
ANNAL. BIOL. TIHANY 40 115-120 HUNGÁRIA 1973

M U L T IC H A N N E L  A N A L Y Z E R  C L A SSIF Y IN G  C IR C U IT  F O R  T H E  
D E T E R M IN A T IO N  O F ACTIO N P O T E N T IA L  IN T E R V A L S  A N D

D U R A T IO N S

M IH Á L Y  V É R Ó

Biological Research In s titu te  o f the H ungarian  A cadem y of Sciences, 
T ih a n y , H ungary

R eceived : M arch 5, 1973

A ctiv ity  p a tte rn s  o f spontaneous active (pacem aker) nerve cells are 
frequently  different, and  the  individual p a tte rn s  are closely re la ted  to  the  
nerve cell functions. Spike generation frequency and  duration  o f th e  single 
spikes are bo th  d ifferent (B u l l o c k  and  H o r r i d g e , 1965). E ven  a single cell 
m ay show different ac tiv ity  p a tte rn s  during operation as a resu lt of an afferent 
in p u t (S.- R ó z s a  and  S a l á n k i , 1973), and  th e  operating frequency of s tim ul­
a ted  cells is highly dependent on the  tem peratu re , ion con ten t etc. of the 
physiological solution surrounding the  cell (Ca r p e n t e r , 1967). These p a ra ­
m eters which are prim arily  of ex ternal origin will have an  effect no t only on 
the operating frequency of the  cell b u t also on th e  duration  of the  action 
potentials. Investigations classifying cell responses on ex ternal param eter 
changes are extrem ely useful.

The above considerations led to  experim ents in our In s titu te  concerning 
the  operation of B r ty p e  cells of Helix pomatia L. as a  function of tem perature. 
(S a l á n k i  e t ab, 1973). This cell will show a t  norm al room  tem peratu re  (22 
deg C) a specific ac tiv ity  p a tte rn  ( Fig. lb ). Increasing or decreasing the  
tem peratu re of the physiological solution surrounding the  cell will change 
the  ac tiv ity  p a tte rn , i.e. th e  length of the  in tervals and  th e  du ra tion  of the 
action potentials (Figs, la  and  1c). F o r detailed  investigation of th is pheno­
menon, pulse tra in s perta in ing  to  d ifferen t tem peratu res are needed, and  these 
can only be evaluated  economically b y  electronic methods.

To solve th e  above problem , the  1024-channel analyzer ty p e  NTA-512B, 
developed by th e  C entral R esearch  In s ti tu te  for Physics “K F K I” , B udapest, 
has been applied. Suitable additional circuits and  m odifications have been 
used in order to  realize the  high precision and  rap id  d a ta  analysis 
needed.

The principle of d a ta  analysis is shown by  th e  block diagram  of Fig. 2. 
In  order to  achieve off-line ty p e  d a ta  analysis, th e  action potentials are 
am plified by  a F E T  in p u t pream plifier (V é r ó , 1971) and  are stored  on an FM 
ty p e  analog m agnetic d a ta  recorder. F rom  the  recorder, d a ta  are transferred  
through äT F E T  in p u t am plifier bn  an  operational am plifier which will lim it 
the  signals a t  a  hight corresponding to  h a lf of th e  action potentials. The nex t 
circuit is a squarer which generates square pulses having w idths equal to  the 
action po ten tial duration . F inally , short pulses coinciding w ith  th e  leading
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1. A c tiv ity  p a tte rn  o f a  B r ty p e  cell o f H elix  pom atiaT ,. a t  d iffe ren t tem p e ra tu re s

F ig . 2. B lock d iag ram  o f th e  d a ta  ev a lu a tio n  system

and  trailing  edges of the  square pulses are generated, thus producing trigger 
signals to  be analyzed by  the  analyzer (D’A l t o n  and  R y a n , 1972).

The special classifying ta sk  has necessitated th e  m odification of some 
of the  analyzer circuits as given in the  original Instruc tions M anual for the 
NTA-512B M ultichannel A nalyzer System , prepared  b y  th e  C entral Research 
In s titu te  for Physics. F irst, th e  address increase function b y  th e  in ternal 
clock generator had  to  be su b stitu ted  by  an  address increase by  th e  pulses 
generated  from  th e  action potentials. Charging of th e  channels is given by  
the  clock generator which is no t used for address increase any  more, and  this 
will satisfy  the  accuracy requirem ents, as th e  counting tim e can be ad justed  
in th e  range of 20 ysec to  103 sec. The block diagram  of th e  analyzer thus 
m odified is shown in Fig. 3.

The circuit for generating the  analyzer trigger from  th e  recorded analog 
signal is shown in Fig. 4. The action po ten tia l is rou ted  th rough  a  F E T  inpu t 
pream plifier to  th e  inverting inpu t of an  operational am plifier. This amplifies 
th e  signal and  introduces squaring a t  a definite level (STARR, 1953). Two 
m ethods m ay be used for exact ad justm en t of squaring level. E ith er the
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MULTICHANNEL a n a l i z e r

Fig.  3.  B lo ck  d ia g ra m  o f  th e  m o d if ie d  a n a ly z e r  re a d - in  o p e ra t in g  m o d e

am plification of the  operational am plifier or th e  am plification of the  F E T  
inpu t pream plifier m ay be ad justed  according to  th e  square level required. 
The squared signal a t  th e  operational am plifier o u tp u t is given to  th e  base 
of the  OC 1070 transisto r operating in th e  switching mode. Thus the  collector 
signal will have leading and  trailing  edges coinciding w ith  the  in stan ts  when 
the  inpu t signal passes th rough  the  squaring level. The leading edge of this 
signal will trigger th e  base of th e  em itte r coupled one-shot m u ltiv ib ra to r which 
has a flip-flop tim e of 0.2 msec. This mode of operation is used for m easuring 
the  in terval T s between action potentials.

