Sugarbiologia ismeretek jelentbsége a
diagnosztikaban és terapiaban.

Az lonizald sugarzas tipusal, sugar-
fizikal és sugarkémiai alapismeretek.




A sugarbiologia az ionizald sugarzaé srervezetre gyakorolt hatas
tanulmanyozza

A sugarbiologiai ismeretek nelktlozhetetlenek a

Sugarterapi
Radiologia
Nuklearis medicina
Sugarvédelem




Torténeti attekintés

1895 rtg felfedezese
1896 el$ publikalt diagnosztika
1896 el$ terapias alkalmazas

1896 természetes radioaktivitas
1898 radioaktiv elemek izolalas

Figure 1.1, The first radiograph of a living
object, taken in January 1896, just a few
months after the discovery of x-rays. (Cour-

tesy of Rontgen Museum, Wirzburg, Ger-
many)
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Figure 1.2. The first radiobi

ology experiment. Pierre Curie is said to have used a radium tube to pro--
duce a radiation ulcer on hij

S arm. He charted its appearance and subsequent healing.




Az ionizald sugarzasok jellerbz

Az ionizalo sugarzas

Kdlcsbnhatasba lép az anyaggal, ezaltal energiat ad at (~30
eV), amely elegend6 ahhoz, hogy gerjesztett allapotba
hozzon, vagy ionizaljon egy atomot (~ 15 eV) és igy
megvaltoztasson egy bioldgiai molekulat;

C = C kotés energiaja 4,9 eV




Az ionizalo sugarzas fajtai

Elektromagneses sugarzadoton (rtg
vagyy)

Részecske sugarzgeektron, pozitron,
proton, neutron-sugarzas, nehéz ion)




Elektromagneses sugarzasok

Rtg sugarzaextranuklearis eredét

y - sugarzasiuklearis eredét

Hullamszet terjedés, fénysebességgel (300000 kmfs)y Av

Fotonszef energia csomag E = hv
0,1Artg ~ 124 keV
A klulonbség az ionizald es newnizald sugarzasok kozott az
energiacsomag nagysaga
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Figure 1.3. Electromagnetic radiations. (Reproduced from Radiation, Part of Life, 1965, by permission of Which? Ltd (Consumer:

Association).)




LD50/60 emberben ~ 4Gy

~ 67 cal
0,002 C
Egy korty forro kave




Részecske sugarzas

elektron
pozitron
proton
neutron
a-sugarza:
nehéz ion

Kozvetlendl ionizald sugarzasakioltéssel rendelkézészecske sugarzaso

elegend kinetikus energiaval rendelkeznek ahhoz, hogy ktiewtl ionizaciot
okozzanak.

Kdzvetve ionizald sugarzasokfotonok és a toltéssel nem rendetkez
partikulumok masodlagos toltott részecskeket szddmaak fel.




Fotonsugarzas kolcsonhatasa az anyac

A Compton szoras jelentds kdzepes es nagy energiaju
sugarzasnal (y-sugarzas, linearis gyorsitok, nagy
energiaju diagnsztikus rtg); A totmeg abszorpcios
egyutthato flggetlen az atomszamtol;

Fotoelektromos hatas alacsony energianal jellemz6; A

tbmeg abszorpcios egyultthatd az atomszam kdb-ével
no;




Compton szoras

o

%
Elektron

Compton szoras: az elektron kil6kddik, a foton csdkkent
energiaval, megvaltozott iranyban megy tovabb;

a Compton hatas a sugarterapiaban hasznalt kbzepes, illetve
nagy energiaju rtg-re jellemza.




Fotoelektromos hatas
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Figure 1.7. Absorption of a photon of x-
or y-rays by the photoelectric process.

The interaction involves the photon and

a tightly bound orbital electron of an

atom of the absorber. The photon gives

up its energy entirely; the electron is

ejected with a kinetic energy equal to

the energy of the incident photon less

the binding energy that previously held

the electron in orbit (top). The vacancy

is filled either by an electron from an

outer orbit or by a free electron from

outside the atom (bottom). If an elec-

tron changes energy levels, the differ-

P ence in energy is emitted as a photon of

“~©)-~" CHARACTERISTIC characteristic x-rays. For soft tissue
X-RAYS these x-rays are of very low energy.

