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SEVERITY ASSESSMENT IN ANIMAL-BASED RESEARCH
Zieglowski et al. Severity assessment using three common behavioral or locomotor tests after laparotomy in rats: a pilot study, pp. 525-535
Domain 2: Management of pain/distress – T3. Anesthesia

Primary Species: Rat (Rattus norvegicus)
 

SUMMARY: The hypothesis of this study is that surgical intervention may result to a measurable effect in behavioral tests. Authors also support a multimodal approach for welfare/severity assessment. In this pilot study of 30 adult male Wistar Han rats, this was the process:

· Training for behavioral tests on day 1, 3, 5

· Implantation of dummy telemetry transponder via midline laparotomy on day 6

· Recovery
· Retraining for behavioral tests on day 18, 19

· Sham laparotomy (with analgesia for 3 days) on day 20

· Behavioral tests on postoperative days 1, 3, 4, 7

· Postoperative scoring 3 times per day on postoperative days 1-3 and once on postoperative days 4-7

Indicators scored

· Rotarod test, which evaluates forced coordination and fatigue resistance. Not all animals were able to learn the rotarod and those were reassigned groups.

· Catwalk test which assesses locomotor behavior.

· Open Field test which assesses spontaneous locomotor and exploratory behaviors.

· Degree of severity based on Morton et. al. 1985 scale using: (a) body weight, (b) overall state, (c) spontaneous locomotor behavior and readiness to walk, (d) surgical procedure and wound healing.

· Serum corticosterone.

· Fecal corticosterone.

Significant Results: Open field test could detect changes due to surgical intervention. Velocity in the open field was decreased after surgery, consistently with fecal corticosterone increase and body weight decrease. The open field test allows for freedom in movement in contrast with the other behavioral tests, and this could interpret the change. It also allows for other observations such as grooming and exploration.

The fecal corticosterone levels increased, reaching higher level on postoperative day 1. There is a species-specific delay time between plasma levels and feces levels. In rats, this is 12 hours. Therefore increased levels in postoperative day 1 represent increase during the sham surgery.

Body weight decreased in the first postoperative day, returning to baseline and increasing after the 4th. This is consistent with other studies.

Degree of severity score, rotarod, catwalk, and serum corticosterone did not show significant changes. Serum corticosterone didn’t show correlation with fecal. This fact could be related to the stressful blood collection procedure – therefore fecal corticosterone is considered a better method.

 

QUESTIONS
1.
Which behavioral test can detect changes due to surgical intervention?

a. 
Rotarod

b. 
Catwalk

c. 
Open field

d. 
None

2. How many hours after serum corticosterone increase, will there be an increase in fecal corticosterone in rats?

a. 
2

b. 
5

c. 
8

d. 
12

3. 
True/False: The body weight of rats decreases after a surgical procedure.

4. 
Which indicator was NOT significant of surgical stress in the study of Zieglowski et al., 2020?

a. 
Rotarod test

b. 
Fecal corticosterone

c. 
Open field test

d. 
Body weight

ANSWERS
1.
c

2.
d

3.
T

4.
a

ORIGINAL ARTICLES

Helppi et al. Phytoestrogen-containing diets offer benefits for mouse embryology but lead to fewer offspring being produced, pp. 536-545
Domain 1

Primary Species: Mouse (Mus musculus)

SUMMARY

Introduction: Immunodeficient strains are widely used in research and represent a valuable tool in oncology research. NOD/Shi-scid/IL2rynull (NOG) mice were developed in 2002 and nowadays are produced based on a natural mating system. In this report the efficiency of an optimized superovulation protocol in NOG mice was evaluated (also in genetically engineering NOG mice backgrounds). 
Methodology: The protocol consisted in administering inhibin antiserum (IAs) or equine chorionic gonadotrophin (eCG) at 17.00h following by an intraperitoneal administration of human gonadotrophin 48 hours later  (hCG). Thereafter mice were euthanized, and oocytes collected. 4,8,12,24 and 54 week-old mice were used. In vitro fertilization was also evaluated using frozen-thawed sperm and evaluating number of 2-cell embryos 24h after fertilization. 2-cell embryos were also frozen and transfer to oviducts (8-12embryos/oviduct) of receptors Jcl:MCH (ICR) pseudopregnant females. Embryo transfer success was evaluated 19 days after. 
Results: Collection of oocytes were highest when IAs was used (vs eCG) at 12 weeks of age. Fertilization success was diminished when IAs were used in 12 and 24 week-old mice. Both IAs and eCG-treated mice showed similar ratios of blastocysts production. However the number of births was lower when IAs were used at 4 or 8 weeks.  
Conclusion: The use of IAs in superovulation protocols leads to a better oocyte production in NOG mice.

