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Use of Amphibians in the Research, Laboratory, or Classroom Setting
Smith and Stoskopf.  Introduction: The Art of Amphibian Science, pp. 179-182
Task - Not applicable

Secondary &Tertiary Species - Amphibians

SUMMARY: The use of amphibians as scientific models of human biology dates back to the fourth century BC. Frogs and salamanders continue to be valuable tools in studies of cell biology and physiology but recently have played an important role in our understanding of ecologic changes in the environment. Advances have been made in the proper husbandry and care or amphibians used in research but more refinements are needed to optimize the use of these animals in repeatable science.

QUESTIONS
1.
Which of the following provide regulatory oversight of the use of amphibians in biomedical research?

a)
Regulations of the Animal Welfare Act (CFR Title 9)

b)
Public Health Service Policy

c)
IACUC

d)
b and c

e)
None of the above amphibians are ectotherms
2.
Which of the above are NOT environmental clues necessary for reproduction in various amphibian species?

a)
Photoperiod

b)
Aestivation

c)
Temperature

d)
Rainfall

e)
None of the above

3.
True/False – One advantage in using amphibians in research is that they are relatively resistant to differences and changes in husbandry and management.

ANSWERS
1.
d) b and c

2.
e) None of the above

3.
False

O’Rourke.  Amphibians Used in Research and Teaching, pp. 183-187

Tasks: 1, 3, 9

Secondary species: Xenopus spp.

Tertiary species: Amphibians

SUMMARY: Amphibians have long been an important group species used in the study of developmental and physiological processes.  Recently, certain species have also been tapped for use in genetic and genomic research due to their short generation times and genetic constructs.  In light of their sensitivity to climatic and habitat alterations, they are also important biomarkers for environmental change.

Frogs used in research can be aquatic, semi-terrestrial or terrestrial, but all belong to the order Anura.  They undergo metamorphosis to develop from aquatic tadpoles with gills and tails to adults with lungs and no tails.   Frogs have mucous and granular glands. Mucous glands are abundant and diffusely spaced along the frog’s body. They secrete slimy mucous which protects their skin from water loss, trauma and pathogen entry.  Granular glands tend to be fewer in number and clustered.  They can secrete toxins (to defend against predators), pheromones and antimicrobial compounds. Species commonly used in research include the African clawed frog (Xenopus laevis), Rana sp., toads (Bufo sp.) and treefrogs (Hyla sp.)  The most extensively used frog is the African clawed frog, a totally aquatic species in the family Pipidae. They have been used in experimental embryology since their embryos will translate foreign mRNA when eggs are injected with the substance.  They have also been used in studies of genetic expression in development and regeneration, growth, immune function and toxicology. X. laevis is also the subject of the frog embryo teratogenesis assay: Xenopus (FETAX) method, which helps determine the effects of toxins and teratogens on developing embryos.  Rana species, in the family Ranidae, along with Hyla and Bufo species have been used to study endocrine disrupters and environmental toxins.  Due to their unique wiping response to serial dilutions of acetic acid, a well defined nociceptive response behavior, Rana species have been used to evaluate the effects of opioids in pain research.  Toads, terrestrial frogs, have been used in limb regeneration research and brain lateralization (“handedness”) studies.

Salamanders belong to the order Caudata and like frogs undergo a form of metamorphosis and have both granular and mucous glands. Species commonly used in research include the axolotl (Ambystoma mexicanum), the newt (Notophthalmus sp.) and the mudpuppy (Necturus sp.). Axolotls are a totally aquatic species used extensively in developmental research and limb regeneration studies. Due to the presence of nephrostomes on their kidneys, they are also used to study tubulointerstitial activation and fibrosis caused by protein loading.   Mudpuppies have been used to study germ cell progression in spermatogenesis and in olfaction and locomotion investigations. 

Both frogs and salamanders have been widely used in the classroom setting to study anatomy and development.  Amphibians have been extensively studied in the wild due to their diverse array of unique behaviors and reproductive strategies.

QUESTIONS

1. 
Name the order, family and genus of the African clawed frog.

2. 
What makes Xenopus tropicalis more desirable for transgenic and knockout technology compared to Xenopus laevis?

3. 
The temporins from Rana have which of the following properties?

a. 
Antibacterial

b. 
Antifungal

c. 
Antiviral

d. 
Anti-Leishmania

e. 
All of the above

4. 
Failure to develop adult morphological characteristics while otherwise becoming a reproductively active adult is called_________. Name one salamander species that undergoes this process.

5.  
What are two major concerns surrounding the collection of amphibians from the wild for research purposes?

ANSWERS

1. 
Anura, Pipidae, Xenopus

2. 
X. tropicalis have a shorter generation time and are diploid.  They are also smaller with more fastidious temperature requirements.

3. 
e. all the above

4. 
Paedomorphosis; Ambystoma mexicanum (the axolotl)

5. 
Population depletion/decline & the questionable health status of wild-caught animals. Wild amphibian populations are declining due to multiple factors including introduction of toxins into the environment, habitat destruction/alteration, emergence of pathogens (i.e. chytridiomycosis) and climate changes. 

Browne et al.  Facility Design and Associated Services for the Study of Amphibians, pp. 188-202

Task 6- Design and operate laboratory animal facilities

Secondary species - African clawed frog

Tertiary species - Other amphibians

SUMMARY: Use of amphibian species with various husbandry requirements in captive breeding, conservation research, and biomedical research programs has resulted in diversification of facility design and associated services for amphibians. Two critical factors in the maintenance of amphibians are stringent quarantine and high-quality water. The number and variety of species, their environmental requirements, the number and distribution of enclosures, the regional climate, and the purpose of the facility play a role in determining facility design. New technologies for lighting, temperature control, and reproduction are being used to meet challenges associated with threatened amphibians with various physiologic requirements in captive breeding programs. 

