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Preparation of Animals for Use in the Laboratory
Everitt and Schapiro.  Introduction: The Art and Science of Introducing Animals to the Research Environment, pp. 281-282
Summary: This article is the opening article for this issue- Preparation of Animals for the Use in the Laboratory.  In setting the tone for this issue, the authors encourage all people involved with animal research to understand the nature of the animals with which they work.  Preparation of the animal involves health concerns, recovery from transport, adaptation to novel environments (such as metabolism cages), as well as many other issues.  The authors encourage readers to examine the published works of Dr. Temple Grandin, a well known animal scientist (not a veterinarian, as mistakenly stated in this paper).  Her work covers topics on humane animal care in the food animal industry, but the principles she covers may be applied to laboratory animal welfare. (Aside from NAJ: Dr. Grandin's work is well worth reading.  She is published in JAVMA fairly often and her book Thinking in Pictures is wonderful.  Her web site is: http://www.grandin.com/.)  The authors of this article encourage laboratory animal scientists to "acquire and publish data that promote the refinement of methods and guidelines."

Questions:

1. 
What is the best way for the laboratory animal community to develop guidelines and practices?

2. 
T or F:  Animals need only 2 days for proper acclimation to a new environment.

Answers:

1. 
Data-driven science is the best way for techniques and methods to be reported to the community.  Unsupported assertions and professional judgment may be misleading and fail to produce the best conclusions.

2.
F.  More time than 2 days is needed with most animal species and most new environments or situations, but the best way to determine this is to have the data on physiologic parameters for that situation and that species. 

>
Conour et al.  Preparation of Animals for Research – Issues to Consider for Rodents and Rabbits, pp. 283-293

In an effort to minimize nonexperimental variables in research, the authors suggest methods to minimize stress associated with animal acquisition, acclimation, and husbandry. 
They suggest a minimum of 2-3 days of acclimation post transit. 
Acquisition includes:
· An assessment of the health status of the source facility

· Duration and type of sentinel exposure

· Number and strain of sentinels screened per room or rack

· Extent to which principal animals are screened

· Agents and frequency of screening

· Method of sample evaluation (test/assay performed on each type of sample)

· Evaluation of any procedures that have been performed on the animal prior to shipment

· Knowledge of the source colony environmental conditions and dietary requirements

· Shipping: risk of exposure to pathogens in transit, shipping conditions (temperature), receipt of animals, and a requirement for stabilization upon arrival.   
· Based upon rat and mouse studies, an acclimation period of 2-3 days is necessary.

· Hamsters shipped across 8 hours of time zone changes required 1 week to adapt to the new light cycle.  
· Dry intact crate filters protect from cross-contamination even if outside crate surfaces become exposed. 
· Temperature extremes can alter drug metabolism, immune response, body weight, and food consumption.

Acclimation includes

· Quarantine for health monitoring

· Length and extent varies by source (based upon risk from transportation, incubation period of pathogens, and health history of the facility)

· If animals have been implanted with a biological product, it is important to request the testing results of the implanted material.

· Prophylactic treatment for endo- and ecto-parasites might also be warranted.
· Acclimation to new procedures and new environment

· "In rodent stress studies, the results indicate that the most important stress- inducing factor is a sudden change in housing method rather than the method itself" and may require several days to normalize.

· "Animals habituated to a handler or which are gentled in early life show less handling stress in later life and react only to the particular experimental stimuli used in the study, whereas non-handled animals are much more likely to react to a new handler as well as to the test situation

Effect of Environmental Enrichment

· Environmental enrichment is a combination of complex inanimate and social stimulation.

· The current literature on the effect of environmental enrichment and social housing on research has been variable, perhaps due to the variability in other factors between the studies and the complex.  The effects may be dictated by the model under investigation.

· To understand the effects of stress, it is best to evaluate the normal behavioral characteristics of the species:

· Rodents:  generally social, may be aggressive

· Guinea pigs:  unlike rats and mice, they do not rise up on their hind legs, climb or build nests.  They are social, docile, easily frightened and thigmotactic.

· Hamsters:  generally less social, tend to fight, build nests

· Rabbits:  social, aggression seen.  Foraging, exercise, and elevated resting surfaces should be considered.

Questions:

1.
Define stress.

2.
Define distress.

3.
List 2 different types of medication that have been used in the diet for inducible transgenic models to maintain a gene in the on/off position.

4.
What is the bioprotective or biodirectional concept of stress induction?

5.
Which PHS Policy Principle covers stress in research animals?

Answers

1.
Stress is defined as "the biological responses (physiological and/or behavioral) an animal exhibits in an attempt to cope with threats to its homeostasis".

2.
Distress occurs when natural coping mechanisms fail and clinically relevant physiological and behavioral changes result. 
3.
Doxycycline and tamoxifen

4.
Exposure to stress before an unavoidable stressful event diminishes the negative effect of the secondary stress event and generates a potentially protective effect.

5.
Policy IV:  "Procedures with animals will avoid or minimize discomfort, distress, and pain to animals, consistent with sound research design". 

>
Capitano et al.  Considerations in the Selection and Conditioning of Old World Monkeys for Laboratory Research: Animals form Domestic Species, pp. 294-306

Primary species: Macaque

Task 7-Provide consultation governing appropriate care and use of lab animals

Task 9- Collaborate on the Selection and Development of Animal Models

Introduction
Domestically bred non-human primates represent a small but important proportion of laboratory animals used in research in the US. Many of these primates originate from one of the eight National Primate Research Centers.

Most nonhuman primates used in laboratory research are Old World Monkeys (OWM).  The most commonly used species is Macaca, and the three most commonly used are Macaca mulatta, Macaca fasicularis and Macaca nemestrina. Other OWM used in biomedical research include other Macaca spp. and vervets (Chlorocebus spp). Large-scale breeding of most of the OWM used in laboratories is done in groups.  Also common in one male/ multifemale groups.  This eliminates males "competing" for females and decreases aggression and wounding.

The primary social bond in OWM is between mother and infant. After weaning both male and female offspring continue to maintain close bonds with their mother and matrilineal kin. Juvenile OWM will spend a lot of time playing and exploring. When the monkeys reach sexual maturity (age 3 to5 females, 4 to 6 males) they become more aggressive and competitive. Males separate from their mothers and form new groups females retain strong ties to their mothers for life.

