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In expe r imen t s  on unanesthet ized,  cu ra r i zed  spinal cats ,  morphine,  t r imeper id ine ,  and fentanyl 
caused no change in the ampli tude of evoked potent ia ls  in the ven t ro la te ra l  columns in the lum-  
bar  reg ion  of the spinal cord  in r e s p o n s e  to single or repe t i t ive  s t imulat ion of a cutaneous or  
pelvic  nerve .  In some  exper iments  these p repa ra t ions  inhibited neurons of the p o s t e r i o r  horns 
of the spinal  cord that  a r e  act ivated by nociceptive st imulat ion of pe r iphe ra l  r e c e p t o r s  or by 
i n t r a a r t e r i a l  inject ion of bradykinin.  It  is suggested that a spinal component  exis ts  in the act ion 
of the narcot ic  ana lges ics .  
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Severa l  inves t iga tors  [1, 2, 5, 13] have suggested that narcot ic  ana lges ics  may  dis turb  the t r ansmis s ion  
of excitat ion in t r a c t s  r e spons ib l e  for  the conduction of nociceptive information actual ly at the spinal cord level .  
However ,  in m o s t  e a s e s  the action of analges ics  on the t r a m s m i s s i o n  of excitat ion has been studied in segmen-  
ta l  r e f l ex  pathways.  The  effect  of these  subs tances  on the ascending t r a c t s  of the spinal  cord has been studied 
in only a few invest igat ions and the r e s u l t s  were  highly contradic tory .  Fuj i ta  et  al .  [11], for  instance,  pos tu-  
lated a d i r ec t  inhibitory effect  of narco t ic  ana lges ics  on the t r a n s m i s s i o n  of excitat ion in the a f fe ren t  t r a c t s  
of the spinal  cord,  whereas  Saton and Takagi  [14] consider  that d is turbance  of synaptic  t r a n s m i s s i o n  a t  the 
spinal  level  is due to ac t ivat ion of descending inhibitory influences f r o m  the higher levels  of the CNS through 
the act ion of the ana lges ics .  

The  object  of the p r e s en t  invest igat ion was to study the effect  of morphine,  t r imeper id ine ,  and fentanyl 
on evoked r e s p o n s e s  in the ven t ro l a t e ra l  columns of the spinal cord (where nociceptive sensat ion is mainly 
conducted) in r e spo ns e  to s t imulat ion of a cutaneous or pelvic nerve .  In a s epa ra t e  s e r i e s  of exper iments  the 
action of these  drugs  on neurons  in the in te rmedia te  zone of the p o s t e r i o r  horns of the spinal cord, act ivated 
by nocicept ive s t imula t ion  following injection of bradykinin into an a r t e r y  of the hind l imb, was evaluated.  

