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Rowland and Toth. Analytic and Interpretational Pitfalls to Measuring Fecal Corticosterone Metabolites in Laboratory Rats and Mice, pp. 337-349

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
Domains 2, 3, and 4

 

SUMMARY: Glucocorticoid concentrations in blood/plasma are commonly used as physiological index of both acute and chronic stress in laboratory rats and mice. This has been used as an indicator of stress, and to optimize environmental conditions and management that minimize and alleviate stress in these species. This involves handling and collection of blood from animals which is in itself cause rapid increase in glucocorticoid levels in the blood. Alternatively, in recent years, use of fecal corticosterone metabolites (FCM) is widely accepted as measurement of stress as this method is considered less invasive and provide more cumulative measure of stress than transient variations. In this review, authors have highlighted analytical and interpretation pitfalls of using FCM as measure of stress, and challenged the belief that not all stress can be deleterious and detrimental to the life.

Stress is a complex physiological and behavioral response for acute or chronic stressors that renders the organism for adaptation or resilience. Large number of endogenous mediators (e.g., glucocorticoids, catecholamines, monoamines) released in the body in response to many stressful conditions. Two major physiological pathways, hypothalamic pituitary adrenal (HPA) system and sympathetic adreno medullary (SAM) system, release glucocorticoids and catecholamines, respectively, and monoamines released in the brain in response to stress directly or indirectly exerts wide variety of physiological effects. However, researcher have a tendency of using glucocorticoids as indicator of stress although several endogenous mediators have been identified. Glucocorticoids has longer stability than other mediators. Authors highlighted several factors that investigator should consider while designing and interpreting the studied using FCM as an indicator of stress.
  

· Normal corticosterone metabolism and excretion in different rodent species

· Type of stressors or conditions that influence FCM (acute, chronic, physical, psychological, experimental or husbandry-related, physiological variations, gut microbiome, type of the diet)

· Establish a normal stable and low baseline levels of FCM in the rodent colony

· Considering the influence of the circadian rhythm on normal ranges, defecation pattern, and food intake

· Obtaining a sufficient and representative fecal sample for reproducible results

· Validation of extraction method and assay for recovery, sensitivity, and consistency of using internal standards

· Including samples from biological positive and negative control samples in the analysis

· Optimal way of reporting the concentrations (absolute or concentration/mg of feces)

· Use of appropriate statistical analysis

Finally, by discussing the concept of hormesis, homeostasis, allostasis and resilience, and providing the experimental evidence to support these concepts (e.g., social housing, environmental enrichment, calorie restriction), authors argue that mild to moderate stressor that relatively brief in duration are beneficial by priming the physiology and behavioral adaptations that render animals more resilient to face current or future stress. Thus, researcher who focus on assessing or mitigating stress in research animals should aware these concepts in designing and interpreting studies in this topic, and avoid simplistic view of glucocorticoids as indicators of stress, and stress as an avoidable and fundamentally unhealthy component of life. Authors also acknowledge that review of this topic has been challenging because of absence of key data, and suggest Cochrane-type review and/or consensus statement by involved organization would be perhaps guide the future research in this important topic.

 QUESTIONS
1. 
What percentage of corticosterone is metabolized and excreted in bile and feces in male rats?

a. 
15% to 25%

b. 
25% to 40%

c. 
45% to 55%

d. 
75% to 90%

2. 
T/F: The maximal and minimal concentrations of fecal corticosterone metabolites (FCM) was reported in first one-third of the dark and light phase of the diurnal cycle respectively in C57BL/6J mice.

3. 
T/F: The primary glucocorticoid in rodents is corticosterone.

4. 
T/F: In plasma 3 to 5% of circulating corticosterone are unbound and biologically active. Rest of the hormone is bound to corticosterone binding globulin (CBG) and albumin.

