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SUMMARY - Biomphalaria glabrata embryos irradiated with <·Co gamma radiation
at doses of 5, 10 and 15 Gy during the blastula stage were analyzed cytogenetically 24
hours after treatment. For embryos exposed to the 10 Gy dose, the chromosomal
study was repeated 48 hours after irradiation. Several types of structural chromosome
aberrations were detected, the most common being dicentrics and acentric fragments.
Dicentric data fitted the linear model better, while the acentric fragments fitted the
quadratic model. A significant decrease in the frequency of metaphases with aberra-
tions was detected 48 hours after irradiation (12%) when compared with 24 hours
(38.9%), indicating a probable elimination of cells with chromosome aberrations. The
results also suggest a possible chromosome loss in cells irradiated with the 15 Gy dose,
24 hours after treatment. A fall in mitotic index with increasing radiation dose was
observed, showing a certain parallelism between the frequency of chromosome aberra-
tions and the degree of mitotic depression 24 hours after irradiation. An association of
radioinduced chromosome aberrations with the morphogenetic effects of radiation is
suggested to have occurred in embryos irradiated in the blastula phase.

Ionizing radiation is known to be effective in producing chromosome
aberrations in eukaryote cells. Several studies have shown that chromosome
aberrations play an essential role in plant and animal cell death (KIHLMAN
1977), in the inhibition of germinating ability (EVANS1968), in the reduction
of root growth (READ1961), and in the loss of colony-forming ability of cells in
vitro (SCOTT and ZAMPETTI-BoSSELER1985).

In the same way as certain human diseases are associated with chromo-
some breaks (THERMAN1986), an intimate association between chromosome
aberrations and developmental anomalies has been observed by several investi-
gators in different animal species (RuGH 1969; MCGREGORand NEWCOMBE
1972; WOLSKY 1982), including man (UNITED NATIONS 1986).

The induction of chromosome aberrations by radiation is probably one of



the main perceptible biological manifestations of damage to proliferative cells.
Thus, chromosome analysis can provide useful information related, for exam-
ple, to the prediction of the susceptibility of irradiated systems to radiation-
induced genetic damage.

Studies on the snail Biomphalaria glabrata, an important vector of schisto-
somiasis, have focussed on several aspects, but only two papers have been
published on the cytogenetic effects of ionizing radiation (NARANG 1974;
NARANG and NARANG 1974).

Previous radiosensitivity studies conducted on Biomphalaria glabrata eggs
have shown a relatively high frequency of dead, malformed and unhatched
embryos after exposure to doses of 5 to 25 Gy of gamma radiation (OKAZAKI

and KAwANo, in press, a,b,c). Embryo age at the time of irradiation and dose
applied were fundamental factors in terms of the response of the organism to
radiation.

The present paper reports the cytogenetic analysis of B. glabrata embryos
submitted to different doses of gamma radiation and the relationship between
dose and frequency of chromosome aberrations.

Wild-type Biomphalaria glabrata (Say, 1818) (Mollusca: Gastropoda) embryos
were from a colony originally obtained from Belo Horizonte (MG) and reared in the
laboratory over the past 12 years. Embryos in the blastula stage (6-15 hours after the
first egg cleavage at 25° C, according to CAMEY and VERDONK1970) were selected
because this is the phase in which a large number of cell divisions occurs, with
consequent high sensitivity to radiation and the occurrence of a larger number of
alterations detectable by cytogenetic analysis. Embryos were irradiated with doses of 5,
10 and 15 Gy (136 GyJh) using a 60CO Gamma-Cell 220 source and processed for
cytogenetic analysis 24 hours after treatment, when most of them were in the gastrula
stage (24 to 36 hours, at 25° C). For embryos submitted to 10 Gy, cytological
preparations were also made 48 hours after irradiation, during the young trochophore
stage (48 to 54 hours, at 25° C). Untreated embryos in the same developmental stages
as the irradiated ones were used as controls. Approximately 50 embryos were used for
each cytological preparation. Metaphase chromosomes were obtained by the cell
suspension technique of KAWANOet at. (1987).

