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ABSTRACT 

A study was conducted on the radiosensitivity of 

Biomphalaria glabrata embryos submitted to doses of 5, 10,15, 

20 and 25 Gy of CO during the cleavage, blastula, gastrula, 

young trochophore and trochophore stages. Mortality was the 

parameter used to evaluate the damage induced by ionizing 

radiation. Susceptibility decreased with increasing embryo 

age and with decreased radiation dose. Estimated LD50 values 

(15 days) showed that the cleavage stage (4.3 Gy) was 

approximately four times more radiosensitive than the 

trochophore stage (17.0 Gy). The survival curves obtained for 

each embryo stage are discussed on the basis of the multi-

-target theory. 



2. 

INTRODUCTION 

The study of the effect of ionizing radiation on 

embryo development has been attracting increasing interest 

not only from the viewpoint of experimental embryology but 

also for the evaluation of radiatio , damage in the initial 

processes of ontogenetic developmen_. Different organisms 

have been utilized in these studies, among them helminths 

(Suzuki and Egami, 1983), molluscs (Bon'.iara, 1955; Ravera, 1966; 

Fujita and Egarai, 1984), crustaceans (Snider and Kersten,1936), 

insects(Yang and Ducoff,1969;Nauman aid Whit ten,1976; Varanda 

et ai, 1985), fish (Welander et ai, 1948; Welander, 1954; 

McGregor and Newcombe, 1968), amphibians (Butler, 1936; Rugh, 

1954), and mammals (Russell and Russell, 1954; Rugh, 1969; 

Brent et al, 1986). 

The data obtained for different animals have 

suggested that the cl anges induced by radiation are 

qualitatively similar in different species when the animals 

are irradiated at equivalent stages of development. 

The eggs of the snail JJ. glabrata are convenient 

material for the study of the effect of radiation or. embryo 

development since this in an organism easy to maintain and 

manipulate with a relatively short enbryonic period (approximately 

one week), which permits monitoring each embryo sta^e in 

vivo. The embryology of B. glabrata has been analyzed in 

detail by Carney and Verdonk(1970i.Xn addition, investigation 

of this snail species is of specfal interest since this is a 

vector of schistosomiasis, an endemic disease that affects 

more than 200 milion people mainly in South America, Africa 
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and the Middle East (Mars ton and Hostettmann, 1985). 

Because of its medical and social relevance, B. 

glabrata has been studied extensively, but little information 

is available on the effect of ionizing radiation on B. 

glabrata embryos. Ferlowagora-Szuralewicz and Eerry (1964) and 

Perlowagora-Szumlevicz (1966) explored the possibility of 

utilizing ionizing radiation as a tool for the biological 

control of B_. glabrata. Kawano (1982) investigated the 

effects of caffeine and gamma radiation at the dose of 10 Gy 

on the embryo development of an albino (SL) B_. glabr_ata mutant. 

The present study analyzes the radiosensitivity of 

B. glabrata embryos at different stages of development using 

mortality as a criterion for the evaluation of ionizing 

radiation damage. 
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MATERIAL AND METHODS 

Egg masses from wild-type II. glabrata (Mollusca: 

Gastropoda) were used in the experiments. The specimens were 

collected from a colony originally obtained from Belo Horizon 

te (MG) and reared in the laboratory over the past 12 years. 

Figures -1 and 2 show the different stages of B. 

glabrata embryo stages used in the experiments: a) first 

cleavages, including the first, second and third cleavages 

(0 to 3.50 hours of age), b) blastula (6 to 15 hours), c) 

gastrula (24 to 30 hours), d) young trochophore (48 to 54 

hours), and e) trochophore (72 to 78 hours after the first 

cleavage) (Okazaki, 1988). Embryo stages were identified by 

the criteria of Carney and Verdonk (1970) and maintained at 

259C. 

For each embryo stage, egg masses were divided at 

random into several lots each containing approximately 100-200 

embryos. Each lot was irradiated separately with single doses 

of 5, 10, 15, 20 and 25 Gy gamma radiation (136 Gy/h) using 

a 60CO Gamma-Cell 220 source (Irradiation Unit of the 

Canadian Atomic Energy Commission Ltd.). One lot from each 

embryo stage was used as control (0.0 Gy). On the basis of 

preliminary experiments, the doses from 5 to 25 Gy were 

selected as the lethality range from the sublethal dose to 

the dose that induced approximately 90% mortality. Because of 

the high mortality rate observed in the cleavage, blastula 

and gastrula stages submitted to 15 Gy, higher doses were 

applied only to the young trochophore (20 Gy) and trochophore 

(20 and 25 Gy) stages. 
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After irradiation, the egg masses were kept in 

climatic chambers at 25 - 1 C throughout the experimental 

period to avoid discrepancies in the rhythm of embryo 

development. Egg masses were observed daily with a Zeiss 

stereoscopic microscope up to the 15th day after irradiation. 

Five repetitions were performed for each embryo stage. 

The data were adjusted to the Y * exp (-oD -ÔD2) 

model by the leas-t squares method using the BMP3R subroutine. 

