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Hobbs et al. Measurement of Blood Volume in Adult Rhesus Macaques (Macaca mulatta), pp. 687-693
Domain 1 
Primary Species: Macaques (Macaca spp.)   
 

SUMMARY: Rhesus macaques are commonly used species in biomedical research due to their similarity to humans. As such in research, frequent blood sampling is done and many institutions set limitations on blood sampling intended to prevent physiologic compromise that could result in subject morbidity and mortality or introduce experimental confounds.

This study focuses on the measurement of blood volume in rhesus macaques using dual-energy X-ray absorptiometry, weight crown-to-rump length and body condition score as blood volume estimation ratios vary widely among facilities and typically do not factor in variables known to influence blood volume such as: sex, age, and body condition. The blood volume limits is expressed as percentage of blood volume (BV) which is estimated using a fixed ratio of blood (ml) per body weight (Kg). 

Indicator dilution method was done to determine the BV of 20 adult rhesus macaques (10 male and 10 female) with variable body condition. Two indicators was used: FITC-labeled hydroxylethyl starch (FITC-HES) and radioiodinated rhesus serum albumin (125I-RhSA) and was injected simultaneously and followed by serial blood collection. Plasma volume was determined by linear regression while blood volume was calculated from the plasma volume and Hematocrit. Result shows that BV calculated using FITC-HES was consistently lower than BV calculated using 125I-RhSA while sex and age did not significantly affect BV. With the use of 125I-RhSA overestimation of PV was seen and other risks to the animal subject such as immunologic sensitization to IV rhesus protein and disease transmission with IV pooled blood product (rhesus serum albumin) and exposure to radiation was considered. Furthermore, percentage body fat was significantly associated with BV as each 1% increase in body fats decreases app. 1ml/kg BV. 

In conclusion, FITC-HES method provides a safer and more practical means of determining BV in macaques and significant predictors of blood volume was identified based on body weight and BCS and a proposed formula was established that takes this factors into account to estimate BV more accurately.

 

Evaluation of practical methods for body condition assessment

BV = 113.753 + (0.752 × − body weight) (18.919 × BCS)

 

QUESTIONS
1. 
What is the normal “rule of thumb” that is commonly applied at biomedical institutions for blood sampling volume?

2. 
In humans, what is the classic dual-isotope method considered to be the ‘gold standard’ for BV determination

3. 
What are the 2 tracer used for this study of BV measurement?
 

ANSWERS
1. 
10%-10% rule - maximum sample allowed is 10% of the BV and the BV is estimated as 10% body weight (or 100 ml/kg)

2.  
Use of radioactive chromium within autologous RBC to measure RBC volume and of radioactive iodine bound to donor-derived human serum albumin to measure plasma volume (PV)


Note: this method was deemed labor-intensive, prone to errors, and considered clinically impractical. Since then, alternative methods have been developed in which PV was measured by using radioiodinated human serum albumin
3.
FITC-labeled hydroxylethyl starch (FITC-HES) and radioiodinated rhesus serum albumin (125I-RhSA)

Reproduction

Finlay et al. Maternal Weight Gain as a Predator of Litter Size in Swiss Webster, C57BL/6J, and BALB/cJ mice, pp. 694-699
Domain 1

Primary Species: Mouse (Mus musculus) 

 

SUMMARY: An important task facing both researchers and animal core facilities is producing sufficient mice for a given project. The inherent biologic variability of mouse reproduction and litter size further challenges effective research planning. A lack of precision in project planning contributes to the high cost of animal research, overproduction (thus waste) of animals, and inappropriate allocation of facility resources. To examine the extent daily prepartum maternal weight gain predicts litter size in 2 commonly used mouse strains (BALB/cJ and C57BL/6J) and one mouse stock (Swiss Webster), we weighed ≥ 25 pregnant dams of each strain or stock daily from the morning on which a vaginal plug (day 0) was present. On the morning when dams delivered their pups, we recorded the weight of the dam, the weight of the litter itself, and the number of pups. Litter sizes ranged from 1 to 7 pups for BALB/cJ, 2 to 13 for Swiss Webster, and 5 to 11 for C57BL/6J mice. Linear regression models (based on weight change from day 0) demonstrated that maternal weight gain at day 9 (BALB/cJ), day 11 (Swiss Webster), or day 14 (C57BL/6J) was a significant predictor of litter size. When tested prospectively, the linear regression model for each strain or stock was found to be accurate. These data indicate that the number of pups that will be born can be estimated accurately by using maternal weight gain at specific or stock-specific time points.             \

The main focus of our research was to determine the earliest day at which MWG was a significant predictor of the eventual litter size. Other factors indicative of litter size include age and parity of the dam, genetic background, diet, light intensity and duration, temperature, noise, handling, and experimental conditions. All of these factors are known to have substantial effects on the size of a litter and should not be ignored when electing to use MWG as a predictor of litter size.

