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Mouse Model
Carlson Scholtz et al. Poliomyelitis in MuLV-Infected ICR-SCID Mice after Injection of Basement Membrane Matrix Contaminated with Lactate Dehydrogenase-Elevating Virus, pp. 404-411

Domain 1:  Management of Spontaneous and Experimentally Induced Diseases and Conditions, Task 3: Diagnose disease or condition as appropriate.

Primary Species:  Mouse (Mus musculus)
SUMMARY: In this article the authors summarize a case study detailing the occurrence of poliomyelitis in ICR-SCID mice resulting from the injection of Lactate Dehydrogenase-Elevating Virus (LDV) contaminated basement membrane matrix.  LDV-induced poliomyelitis has not been previously described in SCID or ICR mice.   LDV is a common contaminant of transplantable tumors and experimental biologic materials.   The virus induces an acute rise in serum lactate dehydrogenase after infection.  LDV strains are also further classified based on neuropathogenic effects and are categorized as non-neuropathogenic or neuropathogenic.  Most mice infected with LDV remain asymptomatic. Mouse strains that are homozygous for the Fv1n allele, such as AKR and C58 are prone to development of LDV induced poliomyelitis when immunosuppressed.   Fv1 is a gene that restricts replication of endogenous murine leukemia virus (MuLV) and mice with 2 copies are permissive to infection with neurotropic MuLV and have been utilized as a model for amyotrophic lateral sclerosis.  The article describes a study where inadvertent infection with LDV resulted in clinical signs including hind limb paresis and tachypnea. Gross findings at necropsy included atrophy of the limb musculature, severe enlargement of the thymus consistent with thymic lymphoma and multicentric organ enlargement consistent with lymphoma and lack of tumor development at injection site.  The article has many histopathology and immunohistochemistry images showing effect is the spinal cord.  The authors were not able to recover LDV from all animals demonstrating lesions and suggest that given MuLV was present in all mice and in those that exhibited neuropathology changes that MuLV may be required to cause neuronal damage, with a variable contribution by LDV.

QUESTIONS:
1. Lactate dehydrogenase-elevating virus is an enveloped RNA virus belonging to the family Arteriviridae, T or F?

2. Previous to this report age LDV induced poliomyelitis as reported only in C58, AKR, C3h/Fg and PL/J mice,  T or F?

3. The presence of replicating MuLV appears to render spinal cord anterior horn neurons susceptible to cytolytic infection with LDV, T or F?

ANSWERS:
1. True
2. True
3. Maybe.  This paper proposes that co infection appears necessary but that MuLV may be more important in the neuropathogenesis.  
Rat Models
Wakui et al. Sex-Associated Difference in Estrogen Receptor β Expression in N-Methyl-N’-Nitro-N-Nitrosoquanidine-Induced Gastric Cancers in Rats, pp. 412-418

Domains 1 and 3

Primary Species: Rat (Rattus norvegicus)
 

SUMMARY:  The purpose of this study was to explore a potential theory on why there is an increased incidence of gastric cancer in human males when compared to human females.  The incidence is 2:1, male:female, and gastric cancer is the second most common cause of cancer death behind lung cancer.  This study looks at estrogen receptors and estrogen receptor pathways and their presence in gastric mucosa as a possible explanation as to why females have a lower incidence of gastric cancer.  This theory follows the line of limited historical studies that have looked at estrogen and estrogen treatments as causing increased or decreased incidence of gastric cancer in humans.  

Adding N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) to the drinking water of animals induces a high incidence of gastric cancer.  This has been shown in rats, hamsters, and dogs.  In Wistar rats, the MNNG induced gastric cancer has shown an increased incidence in males vs. females.  Even more interesting is that there is an increased incidence of MNNG gastric cancer in ovariectomized rats and when these rats were supplemented with female sex hormones, the incidence declined.  

With the theory of estrogen being related to the incidence of gastric cancer, this study utilized Western Blotting to identify and evaluate the role of estrogen receptor subtypes and proliferating cell nuclear antigen (PCNA) in rats with induced gastric cancer.  PCNA identifies cells in the proliferative phase and can be a prognostic marker in gastric carcinoma malignancy.  Estrogen receptor β (ERβ) has been known to protect against uncontrolled cellular proliferation and malignant transformation.  In this study, ERβ expression was lower in MNNG treated cancerous tissues, and lower in males.  Also, PCNA levels were higher in MNNG cancerous tissues, and higher in males.  This demonstrates that males with gastric cancer had less protective ERβ cells, and more PCNA proliferating cells, and the results of this study could be the start of a more detailed explanation and understanding as to the sex predilection for gastric cancers.  