Diagnosztikus rtg-re jellentz




Neutronok kdlcsdnhatasa az anyagga

Elasztikus szoras a neutron egy protonba Utk6zik (hidrogén
atommag), azt kiloki és csokkent energiaval halad tovabb:;
minden energianal eléfordul.

Rugalmatlan szoras a neutron egy szén, vagy oxigen
atommagba Utkozik és 3 v. 4 alfa részecske keletkezik. Nagy
energianal jellemzo.




Rugalmas szoras

Fast
neutron

Figure 1.9. Interaction of a fast neutron with the
nucleus of a hydrogen atom of the absorbing
material. Part of the energy of the neutron is
given to the proton as Kinetic energy. The neu-
tron, deflected from its original direction, pro-
ceeds with reduced energy.




Rugalmatlan szoras
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Figure 1.10. The production of spallation prod-
ucts. As the neutron energy rises, the probability
increases of a neutron interacting with a carbon
or oxygen nucleus to produce three or four o-
particles, respectively. Z, atomic number; A,
mass number.




Az lonizalo Sugarzas Direkt és Indirekt Haté
foton sugarzasok

Direkt hatas direkt hatas

HX

HX

karosodas

karosodas
HX

HX




A szabadgyokok olyan atomok, vagy molekulak, amelyek akiils
elektronhejon egy nem parositott orbitalis elektront tartalmazna




A viz radiokémiaja

H,O —e,, + H,O" lonizacioé (e,, = hidratalt elektron) 10° s

H,0* + H,0 = OH + H,O* hidroxil szabadgyok 10°s

Mindkét termék visszaalakulhat H,0-v4,
Szekunder reakciok kdvetkeztében H,, és oxygén jelenlétében

pedig, H,O, keletkezhet.
Lelassult szabad elektronok hidratalodnak (e,,). Egyeb

jelent6s reakciok:
OH*®+ OH* —H,0,
H,O + H,0*—H,O* Oxonium ion + OH *
OH’", H,O, oxidald, e,,, H és H; pedig redukalo hatastak




THE TIME-SCALE OF RADIATION EFFECTS

Biological

Human Lifespan

9
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fFree-radical
reactions
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(hours)
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Early effects
Late effects

|Enzyme reactions|

[Repair processes| {Carcinogenesis|

| Cell proliferation |




Részecske sugarzasok biologial hatasa

Neutrons

] Figure 1.11. Direct action dominates

Indirect Action for more densely ionizing radiations,

° \‘. ® such as neutrons, bec_:ause the sec-

J ondary charged particles produced

(protons, o-particles, and heavier nu-

clear fragments) result in a dense col-

) . umn of ionizations more likely to inter-

Direct Action act with the DNA. The local density of

Dominant for High DNA radicals produced by direct ion-

LET Radiation ization of DNA is so high that the ad-

@ ditional contribution of DNA radicals
produced by HO- radical attack does

fast not add substantially to the severity of

neutron the lesion.




Az lonizalo Sugarzas Direkt és Indirekt Hata
1

A sugarzas a bioldgiai molekulakat karosithatja:
Kozvetlenil : Az energia a biologiai célpontban nyelédik el.
A talalat valoszin(isége a célpont nagysagatol es
gyakorisagatol fligg.
Indirekt modon: a reaktiv anyagok (szabadgyok, hidratalt
elektron) a kdrnyezé molekulakban kepzddnek (viz) és
diffdzioval jutnak el a biologiai célponthoz. A megvaltoztatott
molekulak szama fliggetlen a koncentraciotol. Szabadgyok-
fogok (glutation) cstkkentik a karosodast.
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Figure 2._1. .Schematic diagram of a mammalian cell. (Reproduced from Paul, 1975,
by permission of Churchill Livingstone.)




