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TASA DE DEFUNCIONES POR TUMORES MALIGNOS POR ANO DE REGISTRO
(Defunciones por cada 10 mil habitantes para cada ano de registro)
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Inelastic soft collision Inelastic hard collision
with an excitation with an ionization

Inelastic interaction with
Bremsstrahlung
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diffuse band
Relaxation 50 (1 Y%
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Table 2.2Kinetic parameters for the radiolitgpecies.

Symbol Name $ prii O L
A Aqueous electron 8 ™ 1

I ( Hydroxyl 43 & G
( Hydrogen X8t ™ W

(/ Hydronium g @ T8 U

( Dihydrogen ) TP T

! ( Hydroxide ) & O
(/ Hydrogen peroxide ® & P

/ Oxygen 8 T X
Superoxide anion P& L T® ¢

(/ Hydroperoxide 4 @ p

(/ Diloxanide [o: T8 U

/ Oxide radical ion 8t & L

/ Ozone ¢8t @, 11

/ Ozonide ion 8t T® TT

/ 0 Atomic oxygen on the0 q8t &, T
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Table 2.3Reduced chemical scheme for the main reactions on pure water

No Reaction - O
Y A A ¢/ °C ¢/ P @ pT
Y A (1 oC (1 Ppppm
Y A ( (/1 °/¢( ( CRMpPpT
Y A 1 (o1 ¢&U pTI
Y (7 o7 (C I PP T p TT
Y (7 1 ° g/ ppo pm
Y ( (9°( Lv8to p T
Y ( /(9 (/ PR L p T
Y (/1 o/ (/ Bt op T
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Table 2.4Escape yields for the radiolitic species urideays irradiation, data taken
from [Pastina B. & LaVerne J.A. (20@Yyardman P. (202])

Symbol 0 Tp A t-7 U
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I ( 0.50 0.052
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Table 2.5Acidbase equilibrium reactions
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The next group are the chemical reactions (Table 2.6) between chemical radiolytic species
neighboring water molecules are involved or are the product of the reaction it is denote
( / since water molecules are not tracked.

Table 2.6 Chemical Reactions
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Equation k? k.
{damage + GSH] — GS* 0.1 pmol dm™ s~! P
GSH = GS~ + H* 635 1% 101  Possible
GS" + GS" — GSSG 7.5 10° o tissue levels
GS" +GS™ = (GSSG)™~ 6.2% 10 1.8x1 -
GS" + 0, = GSOO’ 2.0 10° 6.2 10+ Glutathione (total) 2500
(GSSG)' ~+ 0, — GSSG + O~ 5.1 10° Ascorbate 400
GS +AscH — GS™ +Asc™™ [+ H') 6x10° Oxygen 40
GSOO" + AscH™ — GSOO™ + Asc™™ + H* 1x10% (D) SOD 4
0, + O, [+ 2H*] = H,0, + O, 2.5x10°
O, + AscH™ [+ H'] — H,0, + Asc™ 1.5x 10° Dehydroascorbate 4.8
0,"” +SOD [+ H'] = 1/2H,0, + 1/2 O, [+S0D] 3x 10° Ascorbyl radical 0.22
Asc™™ +Asc’ = Asc? + AscH [+ H] 1% 108 0.1 GSSG 0.10
Asc””+0,"” [+2 H'] — Asc + H,0, 2.6 % 10% H.O0 0'32
0, +GSH — GSO’ [+OH] 1 10° (D 12 -
GSO' + GSH — GSOH + G§ 1 %1057 GSOH 0.05
GSOO" + GSH — GSO" + GSOH 2% 10° GSO;H 0.01
GSOO" — GS™(0) (0) 2x10%s! GSOOH 0.19
bR, e st ot
+ — L,H + 0,7 < ? s : ~7
GSO" + O, [+ H'] — GSOH + O, 1% 107 (7) g?-‘:‘;ﬁ,] ﬁdlcal ‘: x :3—7
GS’ [+ OH ] — HNC' (CO,)---SH 13x10°s7 g 5
H,NC* (CO,"). - -SH + O, — H,NCOO(CO;). . .SH 1 x 10° (GSSG)'~ radical Sx107
H,NCOO(CO,")---SH — O, + products 1.5x 10°s™! GSSO radical 510
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Table 2.7 Concentration of the biomolecules families considered and their reaction rate with radiol

species that can damage them, information obtained fidtichaels & Hunts (1978)]

Biomolecule Concentraton (M) E - O E - O E - O Product

DNA 0.058 M®Dpp TT nomn HOmpT $ !

