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14.  Biology And Diseases Of Amphibians

Biology and Diseases of Amphibians

I.
INTRODUCTION

Amphibian: “double life” refers to the ability of these cold blooded (ectothermic) vertebrates to live in both water and on land.  They have an aquatic gill breathing phase and metamorphose into land-dwelling lung breathers.  Habitats vary from aquatic to arboreal, but they must return to water to breed.

II.
BIOLOGY

A.
Taxonomy
Class:  Amphibia

Orders:  Three major

Gymnophonia (Apoda)

· Not used much in research

· Slender worm-like burrowers, no limbs or bony girdles, reduced eyes

· Have a reduced left lung

Caudata (Urodela)

· Urodeles and salamanders

· Slim bodies and tails

· Include species that fail to metamorphose; their larvae grow to a large size, retain gills, and breed w/o attaining an adult stage.  Process called neoteny.  Exhibited by Ambystoma (land form axolotls) and Necturus (mudpuppy)

Salientia (Anura)

· The largest order

· Frogs and toads

· Well developed hind limbs and pelvic girdles

· The African clawed frog, Xenopus laevis, or platanna is a popular research animal.  Name derives from the presence of small curved black claws on the inner three toes of its hind feet.  Member family Pipidae, which lack tongues.

· The most often used amphibians are of the family Ranidae or true frogs.  They have bullet shaped bodies, protruding eyes, large eardrums and well-developed legs for leaping.

· Most popular American anuran in research is the leopard frog, Rana pipiens.  Eight leopard frog species have been identified.

· Rana catesbeiana, is the bullfrog, the largest native anuran in NA and is more aquatic.  Both species have been bred and raised in the laboratory.

· True toads; Family Bufonidae, have large bodies and short legs.  A slow gait makes them easy prey, so they have parotid skin glands which emit poisonous secretions when frightened or injured.  Bufo marinus (giant or marine toad), Bufo bufo (European or common toad), Bufo americanus (American toad), and Bombina orientalis (Asiatic fire-bellied toad) have all been used as research animals.

B.
Use of Amphibians in Research

· Classic use in education and developmental biology.

· Commonly used species; table p.428.

· Presently used for comparative, developmental and transplant immunology, susceptibility to toxicants, teratogen screening, limb regeneration, osmoregulation and embryology.

C.
Sources of Amphibians for Research
· Wild caught; usually in poor health, extremely variable research subjects.

· Laboratory breeding was begun to provide healthy and genetically defined quality animals.

D.
Laboratory Management and Husbandry

· Upon arrival animals should quickly be transferred to clean containers containing water from shipment containers.

· Slowly acclimated to dechlorinated lab water by gradual dilution.  Only have 1(C/hr temp change.  Animals that appear damaged or ill should be isolated.

Caging Design

· Once-through continuous water flow system

· allows high density of animals

· low labor

· must have large amounts of high-quality constant flow water

· flow must be slow enough to allow animals to condition water but fast enough to keep bacterial counts low.

· Recirculating water system

· Require use and maintenance of filters and water treatment devices

· Water quality must be carefully monitored

· Difficult if large numbers of animals

· Both systems require close monitoring of chlorine; tolerated by nonhibernating lung-breathing adults and keeps bacterial counts low, but can be lethal to larval and aquatic species.

· Housing for embryos should be shallow pans w/ a large surface area to ensure gas exchange w/ Deboers or artificial pond water changed every 3 days.

· Juveniles nearing metamorphic climax need semiterrestrial caging.  After metamorphosis animals can be put in deeper, chlorinated water and pottery used as resting places.

E.
Comparative Physiology

· Class Amphibia have smooth moist glandular skin, no scales and shed in one piece, under influence of thyroid hormone.

· They have 2 types of glands:

· mucous-secretes a transparent lubricant in water and maintains moisture on land,

· glandular- secretes an irritant or toxic substance.  Secretions are injurious to m.m.; Bufo sp.- causes nausea, weakness and respiratory muscle paralysis.

· Clusters of sense cells in rows on the skin compose the lateral line.  This is thought to respond to vibrations in an aquatic medium and may control equilibrium and posture.

· The ribs are reduced or absent.  In anurans, the radius and ulna are fused as are the tibia and fibula.

· Respiration is pulmonary, buccopharyngeal and cutaneous during hibernation and submersion.

· Families w/ reduced lungs as adults: Plethodontidae, Salamandra, Sirenidae, Ambyostomidae and Proteidae of the order Caudata.

· Heart in the tadpole-2 chambers, one atrium and one ventricle, it develops a septum during metamorphosis so becomes 3 chambers.  A spiral valve acts to direct the flow of oxygenated and unoxygenated blood.

