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It has been shown [14] that nieot inamide is an endogenous agent or  ligand which can bind speci f ica l ly  with 
benzodiazepine r e c e p t o r s  found in the bra in  [13, 17] and give r i s e  to a benzodiazepine- l ike  effect,  as  re f lec ted  
in var ious  indices and, in pa r t i cu la r ,  it can influence cer ta in  f o r m s  of act ivi ty of the  spinal  re f lex  appara tus  [14]. 
N ieotinamide is known to prevent  reac t ions  cata lyzed by glutamate  decarboxylase ,  i .e.,  to cause insufficiency 
of GABA synthes is  [14]. 

In the investigation descr ibed  below it was shown that  nieotinamide can suppress  e l ec t r i ca l  act ivi ty both 
in the single focus and in complexes  of epileptic foci evoked in the c e r e b r a l  cor tex.  The use of an epileptic 
complex to study the effect  of nicotinamide is of specia l  in teres t ,  for  the complex is a model  of a pathological  
epileptic s y s t e m  a r i s ing  f r o m  foei with compara t ive ly  low initial ac t iv i ty  under the influence of a powerful  de-  
t e rminan t  focus, which in tens i f ies  exci tat ion in other  foci, synchronizing their  act ivi ty ,  and unites them into a 
singIe complex,  de te rmin ing  the cha rac t e r  of its act ivi ty [3, 4]. tD such a sys t em,  its separa te  pa r t s  (loci) a re  
functionally unequal and they behave dif ferent ly  toward inhibitory p rocedures  [4-6]. 

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

Acute expe r imen t s  were  ca r r i ed  out on 12 cats .  Under e ther  anes thes ia  the skin and subcutaneous cel lu-  
l a r  t i s sues  were  divided by a midline incision running f rom the nasal  bones to the occiput.  The eyebal l  was 
drained.  The c ran ia l  bones and orb i t  were  t rephined to give wide acces s  to different  par t s  of the f rontal  and 
t empora l  cor tex ,  a f te r  which admin is t ra t ion  of e ther  was discontinued. The animal  was immobi l ized (with 0.5-1 
m g / k g  diplacin) and a r t i f ica l ly  ventilated,  Sca t te red  foci of epileptic act ivi ty  were  c rea ted  by application of 
f i l ter  paper  (2 m m  2) soaked in 0.1-0.5~ s t rychnine  solution. These  foci were  fo rmed  in different  pa r t s  of the 
coronary ,  an te r io r  and pos t e r io r  s igmoid,  and ec tosylv ian  gyri .  A focus of powerful epileptic act ivi ty was 
c rea ted  in the orb i ta l  o r  co ronary  gyr i  by applicat ion of a 1-3% solution or  a c ry s t a l  of s t rychnine.  Biopoten- 
t ials  were  der ived by a monopolar  e lec t rode ,  the r e f e r e n c e  e lec t rode  was fixed in the nasal  bones,  and cotton 
threads  soaked in R inge r ' s  solution were  used as act ive  e l ec t rodes .  Potent ia ls  were  r eco rded  on a 4 - E E G -3  
ink-wri t ing e lec t roencepha lograph .  A 5% solution of nicotinamide was injected in t ravenously  in a dose of 50- 
100 mg/kg ,  but in some expe r imen t s  l a r g e r  doses  500-800 mg/kg)  were  used. 
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Fig.  1. Effect  of nieotinamide on a single focus 
of epi lept ic  act ivi ty .  A) epileptic act iv i ty  in fo-  
cus c rea ted  by applicat ion of 1% strychnine 
solution to p o s t e r i o r  s igmoid gyrus;  4 rain af ter  
application,  s t rychninizat ion discontinued (fi l ter 
paper  with s t rychnine  removed);  ]3) 10 rain, 
C) 15 rain, D) 18 min af ter  intravenous injection 
of 50 m g / k g  nicot inamide.  Cal ibrat ion signal 
500 #V,  t ime  m a r k e r  1 sec.  
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Fig.  2. Effect  of nieot inamide on epileptic complex.  A) epi lep-  
t ic  complex  c rea ted  by applicat ion of 0.170 s t rychnine  solution 
to zones 2 and 3 and application of 3% st rychnine solution to 
zone 1 (determinant  focus); 3 rain af ter  stopping applicat ion of 
s t rychnine to region of de t e rminan t  focus; B) 2 min,  C) 4 min,  
D) 7 min,  E) 13 rain, and F) 28 rain a f te r  intravenous injection 
of 50 m g / k g  nicot inamide.  1) co rona ry  gyrus ,  2) pos t e r io r  and 
3) an te r io r  s igmoid gyri ,  4) ec tosylvian gyrus .  Calibrat ion 
signal  500 pV,  t ime m a r k e r  1 see .  
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Fig. 3. Effect of nicotinamide on epileptic complex and on iso- 
lated epileptic focus. A) 14 min after  application of 0.5% solu-  
t ion to zones 2, 3, and 4 and of 3% solution of strychnine to 
zone ! .  Epileptic complex thus created consis ts  of foci in 
zones 1, 2, and 3. Paroxysmal  d ischarges  in these  loci are  of 
high amplitude and hypersynchronized.  Discharges  in focus 4 
are  of lower amplitude and not synchronized with activity of 
the complex; this focus remains  isolated and independent; ]3) 10 
rain, C) 16 rain, and D) 25 rain after  intravenous injection of 
80 mg/kg  nicotinamide. 1) orbital ,  2) coronary ,  3) pos te r ior ,  
and 4) anter ior  sigmoid gyri .  Calibration signal 500 pV, time 
m a r k e r  1 see. 

