Mouse weight gain models are attractive to study human obesity, but are limited for the wide variety of weight gain methods

12. T/F. Growth rate is increased when mice are group housed and have restriction for physical activity

13. When we refer to extremely high-fat diet it means it is composed of

a. 
50% fat minimum

b. 
60% fat minimum

c. 
55% fat minimum

d. 
45% fat minimum

14. T/F. obesity disease onset and progression is indicated exclusively for body weight gain

15.
T/F. Fat mass accounting is important because underlies obesity disease onset and progression

16.
T/F. single source of high fat diet appears to allow more weight gain than mixing different types of non-commercial available foods

17. T/F. Mice housed individually gain more weight than mice group housed

18. T/F. When recording unconsumed food, it is needed to combine food from cage lid and food of the bottom cage, if any.

19.
How is determined the total amount of food consumed by a mouse cage? And each mouse?

20.
T/F. Total caloric intake is calculated by multiplying total calories/gr food and total weight of food supplied

21.
T/F. It is possible to measure body composition with non-lethal techniques

22.
T/F. One advantage to use an echo scanner to measure mouse body composition is that only slight sedation is needed

23.
When using an echo scanner to measure mouse body composition, the times that mouse is scanned are

a.
5

b. 
4

c. 
3

d. 
2

24.
Body composition include _______ and ________ masses

25.
T/F. Body mass refers to fat mass and body composition refers to lean mass

26.
When using 60% fat diet instead of 45% fat diet, the increase of fat mass achieved will be

a. 
28%

b. 
14%

c. 
23%

d. 
16%

27. T/F. Mixing 60% fat diet with lower fat diet increase additional 80% fat mass if compared with use of high fat diet alone.

28.
T/F. The most effective dietary manipulation to maximize weight gain is mix 30% fat diet with low fat diet

29.
T/F. With an effective dietary manipulation (> 45% fat diet and low fat diet) up to 60% reduction in number of mice needed for experimental given can be achieved

30.
T/F. High fat diet up to 45% fat content may lead to great risk of obesity related disease

31.
T/F. Mice consuming 60% fat diet increases 120% fat mass and 30% lean mass if compared with 45% fat diet

32.
T/F. The use of mixed diet in mice can be an alternative to the cafeteria diet

33.
T/F. With similar caloric intake, 60% fat diet and stock diet mixed at 50% can increase fat mass more than 60% fat diet alone.

34.
Mixed approach have enhanced weight gain by

a. 
Having high fat percentage
b. 
Providing variety
c. 
Having 15% total protein
d. 
Only mixing foods of different suppliers
35.
T/F. As opposed to humans, mice feed different food do not present increase interest in eating

36.
Rodent diets with same food sources are representative to study human metabolic syndrome and obesity

37.
Name three characteristics of non-commercial cafeteria diets

38.
Two reasons that make CD1 mice good model for human obesity studies are….

ANSWERS
1. 
F

2. 
T

3. 
d

4. 
T

5. 
Composition, source

6. 
Food intake, body mass, body composition

7.
F

8. 
c

9. 
T

10. b

11. T

12. T

13. b

14. F

15. T

16. F

17. F

18. T

19. Total amount of food consumed by cage mice is the difference between total food given and the residual and wasted food.  Food consumed by mouse is the result to divide total amount of food consumed by cage and the total number of mice housed in the cage

20. F

21. T

22. F

23. c

24. Lean, fat

25. F

26. d

27. T

28. F0000
29. T

30. T

31. F

32. T

33. T

34. b

35. F

36. F

37. Expensive, time consuming, uncontrolled nutritional composition

38. More prone to induce weight gain, more high mouse to mouse variability than other inbreed strains

Jirkof et al. Burrowing is a sensitive behavioural assay for monitoring general wellbeing during dextran sulfate sodium colitis in laboratory mice, pp. 274-283

Primary Species: Mouse (Mus musculus)

