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Gallastegu et al. Volumetric and linear measurements of lung tumor burden from non-gated micro-CT imaging correlate with histological analysis in a genetically engineered mouse model of non-small cell lung cancer, pp. 457-469
Primary Species: Mouse (Mus musculus)
 

SUMMARY: 

 

· In vivo micro-computed tomography (CT) imaging allows longitudinal studies of pulmonary neoplasms in GM mouse models.

· Respiratory gating increases the accuracy of lung tumor measurements, but lengthens anesthesia time in animals (that may be at increased risk for complications).

· The hypothesis of this study was that semiautomated, volumetric, and linear tumor measurements performed in micro-CT images from non-gated scans would have correlation with histological findings of tumor burden.

· The study was conducted using 8 GM mouse models of primary lung tumors (two strains used: FVB/N-Tg(tetO-Kras2)12Hev/J; and FVB.Cg-Tg(Scgb1a1-rtTA)1Jaw/J)

· Non-gated micro-CT scans were performed, and measurements of all identified tumors were determined using the following methods: semiautomated 3D volume, ellipsoid volume, Response Evaluation Criteria in Solid Tumors (RECIST; sum of largest axial (i.e., transverse) diameter from five tumors), sum of largest axial diameters from all tumors (modified RECIST), and average axial diameter. All five lung lobes were analyzed histologically. The tumor area was summed from measurements made on five histological sections that were 300 mm apart from each other (covering a total depth of 1200 mm).

Results: All micro-CT measurement methods had very strong correlation with histological tumor burden (r = 0.87 (p<0.0053), and r = - 0.98 (p<0.0001), except for the semiautomated 3D method and the RECIST method (Williams’ test, p<0.013).
Conclusions: The author’s suggest that quantification of lung tumor burden from non-gated micro-CT imaging will reflect histological differences between mice and can therefore be used for between-group comparisons or when concerns about systemic health of research animals may limit lengthy anesthetic procedures.

 

QUESTIONS

1. 
Which of the following statements are TRUE regarding primary lung cancer?

a.
It has been the 3rd leading cause of death attributed to cancer in humans worldwide since the mid-20th century.

b.
222,500 new cases and 155,870 attributable deaths estimated for 2017 just in the USA.

c.
The use of genetically engineered mouse models is becoming standard in pulmonary cancer research.

d.
All of the above.

2. 
Which of the following phenomena may be considered as weaknesses of xenograft animal models?

a.
Biologic behavior that may vary from the parent tumor.

b.
Lack of heterogeneity in the tumor cell population.

c.
The necessity of evaluating tumor growth in the setting of a compromised immune system.

d.
All of the above.

3. 
Which of the following statements are TRUE regarding primary lung cancer research using in vivo diagnostic imaging methods in animal models?

a.
They allow longitudinal studies of tumor development and drug response.

b.
They allow individual tumors to be followed over time, and thus strengthening the statistical analysis of drug responses

c.
They greatly reduce animal numbers and the expenses associated with the production and maintenance of GM mouse colonies

d.
All of the above.

 

ANSWERS

1. 
b and c. Primary lung cancer has been the leading cause of death attributed to cancer in humans worldwide since the mid-20th century.

2. 
d.
3. 
d.
 

Kocovski et al. Differential anxiety-like responses in NOD/ShiLtJ and C57BL/6J mice following experimental autoimmune encephalomyelitis induction and oral gavage, pp. 470-478

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

Domain 2: Management of Pain and Distress

Primary Species: Mouse (Mus musculus)

