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OVERVIEW
Lelovas et al. A Comparative Anatomic and Physiologic Overview of the Porcine Heart, pp. 432-438

Domain 3: Research
Primary Species: Pig (Sus scrofa)

 

SUMMARY: Swine appear to be the most appropriate species in cardiovascular research. Pigs have gained favor over dogs, in part because of marked differences in coronary anatomy between dogs and humans and in part due to societal concerns. Nevertheless, several limitations, including anatomic variation in the thoracic cavity and substantial differences between the conduction systems of swine compared with humans. That being said, there is significant difference in anatomy and conduction systems of other commonly used animal species.

 

Swine in Cardiovascular Research: There are two categories of swine breeds: farm pigs and minipigs. One of the major advantages of minipigs over farm breeds is that for the same body weight, minipigs are more mature and their tissues are more resilient to experimental procedures. The size of farm pigs can be a husbandry challenge. In addition, some strains of farm pigs are predisposed to malignant hyperthermia. The ratio of heart weight to body weight in 20 to 30 kg pigs is identical (5 g/kg) to that of adult humans.

 

Comparative Anatomy
· The orifices of the caval veins of pigs form an angle as they enter the right atrium, in contrast to the human caval veins, which are aligned along the same axis.

· Left azygous vein in pigs, which drains directly into the coronary sinus; the human heart lacks this anatomic arrangement.

· In pigs the left atrium receives oxygenated blood from 2 pulmonary veins, in humans it is 4 or 5.

· The right ventricle trabeculae carnae and papillary muscles of pigs are much coarser and broader than those of the human right ventricle.

· The trabecula septomarginalis (formerly known as the moderator band) is more prominent in swine.

· The ratio of wall thickness between the left to right ventricle is much higher in the porcine heart than in the human heart.

· In both humans and swine, the left coronary artery supplies the majority of the myocardium.

 

After occlusion of a branch of the left anterior descending artery, swine had the least collateral flow to the nonischemic zone; guinea pigs hid the highest percentage of collateral circulation.

Porcine heart has been look at as a possible source for human valve bioprostheses. Compared with mechanical valves, porcine valves do not require anticoagulant regimens, but evidence suggests that an immune-mediated reaction contributes significantly to the rapid deterioration of these valves.

Swine often demonstrate congenital heart anomalies and have been used as a spontaneous model for ventricular septal defect, patent foramen ovale, patent ductus arteriosus, and tricuspid dysplasia.

 

Comparative Physiology
· The porcine heart responds similarly to the human heart after infarction and presents arrhythmogenity with reperfusion, contrary to the canine heart with its multiple preexisting collateral anastomoses.

· In swine 60% of the circulating cholesterol is present as low-density lipoproteins, with high-density lipoproteins representing 38%; values almost identical to humans’.

· Aging pigs may spontaneously develop atherosclerosis, and experimentally induced lesions in the coronary arteries of minipigs are possible with a diet containing 2% to 4% cholesterol and 40% fat; the timing can be accelerated by traumatizing the endothelium with a balloon catheter.

· Swine show high resemblance to humans in regard to their hemodynamic parameters

· The conduction system in swine is considerably different (placement, distribution, histology) from humans’, which contribute to ECG differences; sinus rhythm is faster and the PR interval is shorter in swine.

 

QUESTIONS
1. 
T/F. Pigs’ left azygous vein drains into the coronary artery, which is different than in humans.

2. 
Which vessel is occluded to model myocardial infarction?

a. 
Left anterior descending artery

b. 
Left azygous vein

c. 
Left circumflex artery

d.
Right coronary artery

3.
Which of the following is considerably different between swine and humans?

a. 
Amount of collateral coronary circulation

b.
Heart response following infarction

c.  
Hemodynamic parameters

d.
Myocardial conduction system

 

ANSWERS
1. 
T

2. 
a
3. 
d
DiVincenti Jr et al. Sheep (Ovis aries) as a Model for Cardiovascular Surgery and Management before, during, and after Cardiopulmonary Bypass, pp. 439-448
Domain 6: Education
Secondary Species: Sheep (Ovis aries)
SUMMARY: Sheep share several very important aspects with people and therefore are a common animal model for translational research in cardiovascular surgery. However, sheep have some unique aspects of anatomy and physiology that can present challenges when they are utilized for complicated experiments. In this review, the group discusses the relevant anatomy and physiology of sheep and discusses management before, during and after procedures requiring cardiopulmonary bypass. This review is offered to provide a concise source of information for groups developing and implementing protocols with this model. 

Preoperative Care: Housing and husbandry procedures should take into account the 'prey mentality' of sheep and provide animals with social companionship whenever possible. All animals were required to undergo a minimum of 1 week of acclimation prior to the surgical procedure. During this time the animals were also conditioned since they originated from a conventional farm. Animals were treated prophylactically on arrival with a dewormer and treated with antibiotics for treatment of subclinical mycoplasmosis. During the acclimation period the animals had free access to water and were fed a pelleted ration along with high-quality hay to forage. It was noted that while the potential for grain overload warrants caution sheep undergoing major recovery procedures may have increased metabolic demands and may require additional grain to meet their nutritional requirements. The animals were fasted for 24h (adults) and water was withheld for 8-12h prior to surgery. This helps to reduce the incidence of rumenal tympany and to ameliorate the negative effects on cardiorespiratory function that occur with recumbent animals during anesthesia. Water is also withheld to decrease the liquid contents of the rumen and decrease the risk of regurgitation