A total of 450 to 550 metaphases were selected at random for each radiation dose
and examined 24 and 48 hours after exposure. Chromosomes were classified by the
criterion of LEVAN et at. (1964) based on centromeric position and arm ratio.

The metaphase preparations were classified according to two basic criteria: a)
number of centromeres, and b) presence of structural chromosome or chromatid
aberrations. Metaphases containing 2n-l and 2n-2 centro meres were included in the
analyses, and those with less than 2n-2 centromeres were discarded. Structural aberra-
tions were classified according to BUCKTONand EVANS(1973) and to the International
Atomic Energy Agency (IAEA 1986).
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Keeping in mind the possibility that the cells may have undergone more than one
mitotic division after treatment, the rearrangement aberrations and acentric fragments
detected in the same metaphase figure were counted separately. The mitotic index was
determined 24 hours after irradiation by analyzing approximately 2000 nuclei selected
at random from each group (irradiated and control).

The data were adjusted by the least squares method.

Fig. 1 shows the normal karyotype of a B. glabrata embryo with 2n = 36
chromosomes classified into 12 metacentric pairs (groups I, II, V, VII and IX),
4 submetacentric pairs (groups III and VIII) and 2 sub telocentric pairs (groups
IV and VI). Even though the normal chromosome number for the B. glabrata
karyotype is 36, a few polyploid metaphases were detected both in control
embryo preparations processed in the young trochophore stage (Fig. 2) and in
irradiated embryos analyzed 48 hours after exposure (Fig. 3).

Fig. 4 shows several types of structural chromosome aberrations detected
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Fig. 1. - Normal karyotype of Biomphalaria glabrata embryo containing 18 chromosome pairs
classified into 12 metacentric (groups I, II, V, VII and IX), 4 submetacentric (groups III and VIII) and
2 sub telocentric pairs (groups IV and VI).



Fig. 2. - Normal polyploid metaphase obtained from Biomphalaria glabrata young trochophore. X
1600.
Fig. 3. - Polyploid metaphase with several dicentrics and tricentrics chromosomes obtained from
embryos irradiated at the blastula stage with 10 Gy and processed 48 hours after treatment. X 2560.





Fig. 4. - Different types of structural chromosomal aberrations obtained from Biomphalaria glabrata
embryos: a) chromatid gap; b) chromosome gaps; c) centric ring; d) acentric ring; e) dicentrics and
acentric fragments; f) tricentrics and minutes.
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in embryo cells irradiated with different radiation doses, 24 and 48 hours after
exposure. The main types of aberrations were dicentrics, rings, breaks, gaps
and acentric fragments.

Table 1 shows the frequencies of several types of radio induced chromo-
some aberrations detected in embryo cells irradiated with doses of 5,10 and 15
Gy during the blastula stage and fixed 24 hours after treatment. It can be seen
that the frequency of structural chromosome aberrations increased perceptibly
with increasing radiation dose. The linear function showed the best fit for
dicentric frequency (Y = 1.3X; R-SQ (AD]) = 0.992; P-value = 0.0003) (Fig. 5)
and the quadratic function showed the best fit for acentric fragment frequency
(Y = 0.8X + 0.2X 2; R-SQ (AD]) = 0.999; P-value = 0.0008) (Fig. 6).

The frequencies of chromosome aberrations detected 48 hours after
exposure to 10 Gy of gamma radiation are shown in Table 2. The percentage of
cells with chromosome aberrations and the number of aberrations/cell were
approximately 3 and 4 times lower, respectively, than in preparations analyzed
after 24 hours.

Table 3 shows the distribution of cells with modal or hypomodal chromo-
some or centromere number in the irradiated and control groups, 24 hours
after treatment. Note that the modal and hypomodal numbers were very
similar in the control group and in the groups irradiated with 5 and 10 Gy.
However, the frequency of metaphases with 36 chromosomes obtained with

TABLE1 - Frequencies of radioinduced chromosome aberrations obtained from «Biomphalaria glabrata»
embryos irradiated at the blastula stage with doses of 5, 10 and 15 Gy of gamma radiation, 24
hours after exposure.

