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Balcombe.  Laboratory environments and rodents’ behavioural needs: a review, pp. 217-235

Summary: Rodent housing conditions in laboratories represent an important potential welfare problem. Minimum laboratory husbandry standards for rats and mice are prescribed by the European Community and the British Home Office which states that “rats and mice should be group-housed unless a particular experiment requires otherwise, and bedding and nesting materials should be provided, unless it is clearly inappropriate. AAALAC and NRC in the US recommend specifically for rodents only solid-bottom caging with bedding, though enrichments for all laboratory-housed animals are encouraged. This paper reviews published empirical evidence to examine the degree to which laboratory housing conditions may or may not meet the behavioural and psychological needs of rodents in laboratories.

In relation to social behaviour in rats, social isolation is deleterious for rats so it was called “isolation stress” and it alters physiological and behavioural characteristics. Rats show motivation for the company of others. Both male and female rats housed singly spent significantly more time performing escape-related behaviour than did rats housed in groups and this pattern persisted throughout the eight-week period of single housing. When rats play with each other, their brains secrete large amounts of dopamine into the bloodstream, and they make 50 kHz vocalizations, which have been linked to positive affect in social and sexual contexts.

In relation to environmental complexity in rats, they are sensitive to variations in environmental complexity. Impoverished living environments can lead to impaired brain development.

In relation to mobility, commercially available caging systems adhere fairly closely to regulatory (minimum standards and guidelines.

In relation to social behaviour, behavioural symptoms of isolation stress in mice include aggression, stereotypies, convulsions, nervousness and handling difficulty. Physiological symptoms include lower immunocompetence, higher tumour incidence, gastric ulcerations, hypersensitivity to toxins and increased pathology. Despite concerns about aggression, mice have been shown to prefer dominant company to no company at all.

In relation to environmental complexity, mice prefer more complex cages and will work for nesting material, shelter, raised platforms, a running wheel and larger cages. Preferences for hiding shelters and nesting materials have been repeatedly demonstrated in mice.

In relation to mobility, mice appear highly motivated to enter additional space when it is provided to enter additional space when it is provided, and this seems most likely attributable to a desire to patrol and explore.

Behavioural stereotypies have been defined as repetitive behaviours, unvarying and apparently functionless behaviour patterns commonly seen in animals kept in close confinement. They are common in some rodents caged for research, including mice, chinchillas, black rats, deer mice, field and bank voles and gerbils.

Stereotypies in Mus musculus. Several behavioural stereotypies have been described in laboratory-caged M. musculus, including bar gnawing, bar circling and bar jumping.

Stereotypies in other rodents. R. norvegicus is generally not known to exhibit stereotypies in laboratory conditions, unless they are drug-induced. Stereotypies described for bank voles include repetitive bar-mouthing, jumping, looping and weaving. Behavioural stereotypies described in deer mice have been repetitive jumping, patterned running and backward somersaulting.  

While aggressive behaviour is a concern in especially male mice of some strains, studies suggest that these problems might be resolved by creative husbandry improvements, rather than by isolating the offending males. There is a growing recognition of the inherent problems of depriving rodents the space and resources to carry out natural behaviours, such as exploring, foraging, running, escaping hiding and hygiene maintenance.

Questions

1. 
The percentage of Norway rats (Rattus Norvegicus) and house mice (Mus musculus) used in laboratory research of all vertebrate animals used is:

a. 
30%

b. 
60%

c. 
90%

d. 
80%

2. 
A recent estimate (Carbone 2004) puts the number of mice consumed by US laboratories at close to:

a. 
50 million.

b. 
60 million.

c. 
90 million.

d. 
100 million.

3. 
Social Behaviour in rats. It has been reported that isolated rats are more stressed than group-housed rats using adrenal weights (Brain and Benton 1979): true or false.

4. 
In the wild, average home area ranges for R. norvegicus have been measured:

a. 
From 10 to 8000 m2.

b. 
From 0.022 to 0.015 m2.

c. 
From 0.080 to 0.105 m2.

d. 
From 0.1005 to 10 m2.

5. 
Isolation Stress in rats and mice is called also:

a. 
Isolation Disease.

b. 
Isolation Syndrome.

c. 
Isolation Handling.

d.
 Isolation Stereotypies.