SUMMARY: IBD, a common human bowel disease, is thought to be caused by an impaired intestinal epithelial barrier. Inducing such damage in mice is done through the administration of Dextran Sulfate Sodium (DSS) in water. This is a common murine model of IBD. This condition is assumed to be painful but given that mice only exhibit subtle signs of pain or disability this is hard to ascertain in this model. However, for ethical reasons humane endpoints need to be established so finding ways to measure well-being are imperative. In this study the authors investigated whether changes in burrowing behaviour could be used as an indication of welfare status. Burrowing behaviour was measured by using a standard water bottle filled with pellets to a set weight. The burrowing apparatus was provided by placement in the animal’s home cage. Weight of pellets removed after 2 hours or 12 hours (dark period) was taken as an assessment of the behaviour prior to colitis induction, and on days 4-9 of DSS administration. Standard outcomes used in IBD experiments were taken, these included body weight decrease, decrease in colon length and an increase in murine endoscopic index of colitis and histological score amongst others. The researchers showed that as time progressed through the experiment the amount of burrowing decreased in the colitis affected animals. Given that the other measured inflammatory parameters show inflammatory damage at this point, this reduction in behaviour can be assumed to be due to this inflammation onset. 
QUESTIONS
1.   T/F. Colitis in mice is usually induced using regular injections of DSS polymers. 

2. 
T/F. Burrowing behaviour is ascertained using deep litter bedding.

3. 
T/F. Colonic length tends to increase in animals with colitis. 

4.
T/F. Colonoscopy changes in mice with colitis include a granular mucosal surface and colon thickening.

ANSWERS
1.   F. Induction is through DSS added to the drinking water. 

2. 
F. The method used in this study was a drinking water bottle filled with food pellets. 

3. 
F. It decreases. 

4. 
T
 

Lairez et al. Anesthetic regimen for cardiac function evaluation by echocardiography in mice: comparison between ketamine, etomidate and isoflurane versus conscious state, pp. 284-290
Domain 2: Management of Pain and Distress; Task 2: Minimize or eliminate pain and/or distress; TT2.8. pharmacological interventions for pain and distress and their effects on physiology, including age and species differences for such interventions, and depth and duration of analgesia provided by such interventions 
Primary Species: Mouse (Mus musculus).
SUMMARY
Problem: Echocardiography is a non-invasive method, which can be realized (and repeated) in conscious mice or under general anesthesia. Under anesthesia, negative inotropic and chronotropic effects are observed. The ideal drug must be safe and simple to use, and must induce reproducible sedation and immobility without changes in cardiac function and HR. The combination of ketamine and xylazine is a frequent choice in the anesthesia management of mice, but various anesthetic agents have been compared in different studies (sometimes versus the conscious state) to determine the optimal anesthetic regimen: ketamine and xylazine, pentobarbital, tribromoethanol (Avertin) and isoflurane, and the best time to realize echocardiography after drug administration. 
Interest: Etomidate has not been assessed for the evaluation of cardiac function by echocardiography in mice. 
Aim: The aim of this study was to assess the better anesthetic regimen to perform echocardiography in mice, integrating for the first time the cardiac effects of etomidate.
 

Material And Methods 
Animals: Mice (Male BALB/c mice at 10–12 weeks of age and weighing 22.7 to 25.0 g) were examined in the conscious state after three days of training. 
Treatments: And then for a 7 min period after a single intraperitoneal injection of ketamine at 100 mg/kg, etomidate at 10, 20 or 30 mg/kg, or after inhalation of isoflurane (Iso) at 1.5% with or without a short period of induction with isoflurane 3%. 
Assessments:  Intra- and inter-observer variability were assessed. The operator’s comfort was also assessed. Heart rate, left ventricular end diastolic diameter, fraction shortening and cardiac output were measured using echocardiography. 
Design And Statistical Analysis:  Prospective study. The results were not normally distributed and were thus analyzed non-parametrically.