· GI system, anurans have tongues attached anteriorly, urodeles have mushroom shaped tongues attached at the center which can extend.  Aquatic anurans have reduced tongues and Pipidae have none.

· The esophagus and stomach are not demarcated; the stomach is expandable and has secretory, mixing, and storage functions.  Cilia aids in peristalsis.  The intestines are a uniform tube arranged in tightly spiraled double loops.  Greatest length in frog tadpoles, requires a maximum absorptive area due to their vegetarian diet.

· Liver elaborates a fatty substance, stores glycogen, forms urea, removes RBCs from circulation.  Fatty structures attached near the anterior poles of the gonads.  Contains a large amount of melanin.

· Renal tubules can concentrate urea, but urine is hypotonic-due to lack of Henle’s loop

· The resorption of NaCl and glucose is by the tubules.  The rate of excretion is dependent on the environmental temp.  The skin aids in water absorption and the bladder is permeable.  Hypoosmotic urine can be used to prevent dehydration.

· The adrenal gland of Salientia (anurans) is a strip of yellow tissue adherent to the ventral surface of each kidney, or medial surface in urodeles.

· Lymphatic system has large sinuses under the skin of the back (dorsal lymph sacs) may prevent rapid drying of the skin.  Lymph is pumped into veins by pairs of lymph hearts-simple sacs of endothelium covered by striated muscle and connective tissue.  These sinuses can be used for injections.

F.
Normal Values

Values influenced by: species, age, sex, season, stress, level of activity.  See Table p. 432

G.
Nutrition

· Opportunistic feeders, nutritional needs vary w/ species and stage of development

· Young anuran larvae (i.e. Rana pipiens) are herbivorous, softened romaine or escarole lettuce.  Supplemented or replaced w/ rabbit chow-agar-gelatin.

· Larger tadpoles become omnivorous, need a protein supplement such as liver.  Avoid spinach, causes kidney stones.

· After metamorphoses ( carnivores, require living food i.e. crickets, earthworms, mosquitoes, flies w/ vitamin and protein dusting.

· Urodele; larvae- carnivorous i.e. earthworms, tadpoles, arthropods, mosquito larvae.

· Axolotl- need to be fed larvae, on alternate days or 3x week due to slow digestion.  Regurgitate if overfed.

H.
Reproduction
· Sex characteristics best identified during breeding season

· Ambyostoma mexicanum, A. tigrinum males have enlargement of lateral margins of the cloaca, villous papillae are present in the cloaca.  Females have plumper bodies due to eggs and enlarged oviducts.  Xenopus laevis males have smaller bodies, small cloaca and dark nuptial pads; females have enlarged cloacal lips.  Rana and Bufo males also have thickened nuptial pads and change according to testosterone level.  In summer these enlarged thumb pads have papillate surface w/ a keratinized layer during max testosterone secretion.

· In Rana catesbeiana and R. clamitans the tympanic membrane is an indicator of sex- in males it is twice the size of the eye, in females same size as the eye.

· Males: have 2 testes attached by mesorchia to ventral kidney.  Sperm and urine follow the same route; sperm are stored in seminal vesicle until amplexus.

· Females: 2 ovaries attached by mesovaria to the kidneys. Eggs break through their follicles and discharged to the coelomic cavity and are conveyed to the ostia by cilia on the parietal peritoneum.  The eggs travel down the oviduct gathering a gelatinous covering from lining glands.  Eggs are retained until oviposition in the ovisac, an enlargement of the oviduct as it enters the cloaca.

· Fertilization is external in frogs and toads.  During amplexus the male grasps the female and place sperm directly over the eggs as they are laid.

· Eleutherodactylus coqui is the only frog that has internal fertilization.

· Fertilization and internal development occurs in some members of Caudata and in the family Nectophynoides of Salientia.  During breeding displays the Caudata females pick up sperm packets deposited by males and store them on the roof of the cloaca.  The stored sperm then fertilizes the eggs as they pass through the cloaca, eggs are released hours later due to the stimulus of breeding.

· In the lab many species can be induce to breed by injection of chorionic gonadotropin, pituitary suspension or pituitaries and progesterone.

· Metamorphosis requires thyroid hormone; can be retarded if iodine is not present in the water.

· In Salientia this is divided into several stages:

· Premetamorphosis- emergence from the egg, and hindlimbs appear.

· Prometamorphosis- forelimbs develop, organ systems mature, growth.

· Final stage- climax- mouth widens, tail and gills absorbed, lungs breathe air.

· Caudata:  corresponds to climax phase in Salientia

· Larva resemble adults including limb structure, during maturation gills are lost.

· Neotenous members of Caudata can be induced to metamorphose by the admin of thyroid extract.

III.
DISEASES

A.
Infectious

1.
Bacterial
Associated w/ water environment, prevented w/ good husbandry.

a. “Red leg” syndrome (Bacterial Septicemia).

