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Aleström et al. Zebrafish: Housing and husbandry recommendations, pp. 213-224
Domain 4: Animal care

Primary Species:  Zebrafish (Danio rerio)
 

SUMMARY: As part of the further implementation to the European Convention on the protection of vertebrate animals used for experimental and other scientific purposes this article represents the work of members of the European Society for Fish Models in Biology and Medicine (EUFishBioMed) and of the Federation of European Laboratory Animal Science Associations (FELASA) to recommend guidance on best practices and ranges of husbandry parameters to promote zebrafish welfare as well as reproducibility of experimental procedures for the care of laboratory zebrafish (Danio rerio).  As the role of zebrafish in genetics, biomedicine, toxicology, environmental science, biotechnology, and aquaculture expands it has become clear that guidelines for standardized husbandry conditions will be beneficial and will also provide a basis and reference point for future welfare relevant studies.  Parameters commonly used to define wellbeing are reproductive success, growth, and the absence of signs of illness or excessive stress. 

It is relevant to note that zebrafish appear to thrive under a wide range of conditions.  Zebrafish are native to South Asia where they may be found in clear to turbid water ranging in temperatures from @10C to 40C and pH ranges from 6 to just under 10.  They live at the surface level down to 60cm with a variety of bottom substrates at sea level to elevations over 1500m.    With this in mind- laboratory zebrafish have been raised in research aquaria for at least 25 years during which time diverse adaptations and domestication steps have arisen- for example mechanisms of sex determination.  Combined knowledge from research on zebrafish in the wild together with experience from laboratory care have provided the foundation for a number of laboratory manuals that provide recommendations for zebrafish care and good husbandry practices.  This combined with internet-based resources (zfin.org) aid both beginners and more experienced researchers using the zebrafish model.  It is important to note that international zebrafish resource centers and others have published husbandry procedures that lay the groundwork for educated discussions for a gradual standardization of zebrafish protocols.  In addition, there is an increasing trend to include detailed information about husbandry in the Materials and Methods sections of publications.  

The guidelines presented for Housing and Husbandry are divided into 11 main sections as summarized in table 1 below.  

In addition to husbandry considerations, the group addressed the time point when fish larvae can be regarded as independently feeding and free living. The development of poikilothermic animals is temperature dependent, and for zebrafish this timepoint is 120 hours (5 days) post fertilization (hpf) at 28.5C.   Considerations of euthanasia, together with background pathology and health monitoring will be addressed elsewhere.   

The recommendations conclude with a need for more research on physiologically normal cortisol response patterns vs abnormal patterns to allow objective determination of impaired well-being in zebrafish.  
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QUESTIONS
1. Why are standards of housing and husbandry important considerations in laboratory zebrafish colonies when these animals thrive in a variety of daily routines currently practiced by facilities?

a. Parameters such as Dark-Light cycles and Temperature may affect physiological processes

b. Experimental reproducibility may be influenced by housing and husbandry parameters

c. Exchange of information and of fish locally and internationally will benefit by better defined housing and husbandry standards 

d. All of the above

2. Biosecurity is an important parameter is zebrafish colonies. What is the best recommended practice for transferring a line of zebrafish to another facility?

a. Documentation of health history of the originator population, 2) set up mating to obtain fresh embryos, 2) surface disinfect embryos, 3) ship by approved carrier in a timely fashion, 4) receiving facility inspect embryos and transfer live embryos to a small tank or petri dish for later entry into quarantine tanks, 5) breed the resulting healthy adult fish to obtain embryos, 6) surface disinfect these embryos prior to rearing and introduction into the main facility. 

b. Prepare a suitable container to ship 2 adult fish/0.5 l of water 2) Ensure a 1:1 or higher ratio of air or oxygen to water, 3) Feed fish prior to packaging, 4) Add an ammonia binder to the shipping water, 5) receiving facility check health documentation and inspect fish.  If healthy in a float them in quarantine tank without opening the bag. 6) Once the bag is opened fish are netted and placed into the quarantine tank.  

c. Documentation of health history of the originator population, 1) Prepare a suitable container to ship 4-6 adult fish/0.5 L of water 2) Ensure a 1:1 or higher ratio of air or oxygen to water, 3) Fast fish for 24 hrs. prior to packaging, 4) Add an ammonia binder to the shipping water, 5) receiving facility inspect fish and if healthy in appearance float them in quarantine tank without opening the bag. 6) Once the bag is opened fish are netted and placed into the quarantine tank.  

d. Set up mating to obtain fresh embryos, 2) surface disinfect embryos, 3) ship by approved carrier in a timely fashion, 4) receiving facility reviews documentation of health history of the originator population  5) Embryos are inspected and live embryos transferred to a small tank or petri dish for rearing and entry tanks  into the main facility. 