Holding rooms must provide for quarantine of new arrivals and ill amphibians, reproduction and rearing of larvae, hibernation and aestivation, and general husbandry. Additionally, areas for laboratories, live food culture, general services, storage, administration, and display should be included. Quarantine is important in preventing the spread of pathogens into, within, and from the facility. A main threat to the survival of naïve amphibian populations is the introduction of chytridiomycosis from Xenopus as a consequence of poor quarantine conditions. Hibernating amphibians require hibernacula suitable for the particular species. 

Amphibian enclosures should satisfy the physiologic and behavioral needs of the species being housed, prevent escape of amphibians and live food, enable easy maintenance and monitoring and be amenable to stacking in a rack system.

The overall concentrations of organic and inorganic substances in a supply of water is considered under the term water quality, and includes pH, inorganic salts, organic compounds, metabolic waste products, dissolved gases, and bacterial suspensions.

For warm water amphibians, the oxygen concentration should be greater than 5 mg/L and that for cold water amphibians should be 8 mg/L. As temperatures decrease, the saturation concentration of oxygen increases. 

Use of plastics containing phenolic and acrylic compounds in aquatic amphibian enclosures may contribute considerable concentrations of polychlorinated biphenyls to the water. Additionally, municipal water supplies may contain phosphates, which are added to minimize leaching of lead from old pipes. Low concentrations of phosphates interfere with calcium metabolism, cause titanic seizures, and may cause death in amphibians. Supersaturation of municipal water sources with dissolved gases can cause gas-bubble disease in aquatic amphibians. Copper, a common component of plumbing systems, may cause toxic effects in many aquatic species. 

Chlorine is generally added to municipal water supplies as an antibacterial agent; however, the concentration of chlorine in such water sources is many times greater than the minimum lethal concentrations for many aquatic life forms. Therefore, water should be aged several days before use. Chloramines, a more stable group of compounds than simple free chlorine, do not readily dissipate from water; therefore, water containing chloramines must be allowed to age for a longer period of time or can be treated with sodium thiosulfate. Ammonia is released when thiosulfate reacts with chloramines.

Generally, ammonia enters a water supply as a metabolic waste product of protein respiration, bacterial decomposition of organic matter, or through the reaction between sodium thiosulfate and chloramines. Ammonia has 2 forms in aqueous solution, the unionized ammonia molecule (NH3) and ionized ammonium (NH4+); although NH3 is considered more toxic than NH4+; however, NH4+ is also considered toxic to aquatic life. 

Nitrifying bacteria oxidize NH3 and NH4+ forming nitrites (NO2-); the toxicity of NO2- is similar to that of free molecular ammonia. Nitrates (NO3-) form by the action of nitrifying bacteria on nitrates. Nitrates are substantially less toxic to aquatic vertebrates, although concentrations greater than 2.5 mg/L can have sublethal effects on amphibians. An increase in nitrate concentrations with time indicates that the frequency of water changes is insufficient. 

Good aeration of an aquatic water system should keep the carbon dioxide concentration less than the upper limit of 6 mg/L.

The pH requirements vary from species to species and should be determined for each species. The carbonic acid/carbonate buffer is one of the most important buffers in fresh water systems.

Staff working in captive-breeding programs for threatened amphibians should have specialized training in amphibian husbandry. Management systems should provide the highest possible standards for the care of amphibians, especially with respect to quarantine and ethical implementation of humane treatment.

QUESTIONS:

1.
What 2 factors are critical in the maintenance of amphibians?

2.
Introduction of what disease threatens survival of naïve amphibian populations in captivity?

3.
What is a hibernaculum?

4.
What compound is released when water containing chloramines is treated with sodium thiosulfate?

ANSWERS:

1.
Two critical factors in the maintenance of amphibians are stringent quarantine and high-quality water.

2.
Introduction of chytridiomycosis threatens survival of naïve amphibian populations in captivity.

3.
A hibernaculum is an artificial environment designed to simulate the natural hibernation environment of a particular species.

4.
Ammonia is released when water containing chloramines is treated with sodium thiosulfate.

Pough.  Amphibian Biology and Husbandry, pp. 203-213

Task 3- Provide Research Support, Information, and Services
Task 6- Design and Operate Laboratory Animal Facilities

Secondary species – African clawed frog

Tertiary species – Other amphibians

SUMMARY: Extant (term commonly used to refer to taxa, species, genera or families that are still in existence) amphibians comprise three lineages—salamanders (Urodela or Caudata), frogs and toads (Anura), and caecilians (Gymnophiona, Apoda, or Caecilia)—which contain more than 6000 species. Fewer than a dozen species of amphibians are commonly maintained in laboratory colonies, and the husbandry requirements for the vast majority of amphibians are poorly known. Amphibians have a long history of service as research animals, especially as models for studies of embryonic development, regeneration, and physiological function. Salamanders (especially ambystomatids and salamandrids) and frogs (notably ranids and Xenopus) have contributed much to these studies, and methods for maintaining them in the laboratory are well established (Nace et al. 1974, O’Rourke 2002). Reviews of techniques for maintaining, breeding, and rearing these species of amphibians in captivity appear elsewhere in this ILAR Journal issue. 

Currently there are no established husbandry methods for most species of amphibians, and only scanty information is available about ecology and behavior for many of them.  Caring for exotic species of amphibians has much in common with herpetoculture, and herpetocultural resources can be useful sources of information and advice. Recommended resources include the Herpetocultural Library (e.g., www.pumilio.com); and chat groups (www.groups.msn.com/HerpetocultureChatGroup/amphibians.msnw). 

Ectothermy and Temperature Regulation 

Amphibians are regarded as poor thermoregulators compared with other terrestrial vertebrates.  The permeable skin of amphibians both complicates their thermoregulatory behavior and provides opportunities that would not be available to animals with lower rates of cutaneous water loss. 

Temperature and Husbandry 

Amphibian husbandry requires information about the temperatures at which animals should be maintained, but it is not possible to provide specific recommendations for amphibians in captivity. Many species of amphibians are kept by herpetoculturists.  Specific information about these species is available on the web and includes the following suggestions: 

• 
www.pumilio.com suggests a temperature of 18ºC for dart poison frogs (Dendrobatidae). 

