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Mouse Models

Miyashiro et al. A Mouse Model for Human Unstable Hemoglobin Santa Ana, pp. 437-444
Domain 3: Research

Primary Species: Mouse (Mus musculus)
 

SUMMARY: This study examined a mouse model of hemoglobin hereditary abnormality different than what has previous been used. Previous mouse models have used mice with changes in the Beta-globin chain genes (via a targeted knock-in), which mimic Beta-thalassemia in humans. This new model better mimics unstable hemoglobulinopathies, specifically Santa Ana unstable hemoglobin syndrome. The study compared 12 affected mice (Anem/+) to 13 control mice (BALB/c, +/+), the mutant homozygous mice die in utero. The research compared the affected and control groups in genetic mapping, hematology, hemoglobin analysis, and histopathology. Comparatively the mutants had hematology consistent with a chronic regenerative anemia, increased leukocytosis, and increased RBC osmotic fragility. There were multiple types of RBC morphologic changes present in the anemic mice, including basophilic stippling, Howell-Jolly bodies, hypochromia, poikilocytes, and polychromasia. Hemoglobin in the mutants was less stable, as determined by a heat-stability test and an isopropanol test, in the heat-stability test the mutant hemoglobin showed turbidity sooner. Mutants had palpable splenomegaly and subcutaneous icterus. Additionally, the mutant mice showed symptoms similar to that which is seen in humans with Santa Ana unstable hemoglobin syndrome, including hemolytic anemia, splenomegaly, icterus, and hematuria.

 

QUESTIONS
1.
Which of the following is indicative of a chronic regenerative anemias as seen in these affected mice?

a. 
Normocytic, normochromic with no reticulocytosis

b. 
Macrocytic, hypochromic with reticulocytosis

c. 
Microcytic, normochromic with no reticulocytosis

d. 
Microcytic, hypochromic with reticulocytosis

2.
Hemoglobin precipitates intracellularly, visibly this leads to intraerythrocytic basophilic amorphous inclusions. These inclusions progress to ______.

3.
Reticulocytosis leads to which of the following changes in the hematology?

a. 
Decreased RDW and normochormasia

b. 
Increased RDW and polychromasia

c.  
Microcytosis and polychromasia

 

ANSWERS
1.
b
2.
Heinz bodies

3.
b
Trammell and Toth. Effects of Chronic Diurnal Disruption and Acute Inflammatory Challenge on Mice with Latent Murine Gammaherpesvirus Infection, pp. 445-454

 

SUMMARY

Study Design: Under varied light conditions (standard 12:12 light/dark vs “shift work” simulation – 3-day/4-day flipping of light cycle), mice were evaluated for delayed clearance and reactivation of a latent virus (murine gammaherpesvirus) using a luciferase reporter system. BALB/cByJ and C.129S7(B6)-Ifngtm1Ts/J interferon-gamma-deficient (IFNgKO) mice were infected with virus and followed for 6 weeks, followed by injection of LPS (or control) to evaluate re-activation of the latent virus. Data collected included in vivo luminescence imaging, virus genome number in lung by qPCR, and cytokine/chemokine quantification in lung.

Results: IFNgKO mice had higher viral loads than wildtype mice, but the light conditions did not make a consistent significant impact on viral load or initial clearance rate. Animals subjected to disrupted light cycles had a higher viral load after acute inflammatory challenge (LPS) than those injected with sterile saline; wildtype animals under standard lighting conditions did not exhibit significant differences in virus count between LPS and saline. IFNgKO mice also had a greater virus load in LPS-injected animals exposed to light disruption compared to LPS-injected mice under standard lighting. The authors concluded that “shift work” disruptions of sleep patterns can adversely impact immune control of viral latency, particularly when paired with acute immune stressors.

 

QUESTIONS

1.
What is LPS? What effect does it have on the body when injected?

2.
What are the clinical manifestations of septic shock?

3.
What is the standard lighting, humidity, and temperature settings recommended for mice (per the Guide)?

ANSWERS

1.
LPS = lipopolysaccharide, a component of the outer membrane of Gram-negative bacteria, aka “endotoxin.” It binds Toll-like receptor 4 (CD14) and triggers the secretion of many proinflammatory signaling molecules, typically followed by subsequent inflammatory signaling cascades. High doses of LPS trigger septic shock syndrome.