Our research demonstrates that MWG can serve as an effective predictor for determining litter size at as early as day 9 of gestation (BALB/cJ). This early detection represents approximately 10 d of advanced notice to both animal breeding staff and researchers regarding the approximate number of pups to expect from a pregnancy. This early information enables staff and investigators to determine whether breeding intensity should be increased, decreased, or maintained. Better planning directly affects a facility’s ability to better use its space, budget, and workforce. In addition to prediction of litter size, we were able to use MWG as a determinate of pregnancy itself (as has been described previously). The plugged pregnant rate for our B6 mice (71.1%) was similar to the rates for GFP mice on a B6 and BALB/cJ mice (entry14983), although it does not provide the standard deviation for these strains. However, the range of average litter sizes for our B6 and BALB/cJ mice and the respective standard deviations includes the average value reported in the Mouse Phenome Database. We find it interesting to note that the average individual pup weight for the strains and stock we used in this research all differed significantly from one another

 

QUESTIONS

1. What is the earliest day of pregnancy that maternal body weight be used to effectively predict litter size? 

a. 3

b. 5

c. 9

d. 15

2. T or F. Average individual pup weight is the same across strains and stock in mice.
3. T or F. Dilated cardiomyopathy is a common pathologic finding in swine. 

 

ANSWERS

1. c

2. F

 

Vinson and Raboin. A Practical Approach for Designing Breeding Groups to Maximize Genetic Diversity in a Large Colony of Captive Rhesus Macaques (Macaca mulatta), pp. 700-707
Domain 4: Animal Care; K6 - Breeding colony management

Primary Species: Macaques (Macaca spp.)

 
SUMMARY: Limited guidance is available on practical approaches for maintaining genetic diversity in large NHP colonies that support biomedical research, despite the fact that reduced diversity in these colonies is likely to compromise the application of findings in NHP to human disease. In particular, constraints related to simultaneously housing, breeding, and providing ongoing veterinary care for thousands of animals with a highly complex social structure creates unique challenges for genetic management in these colonies. The authors here outline a 3-stage protocol used at the Oregon National Primate Research Center to identify genetically valuable individuals and then assign them into breeding groups, with the primary goal of retaining genetic diversity in the face of frequent restrictions on age, sex, and numbers of animals per breeding group. This 3-stage protocol is proposed as a practical and effective approach to breeding group design for colony managers who want to prevent the loss of genetic diversity in large, semi-isolated NHP colonies.

 

QUESTIONS
1.
As of 1978, which country no longer allows exportation of Rhesus macaques?

2. 
T/F. A ‘null allele’ is a genetic sequence that fails to amplify for technical reasons, resulting in an apparent but incorrect homozygous genotype.

3.
T/F. Genetic markers that are X-linked are not useful for evaluating genetic concordance of male offspring with potential sires.

4. 
T/F. A kinship coefficient measures the probability that alleles drawn at random from the same locus in each of 2 subjects will be identical by descent.

 

ANSWERS
1. 
India; macaques imported into the United States since 1978 have been primarily from China. This effectively makes breeding colonies in the United States of Indian Rhesus macaques a closed population of semi-isolated groups.

2.
True. A null allele is inferred when both the offspring and potential parent appear homozygous for different alleles at the same locus.

3. 
True. X-linked genetic markers are maternally inherited, and will appear as homozygous in male offspring—an apparent null allele.

4. 
True
Husbandry
Toth et al. Interactions Between Housing Density and Ambient Temperature in the Cage Environment: Effects on Mouse Physiology and Behavior, pp. 708-717
Domain 4: Animal Care 
Primary Species:  Mouse (Mus musculus)
 
SUMMARY: The authors analyzed how housing density and ambient temperature interact to influence the physiology and behavior of female C57BL/ 6J mice.
They used three ambient temperatures (22, 26, or 30°C). One of the groups had a varying housing density (1 to 5 mice per cage) during the study. They measured effects on body weight, food intake, and diurnal patterns of locomotor activity and core temperature, fecal corticosterone, and serum cytokine and adipokine panels. 
As the housing density decreased, in-cage temperatures began to fall at a density of 2 or 3 mice per cage and did not differ from ambient temperature at 1 mouse per cage. 
 
Ambient temperature significantly affected food intake.  Housing density, however, was not a significant factor at any of the temperatures, with regards to food intake. The data suggest that housing density might alter the parameters not directly, but via an increase in temperature.  Temperatures inside cages housing 5 mice were 1 to 2 °C higher than the ambient temperature. As the housing density decreased, in-cage temperatures began to fall at a density of 2 or 3 mice per cage and did not differ from ambient temperature at 1 mouse per cage. 
 
Although neither ambient temperature nor housing density affected core temperature or activity, increases in temperature and behavioral activation were seen in the dark phase the day before the change, and during the light phase after cage change. 
 
Fecal concentrations of corticosterone metabolites and serum cytokines, chemokines, insulin, and leptin were not influenced by cage density and were only sporadically influenced by ambient temperature conditions.  And that ambient temperature influences food intake even when temperatures are within or near recommended thermoneutral ranges. 
 