• 
www.goecities.com/rafarndell/husbandry.html suggests temperatures between 26 and 30ºC for adult Ceratophrys. 

• 
www.peteducation.com recommends 18 to 24ºC for Bombina. 

The author states that careful observation of the animals’ color and behavior (activity, feeding, and production of feces) provides a basis for adjusting temperature. If animals are dark-colored, inactive, do not feed, or do not produce feces, it is advisable to increase the temperature in small increments. 

Water Uptake and Loss 

Evaporation is the major route of water loss for terrestrial amphibians. Some species have very low cutaneous resistances, but others have substantially less permeable skins. Investigators have characterized anurans according to the following three general categories of skin resistance to water movement (see page 208).  The permeable skins of amphibians allow water to move inward as well as outward, and amphibians rely on cutaneous uptake of water rather than on drinking. The pelvic patch is an area of highly vascularized skin responsible for most cutaneous water uptake. 

Photoperiod and Light Quality 

The light cycles in animal rooms that house amphibians should accommodate the needs of the resident species, although day and night (photophase and scotophase) can be shifted for the convenience of the investigator. It is important to note that because even nocturnal species need light to detect prey, the night phase of a photoperiod cycle should include low-intensity light. 

Chemical Ecology 

A variety of noxious or toxic chemicals protects amphibians and includes the following: alkaloids, peptides, biogenic amines, and bufodienolides. Some of these chemicals are derived from arthropods in the diets of the animals.  Species with potent chemical defenses are often warningly colored, but this is not always the case. Toads (family Bufonidae) contain bufodienolides, which can be toxic to predators, but most toads are cryptically colored. Other species with noxious or toxic secretions have cryptic colors and patterns on the dorsal surface as well as bright flash colors on the ventral surface that are revealed by defensive displays. 

Housing and Diet 

Anurans and salamanders often thrive in cages with moist paper as substrate, sections of plastic pipe as hiding places, and plastic aquarium plants as cover objects. This utilitarian housing is easier to clean than a naturalistic terrarium, which is an important consideration when large numbers of individuals are maintained. The use of inert materials for amphibians is important because of the permeability of their skin. For example, the sensitivity of amphibians to the acids and bleaches that are used to manufacture paper make laboratory filter paper a better choice than paper towels, and distilled, deionized, or spring water is preferable to chlorinated tap water. 

Importance of Live Prey 

Aquatic amphibians (e.g., tadpoles, salamander larvae, and adults of species such as Xenopus and axolotls) accept prepared diets, but terrestrial species often respond only to the stimuli provided by moving prey items. Most amphibians feed on insects, although the largest species consume crustaceans and small vertebrates. Frogs’ eyes respond preferentially to small, convex, dark stimuli that move across the field of view. These neural circuits have been called bug detectors.  Reliance on hard-wired prey detection mechanisms to elicit a feeding response may explain why anurans and salamanders do not respond to motionless prey. 

Nutritional Quality of Prey 

Amphibians consume whole insects. Practical considerations usually limit the choice of food items to several species of invertebrates that are readily available commercially, which include the following: mealworms (Tenebrio molitor), gray crickets (Acheta domesticus), wax worms (Galleria mellonella), cockroaches (usually Blaberus craniiferus), wingless fruit flies (Drosophila melanogaster), and earthworms (Lumbricus terrestris). Insects are generally deficient in vitamins and have low calcium: phosphorus ratios. None of these species (with the possible exception of earthworms) is suitable as the sole component of a diet. 

It is possible to supply vitamins and minerals by mixing a bird or reptile multivitamin powder with powdered calcium or a commercial preparation of calcium with vitamin D3 and dusting the insects with this mixture just before offering the food items to the amphibians.  The author also suggests improving the nutritional content of insects is to feed supplements to them—a process called gut-loading. Ground rodent chow, monkey chow, trout chow, tropical fish flakes, and high-protein baby cereal have been used for gut loading.  Due to the fact that powdered vitamins and minerals adhere to prey items for only a short time and nutrients in the gut are transient, it is important to remove uneaten food items within a few hours. In addition, because hungry insects may attack amphibians, it is wise to remove insects that are not eaten immediately as a precaution. 

Because amphibians differ in so many respects from their human caretakers, successful husbandry requires combining an appreciation of the biology of these animals with awareness of elements of the physical and biological environment. 

QUESTIONS:

1. Name the three lineages of amphibians.

2. Amphibians are regarded as _______ thermoregulators compared with other terrestrial vertebrates.  

a. Efficient

b. Good

c. Poor

d. Domparable

3. Most amphibians feed on ______.

4. Gut-loading is process of _______.

a.
Feeding amphibians through a oral gastric tube

b.
Altering the gut microbial flora of amphibians

c.
Feeding insects nutritional supplements before they are fed to amphibians

Answers:

1. 1) salamanders (Urodela or Caudata), 2) frogs and toads (Anura), and 3) caecilians (Gymnophiona, Apoda, or Caecilia)

2. c
3. Most amphibians feed on insects

4. c
Browne and Zippel.  Reproduction and Larval Rearing of Amphibians, pp. 214-234

Secondary species: African Clawed Frog

Tertiary species: other amphibians

Technologies involving amphibian reproduction are advancing as more as more is being studied with these animals in research and captive breeding programs. These programs strive to maintain at least 50 of each sex to preserve genetic diversity, since loss of genetic diversity increases with the number of generations and with smaller effective population size. One advance that has improved the potential for genetic diversity without maintaining large adult populations is the cryopreservation of sperm.

Human chorionic gonadotrophin (hCG) or luteinizing hormone releasing hormone analogue (LHRHa) can be used to induce spermiation and amplexing behavior in male amphibians. Expelled sperm or testicular macerates can be stored in cryodiluent, an organic solution that protects sperm during cryopreservation. Non-penetrating cryodiluents include sugars and egg yolk; glycerol and dimethyl sulphoxide are penetrating cryodiluents. Sperm concentrations must be high (?105/ml) to achieve fertilization. Though thawing rates do not affect the recovery of cryopreserved amphibian sperm, viability at room temperature declines over a period from minutes to 1 hour. Toad sperm is unique in that the mitochondria are located in an exposed collar at the base of the sperm head, and there is a flagellum with a thin membrane between an axoneme and an axial rod, making it more vulnerable to damage during the rigors of cryopreservation.