2.
Hypotension, tachypnea, tachycardia, diaphoresis, fever.

3.
325 lux (30 ft-candles) at 1 meter above the floor, 30-70% humidity, 68-79F / 20-26C

Herndon et al. Sustained-Release Buprenorphine Improves Postsurgical Clinical Condition but Does Not Alter Survival or Cytokine Levels in a Murine Model of Polymicrobial Sepsis, pp. 455-462

Domain 2: Pain and Distress; K5. Pharmacological interventions for pain and distress and their effects on physiology, including age and species differences for such interventions, and depth and duration of analgesia provided by such interventions

Primary Species: Mouse (Mus musculus)

SUMMARY: Researchers from Columbia and NYU examined the effectiveness buprenorphine (BupHCl) and sustained-release buprenorphine (Bup SR) on clinical condition, plasma concentrations of monocyte chemoattractant protein (MCP) 1 and IL6, and overall mortality in a murine cecal ligation and perforation (CLP) model of sepsis.  Mice underwent CLP surgery and were given either BupHCl or BurSR.  Mice were monitored daily for clinical conditions and scoring, while IL6 and MCP1 were measured at 24 hr intervals. There was a significant decrease in clinical scores associated with pain at 12 and 24hrs intervals in BupSR compared to BupHCl.  The different analgesics didn’t not seem to show a significant difference between the two study groups when looking at IL6, MCP1, mortality, and nesting.  The authors recommend that BupSR should be used for CLP studies.

 

QUESTIONS 

1. 
In the current study, what variables were used to as measures of comparison between the BupSR and BupHCl groups?

a.
MPC1 levels

b.
IL6 levels

c.
Nesting behavior

d.
Pain scoring at different time intervals

e.
All of the above

f.
Only A and B

2. 
Buprenorphine acts on what type(s) of opioid receptors?

a.
Partial mu agonist

b.
Kappa antagonist

c.
Delta agonist

d.
All of the above

e.
Only A and B

3. 
True/False. According to the authors, BupHCl is recommended over BupSR for CLP studies.

ANSWERS
1. 
e. All of the above

2. 
e. Only A and B

3. 
False

Ferret Model

Le et al. Diagnosis and Management of Polycythemia Vera in a Ferret (Mustela putorious furo), pp. 463-467 

Secondary Species: Ferret (Mustela putorious furo)

SUMMARY: A 5-y-old female ferret (Mustela putorius furo) was evaluated for diarrhea, anorexia, and lethargy for 1 wk. Only mild dehydration was detected on physical examination. CBC analysis revealed marked erythrocytosis with an unremarkable plasma biochemistry panel; follow-up CBC analyses revealed a consistent primary erythrocytosis. Whole-body radiographs and abdominal ultrasonography were unremarkable except for a small nephrolith in the right kidney and a small cyst in the left kidney. The plasma erythropoietin level was 17.0 mIU/mL and considered normal. In light of the diagnostic work-up and consistent erythrocytosis, a diagnosis of polycythemia vera (primary erythrocytosis) was made. The initial presentation of diarrhea resolved after treatment with oral metronidazole (20 mg/kg PO BID for 7 d). Treatment for the polycythemia consisted of a phlebotomy initially followed by chemotherapy with hydroxyurea (10 mg/kg PO BID). During the subsequent 12 mo, the hydroxyurea dose adjusted according to follow-up CBC results, and finding an optimal dosage regimen proved to be challenging. One year after the initial diagnosis, the ferret presented to an emergency clinic for acute and severe hemorrhagic diarrhea and died shortly thereafter. The postmortem diagnosis was acute venous infarction of the small and large intestine. This report is the first to describe the diagnosis and long-term management of polycythemia vera in a ferret and the use of hydroxyurea for this purpose.

 

QUESTIONS
1.
List 3 causes of clinical erythrocytosis in veterinary medicine.

