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OVERVIEW

Fitts. Ethics and Animal Numbers: Informal Analyses, Uncertain Sample Sizes, Inefficient Replications, and Type I Errors, pp. 445-453

SUMMARY: This review paper provides important information regarding appropriate methods to perform power analysis, identify and avoid type I and II errors and determine animal numbers and sample sizes for Institutional Animal Care and Use Committee protocols.  The article provides applicable information for investigators developing protocols for IACUC approval, as well as for IACUC members reviewing protocols for power and ethical use of animal numbers. The IACUCs in the United States, must assure that the numbers of animals proposed for use in scientific experiments are justified and reasonable. Ways to reduce the number of animals include rational selection of group size, careful experimental design, maximizing use of each animal, minimizing loss of animals and statistical analysis. The investigator must justify, and the IACUC must approve, all animal numbers proposed. Requesting animal numbers in stages can increase the rate of type I errors if the pilot animals actually are included in the main study.

Power and Type I or Type II Errors: Statistical analysis of an experiment, to biomedical and biobehavioral researchers, is the null hypothesis significance test. A significance test involves the statement of a ‘null’ hypothesis that there is no effect of a treatment or no relationship between the variables in the population. A statistic is calculated from the data and assigned a ‘P value’. The P value is the probability of obtaining a statistic as extreme or more extreme when the null hypothesis is true. If the P is less than a sufficiently small value, called alpha (for example, 0.05),  one can ‘reject the null hypothesis’ and conclude that there is an effect or that there actually is a relationship between the variables. Alpha is the probability that the null hypothesis will be rejected when the null hypothesis is actually true; known as a type I error or ‘false discovery.’ P value indicates the likelihood that one could find a significant result in an exact replication. It does not provide any information about how large or important a difference or relationship is. Power is the probability that a null hypothesis will be rejected if there is a difference or relationship in a population. It is calculated directly if the population parameters are known i.e. means, standard deviations, and correlations. Power is directly related to sample size, so larger sample sizes will increase power. Type II error occurs when one fails to discover a significant effect when the null hypothesis is false.

Selection and Usage: Using a ‘loose’ alpha such as 0.10 may give more power to the test and require fewer subjects, but doing so increases the probability of a type I error. The customary choice of 0.05 for alpha is based on balancing the likelihood of type I errors with that of type II errors. A decrease in one type of error increases the rate of the other type of error. A priori power anywhere from 50% to 95% is fairly common. Some investigators set both type I and type II errors very low (for example, 0.01 or 0.05). But the only way to reduce both errors is to increase the sample size greatly. Again P value does not discriminate between meaningful and trivial differences. Animal experiments that are designed to be so powerful that they detect even trivial differences are wasteful of animals.

What Is an A Priori Power Analysis and When Is It Appropriate?

Power Analysis: Investigators may explain that power analysis is not appropriate on their IACUC protocols because they won’t know means and standard deviations of their data until they have conducted the test. Means and standard deviations are needed to calculate power or sample size. Actual means and standard deviations are required for a post-hoc power analysis. IACUC needs an a priori power analysis.  This is calculated using estimates for the means and standard deviations. An a priori analysis is always possible if a significance test is planned; accuracy of analysis depends on accuracy of the estimates. An a priori power analysis is a formal means of communicating information across disciplinary boundaries about the anticipated effect sizes and necessary sample sizes in a way that can be understood by all. Investigators need to use the best available evidence based on personal experience and the literature to give a detailed explanation of how they determined their sample sizes. If an experiment has been published previously, or if pilot data are available, the standard deviations from those can be used to estimate sample size for the next experiment. Effect size should be based on the minimal effect that would be considered important instead of the effect size that has been observed in the past. Experiments should be powered to detect any meaningful effect and the power value should be selected so the probability of detecting less interesting effects is low. IACUC should ask investigators to alter sample size when an experiment is either underpowered or overpowered. The power value should be high rather than low. Power in an experiment should be based on science and logic rather than cost or expediency. A power curve has a steep slope in the low-power end and a shallow slope at the high-power end. Value of each additional subject diminishes rapidly at the high power end of the distribution.  When previous data from a nearly identical experiment are available, a power analysis will give a strong estimate of the sample size required.  If one plans to use null hypothesis significance testing to analyze the experiment, the power of the statistic will be estimable to some degree, and a power analysis to determine sample size will be possible.  If the investigator does not plan to use null hypothesis significance testing to analyze the experiment, it is not appropriate for the IACUC to request a power analysis. 
Pilot Study: As the amount of prior information in a power analysis declines, so does confidence in the power analysis as an indicator of appropriate sample size.  When the foundation for a power analysis is weak, and the investigator suspects that a large number of animals will be required to conduct an experiment, the investigator may request animals for a pilot study instead of a full study. Pilot studies are recommended by regulatory bodies such as the OLAW. Data from the pilot animals will then be used to conduct a power analysis with a stronger foundation.  IACUC may request a pilot study when many animals are likely to be involved and the sample size is uncertain. If the only point of a pilot study is to determine an optimal sample size, its use can actually waste animals and waste becomes more significant if the ‘pilot’ study involves a third to a half of all animals used. 

The Fixed-Stopping Rule and Its Abuse: Null hypothesis significance tests were intended to be conducted using a fixed-stopping rule. The fixed-stopping rule is based on a set of probabilities with the critical assumption that one will never conduct more than one test. Claiming a ‘marginally significant effect’ or a ‘trend toward’ a significant effect is not accurate because ‘trend analysis’ has a specialized meaning, and a trend is either significant or not significant. These phrases shouldn’t be used without citing means and standard deviations and the actual obtained P value for the test. Testing with successively larger sample sizes until one finds a P value less than 0.05 is excellent for detecting effects if they do exist, but is also excellent for detecting effects if they do not exist. This successive procedure has high power and is efficient in the use of subjects. If the null hypothesis is true and there is no effect of the treatment in the population, the rate of type I errors increases rapidly. If a significant effect emerges with this procedure, the actual rate of type I errors in the experiment may be unknown.
Effects of Sequential Sampling: With the fixed-stopping rule, sample size must be determined in advance, and all of the data for all subjects must be collected before the statistical test is conducted at the end of the experiment. To add additional sample size at this stage is incorrect, doing so will greatly increase the probability of a Type I error. Increased type I errors confuse the literature and waste animals.
How Can an Investigator Assure that No More Animals Will Be Used Than the Number Necessary to Produce Significance? Some investigators need to use more animals than a power analysis would suggest so the confidence interval for the obtained effect size will achieve their scientific goals. Increased accuracy is necessary as a part of the rationale for animal numbers in the IACUC protocol. 

