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Harrison et al. A 3D-printed Apparatus for Imaging Multiple Rats Simultaneously, pp. 116-122
Domain 3: Research

Primary Species: Rat (Rattus norvegicus)

 

SUMMARY: A 3D-printed imaging device was created to allow simultaneous imaging of multiple rats under inhalation anesthesia in a conventional CT scanner. Anesthetic inhalation tubes were created using large water bottles with the ends cut off and fitted with trimmed 5ml syringes to create a nose cone for delivery of anesthetic gases. A 3D printed rack was created to hold the anesthetic tubes in a 3 x3 grid to allow simultaneous anesthesia and scanning.

 

This study investigated whether CT scanning with this apparatus could lead to attenuation of images due to location or position in the 3D-printed device. Four organs—liver, kidney, femur, and brain—were evaluated in 9 rats. In the kidneys, statistically significant, but clinically negligible, effects on attenuation were noted between rows but not between columns. The 3D printed apparatus was asymmetrical, (the top row of rats had no 3D printed material above them) which led to uneven absorption of x-rays

 

QUESTIONS
1. What is “beam hardening?

2. What is a voxel?

3. What are the advantages of inhalation anesthesia over injection anesthesia?

 

ANSWERS
1. The beam hardening effect is one of the major artifacts of X-ray computed tomography. It not only complicates medical inspection and material analysis, but also influences the accuracy and repeatability of dimensional measurements. Beam hardening is the phenomenon that occurs when an x-ray beam comprised of polychromatic energies passes through an object, resulting in selective attenuation of lower energy photons. The artifact derives its name from its underlying cause: the increase in mean X-ray energy, or “hardening” of the X-ray beam as it passes through the scanned object.

2. A voxel is a unit of graphic information that defines a point in three-dimensional space. Since a pixel (picture element) defines a point in two dimensional space with its X and Y coordinates , a third z coordinate is needed. In 3-D space, each of the coordinates is defined in terms of its position, color, and density.

3. Rapid induction, easy to adjust to maintain appropriate anesthetic depth, allows a quick recovery

 

Boyle et al. Alpha-1 Acid Glycoprotein as a Biomarker for Subclinical Illness and Altered Drug Binding in Rats, pp. 123-132
Domain 3: Research
Primary Species: Rat (Rattus norvegicus)

 
SUMMARY: Protein binding in vivo has an important impact on the kinetics and dynamics of drug availability. For pharmacokinetic/pharmacodynamics (PK/PD) research, in vitro measurement of protein drug binding is essential to drug development, but does not always mirror the in vivo condition. Alpha-1 glycoprotein (AGP) is a drug binding acute phase protein present in rats. Acute phase proteins increase in response to inflammatory, infectious and traumatic events. They can also serve as biomarkers for disease states like cancer.
 
In surgically modified animals, AGP levels may increase in response to the surgical manipulation which causes local inflammatory responses and/or postoperative infections. Chronic catheterization is linked to increased incidence of infection. This can impact routine PK studies as catheters are frequently implanted for blood collection and drug administration. Occult infections may be present and the effect on AGP levels may affect drug binding.
 
The goal of this study was to cause a subclinical infection in rats and use AGP as a biomarker, then validate that with propranolol administration and PK measurement. Propranolol has a high binding affinity to AGP.
 
The initial study looked at AGP response to various concentrations of Staphylococcus aureus (S. aureus) with or without implanted catheter material. Subclinical infection was confirmed in all dose levels of S. aureus-inoculated animals with and without implants. This was confirmed by necropsy and stable body weights. The subclinical infection was not detected cage-side. Hematologic and serological results (WBC counts and total protein and albumin) did not correlate with infection. Increases in plasma AGP was found consistently in infected rats, indicating it is a reliable biomarker for recognizing subclinical S. aureus infection in this rat model.
 
In the validation portion of the study, plasma propranolol levels were highly correlated to AGP levels, which is consistent with previous studies showing the concept of AGP altering plasma concentrations of drugs, due to binding.
 
QUESTIONS
1. 
Acute phase proteins increase in response to:
a.  
Inflammation
b.  
Infection
c.  
Traumatic events
d.  
Cancer
e. 
All of the above
2.  
T/F: AGP can be a reliable biomarker for subclinical infection.
 