D = Dicentric; T = Tri
Fragment; B = Break; G

Aberration frequencies No. of Total No. of

Dose Number of metaphases aberrations TABLE3 - Frequencies 0/ m

(Gy) meraphases Chromosomes Chromatids with (number of from «B. glabrata
aberrations aberration blastula stage an

D T CR AR AF B G AF B G (%) per cell)

0 450 0 0 0 0 0 3 4 3 10 12 Dose (Gy) Num~
(2.22) (0.03) meta~

5 500 34 2 51 2 7 20 4 93 123
(18.60) (0.25) 0 4'

10 550 81 2 2 4 147 33 40 30 6 10 214 355
(38.91) (0.64) 5 51

15 450 82 5 5 8 258 3 17 38 5 12 224 433
(49.78) (0.96) 10 5.

D = Dicentric; T = Tricentric; CR Centric Ring; AR Acentric Ring; AF = Acentric 15 4.
Fragment; B = Break; G = Gap.



the 15 Gy dose was lower than in the remammg groups. The chi-square
homogeneity test showed no significant difference among the first 2 doses
(P=0.3180), but a significant difference for the 15 Gy dose (P=O.OOOl).

The frequencies of cells with a modal and hypomodal chromosome
number observed 48 hours after irradiation with 10 Gy are presented in Table
4. There was no significant difference in modal chromosome number between
the control and irradiated groups 48 hours after irradiation with 10 Gy (chi-
square: t = 2.27; d.f. = 2; P > 0.05).

TABLE 2 - Frequencies of radiation-induced chromosome aberrations detected on «B. glabrata» embryos
irradiated at the blastula stage with 10 Gy of gamma radiation, processed 48 hours after
exposure.

Aberration frequencies No. of Total No. of

Dose Number of
metaphases aberrations

(Gy) metaphases Chromosomes Chromatids with (number of
aberrations aberration

D T CR AR AF B G AF B G (%) per cell)

0 450 0 0 1 0 2 3 2 0 0 4 11 12
(2.44) (0.03)

10 500 19 3 0 29 2 9 12 0 3 60 78
(12.0) (0.16)

I from «Biomphalaria glabrata»
15 Gy of gamma radiation, 24

D = Dicentric; T = Tricentric; CR
Fragment; B = Break; G = Gap.

No. of
- metaphases

with
- aberrations

(%)

Total No. of
aberra tions
(number of
aberration
per cell)

TABLE 3 - Frequencies of metaphases with modal and hypomodal centro meres (or chromosome) obtained
from «B. glabrata» embryos submitted to doses of 5, 10 and 15 Gy of gamma radiation at the
blastula stage and processed 24 hours after treatment.

10 12
(2.22) (0.03)

93 123
(18.60) (0.25)

214 355
(38.91) (0.64)

224 433
(49.78) (0.96)

Number of Frequencies of chromosome or centromeres number (%)
Dose (Gy)

metaphases 36 35 34

0 450 388 42 20
(86.22) (9.33) (4.44)

5 500 422 50 28
(84.40) (10.0) (5.60)

10 550 485 48 17
(88.18) (8.73) (3.09)

15 450 317 90 43
(70.44) (20.0) (9.56)



TABLE 4 - Frequencies of metaphases with modal and hypomodal centro meres (or chromosome) detected on
«B. glabrata» embryos irradiated at the blastula stage with 10 Gy and processed 48 hours after
exposure.

Number of
Frequencies of chromosome or centromeres number (%)

Dose (Gy)
metaphases 36 35 34

0 450 364 52 34
(80.89) (11.56) (7.56)

10 500 422 50 28
(88.40) (l0.0) (5.60)

TABLE 5 - Mitotic index of «B. glabrata» embryo cells irradiated with doses of 5, 10 and 15 Gy of gamma
radiation, obtained 24 hours after exposure.

\

Number of analyzed cells
Dose (Gy) M.l. (%)

Total Interphase Division

0 2169 1872 297 13.70
5 2013 1876 137 6.80

10 1981 1865 116 5.90
15 2063 2000 63 3.10

Since the metaphase figures in cytological preparations from irradiated
embryos were relatively few when compared with the control, we determined
the mitotic index of embryo cells submitted to doses of 5, 10 and 15 Gy of
gamma radiation, 24 hours after exposure (Table 5). Mitotic index decreased
with increasing radiation dose (Fig. 7).

