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Chronic experiments  on cats  showed that stimulation of cer tain zones of the mesencephalon r e -  
duces or  completely suppresses  responses  to pain caused by stimulation of the dental pulp. De- 
pending on the pa ramete r s  of brain stimulation the antinociceptive effect was manifested as dif- 
ferential  changes in individual motor,  autonomic, emotional, and behavioral  components of the 
integral nociceptive response.  Af ter -analges ia  was found and the dynamics of the re tu rn  of the 
various manifestations of pain after cessat ion of brain stimulation was noted. The possible 
mechanisms of the antinociceptive effect are  discussed.  
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Recent investigations have shown that stimulation of the centra l  gray matter  and of cer ta in  other deep 
brain s t ruc tures  is accompanied by analgesia [3, 6, 7, 9-13]. In most of these investigations the antinociceptive 
effect was determined from the increase in the pain threshold or suppression of the general ized response  to 
nociceptive stimulation, and virtually no attempt has been made to investigate changes in the individual compo- 
nents and manifestations which, as has been shown [1, 5], form the integral nociceptive response  and are  inte- 
grated at different brain levels. 

The object of this investigation was to make a more detailed study of the antinocicpetive effect by studying 
changes in individual manifestations of the nociceptive response  to graded stimulation of the dental pulp. 

EXPERIMENTAL METHOD 

Altogether 25 experiments were carried out on three cats. The dental pulp was stimulated in chronic ex- 
periments with square pulses (0.5 msec, 6 pulses/sec, 0o2-10 mA) through electrodes implanted into the pulp 
of an upper incisor by the method of [14] modified in the writers ~ laboratory [2]. The central gray matter was 
stimulated through nichrome electrodes implanted in accordance with sterotaxic coordinates taken from the 
atlas of the cat's brain [15]. The parameters of the stimuli varied within the following range: 0.5-1 msec, 15- 
100 pulses/sec, 1-10 V. The duration of stimulation was 20-30 sec. The ~TpointsH whose stimulation induced 
analgesia had the coordinates A2, R1, HO; A6, R1, H + 2, A6, R1, H + 2. The electrodes were inserted into 
thedental pulp and brain under pentobarbital anesthesia. The experiments were carried out 10-14 days after 
the operation. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Three consecutive developing levels, characterized by certain manifestations and intensities, assessable 
conventionally on a point scale (Table i), were distinguished in the integral nociceptive response of cats to 

gradually increasing stimulation of the dental pulp. 

The first level was characterized by manifestations arising in response to stimulation with an intensity 
of 1-1.5 thresholds (stimuli with an intensity of 0.2-0.5 mA, inducing the mouth opening reflex, were taken as 
the threshold) and not accompanied by autonomic, emotional, or behavioral response to the pain. Since the 
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TABLE 1. Manifestations of Nociceptive 
Response andThei r  Intensity during Gradual-  
ly Increas ing Stimulation of Dental Pulp 

Level of 
response Manifestations 

1st (percep-] 
tion .of I Mouth opening reflex 
pamj [ Licking 

2rid (toler- Piloerection 
ance to Changes in respiration 
pain) Uncontrolled move- 

ments, throwing back 
the head, stepping 
movements with thepaws 

In tens i ty  of 
s t i m u l a t i o n  in 
thresholds 

1 2 2 

- -  1 2 2 
- -  1 I 2 

1 2  

'1 1'1018 

1 2 2 2 2  
2 2 

2 
2 

2 

3rd (gener- 
alized re- 
sponse) 

Protective movements 
Scratching 
Running 
Crying 

I 

1 2 
1 2 
1 2 
1 2 

I 
Total number of points for stimuli / 
of each particular strength 2 6 8 14 119 