ANSWERS
1. e
2. T
Wilsey et al. Automated Blood Sampling in a Canine Telemetry Cardiovascular Model, pp. 133-140

Domain 3: Research; K2. Research methods and equipment and K12. Replacement, Reduction and Refinement techniques

 

Primary Species: Dog (Canis familiaris) 

 

SUMMARY: Safety pharmacology is an important part of drug discovery and development, and the dog is a non-rodent species commonly used to collect pharmacokinetic and pharmacodynamic data. There are challenges to safety data collection in this species.  Traditionally, manual blood collection has been used in dogs, but when personnel enter the holding room, and when animals are handled, excitement and stress can mask drug induced changes.  This ‘excitation artifact’ has been addressed using a second set of animals (called a satellite group).  This is not ideal because there may be individual variability or dosing variations between animals, or in environmental conditions (for animals housed in different areas).  Telemetry is helpful for monitoring excitation effects, but blood draws are still an obstacle, potentially confounding data when collected manually.  Automated blood sampling (ABS) is designed to painlessly collect blood from an awake and freely moving subject. It has been used in rodents, primates and swine, but is not well studied in dogs.  ABS can reduce stress from handling and eliminates repeated venipunctures that are requirement for manual blood sampling. Thirty-six male dogs (age 8-12 m) were used until 6 y of age with either annual or semi-annual blood collections.  Dogs were acclimated to telemetry studies (the jacket, dosing techniques, tethering) using positive enforcement techniques and had minimal stress related to the study. Dogs were surgically implanted with a dual-pressure transmitter (Data Science International) and a polyurethane catheter. Regarding the surgery, the diaphragm was incised, as was the pericardial sac, to access the heart for catheter placement into the left ventricle and animals were ventilated during the procedure; and the transmitter was secured to the abdominal wall of the peritoneal cavity with stay sutures. The pressure catheter was placed through the abdomen and tunneled to the right femoral artery. Telemetry data was collected and monitored with Ponemah software. Vascular access ports were accessed with a Huber needle extension set and were checked for patency monthly if dogs were not on study. Study attire included a jacket, tether, swivel and an ABS unit was positioned adjacent to the cage on the day of study, attached to the tether. The drug example given in the automated study was dofetilide, a class III antiarrhythmic. The study describes several modifications to housing, behavioral training, and components of the vascular access port system (gridlock ports) to accommodate the automated system. Over 4 years, 36 dogs were used for 48 automated studies and an average of 5 studies a year were performed.  The telemetry had an average service life of 2 years. Complications included broken Huber needles (N = 2) or needles that became dislodged in the vascular access port, which had to be removed under anesthesia. Acclimation to the metro cabinets that housed the ABS systems was important for the dogs to have reduced stress while on study.  The ABS units allowed for full pharmacokinetic and pharmacodynamic profiles to be collected along with telemetry data.  It reduced the number of dogs per study, shortened study timelines, and the authors were allowed to refine the procedures to reduce complications. Therefore, this report indicates that ABS satisfies the 3Rs and has the authors have helped to establish a new standard model for cardiovascular safety studies in dogs. This study was performed by AbbVie.

 

QUESTIONS  

1. Huber needles are used for
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a. 
Intracranial injections

b. 
Vascular access ports and administration of chemotherapeutics

c. 
Cardiac perfusion

d. 
Intrathecal injections

e. 
Joint injections 

2. According to Wilsey et al., 2021 (Comp Med), applying an automated blood sampling system for use in dogs was important for which aspects of reducing pain and distress and improving animal welfare:

a. Refinement and replacement

b. Refinement and reduction

c. Replacement and reproducibility

d. Reproducibility and reduction

e. Reproducibility and refinement
ANSWERS 

1.
b   

2.
b

This article had several nice graphics.  See first figure in question 1 above. Here is another one.  

 [image: image2.png]Figure 1. The undershirt is made of a breathable stretchy fabric which
protects the port site and the slight compression aids to support the
needle from dislodging during study. A small hole is cut in the back of
the undershirt near the neck, allowing the right-angle extension line
to be attached to the tethered line in the jacket. The positioning of the
‘subcutaneous vascular access port is represented by the small biue cir-
cular grid area.




