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Because sodium hydroxybutyrate  has a narcot ic  action and is used for  anesthesia  during surg ica l  
operations [7], its effect on the c e r e b r a l  cor tex  is of g rea t  in teres t .  Elect rophysiological  methods usually 
used to study this effect cons is t  of record ing  the c o r t i c o g r a m  or  the evoked potentials a r i s ing  during 
st imulat ion of per iphera l  ne rves .  However,  these methods ref lec t  the state not only o f  the cor tex ,  but 
also of subcor t ica l  s t ruc tu re s .  

One method of d i rec t  e lectrophysiological  investigation of the cor tex  somet imes  used is recording  
the t ransca l losa l  and dendritic potentials.  I t  was therefore  considered that this method was suitable for  
the study of the effect of sodium hydroxybutyrate .  

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

The effect of sodium hydroxybutyrate  on t ransca l losa l  and dendritic potentials (responses) was in- 
vest igated in 54 acute experiments  on rabbits  p repared  by the method descr ibed by V. M. Vinogradova [1]. 
Tracheo tomy was pe r fo rmed  and the scalp and par ie ta l  bones were  removed  under ether anesthesia ,  af ter  
which the animal was immobil ized with flaxedil (3 m g / k g  intravenously) and maintained on ar t i f ic ia l  r e s -  
piration. The dura was opened 2.5-3 h la ter ,  and e lect rodes  applied to the sur face  of the cor tex  (Fig. 1). 
The cor tex  was st imulated with bipolar s i lver  e lect rodes;  the potentials were  recorded  by a monopolar  
technique, the indifferent e lectrode being fixed to the soft t issues of the head. Rectangular  pulses,  0.08- 
0.1 msec  in duration for  the dendritic and 0.2-0.3 msec  for  the t ransca l losa l  response  were generated by 
a "Neurovar"  s t imulator .  The response  was recorded  photographically f r o m  the tube of a "San'esokki" 
2-channel  osci l lograph,  and the e l ec t roco r t i cog ram and e l ec t roca rd iogram on an "Alvar" e lec t roencephal -  
ograph. Sodium hydroxybutyrate  was injected intravenously in 20% solution in doses of between 300 and 
1500 m g / k g .  For  application to the cor tex  a 1% solution (pH 7.2) at a t empera tu re  of 36 ~ was used,  more  
c i rc les  of f i l ter  paper  1 mm in d iameter  being soaked in it; these were applied to the sur face  of the cor tex  
in the region of the record ing  e lec t rodes .  

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  

The t rm]scal losal  response  (TCR) is a biphasic wave consis t ing of an initial positive deflection with 
a latent period of 5-6 msec  and duration of up to 10-12 msec ,  followed by a negative wave 15-30 msec in 
duration. If st imuli  of increas ing magnitude a re  used (starting f r o m  subthreshold values),  a negative wave 
appears  f i r s t ,  and as the s t rength  of the st imulus increases  it is preceded by a positive, and with a f u r t h e r  
inc rease  in s t rength of st imulation late posit ivity appears (up to 40 msec) .  With the exper imental  conditions 
used (treatment of wound sur faces  with procaine,  maintenance of a t empera tu re  of 35-36 ~ in the room,  
application of w a r m  minera l  oil to the cortex) the evoked responses  were  stable despite the fact  that, in 
cont ras t  to the experiments of other invest igators ,  the investigation was ca r r i ed  out on unanesthetized 
animals,  r emember ing  that substances of narcot ic  type have an action on the cor tex.  

Start ing with a dose of 400-500 m g / k g ,  sodium hydroxybutyrate  caused a marked inc rease  in ampl i -  
tude of the TCR; usually this applied to ltoth its components .  The degree of inc rease  var ied,  but in most  
cases  it amounted to 130-140% compared  to the initial level for  a dose of 500 mg/kg,  200-300% for  a dose 
of 750 mg/kg~ and 250-300% when the maximal  dose used (1500 mg/kg) was given. The duration of both 
components increased  by f r o m  30-40 to 200%. In some experiments  the shape of the response  became more  
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Fig. 1. Effect of sodium hydroxybutyrate  on the spontaneous e lec t roeor t i cogram and t r a n s -  
ca l losa l  r e s p o n s e .  Leads:  EEG of sensor imotor  and par ietal  regions of cor tex,  ECG. 
Stimulus 10 V, 0.3 msec .  A d iagram showing~the position of the electrodes to obtain the TCR 
is shown above on the r ight;  st imulating electrodes applied to the left par ie tal  region, r e -  
cording electrode to the right;  the thick line represen ts  the indifferent electrode.  