Anesthetic Management: The group recommends the placement of an IV catheter on the day prior to surgery in animals that can be manually restrained. For animals that cannot be manually restrained premedications were given IV into the jugular. The anesthetic regimen chosen is based on preference and experience. A combination of drugs including an anticholinergic is recommended. The addition of the anticholinergic provides for a reduction in salivation resulting in increased intubation efficiency. Injectable induction agents are preferred. Once the animal is induced and intubated intermittent positive-pressure ventilation should be used to prevent serious respiratory compromise and acidosis. An orogastric tube should be placed to minimize free-gas bloat and rumenal tympany. NSAIDs were provided along with prophylactic antibiotics. An arterial catheter is placed in the radial artery using a cut down procedure to provide samples for blood gas, electrolytes, HCT HGB, and ACT. After placement on the surgical table the head was elevated to reduce regurgitation of rumen contents. 

Postoperative Care: Immediately after extubation the sheep were moved into a Panepinot sling. This group noted that the ability to maintain the animal in sternal recumbency until standing was critical for recovery. Signs of pain in sheep may be subtle and include but are not limited to the following: shifting, reluctance to move, mild tachycardia, pawing at the surgical site and anorexia. Early in the recovery process pain may be manifested by prolonged recovery in the absence of electrolyte, temperature or oxygenation abnormalities. An NSAID (carprofen) administered preemptively has been reported to provide analgesia for as long as 3d in sheep. In addition, the group recommends the use of nerve block with local anesthetics and opioids. 

QUESTIONS
1. What are determinants of cardiac output? 

2. Sheep and dogs have what type of coronary circulation? 

ANSWERS
1. Preload(blood volume filling the heart), afterload(systemic vascular resistance), myocardial contractility and heart rate

2. Left coronary type - the majority of the myocardium receives its blood supply via the branches of the left coronary artery

ORIGINAL RESEARCH

Husbandry

Ambery et al. Effect of Corncob Bedding on Feed Conversion Efficiency in a High-Fat Diet-Induced Prediabetic Model in C57Bl/6J Mice, pp. 449-451

 

Domain 3: Research

Primary Species: Mouse (Mus musculus)
 

SUMMARY: This study evaluates the effect of corncob bedding on feed conversion in mice. Investigators noticed that a group of mice in a diet-induced pre-diabetic study that were moved to a facility using corncob bedding were not reaching the expected weight gain for the model. Retrospective analysis of data already collected on these mice were compared to later groups of mice housed solely in the second facility on recycled paper bedding. 

 

Four groups of mice were studied: mice fed low-fat diet and housed on either recycled paper or corncob bedding, and mice fed high-fat diet and housed on each bedding type. After 4 weeks on the high-fat diet, feed conversion and body weight gain were significantly decreased in the mice housed on corncob bedding compared with those on paper bedding. No differences were seen between groups of mice fed low-fat diet. Average apparent daily feed consumption was similar across all groups. 

 

While environmental factors may have contributed to variability in the study, investigators conclude that corncob affected the efficiency with which animals were able to convert the consumed feed into body mass and that this study supports caution when choosing bedding types for diet-induced models.

 

QUESTIONS
1.
How is food conversion calculated?

a.
Apparent feed consumed in kcal/change in body weight in grams

b.
Apparent feed consumed in grams/change in body weight in grams

c. 
Change in body weight in grams/apparent feed consumed in kcal

d.
Change in body weight in grams/apparent feed consumed in grams

2.
Which of the following is FALSE about diet studies?

a. 
Prediabetic models use high fat diets to model weight gain on the Western diet

b. 
Bedding changes have a significant effect on microbiota of mice 

c. 
Weight gain of rodents on high fat diet is well-characterized

d. 
Western diet induces insulin resistance in mice

ANSWERS
1.
c

2. 
b

Bennet et al. Assessment of Foraging Devices as a Model for Decision-Making in Nonhuman Primate Environmental Enrichment, pp. 452-463

Domain 4: Animal care; Knowledge 2: Environmental Enrichment

Primary Species: Macaques (Macaca spp.)

One-Line Summary: When using foraging devices as part of an Environmental Enrichment Plan, as recommended by authors, one must choose devices that are difficult to manipulate and they should be filled at least daily or more frequently, if daily foraging is the requirement.  Additionally providing these foraging devices to a single monkey over the period of 1 year cost roughly US$1.00 with 80% of the cost being for labor.

SUMMARY: This study directly compared the length of time monkeys engage in foraging when the same foods are presented within different foraging devices and assessed for any relationship between the duration of manipulation and the amount of food provided in the devices.  The authors also prepared a comprehensive cost-benefit analysis for the different devices used in the study.    Fourteen (14) male cynomolgus macaques were used to assess the different devices while nine (9) cynomolgus macaques were used to assess the relationship between manipulation time and the amount of food provided in the devices.

The study’s findings first confirmed that the provision of foraging devices does promote manipulation and engagement in captive macaques.  From their results and observations, they recommended three conditions to pay attention to when choosing a foraging device: 1. Prioritize devices that permit small food items or pose some manipulative challenges, 2. If daily foraging is the objective, devices should be filled daily or even more frequently with food, and 3. Device novelty and rotation are less important that device characteristics.  

