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E F F E C T  O F  M O R P H I N E  A N D  A Z I D O M O R P H I N E  

ON C O R T I C A L  U N I T  A C T I V I T Y  

V.  M. B u l a e v  a n d  O. N. C h i c h e n k o v  UDC 615.212.7: 547.943]. 015.4: 612.825 

In acute exper imen t s  on unanesthet ized cu ra r i zed  ca ts  and ra t s  morphine  and azidomorphine,  in 
analges ic  doses ,  inhibited spontaneous and bradykinin-evoked unit act ivi ty  in the sensomotor  
cor tex .  The depr iming  action of both drugs was abolished by nalorphine.  It is suggested that the 
inhibitory action of morphine  and az idomorphine  is due to the i r  d i rec t  action on the c e r e b r a l  
cor tex .  
KEY WORDS: morphine;  az idomorphine;  single unit act ivi ty;  sensomotor  cor tex .  

New drugs  (fentanyl, e torphine,  and azidomorphine) ,  with an analgesic  act ivi ty  s e v e r a l  o rde r s  of magnitude 
higher than that of morphine ,  have r ecen t ly  been obtained. The effect  of fentanyl and etorphine on the nervous  
s y s t e m  has r ece ived  li t t le study and no data a r e  avai lab le  on the di rect ion of action of az idomorphIne  [4] in the 
CNS in genera l .  The ro le  of the sensomoto r  cor tex  in the r e sponse  to nocicept ive s t imulat ion in cats  and ra t s  
has been es tabl ished in invest igat ions by many  worke r s  [1, 3, 8]. It is a lso known that injury to the s o m a t o -  
s enso ry  cor tex  in man leads to the loss of pain sensat ion [5]. 

In this invest igat ion the effect  of azidomorphine* and morphine on spontaneous single unit act ivi ty of the 
sensomoto r  cor tex  and act ivi ty  evoked by nocicept ive  s t imulat ion was studied. The effect  of nalorphine,  an 
antagonist  of the narco t ic  analges ic ,  on the effects  of morphine  and azidomorphine also was Investigated.  

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

Exper imen t s  were  c a r r i e d  out on 15 cats  weighing 2-3 kg and 10 ra t s  weighing 250-300 g. T racheo tomy 
and ca the te r iza t ion  of the veins and a r t e r i e s  were  pe r fo rmed  under e ther  anes thes ia .  The an imal  was then 
fixed in a spec ia l  f r a m e ,  immobi l ized  with anatruxonium (0.1-0.2 mg/kg) ,  and ar t i f ic ia l ly  venti lated.  Unit 
act ivi ty In the s ensomoto r  co r t ex  was derived by glass  mic roe l ec t rodes  with a tip 1-3 p in d iamete r  and 
r eco rded  continuously throughout the exper imen t  on the PP-15  s c a l e r - p r i n t e r .  I n t r a a r t e r i a l  injection of 
bradykinin (10 pg) was used as a method of specif ic  nocicept ive s t imulat ion [6]. Morphine, azidomorphine,  and 
nalorphine  were  injected intravenously.  Control  expe r imen t s  showed that the drugs tes ted ,  in the doses used, 
caused vi r tual ly  no change in the a r t e r i a l  p r e s s u r e .  

*The authors  a r e  gra tefu l  to P r o f e s s o r  J .  Knoll (Hungary) for  providing the azidomorphine.  

Labo ra to ry  of Pha rmaco logy  of the Nervous  System,  Institute of Pharmacology ,  Academy of Medical 
Sciences of the USSR? Depar tment  of Pharmaco logy ,  Facul t ies  of Therapeut ics  and Environmenta l  Health, I. M. 
Sechenov F i r s t  Moscow Medical  Insti tute.  (Presented  by Academic ian  of the Academy of Medical Sciences of 
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Fig. I. Effect of morphine and nalorphine on spontaneous and bradykinin-evoked single unit 
activity of the sensomotor cortex. Columns represent number of spikes in 30-sec intervals. 
Br) h]traarterial injection of 10 #g bradykinin. Abscissa, time (in min) ; ordinate, number of 
spikes. 