This shows that OWM are very social and continuous social housing in captivity permits the monkeys to express a full range of their normal behaviors. Social housing is considered one of the most important factors in promoting the psychological well-being of primates. Social housing outdoors for primates can also be very cost-effective.

Animal selection
One of the drawbacks to grouping animals to breed is that it is more difficult to provide researchers with “random samples" of primates.

Inadvertent selection: When a researcher asks for an OWM that is a certain sex or weight, other factors may go in to the selection of the primate by the colony manager. The factors include, Social Rank, age and sex, and behavioral criteria.

Social rank: In a large multi-male multi-female social group the alpha male plays an important role. The dominant male and female will generally not be picked from a large group as this could lead to instability in the group and create fights resulting in wounds.  There have been studies showing that there are differences in high and low ranking social animals. High ranking animals tend to have more confidence and social skill. Physiological differences have also been found between high and low ranked animals.

Serotonin and dopamine neurochemistry may also differ between high and low ranked animals. High ranked cynomolgus males have been found to have greater numbers or greater availability of dopamine D2 receptors in the brain. Geographic origin of macaques such as rhesus can play a role in differences in temperament, hematology values and concentration of serotonin metabolites.

Prior research experience can be advantageous in many types of research and when feasible investigators are encouraged to re-use animals for multiple studies.

Animal Conditioning
When OWM are selected for a study they are usually relocated from the breeding group which may be a large outdoor group to individual housing indoors. This paper reviewed a number of studies which looked at factors which were modulated by relocation of OWM.

However, in each study there are different items tested and factors measured so it is virtually impossible to compare studies. For example, one study tested male rhesus macaques chaired for 2 hours on several consecutive days. After a few days the behavioral response to being placed in the chair did not occur. This would lead one to think the monkeys were habituated to being placed in the chair. In examining the plasma cortisol levels of these same monkeys the investigators concluded that the reduction in cortisol did not reflect that they learned that the process of being placed in the chair was not harmful (habituation) but that it was physiological adaptation to repeated stimulation of the hypothalamic-pituitary-adrenal axis.

Shipping: Various studies have shown that shipping OWM has a deleterious effect on breeding in female monkeys. This can result in lower viability for pregnant macaques that are shipped, lower conception rate during the first 90 days back in the colony after shipping.  In a study where five male cynos were transported for 15 hours.  Hematology values were unchanged, except the neutrophil: lymphocyte ratio and serum cortisol was elevated. These two indicators returned to normal within 1 week after shipping. A reference to New World monkeys: /Callithrix kuhlii/, showed that pair-bonded pairs were less stressed than unfamiliar pairs, when urinary cortisol was checked for 8 weeks post shipping. Hard to compare info on marmosets that form strong pair bonds to OWM that do not form the same strong bonds.

Social Separation and Relocation: In laboratory OWMs the strongest bonds exist between infants and mothers and that there have been many reported behavioral and physiological responses to separations.

Infant-Mother Separation: In LOWMS removing an infant from its mother results in a “protest phase" marked by increased activity, temperature, vocalization, etc. This is followed by a "despair" stage, marked by hypoactivity and depression.
It is found that no matter at what age the infant is separated from the mother, 60, 90, or 120 days they do better if they are paired housed than singly housed.

Other Social Separations: A study of 2 year old macaques was relocated from a large outdoor cage to individual housing indoors for 11 weeks. Cortisol levels increased after 24 hours and remained elevated for 8 weeks. They also had reduced lymphocyte and lymphocyte sub-set numbers for 7 to 11 weeks.

Adult rhesus males were removed form a social group and rehoused together in a social cage, and they had no changes in cortisol or immune cell numbers.
In another study 36 adult male rhesus monkeys were removed from outdoor field cages, to individual housing indoors. Plasma cortisol and leukocytes numbers were assessed.

Values were different 1 month after separation/relocation (SR) than after 5 mo SR and 10 months SR. They concluded adaptation to SR may take from 1 to 5 months,

Relocation to Novel Cage or Room: Animals within a room do develop relationships with each other, although rudimentary.  Any time an animal is moved within a room, it can affect all animals in the room.

Restriction of Space and Activity: The most notable finding was the tendency (for rhesus) to exhibit stereotypical behavior and cage -directed behavior to increase as cage size decreased.

Pigtail macaques did show any behavioral or urinary cortisol changes when moved to cages that were either 77% or 148% of their standard cage.

Alteration in Photoperiod: An experimental manipulation of photoperiod in adult male rhesus, showed that there was rapid growth un testicle size and elevations in testosterone, when the monkeys were switched to a " short day" ( 8 H light, 16 H dark) and testicle regression and testosterone decrease  happened when the monkeys were switched to a " long day" 16 L;8 D)

Diet: Relocation itself can result in a change of diet; change in timing of feeding can also affect monkey's physiology. At the California National Primate Center, they found that one third of all monkeys did not adapt well to water restriction.

Overall Recommendations  
The authors believe that when housing changes include separations from familiar companions, relocation to new housing, restriction of space, introduction of new companions, and changes in feeding or photoperiod, OWM should be given a period of 3 months before being placed on a research protocol.

Questions:

1. 
According to this article which 3 macaques are used most in research?

a. 
M. mulatta, M. fasicularis, M. sylvanus

b. 
M. mulatta, M. fasicularis, M. radiata

c. 
M. mulatta, M. fasicularis, M.  fuscata

d. 
M. mulatta, M. fasicularis, M. nemestrina

2. 
How are OWM groups organized in the wild?

a. 
Kinship and dominance

b. 
Patrilineal organization

c. 
Matrilineal organization

3. 
Social housing is good for OWM for all of the following reasons except.....

a. 
Psychological well-being

b. 
Ability to express normal behaviors

c. 
Cost-effective

d. 
Prevents diseases

4. 
Male rhesus monkeys testicles increased in size when....

a. 
Long day was introduced

b. 
Short day was introduced

c. 
Animals were socially housed

d. 
Cages were made to be 148% of normal

5. 
The author's overall recommendations for “time to condition" macaques between shipping and use for scientific study?

a. 
1 month

b. 
3 weeks

c. 
3 months

d. 
6 weeks

Answers: 
1.
d

2.
a

3.
d

4.
b

5. 
c

Tardif et al.  Preparing New World Monkeys for Laboratory Research, pp. 307-315

The purpose of this article is to provide guidelines on management and handling for four commonly used New World monkeys the marmoset (Callithrix jacchus), the squirrel monkey (Saimiri sp.), the owl monkey (Aotus sp.) and the titi monkey (Callicebus cupreus).  In spite of being historically considered as species difficult to handle these monkeys relatively small size and low zoonotic risk make them appealing research animals.