                

QUESTIONS:

1. What is the basic difference between Northern Blot, Southern Blot, and Western Blot?

2. N-methyl-N’-nitro-N-nitrosoguanidine in drinking water induces what in rats?

3. Proliferating cell nuclear antigen is known as a marker for what?

 

ANSWERS:

1. Northern = RNA detection      Southern = DNA detection    Western (& Eastern) = protein detection

2. MNNG = gastric cancer induction

3. PCNA = prognostic marker for gastric carcinoma

 

Ronn et al. A New Model of Severe Hemorrhagic Shock in Rats, pp. 419-426

Domain 3: Research; Task T3: Design and Conduct Research
Primary Species: Rat (Rattus norvegicus)


SUMMARY: Numerous animal models intended to simulate and study hemorrhagic shock conditions have been established. In view of experimental reproducibility and reliability, fixed-pressure models are superior to fixed-volume approaches, according to the authors. In fixed-pressure models, hemorrhagic shock is achieved by withdrawing blood until the desired pressure is reached; during the shock period, the blood pressure is held at this value by further blood withdrawal or reinfusion of collected blood or other fluids. Fixed-volume models, where a calculated volume of blood is removed, yield variable decreases in mean arterial pressure (MAP) due to the fact that circulating blood volume does not correlate strictly with body weight. In this study, catheters were placed in the right femoral artery and vein as well as the right external jugular vein of adult male Wistar rats. Blood pressure was measured continuously using the femoral arterial catheter. Hemorrhagic shock was induced by removing 2mL blood every 3 minutes through the femoral artery catheter. In the shock groups, MAP was reliably decreased from 102 mm Hg to a stable value of 27 mm Hg by withdrawal of 29.5 +/- 1 mL blood over a 30 minute interval. The femoral vein catheter was used to deliver 0.9% NaCl throughout the experiment in all rats to compensate for fluid loss during surgery/anesthesia. Beginning 30 minutes after the shock episode, group-specific resuscitation fluids were infused into the jugular vein using a syringe pump. In rats receiving Lactated Ringer's Solution (LRS) + blood (autotransfusion) for resuscitation, the MAP increased to around 90 mm Hg. The MAP of rats resuscitated with LRS only improved to 50 - 60 mm Hg but rats in this group died soon after resuscitation. 

Hemorrhagic shock and resuscitation resulted in pronounced histopathologic changes to liver, kidneys, and small intestine but no changes were detected in heart and lung tissues. Rats exhibited marked organ damage, as demonstrated histologically and indicated by release of marker plasma enzyme activity. These changes were most pronounced in the LRS + blood resuscitation group which reliably survived longer that the group resuscitated with LRS alone. The authors concluded that this hemorrhagic shock model represents a severe but reproducible and realistic model in rats. 

QUESTIONS: 
1. 
T/F The fixed-volume hemorrhagic shock model is better than the fixed-pressure model, according to the authors.
2. 
In this study, hemorrhagic shock was induced by maintaining MAP at what pressure?
3. 
Histopathologic changes were observed in which organs?

ANSWERS:

1. 
False
2. 
27 (+/- 1) mm Hg
3. 
Liver, kidneys, small intestine

Rabbit Models

To et al. Rabbit Trochlear Model of Osteochondral Allograft Transplantation, pp. 427-435

Primary Species: Rabbit (Oryctolagus cuniculus) 
SUMMARY: Allografting and autografting of osteochondral tissue has been shown to be a promising strategy for treatment of articular cartilage lesions in damaged joints. This paper describes a new model of osteochondral grafting using the whole rabbit trochlea. 

Current animal models used in the study of osteochondral allograft have limitations mainly related to their incomplete host-graft incorporation and small surface area for analysis. This study aimed to demonstrate whether the new model produced reproducible graft- host healing and maintained normal, auricular cartilage characteristics (based on histological, immunological and biochemical characteristics).   
Another pressing issue is how to optimize storage conditions to maximize the cell viability of grafts. New Zealand white (n = 8) and Dutch belted (n = 8) rabbits underwent a 2-stage transplantation operation using osteochondral grafts using an injectable anaesthetic combination. Trochlear grafts harvested from the left knee were transplanted to the right knee as either autografts or allografts. Grafts were fixed with 22-gauge steel wire or 3-0 nylon suture. Staged euthanasia was performed to evaluate graft success. 