 

QUESTIONS (True or False)
1. 
The use of IAs could reduce the number of oocytes donors used in research

2. 
Efficacy of IAs is independent of the age of the NOG female

3. 
Birth rate of IAs was equal to eCG at all the ages tested in this study

4. 
IAs protocol in NOG backgrounds permits a 56% success for birth rate (offspring success).

 

ANSWERS
1.
True

2.
False

3.
False

4.
True
Khoo et al. Nesting material enrichment reduces severity of overgrooming-related self-injury in individually housed rats, pp. 546-558

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

Primary Species: Rat (Rattus norvegicus)

 

SUMMARY:  An observational study was undertaken to assess the prevalence of overgrooming-related self-injury in rats and whether providing nesting material throughout a rat’s life would affect the outcome.  Animals studied came from existing projects including behavioral experiments involving appetitive conditions or experiments that involved high-impact surgical procedures including cranial cannula or optic fiber implantation.  Unenriched rats were provided with baseline enrichment including a nylabone and a plastic shelter.  Some of these rats were in an ethanol consumption group.  Enriched rats were provided with a  nylabone, plastic shelter and shredded paper that enabled them to nest and build a more complex environment.  Experimenters were trained to monitor rats for signs of overgrooming-related self-injury.  All animals were handled 5-7 times a week for behavioral experiments.  Self-injury scores were recorded at onset of symptoms and then at one, two and four weeks after onset. Rats were observed over a period of 18 months. Rats with only baseline enrichment were provided with nesting material after the onset of symptoms.

 

Approximately 5% of the monitored rats exhibited signs of overgrooming-related self-injury.  These typically manifested as alopecia (mild cases) or skin lesions on the neck, shoulders, forepaws, ears, snout, or tail.  Skin lesions were most prevalent on the back of the shoulders.  The prevalence of injury was not associated with any specific factor, including whether rats received a high baseline level of enrichment or not.  Injury was also not associated with cage location, experimental study (including surgery and ethanol studies) or vendor source. However the severity of self-injury was less in those that were baseline-enriched from the beginning.  The authors suggest that nesting material enrichment provided throughout an animal’s life may reduce overgrooming-related self-injury. 

 

QUESTIONS

1. 
Prevalence of self-grooming injuries in rats is approximately          

a.  
1%

b. 
5%

c. 
10%

d. 
15%

2. 
Environmental enrichment can delay or prevent symptoms of which of the following diseases:

a. 
Huntington’s disease

b. 
Alzheimer’s disease

c. 
Schizophrenia

d. 
All of the above

3. 
Psychostimulants can induce self-injury behaviors and have been used to model which disease?

a. 
Huntington’s disease

b.  
Alzheimer’s disease

c.  
Schizophrenia

d.  
Autism spectrum disorders

4.  
T/F: Individual housing  has been shown to have adverse psychological effects on rats which can include neurological changes.

5.  
T/F : Providing enhanced enrichment that includes nesting material has no effect on severity of self-injury in rats.

 

ANSWERS

1. 
b

2.
d

3.  
d

4. 
True

5. 
False

 

Farinas et al. Sciatic nerve injury model in rabbits: What to expect, pp. 559-567

Domain 3: Research

Primary Species: Rabbit (Oryctolagus cuniculus)
SUMMARY: Rabbits are a commonly used sciatic nerve injury model. The study’s goals were to assess the risks and benefits of using this model and to report interventions that were found to reduce or prevent experimental complications.

Fifty-six male and female NZW rabbits, approximately 3.2kg body weight, were sourced and housed under standard conditions. Anaesthesia was induced using a mixture of ketamine-xylazine administered into the non-experimental leg. Following intubation, rabbits were maintained on isoflurane. A lateral surgical approach was used to access the sciatic nerve which was then incised and a 40mm section removed. Rabbits were divided into 3 groups: no repair; nerve section rotated 180° and sutured to the two ends; nerve conduit sutured to the two ends. Post-op analgesia included buprenorphine and meloxicam and experimental endpoints were 3, 6 or 12 weeks.