Overview of species

Marmoset

· Members of the primate family Callitrichidae

· Only the common marmoset is routinely used from this family

· Smallest of the anthropoid primates weighing approximately 350 g.

· Well developed auditory and olfactory communication.

· Fertile post partum estrus.

· Typical litter 2-3 with highest fertility rate of any primate.

· Typically housed socially as mated pairs plus offspring.  But unrelated groups can also be formed.

· Offspring will generally not reproduce while housed with healthy, fertile mated pair.

· Since only the dominant female generally reproduces, unrelated groups can be used for mechanistic studies on dominance regulation of female reproduction.

· Groups of 2-4 unrelated females and 2-4 unrelated males can be maintained for years, after initial introduction period of 2-4 weeks.  The newly formed group is kept in a larger area with multiple nest boxes then if compatible moved to a smaller less complex cage.

· Cooperative rearing of young.

· Puberty before 1 yr age, fully mature sexually and skeletally by 2 yr.


Squirrel monkey

· Social groups are maintained with only 1-2 males with group sizes up to 35-50 animals.  

· Females mature and begin breeding at 2.5-3 yr of age.

· Males are sub adult at 2.5-3 yr of age and reach full adulthood at 5 yr of age.

· Saimiri boliviensis boliviensis shows a high degree of sexual segregation within social groups with distinct linear dominance hierarchies among males with dominant males having higher testosterone levels and increased copulations and a separate but less distinct hierarchy among females.

· Saimiri sciureus sp. has a more sexually integrated hierarchy within a social group.  Linear dominance hierarchy includes both sexes with males dominant.


Owl monkey

· Only nocturnal simian primate.

· Basic social unit is mated pair and offspring.

· Young stay with birth group until 2.5-3 yr of age when both sexes leave.

· Father is primary infant caregiver giving infant to mother only to nurse, if father dies, another sibling may accept role but not the mother.

· Very territorial with male-male aggression common.


Titi monkey

· Small ~ 1kg.

· Form family groups around a breeding pair.

· Offspring remain with family group until adulthood, reach sexual maturity around 18 mo. of age but do not breed while a member of their natal group.

· Strong monogamous bond.

· Offspring bond stronger with father.

· Parents do not bond with offspring.

· Siblings do not participate in infant care.

· Greatly heightened response to novelty.

Husbandry Issues Relative to Laboratory Research Use
Transport and Acclimation to a New Facility

Receiving animals

· Minimize stress, supply similar food and water.

· Limit personnel traffic.


Owl monkey

· Ship as pairs or family groups.

· Excess stress can lead to infant abuse or abandonment.

· Including a perch in shipping container keeps animals off floor and helps reduce contact ulcers.

· New animals are best received during daylight (sleeping period) and will typically move directly into their new nest boxes.
· Shipping may exacerbate common medical problem such as cardiomyopathy.

· Owl monkeys do no adjust well to shipment (avoid apples due to digestive problems).  If shipping duration is long, should provide extra fruit, biscuits and water every 12 hours.  As an aside, the AWA states in section 3.89 “each nonhuman primate that is 1 year of age or more must be offered food at least once every 24 hours.  Each nonhuman primate that is less than 1 year of age must be offered food at least once every 12 hours.”  Water for all NHP must be offered every 12 hours.

· Shipping containers should contain a perch. 

Location Changes Within A Facility

· All of these monkeys scent mark their environment, therefore frequent changes into clean cages or cages previously occupied by other animals can be stressful.

· Marmosets can be placed into cages with wooden surfaces marked by other groups with no ill effects.

· Marmosets can be removed from their family and paired with a cage-mate of the opposite sex but should be placed in another room or well removed from their original family.  If a parent dies a step parent can be introduced by placing juveniles in nest boxes to first observe the new pair first.

· Even minor location changes for titi monkeys can raise cortisol levels for approximately 48 hours.  The presence of the mate reduces this response.

· Squirrel monkeys can be placed in new groups consisting of unfamiliar females and young males (avoid introducing unfamiliar males).

Diet changes 

· All of these monkeys are omnivores typically fed each morning and afternoon.

· Changes in the diet of squirrel monkeys are relatively easy, but sudden changes in marmoset, owl and titi monkeys can be problematic.

· Changes diet gradually over several weeks.

· Due to their poor response to novel items, titi monkeys should be offered a varied diet as should marmosets but must be careful not to allow the monkey to self select a nutritionally poor diet.

· Marmosets and titi monkeys are prone to GI upset and diarrhea.

· Passive sharing of food between pair mates and offspring is common in marmosets and titi monkeys.

Research use issues

Removal From And Return To Social Groups

· For short procedures (< 20min) individual marmosets can be herded into nest boxes for transport.

· When marmosets are removed from unrelated social groups for longer procedures (> 20 min), must remove all other same sex animals and singly house for the duration of the procedure.  Failure to do so increases the risk of the group attacking the individual removed when returned to the group.
· Short term removal of squirrel and owl monkeys (1-10 days) appears to have no affect.

· Often in colony management, female squirrel monkeys with newborns are moved to a maternity group for up to 1 month.

· Since the male parent owl monkey is the primary care giver, new infants left with only the mother are at risk of abuse and neglect.

· Titi monkeys show elevated glucocorticoids (at least 30 days) when removed from attachment figures.

Capture And Restraint


Box training

· All of these monkeys can be trained to enter a box for transport using positive reinforcement.

· Training continues until the animal will sit in the box with the door closed for extended periods.


Laboratory procedures no requiring sedation

· Marmosets generally adapt to restraint devices such as a PVC tube.

· Hints for successful training for restraint, limiting unnecessary sights and sounds, use of a “model/therapist animal” that is habituated to the device, an animal that is overly distressed by restraint should be moved away from then re-engaged so as not to inadvertently reward misbehavior.


