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Biological effects of radiation

lonizing radiations have many beneficial applications, but they also may
have detrimental consequences for human health and for environment

Since X-rays were discovered in 1895, it was quickly realized that they
may be harmful

To protect people and the environment it is essential to understand
how radiation-induced effects occur




BIOLOGICAL EFFECTS DEPEND ON

Radiation type (LET)

Acute or Chronic Exposure
Somatic Cells or Germ Cells
Type of tissue involved
Whole body or localized
Sensitivity of individual



Types of lonising Radiation

INDIRECTLY IONIZING RADIATIONS

 X-and Gamma rays —electromagnetic radiations
X-rays are produced by a machine and gamma rays are produced when
radioactive materials decay. Neither one has any mass.

* Neutrons-uncharged particles

DIRECTLY IONIZING RADIATIONS

* Electrons, protons, a- particles
they have mass and travel at high speeds

Both types of radiation transfer part of all of their energy when they
interact with matter.



lonising Radiation

A radiation can be considered as ionizing if deposited energy is high
enough to ionize the traversed material

electromagnetic (X and y- rays)
corpuscular (a- and 8-particles and neutrons)

o-particle /

& —

Each type interacts in its own B-particle

way with material o
X-or y-rays

AN
neutron

0 / _)'_,...-—""

paper aluminium lead water, concrete..

==




Absorbed Dose, D

The effects of radiation depend not only on
the energy transferred to the medium but
also on the energy absorbed by it.

Absorbed dose is defined as the amount ﬂ

of energy absorbed per unit mass of the

medium at the point of ineterest

D = dE/dm

D =1J/kg 1 cGy (=1/100 Gy)
Sl unit of dose is Gray (Gy) = 1J/Kg

1 mGy (=1/1.000 Gy)



Radiation Quality -LET

Linear Energy Tranfer (LET) is a measure of energy transferred by ionizing
radiation to transversed material (keV/um)

1
/ LET=£

dx

a b
X and y rays are sparsely ionizing a, B particles and neutrons are densely
radiations ionizing radiations
Energy is distributed homogeneously The energy is distributed inhomogeneously

LOW LET HIGH LET



Relationship between RBE and LET
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RBE =
Dose of test radiation to produce the same isoeffect

Low LET Radiation
* i.e., MV photons or 250 kVp
X-rays
¢ |nefficient cell killing

High LET Radiation
* j.e., 2GeVFeions

* More dose is deposited than is
needed to kill cells

+ Also inefficient cell killing (per
unit dose)

Optimal LET
* i.e., 4 MeV a-particles

* Produces just enough DNA DSB
to kill the cell



Human cell

®  The smallest unit of body is
called a cell.

= An adult person’s body has
about 104 cells.

= Cells of different organs
have different shapes &
sizes.

The most sensitive organelle of the cell is the NUCLEUS
Nucleus contains 46 thread like structures which are called

CHROMOSOMES

Each chromosome contains one very complex sensitive molecule

called DNA (deoxyribonucleic acid).

Structure of Cell

Smooth Endoplasmic
Reticulum q  Nucleus

Adenine




DNA (Target in cell)

Chromosome
Telomere A1

(L DNA contains very specialized
code language made up of 4
molecules: A,T,G and C which are
arranged in very specific order

] DNA is the ultimate sensitive
target molecule

1 When DNA is damaged by
radiation, its coded language is
also damaged resulting in death
of cell or abnormal modification
of cell

Centromere,f

Histone
\) Pn;oteins




Indirect and Direct induction of radiation damage

DIRECT EFFECT — Due to direct
deposition of energy in the target
molecule-DNA

DIRECT (low LET~30%)

INDIRECT EFFECT — Due to deposition
of energy in the surrounding water
and reaction of free radical formed in
the water with the target molecule-
DNA

INDIRECT (low LET ~70%)
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Types of DNA lesions

Damage type Amount of damage
Base Damage (BD) 1000 - 2000
Deoxyribose damage 1200
SSBs 1000
AP sites 250
DSBs 40
DPCs 150

Estimation of numbers of radiation -
induced different types of DNA lesions
after 1 Gy irradiation with low-LET
radiation




DNA strand breaks

Single strand break

repairable from mirror half of
DNA

Double strand break
less repairable
chromosome aberration

distant breaks repaired as if 2
single breaks




Why does RBE Peak at 100keV/um

Diameter of DNA double helix ~¥ 2nm

At ionisation density of 100keV/um, average
separation between ionization events is ™
2nm

Radiation with LET=100 keV/um is most likely
to cause a double strand break by the passage
of particle (low energy neutrons, a particles,
carbon ions)

Beyond the point at which RBE reaches a
peak, energy is wasted because the ionization
events are closer than the diameter of the
DNA helix

Photons Protons Carbon ions

10 100 1,000
LET (keV/pm)




Outcomes after cell exposure
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"Human body has a very good self repair mechanism for damaged cells

= 999 out of 1000 lesions are repaired

= 999 out of 1000 damaged cells die (not a major problem as millions of cells
die every day in every person)

= Many cell may live with damage (but could be mutated)



Radiation damage may lead to...