Bittar et al. Dose-Finding in the Development of an LPS-Induced Model of Synovitis is Sheep, pp. 141-147

Domain 3: Research; Task 3: Design and conduct research; K3 – Animal models (induced)

Secondary Species: Sheep (Ovis aries)
SUMMARY: The purpose of this study was to develop a new model of pain in sheep that could be used to study analgesic properties. Ten, 9-12mo old male crossbred, Santa Ines X Dorper, sheep were inoculated with 1 of 5 doses (PBS only, 0.5, 1.0, 1.5, 2.0 ng LPS) of LPS from E. coli in the right stifle joint under Xylazine sedation. These doses were chosen based off of currently doses used for this model in horses. None of these doses resulted in clinical signs of synovitis in sheep, so 4 naive sheep were inoculated using a 1000-fold increase in LPS (1.0 or 2.0 ug LPS) (PHASE 2). Additionally, 4 sheep from the original 10 underwent a 60-d washout period prior to follow up inoculation with 0.5ug or 1.0 ug LPS (PHASE 3). HR, RR, rectal temperature, lameness, joint swelling, pain on flexion were scored prior to and over the 48h following inoculation. Ultrasonic (U/S) examination of the stifle joint was performed prior to and at 12h, 24h, 48 and 72h following inoculation. No statistics were performed due to the low number of animals per group.

 

Sheep in phase 2 and phase 3 showed easily detectable lameness and clinical manifestations of synovitis (discomfort, reluctance to flex the joint, increased synovial fluid and hyperechoic structures on U/S exam – picture B). Clinical signs began at 3h after administration and resolved within 24 - 48h. No rescue analgesia was needed for any sheep in this study.
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QUESTIONS
1. What other species is currently used as a model of LPS-induced synovitis to study analgesic effects?

2. T/F: Tachycardia and tachypnea were reliable indicators of synovitis for this model.

3. T/F: The doses used for the species in question #1 lead to systemic endotoxemia when used in sheep.

ANSWERS
1. Horses

2. False – HR and RR remained within normal range

3. False – no signs of systemic endotoxemia were seen with either the doses used in horses or the higher doses used in this study.

 
 

Bartling-John and Phillips. The Effect of Body Region on Hair Cortisol Concentration in Common Marmosets (Callithrix jacchus), pp. 148-151

Domain: 3 Research and 4 Animal Care

SUMMARY: Common marmosets are used in aging/development studies for long time points, The ability to frequently and noninvasively measure glucocorticoid hormones as a marker of the response to environmental or social stimuli is important. Cortisol is the dominant glucocorticoid hormone and can be measured in blood, saliva, urine, feces, and hair. Hair shows a chronic time frame of cortisol for weeks to months. Long-term HPA axis activity can be measured from hair since it builds cortisol over a long period of time. Cortisol deposition occurs during the anagen phase of hair growth and most cut or plucked hair samples are in the anagen phase. Hair cortisol has been established but a standard body region to obtain hair samples from has not been established. Hair samples were obtained from two 1 year old and seven 3-9year old marmosets. Hair was shaved (100g) and collected from the between the shoulders on the back and 8 cm from the tail base. The hair was then processed to extract the cortisol from the sample. Cortisol concentration was significantly lower for back hair vs tail hair. These results were consistent with previous research on chimps, yellow baboons, marmots, caribou, reindeer, and grizzly bears. The difference is thought to be due to regional variation in hair growth and differences in vascularization. Elevated cortisol levels are linked to increased hair growth, thus the differences seen in the study are due to the timing and pattern of hair growth. Hair grows in anagen phase and that is the only phase cortisol deposition occurs so thus there are different hair stages by body region. Hair on the tail has a slower growth rate and thus provides longer opportunity for cortisol deposition in the hair. New world monkey cortisol levels are 2-10 times higher than old world monkeys and thus plays into the phenomenon of glucocorticoid resistance in NW monkeys. Glucocorticoid resistance is the result of species-variation in glucocorticoid receptor binding affinity and receptor signaling. Overall, when comparing cortisol levels via the hair, the samples must be collected from the same body regions which will allow greater reliability for longitudinal studies.