3. Match the recommended ranges for the following water quality / husbandry parameters for zebrafish housing:

	Ammonia (NH3/NH4)
	<25 mg/L

	Nitrite (NO2)
	150-1700uS/cm

	Nitrate (NO3)
	<0.1mg/L

	pH
	3-8

	Conductivity
	<0.3mg/L

	General Water Hardness
	10-14 

	Dark-Light Cycle
	6.5-8


4. At what temperature should zebrafish embryos be raised to meet the standard growth curve of zebrafish embryo development? 

a. 24.0 ± 1.0°C 

b. 28.5 ± 0.5°C
c. 27.0 ± 0.5°C
d. 22.0 ± 1.0°C ( room temperature)
5. Record keeping – including identification of fish, animal numbers, knowledge of genetic information and nomenclature are important aspects of zebrafish management.  What are known signs of inbreeding in adult fish?

a. Small size of adult fish.

b. Hunched back or other physical malformations.

c. Large heads in relation to body size. 

d. Premature aging and poor survival rates when raising fish.

6. What is a common way to avoid inbreeding in zebrafish?
a. Randomize breeding pairs.

b. Keep large numbers of fish to generate larger numbers of embryos.

c. Produce each new generation by an outcross breeding.

d. Breed new generations by sibling mating.

ANSWERS
1.
d
2.
a
3

	Ammonia (NH3/NH4)
	<0.1mg/L 

	Nitrite (NO2)
	<0.3mg/L

	Nitrate (NO3)
	<25 mg/L

	pH
	6.5-8

	Conductivity
	150-1700uS/cm

	General Water Hardness
	3-8

	Dark-Light Cycle
	10-14


4.
b
5.
d
6.
b
REVIEW ARTICLE
Wilkinson et al. Progressing the care, husbandry and management of ageing mice used in scientific studies, pp. 225-238
Domain 4: Animal care

Primary Species: Mouse (Mus musculus)
SUMMARY: Ageing is a natural process and is universally associated with a general and progressive decline in organ systems. Many conditions develop slowly over extended periods of time and the body adapts to them. Clinical signs are seen when the decline in function can no longer be compensated. There are manifestations that can be considered more or less typical in a given species or strain and good data exists showing different mouse strains may develop different conditions as they age.

A closely related concept, frailty, is considered a risk index and sensitive predictor of adverse health outcomes. It is defined in humans as a clinically recognizable state of increased vulnerability to adverse health outcomes as a result of age-associated decline. Frailty indices exist for determination of frailty in both mice and humans. However, frailty and ageing indicators overlap, e.g. both identify changes in body weight as useful signs. Frailty indicators, e.g. changes in grip strength, may not manifest as clinical signs and some require the application of invasive methods to be detected. Frailty indices have been useful to predicting humane endpoints, but the authors argue for an assessment that also guides interventions.

The authors suggest that projects proposing to purposely age mice do not need to apply for authority to do so when mice are young and unlikely to experience harms due to the ageing process. They recommend that legal authorization be sought at timepoints when clinical signs associated with ageing are likely to be observed. A 15-month age timepoint is proposed. The authors refer to this timepoint as the trigger point for enhanced monitoring for age-related clinical signs in mice strains that are not well-characterized. This trigger point may be different for strains that have well characterized phenotypes.

A series of tables outlines the clinical signs considered common in ageing mice, monitoring procedures and interventions that could be applied. The types of signs monitored are those that may be picked up during the daily checking of animals. An example of an enhanced monitoring program is also provided.