* Inhibition of cell division

Delay or inhibit the process of cell division, which
may impair the functions of tissues/organs

e Chromosome aberrations

Lead to rearrangement of genetic information. Serve
as biological dosimeter (above 100mSv)

* Gene mutation
Alteration in the information content of genes
* Cell death
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Factors Affecting Cellular
Radiosensitivity

Conditional factors - physical or chemicals factors that exist
previous to and/or at irradiation

» Dose rate

« LET

= Fractionation

+ Presence of oxygen

Inherent factors - biologic factors characteristic of the cell
= Mitotic rate

+ Degree of differentiation
« Cell cycle phase




Mechanism of

sl Radiosensitivity of Organs and Tissues

on Human Body

Active cell division  High sensitivity

Hematopoietic system: Bone marrow and lymphatic tissues
(spleen, thymus gland, lymph node)

Reproductive system: Testis and ovary

Gastrointestinal system: Mucous membrane and small-intestinal
villus

Epidermis and eyes: Hair follicle, sweat gland, skin and lens

| Other: Lung, kidney, liver and thyroid gland

>

Support system: Blood vessel, muscle and bone

b

{Transmission system: Nerve

No cell division  Low sensitivity



Katnyoplomnoinon BLOAOYIKWV QITOTEAECUATWV

BioAoyIKG aTTOTEAETUOTA
TWV AKTIVOBOAWYV

- " ' '
. e M&nprnc Ewif ropBueon
Y, 1% I'l';unupl ,
«.}",% — o il oy T
> -
Atehnc r Mepikn EmB iapBuson
‘Eppeoog r]&j.l:m:n; Hiniﬁcr:ﬁr.
KUTTOpIkoS BavaTog TOU KUTTOpoU
E":*ih ','"ﬂ":' LuspoTikd Avamrapoyuy kg
n opyavou KUTTOpO KUT TOpa
B avaToc Tou Kaopx Fl.rﬂ:r; mnpmr?pr'p IE €
Oy OV KT IO AEuyTipia phopeg

Kabopiouéva ZTOXQOTIKA



Deterministic Effects

» Significant number of cells are
injured or killed causing organ or
tissue dysfunction

» Also called early or acute effects
» Dose threshold

» Severity of harm proportional to
dose
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Deterministic effects

Examples:

Skin erythema (threshold dose: 2 Gy)

Cataract of the lens of the eye (threshold dose: 5 Gy)
Permanent sterility (threshold dose 3-6 Gy)
Temporary sterility (threshold dose 0,1-0,5 Gy)




Stochastic effects

* The probability of a TTOXOOTIKG ATTOTEAETHATA
stochastic effect increases (Kapkivoyévean, Asuxaipia, KANpovopioiua)
with dose

* The severity of the effect is
not dose related

* Applied for low dose, low
dose-rate irradiations

MéavérTnta
Baputnta

Aéon Adéon

Mnyeg mMinpodopiag
*  Ermudnuioioyia
e [epapatikr) padlofloroyia
e Kuttapikn kot poptakn Blodoyia



Xpovikn Epdavion OTOXAOTKWV
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Méon (Puololoyikn
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Kuttapwol pnxaviopot umno depeuvnon

* Genomic instability

* Bystander effects

LKAVOTNTO AKTIVOBOANTEVTWY KUTTAPWV VO ETTAYOUV OKTIVIKEC BAaBec o€
VEITOVIKA KUTTaPO TToU OV amoTeEAOUV O0TO)X0 aKkTivoBoAnonc (uéow
uetaBiBaonc onuatwv

* Adaptive Response

TTPOOOPUOCTIKOTNTA, EVXLOTNTOTOLNCN KOl EYPNYOPOT KUTTAPLKWY
unxaviouwy enidtopBwaonc o€ yaunAouc puduoug 6600swv)

* Hormesis

N AITONMTWON TWV UETAAAXYUEVWV KUTTAPWV TTPOC OPEAOC VEWV, UYLWV
KUTTAapwV UE cuuBoAn otnv avalwoyovnon Lotou



BloAoywa arnoteA&éopata Kata tnv Kunon

2TOYOOTLKO

MBavotnta epdaviong =0,015% / mSv
(neta tnv 3" efdopada amod tn cUAANYN)

Kadoptoueva katwdAt 100mSv

Anotuyia epdputevong wapiou (1-3 eBdopadeg peta tn cUAANYN)
Avonhaoia opyavwy (3"-8" edopada petd tn cUAANYN)

Neupoloyika amoteAeopata (8" —TokeTOG)
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