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E F F E C T  OF A N A L G E S I C S  AND A N E S T H E T I C S  ON D O R S A L  

R O O T  P O T E N T I A L S  E V O K E D  BY A F F E R E N T  N E R V E  S T I M U L A T I O N  
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Experiments  on unanesthetized cats showed that morphine,  t r imeperidine,  and sodium 
hydroxybutyrate have a biphasic action on dorsal  root potentials (DRPs): they were in- 
c reased  by small  doses (1-3, 2-4, and 25-50 m g / k g  respectively) and inhibited by large 
doses (6-10, 8-12, and 400-600 mg/kg ) .  The faci l i ta tory effect in the f i rs t  phase of ac -  
tion was s t ronger  in relation to DRPs of a cutaneous nerve ,  more  especial ly with m o r -  
phine. Phentanyl and pentobarbital caused no ini t ia l increasein  DRP. The substances tested 
produced different changes in the faci l i ta tory effect of spinalization on DRPs.  The 
reasons  for the change in DRPs under the influence of these drugs are discussed and the 
possible mechanisms of their  analgesic action at the spinal level are  considered.  

There have been few investigations of the effect of analgesics and anesthetics on presynaptic inhibition 
[5-7, 9, 14]. Most workers assess the effect of the substances they have tested by changes in the dorsal 
root potentials (DRPs) evoked by stimulation of the neighboring dorsal root. It is postulated [8, 16] that 
control over the afferent input of cutaneous and muscular fibers is effected by different neuronal mechan- 
isms depending on the different functions concerned. 

It was therefore decided to make a comparative study of the action of analgesics and anesthetics on 
dorsal root potentials evoked by stimulation of cutaneous and muscular nerves. 

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

Experiments  were ca r r i ed  out on unanesthet-ized cura r i zed  cats .  The animal was anesthetized deeply 
with ether  for the preoperat ive preparat ions .  DRPs evoked by a single stimulation (3-15 V; 0.3-0.5 msec) 
of cutaneous (sural and superficial  peroneal) and muscular  (gastrocnemius) nerves  were recorded  from 
filaments of dorsa l  roots  LT-S 1 by platinum elec t rodes .  Changes in the excitability of the p r imary  afferent  
f ibers [15] were determined.  Intraspinal  stimulation of the cutaneous and muscular  nerve afferents was 
ca r r i ed  out through metal  e lectrodes  with a tip 20-30 ~ in diameter .  Potentials  {UBP-02 amplif ier ,  t ime 
constant about 0.5 msec) were recorded  f rom the screen of a ca thode- ray  osci l loscope.  In individual ex-  
per iments  spinalization was ca r r i ed  out at the levels T10-TI2-LI. 

The drugs were injected intravenously in the following doses:  morphine f rom 1 to 8-10 m g / k g ,  t r i -  
meperidine f rom 2 to 10-12 m g / k g ,  phentanyl f rom 0.01 to 0.2 m g / k g ,  pentobarbital f rom 5 to 40-50 rag /  
kg, chloralose f rom 20 to 600 m g / k g ,  and sodium hydroxybutyrate f rom 20 to 120 m g / k g .  

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

The original DRPs in these experiments corresponded to the established standards and differed only 
in their  shor te r  duration (120-150 msec}; this showed that the functional state of the dorsa l  roots  was good 
[10], probably on account of the absence of anesthesia.  
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Fig .  1. Effect of ana lges ics  and pentobarb i ta l  on d o r s a l  root  poten-  
t i a l s  {DRPs) evoked by s t imula t ion  of a cutaneous n e r v e .  A b s c i s s a ,  
dose fin m g / k g ) ;  ord ina te ,  ampli tude of DRP (in %). Points  r e p r e -  
sent  r e s u l t s  of individual  expe r imen t s ,  broken l ine gives mean va lues .  