The authors noted that although there was food in the devices, they found that the animals barely interacted with the devices at 24 hours post-placement, if at all.  From their comprehensive cost-benefit analysis, they were able to show that providing a foraging device to a single monkey over a period of 1 year cost roughly US$1.00 with 80% of the cost being for labor.
QUESTIONS

1.
What are the names given to the 1985 Amendment to the Animal Welfare Act that provides for an Environmental Enrichment Plan in Non-Human Primates?

2.
True or False.  There are widely-used standards available for the proportion of calories or specific nutrients that primates should receive as part of an Enrichment plan.

3.
Which one of the following is NOT a benefit of providing foraging opportunities for non-human primates?

a.
Promoting human-animal relationships

b.
Promoting curiosity

c.
Promoting species-typical behavior

d.
Promoting learning

4.
Which one of the following is NOT a benefit of the mandate for an Environmental Enrichment Plan in non-human primate facilities?

a.
Enhanced record-keeping

b. 
Justification for a non-human primate sanctuary

c. 
Justification for environmental enrichment technicians

d. 
Justification for dedicate resources

ANSWERS

1. 
The Food Security Act of 1985 and The Improved Standards for Laboratory Animal Act

2. 
FALSE

3. 
a
4. 
b
Brunelli et al. Effects of a Mechanical Response-Contigent Surrogate on the Development of Behaviors in Nursery—Reared Rhesus Macaques (Macaca mulatta), pp. 464-471

Domain 4
Primary Species: Macaques (Macaca spp)
 
SUMMARY:  Nursery-reared infants have several behavioral and physiologic differences from their mother-reared counterparts. The study investigated whether a response-contingent surrogate mitigated some of those differences by decreasing fearfulness and partner-clinging and increasing environmental exploration in nursery-reared infants continuously paired with a peer. Six nursery-reared infant rhesus macaques (in pairs) were given a mechanical responsive surrogate (RS), and 6 (in pairs) were given an identical but nonresponsive surrogate (NRS). The RS surrogate had an artificial heartbeat and communicative sounds similar to a normal dam. The 2 treatment groups were compared and then combined into a single group of all 12 of surrogate-exposed animals (CS) that was compared with a non-surrogate control group (NS) of 10 nursery-reared infants. Results showed significant differences between CS and NS infants but no significant differences between the RS and NRS infants. As compared with NS infants, CS infants showed more species-typical behavior, less partner-clinging, less affiliation directed toward only partner, and more foraging and tactile–oral exploration of the environment. The CS infants were overall more confident and less fearful.  The NS infants had high levels of partner clinging and self-suckling behavior. No abnormal behaviors such as motor stereotypies or self-biting were observed in either group, even though they have been reported in previous literature. It is encouraged to use a combination of continuous peer pairing with a surrogate for each monkey in the pair. The complex surrogate used in this study had a positive effect on specific aspects of a nursery-reared infant’s well being. These advantageous effects support additional research to develop improved surrogate and the implementation of surrogate programs for nursery-reared infants.
 

QUESTIONS
1. 
True/False: Infants without a surrogate show more fearful and clingy behavior. 

2. 
This study found that 

a. 
Peer-pairing prevents abnormal behaviors in infant macaques

b. 
Surrogates provide little comfort to infant macaques

c. 
Peer-pairing should be used in conjunction with surrogates

d. 
There was no significant difference between the non-surrogate and surrogate exposed animals.

 

ANSWERS
1.
True

2.
c
Meade et al. Use of an Aquarium as a Novel Enrichment Item for Singly Housed Rhesus Macaques (Macaca mulatta), pp. 472-477

Primary Species: Macaques (Macaca spp)
Domain 1: Management of Spontaneous and Experimentally Induced Diseases; Domain 4: Animal Care; Domain 5: Regulatory Responsibilities

 

SUMMARY: Enrichment items can be categorized as active and passive.  In both behaviorally normal and abnormal animals, results have been equivocal as to whether passive enrichments increase activity or decrease abnormal behavior.  The equivocal results may be due to the repetitive nature of passive enrichment items.  However, aquariums with fish have been shown to decrease stress in humans.  The authors hypothesize that an aquarium (ornamental goldfish) enrichment item for a group of singly housed Rhesus (Macaca mulatta, N=11) with a known history of abnormal behavior would decrease locomotor stereotypies after introduction of the aquarium, and be a readily achievable addition to many passive environmental enrichment programs.

They used 45 min video segments to score behavior with an ABBA design.  A1 = 2 wk baseline, B1 = 1st 2 wk intervention, B2 = 2nd 2 wk intervention, A2 = intervention removed for 2 wks.  They found that the average frequency of locomotor stereotypy was significantly increased at for B1 vs. A1, NSD for B2 vs. A1, and decreased for A2 vs. A1.  They note that 9 of 11 macaques reacted with a pattern of increased stereotypy after the introduction of the aquarium and a decrease from baseline after its removal.  These were results were contrary to the proposed hypothesis.  The authors suggest that this may be due to temperament of these animals since they were imported from China with no information about rearing, and then housed singly from 458 to 600 d of age.  They note that abnormal rearing specifically leads to anxiety in the face of novelty, and therefore propose that neophobia may have caused the unexpected reactions to enrichment.  However, they also point out that continued exposure to the aquarium may have resulted in continuation of the trend of decreased abnormal behavior after the initial spike at B1.  Based on these results, they recommend that enrichment items and the intended group be critically assessed prior to introduction and the effects of new items be monitored after introduction.  

