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RADIATION EFFECTS ON PREGNANT RATS.

PART 1 : MORPHOLOGICAL CHANGES DURING

PREGNANCY IN RATS UNDER EFFECT OF GAMMA RAYS.
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ABSTRACT

The following terms were performed to provide a rational systematic

understanding of the radiation induced effects on the various stages of embryonic

development. The doses delivered were 1, 2, 3, 4, Gy whole body irradiation of the

pregnant rats, at the specific time period of gestation. Irradiation of pregnant rats on

9th day of gestation corresponding to placentation stage, and sacrificed on days 14, 18,

21, showed disintegration of embryonic and placental formation on the day 14 which

appeared more advanced at higher doses. At later stages of gestation period at days 18

and 21 animals irradiated with low doses showed deformed fetal masses, incompatible

with life. At high doses there was total absence of embryonic and placental formations.

Irradiation of pregnant rats on day 13 of gestation corresponding to stage of

organogenesis, and sacrificed on days 18 and 21 showed major changes in fetal

development. The results obtained are detailed in the text, and supplemented by

photographic presentations.
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INTRODUCTION

The radiation effects induced by ionizing radiation during embryonic development

and fetal growth is a very complex subject. This complexity of the subject originates

from the fact that two basically different systems are interacting together namely, the

physical system of ionizing radiations, and the biological system of the embryo and

fetus. The parameters involved in the physical system concern the type, energy and

dose of the radiations used; and also the quantum mechanisms of energy absorption,

and the differential response of the various cellular populations in the biological system

of the developing embryo and fetus. The parameters involved in the biological system

concern a great number of variables of the dividing, differentiating, proliferating

pluripotent cellular populations and the intricate sequential modalities involved in the

complicated processes of embryonic development and fetal growth.

With this basic conceptualization in mind, the radiation induced effects on the

developing embryo and growing fetus became a matter of concern to several research

workers. These workers reported distinct evidence that ionizing radiation induces

different variaties ofeffects including embryonic death occurring at the early stages of

gestation, and congenital malformations that occur during the stage of organogenesis

(Russell, 1957; Rugh, 1969; Jensh and Brent, 1988; Devi and Hande, 1990; and

Tomoko and Yasunari , 1993).

In spite of the extensive literature available concerning this subject, several aspects

remain to be resolved . These aspects mainly concern the relation of the type of injury

induced by a certain radiation dose at a specific time period of gestation and the

subsequent development of specific injury in the subsequent life time of the fetus. In

this study, the parameters studied are developmental and morphological changes of the

embryo after irradiation at the stages of placentation (day 9 of gestation), and the stage
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of organogenesis (day 13 of gestation) in rats. Morphological description of the

findings of the experimental groups are indicated as compared to control animals.

MATERIALS AND METHODS

Irradiation Technique

The source of radiation used was cobalt - 60 ( Gamma - cell 220 ). This source

provided an exposure rate of 3.48 Gy per minute at start of experiment with an

average dose rate of 3.39 Gy per minute throughout all exposure procedures. The

radiation doses used for the various irradiated animal subgroups were 1, 2, 3, and 4 Gy.

Animals

One hundred and thirty eight virgin female albino rats (Rattus rattus), 3 to 4

months old, of body weight 130-150 gm were used for the experiment. Mating was

allowed, and the detection of pregnancy was carried out both by vaginal smear, and

vaginal plug methods. The pregnant animals were divided into irradiated and

control animals. The irradiated animals included a total 120 pregnant female rats

divided into two main irradiation groups (B and C).

Group B: comprised 72 animals which were irradiated on day 9 of gestation to

correspond to the placentation stage. This group was arranged into four irradiated

subgroups according to the radiation dose (1, 2, 3, 4, Gy). Each of these four

irradiated subgroups was further divided into three sets each of six animals, according

to sacrifice days 14, 18 and 21 of gestation. This is shown in table (1).

Group C: comprised 48 animals which were irradiated on day 13 of gestation to

correspond to the organogenesis stage. This group was arranged into four irradiated

subgroups according to the radiation dose (1, 2, 3, 4 Gy). Each of these four
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irradiated subgroups was further divided into two sets, each of six animals, according

to days of sacrifice 18 and 21 of gestation. This is shown in table (2).

