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The ant iconvulsant  DiIantin, widely used  in neurology, d e p r e s s e s  polysynapt ic  spinal  cord  re f lexes  
and segmenta l  types  of inhibition, and also weakens suprasp ina l  fac i l i t a tory  and inhibi tory reac t ions  [1, 3, 
12]. It  is  suggested that  these  ef fec ts  a r e  based  on dis turbance of the function of the spinal  in ternuncial  
neurons .  

To continue the study of this p rob lem the authors  invest igated the effect  of Dilantin on background 
act ivi ty  and evoked r e s p o n s e s  of single internuncial  cel ls  of the spinal cord.  Bear ing  in mind the imp o r t -  
ance not only of the pyramida l ,  but also of the ex t r apy ramida l  s y s t e m  in the mechan i sm of the motor  man-  
i fes ta t ions  of the fit [4, 7, 8], the action of Dilantin was studied on faci l i ta t ion and inhibition of internuncial  
neurons  a r i s i ng  during s t imula t ion  of the motor  cor tex  and also of the bulbar  r e t i cu la r  format ion.  

EXPERIMENTAL METHOD 

Altogether 22 experiments were carried out on anesthetized (30-40 mg/kg Nembutal intraperiteneally) 
cats. One experiment was carried out on a preparation with low (in the region of the lower thoracic seg- 
ments) transection of the spinal cord. A few hours after caudal laminectomy, when the action of the anes- 
thetic had worn off, the animal was firmly fixed to a special frame, transferred to artificial respiration, 
and eurarized. Potentials from single internuncial neurons were recorded extracellulary by means of cap- 
illary microelectrodes filled with 4 M NaCI solution. The microeleetrodes were inserted at the level of 
the 6th-7th lumbar segments of the spinal cord. After amplification of the potentials with a type UBP-I ac 
amplifier, they were recorded on film by a type N-102 loop oscillograph. 

The ipsilateral and contralateral dorsal and ventral roots of the 7th lumbar segment, both motor 
areas of the cortex, and certain bulbar structures were stimulated. The suprasegmental structures were 
stimulated with bipolar electrodes at a frequency of 150 pulses/see. The localization of the electrodes in 
the brain stem (they were introduced through the cerebellum which was left in situ)was determined histo- 

logically. 

Dilantin was given in increasing doses from 10-30 mg/kg (10-20 mg/kg at I time), and in some cases 
up to 50 mg/kg. The drug was injected intravenously (slowly, at a constant speed of I-2 rng/kg/min), pre- 
venting substantial fluctuations of arterial pressure, which was recorded throughout the experiment in the 
common carotid artery. Usually the effect of the drug was assessed 5, I0, and 15 rain after each injection. 

The criterion of the degree of the facilitatory or inhibitory response was the difference between the 
frequency of the spontaneous rhythmic activity of the neurons before and after stimulation. 

E X P E R I M E N T A L  R E S U L T S  

The spontaneous and evoked act ivi ty  of 60 internuncial  neurons  located mainly  in the dorsa l  horns  of 
the spinal  cord  was invest igated.  The action of Dilantin was studied on 25 cel ls .  

E lec t rophys io logica l  Labora tory ,  Chita Medical Insti tute (Presen ted  by Active Member  of the Acad-  
emy  of Medical Sciences of the USSR V. V. Zakusov).  T rans la t ed  f r o m  Byulle ten '  t~ksper imental 'noi  
Biologii i Meditsiny,  Vol. 64, No. 10, pp. 39-43, October ,  1967. Original  a r t i c l e  submit ted December  12, 
1966. 
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Fig. 1. Dis turbance  of r e s p o n s e s  of spinal  internuncial  neurons  to a f -  
ferent  s t imulat ion a f t e r  injection of Dilantin. I) Normal ;  II) a f t e r  in jec-  
tion of Dilant inin a dose of 30 mg/kg ;  A) inhibition of background 
rhythmic  act ivi ty  by af ferent  impulse ;  B) multiple d i scharges  following 
act ivat ion of another  cel l ;  C) r e sponses  of Renshawts  cell  to s t imu la -  
tion of the vent ra l  root ;  D) the s a m e  cel l  against  the background of 
s t imulat ion of the con t r a l a t e ra l  mo to r  cor tex  (the a r row denotes an a r t i f ac t  
of s t imulat ion);  E) aggrega ted  dynamics  of changes during spontaneous 
act ivi ty (unshaded column), group d i scha rges  (shaded column) and in-  
h ib i tory  pauses  (black column) under  the influence of Dilantin. Columns 
re f l ec t  mean  values of co r respond ing  indices (as percent  of ini t ial  
level).  Numbers  below columns denote c r i t e r i a  of s ignif icance of di f -  
f e rences  (P), bot tom row of numbers  denotes t ime (in rain) a f t e r  in jec -  
tion of Dilantin. 