SUMMARY: Oral gavage is often used to deliver experimental drug compounds but may be inducing adverse side effects that affect study outcomes.  The authors evaluated the effects of oral gavage on inducing anxiety-like behavior in two mice strains, C57BL/6 and NOD/ShiLtJ, which are used as models of induced experimental autoimmune encephalomyelitis (EAE).  Mice from each strain were divided into Sham-EAE and control groups and then received 8 days of repeated gavage or were left in their home cages.  On day 9, an EPM test was conducted during the light cycle to test for anxiety like behavior.  At experimental endpoint, corticosterone levels were also measured.
There was significant differences between the strains of mice in the same experimental groups.  NOD/ShiLtJ mice in the Sham-EAE group who were exposed to repeated gavage had high levels of anxiety, which was not present in those who were left in their home cage.  In contrast, C57 mice in the sham-EAE group had increased anxiety in their home cages but not when exposed to repeated gavaging.  It was hypothesized that the gavage procedure was sufficiently adverse in the C57BL/6 mice that it produced a floor effect in anxiety-like behavior.  Exposure to repeated oral gavage increased anxiety-like behavior in control and sham-EAE C57BL/6 mice but did not produce much of an effect on the NOD/ShiLtJ mice.  NOD/ShiLtJ mice had higher levels of plasma corticosterone than C57Bl/6 mice although there was not a difference between the sham-EAE or gavage experimental groups. 
The authors concluded that substituting gavage with less adversive methods of delivery has translational value and improved animal welfare. 

 

QUESTIONS
1.
Mouse EAE exists as variants differing in clinical and immunopathological progressions.  How does MOG-induced EAE differ in C57BL/6 mice than in NOD/ShiLtJ mice?   

2.
T/F: The delivery route of the Bordetella pertussis toxin impacts the disease incidence between strains. 

3.
T/F:  The C57BL/6J variant is more suitable for candidate MS drug evaluation.
 

ANSWERS
1.
Chronic progressive profile in C57BL/6J and Relapsing-remitting profile in NOD/ShiLtJ mice

2.
T

3.
T

 
Müller et al. Influence of estrogen on individual exercise motivation and bone protection in ovariectomized rats, pp. 479-489

Domain 3, K3 (Research—Animal Models)

Primary Species: Rat (Rattus norvegicus)
 

SUMMARY: Estrogen deficiency plays a major role in the changes of bone metabolism and bone protection—two processes altered significantly in disease states of osteoporosis. This group aimed to investigate the effects of estrogen on individual voluntary exercise motivation and bone protection using sham-operated, ovariectomized, and ovariectomized with estrogen supplemented Wistar rats. Animals within the exercise group received subcutaneous implants of an “RFID” chip, which assisted in identifying the respective individual in the cage (to differentiate which animals were using the exercise wheel at what time). In-vivo micro CT scans were used to evaluate tibiae in each animal per group. They found a significant bone protective effect of E2. Exercise did not prevent ovariectomy-induced bone loss, but lack of estrogen within the ovariectomized rats led to a drastically reduced activity. This reduced activity was not appreciated in the ovariectomized rats provided with estrogen supplementation. 

 
QUESTIONS
1.  
What is a well-established rodent model to investigate symptoms of postmenopausal estrogen deficiency?

2. 
How is a RFID detection system used?

 

ANSWERS
1. 
The aged ovariectomized (ovx) rat

2.  
It is used to identify specific animals in a cage, especially when specialized equipment is used.

 
Reed et al. Accuracy of an oscillometric blood pressure monitor in anesthetized pigs, pp. 490-496

Domain 2: Management of Pain and Distress

Primary Species: Pig (Sus scrofa domesticus)

SUMMARY: Oscillometric blood pressure monitoring is a type of noninvasive blood pressure (NIBP) monitoring that detects oscillations in cuff pressure due to arterial pulses against the surface of the cuff. The accuracy of oscillometric BP systems is dependent on the specific device, species and cardiovascular state of the animal. The American College of Veterinary Internal Medicine (ACVIM) has outlined specific standards for validation of oscillometric BP monitors. The goal of the study was to evaluate the accuracy of oscillometric NIBP measurements in comparison to invasive blood pressure via arterial catheterization. The authors hypothesized that the DRE Waveline Pro would meet the ACVIM standards for BP monitoring on both the forelimb and hind limb in anesthetized pigs. Seventeen 10-14 week old commercial pigs were anesthetized. Invasive BP was measured using a percutaneous catheter in the femoral artery. NIBP measurements were taken on the distal left thoracic limb and distal right pelvic limb, at the level of the heart. The results showed that only the mean arterial pressure and diastolic measurements on the pelvic limb met the ACVIM criteria for accuracy of NIBP monitors. In general, the NIBP measurements underestimated the invasive BP measurements. The authors concluded that monitoring NIBP in anesthetized pigs using the DRE Waveline Pro is useful in monitoring mean and diastolic blood pressure trends and is most accurate when placed on the pelvic limb.  