The control group consisted of 18 animals. Six animals were sacrificed on day 14,

six on day 18, and six on day 21 of gestation. These represented the control groups for

the irradiated animals sacrificed on corresponding says.

Data Collection

After animal sacrifice, the uterus was removed and opened to record observations

on: number of live and dead fetuses, morphological abnormalities, early embryonic

remnants, cellular mass or fluid, placentation, absorbed embryonic formations, fetal

number, fetal morphology, and description of uterine wall.

RESULTS

The results of the study performed will be presented according to the tables in the

section of materials and methods ( Table 1 and 2 ) indicating the dose scheme , the day

of irradiation , day of sacrifice, and the number of animals. The findings recorded are

supplemented with photographic representations.

Animals Irradiated on Day 9 of Gestation and Sacrificed on Days 14, 18 and 21

Animals sacrificed on day 14.

Control Animals: They showed congested uterine walls containing distinct

embryonic formations, with well defined implantation sites, and evidence of

placentation appearing as dark red masses.

Irradiated Animals: Animal groups exposed to doses of 1, 2, 3 and 4 Gy showed

evidence of various changes with severe response at higher doses. Animals exposed to

1 and 2 Gy showed preservation of uterine compartments filled with viscid fluid, slireds
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of placenta, and evidence of implantation sites. Animals exposed to 3 and 4 Gy showed

the uterine horns containing gelatinous material and evidence of implantation sites.

Remnants of early embryonic formations were not observed.

Animals sacrificed on days 18 and 21.

Control Animals: On day 18, animals showed uterine horns congested, enlarged,

thin walled, containing an average of 8-10 fetuses of normal developed features, and

distinct placental formation. Similar findings were observed on day 21 with final

maturity of fetuses. All fetuses were viable with normal features.

Irradiated Animals: Animal groups exposed to doses of 1, 2, 3 and 4 Gy on day

9 and sacrificed on days 18 and 21 showed essentially similar findings, with more

severe response at the higher doses. At 1 and 2 Gy, the uterine horns showed partial

loss of compartmental arrangements. Uterine walls contained cloudy gelatinous

material. In some animals evidence of early placentation was preserved. The observed

fetal masses appeared incompatible with life. At 3 and 4 Gy, uteirne and embryonic

damage appeared more severe. Loss of compartmental arrangement of uterine horns

was observed, walls were collapsed without evidence of implantation sites or any other

early embryonic formations.

Animals Irradiated on Day 13 of Gestation and Sacrificed on Days 18 and 21

Animals sacrificed on days 18 and 21.

Control Animals: The uterine horns were congested, enlarged, thin walled and,

contained an average of 8-10 normal developed fetuses, with distinct placental

formation. Similar findings were observed on day 21 with final maturity of fetuses. All

fetuses were viable with normal features.

Irradiated Animals: Animals exposed to 1 Gy showed evidence of fetal

formations with complete placentae appearing in about 50% of cases. Other animals

showed uterine compartments filled with gelatinous masses with placental formations .

These masses appeared to be degenerative remnants of arrested fetal development.

Animals exposed to 2 Gy, showed uterine compartments containing gelatinous masses
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of arrested embryonic development without distinct features. Placental formation

appeared complete, however, with loss of normal textures. Animals exposed to 3 and

4 Gy showed several distinct findings. The uterine horns presented compartments

containing various remnant masses of fetuses signifying various forms of arrested fetal

development and the subsequent degenerative processes. In most animals findings of

both sacrifice days 18 and 21 groups were similar. Most animals showed severely

malformed fetuses with separate placenta of abnormal texture. Other animals showed

fetal degenerative remnants with separate hardened placentae. Other animals showed

fetal remnants fused together with their placentae to form a hardened disorganized

mass. The uteirne horns after emptying showed distinct thick walled compartments

with evidence of haemorrhage .

DISCUSSION

The rational understanding of the findings observed after whole body

irradiation of pregnant rats by different radiation dose intensities at the stages

placentation and organogenesis, is basically related to radiobiological and

developmental process.

