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Responses  evoked in the h ippocampus by s t imula t ion  of the sc ia t ic  ne rve  or  of the hippocampus i t se l f  
we re  studied in acute expe r imen t s  on unanesthet ized,  cu ra r i zed  rabbi t s .  Genera l  anes the t ics  such as  thio- 
pental sodium and pentobarbi ta l  sodium were  found to modify the f i r s t  type of evoked hippocampal  r e s p o n s e s  
much m o r e  than the second type. Sodium hydroxybutyra te ,  a narcot ic  agent  with a new type of action, shows 
no significant  d i f ference in this r e s p e c t  f rom ba rb i tu ra t e s .  

The study of the effect  of drugs  on synaptic t r a n s m i s s i o n  in va r ious  pa r t s  of the bra in  is one of the 
m o s t  impor tan t  a spec t s  of c o n t e m p o r a r y  pharmacology  [4, 5]. In t e re s t  in this field is pa r t i cu la r ly  g rea t  
with r e s p e c t  to synaptic t r a n s m i s s i o n  in the l imbic sys t em,  playing an essent ia l  ro le  in the regula t ion  of 
behaviora l  and emotional  r e sponses .  The effects  of  neurot ropic  drugs  on b ioe lec t r i ca l  potentials  in the 
l imbic sys t em has been invest igated pr incipal ly  in re la t ion  to spontaneous act ivi ty of l imbic s t ruc tu re s  or  
pa roxysma l  d i scharges  genera ted  in r e s p o n s e  to thei r  s t imulat ion [1, 3, 16]o 

However ,  the re  a r e  advantages  to be gained f rom the use  of the method of evoked potent ia ls  for  this 
purpose,  for  it gives a m o r e  accu ra t e  idea of the c h a r a c t e r  of sp read  of excitat ion over  s t r u c t u r e s  of the 
I imbic sys tem.  The object  of this invest igat ion was to study effects  produced on hippocampal  evoked poten- 
t ia ls  by genera l  anesthet ics :  the b a r b i t u r a t e s  thiopental sodium and pentobarbi ta l  sodium and a narcot ic  
agent  of a new t y p e - s o d i u m  hydroxybutyra te .  

EXPERIMENTAL METHOD 

Acute exper imen t s  were  c a r r i e d  out on rabb i t s .  The  p r e l i m i n a r y  opera t ions  ( t racheotomy,  trephining 
of the skull,  exposure  of the sc ia t ic  nerve ,  inse r t ion  of e lect rodes)  were  c a r r i e d  out under e ther  anes thes ia ,  
a f t e r  which the admin is t ra t ion  of e ther  was stopped, the rabb i t  immobi l ized  with flaxedil ,  and a r t i f i c ia l  r e -  
sp i ra t ion  s tar ted .  To reduce  the flow of af ferent  impulses  due to t r auma ,  the wound su r faces  we re  carefu l ly  
inf i l t ra ted with procaine .  Responses  were  r e c o r d e d  a f te r  3-3.5 h, when the EEG began to be dominated by 
c h a r a c t e r i s t i c  rhy thms  of the waking rabbi t .  Nichrome e lec t rodes  100 ~ in d i a m e t e r  with the i r  fac tory  in- 
sulation were  used; potentials  were  r e c o r d e d  by a m o n o p o l a r  technique and b ipolar  e lec t rodes  were  used 
for s t imulat ion.  Single square  pulses  (0.08-0.12 m s e c  for  hippocampal  s t imulat ion and 0.3-0.6 m s e c  for  
sc ia t ic  ne rve  stimulation) we re  genera ted  by a "Neurovar"  s t imula tor .  The voltage used was 1.2-1.3 t imes  
over  threshold.  Responses  were  photographed f rom the s c reens  of S1-4 osc i l loscopes .  The s ta t i s t ica l  s ig-  
nificance of the r e su l t s  was e s t ima ted  by the superposi t ion  method. In all  exper iments  s imul taneous  ink 
r eco rd ings  were  made  of the EEG and ECG on an "Alvar"  e lec t roencephalograph .  Thiopental  sodium was 
injected in a dose of 35 m g / kg ,  pentobarbi ta l  sodium 15-40 mg /kg ,  and sodium hydroxybutyra te  300, 500, 
750, and 1000 m g / k g  body weight; all these subs tances  were  injected intravenously.  
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I Thiopental sodium 35 mg/kg, intravenously 
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Fig. 1. Effect  of thiopental sodium on EEG and hippocampal  r e -  
sponses.  I) EEG (visual cor tex  above, hippocampus below); 

