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Summary

Urinalysis is one of the most informatory and commonly performed laboratory tests available. Quantitative excretion analysis for scientific purposes is generally carried out for investigation of renal function, study of renal diseases, evaluation of metabolic and/or endocrine anomalies, evaluation of nutritional and metabolic requirements and evaluation of excretion of a xenobiotic and its metabolites.

Rodents are experimental animal models for the evaluation of toxicity, metabolic, and bioavailability in preclinical evaluation of drugs and preregistration evaluation of chemicals, studies where collecting of urine is a basic requirement.

Fundamental features of experimental rodent urine collection are: obtaining pure urine without contamination with feces or animal feed; collecting urine without any direct intervention; ease and convenience of collection; efficiency of collection and rapidity of collection. 
The major performance criteria to choose between a collecting urine method for rodents are cost; degree of invasiveness; duration of the collection; volume and quality of the urine sample; level of pain, suffering or discomfort caused to the rodent; and ease of collection. 

Methods published in the literature for collecting urine from rodents are micturation; polystyrene beaker; plastic wrap; capillary tube; surgical methods; polyethylene funnel; propylene tube; aluminum funnel; glass cages; aluminum foil; urine collection device; Plexiglas tube; low temperature collection.

Methods described in the literature for collecting urine from other small animals are siphoned off from cage floor; urethral catheterization and cystocentesis.

Questions.

1) 
Collection of urine from experimental animals is a basic requirement in……..studies.

a. 
Biochemical, nutritional and urological studies. 

b. 
Metabolic and toxicological studies. 

c. 
General behavioral and physiological studies.

d. 
All of them.

2) 
Animal urine is mainly collected for scientific purposes of …..      ?
a. 
Qualitative analysis. 

b. 
Quantitative analysis. 

c. 
a and b
3) 
Numerous commercial metabolism cages are available to contain experimental rodents for the purpose of collecting urine. True/False.

4) 
It is not possible collection of urine in the rat by surgical cystostomy. True/False.

5) 
Other exotic small animals in which urine collection methods are mentioned are ……?
a. 
Chinchilla

b. 
Prairie dog.

c. 
Hedgehog.

d. 
Sugar glider. 

e. 
All of them.

6) Is urethral catheterization practical for collecting urine in small animals? Yes/No.

Answers:

1. 
d. 

2. 
b.

3. 
True.

4. 
False.

5. 
e.

6. 
No.
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SUMMARY: Animal urine collection is an important part in research and veterinary field, and the quality of the data depends on different aspects as: ease of collection, quality of sample, prevention of contamination, severity of procedures used, levels of pain caused to the animal and refinement of methods to reduce stress, pain or distress. In this article different methods have been reviewed: free catch (voluntary voiding), mild intervention, surgical methods (catheterization, cystocentesis, etc.), modified restraint, metabolism cages. The refinement in the procedures for urine collecting from experimental animals is important but avoiding stress and having an appropriate husbandry is so important than using the best method for urine collecting.

QUESTIONS

1.
Which method is the cleanest one in rabbits and felines to obtain a sterile urine sample?

2.
Would you use prolonged indwelling catheterization in dogs and cats? and why?

3.
Number 3 problems that you could suffer using catheters for urine collection from female ungulates.

4.
Are the following true or false?

a.
Collection of urine in the horse is limited to cystocentesis.

b. 
A combination of catheterization and/or a Metabolism cage should be used for collecting urine from large animals (e.g. domestic livestock)
c.
Urethral catheterization is the best choice for urine collection from ferrets

ANSWERS

1.
Cystocentesis

2.
No, because it has been shown that this method causes UTIs and a risk of infection that increased with the duration of catheterization. For felines, I would use cystocentesis or free catch to obtain sterile urine samples

3.
The difficult of insertion, secondary bladder infections and often substantial urine loss

4.
True or false?

a.
FALSE: Voluntary voiding and catheterization are The unique methods.