Artificial ovulation hormones for anurans include:

1) 
LHRHa (an analogue of gonadotrophin-releasing hormone (GnRH)) ? stimulates the release of LH ? stimulates follicles to produce progesterone.

2) 
hCG) ? stimulates follicles to produce progesterone

3) 
Progesterone ? causes the final maturation of the eggs

The anovulatory or priming dose of hormone is usually lower than the ovulatory dose and is given 12-72hr before the ovulatory dose. After induction of ovulation, females can be allowed to spawn spontaneously for amplexing males to fertilize or the oocytes can be stripped or excised for artificial fertilization. Low temperatures or increased osmolarity can extend the period over which oocytes remain fertilizable. 

Eggs are commonly counted by the following methods:

1) 
Displacement method – pool 5 subsamples of ~50 eggs & count and measure the volume, then measure the volume of the total egg mass

2) 
Image analysis – uses a dedicated computer program to count the number of eggs from an image

3) 
Direct counting – count eggs from a printed image or with a plastic pipette during hatching or when transferring early larvae

Larval density, temperature, light, pH level, dissolved oxygen, and diet have major effects on development, internal and external larval morphology, intestinal commensals, and the eventual adult anatomy. The optimal larval rearing system for any batch will depend on the species, numbers of larvae to be reared, and group size. As rearing densities increased the larval period the size range of metamorphs and the length of the metamorphosis period also increased. Parental care is more common in terrestrial than aquatic amphibians.

Metamorphs do not eat. Postmetamorphic juveniles of most terrestrial amphibians require small insects or other invertebrates for sustenance. All known caudate larvae are carnivorous, and many have cannibalistic tendencies. Most anuran larvae are mostly filter feeders or browsers.

Species-specific microhabitats should enable the natural reproduction of many species. In nature, all caecilians and most salamanders utilize internal fertilization; most frogs fertilize externally. The age of sexual maturity in amphibians is generally lower in males than in females. Sexual dimorphism (nuptial pads in males, tympanum size and color, throat and body color, vocalization) is present in almost all species from all orders of amphibians except the caecilians. In most amphibians, egg number increases with female weight. High temperatures can inhibit oogenesis, and a period of low temperatures (hibernation) may be required for ovulation. A seasonal cycling of temperature and humidity is essential for the maturation of follicles in some species – hibernation, aestivation, and slow and rapid temperature changes. Aestivation is a process whereby amphibians bury themselves in a cocoon composed of skin and mucus as a mechanism to prevent dehydration during the dry season then emerge to reproduce when flooding occurs. Simulated rain events can promote reproduction; recirculating systems are better than flow-through systems to control water temperatures and reduce water quality fluctuations.

QUESTIONS:

1. 
True or False - The immune system of anurans tends to become less responsive at lower than physiologically optimum temperatures.

2. 
Oocytes secrete _______, which inhibits spawning, during the first growth phase (FGP) of oocytes. Secretion diminishes and testosterone and progesterone increase during the second growth phase (SGP) of oocytes to final maturation.

a. 
Progesterone

b. 
Estradiol

c. 
Testosterone

d. 
Luteinizing hormone

3. 
Which of the following is the process of inducing breeding through injection of pituitary extract from pituitary glands?

a. 
Hypophysation

b. 
Priming

c. 
Synchronization

d. 
Metamorphosis

4. 
It is thought that parental attendance of eggs may be for

a. 
Protection of developing eggs through the removal of infertile eggs

b. 
Defending eggs from predators

c. 
Providing antiseptic compounds

d. 
All of the above

ANSWERS:

1. 
True

2. 
b. Estradiol

3. 
a. Hypophysation

4. 
d. All of the above

Densmore and Green.  Diseases of Amphibians, pp. 235-254

Task 1- Prevent, Diagnose, Control, and Treat Disease

Secondary and Tertiary Species:  All amphibians

Diseases of Amphibians

· Majority of diseases of amphibians maintained in captivity will relate directly or indirectly to husbandry and management.  Amphibian caretakers must always look first to the animal’s environment and maintenance to address matters concerning disease.

Bacterial Diseases

· Red Leg Syndrome (Bacterial Dermatosepticemia) 

· Generalized systemic bacterial disease associated with cutaneous erythema (occurs most often on ventrum and extremities) 

· Most frequently implicated etiological agent: Aeromonas hydrophila 
· Treatment: premortem identification of etiological agent through diagnostic testing; parenteral broad-spectrum antibiotics concurrent with anti-fungal drug to avoid overgrowth or opportunistic fungal infections and to eliminate mycotic infections 
· Also, correction of poor husbandry practices to reduce stress and self-inflicted injury and to improve sanitation and other environmental conditions.
· Flavobacteriosis (“edema syndrome”) 

· Genus Flavobacterium 

· Gram-negative yellow pigment-producing bacteria; commonly recognized pathogens of lower vertebrates; widely present in aquatic environments 

· Clinical signs/gross findings: nonspecific; effusions in the lymphatic sacs, hydrocoelom, lingual or corneal edema, panopthalmitis, petechiation, and visceral congestion 

· Pathogenic species: F. oderans, F. indologenes, F. meningosepticum 

· Treatment: antibiotic regimes based on antimicrobial sensitivity testing using premortem bacterial culture

· Mycobacteriosis 

· Genus Mycobacterium 

· Small, gram-positive acid-fast bacilli 

· Chronic slowly progressive disease 

· Hallmark: chronic granulomatous inflammation 

· Affected skin frequently involves the digits and mouth 

· Disease commonly affects the liver, spleen, intestines, and mesonephros (kidney) 

· Tx: culling infected animals and thorough disinfection of holding facilities
· Chlamydiosis 

· Gram negative coccoid obligate intracellular pathogen 

· Most frequently identified: Chlamydophila psittaci and Chlamydophila pneumoniae 