Background Activi ty and Response  to Efferent  Stimulation. In smal l  doses  (10 mg/kg) Dilantin did not 
a l t e r  the c h a r a c t e r  of the spontaneous ac t iv i ty  of the in ternuncial  neurons .  It produced well marked  de-  
p re s s ion  only when the dose of the drug was inc reased  (over  20 mg/kg) .  The effect  was pa r t i cu la r ly  m a r k e d  
in the 5th minute a f t e r  injection, but by the 15th rain of r ecord ing  it had weakened to some extent,  although 
the di f ference f r o m  the init ial  level  r ema ined  s ta t i s t ica l ly  significant (Fig. 1A, E). The mult iple  d i s cha rges  
of the dorsa l  horn  internuncial  neurons  in r e sponse  to sl ightly s u p r a m a x i m a l  s t imulat ion of the dorsa l  
roots  we re  r egu la r ly  inhibited by Di lant in(Fig .  1B, E). The number  of spikes  in the d i scharge  was reduced  
and the durat ion of the volley shortened.  S imi la r  changes were  found when the cel ls  of the spinal  an imal  
were  invest igated.  This  is in a g r e e m e n t  with the repor ted  abi l i ty of Dilant into inhibit  repe t i t ive  r e s p o n s e s  
of nerve  cel ls  se lec t ive ly  [5, 9, 10]. However,  in the p resen t  exper iments ,  mult iple  d i scharges  of a Ren-  
shaw's  cell  were  not reduced on s t imulat ion of the vent ra l  root ,  but were  actual ly  i nc reased  sl ightly in a m -  
plitude (Fig. 1C). 

The development  of dep res s ion  of the s h o r t - l a t ency  responses  of the internuncial  neurons  as a r e su l t  
of rhy thmic  (40-60 pu l ses / sec )  s t imulat ion of the do r sa l  root was intensif ied by Dilantin in a g r e e m e n t  with 
data in the l i t e ra tu re  indicating that Dilantin acce ]e r a t e s  depress ion  of monosynapt ic  spinal  r e f l exes  [3]. 

Complete suppress ion  of spontaneous act ivi ty  of ce r t a in  cel ls ,  s o m e t i m e s  following a single or  group 
r e sponse  of these  cel ls  to an af ferent  s t imulus ,  was p r e s e r v e d  a f t e r  injection of smal l  doses  of the drug. 
With an inc rease  in the dose,  these  inhibi tory pauses  were  shor tened.  The effect  did not develop a t  once. 
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Fig. 2. Effect of Dilantin on facilitation 
(A) and inhibition (]3) of background 
rhythmic activity during stimulation of 
ips i la teral  motor  cortex.  D Normal;  
ID af ter  adminis t rat ion of Dilantin in 
dose of 30 mg/kg;  C) aggregated dy-  
namics  of changes in t ime of cor t ica l  faci l -  
itation (unshaded column) and inhibition 
(shaded column). Horizontal line above 
represen t s  m a r k e r  of st imulation of the 
cortex.  Remainder  of legend as in Fig. 1E. 

Five minutes after injection, in roughly equal numbers  of 
cases ,  e i ther  weakening or  strengthening of inhibition was 
observed.  Clearly defined changes took place only af ter  
10-15 man {Fig. 1A, E). The mean duration of inhibition 
fell f rom 120 to 70 m / s e c .  The period of complete inhibi- 
tion of the background rhythm after  short  tetanization (at a 
frequency of 200 pulses/sec)  of the dorsal  root also was 
shortened. 

It must be concluded f rom a compar ison of the ef-  
fect of Dilantinon segmental  inhibition (using the duration 
of inhibitory pauses as a criterion) and the effect of faci l i -  
tation (in the form of multiple discharges  ) that the fo rmer  
is on the whole more  res is tant  to this drug; it was un-  
changed after  injection of small  doses,  and was not weakened 
so quickly after  injection of large doses of Dilantin.: 

The increase  in spontaneous rhythmic activity of the 
spinal neurons during stimulation of the ipsi la teral  and con- 
t ra la te ra l  motor  areas  of the cor tex was not significantly 
disturbed by injection of small  doses (10 mg/kg) of Dilantin. 
Essent ial  weakening of the supraspinal  react ion developed 
only 10-15 rain af ter  injection of Dilantin in a dose of 20- 
30 mg/kg  (Fig. 2A, C), and even then, in two of the ten cells  
investigated, facilitation was increased at this t ime. Mean- 
while, under the influence of Dilantin the after-faci l i tat ion,  
in the form of increased frequency of spontaneous activity 
af ter  cessat ion of cor t ical  stimulation, was depressed to 
almost  half its initial level. On the whole, this type of 
tonic response  was less  res is tant  to Dilantin than the single 
responses  at the moment of stimulation. 