 

QUESTIONS
1. 
In humans, frailty index has been defined as meeting phenotypic criteria indicating compromised energetics. Which one of the following is not a frailty index?

a. 
Low grip strength

b. 
Changes to breathing rate

c. 
Slowed walking speed

d. 
Low physical activity

e. 
Unintentional weight loss

2. 
A genetically altered mouse strain has a phenotype that reduces its lifespan to 18 months. The mouse is expected to display age-related signs from 6 months of age. According to the authors enhanced monitoring should begin at:

a. 
12 months

b. 
15 months

c. 
6 months

d. 
3 months

e. 
18 months

 

ANSWERS
1. 
b

2. 
c

ORIGINAL ARTICLES

Buchheister et al. One for two: A novel and highly sensitive virulence factor-based quantitative polymerase chain reaction assay for the simultaneous detection of Rodentibacter pneumotropicus and Rodentibacter heylii in environmental sample material, pp. 239-250
Primary Species: Mouse (Mus musculus)

 

SUMMARY: Health monitoring of rodent colonies is a fundamental basis for healthy animals and reliable data in biomedical research. Current research is focusing on the use of quantitative polymerase chain reaction (qPCR) assays to detect specific agents in exhaust air dust. This method has greater sensitivity than achievable with sentinel animals and reduces the number of animals.

Rodentibacter (R.) pneumotropicus and R. heylii formerly known as Pasteurella pneumotropica are commonly found in laboratory mouse colonies. They are facultative pathogenic agents and can cause abscesses in predisposed hosts and are shed primarily by the animal’s saliva, feces, or genital excretions. Detection of Rodentibacter sp. by commercial biochemical reactions kits can lead to misinterpreted results and the currently published PCR assays are not validated for the reclassified Rodentibacter sp.

Therefore, the authors aimed to develop a specific qPCR assay for the simultaneous detection of R. pneumotropicus and R. heylii based on recently published gene sequence analyses of strain specific virulence factors. They developed a novel primer probe to detect a virulence factor protein that was exclusively present in the genome of R. pneumotropicus and R. heylii substrains and they confirmed the specificity and sensitivity by analysis of bacterial spiked and animal-derived swabs and by testing the assay on all currently described Rodentibacter type species as well as other Pasteurellaceae. Additionally, the assay was validated within four different barrier units and the results were compared with findings obtained by cultural analysis of sentinel animals. The qPCR assay showed a high sensitivity for the detection of R. sp. in environmental sampling material including exhaust air dust in IVC systems and the pathogen prevalence was higher via qPCR analysis of environmental samples than from cultural diagnostics of sentinels.

 

QUESTIONS

1. What is the definition of diagnostic sensitivity?

2. What is the definition of diagnostic specificity?

3. True or False? Bacterial culture and subsequent bacterial differentiation is a very reliable method for Pasteurellaceae identification 

  

ANSWERS

1. The proportion of correctly classified known positive samples. =True positive/(true positive + false negative)

2. The proportion of correctly classified known negative samples. =True negative/(true negative + false positive)

3. False – bacterial culture and differentiation will probably fail to identify all members of this family. In the authors unit, positive results first occurred when they started to use a molecular biology-based approach

 

Hagemeister et al. Severity assessments in pigs after partial liver resection: evaluation of a score sheet, pp. 251-260

Domain 2: Management of pain/distress – T1. Recognize pain and/or distress

Primary Species: Pig (Sus scrofa)
 

SUMMARY: A score sheet for severity assessment after partial liver resection for minipigs was developed based on similar score sheets for rats and rabbits (Kanzler et al.2016, Drude et al.2016) and on general foundations of score sheet design (Morton and Griffiths 1985). Score sheets should be adjusted to the procedure conditions and include animal and procedure details. Pilot studies ensure inclusion of all possible parameters and there should be constant re-evaluation. Stricter assessment criteria might be essential in chronic projects to ensure welfare. The score sheet was tested in a study of comparison of a novel synthetic sealant to fibrin glue, of 6 months duration, performed on female Aachen minipigs. The surgical procedure and analgesic/care plan is described in detail in the article.

The blood loss during surgery was accounted as a parameter of surgery severity, however it was minimal for all animals. Postoperatively, trained personnel assessed twice a day (days 1-3) or once a day (days 4-7): general state, behavior, temperature (details in table 1 below). The degree of strain (DS) was described as none (0), mild (1), moderate (2), severe (3) or unacceptable (4) (details in table 1 below) – in total of 5 categories as an improvement to previous scoring scales of 4 categories, and also recommending welfare consultation from scale 2 so that animal welfare is more closely monitored. Body weight was measured in different timepoints throughout the 6 months when the animals were anesthetized for procedures unless there was inappetence postoperatively, in order to reduce stress of daily handling. Temperature (significant) and behavior (slight trend) were scored higher in the fibrin group. Overall, all animals remained in DS2, a moderate level of stress.

