Aim of the practicals

— Basic of radiobiology
— Model of acute radiation syndrome - blood form
— Evaluation of the data obtained during practice on a

model of acute radiation syndrome
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Ionizing radiation

— The radiation emitted by radioactive
nuclides

— Electromagnetic or corpuscular radiation,
which causes the penetration of mass
ionization (must have sufficiently high

energy).
— Energy is in the range of keV-MeV
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Types of ionizing radiation
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The energy spectrum of radiation
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Ionization vs. excitation

ion (atom with 1 e less)

ionizing radiation
VVVV\. - _
—»Og),,mi M— M+t+e

M— Mexcit

eJonization = process of creating charged atoms

Absorption and Emission
of Radiation

Absorption

Flguro 1 J Emission

eExcitation = atoms absorp energy without ionizazion.

Orbital electrons are raised to next level.

e Both types of interactions are very fast

e Formed in a ratio of 1:2
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Units

— MeV, a unit of energy

— Roentgen, a unit of exposure [C / kg dry air]

— Becquerel, activity [s-1] = Curie
— Gray, dose [J / kg] = rad

— Sievert, dose equivalent [J / kg]

~ rem
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Dose equivalent

= dose * constant WR

Y, B, X =1
neutrons = 10

a=20

o

lonising radiation - Protection Dose quantities in Sl units

Effective dose

Whole body dose toall i
tissue Po= E

SEeREseteEbeeRRE
Quantity || Absorbed dose Equivalentdose
Organ dose to tissue T, | i
Dy Hy :
Organ dose to tissue T, | i =F
O”J_'y_.; i
0 1
'?fbaa‘y,-;:;e?wrx Organ dose to tissue T, | E
”‘fue;;;, ” d‘b:‘eoa _________________________ )
PN
Sl unit or
L ray (G Radiation weighting sievert (Sv Tissue weighting sievert (Sv
modrf.'er g y( Y) Factor - Wy ( ) factor - Wr ( )
Derivation joule/kg Dimensionless factor joule/kg Dimensionless factor joule/kg
1ological off ; Biological effect on tissue type T having
Meanin Fnergvabsorbedby Blo_og_lca = E“D_ weighting factor Wy
g irradiated sample of radiation type Rwith Partial irradiation
maﬁi'rn:ra physical weighting factor W. Effective dose =summation of organ doses
L i Fiiy to those parts irradiated
Mult!pler7dllatlf3nt;!pes h Complete (uniform) irradiation
re}’?—u;‘re CET;u glion UF:E; s If whole body irradiated uniformly, the
o T S0 weightings Wrsummate to 1. Therefore,
Effective dose = Whole body Equivalent
dose
Radiation Energy W, (formerly Q@)
X-rays, gamma rays, 1
beta particles, muons
<1 MeV 2.5 + 18.2.¢ INEN6

neutrons

1 MeV - 50 MeV | 5.0 + 17.0-e-[IN(2-EF/&

= 50 MeV

protons, charged pions

alpha particles,

Muclear fission products,

heavy nuclel

25+ 3_25_8—[In|,D.D4-E,|]=.'6

2

20
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Sources of ionizing
radiation?

AVERAGE ANNUAL DOSES FROM NATURAL RADIATION SOURCES

8
Natural ‘
space -
exposure increases with £
altitude .
solar
terrestrial sources 0 =
natural radioactive decay of FEER  EIIEEERB it
radioisotopes (soil and rock) sl s £ v f <
Ra d O n Cnsmic rays . Gamma outdoors . Gamma indoors . Raden

gas, there is a decay of
radium-226 (Uranium)

B Medicine - 14%;