QUESTIONS
1. T/F: Direct arterial blood pressure measurement is considered to be the gold standard for blood pressure measurement in animals

2. T/F: Exteriorized catheterization is the most accurate method of direct arterial blood pressure measurement

3. What are the different types of NIBP sensors that are used?

ANSWERS
1. True

2. False; Indwelling catheterization is the most accurate 

3. Photoelectric, Doppler, acoustic, oscillometric sensors 

Musk and Kemp. Pregnant sheep develop hypoxaemia during short-term anaesthesia for caesarean delivery, pp. 497-503

 

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

Domain 2: Management of Pain and Distress

Secondary Species: Sheep (Ovis aries)
 
SUMMARY: The purpose of this study was to document the acid-base and hematological status of ewes and lambs at the time of surgical delivery.  An anesthesia procedure was developed to provide prompt delivery of the fetus.  Ewes were anesthetized with 0.5 mg/kg Midazolam and 10 mg/kg Ketamine, mixed in the same syringe and delivered by IV bolus, followed by 3 mL of 20 mg/mL Lidocaine injected in the subarachnoid space. 

 

Caesarian delivery of the fetus was through a ventral midline incision.  Time from induction of anesthesia to arterial blood sample collection was 8.7 +/-1.3 minutes.  Supplemental oxygen and endotracheal intubation were omitted as it was expected that the time from induction to delivery would be very short.  Ewes were observed to maintain continuous spontaneous respiration and a peripheral arterial pulse was palpated intermittently, though comprehensive physiological monitoring of the ewe was not performed. 

 

Samples of arterial blood from the ewe and fetus were collected immediately after delivery.  Analysis for pH, PaCO2, PaO2, base excess, hematocrit, glucose, lactate, and hemoglobin concentrations were performed.  Maternal respiratory acidosis and hypoxemia were expected.  Hypercapnia was defined as partial pressure of carbon dioxide (PaCO2) in arterial blood >45 mmHg.  Hypoxemia was defined as partial pressure of oxygen (PaO2) in the arterial blood <90 mmHg. 

 

The authors found significant differences between the fetal and maternal results for most of the parameters measured.  The most significant results the authors described were severe ewe and fetal hypoxemia and fetal hypoglycemia. Maternal PaO2 was 45.2 mmHg and fetal PaO2  was 15.0 +/-3.1.  Fetal hypoglycemia was defined as a blood glucose level of <2.6 mmol/L.  Lamb blood glucose levels were 0.1 mmol/L.  The effect of hypoglycemia was difficult to interpret because anesthetics administered to the ewe crossed the placenta.  Signs of hypoglycemia such as altered level of consciousness, tremors, convulsions, apnea, and coma could not be observed in the unconscious lambs.

 

The authors concluded that it is difficult to justify a recommendation to avoid providing supplemental oxygen and/or placing an endotracheal tube when anesthetizing sheep, though it may be considered appropriate for the prompt delivery of a fetus.

 

QUESTIONS 
1.  
Respiratory acidosis is present when:

a.  
PaCO2 >45 mmHg

b. 
PaCO2  <45 mmHg

c. 
PaO2 >90 mmHg

d.  
PaO2 <90 mmHg

e.  
Regurgitated rumen contents are aspirated during anesthesia.

2.  What level of blood glucose was used to determine hypoglycemia?

a.  
2.9 +/- 3.1mmol/L

b.  
0.1-1.1 mmol/L

c.  
>7.35 mmHg

d.  
<2.6 mmol/L

e. 
-0.79-2.9 mmol/L 

3.  
T/F: Hypercapnia is present when the partial pressure of carbon dioxide is above 45 mmHg.

4.  
T/F: Respiratory acidosis is present when the partial pressure of carbon dioxide is below 45 mmHg.

 

ANSWERS
1.
a
2.  
d
3. 
T

4. 
F  -  Respiratory acidosis is present when hypercapnia is present.

 

 
Vandersteene et al. A non-hydrocephalic goat experimental model to evaluate a ventriculosinus shunt, pp. 504-514