 

QUESTIONS
1.
What is true regarding a severity scoring sheet:

a.
Should be adopted for species and procedure(s)

b.
Is less important in chronic protocols with long-term survival

c. 
A standard form can be applied in all cases

d. 
Pilot studies don’t provide information for severity scoring

2. 
True/False: When surgical procedures are performed according to standards, blood loss during surgery is not affecting severity assessment.

3. 
True/False: Daily handling of pigs for weighing is not stressful for the animals.

ANSWERS
1.
a

2.
True
3.
False
Millecam et al. Gastrostomy tube placement via a laparotomic procedure in growing conventional piglets to perform multi-dose preclinical paediatric drug studies, pp. 261-271

Domain 3: Research 
Primary Species: Pig (Sus scrofa)

SUMMARY: Rats are usually the species of choice for pharmacokinetics (PK), pharmacodynamics and safety drug studies; but currently, the adult pig model is well established and being increasingly used in research on several topics. On the other hand, the use of juvenile pigs is still minimal despite the good anatomical and physiological similarities with human paediatric. 

Accurate oral administration of drugs is a challenge in any species the difficulty increases as younger is the animal. Placement of an orogastric or oro-oesophageal tube in a conscious pig can be stressful for the animal and requires at least 3 technicians to perform.  Orogastric and oro-oesophageal tubes with exits through the cheek are easily placed in newborn piglets but are less suitable in weaned pigs. This article describes the evaluation of  the use of a gastrostomy tube placement method via laparotomy in growing conventional piglets. 

  

Material and Methods: One-week-old piglets, 3.5-week-old piglets, 8-week-old piglets and 6–7-month-old pig,  Landrace × Large White strain and both sexes included, representing the respective human age group. 

All pigs were part of a PK and safety study with ibuprofen, a frequently used non-steroidal anti-inflammatory drug (NSAID) in humans. Briefly, 1-day post-surgery a single dose of 5 mg/kg BW administered intravenously (jugular catheter); 3-day post-surgery multiple intragastric dosing with a paediatric ibuprofen suspension, dose of 5 mg/kg/8h BW. The control pigs did not receive any ibuprofen during the trial but were sham treated with the same volume of tap water for the oral dosing. PK was determined by daily blood samples till 10-day. 

  

Surgery was performed in right lateral recumbency and gastrostomy button was placed as shown in the figure below.   

  

[image: image2.png]4)





Results: None of the pigs receiving ibuprofen showed clinical abnormalities during the trial, as did the control pigs. 

25% of control and 19% of pig in the ibuprofen group presented major complication: Removal of the gastric bottom due to intensive scratching and  buried bumper syndrome (BBS). 

Minor complications were observed in 37.5% of control pigs and 31.3% of pigs receiving ibuprofen.   

Both minor and major complications had a higher incidence in the group 6-7 months-old pigs, being the BBS nearly in the 40% of the group; being the laparotomic placement of a gastrostomy button safer with minimal incidence of minor and major complication  pigs aged 1 week, 4 weeks and 8 weeks. So authors assess that this model is suitable for PK studies that require multiple drug doses. 

  

QUESTIONS
1.
Select the correct answer: Which is the main statement for animal species selection during pharmacokinetics, pharmacodynamics, and safety drug studies? 

a.
Based on the properties of the drug 

b.
Comparative ontogeny of the major organs of interest 

c.
Accurate prediction of the outcome in human 

d.
Feasibility of conducting the study 

e.
All of them 

2.
During an orogastric and oro-oesophageal tubes placement with exits through the cheek, which is the incorrect answer? 

a.
Frequent regurgitation 

b.
Molar chewing 

c.
Surgical challenge for placement 

d.
a & b are correct 

e.
All are correct 

3.
Buried bumper syndrome (BBS) is a major complication that could occur during a laparotomic placement of a gastrostomy button or  percutaneous endoscopic gastrostomy; why is the reason of this incidence? 