Neuroscience Procedures

· Marmosets can be restrained in tubes during direct infusion of peptides into brain cannulas.

· For longer restraint marmosets can be adapted to a sling/harness during which time the animals remains in full view of its cage mates.


Other settings and procedures

· Other than infants, therefore two people are required.
· Nets are discouraged as animals may get caught up in the netting and fractures bones.

· For minor procedures, two handed restraint of non-sedated Saimiri and Aotus may be accomplished by use of one hand on the upper torso with the second holding the legs or pelvis.  Restraint has been associated with increased cortisol, glucagons and glucose levels in squirrel monkeys.

· Titi monkeys are timid and non-aggressive and can be trained to enter transport cages then removed and restrained manually.

· If it is necessary to remove an infant titi monkey, the monkey that is the infant’s carrier should be removed as well; while one person holds the carrier monkey another can remove the infant from the carrier (usually carried on the back).

Handling for anesthesia

· For all of these monkeys isoflurane is the recommended anesthetic for prolonged procedures.  8 French feeding tubes have been used to intubate marmosets.

· Ketamine is useful for short duration procedures (20 min) with the addition of xylazine for painful procedures.  Medetomidine has also been used along with ketamine in these species.

· Titi monkeys metabolize ketamine quickly and are more difficult to intubate. High parasympathetic activity in titi monkeys lead to lower heart rates that can also be irregular however this is considered normal for this species.

Post procedure monitoring

· Due to the unusual structure of the vocal cords or the tongue of the titi monkey, it is difficult to force feed without introducing material into the lungs.

Staff training


Marmosets

· Staff should understand species cooperative breeding, caretaking by older siblings and fathers and to expect twins and triplets.

· Most births occur at night with dystocia often noted during the morning.

· Certain animals may be prevented from feeding by an aggressive cage mate and may be on the floor vocalizing.

· Remove aggressor or may have to remove the subordinate if there are multiple aggressors.

Squirrel monkeys

· Generally more tolerant to noise and traffic where as it is more important to be quiet around marmosets and titi monkeys with owl monkeys especially susceptible to disturbances.

Titi monkeys

· Titi monkeys do not display negative reactions to direct eye contact.

 Questions

1.
According to the article which primate (genus and species) has the highest fertility rate?

2.
Which species of squirrel monkey shows a higher degree of sexual segregation in regard to dominance hierarchies?

3.
T/F In Aotus spp., the mother is the primary infant caregiver.

4.
According to the article what specific medical condition of Aotus can be exacerbated by the stress of shipping?

5.
Which monkey metabolizes ketamine quickly and tends to exhibit a lower overall heart rate under anesthesia?

Answers

1.
Callithrix jacchus

2.
Saimiri boliviensis boliviensis

3.
F

4.
Cardiomyopathy

5.
Titi monkey, Callicebus cupreus

Bloomsmith et al.  Preparing Chimpanzees for Laboratory Research, pp. 316-325

This is one part of a whole ILAR issue that deals with preparing animals for research. The chimpanzee is the only great ape that is extensively involved in biomedical research. Chimpanzees are used as animal models in a variety of studies, including research on infectious disease, parasitic disease, pharmacokinetic studies, neuroscience, cognition, and behavior. Most chimpanzees used in biomedical research in the United States reside largely in six specialized research and holding facilities. Selection criteria, preparation techniques, health assessment, and behavioral issues are reviewed in this article. Issues related to experimental design, multiple uses, and practices related to the transportation are described. The ultimate goal of attempting to prepare chimpanzees for biomedical research is to improve their fidelity as an animal model for studies requiring a human-like system, and to minimize any negative impacts of research procedures on the chimpanzees. This combined objective is accomplished through mechanisms that promote their health and welfare because healthy animals yield good scientific data. In the preceding text, in describing criteria for selection of subjects, their transportation and acclimation, as well as training them to better tolerate research-related procedures, we have made a number of recommendations for best practices.

Nonhuman primates accounts for only 0.3% of the animals used in biomedical research. Within this small percentage, chimpanzees, or biological materials from chimpanzees, are used in approximately 5% of primate-related research publications. Since the DNA homology of a chimpanzee is 98% the same as humans, chimpanzees have played a unique role in biomedical research. Chimpanzees are the only animal model that can be infected successfully with the hepatitis B or C viruses, so chimpanzees are important in research developing vaccines and drug therapies for these diseases. Chimpanzees were identified as the origin of HIV-1 since SIVcpz is the closest related retrovirus. In recent years, chimpanzees have proven to be uniquely suited for testing monoclonal antibodies, and as a model for the human pharmacokinetic response to new drugs. With the recent publication of the chimpanzee genome, there is a strong expectation that the use of chimpanzees will increase in a variety of research fields. Chimpanzees used in biomedical research reside largely in six specialized research and holding facilities, and the number of chimpanzees in this community is currently about 1200. These institutions have specialized facilities and staff members knowledgeable in the care and handling of chimpanzees.

Procedures to better prepare chimpanzees for such research procedure and to improve their housing and social lives during the conduct of biomedical research projects, can significantly reduce this contingent distress. The widespread and effective use of these behavioral management techniques can simultaneously improve chimpanzee welfare and improve the accuracy of biomedical research findings. To select chimpanzees for a study, the general approach is to work with the holding facility thorough historical records on health, pedigree, behavior, and previous experimental history, and to use that information to select the best subjects from those potentially available. Due to the complexity of health and behavioral issues that come into play when selecting chimpanzee subjects for study, effective communication among those with expertise in veterinary science, behavioral science, and chimpanzee husbandry is essential for the best outcomes.

As others have mentioned in this ILAR issue, standard factors such as age, sex, weight, experimental history, genetic factors, and health condition must be considered when choosing chimpanzees as animal models. Routine health assessments are important for evaluating the suitability of individual chimpanzees before research assignment, and these assessments should generally be the first information reviewed for screening. In most biomedical facilities housing chimpanzees, routine health examinations of chimpanzees are performed. These examinations typically include blood collection for complete blood counts, serum chemistries, serology panels for titers to hepatitis B, hepatitis C, and HIV-1.Given that most chimpanzee colonies are aging, with concomitant increases in the risk of cardiac fibrosis and cardiomyopathies, then cardiac imaging and ECGs should be routine. Other diagnostic imaging and biopsies may be conducted to assess the liver for things such as amyloidosis. The issue of using normal ranges may be complicated by the effect of sampling procedures on the measured physiological values. The anesthetic agents used (ketamine or Telazol) or subclinical diseases may have an impact on physiological values such as blood pressure and heart rate. Due to the complexities involved with chimpanzees, it is essential for a qualified veterinarian capable of interpreting such results to be a part of the subject selection process.