Artificial

medicine _ | mthelearindueiy 1%
diagnosis, therapy, acosmc. 4% Natra

_ sterilization = Raden - 425 . ? Radston aa%

Industrlal B Food/Dvinking Water - 11% )

nuclear energy




Biological effects of
ionizing radiation

fomizirg radialion

— Direct ionizing = direct

destruction of

Radiation Cellular Call

damage reSponse functionfate
biomacromolecules *DNAstand +Gene  Cell death==_ Drives medical
breaks BXpIES50N CONSSOUENCES
. . B Enhanges:m o
— Indirectly (nondirect) S e
- L

effects = production of
free radicals (radiolysis

of water)
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Chemical effect of ionizing radiation

HO — -

lonizing Radiation -> o
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Cell cycle check point control

Resting state
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Cell size and iy

DNA 4

replication
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o Resting state (G,)

DNA repair

OOOCK
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DNA is repaired DNA is mistepaired DNA is beyond
repair

Cell proliferates Cell mutates Cell is dead

lonising Radiation and Human

@ @g @ -

Normal repair of damage

oo weh

No repalr or non-identical
Daughter cells die repair before reproduction

Cell dies from damage

Module 28 §
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DNA damage

Very serious state

DNA damage is reflected in
the synthesis of damaged
oroteins

DNA repair mechanisms
Reproductive ability of cells




Eukaryotic Chromosomes

Eukaryotic chromosomes

-linear chromsomes;

-every species has a different number of chromosomes;
-composed of chromatin — a complex of DNA and proteins

-heterochromatin — not expressed
-euchromatin — expressed regions




Cell and Chromatin

Non
dividing In cell division
cell

Hetero ___|

chromatin
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chromatin}
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Mechanisms of DNA
damage

lonizing
Hadiatan

Aeplication
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-
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damage response enables life on earth as we know it

IR
uv light
Alkylating agents X-rays UV light X-rays
Cxygen radicals Polycyclic aromabic Replication Hydroxyurea(Hu)
Spontaneous réaction hydrocarboms (PAHS) &rors Anti-tumor agents
O, - methyl - Uracil 6-4 photoproducts A-G mismatch Interstrand crosslink
guanine Abasic site Bulky adducts T-C mismatch Double strand breaks (DSB)
g - Oxoguanine Cyclobutane pyramidine  Small insertion
Single strand breaks dimers Smail deletion
Direct Single Base Nuclectide Excision Repair Mismatch DSB8 Repair (DSBR) Checkpoint
Reversal Strand Excision (NER) Repair \ Signaling
Break Repair ' \ (MMR)  Non-homologous Hemologous
Repair (BER) Global Transcription- End-Joining Recombination Cell
(SSBR) Genomic Coupled {NHEJ) (HR) Cydle
Repair Repair Arrest

(GG-NER) (TC-NER)




A Types of damage Complex

Complex one-ended
SSB Simple DSB two-ended DSB DSB
Chromatin EC/HC Replication
architecture: fork (EC/HC)

Damage PARP
Sensors: =Lt

B Repair pathways

SSB repair

Kinetics: Fast Fast Slow Slow Slow
Cell-cycle Primarily in G; Active throughout, Active throughout,  Active in S and G, Active in S and G,
phase: primarily in G, primarily in S and G,

C  Cell-cycle checkpoints

e

(Ps3) (NBs1) (CHiK2) @ ( CHKZ_@

-
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CycllnE/A ( Cycl\nB ) A —

9
@

€ 2015 American Association for Cancer Research

CCR Molecular Pathways MAGR
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Radiation induced SSB

>
PARP —~—
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Single-strand break
|
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Repair mechanisms

Direct repair
EXxcision repair
Mismatch repair
SSB repair
(DSB repair)

SXOGENouS aNoogenouS
damage ; damage
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e
repair b, %, 3\
! . \
[ " repair
| Damage L.
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nuchear '
DMA mitochondrial
. DNA
unrapatrad P
urrapairad
’__.-'
Pa Y
cancer apoptosis

Senesence

healthy cell
rara of ONA damage = rate of repair

up 1o 500,000
DM
maoditication
BvEnts per
call per day

diseased cell
rarg of DA damagg > rate of repalr

i Promethnews 2004




Effects of ionizing

radiation on the human
body

— Deterministic effects

— Stochastic effects
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Deterministic effects