a.
Intense scratching 

b.
A suture defect induces that the internal retention bolster migrates alongside the tract of the stoma outside the stomach 

c.
Excessive compression of tissue between the internal and external retention bolster of the stomach button 

d.
All of them are true 

4.
Which are the main points to consider for refinement when you have to design a pig model that requires repeated drug dose, sampling, and surgical procedure?  

a.
Acclimation program before the study starts 

b.
Training and intense socializing of the pigs for handling and avoid the sedation requirements for procedures 

c.
Trained surgeons to  decrease anaesthesia time during surgeries 

d.
All of them are corrects 

  

ANSWERS
1.
e

2.
c

3.
c

4.
e

Wang et al. Fasting is not required for measuring plasma lipid levels in rabbits, pp. 272-280

Primary Species: Rabbit (Oryctolagus cuniculus)
SUMMARY 

· Plasma lipid and glucose levels are important parameters for evaluating the onset and development of metabolic and cardiovascular diseases.

· Fasting is often required before testing plasma lipid and glucose levels in clinical and experimental studies of humans or mice.

· Rabbits is a valuable animal model for cardiovascular research and are widely used for studying the pathogenesis of cardiovascular disease. Rabbits are easy to handle animal models that have a moderate-size and can provide sufficient tissue samples.

· Whether fasting is necessary for measuring plasma lipid and glucose levels in rabbits, and whether plasma lipid and glucose levels are affected by fasting duration, remains unclear.

· This study: 12 healthy Japanese white rabbits (males, 2.5–3.0 kg) were randomly divided into a chow diet group (n=6) and a high cholesterol diet group (n=6). They were fed either a standard chow diet, or a chow diet supplemented with 0.5% cholesterol and 3% corn oil for 12 weeks. After 12 weeks, the plasma levels of total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and glucose were measured before and after various fasting durations (8, 12, 16, 20 and 24 h).

· Results: there were no significant differences in lipid levels between the fasting and non-fasting samples, whereas glucose levels were lower after 8 h of fasting than in the absence of fasting. The glucose levels were restored to normal after 8 h of refeeding.

· Conclusions: 1) Fasting does not affect plasma lipid values in rabbits; 2) fasting is important for determining the glucose level in rabbits.

QUESTIONS 

1. 
Which of these are TRUE regarding a typical lipid profile? 

a. Total cholesterol (TC). 

b. Triglycerides (TG).

c. High-density lipoprotein cholesterol (HDL-C).

d. Low-density lipoprotein cholesterol (LDL-C). 

e. Very low-density lipoprotein cholesterol (VLDL-C)
2. 
Which of these are TRUE regarding abnormal plasma lipid and/or glucose levels?

a. This abnormality reflects the onset or aggravation of health problems associated with metabolic diseases such as obesity, fatty liver disease, diabetes, and atherosclerosis.

b. Metabolic syndrome is usually diagnosed by measuring the plasma levels of TC, TG, HDL-C and
c. LDL-C along with glucose level.

d. High levels of plasma TC and TG, and low levels of LDL-C are closely associated with atherosclerosis in both humans and laboratory animals.
e. The lipoprotein profile of rabbits is different to that of humans.

f. Rabbits can rapidly develop hyperlipidaemia and atherosclerosis when fed a cholesterol-rich diet.
3. 
Which of these are TRUE regarding fasting in laboratory animals?

a. In the clinical setting, blood samples are often collected from subjects after they have fasted for at least

b. 8 h, and the ‘fasting’ plasma is traditionally used to measure lipid and glucose levels.
c. In laboratory animal studies, fasting is performed before blood acquisition, and the fasting time has been standardized to an "overnight" (14-18 hours) fast in cardiovascular disease research using laboratory animals.
d. In a typical metabolic study, mice are fasted 14–18 h (overnight) to study glucose utilization.
e. In a typical metabolic study, mice are fasted 14–18 h (overnight) to evaluate insulin action and plasma lipid levels.

ANSWERS

1. 
ALL. a-e

2. 
a, b, e. High levels of plasma TC, TG and LDL-C are closely associated with atherosclerosis in both humans and laboratory animals. The lipoprotein profile of rabbits is similar to that of humans.
3. 
a. In laboratory animal studies, fasting is performed before blood acquisition, but the fasting time varies among studies. In a typical metabolic study, mice are fasted 14–18 h (overnight) to study glucose utilization or 5–6 h (starting in the morning) to evaluate insulin action and plasma lipid levels.