6. 
Increased environmental complexity for caged mice has been shown…

a. 
Ameliorate learning and memory impairments and to enhance brain cell genesis.

b. 
Slow disease progression and increase neural metabolic activity.

c. 
Improve behavioural expression and reduce the prevalence of behavioural stereotypies.

d. 
All of them are true.

e. 
None of them are true.

7. 
Where do mice prefer to spend more time?

a. 
In a cage with nesting material (e.g. two pieces of Kleenex tissues).

b. 
In a cage with an empty perforated metal nest-box.

d. 
All of them are true.

e. 
None of them are true.

8. 
Stereotypies are believed to reflect animal suffering and are common in some rodents caged for research. True or False.

9. 
Stereotypies are estimated to afflict some ____ of all laboratory-housed mice.

a. 
40%.

b. 
20%.

c. 
60%.

d. 
50%.

10.
Stereotypy in bank voles has not been linked to deficits in brain structure and function: True or False.

Answers:

1. 
C.

2. 
D.

3. 
True.

4. 
A.

5. 
B.

6. 
D. 

7. 
A.

8. 
True.

9. 
D.

10.
False.

Bessems et al.  The isolated perfused rat liver: standardization of a time-honoured model, pp. 236-246

Summary: The isolated perfused rat liver (IPRL) is an in vitro model used to assess liver function and cellular injury. It was first described in 1855 and has remained valuable in the study of ischemia-reperfusion injury. Although this model is more standardized than the rat liver transplantation model, lack of conformity between research groups has resulted in large variation in the use of IPRL. This article therefore reviews reported techniques for this model proposes a standardized implementation of the IPRL model regarding perfusate type and volume, perfusion pressure and flow, perfusion temperature, perfusion duration, and oxygenation. The group proposes cannulation of the portal vein, bile duct, and caval vein. Perfusion is then done with Krebs Henseliet buffer (KHB) at a pressure of 16 cm H20 (12 mmHg). The solution is oxygenated to a pO2 >500 mmHg and maintained at 37 degrees C. In order to assess hepatocellular injury, concentrations of AST, ALT, and LDH can be measured in the perfusate. Metabolism of exogenously delivered hyaluronic acid may be used as a marker of sinusoidal endothelial cell viability (a cell type particularly susceptible to cold ischemic injury). By standardizing these parameters the authors hope to facilitate comparison of IPRL studies between different research groups.

Questions:

1. 
When was the IPRL model first reported?

a. 
1755

b. 
1855

c. 
1955

d. 
2005

2. 
The IPRL model has the following advantage(s) compared to the in vivo rat liver transplantation model:

a. 
Absence of alloreactions

b. 
Reliable reproducibility of experiments in a controlled setting

c. 
Reduction in the number of animals needed

d. 
Technically a more simple procedure than transplantation

e. 
a, c

f. 
a, b, c, d

3. 
True or False: The IPRL model is dissimilar to the in vivo rat liver transplantation model in that the IPRL model has lower partial oxygen pressure and has an absence of interaction with blood, leukocytes, and other organ systems.

Answers:

1. 
b

2. 
f

3. 
True

PAPERS

Microbiological monitoring of laboratory mice and biocontainment in individually ventilated cages: a field story, pp. 247-260

SUMMARY:

Introduction: Individually ventilated cage (IVC) rack systems are useful in laboratory rodent facilities for standardization of husbandry and health parameters, but since every cage in an IVC rack represents a separate microbiological unit, microbiological monitoring of animals kept in IVCs is difficult. Sentinels mice exposed to soiled bedding are usually the method of choice, but they may not pick up airborne agents, so recently, the concept of exposure to exhaust air has been considered.

Aim: This work tested the efficiency of a sentinel-based microbiological monitoring program under field conditions in a quarantine unit and in a multi-user unit with frequent imports of mouse colonies from various sources. It also determined biocontainment of naturally infected mice kept in an IVC rack.

Material and methods: Naturally infected immunocompetent inbred mice were used as carriers of infectious agents encountered in research animal facilities including mouse hepatitis virus (MHV), mouse parvovirus (MPV), intestinal flagellates and pinworms. CD1 mice, negative for all FELASA listed infectious agents, were used as sentinels and as negative controls. Sentinels were exposed both to soiled bedding and to exhaust air. All mice were located in IVC rack under standard environmental and handling conditions for three months. Collection of samples (blood serum, caecal contents, anus cellophane tape impressions) was performed at day 42 and 84.

