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Direct and Indirect Actions of Radiation
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Adapted from Radiobiolegy for the Radiclogist Fifth Ediion 20:00.
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radiacao a — high ionization,
low penetration

radiacéo 3 — low ionization,
average penetration

radiacao y — indirect inization, high penetration
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Stages of radiation effects

. production of ionised molecules 10 -8 sec
Phys/chemical stage: production of free radicals 1013 sec
Chemical stage: interaction of rective species with orgs 10 sec

. sequencial response to the chemical

products of radiation. from 10°sec

until many years
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BIOLOGICAL EFFECTS OF RADIATION
IN TIME PERSPECTIVE

Fractions of seconds Energy absorption

Changes in giomolecules
Seconds (DNA, membranes)

Biological repair
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DEFINITION

MAJOR EVENTS

IMPORTANCE

STEM CELLS

Cell Proliferation vs Differentiation

More Information Online WWW.DIFFERENCEBETWEEN.COM

cell Proliferation

Cell proliferation is the
process of increasing
the cell number

Cell division and cell
growth

Increases the number of
cells; hence important
in replenishing and
replacing cells

Stem cells proliferate
first

Differentiation

Cell differentiation is the
process of converting
one cell type into
another type of cells

Gene expression

Makes cells specific to
particular functions

Secondly proliferated
stem cells
differentiate into
specific cell types
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Tissue Sensitivity

In general, the radiation sensitivity of a tissue is:
* proportional to the rate of proliferation of its cells

inversely proportional to the degree of cell
differentiation
Most Sensitive: Blood-forming organs

* Reproductive organs

e Skin

* Bone and teeth

* Muscle

* Least sensitive: Nervous system
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Totipotent embryonic stem cell

PR

Pluripotent embryonic stem cells Human embryonic stem cedl
Induced pluripotent stem cells
Endodarm line Mesodarm line Ectodarm line
Multipotent stem cells

0006 000 6006

Adult bone marrow, skin,
cord blood, deciduous teeth

Pathology: From the Tissue Level to Clinical Manifestations and Inter-professional Care, Jennifer Kong and Helen Dyck, 2022
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NATIONAL
GEOGRAPHIC

At the Thyroid Center in Minsk, Belarus, patients get treatment for the destructive effects of

radiation to the thyroid gland after being exposed to fallout from the Chernobyl nuclear
accident in 1986.

PHOTOGRAPH BY GERD LUDWIG, NAT GEO IMAGE COLLECTION
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The NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE @XEINTD

Bone Marrow Transplantation after the Chernobyl
Nuclear Accident

Alexandr Baranov, Robert Peter Gale, Angelina Guskova, Evgeny Piatkin, George Selidovkin, Ludmila
Muravyova, Richard E. Champlin, Natalia Danilova, Leonora Yevseeva, Ludmila Petrosyan, Svetlana

Pushkareva, Michail Konchalovsky, et al.
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Dendritic cells

Tissue & blood

Macrophages

NK cells
30-100 DAYS

Hematopoietic stem
and progenitor cells

. Common lymphoid
| progenitors

Conventional Unconventional B cells
T cells T cells 1.2 YEARS
100 DAYS NOT WELL
DEFINED

Andrlova H. et al, An Unconventional View of T Cell Reconstitution After Allogeneic Hematopoietic Cell Transplantation. Front Oncol. 2021 Feb

1o;106U6Y925
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Direct and indirect Inflammation: Vascular Fibrosis: Vascular changes:
cell damage: = Inflammatory depletion or * Increased TGFJ signalling = Fewer vessels with
* Direct: dsDNA cytokine release | | endothelial * Myofibroblast differentiation altered architecture
and ssDNA breaks | | = Inflammatory cell death * Collagen deposition and = Foorer oxygen
* Indirect via ROS cell recruitment remodelling of ECM exchange and
and RNS » Ongaing cellular repopulation hypoxia
[ * Resolution (T,1) versus » Predisposition to
fibrosis (T,,2 or T, 17, classified atherosclerosis
by the interleukin they = Endarteritis
principally secrete) obliterans

Acute tissue effects
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= Mucositis = Hardening and shrinkage of irradiated breast tissue
= Radiodermatitis * Lung fibrosis and stiffening
* Diarrhoea | * Small bowel malabsorption and strictures
= Hair loss » |schaemia leading to bowel perforation and fistula
= Cystitis = Haematuria
= Proctitis = Skin telangiectasia
= Bone marrow = Hormone deficiency
suppression = Infertility
+ Pneumonitis = Radiation-induced secondary malignancies

MNature Reviews | Cancer




Radiation Dose to Adults
From Common Imaging Examinations

Approximate
comparable time of
natural background
radiation exposure

Approximate
Procedure effective radiation
dose (mSv)
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Radiological Society
of North America

ACR

AMERICAN COLLEGE O

RADIOLOGY
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INES Level

Major Accident
Level 7

Serious Accident
Level 6

Accident with Wider
Consequences
Level 5

Accident with

Local Consequences
Level 4

Serious Accident
Level 3

Incident
Level 2

Anomaly
Level 1
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International Atomic Energy Agency

INES

THE INTERNATIONAL NUCLEAR AND RADIOLOGICAL EVENT SCALE

People and Environment

» Major release of radioactive material with widespread health and
environmental effects requiring implementation of planned and
extended countermeasures

« Significant release of radioactive material likely to require
implementation of planned countermeasures

* Limited release of radioactive material likely to require
implementation of some planned countermeasures.
 Several deaths from radiation

» Minor release of radioactive material unlikely to result in
implementation of planned countermeasures other than local food
controls.

* At least one death from radiation.

» Exposure in excess of ten times the statutory annual limit for
workers.
* Non-lethal deterministic health effect (e.g., burns) from radiation.

» Exposure of a member of the public in excess of 10 mSwv.
» Exposure of a worker in excess of the statutory annual limit

NO SAFETY SIGNIFICANCE (Below Scale/Level 0)
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WWwWWw.iaea.org

WWW.icrp.org

www.unscear.org

isabel.bravo@ipoporto.min-saude.pt
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