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?ROPHYLAXIS AG4LNNST AGUTE RADIATION INJURY 

M. P. DAK!UISTO, D. P. JACOB!B, and J. B. HARTGmNG 
DIVXSION OF NUCLFAR MEDICINE & CREMISTRY, WRAIR, W 

WASHINGTON 12, D. C. 

In  any estimation of t he  medical requirements necessary t o  
!upport military forces in fu ture  mera t ions  the  new casualty cate- 
fory of radiation sickness occupies an important position. The in-  
creasing use of all types of nuclear energy by the Armed Forces and 
even the recently publicized radiation hazards of space contribute 
to the acute radiat ion problem. 
uute radiation sickness a r e  of  l imited value and are in no sense 
puhylactic. That is, they are useful only a f t e r  the M i v i d u a l  
ha5 been exposed and wlll contribute l i t t l e  t o  lessening the  burden 
31 radiation casualties on t h e  medical services. 

Current methods of therapy for 

The idea l  solution t o  the problem is t o  prevent t h e  DCCUF- 
:me of the syndrome or a t  l e a s t  mitigate t h e  symptomatoloq and 
!torten the p ~ r i o d  of hospitalisation. Such a program; i f  pract i -  
c a l ,  would lead t o  many benefits ,  not only t o  the medical services 
charged with maintenance of heal th  but a l s o  t o  the Individual sol- 
l ier  uhose morale certainly will be enhanced. ' 

! 

What are the essent ia l  pa r t s  of such a program? 

l r  A method t o  prevent or  lessen  the acute e f fec ts  of 
iilole bcdy radiation by administration before the exposure must be 
&tailable. 

2. This method must be  safe when administered, uhether in 
,single dose or  repeatedly. The route  of administration must be 
staple, such as t a b l e t s  t o  b e  taken by mouth when the risk of ex- ; 

' :3sum dictates.  
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3. The protective agent u t i l i zed  must not in te r fe re  with 
the a b i l i t y  of the  individual t o  c a m  on his duties  as the  risk of 
exposure inay be  chronic; ye t  the Fndivldual m u s t  pursue h i s  normal 
duties  all through t h i s  period. 

b. The period of protection afforded should be long last- 
ing so t ha t  it need not be repeated a t  too frequent intervals. The 
best  treatment schedule would be once da i ly  or less. 

5. The method u t i l i zed  should be synergistic or additive, 
at  l e a s t  not antagonistic, t o  other forms of managment uhich might 
be useful a f t e r  the exposure. 

The principles just mentioned are similar t o  those of the 
anti-maladal program devaoped and used by the Armed Forces so 
success fa ly  in the  recent past. The major difference i s  tha t  non 
t h e  hazard is exposure t o  whole b e  radiat ion rather than malaria. 

Successful accomplishment of such a program w i l l  reap 
obvious advantages. 
clinical medicine w i l l  be far-reaching. Even the problem of space 
t rave l  Kith the radiation hazards present may be benefited. ff 
space t rave l le rs  can be protected by a few pounds of a drug rather 
than hundreds of pounds of metal s h l d d i n g  with the consequent cost 
in design and fuel,  this research e f for t  will have paid f o r  i t s e l f  
many times over. 

major aspects with certain experimental animals. 
laboratory animal, such as the mouse, a l l  of the  five parts of the 
program l i s t e d  may be achieved i n  whole or i n  part. Certain drugs 
may be given by mouth t o  the mouse which will protect it against a 
100% l e t h a l  dose of radiation for  periods as long as six hours. 
These drugs are re la t ive ly  safe and may be  repeated several  times 
without permanent damaget Finally, the combination of pmtectfon 
before exposure with other mthods of treatment u t i l i z e d  after ex- 
posure i s  at  l e a s t  additive. 
anti-malarial program as it was i n  the ear ly  days af World War 11, 
at which time t h e  need f o r  an anti-malarial drug was most WgBlt. 

