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Phentolamine,  tropaphen, and propranolol  reduced the toxicity of amphetamine in mice 
whether kept in isolation or  in groups.  Pronethalol  was effective only in relat ion to isolated 
mice.  All four adrenergic  blocking agents prevented to some extent the inc rease  in body 
tempera tu re  of the animals produced by amphetamine.  It is postulated on the basis  of these 
resul ts  that the central  effects of the drugs studied a re  not dependent on their  adrenergic  
blocking proper t ies .  

The stimulant effect of amphetamine is a convenient model for evaluating the effect of pharmaco lo-  
gical agents on central  adrenergic  p rocesses ,  because it is assumed that this effect is the resul t  of exci ta-  
tion of the adrenergic  s t ruc tures  of the brain  s tem [3, 5, 8]. The a -  and f i-adrenergic blocking agents a re  
interest ing as  possible amphetamine antagonists,  but their  central  action has received inadequate study and 
what resu l t s  have been obtained a re  cont radic tory  [4, 10]. 

The object of this investigation was to compare  some a -  and f i-adrenergic blocking drugs by their  
effect on the phenomenon of the ,,group toxicity" of amphetamine,  in the genesis  of which an important  role 
is ascr ibed  to centra l  adrenergic  p rocesses  [9]. For  comparison,  it was also interest ing to study the ef -  
fect of these substances on the toxicity of amphetamine in isolated mice.  

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

Male albino mice weighing 20-24 g were  used in the investigation, and at leas t  10 animals were  tested 
with each dose of the drugs.  In the experiments  to study group toxicity, the mice were kept in groups of ten 
in plastic cages  measur ing  14 x 14 x 14 cm. The animals had an adequate a i r  supply and could obtain food 
and water  f reely.  The t empera tu re  inside the cages was kept at 23-24 ~ . The resul ts  of the toxicity exper i -  
ments were read after  24 h. Every  30 rain the rec ta l  t empera tu re  of the mice in the groups was recorded  
by means of a ,,Biotherm,' e l ec t ro the rmomete r .  The value of LDs0 was determined by the method of Li tch-  
field and Wilcoxon, and other pa rame te r s  were treated by calculation of the mean and of its confidence 
l imits  at P = 0.05. 

Phentolamine and tropaphen were  used as adrenergic  blocking agents of the a- type ,  and pronethalol 
and propranolol  as agents of the fl-type. The drugs were injected intraperi toneal ly 30 min before injection 
of amphetamine or  of 0.9% NaC1 solution. 

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

The resul ts  given in Table 1 show that the a - ad rene rg i c  blocking drugs phentotamine and tropaphen 
and the p-blocking agent propranolol  prevent  the phenomenon of increased toxicity in mice kept in groups 
a lmost  completely.  LD~0 of amphetamine,  determined in groups of mice af ter  the pre l iminary  admin i s t ra -  

f ,  

*Depar tment  of Pharmacology,  Medical Institute, Gdansk, Poland. Labora tory  of Neuropharmacology,  
Institute of Pharmacology,  Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician  
of the Academy of Medical Sciences of the USSR V. V. Zakusov.) Translated from Byulleten, ~kspe r imen-  
tal,noi Biologii i Meditsiny, Vol. 69~ No. 5, pp. 62-65, May, 1970. Original ar t ic le  submitted June 13, 1969. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g/est }Tth Street, New York, ] 
I y" Y" I0011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without I 
[ permission of the publisher. A copy of this article is available from the publisher for ~'15.00. ! 

539 



TABLE 1. Effect  of Adrenerg ic  Blocking Substances on Toxici ty of A m -  
phetamine  in Mice 

Toxici ty of amphe tamine  (LDs0 with 
confidence l imi t s  at P = 0.05) Agent 

0.9% NaC1 solution 

Phento lamine  

Tropaphen  

l~ropranolol 

Dose (in mg/kg) 

15 

15 

15 

15 Pronethalo l  

mice  in groups  

13 
(10-16) 

35 
(26-48) 

50 
(32-72) 

32 
(22-46) 

15" 

isoIated mice  

42 
(28-63) 

125 
(91-173) 

190 
(140-:258) 

195 
(155- 246) 

105 
(81-137) 

*Confidence in te rva l s  not ca lcula ted .  

tion of these  drugs  , and LDs0 in expe r imen t s  on isolated intact  an ima l s  we re  s ta t i s t ica l ly  indist inguishable 
(P = 0.05). The other  f l -adrenergic  blocking agent  which was  used (pronethalol) did not change the toxici ty 
of amphetamine  in the groups  of mice,  poss ib ly  because  this drug p o s s e s s e s  an ad renomimet i c  act ion [11]. 

The toxici ty of amphe tamine  for  isolated mice  was much reduced by the act ion of all ad rene rg ic  
blocking agents,  although in this case  also the effect  of pronethalol  was  weaker .  A definite pa ra l l e l  was ob-  
se rved  between the deg ree  of the change in LD~0 in grouped and isola ted mice  during the act ion of a d r e n e r -  
gic blocking agents .  F o r  instance,  a f t e r  admin i s t r a t ion  of phentolamine,  LDs0 of amphe tamine  in the grouped 
mice  was increased  on the ave r age  by 2.7 t imes ,  and in the isolated mice  by about 3 t imes .  