QUESTIONS
1. 
Increases in temperature and activity around cage changes happen
a. 
12 h after the change
b. 
12 h before and after the change
c. 
24 h before and after the change
d. 
There are no changes
2. 
Basal energy expenditure in a mice housed at 22º with regards to another one housed at 30ºC is
a.
75% higher
b. 
45% higher
c.  
15% higher
d. 
The same
 
ANSWERS

1.  
b

2.  
b

Clipperton-Allen et al. Long-Term Provision of Environmental Resources Alters Behavior but  not Physiology or Neuroanatomy of Male and Female BALB/c and C57BL/6 Mice, pp. 718-730

Domain 3: Research; TT2. Advise and consult with investigators on matters related to their research (environmental enrichment)

Primary Species: Mouse (Mus musculus)


SUMMARY:  This study evaluated the effects of providing environmental resources to group-housed adult male and female C57BL/6 and BALB/c mice (n = 20/sex/strain/group) over 6 mo to determine whether these long-term resources had a lasting effect on animal physiology, anatomy, and behavior.  Authors evaluated the effects of providing simple cage resources (wood wool, cotton nesting material, a plastic tunnel, and oat cereal) compared with standard housing (solid-bottom cage with hardwood chips).  Parameters monitored included clinical observations and body weight, behavioral observations, 3 measures of anxiety or adverse stress (dark:light test, thermal nociceptive latency, and fecal corticoid metabolite levels), hematology and lymphocyte subset analyses, as well as response to LPS injection and dendritic spine detection and counts. Body weights increased in all groups over time but were proportionately higher in male and female BALB/c mice housed in resource-supplemented environments. Throughout the study, adding environmental resources had no effect on hematology and lymphocyte subsets, fecal corticoid metabolite levels, response to LPS injection, or dendritic spine length or density.  Although fecal corticoid metabolite levels did not vary between groups, light-dark testing suggested that housing in a resource-supplemented environment decreased anxiety in male C57BL/6 mice, and thermal nociceptive latency results suggested that BALB/c mice housed in resource-supplemented environments may show less anxiety.  Dominant agonistic behaviors, abnormal conspecific sexual behaviors, and social nonagonistic behaviors demonstrated sex and strain × environment interactions such that fewer maladaptive social behaviors were noted in mice that were provided with environmental resources, an association particularly evident in male mice of both strains in resource-supplemented environments. A small but significant increase in brain weight:body weight ratios occurred in mice in resource-supplemented environments. Under the conditions evaluated here, consistent use of simple environmental resources had a positive long-term effect on the behavioral wellbeing of male and female BALB/c and C57BL/6 mice yet minimally affected other aspects of murine physiology and neuroanatomy.
QUESTIONS

1. 
According to this study, which of the following parameters showed a significant increase among mice in resource-supplemented environments?

a. 
Lymphocyte subsets

b. 
Fecal corticoid metabolite levels

c. 
Response to LPS injection

d. 
Dendritic spine length or density

e. 
Brain weight:body weight ratios
2. 
According to this study, consistent use of simple environmental resources had which combination of outcomes for group-housed male and group-housed female BALB/c and C57BL/6 mice?

a. Positive long-term effect on behavioral wellbeing, significant affect on physiology and neuroanatomy

b. Negative long-term effect on behavioral wellbeing, significant affect on physiology and neuroanatomy

c. 
Positive long-term effect on behavioral wellbeing, minimal affect on physiology and neuroanatomy

d. 
Negative long-term effect on behavioral wellbeing, minimal affect on physiology and neuroanatomy


3. 
T/F. According to this study, mice provided with environmental resources had fewer maladaptive social behaviors? 
4. 
T/F. According to this study, strain- or sex × environment-specific changes were observed in dark:light activity and thermal nociceptive responses that suggested a resource-supplemented environment helped to decrease anxiety? 
ANSWERS 

1.  
e.  Brain weight:body weight ratios

2.  c. Positive long-term effect on behavioral wellbeing, minimal affect on murine physiology and neuroanatomy

3. 
True - especially male mice (observed for both strains)

4. 
True - the resource-supplemented environment appeared to reduce anxiety in male C57BL/6 mice during light-dark testing, and in BALB/c mice (both sexes) during thermal nociceptive latency testing
 
Lockworth et al. Effect of Enrichment Devices on Aggression in Manipulated Nude Mice, pp. 731-736

Domain 1 
Primary Species: Mouse (Mus musculus)
 

SUMMARY: Mice are highly social animals which require group housing to maintain an adequately enriched environment, however dominance hierarchy and territoriality in this species present unique challenges when attempting to house these animals in groups.  Wild mice typically live within a territory and consist of social units comprised of a dominant male, several females, their progeny, and occasionally subordinate males.  In the laboratory setting, typical housing of multiple males and multiple females within the confines of a cage may frustrate their natural preference for small family groups and attempts to create a balanced social structure, resulting in agonistic behavior.  The authors of this paper sought to examine the effects of various enrichment devices on nude mice that proved to be aggressive during a research study involving randomization and surgery.  This was explored by comparing the efficacy of various enrichment devices with cotton squares.  Previous studies have demonstrated the efficacy of cotton squares in abating agonistic behaviors, however no studies to date have determined if this efficacy persists during a research study.  The authors hypothesized that alternate enrichment devices (shredded paper, nylabones, polycarbonate shelters and wheels, paper rolls, and cotton squares) would prove more beneficial in reducing aggression in nude mice before and after experimental manipulation.  100 male athymic nude mice were housed 5 per cage (20 animals per group).  Wounds (defined as complete break in epithelium) were assessed daily for 50 days during the same 3h interval by 4 trained observers and were categorized with a numerical grading system based on the number of wounds counted.  Experimental manipulations included randomization, surgery (prostate and tibial injections), anesthesia with imagine, and IP injections.  Pearson chi-square tests were used to determine the significance of differences between cotton-squares group and other groups.  The one device that resulted in a spike in aggression during the first week was the mouse house and wheel.  Wound rates and new wounds increased significantly in all groups at the time of manipulations, particularly from the onset of randomization (day 20) through the completion of surgery, demonstrating that stressors placed on each group resulted in increased fight wounds.  Randomization seemed to have the most profound effect, likely due to the disruption of already established social hierarchies.  By day 50, both wound rates and new wound rates declined to levels less than previously observed in days 1-49, implying that social stabilization may take as long as 30 days after disruption of hierarchies.  This suggests that high levels of manipulation in a study requiring randomization may require a 30-day "rest period” after randomization and prior to experimental manipulation.  No statistical differences were noted between groups, suggesting that stress related to disruption of social hierarchy is a more influential component in agonistic behaviors in nude mice.  