b. 
TRUE

c  
FALSE: Cystocentesis is the best one

>
PAPERS
Smith et al.  Chronic implantation of transit-time flow probes on the ascending aorta of rodents, pp. 362-370

Task 3, Biomethodology

Primary Species-Rat

Summary: Study describes implantation of transit-time flow probes on the ascending aorta of rats while minimizing the risk of postoperative complications. Special emphasis was placed on their new method of tracheal intubation as well as the production of materials necessary for the implantation procedure such as endotracheal tubes and heparin bonded vessel catheters. The effects of these devices on the response to acute hypoxia were studied in rats following 5-7 day recovery from implant procedure. Systemic and microvascular measurements were made on instrumented rats (n=5) and non-instrumented controls (n=3) that were ventilated with 21%, 15%, 10%, 8% and 5% oxygen. Arterial pressure, PO2, lactate and base deficit were not different between the two groups at all inspired oxygen concentrations. Microvascular flow in the primary arterioles of the spinotrapezius muscle was also similar between the groups at all inspired oxygen concentrations. They concluded that this novel methodology facilitates the measurement of whole body oxygen delivery in resting and haemodynamically-stressed rats (such as shock).

Oral intubation catheters were produced from polyethylene (PE-190) tubing. Sizes smaller than this were found to increase airway resistance with pressure controlled ventilators. Tubing was modified with silicon rubber sealant approx. 1 cm from the end to form a teardrop shaped terminus that acted as an airtight junction with the glottis.

Thoracotomy done at the third intercostal space along the right maxillary line allowed placement of the probe around the ascending aorta. Probe was tunneled cranially and secured at the nape of the neck.  Thoracostomy tube was placed prior to closure and removed following evacuation of thoracic air before recovery from anesthesia. The probe required a connective tissue seal prior to use, so 5-10 days were needed before further experimentation.
Animals were anesthetized with ketamine/xylazine (70/3 mg/kg IP) and a tracheotomy tube (PE-240) was placed and mechanically ventilated with room air. The carotid and jugular vessels were cannulated with heparin-bonded catheters. Red blood cells labeled with fluorescein isothiocyanate were injected through the jugular catheter for future determination of microvascular RBC VELOCITY AND BLOOD FLOW. The carotid catheter was used for phasic recording of arterial pressure. A continuous infusion of the anesthetic Saffan (0.2-0.4 mg/kg/min) was given via jugular catheter. The P02 of the inspired air was diluted with nitrogen in a step-wise manner to 15%, 10%, 8% and 5% 02. Both populations experienced a decline in blood pressure when Fi02 was lowered below 15%. Likewise a steady increase in base deficit and aortic flow was noted with reductions in Fi02. Spinotrapezius muscle was used to detect arteriolar blood flow. Similar to the other parameters, no difference noted in control vs. instrumented animals and a decline in flow was noted when Fi02 was blow 15% and flow was absent in both populations at Fi02 5%.
Questions:

1.
 A significant difference was noted between arteriolar blood flows in non-instrumented vs. instrumented animals, whereas the other parameters were not significantly different. T or F

2.
The most likely cause for decreased peripheral blood flow as oxygen levels dropped would be vasoconstriction due to sympathetic nervous system activation. T or F

3.
Intubation catheters less than PE-120 are not often used in rats weighing 250-350 g due to increased airway resistance with ventilators. T or F
Answers:

1.
F

2.
T

3.
T

Visser et al.  Thymectomy should be the first choice in the protection of diabetes-prone BB rats for breeding purposes, pp. 371-375

Summary: DP-BB (Diabetes-prone) rats spontaneously develop type 1 diabetes from 60-130 days of age. Three methods can be utilized to protect against the development of diabetes and allow for normal breeding: transfer of RT6+ regulatory cells obtained from diabetes-resistant DR-BB rats, neonatal thymectomy, or treatment with exogenous insulin. Optimal breeding nucleus protection occurs when T cell transfer or thymectomy occurs before 30 days of age. 

