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ABSTRACT EG0100107

Series of experiments were performed to study the histopathological changes
induced in embryonic tissue during various stages of gestation in female rats after
gamma irradiation. Pregnant rats were exposed to doses 0.5, 1, 2 and 3 Gy on 9th,
12* and 15<h days of gestation. Histopathological changes were detected in tissues of
neonates, namely, liver ileum, kidney, brain, spleen, suprarenal, thymus, lungs and
heart. These tissues showed variable degrees of radiation induced tissue changes.
For quantifying these changes arbitrary scores were formulated to assess the type
and severity of changes observed tissues of thirty six neonates randomly selected
after radiation exposure of pregnant animals as scheduled.
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INTRODUCTION
Cellular populations during embryonic development and fetal growth are very vulnerable to

radiation injury. However, the ultimate effect incurred is basically dependent on the stage of
embryogenesis at time of irradiation and the magnitude of radiation dose delivered to the uterus and
uterine adenexa(1). This work was conducted to study the radiation induced histopathological
alterations of embryonic tissues during the whole period of gestation.

EXPERIMENTAL METHODS
Seventy five virgin female albino rats (Rattus rattus) four months old, of body weight ranging

between 130 and 150 gram were used in this experiment. Mating was allowed and pregnancy
confirmed by vaginal smear and vaginal plug. The animals were divided into three groups according to
day of radiation 9th, 12th and 15th days of gestation. Each group was subdivided into control and
irradiated subgroups of total body irradiation to doses of 0.5, 1, 2 and 3 Gy. Each subgroup comprising
five animals. The control and irradiated animals were sacrificed on day 21 of gestation Thirty six
neonates were chosen randomly from irradiated subgroups. The tissues examined histopathologically
were heart, lungs, liver, spleen, stomach, ileum, thymus, kidney, suprarenal gland, brain, spinal cord
and skeletal muscles. Conventional histopathological techniques were performed to obtained mounted
and stained tissue sections for microscopic examination. Arbitrary scores were formulated according
to type and severity of pathological findings.
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RESULS
The organs that revealed pathological changes were the liver, ileum, kidney, brain, spleen,

suprarenal, thymus, lungs and heart.

The liver showed the highest degree of histopathological charges. Necrosis, degenerative changes
of cytoplasm and extra-medullary haemopoitic elements were observed. The frequency and severity of
changes among the thirty six neonates indicate that four cases showed no change and thirty two cases
showed different histopathological changes, seven cases showed slight changes, thirteen cases showed
moderate changes and twelve cases showed severe changes with focal necrosis.

The ileum showed variable degrees of degeneration and necrosis from focal changes to affection
of all layers. The frequency and severity of changes indicate that twelve cases showed no change and
twenty four cases showed different changes, seven cases showed slight changes, five cases showed
moderate changes, nine cases showed sever changes and three cases showed very sever changes.

The kidney showed changes that varied from mild tubular degeneration to renal necrosis. The
frequency and severity of histopathological changes indicate that twenty seven cases showed no
change and nine cases showed different changes three cases showed slight changes, one case showed
moderate changes, four cases showed sever changes and one case showed very sever changes.

The brain showed presence of gliosis, edema and hydrocephalus. The frequency and severity of
histopathological changes indicate that thirty cases showed no change and six cases showed changes.

The spleen showed presence of lymphocytic depletion. The frequency and severity of
histopathological changes indicate that thirty cases showed no changes and six cases showed changes.

The suprarenal showed presence of degeneration, hypoplasia or hyperplasia. The frequency and
severity of histopathological changes indicate that thirty three cases showed no change and three cases
showed changes of varying severity.

The thymus gland showed presence of mild to sever lymphocytic depletion. The frequency and
severity of histopathological changes indicate that thirty four cases showed no change, one case
showed mild changes and one case showed sever changes.

The lungs showed presence of inflammation or prominent alveolar lining cells (i.e.
pneumocytes). The frequency and severity of histopathological changes indicate that thirty four cases
showed no change and two cases showed changes.

The heart showed presence of swollen mural or valvular endothelium. The frequency and severity
of histopathological changes indicate that thirty five oases showed no change and one case showed
changes.

Figure (1) shows a histogram constructed to indicate the frequency of affected and non affected
tissues of neonates.

Table (1) shows the frequency and severity of histopathological changes observed in the various
tissues affected.