Rasys et al. A systematic study of injectable anesthetic agents in the brown anole lizard (Anolis sagrei), pp. 281-294

Domain 2: Management of Pain and Distress  

Task 2. Minimize or eliminate pain and/or distress.  

TT2.8. pharmacological interventions for pain and distress and their effects on physiology, including age and species differences for such interventions, and depth and duration of analgesia provided by such interventions.  

Tertiary Species: Reptiles

SUMMARY 

 
Introduction and Interest of This Study: Anolis species (e.g., A. sagrei) are small sized lizards being a challenge for administration of anesthetics by usual routes in other species of reptiles. 

Aim: Identify a combination of sedative-induction drugs that would produce a surgical level of anesthesia in genus Anolis of lizards.  

Materials and Methods: 

Ethical Statement - University of Georgia Institutional Animal Care and Use Committee. 
Animals - 64 adult female brown anoles wild caught individuals from Orlando in Florida, since no commercial breeders exist. 

Study Design - Prospective, randomized, not blinded study. Anesthesia trial included an anesthesia group (n = 8 different anesthetic combinations) with a minimum n=4 lizards per group. 

Experimental Procedure - Systemically SC administration of the drugs alfaxalona (A), dexmedetomidine (D), hydromorphone (H), ketamine (K), and TBE (T) alone or in combination with the objective of qualitatively assess whether these treatments were enough to induce a surgical depth of anesthesia. A second experimental objective was to explore the longer-term effects of these protocols on lizard reproduction, egg production was monitored after anesthesia over a 2-month period. 

Anesthetic/Analgesic Agents - Due to the small volumes being administered, a 200–800 ml premix of the drug combinations (A/D, A/ D/H, K/D/H and T/D) were used.  

Anesthesia Induction - A single drug or combination of drugs was administered via SC injection either dorsally into the thoracic epaxial region or laterally into the cervical area using 10 ml and 25 ml Hamilton syringes. 

Anesthesia Assessment - Anesthesia was evaluated every 5 min by assessment of muscle tone, l noxious stimuli and reflexes. Plane of anesthesia was scored (light, responsive; moderate, responsive/ immobilized; surgical, non-responsive/immobilized; and deep, non-responsive/respiratory depression – less than 4 breaths/min). 

Surgical Procedure - Following achieving a surgical level of anesthesia, brief coeliotomies to access visceral organs were performed. To reduce pain, meloxicam SC and lidocaine injected by inverted L-blocks were administered around the surgical sites. 

Postoperative Assessment and Care - For the first week post-surgery, lizards were visually monitored daily for any signs of infection, pain, or inflammation. 

Statistical Analysis - Sample sized calculated with a minimum of 4 lizards per group. Comparisons were performed by a non-parametric Mann–Whitney test. 

 

Results/Conclusions: SC administration of drugs in the cervical area induced a readily effect proving an ideal location to administer anesthetics in small reptiles. The most effective drug combinations to induce a surgical plane of anesthesia were alfaxalone and tribromoethanol. Dexmedetomidine in combination with A and T was very effective for lizards undergoing invasive surgical procedures. Long-term egg production was maintained in lizards underwent anesthesia trials or coelomic surgery.  

 

QUESTIONS

1. True or False. Unlike mammals and birds, in reptiles the intraventricular septum is absent or incomplete allowing the mixing of oxygenated and deoxygenated blood.  

2. 
Anolis lizards are becoming more widely used in research for several reasons, including?  

a. 
Easy husbandry

b. 
High fecundity

c. 
Ability to collect large numbers of lizards from invasive populations

d. 
Research models in fields ranging from evolution and ecology to physiology and biomechanics

e. 
All of them are true

3. 
Most reptiles under anesthesia using isoflurane or sevoflurane develop?

a. 
Apnea 

b. 
Bradypnea 

c. 
Hypoventilation

d. 
All of them are true

4. 
Location of subcutaneous alfaxalone injection sites and comparisons in this study were?

a. 
Dorsal thoracic epaxial region and lumbar area

b. 
Dorsal thoracic epaxial region and laterally cervical area

c. 
Dorsal cervical area and interdigital region

d. 
Lateral cervical area and abdominal region 

e. 
All of them are true

 

ANSWERS  

1. 
True 

2. 
e. All of them are true.  

3. 
d. All of them are true.  

4. 
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