Three methods of diabetes prevention (as described previously) were compared utilizing breeding pairs of DP-BB rats (21 days of age). Breeding performance, growth characteristics of offspring, and development of hyperglycemia were measured via blood glucose strips three times a week. At 160 days of age, marking the end of the experiment, pancreatic tissue was collected form all groups and submitted for histological evaluation of macrophage/mononuclear cell infiltration. An in depth description of the thymectomy surgical procedure was provided. 

Results:
No significant differences were noted between groups with respect to pregnancy rates (all>90%), liter size (n=5-6), or growth rates. No differences were observed in the degree of macrophage/mononuclear infiltration in pancreatic tissue. Neonatal thymectomy at 21 days of age is the authors’ preferred choice for protection of DP-BB rats for breeding purposes due to the fast rate of recovery and low rate of morbidity, minimal development of hypoglycemia or hyperglycemia as observed with insulin administration, and the reduced need for animal use (T cell transfer requires one adult DR-BB rat to provide sufficient T cells to a DP-BB donor rat). 

Questions: 

1. Diabetes protection is optimal when the T cell transfer or thymectomy is performed before ___________ days of age? 

a.
21 
b.
30 
c. 45 
d. 60 
2. T or F Neonatal thymectomy is associated with a high rate of morbidity and mortality.

3. T or F The rate of growth is faster in DP-BB rats undergoing T cell transfer compared to insulin administration in DP-BB rats.

Answers
1.
b

2.
F

3.
F (no difference)
Van der Meer et al.  Short-term effects of a disturbed light-dark cycle and environmental enrichment on aggression and stress-related parameters in male mice, pp. 376-383

TASK:   2- Prevent, Alleviate, and Minimize Pain and Distress

7- Provide Consultation Governing the Appropriate Care and Use of Laboratory Animals

SUMMARY: Male BALB/c mice were divided into four groups: enriched/normal light (12l:12d), enriched disrupted light (24l), un-enriched/normal light and un-enriched disrupted light. Enriched mice were those that received tissues as extra nesting material. Parameters monitored were body weight, number of wounds, latency until aggression and urine corticosterone analysis. Disturbed light cycle mice had significantly increased urine corticosterone/creatinine ratios, slightly increased (though not significant) number of aggressive encounters and shorter agonistic latency during the first week of testing. Disturbed lighting mice weighed more, ate less and drank less than normal light cycle mice.  The only significant effect of enrichment was less food intake in enriched mice. The amount of stress these mice were under may have been too high for the stress relieving effects of extra nesting material to be apparent.

QUESTIONS:

1. 
What is "allostasis?"

2.
What is one hypothesis to explain reduced food intake in mice housed with supplementary nesting material?

3. 
Why is light schedule an animal welfare concern?

ANSWERS:
1. 
A new level of stability through the process of adaptation to acute stress

2.
Insulator effect of nesting material

3.
Disturbed light cycle shows behavioral and physiological evidence of stress to the animal and it is the responsibility of researchers to minimize pain and distress.

McLennan and Taylor-Jeffs.  The use of sodium lamps to brightly illuminate mouse houses during their dark phases, pp. 384-392

Task 6 - Design and Operate Laboratory Animal Facilities

K4b. Environmental causes of physiological alterations in animals and their effects on research, including effects of: 