The experimental design of studies with chimpanzees is often influenced by the relatively small pool of chimpanzee subjects from which to draw. Within-subjects designs with repeated measures on the same animal are often the most appropriate in this situation, in which each chimpanzee essentially serves as its own control. Using within-subjects designs and counterbalancing techniques are considered important when a high level of inter-individual variability is expected, as might be the case with chimpanzees. To conduct high-quality science, the statistical power of an experiment must be considered. The statistical power of an experiment is a function of several factors: its sensitivity, the size of the effect in the population, and the criteria used to test statistical hypotheses. One method of increasing the sensitivity of a study is to increase the sample size. According to Murphy and Myors, statistical power of approximately 0.80 is desirable. They note that it is difficult to justify a study design that yields power of less than 0.50, and that power exceeding 0.80 is prohibitively difficult to obtain. The case for having chimpanzee subjects serve on multiple research protocols is of particular consequence given their limited availability, their long lives, their unique value as an animal model for human conditions, and their high cost of maintenance.

Most managers of captive chimpanzees believe that animals should be used in multiple serial studies. (e.g. RSV then HBV, then HCV, then HIV).  In some situations, sequential use is certainly not possible. For example, if a chimpanzee has previously been exposed to a particular monoclonal antibody, even of human or rodent origin, then that chimpanzee will not be suitable for a study of that antibody. Chimpanzees are rarely transported between research facilities to facilitate particular research projects. When chimpanzees are transferred between facilities, it is helpful to send in advance some type of behavioral profile of each chimpanzee to the receiving institution. Chimpanzees can weigh up to 100kgs and most weigh at least 50 kgs. Therefore, the size, strength, and intellect of chimpanzees create special problems for their management and use. For this reason, it is incumbent upon those interested in using chimpanzees in research to develop progressive methods to refine the manner in which chimpanzees are prepared for, restrained, and handled during research. Because chimpanzees can be dangerous, the safe accomplishment of this objective requires the involvement of individuals who are careful and experienced in working with chimpanzees. Since the early 1990s, considerable progress has been made in this area as animal training procedures have been applied to gaining the voluntary cooperation of chimpanzees with research procedures. Due to the sensitivity of this species, humane endpoint should be thoroughly defined and personnel trained to know when a research endpoint has been reached.

Questions:

1. 
Nonhuman primates are 0.3% of the total animals used in research. The chimpanzee is what percentage of the nonhuman primate research population?

2.  
Chimpanzees are used as models of human disease for:

a) 
Hepatitis B Virus

b)
Hepatitis C Virus

c)
HIV Virus

d) 
Respiratory Syncytial Virus

e) 
All the above

3. 
What percent of the chimpanzee DNA is homologous with humans?

4. 
Name a spontaneous disease in a chimpanzee that could affect its use in research?

5. 
To improve statistical power, which of these factors should be considered?

a) 
Sensitivity

b) 
Size of the effect

c) 
Criteria used to test the hypothesis

d) 
The number in the sample population

e) 
All the above

Answers:

1. 
5% of NHPs used in research are chimpanzees

2. 
e) All the above

3. 
98% of chimpanzee DNA is homologous with human DNA

4. 
Amyloidosis or cardiac fibrosis can affect the use of a chimpanzee in research

5. 
e) All the above

Meunier.  Selection, Acclimation, Training, and Preparation of Dogs for the Research Setting, pp. 326-347
The goal of a comprehensive dog care program is to develop appropriate socialization, acclimation, and training regimens that minimize stress and distress, thereby leading to improvements in the quality of the scientific data.

Acquisition and Source Selection

· Beagles are the most commonly bred dog for research.

· Dogs from Class A dealers have known genetic backgrounds and usually have had limited exposure to infectious diseases.

· Class B dealers are involved in the purchase and/or resale of animals.

· Purpose-bred dogs have been bred specifically for research.

· Random source dogs are obtained from any source that did not breed and raise the animals on their premise.

· Site visits to the vendor are important to ascertain quality and adherence to regulatory requirements.

Vendor Health and Genetic Considerations
· It is desirable to have SPF animals.

· Beagles are commonly bred due to their good behavioral characteristics, size, and other physical traits.

· Recognized genetic diseases in beagles include primary glaucoma, factor VII deficiency, and multiple epiphyseal dysplasia, other concerns include polyarteritis and idiopathic epilepsy.

Early Behavioral Development and Socialization: Recommendations for Vendors
· Early handling (between birth and weaning) has a pronounced effect on an animal’s basic temperament and future trainability; handling for only 3 minutes a day during this critical period has positive impacts.

· Programs should expose puppies to different noises, odors, enclosures, flooring, table surfaces, handling techniques, personnel, and restraint procedures.

· Puppies should develop trust in people.

· Designated playtime should be a part of any canine breeding program.  
Transportation to the Institution

· In an effort to minimize transportation related stress, the following is recommended:  plan ahead; follow guidelines and recommendations; have proper caging and facilities;, habituate dogs to transport caging prior to shipment; examine and observe the dogs before, during, and after transit; load animals into the cages and vehicles as close as possible to the departure time; and ensure that personnel are knowledgeable.

Newly Received Animals

· Newly received animals must be given time for stabilization and quarantine (if applicable).

Health and Preventative Programs

· Routine assessments should be made by the veterinary staff and would include physical exams, vaccinations, dental prophylaxis, parasite exams, and routine blood work.

Exercise 

· Consistent exercise program should be in place for all dogs but the program must take into account individual animals and situational differences.

· If dogs cannot be exercise according to an institution’s plan, the IACUC must approve a written exemption.

Enrichment

· The two primary sources of enrichment for dogs are interaction with people and manipulanda.

Nutrition, Feeding Regimens, and Weight Management

· Several characteristics must be taken into account when managing nutritional requirements of dogs including age, sex, breed, metabolic rate, size, activity, body weight, eating habits, etc.