 

QUESTIONS
1.
A repetitive ritualized behavior that is idiosyncratic and serves no obvious function is termed:

a.
An active stereotypy

b.
A locomotor stereotypy

c.
A self-injurious stereotypy

d.
An obsessive stereotypy

2.
A provision of resources that promotes psychological well-being by either facilitating species-typical behavior or eliminating abnormal behavior is termed:

a.
Environmental enrichment

b.
Passive enrichment

c.
Behavioral enrichment

d.
Occupational enrichment

3.
The use of novelty has been a key element of many NHP environmental enrichment plans since the mandated establishment of such programs in the ______________________.

a.
Animal Welfare Principles

b.
Animal Welfare Guide

c.
Animal Welfare Act

d.
Animal Welfare Regulations

 

ANSWERS
1.
b
2.
a
3.
d
 
Domain 4: Animal Care; T1 – Developing Husbandry Programs; K2 - Environmental enrichment
 
ABSTRACT: Locomotor stereotypies are behaviors often seen in singly housed rhesus macaques (Macaca mulatta) and are considered to represent a maladaptive response to captive environments. Active and passive enrichment items are commonly used to mitigate these and other abnormal behaviors. Active enrichment items allow physical manipulation and may be temporarily successful in reducing stereotypies, but their beneficial effects usually are confined to relatively short periods of active use. Passive enrichment items that do not involve physical manipulation are less well studied, and the results are mixed. This study evaluated an aquarium with live fish for use as a novel passive enrichment item in a common facility setting as a means to decrease locomotor stereotypy. We hypothesized that the introduction of the aquarium would decrease the frequency of locomotor stereotypy in a group of singly housed rhesus macaques (n = 11) with a known history of abnormal behaviors. Unexpectedly, locomotor stereotypy increased with the introduction of the aquarium and then decreased over time. Furthermore, when the aquarium was removed, the frequency of stereotypy decreased to below baseline levels. These unexpected results are best explained by neophobia, a common phenomenon documented in many animal species. The increase in abnormal behavior is likely to result from the addition of a novel object within the environment. This study demonstrates that, in the context of reducing abnormal behavior, presumably innocuous enrichment items may have unexpected effects and should be evaluated critically after their introduction to a captive population.
 
QUESTIONS 
1.  The introduction of any enrichment items is recommended, as they possess an inherent beneficial effect in stereotypy mitigation without any behavioral effects. True or False
2.
Please circle the correct statement:
a.
Active and passive enrichment are important physical manipulations used to mitigate stereotypies in laboratory animals
b.
A novel object introduced within the environment could increase abnormal behaviors in a phenomenon called neophobia
c.
Locomotive stereotypies are normal behavioral cues elicited by wild simians when in captivity with the purpose to attract the opposite sex
d.
The use of an aquarium is one of the best means to reduce stress in captivity
e.
None of the above
 
ANSWERS

1.
False

2.
b
Anesthesia

Kendall et al. Pharmacokinetics of Sustained-Released Analgesics in Mice, pp. 478-484

Primary Species: Mouse (Mus musculus)
Domain 3: Research; T3 - Design and conduct research; Knowledge Topic TT3.1- Biomethodology techniques

 

SUMMARY: Postoperative and post-procedural pain management are critical for murine models, and often 72 hours of pain management is mandated by institutional guidelines. Protocols to achieve effective pain management can include opioid compounds, which function mainly through µ and ƙ receptors, or nonsteroidal anti-inflammatory drugs (NSAID), which function by blocking the prostaglandin pathway. Several analgesics that could be used for pain management in mice are not selected due to their short half-lives, which would necessitate frequent dosing to achieve effective pain management and consequently increased stress to the animal due to excess handling. To optimize pain management while reducing handling, sustained release formulations of several analgesics have been developed. The purpose of this study was to measure plasma levels of sustained release (SR) and non-sustained release formulations of  opioid and NSAID analgesics, including buprenorphine (Bup), butorphanol (Butp), fentanyl (Fent), carprofen (Carp) and meloxicam (Melox), in mice and determine the kinetics of therapeutic plasma levels of each drug. Female CD-1 mice were divided into 8 treatment groups, with 3 animals in each group allocated for each sampling time point. Groups that received sustained release formulations of the drugs were injected subcutaneously once. Groups that received non-sustained release formulations were dosed every 12 hours with Buprenorphine or Meloxicam, or every 24 hours for Carprofen. Groups of mice were euthanized by CO2 inhalation, followed by cardiocentesis at 2, 4, 8, 12, 24, 48, and 72 hours after treatment. The kinetics of plasma drug levels were evaluated using liquid chromatography and mass spectrometry. Plasma concentrations of Bup-SR peaked at 14ng/mL 4 hours after administration, declining to 4.2 ng/mL at 24 hours, 0.56 ng/mL at 48 hours, and 0.22 ng/mL at 72 hours. The Bup non-SR formulation peaked at 19.1 ng/mL 2 hours after administration, then declined to undetectable levels by 8 hours after administration. The Fent-SR formulation peaked at 62.1 ng/mL 2 hours after dosing, declining to 28.3 ng/mL 4 hours after dosing, 1 ng/mL 24 hours after dosing, and becoming undetectable by 24 hours after dosing. The Butp-SR formulation peaked at 389.7 ng/mL 2 hours after dosing, declining to 16.05 ng/mL 4 hours after dosing, and  5.0ng/mL 24 hours after dosing before becoming undetectable 48 and 72 hours after dosing. The Carp-SR formulation had 47.4 ug/mL and 49.7 ug/mL at 2 and 4 hours after dosing, respectively, while the Carp non-SR formulation peaked at 52.5 ug/mL 2 hours after dosing. Similarly, the Melox-SR formulation peaked at 73.7ug/mL 2 hours after dosing, while the Melox non-SR formulation peaked at 47.4ug/mL 2 hours after dosing. For both Carp and Melox, SR and non-SR formulations decreased over the first 24 hours, but were still detectable until 72 hours after initial dosing. When considering published therapeutic plasma levels for each of the drugs, Bup-SR maintained therapeutic levels for 24-48 hours and Fent-SR maintained therapeutic levels for 12 hours, however mice given Fent-SR had a significant decrease in activity indicating an undesirable sedative effect. There are no published therapeutic plasma levels of carprofen or meloxicam in mice, but this study showed that SR formulations of both drugs did achieve sustained plasma levels for at least 24 hours. The authors concluded that Bup-SR did in fact achieve appropriate therapeutic plasma levels for effective postoperative analgesia for 24 to 48 hours, but additional studies will be needed to determine clinical efficacy. The other drug formulations will require additional evaluation to determine their efficacy for postoperative analgesia.