Primary species: Mouse


Summary: The diurnal rhythms of mice are out of phase with that of humans. Much of the husbandry and experimental activities occur at the beginning of the humans’ workday which is the time of deep sleep or inactivity for the mice. This article reports the use of sodium lighting to create a mouse house that facilitates both experimental objectives and the welfare monitoring of mice. Light emitted from sodium lamps is dominated by the bright sodium D-lines at 589 and 589.6 nm described as orange or yellow light. These wavelengths activate two of the human cones whereas mice have limited capacity to see this light. Sodium lighting is interpreted by humans to be brighter than it is and good visual acuity is achieved. This study spanned 1.5 years and used 150 mice of various strains, 50 of which were wild-type. The main colonies observed were BALB/c mice, heterozygous transforming factor-beta2 null mutant mice on a mixed C57BL/6 X 129 background, and human G93A superoxide dismutase 1 transgenic mice on a B6SJL background. The facility was operated as a specific pathogen free unit. The animals were housed in cages on the vented M.I.C.E. system with red light emitters and detectors on opposite sides in front or behind the feeding trough. Movement was monitored by the mice walking through the red beam light (invisible to the human eye) which generated a pulse sent to a computer that recorded the activity and time of day. The data showed that during the standard dark-white light cycles the mice slept during the day except for occasional short periods of activity. A bevy of activity began during the first 4 h of the dark phase, no matter if the phase began at 07:00 or 10:00 h. When the sodium light was illuminated at the beginning of the dark phase activity (45.5+/- 3.2%) was not significantly different from when initially housed in darkness (43.8+/- 0.1%). Nocturnal behavior could be observed with the sodium lights on during the dark phase. Based on this study, the optimal time to end use of white light during the workday was in the morning as the mice were lightly sleeping. This would facilitate cage changing or biopsy and genotyping sample collection. The use of sodium lighting was recommended for the period 13:00 to 17:00 h to allow observation of mice for their welfare or experimental purposes.
Questions:

1) 
The retinal cones of mice are most effectively activated at which wavelength of light? 
a. 550 nm 

b. 650 nm 

c. 589 nm 

d. 500 nm

2) 
Humans can  visualize mice activity under sodium lighting due to:
a.   Humans retinal rods are  activated by 450 nm wavelength of light 

b. Humans retinal cones are activated by 400 nm wavelength of light 

c. Two of the human cones are activated by 589.6 nm wavelength of light 

d. Human retinal cones are activated by 650 nm wavelength of light 

3) 
Nocturnal behavior in mice is triggered by this molecule:

a. Growth Hormone 

b. Thyroid Hormone 

c. Melatonin 
d. Corticosterone
Answers
1.
d
2. 
c

3. 
c

Schultz-Darken et al.  Novel restraint system for neuroendocrine studies of socially living common marmoset monkeys, pp. 393-405

Summary:  This article describes a new soft jacket and sling-harness restraint device that, unlike previous models, allows species specific posturing and continued involvement in social groups.  The system described in this article allows for hypothalamic push-pull perfusion and repeated blood sampling and restraint for up to 3 days.  Both ovary intact and bilaterally ovariectomized females were acclimated to the restraint device over a period of several days and increasing time frames, and their behavior (scale of 1-8, 8 being most agitated), intake and output was monitored.   After the third day of restraint, plasma cortisol levels, as well as plasma progesterone concentrations, were monitored to determine stress level and effect on ovulatory cycle.  The study showed that plasma cortisol levels, while they did not remain elevated, did not show the expected decrease throughout the day.  The ovulatory cycles were not affected and behavior score averaged 2.4 - 3.2.  The authors conclude that this is a novel device that allows for restraint for investigating neuroendocrine changes in female production but not adrenal function.  

Questions: 

1.  
Marmosets share all of the following similarities with humans, except:

a)  
They have a 28 day ovarian cycle

b) 
They live in family based social units

c) 
Only the dominant female in the family unit can conceive and give birth

d) 
They have long-lasting social relationships
2.  Cortisol values in marmosets compare with Old World primates (OWP) in that:
a) 
Plasma cortisol levels are higher in marmosets than OWP

b) 
Plasma cortisol levels are lower in marmosets than OWP

c) 
Plasma cortisol levels are the same in marmosets as in OWP

d) 
Marmosets do not produce cortisol
Answers: 
1. 
c

2. 
a

Teppner et al.  Polymorphic microsatellite markers in the outbred CFW and ICR stocks for the generation of speed congenic mice on C57BL/6 background, pp. 406-412

Task 3 - Provide Research Support, Information & Services; 
Task 9 - Collaborate on the Selection and Development of Animal Models

Primary (Mouse) 
The goal of the study was to identify microsatellite markers for the establishment of a general PCR-based marker-assisted selection protocol (MASP) for the outbred CFW and ICR strains to be backcrossed in C57BL/6.  Outbred mice were obtained from three large vendors, Charles River Laboratories, Harlan, and Taconic.  Map locations and primer sequences of the microsatellite loci were used according to the Mouse Locus list provided by Jackson Labs.  The authors were then able to generate a list of informative genetic markers for the outbred CFW and ICR stocks from the three suppliers.  153 microsatellite loci were examined from 19 autosomes.  X and Y chromosomes were excluded.  The research resulted in 76 and 70 markers being identified for use which could be used for the generation of C57BL/6 speed congenic on CFW and ICR stock, respectively.  