MicroCT of 14 animals (two experienced complications following surgery) showed 100% interface healing after 4 weeks. On histological examination, trabecular bridging was found to be present at the host–graft interface starting at 2 wk after transplantation, and there was no significant difference in cartilage histology between the various groups. The combined histology scores indicated minimal evidence of osteoarthritis. SZP is a glycoprotein secreted by chondrocytes in the superficial layer of articular cartilage and is thought to be a key surface molecule involved in boundary lubrication. Down-regulation of the protein has been associated with the pathogenesis of osteoarthritis. Superficial zone protein was seen to be localised at the surface of all transplants as evidenced by immunostaining. This supports the use of fresh osteochondral grafts as used in this study. 

It therefore appears that the rabbit trochlear model meets the criteria for a successful model in regards to procedure ease, low rate of surgical complication and amount of host graft bone available for analysis. However there are some limitations including that:  the small size and thin articular cartilage of rabbits is not comparable to humans and the thin nature of it precludes vital staining, the weight bearing functions in a quadrupedal animal are different to those in a bipedal human and the high rate of healing and graft incorporation also differs from the human clinical condition.  A larger sample size would be needed to add further weight to support use of this model but initial results are certainly encouraging.  

QUESTIONS:

1. Which of the following are limitations of current models of osteochondral allograft transplantation: 

a. Large surface area

b. Thick articular cartilage layer 

c. Cost associate with use of large animal models.(t)

d. The use of suture for graft fixation

2. T/F. The suture method of graft fixation negates concerns regarding the press-fit technique and avoids screw fixation.

3. T/F. SZP protein up-regulation is associated with increased incidence of osteoarthritis. 

ANSWERS:
1. c 

2. T

3. F

Holve et al. Incidence of Spontaneous Ocular Lesions in Laboratory Rabbits, pp. 436-440


Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; K1: anatomy with emphasis on features which have significance with regard to clinical medicine or experimental medicine 
Primary Species: Rabbit (Oryctolagus cuniculus) 
      
SUMMARY: In order to determine the incidence of ocular lesions, retrospective data on male and female rabbits, ages 6-16 weeks of age, from multiple vendors (A to E), including three breeds; Dutch belted, New Zealand White, and New Zealand White x New Zealand red F1 crosses were analyzed. Four ocular structures were evaluated, cornea, lens, iris and vitreous, using the MacDonald-Shadduck scoring system. Only lesions differentiated based on structure were identified, specific diagnoses were not made and the entire eye was not evaluated. A total of 15.3% of male rabbits and 7.3% of female rabbits were affected. The most common outcome in eyes with lesions was that a single structure was affected, most commonly the cornea, 5.7% and then the lens, 3.6%, both iris and vitreous were not significantly affected. Breed, sex, and supplier were significant variables of ocular lesions in laboratory rabbits.

QUESTIONS:

1. 
Which of the following is a familial ocular disease of Dutch Belted Rabbits? 

a. 
Bupthalmos 

b. 
Colaboma 

c. 
Corneal dystrophy 

d. 
Retinal detachment 

e. 
Retinal dystrophy 

2. 
Lens induced uveitis is often induced by which of the following pathogens? 

a. Cheyletiella

b. Cuterebra

c. Francisella tularensis
d. Encephalitozoa cuniculi
e. Staphylococcus aureus
ANSWERS:

1. 
c

2. 
d
Feline Model
Cianciolo et al. Renal Failure Associated with Mucopolysaccharidosis Type I in a Cat from a MPS I Research Colony, pp. 441-444


Domain 1:  Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task 1: Prevent, Diagnose, Control and Treat Disease