II) somat ic  hippocampal  response ;  III) local  hippocampal  response ;  
IV) t r a n s c o m m i s s u r a l  h ippocampal  r e sponse .  A) Before  injection; 
B) 2 min,  C) 20 rain, D) 180 rain a f t e r  intravenous injection of 35 
mg /kg  thiopental sodium. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The following types of hippocampal evoked potentials were studied: somatic, local, and transcommis- 
sural. The somatic response was recorded in the hippocampus during stimulation of the sciatic nerve. It 
consists of a combined positive-negative potential with latent period of 15-22 msec and total duration up to 
i00 msec. In its principal characteristics, this potential closely resembles responses obtained during 
somatic stimulation by other investigators [7, i0, 12, 13], except for the shorter latent period in the present 
experiments, presumably due to the fact that unanesthetized animals were used in this case. 

In order to differentiate between the effects of different drugs on the afferent pathways by which im- 
pulses reached the hippocampus and effects on conduction in the hippocampus itself, the next two types of 
evoked potentials which are entirely formed in the hippocampus, i.e~, are evoked by its stimulation and are 
recorded in this hippocampus itself, also were studied. One of these types, which will be called local in the 
future [8], is recorded in the hippocampus when the stimulating electrodes are placed side by side with the 
recording electrode and not more than 2 mm away from it; the other-the transcommissural evoked poten- 
tial-is recorded in one hippocampus during stimulation of the symmetrical parts of the opposite hippo- 
campus [9, II]. 

When the electrodes were inserted into the hippocampus to the usual depth of 200-300 p, the local 
response consisted of a negative wave with latent period of less than 1 msec and duration 10-20 msec, and 
if the strength of stimulation was increased this was followed by a slower (up to 40 msec) positive wave. 
The transcommissural response had a latent period of 4-8 msee. It consisted of a negative wave up to 15- 
20 msec in duration, preceded in the case of above-threshold stimulation by a positive wave of up to I0 

m s e c .  

The study of the effect  of thiopental sodium on these  hippocampal  r e sponses  showed that these  changes 
a r e  phasic in c h a r a c t e r  and that changes in hippocampal  r e s p o n s e s  of different  or igin  also differ  in degree .  
In the phase of deep thiopental anes thes ia ,  m a r k e d  by comple te  absence  of EEG potentials  [14, 15] or  by the 
p r e sence  of single low-ampl i tude osci l la t ions  against  the background of the i soe lec t r i c  line (Fig. 1, I, B), a 
dec rea se  in ampli tude of the hippocampal  r e sponses  was obse rved  (Fig. 1, III, IV, B). It  is impor tan t  to 
emphas ize  that, w h e r e a s t h e  ampli tude of the local  r e sponse  (Fig. 1, III, B) was reduced by only 10-15% 
and that of the c o m m i s s u r a l  r e sponse  by 20-30% compared  with its or iginal  value, the somat ic  r e sponse  
(Fig. 1, II, B) was suppressed  to a much g r e a t e r  degree ,  espec ia l ly  on aeount of the posi t ive wave which 
a lmos t  d isappeared .  Thiopental  anes thes ia  of mode ra t e  depth, mani fes ted  on the EEG as slow; h igh-ampl i -  
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I Sodium hydroxybutyrate, 750 mg/kg intravenously 
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Fig. 2. Effect  of sodium hydroxybutyra te  on EEG and hippocampal  
responses~  I) EEG (from above d o w n - v i s u a l  cor tex,  hippocampus) 
and ECG; II) somat ic  hippocampal  response ;  III) local  h ippocampal  
response ;  IV) t r a n s c o m m i s s u r a l  h ippocampal  r e sponse .  A) Before  
injection; B) 50 min,  C) 210 rain a f t e r  injection of 750 mg/kg sod- 
ium hydroxybutyra te  intravenously.  

rude potent ials  and sp indle-shaped groups,  was cha r ac t e r i z ed  by an inc rease  in ampli tude of the r e s p o n s e s  
(Fig. 1C), the ampli tude of the local  r e s p o n s e s  (Fig. 1, III, C) increas ing  by 10-15%, that of the c o m m i s s u r a l  
by 30-40%, and that of the somat ic  by 100-200% compared  with init ially (Fig. 1, If, C). Pentobarbi ta l  sod-  
ium produced s im i l a r  changes in the hippocampal  r e s p o n s e s  and EEG, but its act ion was cha rac t e r i z ed  by 
a r a t he r  different  t empora l  re la t ionsh ip  between the phases:  deep depress ion  of hippocampal  potentials  on 
the EEG which, a f te r  injection of thiopental,  did not exceed 10 min  in duration, compared  with 4-5 h a f te r  
injection of pentobarbi ta l  sodium; the per iod of slow, h igh-ampl i tude potentials  and of sp indle-shaped groups  
also was longer  in duration. 

