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Class Plan

¢ Review Midterm
+ Biological Modifiers of Radiation Response
¢ Break

¢ Chemical/Physical Modifiersof Radiation
Response
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Midterm, Problem 1

Hedf e of 2P = 1429 days
t=Mean kle=T,,/0693= 1420 /0.693 days
= 2.62 days

Decay constant = 0.693 /T, , = 0.0485 day'

= 0.0485 day' / 95400 seciday = 5613107 sec!

after 10 days: A = Ayexp(-14)

A=3.000mCi* exp(-0.0485 day ' * 10 day) =
3.000 * exp{-0.485) = 1.847 mCl =
1.847°3.700"10° Beg = 6.8534*107 Beqg.
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Midterm, Problem 2

Eqn. 4 20a and v = cfi. means that
ho/2” = [hell. JA{1 + af 1 - cos8h)
soi'fi=13ofl-costh
Thus (277.- 1)la=1-cos8
cos@=1- (27. - \Mia
But /.’ > 7: the photony has to lose enesgy.
A=z * 1.000F i%i = 10001, ;5. - 1= 10*
now a= him,c® = hel/(r.mc).
FeimnmEmneV, E=ha/2=123084 /5
holi. = 123984 /0.15eV=82656 eV =

= 8.2656" 103 MeV
a = hed{ime®) = 82656°10°10.511 =0.01618
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cos@=1- (27 - 1)la =1- 10% 0.01618

so cos8=1- 0.006180 =0.99382

We can compuie 8 = arccos(0.99382) = 6.373".

We can also compute & by an expansion:

To first order cos{x) =1- /2 so

1- 6/2=0.99382

iLe. 612 =0.006180,6 = 0.0123609,
ﬂ=ﬂ:!11‘lﬂrad=63"’,

KE_,, =the missing energy = holi” - hele=
(hci2. X10-4) = 8265.6 eV * 104 = 0.82656 eV.
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Midterm |, 3.

cystene Hy *v;\;c} '“LEE,
‘H‘“,a( C\m o‘\,g H TDJ\,H
l o

Eqan 544, p 117
DiA-+ R-SH— R-So+ DHAH

OH+ RS —-RS-+HO
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They are kkely to reduce the eflecis of radiabion
on cells by reacting with free radicals and
producing relaively mnocuous products-—-
speciically, desuifide compounds, m which two
molecules of a sulfur-containing free radical react
with one another to pai up. This would then
reduce the chemical damage in biclogcal tissue
that otherwise would anse from the reactions of
Mﬂﬂliﬂl#
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Midterm problem 4

Does this curve display MTSH survival
characienistics? Yes, since ¥'s more or Jess
Inear at nlermediale doses and fallens
otatiowdose., . o
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+ Estenate n D, Dq;
nis the ntercept on the S axas. Ifwe
exirapoiate up from the inear porion we find
that & hits the y aas at about In(S) = 1.6. This
comespondsto n=e'5 =4.95
o D, isthe dose in Grays at which the inear
porbon of the cuzve hits S=1,ie. mS=0.0n
the graph that appears to happen at about D =
17, 50D, =17
+ Twoways o caiculate D
- D, =-15siope =1§2.45-1.45%4-3)] =-1 Gy.
- D,=DgMna=1.716~1Gy.
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Midterm, Problems 5-7

+ 5. Recombination:
Recently produced free-radical pair joins up
agan to reform the ongnal molecule
A—B +hv —-A" +'B -A—B fast (=10-11 %)
+ 6. 1 Gy is a unit of absorbed dose:
1 Gy ungt of energy transferred per unt mass.
1 Gy = 1 Joule of ransferred energy per
kogram of mass
+ 7. Hydroxyl radical
*OH or O-H+
(or ckaw oul the dois for all valence dlectrons)
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Midterm, Problem 8

t¢ High- LET Radiabion

LET = Linear energy transfer so high - LET
radkation is radiation that transfers large
amounts of energy per unit inear travel or
energy per thickness in a medum.