2.
In humans what is believed to be the cause of primary polycythemia vera.

3.
List 5 causes of secondary polycythemia vera.

ANSWERS
1.
a) Hemoconcentration


b) Dehydration


c) Splenic contraction due to a sympathetic stimulus in response to excitement, pain or fear

2.
Primary PV is a myeloproliferative disorder that occurs as result of erythroid precursor defects in the bone marrow, leading to an increase in production of cells that are morphologically normal. In humans, the vast majority of PV cases result from a mutation in the JAK2 gene, for which genetic testing is available and recommended. In the veterinary literature, PV has only been described in horses and a subset of dogs, with etiology undetermined despite comprehensive diagnostic work-up.

3.
Exogenous administration of erythropoietin, renal mass excreting erythropoietin, chronic tissue hypoxia, hyperadrenocorticism, and carboxyhemoglobinemia.

Nonhuman Primate Models
Yoshimoto et al. Tranexamic Acid and Supportive Measures to Treat Wasting Marmoset Syndrome, pp. 468-473
Secondary Species: Marmoset (Callithrix jacchus)
 

SUMMARY: Wasting marmoset syndrome (WMS) has high incidence and mortality rates and is one of the most important problems in captive common marmoset (Callithrix jacchus) colonies. Despite several reports on WMS, little information is available regarding its reliable treatment. We previously reported that marmosets with WMS had high serum levels of matrix metalloproteinase 9 (MMP9). MMP9 is thought to be a key enzyme in the pathogenesis of inflammatory bowel disease, the main disease state of WMS, and is activated by plasmin, a fibrinolytic factor. In a previous study, treating mice with an antibody to inhibit plasmin prevented the progression of inflammatory bowel disease. Here we examined the efficacy of tranexamic acid, a commonly used plasmin inhibitor, for the treatment of WMS, with supportive measures including amino acid and iron formulations. Six colony marmosets with WMS received tranexamic acid therapy with supportive measures for 8 wk. The body weight, Hct, and serum albumin levels of these 6 marmosets were increased and serum MMP9 levels decreased after this regimen. Therefore, tranexamic acid therapy may be a new and useful treatment for WMS.

QUESTIONS

1. 
The main symptoms of WMS are

a.
Weight loss

b.
Decreased muscle mass

c.
Chronic diarrhea

d.
Alopecia

e.
All of the above

2.
T/F. Several reports have implicated IBD as a key component of WMS.

3.
Clinical pathology findings include

a.
Decreased Hct

b.
Decreased serum albumin levels

c.
All of the above 

4. 
T/F. Tranexamic acid is a plasmin inhibitor that has hemostatic and anti-inflammatory effects.

 

ANSWERS

1.
e
2.
True
3. 
c
4. 
True
 

Hegge et al. Using Hematology Data from Malaria Vaccine Research Trials in Humans and Rhesus Macaques (Macaca mulatta) To Guide Volume Limits for Blood Withdrawal, pp. 474-479

Domain 3

Primary Species: Macaques (Macaca spp.)
SUMMARY: The main adverse event that may be encountered in large blood volume withdrawal is iron deficiency anemia. Blood collection from research participants in both humans and laboratory animals vary widely between institutions. This article is a review of a set of hematologic data from 2 long-term protocols, one in humans and one in rhesus macaques, to evaluate the utility of a change in MCV as a useful biomarker of impending iron-deficiency anemia (IDA).

Hematology data sets were obtained for analysis from malaria vaccine trials in humans and in rhesus macaques. The macaque dataset included hematologic profiles of blood collected from rhesus macaques (Macaca mulatta) enrolled in a malaria immunogenicity study. Inclusion criteria were determined by those adult, non-pregnant, macaques deemed healthy by physical examination and having baseline clinical pathologic data parameters within normal reference ranges. The human dataset involved hematologic data from a malaria vaccine trial evaluating safety and efficacy in human volunteers. Exclusion criteria included immune-compromised persons and those with preexisting immune responses to malaria. Hematologic parameters collected included RBC indices (quantities and morphologies), WBC count, platelet count, BUN, serum creatinine, AST, ALT, GGT, and creatine kinase. Data analysis was performed under the hypothesis that blood volumes removed during clinical and lab animal trials cause detectable changes in hematologic parameters. A secondary hypothesis was that some of these parameters may be useful predictors of potential incipient iron-deficiency anemia (IDA).