Az elbdleges sejten bellli celpont a DNS

Radiation damage to DNA 75

Table 8.1 Toxicity of radioisotopes depends upon their subcellular distribution

Radiation dose to part of the cell” (Gy)

to nucleus to cytoplasm to membranes

X-Ray 3.3 3.3 3.3
[*H]Thymidine 3.8 0.27 0.01
['25|]Concanavalin 4.1 24.7 516.7

* For each of these three treatments a dose has been chosen that gives 50% cell killing
in CHO cells. The absorbed radiation doses to the nucleus, cytoplasm or membranes
have then been calculated. [*H|Thymidine is bound to DNA, ['*’lJconcanavalin to cell
membranes. It is the nuclear dose that is constant and thus correlates with cell killing,
not the cytoplasmic or membrane doses. From Warters et al. (1977).




A DNS karosodasok tipusal

Baziskarosodasok tipusai
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DNS Karosodasok

Agens Lézio LD37-re sz amitott 1ézidok szama
lonizald sugarzas Egylancu-torés 1000
Ketlancu-torés 40
Bazis karosodas 1000
Lokalis tdbbes lezio 440
DNS-protein kotés (10
Bleomycin Egylancu-tores 150
Ketlancu-torés 10)
UV light Thymin dimerek 400 000
Egylancu-torés 100




Figure 2.2. Diagrams of single- and dou-
ble-strand DNA breaks caused by radia-
tion. A: Two-dimensional representation of
the normal DNA helix. The base pairs car-
rying the genetic code are complementary
(i.e., adenine pairs with thymine, guanine
pairs with cytosine). B: A break in one
strand is of little significance because it is
repaired readily, using the opposite strand
as a template. C: Breaks in both strands, if
well separated, are repaired as indepen-
dent breaks. D: If breaks occur in both
strands and are directly opposite or sepa-
rated by only a few base pairs, this may

lead to a double-strand break in which the
chromatin snaps into two pieces. (Cour-
tesy of Dr. John Ward.)




Rejoining

Homologous [llegitimate
Recombination Recombination

Figure 2.3. Double-strand break repair via homologous and nonhomologous (illegitimate) recombi-
nation. The lefthand side of the figure shows a double-strand break that has occurred after replica-
tion, so that identical sister chromatids are available. In homologous recombination the exposed 3’
end invades the homologous duplex, so that the complementary strand acts as a template for gap
filling. The breakage of the other strand and subsequent exchanges are not shown. The righthand

side of the figures also shows a double-strand break, but in this case no template exists to guide gap
filling. Consequently, errors can occur and for this reason it is called illegitimate recombination.
(Adapted from Petrini JHJ, Bressan DA, Yao MS: The rad52 epistasis group in mammalian double
strand break repair. Semin Immunol 9:181-188, 1997, with permission.)




Osszetett helyi kdrosodasok

Figure 2.4. lllustration of a locally
multiply damaged site. Energy from
X-rays is not absorbed uniformly but
tends to be localized along the tracks
of charged particles. Radiation
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chemists speak in terms of spurs and
blobs, which contain a number of ion
pairs and which have dimensions
comparable to the DNA double helix.
A double-strand break is likely to be
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accompanied by extensive base
damage. John Ward coined the term
locally multiply damaged site to de-
scribe this phenomenon.




DNS karosodasok kimutatasa
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FIGURE 2.5 ® lllustration of the relative sizes of the DNA helix, the various
stages of folding and packing of the DNA, and an entire chromosome condensed

at metaphase.




A DNS magasabbrefficszerveadese

KGHANCH DNS kromatin becsomagoltKromoszéma " ,
gyongyflzér nukleoszomak szekcid romoszoma

kis LET -
nyomtav

> o 4 —
2 Nm 11 nm 30 nm 300 nm 1400 nm

A majdnem mindig tdbb abszorpcios
esemeényt okoz ugyanazon DNS molekulan; a kis LET sugarzas (elektron)

ritkdn. A nagy LET értékl sugarzas okozta karosodasok sulyosak, nehezen
javithatok.