 

QUESTIONS
1. 
T/F: Mice are social animals which exist in the wild as small family groups consisting of a dominant male, females and their progeny, and occasionally subordinate males.

2.
What is the primary olfactory cue responsible for determining the borders of a dominant male mouse's territory?  

3.
T/F: Nesting material has not been demonstrated to be preferred by mice over other enrichment devices.  

 

ANSWERS
1. T
2.
Urine marking

3.
F

Atanasov et al.  Characterization of Train-Induced Vibration and its Effect on Fecal Corticosterone Metabolites in Mice, pp. 737-744

Primary Species: Mouse (Mus musculus)

SUMMARY: After investigating other causes of decreased reproductive efficiency in an animal room in their facility that was near train tracks, the authors hypothesized that vibrations from nearby trains may be causing the reproductive problems they were experiencing. Environmental sound and vibration could have detrimental effects on breeding efficiency and the ability of researchers to produce consistent results.  Part I of the experiment included creation of a measurement cage containing an accelerometer and a microphone and then connecting the cage to a data acquisition unit to relay the sound and vibration data to a laptop computer.  Vertical and horizontal vibration measurements were taken from a flat, wire rack in a single room. Breeding pairs were then placed in the room to quantify reproductive success.  The greatest vertical vibrations in the test room occurred during the passing of the train.  Horizontal vibrations were insignificant compared to the vertical vibrations. The weight and length of the trains caused a variety in the amount of vibrations the mice experienced, which may make it difficult for the mice to adapt to the vibrations felt by the trains. The vibrations were compared to a considerable and prolonged earthquake at least 3 to 4 times daily. Based on sound measurements, it was determined that the sound present in the test room was not a significant stressor for the mice. The observed pregnancy rates in the test room were much lower than expected, but excessive cannibalism or preweaning mortality was not observed. Part II of the experiment included exposure of male and female mice to environmental vibrations using an electromagnetic shaker. Vibration times were selected based on times the trains typically passed the facility daily. Fecal sample collection began after the first set of vibrations to measure fecal corticosterone metabolite levels. Significant increases in fecal corticosterone metabolites were observed in vibration-exposed female mice. A significant increase was not noted in male mice, but the authors could not definitively conclude that male mice were not influenced by the vibrations of the train. The authors concluded that vibrations from passing trains could create significant increases in the fecal corticosterone metabolite levels of female mice, which could cause enough fluctuations in stress to disrupt research studies and breeding colonies.

QUESTIONS
1. 
Which of the following has shaker stress not been shown to cause reproducible changes?

a. 
Blood pressure

b. 
Thyroid stimulating hormone

c. 
Heart rate

d. 
Sympathetic activity

e. 
Stress hormone secretion

2. 
T/F: Since ventilated racks can hold cages in place with a cage clip, are much heavier than wire racks, and have an air intake and exhaust system that generates its own constant minor background vibrations, the use of ventilated racks may dampen or partially mask short-duration, intense train-induced vibrations.

3. 
Vibrations often move through a __________ medium.

a. 
Solid

b. 
Liquid

c. 
Gaseous

d. 
Both b and c

ANSWERS
1. 
b

2. 
True

3. 
a

Domain 4: Animal Care
Primary Species: Mouse (Mus musculus)
 
SUMMARY: The purpose if this study was to characterize train-associated vibration in a rodent vivarium and assess the effects of this vibration on the reproductive success and fecal corticosterone metabolite levels of mice. Vibrations were characterized by using a high-sensitivity microphone and accelerometer in a vivarium that is near an active railroad. Vibrations caused by passing trains are 3 times larger in amplitude than are ambient facility vibrations, but most of the associate sound was below the audible range for mice. The effect of train vibrations were verified with an electromagnetic shaker to simulate train-induced vibrations in a controlled environment. Fecal pellets were collected from mice that were exposed to the simulated vibrations and from unexposed control animals. Results showed mice housed in the room closest to the railroad tracks had pregnancy rates that were 50% to 60% lower than those of mice of the same strains but bred in another part of the facility. Fecal analysis showed elevated corticosterone metabolites in female mice exposed to vibrations similar to those produced by a passing train. 
 