Secondary Species: Cat (Felis domestica)
SUMMARY:  Mucopolysaccaridosis type I (MPS I) is a lysosomal storage disease caused by a deficiency of the enzyme alpha-L-iduronidase.  This results in the accumulation of the glycosaminoglycans (GAG) heparan and dermatan sulfate in the nervous, musculoskeletal, hepatobiliary, and cardiovascular systems.  Canine, feline and murine models are available for the study of this disease.  Cats with MPS I have facial deformity, corneal clouding, abnormal gait, skeletal defects and heart murmurs.  Renal failure has not been reported in cats.  Clinically, the cat was dehydrated, hypophagic and had lost 1 1/2 #s over a 30 day period.  Clinical pathology abnormalities included an elevated BUN (268 mg/dL), creatinine (5.7 mg/dL), phosphate (24.3 mg/dL), sodium (167 mEq/L) and globulins (5.1 g/dL).  The urine specific gravity was low (1.008) and there were small irregularly shaped crystals in the urine sediment.  Treatment with fluids, antibiotics and hand feeding were unsuccessful and clinical signs progressed.  The cat was euthanatized and a necropsy was performed.  The kidneys were slightly enlarged and bulged when sectioned.  The liver was diffusely pale tan and enlarged.  All other organs appeared normal.  Histopathology of the kidney revealed severe expansion of the interstitium by large numbers of macrophages with cytoplasmic vacuoles.  Tubular epithelial cells also contained either large or small vacuoles that were diffuse throughout the nephron and distorted the cells which is not consistent with feline proximal tubular lipidosis that occurs in normal cats. Additional tissues that had similar vacuoles were cerebellar neurons, hepatocytes and bronchial chondrocytes.  The presence of numerous vacuolated tissue macrophages is suggestive of lysosomal storage disease.  Although MPS I has not previously been associated with renal disease, the presence of distended lysosomes in tubular epithelial cells suggests that the 2 could be related.  After the initial renal damage, the tubular degeneration and necrosis were exacerbated by the macrophages laden with storage product which compressed capillaries and caused ischemia and resulted in acute renal failure.

QUESTIONS: 

1. 
In Mps I, GAG accumulates in which of the following tissues? 

a. 
Brain, kidneys, intestines and liver. 

b. 
Liver, spleen, bone and skeletal muscle. 

c. 
Heart, brain, kidney and lung. 

d. 
Heart, skeletal muscle, brain and liver.  
2.  
MPS I is caused by a deficiency in which enzyme? 

a. 
Beta glucuronidase 

b. 
Alpha-L-iduronidase 

c. 
Glutathione reductase 

d. 
Gamma synthetase 
3. 
Renal failure in cats may result in the following clinical pathology findings: 

a. 
Elevated BUN, glucose and total bilirubin. 

b. 
Decreased urine specific gravity, elevated BUN and phosphate. 

c. 
Elevated creatinine and PCV and decreased BUN. 

d. 
Elevated BUN, creatinine and urine specific gravity. 

ANSWERS: 

1. 
d 

2.
b 

3.
b 
  

Swine Models
Munz et al. Surgical Porcine Myocardial Infarction Model through Permanent Coronary Occlusion, pp. 445-452
Primary Species: Pig (Sus scrofa domestica)

SUMMARY: In the present study the authors performed open-chest surgical ligations of a coronary artery branch for inducing myocardial infarction (MI) in pigs. Aim was to develop a reproducible and consistent MI porcine surgical model that yielded the largest infarct area associated with the lowest morbidity and mortality, ultimately to establish this method as a control model in experimental studies to evaluate the efficacy of various therapies for coronary heart disease.

This was accomplished by comparing the number of deaths, extension of infarct size, and degree of ventricular dysfunction amongst groups of pigs that underwent surgical occlusion at different locations of either the left circumflex (LCX) or the left anterior descending (LAD) artery. Anesthetic and preemptive analgesia (including intravenous opioids and local anesthetic) were applied to minimize surgical complications.

Diagnostic methods to evaluate cardiac function and infarct size in each pig included cardiac biochemical markers (primary focused on the combination of myoglobin, cardiac troponin I and creatin kinase), electrocardiography and echocardiography. Resultant data were then correlated to pathologic findings.

Overall, occlusion at the middle portion of LAD appeared to be the most favorable option for creation of MI, whereas proximal occlusions lead to high mortality rates and distal occlusions induced rather small MI areas. The optimal occlusion site in terms of morbidity, mortality, and lesion extent was the midpoint of the left anterior descending artery. In this group, only 1/8 pigs died, and group cardiac data showed a rise in biomarker levels, marked left ventricular dysfunction on electrocardiography and echocardiography, and well-defined transmural MI in both ventricles. Infarct size quantitated through histologic studies revealed an average 15% ventricular lesion.  Induced myocardial injury of this model was considered reliable since inter-animal variability in results from this group was negligible. 