Simple methods are available to estimate the sample size required producing a confidence interval of a certain width and these methods will help to assure that the experiment uses the minimal number of animals to achieve this scientific goal. If a null hypothesis test is appropriate for the experiment, a number of methods of varying validity can be used to determine sample size including: 1) always using same sample size for the same type of study; 2) using same number of animals used by other investigators in a published paper on the same topic; 3) conducting a power analysis; 4) conducting a pilot study; and 5) testing sequentially with increasingly greater sample sizes until the result becomes significant. This last method is the only method that can assure that no more animals than necessary will be used.  The fixed-stopping rule without sequential sampling makes it difficult for an investigator to assure the IACUC that a minimal number of subjects will be used to produce significance unless the actual effect size observed in the data is very close to the effect size that was used in the power analysis. This process is inefficient.  Statisticians favor the publication of parameter estimates and confidence intervals instead of null hypothesis significance tests for this reason. Null hypothesis significance tests are used widely in the biomedical literature. Investigators like the null hypothesis test as a decision-making tool for drawing a definite conclusion from a study concerning the existence and direction of an effect. Its use with the fixed stopping rule makes it difficult to establish a minimal necessary sample size.

How Many Times Must a Successful Experiment Be Replicated to Assure that Results Are Repeatable without Wasting Animals?

Probability of Replication: Replication is a key part of the scientific method. If the goal is to demonstrate that an effect is likely to be repeated significantly in an exact replication, an investigator can adjust the alpha of an experiment to a much more conservative level, for example 0.005 instead of 0.05. But using 0.005 as one’s level of significance in traditionally analyzed experiments with the fixed-stopping rule can lead to an enormous waste of subjects. 
Independent Replications: No matter how rare a P value is in an experiment, it may be necessary to conduct an independent replication in some types of experiments to demonstrate that the effect survives changes in variables. An independent replication will assure that another investigator will be able to replicate the effect. A P value is also an indicator of the probability that an exact replication will be significant. 

The obtained P in an experiment is the best estimate of the mean and median of all P values in the population of identical experiments. If P is less than 0.005, the result is already highly likely to be replicated; actual replication is probably not necessary and may waste animals. If, instead, P is approximately equal to 0.05, a replication is a good idea to assure that the probability of replicating the result is better than 50:50. When independent replications are conducted, all replications should be reported in the scientific publication. Report the average across all of the replications instead of reporting a single test that is ‘representative’ of several tests; the average of all observations is likely most ‘representative’ and avoids bias. Independent replications that are conducted identically do not have identical results. (1) The first experiment may have been a type I error; (2) the second experiment may have been a type II error; or (3) subtle and uncontrolled but differences existed between the procedures. A discrepancy between replications is a good reason for adding sample size. 
‘Three Times’ Rule: The investigators may justify their group sizes with a power analysis using 80% to 95% power and then multiply total number of animals by 3 for their request. No journal requires a certain number of replications. Journal’s reviewers may insist on and perpetuate the ‘three times’ rule.  The ‘three times’ rule may be a good practice when presenting semi-quantitative data. When the data are quantitative and are associated with probability values for type I and type II errors for each test, the ‘three times’ rule can be excessive. Some experiments may require additional animals to identify the dose or refine the procedure. These are not replications. 

Sequential-Stopping Rules (SSR): Variable-criteria SSR uses computer simulations  to determine the criterion P values for many different starting and stopping sample sizes for small-sample research problems.  Sequential sampling is a technique for detecting significant effects if they actually exist. Incorrect sequential sampling detects too many significant effects when the null hypothesis is true. A correct use of SSR takes advantage of the benefits of sequential sampling and controls the tendency to inflate type I errors. SSR are efficient with sample size, because the testing begins with a relatively small number of subjects and stops when significance is achieved. On average, this process will use fewer subjects. With large sample sizes and large effect sizes, the SSR uses as many as 30% fewer subjects than does the fixed-stopping rule. SSR are particularly effective when the size of the anticipated effect is unknown.  SSR converts a pilot study into a main study without increasing type I errors.  Every SSR study begins with a pilot study and proceeds to a full study if results are promising. All of the animals required for the full study can be requested in the initial IACUC protocol. When used with the SSR, the experiment may be stopped early if the null hypothesis is true without using all animals allocated to the experiment.
Conclusion: A pilot study or a power analysis used with the fixed stopping rule can actually use unnecessary numbers of animals under some circumstances. Power analysis applies to null hypothesis significance tests, and significance tests are not always the most appropriate statistical analysis. Replication is an important part of science, but can waste animals. Null hypothesis experiments with extremely small P values are far less likely to require replication than are experiments with P values near the selected alpha (for example, 0.05). Sequential sampling and testing for use with significance tests may minimize animal use in experiments because it is powerful, flexible, and more efficient with animal subjects than is the fixed-stopping rule.  An SSR such as the variable-criteria SSR can be used to exploit the assets of sequential sampling without inflating type I errors. SSR can require up to 30% fewer animals than the fixed stopping rule with the same amount of statistical power, and it can be used to ensure that experiments are repeatable and significant without unnecessary animal use.
QUESTIONS:
1. 
T/F An obtained P value of less than 0.005 in an experiment means there is an 80% chance that an exact replication will be significant at the 0.05-level. 

2.
Independent replications that are conducted identically may not have identical results, if: 

a. 
Subtle and uncontrolled but critical differences existed between procedures

b. 
The first experiment may have been a type I error

c. 
The second experiment may have been a type II error

d. 
All of the above

3. 
Which of the following statements is false?

a. 
Type I error is when rejection of the null hypothesis when it is true.

b. 
The fixed-stopping rule is based on a set of probabilities with the assumption the researcher will conduct more than one test.

c. 
An a priori power analysis is a formal means of communicating information across disciplinary boundaries about the anticipated effect sizes and necessary sample sizes. 

d. 
Type II error is when one fails to discover a significant effect when the null hypothesis is false. 

ANSWERS:
1. 
True

2. 
d 

3. 
b
ORIGINAL RESEARCH

Biology

Hayward and Lien. Echocardiographic Evaluation of Cardiac Structure and Function during Exercise Training in the Developing Sprague-Dawley Rat, pp. 454-461
Domain 3: Research; Task 3.3: animal models including normative biology relevant to the research 
Primary Species: Rat (Rattus norvegicus)
SUMMARY: Because rats are a popular model in cardiovascular research and in studies investigating physical activity, the authors sought to characterize cardiac structure and function in growing SD rats and investigate effects of exercise on these parameters. They hypothesized that exercise training during development would cause maturation changes in the heart. Male 21-day-old SD rats were assigned as non-exercise (NEX, standard caging) or voluntary exercise (VEX, running wheel in cage). Echocardiography was performed at baseline and then weekly for 12 wks. 

