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Chronic e x p e r i m e n t s  on ca ts  showed that ana lges ics ,  in subanalgesic  doses ,  not only exhibit  an 
ant inocicept ive ef fec t  when accompanied  by subthreshold  s t imulat ion of the mesencephalon ,  but 
a l so  potentiate the analges ic  action of cen t ra l  s t imulat ion.  T ranqu i l i z e r s  only faci l i ta te  the de-  
ve lopment  of an analges ic  e f fec t  dur ing subthreshold  mesencepha l i c  s t imulat ion.  The poss ib le  
r e a s o n s  for  d i f fe rences  in the action of these subs tances  a re  d i scussed .  
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E l e c t r i c a l  s t imula t ion  of ce r t a in  bra in  s t r u c t u r e s  is accompanied  by an ant inocicept ive effect ,  i .e. ,  by 
the reduct ion or total suppress ion  of the r e s p o n s e s  of an imals  to nocicept ive s t imulat ion [5, 7, 9, 10]. As a 
r e s u l t  of the study of this ef fec t  and of neurophysio logtca l  ways of its e l ic i ta t ion [ 2, 9], the foundations have 
been laid for a f r e sh  approach to the invest igat ion and explanation of the m e c h a n i s m s  of the analgesic  action of 
neuro t rop ic  drugs  f r o m  the standpoint  of their  e f fec t  on the ant inociceptive s y s t e m s .  

However ,  this p rob lem has  been inadequately studied. Only isola ted f r a g m e n t s  of informat ion  showing 
that morphine ,  in subanalges ic  doses ,  potent ia tes  ana lges ia  during mesencepha l i c  s t imula t ion  in r a t s  have so 
fa r  been obtained [11].  

The object  of this invest igat ion was to make  a m o r e  detai led study of the potentiat ing action of ana lges ics  
and t ranqu i l i ze r s  on the ant inocicept ive e f fec t  of cen t ra l  s t imulat ion,  a s s e s s e d ,  unlike in e a r l i e r  invest igat ions,  
on the bas i s  of changes  in individual components  of the complex  nocicept ive r e sponse  in ca ts  to s t imulat ion of 
the dental pulp. 

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

Under f r ee  behavior  conditions 45 e x p e r i m e n t s  were  c a r r i e d  out on five ca t s  with e l ec t rodes  implanted 
into the cen t ra l  g r ay  m a t t e r  and into the dental  pulp by the methods  desc r ibed  p rev ious ly  [3, 5]. The dental 
pulp was s t imula ted  with square  pulses  (6-10 Hz, 0.5-1.0 m s e c ,  0.1-10.0 mA). The p a r a m e t e r s  of s t imulat ion 
of the cen t ra l  g r ay  m a t t e r  va r i ed  between 30 and 100 Hz, 0.5 and 1.0 m s e c ,  and 0.2 and 0.7 mA. The min ima l  
s t rength  of c u r r e n t  causing a change in the initial s t ruc tu re  of the nocicept ive r e s p o n s e ,  on account  of a r e d u c -  
tion in the emot ional  behaviora l  mani fes ta t ions  of pain, was taken as the threshold in tensi ty  of s t imulat ion.  
During the invest igat ion of the dynamics  of the nocicept ive  r e sponse  and for  a s s e s s m e n t  of the analges ic  ef fec t  
of cent ra l  s t imulat ion,  a conventional  sca le  worked out by the w r i t e r s  p rev ious ly  [5] was used. 

The ana lges ics  (morphine,  fentanyl,  t r imeper id ine)  and the t r anqu i l i ze r s  (diazepam, n i t r azepam,  phen-  
azepam) were  injected in doses  not evoking a r e s p o n s e  to nocicept ive s t imulat ion in the animal.  For  the s t a -  
t i s t ica l  ana lys is  of the r e s u l t s  the Van der  Waerden c r i t e r ion  was used [6].  