Self-mutilation, e.g., of the digits, and pressure ulcers of the hock, both in the experimental leg, accounted for 58.9 % of the postoperative complications. 23% of rabbits were killed before their experimental endpoint and additional resources were required to complete the study.

The use of Elizabethan collars reduced the incidence of self-mutilation from 12.29% to 2.52%. A pressure relief ring cushion was used to treat pressure ulcers, but its effectiveness was not assessed.

Students t-tests were used to perform statistical analyses.

The authors concluded the rabbit model had high post-operative care demands and would require dedicated staff with relevant species and veterinary care experience.

QUESTIONS

1. 
Self-mutilation, e.g., of the digits in rabbits had been associated with all except which one of the following?

a. 
Sciatic nerve neurectomy

b.
Long-term confinement

c. 
Intramuscular administration of ketamine-xylazine mixture in the hind leg

d. 
Genetic predisposition in some breeds e.g., checkered rabbit breed

e. 
High doses of daily caffeine administration

2. 
Which two of the following were suggested by the authors as improvements for future consideration?

a. Use of a donut collar rather than an Elizabethan collar

b. Treatment of neurologic pain using gabapentin

c. Daily cage changes rather than every two weeks

d. Provision of comfortable bedding e.g., inflatable beds

e. Avoidance of intramuscular injection of ketamine-xylazine mixture in the hind leg

 

ANSWERS
1. 
e

2. 
b and d

 

Lozano-Zahonero et al. A novel mechanical ventilator providing flow-controlled expiration for small animals, pp. 568-575

Domain 3

Primary Species: Rat (Rattus norvegicus)  
 
SUMMARY: Mechanical ventilation is a key life-saving therapy applied during general anaesthesia and in intensive care therapy. Comparative studies are often performed during spontaneous breathing and commercially available ventilators are limited to passive expiration. To study the effects of ventilation mode on the lungs, respiratory system mechanics need to be investigated. The authors developed a software-controlled ventilator for generating freely selectable inspiratory and expiratory volume shifts.  
Rats were assigned to the different ventilation profile groups. The maximal airway pressure was not significantly different between the ventilation profiles. Flow-controlled expiration (FLEX) and sinusoidal ventilation modes modified the expiration pattern which is expected to stabilize the lung. Moreover, neither end-expiratory pressure (PEEP) nor peak airway pressure were increased.  
 
QUESTIONS (True or False)  
1.
Reduced expiratory peak flow rate and increased mean airways pressure is expected to stabilize the lung during mechanical ventilation.  
2.
Commercially available ventilators are limited to passive expiration and that complicated the study of the effects of the energy transmitted from the ventilator to the lung.      
 
ANSWERS  
1.
True  
2.
True  
Baumgart et al. Using multidimensional scaling in model choice for congenital oesophageal atresia: similarity analysis of human autopsy organ weights with those from a comparative assessment of Aachen Minipig and Pietrain piglets, pp. 576-587

Domain 3, T3

Primary Species: Pig (Sus scrofa domesticus)

SUMMARY: Surgical animal models are chosen based on human-like anatomy and physiology.  During the first days of life, humans and pigs have similar physiologic characteristics.  Swine have been a favorite model for pediatric esophageal surgery; and was used to treat long-gap forms of esophageal atresia without esophageal replacement.  This is due to the similar tissue properties of piglet and infant esophageal reaction and traction.  In many pediatric esophageal surgeries, swine have been neglected due to cheaper mouse models, genetically modified mouse models, and easier to handle mouse models.  When swine have been used, generally piglets were favored.  Recently, minipigs are gaining ground and this study looked at the Aachen Minipig and Pietrain piglets as a model for long-gap esophageal atresia.  Animals received a right-sided thoracotomy with esophagotomy and re-anastomosis.  Post-surgery, necropsies were conducted, weights of internal organs obtained, and blood and urine samples were analyzed. 

The gold standard for esophageal length comparability would be to compare esophageal lengths obtained from autopsy results.  These results are missing in humans and estimation using one of several formulae is the only way, but this introduces much uncertainty.  For surgical models, a single parameter seldom determines model suitability, including size and technical feasibility of the procedure.  Another issue is interplay between organs, which traction forces will be distributed.  This means multidimensional scaling using more than one parameter simultaneously is needed. Higher number of parameters introduces a problem named “curse of dimensionality.” Multidimensional scaling keeps the distances between investigated subjects, constant for each dimension, such as organ weights in the current study.  The current study found a high degree of similarity between freshly weaned Pietrain piglets and 2-month-old humans making them a suitable model of pediatric esophageal atresia surgery. 

