
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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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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Fig. 1. Changes in different types of e lec t r ica l  activity of two neurons Of rabbit  sensomotor  cortex 
with t ime after  intravenous injection of diazepam, 1 mg/kg.  A, B) one neuron; C, D) another neuron. 
A, C) Spontaneous activity; B) r esponses  of neuron to e lec t r ica l  stimulation of sciat ic  nerve (1.50 
V). D) Response of neuron to e lec t r ica l  st imulation of cor t ica l  surface (3.15 V). Abscissa ,  t ime (in 
msec) ;  ordinate,  number of action potentials.  C) Control of unit activity before injection of diazepam. 
Numbers  by curves  show t ime after  injection o fd iazepam (in rain). Vert ical  lines on curves  show 
durat ion of inhibitory pause. Remainder  of explanation in text. 

The object of the presen t  investigation was to study the temporal  pattern of changes in sensomotor  c o r -  
tical unit activity after a single intravenous injection of diazepam. The need for such an investigation has 
a r i sen  p r imar i ly  because of the marked  effect  of benzodiazepines on cor t ica l  inhibition recent ly  demonst ra ted  
in the w r i t e r ' s  labora tory  [1, 2, 16]. Moreover ,  the world l i tera ture  now contains a wealth of data on the 
pharmacokinet ics  of the benzodiazepines and on the temporal  course  of their clinical effects .  It seemed im-  
portant  to compare  these data with the resu l t s  of a dynamic study of changes in cor t ica l  unit activity after 
parentera l  injection of benzodiazepines.  

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

Exper iments  were ca r r i ed  out on 13 adult rabbi ts  weighing 3-4 kg. 8ensomotor  cor t ical  unit activity was 
recorded  ex t race l lu la r ly  by glass  mic roe lec t rodes  filled with 3 M NaC1 solution at the focus of maximal  act iv-  
ity, identified by st imulation of the sciat ic nerve with square pulses (0.1 msec ,  0.2-10 V). Besides responses  
of single neurons to afferent  stimulation, their r e sponses  to e lec t r ica l  stimulation of the cor t ica l  surface 
(0.1 msec ,  5-10 V) through bipolar n ichrome e lec t rodes  (diameter 0.1 mm, in tere lect rode distance 0.2 mm) 
also were studied. The spontaneous unit activity was r eco rded  f i r s t  (60 see) followed by 30 responses  of the 
neuron to st imulation of the sciat ic nerve or cor t ica l  surface (60 sec, 0.5 Hz); this was followed by intravenous 
injection of diazepam (Seduxen, Gedeon Richter ,  Hungary) in a dose of 0.5-5.0 mg /kg  at the rate  of 1-2 mg/min) .  
At var ious  t imes after injection of diazepam, unit activity was again r ecorded  by the scheme descr ibed above. 
To analyze the data, s tandard voltage quanta were formed f rom the neuronal  d ischarges .  By summation of each 
success ive  quantum with its p redecessor ,  unit activity was represen ted  as a function of voltage with time. 
Synchronous summation of 30 cuts of spontaneous and evoked activity (640 or 1280 msec) was ca r r i ed  out by 
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means  of the " N e i r o n - l "  ana lyzer  (BIOCODE-1 p rog ram) .  The data thus ave raged  were  pr inted out by auto-  
mat ic  wr i t e r .  As a resu l t ,  the unit ac t iv i ty  was r e p r e s e n t e d  by a line whose angle of inclination to the a b s c i s s a  
was d i rec t ly  propor t iona l  to the d ischarge  f requency.  Other deta i ls  of the method were  desc r ibed  p rev ious ly  [1] .  

EXPERIMENTAL RESULTS 

Intravenous injection of diazepam in a dose of 1 mg/kg or more reduced the spontaneous firing rate of 
all neurons studied (21 cells). A marked decrease in the slope of the curves of spontaneous activity 2-5 min 
after the injection of diazepam will be seen in Fig. IA, B and Fig. 2A. Later the spontaneous activity gradu- 
ally recovered. The slope of the curves increased with an increase in time after the injection of diazepam. 

The comparatively rapid recovery of spontaneous activity usually continued for the first 20-40 rain after injec- 
tion (Fig. IA, B). At the end of the recovery period spontaneous activity was established at a definite level, 

which was always a little below the initial level (before injection of diazepam). The activity remained at this 
level for as long as the action potential of the same neuron could be recorded (up to 90 min). 

As Fig. IB shows , sciatic nerve stimulation activated the neuron (the slope of the C curve is greater 
than the slope of the C curve in Fig. IA). Against the background of this activation an inhibitory pause can be 

�9 seen- a region of the curve with a small angle of slope lasting 25 msec. Marked inhibition of the unit response 
combined with an increase in the duration of the inhibitory pause to 130 msec were observed 3 rain after the 
injection of diazepam. During the subsequent period of observation the initial characteristics of the evoked 
responses were restored. After 14 rain recovery ceased and the responses became stabilized at a certain 
level with no tendency to change thereafter. This level was lower than the control level of evoked activity. 
The inhibitory pause differed only a little from that before injection of diazepam. 

The effect of diazepam on the response of a neuron to cortical electrical stimulation is shown in Fig. ID. 
Before injection of diazepam the response was characterized by a reduction in the discharge frequency. The 
response included an inhibitory pause lasting 50 msec. Inhibition of unit activity and an increase in the dura- 
tion of the inhibitory pause to 200 msec were observed 3 min after injection of diazepam (i mg/kg). By 
13-40 min the response had recovered to some degree and become stabilized at a definite level which differed 
from the initial level in its lower discharge frequency. The duration of the inhibitory pause 40 min after in- 
jection of diazepam was no longer significantly different from the initial value. 