Analysis of metaphases from normal B. glabrata embryos showed a chro-
mosome number of 2n = 36, with 12 metacentric, 4 submetacentric and 2
subtelocentric pairs, confirming data reported in previous studies by our group
(KAWANO et at. 1987).

It should be pointed out that polyploid metaphases were detected in
cytological preparations from both control and irradiated embryos treated
during the young trochophore stage. Polyploid cells were not detected in the
gastrula stage.
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Fig. 5. - Frequency of dicentric chromosomes in Biomphalaria glabrata embryos irradiated with
several doses of Co-60 gamma radiation, 24 hours after exposure.

lases were detected in
iated embryos treated
:re not detected in the

A possible origin of polyploid cells was proposed by SCHREIBER(1966) and
SCHREIBERand CAMEY (1966), who, on the basis of the amount of DNA
detected in blastomeres, suggested that they may originate from endomeres
that appear at the final blastula stage. During gastrulation, these endomeres
may undergo three cycles of endoreduplication producing 16 c cells which,
according to FALLIERIet at. (1969), may give origin to the embryonic digestive
gland in the trochophore stage. Since the ootestis and digestive gland of adult
snails essentially consist of polyploid cells (TuAN et at. 1984), one may assume
that these cells play an important role in the formation of these organs. An
observation favoring this assumption is the presence of polyploid metaphases
with several structural aberrations (Fig. 3) observed by us in preparations from
embryos irradiated in the blastula stage and processed in the young trocho-
phore stage. These observations disagree with those reported by NARANG
(1974) who considered the presence of polyploid cells in the ootestis of
irradiated snails and in F I embryos to be solely an effect of radiation.

Among the various types of structural aberrations observed in B. glabrata
embryos, dicentrics and acentric fragments were the most common. The
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Fig. 6. - Frequency of acentric fragments in Biomphalaria glabrata embryos irradiated with several
doses of Co-60 gamma radiation, 24 hours after exposure.

dicentric data fitted the linear model better and the acentric fragments fitted
the quadratic model.

The fact that irradiated embryos presented an elevated frequency of
acentric fragments in relation to dicentrics leads us to raise a few hypotheses,
one of which concerns the manner of formation of these aberrations. Both
terminal and interstitial deletions result from breaks that occurred in the same
chromosome and may be produced before or after DNA synthesis. In contrast,
dicentrics result from two breaks involving different chromosomes and are
produced before DNA duplication. In this case, for a dicentric to be formed
the two breaks would need to be produced within a certain period of time, so
that the first will not udergo rejoining before the second is produced, and in
such a manner that they will interact and exchanges will occur between the
broken ends. In addition, the two breaks produced would need to be close
enough to one another for the rearrangement to occur owing to an error of
repair (IAEA 1986). The possibility that acentric fragments originate from
rearrangement aberrations should also be considered (STEPHAN 1986).

To determine the effect of time after treatment with irradiation on the
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Fig. 7. - Relationship between mitotic index and radiation doses on Biomphalaria glabrata embryos
exposed at the blastula stage and obtained 24 hours after treatment.

frequency of chromosome aberrations, embryos exposed to 10 Gy were also
processed 48 hours after irradiation. The number of metaphases with structural
aberrations was approximately three times less (12.0%) than the number
obtained after 24 hours (38.9%). Similarly, the number of aberrations per cell
was approximately 4 times less (0.16 aberrations/cell) than that obtained at 24
hours (0.64 aberrations/cell).

This decrease in chromosome aberration frequency with increasing time
between irradiation and fixation may possibly be due to elimination of cells
with chromosome aberrations. Estimates of the rate of elimination of chromo-
some aberrations occurring in different systems in vitro have shown an approxi-
mate 50% loss of dicentrics in each cell generation in organisms such as
Tradescantia microspores (CONGER 1965), Chinese hamster cells (CARRANO
1973b), and human lymphocytes (SASAKIand NORMAN1967; BAUCHINGERet at.



