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Experimentally induced acute radiation
syndrome in experimental animal
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What is ionizing radiation?

particles or electromagnetic VRN TN
radiation, where the particles / Ciyl g e
photons carry enough energy to LT f@m
ionize atoms and molecules (by (et} O TN
removing the electron from their
orbit). e
t produces electrically charged
particles (= 1ons)
onization is biologically very
important in macromolecules that V7 =N
are encompassed within the oAl -
human body. I8




Types of ionizing radiation?
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Units?

the dose of ionizing radiation received by a person is expressed
as absorbed energy, the unit being gray (Gy)

1Gy =1 J/ kg (formerly rad)

same dose in Gy of different types of radiation causes different

biological effect (1Gy o -radiation has greater effect than 1Gy 3 -

radiation) — radiation effect is expressed as effective dose, unit
IS sievert (Sv)

Irrespective of the type of radiation, 1 Sv leads to the same
biological effect

example: 1Gy = 1Sv for B - or y radiation, 1Gy = 10Sv for

neutrons and 1Gy = 20Sv for o-radiation

rate of radioactive decay of radioactive material expressed by
units of becquerel (BQq)

1 Bg =1 atomic decay /s



What is radioactivity?

most atoms are stable: carbon-12 or oxygen-16
some have an excess of internal energy and decay spontaneously
to form new elements = "radioactive decay"

In decay, excess internal energy Is released as y-radiation or
particles



Sources of ionizing radiation?

Natural Artificial

cosmic medicine

exposure increases with altitude diagnostics, therapy, sterilization
solar iIndustry

especially y-radiation nuclear energy production

terrestrial resources agriculture

radioactive decay of natural radioisotopes
(soil and rock)

Radon

gas, formed by decay of Radio-226 (from
uranium)

has the largest share of the total. dose of
lonizing radiation



Biological effects and consequences
of lonizing radiation?
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Direct ionization of macromolecules water B2~ == == no: o]
Indirectly through "radiolysis" of Hi\\”' SN i\
water o H-/\ ﬁfﬁf =
free oxygen radicals _ : 71

Conseqguences:

cycle blockade — apoptosis
mitotic or post-mitotic death
(proliferating cells)

mutation (gene or chromosome)
reparation

unrepaired change




Types and consequences of DNA lesions?

point mutations

DNA repair: mismatch repair
Single Strand Breaks (SSB) T LTI LT OO T
DNA repair: base excision repair

Double Strand Breaks (DSB)

|etha| (apoptosis) [T 111 I%\,:rﬂ [T TT1

DNA repair: homologous recombination
(sometimes)

sometimes non-homologous repair
translocation

Insertion

Norma | chromosome #2 and #4
in a post-flight metaphase sample




DNA repair
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Character of biological effect

Determinististic

severity depends (,is determined by") on the
dose

specific manifestation

damage to typical tissues and organs

the effect occurs only when the threshold dose
IS exceeded

damage is due to the death of a large number
of cells

onset of symptoms soon after exposure (short
latency)

Types:

acute radiation syndrome (ac. radiation
sickness)

whole-body irradiation with a dose> 1Gy
IChroll;ic post-radiation syndrome (general or
oca

sterility, cataract, radiation dermatitis, alopecia,
endarteritis obliterans, pneumonitis, ...

fetal damage in utero

Stochastic

probability increases with dose (not
severity!)

non - specific manifestation

damage to various tissues and organs
a smooth risk increase without a “safe”
threshold dose

single cell damage is sufficient
delayed manifestation (long latency,
typically years)

Types:

somatic mutations - tumors

leukemia, st. gland, lungs, ml. gland,
skeleton

germinative mutations (oocyte, sperm) -
congenital genetic defect



Deterministic x stochastic
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Acute radiation syndrome

1-2 Gy

6-7 Gy

Severe

It affects the hematopoietic,
gastrointestinal and cerebrovascular

Aoderale

Signs and Symptoms
Relative Severity of
Signs and Symptoms

Relative Severity of

systems s L
time course, extent and severity depends

3-4 Gy

5 E SE
by dose — it is a typical deterministic effect i it
£ £E
from several hours to several months after e st Exponae
exposure g

=== (NS symptoms



Acute radiation syndrome

Hematopoietic syndrome (> 1Gy)

1) reticulocytopenia, lymphopenia + granulocytosis

2) granulocytopenia (immunodeficiency)

3) thrombocytopenia (bleeding)

4) anemia (hypoxia)

GIT 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, exhaustion
and hypotension