Y represents the survival observed after dose D, and a and 

B are the parameters of the model. 
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Figures 3 and 4 present the adjusted survival curves 

for JJ. glabrata embryos in the original and serai-log scale, 

respectively, after irradiation during the various phases of 

development. It can be seen that the survival curve decreases 

with increasing radiation dose at all embryo stages, the 

fall being more pronounced during earlier embryo stages. 

Table I shows the mortality rates obtained on the 

15th day after irradiation, which increased considerably with 

increasing radiation dose. Susceptibility rapidly decreased 

with increasing embryo age. 

The estimates of the parameters of the model with 

their respective standard deviations and residual sums of 

squares for each embryo stage are shown in Table II. The 

results show that the model fits the data satisfactorily. 

LD50 estimates for the 15th day after irradiation for 

each embryo stage are shown in Table III. Estimates were 

obtained using adjusted curves and show that LD50 increased 

with increasing embryo age. 



7. 

DISCUSSION 

II. glabrata embryos showed relatively high 

susceptibility to the action of gamma radiation, the intensity 

of damage depending on dose and embryo age at the time of 

irradiation. The cleavage stage was the most radiosensitive 

at all doses analyzed, with more than 90Z of all individuals 

dying at the 15 Gy dose. Similarly, the blkstula, gastrula 

and young trochophore stages were sensitive to treatment, 

though the falls in survival curves were not as marked as 

those observed in the cleavage stage. The least affected 

phase was the trochophore at the 5 to 15 Gy dose, although 

at higher doses there was a considerable dose-dependent 

increase in mortality. Estimated LD$Q {15 days) showed that 

the cleavage stage is approximately A times more radiosensitive 

than the trochophore stage. 

The survival curves obtained showed an initial 

shoulder within the lower dose range which became more marked 

with increasing embryo age. In the cleavage stage, however, 

the shoulder was almost imperceptible. The curve tended to 

increase exponentially with growing radiation doses for all 

embryo stages. The survival curves were similar to those 

obtained for mammalian cells exposed to low LET radiation, 

which show a better fit to the theoretical multi-target curve 

(Alper, 1979; McNally, 1982). On the basis of this model, 

the shoulder region of the survival curve may indicate an 

accumulation of sublethal damage. The probability of more 

embryo cells being affected may increase with growing 

radiation doses, resulting in death of the organism. These 
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observation suggest that radiation produces cumulative 

damage. 

According to another interpretation, the presence of 

a shoulder in the survival curve may be due to the repair 

process, and the increased lethality observed with growing 

radiation doses may be due to less efficient repair. In the 

early cleavage stage there was practically no shoulder and 

the fall in survival as a function of dose was more marked 

than in the more advanced stages. 

Proliferative cells are known to be highly radiosensitive 

and susceptibility varies with cell cycle phase, being 

higher during mitosis than during interphase. After detecting 

higher radiosensitivity in the cleavage stage than in the 

later phases of development in the snail Helisoma subcrenatum, 

Bonham (1955) proposed that when radiation is applied to more 

advanced stages the probability of all embryo cells being 

in the susceptible mitotic phase at the time of irradiation 

is small. This investigator suggested that the interphase 

embryo cells that survive radiation may account for survival 

of the organism. Analogous observations were reported by 

Domon (1980) for mouse embryos in the 2-blastomere phase 

cultured jji vitro. This author pointed out that the cell 

cycle phase at the time of irradiation may be an important 

factor in the determination of embryo sensitivity to ionizing 

radiation. 

On this basis, the earlier stages of development, 

which are characterized by rapid cell proliferation, may be 

more severely affected by radiation. For example, during the 

2-blastomere phase the death of one cell is critical for the 

development of an organism since this cell represents the 
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precursor of half the cells of an embryo. At this stage, an 

all-or-nothing effect seems to operate at the cell level, 

depending on the susceptibility of the cell cycle phase at 

the time of irradiation. 

As the embryo develops there is a progressive increase 

in cell differentiation with tissue and organ specialization, 

which coincides with embryo radioresistance. In the trochophore 

stage, the least affected by radiation, most of the rudimentary 

organs of the adult are almost f ormed(Camey and Verdonk, 1970). 

However, with the increase in radiation dose to 20 and 25 Gy, 

the extent of induced damage is such that embryo survival is 

no longer possible. 

Several investigators who observed a fall in 

radiosensitivity with embryo age as in insects (Evans, 1936; 

Nauman and Whitten, 1976; Varanda et ai, 1983), fish (Welander 

et ai, 1948), amphibians (Butler, 1936; Rugh, 1954), and 

mammals (Russell and Russell, 1954; Wilson, 1954, Rugh, 1954), 

noted that susceptibility to radiation was intimately 

correlated with mitotic activity and with the extent of 

tissue differentiation. As early as 1906, Bergonie and 

Tribondeau had observed that the radiosensitivity of mammalian 

cells or tissues was directly proportional to their 

proliferation rate and inversely proportional to their degree 

of differentiation. Even though some exceptions to this rule 

are known to exist, these observations have been confirmed in 

most biological systems (Sander and Kathen, 1983). 



10. 

