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ORIGINAL RESEARCH

O'Malley et al.  Effect of Housing Density on Reproductive Parameters and Corticosterone Levels in Nursing Mice, pp. 9-15
Task 4 K 1

Primary Species - Mice

SUMMARY: The study was based on the hypothesis that providing less than the recommended amount of space for dams with litters would not adversely affect fecal cortisone, growth rates, or reproductive performance. The study design included two groups, one with dams having litters culled and other with dams having litters intact.  All the female mice were matched for the age, strain and the date of pregnancy. After the first generation the fecal corticosterone levels were highest in day 41 but decreased by day 21 and there were no statistical different between the group. The corticosterone levels did not change between the cages containing the culled versus the intact group. In summary, this reports that a lactating dam with litter as a single biological unit. The dam can rear her pups successfully in standard commercial cage.

QUESTIONS:
1.
According to "Guide" what is the height requirement for an adult mice weighing more than 25 g?
a.
4 inches

b.
5 inches

c.
6 inches

d.
6.5 inches

2.
According to "Guide" what is the minimum floor space for one adult mice weighing 25 g?
a.
6 in2
b.
8 in2
c.
12 in2
d.
15 in2
ANSWERS:
1.
b

2.
c

Laber et al.  Effects of Housing Density on Weight Gain, Immune Function, Behavior, and Plasma Corticosterone Concentrations in BALB/c and C57BL/6 Mice, pp. 16-23

Domain 3: Research

Task 2: Advise on matters related to research

Primary Species: Mouse

SUMMARY: This study revealed housing density affects mouse physiology and behavior, and that effect is strain dependant. The results provided insufficient evidence for changes to the Guide yet validated earlier research on the resiliency of B6 mice to stress as assessed by weight gain, exploratory behavior, cortisone levels and immune effects. 

Past studies revealed housing density effects mouse physiology resulting in changes in behavior and/or the immune system. Unfortunately those findings could not be evaluated as a whole and used to warrant changes in the Guide because they lacked uniformity in strain, gender, and housing. 

This study was conducted using female mice from two common strains (Balb/c and C57Bl/6) housed under different densities (2, 5, and 10 per box) in ventilated cages. The stress effect on mouse physiology was assessed by 4 factors namely weight gain, behavior, corticosterone levels, and immune response (numbers of T-cell subpopulations). Although important information was obtained, it is recommended to perform the same study using male mice before drawing conclusions about modifying Guide recommendations.  

QUESTIONS:

1. 
According to the Guide which is correct for mice <10 grams? 

a. 
6 floor in2   / animal at a height of 5 inches   

b. 
5 floor in2   / animal at a height of 6 inches 

c. 
7 floor in2   / animal at a height of 7 inches     

d. 
None

2. 
What is a measure of stress/anxiety? 

a. 
An increase in exploratory behavior in open space   

b. 
A decrease in exploratory behavior in open space                

c.  
A decrease in thigmotatic behavior 

d. 
None

3. 
What is not true? 

a. 
Physiologic responses to stress are strain related   

b. 
Housing density can affect behavior   

c.
Corticosterone and T cell levels are directly proportional  

d. 
Housing density can affect the immune response
ANSWERS:

1.
a   

2.
b    

3.
c
Ramirez et al.  Effects of an Enrichment Device on Voluntary Alcohol Consumption on Single-Housed Rats, pp. 24-29 

Species: Primary - rats 
Task 7: Provide consultation governing proper care and use of Laboratory Animals

Task 4:  Support and Manage Animal Husbandry Programs
SUMMARY:  When environmental enrichment is used, one must be careful to avoid the enrichment device(s) becoming a confounding variable (e.g. causing unintended alterations in the response to variables of interest).  This particular study evaluated the effect of an enrichment device (in this case a polyurethane bone) on voluntary consumption of ethanol-containing gel by single-housed rats.  

Environmental enrichment is important to allow for species-specific behaviors in rodents.  The shoe-box style caging used to house rodents has been optimized to ensure biosecurity, minimize environmental variables, and maximize cost-efficiency.  However, this housing style offers the animal minimal opportunity to participate in species-typical behavior such as gnawing, object manipulation, nest building, exploring, and hiding.  In particular, rats are a gregarious, typically nonaggressive species that dig complex burrows and manipulate and gnaw on small objects as part of their species-typical behaviors.  The absence of appropriate environmental enrichment can result in the development of abnormal behaviors. 