QUESTIONS
1. 
T/F. The Guide for the Care and Use of Laboratory Animals specifically addresses a threshold for allowable vibration within an animal facility. 
2. 
T/F. Vibration can effect experimental outcomes.
3. 
Analysis of fecal corticosterone metabolites as a technique to monitor stress hormones is an example of which of the following?
a. 
Reduction
b. 
Refinement
c. 
Category D Procedure
d. 
Invasive procedure
 
ANSWERS
1. 
False
2. 
True
3. 
b
 
Compton and Macy. Effect of Cage-Wash Temperature on the Removal of Infectious Agents from Caging and the Detection of Infectious Agents on the Filters of Animal Bedding-Disposal Cabinets by PCR Analysis, pp. 745-755
 

Domain 4: Animal care

Primary Species: Mouse (Mus musculus)
 

SUMMARY: In simple words, the authors investigated if washing cages from infected animals (MPV, MHV, Helicobacter spp., Mycoplasma pulmonis, Syphacia obvelata, and Myocoptes musculinus) at different high temperatures (110 and 180F) could lead to complete pathogen elimination at the facility level. Dirty cages from infected animals served as controls. According to the date, PCR analysis from swab, serum or fecal samples indicated that high-temperature cage washing can be an efficient tool for cage decontamination and to avoid pathogen spread. 

 

QUESTIONS
1.   The mouse parvovirus (MPV) is a:

a.    DNA virus

b.    RNA virus 

2.   The mouse hepatitis virus (MHV) is a:

a.    DNA virus

b.    RNA virus 

ANSWERS
1. a
2. b

Anesthesia

Damen et al. Comparison of Traditional and Integrated Digital Anesthetic Vaporizers, pp. 756-762
Domain 3: Research, K2 - Research methods and equipment. 

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
SUMMARY: This study details the results of a comparison between traditional and novel digital anesthesia vaporizers for surgery in mice. Traditional vaporizers (TdV) use both gas flow from a compressed gas source and atmospheric pressure to vaporize and deliver anesthetic gases. An integrated digital vaporizer utilizes computer controlled direct injection of gases to vaporize anesthetic gases. The article presents a detailed description of IdV technology. The IdV is composed of a syringe pump, gas flow sensor and microcontroller. A compressed O2 source is not needed with the IdV as the device can utilize room air to provide a carrier gas. Additionally the IdV was designed with rodent surgery in mind. The IdV can provide carrier gas flow rates below 150 ml/min, whereas typically TdV systems become inaccurate below 500 ml/min. The IdV also includes a heating element designed to eliminate temperature changes due to gas evaporation. A side benefit is that warm air is delivered to the subject, which can aid in maintain body temperature. I did not find any mention of the effect of warming on the humidity/moisture content of the delivered anesthesia/carrier gas combination. The articles highlights several key advantages of the IdV in the laboratory animal setting: A small size, suited for bench top work. No need for compressed air. No need for annual calibration. Low carrier gas-flow rates.  Carrier flow-rate is directly correlated to the amount of isoflurane used and scavenged. The article also highlights some of the disadvantages of the system: the heating element requires a warm-up time, and therefore the unit is not immediately ready for use. Maximal flow rats top off at 0.8 ml/min. There is no flush valve. A proper syringe size must be chosen for the surgeries, as refilling the glass syringe is more time consuming than refilling the TdV. The study also highlights the advantage of use in terms of costs of isoflurane used. Isoflurane exposure was not monitored as part of this study and was listed as an area for future work. The bottom line results of this study was that mice can be effectively anesthetized, with either the TdV or IdV systems. However the IdV system provides a similar plane of anesthesia using less isoflurane than the TdV system. If future studies indicate exposure levels are lower, this system could provide an effective anesthesia platform for rodent surgeons with much needed improvements anesthetic use and reduced exposure.

 

QUESTIONS
1.
Traditional anesthesia vaporizers become inaccurate with carrier gas flow rates below ______ ml/mi.

2.
Given a recommended minimum flow rate of carrier gas for mice of 2-2.2 times the animal’s minute volume, the minimum carrier gas flow rate of a 25 gram mouse is ____ ml/min.

3.
The amount of isoflurane used and scavenged is directly correlated to _____ _____ of the carrier gas.

4.
T/F. The Integrated Digital Vaporizer still requires the use of a compressed O2 source.
5.
T/F. The integrated Digital Vaporizer requires biannual calibration. 
6.
Microcontrollers are ________ (Bonus Question for Fun)
 

ANSWERS
1.
500 ml/min (pg. 765)

2.
50 ml/min (pg. 759)

3.
Flow rate (pg. 759)

4.
False, no compressed O2 is needed, room air can be used as a carrier gas.

5.
False, no calibration is needed with the IdV

6.
Everywhere! ☺
Walkowiak and Graham. Pharmacokinetics and Antinociceptive Activity of Sustained-Release Buprenorphine in Sheep, pp. 763-768

