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Exper iments  on albino mice  i r rad ia ted  in a dose of 685 R showed that the radioprotect ive  effect  of 
equimolar  doses  of adrenal in  and isoprenal ine  (N-isopropylnoradrenal in)  was identical  (47% survival  rate} 
and was g r e a t e r  than that of noradrenal in .  Dibenamine slightly lowered the action of adrenal in  and i so-  
prenal ine ,  but not of noradrenal in .  Inetol (nethalide), alone or  in combination with dibenamine, did not a l t e r  
the radioprotee t ive  effect  of the eateeholamines .  Anapri l in (propanolol) comple te ly  abolished the radio-  
p ro tec t ive  action of i soprenal ine  but increased  the effect  of adrenal in (70% survival).  The c lass ica l  ad ren -  
e rg ie  r e c e p to r s  (~ and fl) evidently play no definite ro le  in the radioprotee t ive  action of adrenal in  and no r -  
adrenal in.  Isoprenal ine  produces  its effect  through the E- recep to r s .  

The rad iopro tec t ive  action of the catecholamines  has been known for  many y ea r s  [8, 9, 12], but few 
studies have been made of the r ecep to r s  through which it is produced.  It has been claimed that dibenamine 
reduces  the rad iopro tee t ive  effect  of adrenal in  [13], but the factual evidence given in the paper  is con t ra -  
dictory.  Semenov [8] r epo r t s  that "the most  act ive adrenolyt ics  (chlorpromazine,  dihydroergotamine)  
sharply reduce the pro tec t ive  action of adrenal in ,  ~ but these substances possess  a highly complex action 
[3, 7], and they cannot be regarded  as  pure  ~-adreno ly t i es .  On the other  hand, evidence has been obtained 
of the prophylact ic  effect  of d ihydroergotamine  [14]. The problem of the compara t ive  effect iveness  of ad ren-  
alin and noradrenal in  l ikewise has not been definitely solved [13, 15]. Isoprenal ine r  
alin) also p o s s e s s e s  radioprotec t ive  p rope r t i e s  [6]. 

The object of this invest igat ion was to de te rmine  the role  of the c lass ica l  adrenerg ic  r ecep to r s  (a and fl) 
in the rad iopro tec t ive  action of the catecholamines  by two methods: 1) by comparing the effects  of nor -  
adrenal in  (with high affinity for  a - r e c e p t o r s ) ,  i soprenal ine  (stimulating mainly the E- recep tors ) ,  and the 
ambivalent  adrenalin;  and 2) by studying the effect  of the a -ad reno ly t i c  dibenamine and the f l -adrenolyt ics  
inetol (nethalide) and anapri l in  (propranolol) ,  and combination of the two on the effect iveness  of the ca te-  
cholamines.  

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

Exper iments  were  ca r r i ed  out on 1096 male albino mice of the same population aged 2-4 months and 
weighing 20-30 kg. The animals  were  kept on a balanced diet. Substances sysnthesized in the Khar 'kov 
Institute of Endocrinology and Hormone Chemis t ry  were used: L-adrena l in  hydro ta r t r a t e  1 mg/kg,  L - n o r -  
adrenal in  hydro ta r t r a t e  0.92 mg/kg  (both given 15-20 min before  i r radiat ion) ,  DL- isoprenal ine  hydrochlor -  
ide 2.3 mg/kg 6-10 min before  i r rad ia t ion  (doses of the catecholamines  given are  expressed  as base,  diben- 
amine 15 mg/kg 15-23 h before  injection of the catecholamines ,  ineto110 mg/kg 17-30 min before  the ca -  
techolamines ,  and anapri l in 10 mg/kg, 25-30 min before  the catecholamines .  All the substances were  made 
up before  the exper iment  in 0.9% NaC1 solution (dibenamine in dis t i l ledwater)  and injected subcutaneously in a 
volume of 8 ml /kgbodyweight .  The animals  were  i r rad ia ted  i n a d o s e  of 685R (635 rad  for  sof t t i ssues)  under 
the following conditions : 190 kv, 15 mA, no f i l ter ,  focal distance 15 cm, uniformity of distr ibution of dose over  
field within 9% l imits ,  ha l f - th ickness  l aye r  0.13 and 0.44 mm Cu. Survival ra te  a f te r  30 days was d e t e r -  
mined. Di f fe rences  between the s e r i e s  were  a s se s sed  by the X2 method. 
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Academician V. V. Par in) .  Trans la ted  f rom Byulleten '  ~ksper imenta l 'no i  Biologii i Meditsiny, Vol. 67,No. 
4, pp. 63-66, Apri l ,  1969. Original a r t ic le  submitted Apri l  18, 1968. 
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TABLE I. Survival Rate of Mice Irradiated in Dose of 685 R After Administration 