complex on account of the appearance of supple- 
men ta ry  waves (most frequently negative), as the 
resu l t  of which the response  appeared "split." It 
follows f r o m  the resul ts  of these experiments that 
s odium hydroxybutyrate ,  if injected intravenous ly, 
causes substantial  changes in the TCR (Fig. 1). 

Changes of a s imi lar  cha rac t e r  in the TCR 
appeared after  local application of a 1% solution 
of sodium hYdroxybutyrate to the cortex:  the 
amplitude of the response  at the maximum of the 
action (25-40 rain) amounted to 300-350% of the 
initial value, and the duration of both components 
of the TCR increased (Fig. 2). It should be men-  
tioned that these changes did not develop immedi -  
ately af ter  application, but only 5-7 min later .  
Their  appearance was preceded by a distinctive 
phase during which depress ion of the negative wave 
was observed,  giving the response  a distorted 
shape. When more  concentrated solutions (2-5%) 
were  applied, at f i r s t  the negative, and later  the 
positive wave was depressed.  If this initial phase 

Fig. 2. Changes in t ransca l losa l  response  af ter  was excluded, the changes in the TCR under the 
application of 1% solution of sodiumhYdroxybutyrate,  influence of sodium hydroxybutyrate  when applied 

to the cor tex  or  give~ intravenously were  unidi rec-  
tional in cha rac te r .  This applied also to changes in the spontaneous e lec t rocor t i cogram:  the increase  in 
amplitude and slowing of the dominant rhythm of the EEG previously found after  injection of sodium hydroxy-  
butyrate  [8], and also obtained in the au thors '  experiments of a s imi la r  type, could also be reproduced when 
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Fig. 3. Dynamics of a rousa l  react ion following local application of hydroxybutyrate  to the cor tex .  
In each pair  of curves  the upper is r ecorded  f r o m  a region not t reated with sodium hydroxybuty- 
ra te ,  and the lower f r o m  an a rea  to which the preparat ion has been applied, t )Beginning, ~ )end 
of action of acoustic st imulus evoking EEG-arousa l  react ion.  

the compound was applied to the cor tex.  The marked and prolonged synchronizat ion of the EEG was a c c o m -  
panied by blocking of the a rousa l  react ion,  following a definite pattern:  the depth of the block increased  
until the 25th-30th minute, and the react ion was r e s to red  after  80-90 rain (Fig. 3). In adjacent a reas  of the 
cor tex  not t rea ted  with sodium hydroxybutyrate ,  the background rhythm and arousal  react ion pers is ted  
unchanged throughout.  

The next se r ies  of experiments  was ca r r i ed  out to study the action of sodium hydroxybutyrate  on the 
dendritic response  (DR), i.e., on the potentials ar is ing around the e lectrodes  st imulating the sur face  of the 
cor tex .  The DR recorded  f r o m  the rabbi t ' s  cor tex  in response  to a threshold st imulus consis ts  of a nega-  
tive wave up to 10-20 msec in duration if the s t rength of st imulation is increased  considerably  this is 
followed by a slow positive wave). If sodium hydroxybutyrate  is injected, the amplitude of the principal  
negative component of the DR is sl ightly increased,  but these changes do not reach  the degree of the changes 
in the analogous component of the TCR, and this is seen par t icu lar ly  demonst ra t ively  if both responses  are  
recorded  in one experiment .  Concurrent ly  with the slowing and increase  in amplitude of the rhythms of 
the spontaneous EEG, the amplitude of this response  also inc reases .  The changes in DR do not show this 
paral le l  t rend and are  less marked in degree:  even in the case  of ve ry  marked synchronizat ion of the EEG, 
when the amplitude of the negative TCR is increased up to 2-3 t imes,  the negative DR is not increased  by 
more  than 1.3-1.5 t imes.  The changes in the positive component of the DR are  somewhat  more  marked:  
they approximate  to the changes in the TCR. 