Results and discussion: The data indicate that the sentinel-based health monitoring program allowed rapid detection of MHV, intestinal flagellates and pinworms investigated by a combination of soiled bedding and exhaust air exposure. MHV was also detected by exposure to exhaust air only. MPV was not detected by the three monitoring methods, recommending the use of particle filters in the exhaust airway ducts with subsequent PCR analysis. The IVC rack provided biocontainment when infected mice, including breeding, were kept together with non-infected mice in separate cages in the same IVC rack.

QUESTIONS:
1. 
Of the next characteristics of a typical IVC rack, which is false?
a) 
Each cage receives high efficiency particle absorbance filtered air.

b) 
HEPA- filtered air is supplied under positive pressure.

c) 
HEPA- filtered air is supplied under negative pressure.

d) 
IVC cage protects the animals from airborne infectious or other noxious particles in the environment.

2.
Method of choice for microbiological monitoring in IVC racks:
a) 
Random sampling of research animals in each room.

b) 
Random sampling from cages in an IVC rack.

c) 
The use of sentinels.

d) 
In an IVC rack it is not necessary to control the microbiological status because every cage is a separate microbiological unit.
3.
Soiled bedding sentinels may not pick up airborne agents such:

a) 
Sendai virus.

b)
Trichomonas spp.

c) 
Enteromonas spp.

d) 
Intestinal flagellates.
4.
For detection of a MHV infection, we usually collect:

a) 
Caecal contents.

b)
Blood for ELISA test.

c) 
Bronchio-alveolar lavage.

d) 
Cellophane tape impression from anus.
5.
True or false? MPV detection by soiled bedding is sporadic, so it is difficult to detect in sentinels...
6.
If true, which is the best alternative method to sentinel monitoring?

a) 
Randomly sampled mice from IVC rack.

b) 
PCR analysis of particle filters in the exhaust airway ducts.

c) 
It is impossible to detect MPV in soiled bedding, so if we suspect of an infection by clinical symptoms, we have to sacrifice the mice with symptoms from IVC rack.

d) 
Gastric content sampling and observation of virus under magnification.

ANSWERS:
1.
c

2.
c

3.
a

4.
b

5.
True

6.
b

Fitzner Toft et al.  The impact of different blood sampling methods on laboratory rats under different types of anaesthesia, pp. 261-274

SUMMARY: On this occasion, we want to evaluate the impact of different blood sampling methods on laboratory rats under different types of anaesthesia. For this study, they have 8 male Mol:SPRD rats with implanted telemetry transponders to be blood sampled by jugular, periorbital and tail vein puncture, or sampled by jugular puncture in carbon dioxide, isoflurane or without anaesthesia in a crossover design. And to measure the physiologic impact, they registered heart rate, blood pressure and body temperature for three days after sampling. At least, they concluded that blood sampling rats by jugular puncture could be the best method to allow the rats recover after sampling; and it is recommended to use isoflurane rather than CO2 for anaesthesia.

QUESTIONS:

1.
When do you think that handling may cause more severe stress in rats? During the day or during the night?

2.
Please, name five adverse effects that periorbital puncture can cause (apart from being unaesthetic)

3.
What sampling method in rats does seem interfere with their thermoregulatory capabilities much more than the other ones?

4.
Why do you think that no one type of anaesthesia seems recommended for blood sampling in rats?

ANSWERS:

1.
During the night

2.
Retro-orbital haemorrage, corneal ulceration, damage of the optic nerve, necrotic dacryoadenitis of the Harderian gland, and puncture of the vitreous body

3.
Tail vein puncture

4.
Because rats may show aversion against isoflurane; CO2 anaesthesia seems unable to prevent any alteration in blood pressure, body temperature or heart rate, and it is unclear whether the stress induced by the anaesthesia is worse than the stress induced by handling alone.
Marini et al.  Non-surgical alternatives to invasive procedures in mice, pp. 275-281

Primary species
Tasks 2, 3, 9
The authors describe non surgical catheterization of the lateral tail vein for sampling and catheterization of the stomach or tail for metabolic phenotyping.  They tested their systems with the use of the kinetics of urea administration.  Authors bought intravascular catheters and made gastric catheters.  Animals were restrained in a homemade device with tape and rubber bands.  Tail vein catheterization was performed after restraining the tail with tape to a plexiglass platform, warm water vascular dilatation and ethanol disinfection.  For gastric cannulation, animals were scruffed, and the flexible catheter inserted in the manner of a solid gavage needle, which was then glued to the corner of the mouth, then restrained by the tail and placed in an infusion chamber. 
Questions:
1.
Do the animals require a recovery period following catheterization?