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

In experiments  to study the effect of nicotinamide on a single epileptic focus, the lat ter  was created by 
application of 1% strychnine solution to the pos te r ior  sigmoid gyrus.  Charac ter i s t ic  strychnine potentials ap- 
peared at the site of application of s trychnine a few seconds af ter  its application. The piece of f i l ter  paper with 
s trychnine was removed 4-5 rain after application. Control experiments  showed that the focus of p a r -  
oxysmal  activity thus c rea ted  continued to genera te  spike d ischarges  for 30-50 rain. Intravenous injec-  
tion of nicotinamide solution, given immediately after removal  of the piece of paper with strychnine,  caused a 
sharp decrease  in the amplitude and frequency of the paroxysmal  d ischarges  in the focus after  5-10 rain (Fig. 
1B). During the next 12-18 rain there was a fur ther  decline in the paroxysmal  discharges ,  followed by their  
d isappearance (Fig. 1C, D). 

In the experiments  to study the effect of nicotinamide on the epileptic complex, the lat ter  was created by 
the accepted method descr ibed previously [3], namely by application of strychnine solutions of different concen- 
t ra t ions to different a reas  of the cortex:  The pos ter ior  {zone 2) and anter ior  (zone 3) sigmoid gyri  were t reated 
with 0.1% strychnine solution. After  the appearance of paroxysmal  discharges  the pieces of fil ter paper with 
strychnine were removed.  A more  powerful hyperact ive focus was then created in the coronary  gyrus by appli- 
cation of 3~ strychnine solution. This focus acquired a determinant  role [3]: It potentiated and synchronized 
activity in the other foci and united them into a complex, which functioned as a single unit. After  es tabl ishment  
of a steady state of synchronized paroxysmal  activity in all the foci of the complex (Fig. 2A) the strychnine was 
removed f rom the region of the determinant  focus. Control exper iments ,  together with numerous previous in- 
vestigations [3-6], showedthat  the epileptic complex formed under these conditions, consis t ing of three loci, 
could generate  synchronous paroxysmal  d ischarges  for a period of 30-50 rain, after which the amplitude and 
frequency of the d ischarges  in the foci were reduced and the complex disintegrated.  Injection of nicotinamide 
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at the stage of maximally stable, synchronous paroxysmal  activity of the complex led to suppression of the 
paroxysmaI  d ischarges .  A reduction in amplitude of the discharges  was observed as ear ly  as 3-5 min after in- 
jection of the nicotinamide to begin with and more  especial ly  in the focus located far thes t  f rom the determinant  
focus (zone 3) and also in the other dependent focus (zone 2). In the determinant  focus, however,  at this period 
there were no significant changes in the cha rac te r  of the paroxysmal  activity (Fig. 2B). Later ,  7-15 rain after 
injection of nicotinamide, the paroxysmal  d ischarges  disappeared in zone 3 and were considerably reduced in 
zone 2 (Fig. 2C, D), and after 13-25 min they disappeared in all the dependent foci (Fig. 2E), and later  in the 
determinant  foci also (Fig. 2F). 

In cases  when one of the loci did not join at the complex but continued to operate independently, it was the 
f i r s t  to be suppressed after injection of nicotinamide, and its suppression was complete (Fig. 3B, zone 4). 
This phenomenon of weak res i s tance  of the single focus compared with the epileptic complex also was demon- 
s t ra ted  during testing of the antiepileptic action of diazepam. Later  the reduction and disintegration of the com- 
plex under the influence of nicotinamide took place in the order  descr ibed above (Fig. 3C); the determinant  fo- 
cus, which generated single paroxysmal  d ischarges  (Fig. 3D), was most  res is tant .  