 

QUESTIONS
1. 
Opioid analgesics function through:

a. 
Inhibition of the prostaglandin pathway

b. 
Binding to α and γ receptors

c. 
Binding to µ and ƙ receptors

d. 
Inhibition of COX 1 and COX 2 production

2. 
T/F. Frequent dosing with analgesics to manage postoperative pain results in more frequent handling and less stress for the animal.

3. 
T/F. Fent-SR achieved therapeutic plasma levels for 12 hours with no undesirable side effects.

 

ANSWERS
1. 
c
2. 
False

3. 
False

 
Hish Jr et al. Effects of Analgesic Use on Inflammation and Hematology in a Murine Model of Venous Thrombosis, pp. 485-493

Domain 2: Management of pain and distress

Primary Species: Mouse (Mus musculus)
 

SUMMARY: Venous thrombosis (VT) is a most common vascular disease and historically, the primary contributors towards the development of VT have been summarized as the Virchow Triad which includes hypercoagulability, endothelial injury and vascular stasis. In addition, research findings show that leukocytes play a crucial role in thrombus formation and resolution. During thrombus formation, polymorphonuclear cells arrive at the early stage followed by large numbers of monocytes and small number of lymphocytes. During thrombus resolution, polymorphonuclear cells contribute by promoting both fibrinolysis and collagenolysis, whereas at the later stages monocytes play a crucial role in remodeling and resolution of the mature thrombus. Because of the involvement of inflammatory cells in the pathogenesis of VT and analgesics are known to affect the function of inflammatory cells, use of analgesics in VT models have been questioned and withheld. Hence, the authors were interested to evaluate the effects of four commonly used analgesics, buprenorphine, tramadol, carprofen and bupivacaine in a most commonly used mouse model of VT, the ligation of the inferior vena cava. 

 

In this study, male C57BL/6 mice received either local (bupivacaine) or systemic parenteral analgesia (buprenorphine, tramadol, or carprofen) or 0.9% Na and underwent laparotomy and ligation of the inferior vena cava. The treatment was continued and after 6 or 48 hr of surgery, tissues and blood were collected and analyzed for hematology, thrombus weight, serum and vein-wall cytokines (IL-1(, IL-6, IL-10 and TNF(), soluble P-selectin and vein-wall leukocyte infiltration.  These parameters were affected by the tested analgesics as follows: Carprofen significantly reduced vein wall neutrophil count at both 6 and 48 hrs. Buprenorphine, tramadol and carprofen significantly reduced vein wall macrophage numbers at 48 hrs. Bupivacaine and carprofen significantly reduced vein wall IL-6 concentration at 48 hr. Serum IL-6 level was significantly lower in the mice receiving carprofen, whereas mice receiving tramadol showed increased serum IL-6 level. Total WBC was higher in carprofen group. While tramadol decreased circulating monocyte number, carprofen increased circulating monocytes. Soluble P-selectin levels were significantly higher in tramadol group. While thrombus weight was increased in bupivacaine group, it was low in tramadol and carprofen group. Collectively, none of the tested analgesics are completely devoid of effects on important variables relevant to the ligation model of VT and the tested analgesics are not recommend for this model of VT.

 

QUESTIONS
1. 
Virchow Triad for venous thrombus development includes

a. 
Hypercoagulation, 

b. 
Endothelial injury

c. 
Vascular stasis

d. 
All the above

2. 
Platelet and endothelial cells express --------------- during thrombus formation

a. 
IL-6

b. 
P-selectin

c. 
TNF(
d. 
IL-1(
3. 
True or False.  Buprenorphine is a partial(( agonist. 

 

ANSWERS
1. 
d
2. 
b
3. 
True

Nunamaker et al. Clinical Efficacy of Sustained-Release Buprenorphine with Meloxicam for Postoperative Analgesia in Beagle Dogs Undergoing Ovariohysterectomy, pp. 494-501

Domain 2; Tasks 1 & 2 - Recognize and Minimize or Eliminate Pain

Primary Species: Dog (Canis familiaris)
SUMMARY: This study evaluated the efficacy and pharmacokinetics of multimodal analgesia for dogs undergoing ovariohysterectomy.