Common environmental enrichment practices in a laboratory setting include co-housing with compatible conspecifics, addition of various substrates such as nesting materials and shelters, use of objects that can be manipulated by the animal, and provision of novel or preferred food items.  Among these, social housing is considered the most important enrichment practice as it provides animals with continuous and unpredictable situations to which they must react.  Rats show an increased interest for objects they can easily manipulate and gnaw on.  

Co-housing with a conspecific is problematic if research variables include the activity level or amount of food and water consumed, if the animals are fitted with external devices that may be tampered with by a casemate, if the study design requires self-administration of substances, and the like.  In such situations, individual housing may be necessary and attention should be given to the type of enrichment that may be permissible.  

In a rat model of long-term voluntary ethanol consumption, rats must be housed individually so that individual alcohol consumption can be documented accurately.  As the effect of enrichment devices on ethanol self-administration is unknown, this study wan conducted to evaluate the effect of a particular enrichment device (synthetic bone) on ethanol self-administration (presented in gel format) in singly housed rats.

Rats were given free access to a glass jar containing a sweetened gel substrate with a 10% ethanol concentration.  The experimental regimen consisted of 3 phases, each lasting 4 d, with a device-free rest period (access to alcohol gel but no synthetic bone) between phases.  Phase 1 consisted of a 1h free access session to both a new synthetic bone and ethanol gel.  After a 2 d rest period, phase II began, during which the rats had overnight access to a new synthetic bone before and during their 1 h ethanol free access period.  Phase III followed a 4 d rest period and consisted of 24 h free access to both synthetic bone and ethanol gel.  

The results demonstrated that providing the enrichment device (synthetic bone) does not alter total alcohol gel consumption.  

Manipulanda in the cage provide animals with the opportunity to engage in some forms of species-typical behaviors.  Given that the rats displayed normal species-typical behavior toward the synthetic bone, adding such a device can be considered an effective enrichment practice and consequently may improve animal well-being.  

QUESTIONS:
1. What is a reason for providing manipulanda in the cage?

2. Why should one assess the behavioral response toward the enrichment device prior to the conduct of the study?

ANSWERS:
1. It provides animals with the opportunity to engage in some forms of species-typical behaviors.  

2. Because doing so will minimize the potential confounding effects the device may cause. 

Zaias et al.  Social and Physical Environmental Enrichment Differentially Affect Growth and Activity of Preadolescent and Adolescent Male Rats, pp. 30-34
SUMMARY: In this study they set up cages with 6 different conditions for rats.
1. Isolated/impoverished housing ( 1 rat per cage no enrichment)
2. Isolated/enriched( 1 rat per cage with enrichment)
3. Social/ impoverished 2 rats per cage no enrichment
4. Social/enriched 2 rats per cage with enrichment
5. Social/ impoverished 3 rats per cage
6. Social/enriched 3 rats per cage

Rats were put into these groups on post-natal day 23. Animals that were given enrichment had different items placed in the cages and changed out twice a week. Enrichment included plastic tunnels, balls, objects to chew, paper nestlets.

Body weight on all rats was measured daily Monday-Friday. Amount of food consumed per rat was estimated by weighing the food several times per week. Locomotor activity testing was performed with each group tested at the same hour in the day, the groups being randomized over the course of the day.

At the beginning there was no significant difference in body weight between the rats randomly placed in the 6 groups. After 4 weeks there was a significant effect of group and day, as well as group x day interaction.

Results:  Rats housed singly with no enrichment gained weight more rapidly and weighed than rats housed together with enrichment. Housing density did not affect impoverished rats; however enriched rats had lower weights with more rats per cage. Results showed that the social and environmental enrichment factors interacted.  Social enrichment alone was shown not to alter growth patterns of rats. Thoughts on why the enriched socially housed rats gained less weight included competition for food, increased activity, stress, illness, decreased food consumption. All the rats in the study appeared healthy, with good body condition and there was no apparent competition for food seen. The group-house environmentally enriched rats consumed less food per gram of body weight than the rats housed individually in the impoverished state.

Locomotor activity: This is used to assess habituation and adaptation.  Environmental enrichment is known to affect cerebral and cellular morphology and neuronal plasticity. Results found in this study were consistent with previous studies performed in adult rats. There was decreased locomotor activity in the rats housed in the socially and environmentally enriched environment. Rats reared in isolation exhibited more exploratory behavior in open-field testing than did socially reared rats. This is interpreted to mean that the socially reared rats had improved information processing and had increased habituation to a novel environment and stimuli.