The most important part  of the program, a method t o  pre- 

I ts  impact not only i n  nuclear ua r  but i n  

The ideal  solution outlined can be pursued today i n  its 
I n  an appropriate 

I n  this regard we are  much ahead of tk- 

v m t  or lessen the  acute e f fec ts  of whole body radiation, i s  availa- 
ble. 
since t h i s  approach was first proposed and used by Barron i n  19b9 
(1) and others i n  the  next few years (2) (3) ( h )  (5). 
effective of these agents contain f ree  or p o t e n t i a l y  f r e e  sulr- mrjrl groups, along with an dmino group. They are  re la t ive ly  sim- 
ple  compounds. (See Table I) 
m o s t  effect ive of these canpounds Kill reduce the acute biolo#clcal 
effects of any dose of radiat ion by about (6) (7) ( 8 ) .  T h q  

A number of chemical agents have been found t o  be of d u e  

The most 

In general, i t  m y  be said that the 
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r*iL:y also accelerate recovery from in ju ry  when g~ rm before 
c; i :re .  

There a re  a number of theories as t o  the  mechanism of ac- 
' r. ?! such compo~ds (1) (9) (10) (11) (12). Until. very recently 
6 ---erstone of dll theories was t ha t  t he  cmpound had t o  be pres- 
r. 3 t h e  body during the exposare. For pract ical  purposes the 
*X:L.ZT has t o  be given before the  exposure. 
'c. ?wstio;led, a t  l ea s t  as far as one s p c i e s  of hibernating ani- 
=. !3 concerned (13). 
.z:.m us a t  this time. 
C:-willlead t o  bet ter  agents, and t h i s  vill make +the program 
@::xd even more valuable, without detracting from its present 
e.! 6 

But even this now has 

However, these confl ic t ing opinions need not 
Lhdoubtedly, knowledge of the  mechanism of 

In reviewing the  experimental data  of the past years i n  
::I w a  there appeared to be only one major problem tha t  prevented 
',* -.xessful application of t h i s  procedure t o  mn. The only  labo- 
1 : : ~  a n i a a l  t o  which a l a rge  enough dose of any single  protective 
' r * 3 d  cm be given without death is the  r a i w t .  Attemptr t o  give 
r - a h n t  doses t o  other animals were unsaccessful (1h) (15; (16). 
'a9 q w i m e n t s  were dme with humans and the amount tolerated was 
*.r:ra&gly smdll (17) (IS), something less than 2~3% of the dose 
72.' t o  protect rodents against a 100% l e t h a l  dose of radiation. 

A t  the Walter Reed I n s t i t u t e  of Research it  was f e l t  t ha t  
.a !xicity problem could be solved i n  one of  several ways. 
&%te solution was by means of a combination of known effective 
fi!, ? m e  a t  a toxic l eve l  but the t o t a l  amount being additive i n  
->::ive effect but not toxic effect. Such an qproach had been 
r:!*C by others t o  be effect ive in rdents (19) (20). In an ex- 
rclrqt reported recently by Jacobus f r o m  W a l t e r  Reed it hTBs shown 
? !!.e first time tha t  dogs could to le ra te  one-half of t he  known 
-+*:ti.;e l e v e l  ( in  rodents) of each of two agents, cysteine and 
*-$:ccthylenine. 
' -, 7CO or 775 roentgens, t ha t  was uniformly fatal f o r  non-treated 
ri!!y the 15th post-exposure day (21).  
t-'.r!!on before e-xposure was feasible even i n  la rge  animals pro- 
'% a s a t i s f a c t o q  drug l eve l  could be administered. Such a re- 
r: !? tk.e dog has never before been demonstrated. Laboratory study 
' ?":? dogs as well as dai ly  observation shard  conclusively tha t  
~.:icre r.ver a6 ill as the dose af rsddiation delivered would 
r-!!, The control dogs did exhibit  the typical  findings one would 
CY! frcm such radiation doses, 
TCC 1s being pursued a t  the Walter Reed Ins t i tu te  of Research and 
' 9  :!!cations are that  the toxici ty  can be ever. fur ther  reduced. 
'.:--;-term solution t o  the  prcblem of toxici ty  does not appear t o  
*':- r ~ ~ i n a t i o n  of now known agents with additive protective ef- 
Y.$ :,it n o t  additive tmdcity. 