QUESTIONS

1. 
What phase of hair growth does cortisol deposit?
a. 
Anagen
b. 
Catagen
c. 
Telogen
2. 
True or False: The hair from the tail base had higher levels of cortisol due to the faster growth rate of the hair
3. 
Which of the following samples can be used to get cortisol?
a. 
Blood, saliva, sweat, urine, feces

b. 
Urine, feces, hair, blood, saliva
c. 
Blood, saliva, skin, hair, feces
ANSWERS

1. 
a
2. 
False – slower rate of growth.
3. 
b
 

Compo et al. Fecal Bacterial Microbiota of Health Free-Ranging, Healthy Corralled, and Chronic Diarrheic Corralled Rhesus Macaques (Macaca mulatta), pp. 152-165

Domain 3

Primary Species: Macaques (Macaca spp.)

 

SUMMARY: Chronic idiopathic diarrhea (CID) is a significant clinical challenge for most large primate centers in North America making up a significant proportion (30-50%) of their clinical caseload. The microbiome plays a significant role in the pathogenesis of disease and contributes to normal health and development of the gut. This study was designed to describe and compare the fecal bacterial microbiota of healthy free-ranging, semi-wild rhesus macaques (HF group), healthy macaques living in large, outdoor corrals (HC group), and corralled macaques with CID.  Animals in all conditions received the same standard monkey chow, had access to purified water, and lived in the same climate. Macaques from the same housing site, regardless of their disease status, were more similar in fecal bacterial composition than animals of similar health status at different housing sites with different housing modalities. The 2 predominant bacterial phyla regardless of health status or housing modality were Firmicutes and Bacteriodetes. However, an overall lower relative abundance of Bacteriodetes was found in the HF macaques as compared with corralled animals. Proteobacteria were differentially enriched in diarrheic animals and this phylum was the only one that differed in the relative abundance among HC and CID animals. This pattern is expected, given that higher proportions of Proteobacteria are regularly identified in diarrheic animals across species and are considered a hallmark of dysbiosis. An unexpected finding was the lack of difference in the relative abundance of Proteobacteria between diarrheic and HF animals which highlights the importance of taking into account gastrointestinal location when making generalizations regarding what determines a dysbiotic state. Some bacteria may have a commensal role in one region of the gut and cause pathology in other regions. The HF macaques were differentially enriched with Christensenellacaea and Helicobacter.  Ruminococcacaeae and Christensenellacaeae bacteria should be studied further to determine their ability to optimize the gut microbiome to combat CID. Overall, the housing site of the rhesus macaques appeared to have a greater impact on the composition of the gut microbiome than their health status. 

 

QUESTIONS

1. 
What gene has been a mainstay in sequencing bacteria?

2.  
What Helicobacter species is found in the superficial mucosa of healthy control rhesus macaques?

 

ANSWERS

1. 
16S rRNA

2. 
Helicobacter macacae
 

 

Theil et al. Hematology and Culture Assessment of Cranially Implanted Rhesus Macaques (Macaca mulatta), pp. 166-176

Domain 3: Research
Primary Species: Macaques (Macaca spp.)
SUMMARY: Percutaneous implants, for neuroscience research, are used in studies of auditory system, visual cortex, motor cortex, perception and optogenetics. Rhesus macaques have been the recipient of percutaneous cranial implants and are species for refinements to improve research outcomes. Cranial implants can develop complications, such as inflammation and infections at skin margins and the bone/ implant interface and chronic inflammation has effects on hematologic values. This study aims to evaluate systemic physiologic changes in clinically healthy, implanted animals to obtain framework of CBC/ chem values for macaques with percutaneous implants. Male and female macaques, during Sept 2001 and March 2017, who underwent 1 or more cranial implant surgeries, were assessed. Blood for CBC/chemistry and aerobic/ anaerobic bacterial samples were collected and antibiotic sensitivity profiles were assessed for all isolates. Differentiation of healthy implanted and non-implanted macaques was based on whether bloodwork was performed for clinical or routine management reasons. Generalized estimating equations used to compare results before and after an animal’s first implant surgery, showed that cranial implants were a significant predictor of alterations in the number of neutrophils, lymphocytes, and red blood cells, and in the concentration of hemoglobin, alkaline phosphatase, creatinine, calcium, phosphorus, total protein, albumin, and globulin. Staphylococcus aureus was the most common aerobic isolate cultured from head implant wells and margins, followed by Streptococcus spp., Corynebacterium spp., and Enterococcus spp. These bacteria are considered normal flora in rhesus macaques and are easily cultured from skin, nasal, oral, rectal, and/or vaginal swabs. Bacterioides fragilis, Peptostreptococcus anaerobius, and Fusobacterium spp. were the majority of anaerobic bacterial isolates. Of all the antibiotics tested for a correlation between susceptibility and time, only Cefazolin showed a significant increase in resistance over the years of the study period. Therefore, this study indicates that percutaneous implants are associated with a generalized inflammatory state, numerous bacterial species are present at the implant site, and these bacteria may contribute to the inflammatory response. 