Cutaneous

erythema, burns, edema, impaired wound healing

epilation



Hematopoletic syndrome

irradiation of bone marrow (> 1Gy)
leads to exponential cell death -
hematological crisis

hypoplasia to pulp aplasia + peripheral
pancytopenia (infection, bleeding)
subpopulation of stem cells. it is
selectively more radio-resistant
(probably due to the prevalence of bb in

the Go phase) — )
necessary for regeneratlon 0 2 4 6789 10121416182022 24 26283032 34 36 38 40
anemia is a late consequence Time since Exposure, d
(erythrocytes ~ 120 days)!

massive stress reactions
(glucocorticoids) contribute to
lymphopenia (cytolytic effect) and
paradoxically delay the onset of
granulocytopenia (release of stocks of
granulocytes from the pulp and spleen)

— 1-1.5 Gy

Leukocyte Count, celfs/mm?

granulocytes erythrocytes

s
3 cu\odte

blood elements (%)

Z

\12 3 4 5 6 7 3 months

time (days)
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Super quick explanation of the what the Chernobyl nuclear disaster and reactor number 4 including it’s timeline of events in the seconds and

minutes and days following April 26™, 1986 and what radioactivity is
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Bioacumulation

Origin Relationship w/ territory Place w/in Food Web

Originates w/in Lives on/in ground Higher in web

Originates outside
of zone

Lower in web

Lives above ground

Gulakov, Andrey Vladimirovich 2014. Rask, Martti 201 2.



Practical:

EXPERIMENTALLY INDUCED
ACUTE RADIATION SYNDROME IN
EXPERIMENTAL ANIMAL



Aim of the practical

to document the deterministic nature of radiation effects on the
practical examples

to monitor the dynamics of peripheral blood count changes as a
result of the bone marrow

acute radiation syndrome is a model situation on which the principle
of hematopolesis regulation can be demonstrated



Practical experiment | - design

ANESTEZIE i.p.

1

heparinizovana
strikacka

odbér krve ze srdecnich komor
vynéti sleziny, zvazeni

| B

VYSLED KY

srovnani hladin kr.
elementii 3 a 20 dni
po ozaieni
(1) leukocyty

(2) erytrocyty

(3) trombocyty

natér periferni krve na diferencialni obraz bilé rady
(4) hmotnosti sleziny a retikulocyty
(5) stanoveni Hb a pocitani erytrocytl, leukocytd, trombocytl
hematokritu stanoveni koncentrace hemoglobinu a hematokritu




Practical experiment | — surgery technique




Practical experiment | - evaluation

vzorek periferni krve kontrol a
ozarenych zvirat

/

\-ez é é é nater periferni krve
B0

Turkuv roztok Hayemuv roztok prokainovy roztok

hematokrit

LEUKOCYTY ERYTROCYTY TROMBOCYTY

hemoglobin

Burkerova
komurka

barveni LEUKO DIF 200
a brilantkrezylovou modri




Effects of ionizing radiation on
haematopoiletic tissue

Practical experiment Il — evaluation of
peripheral blood smears

o a4

a



Control questions

What is ionizing radiation?
What is radioactivity?
How are the biological effects of ionizing radiation mediated?

Types of biological effects of radiation + examples?



Hematopoeisis
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Hematopoiesis = bone marrow

bone marrow

(1) haematopoietic cells.

(2) hematopoietic stroma - essential for normal
production of blood cells.

fibroblasts, adipocytes, macrophages, T-lymphocyte:
connective tissue, fat

own hematopoietic bb. - tribal bb.

pluripotent hematopoietic stem cell

differentiation into all series + self-renewal !!!
unclear phenotype - antigen classification CD34 +
in the pulp <0.01%

progenitor (determined) stem bb.

do not have long-term self-renewal ability

unclear phenotype - classification according to the
ability to form colonies (CFU-E, CFU-M, CFU-G,
CFU-Megq,...)

blood precursors bb.

clear phenotype (morphology, histochemistry)

in medulla ~ 90%

proerythroblast - basosile erythroblast -
polychromatophilic erythroblast - orthochromic
erythroblast - reticulocyte - erythrocyte
myeloblast - promyelocyte - myelocyte -
metamyelocyte - granulophyte (rod)

promonocyte - monocyte

megakaryoblast - megakaryocyte

mature elements

—— Red Blood Cells ——

—— White Blood Cells —

&

©
©
/ _

L— Platelets

Lymphocyte

. Monocyte

Eosinophil

| Basophil

MNeurophil



Stem cells

basic properties of KB are

=

self-renewal | -

division without differentiation wr :

(asymmetric) - | , ~ it
production of specialized bb. (tissue <%~ oM
regeneration) N

