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P r o c e s s e s  taking p lace  in the CNS with the par t ic ipat ion  of sero tonin  play an impor tan t  ro le  in the func-  
tioning of natural  ant inocicept ive m e c h a n i s m s  and also in the m e c h a n i s m s  of the analgesic  action of morphine  
[2, 4, 8, 10, 11, 13, 14]. This  conclusion is based on the r e su l t s  of exper imenta l  s tudies in which the cour se  
of  se ro toninerg ic  p r o c e s s e s  was a l t e red  in var ious  ways: by dest ruct ion or  s t imulat ion of s t r u c t u r e s  contain-  
ing se ro ton inerg ic  neurons ,  by adminis t ra t ion  of drugs affecting serotonin m e t a b o l i s m  in the b ra in  o r  syuaptic  
t r a n s m i s s i o n  in sero toninerg ic  neurons .  

In the p re sen t  invest igat ion the effect  of serotonin,  when injected by the in t raven t r i cu la r  route ,  on the 
threshold  of the nocicept ive vocal izat ion r e sponse  to e l ec t r i ca l  s t imulat ion of the t i s sues  of the tai l  was 
studied in r a t s .  The serotonin  was injected in this way because  it does not read i ly  pass  through the b l o o d -  
bra in  b a r r i e r .  

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

E x p e r i m e n t s  were  c a r r i e d  out on m a l e  albino ra t s  weighing 250-350 g. The animals  were  anesthet ized 
with halothane and a carmula was implanted in the lef t  l a t e ra l  vent r ic le  in accordance  with coordinates  f rom 
De Groot ' s  s t e reo tax ic  a t las .  The canaula,  which was a hollow s tee l  needle,  was s ecu red  to the an ima l ' s  skull 
with ac ry l i c  glue,  applied to a wi re  f r a m e w o r k .  The expe r imen t s  began 7-10 days a f te r  the operat ion.  The 
base  of the ta i l  was s t imula ted  through needle e lec t rodes  by single square  pulses  0.1-0.5 m s e c  in durat ion.  
The min ima l  voltage of the pulses  to cause  the an imals  to respond  with a squeak was de termined.  The r e su l t s  
were  a s s e s s e d  in a l te rna t ive  fo rm.  In te rva l s  between the exper iments  were  at l eas t  3 days and each animal  
was used in the expe r imen t s  not m o r e  than 3 t i m e s .  Serotonin was given as the crea t in ine  sulfate  in isotonic 
sodium chloride solution.  The  sero tonin  solution was injected through the eannula into the l a t e r a l  ven t r ic le  
in doses of 50-160/~g, always in the s a m e  volume (10 #1). 

Morphine hydrochlor ide  (5-10 mg/kg)  and naloxone (2 mg/kg)  were  injected subcutaneously and m e t h y -  
se rg tde  (0.5 mg/kg)  in t raper i tonea l ly .  

At  the end of the s e r i e s  of expe r imen t s  the an imals  were  killed and the posi t ion of the t ip of the carmula 
de te rmined .  Al toge ther  29 r a t s  were  used.  

Signif icance of the r e su l t s  was a s s e s s e d  by Student 's  t - t e s t .  

E X P E R I M E N T A L  RESULTS 

Afte r  injection of sero tonin  into the l a t e ra l  vent r ic le  of the r a t s  a dose-dependent  effect  of elevation of 
the th resho ld  of the vocal izat ion r e s p o n s e  to e l ec t r i ca l  s t imulat ion of the an ima l ' s  ta i l  was obse rved  (Figs.  
1 and 2). The animals  under these  c i r c u m s t a n c e s  were  stil l  able to squeak spontaneously.  The m o s t  m a r k e d  
e f fec t  was obse rved  5-15 rain a f t e r  injection.  The ana lges ic  action of the drug continued fo r  25-30 rain. In 
the intensi ty of its analgesic  effect  serotonin  in a dose of 160 pg cor responded  to morphine  given in doses of 
5-10 m g / k g  subcutaneously.  Injection of isotonic solution into the c e r e b r a l  ven t r ic les  in a volume equal  to 
that  of  the serotonin solution led to no change in the nocieeptive r e sponse .  

Methysergide ,  which blocks serotonin  r e c e p t o r s ,  in a dose of 0.5 m g / k g  in t raper i tonea l ly  had no effect  
on the th resho ld  of the a n i m a l s '  vocal izat ion r e s p o n s e  (Fig. 2C). However ,  injection of me thyse rg ide  1 h before  
injection of sero tonin  prevented  elevat ion of the threshold  of the nocicept ive r e sponse  by serotonin  (Fig. 2D). 
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Fig. 2 

Fig. I. Effect of serotonin (160 #g, into the lateral ventricle) 
on threshold of vocalization response in rats. Abscissa, 
time (in rain) after injection of serotenin; ordinate, threshold 
of nociceptive response (in %, threshold of response before 
serotonin taken as 100%). 

Fig. 2. Threshold of vocalization response in rats (in %) 
before injection of serotonin (A), after injection of 160 #g 
serotonin into lateral ventricle (B), after intraperitoneal 
injection of methysergide in a dose of 0.5 mg/kg (C), and 
after injection of serotonin, 160 /zg, into lateral ventricle 
preceded 1 h beforehand by intraperitoneal injection of 0.5 
mg/kg methysergide (D). Threshold of response before in- 
jection of serotonin taken as 100%. 

Like methysergide, the morphine antagonist naloxone (2 mg/kg, subcutaneously) did not change the thresh- 
old of the vocalization response in the animals. Naloxone, injected 3 rain after serotonin, did not affect its 
antinociceptive action. A control series of experiments showed that under the same experimental conditions 
naloxone abolished the analgesic effect of morphine (I0 mg/kg, subcutaneously) 5 rain after injection. 