Plates (1 — 8) present photographs of histological alterations of various severities revealed by
microscopic examination of the liver, ileum, kidney, brain, spleen, suprarenal, thymus, lungs and
heart.
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Table (1) Severity and Frequency of Histopathological Changes of Tissues

Tissues

Severity

0

1

2

3

4

Liver

Frequent)-

4

7

13

12

-

Collective

Frequency

4

V,

Ileum

Frequency

12

7

5

9

3

Collecth*

Frequency

12

24

Kidney

'requencjr

27

3

1

4

1

Collective

Frequency

27

9

Brain

Frequency

30

6

-

-

-

Collective

Frequency

30

6

Spleen

Frequency

30

6

-

-

-

Collective

Frequency

30

6

Suprarenal

Frequency

33

3

-

-

-

Collective

Frequency

33

Thymus

Freiiuencj1

34

1

1

-

-

Contain

Frequency

34

2

Lungs

Frequency

34

2

-

-

-

Collective

Frequency

34

2

Heart

Frequenc}

35

1

' -

-

-

CoNecllve

Frequency

35

1

30

33
34

30

0 Affected DNot affected

34
35

Liver Ilcum Kidney Brain Spleen Suprarenal Thymus Lungs Heart

Figure (1) shows a histogram presenting the number of the affected and non affected individual
tissues examined histopathologicaily of neonates from irradiated groups.
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ate I ) Degenerative liver changes with focal necrosis

Hx&E. x 100.

(Plate 2 ) Small intestine, all layers are necrotic (+4). Hx & E. x 100.
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(Plate 3 ) Marked degenerative and necrotic changes of the suprarenal glands

and kidney (+4). Hx & E. x 40

(Plate ĵ.') Focal cerebellar gliosis, excess loose glial fibers

with minimal cells and interstitial edema. Hx & E. x 250.
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(Plate .5") Marked lymphocytic depletion of the spleen. Hx & E. x 100.

(Plate 6) Thymus gland with severe lymphocytic depletion. Hx & E. x 100.
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(Plate ^ ) Prominent pneumocytes, the alveolar spaces (arrows). Hx & E. x 250.

(Plate •<%) Markedly swollen (vacuolar changes), endocardial cells

lining a papillary cardiac muscle. Hx & E. x 250.
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DISCUSSION

The literature survey that was performed at the start and during the experimental part of this work

revealed that histological studies on embryonic and fetal tissues after irradiation received very little

attention. The reason for this scarcity can be attributed to the fact that embryonic and fetal cellular

populations continuously undergo perpetual dynamic biological changes from one phase of

organization to the other. These embryonic and fetal cells become representatives of specific organ

tissues only at late stages of gestation. Therefore, only at that stage will radiation induced injury to the

fetal tissues provide cellular changes that represent histopathological findings that could be quantified

in relation to radiation dose.

From the results obtained, the rational scientific observation is that cells undergoing proliferation,

differentiation, growth and organization appear to exhibit more pathological changes than other cells.

The findings reported indicate that the liver and ileum showed the highest degree of change an

compared to other affected tissues, the least affected organs were the heart and lungs, a finding

indicating the differentiated property of these tissues at early stages of gestation establishes their

radioresistant nature as compared to the cellular elements of the liver and ileum.

During embryonic development and fetal growth, the cellular populations are in a continuous

state of organizational kinetics. The ultimate effect of radiation on the cellular populations varies from

cell modification, depression of proliferation, mitotic death disturbed differentiation, programmed cell

death (apoptosis), cellular degeneration and necrosis. The occurrence of these various changes and

their severity will depend on several factors; the most important of which are the biological status of

the cell at time of irradiation, the cell radiosensitivity, the extent of cellular and tissue organization, the

stage of gestation and the radiation dose. This indicates a multifactorial system which makes the

modeling of a dose effect relationship, become very difficult with high degree of uncertainty^.

Cellular populations of the developing embryo and growing fetus are characterized by some

peculiarities which make them respond to physical agents, different to adult tissues. These

peculiarities are the extreme variation of the kinetics mid changing patterns of individual cells in the

same cellular population. These peculiarities impose a condition of differential response to external

agents (e.g. radiation exposure). This differential response imposes a situation of individual cellular

variability, which is postulated to manifest itself clearly in the cellular populations or the developing

embryo(3>.

The assessment of histological tissue changes after irradiation of the developing embryo was

determined by the designation of arbitrary units; an evaluation system which is not always consistent

and hence the future use of "image morphometric studies" looks to be more appropriate. In this

context, it is reasonable to consider that variations in the cellular response of tissues to the same

radiation dose and the same period of gestation, a situation which is subject to infinite attributes.

Certainly this would urge us to indulge more deeply into the field of biological statistics, to choose

more advanced statistical tools or even try to formulate new ones.
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