Questions

1.
What does MASP stand for?
a. Multiple allele satellite program
b. Marker assistant selection protocol=0A

c. Monoclonal antibody selection product

2. Who maintains the Mouse Locus List?

a. Charles River Labs
b. Taconic
c. Jackson Labs
d. Harlan

Answers
1.
B

2.
C
Meldgaard et al.  Non-invasive method for sampling and extraction of mouse DNA for PCR, pp. 413-417

Species: Rodents (mice) 
Task: 2,3

Summary: Mouth swabbing of the inner cheek is used a method for extraction of DNA for genetic testing of mice. The test is based on forensic genetic testing of humans. This procedure involves swabbing of cotton stick inside the inner cheek, followed by the alkaline lysis of the harvested buccal epithelial cells. This procedure yielded reliable and consistent yield of DNA samples. Authors conclude that is a faster, simpler and reliable method over currently used procedures used for extraction of mouse DNA such as tail, ear and toe biopsies. 

Questions:
1. What are the commons problems encountered with extracts of tail or toe biopsies used for extraction of mouse DNA?  
a. Lengthy incubation and protein digestion  

b. Presence of PCR inhibitors  

c. Expensive reagents  

d. Discomfort to the animal   

e. All of the above
2. True or False: Collection of buccal epithelial cells for DNA extraction is a reliable, faster and simpler procedure due to its ease of sample collection, minimal discomfort to the animal (biopsy, tail, ear, toe biopsy), inexpensive and less chance of contamination (as in hair and stool) and presence of little or no PCR Inhibitors. 

3. List other non-invasive methods of DNA extraction described for mouse DNA?

Answers:
1. All of the above  

2. True  

3. Saliva samples, stools and epithelial cells from rectum and hair. 

Rodrigues and Pereira.  A model for acute iron overload in sea bass (Dicentrarchus labrax L.), pp. 418-424

Tasks 1, 3, 4
Tertiary species

Summary: The study evaluates the use of an acute iron overload model in sea bass, and compares it to traditional mouse mammalian models.  This pathology is important to understand in fish because of the propensity to supplement fish diet with iron to promote growth in aquaculture, and the potential for the use of the model in infectious disease research.  Iron toxicity in fish is known to increase susceptibility to bacterial infection and specific effects on hematopoetic systems were previously minimally characterized.
Iron is tightly regulated in the body.  In the intestine, Fe3+, is reduced and transported across the apical membrane of the enterocyte to the circulatory system by ferroportin, where it is captured by transferrin (Tf), and bound as a complex to Tf receptors by cells and either stored as ferritin or used. 
The study used farmed sea bass and injected them IP under anesthesia with iron dextran.  Iron absorption was measured from peritoneal lavage at specific time points over 36 hours, but 90% was absorbed within 6 hours.  Hct, RBC, MCV, total iron, unsaturated iron binding capacity, total iron binding capacity and transferrin saturation was measured at 0, 3, 6, 14 and 41 days post iron administration.  Liver, spleen, and head kidney were evaluated at the same time points for iron content and histopathology.  Researched demonstrated rapid decrease in iron content in lavage fluid by 36 hours.  Hct, RBC and MCV were not affected by iron administration over the course of the study.  In other species, HCT usually increases first, followed by MCV, indicated enhanced erythropoiesis.  Total iron binding capacity was not altered.  Serum iron, unsaturated iron binding capacity, and transferrin saturation was increased on day 3 and 6, and normalized by day 14, echoing results in other species, and suggesting that fish transport iron similarly. Tissue content of iron followed a similar temporal pattern in the liver, but remained high in the spleen throughout the 41 day period.  Iron was accumulated in MMCs in head kidney and spleen, but throughout the liver. Sea bass lack MMC or macrophage aggregates in the liver, unlike other teleost fish.