VEX rats showed progressively increasing running behavior until week 9 when this behavior declined through week 12, then plateaued. This increase and later decline is thought to be due to running behavior being driven by the level of novelty or complexity (i.e. the rats got bored). Growth curves were similar for both groups except at weeks 9 and 13-15, where VEX rats weighed significantly less than NEX rats. Chronic exercise resulted in no change in cardiac morphology or function. With 19 echocardiographic variables at 13 time intervals, there were 247 possible comparisons between the two groups, but only 6 sporadic significant differences (not consistent variables or timelines). These findings agree with several studies in mature rats.

The authors discussed literature on voluntary wheel running and forced treadmill running in adult rats; neither has been shown to affect cardiac morphology or function, though treadmill running has been shown to increase MAP, HR, and mesenteric blood flow compared to wheel running. Weekly sedation for echo in this study did not appear to adversely affect rats, as the growth curves of NEX rats closely followed that reported by the vendor. Interventions known to cause changes in cardiac structure and function in SD rats include ischemia-reperfusion injury, hypertension, and anthracycline exposure.

QUESTIONS:

1.
Wheel-running behavior in rats has been shown to cause cardiac functional and structural changes in:

a.
Adults

b.
Growing rats

c.
None of the above

2.
Rat models of impaired cardiac structure and function include:

a.
Doxorubicin administration

b.
Ischemia-reperfusion injury models

c.
Goldblatt model of hypertension

d.
SHR strain (spontaneously hypertensive rat)

e.
All of the above

3.
Myocardial degeneration frequently affects aged SD rats. All of the following are characteristics of this lesion except ____.

a.
Interstitial fibrosis

b.
Mononuclear cell infiltration

c.
Often associated with cardiac insufficiency

d.
Most often affects the left ventricle

ANSWERS:

1.
c
2.
e
3.
c
Williams-Fritze et al. Fructosamine Reference Ranges in Rhesus Macaques (Macaca mulatta), pp. 462-465


Domain 1:  Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task T3.  Diagnose disease or condition as appropriate.

Primary Species: Macaques (Macaca spp.) 

SUMMARY: Naturally occurring diabetes mellitus (DM) is common in several species of Old and New World non-human primates.  Reference values for fructosamine are available for woolly monkeys (Lagothrix lagotricha), cynomolgus monkeys (Macaca fascicularis) and stumptail macaques (Macaca arctoides); this article presents fructosamine reference values for the rhesus macaque.

Fructosamine is a serum glycated protein formed by the attachment of glucose to serum albumin and has a half life 14 to 20 days so a single measurement reflects the glycemic control over the preceding 2 to 3 weeks.  The overall range of fructosamine in rhesus macaques in this study was 157 to 230 umol/L which is similar to published values for humans and cynomolgus monkeys.  Values were higher in males and monkeys over 10 years of age but there was enough overlap so these differences were not clinically significant.

Diagnosing DM in NHPs can be challenging for a number of reasons which makes fructosamine a valuable tool when used in conjunction with clinical signs, age, body condition and other lab tests such as urinalysis and serum chemistries.  When measured with blood glucose, fructosamine levels can allow for more rapid diagnosis of DM and therefore more rapid clinical intervention and treatment.

QUESTIONS:

1.  Fructosamine provides a more consistent assessment of glycemic control than does blood glucose alone for the following reason(s):
a.  
It represents a snapshot in time and is not affected by stress or other illness.

b.  It represents an average blood glucose level for the 2 to 3 weeks preceding sample collection

c.  It is unaffected by recent food intake thus eliminating the need for pre-sample fasting

d.  
a and b 

e.  
b and c 

2.  Early diagnosis and clinical management of DM in NHPs can be complicated by the following:

a.  
Polyphagia, polydipsia and polyuria may go unnoticed based on husbandry practices

b.  
Obtaining urine samples to test for glucosuria can be difficult

c.  
Hyperglycemia is an inconsistent finding and not specific to DM

d.  
All of the above 

e.  
a and c 

3.  T or F:  Fructosamine is formed by the attachment of glucose to serum albumin and therefore affected by blood loss. 

ANSWERS:

1.  
e.  a is not true because it represents 2 to 3 weeks, not a snapshot like a single blood glucose

2.  
d

3.  
False. It is not affected by blood loss.   

Reproduction

Parker et al. Effects of Multimodal Analgesia on the Success of Mouse Embryo Transfer Surgery, pp. 466-470

Task 3: Provide Research Support, Information and Services; K2 Normative biology

Primary Species: Mouse (Mus musculus)

SUMMARY: This article presents an examination of the effects of multimodal analgesia on the reproductive efficiency of mice following embryo transfer.  Crl:CD1 female mice were implanted with mouse embryos via laparotomy and then treated with either buprenorphine alone or buprenorphine and carprofen.  Experimental parameters include number of live births per embryos implanted (yield) and number of wean mice per dam (birth rate).  Experimental results found no statistical difference between animals receiving buprenorphine alone versus animals receiving both agents, indicating that multimodal analgesia in the form of combining opioid and non-steroidal anti-inflammatory agents did not negatively impact the ability to produce live mice via embryo transfer while also using an enhancement to analgesia.  This paper did not attempt to determine effectiveness of analgesia in treated animals. Nor did it compare multimodal analgesia to carprofen alone, although such research has been previously reported.

QUESTIONS:

1. Define multimodal analgesia

2. What drug class is each of the following anesthetic or analgesic agents in?

a. Isoflurane

b. Carprofen

c. Buprenorphine

d. Xylazine

e. Ketamine

ANSWERS:

1. Multimodal analgesia is the practice of using 2 or more analgesic agents of different classes to enhance analgesia while reducing individual dosages and/or minimizing negative side effects.

2. a.
Isoflurane: volatile inhalant anesthetic

b. Caroprofen: non-steroidal anti-inflammatory 

c. Buprenorphine: opioid analgesic (partial mu agonist)

d. Xylazine: alpha-2 agonist

e. Ketamine: dissociative anesthetic

Luo et al. Superovulation Strategies for 6 Commonly Used Mouse Strains, pp. 471-478

SUMMARY: Superovulation is a technique widely used in transgenic facilities to reduce the number of animals used, by enabling greater oocyte production from a single female donor. The authors cited studies and experience to show that the response to superovulation protocols varied depending on the strain of the female donor. They also indicate that although these studies noted strain differences, few authors have attempted to optimize the superovulation protocols for different strains, and thus this was the intent of this study. The study examined different weight ranges and hormone dosages to determine superovulation protocols for 6 mouse strains commonly used in genetic engineering: C57BL/6NHsd, B6(Cg)-Tyrc-2J/J, B6D2F1/Hsd, FVB/NHsd, BALB/cAnNCr, and Cr1:CD1(ICR).