1986). The rate of elimination of acentric fragments has been estimated at
approximately 70% (SASAKIand NORMAN 1967) and 20% (CARRANOand
HEDDLE1973; BAUCHINGERet at. 1986) in human lymphocytes, and 57% in
Chinese hamster cells (CARRANO1973a).

It should also be pointed out that the cytological preparations obtained
from embryos exposed to the 15 Gy dose showed a significant fall in the
frequency of metaphases with 36 chromosomes. The control group and the
groups irradiated with 5 and 10 Gy did not differ significantly in terms of
percentage of metaphases with a modal and hypomodal chromosome number
24 hours after exposure. Similarly, a comparison of modal chromosome
numbers of cells examined 24 and 48 hours after irradiation with 10 Gy
showed no significant difference between them (chi-square; t = 4.74; d.£. =
2; P > 0.05).

Even though the preparations obtained from both control and treated
embryos showed incomplete metaphases, cells with more than 36 chromosomes
were rarely observed. These data would appear to rule out the possibility of
occurrence of mitotic nondisjunction. One of the probable causes of chromo-
some loss may be the delayed anaphases due to the dephased migration of one
or more chromatids to one of the poles of the spindle. Another possibility is the
occurrence of chromosome rearrangements that behave in an anomalous man-
ner during anaphase, thus preventing the viability of the affected chromosome.
In this manner, two hypodiploid daughter cells would result (BEIGUELMAN
1982).

On the basis of this information, the present results suggest a possible
chromosome loss in cells irradiated with the 15 Gy dose. The fact that a small
increase in the frequency of dicentrics was detected at the dose of 15 Gy
(18.22%) compared to the dose of 10 Gy (14.73%) leads us to suspect a
possible involvement of dicentric chromosomes in this phenomenon.

In cytological preparations from embryos irradiated with 5, 10 and 15 Gy,
the mitotic indices were reduced by 50.4, 65.9 and 77.3%, respectively, 24
hours after exposure. There was a correlation between frequency mitotic
reduction and frequency of chromosome aberrations, which increased consider-
ably with increasing radiation doses 24 hours after treatment.

Even though the processes leading to cell death after irradiation are not
well understood, many investigators (KIHLMAN1977; SCOTTand ZAMPETTI-
BOSSELER1980) have proposed as possible causes the loss of acentric fragments
leaving one or both daughter cells genetically deficient, the formation of
anaphase bridges preventing cytokinesis, and the side effects resulting from
bridge rupture which would cause a loss of part of the genome in one or both
daughter cells.

Thus, the effects of ionizing radiation at the dose of 15 Gy on B. glabrata
embryos are more pronounced, as demonstrated by the marked reduction in
mitotic index, the relatively high frequency of structural chromosome altera-



tions, and a possible chromosome loss. Analysis of radiosensitivity in B.
glabrata embryos supports these observations, showing increased susceptibility
with increasing radiation dose in embryos irradiated in the blastula stage
(OKAZAKIand KAWANO,in press, a, b, c). Both the frequency of malformed
embryos (24.3, 55.5 and 73.8%) and the mortality rate (24.7, 53.6 and 76.7%)
increased at the doses of 5, 10 and 15 Gy 60CO gamma radiation, respectively.
RUSSELLand RUSSELL(1954) raised the hypothesis that the primary intracellu-
lar damage induced by radiation in the embryo may be the occurrence of
chromosome breaks that may lead to the formation of chromosome aberrations.
An intimate relationship between chromosome aberrations and embryo death
was documented by MATSUDAet at. (1983, 1985) and REICHERTet at. (1984) in
mice. Other investigators have related chromosome aberrations to the induc-
tion of malformations in embryos of mouse (RUGH1969), fish (MCGREGORand
NEWCOMBE1972) and several species of amphibians, reptiles and mammals
(WOLSKY1982).

On the basis of these data, present results confirm the existence of an
intimate association between radioinduced chromosome aberrations and the
morphogenetic effects of radiation on B. glabrata embryos exposed during the
blastula stage.
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