Pre-op: 0.2 mg/kg meloxicam IV, then either 0.2 mg/kg Sustained Release Buprenorphine (SRB) SC or 0.02 mg/kg buprenorphine SC.

Surgery: induced with propofol, maintained on sevoflurane, ovariohysterectomy performed.

Post-op: 0.1 mg/kg meloxicam PO q24h x 4d.  SRB group not redosed.  Buprenorphine group received 0.02 mg/kg SC q12h x 3d (6 total doses).

Blood collected post-op for buprenorphine concentration at hours 0, 0.25, 0.5, 1, 3, 6, 8, 12, 18, 24, 25, 48, 49, 72, 120, 168.

Dogs were assessed for pain using a modified Colorado State University Canine Acute Pain Scale.  There were no significant differences between groups when dogs were either observed undisturbed or when approached and encouraged to move.  When the incision and abdomen were palpated, the SRB group had a slightly lower pain score at all time points.

Plasma buprenorphine concentration was higher in the buprenorphine group for 4 h after dosing, then lower until redosing (12 h).  SRB group: 9 of 10 had detectable amounts after 168 h.  Buprenorphine group: 4 of 8 detectable after 120 h, 0 after 168 h.  Please see graphs in article for additional detail.

7 of 10 dogs in the SRB group developed injection site reactions (0.5-1.5 cm x 0.3 cm, nonpainful).  For 5 of these dogs, the swellings were detected at d10 and resolved in 1 mo.  The remaining two dogs: one was adopted and lost to follow-up, one had swelling removed for histopathology (pyogranulomatous, with central vacuoles containing sparse gray material).

QUESTIONS
1.  
Describe method of action and pharmacokinetics of buprenorphine.

2.  
Describe the Colorado State University Canine Acute Pain Scale.

3.  
In macaques and dogs, what substance is the source of injection site reaction to SRB?

ANSWERS
1.  It has strong affinity for the μ opioid receptor and slow dissociation kinetics, resulting in a relatively long duration of action for an opioid.

2.  It is a scoring system that uses both visual and interactive patient assessments to evaluate the animal's body posture, body tension, behavior and mental state, and response to palpation to generate a numeric score from 0 to 4 in 0.25 increments.

3.  The reaction is due to either the DL-lactide and ε-caprolactone copolymer, or the organic solvent.

Bauer et al. Pharmacokinetics of 3 Formulations of Meloxicam in Cynomolgus Macaques (Macaca fascicularis), pp. 502-511

Domain 2

Primary Species: Macaques (Macaca spp.)

 

SUMMARY: Meloxicam is a commonly used COX2-preferential NSAID in veterinary medicine; however there is still relatively little literature concerning dosages and frequencies for use in nonhuman primates.  Many analgesic options, including NSAIDs such as meloxicam, are extrapolated from other veterinary and human species, potentially leading to ineffective pain control.  The authors of this article sought to determine the plasma concentrations and elimination pharmacokinetics of 3 formulations (oral, injectable, and a new sustained release injectable (SR)) of meloxicam in cynomolgus macaques.  Each formulation was administered via a different route, which included oral, intramuscular (injectable, IM), and subcutaneous (SR formulations).  Since the SR formulation had shown efficacy for up to 72 hours in rats and canines, each round of the study consisted of 1 injection of the SR formulation or 3 injections (once daily for three days) of the oral or IM injectable formulations.  Six adult female and six adult male cynomolgus macaques were used in this study.  They were divided equally by sex into 2 dosing groups that each went through two rounds of injections after a 6 week washout period between rounds.  Data collected for analysis included blood (CBC, serum chemistry, meloxicam concentrations), body weights, cage-side observations, injection site observations, and physical exams as needed for enrollment and any other health concerns.

 

Results: Adverse effects at the injection sites were seen only with the first round of subcutaneous SR meloxicam.  Three animals had injection site reactions that ranged from mild reddening of the skin to sloughing of superficial layers and one abscess.  Subsequently, the SR meloxicam formulation was modified and no further injection site reactions were observed.  Animals remained healthy throughout the study including normal fluctuations in body weight, appetite, behavior, and urine/feces production.  Blood work did not show any study related changes.

Plasma concentrations of meloxicam showed a linear elimination curve that was dose-independent.  While specific plasma concentrations were not stated to suggest effective or therapeutic levels, concentrations did reach levels similar to studies in other species leading the authors to conclude that the doses used led to therapeutic levels. In general, relative plasma concentrations were the lowest in the oral formulation vs. both the IM and SR formulations.  Specifically, the Cmax was significantly higher in the SR formulations vs. all others and the IM formulation was higher when compared to the oral formulation as previously stated.  Plasma half-life was similar in all formulations.  The Tmax was longest for the oral formulation, followed by the SR, and finally the IM formulation which had the shortest Tmax.  All formulations had similar volumes of distribution.  Based on the current data, the authors concluded that the oral dose formulation may only provide a relatively short duration of action (8-12 hours), while the IM formulation is likely provided 24 hours of action, and the SR formulation is likely provide 48-72 hours of action.  They stated that further pharmacodynamics studies should be pursued to determine a true therapeutic range and duration of action for meloxicam in cynomolgus macaques.