of Catecholamines, Adrenolyties, and Their Combinations 

Adrenolyt ics  

0.9% NaC1 solution 

Dibenamine 

Inetol  (netalid) 

Dibenamine + inetol 

Anaprilin (propanolol) 

Dibenamine + anaprilin 

Physiologica l  
saline 

1.3% 
(0.4-3.6} 

n=228 
control 

8.0%* 
(2.6-16) 

n=50  
12.0%* 

(4.5-22) 
n=40 
4.0% 

(0.2-17) 
n=25 

0% 
(0-26) 
n=10  

0% 
(0-26) 
n=lO 

Catecholamines  

adrenal in  

47%~ 
(40-57) 

n=100 

29%r 
(19541) 

n=55  
45%r 

(26-65) 
n=20  

45%r 
(26-65) 

n=20  
65%r 
(44-82) 
n=20 

73%$ 
(57-86) 
n= 30 

noradrenalin 

28%~ 
(19-40) 

n=60  

30%, 
(18-44) 

n=40 
30%r 
(14-58) 
n=lO 

33%t 
( 1 4 - 5 8 )  

n=15 

i sop renal ine  

47%r 
(35-57) 

n=60  

30%, 
(19-43) 
n=46 

45%r 
(26-65) 

n=20 
45%r 
(26-65) 

n=20 
6.5% 

-- (1.2-19) 

n=31 
- 0% 

(o-28) 
11=9 

Note. Confidence limits for survival rate given in parentheses (in %)obtained from 
a table of the binomial distribution for a coefficient of confidence of 0.95 [I]~ n rep- 
resents number of experiments. 
*P < 0.05. 
f P  < 0.001 compared  with control .  

EXPERIMENTAL RESULTS 

The mortality among the control mice was 99% (death occurred mainly on the 5th-12th day). All three 
cateeholamines gave a well defined radioproteetive effect, adrenalin and isoprenaline being equally effective 
in equimolecular doses (for the L-isomer), with a 47% survival rate, an effect 1.7 times better than that of 
noradrenalin (Table i). When isoprenaline and noradrenalin were given together, 35 of the 60 mice (58%) 
survived, not significantly different from the radioproteetive action of isoprenaline alone and less than the 
a r i t h m e t i c a l  sum of the i r  e f fec ts  (i.e., 75%). 

Dibenamine i t se l f  had a slight p rophylac t ic  act ion (8%); it did not influence the effect  of noradrena l in ,  
but reduced  the surv iva l  r a t e  of the mice  rece iv ing  adrenal in  and i soprena l ine .*  In the dose used, d iben-  
amine  blocked the toxic action of the ca techolamines .  (The max ima l  to le ra ted  dose of adrena l in  for  the 
i r r ad i a t ed  mice  was thus inc reased  by not l e s s  than 10 t i m e s - u p  to 10 mg/kg . )  

Inetol  a lso  led to the surv iva l  of some of the i r r ad ia t ed  mice  (12%), but it did not affect  the r ad io -  
p ro tec t ive  act ion of the ca techolamines .  A la rge  dose of inetol (30 m g / k g )  l ikewise did not change the effect  
of i s o p r e n a l i n e - 5  of the 10 mice  survived,  compared  with 1 of 10 mice  a f t e r  admin i s t r a t ion  of inetol alone. 
A combinat ion of dibenamine and inetol did not p ro t ec t  the a n i m a l s a n d  did not influence the rad iopro tec t ive  
act ion of the ca techolamines .  

