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Exper iments  on dece rebra te  ca ts  showed that fentanyl, in a dose of 10 pg/kg or  more ,  inhib- 
its neurons of the bulbar r e s p i r a t o r y  center ,  with a resul t ing  dec rease  in the mean f ir ing 
rate ,  a change in the number of spikes in the d i scharge  and its duration,  and d is turbance  of 
the temporal  distr ibution o{ spikes in the discharge.  The degree  of inhibition of the insp i ra -  
tory neurons depends on the initial f ir ing rate.  Inhibition of activi ty of the exp i ra to ry  neurons 
is more pronounced. 
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There  is little information in the l i te ra ture  on the effect of fentanyl on external  and t issue r e sp i r a t ion  
[5, 6] and vir tual ly rio information on its action on unit act ivi ty in the r e s p i r a t o r y  center .  

The present  investigation was ca r r i ed  out to study this problem. 

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

Fifteen cats were used. The p repa ra to ry  operat ion (dece rebra t ion  and r emova l  of the cerebel lum) 
was ca r r i ed  out under deep ether  anesthesia.  At least  2 h elapsed between discontinuing the e ther  and s t a r t -  
ing the experiment.  During the exper iment  the animals  breathed spontaneously. 

Activity of the r e s p i r a t o r y  neurons was recorded  ex t race l lu la r ly  by e lec t rodes  with a tip 20-40 # in 
d iameter .  The mic roe lec t rode  was inser ted into the brain in an a rea  r o s t r o - l a t e r a l l y  to the obex, where 
the probabil i ty of finding r e sp i r a to ry  neurons is highest [9, 11]. 

Bioelect r ical  activity of the d iaphragm was recorded  s imultaneously  with bipolar needle e lec t rodes .  
Action potentials of the r e s p i r a t o r y  neurons and potentials of the d iaphragm were  suitably amplified 
(UBP1-01 amplifier)  and r eco rded  on moving photographic film from the sc reen  of  a dua l -beam osc i l lo -  
scope ($1-18). 

Fentanyl c i t ra te  was injected intravenously in split doses  up to a total of between 10 and 100 #gAg-  
The injections were given slowly over  a period of 1-2 rain. 

R E S U L T S  AND D I S C U S S I O N  

The spontaneous activity of 12 insp i ra tory  and 3 exp i ra to ry  neurons was recorded .  To a s se s s  the 
single unit activity and its changes under the influence of fentanyl,the following indices of periodic d i s -  
charges  were used: the mean firing ra te ,  the number of spikes per d ischarge ,  the durat ion of d i scharge ,  
and the temporal  distr ibution of spikes in the discharge.  

Fentanyl led to a mean decrease  of 30-40 % in the resp i ra t ion  rate  and the relat ive durat ion of in- 
spirat ion was reduced. The durat ion of expirat ion in all cases  was increased  by 75~  after  a dose of 10 
mg/kg  and it increased p rogress ive ly  with an increase  in the dose up to 50-70 pg/kg. 
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Fig. 1. Effect  of [entanyl on act ivi ty  of group 1 in sp i r a to ry  neurons.  A) 
Di scha rges  of i n sp i r a to ry  neuron (top beam) and of d iaphragm (bottom 
beam);  1) normal ;  2, 3, 4) a f t e r  admin i s t r a t ion  of fentanyl in doses  of 10, 
40, and 70 pg/kg,  r e spec t ive ly .  Ca l ib ra t ion  in this and all subsequent  
r e co rds :  t ime,  1 sec;  ampli tude,  100 •V. B) Frequency c h a r a c t e r i s t i c  
cu rve s  of the s ame  neuron; 1) normal ;  2, 3, 4) a f te r  injection of fentanyl 
in doses  of 10, 40, and 70 gg/kg,  r e spec t ive ly .  Absc i s sa ,  t ime (in sec); 
ord ina te ,  f i r ing ra te .  Lines under  a b s c i s s a  show durat ion of d i scha rges  of 
d iaphragm.  C) Aggregated  cu rves  of d i scharge  duration (1), number  of 
spikes  pe r  d i scharge  (2), and mean f requency (3) of insp i ra to ry  neurons  
under the influence of fentanyl. Absc i s sa ,  dose  of fentanyl (in pg/kg);  
ord ina te ,  change in co r r e spond ing  p a r a m e t e r s  (in % of initial  level). D) 
d i a g r a m  of f rontal  sect ion through b ra in  s t em showing location of tip of 
r eco rd ing  e lec t rode .  
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Fig. 2. Effect  of fentanyl on act ivi ty  of group 2 i n s p i r a -  
to ry  neurons.  Legend as in Fig. 1. 