 

Results: Results suggested that both K 100 and Iso ind provide the better conditions for performing echocardiography in mice. Ketamine and isoflurane after induction provided good anesthetic conditions and a quick awakening time, and did not influence cardiac performance, whereas the conscious state was associated with a non-physiological sympathetic activation and other anesthetic drugs induced a significant decrease in heart rate. Etomidate 10 mg/kg and 20 mg/kg were not enough to provide adequate anesthesia. Etomidate 30 mg/kg induced a good anesthetic condition but influenced cardiac performance and had a long awakening time. 

Discussion And Conclusion: For evaluating cardiac function in healthy mice K 100 and Iso ind are better anesthetic drugs than isoflurane without induction or etomidate. They are associated with good anesthetic conditions and quick awakening times, and induce no cardiac depression. Examinations in conscious animals produce a sympathetic activation leading to misinterpretation in data. Other studies should be done to evaluate the effects.

QUESTIONS
1. 
True or False. Etomidate is a short-acting hypnotic and is associated with hemodynamic stability and minimal respiratory depression. This is the reason why etomidate is used for induction in patients with cardiovascular disease.
2. 
The ideal anesthetic regimen for cardiac function evaluation by echocardiography in mice should be: 
a. 
Safe and simple to use
b. 
Induce reproducible sedation and immobility without changes
c. 
No changes in cardiac function
d. 
No changes in the heart rate (HR)
e. 
All of them are true
3. 
True or False. Under anesthesia, a cardiac depression (alteration of systolic function, HR and cardiac output (CO) is not observed. Under anesthesia, positive inotropic and chronotropic effects are observed.

4. 
Echocardiography is an essential tool for evaluating cardiac and hemodynamic functions in small animals (measurement of remodeling, hypertrophy, systolic and diastolic dysfunctions). Which parameters are used in assessing cardiac function? such as and are used for.
a. 
Fractional shortening (FS) and heart rate (HR)
b. 
Wall thickness
c. 
Left ventricular (LV) diameters
d. 
All of them are right
 

ANSWERS
1. 
True
2. 
e
3. 
False. Under anesthesia, a cardiac depression is observed and negative inotropic and chronotropic effects are observed.

4. 
d
Richardson et al. Cardiac magnetic resonance, transthoracic and transoesophageal echocardiography: a comparison of in vivo assessment of ventricular function in rats, pp. 291-300
Primary Species: Rat (Rattus norvegicus)

SUMMARY: In vivo assessment of ventricular function in rodents has largely been restricted to transthoracic echocardiography (TTE). However 1.5 T cardiac magnetic resonance (CMR) and transoesophageal echocardiography (TOE) have emerged as possible alternatives. Yet, to date, no study has systematically assessed these three imaging modalities in determining ejection fraction (EF) in rats. Twenty rats underwent imaging four weeks after surgically-induced myocardial infarction. CMR was performed on a 1.5 T scanner, TTE was conducted using a 9.2 MHz transducer and TOE was performed with a 10 MHz intracardiac echo catheter. Correlation between the three techniques for EF determination and analysis reproducibility was assessed. Moderate strong correlation was observed between the three modalities; the greatest between CMR and TOE (intraclass correlation coefficient (ICC) =0.89), followed by TOE and TTE (ICC=0.70) and CMR and TTE (ICC=0.63). Intra and inter-observer variations were excellent with CMR (ICC=0.99 and 0.98 respectively), very good with TTE (0.90 and 0.89) and TOE (0.87 and 0.84). Each modality is a viable option for evaluating ventricular function in rats, however the high image quality and excellent reproducibility of CMR offers distinct advantages even at 1.5 T with conventional coils and software.
 
