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E F F E C T  O F  L E U C I N E - E N K E P H A L I N  ON I N T E R N E U R O N A L  

T R A N S M I S S I O N  O F  E X C I T A T I O N  
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Exper imen t s  on unanesthet ized ca ts  immobi l ized  with flaxedil  showed that  injection of leuc ine-  
enkephalin (1 nag) into the l a te ra l  vent r ic le  is followed by inhibition of evoked r e sponses  in the 
ven t ro la t e ra l  columns of the spinal cord  and of segmenta l  interneuronal  t r a n s m i s s i o n  in the 
spinal  cord  and by a d e c r e a s e  in the ampli tude of potent ials  in cor t i ca l  s o m a t o s e n s o r y  a r e a  I 
evoked by sciat ic  nerve  s t imulat ion.  Naloxone (1 mg /kg ,  intravenously)  prevented  these  effects  
of leucine-enkephal in .  P r e l i m i n a r y  injection of me thyse rg ide  (2.5 mg /kg ,  in t raper i toneal ly)  led 
to weakening of the effect  of leucine-enkephal in  on spinal  in te raeuronal  t r a n s m i s s i o n .  Leucine-  
enkephalin did not change the ampli tude of polysynaptic  potent ials  of the g lossomandibu la r  r e -  
flex, the a rc  of which is c losed in the b ra in  s tem.  

KEY WORDS: leucine-enkephal in;  naloxone; in terneuronal  t r a n s m i s s i o n  of excitation; me thy -  
se rg ide .  

Narcot ic  ana lges ics  a re  known to influence interneuronal  t r a n s m i s s i o n  of excitat ion at different  levels  
of the CNS [1-3].  Analgesia  is produced by these  subs tances  through the i r  specif ic  in te rac t ion  with opiate r e -  
cep to r s ,  p r e s e n t  in var ious  regions of the CNS [13]. Serotoninergic m e c h a n i s m s  also take pa r t  in the develop-  
m e n t  of the analgesic  effect  of drugs belonging to the morphine  group [15]. The pentapept ides  l euc ine -enke-  
phalin and methionine-enkephal in  a r e  endogenous neuromed ia to r s  with morph ine - l i ke  act ivi ty  [7, 11]: E lec -  
t r ica l  s t imulat ion of the raphe  nuclei induces analges ia  [9], which is evidently connected with an inc rease  in 
the l ibera t ion  of polypept ides  with m orph i ne - l i ke  act ivi ty [6]. The re  is thus a definite pa ra l l e l  between the 
effects  of narcot ic  ana lges ics  and of morph ine - l i ke  polypept ides .  

The object  of this invest igat ion was to study the effect  of one morph ine - l ike  polypeptide,  namely  leucine-  
enkephalin, on in terneuronal  t r a n s m i s s i o n  of exci tat ion in the CNS, on the c h a r a c t e r  of its in terac t ion  with 
naloxone, a specif ic  antagonist  of the narcot ic  ana lges ics ,  and with me thyse rg ide ,  which blocks se ro toninerg ic  
r e c e p t o r s .  