QUESTIONS
1. 
Meloxicam preferentially inhibits which of the following arachidonic acid pathway enzymes?

a.
Cyclooxygenase-1

b.
Cyclooxygenase-2

c. 
5-Lipoxygenase

d.
Non-preferential NSAID

2.  
T/F. In the current study, oral administration of meloxicam in cynomolgus macaques had the greatest Cmax vs. all other formulations.

3. 
T/F. In the current study, the sustained-release formulation of meloxicam maintained an adequate steady-state plasma concentration for 48 to 72 hours in cynomolgus macaques.

 

ANSWERS
1. 
b

2. 
F

3. 
T

 

Primary Species: Macaques (Macaca spp.)

Domain 2; Task 2. Minimize or eliminate pain and/or distress 

 

SUMMARY: The goal of this study was to evaluate the pharmacokinetics of three formulations/dosing modalities of meloxicam in cynomolgus macaques. The authors compared oral dosing, IM dosing and SQ sustained release dosing. 6 adult males and 6 adult females were divided into two dosing groups (3M/3F per group). Groups were given either sustained release meloxicam (0.6 mg/kg SQ SID) followed by oral meloxicam 6 weeks later (0.1 mg/kg PO SID) or IM meloxicam (0.2 mg/kg) then SR meloxicam 6 weeks later SQ. Due to injection site reactions (erythema, skin sloughing, abscess), the meloxicam SR was reformulated by the manufacturer and SR dosing was repeated in 6 macaques 8 weeks after completion of the first 2 rounds. Following dosing, blood was sampled at 16 time points (0-120 hours) per animal per round of drug administration to determine plasma meloxicam levels. Results: The authors found that peak plasma concentrations of meloxicam occurred 4h following oral administration, and 30 minutes following IM and SQ (SR formulation). The SR formulation achieved steady state plasma concentration for 2-3 days; IM administration can achieve adequate plasma concentrations for 12-24h but does not reach steady state with SID repeated dosing. Oral administration results in overall low plasma concentrations that do not reach steady state with SID repeated dosing. It is important to note that optimal therapeutic/analgesic plasma concentrations are unknown in macaques. Overall, based on the results of this study, SQ SR and regular IM meloxicam are likely to be more useful than oral meloxicam administration, but further studies are needed to correlate plasma levels with effective analgesia. Animals should be closely monitored for adverse injection site reactions when using a sustained release formulation.

 

QUESTIONS 
1. 
According to a recent JAALAS study comparing formulations of meloxicam in cynomolgus macaques which of the following is true?

a. 
Sustained release formulations are safe and injection site reactions are not a concern.

b.
Daily oral meloxicam at 0.1 mg/kg reaches equivalent plasma levels to daily IM meloxicam at 0.2 mg/kg.

c.
Sustained release formulations of meloxicam given SQ (0.6 mg/kg) achieved steady-state plasma concentration for 2-3 days while SID IM administration of meloxicam achieved similar plasma concentrations for 12-24 hours but did not reach steady state.

d. 
Oral, IM or sustained release meloxicam are all able to achieve therapeutic plasma levels

2. 
What type of analgesic is meloxicam?

3. 
Which of the following is true about meloxicam?

a. 
It is a cox-1 specific inhibitor

b. 
It has a low therapeutic index
c. 
It has strong effects of PGE2 levels

d. 
GI ulceration is a common side effect

e. 
There is minimal inhibition of platelet aggregation

 

ANSWERS 
1.
c
2.
NSAID

3.
e

Kelly et al. Pharmacokinetics of Hydromorphone after Intravenous and Intramuscular Administration in Male Rhesus Macaques (Macaca mulatta), pp. 512-516

Primary Species: Macaque

Domain 2: Management of Pain and Distress. T2, K1-K3, K5.

            

SUMMARY: This study reports the pharmacokinetics of hydromorphone after intravenous and intramuscular administration to rhesus macaques (Macaca mulatta). Hydromorphone (0.075 mg/kg) was administered intravenously as a bolus or intramuscularly on separate occasions to healthy, socially housed, socially reared, adult, intact male rhesus macaques (n = 4). Blood samples were collected prior to and until 10 h after administration. Serum hydromorphone concentrations were analyzed with liquid chromatography-mass spectrometry. Compartment models were fit to time–concentration data. A 3-compartment model with input in and elimination from the central compartment best fit intravenous data, whereas a 1-comparment model best fit intramuscular data. After intravenous administration, the median clearance and terminal half-life were 37.7 (range, 33.7 to 47.1) mL/kg/min and 142 (range, 131 to 218) min, respectively. The median (range) elimination half-life after intramuscular administration was 81.5 (77.2 to 92.5) min. Median intramuscular bioavailability was 92% (range, 75% to 104%). Rhesus macaques maintained concentrations greater than or equal to 4.0 ng/mL for at least 2 h after intravenous and intramuscular administration. The disposition of hydromorphone was characterized by a large volume of distribution and moderate clearance. Intramuscular administration resulted in rapid and almost complete drug absorption. Whole-body pruritus, sedation, and decreased appetite were observed in all macaques after initial drug administration.

 

QUESTIONS
1. 
Hydromorphone is a(an):

a. 
µ-opioid agonist

b.
Analgesic
c. 
Narcotic

d. 
All of the above are correct

2.
Side effect of hydromorphone seen in these macaques include:

a. 
Pruritus
b. 
Sedation

c. 
Decreased appetite

d. 
All of the above

3.
Pharmacokinetic studies examine:

a. 
How quickly a drug is cleared from blood and organs

b. 
How long it takes for an animal to be trained to give a blood sample

c. 
How long it takes for an animal to adapt to a new diet

 

ANSWERS
1.
d. All of the above are correct

2. 
d. All of the above

3.
a. Pharmacokinetic studies examine how quickly a drug is cleared from blood and organs.