· Reported clinical signs: petechiation and sloughing of skin, abdominal swelling due to hydrocoelom, accumulation of excess fluid in lymphatic sacs, lethargy, and cutaneous depigmentation 

· Organ of choice for histological exam: liver (shows disseminated to diffuse lymphohistiocytic infiltrates with occasional scattered foci of purulent inflammation) 

· Recommended treatment: oral administration of tetracycline-class antibiotics

Viral Diseases

· Ranaviruses 

· Best described pathogenic amphibian viruses 

· Epizootic hematopoietic necrosis virus (EHNV) and largemouth bass virus (LMBV) 
· Frequently associated with die-offs and acute population declines among wild amphibians 

· Transmission occurs by direct contact with infected animals and includes cannibalism among larvae, ingestion of virus, or contact with virus in water column 

· Clinical signs: lethargy, anorexia, abnormal body posture, abnormal swimming behavior, buoyancy deficits 

· Grossly: erythmematous skin associated with petechial or paintbrush hemorrhage; raised vesicular or erosive skin lesions; and focal to generalized swelling due to effusions in the lymphatic sacs and body cavity 

· Histologically: focal to diffuse necrosis t/o the skin and internal organs 

· Diagnosis: PCR, light and electron microscopy 

· Treatment: Acyclovir; endogenously produced amphibian bioactive skin secretions(may be protective)

· Lucke Herpesvirus 

· Oncogenic virus 

· Viral reproduction and histological appearance of typical intranuclear herpesviral inclusions is temperature dependent, such that the virus replicates only below 12°C 

· Diagnosis: light and electron microscopy

· Arbovirus 

· Pathogenic for endothermic species 

· Transmitted from host to host by arthropod vectors

Mycotic Diseases
· Chytridiomycosis 

· Most significant and well-described pathogen of amphibians: Batrachochytrium dendrobatisis (Bd2) 

· Only chytrid known to infect vertebrates 

· Impact of diseases more severe for postmetamorphic anurans 

· Tadpoles are usually infected subclinically 

· Clinical signs: lethargy, dehydration, dysecdysis, hyperemia of skin, occasional neurological signs of abnormal posture, loss of righting reflex, and behavioral aberrancies 

· Gross findings: hyperkeratosis associated with dysecdysis 

· Histological findings: limited entirely to keratinized epithelial cells of the skin and oral disc 

· Treatment: bath with 0.01% itraconazole; isolate infected and disinfect equipment and surroundings

· Zygomycoses 

· Causative agents: Mucor spp. and Rhizopus spp. 

· Clinical signs: lethargy and multifocal hyperemic nodules with grossly visible fungal growth on the ventral integument 

· No report of successful treatment

· Chromomycoses 

· Diseases caused by pigmented fungal pathogens that include Phialophora spp., Fonsecaea spp., Rhinocladiella spp., and Cladosporium spp. 

· Clinical signs: anorexia, weight loss, ulcers or nodules in the skin, and swelling and lesions of internal organs including the spleen, liver, and kidney 

· No report of successful treatment

· Saprolegniasis 

· Common infectious disease of aquatic lower vertebrates 

· Caused by water molds such as Saprolegnia spp. 

· Frequently involved in secondary superficial infections of aquatic anurans and caudates 

· Significant egg mortality 

· Fungal growth is usually white to pale gray; fluffy cotton like appearance 

· Definitive diagnosis: histology, culture of water mold, or molecular confirmation 

· Treatment: bath with antifungal agents such as benzalkonium chloride, copper sulfate, or potassium permanganate 

· Mesomycetozoans 

· Amphibiothecum, Amphibiocystidium 

· Spore-forming pathogens that occur in cysts, which are typically located in the dermis 

· Self-limiting and nonlethal, healing within 4-8 weeks 

· Gross findings: small multifocal nodules or pustules 

· Microscopically: characteristic encysted spores that contain large cytoplasmic vacuoles 

· Treatment: standard supportive care

· Ichthyophonus 

· Best known as a pathogen of marine fish 

· Appears as a swelling of muscles in the caudal region including tail, rump, and thighs 

· Diagnosis: identification of the characteristic large circular or ovoid organisms within skeletal muscle cells in cytological or histological specimen 

· No successful treatment

Protozoan Parasites

· Amoeba 

· Occur internally, mainly GIT, liver, kidney 

· Genus Entamoeba 

· C.S. anorexia, weight loss, diarrhea, blood in the feces, and dehydration 

· Dx: fecal samples or cloacal wash specimens 

· Definitive diagnosis: histological confirmation of invasive amoeba within tissues 

· Treatment: supportive therapy and oral and bath administration of metronidazole

· Ciliates 

· Tetrahymena 

· Contribute to mortality of salamanders, including eggs and embryos

· Flagellates 

· Dinoflagellate genera Piscinoodinium or the kinetoplastid flagellate Icthyoboda may also cause serious skin or gill lesions 

· Hemoflagellates (trypanosomes) can cause anemia

· Sporozoans 

· Most commonly apicomplexans 

· Found in amphibian blood, GIT, and other organ tissues 

· Disease associated with coccidiosis is most common in larvae, young postmetamorphs or immunocompromised animals

Metazoan Parasites

· Myxozoa 

· General Chloromyxum and Myxidium in the gall bladder and renal tubules of caudate and anurans 

· There is no established treatment regime

· Helminths 

· Heavy infections are more likely to result in death in health problems due to traumatic injury or creation of a portal for secondary infections at the site of attachment 

· Diagnosis: parasite identification in skin scrapings and gill clips 

· Treatment: praziquantel or formalin baths 

· Amphibians may serve as secondary host intermediate or definitive hosts for trematodes 

· Metacercariae of the trematode Ribeiroia are known to induce polydactyly and other limb malformations among frogs when tadpoles are infected, treat with praziquantel, prevent by removing all aquatic snails 

· Nematodes of the genus Rhabdias are lungworms 

· Nematode of the genus Strongyloides in assoc. with a protein-losing enteropathy and death in a captive Cope’s gray tree frog 

· Pseudocapillaroides xenopi is an important capillarid parasite of the dorsal skin of captive adult African clawed frogs

· Arthropods 

· Small crustaceans known to parasitize fishes may also affect aquatic life stages of amphibians. 