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 unanesthet ized eats  of both sexes ,  weighing 2.8-3.5 kg, immobil ized 
with f laxedil  (2 m g / k g ,  intravenously) .  The p r e l i m i n a r y  manipulat ions -- d issec t ion  of the sc ia t ic  nerve ,  spinal 
cord,  an t e r io r  roots  of the cord  at the level  of segments  L7-S1, trephining of the skull,  and ca the te r iza t ion  of 
veins and a r t e r i e s  - were  c a r r i e d  out under  e ther  anes thes ia .  Art if icial  venti l lat ion was provided by the DP-5 
appara tus  at the r a t e  of 205 ml  a i r / k g  body w e i g h t - m i n i 8 ] .  Evoked potent ials ,  in r e sponse  to s t imulat ion of 
the cen t ra l  end of the divided scia t ic  ne rve  with single sup ramax ima l  (5-12 V) pulses  of cu r r en t  0.1 m s e c  in 
duration, were  r eco rded  in cor t ica l  s o m a t o s e n s o r y  a r e a  I on the con t ra l a t e ra l  side,  and also in the ven t ro -  
l a t e ra l  columns of the spinal cord  at  the level  of segments  L2-L3  on both ips i -  and con t r a l a t e ra l  s ides .  Mono- 
synaptic and polysynapt ic  r e sponses  in the an te r io r  roots  of the spinal cord during analogous sciat ic  ne rve  
s t imulat ion and polysynapt ic  potent ia ls  in the cen t ra l  s t ruc tu re s  of the g lossomandibu la r  ref lex,  a r i s ing  in the 
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Fig. 1. Effect  of leucine-enkephal in  on E Ps at different  levels  
of the CNS to single sc ia t ic  ne rve  s t imulat ion.  A) EPs  in ven t ro -  
l a te ra l  columns of spinal  cord;  B) mono-  and polysynaptic  spinal  
cord potentials ;  C) EPs  of cor t ica l  s o m a t o s e n s o r y  a r ea  I. I) Back- 
ground; II) 5 rain a f te r  injection of leucine-enkephal in  (1 mg) into 
la te ra l  ventr ic le ;  III) r ecovery ;  IV) 10 min  a f te r  injection ofnaloxone 
(!  m g / k g ,  intravenously);  V) 5 rain a f te r  second injection of leuc ine-  
enkephalin. Left:  scheme showing a r r angemen t  of s t imulat ing e l ec -  
t rodes  (SE) and record ing  e lec t rodes  (RE). Right: ver t ica l  l ines,  
ca l ibra t ion  of EP  ampli tude (A 50 #V, B 100 #V, C 100 #V); ho r i -  
zontal l ines ,  t ime  m a r k e r  (A 5 m s e c ,  B 5 m s e c ,  C 20 msec ) .  
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Fig. 2. Effect  of leucine-enkephal in  on EPs  in spinal 
cord.  A) E P s  in ven t ro la te ra l  columns of spinal cord;  
B) mono-  and polysynaptic  spinal cord potentials .  D 
Background; ID 45 rain a f t e r  injection of me thyse rg ide  
(2.5 mg/kg ,  in t raper i toneal ly) ;  III) 5 rain af ter  injection 
of leucine-enkephal in  (1 mg) into la te ra l  ventr ic le ;  IV) 
r e c o v e r y  of EP.  Vert ical  l ines:  ca l ibra t ion  of ampl i tude  
(A 50 #V, B 100 #V); horizontal  l ines:  t ime m a r k e r  (A 
and B, 5 msec ) .  

m o t o r  b ranch  of the mandibu la r  ne rve  to s u p r a m a x i m a l  s t imulat ion of the l ingual  nerve ,  also were  evaluated.  
The expe r imen t s  began 2-2.5 h af ter  inhalation of e ther  ceased .  EPs  were  r eco rded  by a monopola r  method 
in the cor tex  and ven t ro la t e ra l  columns of the spinal cord,  and those of the g lossomandibu la r  and segmental  
re f lexes  were  r eco rded  by a b ipolar  method.  Leucine-enkephal in  (1 mg in 0.1 ml  R inge r ' s  solution) was in-  
jected f rom a m i c r o i n j e c t o r  into the l a te ra l  vent r ic le  through a b u r r - h o l e  in the skull (coordinates A 14.0, 
L 2.5, H +7.0 according  to Snider and Niemer  [12]) in the course  of 45-60 sec .  Repeated injection of R inger ' s  
solution into the l a te ra l  vent r ic le  in control  exper imen t s  did not cause  changes in EP  recordab le  in the above-  
ment ioned CNS fo rmat ions .  Naloxone (1 mg/kg)  was injected in t ravenously  10 rain before  or  3-5 rain a f t e r  
injection of leucine-encephal in ,  and me thyse rg ide  (2.5 mg /kg )  was injected in t raper i toneal ly  45 rain be fo re  
leucine-enkephal in .  In the cour se  of each exper imen t  the blood p r e s s u r e  in the f emora l  a r t e r y  was recorded  
and the a n i m a l s '  body t e m p e r a t u r e  was kept constant .  
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E X P E R I M E N T A L  R E S U L T S  

