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The effect of t ranqui l izers  (cMordiazepoxide, diazepam) and an ant idepressant  (imipramine) on 
impulse summation in the CNS during photic, acoustic, and nociceptive st imulation was studied 
in experiments  on rats .  These substances in relat ively small doses were found to potentiate 
impulse summation during nociceptive stimulation, but in la rge  doses they weaken it for  other 
types of stimulation. These substances weaken summation of impulses in spinal cats and 
rabbits during nociceptive e lectr ical  stimulation of the hind limb and direct  st imulation of the 
thalamic centers  in cats.  

In a study of the effect of t ranqui l izers  (meprobamate, cMordiazepoxide, diazepam) and ant idepressants  
(imipramine, nialamide, t ranylcypromine)  with one impulse summation in the CNS during nociceptive (elec- 
tr ical)  st imulation the wri ter  showed [1] that these substances,  in relat ively small  doses,  potentiate the 
ability of the bra in  centers  to summate subthreshold stimull, and weaken this ability only in large  doses.  

It was therefore  decided to study whether t ranqui l izers  and ant idepressants  have a positive effect on 
the summation of impulses of a different modali ty and, in par t icular ,  during photic and acoustic stimulation. 

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

Since as a rule it is impossible to investigate the summation of photic or acoustic stimuli  in exper i -  
mental animals with respec t  to unconditioned responses ,  a conditioned reflex technique was used. The con- 
ditioned stimuli were photic (flashes) and acoustic (buzzer) stimuli, generated with a certain frequency, 
amplitude, and duration. An electr ic  cur ren t  was applied as the unconditioned st imulus.  The experiments  
were car r ied  out on ra ts  by Courvo is ie r ' s  method [2], i.e., the animal was placed in a chamber  with the 
floor constituting one electrode and with a ver t ical  rod in the center .  In response  to e lect r ical  st imulation 
the animal jumped on the rod and so avoided fur ther  stimulation. Simultaneously with the e lec t r ic  shock, 
photic or acoustic st imulation of assigned frequency was applied. After severa l  training sess ions  a con- 
ditioned avoidance reflex was formed in the ra ts ;  i.e., they jumped on the rod after  a cer tain number of 
photic or  acoustic stimuli  without re inforcement  by the unconditioned st imulus;  the number of these st imuli  
was used as the cr i ter ion of the effect. The la rges t  number of photic or acoustic stimuli  was 10 at a f r e -  
quency of 2 /sec .  The number of stimuli  in response to which an unconditioned avoidance response  occurred 
(jumping on the rod) was determined.  

The t ranqui l izers  used were chlordiazepoxide (Elenium) and diazepam (Seduxen), and the ant idepres-  
sant was imipramine.  Morphine also was used for reference,  for it has a marked effect on impulse summa-  
tion in the CNS. 
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TABLE 1. Doses (in mg/kg) in which the 
Drugs Tested Induce Summation of Impulses 
During Heteromodal Stimulation 

Name Nociceptive . _Ph~ Acoustic 

of poteu- ' = ' ' =o " 
, = o  tiation ~ . ~  ~ "2. 

drug ~ c~ "~. :~ ~ "~, 

Ide I 1--2 4,0 -- 4,0 -- 4,0 
Diazepam ] 1,25 1,25 1,25 

Imipramine 0,i 1,5 1,5 i ,5 
Morphine 0,5 0,5 0,5 

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

In relat ively small  doses,  in which they potentiate the summation of noeieeptive stimuli,  ehlordiaze-  
poxide, diazepam, and imipramine had no effect on the summation of photic and acoustic stimuli. However, 
in doses in which these substances weaken the summation of nociceptive stimuli they also weakened the 
summation of photic and acoustic stimuli  (Table 1). 

To analyze the resul ts  it was important  to determine whether t ranqui l izers  and ant idepressants  produce 
a st imulant effect on impulse summation at the spinal cord  level. For  this purpose,  a se r i e s  of experiments  
was ca r r i ed  out on spinal rabi ts  and cats. The spinal cord was divided under ether anesthesia  at the level 
of the lower thoracic  segments .  One hind limb was st imulated e lec t r ica l ly  through needle e lect rodes  in- 
ser ted  beneath the skin of the foot. The frequency of the s t imul i  was 10 or  20/sec ,*  their  amplitude 8-10 V, 
and their  duration 0.5 msec .  Using an electronic counter the number of stimuli  in response to which reflex 
flexion of the st imulated limb developed was recorded  automatically.  Movement of the limb was recorded  
by means  of a photoelectr ic  cell. The total number of stimuli  did not exceed 100. 