The effect of suppression of the complex of epileptic activity by nicotinamide depended on the dose of the 
compound: The higher the dose the more  rapidly complete suppression of the complex, including the de termi-  
nant focus, tookplace .  When large doses (500-800 mg/kg) were used, a complete inhibitory effect appeared 
within a few minutes.  In some experiments  suppression of paroxysmal  activity of the determinant  focus was 
incomplete,  and 30-40 min after  injection of the compound (50 mg/kg) an increase  in the amplitude and frequency 
of the paroxysmal  discharges  could take place, and they continued to be generated for a fur ther  20-30 rain. This 
resul t  is also evidence that disappearance of the epileptic activity in the loci was due to the action of the nico- 
tinamide and not to natural cessat ion of the strychnine effect. 

In separate  experiments  in which a determinant  focus was created by application of s trychnine crys ta ls ,  
and dependent foci were crea ted  by application of 0.5% strychnine solution, injection of nicotinamide in a dose 
of 50-70 mg /kg  was accompanied only by a decrease  in the amplitude and frequency of the paroxysmal  dis- 
charges  and by disturbance of their synchronization.  The complex as such disintegrated and in its place the 
separate  foci, working independently of each other on autonomous reg imes ,  remained.  However, activity of 
the foci was not completely suppressed,  and 30-40 min after  injection of the nicotinamide an increase in am-  
plitude of the d ischarges  was observed in the determinant  and dependent foci with res torat ion of activity of the 
complex. 

The resul ts  of these investigations thus show that nicotinamide, when injected intravenously,  depresses  
epileptic activity both in a single focus and in foci combined into an epileptic complex under the influence 
of a determinant  focus. In all cases  the same sequence of disappearance of epileptic activity was observed:  To 
begin with it disappeared in the dependent fool, and it did so sooner in the focus far thest  removed from the  
determinant  focus, and in which the activity was relat ively weaker; later activity disappeared in another focus 
lying nearer  to the determinant  focus. Last  of all, epileptic activity was suppressed in the determinant  focus, 
and la rger  doses of nicotinamide were required to suppress  it completely.  Together with these changes, de- 
stabilization of the whole complex took place in the foci and it disintegrated as a pathological system. 

The o rde r  of suppression of the loci of the complex and the special  features  of its reduction and disin-  
tegrat ion observed in these experiments  were not a specific resul t  of the action of nicotinamide. A s imi lar  
effect a r i ses  through the action of diazepam and of general  anesthetics [4, 5], and it is brought about by cor t ica l  
mechanisms  proper ,  for it is also observed in preparat ions  of the isolated cortex [6]. This rule governing 
suppression of the epileptic complex is thus universal  and is determined by the charac te r  of functional organi-  
zation of the epileptic complex as a sys tem.  

Since nicotinamide binds specifically with benzodiazepine recep tors  [13, 17] and since, like diazepam, it 
can suppress  epileptic activity and also give r i se  to other  effects,  it can be tentatively suggested that the mech-  
anisms of its action are  s imi la r  to those of diazepam: They are  real ized through activation of the GABA- 
ergic  apparatus and to inhibitory control  by GABA. 

It can thus be suggested that nicotinamide plays the role of an endogenous substance contained in the 
b r a i n -  a ligand evoking a diazepam-l ike  effect. The fact  that in these experiments  nicotinamide suppressed 
epileptic activity when adminis tered sys temica l ly  in comparat ively  high doses (in part icular ,  in much higher 
doses than diazepam), may be explained by many fac tors .  It is evidently connected with the rapid metabolism 
and poor penetration of nicotinamide into the brain,  a charac te r i s t i c  feature of natural biologically active sub- 
s tances playing the role of neuromedia tors  or  neuroregula tors .  It has been shown that only a 0.3% solution of 
nicotinamide can penetrate into the brain when injected by the intraearot id route [9]. 
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It is a very interesting fact that nicotinamide [8, 16], like benzodiazepine in small doses [15, 18], can po- 
tentiate certain components of paradoxical sleep which, as we know, suppresses epileptic activity [7, 10, 19]. 

On the basis of the above remarks  it can be postulated that nicotinamide is an endogenous antiepileptie 
agent which plays a role in the regulation of electrogenesis in the brain. It can be regarded as the chemical 
equivalent of activity of the antiepileptic system, which is evidently capable of maintaining that activity. At the 
same time, its action cannot be limited to the suppression of foci in epilepsy: It may also be effective in other 
neuropathological syndromes characterized by hyperactivity of systems as a result  of disturbance of inhibitory 
mechanisms and the creation of generators of pathologically enhanced excitation [1, 2]. 
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