Questions:

1.
What molecule transports iron in circulation?

2.
How is iron deposited in the liver of the sea bass?

3.
Does increased erythropoiesis result from iron overload in sea bass?

4.
Where is iron stored in head kidney and spleen?

Answers:

1.
Transferrin

2.
Throughout the organ, in hepatocytes, not lymphoid centers.

3.
No - exemplified by stable RBC, MCV and Hct.

4.
MMC - melanomacrophage centers

Langer et al.  WKY/Ztm-ter: a new rat inbred strain on the WKY/Ztm genetic background with congenital teratomas, pp. 425-431
Task 9 - Collaborate on the Selection and Development of Animal Models 
Summary: We describe a new rat model for teratomas (WKY/Ztm-ter) which arose through a spontaneous mutation in the inbred WKY/ZRM rat strain. When the tumors of the gonads became clinically apparent, affected males were 14-224 days of age, whereas the females only developed tumors between days 21 and 63. Tumor incidence is not gender-dependent. However, almost all females develop bilateral tumors, while 50% of the males show unilateral tumors. Histologically, all examined tumors' (n=65) represent partially undifferentiated teratocarcinomas.

Teratomas arise from totipotent stem cells which can differentiated into derivatives of two or three embryonic layers (endoderm, mesoderm, and ectoderm) Benign teratomas are composed of well-differentiated tissue of the different embryonic layers while malignant teratocarcinomas additionally contain nests of undifferentiated pluripotent stem cells. 

Teratomas are rare in rats and mice - exception inbred mouse strain 129/Sv-Ter - selective breeding of these mice result in 1/3rd of the males having spontaneous testicular teratomas, have germ-cell deficiency, small gonads, infertility.

Strain origin: WKY/Ztm (F74-80) from outbred Wistar Kyoto colony, WKY/Ztm-ter was separated in F72 from its progenitor strain - individual rats were in F73 MFI to F73 MF6. spontaneous mutation in inbred generation F73 in two litters of WKY/Ztm rats. All ter rats are descendants of one parental strain in F72.  25% incidence of gonadal tumors.  (they used ter to describe the mutation based on the mouse model 129/Sv-Ter

Observation period of 390 months 25.64% teratomas reported. Females: 21-63 days - clinically apparent.  Males: 14-224 days - when clinically apparent.

Tumors: testes and ovaries were soft, mottled in color ranging from white to dark red with ruptured serosal surfaces. 
Teratomas of 98.6% females - clinically apparent until day 50 postpartum correlates with regular estrus cycle.; Male rat puberty day 50 and fertile sperm can be found day 20-30 after birth.  Male Wistar no fertile sperm before day 70 Male WKY/Ztm-ter rats developed tumors before during or after puberty. 

Teratomas are derived from primordial germ cells. By day 13 of gestation the gonadal ridge contains distinguishable primordial germ cells in both sexes of rats and mice. Grafting experiments in mice suggest the critical period for teratogenesis is at 12 days in fetal development.

Questions: 

1.
The teratoma mouse model is the inbred strain designated by which of the following?
a. 
129/Sv-ter 

b. 
135/Sv-ter 

c. 
144/Sv-ter 
2. 
The congenital teratoma  tumor incidence in the WKY/Ztm-ter strain of rat is 2-5%  T/F 

3.
The gonadal ridge in both sexes of rats and mice contain distinguishable primordial germ cells by which day of gestation?
a.
12 

b.
13 

c.
14 

d.
15 
Answers: 

1.
a 

2.
T 

3
b 

Coulibaly et al.  A natural asymptomatic herpes B virus infection in a colony of laboratory brown capuchin monkeys (Cebus apella), pp. 432-438