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  

Morphine (1 mg/kg)  and fentanyt (20-30 ~g/kg)  had a s i m i l a r  action, name ly  potentiation of the analges ic  
ef fec t  of cen t ra l  s t imulat ion and prolongation of a f t e r - ana lges i a .  For  instance,  whe reas  under n o r m a l  condi-  
tions mesencepha l i c  s t imulat ion m e r e l y  reduced  the mani fes ta t ions  of the genera l ized  nocicept ive r e s p o n s e  
(Fig. 1A: 3), when accompanied  by the action of ana lges ics ,  s t imulat ion of the s a m e  intensi ty  led to comple te  
d i sappearance  of the mani fes ta t ions  of emo t iona l -behav io ra l  r e s p o n s e  to pain and to m a r k e d  depress ion  of the 
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TABLE 1. Effect  of Analges ics  and T ranqu i l i z e r s  on Antinociceptive Effec t  of 
Mesencephal ic  Stimulation in Cats  

Drug 

Control 
Morphine 
Fentanyl 
Trimeperi- 
dine 
Diazepam 
Nitrazepam ] 
Phenazepam I 

Number of 
experiments 

22 
12 
7 
5 

10 
6 
5 

Intensity of nociceptive response, conventional, points 

before brain 
s:imulation 

during brain stimulation sec) following brain mmulation 
, fDa~?tion of after-analgesia (in 

" 30 s e c  5 r a i n  

19,8 
36,8* 
35,0* 
20,0 

15--17 
15--17 
15--16 
15--17 

15--16 
15--17 
15--17 

of below thresh- of threshold 
old intensity intensity 

! 5 - - 1 7  12- -14  
12--14" 7--9* 
13--14" 8--9* 
15--!6 12--13 

13--14" ll--13 
13--14" 12--14 
15--16 12--14 

22,5 
21,0 
22,0 

28,4 
70,6* 
67,C* 
45,6* 

63,7* 
[8,0" 
,29,0 

*P - 0.01 c o m p a r e d  with control .  
Legend. Intensi ty  of nocicept ive  r e s p o n s e  a s s e s s e d  by total  number  of points s co red  by 
individual mani fes ta t ions ,  using sca le  worked out in [5] .  

autonomic moto r  man i fes t a t ions  of pain (pi loerect ion,  changes  in r e sp i r a t ion ,  cont rac t ion  of musc l e s ,  and so 
on). Thresho ld  mesencepha l i c  s t imulat ion af ter  injection of the ana lges ics  was accompanied  by an even g r e a t e r  
(by 3-3.5 t imes)  i n c r ea s e  in the threshold  of the r e f l ex  of opening the mouth and licking. The r e s u l t s  showing 
changes in the ant inocicept ive effect  under the influence of ana lges ics  a re  s u m m a r i z e d  in Table  1. 

Morphine and fentanyl  i nc reased  the durat ion of a f t e r - a n a l g e s i a  pa r t i cu l a r ly  c l e a r l y  (Fig. 1B, C). In the 
cont ro l  a f t e r - a n a l g e s i a  appeared  af ter  mesencepha l i c  s t imulat ion which comple te ly  abolished the genera l ized  
r e s p o n s e  to pain, and i ts  durat ion af ter  s t imulat ion las t ing 30 sec and 5 rain was 20-30 and 40-50 sec r e s p e c -  
t ively.  When the ana lges ics  were  given the durat ion of a f t e r - a n a l g e s i a  was inc reased  by 50 sec and by 75-80 
sec  following preced ing  s t imulat ion for  30 see and for 5 min r e spec t ive ly .  The i nc rea se  in the durat ion of 
a f t e r - a n a l g e s i a  was due not only to inhibition of the components  of the genera l ized  r e sponse ,  but a l so  to a sha rp  
d e c r e a s e  in the autonomic m o t o r  mani fes ta t ions  of the r e s p o n s e  to pain. However ,  r e s t o r a t i o n  of the man i f e s -  
tat ions of pain percept ion  ( ref lex opening of the mouth and licking) took place within the same  t ime in te rva l  as 
in the control .  