After injection of diazepam in doses exceeding 1 mg/kg (2-5 mg/kg) the characteristics of the change in 
spontaneous and evoked cortical unit activity were similar to those described above. However, restoration of 
both types of activity after the initial depression took place more slowly than when small doses of diazepam 
were given. As Fig. 2 shows, by 23-27 rain after injection of diazepam (3 mg/kg) inhibition of spontaneous and 
of both forms of evoked activity still remained strong. Recovery of unit activity usually took place between 40 

and 60 min after injection of large doses of diazepam. 

It will be clear from the experimental results that diazepam, given by intravenous injection in a dose of 

1 mg/kg or more, has a strong inhibitory action on sensomotor cortical unit activity. The spontaneous dis- 
charge frequency of the neurons is reduced and their responses to afferent stimulation contain fewer dis- 

charges. In particular, it must be pointed out that the depressant action developed very rapidly in all the ex- 
periments: within a few seconds after injection of diazepam, and often actually during the injection. Other 
workers also found an inhibitory action of diazepam on unit activity in the mesencephalic reticular formation 
[11],  tha lamus  [6] ,  amygda la  [14],  ce rebe l lum [7] ,  and c e r e b r a l  cor tex  [2] .  

After  a single in t ravenous  injection of d iazepam pharmaco log ica l  e f fec t s  such as sedat ive ,  m u s c l e - r e l a x -  
ing, amnes ic ,  and ant iconvulsant  (stoppIng epi lept ic  fits) in man and an imals  a re  known to develop within a few 
seconds a f te r  the beginning of the injection and to las t  for  20-60 min [3, 5, 8]. The cons iderable  inhibition of 
unit act ivi ty  now obse rved  during the f i r s t  20-60 min af ter  the injection thus develops  pa ra l l e l  with the acute 
pha rmaco log ica l  e f fec t s  of d iazepam and is evident ly  to some extent  r e spons ib l e  for  them. 

These  obse rva t ions  a re  in good a g r e e m e n t  with the r e s u l t s  of pharmacokine t i c  invest igat ions  which 
showed that d iazepam,  a few seconds  af ter  i ts  in t ravenous  injection, pene t r a t e s  into the g r a y  m a t t e r  of the 
bra in  [9, 10, 15]. The concentra t ion of d iazepam in the blood and brain  fal ls  cons iderab ly  30-60 min  af ter  i ts  
injection, whe reas  the concentra t ion of products  of i ts  metabol ic  demethyla t ion  and hydroxyla t ion i nc rea se  at 
the s ame  t ime [9, 10, 13, 15]. Metabol i tes  of d iazepam c i rcu la te  for  a long t ime  ( s eve ra l  hours)  in the blood 
s t r e a m  and a re  e l imina ted  m o r e  slowly than d i azepam i tse l f  [13, 15]. These  me tabo l i t e s  and, in pa r t i cu l a r ,  
N-demethy ld iazepam,  have pha rmaco log ica l  act iv i ty  qual i ta t ively  s im i l a r  to that of d iazepam and they a l so  
produce ef fec ts  such as sedat ive,  t ranquil izing,  and ant iconvulsant  (a reduct ion in the likelihood of occu r rence  
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Fig.  2. Ef fec t  of d iazepam (3 mg/kg)  on cor t i ca l  unit act ivi ty .  A) Spontaneous act ivi ty,  
B) r e s p o n s e s  of neuron to e l e c t r i c a l  s t imulat ion of sc ia t ic  ne rve  (1.75 V), C) r e s p o n s e s  of 
neuron to e l e c t r i c a l  s t imulat ion of co r t i c a l  sur face  (2.47 V). Rema inde r  of explanat ion as 
in Fig. I. 

of convulsions) which continue for  a long t ime af ter  the injection of d iazepam [4, 8, 12]. The r e s idua l  inhibi-  
tion of unit act ivi ty  st i l l  obse rved  in the late s tages  af ter  injection of d iazepam in the p r e sen t  e x p e r i m e n t s  
c o r r e s p o n d s  in t ime with the fo rmat ion  and biological  action of d iazepam metabo l i t e s  and a lso  with the m a n i -  
fes ta t ion of the l o n g - t e r m  cl inical  e f fec ts  of the drug ment ioned above.  The m o s t  c h a r a c t e r i s t i c  f ea tu re  of the 
action of d iazepam on evoked unit r e s p o n s e s  was an inc rease  in the durat ion of the inhibi tory pause.  It  m u s t  
be spec ia l ly  emphas ized  that the durat ion of the inhibi tory pause a compa ra t i ve ly  shor t  t ime a f te r  the injection 
(15-60 min) r e tu rned  a lmos t  to i ts  initial value (before injection of d iazepam).  The wr i t e r  concluded prev ious ly  
that the i nc r ea se  in the durat ion of the inhibi tory pause af ter  injection of d iazepam was due to potentiation of 
the synaptic  action of 7 - a m i n o b u t y r i c  acid (GABA) [ 1]. On the bas i s  of the fac t s  s ta ted above it  s e e m s  r e a -  
sonab le to  infer  that  an impor tan t  ro le  in the development  of the many  acute cl inical  e f fec ts  following i m m e d i -  
a te ly  a f t e r  a single in t ravenous  injection of d iazepam is played by potentiat ion of inhibi tory GABA-erg ic  
p r o c e s s e s  in the neocor tex .  
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