Legend. 1} Point manifestation c lear ly  ob- 
served,  2) very strongly observed. 
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Fig. 1. Effect of mesencephalic stimulation on general ized nociceptive response  
to stimulation of dental pulp in cats.  A) Combined data (10 experiments} on 
change in itensity of nociceptive response  to brain stimulation with an intensity 
of 3 V (broken line} and 4 V (continuous line}. Abscissa ,  t ime (in sec); ordinate, 
magnitude of response  in points (according to Table 1). Numbers  show time af- 
te r  cessat ion of brain stimulation. Line beneath abscissa  shows period of brain 
stimulation (30 sec). Stereotaxic coordinates of stimulated point shown on right 
of graph; B) changes in individual manifestations of combined nociceptive r e -  
sponse during brain stimulation with intensi ty 3 V (diagrams on left} and 4 V 
(diagrams on right}. 1) Structure of nociceptive response  to stimulation of den- 
tal pulp with intensity of 8 thresholds (normal}; 2) against background of mesen-  
cephalic stimulation; 3, 4, 5) 15, 20, and 30 sec after  brain stimulation. Diagrams:  
or dinate, conventional rat ing of intensity of each manifestation of nociceptive r e- 
sponse, in points; a, b, c} is t ,  2nd, and 3rd levels of nociceptive response  (according 
to Table 1); C) conventional representa t ion  of individual manifestations of nociceptive 
response  given in Table 1. 
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Fig. 2. Dynamics  of r e c o v e r y  of pain r e s p o n s e  to s t imulat ion of dental pulp af-  
t e r  mesencephal ic  s t imulat ion:  A) combined data (10 exper iments )  for  r e s t o r a -  
tion of genera l ized  nociceptive r e sponse  a f te r  bra in  s t imulat ion for 30 sec 
(continuous line) and 5 rain (broken line); B) r e c o v e r y  of individual manifes ta t ions  
of genera l ized  r e sponse  a f te r  bra in  s t imulat ion for 30 sec (d iagram on left) and 
5 min (d iagrams  on r ight) .  1) Structure  of nociceptive r e sponse  to s t imulat ion 
of dental pulp with intensity of 8 th resholds ,  under no rma l  conditions, 2) with 
accompanying  brain s t imulat ion,  3, 4, 5, 6, 7) 10, 20, 30, 40, and 60 sec a f te r  
s t imulat ion respec t ive ly .  Remainde r  of legend as in Fig. 1. 

leading fea tures  of this level  were  ve ry  specif ic  for nociceptive s t imulat ion of the pulp [12, 14], it was cal led 
the level  of pain percept ion.  Level  2 occur red  f rom the t ime  of appearance  (st imulus intensity 2-3 thresholds)  
of p i loerect ion,  changes in r e sp i ra t ion ,  throwing back the head, uncontrolled movements ,  and other  fea tu res  
(salivation,  dilation of the pupil on the side opposite to s t imulat ion,  which were  not a s s e s s e d  in points) during a 
fur ther  inc rease  in the intensity of the manifes ta t ion of pain percept ion.  All the fea tures  of the second level 
mentioned above can be r ega rded  as analogs of the emot iona l -behav iora l  r e sponse  to to le rab le  pain [1, 5]. 

Cha rac t e r i s t i c a l l y  during this per iod the animal  was s t ra ined;  it made energet ic  stepping movements  with 
its paws, turned around, t r ied  to find a comfor tab le  position, and ~pressed i tself"  into the floor of the expe r i -  
mental  chamber .  With an inc rease  in s t imulus s t rength (up to 8-10 thresholds)  r e s p o n s e s  indicating s t rong and 
unendurable pain appeared,  accompanied  by genera l ized  reac t ions .  During this per iod the ca t s  made sudden 
protect ive  movements  and a t tempted  to pull out the e lec t rodes ;  they became  agg re s s ive  or they responded by 
running and crying.  Autonomic manifes ta t ions  were  strong: apnea, marked  pi loerect ion,  mictur i t ion,  etc.  

During mesencephal ic  s t imulat ion with a s trength of 1-2 V, a duration of under 0.5 msec ,  and a f requency 
of under  30 p u l s e s / s e c  v i r tua l ly  no change was found in the s t ruc tu re  of the or iginal  nociceptive r e sponse .  D u r -  
ing s t imulat ion under different conditions (3 V, 1 msec ,  30-60 pu l ses / sec )  an ant inocicept ive effect  now devel-  
oped, in which the manifes ta t ions  of the th i rd  level d i sappeared  f rom the combined nocicept ive r e sponse  (Fig. 
1). In this case  it can be s u rm i s ed  that the influences of the antinociceptive s t ruc tu res  we re  or iented p r i m a r i l y  
toward brain s y s t e m s  forming emotional  and behaviora l  components  of pain, and that the ant inocicept ive effect  
developed as a r e su l t  of d is turbance of the mechan i sms  respons ib le  for genera l ized  manifes ta t ions  of pain [1, 
3]. Under these  conditions of s t imulat ion,  inftuenees r e s t r a in ing  the development  of the genera l ized  r e sponse  
and inc rease  in the per iod of to le rance  to pain were  effect ive only during s t imulat ion of ant inocicept ive s t ruc -  
tu res ,  for all the fea tures  of the third level were  r e s t o r e d  immedia te ly  af ter  s t imulat ion ceased  {Fig. 1). 