Fig. 2. Effect of azidomorphine and nalorphine on spontaneous and bradykinin-evoked single 
unit activity of the sensomotor cortex. Legend as in Fig. 1. 

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

Morphine, in a dose of 1.5 mg/kg,  reduced the spontaneous sensomotor  cor t ical  unit activity by 80-90% 
and also completely abolished the activation of those neurons evoked by bradykinin. A t  this stage nalorphine, 
in doses of 1.5-2 mg/kg,  res tored  both the frequency of the spontaneous discharges  and also the response  of 
the neurons to bradykinin. With an increase  in the dose up to 3 mg/kg,  morphine depressed  spontaneous unit 
activity a lmost  completely.  Natorphine (2-3 mg/kg} par t ly  r e s to red  the response  of the neurons to bradykin~n 
after  5-6 rain and increased the spontaneous firing ra te  (Fig. 1). The inhibitory action of morphine was c lear ly  
manifested in experiments  on both cats and rats .  It is important  to note that morphine, in the above-mentioned 
doses (1.5-3 mg/kg),  causes analgesia in ra ts  on intravenous injection [4]. 

Azidomorphine in most  experiments also inhibited spontaneous and bradykinin-evoked unit activity of the 
sensomotor  cortex,  but in much smal le r  doses. For  instance, in a dose of 0.02-0.03 mg/kg,  which is analgesic 
for ra ts  [4], azidomorphine in some experiments  depressed the spontaneous firing ra te  by about half and totally 
abolished the response  to bradykinin. In a dose of 0.3 mg/kg  it inhibited both spontaneous and bradykinin- 
evoked activity pract ica l ly  completely.  Nalorphine, in doses of 1.5-3 mg/kg,  abolished the depriming effect of 
azidomorphine (Fig~ 2). In some experiments ,  azidomorphine (in doses of between 0.03 and 0.3 mg/kg) had no 
marked inhibitory action on spontaneous and evoked unit activity. 

These resul ts  agree  with those obtained for other narcot ic  analgesics.  For instance, etorphine, in anal-  
gesic doses,  inhibits the response  of cor t ica l  neurons to stimulation of per iphera l  nerves [2]. 

These resul ts  a re  evidence of possible cor re la t ion  between the analgesic activity of the drugs and their 
ability to depress  cor t ica l  unit activity. It is important  to note that the depriming action of morphine and 
azidomorphine in these experiments  was abolished by nalorphine, a specific antagonist of narcotic  analgesics .  

Although the disturbance of t r ansmiss ion  of excitation in afferent pathways ar is ing under the influence of 
narcot ic  analgesics can take place at different levels of the CNS, the possibility that the effect of morphIne and 
azidomorphine described above is connected wit~ their  direct  action on the cortex cannot be ruled out. The 
depriming action of the narcot ic  analgesics on unit activity and its abolition by antagonists have in fact been 
observed also after  i0ntophoretic application of the drugs to cor t ica l  neurons [2, 7]. 
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C H A N G E S  IN L A R G E  D E N S E - C O R E V E S I C L E S  IN S Y M P A T H E T I C  

N E R V E  E N D I N G S  C A U S E D  BY C E R T A I N  D R U G S  

P .  A.  M o t a v k i n ,  V.  M.  C h e r t o k ,  
a n d  G.  G.  B o z h k o  

UDC 612.89.014.46 

An e l e c t r o n - m i c r o s c o p i c  invest igat ion of the la rge  d e n s e - c o r e  ves i c l e s  of adrenerg ic  ne rve  endings 
in the middle  c e r e b r a l  a r t e r i e s  of v e r t e b r a t e s  showed that 60-70 rain a f te r  injection of iproniazid 
(3 mg/kg)  and dopamine (40 mg/kg)  significant  changes (compared with the control) were  observed 
in the ves i c l e s ,  the number  of which was increased  s ta t i s t ica l ly  significantly.  The par t ic ipat ion 
of the la rge  d e n s e - c o r e  ves i c l e s  in the accumulat ion and convers ion  of noradrenal in  and (or) its 
p r e c u r s o r s  is postulated.  
KEY WORDS: c e r e b r a l  v e s s e l s ;  innervat ion;  iproniazid and dopamine. 