RNA 0.15 HOPmp M®Pp Tt nompmn 2.1

Protein 0.75 M®Op T podpm odpm 00

Amino acid 0.05 MO T HO®mp T odmpTm M

Nucleotide 0.032 TOpT podmpm HOmpP T A
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l'da OKSYAOIf NBLI AN NBALRYRSNAIZ (GKSasS R2ylFGS GKSA
FYR NBASNI (KS2NIRAR$220R CAygEtod6er AF GKSNB Aa 2

SYGANRYYSyisz GKSy w{l 02YLISiSa sAiGK GKS | ya2EARI
LINE RdzOS LISNR/E@® NY RAGNYy a2 6KSasS OFly | 6adGNy OG KeéRN
Y2t SOdz Sa FyR LINRBLI3IAFGS GKS RIEYIF3IS Ay | NBI Oesz2y
NI} RAOFf a4 F2NX¥AY 2/ KERNZFRISNENREA Y NI A OK$ 4 LINR LI I+ o 2
OA2f23A0Ft NIRAOIFIE GSNXYAYloa2y LI GKglLe OFy 6S GKS
FYR F2NXY | R2dz2f QUADRK OISV WD BapR | 8B OKISYd mOm2F G K
LIN2OSaad Aa akKegy 2y U3IdzNBE HoPoy

lonizing Recombination Damage Propagation

Radiation

RR+R*=>R=R ROO* + RH - R* + ROOH | =

ﬁ Chain
i Reactive

. . . Reaction
Bio-radical formation by Products
ROS Production hydrogen abstraction Peroxidation
H,0 - X* _|X*+RH— R+ XH . .
X* = OH* ez, H' ... ”|R* = DNA", RNA" ... $R"+0z = ROO -
Neutralization Chemical repair Chain reaction termination
X* + RSH — XH + RS' R’ + RSH — RH + RS" ROO" + RSH — ROOH + RS Neutral
Products
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Table 2.8Reaction rates-( O ) for the main antioxidants with (,/ and(/ and their byproducts

Antioxidant o) Byproducts  Q Byproducts o) Byproducts
"325mM  p& opm "3 ¢ggt pm "3/ /( -

I QA[60pM] p& p T I a8 vt pm '@ (/ pPE LU pT r'a (/

! qA[4ouM]  x& pm ! B o pm ! A (/ pg ¢ pm '@ (/ (
I @ [0.0uM] ¢®w pmm $(! (/ vdt p Tt $(! (/
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Table 2.9 Reactions for protein and amino acid radicals

Process Reaction - O
' 3 themical repair 00 "3P00( '3 p8TL p T
i 3P "3 pH p
I O A ¢hemical repair 00 ! GQAoCOQO( ! @A v p T
L P QAO 1 ( '@ M®op T
'l  Recombination ¢l ori i nompmn
Biological radical peroxidation 00 [/ ° 00/ p8t p T
i /[ o il o®d pTm
Peroxyl radical repair 0O/ '"3P00/ /(" 3 pP8TL p T
Vi 3@ i/ ("3 p® pm
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Table2.10. Reactions for protein and amino acid radicals

Process Reaction - O

Initiation , Lo, (1 pa8t p T
Peroxidation , 1 O, 1] P8t p T
Propagation A R Y A o3t pTI
Recombination ¢, /1o, 1 || P&t pTt P p T
Termination 40,11 (4 o8 pTt

Recycling 4 1 QAo 4( ' A P8t p T
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Rate Constants for the Reaction of Oy with +OH Adducts

Solute Waeelength k

() (M- zee=1)
Crytosine 425 2.3 X e
M-CMP 425 1.1 x 1P
Poly C 425 3.8 100
Poly T 380 4.8 » 108
Poly A 400 2.8 = 100
Single-stranded DN A 400 4 W1
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Table 2.11Reactions for protein and amino acid radicals

Process Reaction Q- O
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. 5t /[ O . 5H P p T

Peroxyl radical repair $. 3% /11 (3 @ pT
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Irrepairable DSBs Nj,.- fraction f of Type of exposure LET (keV/pum)
Clustered DSBs
35 0.01 50.99  y-rays ~0.2
0.12 50.99 y-rays ~0.2
0F o 0.01 5099  USX ~0.2
3 e ] 0.43 50.99  X-rays ~0.2
=0 02 5099  X-rays ~0.2
. 0.33 50.99  X-rays ~0.2
- /'Y 0.04 58.49 '°0,1 GeV/u 14
= 15 0.08 69.52  2%Si,1GeV/u 44
=S 0.1 8115 12C, 0.029 GeV/u 70
210 0.2 8115 '2C, 0.029 GeV/u 70
a) 0.4 8568  °Fe, 1 GeV/u 150
35 0.58 91.94 12C, 0.0098 GeV/u 170
0.86 9194  'C 0.0098 GeV/u 170
0 0.09 88.77 6Fe, 0.5 GeV/u 200
107! 10° 10! 102 10° 023 88.77  *°Fe, 05 GeV/u 200
LET, keV/um 0.3 9120  “°Fe, 03 GeV/u 236
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