Az aberraciok tipusal

RN
P = X

Dicentric + Reciprocal Asymmetrical Symmetrical
acentric fragment transformation interchange interchange Figure 8.4 Significant types of

radiation-induced chromosome

\ 7 D 7 % | aberration. The cartoons show
(¢ — N \\'\' / some of the products of damage
,‘f' \ ,:'\1\ "’ (/ ‘ to a chromosome, or interaction
J J J - o —

between two chromosomes (onc

aenle SN | | I \
shown—black;the other white).

Redrawn from Bedford (1991),

Chromosome aberrations Chromatid aberrations with permission.

Interstitial Terminal Triradial Chromatid
deletion deletion deletion




| etalis kromoszoma aberraciok
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Figure 2.6. A: The steps in the formation of a di-
centric by irradiation of prereplication (i.e., Gi)
chromosomes. A break is produced in each of two
separate chromosomes. The “sticky” ends may
join incorrectly to form an interchange between
Break in each the two chromosomes. Beplication then occurs in
chromatid the DNA synthetic period. One chromosome has
(isochromatid deletion) two centromeres: a dicentric. The other is an
acentric fragment, which will be lost at a subse-
quent mitosis because, lacking a centromere, it
will not go to either pole at anaphase. B: The
steps in the formation of a ring by irradiation of a
prereplication (i.e., G;) chromosome. A break oc-
curs in each arm of the same chromosome. The
sticky ends rejoin incorrectly to form a ring and an
acentric fragment. Replication then occurs. C:
The steps in the formation of an anaphase bridge
by irradiation of a postreplication (i.e., Gz) chro-
mosome. Breaks occur in each chromatid of the
same chromosome. Incorrect rejoining of the
sticky ends then occurs in a sister union. At the
next anaphase the acentric fragment will be lost,
Dicentric chromatid, one centromere of the dicentric will go to each
N.B. symmetrical plus pale, and the chromatid will be stretched between
acentric chromatid fragment the poles. Separation of the daughter cells is not
possible; this aberration is likely to be lethal.
(Courtesy of Dr. Charles Geard)

Sister union




Bicentrikus kromoszdéma

Acentrikus fragmentum

FIGURE 2.7 @ Radiation-induced chromosome aberrations in human
leukocytes viewed etaphase. A: Normal metaphase. B: Dicentric an

atm !
fragment (arrows). (Continued)




Gyiria alaku kromoszoma




Akrocentrikus hid

FIGURE 2.8 ® Anaphase chromosome preparation of Tradescantia paludosa. A: Normal
anaphase. B: Bridge and fragment resulting from radiation (arrow). (Courtesy of Drs. Brewen,

Luippold, and Preston.)




Atrende®dések, delécidk




Delécio kialakulasa az interfazisban

Matrix attachment
sites

“ Y o\
Prereplication
interphase
chromosome

Nuclear membrane

Two radiation-induced
breaks occur in the same

A deletion occurs as an
acentric ring; lost at a
subsequent mitosis

~ e
arm of a chromosome U
Acentric ring ——>

Mikronukleuszok




Mikronukleuszok kialakulas limfocitakba
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Figure 2.11. The frequency of chro-
mosomal aberrations (dicentrics and
rings) is a linear-quadratic function
of dose because the aberrations
are the consequence of the interac-
tion of two separate breaks. At low
doses, both breaks may be caused
by the same electron; the probability
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of an exchange aberration is propor-
tional to dose (D). At higher doses,
the two breaks are more likely to be
caused by separate electrons. The
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probability of an exchange aberration
is proportional to the square of the
dose (D?).




A genetikal kdrosodasok tipusai
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Kromoszoma aberraciok
Mikronukleusz ass:




Kromoszondoma aberraciokmfocitakban
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Pont mutacidok gyakorisaga sejtekbe
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Sugarvedelmi alapfogalmak

17.6 A sugiarvédelemben szerepld SI-egységek
(Kiteles Gyirgy)

A sugirvédelemben szerepld SI-egységeket az 59. tiblizac Gsszesici. Megjegyzendd,
hogy az .expozicié” nem sugarvédelmi egység, de megszokasboél még cobb helyen
haszndljik.