K typeS ] Stem Commliltted

mature KB &plurlpotent) e =

adult, somatic =~ o

iIndividual KBs give rise to a limited

repertoire of bb.

eg haematopoletic KB, m
mesenchymal KB, ... .

early KB {'[Otl- / omnipotent) ?

embryonic (blastocyst)

theI give rise to all types of body
cells

they are the only ones that do not
need growth factors to stimulate
division, in all others the cell cycle is
Initiated by mitogens

Pancreatic Hematopoletic Cardiomyocytes Neurons Hepatocytes
islet cells cells



Stem cells

Hierarchy of Stem Cells




Somatic stem cells

located in most body tissues as a source
of cells for constant self-renewal and
replacement

they are pluripotent

give rise to all bb. of a specific type of
tissue, but not another (this is only the
ability of embryonic KB)

however, it appears that some universality
IS possible
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Regulatory factors

interplay of autocrine, Rod Blood -

paracrine and endocrine

factors i - % i

endocrine

erythropoietin (kidney) New (

thrombopoietin (liver) Blaod )“-‘"’"“'“

cytokines A T

para- / autocrine

hematopoietic growth -—

factors (cytokines) Frythropotetin

produced by stromal cells, Erythropoi etin iron

eg CSFs (colony-stimulating _#* ™ 1

factors) | H@ ) ~ @ — (
Red

Erythroblast Cell



Erythropoetin (EPO)

a Normoxia
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Angiogenesis ‘// \\‘ Proteclysis

Erythropoiesis pH regulation

Apoptosis Glucose metabelism

Cell proliferation and survival

HIF-1a regulation by proline hydroxylation

Protealytic
degradation

90% oxygen in the body is used for ox.
phosphorylation - ATP production

oxygen is relatively insoluble in water - Hb allows
100- more oxygen to be transported by blood
than would be possible only in physically
dissolved form

EPO is hl. regulator conc. Hb and hence oxygen
availability

1893 - alpine environment leads to increase in Hb
in humans — adaptation to hypoxial!

1950 - A humoral factor produced by the kidneys
stimulating erythropoiesis

bilateral nephrectomy in rats led to anemia

1977 purification of EPO from the urine of a
patient with aplastic anemia

1983 cloning of EPO gene - recombinant EPO
production (epoetin)

long-term treatment of renal failure and some
anemia

EPO production - peritubular fibroblasts of kidney
(deep in cortex and outer cortex)

why kidney?

phylogenesis - in lower organisms, the kidney is a
haemopoietic organ

more sensitive sensing of the actual Hb content
and hence oxygen (after separation of plasma
and circulating elements) at glom. filtration



Blood count — reference values

Muzi Zeny
Ery [RBC] (x1012/1) 4.2 - 5.8 3.8 -5.2
Leu [WBC] (x10°/1) 5-10
Tromb (x10°/I) 150 - 400
hematocrit (%) 0.38 - 0.49 0.35 - 0.46
hemoglobin (g/l) 135 - 175 120 - 168
Mean volume Ery [MCV] (fl) 80 - 95 80 - 95
Average Hb content in ERY [MCH] (pg) 27 - 32 27 - 32
MCH = Hb x 10/RBC
Average concentration of Hb [MCHC] 0.32 - 0.37 0.32 - 0.37
MCHC = Hb x 100/hematocrit

Red Cell Distribution Width [RDW] (%)




Peripheral blood cells

Uncormmitted stemn oell gives rize to
: " cormnm itted cells
proeruthroblast monablast rmvelablast lyrmphablast megakarvoblast

i

rnegal-:ar ocyte

=

bazaphilic
0 arvthroblast

. ervthroblast

4

nu:-rmu:-l:-last
&.l

retolloote

ervthrocyte Fhon o cyte neutrophil  basophil  eosinophil lymphoote  platelets



Differential white blood count

blood platelet
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blood platelet
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B2



Practical experiment Il

VYSLEDKY

(1) pocet retikulocyth

(n ret/1000 erytrocytd)

{2) zhodnoceni natéru
periferni krve

(ze vzork( kontrol a 3 a

20 dni po ozareni 4Gy)

obarveno v LEUKO DIF 200 / brilantkrezylové modfi

prohlizeni krevniho natéru

|
!

LEUKOGRAM

TYCKY | ; f 3%
seanent [t e et [T J0 ML DL D gt o] | s
EOZINOFIL l | s
BAZOFIL | 1%
eywrocyt (| L 0[O0 LI LE f ] 28 %
MONOCYT | |1 | | iy
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