Domain 2: Management of Pain and Distress
Secondary Species: Sheep (Ovis aries)
SUMMARY: Buprenorphine is a partial u opiate agonist that is commonly used in research for many reasons including a long half-life, good safety profile, rapid onset, high potency and a respiratory effect ceiling. The pharmacokinetic profile and analgesic efficacy of sustained-release buprenorphine (SRB) has yet to be established in sheep. This study evaluated SRB following both intramuscular and subcutaneous injection. Dosing was based on a 1:1 conversion with conventional dosing, thus a dose of .03 mg/kg given every 8 hr for 72 hr amounts to a total SRB dose of .27 mg/kg. This dose was given IM and then after a 1 month washout period was given SC to the same animals. Blood was collected regularly for up to 72 hours following IM injection and up to 7 days following SC injection. Plasma levels were quantified using liquid chromatography-tandem mass spectrometry.  Nociception was evaluated using a thermal stimulation device on the left and right hind coronary band. This device emits light that generates a temperature of 90 C at a focal point from a distance of 12 in. The time between the onset of thermal stimulation, up to a maximum of 40s, was measured 3 times a day for 3 days. 12 hr after SRB was given by either IM or SC routes all sheep reached a minimum therapeutic threshold (.1 ng/mL) and maintained this for at least 72 hours. 48 hours was required for plasma levels to reach a therapeutic level (.5 to .7 ng/mL) for major surgery. All sheep demonstrated a reduction in the thermal withdrawal time within 12 hours. There was a clear relationship between rising plasma levels and a decreasing thermal withdrawal time. Overall there was little difference in the profile between IM and SC injections. The authors recommend that the SRB be given 12 hours prior to painful procedures or animals be given supplemental analgesia in that time frame. For very painful procedures addition analgesia may be required for the first 48 hours.

QUESTIONS
1. What are some of the benefits to using buprenorphine?

2. T/F.  SRB allows for using much lower doses then conventional dosing with buprenorphine

3. T/F.  SRB when injected IM gives higher plasma levels much faster than when injected SC

ANSWERS
1. Long half-life, good safety profile, rapid onset, high potency and a respiratory effect ceiling

2. F.  Dosing is based on a 1:1 conversion with conventional dosing

3. F.  Overall there was little difference in the profile between IM and SC injections

Experimental Use

Allen-Worthington et al. Intraperitoneal Injection of Ethanol for the Euthanasia of Laboratory Mice (Mus musculus) and Rats (Rattus norvegicus), pp. 769-778

Domain 3: Research

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)

SUMMARY: According to the 2013 AVMA Guidelines for the Euthanasia of animals, intraperitoneal injection of ethanol is “acceptable with conditions” for use in mice. Compassion, professional ethics, and personal sensitivity require that euthanasia be performed in an appropriate, approved, and compliant method. 
The technique of intraperitoneal injection is commonly used in research animals and carries no greater risk to personnel than do other injections that induce only momentary discomfort in animals. For these reasons, ethanol euthanasia may be appealing for more frequent implementation in animal care programs.
To date, only a few publications cite this method, and it was experimentally evaluated as a method of euthanasia in only one of these.
The current study aimed to reevaluate the physiologic and behavioral effects of intraperitoneal injection of ethanol with the benefit of advanced monitoring equipment and pain evaluation techniques. Their goal was to determine whether intraperitoneal ethanol injection reliably and irreversibly resulted in loss of consciousness followed by death. They also explored whether an intraperitoneal injection of ethanol results in adverse behavioral reactions as compared with intraperitoneal injection of a pentobarbital-phenytoin combination product or saline solution. Finally, samples of organs within the peritoneal cavity were collected for microscopic evaluation to assess any post-injection tissue changes.
Enrolled mice ranged in age from 8 to 30 wk, weighed between 18 and 36 g, and were of mixed genetic background. To control for background strain and sex, a randomized block design was used.
Intraperitoneal injection was performed by a single researcher. The injected volume was standardized at 0.5mL. A Pe/Ph combination product was used as the positive control for euthanasia. 
The data showed that intraperitoneal injection of ethanol results in a rapid loss of consciousness followed by respiratory and then cardiac arrest in mice. The saline-treated group had the highest incidence of behavioral signs of pain. The absence of behavioral signs of pain may be due to the sedative and hypnotic effects of ethanol and Pe/Ph treatment. 
Tissue changes induced by ethanol were unlikely to be more painful than those caused by Pe/Ph treatment. In the study, the most common reason for failure of intraperitoneal injection was inadvertent intraintestinal injection. 
Although successful in mice, intraperitoneal injection of ethanol was unsuitable method of euthanasia in rats at the dose range and age of rats tested.
QUESTIONS
1. What is the difference between experimental endpoint and humane endpoint?
2. Which is the most widely used euthanasia method for laboratory rodents?
3.
What of these statements is not true regarding the use of ethanol for euthanasia?
a.  
Ethanol is controlled by federal agencies
b. 
Relatively inexpensive
c. 
Requires no specialized anesthetic equipment
d. 
Available in pharmaceutical grade
e. 
Does not readily support bacterial growth
4.
Which of these is false?
a.  
Ethanol antagonized N-methyl-D-aspartate receptors in a concentration-dependent manner.
b. 
Ethanol enhances the inhibitory actions of gamma-aminobutyric acid (GABA)
c. 
Ethanol exerts a direct stimulatory effect on the GABA receptor
d.
Ethanol antagonizes the glutamate receptor present in CNS glial cells.
e. 
Ethanol potentiates the neuroinhibitory function of the glycine receptor.
ANSWERS
1. Experimental endpoint is when the sample collection is terminal, in other words, the animal has to be euthanized to finish the study. Humane endpoint is when the animal has to be euthanized for welfare-related reasons, although the study is still running.
2. It is CO2 inhalation.
3. a
4. d
Zarndt et al. Use of a Far-Infrared Active Warming Device in Guinea Pigs (Cavia porcellus), pp. 779-782

Domain 2: Management of pain and distress

Secondary Species: Guinea pig (Cavia porcellus)
 

SUMMARY: Most anesthetic procedures cause hypothermia via depression of the hypothalamic thermoregulatory mechanism. Small species with a large surface area to body mass ratio are especially prone to heat loss from tails, ears, and feet. Hypothermia can cause physiological effects such as cardiac arrhythmias, increased potency of inhalant anesthetics, postanesthetic tremors, and prolonged recovery time that can confound experimental data.