Morphine and fentanyl,  in subanalges ic  doses ,  fac i l i ta ted  the mani fes ta t ion  of the analges ic  ef fec t  during 
subthreshold  mesencepha l i c  s t imulat ion.  As Fig.  1A shows, s t imulat ion of the cen t ra l  g r ay  m a t t e r  with a 
s t rength  of 0.2 mA under no rma l  conditions did not change the s t ruc tu re  of the nocicept ive  r e s p o n s e .  How- 
ever ,  bra in  s t imula t ion  of equal  intensi ty,  if applied dur ing the action of ana lges ics ,  was accompanied  by a 
sha rp  d e c r e a s e  in the in tens i ty  of emot iona l  and behaviora l  mani fes ta t ions  of the nocicept ive  r e sponse :  running 
away, vocal  r e s p o n s e s ,  and sc ra tch ing  all d i sappea red  and the intensi ty of the defensive m o v e m e n t s  was r e -  
duced. 

T r i m e p e r i d i n e  had a weaker  action than morphine  and fentanyl .  Under i ts  influence no s ignif icant  change 
took place in the analges ic  effect  of threshold  mesenoepha l ic  s t imulat ion,  but only a smal l  i nc rea se  in the 
durat ion of a f t e r - a n a l g e s i a  was observed  during mesencepha l i c  s t imulat ion for  5 min~ This  analgesic  did not 
d is turb  the s t ruc tu re  of the nocicept ive  r e s p o n s e  during subthreshold  brain  s t imulat ion e i ther .  

D iazepam in a dose of 0.25 m g / k g  and n i t r a z e p a m  in a dose of 1 mg /kg ,  like the narco t ic  ana lges ics ,  led 
to the appearance  of an analges ic  ef fec t  dur ing subthreshold  s t imulat ion of the cen t ra l  g r ay  m a t t e r  (Table 1). 
As Fig. 2A shows, brain  s t imulat ion caused  no changes  in the s t ruc tu re  of the or iginal  noeicept ive r e s p o n s e .  
However ,  analogous s t imulat ion,  agains t  the background of the action of the t ranqui l i ze r s ,  led to a dis t inct  de -  
c r e a s e  in the in tensi ty  of the emot iona l -behav io ra l  mani fes ta t ions  of the r e s p o n s e  to the same  nocicept ive 
s t imulat ion.  

D iazepam and n i t r azepam,  unlike the narco t ic  ana lges ics ,  did not change the e f fec ts  of threshold  s t imu-  
lation of the "ant inocicept ive  points" (Fig. 2A: 3), i .e . ,  did not potent iate  the ana lges ia  when the mani fes ta t ions  
of the genera l ized  r e s p o n s e  had a l r eady  been abolished by mesencepha l i c  s t imulat ion.  However,  a f te r  p r e l i m -  
ina ry  admin is t ra t ion  of these t ranqui l i ze rs ,  the duration of a f t e r - a n a l g e s i a  was inc reased  (Fig. 2B, C). The 
dynamics  of r e c o v e r y  of the combined nocicept ive r e s p o n s e  in the per iod af ter  s t imulat ion shows that pro longa-  
tion of a f t e r - a n a l g e s i a  was due to p re fe ren t i a l  inhibition of development  of the emot iona l -behav io ra l  m a n i f e s t a -  
tions of pain. Unlike with morphine  and fentanyl,  prolongation of the per iod of ana lges ia  was observed  only 
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Fig.  1. Effect  of analgesics  on development  and intensi ty of antinoeiceptive ef fec t  following m esen -  
cephalic st imulation in cats .  A) Change in individual manifestat ions of combined nociceptive 
response  during mesencephal ic  st imulation in normal  animals and af ter  injection of analgesics:  
1) initial s t ruc ture  of nociceptive response  to st imulation of dental  pulp with an intensi ty of 
8 thresholds;  2, 3, 4) in response  to mesencephal ic  st imulation with intensi ty of 0.2, 0.25, and 
0.35 mA respec t ive ly ;  a, b, c) 1st, 2nd, and 3rd levels  of noeiceptive r e sponse  distinguished 
previously  [51 ; B) summar ized  data (12 exper iments)  showing changes in intensity and dynamics  
of r e c o v e r y  of nociceptive response  during brain st imulation for  30 sec (circles)  and 5 min ( t r i -  
angles) under normal  conditions (continuous line) and af ter  injection of morphine (broken line). 
Here  and in Fig. 2: abscissa ,  t ime (in sec),  numbers  below absc issa  denote t ime af ter  ending of 
brain st imulation (in sec); ordinate,  amplitude of response  (in conventional points) [51; C) dynam- 
ics of r e c o v e r y  of individual manifes ta t ions  of combined nocicept ive response  af ter  brain s t imula-  
tion for 5 min. 1) St ructure  of nociceptive r e sponse  under normal  conditions; 2) during s t imula-  
tion; 3-7) 10, 20, 40, 50, and 80 sec af ter  stimulation; D) scheme of f ronta l  sect ion through m e s e n -  
cephalon showing location of st imulating e lec t rode  (black dot) and s te reo tax ic  coordinates  of s t imu-  
lation taken f rom Snider and Niemer '  s at las [ 13]. 

