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Activity patterns of spontaneous active (pacemaker) nerve cells are
frequently different, and the individual patterns are closely related to the
nerve cell functions. Spike generation frequency and duration of the single
spikes are both different (Buttock and Horridge, 1965). Even a single cell
may show different activity patterns during operation as a result of an afferent
input (S.-Ré6zsa and Satanki, 1973), and the operating frequency of stimul-
ated cells is highly dependent on the temperature, ion content etc. of the
physiological solution surrounding the cell (Carpenter, 1967). These para-
meters which are primarily of external origin will have an effect not only on
the operating frequency of the cell but also on the duration of the action
potentials. Investigations classifying cell responses on external parameter
changes are extremely useful.

The above considerations led to experiments in our Institute concerning
the operation of Br type cells of Helix pomatia L. as a function of temperature.
(Saranki et ab, 1973). This cell will show at normal room temperature (22
deg C) a specific activity pattern (Fig. Ib). Increasing or decreasing the
temperature of the physiological solution surrounding the cell will change
the activity pattern, i.e. the length of the intervals and the duration of the
action potentials (Figs, la and 1c). For detailed investigation of this pheno-
menon, pulse trains pertaining to different temperatures are needed, and these
can only be evaluated economically by electronic methods.

To solve the above problem, the 1024-channel analyzer type NTA-512B,
developed by the Central Research Institute for Physics “KFK 1”7, Budapest,
has been applied. Suitable additional circuits and modifications have been
used in order to realize the high precision and rapid data analysis
needed.

The principle of data analysis is shown by the block diagram of Fig. 2.
In order to achieve off-line type data analysis, the action potentials are
amplified by a FET input preamplifier (vero, 1971) and are stored on an FM
type analog magnetic data recorder. From the recorder, data are transferred
through 4TFET input amplifier bn an operational amplifier which will limit
the signals at a hight corresponding to half of the action potentials. The next
circuit is a squarer which generates square pulses having widths equal to the
action potential duration. Finally, short pulses coinciding with the leading
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Fig. 1. Activity pattern of a Br type cell of Helix pomatiaT,. at different temperatures
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Fig. 2. Block diagram of the data evaluation system

and trailing edges of the square pulses are generated, thus producing trigger
signals to be analyzed by the analyzer (D’Ai1ton and Ryan, 1972).

The special classifying task has necessitated the modification of some
of the analyzer circuits as given in the original Instructions Manual for the
NTA-512B Multichannel Analyzer System, prepared by the Central Research
Institute for Physics. First, the address increase function by the internal
clock generator had to be substituted by an address increase by the pulses
generated from the action potentials. Charging of the channels is given by
the clock generator which is not used for address increase any more, and this
will satisfy the accuracy requirements, as the counting time can be adjusted
in the range of 20 ysec to 103 sec. The block diagram of the analyzer thus
modified is shown in Fig. 3.

The circuit for generating the analyzer trigger from the recorded analog
signal is shown in Fig. 4. The action potential is routed througha FET input
preamplifier to the inverting input of an operational amplifier. This amplifies
the signal and introduces squaring at a definite level (STARR, 1953). Two
methods may be used for exact adjustment of squaring level. Either the
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Fig. 3. Block diagram of the modified analyzer read-in operating mode

amplification of the operational amplifier or the amplification of the FET
input preamplifier may be adjusted according to the square level required.
The squared signal at the operational amplifier output is given to the base
of the OC 1070 transistor operating in the switching mode. Thus the collector
signal will have leading and trailing edges coinciding with the instants when
the input signal passes through the squaring level. The leading edge of this
signal will trigger the base of the emitter coupled one-shot multivibrator which
has a flip-flop time of 0.2 msec. This mode of operation is used for measuring
the interval Ts between action potentials.

An other mode of operation is used for measuring the duration of action
potentials. In this mode, the trailing edges of the square pulses at the OC 1070
output will again operate the one-shot multivibrator on the collector. Thus,
the assessment of the action potential duration is simplified to the measure-
ment of time-durations between two 0.2 msec pulses. The pulses appearing
at the one-shot multivibrator collector are used to drive an emitter follower
which supplies an output signal corresponding to the analyzer logic level at
the low impedance required (Matvino and Leach, 1067; Dakin and Cooke,
1968). The trigger signals are given onthe address gate system input (DIRECT
READ IN on the analyzer type used).

Analog presentation of the analyzed data in the activity pattern shown
in Fig. Ib is given in Fig. 5b. The address numbers along the horizontal axis
correspond to the successive action potentials. The address content, i.e. the
time duration pertaining to the addresses are plotted along the vertical axis.
In Fig. 5b, evaluation of the interval times T is shown, whereas in Fig. 6b,
the action potential durations x' and the x" = Ts—t" values are
shown together. Thus, the interval times Ts= r' 4- xX"and Th— Tb - X'
can be calculated by simple addition from Fig. 6b.



Fig. 4. Circuit and relevant waveforms of the analyzer trigger signal arrangement
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Fig. 5. a) Enlarged waveform of the action potential shown in Fig. Ib; b) Interval evaluation and the results presented by
the analyzer. Ts — interspike interval, Tb — interburst interval

Fig. 6. a) Enlarged waveform of the action potential shown in Fig. Ib; b) Pulse width and
presented by the analyzer, r = pulse width, rn= Tsn — 1,”, Ts = interspike interval (Tsn

(Tbn=Tbn + Tn-1)

interval®evaluation,

and the results
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Summary

A multichannel analyzer classifying circuit suitable for rapid and ac-
curate assessment of intervals between action potentials and durations of the
individual potentials is presented. A detailed description of the circuit used
for generating the analyzer trigger signal from the analog signal and the modi-
fications carried out on the applied 1024-channelanalyzertype NTA-512B are

given. A display is presented showing the interval and width evaluation
of a nerve cell activity sample.
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ARAMKOR SOKCSATORNAS ANALIZATORHOZ AKCIOSPOTENCIALOK
INTERVALLUMAINAK ES SZELESSEGEINEK ERTEKELESERE

Véré Mihaly

Osszefoglalas

A szerz6 idegsejtek aktivitds mintdinak analizatoros feldolgozasahoz alkalmas
dramkort ismertet, amely lehet§vé teszi az elvezetett akcidéspotencidlok kozotti inter-
vallumok, és az egyes potencialok szélességének pontos és gyors kiértékelését. A cikk
részletesen ismerteti azt az dramkdri megoldast, amely az analég jelb6l az analizator
inditasdhoz szikséges jelet el6allitja, és ugyancsak ismerteti az alkalmazott NTA-512B
tipust 1024 csatornas analizator szikséges mdédositasait. Végezetil példa szemléleteti,
a kiértékelésnél kapott eredmények analég display-en torténé adatabrdzoléasat.
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