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An experimental  method of investigating shor t - la tency  interaction in neuron sys tems  is de-  
scribed.  The curve of probability distr ibution for  the f i r s t - o r d e r  c ro s s - in t e rva l  of s imul-  
taneously recorded  sequences of action potentials of two neurons is a s sessed  by the his to-  
gram obtained by simple calculation of the number of points in the corresponding ver t ica l  
band of the spot osc i l logram.  

It is becoming increas ingly  c lear  that the detailed study of the proper t ies  of single neurons (distr ibu- 
tion of interspike in tervals ,  mean frequency,  on-  and of f - response  to stimulation, and so on) is insufficient 
to reveal  all the functional proper t ies  of a center  in the nervous sys tem.  The obtaining of experimental  
data on synaptic connections and other sources  of interaction in neuron sys tems  thus becomes par t icu lar ly  
interest ing.  

In many cases  s tat is t ical  analysis  of the records  of activity of only two simultaneously recorded  
cells is i tself sufficient to provide a significantly wider picture of neuronal interact ion [3]. However, 
methods of s ta t is t ical  analysis  of spike generation sequences of two neurons so far  described necessi ta te  
the use of a computer  [2-4] or laborious manual analysis  of the mater ia l  [1], because of the complexity of 
the mathemat ical  apparatus.  A method of quantitative a s ses smen t  of interaction between the work of two 
simultaneously recorded  neurons is descr ibed below which, although adequate in its s tat is t ical  content, is 
f ree  f rom these difficulties. 

To analyze two simultaneously recorded sequences of action potentials of neurons A and B, it is cus -  
tomary  to determine [4]: 1) the interspike interval  of the corresponding sequence T A = Ai+ 1 - Ai, I "B 

k = 
Bk+ 1 - Bk; and 2) " t B~ = in f (Bk /B  k > Ai) (the precise  the h r s t - o r d e r  c ro s s - i n t e rva l  R i = Bj - Ai, where 
lower limit of the sequence Bk under the condition that B k > Ai). As has been shown [1], the probabili ty 
distribution curve for {Ri} c a n  be as sessed  in the usual way by the his togram plotted for an interval  0 -< 

A B A t ~< 0 (1), where ~ = min (~m, ~'m), and 7m,  ~ B  are the minimal interspike intervals of the corresponding 
sequences.  Under these c i r cums tances ,  if the neurons are  working independently, this h is togram for  an in- 
terval  of (1) will have a sufficiently smooth envelope (without significant deviations from its mean-square  
value for this interval).  Deviations on the h is togram are  assessed  by standard methods and can be in ter -  
preted physiologically (see, for example [1, 3]). 

The apparatus for obtaining such h i s tograms  is shown in Fig. 1. Extracel lu lar  activity of two neu- 
rons in a part  of the bra in  to be investigated is recorded  by two microe lec t rodes  (ME) through source  fol-  
lowers (SF), amplif iedbybiopotent ial  amplif iers  (BPA), and the sequences of action potentials of the two cells 
a re  then t ransformed by a shaper  (S) into sequences of pulses of constant amplitude and duration, with the 
same tempora l  distribution. The shaped pulses of one of the cells  t r iggers  the driven cal ibrat ion sweep 
of the osci l loscope with the br ightness  of the beam completely extinguished, while pulses of the other cell  
serve  to modulate br ightness .  If during the driven sweep t r iggered by a spike f rom cell A, c ell B discharges ,  
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Fig .  1. B l o c k - d i a g r a m  of exper imenta l  s e t - u p  (explana-  
t ion in text).  

Fig .  2. Spot o s c i l l o g r a m  (A) and 
h i s t og ram of c r o s s - i n t e r v a l s  of 
two u n c o r r e l a t e 4  spike  sequences  
(B) plotted f rom it .  

a b r igh t  spot shines  on the s c r e e n .  C l e a r l y ,  when the t ime  of the 
dr iven  sweep is  chosen,  in accordance  with equation (1), the f i r s t -  
o r d e r  h i s tog ram c r o s s - i n t e r v a l s  de sc r ibed  above wil l  accumula te  
on the s c reen .  It s imp ly  r e m a i n s  to shift  the beam by deg rees  
a long the v e r t i c a l  ax is ,  when the br igh t  spots  a r e  suff ic ient ly  den-  
s e ly  a r r anged  in one band (the shut te r  of the c a m e r a  C is open 
throughout the per iod  of accumulat ion) ,  which can be done in v a r i -  
ous ways (for example ,  by connect ing a s t e p - s i g n a l  gene ra to r  to 
the input of the amp l i f i e r  of v e r t i c a l  deviat ion,  or  manual ly) .  The 
number  of spots  in the band and the to ta l  number  of i n t e rva l s  a c -  
cumulated  dur ing  the expe r imen t  a r e  ca lcu la ted  by means  of a P P -  
16 compute r  through a t r a n s i s t o r i z e d  key (TK), opened by a spike 
f rom ce l l  A dur ing the dr iven  sweep.  

A spot  o s c i l l o g r a m ,  in which the r a t i o  between the number  of 
spots  in a fixed v e r t i c a l  band [from j~ to (j + 1)~, where  ~ is the 
in te rva l  of the h i s togram]  and the total  number  N of points is  an 
e s t ima te  of the p robab i l i ty  that  the randomly  chosen c r o s s - i n t e r v a l  
Rj is  g r e a t e r  than ]~ and less  than (j + 1)~, is  thus obtained on one 
f rame  of photographic f i lm.  By switching the key  K, a spot o s c i l -  
l og ram of the dependence of f i r ing  of ce l l  A a f t e r  ce l l  B can be ob-  
tained on the next f r ame  of the f i lm.  

Let us a s s e s s  the s t a t i s t i c a l  capac i ty  of the method (the num-  
b e r  N of c r o s s - i n t e r v a l s  pe r  f r ame)  for  the condit ion that dup l i ca -  
tion of the spots  is  absent  on any band with a p robab i l i ty  of 0.9. It 
is  ea sy  to show that  the numbe~ k of r andomly  d i s t r ibu ted  spots on 
the band sa t i s fy ing  this  condit ion can be found f rom the equation 

o.o: (1_+).(,_ , :1) . . .  (2) 

where  n is the max imum number  of spots  on the band. F o r  a c a t h o d e - r a y  osc i l loscope  with a working 
s c r e e n  a r e a ,  for  example ,  of 8 x 8 cm 2, and for  a spot of light ~0.25 mm in d i a m e t e r ,  n = 320, and f rom 

Eq. (2), k ~ 8 and N >- 2500. 

The method desc r ibed  above has now been success fu l ly  used to inves t iga te  in te rac t ion  in a neuron 
population in the r e s p i r a t o r y  cen te r  of the medul la .  A spot o s c i l l o g r a m  and h i s t og ram of c r o s s - i n t e r v a l s  
of two uncor re l a t ed  spike sequences ,  genera ted  by neurons of this cen t e r ,  a r e  shown in Fig .  2 (in this  c a s e  
0 = 30 msee ,  N ~ 1300). 
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