Mice from each strain were divided into groups based on weights corresponding to those of 3-, 4-, 5- and 6-week old mice. Mice were treated with 5 IU of PMSG and 5 IU of HCG (approximately 48 hrs after PMSG injection). Immediately after HCG injection, female mice were mated 1:1 to male mice of proven fertility and the same strain. The day after mating, all female mice were euthanized and oviducts were collected.

The following weights and ages were determined to produce the highest number of oocytes per strain:

· C57BL/6NHsd – 14.2 g or less  or 3 and 4 week old mice

· B6(Cg)-Tyrc-2J/J  – 13.7 g or less or 3 and 4 week old mice

· B6D2F1/Hsd – 6.0 to 9.9 g or 3 week old mice

· FVB/NHsd – 14.5 to 16.4 g or 5 week old mice

· BALB/cAnNCr  – 14.8 g or less or 3 and 4 week old mice

· Cr1:CD1(ICR) – 23.5 g or more or 6 week old mice

The authors then compared PMSG dosages of 5 and 2.5 IU per mouse and determined whether 2 doses of PMSG one week apart improved the number of oocytes produced. C57BL/6 responded best with 2 doses of 5 IU of PMSG; B6(Cg) mice produced the most oocytes with one dose of 2.5 IU PMSG; the remaining strains responded best with one dose of 5 IU PMSG.

QUESTIONS:

1. 
The use of superovulation to increase oocyte production yield for experimental purposes was first described in what year? It was subsequently expanded on in what year following?

2.  
Which hybrid strain was shown to be the most responsive to superovulation just after weaning?

 

ANSWERS: 

1. 
1956 and 1971

2.
B6D2F1

 

Husbandry
Rasmussen et al. Cage Change Influences Serum Corticosterone and Anxiety-Like Behaviors in the Mouse, pp. 479-483
Task 2: Prevent, Alleviate, and Minimize Pain And Distress 
Task 3: Provide Research Support, Information, and Services 

Primary Species: Mouse (Mus musculus)


SUMMARY: Historically cage change has been used to create a model of hypertensive stress in mice, and multiple studies have demonstrated a correlation between cage change and physiologic stress responses in rodents. Cage change most often takes place during the light phase of the light:dark cycle, at a time when mice are less active or resting. Animal husbandry staff manipulates or handle the mice during the cage transfer process. After cage transfer, the new clean cage micro-environment no longer contains the urine scent markers or pheromones mice use for social identification and hierarchical perception. Male mice respond with increased activity levels and fighting, and breeding mice have been reported to have increased pup mortality and a higher incidence of cannibalism after cage change. The authors designed a 2-part study to further examine the effects of cage change on the physiology and behavior of C57BL/6 male mice. The study assessed 3 different cage-change handling techniques: handling with forceps, gentle handling with gloved hands, and a passive transfer technique. Depending on their experimental group, mice were either transferred to a clean cage, with no residual pheromones or urine scent markers, or mice were returned to their original dirty home cage. Part one of the study evaluated serum corticosterone levels at 15 and 60 min after cage change. The second part of the study used 2 behavioral tests (the open-field test on day one after cage change and elevated-plus maze on day two after cage change) to assess anxiety-like effects of cage change on behavior. Active handling methods and transfer to both clean and dirty cage micro-environments significantly increased serum corticosterone 15 min after cage change. However, at 60 min after cage change, levels were comparable to those of unmanipulated mice. 

Mice transferred to clean and dirty cage micro-environments both demonstrated a transient increase in serum corticosterone levels. However, serum corticosterone levels did not differ statistically between clean and dirty bedding transfer groups. Thus, the transfer process itself increased corticosterone levels. Transfer methods that involved active handling of mice, whether with forceps or gloved hands, induced significant increases in serum corticosterone levels at 15 min after cage transfer. In contrast, the serum corticosterone levels of the minimally handled, passive transfer group were lower and did not differ statistically from that of the unmanipulated control group. Although the physiology of the mouse may normalize shortly after cage change, alterations in behavior may persist. Differences in anxiety-like behaviors were detected in the open-field test when it occurred on the same day as cage change. These effects were present in all experimental groups of mice handled or manipulated for cage change, regardless of whether the cage-change method significantly altered serum corticosterone levels. The behavioral effects of cage change are not long-lived, as shown by testing for anxiety-like behavior at 2 d after cage change. Behavioral testing in the elevated plus maze indicated no residual behavioral effects.

QUESTIONS:
1. 
True or False. Multiple studies have not demonstrated a correlation between cage change and physiologic stress responses in rodents

2. 
True or False. The transfer process itself increased corticosterone levels but serum corticosterone levels did not differ statistically between clean and dirty bedding transfer groups
3. 
True or False. Active handling methods and transfer to both clean and dirty cage micro-environments significantly increased serum corticosterone 60 min after cage change
4. 
True or False. The behavioral effects of cage change are not long-lived, as shown by testing for anxiety-like behavior at 2 d after cage change

ANSWERS:
1. 
False

2. 
True

3. 
False

4. 
True

Heiderstadt and Blizard. Increase Juvenile and Adult Body Weights in BALB/cByJ Mice Reared in a Communal Nest, pp. 484-487

Domain 4: Animal Care

Primary Species: Mouse (Mus musculus)

 

SUMMARY: This article tests the theory that by mimicking nature, and raising mouse pups in a community like environment, overall health and development will be improved.  They compared the development of a cage/nest of one dam and her litter raised alone to a cage/nest of 3 dams and their litter raised together.  In nature, pups raised in this fashion will nurse off of any of the dams.    

            
The authors compared body weights, food & water intake, and body composition between the two groups.  Mice raised in the community setting demonstrated more robust juvenile growth rates than those in the single dam litters.  There was no difference seen in the 48hr food & water intake measurements or the body composition measurements.  There are several hypotheses that exist to explain why communal nesting might be preferred by mice and other species.  These revolve around promoting successful adult cohabitation in the wild and also promoting the highest rates of survival for pups.  Interestingly, one reference studied communal nesting in a situation where multiple litters and dams were raised in the same enclosure with excess space and nesting area.  Rather than spread out and each litter/dam having its own nesting area, the dams still chose to raise their litters together in a community like setting.  

 

QUESTIONS:

1. What is body composition and how is it measured?

2. How much floor space is recommended for a dam and its litter according to the Guide for the Care and Use of Laboratory Animals?