af ter  long (5 rain) p re l imina ry  mesencephal ic  st imulation,  whereas  the analgesics  prolonged a f t e r -ana lges ia  in 
the case of st imulation for 30 sec also. 

It will be c lea r  f rom Table 1 that phenazepam, in doses  higher  than 0.1 mg/kg,  evoking marked  ataxia, 
had no appreciable ef fec t  on the intensity of the analgesic ef fec t  or on the duration of a f te r -ana lges ia .  

The r e su l t s  thus indicate dis t inct  differentiat ion,  qualitative as well as quantitative, of the modulating 
effect  of analgesics  and t ranqui l izers  on the antinociceptive effect .  

T r a n q u i l i z e r s  manifes ted this ef fect  only in conjunction with subthreshold mesencepha l i c  stimulation, as 
was shown by disappearance  of the emot iona l -behaviora l  r e sponse  to pain. No action of the t ranqui l izers  was 
obse rved  against  the background of the initial and marked  antinocieeptive ef fec t  produced by threshold brain 
st imulation and manifes ted as a dec rease  in the intensi ty of the general ized nociceptive response .  
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Fig. 2. Effect of tranquilizers on development and intensity of antinociceptive effect following 
mesencephalic stimulation. A) Change in individual manifestations of combined nociceptive r e -  
sponseduringmesencephalic stimulation under normal conditions and after injection of tranquil- 
izers;  B) summarized data (10 experiments) showing changes in intensity and dynamics of recov-  
ery  of nociceptive response during brain stimulation for 30 sec (circles) and 5 min (triangles) under 
normal conditions (continuous line) and after injection of diazepam 0.25 mg/kg. Remainder of legend 
as in Fig. 1. 

Analgesics, injected in subanalgesic doses, not only exhibited an antinociceptive effect in conjunction with 
subthreshold brain stimulation but, unlike tranquilizers,  they also potentiated the initial analgesic action of 
central stimulation and they caused definite prolongation of after-analgesia; the potentiation of the antinocicep- 
rive effect and the prolongation of after-analgesia,  moreover ,  were accompanied by inhibition of autonomic 
motor manifestations of pain and even by elevation of the pain threshold. 

The differences between the modulating effect of analgesics and tranquilizers on the antinociceptive effect 
of central stimulation can be explained from the standpoint of the possible mechanisms of appearance of this 
effect. It is suggested that, as a phenomenon controlling sensitivity to pain, this effect may arise through pri- 
mary inhibitionofthehigh-threshold flow of impulses arising from the relay neurons which receive "pain" affer-  
entation, and through disturbance of the mechanisms forming the emotional response to pain [2, 9]. 