 
CASE REPORTS

Towne et al. Elimination of Pasteurella pneumotropica from a Mouse Barrier Facility by Using a Modified Enrofloxacin Treatment Regimen, pp. 517-522

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions/T4. Treat disease or condition as appropriate

Primary Species: Mouse (Mus musculus)

SUMMARY: Multiple NOD. Cg-PrkdcscidIl2rgtm1Wjl Tg(HLA-A2.1)Enge/Sz (NSG/A2) transgenic mice maintained in a mouse barrier facility were submitted for necropsy to determine the cause of facial alopecia, tachypnea, dyspnea, and sudden death. Pneumonia and soft-tissue abscesses were observed, and Pasteurella pneumotropica biotype Jawetz was consistently isolated from the upper respiratory tract, lung, and abscesses. Epidemiologic investigation within the facility revealed presence of this pathogen in mice generated or rederived by the intramural Genetically Engineered Mouse Model (GEMM) Core but not in mice procured from several approved commercial vendors. Epidemiologic data suggested the infection originated from female or vasectomized male ND4 mice obtained from a commercial vendor and then comingled by the GEMM Core to induce pseudopregnancy in female mice for embryo implantation. Enrofloxacin delivered in drinking water (85 mg/kg body weight daily) for 14 d was sufficient to clear bacterial infection in normal, breeding, and immune-deficient mice without the need to change the antibiotic water source. This modified treatment regimen was administered to 2400 cages of mice to eradicate Pasteurella pneumotropica from the facility. Follow-up PCR testing for P. pneumotropica biotype Jawetz remained uniformly negative at 2, 6, 12, and 52 wk after treatment in multiple strains of mice that were originally infected. Together, these data indicate that enrofloxacin can eradicate P. pneumotropica from infected mice in a less labor-intensive approach that does not require breeding cessation and that is easily adaptable to the standard biweekly cage change schedule for individually ventilated cages. 

QUESTIONS
1. 
Pasteurella pneumotropica is what type of organism?

a.
Gram-positive cocci

b.
Gram-positive bacillus
c.
Gram-negative bacillus

d.
Gram-negative coccobacillus 

e.
Spirochete

2. 
Pasteurella pneumotropica can cause which of the following clinical conditions in mice?

a.
Facial alopecia

b.
Tachypnea/dyspnea/pneumonia

c.
Conjunctivitis/panopthalmitis/orbital abscess

d.
Dacryoadenitis

e.
Otitis

f.
Mastitis

g.
Genital tract infection

h.
Death 

i.
All of the above

3. 
True/False. Based on this study the source of the infection was determined to be females or vasectomized male ND4 mice obtained from a commercial vendor which were comingled with mice from the Genetically Engineered Mouse Model Core [barrier facility] to induce pseudopregnancy in female mice for embryo implantation. 
4. 
True/False. Based on this study enrofloxacin given at a dose of 85 mg/kg in the drinking water for only 14 consecutive days (unchanged and undisturbed/shaken) was sufficient for eradication of P pneumotropica from infected mice measured at 52 week post-treatment.  
ANSWERS 
1. 
d. Gram-negative coccobacillus 

2. 
i. All of the above

3. 
True
4.
True
Lemoy et al. Clinical Allograft of a Calcaneal Tendon in a Rhesus Macaque (Macaca mulatta), pp. 523-527

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

Primary Species: Macaques (Macaca Mulatta)
 

SUMMARY: This case report documents the surgical technique and post-surgical care of severe, conspecific-induced trauma to the left calcaneal tendon with an allograft in a 5.5 year old male rhesus macaque (Macaca mulatta). On initial presentation, the wound, containing a 5cm void in the calcaneal tendon, was necrotic with purulent discharge which was treated through empirical antibiotics, debridement, and wet-to-dry and calcium alginate bandages. Upon the development of healthy granulation tissue, fresh allograft tissue was harvested from an unrelated donor scheduled for euthanasia and grafted via Kirschner pins and Krackow sutures. Due to lack of viable skin coverage, a portion of the site was left to heal by second intention. An encountered post-operative infection with Staphylococcus spp and Corynebacterium spp was treated as outlined previously. The allograft was not rejected and the patient regained full function of the limb within 6 weeks and range of motion was similar to the unaffected limb at 10 months post-engraftment.

 

QUESTIONS

1. 
This male rhesus macaque weighed 11kg. According to the Animal Welfare Act and The Guide for the Care and Use of Laboratory Animals 8th edition, in which minimum housing space group is this animal included (AWA/Guide)?
a. 
Group 3/Group 4
b. 
Group 4/Group 4
c. 
Group 4/Group 5
d.  
Group 5/Group 5 

2.  
Which tendon suture pattern represents the Krackow suture pattern?

3.  
Oxymorphone is classified under what Drug Enforcement Agency schedule?
a.
Schedule I
b. 
Schedule II
c. 
Schedule III
d.
Schedule IV
 

ANSWERS 

1.
b
2.
d; A=Bunnell, B = Robertson, C= Kessler, D= Krackow
3.
b