 

ANSWERS
1. 
d

2. 
True

3. 
True

4.
True 

Dauchy et al. Influence of Daytime LED Light Exposure on Circadian Regulatory Dynamics of Metabolism and Physiology in Mice, pp 350-373 

Primary Species: Mouse (Mus musculus)
 

SUMMARY
 

Background: Light is a key regulator of mammalian circadian rhythm and variations in intensity, duration, and wavelength can affect physiology and metabolism. Cells within the retina called intrinsically sensitive retinal ganglion (ipRGC) contain photopigment melanopsin which detect light and transmit photic information to the SCN. The SCN (suprachiasmatic nucleus) within the hypothalamus regulates the nighttime pineal gland production of the circadian neurohormone melatonin that results in high nighttime and low daytime levels. Melatonin signal contributes to the coordination of behavior and physiologic functions (glucose, lactate, corticosterone, insulin and leptin metabolism) associated with health and wellbeing.

This study compared daytime exposure to blue-enriched LED light (bLAD) to the daytime exposure to broad-spectrum cool white fluorescent light (CWF). With the hypothesis that exposure to bLAD compared to CWF would promote circadian regulation of neuroendocrine, metabolic, and physiologic parameters.

Three common mouse strains (male and female) were involved: C3H (melatonin-producing), C57BL/6 and BALB/c (both melatonin-non-producing). The C3H mice, like the athymic nude mouse (Crl:NU(NCr)-Foxn1nu), are considered circadian complete meaning their pineal gland can produce melatonin. The C57BL/6 and BALB/c strains have impaired production of melatonin due to missing enzymes (AANAT and HIOMT) key to the conversion of precursors in the pineal gland.

 

Methods: After a 1-week acclimation period, mice were randomized and separated into groups (CWF and bLAD). For 12 weeks, the mice were kept on a 12:12h light:dark cycle devoid of light contamination during the dark phase. Daily, radiometric and photometric values (photon flux, irradiance, and photopic illuminance) were monitored. To account for subtle differences in cage position and assure uniformity of intensity of ocular light exposure, each cage was rotated one position to the right (for a total of 36 positions) daily. The following were measured: body growth rates; dietary and water intakes; circadian rhythms of arterial blood corticosterone, insulin, leptin, glucose, and lactic acid; pO₂ and pCO₂; fatty acids (TFA); and metabolic indicators (cAMP, DNA, tissue DNA 3H-thymidine incorporation, fat content).

 

Results: The LED lamp had higher emissions for potential light stimulation of the rodent photoreceptors (45% higher for S cones, 28% higher for rods, and 21% higher for M cones).  Long-term exposure to bLAD lighting compared to CWF lighting resulted in markedly augmented amplitude and extended duration of the nocturnal melatonin, in effect, prolonged the biologic night for several hours into the light phase. In C3H strain, but not the C57BL/6 and BALB/c strains, circadian rhythms of all endocrine physiologic and metabolic analytes (both male and female) in the bLAD light group were altered compared with the broad-spectrum CWF light. These altered rhythms appeared to be independent of the SCN-generated rhythms. These findings support that bLAD lighting conditions may help reduce age-related inflammatory, obesity, and diabetes in the circadian complete/ melatonin-producing C3H mice. The absence of enhancement in amelatonic strains suggests hyperproduction of nighttime melatonin may be a key component of the physiology.

QUESTIONS
1.
What two commonly used mouse strains are considered amelatonic? And what causes their impaired production of melatonin. 

2.
True/False- LED/bLAD light, compared to CWF, has higher emissions for stimulating melanopsin-containing cells in the retina.

ANSWERS
1.
C57BL/6 and BALB/c; impaired production of melatonin due to missing enzymes (AANAT and HIOMT) key to the conversion of precursors in the pineal gland.