The 

Such t r e a h d  dogs a l s o  survived a dose of radia- 

T h i s  experiment proved tha t  

Further refinement of this ap- 

However, i t  is planned t o  pursue 
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t h i s  type of solution vigorously with the hope tha t  a sat isfactor~l  
procedure fo r  cer ta in  si tuations will be devdoped in the  re lat ively 
near future. For l a s t ing  benefit,  it appears that  en t i re ly  new 
agents, not noy knoun or available should be developed. 

We have decided t o  make a major e f fo r t  i n  t h i s  area as  it 
is our belief that  the  agmts  now known t o  be of value can a& 
should be modified structurally t o  eliminate or reduce tox ic i ty  and 
possibly enhance the i r  protective value. Already there is  much 
known a8 far as chemical structure, protective effect  and toxici ty  
I s  concerned. By this same approach we feel confident that the 
r d a t i v d y  minor problem of l M t e d  duration of action will he over- 
come. We a re  engaged currently in contract negotiations with a 
number of cheaical and industriaJ. firms that have the capabili ty to  
do such complex synthetic fabrications. 

For exdmple, reference t o  Table I will i l l u s t r a t e  some 
facts already known. Each of the f ive  campounds l i s t e d  will, uhen 
given t o  mdents i n  the dose shown, reduce the  injurioas effect  of 
w dose of radiation by about 50%. The protective dose diffem 
markedly, from 65 t o  1200 mU.l.igrams per kilogram of body weight. 
However, i n  all of these ccmpounds the  r a t i o  between the thera- 
pelitic dose and the toxic dose remains almost the  same 80 the tox- 
i c i t y  i s  unchanged. Cysteine becomes mercaptoethylamine when the 
c a r b q l  group is  rmoved, and the protective effect  of the mole- 
cule i s  Increased cmsiderabl)-. Ifhen three carbon atoms separate 
the amino and sulfhydrgl groups an even more protective compound is 
obtained, as i s  shown by rnercaptopropylamine. Hmever, memapto- 
propylguanidine i s  no more protective than mercaptoethylgumidine. 
Forther separation of the amlne and sulfur lead t o  an inactive mole- 
cule. Isocysteine, with the carboxyl alpha t o  the sdfhydrgl is a 
radio-eensitizing canpound indicating that  the s i t e  of subsL,itution 
is c r i t i ca l .  

These a re  some of the  examples of how toxic i ty  and pro- 
tact ion are known t o  be related t o  structure. Our first approaches 
t o  the pmblsan will be t o  explore the changes brought about by sub- 
s t i t u t ions  on the  carbon atoms of both mercaptoet€Vlamine and mer- 
captopropylamine. In  addition to al iphat ic  canpounds we shall  try 
t o  develop aromatic molecules containing the two basic structures 
mentioned above. 

It is  obvious mmy thousands of compounds could be syn- 
thesized in thla devdupment program. 
sentative cciupounds in the variow families t o  establish *at 

Our a i m  is t o  t e s t  repre- 

I ’  
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changes have occured i n  terms of tox---.j and protective effect .  
ip thus increasing the basic howledge of the relationship between 
structure and function we hope t o  draw closer t o  o w  goal. 

elmidating the basic FathologS of radiation injury. 
does not blind us t o  the tremndous task we have undertaken, but the 
foal desired is mrtw of every effart  expended. Propblax i s  of 
acute radiation injury i s  a s  far removed from an idle dream as  it 
is from rea l i ty  for human use. The major paths of investigation 
appear clear. We intend t o  explore them thorougay. 

T h i s  method of investigation w i l l  also contribute t o  
Our optb iga  
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