QUESTIONS:
1. 
This study showed that environmental enrichment....

a.  
Had no effect on weight gain in adolescent male rats

b. 
Causes adolescent male rats to eat more and gain more weight

c.
Causes adolescent male rats to eat less and gain less weight

2.
This study showed that social enrichment.....

a   
Had no effect on weight gain in adolescent male rats

b.  
Causes adolescent male rats to eat more and gain more weight

c. 
Causes adolescent male rats to eat less and gain less weight

3.  
Locomotor activity tests for?
a. 
Depression

b. 
Habituation and adaptation

c.  
Effects of enrichment

d. 
Locomotion and adaptation

ANSWERS:

1.
c 
2. 
a 
3. 
b

Fuentes and Newgren.  Physiology and Clinical Pathology of Laboratory New Zealand White Rabbits Housed Individually and in Groups, pp. 35-38

Species: Rabbits (Oryctolagus cuniculus)

Task: Domain 4, T2, K1

SUMMARY: The purpose of this study was to determine if there were statistical differences in physiological and clinical pathology in New Zealand White rabbits housed in 2 different housing systems. Complete blood counts, serum chemistries, antibody production, physiologic plasma cortisol levels, and white blood cell counts were evaluated using non-paired, 2 tailed t tests. The control group was housed individually in stainless steel cages and the experimental group was group housed on aspen shavings on the floor of the animal room.

Physiologic and immunologic measurements did not differ significantly between single- and group-housed rabbits, indicating that the practical research performance (immune response, stress level, and growth rates) of these rabbits was not affected by housing type.

QUESTIONS:
1. T/F Compared with group housed rabbits the individually housed rabbits gained more weight in this study.

2. T/F The group housed rabbits had lower WBC counts and higher levels of plasma cortisol than did rabbits individually housed.

3. In this study a complication that arose after antigen administration was:

a. Subcutaneous abscess development behind the neck

b. Urinary tract infections with hematuria

c. Fever 

d. Localized dermatitis and hair loss 

ANSWERS:
1. T

2. T

3. a

Ooms et al.  Concentration and Emission of Airborne Contaminants in a Laboratory Animal Facility Housing Rabbits, pp. 39-48
Task 4 / Task 6 

Species:  Primary

SUMMARY: In the laboratory animal setting, allergies are a significant concern. Some studies have reported anywhere from a 4% to a 22% prevalence of allergies in exposed lab animal workers.  Due to the nature of rabbits in the research setting and some unique physical characteristics of rabbits, it is thought that they pose a greater risk for airborne contaminants and development of allergies than other research animals such as rodents.  This is due to allergens being present in the air attached to small particles of dust unique to rabbits, allergens being present in higher concentrations, and also remaining in the air for longer periods of time.  The typical open cage type of rabbit housing, as opposed to micro-isolator or filter-top caging of rodents contributes to these characteristics.  The two major rabbit allergens are Ory c 1 (saliva, urine, dander) and Ory c 2 (hair, urine, dander).  The most potent is the Ory c 1 linked to saliva.  

In this article, the authors set out to quantify emission factors such as particulates, endotoxin, ammonia levels, CO2 levels, and rabbit salivary protein in a typical research rabbit indoor housing room.  They used emission factors to estimate airborne contaminant levels associated with conditions in the room relative to cage changes and day of the week.  Samples were collected from the air stream at the supply plenum and exhaust grille.  To measure airborne contaminant emission rates, two mathematical models were used:  EMB, experimental mass balance, and CMS, completely mixed space.  These models take into consideration air flow rates in and out of the room, mass concentration of contaminants, and the number of animals in a certain area of space.  The CMS model takes into consideration concentration of contaminants in different housing paradigms.  The authors were able to successfully sample and characterize the air in the rabbit room, and use this data to predict contaminant levels in different situations with different rates of airflow into and out of the room.  

QUESTIONS:
1.
Name two mathematical models used to measure airborne contaminant rates in animal rooms.
2.
What are the two major rabbit allergens of concern for development of allergies?

3.
Which of the rabbit airborne contaminants is thought to pose the greatest risk to allergy development?

ANSWERS:
1.
EMB - experimental mass balance, CMS - completely mixed space

2.
Ory c 1 and Ory c 2

3.
Saliva

Green et al.  Development and Application of a Novel Environmental Preference Chamber for Assessing Responses of Laboratory Mice to Atmospheric Ammonia, pp. 49-56
Primary species: Mus musculus

SUMMARY: This study involved the design and testing of an environmental preference chamber for mice. Here the authors used their preference chamber setup to test the responses of mice to varying concentrations of ammonia. The authors indicate that their chamber setup, which includes four mutually accessible compartments with mouse movement monitored by paired infrared sensors and data acquisition by an attached personal computer, would be useful to study other preferences in small laboratory animals. The use of photosensors in this system proved to be ineffective at distinguishing individual mice possibly due to variations in coat color. The authors indicate that their system has advantages over alternative preference testing devices including the radial maze in which animals' time spent in a central compartment may be difficult to interpret, and the annulus where animals are limited to proximate compartments for immediate access and must traverse proximate compartments to access more distant ones. Results indicate that mice prefer the upper compartments of the apparatus and expressed no preference for lower levels of ammonia. The authors postulate that human exposure limits for ammonia may be much lower than exposure limits of mice.