2.
What is the advantage of using both intravenous and intragastric catheters?
i. 
The ability to sample first pass metabolism
ii. 
The ability to sample second pass metabolism
3.
The system can be utilized in 7 g mice.  (t/f)

4.
The system requires supplemental nutrition for long term restraint.  (t/f)

5.
Can animals be reused after this procedure?

Answers:
1.
No

2.
i.

3.
T

4.
T - eating is impaired

5.
Yes - the catheters are withdrawn and animals can go on to breeding programs, etc.

>>>>>>>>>
Van den Bulck et al.  Low frequency of Helicobacter species in the stomachs of experimental rabbits, pp. 282-287

SUMMARY: Helicobacter species are frequently found in the gastrointestinal tract of laboratory animals. Most of them are considered natural inhabitants they are commonly associated with decreasing animal welfare, hepatic and gastric inflammation, higher animal loss during experiments and risk for the people handling infected animals (likely zoonosis). There are several Helicobacter species that have been characterized in different experimental animals (mouse, rat, guinea pig, ferret, dog, cat), but no information on the occurrence of spiral-shaped organism in the gastric mucosa of experimental lagomorphs is available. Therefore, the aim of this study is to study the occurrence of Helicobacter species in the stomach of laboratory rabbits
65 female New Zealand rabbits, aged between 6-12 months were included. They were euthanized and samples were taken from antral, cardiac and corpus region of the stomach. Samples were studied through histological and PCR analysis of samples. First PCR was performed using primers complementary to a gene region of all established Helicobacter species. Second PCR enable the simultaneous detection of H. felis, H. bizzozeronii and H. salomonis. Finally, a multiplex PCR was performed to identify these species. For histological evaluation, samples were embedded in paraffin, cut in 5 um sections and HE & Giemsa-stained. The degree of gastritis was determined using De Bock scoring system (0-3).Four rabbits were found positive for Helicobacter spp. H. canadiensis and H. pullorum were identified in three animals and H. felis un one rabbit. Histological examination revealed no inflammation in the stomachs of 40 rabbits, while moderate gastric inflammation was seen in 11 animals, mainly in the antrum. In fact, bacteria were seen on merely one histological slide from one of these animals.
In conclusion, the stomach of the rabbits included in this study was occasionally found positive for Helicobacter species, which were mostly identified as enterohepatic helicobacter, probably reflecting a mere passage of these bacteria through the stomach.

QUESTIONS:

1.
True or false? Helicobacter species usually produce life-threatening infections in laboratory animals.

2.
Select the incorrect option:

a) 
Helicobacter species are found in caecum or large intestine of mice and are considered natural inhabitants.

b) 
Several Helicobacter infected laboratory animals may constitute a risk for the people handling these animals.

c) 
Infections with Helicobacter species may disturb the outcome of certain experiments.

d) 
H. hepaticus and H. bilis are involved in the development of hepatitis and liver cancer in mice.

d) 
H. canisfelis is usually found in gastric mucosa of dogs and cats.

3.
The histological evaluation of the gastric mucosa in rabbits infected with Helicobacter reveals:

a) 
A mild influx of inflammatory cells, mainly lymphocytes in the lamina propria and submucosa.

b) 
Severe inflammation with destruction of epithelial cells and presence of gastric ulcers in antrum region.

c) 
There is no sign of inflammation in the stomach.

d) 
In some cases, moderate inflammation with follicular organization, mainly in the antrum.

e) 
a and d are correct.

4.
In order to detect the presence of bacteria belonging to the genus Helicobacter, the authors of this study perform:

a) 
Electronic microscopy and identification based on morphological differences.

b) 
Immunohistochemistry for detecting membrane proteins specific of Helicobacter.

c) 
PCR using primers GenusF and GenusR, complementary to a region of the 16s rRNA.

d) 
Bacterial culture.