As the resul ts  of a separate  compar ison  of the action of Dilantin on ipsi lateral  and contra la tera l  
cor t ical  facilitation of the spontaneous rhythmic activity of the neurons show, in the lat ter  case this effect 
was weaker.  The reason  for  this difference is most  probably a difference in the initial magnitude of the 
faci l i ta tory response;  whereas  during stimulation of the contra la tera l  cortex its mean value was 50 pu l ses /  
sec, f rom the ipsi la teral  motor  a rea  it was only 33 pu lses / sec .  

Dilantin had a less definite influence on cort ical  inhibition of the background activity of the internun- 
cial cells.  Despite the fact that in the aggregate the degree of disturbance of :Inhibition was identical, and 
by the 15th rain it actually exceeded depress ion of the faci l i tatory response by a slight margin,  this shift 
was not s tat is t ical ly significant (Fig. 2B, C). This may have been due to the considerable variabil i ty of 
the resul ts  obtained during investigation of individual neurons. Of the 14 cells,  strengthening of inhibition 
was observed in 3 af ter  injection of Dilantin (in a dose of 30 mg/kg), in 4 cells it was unchanged, and only 
in 7 cells was inhibition weakened. On two occass ions  an inhibitory effect was converted into facil i tatory,  
and this caused an appreciable change in the magnitude of the overal l  index. Such convers ion has also been 
descr ibed during a study of the action of Dilantin on cort ical  inhibition of a monosynaptic spinal reflex [12]. 
At the same time, the antieonvulsant abruptly shortened the duration of poststimulation depress ion of spon- 
taneous activity, and in one experiment it strengthened the suprasegmental  inhibition of evoked discharges  
of a Renshaw's  cell (Fig. 1D). 

As the resul ts  obtained show, facilitation of the spontaneous activity of the internuncial cells during 
stimulation of the bulbar re t icular  format ion was weakened after  injection of Dilantin in a dose of 20-30 rag/  
kg (Fig. 3A, C). This effect was seen in mos t  cells,  but in 3 of the 12 cells,  on the contrary ,  the faci l i ta-  
tion was increased.  Histological verif ication of the position of the st imulating e lect rodes  demonst ra tes  
that usually the re t icu la r  nuclei of the caudal third of the brain s tem (the parvo-  and magnocellular,  ven-  
t ral ,  and caudal nuclei of the pons), and the nuclei of the vagus and tr igeminal  nerves were stimulated. 
The  main mass  of these s t ruc tures  has no di rec t  connections with the lumbar segments  of the spinal cord 
[2]. Impulses f rom them travel  to the spinal cells along complex polyneuronal pathways, and this is evi-  
dently responsible for their  sensit ivity to Dilantin. 
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The effect  of the ant iconvulsant  on bulbar  inhibition 
of the internuncial  neurons  was examined in detai l  in only 
4 cel ls :  in one case  i twas  unchanged, in 2 it was comple t e ly  
suppressed ,  and in 1 it was  s t rengthened.  Deepening of in-  
hibition was observed  dur ing s t imulat ion of the r e t i cu l a r  
gigantocel lular  nucleus (Fig.  3B), the inhibi tory  r e sponses  
of which a r e  espec ia l ly  r e s i s t an t  to Dilantin [1]. 

On the whole the fae i l i t a to ry  r e s p o n s e s  were  more  
sens i t ive  than the inhibi tory.  
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Fig. 3. Changes in bulbar  faci l i tat ion (A) 
and inhibition (B) of act iv i ty  of spinal in-  
ternuncial  neurons by Dilantin. 1) Normal ;  
If) after injection of Dilantin, C) aggregated 
dynamics of changes in time of facilitatory 
reaction during stimulation of the bulbar 
reticular formation. Localization of the 
electrodes is shown in the diagram. Hor- 
izontal line represents marker of stimula- 
tion of the brain stem. Remainder of leg- 
end as in Fig. IE. 
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