Since analgesics, in subanalgesic doses, facilitate both potentiation of the existing antinociceptive effect 
and the appearance of that effect in response to subthreshold stimulation, they presumably not only act on 
processes  inhibiting the formation of the ascending high-threshold flow of impulses [2], but also modify the 
antinociceptive influences reducing the emotional behavioral manifestations of pain. Tranquil izers which, in 
the doses used, mere ly  make manifest antinociceptive effect on account of selective inhibition of the generalized 
response to pain, in all probability do not act on processes  of descending regulation, but cause significant 
changes in influences from antineciceptive zones oriented toward the s tructures  of hypothalamic-limbic sys-  
tem, which is responsible for the formation of emotional-behavioral manifestations of pain [ 1]. 

It is also known that analgesics, in subanalgesic doses, and tranquilizers,  within the range of doses 
studied, possess psychodepressive activity and change the animal's psychological attitude toward pain through 
their influence at the hypothalamic-limbic level [1, 4, 8]. Consequently, the ability of these drugs to manifest 
the antinociceptive influences during subthreshold mesencephalic stimulation, discovered in the present  experi-  
ments, can also be attributed to summation of the effects of their direct  action on substrates integrating the 
emotional-behavioral components of the pain response with changes arising in these substrates on stimulation 
of antinocieeptive brain s tructures .  
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The r e a s o n s  for  the d i f ference  in the action of individual drugs  belonging to the analges ic  group and the 
benzodiazepine de r iva t ives  a re  not absolutely  c lea r  and a re  difficult  to explain at the p re sen t  t ime.  The p o s s i -  
bility cannot be ruled out that the d i f fe rences  a re  connected with their  influence on dif ferent  med ia to r  m e c h a n -  
i s m s  of the ant inocicept ive effect  [12].  
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E F F E C T  OF I N T R A V E N O U S  D I A Z E P A M  

U N I T  A C T I V I T Y  IN R A B B I T S  

S. N.  K o z h e c h k i n  

ON C O R T I C A L  

UDC 615.214.22.015.4:612.822.3 

Changes in single unit act ivi ty were  studied by a m i c r o e l e c t r o d e  technique in the sensomoto r  
co r t ex  of r abb i t s  at di f ferent  t imes  af ter  a single in t ravenous  injection of d iazepam (1-5 mg/kg) .  
A few seconds a f te r  the injection of d iazepam m a r k e d  depress ion  of spontaneous act ivi ty  and 
of act iv i ty  evoked by scia t ic  nerve  s t imulat ion was observed,  together  with an i nc rea se  in the 
durat ion of the inhibi tory pause in r e s p o n s e s  of the neurons  to a f fe ren t  s t imulat ion and to 
d i r ec t  s t imulat ion of the cor t i ca l  su r face .  These  changes were  cons iderab ly  reduced  15-60 
rain a f te r  injection of d iazepam.  The r e s u l t s  were  c o m p a r e d  with those of other  w o r k e r s  
who studied the cl inical  and pharmacokine t i c  e f fec ts  of the benzodiazepines .  It  is  concluded 
that the d e p r e s s a n t  ef fec t  of d iazepam on co r t i ca l  act iv i ty  is  connected with i ts  sedat ive,  a m -  
nes ic ,  and ant iconvulsant  effect ,  and a l so  that GABA plays  an impor tan t  ro le  in the m e c h a n i s m  
of these ef fec ts .  

KEY WORDS: d iazepam;  sensomoto r  cor tex ;  dynamics  of depress ion  of unit act ivi ty.  

In a s e r i e s  of a r t i c l e s  devoted to the benzodiazepines  the ef fec t  of these drugs  on e l e c t r i c a l  act iv i ty  of 
ne rve  ce l l s  in d i f ferent  pa r t s  of the CNS is desc r ibed  [2, 6, 7, 11, 14]. The data  given a re  not only episodic,  
but a lso  s o m e t i m e s  con t rad ic to ry  in c h a r a c t e r .  As ye t  no sy s t ema t i c  study has  been made  of changes in the 
act ivi ty  of bra in  neurons  in the course  of t ime a f te r  injection of benzodiazepines .  
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