QUESTIONS
1. Why have mouse models been used more than pig models for surgical animal models?

2. What is the “curse of dimensionality”?

3. What is multidimensional scaling?

ANSWERS
1. Mouse models are cheaper, can be genetically modified, and are easier to handle.

2. A single parameter seldom determines model suitability, so using more than one parameter simultaneously is needed.  Higher number of parameters introduces “curse of dimensionality.”

3. Multidimensional scaling uses more than one parameter simultaneously and keeps the distances between investigated subjects, constant for each dimension.

 

 

Kendrick et al. A novel welfare and scientific approach to conducting dog metabolism studies allowing dogs to be pair housed, pp. 588-598

Domain 3: Research K12. Replacement, Reduction and Refinement techniques

Domain 4: Animal Care K2. Environmental enrichment, species-appropriate behavioral and psychosocial needs including creation and maintenance of appropriate social pairs or groups

Primary Species: Dog (Canis familiaris)
 
SUMMARY: Absorption, distribution, metabolism, and excretion (ADME) studies are required for submission of new pharmaceuticals. Usually, rats are utilized as the rodent model and dog, minipig, or non-human primate are utilized as the non-rodent models.  Traditionally, animals for these studies are kept singly housed in metabolism cages with minimal environmental enrichment. As highly social animals, removing tactile interactions from dogs can cause distress and separation anxiety even though auditory, visual, and olfactory interactions are maintained. This study compares excretion balance data from pair-housed dogs versus singly housed given single-dose [14C]-Quetiapine. Additionally, pharmacokinetics of radioactivity were compared between both groups and demonstrated to be equivalent. Cortisol in sera were measured in both singly housed and pair-housed dogs in attempt to compare stress levels.

 

Six pure-bred male beagles approximately 6 months of age were acclimated to metabolism cages for a minimum of 3 weeks up to a maximum of 4 hours per day. The same dogs were singly housed for group A then given a washout period of 4 weeks before being pair-housed for group B. Only males were used, and justification is that sex differences are not expected in the non-rodent model studies. Number of animals selected are considered sufficient based on statistical evaluation of historical data. Each single cage was 1.0 m x 0.6 m x 1.0 m (w x h x d) with roll bar style open flooring. Two metabolism cages were combined in the redesign and include a removeable, adjustable shelf, clear Perspex panel replaced the stainless-steel front side panel, and sliding hatch for pair housing (Fig. 2). Blood samples were collected into K2EDTA tubes at 13 timepoints from pre-dose 24hr to 96 hr post-dose. Urine collected pre-dose, twice the day of dose, and daily for up to the next 6 days. Excreta were collected and analyzed individually for each singly housed animal and samples were pooled for each pair. Pair-housed animals were only separated for blood collection, sample collection during cage cleaning, and feeding when needed (1-2 hr every day).

 

There was no significant difference between groups A and B with regards to urine or feces collection and overall mean recovery. Mean serum cortisol concentrations were only significantly different (p<0.05) at 0.5 hr post-dose when pair-housed had a concentration of 83.0 ± 33.4 nmol/L and singly housed had a concentration of 36.2 ± 17.1 nmol/L. The only significant difference in plasma and blood pharmacokinetic parameters was that the pair housed group was below the limit at the 96 hr timepoint leading to different terminal elimination half-lives.

 

It was more cost effective to join two cages than to design and manufacture a new cage and it allowed the animals to be easily separated for blood sampling and cleaning. Usually, the objectives from ADME studies are to understand the pharmacokinetics, tissue distribution, rates and routes of elimination and provide metabolite identities. Data are reported in regulatory submissions with 3 animals per sex often sufficient. The large variation in serum cortisol did not provide conclusive evidence that one group was more stressed than the other. Mean recoveries of radioactivity were equivalent for both groups. More studies are needed using dual-housing in ADME studies. Future studies should include observations on social interactions, animal behavior and physiological biomarkers of stress.

 

QUESTIONS
1. Which of the following are true regarding biomarkers of stress?
a. Include hormonal biomarkers like cortisol.

b. Can be tested on a wide range of samples including serum, saliva, hair, or feces.

c. Physical indications include facial expressions, atypical behavior, vocalization, heart rate, and blood pressure.

d. Additional measurements and observations in this study are required to compare stress more clearly between groups.

e. The procedure of drawing blood may increase stress.

f. All of the above. 