Neutrons and aipha paticles are exampies of
high - LET radiation
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Midterm Problem 9: Extra Credit

+ Would recombinational repar be as effediive in
dealing with lesions in the Y clyormosome as &
is in dealing with lesions in chromosome 47

+ No. Recombmnabonal repax requires the
presence of homologous duplex DNA. There
are two copies: of chromosomes 1-22 in every
human ced that has a nudleus, so the
homologous duplex DNA is present in the
“other” copy of the clwomosome. The Y
clvomosome is present in only one copy in the
malde (and absent aogether in the female), so
there is no homologous duplex DNA from which
to make a commechon.
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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 Cxcles

Phases
¢ Mitotic M (short)
- Sensitive
& Presynthetic G, (variable)
- Radiation causes 1/2 h delay here
¢ Synthetic S (4-8h)
- DNA synthesis
- Least sensitive
& Postsynthetic G, (usually short 1 - 2h)

- Radiation causes 3 - 4 h delay here
- End of G, sensitive

14 h
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Phxsical & Chemical Effectors

¢ Water / free radicals

hv + H,O *OH, *H
O, etc
ionized species
Pure water
1kg

— MW(H,0)=18

YY)
water 18g/mole
1kg H,0 = 0009
18g/mole

1kg moles _ 55 5M

=—==055.5
P L
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=55.5moles

Assignment for 3 March

1. Problem 1, ch.9, Alpen

%
2. Ahuman has a fever such that her body
tempesature is 39°C. This feveris
accompanied by an increase in white-biood
cells. How will these conditions affect her
sensiivity to radiabion?
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Radiation & TemEerature

Fara chon Flams s 6 Functian of Temparailung

Kinetics
({14
37°C = 310K “gpeaaG IR
27°C = 300K -
plgg i@4i0  ieEw
T < 1OOK | Temoeeim

100<T<170K
170 < T <420 K

R-HOM R-H +e - R +H +e  (direct)
R-H+OH - R" +H,0 (indirect)
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Radiation and TM

+ Effects in various temperature ranges:
-T. T, Effecs

- DK 100K iemp-insensiive; no charge

lasget must be ht

- 100K 170K exciabon jocaiized at sile;
excion migralon crucial

- 170K 420K disrupbon of dsuliides,
onization

¢ Does this matter much with biclogicai
systems, where T ~ 310K almost al the
Bme? Probabily not, other than for
undersiandng mechanisms.
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Oxxgen and Radiation

¢ FACT: O, is a radiation-sensitive molecule
¢ H,O free-radical chemistry in the presence of
0, is different from H,O free radical chemistry
in the absence of O,.
¢ P(O,) in tissue varies widely
- Hemoglobin transports O,
- Myoglobin stores O,

PHYS561 07 21/31

Damage Fixation bx Oxxgen

R. + 02 — ROZ.
semi stable
107 -103 sec?

Mitigators of ~|:02 fixation

radical presence
Re+R'SH - R-H+R’S
R*-Se + R*-Se¢ _, R"-S-S-R” (dimerization)
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Experiments on
Oxxgen Sensitivitx
| wl :\CJ_
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Oxxgen Enhancement Ratio

OER = dose in N, for surviving fraction S/S,

dose in O, for surviving fraction S/S,

if S = S4/10 b,
0 & Survival in frosgen and Al D,
N OER =
In(3} N
i) = l.l'}'_ ™ Ll
.
Do Crg
Dose, Gy
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guantitative Oxygen Sensitivity

s _mlo,]+k
S, [0,]+k

k is in concentration units
m is unitless

[0,]if [0,] >> k, SISy =m

Organism m K,uM
Chicalla 2.0 fal
~Jl IIU\,IIM — . .U
| E. coli 3 A7
S.cerevisiae 2.4 5.8
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Thiol Mitigators

1. [macro]-Re + R"SH - [macro]-R-H + R"Se
2R’Se . R’-S-S-R’

2. [small]* + R"SH - [small]-H + R"Se
2R’Se - 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 P, were higher?

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

CH2-CHg-OH

\
\ |

NO2 Ha
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