Leucine-enkephal in  was shown to cause  a dec rea se  in ampli tude of EP  in the ven t ro la t e ra l  columns of 
the spinal cord by 30-50~ (P< 0.01). A m o r e  marked  dec r ea se  in the ampli tude of EP was observed  on the 
con t r a l a t e ra l  side re la t ive  to the s t imulated ne rve  (Fig. 1A). This polypeptide a lso  cha rac t e r i s t i ca l l y  mod-  
ified segmenta l  synaptic t r a n s m i s s i o n  in the spinal cord (Fig. 1B): The ampli tude of the monosynapt ic  r e -  
sponse fell  by 15-20% (P< 0.01) and that  of the polysynapt ic  by 50-60~ (P< 0.01). The max ima l  effect  of the 
act ion of leucine-enkephal in  was observed  5 rain af ter  injection of this compound, and a f te r  15 rain the ampl i -  
tude of E P  was at its initial level .  Repeated injections of leucine-enkephal in  (with in terva ls  of 30 rain between 
injections) we re  unaccompanied by any mani fes ta t ions  of tachyphylaxis .  After  p r e l i m i n a r y  (10 rain before  in- 
ject ion of leucine-enkephal in)  intravenous injection of naloxone (1 mg/kg)  no changes  in EP were  found in the 
ven t ro la t e ra l  columns of the spinal cord,  o r  in the ampli tude of the monosynapt ic  and polysynapt ic  spinal cord 
potent ia ls  (Fig. 1). Adminis t ra t ion  of naloxone 3-5 rain a f t e r  inject ion of leucine-enkephal in  led to rapid r e -  
covery  of the above r e sponses .  

Methysergide  (2.5 mg/kg)  caused no significant change in the ampli tude of EPs  to sciat ic  ne rve  s t imula -  
tion in the ven t ro la t e ra l  columns,  and also in the an t e r i o r  roots  of the spinal cord,  but it reduced the inhibitory 
effect  of leucine-enkephal in .  F o r  instance,  injection of leucine-enkephal in  45-60 rain a f t e r  p r e l i m i n a r y  in jec-  
tion of m e t h y s e r g i d e  led to only ve ry  sl ight changes  (7-12%) in the ampli tude of the evoked responses  (Fig. 2). 

Leucine-enkephal in  did not change the ampli tude of E Ps a r i s ing  in the m o t o r  branch of the mandibu la r  
ne rve  to s t imulat ion of the lingual nerve ,  but changed the rhythm of b ra in  e lec t r i ca l  act ivi ty.  P a r o x y s m a l  d is -  
cha rges  were  observed  on the EEG. 

Leucine-enkephal in  reduced the ampli tude of EP in s o m a t o s e n s o r y  a rea  I of the cor tex  evoked by single 
s u p r a m a x i m a l  s t imulat ion of the sc ia t ic  ne rve .  Naloxone, which did not affect  cor t ica l  E P s ,  comple te ly  p r e -  
vented the inhibitory action of leucine-enkephal in  (Fig. 1C)o 

This invest igat ion thus showed that leucine-enkephal in  inhibits in terneuronal  t r a n s m i s s i o n  in the ven t ro -  
l a t e r a l  co lumns  of the spinal cord,  modif ies  segmenta l  monosynapt ic  and polysynaptic  spinal cord potentials ,  
does not affect  the cen t ra l  components  of the g lossomandibu la r  ref lex,  and slightly reduces  EPs  in cor t ica l  
s e n s o m o t o r  a r e a  1. S imi la r  changes in in terneuronal  t r a n s m i s s i o n  in the CNS have been observed  following 
the use  of p repa ra t ions  of the morphine  group in cu ra r i zed  cats  [1, 2, 10]. Baxte r  et al. ,  [3] and Urca  et al. ,  
[15] have obtained evidence of the abili ty of morphine  and enkephalins to cause  the appearance  of p a r o x y s m a l  
d i scharges  on the EEG following in t r aven t r i cu l a r  injection of these compounds.  The above-ment ioned effects  
of leucine-enkephal in  a r e  dist inguished by t he i r  specif ic i ty ,  fo r  they a r e  prevented  or  abolished by naloxone, 
an antagonist  of narcot ic  analges ics  [4, 5]. Methysergide ,  which blocks se ro toninerg ic  r e c e p t o r  s t ruc tu res ,  
a lso  diminished the  effect  of leucine-enkephal in  on the spinal cord;  this con f i rms  the view that  the influence 
of narcot ic  ana lges ics  and of morph ine - l i ke  polypeptides on the spinal cord  is connected with the i r  act ivat ion 
of descending inhibi tory influences,  for  which, in the opinion of Hokflet et al .  [6], serotonin  is the poss ib le  
med ia to r .  
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