— There are those that will take effect after total body
irradiation, or a tissue once
— The dependence of the probability of occurrence of

damage to an equivalent dose have the sigmoid character

==
m e




Deterministic effects

— Acute radiation sickness (radiation syndrome)
— Local acute skin damage

— Damage to fetus

— Infertility

— Lenticular opacities
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Stochastic effects

— They result from damage to a small number of cells
— They can occur after a single exposure of sub-threshold

dose or chronic radiation tissue or whole body
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Character of biological

effects

Deterministic

— severity dependent

(“determined”) on the dose

— manifestation is specific

— effect only when exposure

exceeded threshol

- damage of large amount of

cells

— onset rather close to the

exposure (short latency)

- types:
acute radiation syndrome
chronic post-radiation syndrome
cataract, radiation dermatitis,
damage of the foetus in utero
sterility

Stochastic

- probability increases with
the dose (not the severity!
- manifestation non-specific
— gradual increase of the risk
without “safe” threshold
- damage of the single cell
enough to cause effect
- manifestation delayed
(typically years)
- types:
somatic mutation - cancer
leukemias, thyroid, lung, breast,
bones
germinative mutation (oocyte,
sperm cell)




Acute radiation syndrome

affecting the hematopoietic, 3 -~ ™ Ho
gastrointestinal system and i ~i . .—— i~
cerebrovascular _ . o ..
timing, extent and severity gradec § .- 1 -
according to the dose - 53 EE
deterministic effect!! =3 2%

from several hours to
several months after - ST
exposure




Acute radiation syndrome

— Haematopoetic syndrome (> 1GY)
— GI syndrome (> 10Gy)

— early (hours) - nausea, vomiting, diarrhea

— late (days) - loss of intestinal integrity
malabsorption, dehydration, toxemia / sepsis, ileus, bleeding

— Cerebrovascular syndrome (tens of Gy)
— headache, cognitive impairment, disorientation, ataxia,
convulsions, fatigue and hypotension
— Cutaneous
— erythema, burns, edema, impaired wound healing

==
m e
O =




Hematopoetic syndrome

bone marrow irradiation (> 1GY)
leads to an exponential cell death
- haematological crisis

marrow hypoplasia to aplasia + peripheral
pancytopenia (infection, bleeding)
subpopulation of stem bb is
selectively more radioresistant,
(probably due to predominance
bb. stage in Go)

necessary for regeneration

anemia is the result of late
(erythrocytes ~ 120 days)!
massive stress response
(glucocorticoids) contribute to
lymphopenia (cytolytic effect) and
paradoxically delay the onset of
granulocytopenia (release stocks.
granulocytes from the spleen)

blood elements (%)

Leukocyte Count, cells/mm?

N

T T rrynrrrrvrnryvnra

02 46789 101214161820222426283032 34363840
Time since Exposure, d

granulocytes erythrocytes
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Therapeutic effects of
ionizing radiation

— Teleterapy (°°Co)

— Contact therapy (32P, 29Sr)
— Brachytherapy (°°Co, 137Cs)
— Endotherapy (Nal31l)

— Radioimunotherapy
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Hemopoesis

Key: iy
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Erythropoiesis

[Ex] ANIMATION

| ERYTHROCYTE
| RETICULOCYTE
| ORTHROCHROMATIC NORMOBLAST
RS

POLYCHROMATOPHILIC NORMOBLAST I

BASOPHILIC NORMOBLAST

N

PRONORMOBLAST

BONE MARROW

Sy . TISSUE

BLOOD

COMMITTED ERYTHROID I

PROGENITOR CELL

MULTIPOTENTIAL PROGENITOR CELL

PLURIPOTENTIAL STEM CELL

I

http://www.noblesmedart.com/morph.mov




Erythropoiesis

Erythropoiesis is the development of mature red blood cells (erythrocytes).
Like all blood cells, erythroid cells begin as pluripotential stem cells.