The pooled data  for  changes in DRPs evoked by s t imula t ion  of a cutaneous ne rve  following a d m i n i s t r a -  
tion of the drugs ,  toge ther  with individual  r e c o r d s ,  a re  shown in F i g s .  1 and 2. Morphine and t r i m e p e r i d i n e  
had a b iphas ic  action on the DRPs,  i nc reas ing  them in s m a l l  ana lges ic  doses  (1-3 and 2-4 m g / k g  r e s p e c -  
t ively)  and inhibi t ing them in l a r g e r  doses  {6-10 and 8-12 m g / k g ) .  These  ana lges ic s  were  found to have a 
b iphasic  action when given within the same  range  of doses  in t e s t s  of the exc i t ab i l i ty  of in t rasp inaI  a f f e r -  
en t s .  Morphine in s m a l l  doses  led to a g r e a t e r  i n c r e a s e  in DRPs evoked by s t imula t ion  of the homonymous 
n e r v e s  than t r i m e p e r i d i n e  (Fig. 1). In the f i r s t  phase of action of these  subs tances ,  the dura t ion of the 
DRPs was i n c r e a s e d  as wel l  as t he i r  ampl i tude  (Figs.  2 and 3). 

Under the influence of morphine  in a dose of 1-2 m g / k g  an addi t ional  component  of the DRP appeared  
in r e sponse  to s t imula t ion  of the cutaneous n e r v e  af ter  a latent  pe r iod  of 30-45 msec  (Fig. 2A). During 
this same t ime in te rva l  an addi t ional  wave was found in the curve  of the change in exc i tab i l i ty  of the t e r m i -  
n a l s .  The addit ional  wave in the DRP of the muscu la r  nerve  during the action of morphine  was inconstant  
and it a r o s e  more  often in r e s p o n s e  to s t imula t ion  of above - th re sho ld  s t reng th .  This abi l i ty  of morphine  in 
doses  of 1-2 m g / k g  to evoke a second component of the DRP is in ag reemen t  with observa t ions  made by 
other  w o r k e r s  [14]. The second component  of the DRP gene ra t ed  under the influence of va r ious  fac tors  [4, 
12, 14] is  cons ide red  to be due to the r emova l  of s u p r a s e g m e n t a l  inhibi t ion.  

To e lucidate  the ro l e  of descending inf luences in the mani fes ta t ion  of this  f ac i l i t a to ry  effect of m o r -  
phine and t r i m e p e r i d i n e  on the DRP, the degree  of i n c r e a s e  in the DRP before  and a f t e r  sp ina l iza t ion  was c o m -  
pa red .  Whereas  under  n o r m a l  condit ions sp ina l iza t ion  was accompanied  by an i n c r e a s e  in ampl i tude  of the 
DRPs (in ag reemen t  with data  in the l i t e r a t u r e  [12]) i t s  effect was ve ry  s l ight  when supe rposed  on the action 
of the ana lges i c s .  Moreove r ,  the addi t ional  component  of the DR1D produced under  the influence of morphine  
was comple t e ly  abol i shed  by sp ina l iza t iou .  It can the re fo re  be concluded that  the f ac i l i t a to ry  action of these  
drugs  in s m a l l  doses  on the DRP is connected with the r emova l  of s u p r a s e g m e n t a l  inhibi t ion.  The s u p p r e s -  
sion of descending inh ib i tory  inf luences by ana lges ics  has been de m ons t r a t e d  p rev ious ly  [1,2]. On the o ther  
hand, the i n c r e a s e  in DRPs under  the influence of morphine  and t r i m e p e r i d i n e  could be the r e s u l t  of the i r  
s egmen ta l  action and caused  e i the r  by a d e c r e a s e  in the s t reng th  of hype rpo la r i za t i on  effects ,  as shown by 
the prolongat ion of the DRP, or  by an i n c r e a s e  in ac t iv i ty  of the neurons  r e spons ib l e  for  the genera t ion  of 
p r i m a r y  af ferent  depo la r i za t ion .  It has been shown p rev ious ly  [3] that  morphine ,  in doses  of 1-3 m g / k g ,  i n -  
c r e a s e s  the ac t iv i ty  of the ce l l s  of the subs tan t ia  ge la t inosa .  