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

Expe r imen t s  were  c a r r i e d  out on cats weighing 2-3 kg. Tracheo tomy,  ca the ter iza t ion  of veins  and a r -  
t e r i e s ,  a cce s s  to the spinal  canal,  and d issec t ion  of the pe r iphera l  ne rves  were  ca r r i ed  out under e ther  anes -  
thes ia .  In all the expe r imen t s  the sp ina l  cord of the an imals  was divided at the level T8-T9 .  Total  immobi l i -  
za t ion  was secured  by intravenous injection of anatruxonium. Evoked r e s p o n s e s  in the ven t ro la te ra l  columns 
of the spinal  cord  at  the level  L4-L5  were  r eco rded  s ta r t ing  2 h af ter  the end of inhalation of e ther ,  by means  
of g lass  e lec t rodes  filled with a solution of an e lec t ro ly te  (diameter  of tip 10-15 #).  A con t ra l a t e ra l  cutaneous 
or pe lv ic  ne rve  was s t imulated by single,  pa i red  (interval  100 msec)  or  s e r i e s  of (frequency 10 Hz) sup ramax i -  
mal  pu lses .  In a s epa ra t e  s e r i e s  of expe r imen t s  nociceptive s t imulat ion of the r e c e p t o r s  of the hind l imb was 
induced by i n t r aa r t e r i a l  injection of 10 p g bradykinin by the method of Besson et al. [9]. In these  exper imen t s  
spike d i scharges  f r o m  neurons of the in te rmedia te  zone of the p o s t e r i o r  horn of the spinal cord were  r e c o r d e d  
by a mic roe l ec t rode  technique before  and af ter  injection of bradykinin.  Only nocicept ive neurons which, in 
r e s p o n s e  to this method of s t imulat ion,  increased  the i r  d i scharge  f requency by 2-5 t imes  were  included in the 
invest igation.  The  r e s u l t s  of these  expe r imen t s  were  r eco rded  on magnet ic  tape, a f te r  which the f requency 
(for every  5 sec) of spikes  genera ted  by the nerve  cel ls  was analyzed on the Nei ron-1  computer .  All the sub- 
s tances  t es ted  were  injected in t ravenously  under the control  of the blood p r e s s u r e  in the common carot id  a t -  
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TABLE 1. Effect  of Narco t ic  Ana lges ics  on Spontaneous Activity of In terneurons  of  the 
P o s t e r i o r  Horns  of the Cat  Spinal Cord  and on The i r  Act ivi ty  Evoked by I n t r a a r t e r i a l  
Inject ion of Bradykinin 

Dose mg/kg 
Drug .ntrave-, 

nously 

Morphine I0 

Trimeperidine I0 

Fentanyl 0,6 

Group of neurons responding by increase in 
spontaneous discharge frequency to intra- 
arterial injection ofbradykinin * 

Legend. Numera to r :  - 
intensif icat ion of r e s p o n s e  to bradykinin  by 30-40%; denominator :  
ous d i scharge  f requency by 50% or more ;  0) no effect.  
*Seven groups of neurons  were  t es ted  with each drug. 
~Data f r o m  Bulaev [1]. 
SData f r o m  Mashkovski i  and Ishchenko [6]. 
* *Data  f r o m  Jansen  et al. [12]. 

Dose in which 
drugs inhibit unit Analgesic doses 
activity.in posterio of dr~gs for rats 
horns of spinalcor( when injected 
during stimulation intravenously, 
nerve, mg/kg mg/kg 
intravenously~ 1 2 3 4 5 6 7 

_ 0 010 0 
o o o 

- -  --fr- 
o 0 0 0 0 

--6- --6- --d---V---b- 

depress ion  of r e s p o n s e  to injection of bradykinin  by 75-100%; +) 

- )  reduct ion of spontane-  

3--4 3,55 

4--5 2.5~ 

0,6 0,013 * * 

t e r y .  Af te r  the  end of the expe r imen t s  the  locat ion of the tip of the r eco rd ing  e lec t rode  was identified in s e r i a l  
sect ions  f r o m  the reg ions  of the spinal  cord  studied. 