3. What is the normal amount of food consumption in a day for an adult mouse according to the Blue Book?

 

ANSWERS:

1. Body Composition is the total lean : total fat ratio measured by quantitative MRI.

2. The Guide recommends 51 square inches for a female mouse and its litter.

3. The Blue Book mentions 5g/day as food consumption for an 8 week old mouse.

 

Yan et al. Effects of the Physical Form of the Diet on Food Intake, Growth, and Body Composition Changes in Mice, pp. 488-494 
 

Primary Species: Mouse (Mus musculus)

SUMMARY: This study investigates the effects of feeding powdered vs. pelleted diets on C57BL/6 mice. Beginning at 3 weeks of age, mice were fed either AIN93G diet or an isocaloric modification of AIN93G containing 25% wheat, both for an 18 week period. In the first experiment, the animals were placed in 4 groups each receiving either diet in a pelleted or powdered form fed ad lib. In the second experiment, in order to rule out a difference in caloric intake between the pelleted and powdered diets, mice were pair-fed the ad libitum level of food intake of those fed the pelleted diets. Body weights were taken weekly, feed intake and fecal excretion assessed daily for pair fed animals. Body composition was assessed 1 wk prior to the end of the experiment using Quantitative Magnetic Resonance and abdominal organs collected at the termination of the experiment. Plasma obesity related cytokine expression was analyzed using mouse obesity proteome profile array, and insulin, leptin and adiponectin were assessed using sandwich ELISA assays. Caloric content of the feed was quantified using bomb calorimetry and caloric intake calculated based on dietary inputs and outputs. Gastrointestinal transit time was assed using chromic oxide as a nondigestible, nonabsorbable marker. 

   

Mice fed the powdered diets showed greater increases in body weight starting from 2 weeks of feeding. At the end of the study, animals on the powdered diets showed an approximately 85% increase in the fat-mass:body mass ratio and a 2-fold increase in the abdominal fat-weight:carcass-weight ratio. The physical form of the diets also affected plasma concentration of insulin, with animals fed a powdered diet showing an 11% increase. Leptin levels were 4 fold higher in this group and adiponectin was diminished by 35% compared to animals fed the pelleted diet. Gastrointestinal transit time did not differ, however feed intake was greater for animals fed the powdered diet (11% greater for AIG93G and 16% for the wheat diet) than pelleted. 

            
These results demonstrate that C57BL/6 mice responded to the physical form of these diets in terms of food intake, which affected their growth, body composition and plasma concentrations of insulin and adipocytokines. The most important finding from this study is that mice fed the pelleted diet increased food intake and resulted in changes in plasma concentrations of insulin, leptin and adiponectin. The authors are able to explain away how processing activities may have affected the diets and conclude that the differences between mice were due to differences in rates of intake. 

 

QUESTIONS:
1. 
Oral administration of Chromic oxide is used as a :

a. 
Bound marker for plasma insulin concentration

b.  
Nondigestable but absorbable marker for plasma cytokine concentrations

c.  
Nondigestable, nonabsorbable marker of gastrointestinal transit time

d.
Binder for pelleted feeds

2. 
Rates of food intake alone can affect plasma adipocytokine concentrations. T/F

3.  
Rodent publications must refer directly to the physical form of the diet supplied rather than just the formulation. T/F

ANSWERS”
1.     c
2.     T

3.     T

Health Surveillance
Buxbaum et al. Eliminating Murine Norovirus by Cross-Fostering, pp. 495-499
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; T2 - Control spontaneous or unintended disease or condition

Domain 3: Research; T3 - Design and conduct research

Primary Species: Mouse (Mus musculus)

SUMMARY: Murine norovirus (MNV) is a positive-sense, single-stranded, non-enveloped RNA virus in the family Caliciviridae.  It is negligibly pathogenic in immunocompetent mice but can cause disease characterized by hepatitis, pneumonia, peritonitis, and pleuritis in immunodeficient strains.  It can also interfere with clinical presentations of other concurrent diseases in immunodeficient mice.  An outbreak of MNV occurred in 2007 at the authors' facility; it began in the quarantine room and spread to most adjacent cages and all adjacent rooms within 7 months.  The infection was found on serology of dirty-bedding, single-housed female CD1 sentinels.  Pups do not become infected with MNV before ten days of age, so it was hypothesized that disinfecting two-day-old pups' skin before placing them with an MNV-negative foster mother would prevent horizontal viral transmission and enable the authors to eliminate MNV infection in the colony using only cross-fostering.

Outbred Swiss Webster foster dams from a known MNV-free facility were purchased and housed in a separate room.  The foster dams were bred, and each foster dam was left with one of her own pups to facilitate fostering.  The infected dams were bred, and the pups and dams were placed into new autoclaved caging on day 1 postpartum.  When the pups were 2 days old, they were removed from their biological dams, placed on a paper towel sprayed with Virkon disinfectant, and placed into a sterilized transfer cage. The cage was externally disinfected and taken to the foster room, where the litter from each infected dam was placed into a new autoclaved cage with a foster dam and her own pup.  Fecal PCR for MNV on each cage or on pooled samples was performed at 3-4 weeks post-transfer and again at 6-8 weeks post-transfer.  Seventeen of eighteen (94%) of the fosters were successful (negative on both PCR tests), at which point the animals were transferred out of quarantine and into a clean room.

Other methods to eliminate MNV infection are embryo transfer rederivation and depopulation of infected rooms.  Complicating factors that could inhibit successful cross-foster elimination are differential susceptibility of mouse strains to MNV infection, fomite or environmental contamination, differences in viral infectivity between strains of MNV, and efficacy of diagnostic testing in correctly diagnosing positive animals.  For example, certain immunodeficient mouse strains that lack antibody responses would not seroconvert after MNV exposure and would therefore require PCR-based testing in lieu of antibody serology.  Hygiene and proper quarantine procedures with generous use of an effective disinfectant are essential to successful cross-fostering elimination of MNV.

QUESTIONS:
1.  
Due to their extended survival time in the environment, which of the following types of viruses are exceptionally amenable to fomite transmission?

a.  
Enveloped viruses

b.  
Non-enveloped viruses

c.  
DNA viruses

d.  
Single-stranded RNA viruses

e.  
Double-stranded RNA viruses

2.  
Which of the following strains of mice should be least susceptible to MNV infection?

a.  
RAG-2 -/-

b.  
Foxn1 nu/nu  

c.  
Prkdc scid

d.  
SKH1

e.  
NOD/LtSz

3.  Which of the following techniques would be most sensitive in diagnosing MNV infection in a colony of NOD/SCID mice?

a.  
Antibody titer

b.  
Fecal PCR

c.  
Microaerobic fecal culture

d.  
Antibody ELISA

e.
All of the above would diagnose MNV infection in NOD/SCID mice with high sensitivity

ANSWERS:
1.  
b
2.  
d
3.  
b
Reichard et al. Detection and Experimental Transmission of a Novel Babesia Isolated in Captive Olive Baboons (Papio cynocephalus anubis), pp. 500-506

Domain 1:  Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 1: Prevent, Diagnose, Control and Treat Disease

Secondary Species: Baboon (Papio spp.)