· Dogs do adapt to one meal/day feeding.

Understanding the Role of the Stress Response as an Experimental Variable

· When a dog adapts positively to stress, it successfully modifies its behavior, metabolism, and physiology with an outcome that is positive for the animal.

· If the dog is unsuccessful in developing adequate responses to enable it to cope, the response can then become maladaptive and the dog can develop subsequent affective disorders, disabilities, dysfunctions, and/or diseases.  These developments can have significant study impacts.

· Common procedures and situations that can elicit fear or anxiety in laboratory dogs include cage changing, removal from a stable social group, modification of established maintenance routines, transportation, confinement in a strange setting, restrain, manipulations, wearing equipment, and association with previous negative experiences.
Acclimation and Training Programs

· The goals of an effective acclimation program are to ensure that animals are well adapted to the potential experiences and social interactions to which they will be exposed, thus enhancing the animals’ well-being and minimizing experimental variability.
· Adapting dogs to daily situations should be incorporated into daily and weekly routines.

· Dogs should be adapted to cage changing, feeding regimens, exercise, socialization with humans, basic handling and restraint.
Using Behavioral Modification to Enhance Canine Acclimation and Training
· Cynopraxis is the term used to describe a pragmatic process of training dogs that enhances the human-dog bond wile improving the dog’s quality of life.

· It is always preferable to train laboratory animals to cooperate during procedures and husbandry rather than to physically restrain them.
Choosing the Appropriate Dog for the Experiment

· It is advisable for investigators and veterinary staff to compile a list of acceptable (or unacceptable) physical, behavioral, and physiological criteria for dogs in a particular research protocol and to communicate this information to breeders or vendors before dogs are ordered.

Special Study Considerations

· Access ports (surgical implanted internal devices) can be repeatedly used for long periods and reduce the likelihood of infection compared with exteriorized catheters.

· Radiotelemetry is a method used for capturing physiological parameters.

· Staff training materials are available from a variety of sources including AALAS, LAWTE, and ILAR.

Questions:

1. Define cynopraxis

2. What are two advantages VAPs have over exteriorized catheter?

3. What does ILAR stand for?

4. Human handling, at a minimum of _________minutes a day, and exposing the animals to various mild environmental stressors, can be beneficial to puppies.

a. 60

b. 5

c. 3

d. 20

5. Define the difference between Class A and Class B Dealers.

6. What doe HPA stand for?

7. Name two hormones that are known to increase in dogs after transport.

8. Name two recognized genetic diseases in purpose-bred laboratory beagles.

Answers:
1. Cynopraxis = pragmatic process of training dogs that enhances the human-dog bond while improving the dog’s quality of life.

2. They can be repeatedly used for a long period of time and B. Have a lower likelihood of infection.

3. Institute for Laboratory Animal Research

4. c. 3

5. Class A dealers only sell animals that are bred and raised on the premises in a closed or stable colony and those animals acquired are for the sole purpose of maintaining or enhancing the breeding colony while Class B dealers have a business that includes the purchase and/or resale of animals.

6. hypothalamic-pituitary-adrenal

7. Cortisol and Corticosterone

8. Factor VII deficiency, primary glaucoma, multiple epiphyseal dysplasia
Ball.  Issues to Consider for Preparing Ferrets as Research Subjects in the Laboratory, pp. 348-357

Background Information
· Domestic or European ferret (Mustela putorius furo) has been domesticated for thousands of years and used in research since the 1900's

· Distinct from the indigenous black-footed ferret Mustela nigripes, but related to mink, otters, and weasels

· Order Carnivora, family Mustelidae

· Males - hobs, females - jills, young – kits
Research Uses
· Difficult to track numbers since classified as USDA "All Other Covered Species"

· Respiratory models

· Human influenza and Reye's syndrome

· Avian influenza H5N1

· SARS-associated coronavirus

· Cystic fibrosis - remarkable similarity with humans in lung morphology and physiology

· GI models

· Peptic ulcer disease - anatomic and physiologic similarity with human stomach, and have a Helicobacter sp. that produces gastritis

· Carotenoid metabolism

· Emetic potential of drugs
· Misc models

· Myocardial infarction, neural development and visual system studies (ferret neonates from timed-bred jills used for these studies), skeletal research, pediatric endotracheal intubation training, renal dz secondary to GI E. coli
Selection Criteria
· Intact females rarely used since prone to persistent estrus if not induced to ovulate; results in estrogen-induced bone marrow suppression

· Seasonal breeders, induced ovulators

· Grow rapidly - males are 2x the weight of females at 24 weeks of age

· Ferrets produced a musky scent, even if neutered and descented (anal sacculectomy)

· The natural color is sable (fitch)

· Individual ID is not USDA mandated but requested by investigators - use ear tags or microchips

· Should be vaccinated for canine distemper and rabies
Transportation
· Because they are social animals, preferable to ship groups of ferrets at a minimum of 5-6 weeks of age

· Time-bred jills should be shipped no later than 28 days of gestation (end of 2nd trimester)

· Grouped adult intact males may fight from the stress of shipping - they should be single housed

· Very sensitive to heat >85°F (30°C)

· Although open crates can be used, filtered containers will prevent exposure to human influenza virus
Husbandry and Care
· Lethargy and/or dehydration are medical emergencies

· During acclimation, can offer a moist gruel of standard chow softened with water or kitten milk replacer

· Rabbit caging can be adapted for ferret use; any grids must be less than 1x1 inch (2.5 x 2.5 cm) for adults and 1/2 x 1 inch (1 x 2 cm) for pre-weanlings

· Ferrets are fastidious about defecation, using the back corners preferentially on suspended grids; provide a litter box (train if needed) if using solid bottom caging

· Conversely, ferrets are playful and may waste food and water; use auto-watering or heavy crock bowls and J feeders for food; empty J feeder can be escape route if opening is > 1x1 inch

· Burrowing and hiding are species typical behaviors - provide an enclosure with solid bottom and sides +/- solid top; can use dog feed bowl, PVC pipe, ferret hammocks

· Choose toys carefully, as rubber toys can be easily chewed and swallowed in large pieces, producing intestinal obstructions requiring enterotomy or end-to-end anastomosis

· Group housing is best for their social nature, except for whelping jills and breeding hobs