The effect of large blood draws on the CBC parameters is evident by large decreases in Hgb after sampling. The overall MCV response differs between macaques and humans. Despite having an overall larger amount of blood removed per week on a percentage-removed basis, the macaque MCV tended to increase as the study progressed, whereas humans did not experience such an increased MCV didn’t respond appropriately over the course of the study in humans, especially women. Humans showed a consistent declining trend in MCV.

Large blood volume withdrawals in macaques (a large as 12.5%) generally appears to be safe, whereas withdrawal levels of 14% and 15% warrant close monitoring and iron supplementation as necessary. The lack of erythropoietin response seen in the human subjects may warrant iron supplementation or reconsideration of current blood volume withdrawal guidelines.
Checking a subject’s MCV and comparing it with a baseline may be an efficient way to target those most at risk for an appropriate hematopoietic response.

 

QUESTIONS (True or False)
1. When analyzing the hemogram to monitor for potential adverse events such as IDA throughout a study, each subject’s values should be compared with their respective baseline or prestudy values.

2. Small, individual decreases of less than 1% of MCV should prompt concern, even when the measured value is still within the acceptable MCV reference range.

ANSWERS
1. True

2. Each subject’s MCV has a tightly regulated physiologic set point, such that any drop from baseline value is indicative of a microcytic anemia of some degree.

 

Mirsky et al. Utility of Orchidometric Parameters for Assessing Sexual Maturation in Male Cynomolgus Macaques (Macaca fasciculuris), pp. 480-488

Domain 3: Research

Primary Species: Macaques (Macaca spp.)

 

SUMMARY: The International Conference of Harmonization recently revised the guidance for testing of biotechnology-derived pharmaceuticals to allow evaluation of the reproductive tract of sexually mature male and female NHPs, in studies of 3 month duration, to be acceptable for assessment of effects on fertility, when NHPs are the only relevant species for toxicology testing.  This requires reasonably reliable methods for identifying sexually mature NHPs for these studies. Demonstration of regularly occurring menses is an accepted and easily monitored method to identify sexually mature females.  Evaluation of ejaculates for sperm is the accepted method for males however, not all facilities are readily equipped to do this.  This paper evaluates alternative methods for determining sexual maturity in male cynomolgus monkeys prior to enrolling them in these type of toxicology studies.  Specifically they evaluated the utility of orchidometry to determine testicular volume and measured levels of the circulating testicular hormone inhibin B.

 

99 control male cynomolgus monkeys were used for this evaluation.  Orchidometric measures were taken in awake, chair-restrained, animals or in sedated animals prior to necropsy. Comparison of testicular volume collected from animals prior to necropsy was made against histologic parameters when examined following necropsy. Serum was collected for hormone evaluation at the time of necropsy.

 

Orchidometry discriminated mature versus immature male cynomolgus monkeys in vivo with a high degree of confidence, by using the population based cutoff values as determined by testicular histology. They determined a cutoff value of 28ml to identify mature males. Serum inhibin B was of little value in determining male sexual maturity in this study.

 

QUESTIONS
1.  
What is an orchidometer?

a. 
Set of calipers specifically designed to measure testicles

b.  
Set of ellipsoidal reference beads used to make comparison and determine testicular volume

c. 
Devise that uses fluid displacement to determine volume of testicles

d. 
Specialized ultrasound probe used to determine testicular volume

2. 
Where is inhibin B produced?

a. 
Sertoli cells in the testes

b.  
Epididymal cells

c. 
Prostate gland

d. 
Adrenal cortex

ANSWERS
1.  
b
2. 
a. Inhibin B is produced by Sertoli cells and is involved in regulation of follicle-stimulating hormone secretion

 

Collins et al. Ventricular Parasystole in a Neonatal Rhesus Macaque (Macaca mulatta), pp. 489-493

Domain 1

Primary Species: Macaques (Macaca spp.)
 