SUMMARY: Babesia spp. are apicomplexan hemoprotozoan parasites transmitted to mammals by arthropods (ixodid ticks). They infect RBCs and have a signet ring appearance once inside the RBC. They can be asymptomatic or cause hemolytic anemia. The purpose of this study was to determine the prevalence of Babesia infection in a colony of baboons, phylogenetically compare the 18s rDNA sequences and determine whether infections can be transmitted by means of infected blood (i.e. without a tick vector). The baboons were tested 3 times over the course of a year. The overall prevalence in this colony was 8.8% (73 of 830 animals) measured by PCR of blood. There was no significant difference in males or females infected. The age group most commonly affected was between 11 and 20 years of age. The majority of those who tested positive remained positive throughout the year. The phylogenetic analysis of the positive samples revealed a novel species that shared similarity to Babesia leo, which is commonly found in Africa. Five adults were used as experimental recipients of Babesia infection from an identified infected animal.  The subjects were inoculated intravenously, intramuscularly or subcutaneously. Blood was collected from these animals for month. All subjects became positive by PCR for Babesia, the IV group was positive 7 days post inoculation and the IM and SC group were positive 10 days after inoculation. All remained positive through day 31. None had clinical signs of infection. 

QUESTIONS:

1. 
The Babesia spp. isolated from these baboons most closely resembles which isolate?

a. 
Babesia felis
b. 
Babesia microti
c. 
Babesia leo
d. 
Babesia rodhaini
e. 
Babesia caballi
2. 
This paper demonstrated that Babesia infection could be transmitted without a tick vector by which route?

a. 
Intravenous and intramuscular but not subcutaneous

b. 
Intravenous and intramuscular and subcutaneous

c. 
Intramuscular and subcutaneous but not intravenous

d. 
Subcutaneous but not intravenous or intramuscular

e. 
No other route of transmission resulted in infection

ANSWERS:

1. c
2. b
Anesthesia/Analgesia

Schmidt et al. Epidural Administration of Liposome-Encapsulated Hydromorphone Provides Extended Analgesia in a Rodent Model of Stifle Arthritis, pp. 507-512
Primary Species: Rat (Rattus norvegicus)
SUMMARY: Investigators sought to determine whether  epidural administration of liposome-encapsulated hydromorphone would provide a longer duration of analgesia in a rat model of arthritis than rats given standard hydromorphone or empty liposomes.  Complete Freund's adjuvant was administered to one stifle joint in each rat.  96 hours after CFA injection, animals were split into one of three groups: those receiving liposome-encapsulated hydromorphone, empty liposomes, or a standard dose of hydromorphone.  All groups were dosed via the epidural route.  Animals were subjected to a thermal sensitivity test (latency withdrawal test after exposure to radiant heat), incapacitance test (measures weight-bearing of each hind limb), and a series of behavioral tests. Ninety-six hours after epidural injections, animals were euthanized and histopathology of the spinal cord was evaluated.  Rats receiving liposome-encapsulated hydromorphone showed significant increases in thermal withdrawal latency as compared with the two control groups.  They also showed significant increases in weight-bearing on the lame limb compared to controls.  Two animals from the liposome-encapsulated hydromorphone group showed severe CNS signs and died after epidural injection.  Other rats from this group showed mild CNS signs, including behavior changes (increase in unprovoked, slight stiffness in posture, and rigid tail with eye protrusion).  No histopathological abnormalities were found.  

QUESTIONS:

1. 
Which of the following is used in combination with CFA to create an arthritis model?

a. 
Mycobacterium tuberculosis
b. 
Staphylococcus aureus
c. 
Helicobacter pylori
d. 
Mycobacterial butyricum
e. 
Clostridium difficile
2. 
True/False: Opioid analgesics have a longer duration of action when administered epidurally versus systemically due to slow uptake from the dorsal horn of the spinal cord.

 

ANSWERS:

1.
d
2.
True
Management
Young et al. An Effective, Economical Method of Reducing Environmental Noise in the Vivarium, pp. 513-515
Domain 4: Animal Care; Task 3: Manage or provide indirect management/oversight of laboratory animal facilities 

Primary Species: Pig (Sus scrofa domestica) 


SUMMARY:  Environmental noise can have detrimental effects on the well being of laboratory animals and may affect experimental results. Excessive noise can also reduce the comfort and performance of technicians.  Short-term exposure of pigs to noise above 80 dB can cause behavioral changes, and higher levels (95 dB) produces increased anxiety.  Also, noise levels in the range of 92-102 dB resulted in infertility, abortion and decreased growth rate.  Acute exposure of even higher levels (120dB) resulted in increased corticosteroids, whereas more prolonged exposure showed an increase in catecholamines.

 

The hearing range of humans at the highest sensitivity at 10 dB Sound Pressure Level (SPL) is 250 Hz to 8.1 kHz..  This is similar to the hearing range of pigs (10 dB SPL from 250 Hz to 16 kHz).  Pigs have a slightly wider overall hearing range.  The authors sought to determine whether noise-abatement measures could reduce environmental noise for pigs in a processing room, which is considered the noisiest room in their vivarium.  Reduction attempts to lower average noise levels below 85 dB were thought to improve the environmental conditions for both animals and the staff.

 

Eight cohorts of 10-12 pigs prior to noise abatement installation and 4 similarly sized cohorts afterward were observed.  Sound measurements were made every second for the duration of processing (30-45 minutes).  Each specific noise event was placed into the following categories: resting, spraying, herding, chute, gate latch, caging and people.  SounBreak Acoustic Panels were installed.  Other remediation efforts included covering metal-to-metal points and replacement of plastic wheels on transport carts with neoprene wheels.  The largest change for any individual category occurred in the resting noise level, which dropped by 10.8 dB, when the pigs are being acclimated prior to processing.  In this study, the specific physiologic effects of the reduction of noise was not investigated.

 

In conclusion, noise abatement modifications were relatively inexpensive and had no effect on processing efficiency.  Also, technicians subjectively reported improved acoustic conditions.  Passive acoustic measures should be encouraged for any laboratory setting that has either constant or intermittent elevated noise levels.