· Such parasites include the fish louse (Argulus) and the parasite “anchor worm” copepod Lernaea. Tx: baths with salt or ivermectin 

· Chiggers (trombiculid mites): nymphal stage embeds and encysts in skin 

· Hannemania spp. Are the most common chiggers of amphibians in the US

Neoplasia

· The article directs readers to Green and Harshbarger’s (2001) comprehensive review of spontaneous neoplasia in amphibians, and the Registry of Tumors in Lower Animals’ extensive archive of reported neoplasms of amphibians and other lower vertebrates (http://www.pathology-registry.org) 
· Two most commonly reported amphibian neoplastic syndromes are: 

·  Lucke renal carcinoma of northern leopard frogs 

· Squamous cell papilloma of the Japanese fire-bellied newt

Nutritional Diseases

· Dietary Deficiencies 

· Due to poor understanding of and failure to provide for the dietary needs of a particular species and life stage 

· Lead to malnutrition and starvation 

· Anorexia, weight loss, dehydration, and lethargy

· Metabolic bone disease 

· Hypovitaminosis A

· Dietary Excess 

· Captive amphibians fed diets with a surplus of energy may become obese 

· Gastric overload is a syndrome of more immediate concern with an overfed amphibian = medical ER 

· Corneal lipidosis is a relatively common ocular disorder among aged captive amphibians that has been associated with high levels of dietary cholesterol

Diseases Related to Environmental Management

· Diseases Related to Improper Husbandry 

· Proper husbandry includes nutrition, space, temperature, moisture, and light requirement 

· Gas bubble disease 

· Elevated UV-B radiation can lead to decreasing hatch rates, slowing growth and development, and altering behavioral patterns

· Chemical Toxicity 

· Very susceptible to toxic insult 

· Nitrogen-based chemicals may act as toxicants 

· Various pesticides either as environmental contaminants or chemical treatments 

· Heavy metal toxicities

QUESTIONS:
1. What is the most frequently implicated etiologic agent for Red leg Syndrome? 

2. This is the best described pathogenic amphibian viruses? 

3. What is the most significant and well-described pathogen of amphibians? 

4. Name the two most commonly reported amphibian neoplastic syndromes?

ANSWERS:
1. Aeromonas hydrophila 

2. Ranaviruses 

3. Chytrid fungus, Batrachochytrium dendrobatidis (Bd2) 

4. Lucke renal carcinoma of northern leopard frogs and the squamous cell papilloma of the Japanese fire-bellied newt

Gentz.  Medicine and Surgery of Amphibians, pp. 255-259

Amphibians - tertiary species (Xenopus is secondary)

Tasks: 1, 3

Relevant Clinical Anatomy and Physiology

· Pupillary light reflex is generally absent - iris is controlled by voluntary striated muscle rather than involuntary smooth muscle

· Skin is shed and ingested regularly.  Since skin is easily damaged by handling, it is recommended that personnel handle premoistened powder-free latex gloves and not use adhesive drapes or tape

· Cutaneous respiration exists to some degree in all species of amphibians.  Topical administration is an effective route for administration of antibiotics and anesthetics (caution:  Enrofloxacin must be diluted prior to application to prevent irritation of the skin)

· Amphibians are poikilothermic - when kept outside of their preferred optimal temperature zone (POTZ), immunosuppression and anorexia can occur.  When kept above the POTZ, agitation and abnormal color changes can occur.  When kept below the POTZ, animals may become lethargic, bloated, and show poor growth.

· Oral fluids are absorbed poorly - better to give fluids via soaking, subcutaneous or intracoelomic administration.

Diagnostic Tests

· Dermal diagnostic tests include: wet mount, skin scrapes, biopsy

· Fecal samples should be examined by direct smear and fecal flotation.  Cloacal washes can be performed if the fecal collection is difficult.

· Radiology can be performed without chemical restraint by placing the animal in a small amount of water in a plastic bag

· Blood collection techniques are described on the following website:

· http://www.nwhc.usgs.gov/publications/amphibian_research_procedures/blood_samples.jsp
Surgery

Preoperative Considerations

· Fasting requirements for species vary based on size and diet - from 4 hours for small species to 1 week for larger species that consume whole vertebrates

· It is recommended to soak the patient in water for 1 hour prior to surgery to ensure adequate hydration and to keep partially submerged in well oxygenated anesthetic free water during surgery

· The recommended disinfection prior to surgery is to soak the surgical site using sterile gauze saturated with 0.75% chlorhexidine solution for 10 minutes before surgery and then rinse with sterile saline.

· The recommended suture includes: polyglactin or polyglycolic acid with nylon for skin closure.

Anesthesia and Sedation

· The recommended anesthetic is tricaine methane sulfonate (MS-222) that has been buffered with sodium bicarbonate to pH 7.0 to 7.4.

· IM ketamine can be used but has a 12-18 hour recovery period

· Eugenol (clove oil) may be effective but can cause gastric prolapse.

· Isoflurane or sevoflurane can be delivered by bubbling in the water or by conventional methods 

· Lidocaine can be used as a local anesthetic

Procedures

· Hind limb amputation in anurans:  remove the entire femur from the pelvic articulation and assist the animal with shedding

· Forelimb amputation in anurans:  leave a stump to allow for mating behavior in males

· Mandibular fractures:  usually require euthanasia as they carry a grave prognosis

· Enucleation:  avoid damaging the membrane that separates the eye from the oral cavity

· After gastrotomy:  withhold food for 1 week and offer small meals for 1 month

· Antibiotic therapy is routinely recommended post any surgery - the duration depends upon the procedure

Postoperative Care

· After surgery, recover the amphibian by transferring to a warm, anesthetic-free bath and rinse with fresh well-oxygenated water

· Administer subcutaneous or intracoelomic postoperative fluids or soak the animal in balanced electrolyte solution

Euthanasia

Euthanasia can be performed by prolonged immersion in MS-222 or by administration of pentobarbital by intracardiac, intracoelomic, or subcutaneous lymph sac injection.