SUMMARY: Non-human primates (NHP) are important research models for heart disease, one of the leading causes of death in adult humans. Cell-based therapies to induce cardiomyocyte regeneration are being studied in NHP models; however, the development of post transplantation arrhythmias is one of the main limiting steps in the translation of this treatment to humans. These studies could have sweeping effects as a basis for new model development, given the US Food and Drug Administration’s request for the development of alternative in vivo assays to the QT prolongation assay for assessing the proarrhythmic nature of drugs.

In this case report a 6 day old Indian-origin female rhesus macaque (Macaca mulatta) presented with bradycardia shortly after sedation with ketamine for a tattooing procedure; the bradycardia was initially attributed to the anesthesia and abated post anesthesia. The macaque was bradycardic again, however, and exhibited a regularly irregular arrhythmia on a prestudy examination two weeks later. Given this abnormality, the macaque was transferred to a short-term terminal study. Echocardiogram (ECG), echocardiography, blood pressure measurement, SpO2 assessment, and a complete blood count (CBC) were performed. The echocardiogram and blood work were normal, but the NHP was hypotensive at the time of echocardiogram. The ECG revealed ventricular parasystole; ventricular parasystole is considered a benign arrhythmia caused by an ectopic pacemaker within the ventricles that is insulated from impulses from the sinus node. On the final veterinary exam, a grade 3 systolic murmur and a decrease in arrhythmia frequency were noted. Upon conclusion of the short-term study the NHP was euthanized. Gross cardiac lesions were not observed at necropsy and cardiac tissue sections were normal on microscopic examination. The NHP did not display signs of cardiovascular insufficiency, and a review of the medical record indicated normal growth, feed intake, and activity levels. Although ventricular parasystole has been diagnosed in other species, this report is the first published case in an NHP.

Whether the arrhythmia diagnosed in this case was truly innocuous is unclear, given the documented hypotension and the development of a systolic heart murmur. This case report exemplifies the need for serial cardiovascular screenings for neonatal and juvenile animals to identify occult cardiovascular abnormalities that would make them inappropriate research candidates, especially regarding cardiovascular research.

QUESTIONS
1.  
Ventricular parasystole is best characterized by: 

a. 
Pathologic arrhythmia caused by immune-mediated destruction of the sinoatrial node

b. 
Pathologic arrhythmia caused by ischemic damage to the sinoatrial node 

c. 
Benign arrhythmia caused by an ectopic pacemaker insulated from impulses from the sinus node

d. 
Benign arrhythmia caused by an ectopic pacemaker insulated from impulses from the atrioventricular node

2.  
Which one of the following is NOT one of the three classic ECG features of ventricular parasystole?

a. 
Consistent interectopic intervals

b. 
Torsades de pointes

c. 
Varying coupling intervals

d. 
Presence of fusion beats 

 

ANSWERS
1.
d

2.
b
 

Rybak et al. Clinical Trypanosoma cruzi Disease after Cardiac Transplantation in a Cynomolgus Macaque (Macaca fascicularis), pp. 494-498

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

T1-4: Diagnose, Prevent, Control, Treat
Primary Species: Macaques (Macaca spp.)

SUMMARY: A cynomolgus macaque (originating from a facility in the southern US where he was born, raised and housed in indoor-outdoor group housing) received a heterotopic cardiac allograft (from an animal of Chinese origin) as part of a transplant study. The study utilized monoclonal antibodies targeted at specific immune costimulation molecules (CD154, CD28) but no traditional immunosuppressive therapy post transplantation. The animal was noted to be clinically anemic on postoperative day (POD) 35 and had worsened (Hgb, 2.3g/dL; Hct: 7.3%) by POD 47 despite type matched whole-blood transfusions. After a total of 4 blood transfusions the hematologic parameters were improved (Hgb, 5.9g/dL; Hct, 18.7%). A peripheral blood smear performed POD 50 revealed trypomastigotes and qualitative RT-PCR of whole blood identified the organism as Trypanosoma cruzi. The animal was clinically stable but continued to lose body condition until euthanasia was required.

