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EFFECT OF MORPHINE ON SINGLE UNIT ACTIVITY 

IN THE DORSAL PART OF THE DORSAL HORN 

OF THE SPINAL CORD 
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In doses of 1-2 mg/kg  morphine intensified, but in doses ef 4-10 mg/kg  it depressed,  back- 
ground unit activity~ In some cases  the action of morphine was exhibited simply as a change 
in the temporal  distribution of d ischarges .  An effect of the depressant  action of morphine 
on activity of some neurons and on the dorsa l  root  potentials was discovered during applica- 
tion of single stimuli  to a cutaneous nerve,  

It has been suggested [1,2, 6,7] that some central  effects of morphine,  including its analgesic action, 
are due to changes in activity of neurons of the substantia gelat inesa,  which play an important  re le  in con- 
trolling the afferent input [13], However, direct  information concerning the effect of analgesics  on neurons 
of the substantia gelatinosa has been obtained only in isolated investigations [8]~ 

The object of the present  investigation was to continue the study of the effect of morphine on single 
unit activity in the substantia gelatinosa. 

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

Experimer~ts were car r ied  out on unanesthetized cats maintained on art if icial  resp i ra t ion ,  Extra-  
cellular  record ings  were made with glass  mic roe lec t rodes  [7]. The microe lec t rode  was inser ted by Lebe- 
dev 's  method [9]. 

Changes in background spike activity (BSA) and in spike activity evoked by single and repeti t ive 
(1-5/sec) stimulation of a cutaneous nerve were investigated. Meanwhile the dorsal  root potentials (DRPs) 
were recorded .  

The effect of morphine (morphine hydrochlor ide was injected intravenously in doses of 1-10 mg/kg) 
was as sessed  from changes in the mean frequency and type of BSA and in the function of expected density 
of distribution of d ischarges  after each preceding discharge [12]. 

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  

Altogether 16 neurons,  of which 14 were in the substantia gelatinosa, were investigated. 

Effectpf  Morphine on Backgro .and Spike Aetivi .ty. Changes in BSA of units in the investigated region 
were found after the action of morphine in doses of 1-2 mg/kg~ 

In neurons of the substantia gelatinosa whose BSA consisted of i r regu la r  d ischarges  with an indepen- 
dent tempora l  distribution ("uniform" charac te r  of graph of FED), an increase  in mean frequency was not 
accompanied by changes in the type of the BSA and FED (Fig~ 1A)~ Meanwhile, in units with regular  and 
grouped discharges  (as a rule,  neurons in the la tera l  par ts  of the dorsa l  horn), the distribution of whose 
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Fig. 1. Effect  of morphine  on ac t iv i ty  of 
d i f ferent  (A and B) neurons of the subs tan-  
t ia  gela t inosa:  1) background spike ac t i -  
vi ty;  2) spike act ivi ty  a f te r  injection of 
morph ine  in dose of 2 m g / k g .  For graphs  
of function of expected densi ty,  ~ v e n  be-  
neath each  r e c o r d ,  ord ina te :  f requency 
( sp ike / see ) ;  a b s c i s s a :  t ime (in m s e c ) .  
T ime  m a r k e r  for all  r e c o r d s  0.5 see .  On 
d i ag ram of do r sa l  horn of spinal  cord 
given below, posit ion of r eco rded  points 
shown in each  ease .  

d i scharges  were  s ta t i s t i ca l ly  dependent ("uneven" cha rac t e r  
of FED graph),  an i nc rea se  in the f ir ing ra t e  under  the in- 
fluence of morphine in doses of 1-2 m g / k g  occur red  with a 
s imul taneous  change in the type of the BSA and FED. The 
la t t e r  became  "uni form" (Fig. 1B). 

tn sma l l  doses  (1-2 mg/kg)  morphine  had no signif i -  
cant effect  on the f requency of BSA of some dorsa l  horn 
neurons ,  and this is usual ly r ega rded  as indicating the ab-  
sence of an effect .  However ,  more  detailed a s s e s s m e n t  of 
the effect  of morphine  on BSA indicated that  this conclusion 
is not always valid.  As is c l ea r  f rom Fig. 2, morphine  in 
a dose of 2 m g / k g  had no effect  on the f ir ing ra te  of units 
located in l aye r s  IV and II of  the gray- m a t t e r .  However ,  
absence  of an effect  of morphine  in this dose can evidently 
be descr ibed  only in the case  of the neuron located in layer  
IV, since the action of morphine onthe unit in layer II led to, 
a temporal redistribution of its discharges, as shown by the 
appearance of two or three waves with a duration of 50-I00 
msec in the FED graph (Fig~ 2B). In this case the effect 
possibly consists of the appearance of spike activity with a 
different functional significance. 

Morphine in large doses (4, 6, 8, !0 mg/kg) inhibited 

unit activity. However, total suppression of BSA did not 
arise. The depriming action of morphine was proportional 
to its dose and was exhibited even on those cells whose 
activity was potentiated or remained unchanged under the 
influence of morphine  in sma l l  doses  (Fig. 2B). La rge  doses  
of morphine  not only reduced the f i r ing r a t e ,  but a lso  
changed the c h a r a c t e r  of the t empora l  dis t r ibut ion of the 
d i s cha rges .  