QUESTIONS:

1.
Match the Order of amphibians with the members found in that Order:

a.
Caudata

1.
Frogs and toads

b.
Anura

2.
Caecilians

c.
Gymnophiona

3.
Salamanders and newts

2.
How many chambers (and which ones) does the amphibian heart have?

3.
True or False.  Amphibian erythrocytes are nucleated and are the smallest blood cell among vertebrates.

4.
What species of amphibians lack subcutaneous space?

5.
Why is a paramedian incision recommended for celiotomies?

ANSWERS:

1.
a3, b1, c2

2. 
3 chambers - 2 atria and 1 ventricle

3.
False - they are the largest RBC among vertebrates

4. 
Salamanders

5.
A ventral abdominal vein is present

Burggren and Warburton.  Amphibians as Animal Models for Laboratory Research in Physiology, pp. 260-269

SUMMARY: The animal model is one of the major experimental paradigms of current biological and biomedical research. The amphibians have played a prominent part in the success of using key to discover new information about all animals. They account 1/4 to 1/3 of lower vertebrate and invertebrate research.

The characteristics that make amphibians ideal as animal models include basic physiology; diversity; favorable phylogenies; wide range of habitats; temperature and oxygen tolerances; sufficient similarities to mammals and straightforward maintenance.

Early physiologists used amphibians as model of choice because their small body size, local availability; tolerance to surgical procedures; their large cell size. Modern physiologists use amphibian models to understand amphibians or as general vertebrate models to address questions of evolution, disease, development and myriad of related topics.

The most commonly studied amphibian species include the bullfrog (R. catesbeiana), the marine toad or cane toad (B. marinus), the African clawed frog (X. laevis) and salamanders (Ambystoma spp.).  

QUESTIONS:

1. 
The advantages using amphibians as animal models include:

i. 
Well understood basis physiology
ii. 
Taxonomic diversity well suited to comparative studies
iii. 
Tolerance to temperature and oxygen variation
iv. 
Greater similarity to humans than many other currently popular animal models
v. 
All of them
vi. 
None of them
2. 
Amphibians are used in research:

i.  
Physiology of musculoskeletal
ii. 
Cardiovascular and renal
iii. 
Reproductive and sensory systems
Iv. 
Evolutionary and biology
vi. 
All of them
3. 
The concept of Animal Model date back to:

i. 
William Harvey (father of the modern experimental physiology). 1600s
ii. 
Claude Bernard. (French physiologist).19th Century
iii. 
Galen (Greek physician). 131-201 AD
Iv. 
None of them
4. 
How many Nobel Prizes are associated with the use of amphibian models since 1901?

i. 
2

ii. 
7

iii. 
5

iv. 
3

v. 
None of them
5. 
Amphibians (especially from the genera Xenopus, Bufo, and Rana) are used more frequently in biological experiments than either the zebra fish or C. elegans, as determined from the number of Pubmed entries between 2001 and 2006. True /False
6. 
The axolotol (Ambyostoma mexicanum) is a “heartless” mutant strain and:

i. 
This strain is actually heartless
ii. 
The heart develops but never begins to beat
iii. 
This mutation is not lethal in other vertebrates
iv. “Silent” hearts are not uncommon in other vertebrates but in the axolotl development continues
v. 
i. and iv. are true
vi. 
ii. and iii. are true
7.  
Amphibians have long been used as indicators of environmental quality. True/False.

8. 
Which species of amphibians have not been awarded with Nobel Prizes?

i. 
Rana esculenta and R. temporaria
ii. 
Xenopus spp.
iii. 
Triton cristatus and T.  taeniatus
iv. 
Bufo arenarum and Rana pipiens
v. 
Rana esculenta and Rana temporia
ANSWERS:

1. 
v. All of them.

2. 
vi. All of them.

3. 
iii. Galen (Greek physician). 131-201 AD.

4. 
ii. 7.

5. 
i. True.

6. 
vi. ii. and iii. are true.

7. 
i. True.

8. 
ii. Xenopus spp.

Hopkins.  Amphibians as Models for Studying Environmental Change, pp. 270-277

Task 1- Prevent, Diagnose, Control, and Treat Disease

Primary Species- Amphibians

SUMMARY: This is a review article examining the role of amphibians as models for environmental change.  The author discusses characteristics that make amphibians useful models to study environmental problems and why amphibians are declining.  The author does not review each topic in detail but cites current literature and directs readers to additional sources for more information.  The historical importance of the use of amphibians in research and their importance as sentinel animals are discussed.  The characteristics that make amphibians excellent models to study environmental problems include trophic importance, environmental sensitivity, research tractablility, and impending extinction.  The topics discussed for the decline of amphibians include habitat loss, environmental contaminants, disease, and global climate change.

QUESTIONS:

1.
What decade was critical for the identification of the environmental impact on amphibians?

a) 
1970

b) 
1980

c) 
1990

2. 
What characteristic makes amphibians particularly sensitive to contaminants and environmental conditions?

3. 
What is the greatest immediate threat to most organisms around the world?

a) 
Disease

b) 
Habitat loss

c) 
Temperature change (global warming)

4. 
What is one of the most important threats to water resources and severely impacts amphibian health?

a) 
Bacterial and viral contamination

b) 
Temperature change 

c) 
Pollution

d) 
Red algae 

5. 
What amphibian disease has received the most attention and is blamed for most deaths?

ANSWERS:

1. 
c

2. 
Their permeable integument

3. 
b

4. 
c

5. 
Batrachochytrium dendrobatidis

Alworth and Harvey.  IACUC Issues Associated with Amphibian Research, pp. 278-289

Task 5 - Execute Institutional Animal Care and Use Committee Veterinary Responsibilities

Secondary (Xenopus) & Tertiary (Other Amphibians, Reptiles)

SUMMARY:  This article serves as a discussion of the regulatory guidelines used by institutional animal care and use committees to provide written standards for the use of ectothermic animals in research.  Laboratory amphibians are invertebrate animals which are covered by the Guide and the PHS Policy.  The article gives the current US regulatory requirements and guidelines.  It also focuses on the 3 main issues relevant to IACUC oversight of the use of amphibians in research:  1) educational requirements of investigators and animal care staff engaged in research with amphibians, 2) zoonoses and other issues of occupational health importance, and 3) indicators of stress and disease.  The primary goal of addressing these issues is to enable investigators, IACUCs and animal care staff to meet the regulatory expectations of the PHS and AAALAC, Intl.