 

The World Health Organization recognizes Chagas disease, caused by the kinetoplastid protozoan Trypanosoma cruzi, as “one of the world’s 10 most neglected tropical diseases.” This disease is primarily seen in Central and South America but is endemic in various areas of the southern United States. Transmission occurs through the bite of hematophagous triatome bugs but can also be transmitted through the oral route, blood transfusion or organ transplantation and vertical transmission. There are two stages of the disease, acute and chronic. Clinical signs vary based on the phase of the disease. During the acute phase, the symptoms can include swelling at the inoculation site, lymphadoadenopathy, fever, myalgia and rash. Rarely severely acute disease can include meningoencephalitis, acute myocarditis and pericardial effusion. In humans, the chronic phase can occur 10-30 years after the initial infection in untreated patients. The symptoms can include anemia; cardiomyopathy involving cardiac insufficiency, myocarditis or cardiac arrhythmia; and digestive disease such as megacolon and megaesophagus. 

 

The group has hypothesized two possible scenarios to explain this occurrence. These scenarios include reactivation of latent disease in the transplanted heart and immunotherapy leading to reactivation of latent disease in the recipient animal. There are pharmacological therapies available for humans but they are only used during the acute phase of the infection or reactivation and are only available through the Centers for Disease Control and Prevention. This group is now recommending routine screening of all NHP entering facilities when the animals have originated from a geographic location where Chagas is known to be endemic. Testing methods include RT-PCR, dipstick assay (ELISA, rapid immunochromotographic strip assay) and peripheral blood smears. PCR is gold standard but can miss animals that have been infected, especially chronically ill animals.

  

QUESTIONS
1. 
What is Chagas disease?

2. 
In what parts of the world do you find Chagas disease?

 

ANSWERS
1. 
Chagas disease is caused by the parasite Trypanosoma cruzi, which is transmitted to animals and people by insect vectors that are found only in the Americas (mainly, in rural areas of Latin America where poverty is widespread). Chagas disease (T. cruzi infection) is also referred to as American trypanosomiasis.
2. 
People who have Chagas disease can be found anywhere in the world. However, vector borne transmission is confined to the Americas, principally rural areas in parts of Mexico, Central America, and South America. In some regions of Latin America, vector-control programs have succeeded in stopping this type of disease spread. Vector borne transmission does not occur in the Caribbean (for example, in Puerto Rico or Cuba). Rare vector borne cases of Chagas disease have been noted in the southern United States.
 

 

  

Johnston et al. Neurocysticercosis in a Rhesus Macaque (Macaca mulatta), pp. 499-502

Primary Species: Macaques (Macaca spp.)

 

SUMMARY
· An 8-y-old, intact, male rhesus macaque was sedated to undergo MRI in preparation for the implantation of cranial hardware. 

· During imaging, 9 focal lesions were noted in the brain and musculature of the head. (see pictures) 

· The lesions were hyper- echoic with hypoechoic rims. Euthanasia was elected. 
· Gross examination revealed multiple round, thick-walled, fluid-filled cysts (diameter, approximately 0.5 cm) in multiple tissues: one each in the left caudal lung lobe, left masseter muscle, and the dura overlying the brain and 

· 8 throughout the gray and white matter of the brain parenchyma. Formalin-fixed sections of cyst-containing brain were stained with hematoxylin and eosin. Microscopic examination and molecular analysis of the COXI 
· (COPY gene recognized the causative organism as Taenia sofiuin at 99.04% identity.
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QUESTIONS
1. 
Cysticercosis is an infection of _______??

2. 
Of the estimate 50 million people infected annually, how many of them die each year?

3. 
What is the recommended treatment?

4. The male rhesus macaque did not show any physical or neurological signs, but was found inappropriate for neuroscience research – would you choose to euthanize him?

ANSWERS
1. 
Humans and pigs with the larval stages of T. so/mm

2. 
50000 – 0.1%

3. 
Combination of Albendazole and steroids.

4. 
No correct answer – your opinion