 

QUESTIONS:
1.
True or False: Humans and pigs have similar hearing ranges. 

2.
Which noise level category showed the greatest reduction after noise abatement measures were installed? 

a.
Herding

b.
Caging

c.
People

d.
Resting

3.
True or False: Acoustic panels were not effective for noise reduction measures in the processing room (hogwash) for pigs in this study.
4.
Excessive noise levels, above 92 dB, can have the following effects in swine:
a.
Infertility

b.
Abortion

c.
Decreased growth rates

d.
All of the above. 

 

ANSWERS:
1.
True

2.
d
3.
False

4.
d
CASE REPORTS
Macy et al. Detection and Control of Mouse Parvovirus, pp. 516-522
Primary Species: Mouse (Mus musculus)
SUMMARY: Mouse parvovirus (MPV) infects lymphoid tissue including Peyers patches, thymus, spleen, peripheral lymph nodes, and mesenteric lymph nodes. MPV's major effect on research is through immunomodulation. It is asymptomatic, can persist for many weeks, has a low prevalence and the virus sheds through feces. Viral DNA is detectable for 2 weeks post-infection with levels significantly decreasing after this time. Mice are most likely to transmit MPV to a sentinel animal during this initial 2 week shedding period. The chance of transmission is also affected by the volume of soiled bedding that is transferred from the infected mice to the sentinel cage. Other factors affecting transmission include age, genotype and type of caging used. For example BALB/c mice are much more susceptible to infection then are C57BL/6 mice. Immunocompetent mice shed the virus for much longer periods of time. This study examines alternatives to depopulation for the management of MPV infected mouse colonies.
Strategy 1 - Test-and-Cull: A sentinel was used for every 2-3 rows on a rack. The sentinel cage was contaminated by every one of the cages on the selected 2-3 rows.  The sentinel animal was tested every 2 weeks. A positive sample led to the culling of all the rows the sentinel was being sampled from. Three serial negative samples were used to declare the mice "clear with a history of MPV".
Strategy 2 - Modified Quarantine: This strategy was used for unique mouse strains. After strategy 1 was completed remaining mice were combined into one room. In this scenario all mice in a cage were bled for serology and a pooled fecal sample from each cage was PCR tested for MPV. This process was repeated three weeks later. If mice tested negative on both screens then they were used as breeders to repopulate the colony.

Post-infection husbandry practices were elevated to limit the risk of re-infection.

Discussion: Sampling feces collected directly from the mouse's anus is labor intensive but considered much more likely to reveal MPV then random sampling from the cage bottom. The authors determined that the sensitivity of swabbing the cage for PCR detection of MPV was the same as fecal PCR. Being a non-enveloped virus MPV is very stable in the environment. Strict husbandry practices are required to prevent transmission including autoclaving of cages, cage components, food and water

QUESTIONS:

1. 
MPV has a propensity to infect which lymphoid tissue?

2. 
In most mice how long is MPV readily detectable by fecal PCR?

3. 
What strain of mouse is the exception to question 2?

4. 
T/F. The volume of bedding transferred from test cages to the sentinel cage has little effect on the chance of MPV transmission

ANSWERS:

1. 
Mouse parvovirus (MPV) infects lymphoid tissue including Peyers patches, thymus, spleen, peripheral lymph nodes, and mesenteric lymph nodes.

2. 
Two weeks

3. 
C57BL/6

4. 
F. Higher volumes represent a higher infectious dose and increase the chance of transmitting the virus

Kondo et al. Atypical Fibrosarcomas Derived from Cutaneous Ganglion Cell-Like Cells in 2 Domestic Djungarian Hamsters (Phodopus sungorus), pp. 523-525

Tertiary Species:  Hamster other than Syrian

 

SUMMARY: This is a case report detailing what the authors to believe are abnormal malignant presentations of atypical fibromas, common tumors in the pet Djungarian hamster.

Introduction: Djungarian hamsters (Phodopus sungorus) are also known as Siberian, Russian, and dwarf hamsters and originate from Siberia, northern Kazakhstan, and Mongolia. They are popular pets. In the lab setting, tumors of the mammary gland, skin, and lungs are most common. Domestically they predominately develop integumental tumors, especially atypical fibromas, mammary tumors, and papillomas. 

Atypical fibromas are benign, consisting of ganglion cell-like (GL) cells supported by collagen fibers. Occurrence increases with age and thought to be androgen-dependant b/c GL cells express androgen receptor. Origin of GL cells unclear but thought to arise from undifferentiated mesenchymal cells in the skin. GL cells are most common on the ventrum, forelimbs, and hind limbs. The number of GL cells increases with age and is influenced by serum androgen concentration. Therefore tumors are seen more in aged male hamster and rarely in older female hamsters. Occurrences of these neoplasms have not been reported in anything other than the Djungarian hamster. 

Case Reports: Both hamsters were purchased at pet stores, housed in wire cages, fed a commercial seed mix with free access to water.

1. 22 mo-old male hamster with cutaneous mass that progressively enlarged over 1 month. It was excised and the mass was homogenous and light tan with multifocal areas of hemorrhage. No radiographic evidence of metastasis.
2. 12 mo-old female hamster with acute painful swelling of soft tissue around left carpus. A lytic lesion in carpal bones was seen on radiographs. The limb was amputated. 

Both masses were fixed in NBF and stained with H & E, Masson trichrome, and Wantanabe silver stains. Immunohistochemistry was also performed. Heat induced antigen retrieval was performed using the following antibodies: vimentin, S100 protein, neurofilament, glial fibrillary acidic protein, synaptophysin, desmin, α-smooth muscle actin, androgen receptor, and estrogen receptor α. Both were positive for vimentin and androgen receptor. Case 1 was positive for estrogen receptor α. Histologically, malignant characteristics were observed in both cases. 

 

Discussion:  The histologic and immunohistochemistry from both masses were generally consistent with atypical fibromas. However, these masses had malignant features including cellular pleomorphism, nuclear atypia, large nucleoli, binucleated giant cells, and invasion into adjacent stroma, bone, and skeletal muscle. In atypical fibromas staining for androgen receptor is common, however case 1 was positive for both androgen receptor and estrogen receptor α which has not been reported.  

Case 1 is different than the usual atypical fibroma due to the location (back) and the receptor staining. Case 2 is different due to the sex of the hamster. 

QUESTIONS:

1. What type of cell is found in atypical fibromas? Where do these cells arise from? 

2. Is there a sex predilection? If so, why? Is there and age predilection? If so, why? 

3. Where are GL cells typically found?

4. True or False: Androgen receptor and estrogen receptor α staining is common in atypical fibromas.

ANSWERS:

1. Ganglion-like cells (GL). Thought to arise from undifferentiated mesenchymal cells in the skin.

2. Yes, males more likely. The number of GL cells is influenced by serum androgen concentrations. Yes- older animals more likely. The number of GL cells increases with age.

