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STIMULUS PARAMETERS DETERMINING THE
RESPONSES OF CERCAL INTERNEURONS

D. N. Lapshin, G. I. Rozhkova, and V. Yu. Vedenina UDC 612.014.421

Simulation with linearly changing signals was used to study identified neurons 10-3a and 9-Ib of the cereal
system of the cricket with the aim of identifying which parameter of the wind stimulus (speed, acceleration,
etc.) determined their responses. The results showed that the factor affecting neuron 10-3a was acceleration
of the airflow, wile the parameter determining the responses of neuron 9-1b was the derivative of acceleration.
Snce neuron 10-3a has previously been regarded as sensitive to speed, the present results show the need for
reconsidering some earlier data and thus altering the strategy for future studies.
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A method for stimulating the wind-sensitive systefrinsects was described in [1]; it should be pulssto use this
method for identifying wind stimulus parameterstifaz factors) determining the responses of an eft¢roéinterest, which
can be a receptor or a central neuron. In the ptegport, we present and discuss the first reaflstudies of this aspect
of central neurons in the cereal system of theketicThis system is very suitable for assessinguteeof the method described
in [1], as many of its neurons can be identifieshirtheir morphological and physiological propertiasd have been studied
in detail by a number of groups [2]. In terms ofkimg a concrete selection of an experimental sysiemas considered
appropriate to test both neurons for which thevadiactor is regarded as having been identified redons for which existing
data, obtained by traditional methods (sinusoitialigation), are inadequate. Thus, verification exments paid most attention
to neurons of types 10-3a and 9-lb, according éocilassification described in [3].

Neuron 10-3a is a large neuron, and is one of #& btudied neurons of the cereal system of theketi Its
characteristic features include a tonic responge, tyn which discharges are synchronized with souades; the neuron is very
sensitive to the direction of the stimulus [2, #, Snalysis of its frequency characteristics ledhe suggestion [4] that it is
a detector of the speed of the air flow. All suhsag data [6-8], including studies on the afferéataof neuron 10-3a [7],
seemed to support this view. It was of interestadfy this hypothesis using the new method.

Neuron 9-Ib has thus far received little study; kwer, it is known to have very interesting propest|5, 9] which
cannot easily be explained using existing concapts:neuron has high selectivity for frequencie30fHz and below, its
responses are inhibited at frequencies of gre&tm 100 Hz, and it shows no synchronization withmnsbwaves and no
habituation. It would be interesting to obtain iaitdata on this neuron with regard to its actizetor.

MATERIALSAND METHODS

Studies were carried out dkcheta domesticus crickets, using imagos and pre-imaginal stagesméls were taken
from a laboratory stock.

Insects were prepared by fixing them with meltec wma plate with the ventral surface uppermostl lawndles were
exposed at the output of the terminal abdominabtiam by cutting a small hole in the cuticle abdliem. This window was
surrounded by a small wall made of waxed paperthadesulting well was filled with physiologicallse.
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Figl.An example of the response of neuron 10-3onéed from the right bundle, above
the terminal abdominal ganglion. The rotation arafléhe acoustic chamber was 30° relative
to the insectl) Oscillogram of the response, in which the spike kinnge is 66-70 v,

I1) histogram showing the distribution of spikesimd, using 10 stimulus presentations and a
channel width of 2 msecS, V, anda are plots of displacement, speed, and acceleration
respectively of the air flow. The horizontal axlsogvs the time from the start of stimulation.
The vertical dotted lines show the moment at whiah acceleration function was through the
zero.
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Fig. 2. Relationship between the responses of medf3a and the rotation angle of the
stimulation chamber relative to the long axis & thsect's body. The vertical axis shows the
chamber rotation angle, and the horizontal axisvshtihe time from the start of stimulation.
Points show individual spikes in neuron respondes stimuli (ten rows of dots) were
presented for each directio8,V, anda are as in Fig. 1.

128



L Il ] I

[/ 700 200 Ja0 400 500 2, msec

Fig. 3. An example of responses of neuron 9-lb.oR#ing was from the left bundle. The
rotation angle of the acoustic chamber relativehi® insect was 309) Oscillogramof the
response, in which the spike amplitude is 68-77 hh)histogram showing thdistribution of
spikes in time, using 70 stimulus presentations amthannel width of 2 mse§; V, anda
are as in Fig. 1.

Responses of cereal interneurons were recorded) wgass microelectrodes (borosilicate glags, resistance 50-
100 MQ), laced vertically using a micromanipulator and itegrinto the bundles, which had been lifted anédito special
hooks. The covering of the exposed bundle wasallyititreated with collagenase to facilitate micemtode insertion
Morphological identification of cells was performbg injecting the luminescent stain Lucifer yellénm the microelectrode
into the axon after experiments.