· G(-) family Enterobacteriaceae i.e. Aeromonas hydrophila, Pseudomonas spp, Mima spp, Proteus spp, Flavobacterium, and Citrobacter.  Both anurans and urodeles affected.

· Peracute- found dead, subacute- anorexia, lethargy, sub Q edema, coelomic effusion, neurologic disorders, discoloration of the skin, cutaneous hemorrhages and ulcers,  esp. on flexor surface of thighs and foot webs.  Hematology: macrocytic anemia, leukopenia, decreased total protein, inc clotting time and sed rate.

· Usually high morbidity and mortality. Outbreaks occur after shipment, transmission through traumatized skin or intestinal tract.

· PM findings: multiple petechial hemorrhages in skin, skeletal muscle and GI, sub Q edema and coelomic effusions, pale anemic carcass.  Histo: multiple foci of coagulative necrosis in liver, spleen, other viscera and skin.

· DX: typical clinical signs, culture, histo, grow at both 25 and 37(C

· DDX: Chlamydia, Diplobacteriosis

· Prevention: optimal husbandry conditions, antibiotics orally or parenterally.  Copper sulfate or potassium permanganate or raising the salt level in the tanks may prevent it.

b. Salmonellosis.  In Third World Countries, frog and toads may harbor Salmonella in their intestinal tracts due to public health practices.  A public health hazard.

c. Diplobacterium ranarum.  G(-) a commensal causing disease only in stressed or injured animals.  Clinical signs similar to “red leg.”

d. Pseudomonas reptivora.  Assoc. w/ mortality in Necturus maculosus (mud puppy). Gross lesions are cutaneous hyperemia and gray foci of necrosis on the gills.  Rx: topical Furacin powder on the gills SID for 10 days, gavage w/ chloramphenicol.

e. Mycobacteriosis (Tuberculosis).

· M. marinum, M. ranae, M. xenopi.  Cold water bacteria are ubiquitous.  Common saprophytes on the animal’s skin

· Clinical signs: sub Q ulcers, cutaneous ulcers, coalescent masses or nodules.  Nodules occur in visceral organs especially the liver.  Primarily occurs in animals weakened or debilitated.  Portal of entry is the skin, or may be iatrogenic.

· PM: nodules in visceral organs, composed of MO and epithelioid cells.  Granulomas surrounded by a loose fibrous capsule.

· DDX: mycotic infections (ulcer and granulomas)

· Cold water mycobacteria incriminated as a cause of cutaneous ulcers and nodules in humans (“aquarist’s nodules”).  Public health hazard

2.
Viral
a. Herpesvirus of Lucké Renal Adenocarcinoma.

· Assoc. w/ induction and transmission of adenocarcinoma in the leopard frog, Rana pipiens.
· DNA virus, propagated in frog pronephric cells and fragments from this cell line have transmitted the tumor as have the virus containing tumor cells in the algid (“winter tumor”) and transitional tumor phases.

· CS: absent until tumor is very large ( abdominal bloating, lethargy, death.

· Virus is temperature sensitive- above 22-25(C virus does not replicate.  In this “summer phase” or calid tumor the herpes genome is incorporated into the tumor cell DNA and virus specific antigen can be detected on the tumor cell surface.  When frogs enter hibernation the tumor is in the algid phase.  Virus replicates, mature virions appear, INIBs form and there is massive cytolysis.  Virus is transmitted to embryos and larvae in the breeding ponds and vertical transmission may occur.

· PM: white nodules in the kidneys, metastatic foci in the lungs, liver or other viscera.  Tumor is composed of tall columnar to pseudo stratified cells w/ hyperchromatic nuclei.

· Model of herpesvirus-induced cancer.
b. Polyhedral Cytoplasmic viruses (FV1, FV2, FV3, LT, TEV, etc.)

· DNA viruses, all antigenically related.  Infections not assoc. w/ tumorigenesis, or clinically apparent, but pathogenic to bullfrog tadpoles (tadpole edema virus)

· Related to Iridovirus of arthropods and infectious pancreatic virus of fish.

· Tadpoles 3-60 days- acute death, maybe sub Q edema.  PM: liquefactive necrosis in the liver, kidney and gut.  Prevent by separating tadpoles from adults.

c. Frog Virus-4 (FV4) not oncogenic, produces no disease

d. Frog Adenovirus-1 (FAV-1)

e. Encephalitis virus- wild frogs have been implicated as a reservoir for EEE and Japanese B in Taiwan.  No signs or lesions.

3.
Rickettsial
Rare in amphibians; Haemobartonella batrachorum and H. ranarum have been found in frogs; infection is subclinical, stain w/ Giemsa, w/i or on RBCs.