Domain 3: Research; K3 - Animal models

Secondary Species: Goat (Capra hircus)
 

SUMMARY: This article looks at the alternative drainage site for hydrocephalus of draining into the superior sagittal sinus, to decrease the complications associated with siphoning that occurs with ventriculo-peritoneal and ventriculo-atrial shunts. Previous studies in this work have used a dog model, with a small sample size, poor induction of hydrocephalus, and thrombosis developing in the sinus. Sheep have previously been used for ventriculo-peritoneal shunts, and both sheep and goats are suitable models based on size and anatomy.
The initial study used cadavers to examine the sinus looking for septa, trabeculae, and measurements within 9 animals. Septa and trabeculae were common.
The second portion of the study looked at the impact of CSF on blood in vitro. Animals were pre-treated with clopidogrel and acetylsalicylic acid or no antiplatelet drugs. After sample collection, analysis was done by the Sonoclot Coagulation Analyzer to find activated clotting time, clot rate, and platelet function. CSF in the blood was shown to decrease ACT, increase CR, and not affect PF. Antiplatelet drugs had the opposite effects.
The third portion of the study looked at implantation of the ventriculosinus shunts in 3 goats. Surgery was guided by CT scans done one day prior to surgery. The incision was made on midline, and holes drilled through the skull right of midline on the coronal suture and on midline rostral to the lambdoidal suture.  A ventricular catheter with low pressure valve was placed in the ventricle and a peritoneal catheter in the sinus. Positioning of the catheters was confirmed by post-operative CT. Animals were monitored for 2 weeks post-surgery as this is the timeline when thrombosis and infection would be expected. After 2 weeks, catheters were checked for patency prior to euthanasia. Shunt implantation during surgery was unremarkable. Post-surgical evaluation via CT showed 1 of 3 animals had the catheter too deep, all three had adequate sinus catheter positioning. At the final catheter check all animals had obstructions of the vascular end of the catheter, shown as clots on microscopic evaluation.
The surgery was demonstrated to be safe, and the anatomy of the goats comparable to humans.  However, the sinus is smaller in goats than humans, and this may have precipitated clot formation. These animals did not have hydrocephalus induced, which limits the necessity of drainage of CSF through the shunt, and therefore flow is less consistent than it may be in a hydrocephalic animal. This study also saw some reflux of blood into the shunt, which increases the risk of clot within the distal shunt. This can be affected by the rigidity and diameter of the catheter as well as clamping the distal end.
This is a model that requires more evaluation, especially incorporating a hydrocephalic model.

 

QUESTIONS
1.
What are the mechanisms of action of clopidogrel and acetylsalicylic acid ?

2.
Why are pigs and cattle not suitable models for this research?

3.
How do goats compare to humans in the coagulation state

 

ANSWERS
1.
Clopidogrel: irreversibly binds to platelet surface ADP (adenosine diphosphate) -receptors, inhibits ADP binding, to reduce platelet aggregation. Acetylsalicylic acid inhibits COX-1 to prevent formation of thromboxane A2

2.
Pigs and cattle have caudal extension of the frontal sinuses that could impeded frontal access to the ventricles and superior sagittal sinus.

3.
Goats are hypercoagulable in comparison to humans.

  

Tuval et al. Evaluation of injectable anaesthesia with five medetomidine-midazolam based combinations in Egyptian fruit bats (Rousettus aegyptiacus), pp. 515-525

Domain 2: Management of pain and distress, tasks performed T2 (minimize or eliminate pain and/or distress) and T3 (administration of anesthesia)

Tertiary Species: Other Mammals
 

SUMMARY: The aim of the present study was to compare different injectable anesthetic protocols in the Egyptian bat.
Egyptian bats are well known to be used as animal models in several research fields, sometimes requiring surgical procedures and imaging techniques, thus necessitating an adequate level of anesthesia and analgesia.

 

Even if isoflurane inhalation anesthesia is already commonly used for several bat species, the authors of the study wished to develop a safe protocol that could be readily available under field conditions and safe for the personnel (not requiring the use of a face mask) and thus avoiding gas leakages that could represent an occupational health concern.