· The staff should handle the ferrets frequently to acclimate them for research procedures; from personal observation, ferrets thoroughly enjoy group play time within a room – must "escape proof" the room before releasing ferrets (check drain covers, large conduits on walls, any openings)

· Ferrets will "screech" if fearful, but will "chuckle " or "chortle" if content and stimulated from play

· As obligate carnivores, require a high protein, high fat, low fiber, meat based diet; kitten food is OK but ferret lab chow is preferred; short intestinal tract with rapid (3 hr) transit time & simple GI flora; require 200-300/kcal/kg/day
Health Care
· Ferrets should be routinely immunized with a ferret-approved canine distemper vaccine and a rabies vaccine; for distemper, there are a modified live chick embryo vaccine and a recombinant canary pox vector vaccine; there are 2 versions of Imrab rabies vaccines approved for ferrets

· If anaphylaxis to the vaccines is observed, diphenhydramine pre-treatment can be used

· Normal parameters: temp 37.8-40.0° C, heart rate 200-400 bpm; resp rate 33-36/min

· A sleeping ferret may take 15-30 sec to fully rouse; shivering can be a normal excitement  response

· Ferrets normally ambulate with a highly arched back; if weakened or ill, they may carry themselves in a flattened position and appear ataxic

Common Diseases
· Canine distemper - multisystemic disease, nearly 100% fatal

· Human influenza - multisystemic but less morbidity and mortality vs. distemper

· Rotavirus infection in the first month of life may have high morbidity and mortality without treatment

· Corona virus (epizootic catarrhal enteritis, ECE) - causes mucoid enteritis more severe in older (vs. younger) ferrets

· Aleutian parvoviral disease - wasting disease or neurological disease with ataxia, paresis, or paralysis
· Helicobacter mustelae - GI dz of variable severity; presume that conventionally reared ferrets are positive; treatment is "triple therapy" - amoxicilllin, metronidazole, bismuth subsalicylate
· Lawsonia intracellularis (formerly Desulfovibrio) - proliferative colitis similar to syndromes in swine and hamsters; wasting with progressive weight loss, may respond to chloramphenicol
· Otodectes cynotis - ear mites; treat with topical ivermectin 

· Parasites - resistant to helminths, Coccidia and Giardia are usually subclinical, susceptible to heartworms but protected by ivermectin prophylaxis
· Common neoplasia - adrenal cortical hyperplasia/neoplasia (Cushing's) and insulinoma

· In older ferrets; thymic lymphosarcoma in younger (<1 yr) ferrets

· Splenomegaly causes - extramedullary hematopoiesis, anesthetic administration, lymphoid hyperplasia or lymphoma

· Polymyositis syndrome recently reported - fever, leukocytosis, hind limb weakness, death in ferrets <1 yr of age
Reproduction
· Long day photoperiod  (14 hrs light) is necessary for breeding; estrus is females is characterized by marked vulvar swelling; male readiness is characterized by enlargement and full descent of the testes

· Ovulation can be induced by breeding or GnRH or HCG; estrus should be observed for 7-10 days before artificially inducing ovulation

· Estrus > 3-4 weeks can lead to estrogen induced bone marrow suppression

· Pregnant females can be susceptible to pregnancy toxemia if they are anorexic
Whelping and Neonatal Care
· Gestation 41-42 days; parturition beginning <40 or >42 days has guarded prognosis for live offspring

· Whelp nest should be quiet and private during delivery and for several days after cross-fostering is simple since jills have strong maternal instincts

· Beta hemolytic E. coli mastitis can occur, producing illness in jill and kits

Weaning
· Kits are altricial; 8-10 g when born; eyes open at ~30 days of age

· Rapid growth rate - at weaning at 6 weeks of age, both sexes are ~ 250 g

Handling and Restraint
· May be picked up with 1 or 2 hands around the thorax

· Can scruff for more complete restraint - expect a yawn when scruffing

· Also can hold with face hidden in crook of the arm for carrying

· For blood samples > 1 mL, use jugular or cranial vena cava

· For smaller samples, injections, or catheters, use cephalic or lateral saphenous veins; VAP use has been described

· Limit fasting to <3 hrs due to rapid intestinal transit time

· Protect from hypothermia while sedated/anesthetized

· Euthanasia is commonly performed with barbiturate overdose while sedated or anesthetized

No questions or answers were provided with the summary.

Smith and Swindle.  Preparation of Swine for the Laboratory, pp. 358-363
Systems for which the most common biomedical models in swine exist are:

         Cardiovascular

                 myocardial infarction

                 heart failure

                 atherosclerosis

                 vascular grafts (neointimal hyperplasia)

                 interventional devices

                 pacemakers

                 biomechanical heart valves

         Digestive

         Integumentary

                 plastic & reconstructive surgery

                 transdermal toxicology

                 wound healing

         Renal

                 intrarenal surgery

                 intrarenal reflux

                 hydronephrosis

                 renal hypertension

Common breeds of minipigs used in biomedical research include Yucatan mini (20-30 kg) and micro (14-20 kg), Hanford (25-40 kg), Sinclair (16-22 kg), and Gottingen (10-14).

Common domestic farm breeds used in biomedical research are the Duroc, Yorkshire, Landrace, and crossbreeds, all of which reach weights of 100-110 kg by 4 months of age.

The term Specific Pathogen Free has an exact commercial definition in swine relating to the elimination of diseases and parasites responsible for poor growth rates for meat production. SPF pigs are monitored at slaughterhouses by gross examination and not by culture & histology.

Transportation of swine is stressful often resulting in as much as 10% body weight losses and stress-induced diarrhea and respiratory disease. Pigs should be conditioned for approximately 1 week prior to use in chronic protocols such as survival surgeries.

Prior to interstate shipping of swine they must be certified as originating from brucella- and pseudorabies-free herds and be accompanied by a health certificate.

During shipment of swine ambient temperatures should be maintained at 45-75 degrees Fahrenheit.

When group housed swine form social hierarchies. Dependant upon pen size, group housing of pigs should not exceed 10-15 individuals.

Adult boars are characteristically solitary, therefore individual housing is appropriate.

If fed ad libitum laboratory swine become obese, therefore restricted feeding is necessary.

Laboratory swine spend 70-80% of their time lying or sleeping and are relatively insensitive to noise.

Group housing of post-operative swine is strongly discouraged due to the tendency for increased aggression during this period.