An other mode of operation is used for m easuring the  duration  of action 
potentials. In  th is mode, th e  trailing  edges of th e  square pulses a t  the  OC 1070 
o u tpu t will again operate th e  one-shot m ultiv ib ra to r on the  collector. Thus, 
the  assessm ent of th e  action po ten tia l duration  is sim plified to  th e  m easure­
m ent of tim e-durations between two 0.2 msec pulses. The pulses appearing 
a t  the  one-shot m ultiv ib ra to r collector are used to  drive an  em itte r follower 
which supplies an  o u tp u t signal corresponding to  th e  analyzer logic level a t 
the  low im pedance required  (M a l v i n o  and  L e a c h , 1067; D a k i n  and  C o o k e , 
1968). The trigger signals are given on the  address gate system  in p u t (D IR E C T 
R E A D  IN  on the  analyzer ty p e  used).

Analog presen tation  of the analyzed d a ta  in  th e  ac tiv ity  p a tte rn  shown 
in Fig. lb  is given in Fig. 5b. The address num bers along the  horizontal axis 
correspond to  the  successive action potentials. The address content, i.e. the 
tim e duration  pertain ing to  the  addresses are p lo tted  along th e  vertical axis. 
In  Fig. 5b, evaluation of th e  in terva l tim es T  is shown, whereas in Fig. 6b, 
th e  action potential durations x' and  th e  x" =  T s — t '  values are 
shown together. Thus, th e  in terva l tim es T s =  r '  4- x" an d  T b — T'b -f- x' 
can be calculated by  simple addition from  Fig. 6b.
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Fig.  4.  C irc u it  a n d  r e le v a n t  w a v e fo rm s  o f  th e  a n a ly z e r  t r ig g e r  s ignal a r r a n g e m e n t
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b address number
Fig.  5.  a )  E n la rg e d  w a v e fo rm  o f  th e  a c t io n  p o te n t ia l  sh o w n  in  Fig.  l b ;  b )  I n t e r v a l  e v a lu a t io n  a n d  th e  r e s u l ts  p re s e n te d  b y

th e  a n a ly z e r .  T s — in te r s p ik e  in te r v a l ,  T b — i n te r b u r s t  i n te r v a l

Fig.  6.  a )  E n la rg e d  w a v e fo rm  o f  th e  a c t io n  p o te n t ia l  sh o w n  in  Fi g.  l b ;  b )  P u ls e  w id th  a n d  in te rv a l^ e v a lu a t io n ,  a n d  th e  r e s u l ts  
p re s e n te d  b y  th e  a n a ly z e r , r  =  p u lse  w id th ,  r n =  T sn — т„", T s =  in te rsp ik e  in te r v a l  ( Tsn - тп +  т„), Т ь =  in te r b u r s t  in te r v a l

( T b n = T b n  +  Tn - 1)
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Summary

A m ultichannel analyzer classifying circuit su itable for rap id  and  ac ­
curate assessm ent of in tervals between action potentials and  durations of th e  
individual potentials is presented. A detailed  description of th e  circuit used 
for generating th e  analyzer trigger signal from the  analog signal and  the  m odi­
fications carried ou t on th e  applied 1024-channel analyzer ty p e  NTA-512B are 
given. A display is presented showing the  in terval and  w idth evaluation 
of a  nerve cell ac tiv ity  sample.
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Á R A M K Ö R  SO K C SA TO RN Á S A N A L IZ Á T O R H O Z  A K C IÓ S P O T E N C IÁ L O K  
IN T E R V A L L U M A IN A K  É S  S Z É L E S S É G E IN E K  É R T É K E L É S É R E

Véró M ih á ly  

Összefoglalás
A szerző idegsejtek  a k tiv itá s  m in tá in a k  ana lizá to ro s feldolgozásához a lka lm as 

á ra m k ö rt ism erte t, am ely  lehetővé  tesz i az e lv ez e te tt akcióspotenciálok  k ö zö tti in te r­
vallum ok, és az egyes po tenciá lok  szélességének p o n to s és gyors k iértékelésé t. A  cikk 
részletesen  ism erte ti a z t az á ram k ö ri m ego ldást, am ely  az analóg  jelből az an a lizá to r 
ind ításához  szükséges je le t e lőá llítja , és ugyancsak  ism erte ti az a lk a lm azo tt NTA-512B 
típ u sú  1024 csa to rnás an a lizá to r szükséges m ódosítása it. V égezetü l p é ld a  szem léleteti, 
a  k iértékelésnél k a p o tt  e redm ények  analóg  d isp lay -en  tö r tén ő  ad a tá b rázo lásá t.
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