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Isoprenal ine considerably  reduced the radioprotect ive action of high doses of noradrenal in  
and phenylephrine;  this effect was completely abolished by the f l-adreuolytic propranolol .  
Propranolo l  potentiated the radioprotect ive effect of noradrenal in and adrenalin, but not of 
phenylephrine. The "antiradioprotect ive effect" (or component of action) of the catechol-  
amines,  mediated through fll receptors ,  is postulated. By blocking this effect, the full po-  
tential prophylact ic  activity can be exhibited. A combination of dibenamine, propranolol ,  
and noradrenal in  combines a high protect ive effect (73%) with low toxicity (the dose of no r -  
adrenalin used is 320 t imes less than LD50). 

The possibi l i ty that the same substance may combine opposite proper t ies  is well known. For  in- 
stance, the eatecholamines (CA) have opposite effects on the contract ion of smooth muscles  for secre t ion 
of insulin, depending on whether t h e y a c t t h r o u g h a -  o r /3 -adrenerg ie  receptors  [10, 17]. 

It has been suggested that some effects of CA can prevent  the full exhibition of their  radioprotect ive 
action. These side effects would natural ly be eas ier  to demonstra te  when their basic activity is maximal.  
To detect these effects, is0prenaline (N-isopropylnoradrenalin) was injected af ter  high doses ofnoradrenal in  
(NA) or  phenylephrine,  equivalent to the saturat ion dose on the curve of radioproteet ive action. The other 
method used, administrat ion of propranolol ,  was based on pre l iminary  observations indicating that this 
f i-adrenolytic substance increases  the protect ive effect of adrenalin (A) [7]. 

E X P E R I M E N T A L  M E T H O D  AND R E S U L T S  

Experiments  were ca r r i ed  out on 810 male albino mice aged 2-4 months. The hydro ta r t ra tes  of 1-A 
and 1-NA and the hydrochlorides of DL-isoprenaline,  DL-phenylephrine,  dibenamine, and DL-propranolol  
were used;  all doses were calculated as base.  The compounds were injected subcutaneously in a volume 
of S ml /kg :  dibenamine 18-22 h, propranolol  30-40 rain, A, NA, and phenylephrine 15-20 rain, and i so-  
prenaline 5-8 rain before i rradiat ion.  The animals were i r radia ted in a dose of 806 rad (LD98/30) at 190 ku 
without an additional filter, and at a dose rate  of 420 r ad /min  [6]. Differences between se r ies  were assessed  
by the X 2 cr i ter ion,  and LDs0 was determined by the method of Litchfield and Wilcoxon [1]. 

The resul ts  are  given in Table 1. Where the original radioprotect ive effect was small ,  isoprenaline 
increased it, but not to more  than 60%. However, when large doses of NA or phenylephrine (1.84 and 8.2 
mg/kg  respectively),  giving maximal  prophylact ic  activity, were used the additional administrat ion of i so-  
prenaline gave the opposite effect, reducing the radioprotect ive effect by half. This was not due to the 
toxicity of the combination (no animals died 1-3 days after  administration, and all the unirradiated control  
mice survived),  nor  was it the simple resul t  of summation of action of the amines, because no such effect 
was obtained with a combination of NA {1.84 mg/kg) and phenylephrine (8.2 mg/kg) ; 50% of the animals 
survived.  
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TABLE 1. Effect  of I soprenal ine  and Proprano lo l  on Radioprotec t ive  
Effect  of Synpathomimet ics  ; Survival  a f te r  30 Days Is Shown (in p e r -  
cent) 

Radioprotector o,gro Noradrenalin IAdrena- Phenylephrine 
NaCI 0.92 [ ],84 [ In  I 4 ,1  [ 8 , 2  

1 

2+1 28___9,0 60__+6,6 I 34--+8,0 41+8,7 60• 
(17-8) (25) (55) I (35) {g2) (25) 

Isoprenaline 28+6,6* 58§ 132• or] 55+7.7 60• 25+17T 
- ! (Go) , ,  (25) I ~ 2 ) .  (3o) (2-o) 

Propranolol : ( ( i :  )) 87-~6),2 73• 65+114. 40• -- 
(30) 30) (2o) 

Note. Number  of  exper iments  in pa ren theses .  Stat is t ical  s ignif icance 
calcula ted re la t ive  to resu l t s  in f i r s t  column. 
*P  < 0.001. 
~P < 0.05. 
S P <  0.I. 

The d e c r e a s e  in the rad iopro tec t ive  action of NA by i soprenal ine  in a dose of 1.84 m g / k g  was c o m -  
ple te ly  p reven ted  by propranolo l  tP < 0.025); 70% of the mice  rece iv ing  this t r ip le  combination surv ived  
(n = 30), a r e su l t  in full a g r e e m e n t  with the p ro tec t ive  effect of NA i t se l f  against  the background of p r o -  
pranolol  (73%; P > 0.9). This shows that  this effect  of i soprenal ine  is med ia ted  through the 3 r e c e p t o r s .  

The abili ty of i soprenal ine ,  i t se l f  a rad iopro tec tor ,  to diminish the prophylac t ic  act ivi ty of s y m p a -  
thomimet ics ,  is conventionally desc r ibed  as an "ant ipro tec t ive"  effect.  It has been suggested that this s ide -  
effect  may  also appear  in a latent  fo rm in the action of other  CA, prevent ing the comple te  manifes ta t ion of 
the i r  p r i m a r y  rad iopro tec t ive  effect.  Since the "ant iprotec t ive"  act ivi ty of i soprenal ine  was mani fes ted  
through the fi r e c e p t o r s ,  exper iments  were  c a r r i e d  out (Table 1) in which sympa thomime t i c s  were  given in 
conjunction with propranolo l ,  a powerful  and speci f ic  fl adrenolyt ie  [2]. 