Phentanyl  in doses  of between 0.01 and 0.1 m g / k g  caused  no s igni f icant  change in DRPs of cutaneous 
or m u s c u l a r  n e r v e s .  S i m i l a r  r e s u l t s  have been obtained by other  worke r s  [11]. In some c a s e s ,  however ,  
an i n c r e a s e  in the durat ion of the DRP of the cutaneous n e r v e  was found (Fig. 2B). Under the influence of 
l a rge  doses  ofphentanyl  (0.1-0.2 m g / k g )  the DRP was sha rp ly  inhibi ted.  
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Fig.  2. Effect  of morphine (A), phentanyl {B), t r imeper id ine  (C) and 
sodium hydroxybutyrate  (D) on DRP of cutaneous ne rve :  1) no rma l ;  
2,3,47 a f te r  adminis t ra t ion of: A) morphine in doses  of 2, 4, and 8 
m g / k g  respec t ive ly ,  B) phentanyl in doses of 0.01, 0,05, and 0.1 r a g /  
kg, C) t r imeper id ine  in doses  of 3, 6, and 10 m g / k g ,  and D) sodium 
hydroxybutyra te  in doses of 25, 200, and 600 m g / k g  respec t ive ly .  
Cal ibra t ion:  t ime 20 msec ,  amplitude 250#V. All r eco rds  obtained 
by superposi t ion of 4 to 6 sweeps of the beam.  

Fig. 3. Effect of morphine (A), phentanyl(]3), t r imeper id ine  (C), and 
sodium hydroxybutyrate  {D) on DRP of muscu la r  ne rve .  Legend as 
in Fig.  2. 

Pentobarbi ta l  within a wide range of doses (5-20 m g / k g )  had no significant effect  on the amplitude of 
the DRP although aa i nc r ea se  in duration of the potentials was constant ly found. By con t ras t  with phentanyl,  
pentobarbi ta l  reduced the fac i l i ta tory  effect  of spinalization on the DRP. This p rope r ty  of pentobarbi ta l  was 
exhibited mos t  c l e a r l y  in doses  of 10-15 m g / k g .  Pentobarb i ta l  in doses g r e a t e r  than 20 m g / k g  causes  a 
p r o g r e s s i v e  dec rea se  in DRP. 

According to data in the l i t e ra ture  sodium hydroxybutyra te  in doses  of 25-75 m g / k g  does not affect  
[91 or inhibits [71 DRPS. In the present  exper iments  these  doses  of this compound led to a sma l l  {by 15-20%) 
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increase  in the amplitude of the DRPs of the cutaneous nerve  {Fig. 2D) but had no significant effect on DRPs 
of the muscular  nerve  (Fig. 3D). Injection of sodium hydroxybutyrate in large doses was followed by a de-  
c r ease  in DRPs of the cutaneous and muscular  ne rves .  Under the influence of the compound in doses of 
100-300 m g / k g  an additional component with a latent period of 35-50 msec was recorded.  This late c o m -  
ponent was vir tually not observed in DRPs evoked by stimulation of the muscular  nerve .  The late wave of 
the DRP disappeared completely after  spinalization, although this, in turn, had only very  little effect on the 
increase  in the cutaneous DRP produced by the action of sodium hydroxybutyrate  in doses of 25-50 m g / k g .  
Under the influence of sodium hydroxybutyrate  in doses l a rger  than 50 m g / k g  the decrease  in DRP was ac-  
companied by a simultaneous increase  in the dorsal  root  reflex, in agreement  with observations made by 
other invest igators  [6, 7]. 

Chloralose in doses of 20-60 m g / k g  had no significant effect on the DRP. Large doses of the 
anesthetic (60-120 mg/kg)  led to inhibition of the DRP and a simultaneous splitting of the potential into two 
components.  The faci l i ta tory effect of spinalization on the DRP was unaffected by chlora lose .  

These resul ts  show that the drugs investigated cause different changes in DRPs evoked by stimulation 
of cutaneous and muscular  ne rves ,  a resul t  attributable to the different neuronal  organization of the sources  
of DRP generat ion.  The increase  in DRP under the influence of smal l  "analgesic" doses of morphine and 
t r imeper idine ,  indicating "closure"  of the segmental  afferent input, lies at the basis  of the elevation of the 
pain threshold which is one component of the pharmacological  action of these analgesics .  The strengthening 
of p r imary  afferent depolarization under the influence of these drugs may be caused ei ther  by the abolition 
of the hyperpolar iz ing effects of the thin "nociceptive" fibers [13] or by changes in the descending influences 
directed toward the afferent input sys tem.  

These observations showing differences in the degree of increase  in the DRP under the influence of 
morphine,  t r imeper idine ,  pentobarbital ,  sodium hydroxybutyrate,  and chloralose are  in good agreement  
with the wel ldocumented  unequal analgesic activity of these drugs.  Phentanyl, which does not change the 
DRP, evidently has no segmental  component in the mechanism of its pain-rel ieving action, and its analgesic 
effect is attributable to its influence at the superspinal  level. 
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