QUESTIONS

1.
Criteria for determining optimum occlusion site for MI studies?

2.
Why use a swine rather than another species as a model for MI studies?

ANSWERS

1.
Low mortality rate with a sufficiently large infarcted area, clear left ventricular dysfunction on electrocardiography and echocardiography, clear cellular damage as evidenced by assessment of cardiac biomarkers.  

2.
Pigs have cardio-physiological & anatomic similarities to humans, as the heart size and its weight relative to body weight, cardiac and vascular anatomy, ventricular performance and electrophysiology. In addition pigs have negligible collateral circulation, with each coronary artery supplying a specific cardiac region.

Ding et al. Horner Syndrome After Carotid Sheath Surgery in a Pig: Anatomic Study of Cervical Sympathetic Chain, pp. 453-456

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; T1: Prevent spontaneous or unintended disease or condition; T3: Diagnose disease or condition as appropriate; K1: Anatomy with emphasis on features which have significance with regard to clinical medicine or experimental medicine 

Primary Species: Pig (Sus scrofa)

SUMMARY: In an experimental model, iatrogenic Horner syndrome developed after a right carotid sheath surgery in an infant pig (Sus scrofa). Horner syndrome is a classic clinical triad consisting of ipsilateral eyelid ptosis, pupil miosis, and facial anhydrosis. This syndrome results from cervical sympathetic chain (CSC) paresis and usually is acquired in humans. To determine whether the development of Horner syndrome in this situation could be attributed to pig anatomy, authors compared the anatomy of the CSC in pigs and humans, by using 10 infant (age, 1 to 3 wk) pig cadavers. The CSC and cranial cervical sympathetic ganglion (CCG) were dissected bilaterally under a surgical microscope. These structures were consistently within the carotid sheaths of the pigs. In contrast, the CSC and CCG are outside the carotid sheath in humans. Awareness of the anatomic variation of the CSC and CCG within the carotid sheath in the pig and the possibility of the same variation in humans may help surgeons to identify and preserve important structures while performing cervical surgery in pigs and humans. Furthermore, this knowledge can aid in the diagnosis and prognosis of schwannoma.

QUESTIONS:

1. Horner’s syndrome in humans:

a. Is often iatrogenic, occurring subsequent to cervical surgery

b. Results from congenital or iatrogenic paresis of the cervical vagus nerve

c. Results from congenital or iatrogenic paresis of the nodose ganglion

d. Is most often attributed to congenital cervical sympathetic chain paresis

2. Anatomy of the ventral cervical region differs within and among species in various ways. Which of the following is false:

a. In dogs and pigs the cervical sympathetic chain is most often located in the carotid sheath

b. In humans, the cervical sympathetic chain is most often imbedded in the prevertebral fascia posterior to the carotid sheath

c. The location of the cervical sympathetic chain in pigs is similar to that in humans with respect to the carotid sheath

d. Anatomic variation within a species can limit accuracy of diagnosing schwannomas based on imaging

ANSWERS:

1. a
2. c
Nonhuman Primate Models
Andrade et al. Morphometric Variables Related to Metabolic Profile in Captive Chimpanzees (Pan troglodytes), pp. 457-461

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; T3: Diagnose disease or condition as appropriate; 
Domain 3: Research; T3: Design and conduct research

Tertiary Species: Other Nonhuman Primates
SUMMARY: Thirty-nine clinically normal adult chimpanzees (both male and female) were fasted for twelve hours before blood collection and measurement of waist circumference, body weight, and systolic and diastolic blood pressure.  Serum was submitted for biochemical profile analysis and insulin quantification by radioimmunoassay.  Insulin sensitivity was estimated by the homeostasis model assessment-insulin resistance (HOMA-IR) equation: insulin (IU/mL) x glucose (mmol/L) / 22.5.  Sex-associated differences in biochemical values and morphometric assessments were determined by using independent-samples t tests (P < 0.05).

Male chimpanzees were heavier and had lower diastolic blood pressure and higher levels of creatinine, albumin, AST, ALP, and total and direct bilirubin than did females. Waist circumference was positively correlated with systolic and diastolic blood pressure, glucose, HOMA-IR, and albumin in females, whereas triglyceride was correlated with waist circumference in both sexes.  Body weight was significantly correlated with serum glucose and systolic and diastolic blood pressure in females and triglyceride in males. 