QUESTIONS
1.
The high spatial and moderate temporal resolution of _____ provides highly reproducible imaging with minimal inter- and intra-observer variations.
a.
Transoesophageal Echocardiography (TOE)
b.
Cardiac Magnetic Resonance (CMR)
c.
Magnetic Resonance Imaging (MRI)
d.
Transthoracic echocardiography (TTE)
e.
b and c
2.
T or F. CMR is the gold standard method of assessing left ventricular (LV) function in humans and large animals.
3.
Select the best intraclass correlation coefficient (ICC) between each imaging modality for Ejection Fraction (EF) measurement in ventricular function
a.
CMR and TOE (0.89)
b.
TOE and TTE (0.70)
c.
CMR and TTE (0.63)
4.
Select the (excellent, very good, and good) viable option for evaluates the intra-observer and inter-observer agreements modality in determining (EF)
a.
TOE 0.87 and 0.84
b.
TTE 0.90 and 0.89
c.
CMR 0.99 and 0.98
 

ANSWERS
1.
b and c

2.
T

3.
a

4.
c, b, a
 

Scheibler and Wollnik. Oestrus cycle of the Desert hamster (Phodopus roborovskii, Satunin, 1903), pp. 301-311.
Tertiary Species: Other Rodents

SUMMARY: The authors have investigated and included in the present review the time course of vaginal and behavioural oestrus cycles of the Desert hamster, Phodopus roborovskii, by means of vaginal smear cytology, serum luteinizing hormone (LH) levels, wheel-running activity patterns, and pairing tests. This rodent is one of the lesser-known laboratory animal models and therefore knowledge of its reproductive system and physiology is limited. The oestrus cycle lasts between four and six days and follows a pattern rather similar to that described for other rodent species. An important finding of this study is the existence of a fifth cycle stage between pre-oestrus and oestrus, the so-called early oestrus. Early oestrus differs from pre-oestrus by a complete lack of leucocytes in the vaginal cytology and a dramatic increase of serum LH levels just before activity onset. The early oestrus stage lasts 4–6 h, but was not observed in every female. When present it affects the length of the whole oestrus cycle. With early oestrus the pre-oestrus stage lasts only 14–18 h and the total length of the oestrus cycle length is four days. Without early oestrus, the pre-oestrus is prolonged to 18–36 h and the oestrus cycle length varies between four and six days. Desert hamsters showed only subtle oestrus-correlated changes in wheel-running activity, i.e. they failed to show the characteristic scalloping of activity onset, but showed prolonged activity during early oestrus. Pairing tests revealed characteristic changes in the relative frequencies of socio-positive, neutral, aggressive and sexual behaviour during the course of the oestrus cycle, with an elevated level of sexual behaviour during oestrus.

QUESTIONS (True or False)
1. 
Desert hamsters are the biggest hamsters of the Cricetinae family with a weight of 150–250 g and a body length of 26–28 cm.

2. 
It is well known from chronobiological studies in other rodent species that the oestrus cycle affects circadian rhythm parameters.

3.
The oestrus cycle in the Desert hamster lasts between six and nine days and follows a very different pattern to that described for other rodent species.

4. 
An important finding of this study is the existence of a fifth cycle stage between pre-oestrus and oestrus, the so-called early oestrus

5.
In general, the vaginal cytology of the Desert hamster shows more similarity with that of gerbils and rats than with that of any other hamster species.

ANSWERS
1. 
False: Desert hamsters are the smallest hamsters of the Cricetinae family with a weight of 12–20 g and a body length of 6–8 cm.

2. 
True

3.
False: The oestrus cycle lasts between four and six days and follows a pattern rather similar to that described for other rodent species.

4.
True

5.  
True

SHORT REPORTS
Pritchett-Corning et al. Can seeds help mice with the daily grind?, pp. 312-315

Primary Species: Mouse (Mus musculus)

SUMMARY: Some mice gnaw food pellets but do not ingest most of the gnawed food.  This behavior is called food grinding, and the residue created is called "ort".

The authors wanted to investigate whether  food grinding  was related to nutritional dietary deficits of the individual animal exhibiting the behavior.  The innate nature of rodents to gnaw/ chew on objects was also considered.  Food grinding behavior is highly stable in individuals, families and lines and may provide evidence for a welfare concern.