QUESTIONS:
1. 
The currently recommended ammonia exposure limit of mice is taken from the human exposure limit and is which of the following?

a. 
10 ppm

b. 
15 ppm

c. 
20 ppm

d. 
25 ppm

e. 
50 ppm

2. 
True or False? The current recommendations for ammonia exposure limits in mice are documented to be well above ammonia concentrations found in wild mouse burrows.

3. 
True or False? Olfactory perceptions in mice are widely believed to be constant across different ages and strains.

ANSWERS:
1. 
25 ppm

2. 
False. There are no data on ammonia concentrations in mouse burrows.

3. 
False. Mouse olfactory perception likely varies by age and strain.

Silverman et al.  Ammonia and Carbon Dioxide Concentrations in Disposable and Reusable Ventilated Mouse Cages, pp. 57-62
Task 6 - Design and Operate Laboratory Animal Facilities

Primary Species - Mouse

SUMMARY: The goal of this study was to assess the levels of CO2 and NH3 in 2 different cage types:  disposable and reusable individual ventilated cages.   Five female breeders, (ICR) mice were housed per cage and cages containing no mice were also used as controls.  NH3 and CO2 measurements were made with a chip measurement analyzer (at the front and rear of caging) and temperature and humidity within the cages were measured. Unoccupied cages showed no significant differences in CO2 concentrations between the front and rear sampling ports or between the 2 types of caging.  CO2 level variations existed between the front or rear sampling port depending on type of caging sampled.  CO2 concentrations were significantly reduced in the reusable caging as compared to the disposable caging.  There were no statistical differences in the NH3 concentration between the front and rear sampling port in both cage systems.  On day 4 of sampling, the NH3 levels increased in those cages containing mice (2-3 ppm). For the disposable cages containing mice, the NH3 concentration were never above 3.2 ppm; however the reusable cages had NH3 concentration levels near 70 ppm by day 5.  The mean high and low intra-cage temperature and humidity readings showed minimal differences between the caging types.  The author concluded that the disposable ventilated cage performed satisfactorily under the conditions in the study.

QUESTIONS:
1. 
Tor F.  Relative humidity affects NH3.

2.  
According to the Guide for the Care and Use of Laboratory Animals, the recommended secondary enclosure range for humidity is      _________________________.

3.  
Based on this study, which of the following was concluded:

a. 
Higher CO2 concentrations were seen in the disposable cages

b. 
Higher NH3 concentrations were not seen in the disposable or reusable cages by day 7.

c. 
Significantly higher NH3 concentrations were seen in the reusable cages

d. 
CO2 concentrations continued to increase over time 

4.  
T or F.  The current recommended CO2 limit for mice is 5000 ppm 

5.  
The mice used in this study DID/DID NOT demonstrate clinical abnormalities.

ANSWERS:
1. 
True

2.  
Between 30%-70%

3. 
c
4. 
False

5. 
Did not

Meier et al.  Quantification, Distribution, and Possible Source of Bacterial Biofilm in Mouse Automated Watering Systems, pp. 63-70
Task 6 – Design and Operate Laboratory Animal Facilities

Primary Species – Mouse

SUMMARY: The goal of this study was to determine which source contributes to biofilm (water vs. oral bacteria of mice).  Previous investigations confirm that bacterial biofilm develops within automated racks after sanitation and culturing drain water is not an accurate measure of bacterial contamination.  The oral flora of mice were cultured prior to being placed on HEPA filtered ventilated racks.  The automated watering system used City Tap water.    The automated watering manifolds were sampled for bacteria at 0, 2 and 6 months and compared with the mouse oral flora.  For bacterial analysis, Colony Forming Units and ATP analysis were used and the automated watering racks were randomly sampled at the lumen of the elbow and shelf pipes.  Temperature tapes were also randomly placed on the automated watering manifold for analysis of temperature levels achieved at various locations.

The mouse oral flora and the automated watering manifold contained different populations of aerobic bacteria.  The predominate bacteria from the mouse oral flora was Staphylococcus spp, Escherichia coli, Enterococcus faecalis and E. faecium.  The bacteria isolated in the oral cavity of the mouse were inconsistent with the bacteria positively identified in the rack’s biofilm community.  ATP analysis and Colony Forming Units were good indicators of how well a rack was sanitized. The amount of biofilm bacteria residing in the automated watering system increased with time.