Three  groups  of i n sp i r a to ry  neurons  were  dis t inguished on the bas i s  of the degree  and d i rec t ion  of the 
changes in the pr inciple  indices under the influence of fentanyl.  

In the neurons  of group 1 (four units}, with a high mean  spontaneous f i r ing ra t e  (Fig. 1), an inc rease  
in the durat ion os the d i scharge  was obse rved  i m m e d i a t e l y  a f t e r  injection of fentanyl in a dose  of 10 #g/kg,  
to r each  a m a x i m u m  with doses  of 40-50 pg /kg  (Fig. 1C). The number  of sp ikes  pe r  d i scha rge  also was 
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Fig. 3. Effec t  of fentanyl on act ivi ty  of e x p i r a t o r y  neu-  
rons .  In A and B: 1) normal ;  2, 3) a f t e r  inject ion of 
fentanyl in dose s  of 30 and 70 #g/kg,  r e s p e c t i v e l y .  R e -  
ma inder  of legend as in Fig. 1. 

i nc reased ,  although the mean  f i r ing r a t e  fell  g radua l ly  on the ave rage  by 45% of its ini t ial  level .  Ana lys i s  
of the changes  in the f requency  c h a r a c t e r i s t i c  cu rve  (Fig. 1B) showed high r e s i s t a n c e  of the d i s c h a r g e  s t r u c -  
ture  to the action of fentanyl.  Onlg-af ter  doses  of .50-70 pg /kg  was f la t tening of the c h a r a c t e r i s t i c  cu rve  o b -  
se rved .  With sma l l  doses  of fentanyl,  e a r l i e r  r e c r u i t i n g  of neurons  into the d i s cha rge  took p lace ,  but with 
la rge  doses  this change was l e s s  m-arked (Fig. 1A). 

In the neurons  of group 2 (four units),  with a lower  mean spontaneous  f i r ing r a t e  ( f rom 16 to 24 / sec ) ,  
much greater inhibition of activity wa's observed under the influence of fentanyl-. The duration of the dis- 
charges in this group increased on the average by 20-25 % (Fig, 2C). The number of spikes in the discharge 
fell by 10-15 %. The mean firing ra.te fell progressively. Flattening of the frequency characteristic curve 
was pronounced (Fig. 2B), and with doses of fentanyl of 50-70 pg/kg a discharge with constant frequency 
appeared; the beginning of the discharge was shifted into the phase of expiration (Fig. 2A). 

In the neurons of group 3 (fOur, units), with a low mean firing rate (from 13 to 17/sec), under the in- 
fluence of fentanyl changes in the duration of the discharge and the number of spikes per discharge took 
place in two phases: an increase after the injection of small doses and a decrease after injection of large 
doses. The mean frequency fell in all experiments. There was a clear tendency toward flattening of the 
frequency characteristic curve followed by its inversion (with large doses of fentanyl). 

Maximal changes in the principle indices of unit activity occurred 1-2 rain after the injection of fen- 
tanyl, followed by partial recovery at the 10th minute of observation. 

The duration of the discharge of the expiratory neurons was increased on the average by 100% by 
fentanyl in a dose of 30-40 ~g/kg (Fig. 3C). The number of spikes did not change significantly. The mean 
frequency fell by 50% after a dose of 30-40 #g/kg. Starting with a dose of 30 PgAg a tendency toward flat- 
tening of the frequency curve was observed, and with a dose of fentanyl of 70 pg/kg either inversion of the 
curve or a discharge with constant frequency was observed (Fig. 3B)0 

The results show that under the influence of fentanyl the activity of the inspiratory neurons was in- 
hibited; the degree of inhibition depended on the original mean firing rate. This pattern of relationship was 
not observed with morphine [3, 4], The difference may be explained by the unequal action of fentanyl on 
neurons located in the center and at the periphery of the respiratory nucleus [1, 2]. 

In the present experiments the changes taking place were not found to depend on the location of the 
discharge in the respiratory cycle, as is characteristic, for example, of pentobarbital [2, 3]. 

Like morphine [7], fentanyl disturbs the distribution of the discharge frequency in the volley, an in- 
variant parameter. This effect of fentanyl is stronger than that of morphine, as shown by inversion of the 
frequency characteristic curve, a reflection of a severe disturbance of the self-excitation process. 

Slowing of the respiration rate after doses of fentanyl too small to give any marked change in unit 
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activity,  together with the increase  in the d ischarge  durat ion of neurons of both the "genera to r"  groups,  a re  
evidence of the predominant  action of fentanyl on the sys tem of " in termedia te"  neurons of the pons [8, 10]. 
However,  this hypothesis  r equ i r e s  fu r ther  confirmation.  
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