The first cell that is recognizable as specifically leading down the red cell
pathway is the proerythroblast .

As development progresses, the nucleus becomes somewhat smaller and the
cytoplasm becomes more basophilic, due to the presence of ribosomes. In
this stage the cell is called a basophilic erythroblast .

The cell will continue to become smaller throughout development. As the cell
begins to produce hemoglobin, the cytoplasm attracts both basic and eosin
stains, and is called a polychromatophilic erythroblast .

The cytoplasm eventually becomes more eosinophilic, and the cell is called
an orthochromatic erythroblast .

This orthochromatic erythroblast will then extrude its nucleus and enter the
circulation as a b . Reticulocytes are so named because these cells contain
reticular networks of polyribosomes. As reticulocytes loose their
polyribosomes they become mature red blood cells.

Primitive/mature
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Reticulocytes

— Reticulocytes are immature red blood
cells, typically composing about 1% of the
red cells in the human body.

— Reticulocytes develop and mature in the red
bone marrow and then circulate for about a
day in the blood stream before developing
into mature red blood cells.

— Like mature red blood cells, reticulocytes do
not have a cell nucleus.

— They are called reticulocytes because of a
reticular (mesh-like) network of ribosomal
RNA that becomes visible under a
microscope with certain stains such as new
methylene blue.
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Classification of reticulocyte
counts

— Counting with imersion, magnification 100

— Out of 1000 RBC in the moving viewing field,
the number of RET will be counted

— Normal counts RAT: app. 20 %o RET
— Normal counts MAN: app 0.5-1.5% (5-15%0) RET

t number: increasing bloodforming (regeneration)
! number: inhibition of erythropoiesis
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Differential leucocyte counts

— Changes in WBC number (%)
— Indication of infection, poisoning, leukemia,
chemotherapy, alergic reaction

— Normal WBC counts in man:
— neutrophils 60-70% (incr. in bacterial infection)
— lymphocytes 20-25% (incr. in viral infection)
— monocytes 3-8 % (incr. in fungal/viral infection)
— eozinophils 2-4 % (incr. in alergic reaction and
parasital infect.)
— bazophils <1% (incr. in alergic reaction)
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Normal counts of WBC In rat

— Number of WBC............ cca 12.5 tis.mm-3

- neutrophil granulocytes 18 - 36%

- eozinophil granulocytes 1-4%

- bazophil granulocytes 0-1%

- lymphocytes 62 - 75%

i i MUNT
monocytes 1-6% W ED




Blood smear
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Praktikum I - design

—

VYSLEDKY

srovnani hladin kr.
elementii 3 a 20 dnd
po ozafreni
(1) leukocyty
(2) erytrocyty
({3) trombocyty
(4) hmotnosti sleziny

(5) stanoveni Hb a
hematokritu

ANESTEZIE i.p.

heparinizovana
strikacka

odbér krve ze srdecnich komor
vynéti sleziny, zvazeni

natér periferni krve na diferencialni obraz bilé rady
a retikulocyty
pocitani erytrocytd, leukocytl, trombocytd
stanoveni koncentrace hemoglobinu a hematokritu
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Praktikum I - operacni
postup
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Praktikum I - hodnoceni

vzorek periferni krve kontrol a
ozdrenych zvirat

\

| | |
\-e/ é é é nater periferni krve
c o

Turkuv roztok Hayemuv roztok prokainovy roztok
hematokrit
LEUKOCYTY ERYTROCYTY TROMBOCYTY
hemoglobin
L 2
Burkerova
komurka Y
| —Hoooooosooooo

barveni LEUKO DIF 200
a brilantkrezylovou modri
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Viewing of smear

e The stained smear will first be viewed at a low
magnification and an area where white cells are
not overlaid by red cells will be selected.

e Using an immersion objective, a total of 100
WBC will be registered and identified as to their
individual type.

e The viewing field will be moved in order to
count the prescribed number of leucocytes.
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