4.
Chlamydial
· Chlamydia psittaci has been reported in Xenopus laevis.

· CS: lethargy, disequilibrium, patchy cutaneous depigmentation and petechiae and anasarca.

· Histo: pyogranulomatous inflammation of the liver, kidney, lung, spleen and heart.  ICIBs in hepatic and splenic sinusoidal lining cells and in glomerular tufts. No inclusion bodies in interstitial pneumonia or endocarditis.

5.
Parasitic
Amphibians are the intermediate and final hosts for many protozoan and metazoan parasites.  Table IV.

a. Protozoan- most are subclinical, i.e. trypanosomes are ubiquitous in wild populations.

b. Nematodes- most common helminths in wild caught amphibians, see in gut, lungs, blood vessels and lymphatics.  May see cysts.

· Capillaria (Pseudocapillaroides) xenopi, a common, often fatal skin nematode of X. laevis.  LAS 45(5): 592-594

· Successful Tx of cutaneous capillariasis is easily carried out by placing frogs in tanks w/ 12 mg of levamisole/L of water, w/ at least 50 mg of levamisole available per frog.  LAS 47(5): 477-482

c. Cestodes- adults in gut, may use as intermediate hosts.

d. Trematodes- majority are digenetic. (>1 host during larval stage) generally encysted.  See adults in the respiratory, GI and urinary systems.

· Peritoneal Gorgoderiasis (G. amplicava) in a Bullfrog (Rana catesbiana).  Adult gorgoderids are often found in the urinary bladder and thus are referred to as bladder flukes.  LAS 45(3): 309-311.

· Diplostomulum (Tylodelphylus) xenopodis.  LAS 46(6): 676-678

e. Other- acanthocephalid worms can damage the gut.

6.
Fungal
Opportunistic pathogens, due to unsanitary housing, temp variations, malnutrition or other diseases.

Amphibians housed in aquatic environment have some of the same fungal dzs (saprolegniasis, ichthyosporidiosis) as fish, partially or completely terrestrial infected by soil saprophytes (chromomycosis, phycomycosis).

a. Chromomycosis (Chromoblastomycosis)

· brown pigmented septate fungi, portal of entry is traumatized integument.

· CS: anorexia, weight loss and cutaneous ulcers.

· PM: gray nodules in spleen, liver, kidney, and lungs; large areas of caseous necrosis.

· Histo: skin ulcers have basohistiocytes, fibroblasts and occasional giant cells.  May extend into bone or muscle.

· mycobacteriosis DDX: by wet mount from a cutaneous ulcer.

· Prevent by adequate sanitation.  Do not treat.

b. Phycomycosis (Mucormycosis)

· genus Mucor and Basidiobolus ranarum isolated from intestinal tract of salamanders, frogs, toads.  Resembles chromomycosis. 

· PM: white nodules in liver and spleen, unpigmented fungal spherules 10-50(m in diameter.  No hyphae, but do develop sporangiophores on media.

· Basidiobolus ranarum produces cutaneous ulcers w/ thick granulation tissue, fungal hyphae seen in lesions.

· No treatment.

c. Saprolegniasis

· S. parasitica, S. ferax; common in water and aquaria.  Neotenic urodeles i.e. mudpuppies, newts and tadpoles primarily affected.

· Infection is similar to that in fish, cutaneous gray-white mycelial mats on skin surface starting on the head.  May see necrosis of underlying epithelium and muscle.  May grow on eggs

· RX: malachite green, copper sulfate, Chloramine, or mercurochrome bath.

d. Ichthyosporidiosis- similar to fish

B.
Metabolic/Nutritional and Miscellaneous
a. Management related

· Iodine deficiency or goitrogenic substances in diet.  Affected tadpoles are larger than normal; thyroids have hyperplastic columnar epithelium w/ minimal colloid.

· Bone deformities

· Rectal prolapse

b. Miscellaneous

· Hydrops (anasarca) found sporadically in axolotls and frogs.  Lymph accumulates in the lymph sacs or the coelom.

· Failure to ovulate

c. Genetic

· Used to study organogenesis.  Esp. Axolotl.  Recognition of polyploid populations of anurans.

· Bufos are potential hermaphrodites.  Bidder’s organ, a normal anatomic structure located cranial to the gonads, is a rudimentary gonad.  If primary gonads are removed or rendered inactive, it can develop into a functional gonad of the opposite sex.

C.
Neoplastic

· Spontaneous tumors were derived from all germ layers, occurred in all organ systems and affected both anurans and urodeles.  Malignant tumors were reported more frequently.  Diagnosis was based on cell atypia and local invasion.

· Majority have been case reports.  See table V.

· Amphibians respond to chemical carcinogens in a similar manner to mammals.

� Amphibians as Laboratory Animals.  1995.  ILAR Journal 37(4): 173.
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