QUESTIONS:
1. Based on this study, mice do/do not contribute to the biofilm bacteria.

2. What measures are done to ensure the highest quality drinking water?

3. Define biofilm

4. Which bacteria were isolated in ½ of all mice swabbed?

5. True or False.  Aerobic bacterial isolates varied widely across vendor and strain of mouse

6. Mouse oral flora and automated watering manifold contained distinctly different/same population of aerobic bacteria.

7. The diversity of aerobic biofilm bacterial population increases/decreases over time.

ANSWERS:
1. Do not

2. Chlorination, acidification, ultrafiltration, reverse osmosis filtration, treat with ultraviolet light, distillation, periodic flushing of the watering system.

3. An aggregation of a mixed population of microorganisms that excrete adhesive and protective matrices.

4. Staphylococcus spp.

5. True

6. Different

7. Increases

Van Vleet et al.  Comparison of Technicians' Ability to Detect Clinical Signs in Rats Housed in Wire-Bottom versus Solid-bottom Cages with Bedding, pp. 71-75
Primary Species - Rat

SUMMARY
Introduction: In this study, the authors are comparing the use of wire bottom vs. solid bottom caging systems for housing rats in toxicity trials to examine whether technicians can detect clinical signs with the same consistency between the two systems. The reason wire bottom cages are being used in toxicology facilities, despite a negative recommendation by the Guide, include a) minimizing secondary exposure to parent compounds and their metabolites, b) providing consistency with earlier work to maintain validity of data comparisons, and c) decreased labor costs compared to solid bottom caging.

Materials and Methods: Sixty Male Sprague Dawley rats were used in this study. Mild clinical signs were induced for observation by the technicians including chromodacryorrhea, soft stool, stereotypic behaviors, mild hypoactivity, abnormal postures, and discolored urine. Dosing of agents was performed by dosing technicians and clinical signs were examined by blinded technical observers using GLP procedures. Clinical signs were then confirmed by the dosing technicians.  To compare the effects of caging type on technicians’ observational ability, the mean numbers of animals detected with a clinical sign versus the numbers of animals verified to exhibit that clinical sign were compared between caging types using the Fisher Exact Test.

Results: The inter-technician variability was greater than the variability caused by caging type for all clinical signs except when new methylene blue was administered. In this case, discolored urine was detected more frequently in solid bottom cages than in wire bottom cages (P<0.05).

Discussion: The authors indicate that the Guide recommends solid-bottom cages with bedding because they are "preferred by rodents" without citing references for preference studies although this fact has been shown in other studies. They also point out that animals do not always demonstrate a preference for husbandry conditions that enhance their wellbeing and further claim that preference testing alone, in the absence of other measurements of animal wellbeing, should not be used as the sole determinant for selecting certain husbandry conditions.

The pros of using wire-bottom caging described in this paper are:

1. They are more economical to use as they require less frequent changing and the stainless steel has a longer lifespan than polycarbonate or polysulfone.

2. Solid bottom caging has the potential to increase rodents' exposure to parent compounds and metabolites due to urine or feces through oral, dermal or respiratory exposure in soiled bedding.

3. Polycarbonate solid-bottom cages can expose rodents to bisphenol-A which has estrogenic activity and can alter reproductive parameters in some rodents.

The authors also point out the advantages of solid-bottom caging over wire-bottom for toxicology studies including:

1. The use of bedding and nesting material providing environmental enrichment

2. Decreased exposure of control animals and animal care staff to test compounds

3. Diminished risk of development of foot lesions in older rats or rats in long term studies

The conclusion of this study is that using solid bottom caging with bedding will not inhibit technical staff's ability to detect common clinical signs in study animals. Researchers should evaluate the pros and cons of both caging types when selecting the type of caging in toxicology studies.

QUESTIONS:
1. Wire bottom cages are used in toxicology studies for reason(s):
a. 
They minimize secondary exposure to parent compounds and their metabolites
b. 
They provide consistency with earlier work to maintain validity of data comparisons
c. 
They have decreased labor costs compared to solid bottom caging
d. 
a and c
e. 
a, b and c

2. 
True or False – Polycarbonate solid bottom cages can expose rodents to bisphenol-A.

3.
True or False- Based on this study, there is no difference between solid bottom and wire bottom cages with bedding in detection of qualitative clinical signs commonly observed in toxicology studies in rodents.

ANSWERS:
1.
e

2.
T

3.  
T