Questions:

1)
The swine heart is morphologically similar to the human heart except for the presence of the ___   _______ vein, which contains systemic blood from the intercostal vessels and enters the coronary sinus.

2)
Because swine have a myocardial blood supply and conduction system similar to 90% of the human population and have little collateral circulation they serve as excellent models for __________  __________ and arrhythmias.

3)
The blood supply, glands, and structures of the integument of pigs are similar to humans except for the relative absence of _____  ______.

4)
True/False:  In selecting swine breeds for anesthetic protocols Landrace and Pietrain are recommended due to their resistance to malignant hyperthermia.

5)
In the wild swine form a social dominance order within each group of females and their young known as ________.

6)
True/False:  When provided with enrichment items swine rarely utilized them prior to marking them with urine and feces.

Answers:

1) 
Left azygous
2) 
Myocardial infarction

3) 
Sweat glands

4) 
False - Landrace and Pietrain pigs are genetically predisposed to malignant hyperthermia

5) 
Sounders

6) 
False - Effective sanitation is essential for all enrichment items because pigs will avoid them if they become soiled

http://www.wiseacre-gardens.com/buttons/pics/sounds/porky10.wav
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Obernier and Baldwin.  Establishing an Appropriate Period of Acclimatization Following Transportation of Laboratory Animals, pp. 364-369
Information given in this article is based partially on the recently published ILAR report Guidelines for the Humane Transportation of Research Animals (NRC  2006).

Transportation Stress and Physiological Changes
Stress is the biological response that animals exhibit in response to stimuli (stressors) that disrupt their homeostasis.  Long lasting or severe stress that the animal is unable to adequately adapt to generally results in adverse consequences.  Transportation involves physiological, physical and psychological stressors.  Examples include temperature changes, limited access to food, exposure to novel environments, exposure to noise, vibrations, and unusual restraint.

Physiological Changes in Agricultural Animals Following Transportation

Catecholamines are resulted by animals in response to stress.  These releases of adrenaline and norepinephrine correspond to elevated heart rates, increased blood glucose concentrations. Transportation also activates the hypothalamic-pituitary-adrenocortical axis which leads to the release of glucocorticoids.  Release of glucocorticoids has a significant impact on the immune system resulting in alterations of lymphocyte and leukocyte counts (variations dependent on species).  Animals also respond to stress by reduction in food and water intake.  This results in weight loss.  NEFA (nonesterified fatty acids) and beta hydroxybutryate (B-OHB) are elevated in the blood of transported animals due to the breakdown of mobilized triglycerides. These same physiological changes have been observed in rodents, rabbits and dogs.   Glucocorticoid concentrations increase for 1-2 days; body weight decreases,  and the immune system appears to be suppressed for up to 48 hours.
Acclimatization Following Transportation
Limited documentation suggests that the effects of stress induced physiological changes from transportation are short lived.  Given the nature of the research conducted and the known effects of transportation related stress, one should use these factors to determine the need and length of acclimation.  Most physiological changes take 1 to 7 days to normalize.  Reproductive normalization can take up to 1 month following transport.

Additional factors to consider when allotting an acclimatization time include the intensity and duration of stress, the age, genotype, health status, and previous experience of the animal; and allometric differences.  The longer the duration of transport the greater weight loss and time to recover to normal.
Smaller animals with a greater daily required caloric intake become stressed more quickly, dehydrate easily which lead to larger or longer lasting stress responses.

Questions

1. 
What is the timeframe for normalization of physiological changes that resulted from transportation associated stress?

2. 
The immune system is not impacted by transportation in rodents   T/F

3. 
Animals release _________________ in response to stress.

4. 
Acclimatization time should be based on what factors?
Answers
1.
1-7 days

2.
F

3.
Catecholamines

4.
Length of travel, genotype of animal, age of animal, type of research to be conducted, allometrics, and health status of animal
Schapiro and Everitt.  Preparation of Animals for Use in the Laboratory: Issues and Challenges for the Institutional Animal Care and Use Committee (IACUC), pp. 370-375
IACUC members are faced with a multitude of challenges when determining the appropriateness of animal model selection for the proposed research.  The IACUC functions as the intermediary between the institutional animal care and use program and its animal based research program. The IACUC performs a fine balancing act during reviews of animal use protocols in order to give full consideration to both animal welfare issues and research goals. In terms of animal preparation, IACUC members are concerned with: selection of healthy animals, subject preparation upon arrival to the animal facility, facility animal care and welfare program and preparation of animals for experimental use.
High quality animals with minimal inter-animal variability can be purchased from reputable commercial suppliers. Facility specific standard operating procedures for transportation, receipt and acclimation of animals further reduces transition stress on the animals destined for research, and thus minimize impact of a potential experimental variable.
Ultimately, optimization of the quality and use of animal subjects in order to generate reliable, reproducible data is a goal towards which all animal based researchers strive. Ideally, a high quality animal that requires minimal pre experimental preparation will not play a significant role as a confounding variable. 
Animal model selection hinges on the researcher's objectives, and the numbers of animals requested dependent on study design. Determining the actual numbers required to answer the research questions is often left to the expertise of a biostatistician, many of whom are members of the IACUC. One way reduction of numbers of animals used can be accomplished is by minimizing inter animal variability.
An early step in the animal preparation process is determining an appropriate acclimation period for any given individual. There is no absolute duration applicable for all subjects, and depends on the species/strain in question, the "quality" of animals to be used, the degree of transition experienced (e.g. going from group to solitary housing) and the ability of an animal to adapt to a new situation. An ideal acclimation period is one in which consideration is given to both health monitoring and behavioral conditioning, and where at the onset of the experiment, baseline values (physiologic/behavioral) are indicative of species typical responses. For instance, unpredictable and negative experiences can be often be changed/modified into predictable and positive ones during the acclimation period by using habituation and/or desensitization, creating a more stable research model and hence, more meaningful data. Training of animals during this period can also ease data collection (e.g. conscious blood collection in monkeys).
The IACUC must be cognizant that some researchers will be unwilling to alter the pre experimental regime for their animals, as this may also be a confounding variable. For experiments in which the impact of standardized animal preparation procedures remains undetermined, professional judgment and flexibility must be exercised.
No questions and answers were given with this summary.