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  

According to the exist ing views, the ven t ro l a t e ra l  columns (spinothalamic t rac t )  a r e  the main conductors  
of nocicept ive sensat ion.  I t  can accordingly  be postula ted that  na rco t ic  ana lages ics  d is turb  the t r a n s m i s s i o n  
of excitat ion in this conducting s y s t e m  actual ly  at  the spinal  cord  level ,  and speci f ica l ly  in the p o s t e r i o r  horns,  
where  the f i r s t  synaptic r e l a y  occu r s  in the ascending t r ac t .  When the effect  of morphine  (0.1-15 m g / k g ) ,  t r i -  
meper id ine  (0.1-12 m g / k g ) ,  and fentanyl (0.013-0.6 m g / k g )  on the ampli tude and configurat ion of evoked r e -  
sponses  in the ven t ro l a t e ra l  columns of the spinal cord  was studied, no marked  changes could be obse rved .  At 
the  s a m e  t ime ,  the narco t ic  ana lges ics  a r e  known to depress  the activity of those  units of the pos t e r io r  horns  
which pa r t i c ipa t e  in the fo rma t ion  of polysynapt ic  pathways [1]. It  can tenta t ively  be suggested that  se lec t ive  
inhibition of the act ivi ty  of ce r t a in  neurons by ana lges ics  is masked  by the continued act ivi ty  of m o s t  of the 
cel ls ,  so that  when the combined r e s p o n s e  is r e c o r d e d  f r o m  a l a rge  number  of axons in the ven t ro la te ra l  co l -  
umns  no changes can be detected in the ampli tude and configurat ion of the potent ia ls .  In o rde r  to r e s t r i c t  a t -  
tent ion to neurons  involved in the t r a n s m i s s i o n  of nocicept ive impulses ,  se lec t ive  nociceptive s t imulat ion of 
the p e r i p h e r a l  r e c e p t o r s  by bradykinin  was used. The  resu l t ing  inc rease  in the d i scharge  f requency of the ce l l s  
was a s s e s s e d  as the speci f ic  r e s p o n s e  to nocicept ive  s t imulat ion.  The r e su l t s  of investigation of the effect  of 
morphine ,  t r imepe r id ine ,  and fentanyl on nocicept ive neurons  of the in te rmedia te  zone of the p o s t e r i o r  horns  
of the spinal  cord  a r e  given in Tab le  1. Genera l  d i s tu rbances  of unit act ivi ty  a r i s ing  under the influence of 
na rco t ic  ana lges ics  can be cha r ac t e r i z ed  by two effects :  at by a change in the spontaneous d i scharge  f requency 
and b) by the change in the r e s p o n s e  evoked by nociceptive s t imulat ion.  As Table  1 shows, the r e su l t s  of this  
s e r i e s  of expe r imen t s  were  equivocal.  In half  of the exper imen t s  (11 of 217 in which these  drugs were  tes ted  
the f requency of spontaneous spike d i scharges  was reduced  by 50% or more .  In some expe r imen t s  (77 this  
effect  was accompanied  by dep res s ion  of the r e s p o n s e  to nocicept ive s t imulat ion and repea ted  injections of 
bradykinin  caused no change in the d i scharge  f requency of the nocicept ive neurons .  In two expe r imen t s  the 
r e s p o n s e s  of the neurons to nocicept ive s t imulat ion w e r e  intensified by 30-40% af ter  injection of morphine  and 
t r i m e p e r i d i n e .  In the other  expe r imen t s  no apprec iab le  d i s tu rbances  of unit act ivi ty could be detected.  This  
var ia t ion  of the r e s p o n s e s  evoked by narco t ic  ana lges ics  in the act ivi ty of the nocicept ive neurons  is evidence 
in support  of the view that  ce l l s  par t i c ipa t ing  in the  fo rmat ion  of the ascending nociceptive signal exhibit  func- 
t ional  he terogenei ty .  This  conclusion is a lso  conf i rmed by the r e su l t s  of the expe r imen t s  by Ignatev [4], who 
demons t ra t ed  the functional he te rogene i ty  of ce l l s  of the substant ia  gelat inosa.  The  work  of Calvil lo et  al.  [10] 
showed that  morphine ,  given by iontophoretic application,  d e p r e s s e d  nocicept ive neurons  of the in te rmedia te  
zone of the p o s t e r i o r  horn  of the spinal  cord,  act ivated by nocicept ive cutaneous s t imulat ion,  in half  of the ca se s .  
However ,  in some  ce l l s  act ivi ty  r em a i ned  unchanged or was even inc reased  cons iderably .  S imi la r  r e s u l t s  were  
obtained by Takag i  et al .  [15] a f te r  in t ravenous injection of morphine .  
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On the basis of the experimental results described above and of data in the literature it can accordingly 
be postulated that a spinal component exists in the action of the narcotic analgesics and probably supplements 
their inhibitory effect on interneuronal transmission in the region of the thalamus [3, 7, 8]. 
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