QUESTIONS:

1.
Which of the following is NOT a member of the Class Amphibia?

a.
Trachemys

b.
Ambystoma

c.
Rana

d.
Bufo

e.
Necturus

2.
True or False???  Amphibians are a covered species in the AWA and must be inspected by USDA-APHIS.

3.
True or False???  Research and teaching activities using amphibians funded by the PHS does not require review and oversight by the IACUC because they are NOT a covered species.

4.
Because the Guide for the Care and Use of Laboratory Animals does NOT provide specific standards for amphibian care and husbandry, the ____________________ provides husbandry details appropriate for their care.

5.
____________, administered by the US Fish and Wildlife Service, may cover some dendrobatid frogs not currently threatened with extinction to avoid utilization that is incompatible with their survival.

6.
The most prevalently used amphibian for cellular and microbiology research is _______________ _______________.

7.
True or False???  A protocol is required for studies using amphibian models.

8.
Which of the following are appropriate ways in which the ACUC can provide oversight and assess the adequacy of care?

a.
Perform semiannual site inspections and program review

b.
Evaluate researcher documentation of daily care

c.
Request written SOPs regarding housing, environmental enrichment, husbandry and environmental monitoring

d.
All of the above

9.
All of the following statements appropriately describes activities which occur during a field study EXCEPT

a.
Noninvasive observation with capture and manipulation of free-ranging amphibians

b.
Written SOPs to provide housing and husbandry information for inspections  

c.
Complies with state and federal regulations and the Guide

d.
Field stations may be exempt from semiannual inspections

10.
True or False???  Embryonic amphibians are not covered by the PHS Policy.

11.
The (IACUC /Researcher) is responsible for ensuring that local, state and federal permits are obtained for collection of amphibians and for ensuring compliance with pertinent, state, national and international wildlife regulations.

12.
List 5 methods of identifying individual amphibians.  Which is the least invasive method?

13.
Which of the following statements is true regarding toe clipping in amphibians?
a.
IACUCs may interpret procedure as either a minor procedure or surgery

b.
The procedure is not supposed to impair normal activities of the marked animal

c.
Removal of 2 or more adjacent toes per foot or toes used for amplexus or burrowing is discouraged

d.
Some species can regenerate amputated tissue such as toes

e.
All of the above

14.
________________________ is commonly used for tracking amphibians used in population or habitat use studies.

15.
List 2 possible options for appropriate disinfection of the incision site of amphibians.

16.
Because they are capable of holding their breath for long periods and are resistant to cerebral hypoxia, which procedure(s) must be performed for appropriate and acceptable euthanasia of amphibians?

a.
Hypothermia

b.
Carbon dioxide

c.
Immersion in alcohol or formalin without anesthesia

d.
Decapitation alone

e.
Decapitation + double pithing


17.
True or False???  Individuals working with amphibians must be enrolled in an occupational health and safety program.

18.
True or False???  Amphibians, unlike reptiles, do not harbor Salmonella spp., so there is no zoonotic potential for infection.

19.
Name the agent of amphibians responsible for "fish handler's disease" or "swimmer's granuloma".

20.
The agent responsible for septicemia in anurans or "red-leg syndrome":

a.
Chlamydophila pneumonia

b.
Aeromonas hydrophila

c.
Salmonella spp.

d.
Proteus

e.
Pseudomonas

21.
Which of the following parasitic  organisms are potentially zoonotic? 

a.
Giardia agilis

b.
Cryptosporidium spp.

c.
Sprirometra

d.
All of the above

22.    __________ and ___________ pose potential hazards from the glands of their skin (e.g., parotid glands).

23.    Name 2 amphibian behavioral responses to pain.  Name a behavior that indicates specific pain and describe the procedure.

24.    _______________ is the most commonly used anesthetic for Xenopus spp. and axolotls.

25.     True or  False???  Evidence of mortality and endpoints are easy to identify in amphibians. 

ANSWERS:

1.
Trachemys (red-eared slider, reptile)

2.
False.  Amphibians are not covered by the AWA, but they are covered by the PHS Policy

3.
False.  

4. 
Guidelines for Use of Live Amphibians and Reptiles in Field and Laboratory Research

5.
Convention on International Trade of Endangered Species of Wild Fauna and Flora (CITES)

6.
Xenopus laevis

7.
True

8.
d.
9.
d. (field stations are NOT exempt from semiannual inspection by the IACUC)

10.
True; however, larval stages are covered

11.
IACUC

12.
1)  
Drawings of natural skin patterns* (least invasive)


2)   Tattooing


3)  
Microchip transponders


4)  
External bands, tags or beads


5)  
Toe clipping

13.
e.

14.
Radiotelemetry

15.
Chlorhexidine and benzalkonium chloride

16.
e.

17.
True

18.
False

19.
Mycobacterium marinum

20.
b.

21.
d.

22.
Bufo marinus, dendrobatid frogs

23.
Color change, immobility/lethargy/closed eyes, and rapid respiration; specific pain= "wiping response" demonstrated in the acetic acid test; frog wipes the affected area with one or both hindlegs; tests irritancy of solutions, but does not assess all types of pain

24.
MS-222

25.
False

Nolan and Smith.  Amphibian Resources on the Internet, pp. 290-296

No summary, review questions or answers required or provided.
Smith.  Appendix: Compendium of Drug and Compounds Used in Amphibians, pp. 297-300
No summary, review questions or answers required or provided.