2.
True

 

Smith et al. Female- and Intruder-induced Ultrasonic Vocalizations in C57BL/6J Mice as Proxy Indicators for Animal Wellbeing, pp. 374-383

Domain 2: Management of Pain and Distress

Primary Species: Mouse (Mus musculus)

 

SUMMARY: This paper evaluates the use of ultrasonic vocalizations as a means to monitor animal well-being. Two types of ultrasonic vocalizations were studied: Female-induced ultrasonic vocalizations (FiUSV), produced by male mice when introduced to a new female mouse; and Intruder-induced ultrasonic vocalizations (IiUSV), produced by female mice when introduced to a new female mouse. 9-week old male mice and 5 month old female mice received either 6mg/kg LPS, 12.5mg/kg LPS, or an equal volume of saline. At baseline, and again either 1h or 3h post injection, the mice were evaluated for ultrasonic vocalizations. To measure FiUSV in male mice, the mouse to be observed was single housed in a sound proof chamber (beach cooler) in a quiet, secluded room. A 5 minute background recording was performed and then the male was introduced to a cotton-tipped applicator soaked in the urine of a female mouse. A second 5 minute recording was collected. To measure IiUSV in female mice, the mice were single housed in the same sound proof chamber and introduced to an unfamiliar, non-anesthetized female mouse. Five minute recordings were collected before and after the introduction of the stimulus as with male mice. 

 

To compare the use of USV to traditional pain scales in rodents, behavior assessments were conducted. Blinded observers scored photos of each mouse taken immediately after USV recordings. The mice were evaluated according to orbital tightness, body posture, and piloerection.

 

The results of this study were that FiUSV and IiUSV were significantly decreased for mice receiving LPS compared to mice receiving only saline. Less background noise was also heard in mice receiving LPS, and the authors attribute this decrease in background noise to a decrease in moue activity associated with acute inflammation. Changes in FiUSV and IiUSV were detected earlier than changes in behavior. The authors of this study conclude that FiUSV in male mice and IiUSV in female mice may be useful for assessing animal well-being associated with acute inflammation prior to the onset of clinical signs.  

 

QUESTIONS

1.
Which answer below best describes the criteria evaluated when assessing pain using the mouse grimace scale?

a.
Orbital tightening, ear position, cheek bulge, nose flattening

b.
Orbital tightening, whisker change, ear position, cheek bulge, nose bulge

c.
Orbital tightening,  ear position, cheek bulge, nose bulge

d.
Orbital tightening, whisker change, ear position, cheek flattening, nose bulge

2.
What are some drawbacks to using the mouse grimace scale?

 

ANSWERS

1. b
2. The mouse grimace scale is subjective and may not indicate pain intensity accurately.

Messer et al. Diet-induced Generalized Periodontitis in Lewis Rats, pp. 384-400

Primary Species: Rat (Rattus norvegicus)
Domain 1
 
SUMMARY: Rodents from genera Mus and Rattus have advantages as experimental models because they produce measurable alterations in periodontal tissues within a timeframe of weeks, allow observation of the disease at a genetic level, and are readily available from commercial laboratory suppliers. Because of the small size of their oral cavity, routine clinical outcomes performed in humans are unreliable and lack sensitivity in rodents. Mice and rats typically require ongoing, local mechanical intervention to recreate features of mild to moderate periodontitis because they’re less prone to developing spontaneous, generalized periodontitis. These procedures include placing a ligature around molars, repeated injection of LPS into gingival tissues, and repeated inoculation with bacterial pathogens into oral tissues. Currently, when fed a diet high in sucrose and casein (HSC), rice rats (Oryzomys palustris) are a rodent model that exhibits both spontaneous plaque accumulation and host-mediated, progressive, periodontal tissue damage without mechanical intervention. This study chose to evaluate HSC diet in Lewis rats due to their well-characterized genetic susceptibility to various inducible T-cell mediated and autoimmune diseases. Th1 and Th17 effector responses associated with development of autoimmune disease are unique in Lewis rats. Accentuated Th1 responses and immune imbalances between Th17 and regulatory T cells have been shown to contribute to uveitis and encephalomyelitis in Lewis rats. Lewis rats were fed HSC diet for 24 weeks to determine the extent to which they would develop periodontitis. Periodontitis was assessed using histologic and µCT analysis of jaw quadrants and analysis of genes upregulated during tissue damage in response to the presence of bacteria. The inflammatory host response was assessed through immunocytochemistry and gene expression analysis of cytokines, particularly those associated with Th1 and Th17 responses.