 

QUESTIONS

1. Which of the following species of bacteria has not been found in the chambers and skin edges of cranial implants in rhesus macaques?
a. 
Staphylococcus spp.
b. 
Corynebacterium spp.
c. 
Streptococcus equisimilis
d. 
Enterococcus spp.
e. 
All of the above are found  

2. T or F? Titanium alloys and acrylics added to implants increases the exposed tissue surface area, creating ideal environments for infectious agents to thrive.  

ANSWERS

1.
c
2.
True 

 

Willis et al. Effects of Chronic Viral Infection on Lymphocyte Populations in Middle-aged Baboons (Papio anubis), pp. 177-187

Domain 3: Research 
Secondary Species:  Baboon (Papio spp.)
 
SUMMARY: Aging is associated with an altered immune system that includes loss of naive T lymphocytes, accumulation of T lymphocytes negative for the costimulatory receptor CD28, altered cytokine  expression and increased inflammatory markers. This process, in which the immune system has an increased susceptibility to disease with age is called immunosenescence. 

Antigenic stress from chronic viruses, particularly cytomegalovirus is thought to contribute to age related changes in the immune system.  Cytomegalovirus is a beta-herpesvirus that rarely causes symptoms in healthy individuals despite establishing a lifelong infection in its hosts. Chronic infections with pathogens like cytomegalovirus has been suggested to contribute to immunosenescence by causing decreases in naïve cells and increases in late-differentiated memory lymphocytes. The current study, hypothesized that baboons with baboon cytomegalovirus would show the most profound changes in the immune system, and animals without exposure to chronic pathogens will have better preservation of their immune system.

Animals were between 8-13 years old for this study and followed for a 3-year period. SPF and conventionally reared (large multimale troops – CONV LG and small groups – CONV SM) baboons were used. During routine colony health checks blood samples were taken to analyze lymphocyte populations and buccal samples were taken for salivary viral DNA analysis were taken. 

The data indicated that all baboons, independent of pathogen status and environmental conditions show a reduction in CD45RA+ CD28+ lymphocyte populations during middle age:
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Figure 1. Proportions of CD4SRA+ CD28+ and CDISRA- CD28+ lymphacytes (CD3+) in age-matched SPF and conventionally reared, small-
roup (CONV SV and arge-group (CONV LG) baboons; .= 14 maiched SPF and CONV LG animals; n =7 CONV SM animals. (A) CD3+ CD4+.
CD45RA+ CD28:+ lymphocytes. (B) CD3+ CDS+ CDISRA+ CD25+ lymphocytes. (C) CD3+ CD4+ CDISRA- CD28+ lymphocytes. (D) CD3+.
(CDS4 CDA5RA- CD28+ lymphocytes. The mean age of animals was 95 0.2, 105 0.3, and 115+ 03 y n study years 1,2, and 3, respectively.
. Difference (P < 0.05) befacen groups; uppercase leters denote longitudinal differences (P < 0.05) within the sam group.





The results also suggest these lymphocyte changes occur more quickly in baboons exposed to chronic pathogens. When conventionally reared animals are housed in smaller groups, they show a delay in the onset of decline in CD45RA+ CD28+ compared to CONV LG animals. The smaller  groups have lower inflammation and stress markers, suggesting that housing and environment play a role in the rate of immune changes found in middle-aged baboons.

 
QUESTIONS
1. T/F: The increased susceptibility to disease in elderly due to a progressive weakening of the immune system is known as immunosenescence.  
2. What type of virus is a Cytomegalovirus?
a. Herpesvirus 
b. Coronavirus 
c. Rotavirus
d. Adenovirus 
3. T/F: Most conventionally raised captive baboons are not infected with Baboon Cytomegalovirus.
4.  T/F: The current study shows that social distancing is effective in reducing pathogen exposure. 
 
ANSWERS
1. True
2. a
3. False
4. True
 
 