ANSWERS:

1.
False.

2.
d)

3.
e)

4.
c)

Wang et al.  Some aspects of rat femorotibial joint microanatomy as demonstrated by high-resolution magnetic resonance imaging, pp. 288-295

Introduction
High-resolution MRI is capable of non-invasively generating detailed images which could be used to diagnose joint disease, monitor disease progression, and assess treatments.  This article describes previously unreported microstructural anatomy of the femorotibial joint of normal rats.

Materials and Methods
The animals used in this study were 25 male Han:Wistar rats aged 11-12 weeks.  A 4.7 Tesla Varion horizontal MR scanner was used to generate the images.  For the scans, the rats were anesthetized with isoflurane, while respiratory rate and temperature were monitored.  Five sequences were used, which are described in detail; the first four sequences (multi-slice spin echo) were used for 24 rats, while the last sequence (3D gradient echo) was used exclusively for one rat.  The images were compared with H&E stained histological sections from a different group of Han:Wistar rats, as the rats used in this study were to be used for pharmacological studies. 

Results
The highest quality spin echo sequence was obtained using a thickness of 1.5mm, and the 3D gradient sequences offered the best overall spatial resolution..  Importantly, in addition to expected anatomical structures, these high-quality MRI images allowed visualization of three other anatomical features in all of the studied animals: 1) the patellar ligament and crural fascia are close in proximity but are separate structures that insert in two different locations on the tibia, 2) band-like structures are present in the infra-patellar fat pad, and 3) a structure consisted with a vessel is inserted on the central part of the caudal aspect of the patellar ligament.  These structures were analyzed by histology in the second group of rats, and the MRI findings were confirmed histologically.  However, although vascular structures were seen histologically on the caudal surface of the patellar ligament, the actual insertion site was not visualized. 


Discussion
The three anatomical features reported in this article have not been previously described using MRI techniques.  The authors discuss how these structures could be easily missed if lower-resolution scans are used.  They conclude that high-field strength MRI is a powerful tool for the evaluation of microanatomy of small animal joints.

No questions and answers were provided with the summary.

Mathe et al.  The effect of different doses of cisplatin on the pharmacokinetic parameters of cefepime in mice, pp. 296-300
Summary: The simulation of human serum levels is essential in animal models to extrapolate the experimental results to clinical practice.  Administration of a nephrotoxic drug such as cisplatin can be used to cause renal dysfunction as an approach to mimic human serum levels of renally excreted drugs. We aimed to determine the dose of cisplatin that did not affect the survival rate of mice and to achieve human-like serum concentrations of cefepime. Different doses of cisplatin (0, 10, 14, 18, 22 and 26 mg/kg) were given by intraperitoneal (i.p.) injection to mice three days prior to the i.p. administration of 80 mg/kg cefepime. With cisplatin doses of 18 and 22 mg/kg, the half-life of cefepime was significantly prolonged (P<0.001) and all mice survived. The pretreatment with 26 mg/kg cisplatin significantly decreased survival (P=0.001), but the half-life of cefepime was not significantly longer than of 18 mg/kg cisplatin. Serum levels of cefepime after the pretreatment with 18 mg/kg cisplatin were comparable to published human data. The administration of cisplatin appears to be a suitable method in mice for simulating human serum concentrations of renally excreted drugs. 
Questions:
1.
Which one does have nephrotoxicity effect and can make renal failure in mice?

a) 
Uranyl nitrate

b) 
Cisplatin

c) 
Cefepime

d) 
a and b
2.
Which one defines the characteristics of Cefepime?

a) 
Is a third generation cephalosporin

b) 
Primarily excreted by the kidneys

c) 
Is a nephrotoxin and can cause renal failure

d) 
All above
3.
Based on the study which does has been recommended by the authors to not affect the survival rate of mice and to achieve human-like serum concentration of Cefepime?

a) 
14 mg/kg

b) 
18 mg/kg

c) 
22 mg/kg

d) 
26 mg/kg
4.
Which drug is excreted primarily by kidneys?

a) 
Amikacin

b) 
Imipenem

c) 
Cefepime

d) 
All above

T/F

1.
In this study Cefepime was the test drug for renal clearance (similar to creatinine clearance)

2.
Human serum levels can be achieved in animal experiments with the use of cisplatin pretreatment without labour-intensive procedures.

