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RESUME

Des doses de rayons-X de 5 et 10 Gy (1 Gy/min) appliquées aux

têtards de la grenouille verte (Eana clamitans) prémétamorphiques ont

retardé la métamorphose par rapport à celle des spécimens de contrôle

non irradiés. Les infections bactérielles pathogéniques précédentes ont

réapparu chez les animaux irradiés avant le climax métamorphique. 11

s'est produit une mortalité limités au cours du climax métamorphique, de

80 à 105 jours après l'irradiation.
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ABSTRACT

X-ray doses of 5 and 10 Gy (1 Gy/min) given to prometamorphic Green

Frog {Rana clamitans) tadpoles delayed their metamorphosis relative to

unirradiated controls. Previous pathogenic bacterial infections recurred

in irradiated animals prior to metamorphic climax. Limited mortality

occurred during metamorphic climax, 80-105 days after irradiation.

Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1L0
1982 March

AECL-6824



CONTENTS

Page

1. INTRODUCTION 1

2. MATERIALS AND METHODS 1

3. RESULTS AND DISCUSSION 2

ACKNOWLEDGEMENT 4

REFERENCES 5

FIGURE 7



1. INTRODUCTION

Many studies of amphibian development document radiation ef-

fects. This work has been reviewed by Rugh and Brunst . However,

in most of these studies embryonic development has been of primary in-

terest. The effects of whole-body larval irradiation on subsequent sur-

vival through metamorphosis, duration of metamorphosis, and induction of

infection have received much less attention. Reduced survival of irra-

diated larvae has been reported in frogs ~ , toads and newts ' .

Some investigators have also reported delayed or permanently arrested

metamorphosis ' ' and increased susceptibility to infection ' .

This report describes similar radiation effects in promatamorphic Green

Frog (Rana olamitans) tadpoles, suspected as carriers of pathogenic

bacteria.

2, MATERIALS AND METHODS

Tadpoles were obtained from a commercial supplier (Amphibians

of North America) in Nashville, Tennessee. Most of the animals in the

shipment displayed the characteristic symptoms of 'red-leg' infection.

The symptoms include hemorrhaging of the skin and eyes, and are described

in detail by Gibbs et al. . This potentially lethal disease is caused

by a pathogenic bacterium (Aeromonas hydrophila) carried in the gastro-

intestinal tracts of animals in certain populations. Healthy animals

are normally immune to systemic infection, but invasion of the body tis-

sues often occurs under conditions of physiological stress and reduced
(12)

immunity . The entire tadpole shipment was treated, on arrival, with

a water-soluble antibiotic (Tetralean, M.T.C. Pharmaceuticals, Hamilton,

Canada). Animals in the early stages of infection recovered and were

free of symptoms within eight days. These probable pathogen carriers
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were used in subsequent experiments, 20 days later, to determine the

effects of radiation on metamorphosis and disease resistance.

Tadpoles were maintained in plastic containers (15 x 28 cm)

filled with water to a depth of approximately 6 cm. Five animals were

kept in each container. Containers were placed on laboratory shelves

opposite a north-facing window. The water was aerated continuously and

changed three times each week. Water temperature ranged from 20°C to 25°C>

but did not vary between containers. Natural photoperiod, from November

through February, ranged from 8L:16D to 11L:13D. Tetra algae flakes were

provided ad libitum.

Radiation treatments, at 250 kV and 1 Gy/min, were given with

a Westinghouse X-ray machine, using 0.5 mm Cu and 1.0 mm Al filters.

Exposures were measured with a Victoreen dose-rate meter, calibrated to
(13)measure the integrated dose rate in a Fricke solution , 2 cm deep.

All tadpoles were irradiated in Pyrex beakers, in 2 cm of water, at

Gosner's developmental stage 40. Hind limbs were completely differ-

entiated at this stage but forelimbs had not yet emerged. Five randomly

selected animals received radiation doses of 10 Gy and five received 5 Gy.

These doses are in the lower lethal range reported for adult frogs of

related species ' . Five control animals were not irradiated.