Numerous  invest igat ions have shown that  the t e rmina l  expansions of the sympathet ic  ne rve  f ibers  contain 
not only sma l l  osmiophi l ie  ves i c l e s ,  but a lso  la rge  d e n s e - c o r e  ves ic les  (DCV), about 80-110 n m  in d iamete r .  
The view is held [4, 10] that DCV a r e  fo rmed in the pe r ika ryon  of adrenerg ic  neurons ,  f rom which they a r e  
t r anspo r t ed  along the axon to the n e r v e  ending. These  ves i c l e s  can take up noradrenal in  or other  monoamines  
[1, 5] and not infrequently they a r e  t r a n s f o r m e d  in the axon t e rmina l s  of sympathet ic  ne rves  into sma l l  synaptic 
ve s i c l e s  [3, 7] or they a r e  extruded f rom the ne rve  ending by a p r o c e s s  of exocytos is  [10, 11]. Studies of the 
effect  of ce r t a in  drugs  capable  of modifying the ca techolamine  r e s e r v e s  in the t i s sue  depots (6-hydroxydopamine,  
r e s e r p i n e ,  prot r ip tyl ine)  have shown [2, 6, 8, 9] that a few hours a f te r  admin is t ra t ion  of the drugs many modi-  
fied DCV appear  in the adrenerg ic  t e rm i na l  expansions of the axons and the number  of these  ves ic les  inc reases .  
This  phenomenon has been in te rpre ted  as a compensa to ry  reac t ion  to a deficiency of ca techolamines  in the 
axon t e rmina l s .  The appea rance  of modified ves ic l e s ,  m o r e o v e r ,  has been in terpre ted  e i ther  as the r e su l t  of 
the d i rec t  effect  of the drug on the DCV [12] or  an an indication of inc reased  act ivi ty of the DCV as a r e su l t  of 
convers ions  of noradrena l in  in the mobi le  ca techolamine  depots [9]. 

The object  of this invest igat ion was to study the r e s p o n s e s  of DCV in the t e rmina l  expansions of s y m p a -  
thet ic  axons to drugs p romot ing  the accumulat ion of biogenic amines  in the t i s sue  depots.  

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

The middle c e r e b r a l  a r t e r i e s  of 10 hens and 12 cats  were  investigated.  Five an imals  f rom each group 
were  used as contro ls  and the r e s t  r ece ived  in t raper i tonea l  injections of iproniazid (3 mg/kg) ,  followed 6 h 
la te r  by dopamine (40 mg/kg) .  The aminals  were  killed 60-70 rain a f t e r  the last  injection of the drugs. P ieces  
of the v e s s e l s  we re  fixed in 2.5% glutaraldehyde and then stained with o smium in Millonig 's  mixture ,  dehydrated 
in alcohols of inc reas ing  concentra t ion,  and embedded in Epon 812. The sect ions were  examined in the e lec t ron  
mic roscope .  The r e su l t s  were  a s s e s s e d  on the bas i s  of changes in the large ves ic les  in 100 c r o s s  sect ions of 
ad renerg ic  axon t e rmina l s  of the contro l  an imals  and 125 expansions of axons obtained f rom exper imen ta l  t i s -  
sue samples .  The la rge  d e n s e - c o r e  ves i c l e s  were  measu red  in two mutual ly perpendicular  d i rect ions .  

Depa r tmen t  of H i s to logy  and Embryology,  Vladivostok Medical  Insti tute.  {Presented by Academician  of 
the Academy of Medmal  Sciences of the USSR, V. V. Kupriyanov.)  Trans la ted  f rom Byulleten '  t~ksper imenta l ' -  
noi Biologii  i Meditsiny,  Vol. 83, No. 6, pp. 700-701, June,  1977. Original  a r t i c le  submit ted November  30, 
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