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Electromagnetic Spectrum

ing energy
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wavelength

0.0001 nm 0.01 nm 10 nm 1000 nm 0.01 cm 1 em
1 1 1 1 1

Gamma rays X-rays a[:: Infrared Radio waves

Radar TV. FM

Visible light
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Electromagnetic Spectrum

[ypes of Ionizing Radiation of Medical Significance

Particulate Electromagnetic

Neutral

X- rays Gamma- rays
(naturally
occurring)

Neutrons
(artificially produced)

Charged

¢ Alpha (Helium nucleus)
¢ Beta (electrons)

¢ Protons

¢ Pions

* Heavy Ions
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Radiation Chemistry

What is the biologically most important molecule
in the cell that when affected by ionization can
effect a change in cell behavior?

Radiation Chemistry

What is the most abundant molecule in the cell?
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Direct vs. Indirect Action

o
v°\°
Q

Indirect
\\ Action

Chain of Events Leading to Radiation Effects

1. Initial interactions
Indirectly ionizing radiation (x, y, ! ;n) 102410 s
Directly ionizing radiation (0e, ,'H, o, p) 10-16-104s

Physicochemical stage 1012-108s
Energy deposition as primary track structure ionization

Chemical damage 107s - hours
Free radicals, excited molecules

Bio-molecular damage 10-3s - hours
Proteins, nucleic acids, etc..

Early Biological Effects Hours-weeks
Cell death, animal death

Late Biological Effects Years-Centuries
Cancer induction, genetic effects

Coggle, JE, Biological Effects of Radiation , 1983
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[onization for charged particles vs. photons

Exponential
Attenuation

(Energy
absorption
never reaches
zero)

Exposure

Have a “Range”

(Range beyond
which
absorption is
zero)

How is Radiation Quantified?

Radiation Dose

= Electric charge / Mass of Air

Absorbed Dose

= Energy / Mass

Gy =]J/kg
rad=100 ergs/gm = 102 Gy
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Part II: Principles of Radiation Biology

To understand the following concepts:

Sub-cellular Level: DNA as the target of RT damage
Cellular Level:

Cell death mechanisms in radiobiology

The Four “R” s (and more !) of radiation biology

Repair
Redistribution/Re-assortment
Re-oxygenation

Repopulation

Classic Paradigm of Radiation Injury

Ionizing Radiation

Ionization
$ $

Chemical Repair DNA Damage
(ions recombine)

¥ $

DNA Mutation Cell Death

Somatic Germ-line

. Early Late
Cancer Hc‘l‘l'table Somatic Somatic
Effects Effects Effects

Fetal
Death
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Classic Paradigm

Deposit of energy
Excitation Toni zation
Excitation of particles

Initial DNA damage

DMNA damage

Repair mechanisms
Fixed damage

Cellular death

Coell proliferation

Formation of free radicala
Diffusion, chemical reactions

Mutations'vans formations aberrations

Promotion compl etetion
TERATOGENESIS
CANCER

HEREDITARY '\
DEFECTS

11/8/2022

of Radiation Injury

PHYSICAL
INTERACTIONS

PHYSICAL-
CHEMICAL
INTERACTIONS

BIOLOGICAL
RESPONSE

& w@— ]
eu-/ Eo

MEDICAL EFFECT

Biological Responses to Radiation

Stochastic vs. Deterministic Effects

Threshold dose below which there is no

response

Severity of effect is dose dependent

Can be scored

Somatic effects

Ble e
SO
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Sub-cellular Target of RT: DNA damage

RT induced DNA damage is heterogeneous

RADIATION DAMAGE TO DNA

H2-Bond Breakage\!E Double-Strand Break

-

Cancer cells: Pyrimidine Dimer —
\“\: ASp - BaseLoss

ot~ el
High proliferative
potential

g <
DNA Cross-Linkage '*\‘ 1 ‘T‘ — Base Change |
"" S.G.C.-S

Cross-Linkage

Single-Strand Break

Protein Cross-Linkage st

Radiobiological Definition of Cell Death

Reproductive cell death

Loss of unlimited reproductive capacity (even if cell appears
morphologically and metabolically unaltered)

Applies only to “clonogenic cells”
Relevance: explains early and late tissue effects
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RT-induced Cell Death
Types of Cell Death after RT

RT-induced Cell Examples of normal tissue that display the
Death specified type of cell death in response to RT

Mitotic cell death All irradiated cells are at risk

Apoptosis Depends of cell type
(cell death by suicide) Lymphocytes

Parenchymal cells of salivary glands
Crypt cells
Glial cells

Necrosis Toxic doses in normal tissue
(cell death by accident)

Senescence Fibroblasts

Autophagy

Clinically Measureable Biological Determinants of
Response to RT

The “4 R s” or “5R s”

Classic “R”s
Repair
Repopulation
Reoxygenation
Redistribution/Re-assortment

Radiosensitivity (intrinsic)
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Repair
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