Anapri l in ,  whether  alone o r  a f t e r  p r e l i m i n a r y  admin i s t r a t ion  of dibenamine,  did not p ro t ec t  the mice  
and abol ished the effect  of i soprena l ine  a lmos t  comple te ly ,  but the prophylac t ic  act ion of adrenal in  was 
ac tual ly  inc reased .  The rad iopro tec t ive  e f fec t iveness  of a combinat ion of anapr i l in  and adrenal in  (65-73% 
survival )  was not i n fe r io r  to that  of eys tamine  (63% surv iva l  for  n=79;  150 mg/%:g in t raper i tonea l ly ,  6-15 
rain before  i r radia t ion) .  

*When the significance of the action of adrenolyties on effectiveness of the eatecholamines was assessed, a 
correction was introduced for the radioproteetive action of the dibenamine and inetol themselves. 
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The r e su l t s  show that  the pha rmaco log ica l  m e c h a n i s m s  of the rad iopro tec t ive  act ion of the ca techo l -  
amines  is  complex.  Inetol  did not modify the p ro tec t ive  act ion of i soprenal ine ,  but this act ion was c o m -  
p le te ly  abol ished by anapr i l in ,  whose f l -adrenolyt ic  act ivi ty is  f rom 10 to 20 t imes  g r ea t e r ,  in re la t ion  to 
some effects ,  than that of inetol [2, 10]. The rad iopro tec t ive  act ion of i soprenal ine  is  evidently effected 
through the f l - r ecep to r s .  Nei ther  inetol nor  anapr i l in  d e p r e s s e d  the prophylac t ic  e f fec t  of adrenal in  and, 
consequently,  it i s  not connected with the f l - r ecep to r s .  The a - a d r e n o l y t i c  dibenamine did not abolish,  but 
m e r e l y  reduced (by about one- third)  the rad iopro tee t ive  act ion of adrenal in  and i soprenal ine ,  and it did not 
modify  the effect  of noradrena l in  in the dose used. Consequently,  the a - r e c e p t o r s  do not p lay  the pr inc ipa l  
role  in the p ro tec t ive  act ion of sympa th i comime t i c s  which were  studied. It  a lso  appeared  improbab le  that  
the two types  of r e c e p t o r s  have a pa ra l l e l  act ion,  for  combinat ions  of a -  and f l -adrenolyt ics  did not reduce 
the rad iopro tec t ive  e f fec t iveness  of adrenal in  and noradrenal in .  

Whereas  some sympa th i comime t i c s  give rad iopro tee t ion  through the f l - r ecep to r s  (isoprenaline; our 
own observa t ions)  and the o~-receptors  (phenylephrine; [15]), a leading role  of the c l a s s i ca l  ad rene rg ic  
r e c e p t o r s  in the rad iopro tec t ive  act ion of ca techolamines  occur r ing  in the body (adrenalin and noradrenal in)  
s e e m s  doubtful. I t  has  been suggested that specia l  and as  yet unidentified r e c e p t o r s  may  exis t .  Evidence 
in support  of this hypothes is  i s  given by the fact  that  none of the adrenoly t ies  used, nor a n y  combination of 
them, comple te ly  abol ished the rad iopro tec t ive  effect  of adrena l in  and noradrenal in .  The higher  e f fec t ive-  
ness  of adrena l in  aga ins t  the background of anapr i l in  can be explained on the assumpt ion  that  blocking of the 
f l - r ecep to r s  i n c r e a s e s  the amount  of adrena l in  reac t ing  with r e c e p t o r s  of rad iopro tec t ive  action.  This  
hypothes is  na tura l ly  r equ i r e s  carefu l  expe r imen ta l  ver i f ica t ion.  