Antibiotic treatment was resumed in tadpoles showing renewed

symptoms of 'red-leg' infection. Infected animals were isolated in

separate containers until disease syuptoms disappeared.

3. RESULTS AND DISCUSSION

The immediate behavioral response to irradiation in Rana

o1amitan8 tadpoles was similar to that described by Landreth et al.



- 3 -

in toad (Bufo woodhousei) tadpoles. A period of hyperactivity was

observed, in which animals frequently surfaced and gulped air. This

behavior lasted for several hours after irradiation.

The development of individual control and irradiated tadpoles

is depicted in terms of Gosner's developmental stages in Figure 1.

Metamorphosis was delayed in stage 40, prior to metamorphic climax

(stages 42-46), by X-ray doses of 5 and 10 Gy. The delay was not pro-

portional to the dose level over this range, and was not permanent.

However, three out of ten irradiated larvae died during metamorphosis at

stage 43 or 44, 80-105 days after irradiation. Air-breathing normally

begins during these stages as larval gills are lost.

(9)
Friedman et al. found a similar delay of metamorphosis in

newt (Tavicha torosa) larvae irradiated with X-ray doses of 2 to 10 Gy

as their hind limbs were appearing. The normal metamorphic period was

increased by approximately 50% in larvae that eventually transformed

into adults. The remaining larvae died before metamorphosis was com-

plete. Landreth et al. found that metamorphosis was permanently ar-

rested in Bufo woodhousei larvae given X-ray doses as low as 1 Gy while

the hind limbs were developing. These larvae eventually died without

transforming. Ahmad obtained similar results with African Clawed

Frog (Xenopus laevis) tadpoles after partial-body X-ray exposures of

2000 R, and suggested that a hormonal imbalance was involved. The role

of thyroid and pituitary hormones in regulation of amphibian metamor-

phosis has been establishedv ; however direct radiation damage to

these endocrine glands does not appear to be involved in metamorphic

stasis ' * • . Five out of ten irradiated Rana alamitans tadpoles dev-

eloped renewed symptoms of systemic 'red-leg* infection while still in

stage 40. Infections recurred from 21 to 38 days after irradiation.

The symptoms disappeared again after antibiotic treatment, and four of

the five animals later transformed. Recurrence of infection was not

observed in control animals, although their pre-experiment infection

suggests that they carried the pathogen.
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(9)
Friedman et al. found an increased incidence of infection

by water mold (Saprolegnia sp.) in irradiated Taricha torosa larvae.

Natural resistance to this infection may increase as metamorphosis pro-

gresses . Landreth et al. did not observe infection of irradiated

Bufo woodhousei larvae, but did find a period of hemopoietic depression

after irradiation of larvae and adults. Bacterial infection of adults

was observed during this period. Just and Sperka described a similar

period of hemopoietic depression in irradiated Bull Frog {Rana oatesbei-

ana) larvae. Reduction in the natural immunity of irradiated tadpoles

is probably related to hemopoietic damage.

Tadpole radioresistance seems to differ greatly among species.

Rugh^ found that premetamorphic Leopard Frog {Rana pipiens) tadpoles

survived X-ray exposures of 1000 R indefinitely. Just and Sperka re-

ported 100% mortality in premetamorphic Rana catesbeiana tadpoles given

the same dose. The only previous work on Rana olamitans tadpoles

used much higher doses, but survival times suggested greater radioresis-

tance than in Rana oaste3beiana. The present work invites similar con-

clusions. However, different investigators have used different dose

rates and developmental stages, making interspecific comparisons diffi-

cult. Species differ greatly in nuclear and chromosome volumes *

and normal developmental rates , and tadpole radioresistance should

be more closely examined in relation to these factors.
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DAYS AFTER IRRADIATION

FIGURE 1: Development of Irradiated and Control Bana clamitans Tadpoles.
Solid and broken lines serve to separate adjacent developmen-
tal histories. Short lines terminate at point of death. Ar-
rows indicate recurrence of systemic bacterial infection in
numbered cases. Infected animals received antibiotic treat-
ment to day 45.
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