In the spinal animals chlordiazepoxide, diazepam, and imipramine caused weakening of impulse sum-  
mation in doses  2 to 4 t imes g rea te r  than those for  which summation of impulses was facilitated during 
nociceptive st imulation in intact rabbits.  Morphine weakened impulses in spinal animals in doses  two to 
four t imes g rea te r  than those for  which summation of impulses in intact rabbits  was weakened during noci-  
eeptive stimulation. The doses of the drugs for  which weakening of summation of impulses was observed 
in spinal animals a re  given below (in mg/kg) :  chlordiazepoxide 6.0, d iazepam 0.2-0.4, imipramine  0.3, 
morphine 1-2. 

Since in cats it is impossible to investigate impulse summation in the CNS during noeiceptive s t imu-  
lation, for they respond to the nociceptive st imulat ion by a general ized violent reflex movement,  a se r ies  
of experiments  was ca r r i ed  out on cats with d i rec t  stimulation of one of the nonspecific thalamine nuclei 
(n. medial is  dorsal is)  part icipat ing in formation of the response to noeiceptive stimulation, instead of s t imu-  
lation of the per iphera l  r ecep to r s  and nerve fibers.  The thalamic centers  in the eats were stimulated di- 
rec t ly  through implanted e lect rodes  at a frequency of 100-200/sec until a vocal (mewilN) and general  moto r  
response  (rest lessness)  appeared after  a t ime not exceeding 10 sec. 

Under these conditions chlordiazepoxide, diazepam, and imipramine suppressed  the vocal  and general 
moto r  responses  of the cats in the same doses as those in which they intensified the summation of impulses  
during nociceptive e lect r ical  stimulation of the hind limb of an intact rabbit. For  comparison,  morphine 
was tested under the same  conditions. The tests  showed that doses of morphine followed by weakening of 
impulse summation during d i rec t  st imulation of the thalamic centers  in cats and nociceptive e lect r ical  s t im-  
ulation of the hind limb inthe in tac t rabb i twere  the same.  Doses of the drugs for which weakening of impulse 
summation was observed during d i rec t  s t imulat ion of the thalamic nuclei are  given below (in mg/kg) : ch lor -  
diazepoxide 1-2, diazepam 0.1-0.2, imipramine  0.1, and morphine 0.5. 

During direct  stimulation of the thalamic centers  in cats impulse summation is thus not facilitated by 
chlordiazepoxide, diazepam, imipramine,  or  morphine.  Weakening of impulse summation in the thalamic 
centers  is produced by ehlordiazepoxide, diazepam, and imipramine in doses which produce facilitation of 
impulse summation in the intact centra l  nervous sys tem during nociceptive (electrical) stimulation. These 

At a lower  frequency of stimulation summat ion of impulses could not be detected. 
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doses  a r e  f r o m  two to four  t imes  s m a l l e r  than those causing weakening of impulse  summat ion  in spinal 
animals .  P r e s u m a b l y  the tha lamic  cen te r s  a re  m o r e  sens i t ive  thin the spinal cen te r s  to chlordiazepoxide,  
d iazepam,  imipramine ,  and morphine .  However,  it mus t  be  r e m e m b e r e d  that af ter  t r ansec t ion  of the spinal 
cord its sens i t iv i ty  to pha rmaco log ica l  agents m a y  v a r y  on account of r emova l  of the influence of higher  
leve ls  of the CNS on i ts  exci tabi l i ty .  

It can be  concluded f rom the data  given above on the e f fec t  of t ranqui l i ze rs  and an t idepressan ts  on 
he te romoda l  impulse  summat ion  at dif ferent  l eve l s  of the CNS that s t rengthening of impulse  summat ion  
through the influence of t r anqu i l i ze r s  and an t idepressan ts  is obse rved  only during nociceptive s t imulat ion 
of pe r iphera l  r e cep to r s ,  and that  during s t imulat ion of other  modal i t ies  (photic or acoustic) this phenomenon 
is not observed.  Consequently, the fac i l i t a to ry  effect  of t ranqui l i ze rs  and an t idepressan t s  is exhibited only 
toward impulses  of a pa r t i cu l a r  modali ty.  The c h a r a c t e r i s t i c s  dist inguishing the action of these  subs tances  
d e s c r i e d  above evidently depend on the functional s y s t e m s  through which the effect  is produced.  
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