 
Results: Lewis rats developed mild-to-moderate generalized periodontitis when fed HSC diet for 24 weeks. Lesions were characterized by hyperplasia and migration of the gingival epithelium (GE), inflammatory cell infiltration of the GE, and periodontal ligament, disruption of the ligament, and increased alveolar bone loss. Periodontitis lesions in the Lewis rats were less severe than reported previously for rice rats.

 

Conclusion: Administration of HSC diet induced mild-to-moderate generalized periodontitis in Lewis rats that was characterized by a Th1 immune response in periodontal tissues, but without significant metabolic abnormalities. This is a viable alternative for inducing mild periodontitis.

 
QUESTIONS
1. 
What is a rodent model that develops spontaneous periodontitis without mechanical intervention?

a. 
Rattus norvegicus
b. 
Oryzomys palustris
c. 
Mus musculus
d. 
Peromyscus maniculatus
e.  
Oryzomys capito
2.
 _________________ rats have a well-characterized genetic susceptibility to various inducible T-cell autoimmune diseases with Th1 and Th17 effector responses.

a.   Sprague Dawley

b.  
Dark Agouti

c.  
Wistar

d. 
Lewis

e. 
Buffalo

ANSWERS
1.
b

2.
d

 

 

Allerkamp et al.  Characterization of a Porcine Model for Von Willebrand Disease Type 1 and 3 Regarding Expression of Angiogenic Mediators in the Nonpregnant Female Reproductive Tract, pp. 401-412
Domain 3: Research

SUMMARY

Background: VWD type 1 is an autosomal-dominant inheritance. Type 3 is autosomal recessive. Women with VWD have a higher rates of miscarriages and the underlying cause is currently unknown. Hypothesis: impaired angiogenesis might be involved in the fertility of female VWD due to influence on ovulation, development of corpora hemorrhagic and corpora lutea, the process of implantation/placentation leading to impaired nutrition of the fetuses, and development of a receptive endometrium.

 

Porcine model better than murine because embryos in VWD pigs have increased intrauterine embryo mortality while litter size in mice are normal. Difficult to breed VWD type 3 sows prevents large animal numbers for conducting animal studies.

 

Materials and Methods: Tissues harvested from 6  female pigs (Poland china/Yorkshire/meishan cross) aged between 7 and 15 months. Using PCR, 2 were heterozygous for VWD type 1, 2 for VWD type 3, and 2 were WT and were used as controls. Animals were nulliparous and euthanized in late estrus shortly after ovulation. Uterine horns, both ovaries, and oviducts were collected. IHC stained for Ang-1&2, Tie-1&2, Integrin αvβ3, VEGF, and VEGFR-2. Counterstained with Delafield’s hematoxylin. Immunofluorescent containing for VWF, smooth muscle SMA and DAPI.

Uterine Epithelium – UE

Apical Membrane – AM

Oviduct Epithelium - OE

 

Results: WT 1 & 2 animals: VWF detected by IHC and immunofluorescence. Blood vessel histology was normal.  Gene expression between the 2 was less than 50%. Integrin αvβ3 was located at the UE AM and was very weak at the OE AM

 

VWD type 1 animals 1 & 2: VWF expression was below WT mean but proteins were detected in epithelial cells. Blood vessel histology was normal. TIE2 expression was increased in oviduct. Integrin αvβ3 located in cytoplasm of UE and very weak in OE AM. Ang-2 moderate staining od UE AM

 

VWD type 3 animal 1 & 2: VWF expression and VWF protein was below WT and VWD type 1. Altered blood vessel histology in uterine lamina propria. VEGF expression in uterus higher than WT animals. ANG2 expression decreased and TIE2 expression increased in ovary compared to WT and VWD type 1. Integrin αvβ3 not found in uterine and oviduct AM and stronger staining found in cytoplasm of UE compared to WT and VWD type 1. Ang-2 stained in OE AM.