Effect  of Morphine 9 n Spike Activi ty Evoked by A f [ e r -  
ent Stimulation. Morphine in doses  of 2-10 m g / k g  dep re s sed  
unit r e s p o n s e s  to s t imulat ion of a cutaneous ne rve .  

Units whose  evoked act ivi ty under no rma l  conditions 
did not co r respond  in i ts  f requency and t empora l  p a r a m e t e r s  
to the course  of the DRPs,  but which consis ted of single 
action potent ia ls  (APs) with the latent  per iod of the f i r s t  
AP  amounting to 40-60 m s e c ,  were  the mos t  sens i t ive  to 
the action of morphine .  This depress ion  appeared  af ter  a 

dose of 2 m g / k g  and inc reased  p r o g r e s s i v e l y  with an i nc rea se  in the dose;  it was manifes ted  as a de c r ea se  
in the number  of evoked APs and lengthening of the latent  per iod of the f i r s t  AP.  

The depr iming  effect  of morphine  with r e s p e c t  to units responding  to single s t imulat ion by a grouped 
d i scharge  (frequency of APs  100-200/sec  with latent  per iod  of f i r s t  AP amounting to 1.5-5 msec)  was found 
a f te r  doses  of 4-10 m g / kg .  E a r l i e r ,  and under the influence of s m a l l e r  doses of morphine  (4 mg/kg) ,  the 
APs with longest  la tencies  we re  supp re s sed .  The ampli tude of the DRPs under these c i r c u m s t a n c e s  was 
reduced by 10-20%. Doses of 6-8 m g / k g  reduced  sti l l  fur ther  the number  of APs ;  the evoked r e sponse  
consis ted of two or three  APs .  Under the influence of morphine  in a dose of 10 m g / k g ,  in r e sponse  to s t i -  
mulat ion single APs  with a latent  per iod of 10-20 m s e c  appeared .  In this ease  the ampli tude of the DRP 
was reduced  by 40-50%, in a g r e e m e n t  with data in the l i t e r a t u r e  [5,11]. 

Pa r a l l e l  c h a r a c t e r  of changes in single unit ac t iv i ty  in the subs tant ia  ge ta t inosa  and in DRPs under 
the influence of morphine  conf i rms  the suggest ion [13] that Some neurons  in this reg ion  par t ic ipa te  in the 
genes is  of p r i m a r y  a f fe ren t  depolar iza t ion  of cutaneous ne rve  f ibe r s .  

Single unit ac t iv i ty  in the substant ia  ge la t inosa  during repe t i t ive  s t imulat ion of a cutaneous ne rve  
was unchanged by the action of morphine  in smal l  doses ,  and in one ease  it was  actual ly  potentiated.  Large  
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Fig. 2. Effect of morphine�9 on activity of units located in layers  IV 
(a) and II (b) of the gray  mat te r  of the dorsal  horn:  1) background 
spike activity;  2) spike activity after  injection of morphine in dose 
of 2 mg/kg;  3, 4, 5) after injection of morphine in doses of 6, 8, and 
10 mg/kg  respect ively .  Remainder  of legend as in Fig. 1o Time 
marke r  for A, 1 see;  for B, 0.5 sec.  
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Fig. 3o Effect of morphine on unit act i -  
vity in substantia gelat inosa during r epe -  
titive afferent stimulation: A) graph show- 
ing function of expected density under nor -  
mal  conditions; B, C, D) after  injection of 
morphine in doses of 4, 6, and 8 mg/kg, 
respect ive ly .  Ordinate: as in Fig. 1. 

doses (4-10 mg/kg) reduced the mean firing rate .  A dis-  
tinctive feature of the depressant  effect of morphine was 
that it acted differently on grouped APs and on discharges  
not connected with afferent  stimulation. 

It is clear  f rom Fig. 3A that the FED under normal  
conditions was an i r regular  curve with two waves.  In ac-  
cordance with the FED theory [3, 12], these two waves give 
an idea of the frequency of APs in the grouped discharge 
and the period with which success ive  groups of d ischarges  
due to intensive synaptic bombardment  [4, 10] follow one 
another;  the intermediate par t  of the graph ref lec ts  the 
mean frequency of discharges  ar is ing as a resul t  of asyn-  
chronous synaptic bombardment  or "autorhythmic" depol- 
ar izat ion p rocesses  [5]. The functional significance of 
afferent st imulation in this case is coded in the f requency-  
temporal  distribution of grouped discharges ,  and A Ps 
generated at random have no significant information con- 
tent. Under the influence of morphine in doses of 4, 6, and 
8 mg/kg ,  no qualitative change in the signal at the output 
of the rhythmical ly  activated neuron evidently takes place 
(Fig. 3, B, C, D), and it mere ly  stands out more  c lear ly  
because of the "fil tering off" of information unimportant  
at that par t icular  t ime. 

It is difficult to decide at present  whether inhibition 
of spike activity under the influence of morphine is the 
resul t  of depression of asynchronous synaptic bombard -  
ment and of "autorhythmie" p rocesses  of AP generation,  
or whether it is due to relat ive potentiation of other mech-  
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anisms of discharge generation: rapidly augmenting waves of synaptic depolarization~ This problem can 
only be studied by intracellular recording techniques. 
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