Sodium hydroxybutyra te  evoked slow, h igh-ampl i tude  potentials  in the hippocampus s imi l a r  to those 
descr ibed  for  other  pa r t s  of the b ra in  [17]. The c h a r a c t e r  of the EEG af ter  injection of hydroxybutyra te  
was s imi l a r  to that  of  the EEG for  m o d e r a t e l y  deep thiopental anes thes ia ,  except  for the s m a l l e r  number  of 
sp indle-shaped groups in the f i r s t  case  (Fig. 2, I, B). The degree  of the synchronizing effect  for  the same  
dose of sodium hydroxybutyra te  va r i ed  cons iderably  depending on the initial background of cor tex  and hippo- 
campus .  When act ive  rhy thms  were  m o r e  m a r k e d  in the hippocampus than in the cor tex,  synchronizat ion 
took place main ly  in the cor tex  (Fig. 2, I, B), although in exper imen t s  in which the hippocampal  rhythm was 
not normal ly  dominant,  it was equally m a r k e d  in the hippocampus and cortex~ The phase of deep d e p r e s -  
sion was not obse rved  a f te r  injection of sodium hydroxybutyra te .  The deepes t  level  of anes thes ia  produced 
by sodium hydroxybuWrate  in a dose of 1 g /kg  is the phase of K-complexes .  Jus t  as in thiopental anes thes ia  
of m o d e r a t e  depth, under the influence of hydroxybutyra te  the ampli tude of the hippocampal  r e s p o n s e s  was 
inc reased ,  that of the somat i c  r e s p o n s e  (Fig. 2, II, B) being inc reased  much m o r e  (by 100-200%) than the 
ampli tude of the local  (by 10-20~c) or  c o m m i s s u r a l  (by 30-40%) r e sponse  compared  with their  initial  levels ,  
(Fig. 2, HI, IV, B). 

The study of the effect of barbiturates and sodium hydroxybutyrate on hippocampal evoked potentials 
showed that the effects are similar in character: in both cases a phase of marked EEG synchronization oc- 
curred, accompanied by an increase in amplitude of the responses. This would seem to destroy some of the 
grounds for  Win te r ' s  a s s e r t i o n  [18] that the inc rease  which he found in cor t ica l  evoked r e s p o n s e s  under the 
influence of hydroxybuWrate  can be r e g a r d e d  as a mani fes ta t ion  of a pa roxysma l  effect,  and that the act ion 
of hydroxybutyra te  in this r e s p e c t  is opposi te  to that of thiopental,  which r educes  the r e sponse .  The r e a s o n  
for  these  d i f fe rences  is that Winter did not take into account  the c h a r a c t e r  of the EEG but compared  r e -  
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sponses taking place in states of anesthesia of different depths: deep thiopental anesthesia, marked by sup- 
pression of spontaneous and evoked activity, and anesthesia caused by hydroxybutyrate, which never 
reached that depth. These substances also act in a similar manner on intracortical  connections [6]. 

If the degree of change in hippocampal responses is compared within the same phase, it becomes 
clear that under the influence of hydroxybutyrate and barbiturates the local and commissural  responses 
were changed to a lesser  degree than the somatic. The local response is known to ref lect  the spread of ex- 
citation within the limits of one hippocampus, while the transcommissural  response reflects  its spread 
along fibers connecting symmetrical  parts of opposite hippocampi. Generation of the somatic response in 
the hippocampus is associated with conduction of the impulse along complex pathways including the extra- 
lemniscal system of the brain stem [2, 3]. The fact that the somatic response undergoes a greater  degree 
of change indicates that the anesthetics studied act to a greater degree on the pathways along which afferent 
impulses reached the hippocampus than on conduction in the hippocampus itself. The parallel between 
changes in the somatic response and the degree of EEG synchronization suggests that they are  the resul t  
of the effect of these drugs on activating mechanisms of the brain stem. 
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