59, tiblizat. A sugirvédelemben hasznilatos Sl-egységek i

Exporicil Rincgen (B, intgen- vagy gamma-sugarak dlcal a levegiben kelec-
kezett thltds
Sl-egység: coulpmbke/Crle
I1R=238 10"Ckg' 1 Ckg ' = 3876 R

Az anyagban felseabaduld kineokai energia
Sl-epyscég: gray (Gy)
1 gray (Gy) = 100 rad 1 rad = 0,01 Gy

Elnyelt ddzis | Sl-egyseg: gray (Gy)
| 1 Gy = 100 cad 1 rad = 0,01 Gy

Egyenéreck dizis Sl-egység: sievert (Sv)
1 5 = 100 rem I cem = 0,01 5v

Radioakrivicis Sl-egysés: beeguerel (Ba)

1 Bg = 1 radicakeiv bomlis percenként

1Bg =27 107" curie {Ci)

LCi= 37 10" By 1 Ci =47 GBy

Tovibhi hasznos dtszamitisok 1 pci = 37 kBg

I mCi = 37 MEq

1 Bg = 27 pCi

370 MBg = 10 mCi
| 1 pSy = 0,1 mrem

Sl-egységek clitagjai [ 107 milli 107 kiler k
107 mikeo 10° mega M
107 nano 10 giga G
107" pika 10 tera T




sEemlengsdre
[irre
vigeagokra

Tanulik, gvakornokok 16—18 év kéixtet

szemlencsére
bdrre
vegtagokra

A lakossig eagjaira

szemlencsde
birre

3{} _te_ibl:aizat. "?u _g:_in'édelmi d_ﬁ;isknrlﬁmk

evi 20 m3v effekv doeis 5 évee delagolva (ICRP),
wzaz 100 mSvS év, de 1 évben nem cibb, mint 50
My

150 miv egvenériék dozis

300 mBy 1 om’ eeriiletre drlagolya

500 mSy

évi & mdv effekov déais
A0 miv egvendreék dioxis
150 mSv 1 cm'-re dclagolva
150 mSv

&vi 1 mSv offelriv dézis
L5 m3v egvenéretkddzis
U mSv] cm-re delagolva




Konkluzidk

Rtg ésy-sugarzas kdzvetetten ionizalpstor gyors visszal@klott (recoil)
elektronok keletkeznek

Neutron sugarzas kdzvetetten ionizabsebr gyors visszal@klo protonok, stb.
keletkeznek

Az rtg sugarzas biologiai hatasai kozvetlenll ea/ktetten is kialakulhatnak

Az rtg bioldgiai hatasanak 2/3 részéért a kozvhimths felel, ezt sugarerzékefyi
vagy sugarvétlszerek modosithatj

Nagy LET értéki sugarzasok nagyszamu DNS szabadgyokot eredmeérkyezne
ezt nem tudjuk befolyasolni

A fizikai folyamatok a masodperc tortrésze alatbitanak, a bioldgiai
kovetkezmények kialakulasa evtizedekig tarthat.

Az egylancu DNS térések konnyen kijavitodnak.

A kétlancu DNS toresek a fontosak a biologiai vedpk kialakulasa szempontja
Helyileg komplex karosodasok alakulhatnak ki a Jwginyok” (spurs) és a csepp
(blobs) létrejotte miatt.




A kétlancu DNS toresek kovetkezményekent kromoszésrieromatid aberraciok
alakulhatnak Ki.

A letalis aberraciok (gyra, bicentrikus kromoszoma) a sejt halalahoz vezetnek
A dozis eés a kromoszdéma aberraciok viszonya liseguadratikus

Biologiai dozimetriaval kimutathatd dozis >100-20Gy

A transzlokaciok akar 40 évvel a sugarexpozicia igkimutathatok.