Because  of r e p o r t s  in the l i t e r a tu re  that an impor tan t  fac tor  in the development  of inc reased  toxici ty 
of amphe tamine  in an imals  in groups  may be the hype r the rmia  developing under these c i r c u m s t a n c e s  [6], 
it was  decided to study the action of adrenerg ic  blocking agents  in this d i rect ion.  

In the f i r s t  s e r i e s  of expe r imen t s  in which the action of ad renerg ic  blocking agents  on intact  mice  was 
studied, these  drugs  had no significant  effect  on the r ec ta l  t e m p e r a t u r e .  Only phentalamine reduced the 
rec ta l  t e m p e r a t u r e  on the ave r age  by 1.3 ~ 2 h a f t e r  adminis t ra t ion .  

In a dose of 15 mg/kg, amphetamine  produced marked  h y p e r t h e r m i a  in the mice  (Fig. 1). The deve l -  
opment of amphe tamine  h y p e r t h e r m i a  a f t e r  p r e l i m i n a r y  admin is t ra t ion  of adrenerg ic  blocking agents  is 
a lso  shown in this f igure.  All adrenerg ic  blocking agents  to some extent reduced the h y p e r t h e r m i a  due to 
amphetamine ,  although none of these  drugs  comple te ly  prevented  the hype r the rmia .  

Propranolo l  sl ightly r e t a rded  its development .  Tropaphen was l e s s  act ive  in prevent ing amphe tamine  
hyper the rmia ,  but in this case  also,  the di f ference between the body t e m p e r a t u r e  of the control  and e x p e r i -  
mental  mice  was s ta t i s t i ca l ly  significant.  

The r e su l t s  of these  expe r imen t s  thus show that  no bas ic  d i f fe rences  could be found between the a c -  
tion of ad renerg ic  blocking agents  of a -  and fi-types on the phenomenon of group toxici ty or  that  of h y p e r -  
t h e r m i a  produced by amphe tamine .  It is a l so  easy  to see that  no comple te  pa ra l l e l  exis ts  between the e f -  
fects  of the drugs on group toxicity,  on the one hand, and on amphe tamine  h y p e r t h e r m i a  on the other :  t r o -  
paphen, which reduced the toxici ty of amphe tamine  m o r e  s t rongly  than the o ther  drugs ,  was  l eas t  ac t ive  
in prevent ing  hyper the rmia ;  pronethaloI  nei ther  modified the group toxici ty of ampheta.rnine nor  s igni f i -  
cantly reduced the hype r the rmia .  These  r e s u l t s  do not ag ree  with the obse rva t ions  of Clark  et al. [6], who 
cons ider  that hype r the rmia  is the dominant  fac tor  in the manifes ta t ion  of inc reased  toxici ty of amphe tamine  
in groups  of mice.  
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Fig. i. Effect of adrenergic blocking agents 
on amphetamine hyperthermia in albino mice. 
Abscissa: time (in rain) after injection of am- 
phetamine; ordinate: changes in rectal tem- 
perature (in deg); I) amphetamine 15 mg/kg; 
2) tropaphen 15 mg/kg + amphetamine; 3) prone- 
thalol 15 mg/kg + amphetamine; 4) propranolol 
15 mg/~g + amphetamine; 5) phentolamine (15 
mg/~g) + amphetamine; 6) control. 

It is interest ing to compare  these resul ts  with 
those of the wri ters ,  previous investigation [1] of the 
same drugs, which showed that a - ad rene rg i c  blocking 
agents reduce, while fi-blocking agents increase  the ac -  
tion of amphetamine on the motor  activity of mice. It 
thus follows that the increase  in motor  excitation, like 
the hyper thermia ,  cannot be the dominant factor  in the 
phenomenon of group toxicity. It is evident that ex-  
haustion of the r e s e r v e s  of catecholamines  as a resul t  
of the action of amphetamine plays a more  important  
role in the genesis of the increased  mortal i ty  among 
the mice kept in groups. In the light of these ideas, the 
protect ive effect of adrenergic  blocking agents can be 
regarded  as the resul t  of their  ability to prevent  ex- 
haustion of the central  catecholamines,  as has been 
demonst ra ted  for phenoxybenzamine [9]. The poss ib i -  
lity of accelera t ion of the synthesis of endogenous ca t -  
echolamines by adrenergic  blocking agents likewise 
cannot be ruled out t7]. 

Comparison of these resul ts  with those previously 
published shows the absence of any selectivity in the 
effect of ~ -  and f l -adrenergic blocking agents on the 
group and individual toxicity of amphetamine and on the 
hyper thermia  produced by it. Tropaphen, a per ipheral  

adrenolytic [2], behaved in these experiments as an active antagonist of the central effects of amphetamine. 
One of the ~-adrenergic blocking agents, propranolol, behaved in the same way. The other similar fl-adren- 
ergic blocking agent, pronethalol, was ineffective as regards the group toxicity of amphetamine. 

It can be concluded from these findings that the protective effect of phentolamine, tropaphen, and 
propranolol against the action of toxic doses of amphetamine is the result of their specific effect on the 
central nervous system. This effect does not correlate with the ability of these drugs to block adrenergic 
structures of ~- and p-types. 
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