The results of those experiments show that serotonin, when injected into the lateral ventricle, has a 
m a r k e d  ant inocicept ive action, man i fes t ed  as  a cons ide rab le  r i s e  in the th resho ld  of the vocal izat ion r e s p o n s e  
of the an imals  to e l ec t r i ca l  s t imulat ion of the ta i l .  The  fact  that  the an imals  we re  st i l l  able to squeak  spon-  
taneously  is evidence of definite se lec t iv i ty  in the action of serotonin.  The abil i ty of me thyse rg ide ,  which 
blocks serotonin  r e c e p t o r s ,  to p reven t  the ant inocicept ive action of sero tonin  is evidence that  this effect  of 
sero tonin  is the r e s u l t  of its action in se ro toninerg ic  synapses .  

The inabili ty of naloxone to abolish the ant inocicept ive effect  of sero tonin  indicates  that  the analges ic  
act ion of sero tonin  is effeeted in this case ,  evidently,  without involvement  of  the s y s t e m  of bra in  opiate r e -  
cep to r s .  S imi l a r  r e su l t s  were  obtained by submeningeal  appl icat ion of se ro tonin  at the  spinal  cord  level  and 
by systemic administration of naloxone [12, 14]. 

The antinociceptive effect of serotonin when injected into the cerebral ventricles may take place through 
strengthening of descending inhibition of the segznental nociceptive "input." The morphological substrate for 
the inhibitory system may be projections from the posterior group of raphe nuclei (n. raphe magnus, n. raphe 
obscurus, n. raphe pallidus), containing serotoninergie neurons, to neurons of the posterior horns of the spinal 
cord [3, 9 I. However, according to data in the literature [6], serotonin does not affect unit activity of the 
raphe nuclei when applied iontophoretically. Meanwhile, after mieroinjections of sorotonin into the ventral 
part of the periaqueductal gray matter, a marked antinociceptive effect not abolished by microinjections of 
naloxone into the same structures is observed [I]. Consequently it seems more likely that serotonin, injected 
into the ventricles, affects the structures of the poriaqueduclal gray matter. These structures participate in 
the function of the na tura l  ant inocicept ive s y s t e m  and m a y  have an inhibi tory influence on neurons  of the 
p o s t e r i o r  horns  of  the spinal  cord  through the s y s t e m  of raphe  nuclei  [7]. Moreove r ,  through i~ terac t ion  be-  
tween sero tonin  and s t ruc tu r e s  of the per iaqueducta l  g r ay  m a t t e r ,  ascending antinoceptive influences may  
be potentiated [1]. 

Serotonin has a m a r k e d  ant inocicept ive offect  when injected beneath the spinal  meninges  on account of 
i ts  d i r ec t  influence on the segmenta l  appara tus  [12, 14]. Accordingly  the d i rec t  act ion of serotonin,  when in- 
jected into the vent r ic les ,  on in terneuronal  t r a n s m i s s i o n  in the spinal  cord  cannot be ruled out. 
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Dis turbances  of neuromedia tor  and, in pa r t i cu la r ,  of ea techolamine me tabo l i sm during the s t r e s s  r e -  
action are  conf i rmed by the resu l t s  of  many invest igat ions .  Cons iderable  changes in the noradrenal in  con-  
centra t ion in the hypothalamus,  adrenals ,  hear t ,  and blood during s t r e s s  lead to significant d is turbances  of  
function of sympathet ic  regulat ion of the act ivi ty of the ca rd iovascu l a r  sy s t em [1, 2, 7, 14]. Changes in c a t e -  
cholamine me tabo l i sm also have been obse rved  in patients  with i schemic  hear t  d isease  and myocard ia l  i n f a r c -  
tion [8, 11, 13]. 

In connection with the facts  descr ibed  above it was decided to invest igate the effect  of the new antianginal 
drug nonachlazine,  which acts  upon adrenerg ic  p r o c e s s e s  [5], on the bra in  and hear t  noradrenal tn  leve ls  under 
normal  conditions and during neurogenie s t r e s s .  

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

E x p e r i m e n t s  were  ca r r i ed  out on 60 sexual ly  ma tu r e  r a t s  weighing 200-250 g. The noradrena l in leve l  in 
the brain stern and myocard ium was de te rmined  by the modificat ion in [9] of the f luoromet r ic  method [12]. 

There  were  four s e r i e s  of expe r imen t s .  In the expe r imen t s  of s e r i e s  I (control) the noradrenal in  level  
was de te rmined  in the bra in  t issue and myoca rd ium of intact ra t s .  In the exper imen t s  of s e r i e s  II the no r -  
adrenal in  level  in the t i s sues  was de te rmined  15 and 30 rain a f te r  intravenous injection of nonachlazine in a 
dose of 10 mg/kg .  In s e r i e s  III the noradrenal in  level  was studied 30 rain af ter  the beginning of e l ec t r i ca l  
s t imulat ion of the thigh through bipolar  subcutaneous e lec t rodes  (10 V, 0.5 msec ,  20 s t imu l i / s ee ,  for  10 sec 
with in tervals  of 5 rain) while the r a t s  were  immobi l ized.  In s e r i e s  IV the noradrenal in  level  was de te rmined  
in the brain  s tem and hear t  30 rain af ter  injection of nonachlazine and e l ec t r i ca l  s t imulat ion of the animals .  
During the period of development  of the s t r e s s  react ion  changes in the EC G were  recorded  in s tandard lead II. 
The exper imen ta l  resu l t s  were subjected to s ta t i s t ica l  analys is  with a P < 0.05 level  of s ignif icance.  
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