 

In all protocols both Medetomidine and Midazolam (MM) were present and used at the dose of 0.15mg/kg and 1.5 mg/kg, respectively; 4 different drugs were added to MM as follows: 1) Fentanyl: 0,015mg/kg -MM-Fen, 2) Morphine: 1.5mg/kg -MM-Mor, 3) Butorphanol: 1mg/kg-MM-But, 4) Ketamine: 10mg/kg- MM-Ket and 5) saline –MM-Sal. All drugs were subcutaneously administered to 8 adult Egyptian bats who were all subjected to the 5 anesthetic protocols with a 10 day wash-out period between anesthetic events.

During anesthesia, palpebral reflex, withdrawal reflex (toe pinch), response to noise, heart rate, respiratory rate and rectal temperature were recorded every 10 minutes, until recovery and were used to assess the onset and the duration of anesthesia, quality of recovery and side effects of each combination.

 

The study showed that all 5 combinations induced anesthesia in the Egyptian bats (loss of the withdrawal reflex for over an hour).
All protocols were associated to a reduction in the heart rate and all were responsible for respiratory depression and a consistent drop in the body temperature, which may be of special concern in bats, considering the high ratio of surface area to body mass.
Recovery time appeared to be shortest with the MM-Sal combination and the longest with MM-But, requiring use of Atipamezole to reverse anesthesia.
For non-painful procedures, MM-Ket seemed to be a good choice (as gives minimal respiratory depression) while for procedures requiring analgesia, the combinations with opioids appears to be preferable.
Despite the anesthetic effects of the combination MM-Sal, the author do not recommend using such protocol for surgical procedures in bats.

 

QUESTIONS
1.   In which fields of research can Rousettus aegyptiacus be used?

2. 
Why the authors did not consider selecting other (than SC) administration routes for the anesthetics administered to Egyptian bats?

  

ANSWERS
1. 
Rousettus aegyptiacus is used in neuroscience as a model for research of spatial cognition, navigation, and spatial memory in the mammalian hippocampus. The Egyptian fruit bat is regarded as a potential reservoir host for Marburg Virus and Ebola virus (filoviruses), thus playing an important role in the field of infectious diseases as it appears that filoviruses are maintained in nature by transmission between bats by intraspecific aggressive, grooming and reproductive behaviors.

2.  
IV access is difficult to obtain in conscious bats and may result in severe injuries/stress. IM route was not used as bats have small muscle mass and may be painful and more stressful than the SC route. IM injections should be avoided in bats as they may be associated to muscle soreness and impair flight

 

SHORT REPORT
Taylor et al. Minimally-invasive, microneedle-array extraction of interstitial fluid for comprehensive biomedical applications: transcriptomics, proteomics, metabolomics, exosome research, and biomarker identification, pp. 526-530
SUMMARY

Overview: The study reviews the use of Interstitial fluid as an alternative to blood for biomedical applications, diagnosis and therapy. ISF extraction techniques is promising because they are less invasive and less painful than venipuncture. In this report a novel method of ISF extraction in rats, using microneedles array is used which provides volumes of ISF that are sufficient for downstream analysis such as proteomics, genomics and extracellular vesicle purification analysis. As such, the limited invasiveness and large volume of ISF extracted, ISF extraction provide a technique that is less stressful and more humane to laboratory animals while also allowing for a reduction in the number of animals needed to acquire sufficient volumes of ISF for biomedical analysis and application.

Introduction: ISF represents 80% of ECF and is in contact with blood through the capillary walls. Glucose concentrations in ISF correlates well with blood. It has also been demonstrated that ISF can be used as a means of therapeutic drug monitoring. In addition, tumor ISF is a rich reservoir of biomarkers and shows promise in elucidating markers of tumor microenvironment and metastatic potential. Other sampling techniques has been reported before however are limited by volume extracted, inducing tissue damage, blistering or negative pressure that maybe painful to the animals. The following extraction technique  described here overcomes the challenges by allowing for the collection of 40-60ul of ISF from a single animal while also providing less invasive techniques thus reducing number of animals used for analysis and refined techniques that minimizes pain and distress.

Method: The study was conducted in University of New Mexico (AAALAC Accredited).

 

Ultra-fine nano pen needles were placed in 3 D printed microneedle array holders. Each needle was attached to a 1-5ul calibrated pipet capillary tube.