3. Ventrum, forelimbs, and hind limbs
4. False- Androgen receptor staining is common, however estrogen receptor α is NOT.  

Dudley and Boivin. Gastric Volvulus in Guinea Pigs: Comparison with Other Species, pp. 526-530

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: Guinea Pigs (Cavia porcellus)

One line: This article compares gastric volvulus in guinea pigs with other species, while describing 2 cases of the condition seen in laboratory-reared animals.

SUMMARY: Two cases of gastric volvulus occurred in female Hartley guinea pigs maintained under laboratory conditions.  No symptoms were noted prior to death in either case.  The first case involved an 11-month old nongravid sow, while the second animal was an 18-month old female who was approximately 3wks pregnant at time of death.  

At necropsy of the first case, a 540º clockwise rotation of the stomach was present, resulting in esophageal and pyloric obstruction, gastric distension, and reversal of the anatomic position of the spleen and pylorus.  Additional abnormalities included splenomegaly, gallbladder dilation, hyperemia of the serosal stomach surface and ascites. Splenomegaly and gallbladder dilation were also noted on necropsy of the second animal, along with a 360º clockwise rotation and distension of the stomach.

Gastric volvulus occurs in most species but most frequently in canines, humans and swine.  Sudden death is the most common clinical presentation in swine and laboratory guinea pigs, while in dogs, the condition is referred to as gastric-dilatation-volvulus.  It also occurs in humans, with both acute and chronic forms occurring.  In all species, the most common clinical sign is gastric or abdominal distension.  Diagnosis is suspected based on clinical signs alone, while diagnostic imaging has been used to confirm the condition.  Exploratory surgery or postmortem examinations, as needed, are also confirmatory aids.

Risk factors for the condition can be divided into 3 major headings: Anatomic, Dietary and Physiologic.  Humans and cats develop the condition mostly due to diaphragmatic defects or other anatomic abnormalities.  Risk factors in dogs, swine and guinea pigs include physiologic and dietary habits, particularly meal size and frequency, advanced age and stress.  The authors also reported that the condition seemed to be more common in female guinea pigs, suggesting possible gastric ligament lengthening and gastric mobility due to the gravid uterus as predisposing factors.

QUESTIONS:

1. What is the classical triad of symptoms associated with acute gastric volvulus in humans?

2. Sudden death is the most common clinical presentation of gastric volvulus in which two animal species?

a. 
Dogs, Humans  

b. 
Cats, Guinea Pigs

c. 
Dogs, Pigs

d. 
Pigs, Guinea Pigs

3. True/False – Cases are classified as approximately 70% primary, caused by abnormal lengthening of the gastric ligaments, and 30% secondary, associated with abdominal defects.

4. True/False - Guinea pigs are predisposed to gastric stasis due to dental disease and a diet deficient in fiber.

ANSWERS:

1. Gastric distension, upper abdominal pain, nonproductive retching and difficulty or inability to pass a tube into the stomach.

2. d.  Pigs, Guinea Pigs

3. False. Cases are classified as approximately 30% primary, caused by abnormal lengthening of the gastric ligaments, and 70% secondary, associated with abdominal defects.

4. True

Phair et al. Diabetic Ketoacidosis with Concurrent Pancreatitis, Pancreatic β Islet Cell Tumor, and Adrenal Disease in an Obese Ferret (Mustela putorius furo), pp. 531-535

Domain 1

Secondary Species: Ferret (Mustela putorius furo)
SUMMARY: This is a report of a challenging case of a 5.5 year-old female ferret diagnosed with diabetic ketoacidosis. She also had concurrent pancreatitis, pancreatic β islet cell tumor, and adrenal disease. Ferrets are rarely diagnosed with diabetes mellitus. The etiology of the diabetes mellitus in the current case is likely multifactorial. In general Diabetes mellitus is due to failure of insulin production or failure of insulin action. Endocrine diseases are extremely common in domestic ferrets in North America. The 2 most commonly encountered endocrine diseases are adrenal gland disease (with a spectrum of causes ranging from benign hyperplasia to malignant carcinoma) and pancreatic β islet cell tumors (insulinomas). Adrenal disease in ferrets usually results in overproduction of sex hormones. Previous case reports and studies have found variable responses in adrenal size to treatment with leuprolide and deslorelin (gonadotropin- releasing hormone agonists).   
This ferret had an extensive history of obesity, intermittent gastroenteritis, mild hypoglycemia, bilateral adrenomegaly, bilateral elbow osteochondromatosis and long standing pleural effusion of unknown cause. She was being managed with a subcutaneous deslorelin implant and prednisone for chronic respiratory signs. She was presented for progressive lethargy, ataxia, diminished appetite and PU/PD.  Physical examination revealed tachypnea, dyspnea, a pendulous abdomen, weakness and ataxia of the hind limbs, prolonged skin tenting, and mild tail-tip alopecia. Clinicopathologic analysis revealed severe hyperglycemia, azotemia, an increased anion gap, glucosuria, ketonuria, proteinuria, and hematuria.  Abdominal ultrasound showed hyperechoic hepatomegaly, bilateral adrenomegaly, splenic nodules, and mild peritoneal effusion.  Thickened and mildly hypoechoic limbs of the pancreas with surrounding hyperechoic mesentery were also noted.  Fine-needle aspirates of the liver were highly suggestive of hepatic lipidosis. In light of a diagnosis of concurrent diabetic ketoacidosis and pancreatitis, the ferret was treated with fluid therapy, regular and long-acting insulin administration, and pain medication. However, electrolyte derangements, metabolic acidosis, dyspnea, and the clinical appearance of the ferret progressively worsened despite treatment, and euthanasia was elected.
Necropsy revealed severe hepatic lipidosis, severe suppurative pancreatitis and vacuolar degeneration of pancreatic islet cells, a pancreatic β islet cell tumor, bilateral adrenal cortical adenomas, and myocardial fibrosis. In general, the prognosis for diabetes mellitus in ferrets is guarded to poor, and this outlook worsens with complications such as diabetic ketoacidosis.
QUESTIONS:  (T/ F) 

1.
Diabetes is a common endocrine disease in the ferret?

2. 
Adrenal disease in the ferret causes overproduction of cortisol?

3. 
What are the 2 most commonly encountered endocrine disease?

ANSWERS: 

1. 
F (uncommon disease) 

2. 
F (sex hormones) 

3. 
Pancreatic β islet cell tumors (insulinomas) and Adrenal disease 