Commonly, normothermia in laboratory animals is maintained via forced-air warming systems, circulating warm-water blankets, heat lamps, warm-water bags and infrared heat emission. Far infrared (FIR) has the properties of light and wave. FIR is an invisible portion of the electromagnetic spectrum, with a wavelength ranging from 4.0 to 14.0 μm. FIR heats by the energy of the electromagnetic wave being absorbed by the skin and then transferred to heat by the irradiation, resonance, and molecular collision. This process causes local vessel dilatation, increases capillary circulation, and improves tissue repair, thus increasing the patient’s pain threshold. These effects relieve surgical pain, improve wound healing, and activate physiologic functions. FIR heat is absorbed deeply within an animal’s body to safely warm it. Internally, the energy level of water in the body is gently increased through ‘resonant absorption,’ warming the body core.

This study investigated the ability of an advanced FIR warming device that responds to real-time core temperature monitoring to maintain a normothermic core temperature in guinea pigs. Male IAS hairless guinea pigs were anesthetized with ketamine xylazine in a double crossover design.  Experimental groups were heated (using the FIR heating device) or control (unwarmed) during an anesthetic event that lasted at least 30 minutes.

The results showed that the FIR device accurately controls core body temperature in guinea pigs, therefore potentially alleviating the effects of body heat loss on animal physiology. The difference in temperature between groups reached statistical significance at 14 min, suggesting that guinea pigs anesthetized for 14 mins or longer are likely to have noticeably different physiologic responses depending on whether (or not) a FIR warming device is used. 

QUESTIONS
1. 
Hypothermia can cause physiological effects in animals.  Which of the following is not an effect of hypothermia in guinea pigs?

a. 
Increase in blood pressure

b. 
Increased potency of inhalant anesthetics

c. 
Cardiac arrhythmias

d. 
Prolonged recovery time from anesthesia

2. 
A far infrared warming device is:

a. 
Useful in maintaining core body temperature in guinea pigs during anesthesia

b. 
Antiquated and no longer useful or recommended for maintaining body temperature in small mammals

c. 
Ineffective at maintaining core body temperatures in guinea pigs for anesthetic procedures lasting longer than 15 minutes

d. 
Not recommended for routine use as a heat source during guinea pig anesthetic events due to risk of thermal burns

ANSWERS
1. a
2. a

 
Whittaker and Williams. Evaluation of Lacrimation Characteristics in Clinically Normal New Zealand White Rabbits by Using the Schirmer Tear Test I, pp. 783-787

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Primary Species: Rabbit (Oryctolagus cuniculus)

 

SUMMARY: Rabbits are a common animal model in eye research and in safety testing of novel chemical agents. In addition, ocular disease is a routine presentation in clinical practice. However, few studies have quantitatively examined lacrimation kinetics in this species. This study used a noninvasive method of tear measurement (the Schirmer tear test, STT) to quantify values for basal and reflex tearing and to determine the kinetic nature of tear production in 76 New Zealand white rabbits. We obtained a value of 7.58 ± 2.3 mm/min for the standard 1-min STT. Calculated values for mean residual tear volume and reflex tear flow were 1.95 μL and 0.035 μL/s, respectively. In addition, this study provides preliminary evidence for an interaction effect between eyes given that higher STT values were obtained from the second eye tested.

 

Key points:

· Rabbits widely used in ophthalmic research

· Relatively high incidence of ocular disease in rabbits

· Ocular disease typically presents as an over production of tears due to ocular foreign-body irritation or nasolacrimal duct blockage with resultant epiphora

· Precorneal tear film has 3 components

· Lipid, aqueous, mucin

· Account for the majority of the tear volume

· 5 glands contribute to the precorneal tear film in lagomorphs

· Harderian and nictitating glands associated with the medial canthus

· Lacrimal, infraorbital, and exorbital glands of the outer canthus

· Orbital lacrimal gland

· Primary source of the aqueous components of tears

· Produces proteins that protect the ocular surface against bacteria

· Schirmer tear test (STT)

· Evaluates tear production

· Aid to diagnosing keratoconjunctivitis sicca or overproduction of tears

· Read the amount of wetness produced after 1 min

· Two types of STT:

· STT 1 – performed without use of topical anesthesia

· Measures both basal and reflex tearing

· STT 2 – performed with topical anesthesia

· Tetracaine

· Basal tearing alone

· Basal tears produced in the absence of stimulation

· Reflex tears produced after stimulation

· STT 1 might be more useful in the evaluation of the increased tear production associated with ocular irritation than it is for the diagnosis of underproduction (clinical keratoconjunctivitis sicca)

· Phenol red test requires a smaller tear volume to achieve test-thread wetting compared to the STT

 

 

QUESTIONS
1. 
Name the three components of the pre-corneal tear film.

