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Recent work hae demomtrated conclusively that in water radiolysis, 

secondary electrons produced along the track of a primary particle exist 

for a relatively long period of time due to their stabilixation by 

hydration (Rart and Boag, ig62) (Keene, 1962). Thie can be formally 

repreeented by e- + aqua -e 
aq' 

Kinetic analyeis haa shown that the fir& order conversion of a 

hydrated electron to a hydrogen atom, ewaq .e OH- + H is a elow 

process, the rate constant of which ie about 4 x 104eec. -1 . This 

implies that the diffusion range of the hydrated electron ie appreciable. 

There is considerable evidence supporting direct electron 

scavenging by come materials in either aqueous or alcoholic aedia 

(Matheson, 1962). It has been shown that the solvated electron can 

react extremely rapidly with a variety of aromatic molecules, carbonyl 

compound6, esters, halogen containing compounds, oxygen etc., f3ome of 

theBe reactions proceeding with rate con&ante of the order of 

1Ol0 M-l 8ec . -1 

Organic electron acceptor6 appear to fell into main 

categories: 

a) Bolecules containing highly polarised regions or electrophilio 

groups, i.e. chloracetic acid, acetone, ethyl acetate. 

b) Molecule6 possessing a well-defined conjugated system, i.e. 

Anthracene, Naphthelene, Benxoquinone. 

It might be expected that molecules in which these two criteria 

are combined would be extremely efficient. It should be emphaeieed 

that an electron attachment process is more selective than a reaction 
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involving only neutral free radicals since the efficiency of the latter 

is less dependent on the polarity of the target molecule and frequently 

involves au atom abstraction process. 

In a biological system, damage remlting from attachment of 

electrons at a particular site would depend upon the competition of 

non-dameging proceasee occurriug elsewhere in the system. On the basis 

of this hypothesis therefore, the maguitude of the biological retvpome 

would depend upon 

a) The distribution of electrophilic centres in the system and 

b) The life-time or the diffusion limit of the hydrated electron. 

Moderation of a Biological Response by Foreiau Molecules. 

Interest in the possible importance of e' in the overall 
aq 

mechanism of radiobiological sensitisation was stimulated by the report 

that N-ethylmaleimide, when present during irradiation, considerably 

reduced the number of E coli B/r that survived to form a visible colony 

(Brims, 1960). The effect was more marked in au anaerobic system, and 

later work (Bridgea, 1962) showed that in some bacteria an auaerobic 

system was eeeential to demonstrate the effect. Furthermore, it is 

perhaps significant that althou& there are relatively few well 

established seasitisers, these materials are either known to be, or 

would be expected to be, efficient electron acceptors, for exemple, 

O2* B202, NO, ICB2COOHI N-ethylmeleimide. 

If the phenomenon of radiobiological eensitieation is at all 

attributable to the reactivity of e- 
w' 

then it is a consequence of the 

hypothesis that the seusitising molecule in some way enhances the 

probability of en electron reacting at the relevant site. 

We suggest that an important contributory factor to radiosensiti- 

mtion is the capture and stabilization of the electronic charge by the 

additive molecule. It ie inherent in this argument that the negative 

radical-ion 80 produced is longer lived thau the free hydrated electron 

thus extending its original sphere of activity. The sensitiser would be 
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regarded therefore, as an elect-n carrier and ideelly vould be a 

molecule combiningahigh electronaffinityvitha structure suitable 

for delocellsation of the attached electron and thereby stabilisation of, 

to some extent, the transient radical-ion. 

'We consider that N.E.H. has the molecular structure consistent 

with such a prediction. It appears to be a general phenomenon that 

molecule6 containing >C - 0 linkages are very efficient electron scaven- 

gers. Furthermore the conjugation of the tvo carbonyl groups in N.E.M. 

suggests that the radical-ion initially produced would be a resonating 

system which could be foneally represented ae 
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We suggest that the increase in stability of the radical-ion 

relative to that of a non-resonating system could be responsible for 

increasing the likelihood of damsge by prolonging the life-time of the 

electronic charge. 

We have confirmed the ability of N.E.H. to sensitise and hate made 

a preliminary search for other sensitisers, being guided by the 

requirements of the above model. 

Experimental 

The deteiled method of measuring radiosensitivity has already 

been published, (Dewey, 1963). In brief, a dilute suspension of 

Serratia marcescens in phosphate buffer, gassed dth nitrogen in a 

lucite container vas irradiated with 200 kV X-rays at 2000 rads/min. The 

suspension ves then further diluted ae required, aliquots placed in 

petri dishes end flooded vith nutrient agar. Colony counts vere made 

after 48 hours incubation at 25O. 

Results and Discussion. 

The radiosensitisation effect of N.E.U. on Serratia marceecene is 
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6benrinTable 1, There varr no trace of toxicity in ueirradiated 

controls at the levela ueed, although 0.3&I is near the tedo Ut. 

TAEW 1. 

Material Concentration Do80 Reduction 
biluMlar) Factor ooncentration 

N-ethylmaleimide 0.03 1.18 Toxic 

0.1 1.74 

0.3 2.05 

0.04 

0.4 

1.03 

1.3 

Iatxiluble 

Macetyl 0.1 1.00 

2.0 1.30 

10.0. 1.66 

Not tented 

The plot of log survival ageinet doe0 for Semtia ~eacene 
irradiatedin nitrogeaie not quite linear~~i.8 
addition, the effect of adding eeneitieere aleo caueee a eli@t 
change in the degree of curvaturea. The figure6 quoted ti Table 
1. are factombynhich doawhave tobe multipliedec that 
the point6 make a beet fit on the control curve, rur~ value above 
l.li6 agsicsnt. 

The three other materials containing one or two carbony1 groups 

in aconjugatedeyetwwhichwere eelectedaepctentialseneitieere 

were, - p-bensoquiaone, benzophenone, and diacetyl. Bensequinone ie a 

stro8g oxidieing agent, end believed to be en efficient ecavenger, how 

ever, prew experisente &owed that this material wee texAc at low 

cencentrationa. Senzophenone~beenabwn toreact rapidly with eweq 

to form a radicel-ion, the life-time of which ie l pprecieble under mn- 

-acidic conditiorm (Adrrmr,Sexendale&Boeg,1963). 

The senaitising effect of bensophenow on Semtia uceecew ie 

ehoun in table 1. QuelitativelJ the effect ua6 the name aa that of 

N.E.H. eltbougb the legaitude of the effect wee eaaller. The experi- 
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