During the life span of the embryo and fetus, several very complex mechanisms

take place, each of which render the developing embryo and growing fetus a very

highly radiosensitive cellular volume. However, state of differential radio sen srvity

exists between the various embryonic cells, and the various developmental stages of

gestation.

From the results, it appears that the most determining factors having a role in

affecting radiation injury during embryonic development and fetal growth, are the

magnitude of radiation dose, the gestation phase at which irradiation took place, the

390



volume of embryonic mass irradiated, the post-irradiation day of animal sacrifice, and

the major biological mechanisms taking place at irradiation, including cellular

proliferation, differentiation and growth.

The present results obtained from animals irradiated on day 9 and sacrificed on

days 14, 18 and 21 of gestation showed findings that appeared to be dose, and post-

irradiation time dependent. At day 14 of gestation severe disintegration of earlier

embryonic formations appeared more advanced at higher doses. Findings observed on

day 18 and 21 showed severely deformed fetal masses incompatible with life at lower

doses, and absence of embryonic formations at higher doses.

Such findings can be interpreted by the fact that normal embryonic formation at

day 9 of gestation precedes into early organogenesis including neurogenesis and

establishment of cephalocaudal elongation of embryo; early formation of placenta also

takes place. It is therefore evident that radiation induced injury on day 9 will virtually

affect these mechanisms. The severity of the effects induced were found to be dose

dependent. At lower doses, embryonic development continued to provide on day 18

and 21 deformed fetuses incompatible with life. Higher doses induced arrest of

embryonic organogenesis at an early stage ending in gelatinous cellular remnants.

Embryonic development during this stage of early organogenesis is characterized

by its maximum radiosensitivity. Cellular proliferation, differentiation, growth, and

other highly specific cellular organizational processes are active features of this phase

of embryonic development. Radiation induced injury at this stage resulted in cessation of

embryonic development, the nature and extent of which appeared to be dose dependent.

Several authors have studied radiation induced effects after different doses of

radiation during the stage of organogenesis. These authors reported findings that are

consistent with the results obtained in the present experiments. However, minor

differences are due to variations of the radiation doses used, and the irradiation and
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sacrifice times. The general concensus of these authors was that the stage of early

organogenesis is the most radiosensitive phase of intrauterine life when considering

fetal malformations as the biological end point (Philipe, 1975; Knauss, 1980 Roux et

al., 1986; Jensh and Brent, 1986, and Tomoko and Yasnari, 1993). This particular

finding is a very well manifested feature in the animal groups irradiated on day 13 and

sacrificed on days 18 and 21 of the present study.
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Fig. 1.

Photograph showing the uterine

horns containing distinct

embryonic formations of control

animals sacrificed on day 14.

Fig. 2.

Photograph showing fetuses of

control animal sacrificed on day 18.

Fig. 3.

Photograph showing fetuses with

final maturity of control animals

sacrificed on day 21.
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Fig. 4.

Photograph showing the uterine

homs with evidence of

implantation sites of animals

irradiated on day 9 (2 Gy) and

sacrificed on day 14.

Fig. 5.

Photograph showing uterine horns

with partial loss of compartments

of animals .rradiated on day 9

(lGy ) and sacrificed on day 18.

Fig. 6.

Photograph showing collapsed

uterine walls of animals irradiated

on day 9 (4 Gy) and sacrificed on

day 21.
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Fig. 7.

Photograph showing complete

fetal and placental formation of

animals irradiated on day 13 ( 1

Gy ) and sacrificed on day 21.

Fig. 8.

Photograph showing gelatinous

masses of arrested embryonic

development, of animals

irradiated on day 13 ( 2 Gy ) and

sacrificed on day 21.

Fig. 9.

Photograph showing fetal

remnants with separate placentae,

of animals irradiated on day 1 3 ( 3

Gy ) and sacrificed on day 21.
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Fig. 10.

Photograph showing severely

malformed fetuses, of animals

irradiated on day 13 ( 4 Gy ) and

sacrificed on day 21.
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