(a) 
Ultrafine microarray needle attached to a calibrated pipet capillary tube; (b) Array assembly is pressed into the dermal tissue of the rats; (c) and (d) arrays were held In place until sufficient ISF is collected.

To determine optimal anatomic location, the needles were tested in the flank, abdomen and back and extraction was compared with different bevel orientation (vertically facing up or down), and between needles when removed or not removed in between insertions. The 3D microneedle array holders precisely control insertion depth by allowing the needles to only insert into the dermis to a prespecified depth (1360+/_ 210um)Arrays were left in place 4 min per insertion, removed and ISF is measured. Extractions were repeated 4 times. Hairless rats were used to prevent contamination of the samples.

[image: image1.png]



 

Result: Exosomes were purified using a total isolation kit for transmission electron microscopy.
ISF rose up the capillary within 1-2min. the abdomen produced the highest volume of ISF. In the bevel down position, both rate of extraction and volume extracted per insertion is significantly greater compared to the bevel up position.
A non-significant increase was achieved when needles were not exchanged between the replicates.

Conclusion: The minimally invasive microneedle array technique provided larger volume of ISF extraction from a single rat reducing the animal needed for downstream analysis, good enough to purify exosome, perform genomic and proteomic analysis. This technique could further be optimized by increasing array density and adjusting microneedle length for species.

QUESTIONS

1. What is exosomes? Specialized functions?

2. What are some clinical applications of exosomes?

 

ANSWERS
1. 
30-100nm in diameter, Cell derived vesicle that are present in many and perhaps all eukaryotic fluids. Larger than LDL but smaller than RBCs.


Exosomes plays a key role in processes such as coagulation, intercellular signaling and waste management.

2.  
Exosomes can potentially be used for prognosis, therapy and biomarkers for health and disease

Gomes et al. Refinement of in vivo optical imaging: Development of a real-time respiration monitoring system, pp. 531-535

Domain 3:  Research; Tasks 1: Facilitate or provide research support

Primary Species: Mouse (Mus musculus)

 

SUMMARY: In vivo optical imaging allows imaging of dynamic biological processes at the molecular level using either fluorescence or bioluminescence. Animals have to be anaesthetized to reduce motion artefacts and achieve acceptable image quality. Generally, inhalation anesthesia is used and this can cause respiratory and/or myocardial depression, vasodilation and hypotension. Isoflurane, one of the most common inhalation anesthetics has been shown to rapidly decrease mean arterial blood pressure and to inhibit bioluminescence signal generation. The luciferin-luciferase reaction is adenosine triphosphate depended, and changes in metabolism will alter reaction kinetics and change bioluminescence read-out. Therefore the depths of anesthesia can influence luciferins biodistribution and kinetics.
This short report describes the use of optical imaging-compatible respiration sensors to monitor the depth of anesthesia of mice while being imaged. Imaging was performed on an IVIS 200 Bioluminescence system. Five piezoelectric vibration sensors were placed on the heated imaging platform, one under each mouse (n=5). Sensors were blacked out with insulation tape and black cables were used to eliminate possible interference. Overall respiration rate was 58.6  ± 7.1 breath per minute for prone position and 75.7 ± 9.4 breaths per minute for supine position. Whilst in the supine position two mice were at risk of waking up as breathing rate quickly accelerated. This was promptly resolved by opening the imaging chamber door and correcting the mouse position relative to the nose cone.
The authors conclude that using respiration sensors within the IVIS chamber is a good tool to monitor anesthetic depth and it allows adjustment and intervention which is particularly important during kinetic assays which can take up to one hour to complete. Main limitation of this respiration monitoring system is that when used with transillumination the piezoelectronic sensor might be in the light path and prevent the light source being excited.

 

QUESTIONS
1. 
True or False: the respiration rate of mice anaesthetized with Isoflurane is higher when the animal is positioned in the supine position

2. 
Anesthesia using Isoflurane can have the following effects on bioluminescence

a. 
Inhibition of bioluminescence signal

b. 
Alteration of reaction kinetics of the luciferin-luciferase reaction

c. 
Alteration of the biodistribution of luciferin

  

ANSWERS
1. 
True

2. 
a, b and c
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