Task 1: Prevent, Diagnose, Control and Treat Disease
Species: Nonhuman primates


Summary: This paper examines a group of brown capuchin monkeys (Cebus apella) infected with Herpes B virus (BV) that clinically was asymptomatic.  BV is enzootic in old world monkeys, particularly for the genus Macaca.  In non-macaque species BV is known to cause serious clinical disease.  In this report the authors identified 7 capuchin monkeys that over a period of time had been housed in the same room as BV-infected macaques.  While the two species were never in direct contact the opportunity for cross-contamination existed.  The ventilation was shared and the animal care workers did not alter their personal protective equipment between working with the macaques and the capuchins.
 
Initial serology could not differentiate BV of macaques from South American species of Herpevirus that would be native to squirrel and capuchin monkeys.  The assumption at the time was that the infection was not BV of macaques because the animals were asymptomatic.  A reference lab confirmed with PCR that the capuchin monkeys were infected with BV of macaques.  Following this finding the animals were euthanized.  This report suggests that BV can jump from macaques to capuchins and that it can cause an asymptomatic chronic condition.  An interesting finding was that some of the capuchins were seronegative but were confirmed by PCR to be shedding BV.  The authors maintain that appropriate caution should be taken when dealing with capuchins that have been exposed to macaques possibly infected with BV.  This report emphasizes the recommendation that capuchins and macaques should not be housed in close proximity.

Questions:
1. What percentage of adult macaques is suspected of being infected with BV?
2. T/F serology can generally distinguish between homologous BV and heterologous BV. 

3. T/F This report confirms that BV is nonpathogenic in non-macaque species.

Answers:
1. 70-90 % 

2. F 

3. F

Tsutsumi et al.  Diurnal variation and age-related changes of bone turnover markers in female Gottingen minipigs, pp. 439-446
· Minipigs are used as a model of osteoporosis because 

· They have the same bone remodeling pattern as humans

· They have non-seasonal cyclic estrus
· They show a decrease in bone density following estrogen deficiency   

· In the study of human bone remodeling, highly sensitive and specific biochemical markers from blood and urine have been used since the mid-90’s

· BAP = bone-specific alkaline phosphatase

· OC = intact osteocalcin

· NTX = N-terminal telopeptide of type I collagen

· PYR = pyridinoline

· DPD = deoxypyridinoline

· These biomarkers are valuable for pharmacological and pathophysiological studies 

· Diurnal variation in these markers is seen in humans

· BAP level increases slightly from morning to afternoon

· OC levels increase during the night

· NTX, PYD, DPD increase between midnight and early morning

· This shows that bone metabolism in humans is enhanced at night

Do minipigs show the same diurnal variation in bone turnover markers as humans?

· Blood and urine samples were collected every 3 hr over a 24 hr hour period

· In this study, BAP and OC showed the same patterns in minipigs as in humans, but only OC was significantly different between time points

· However, NTX, PYD, DPD patterns of change over 24 hr were different from humans

· Diurnal variation was seen in NTX

· Blood and urine samples should be taken at the appointed times to reduce the effect of diurnal variations

Do minipigs show the same age-related changes in bone turnover markers as humans?

· Age-related changes in bone turnover markers was investigated in 66 female minipigs aged 3-76 mo

· The pattern of change in BAP, OC, NTX, PYD, and DPD in minipigs after 3 months of age is the same as that in humans, that is, highest in young animals and decreasing with age

Questions:
1. 
Which of the following biochemical marker showed diurnal variation in minipigs in this study?

a) BAP

b) NTX

c) PYR

d) DPD
2. 
T/F:  Göttingen minipigs are seasonally polyestrus.
3. 
T/F:  After 3 months of age, minipigs show the same age-related changes in bone turnover markers as humans.

Answers:
1. 
b) NTX.  BAP showed the same pattern but the changes were not statistically significant.  The highest and lowest levels of PYR and DPD were inconsistent.
2. 
F.  They have a non-seasonal cyclic estrus
3. 
T. 