I t  is evident that p ropranolo l ,  which i t se l f  did not p ro tec t  the an imals ,  cons iderably  (by three  t imes)  
potent iated the rad iopro tec t ive  effect  of NA in a dose of 0.92 mg/kg .  The effect  of the equimolar  dose of  A 
was inc reased  to a l e s s e r  degree  (twice), and the p ro tec t ive  action of phenylephr ine  was unchanged. These  
resu l t s  a r e  in a g r e e m e n t  with the hypothesis that CA p o s s e s s e s  a ce r ta in  fl effect  which p reven ts  the c o m -  
p le te  manifes ta t ion  of the i r  rad iopro tec t ive  action. Propranolo l ,  by blocking fl r e c e p t o r s ,  p reven ts  the 
development  of this "an t ipro tec t ive"  component,  thus leading to product ion of the g r e a t e s t  poss ib le  r ad io -  
p ro tec t ive  effect.  

An a l te rnat ive  explanation of the potentiat ing action of p ropranolo l  is the hypothesis  that  i t  blocks the 
CA depots, because  cocaine i nc rea se s  the prophylact ic  effect  of CA [8]. However ,  the following facts con-  
flict with this hypothesis  : 1) p ropranolo l  inc reased  the rad iopro tec t ive  act ivi ty of NA in a dose of 0.92 
m g / k g  more  s t rongly than cocaine (87% surv iva l  compa red  with 56%; P < 0.05), whereas  the coca ine- l ike  
p r o p e r t i e s  of p ropranolo l  a re  only weak or a re  comple te ly  absent  [12, 18]; 2) the effect  of NA and A in doses 
of the o rde r  of 1 mg/kg ,  against  the background of propranolo l ,  i nc r ea sed  the pu re  effect  of double doses of 
CA (60 and 40% respec t ive ly ;  for NA, P < 0.005); this also cont radic ts  the or iginal  assumpt ion  [7] t ha tb lock -  
ing/3 r e c e p t o r s  i nc rea se s  the quantity of act ive A; 3) inetol {netalid), a much weaker  blocking agent  of  
/3 r e c e p t o r s  than p roprano lo l  [2], but prevent ing depot format ion  m o r e  s t rongly  [12, 18], does not potent iate  
the rad iopro tec t ive  effect  of CA [7]. All these  facts  suppor t  the hypothesis  of an "an t ipro tec t ive"  compo-  
nent of action, because  the dec r ea s e  in the effect  of p ropranolo l  in the s e r i e s  NA > A > > pbenylephr ine  is 
pa ra l l e l  to the affinity of these  sympa thomime t i c s  not only for the depots [13], but also for fil r e c e p t o r s  
[13-151. 

This hypothesis  na tura l ly  r equ i re s  additional exper imenta l  ver i f icat ion and an explanation of the 
b iochemical  na ture  of the phenomenon. Of the fii effects  a l ready known, l ipo!ysis is in teres t ing,  s ince oxi-  
dized der iva t ives  of unsa tura ted  fatty acids p o s s e s s  definite r ad iomimct i c  p rope r t i e s  [6] and can provide  a 
bas i s  for  the format ion  of pros taglandins ,  which p reven t  many effects  of  CA [11]. Carefu l  at tention mus t  
also be  paid to the fact  that  CA, unlike m o s t  r a d i o p r o t e c t o r s , i n c r e a s e s t h e  oxygen demand of the body [4, 16]. 
This m a y  inc rease  the oxygen tension in the t i s sues  and, consequently,  p reven t  the shif t  toward the reduced 
s ta te  of the cel l  and an i n c r e a s e  in the  level  of  SH groups c h a r a c t e r i s t i c  of inc reased  r ad io r e s i s t ance  [3]. 

30 



This explanation is suppor ted  also by another  d i f ference  between A and mos t  p ro t ec to r s .  The very  sl ight  
d e c r e a s e  in redox.potent ia l  [4, 9] and the absence  of an effect  on the level  of SH groups in the spleen [5]. 
The poss ib le  incorpora t ion  of 3 ' , 5 ' - A M P ,  which can a lso  play an impor tan t  ro le  in the rad iopro tee t ive  effect  
[8], l ikewise mus t  be invest igated.  

These  r e su l t s  sugges t  that when the pha rmacodynamics  of r ad iop ro t ec to r s  is studied, not only the 
toxic effects  but also poss ib le  "an t ipro tec t ive"  reac t ions  mus t  be taken into account.  The des i rabi l i ty  of  
combining these  two approaches  is suppor ted  by the r e su l t s  of using a combinat ion of dibenamine,  p r o -  
pranolol ,  and NA in a dose of 0.92 m g / kg ,  giving an i nc rea se  of 2.5 t imes  in the rad iopro teo t ive  effect  (up 
to 78%; n = 30), while at  the s a m e  t ime  the toxicity is g rea t ly  reduced (LDs0 of NA given in conjunction with 
these  adrenolyt ics  is 294 ~- 22 mg/kg ,  or  320 t imes  the p ro tec t ive  dose). 
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