 

Discussion: Results demonstrated an influence of VWD on the female reproductive organs. Angiodysplatic lesions in VWD patients commonly occur in GI tract, nail folds, and nasal mucosa. This study is first to report angiodyplastic lesions in arteries and veins in an animal model for VWD. Angiodysplasia found in both VWD type 3 animals. The blood vessels in the lamina propria were dilated, thin-walled, and had a wider diameter. Expression and distribution of angiogenic factors were identified on a genetic and protein level. VWD type 3 had greater expression of VEGF in the uterus and VWF acts on angiogenesis via the VEGF/VEGFR-2 pathway, thus the over signaling of the pathway could have led to angiodysplatic blood vessels. The results supported the hypothesis that the lack of VWF may alter angiogenesis via increased VEGF expression and VEGFR-2 signaling. Study limited by animal numbers and future studies involving more animals is recommended and animals can be chosen to minimize variation concerning VWF genotype and phenotype prior to euthanasia.

 

QUESTIONS
1. 
Why are Pigs a better model than Mice for VWF

a. 
Pigs are easier to breed for VWD

b. 
Pig litter size is affected in utero

c.  
Size of the animal is more comparable to humans

2.  
T/F: VWD type 1 exhibited evidence of angiodysplasia in the blood vessels of the uterus

3.
Angiogenesis is altered via:

a. 
Decreased VEGF expression and VEGFR-2 signaling

b. 
Decreased ANG2 and TIE2 expression

c. 
Increased ANG2 and TIE2 expression

d. 
Increased VEGF expression and VEGFR-2 signaling

 

ANSWERS
1. 
b
2. 
F: VWD type 3

3. 
d
 

Smith et al.  Pharmacokinetics of Ertopenem in Sheep (Ovis aries) with Experimentally Induced Urinary Tract Infection, pp. 413-418
Domain 1:  Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: Sheep (Ovis aries)

 

SUMMARY: Ertapenem is an antibiotic in the carbapenem family that inhibits bacterial cell wall synthesis and can be dosed once a day in humans. It has activity against gram-positive and gram-negative aerobic bacteria as well as anaerobic bacteria. Like other carbapenem antimicrobials it demonstrates a post antibiotic effect and suppresses bacterial growth after the concentration falls below the minimal inhibitory concentration of the organism.  For these reasons, ertapenem is often efficacious when used to treat complicated urinary tract infections (UTI) in humans.  Drug efficacy is inherently related to drug exposure for carbapenem antibiotics because time-dependent exposure needs to exceed the MIC for 40% and 20% of the dosage interval to achieve bactericidal or bacteriostatic effect.

 

Complicated UTI in humans are often associated with immunosuppression, renal disease, renal transplantation or physical objects such as urinary calculi and indwelling urinary catheters.  Animal models are needed for the development of new therapies, but traditional models such as mice are poorly suited for this type of research due to their small size and unsuitability for urinary catheterization.  Sheep are used as models for many human diseases such as respiratory disease, hemophilia and polycystic kidney disease. Sheep are suitable for UTI research due to their body size, favorable disposition, low cost, and long life span. They are also able to be catheterized for a long time and large volumes of urine can be collected.

 

This study aimed to develop an ovine model for treating UTI with carbapenem by establishing the pharmacokinetics in sheep after single and multiple dosing with and without immunomodulators.  UTI was induced using a Foley catheter and inoculation with Pseudomonas aeruginosa strain ATCC 15442. 24 hours prior to collection, ewes in the immunomodulator group were treated with ZN, a STING pathway activator. 

 

Results showed a short half-life and linear pharmacokinetics of ertapenem, similar to that in humans. There were no differences in the PK parameters and concentration at individual timepoints after single or multiple administrations. In conclusion, no drug accumulation was reported after 5 days. There was no significant difference between ertapenem clearance after single and multiple dosing which indicates first-order elimination in sheep. These characteristics make the sheep a suitable model to evaluate pharmacokinetics for therapeutic strategies for ertapenem use for UTI in humans.

QUESTIONS
1.
All of the following characteristics of sheep make them suitable for use as research models except:

a.  
Body size

b.  
Laboratory disposition

c. 
High cost

d. 
Longevity

2.
T/F: Carbapenem antibiotics have activity against gram-positive and gram-negative aerobic bacteria as well as anaerobic bacteria.

