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Class Plan
! Review Midterm
! Biological Modifiers of Radiation Response
! Break
! Chemical/Physical Modifiersof Radiation 

Response
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Effectors of Radiation Sensitivity
! Biological

– Cells go through life cycles & are much more 
sensitive to radiation damage at some stages 
than at others

! Chemical
! Physical
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Cellular Life Cycles
Phases

! Mitotic M (short)
– Sensitive

! Presynthetic G1 (variable)
– Radiation causes 1/2 h delay here

! Synthetic S (4 - 8 h)
– DNA synthesis
– Least sensitive

! Postsynthetic G2 (usuallyshort 1 - 2h)
– Radiation causes 3 - 4 h delay here
– End of G2 sensitive

__________
14 h
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Physical & Chemical Effectors
! Water free radicals

hν + H2O •OH, •H
•O2, etc

ionized species
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Radiation & Temperature
Kinetics

37oC = 310K
27oC = 300K
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Oxygen and Radiation
! FACT:  O2 is a radiation-sensitive molecule
! H2O free-radical chemistry in the presence of 

O2 is different from H2O free radical chemistry 
in the absence of O2.

! P(O2) in tissue varies widely
– Hemoglobin transports O2

– Myoglobin stores O2
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Damage Fixation by Oxygen
R• + O2 → RO2

•

semi stable
10-7 - 10-3 sec?

________________________________________
Mitigators of O2 fixation

radical presence
R• + R´SH → R-H + R´S
R´-S• + R´-S• → R´-S-S-R´ (dimerization)
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Experiments on 
Oxygen Sensitivity
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Oxygen Enhancement Ratio
OER ≡ dose in N2 for surviving fraction S/So_____________________________

dose in O2 for surviving fraction S/So

if S = So/10

OER = 
o

N

D
D
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Quantitative Oxygen Sensitivity

k is in concentration units
m is unitless

[O2] if [O2] >> k, S/SN = m

Organism           m               K,µM
Shigella           2.9               4.0
E.coli           3.1               4.7
S.cerevisiae        2.4               5.8
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Thiol Mitigators
1.  [macro]-R• + R´SH → [macro]-R-H + R´S•

2R´S• → R´-S-S-R´

2.  [small]• + R´SH → [small]-H + R´S•
2R´S• → R´-S-S-R´
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Sensitization by Nitroaromatics
How do we make the cells in the rapidly 
growing tumor as rad-sensitive as they would 
be if PO2 were higher?

Nitroaromatics react with radicals to “fix” 
(stabilize) the damage
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