Wind stimulation was carried out as described in The main parameters of the stimulus were dumatfothe driving
signal (0.5 sec), peak displacement amplitude (3),rmaximum speed (23 mm/sec), and periods of cohsteceleration
(192 mm/sed).

Electrophysiological data were analyzed using aotednic "Ekspert" system running on &M PC-486 computer.

RESULTS

Neuron 10-3a of the cricket cereal system was stligh three experiments, which gave similar res#igure 1 shows
an example of the responses obtained from neureBalising a linearly changing wind stimulus. Thenatus direction (30°)
was close to the direction regarded as optimatHis neuron [2, 6]. The oscillogram (Fig.I},shows that neuron discharges
were confined to the positive square-wave parth@fstimulus acceleration function (Fig. la, insv0-125 and 380-515 msec).
This is also supported by the histogram construtte@dccumulating responses to ten presentatiorgs (Fil). The latent
period of responses to jumps in acceleration wagdlfsec.

Figure 2 shows responses of the same neuron talstindifferent directions. This shows that as tleamber was
rotated through 180° relative to the initial pasitiof 30° (which was equivalent to inverting thgrsof the signal), spikes in
the neuron response showed considerable regro(pigg2, angle of 210°). At other chamber rotatamgles, responses were
less pronounced, especially at a direction of 3S8irice the time structure of the response showear dtructural inversion
at both sides of this angle (300° and 0°), it appehat the neuron had minimum sensitivity aroumg angle of 330°. The
mean discharge frequency at this angle was singléne level of spontaneous activity, and was simib the level seen after
the stimulus ended. Analysis of the spike distiitiuisuggested that the neuron was not only exeitgubsitive accelerations,
but was also inhibited when the stimulus vectoeation was opposed (Fig. 2, angles 0° and 30°, itmeeval 130-380 msec). At

these regions, the spontaneous activity of theamewas sharply reduced as compared with activitynduthe post-stimulus
period.
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Fig. 4. Relationship betwedhe responses of neuron 9-lb and the rotation arfglee axis of the
stimulation chamberelative to the insect's body. For further detséls caption to Fig. 2.

Although the patterof responses of neuron 10-3a was evidently associaith acceleration, it remains possible that
the speed component of the signal temme influence on its response. Thus, the firsttquaf the stimulus at 30° gave a
stronger response than the last quarter (Figs).1THis difference may result from the fact thatthe first case, speed and
acceleration were in the same direction, whiléhe second, speed and acceleration were in dppdisections.

Neuron 9-lb was tested in the samay, using a total of four experiments. An examplléts responses is shown in
Fig. 3. This shows that maximum responsese seen 12-25 msec after a change in the direofiacceleration. The number of
spikes in the discharges increasedawerage, proportionally to the modulus of the atagé jump on the acceleration plot. The
responses of this neuron to stimofidifferent directions are shown in Fig. 4. Chasdgre air flow direction had a significant
effect on the responses of theuron, i.e., the direction diagram for acceleratias close to circular.

DISCUSSION

Results obtained using linearly changing signalswslithat in the case of neuron 10-3a, the activdéofawas
acceleration of the air flow, while for neuron 9ile active factor was a derivative of acceleratidor neuron 9-lb, this
conclusion does not generally contradict its presip determined properties [5, 9].

It is natural that the nervous system of the ctick@n analyze derivatives of stimuli: the diffeiatibn operation
eliminates constant or slowly changing componefitgired speed, a factor which would provide a lignt the high sensitivitgf the
cereal system.

The new data on neuron 10-3a were very unexpesirde, as already mentioned, this neuron was ceresidto be
sensitive to speed [6, 7] rather than acceleratidowever, our data showed an obvious relationstdfwéen the neuron
response and acceleration, and the effect of sgleidas one, is insignificant. This raises thgegtion of how to explain this
contradiction. Careful analysis of the concretedather than the opinions of other authors letthéopreliminary conclusion that
the contradiction arises essentially from the jetation of results. For example, the authorglp¥] regarded neuron 10-3a as a
speed sensor only on the basis of an analysis ffequency-threshold curve, measured over avelgtharrow frequency range
(2-100 Hz), though this neuron is also sensitivhitiher-frequency stimuli [2]. In addition, studiekthe relationship of neuron
10-3a with receptors, carried out by lesioning,tleal authors of [4, 7] to the conclusion that tremexcitatory signal came from
speed receptors. However, along with these recgptioe authors incidentally also lesioned accétgratceptors, which was

not considered in their final conclusion [7]. Sunniziag all the available data suggests that nedr@8a is actually associated
with acceleration receptors as well as with speeéptors.
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The relative contributions of these receptors risponses of the interneuron could depend omédbeuof factors:
age, physiological state of the preparation, stimydarameters, etc.

Overall, the results obtained here show that sorigting data need to be reconsidered, and thatctions in
strategies for future studies are needed.

This study was supported by the International Sdier'VVolkswagen-Stiftung” Fund, project No. Az/@9911.
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