Answers:
1.
d

2.
b (It is a fourth-generation cephalosporin antibiotic)

3.
b

4.
d
T/F

1.
T

2.
T

>>>>>>>>>
Grint et al.  Postanaesthetic tracheal strictures in three rabbits, pp. 301-308

No summary was provided.
Questions
1)  
According to a recent journal article, onset of dyspnoea arising 2-3 weeks after surgical procedures in rabbits may be caused by:

A) 
Pasteurella pneumonia

B) 
Sepsis

C) 
Endotracheal intubation (ETI)

D) 
Hypersensitivity to anesthetics
2)  
According to a recent article, 2 possible causes of tracheal stricture following endotracheal intubation in the rabbit are:

A) 
Traumatic injury and chemical injury

B) 
Traumatic injury and hyperinflation of the lungs

C) 
Chemical injury and hypersensitivity to local anesthetic

D) 
Tracheal stricture is not reported to occur following endotracheal intubation in the rabbit
3) 
A recent article reported tracheal stricture then death in 3 young rabbits 2-3 weeks following elective neuter and ETI.  The authors' recommendations were:

A) 
Consider alternative methods of supplying inhalation anesthesia

B) 
Use new endotracheal tubes each time in rabbits (don't wash and re-use)

C) 
Use caution when turning or re-positioning intubated rabbits

D) 
All of the above
4) 
A recent article reported tracheal stricture in 3 young rabbits following elective neuter and ETI.  All rabbits had strictures associated with what part/position of the endotracheal tube:

A) 
The cuff

B) 
The bevel

C) 
The entire length of the tube
5) 
Because of known tracheal strictures and epithelial erosions in their tracheas, rabbits are a poor model for tracheal wound healing.  True or False.

6) 
Name one alternative method to ETI for delivering inhalant anesthesia to rabbits.

Answers:

1) 
C

2) 
A.  The authors suspect that chemical disinfectant could have been prepared and/or rinsed incorrectly.

3) 
D

4) 
B

5) 
False.  They are a successful model for tracheal wound healing, often used for such studies.  Tracheal size similar to human neonates.

6) 
LMA, the laryngeal mask airway

Garcia et al.  Laboratory rearing conditions for improved growth of juvenile Helix aspersa Muller snails, pp. 309-316

Summary: The purpose of this study was to propose a husbandry system for rearing H aspera Muller snails in the laboratory setting.  The group tracked animal weights, mortality rates and growth rates as markers for success in their proposed husbandry design.  After a 6 day laying period, egg batches were hatched on trays of commercial fibrous peat and pine bark compost.  The eggs were incubated and hatched within a period of 15 to 21 days.  By the end of the hatching period there =were 4000 neonates available.  Only 300 neonates between the ages of =2 to 8 days of age were used, if they had a diameter of 3.5 +/- 0.2 mm.  The experiment was conducted between May to June, until the snails were 6 weeks of age.  The 300 neonates were split into 5 different rearing boxes, distributed on 3 slatted shelves.  The boxes were subjected to natural light (but animals were protected from direct light). Boxes were rotated weekly, the humidity was controlled twice daily at the beginning and end of snails=92 resting periods, and all animals were fed the same diet (flour based diet).  All groups, =except 2 had consistent weight measurements each week.  The 2 groups with the lowest weekly growth rates also sustained the highest mortality rates during the first weeks of the experiment.  The cages were cleaned of slime and unconsumed food regularly.  Growth curves are reported and established.

Question
:
1.  
What is the Helix aspersa?

2.  
T/F, for this study, the animals were fed a flour-based diet.

Answer
:
1.  
European Brown Garden Snail.  It is a mollusk in the family Gastropoda.  Common garden pest hated by many but revered by lovers of escargot.  The paper claims that snails are used as experimental animals in a range of scientific fields.  My survey of the literature was hard pressed to find this specie as an animal model, however there was a xengenic neurotransplantation reference placing snail neuronal tissue into rats.  Other references were zoology and ecology based, biomechanics (movement), sodium channels.

2.  True