Mice that exhibited food grinding behavior were put in three groups as follows:

· No environmental enrichment

· Sunflower seeds added to food in the feeder Gnawing device placed with food in the feeder

The amount of ort produced over a week was significantly decreased by the availability of either sunflower seeds or a gnawing device.  However, after the gnawing device was removed, mice returned to the pretreatment level of ort production.  In contrast, mice which had sunflower seeds did not return to baseline ort levels for at least 7 days after the sunflower seeds had

been removed.   Analysis of the ort produced revealed that the energy content per gram of ort is lower than the energy content per gram of food pellets.  The authors hypothesized that mice ingest the higher energy dense components of the food pellets and discard the fiber and carbohydrate components of the food pellets as orts, similarly to how they would discard seed or nut shells.  Further studies are proposed to distinguish the inherent rodent need to gnaw from nutritional motivations for higher calorie dense feed, by offering pelleted food that is similar in composition to seeds or nuts.  The mouse chow in the current study was 6% fat and 18% protein, whereas sunflower kernels are 51% fat and 21%protein.   The amount of ort produced was related to body weight in that cages with mice that had heavier average body weight had lower ort production.

QUESTIONS
1.  
The residue of undigested, ground food pellets is called

a.  
Food dust

b.  
Food grounds

c.  
Orts

d.  
None of the above

2. 
True  or False:  Compared to age-matched cage mates, mice with heavier average body weights will tend to produce less orts.

3. 
True  or False:  The production of orts may be a welfare concern and may be indicative of an unmet need for a higher calorie dense food.

4. 
The production of ortz may be significantly decreased by

a. 
Providing a gnawing device in the feeder

b. 
Adding sunflower seeds in the feeder

c. 
A and b

d. 
None of the above

ANSWERS
1.  
c

2.  
True

3.  
True

4.  
c
Sadler and Bailey. Validation of a refined technique for taking repeated blood samples from juvenile and adult mice, pp. 316-319

Primary Species:  Mouse (Mus musculus)
SUMMARY: Repeated blood sampling is needed in certain experimental designs and it is used also to avoid taking blood samples from different animals as a way of Reduction. Collection volumes need to be small (20-40 µl) and even more in juvenile mice (body weight around 12 g). In the case of behavioral studies it is needed to have a non invasive method which doesn’t need the use of anesthesia. Three different methods were analyzed. In two of them a 25 G needle was inserted into the lateral tail vein after warming chamber at 38º C or tail immersion in warm (42ºC) water for 20 s. Droplets of blood were collected into capillary tubes. The third method consisted in tail vein cut with razor blade (2 mm wide x 0.5 mm deep) and droplets collecting, without previous warming of the tail. It was seen by analyzing plasma corticosterone that the warming chamber method was the most stressful. The tail vein immersion method and the razor blade method were less stressful, being the last one suitable to withdraw serial blood samples for 24 h. It was assessed that this method was suitable to be used with juvenile mice as well as in adult mice.
QUESTIONS (True or False)
1. 
The fact itself of handling mice for blood withdrawal can confound the results of corticosterone to assess stress.
2. 
When taking blood from juvenile mice the maximum volume should be as high as 90 µl.
3. 
When withdrawing blood from the tail stroking it can help to blood come out of the vessel. 
4. 
Using a heating chamber in this study resulted in a more stressful method for juvenile mice compared to adults. 
 