2. Which of the following is accurate when comparing tenderfoot grid floor (Fig 5) versus roll-bar flooring in this study?

a. Tenderfoot grid floor allows for the separate collection of urine and feces

b. Tenderfoot grid floor was easier for technicians to clean.

c. Roll-bar flooring led to increased collection times.

d. Roll-bar flooring had higher recovery of radioactivity rates

e. Roll-bar flooring led to possible fecal contamination of urine samples

3. True or False: Single housing of dogs for greater than 5 days is classified as a severe scientific procedure in the Directive

4. The UK classifies singly housing dogs with no tethering or social isolation as a _____ procedure.

a. Mild

b. Moderate

c. Severe

5. What is the fewest number of animals (per sex as appropriate) that has historically been accepted as sufficient for initial ADME studies?

a. Five

b. Two

c. Three

d. Four


Figure 2. Schematic/photo representation of the dual cage system with a hatch between the two connected cages with pair-housed dogs.

 

[image: image1.png]



Figure 5. Tenderfoot floor in the dual dog metabolism cage.

 

ANSWERS
1. f
2. d
3. True
4. b
5. c
 
SHORT REPORT
Vasamsetti et al. Morphometric analysis of alpha-I, 3-galactosyltransferase knockout pig kidney and heart, pp. 599-604

Domain 3: Research
T2. Advise and consult with investigators on matters related to their research  

T3. Design and conduct research  

 

Primary Species: Pig (Sus scrofa)  

 

SUMMARY  

Summary and Goals: Anatomical similarities between pigs and humans have made pigs the focus as possible organ donors, as well as experimental subject in biomedical research. The genetically engineered pig line, alpha1,3-galactosyltransferase knockout (GTKO) was created as a candidate for xenotransplant studies, helping to protect xenografts from hyperacute rejection. This study was designed to assess the size of kidney and heart of GTKO pigs at different ages to help select appropriately sized animals in order to provide appropriately sized kidney and heart for xenotransplant studies in nonhuman primates and humans.  

 

Methods: GTKO pigs were separated into three groups (1st month, n=3; 3rd month, n=2; and 7th month, n=4). As each group reached to designated age, the pigs in that group were euthanized, weighed and their kidneys and hearts were removed. Those organs were weighed, and their physical dimensions were determined, including length (heart: base to apex; kidney: pole to pole), width (heart: transverse; kidney: lateral) and thickness (heart and kidney: anteroposterior) of kidney and heart. Growth rates were determined as gm organ/kg body weight.  

Results and Conclusions:  

· For each age group, the data supported the use of body weight as a useful predictor of heart and kidney size, which can be crucial for the success of the transplant, both for the size of the recipient, as well as for overall success of the transplant survival.  

· It was determined that the one month old heart and one to three month old kidney of GTKO pigs are appropriate to transplant into cynomolgus monkeys.  

· The weight of the GTKO pig heart at the seventh month was found to be 197 +/- 1.8 g, which can provide adequate cardiac output, as it is comparable adult to  the weight of a human heart (279 +/-44.9 g).  

· At seventh months old, the GTKO pig left kidney weight is about 80.3 +/- 11.3 g, which is around 70% of that of an adult human male (117 +/- 27.4 g).  
 

This study indicates that body weight and age are reliable parameters to estimate the organ morphometries of animals reared under a controlled environment. The authors propose that their observations can help to non-invasively determine the approximate time (animal age) for graft in order to match the size of the recipient. 
QUESTIONS  

1. Which of the following describes the usefulness of the GTKO pig for xenotransplant studies?  

a. No immune suppressive drugs are needed for these studies  

b. The knockout of alpha1,3-galactosyltransferase helps to protect from hyperacute organ rejection 

c. The pigs are a very small and tractable line, making their use ideal as a large animal model of long term xenotransplant studies  

d. All of the above  

e. b and c
2. True or false: organ growth and body weight correlate consistently enough to be able to predict the ideal organ size for harvest and use in xenotransplantation studies. 
ANSWERS  

1. b
2. True  [image: image2][image: image3][image: image4][image: image5][image: image6][image: image7][image: image8][image: image9][image: image10][image: image11][image: image12][image: image13][image: image14][image: image15][image: image16]