ACKNOWLEDGMENTS 

The authors are indebted to Prof. Dr. Clõvis de 

Araújo Peres of the Instituto de Matemática e Estatística da 

USP for his helpful statistical analysis and to Dr. Maria Na

zareth Rabello-Gay for her critical reading of the 

manuscript. Uc are grateful to Prof. Dr. Luiz C. G. Simões 

for providing facilities during the development of this 

research at his laboratory, IBUSP. This work was supported 

by grant from CNPq (301469/85-7). 



11. 

RESUMO 

Foi analisada a radiossensibi 1 idade de embriões de 

B. glabrata, nos estádios de clivagem, blastula, gás t rula , trj> 

cofora jovem e trocõfora, submetidos a doses de 5, 10, 15, 20 

e 25 Gy de Co-60. Para tanto, utilizou-se a mortalidade como 

um parâmetro de avaliação dos danos da radiação ionizante. A 

susceptibilidade diminuiu com o aumento da idadé do embrião e 

com o decréscimo da dose de radiação. Os valores estimados 

da DL_„ ,,c ,. v revelaram que o estádio de clivagem(4,3 Gy) 
DU v13 dias/ 

foi cerca de A vezes mais radiossensível do que o de trocõfo

ra (17,0 Gy). As curvas de sobrevida obtidas para cada um 

dos estádios embrionários foram discutidas com base no modelo 

"multi-target" da teoria do alvo. 
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FIGURE LEGENPS 

Figure 1 - First cleavage stages of B. glabrata: a) beginning 

of the first cleavage, showing the cleavage furrow 

at the animal pole of th» egg. The airow shows 

the polar bodies, b, c, a, e, f) two blastomeres 

stages, showing the cleavage furrow between the 

blastomeres (e,f), (g,h,i) second cleavage with 

four blastomeres. j, k, 1) third cleavage with 

eight blastomeres. At .his stage the occurrence of 

the morphological differentiation of blastotneres 

with four micromeres Cm) at the animal pole and 

four macromeres (M) at the vegetative pole of the 

egg was observed (1). 

Figure 2 - Several stages of IJ. glabrata development: a) 

blastula; b) profile of gastrula. VP • vegetative 

pole; AP • animal pole. The arrow shows the region 

of the future blastopore; c) gastrula viewed from 

vegetative pole; d) young trochophore; e) trochophore. 

h • head region; s • shell; f) veliger or "hippo 

stage", s • shell; f • foot; e » eye; t " tentacle. 
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Figure 3 - Adjusted survival curves of _B_. glpbrata embryos 

irradiated at several stages of embryonic development. 

Figure 4 - Semi-log representation of survival curves of 

B̂ . glabrata embryos. 
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TABLE I - E f f e c t of Co-60 gamma r a d i a t i o n on B. g l a b r a t a 

embryos at s e v e r a l s t a g e s of d e v e l o p m e n t , a t the 

15th day a f t e r i r r a d i a t i o n . 

EMBRYONIC 

STAGE 

CLEAVAGE 

BLASTULA 

GASTRULA 

YOUNG 

TROCHOPHORE 

TROCHOPHORE 

DOSE 

(Gy) 

0 
5 

10 
15 

0 
5 

10 
15 

0 
5 

10 
15 

0 
5 

10 
15 
20 

0 
5 

10 
15 
20 
25 

NUMBER OF 

EGG MASSES 

28 
28 
29 
29 

44 
41 
41 
41 

40 
41 
41 
41 

35 
38 
41 
38 
27 

42 
42 
42 
42 
24 
25 

NUMBER OF 

EMBRYOS 

557 
6 9 3 
701 
596 

1154 
1 0 3 2 
1130 

9 1 8 

9 9 4 
1085 
1 0 6 0 
1019 

773 
766 
858 

1034 
895 

9 5 3 
931 
908 

1111 
770 
840 

DEAD 

(Z) 

8 , 4 0 
5 5 , 8 0 
8 0 , 4 0 
9 3 , 5 0 

6 , 5 0 
2 4 , 7 0 
5 3 , 6 0 
7 6 , 7 0 

3 , 2 0 
1 1 , 7 0 
4 0 , 9 0 
8 5 , 6 0 

4 , 9 0 
8 , 1 0 

4 0 , 7 0 
6 7 , 9 0 
9 1 , 7 0 

3 , 1 0 
3 , 9 0 
7 , 8 0 

2 8 , 4 0 
6 4 , 0 0 
9 5 , 0 0 
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TABLE II - The estimates of the dose-response model for 

survival obtained at the 15th day, for each stage 

of embryonic development. 

STAGE 

Cleavage 

Blastula 

Gastrula 

PARAMETER 

Young 
Trochophore 

Trochophore 

a 

6 

a 

e 
a 

6 

a 

0 

a 

0 

ESTIMATE 

0,155 

0,001 

0,036 

0,004 

0 

0,006 

0 

0,005 

0 

0,002 

STANDARD 

DEVIATION 

0,048 

0,005 

0,018 

0,002 

0,001 

0,001 

0,001 

RESIDUAL SUM 

OF SQUARES 

0,003 

0,002 

0,005 

0,001 

0,001 
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