
. t,' 

I 

! 

-~.. ..,..., l..,iO-'o...:...;............,.._........_......_~--""-'- l?.ok 7 ev ;t, :p·.;o;-&~ 
c....co~~_!, '1<6.1 ~ 4Cf - - I ' 

MASTER . 
AND OF 02 IN BIOLOGICAL 

- t1E -

THE DISTINCTI ON BETW EEN THE RO LES OF 02 
RADI ODAMAGE 
Amram Samuni7 Mordechai Chevion@, Yeheskel S. Halpern*, Yael A. 
Il an# and Gidon Czapski#, From t he Departments of Molecular 
Biol ogy*, Cell ular Biochemi stry@ and Physical Chemistry#, 
Hebrew University, Jerusalem. 

The enhancement of the biological radiodamage under oxi c 
conditions was attr ibuted also, in par t , t o t he action of super­
oxi de r adical s generated from e- and H radical s by oxygen . The 
confirmation (or exclusion) of aq such an hypothesis, was made 
difficult by the inevitable formation of a; radicals in the presence 
of oxygen. Moreover, the mode of oxygen action was further obscured 
as the re l ative contributions of the various radiation effects were 
not known . Direct and indirect as well as endogenous and exogenous 
effects are generally contribut ing, to various extents , to-fhe 
resulting biological radiodamage. Therefore it seemed necessary to 
quantitate first the relative contributi ons of these effects for 
each test-organism studied. Then , it was important to plan an 
experimenta l system in whicn the different rol es of oxygen and of 
superoxide radicals would be distinguishabl e. 

In the present study the effect of y- radiation on the sur vi val 
of T4 bacteriophage and of E. co l i B has been investigated . The 
irradiations of the test-orgards111~ were carried out in phosphate 
buffer suspensions. The spectrum of the water-radicals was cont­
rolled by a careful choice of the appropriate saturating gas and the 
addition of suitabl e radical scavengers . Al l the survival curves 
exhibited a pronounced shoulder and the i nactivation rate constants 
were eva l uated from the linear portions of the dose- response curves . 

In the first stage we have examined the effect of high molecular 
weight radical scavengers on the radi osensiti vities of the organisms 
studied. In the presence of an excess of polyethylene glycol, most 
of the radicals formed outside the organism are scavenged . Thus the 
indirect exogenous radiodamage is hlocked. In the case of the T4 
bacteriopnage, the radiosensiti vitY' has been reduced roughly by ten­
fold. This indicated that the majority of the detectable damage in 
T4 is due to radicals formed outs ide the virus. On the other hand, 
with E. coli B the introduct ion of the radical scavenger has hardly 
affected the radiosensitivity . This clearly showed that in the E. 
coli most of the damage originates endoqenous1y. 

In order to estimate t he direct und indirect radiatioh effects 
we have compared the radiosensitivities in suspensions saturated 
with either helium or nitrous oxi de . In case where the N20 scavenges 
most of the hydrated electrons converting them into OH radi cals, 

r------DISCLAIMER ----- --. 

Th'-boo't waPfWI*.t•entcr:Ountof WOtt tPOftiQt.t byanlgl!t'Cy ot lhe t.tn.t.t StetaGowrnment. 
NotU. lhe UMtd StMa ~~ ror fii'JY ~ thertof, nor lllrV of thtir lmi)!OviiS, rrwlttt eny 
wtrrlnty, expr*lit or i~t«t. Of .uumes any ltgfl lllb!lltv or responsibility let thl 8Ca.JtiJC'(, 

completMftl, 01 utefulne:u o l II'IV lniOtrTIItion, IPPI'Itus, prOduct, « proc:n. ditdosed or 
, .. ..,.. thll lu use v.ould noc intrlngl PI'M tlty crwwn.ct r~u. ReW~ twefn to ¥rtf ~lie: 
c:omtNrdlil PfOducl, Pl'oet:ll. Of ..W:. by Ulide ,_,., l,_,.n"litl'it, tNnUftct~. Of Otherwi., does 
not t'l«:e:DDtitv cons.tiMe ot 1"1)1y its ....-ttrTWI'II, recommendltion. Ot lfYOf1"11 by 1M United 
Sljta ~wrl"'ment 0t • nv ~g~nCy lhereol, TM tAews lnd oplnionJ o l IIU'thots expreued heteln do not 
r'~Kt'~Y'1Iy sttte or rel'-:1 thole of the Unh.t Stetes GoYemment or "'Y egency t.lw10f. 

. 
biSTRIBUTION Of "THIS QQCUMENT IS UN~1~ 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



.. ' 5E 

the N20 - induced enhancement of the radiosensitivi'ty would reflect 
the relative·extent of the indirect effect (if the contribution 
of the hydrated electrons to the damage is small compared with that 
of the OH radicals). Our observations have shown that with E. coli 
as well as with T4 the presence of the nitrous oxirle roughly doubled 
the radiosensitivity. This result is in accord with our conclusion. 
that the hydrated electrons hardly contribute to the radiodamage, 
and that the effect is pred6minantly indirect. 

In order to e)lucidate the roles of oxygen and superoxide radical 
in radiodama9e it was attempted to prevent the oxygen from reacting 
with the hydrated electrons. This allo\>Jerl us to study the oxygen 
effect in the absence of superoxide radicals. for this nurpose a 
mixture 9:1 of N2o + n2 was used. Under 'these experimental conditions 
the high excess of N20 successfully competes with the oxygen · 
on the hydrated electrons, converting them into OH radicals. 
Consequently, the effect of molecular oxygen solely could be studied. 

Suspensions of T4 and of E. coli have been irradiated under five 
different sets of experimental conditions. The suspensions were . 
saturated with the following gases: He ; 02 ; 02 (+ O.OlM formate); 
N20 ; N20 + 02 9:1 mixture. The results are shown in ·Table I. 

Table I: Radiosensitivity towards ionizing radiation of T4 bacteria-
phage and E. coli B: Effects of 02 

Experimental conditions G(water. radicals) 

H OH eaq 0.2 

He saturated . 7 2.8 2.8 
02 II 2.8 3.5 
0 II· (O.OlM formate) 6.3 
N20 II .7 5.6 
N20 + 02 saturated .7 5.6 2 

Inactivation rate 
1 

· 
constants (Gray- ) 

T4 E. coli B 
.17 .049 
. 33 . 17 
.o:n .13 
.4 .11 
. 83 . 33 

These results show .that with ,oxygen and formate, where the superoxi.de 
radicals predominate, the radiosensitivity has been consirlerably 
reduced, i.e. superoxide radicals play no role in the radiation­
induced damage. This conclusion agrees with the fact that the 
maxi~al .r~diosensitivity ~</as observed f?r the systems saturated N20 +. 
0 , 1.e. 1n the presence of oxygen and 1n the absence of 0 . In ·thls 
c~se, the enhancement effect of oxygen on radiosensitivity2was evident in 
addition to the effect of the N20. . . . 

In conclusion, N 0 enhances the biological- radios~nsitivity by 
increasing the numbe? of OH radicals which attack the biomolecule. The 
oxygen subsequently reacts with the targey biomolecule~, rendering 
the damage irrepairable. 
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