The rad iopro tec t ive  effect  of the ca techo lamines  at the p r e sen t  t ime  is  explained by a dec r ea se  in the 
oxygen tension in the hematopoie t ic  o rgans  [4, 11, 13], poss ib ly  the r e su l t  not so much of cons t r ic t ion  of the 
blood v e s s e l s  as  of an i nc r ea s e  in the oxygen uti l izat ion by the t i s sues  [5]. The p r e s e n t  invest igat ion (spe- 
c ia l ly  the demons t ra t ion  of a prophylac t ic  effect  of noradrena l in  and i soprenal ine ,  with the i r  opposite a c -  
t ions on the lumen of the blood ve s s e l s )  conf i rms  obse rva t ions  that  hemodynamic  effects  a r e  not dec is ive  in 
the rad iopro tec t ive  act ion of the ca techo lamines  [8]. The use  of adreno ly t ies  s e e m s  ve ry  p r o m i s i n g  in the 
fu r the r  study of this  p rob lem.  

The au thors  a r e  grateful  to R. I. Dimant ,  Head of the X-Ray  Therapeu t ic  Depar tmen t  of the No. 2 
KharWkov Hospi tal  for  provid ing  fac i l i t ies  for  these  exper iments .  

L I T E R A T U R E  C I T E D  

1. L . N .  BoUshev and N. V. Smirnov,  Sta t i s t ica l  Tab le s  [in Russian] ,  Moscow (1965), p.348. 
2. V. Ya. Gorodinskaya  and I. B. Simon, Vrach Delo,  No. 11, 24 (1967). 
3. I. Sh. Zabi rov  and R. A. Khaunina, P h a r m a c o l o g y  of Substances  Blocking Adrenerg ic  Mediation [in 

Russian] ,  F runze  (1964), p. 40. 
4. M . M .  Konstant inovaandl~.  Ya. Graevsk i i ,  Dokl. Akad. Nauk SSSR, 132, No. 6, 1427 (1960). 
5. V . I .  Kulinskii ,  Changes in Catecholamine  Metabol i sm in Acute Exper imenta l  Radiation Sickness ,  

CandidateWs Disse r ta t ion ,  Khar tkov (1961), p. 295. 
6. V . I .  Kulinskii ,  in: P r o b l e m s  in Exper imen ta l  and Clinical  Radiology [in Russian] ,  No. 1, Kiev (1965), 

p. 91. 
7. M . D .  Mashkovski i ,  in: Ch lo rp romaz ine  [in Russian] ,  Moscow (1959), p. 5. 
8. L . F .  Semenov,  Prophylax is  of Acute Expe r imen ta l  Radiat ion Sickness  in Mammal s .  Doctora l  D i s -  

se r ta t ion ,  Sukhumi (1965). 
9. Z . M .  Bacq. Chemica l  Pro tec t ion  Against  Ionizing Radiation,  Springfield (1965), pp. 43 and 191. 

10. J . W .  Black,  W. A. M. Duncan, and R. G. Schanks,  Bri t .  J .  Pha rmaco l . ,  2__~5, 577 (1965). 
11. H . A . S .  Van den Brenk and R. Moore,  Nature ,  183, 1530 (1959). 
12. J . L .  Gray,  E. J .  Moulden, J .  Ti  Tew, et al. ,  P roc l  Soc. Expt. Biol. (New York),  7_9_9 ' 384 (1962). 
13. C. van der  M e e t  and D. W. Van Bekkum, Internat .  J .  Radtat .  Biol., 1_ 5 (1959). 
14. W. Michailow and A. Bosduganow, Radiobiol.  Radiother .  (Berl.)  1, 148 (1960). 
15. H. Nakatsaka ,  Y. Shakudo, and M. Fujino, Nippon. Acta Radiol . ,  26 ,437  (1966). 

402 