3.
T/F: Ertapenem does not demonstrate any post antibiotic effect.

 

ANSWERS
1.
c

2.
True

3.
False

Wallace et al. Suspected Anaphylactic Reaction to Ketamine in 3 Yucatan Swine (Sus scrofa), pp 419-424 

 

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

Primary Species: Pig (Sus scrofa)
 

SUMMARY: Anaphylactic drug reactions during anesthesia are rare but can occur in both human and veterinary patients.  Naturally occurring anaphylaxis in swine appears to be rare or underreported according to available literature.  The authors of this case report discuss adverse events in 3 Yucatan minipigs anesthetized for protocol-related surgery.  All three pigs developed diffuse erythema after injection and other clinical signs observed included: tachycardia, respiratory and cardiac arrest.  The adverse effects were attributed to ketamine as it was the only drug that was common to all three pigs.  This case report highlights the potential for anaphylactic reactions to ketamine in swine and the importance of emergency preparedness for all procedures especially those involving anesthesia.

 

QUESTIONS
1. Ketamine is a(n) __________________.

a. Opioid

b. NMDA-antagonistic dissociative agent

c. Benzodiazepine

d. Alpha 2 adrenergic agonist

2. Which of the following IS TRUE regarding anaphylactic reactions?

a. They can be nonallergic or allergic in origin

b. Nonallergic anaphylaxis is further subdivided into IgE and nonIgE dependent mechanisms

c. Allergic anaphylaxis is further subdivided into IgE and nonIgE dependent mechanisms

d. All of the above

e. All but b

3. Anaphylaxis results in systemic release of inflammatory mediators by ___________.

a. Mast cell and basophils

b. Eosinophils and basophils

c. Neutrophils and basophils

d. Mast cells and neutrophils

4. Which of the following IS NOT a sequela of anaphylaxis?

a. Skin erythema

b. Bronchospasm

c. Vasoconstriction

d. Hypotension

e. Cardiovascular and respiratory collapse

5. Which of the following IS TRUE?

a. Shared food allergies have been reported to occur between siblings

b. Drug allergies are infrequently reported to have a genetic basis

c. There is no known predisposition of humans/animals with another allergic disease for having an anaphylactic reaction to injectable drugs

d. All of the above

ANSWERS
1. b

2. e

3. a

4. c; should be vasodilation

5. d

 

Shientag et al. Allelic Diversity in the Serum Amyloid A2 Gene and Amyloid A Amyloidosis in a Breeding Colony of Zebra Finches (Taeniopygia guttata), pp. 425-431

Domain 1 – Management of Spontaneous and Experimentally Induced Diseases and Conditions
Tertiary Species – Other Birds

 

SUMMARY: There was a high incidence of AA amyloidosis in the zebra finch breeding colony at the authors’ institution. Several birds had comorbidities that had been associated with amyloidosis in the past, but a few birds diagnosed with amyloidosis had no comorbidities, and others had clinical conditions but did not have amyloid deposits. Based on speculation that there may have been a genetic predisposition or resistance to developing amyloidosis, the serum amyloid A2 gene (SAA2) was sequenced from 20 individual birds. They found 18 different alleles among the 20 birds, 10 of which resulted in 1 or more amino acid substitutions. Five distinct isotypes of SAA2 were identified, and types SAA2.1 and SAA2.3 were associated with healthy birds diagnosed with hepatic amyloid deposition. Using web-based algorithms, 2 amino acid substitutions were predicted to be damaging to SAA2: R52L and V84M. Isotypes SAA2.3 and SAA2.4 contained one or both of these substitutions, as well as 5 or 6 additional altered residues. The authors conclude that the SAA2.3 isotype has the most potential for amyloidogenicity.

 

QUESTIONS
1. 
What organs are most frequently affected by AA amyloidosis?

2.  
What stain is used to identify amyloid?

3.  
What is a common research use of zebra finches?

 

ANSWERS
1. 
Visceral organs, esp. liver, spleen, kidneys

2.  
Congo red stain

3.  
Acoustic communication, vocal learning

 