Increas ing  the intensity of s t imulat ion to 4-4.5 V was accompanied  by deep analgesia  during st imulat ion,  
i .e.,  by total  inhibition of all fea tures  of the second and third levels ,  and the intensity of r e s p o n s e s  of the f i r s t  
level  was sharp ly  reduced.  Whereas  normal ly  s t imulat ion of the dental pulp with an intensity of 6-8 thresholds  
evoked a genera l ized  re sponse ,  during concur ren t  s t imulat ion of the ant inocicept ive points it was accompanied  
by fea tu res  of the f i r s t  level  only, cor responding  to pain percept ion.  Only during very  s t rong s t imulat ion of the 
pulp (18-20 thresholds) ,  applied against  the background of brain activation,  did a genera l ized  r e sponse  s imi l a r  
in quantity and intensity of its fea tures  to the ini t ia l  genera l ized  r e sponse  to a s t imulus of 8 th resholds  a r i se .  
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The r e su l t s  of these  exper imen t s  indicate that the ant inociceptive effect  was manifes ted  also by a sharp  
inc rease  in the threshold of pain percept ion.  It has  been suggested that  elevat ion of the pain threshold  is due 
to inhibition of act ivi ty of neurons which fo rm the ascending h igh- threshold  afferentat ion [3, 9]. 

After  cessa t ion  of s t imu la t ion , f ea tu res  of the nociceptive r e sponse  were  r e s t o r e d  in the opposite order  
to their  d isappearance:  f i r s t  the manifes ta t ions  of the f i r s t  level increased ,  then followed the autonomic r e -  
sponses ,  and it was only a f te r  15-20 sec that a genera l ized  r e sponse  to s t imulat ion of the dental pulp appeared  
(Fig. 1). This  order  of inc rease  of the components  of the nociceptive r e sponse  is evidence,  in the w r i t e r s '  
opinion, of the exis tence of ant inociceptive a f te ref fec ts ,  oriented mainly toward inhibition of s y s t e m s  integrat ing 
genera l ized  r e s p o n s e s  to pain. These  influences were  d i scovered  in a more  differentiated fo rm when the dy- 
namics  of r e c o v e r y  of the s t ruc tu re  of the nociceptive r e sponse  were  studied af ter  prolonged st imulat ion of 
ant inocicept ivc points (Fig. 2). 

As Fig. 2 shows, longer act ivat ion of ant inocicept ive s t ruc tu res  was not accompanied  by deepening of 
analges ia  in the course  of s t imulat ion.  However ,  with an inc rease  in the duration of brain s t imulat ion the inten- 
si ty and duration of the ant inocicept ive action a lso  inc reased  in the posts t imulat ion period.  

In one pa r t i cu la r  exper iment ,  for instance (Fig. 2B), the genera l ized  nociceptive r e sponse  was r e s t o r e d  
as ea r ly  as 30 sec a f te r  the end of brain  s t imulat ion for 30 sec,  but af ter  brain s t imulat ion for 5 min the fea-  
tures  of the th i rd  level  did not appear  until 60 sec had elapsed.  

These  r e su l t s  show that  the analgesic  action pe r s i s t s  af ter  cessa t ion  of s t imulat ion of antinociceptive 
s t ruc tu res .  It is in the posts t imulat ion period that the component  of ant inociceptive action which de te rmines  
inhibition of the genera l ized  r e sponse  to pain is c l ea r ly  r evea led  and that to le rance  to pain is increased .  Af te r -  
analges ia  can a r i s e  only as a r e su l t  of the r e v e r b e r a t i o n  of excitat ion in neuronal  c i rcu i t s  of ant inociceptive 
s t ruc tu res  or on account of a change in the content of neurochemica l  media to r s  in those s t ruc tu r e s  [11]. The 
poss ibi l i ty  cannot be ru led  out that an important  ro le  in the origin of the af te r -ant inocicept ive  action is played 
by neurohumora l  shifts and r ead jus tmen t s  of the s y s t e m s  integrat ing the manifes ta t ions  of the genera l ized  
r e sponse  to pain. 

The different ia l  nature  of the changes in the combined nociceptive r e sponse  to s t imulat ion of ant inocicep-  
t ive s t ruc tu re s  r evea led  by these  exper imeri ts  suggests  that  the ant inociceptive effect,  as a psychophysiological  
phenomenon, is due not only to the p r i m a r y  inhibition of the h igh- threshold  flow ascending f rom r e l ay  neurons 
connected with h igh- threshold  "nocicept ive"  afferentat ion,  but also to a d is turbance of the mechan i sms  involved 
in the emotional  and behaviora l  r e s pons e  to pain. If the ant inociceptive effect  i s /examined f rom this aspect ,  it 
is c l ea r ly  mos t  useful to invest igate  its pharmacolog ica l  modulation by the use not only of specif ic  pa in- re l iev ing  
agents ,  but a lso  of psychotropic  drugs.  
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