In individual experiments a fur ther  interest ing aspect  of the action of sodium hydroxybutyrate  on the 
cor tex  was observed.  Whereas  paroxysmal  d ischarges  were  produced by the frequently repeated s t imula -  
tion of the cor tex,  subsequent application of 1% hydroxybutyrate  to one side led to shortening of the con-  
vulsions on this side. If the convulsions a rose  repeatedly,  they were  confined to the side not t reated with 
sodium hydroxybutyrate;  as soon as the hydroxybutyrate  was r insed off the cor tex,  the convulsions a r i s ing  
on one side immediately  spread to the other.  
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The TCR is produced en t i re ly  at the cor t i ca l  level:  the impulse  a r i s e s  on account  of s t imulat ion of 
the ca l lo sa l  neurons  located main ly  in l aye r s  HI- IV of the co r t ex  [5], and is t r a n s m i t t e d  along the axons 
of the corpus  c a l l o s u m - a  s t r u c t u r e  containing no ce l l  r e l ays  or  c o l l a t e r a l s .  The ca l losa l  axon has a 
synapt ic  connection only at the s y m m e t r i c a l  point of the opposi te  h e m i s p h e r e .  The dis t r ibut ion of the 
neurons  in the l aye r s  of the co r t ex  can be seen  to cor respond:  axons leaving deep neurons  t e rmina t e  on 
the opposi te  s ide  in the deep l aye r s  of the cor tex ,  while axons of r e l a t ive ly  super f ic ia l  neurons  have the i r  
endings in m o r e  super f i c ia l  l aye r s  of the co r t ex  [4, 6]. Both waves  of the TCR a r e  postsynapt ic  potent ials ,  
the posi t ive  a r i s ing  in the deeper  l aye r s  and the negat ive in the m o r e  super f i c ia l  l aye r s  of the cor tex .  

Hence,  the TCR as a whole re f l ec t s  p r o c e s s e s  of synapt ic  t r a n s m i s s i o n  taking place  en t i re ly  at the 
co r t i c a l  level ,  in connection with which the abi l i ty  of hydroxybutyra te  to evoke changes in the TCR can be  
r e g a r d e d  as an indication of the co r t i c a l  effect  of this compound.  The fac t  that  a s i m i l a r  i n c r e a s e  in TCR 
can be  obtained by application of hydroxybutyra te  to the cor tex ,  which en t i re ly  ru les  out i ts  action through 
subcor t i ca l  s t r u c t u r e s ,  conf i rms  the i r  co r t i ca l  c h a r a c t e r .  The init ial  depress ion  of the TCR is nonspecif ic 
in c h a r a c t e r ,  as  mos t  inves t iga tors  recognize  fo r  a subs tance  metabol ica l ly  s i m i l a r  to h y d r o x y b u t y r a t e -  
7 -hyd roxybu ty r i c  acid [2]. It  s p r eads  mainly  to the negat ive  component  as a r e su l t  of its connection with 
the m o r e  super f ic ia l  l aye r s  of the cor tex .  The fac t  that  the sens i t iv i ty  of the negat ive components  of the 
DR and TCR to sodium hydroxybutyra te  d i f fers ,  r evea l ed  by these  exper iments ,  is in te res t ing  f r o m  the 
point of view of the s tudy of the chemica l  sens i t iv i ty  of var ious  co r t i ca l  reac t ions :  the negat ive  dendri t ic  
potential ,  produced en t i re ly  at  the level  of the super f i c ia l  l aye r  of the cor tex ,  is less  sens i t ive  to the act ion 
of sodium hydroxybutyra te  than the negat ive  wave of the TCR, assoc ia ted  with additional r e l ays  between 
the deep and super f i c ia l  l aye r s  of the co r t ex .  This  may  evidently explain the fac t  that  the posi t ive  compon-  
ent of the DR changes  m o r e  than the negat ive ,  fo r  it  has been  shown [3] that the posi t ive  pa r t  of the DR 
re su l t s  f r o m  involvement  of the deep l aye r s  of the co r t ex  following intensive s t imula t ion  of i ts  su r face .  
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