ANSWERS
1. 
True
2. 
False
3. 
True
4. 
False
Quintana-Villamandos et al. Can 18F-FDG–PET show differences in myocardial metabolism between Wistar Kyoto rats and spontaneously hypertensive rats?, pp. 320-323

Domain 3; T2 TT3.2

Primary Species: Rat (Rattus norvegicus)

SUMMARY: Small animal positron emission tomography (PET) is used for evaluating cardiac metabolism of free fatty acid, glucose and oxygen.  Spontaneously hypertensive rats are a model of hypertension-induced left ventricular hypertrophy.  Left ventricular hypertrophy is a clinical factor for heart failure, sudden death and myocardial infarction.  The study evaluated the use of 18F-FDG-PET for measuring response to treatment.  18F-FDG was administered and PET scans performed.  Glucose and blood pressure were measured before and after the scan.  The standardized uptake value (SUV) was calculated by SUV=(radioactivity in the heart by PET (Bq/mL) x body weight (g))/injection dosage of 18F-FDG (Bq).  Systolic blood pressure was higher in spontaneously hypertensive rats than Wistar Kyoto rats and glucose was unchanged.  The SUVheart and SUVheart/SUVdorsal muscle were significantly higher in spontaneously hypertensive rats and 18F-FDG-PET can be performed in spontaneously hypertensive rats to evaluate left ventricular hypertrophy.

QUESTIONS
1. What are spontaneously hypertensive rats a model for?

a. Hypotension-induced left ventricular hypertrophy

b. Hypertension-induced left ventricular hypertrophy

c. Hypotension-induced right ventricular hypertrophy

d. Hypertension-induced right ventricular hypertrophy

2. Standardized uptake value of 18F-FDG-PET was higher in which rat model?

a. Wistar Kyoto rats

b. Sprague Dawley
c. Borderline hypertensive rats

d. Spontaneously hypertensive rats

3. Which can be used to evaluate left ventricular hypertrophy using positron emission tomography?

a. 18F-FDG

b. 18F-FLT

c. Ga67-Ga3+
d. 131I-MIBG 

ANSWERS
1. b. Spontaneously hypertensive rats are a model of hypertension-induced left ventricular hypertrophy

2. d. Spontaneously hypertensive rats

3. a. 18F-FDG

Chisholm et al. Carbon dioxide, but not isoflurane, elicits ultrasonic vocalizations in female rats, pp. 324-327

Primary Species: Rat (Rattus norvegicus)

SUMMARY: Although behavioral evidence suggests that exposure to carbon dioxide gas is aversive in rats, gradual filling of a chamber with carbon dioxide is a conditionally acceptable method of euthanasia for rats in Canada (and elsewhere). Isoflurane may be a viable alternative to carbon dioxide because it is less aversive. However, objective data in regards to this are lacking. Since rats produce ultrasonic vocalizations in negative states such as pain and distress, the authors aim at detecting ultrasonic vocalizations in 9 female Sprague–Dawley rats during their exposure to carbon dioxide and isoflurane to measure objective indicators of possible negative states using specialized recording equipment. It was concluded that rats exposed to carbon dioxide vocalized in a high ultrasonic range (30 to 70 kHz); and rats exposed to isoflurane did not emit any call, suggesting that the common practice of carbon dioxide euthanasia is aversive to rats and that isoflurane may be a preferable alternative.

QUESTIONS (True or False)

1. 
It has been widely agreed that in rats, ultrasonic vocalization allows communication with conspecifics, and higher frequency ultrasonic vocalizations (32–92 kHz, so-called ‘50 kHz calls’) have been associated with negative states such as pain or distress.
2.  
Higher frequency ultrasonic vocalizations (32–92 kHz, so-called ‘50 kHz calls’) should be strictly attributed to positive experiences in rats. 
3. 
Female rats vocalize during exposure to carbon dioxide but not when exposed to isoflurane.
ANSWERS

1. 
False. Ultrasonic vocalization allows communication with rat conspecifics, and lower frequency ultrasonic vocalizations (18–32 kHz, so-called ‘22 kHz calls’) have been associated with negative states such as pain or distress, higher frequency ultrasonic vocalizations (32–92 kHz, so-called ‘50 kHz calls’) have been associated with positive states such as tickling and mating.
2.
False. 50 kHz calls have been identified in response to carbon dioxide exposure and  in rats when they are separated from a cage mate, during an open field test, elevated plus maze test and introduction to a novel cage.
3. 
True
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