Serum AST was significantly correlated with cholesterol in males and with albumin in females; ALT was positively correlated with triglyceride in females.  No significant correlations were observed between ALT or AST levels and blood pressure, glucose, insulin, HOMA-IR, and ALP.  In addition, no significant correlations were found between the social dominance rankings and biochemical values.

These findings suggest that waist circumference can serve as a useful indicator of metabolic health in captive chimpanzees, especially in females.  They also suggest that fasting triglyceride is a good indicator of hepatic function in chimpanzees.  The higher creatinine levels in males in this study are likely attributed to increased muscle mass in male chimpanzees.  Captive chimpanzees often weigh more than their free-ranging counterparts, and obese captive animals often come from high-ranking natal families, even though this study found no correlation between social rank and weight or waist circumference.  In humans, increased fasting insulin is indicative of insulin resistance, and obese humans with excess abdominal fat are hyperinsulinemic and hypertriglyceridemic relative to their lean counterparts.  

QUESTIONS:
1.  What is represented by the following equation: insulin (IU/mL) x glucose (mmol/L) / 22.5?

a.  
Likelihood that a chimpanzee has a pancreatic insulinoma

b.  
Likelihood that a chimpanzee has a pancreatic glucagonoma

c.  
Insulin resistance as estimated by the homeostasis model assessment (HOMA-IR)

d.  
Insulin secretion after a high-glucose feeding

e.  
None of the above

2.  According to the results of this study, which of the following correlations is/are true?

a. 
Male chimpanzees had significantly higher serum creatinine levels and body weights than did females.

b.  
Serum triglyceride level was positively correlated with waist circumference in both sexes.

c.  
Waist circumference was positively correlated with systolic and diastolic blood pressure, glucose, HOMA-IR, and albumin in females.

d.  
All of the above

e.  
None of the above

3.  Captive chimpanzees, in general, weigh more than their free-range counterparts.

a.  
True

b.  
False

4.  Male chimpanzees, in general, weigh less than age-matched female counterparts.

a.  
True

b.  
False

ANSWERS:
1.  
c
2.  
d
3.  
a
4.  
b
Ethun et al. Endocrine Profile of an Ovariectomized Cynomolgus Monkey (Macaca fascicularis) with a Supernumerary Ovary, pp. 462-466

Primary Species: Macaques (Macaca spp)
SUMMARY: Ectopic ovarian tissue in women is rare and generally is asymptomatic. Women with persistent menstruation, post bilateral oophorectomy have been diagnosed with ectopic ovaries. Third ovaries are classified as accessory (found near a normal ovary) or supernumerary (found in a remote location like mesentery). Previously reported cases of ovarian tissue in non-human primates have been accessory ovaries found incidentally at necropsy and data related to hormone levels and menstruation were not reported. This case report investigated a 19 year old female cynomolgus macaque (Macaca fascicularis) that was part of a study examining the effects of reproductive stage on cardiovascular and bone health. 21 months prior to euthanasia the animal had undergone bilateral ovariectomy. Post ovariectomy she had persistent menstruations and had elevated ovarian hormone concentrations. The monkey was euthanized for clinical signs and biochemistry changes consistent with renal and hepatic disease that was confirmed at necropsy. During necropsy an omental nodule was discovered. With histology the nodule was found to contain corpora lutea and follicles of different stages. The necropsy and histology findings suggest this ectopic ovary was near senescence. This is supported by the atrophic appearance of the endometrial and vaginal tissue. The origin of ectopic ovaries is unknown. Working theories include the abnormal formation of embryonic ovaries and post surgical and postinflammatory transplantation. Developmental disorders are more likely to be associated with an accessory ovary and supernumerary ovaries are more associated with transplantation of tissue during any surgery or severe inflammatory process of the ovaries.

QUESTIONS:

1.
In what two ways is ectopic ovarian tissue generally classified?

2.
List three reproductive abnormalities that female macaques share with women.

3.
T/F In the human literature the etiologic of supernumerary ovaries is thought to be embryological in origin

ANSWERS:

1.
Accessory ovaries and supernumerary ovaries

2.
Dysfunctional uterine bleeding, polycystic ovarian syndrome, endometriosis, mesonephric duct remnants

3.
F