2. 
What five glands produce the pre-corneal tear film?

3.  
Differentiate the STT1 from the STT2.

 

ANSWERS
1. 
Lipid, aqueous, mucin

2. 
Harderian and nictitating glands, lacrimal, infraorbital, and exorbital glands

3. 
STT1 is performed without a topical anesthetic and measures both basal and reflex tear production. STT2 is performed with topical anesthesia (tetracaine mentioned in the article) and measures only basal tear production.

 

Philips et al. Evaluation of Presurgical Skin Preparation Agent in African Clawed Frogs (Xenopus laevis), pp. 788-798

Domain 2: Management of Pain and Distress

T1. Recognize pain and/or distress

T2. Minimize or eliminate pain and/or distress

T3. Administration of anesthesia

T4. Euthanatize (Euthanize)

SUMMARY: The objective of the study was to evaluate 3 commonly used presurgical skin preparatory agents (0.75% chlorhexidine, 0.5% povidone–iodine, and 0.9% sterile NaCl) to determine whether any of the agents maximally decreased the bacterial load at the site of surgery in X. laevis. They also recorded gross, microscopic, and clinical observations to investigate whether treatment with these agents resulted in unwanted tissue effects, including opportunistic infection, inflammation, and epidermal degeneration.


In order to assess the antimicrobial efficacy, the ventrum of the frog was swabbed with sterile culturette following both pre and post treatment with each of the agents and compared with baseline measurements. The bacterial organisms were identified by proteomic analysis by Matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-TOF MS). Skin incisions were made on the ventrum subsequently to assess the gross skin reaction (by photography) as well as microscopic skin reactions were assessed by histopathological analysis of skin biopsy samples. 


The results demonstrated that the 0.75% chlorhexidine gluconate solution had superior antimicrobial activity in comparison with 0.5% povidone–iodine and 0.9% NaCl as that group had fewer bacterial genera isolated compared to other groups. However, it was demonstrated that the chlorhexidine treatment was often associated with clinical illness, specifically skin erythema, and, in one case, dermatosepticemia. The chlorhexidine-treated frogs had higher microscopic epidermal degeneration and necrosis scores at both 1- and 7-d after surgery, when compared with iodine- and saline-treated frogs.

Hence the authors do not recommend the use of 0.75% chlorhexidine due to the increased epidermal degeneration, necrosis, and clinical illness associated with topical treatment. Although neither saline nor dilute povidone-iodine had antimicrobial activity equivalent to that of chlorhexidine, given the absence of ill effects, the authors suggest that additional antimicrobials may not be necessary prior to surgery in the Xenopus. 

QUESTIONS

1. 
Which of the following gram-negative genera has been implicated as opportunistic pathogens in amphibians, especially in cases of dermatosepticemia?

a.
Aeromonas

b.
Pseudomonas

c.
Citrobacter

d.
Chryseobacterium

e.
Flavobacterium 

f.
All of the above

2. 
The pathogens on amphibians do not grow under standard culture conditions and often pose challenges in terms of identification according to conventional microbiologic techniques. Why?

ANSWERS

1. f

2. Because X. laevis are ectotherms that are typically housed at approximately 21 to 22 °C, some bacterial species that colonize Xenopus skin grow poorly or not at all at 37 °C.


CASE STUDY

Shah et al. Investigation of Blue Bedding in Cages Housing Treatment-Naïve Hamsters, pp. 799-803

Domain 4: Animal care

Secondary Species: Syrian Hamster (Mesocricetus auratus)
 

SUMMARY: A blue discoloration of direct-contact cellulose bedding in cages of Mesocricetus auratus was identified. HPLC-UV-MS analysis of bedding extracts identified indigo blue as the culprit. Indigo blue was not present in feed extracts. Small concentrations of indigo blue were present in free-catch urine samples, though not at visually detectable concentrations. The formation of indigo blue in the urine may be linked to bacterial degradation of unabsorbed tryptophan in the diet (via cytochrome P450 and oxidative decoupling of indole) or urinary bacterial metabolism (via deconjugation of an indoxyl metabolite). The blue discoloration of the bedding is likely the result of indigo blue accumulation upon urine water evaporation.

 

QUESTIONS
1. 
Which direct-contact bedding is cellulose based?

a. 
ALPHA-dri®

b. 
Bed-o’Cobs®

c. 
Alpha Chip

d. 
CareFresh

2. 
T/F. Mesocricetus auratus females are at greater risk for developing chronic kidney disease than males.

3.  
Which of the following FDA protein biomarkers of Rattus norvegicus urine indicates renal tubular damage?

a. 
Total urinary protein

b. 
Cystatin C

c. 
Β2-microglobulin

d.
KIM-1

4. 
In which species does polycystic disease not affect the kidneys?

a. 
Ovis aries
b. 
Mesocricetus auratus
c. 
Bos taurus
d. 
Mustela putorius furo
5.  
What protozoan is known to encyst in the kidney of Cavia porcellus?

a. 
Dentostomella translucida

b.
Stephanurus dentatus

c. 
Klossiella cobayae

d. 
Tritrichomonas blagburni

 

ANSWERS
1.  
a
2.  
True

3.
d
4.   b
5.  
c
 
