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A METHOD FOR SENSING AND RECORDING SIMULTANEOUS BEHAVIORAL 
AND ELECTROPHYSIOLOGICAL EPILEPTIFORM ACTIVITY AND THE 
OBSERVED SUPPRESSION OF PAROXYSMAL SPIKING ACTIVITY 

WITH CLASSICAL CONDITIONING PROCEDURES

J. H. Tough, M.A.

Western Michigan University, 1972

A method for sensing and recording the simultaneous behavioral 

and electrophysiological activity of epileptic seizures was developed. 

An activity sensing cage consisting of an inverted loudspeaker trans­

lated motor behavior into voltage changes. The resultant voltage 

changes were integrated, amplified and recorded on a polygraph con­

currently with electrophysiological data. The method was shown to 

1) sense reliably a repeated standard input, 2) be sensitive to 

differing minute amounts of force and 3) produce data which lends 

itself to analysis with less variability than a more conventional 

technique.

Experimental manipulation of epileptiform activity revealed 

that a behavioral response to the onset of the CS developed over 

sessions in Experimental subjects but not in Control subjects. Also 

paroxysmal spiking activity was suppressed during the CS for 

approximately 70 per cent of the Experimental sessions. There was 

no change in the electrophysiological activity of the Control sub­

jects during approximately 70 per cent of the Control sessions.
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INTRODUCTION

Hughlings Jackson was the first to take a modern 
scientific view of epilepsy (Gibbs and Gibbs, 1952).
Jackson reasoned that the clinical manifestations of 
epilepsy were symptomatic of cerebral dysfunction (Jackson, 
1870). Subsequently, Jackson's reasoning has been proven 
accurate by evidence arising from the fields of path­
ology, neurophysiology, and electroencephalography (Wilkens 
and Brody, 1970).

Gibbs, Davis and Lennox (1935) showed an immediate 
temporal association of seizure discharges and clinical 
seizures. Adrian and Moruzzi (1939) and Moruzzi (1939) 
demonstrated that individual muscle contractions closely 
follow each wave of cortical discharge with a latency 
of five to ten milliseconds. Jasper (Penfield and Jasper, 
1954) states that close relationships between convulsive 
movements and electrical after-discharge from the pre- 
central gyrus may be demonstrated.

Although Jackson's deductive reasoning was highly 
accurate, Gibbs and Gibbs (1952) warn that "A purely 
clinical view of epilepsy is incomprehensible, and a 
purely electroencephalographic view is too narrow to be 
meaningful. The two views, when fused, produce a clear 
and understandable picture".

1
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2

If clinical descriptions of epileptic episodes are 
to be used as a means of seizure classification, then the 
measurement and description of the clinical aspect should 
be accomplished in the most precise and scientific manner 
possible.

The present research concentrated on developing a 
reliable technique for simultaneously collecting behavioral 
and electrophysiological data surrounding epileptic 
episodes in infra-human subjects and to use this system 
in conjunction with conditioning experiments. The data 
which would be recorded using this technique should lend 
itself to systematic, objective, numerical analysis.
The data should also be suitable for qualitative as well 
as quantitative analysis. Such a technique has been at­
tempted by Ellinwood, Escalante, Mitchell and Hart (1970) 
using split screen video recordings of behavioral and 
electrophysiological activity of monkeys.

Various devices for sensing and recording behavioral 
activity in infra-human subjects have been produced.
Hudson and Bussell (1972) report using photoelectric 
cells to monitor and translate swimming movements of fish 
for display with electromyographic? (EMG) records of 
associated muscle activity. Capacitance circuits have 
been used by McClelland (1965) and Van Toller and De Sa 
(1968) to record behavioral activity of small animals.
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McClelland’s system was able to differentiate between 
such types of behavior as "rearing on two feet to top of 
cage, head movements, freezing on two feet and freezing 
on four feet". Ultrasonic devices have been employed in 
activity measurement, however according to Bolles and 
Sanders (19 6 9) while these devices measure overall 
activity they give no indication as to what type of 
activity is occurring. Startle responses in mice have 
been measured using an oil damped, spring suspended 
lever, a strain gauge transducer and a polygraph (Wilson 
and Groves, 1972). Davis and Ellison (1964) produced 
an activity sensing device which recorded general move­
ments of rats and dogs. lateral movements of a ball 
bearing mounted base were converted to pulses by a free 
swinging pendulum in a circular contact. Zier and 
Tschannen (1968) measured activity in pigeons by attaching 
levers to the bottom of a free-floating plexiglas floor. 
The levers were then connected to a cardboard tube which 
rested on the cone of an inverted loudspeaker. Move­
ments of the floor were mechanically transmitted to the 
loudspeaker. The output voltage of the speaker was then 
amplified and integrated into units which were recorded 
by a cumulative recorder. Word and Stern (1958) developed 
an activity sensing device which also used an inverted 
permanent magnet speaker. The cage floor acted as a 
diaphram and the loudspeaker produced an electrical
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output in response to the pressure changes caused by the 
movement of the diaphram. The electrical output was 
then fed to an electroencephalographic (EEG) recorder 
for amplification and display.

Epileptiform activity may be triggered by a variety 
of stimuli (Penfleld and Jasper, 195*0 • Various chemicals 
will produce seizure activity. Grim, Frazee, Kawasaki 
and Savic (1970) used cobalt applied to the cortex of 
the macaque to produce epileptiform activity. Epilep­
tiform activity has been induced by hypothalamic stim­
ulation in rats (Herberg and Watkins, 1966). Servit and 
Strejckova (1970) triggered epileptiform discharging in 
the frog brain by photic stimulation and also by direct 
electrical stimulation of the optic nerve. In the human 
literature Forster, Booker and Ansell (1 9 66), Forster 
and Campos (1964), Forster, Ptacek and Peterson (1965) 
and Forster, Ptacek, Peterson, Chun, Bengzon and Campos
(1964) investigated stroboscopic induced seizure des- 
charges. Mani, Gopalakrishnan, Vyas and Pillai (1968) 
present 42 instances where hot water applied to various 
parts of the body triggered a type of reflex epilepsy. 
Chatrlan, Lettich, Miller and Green (1970) discuss four 
cases of pattern-sensitive epilepsy. Rowan, Heathfield 
and Scott (1970) and Forster, Paulsen and Baughman (1969) 
present cases of epilepsy triggered by reading. Voice 
induced (Forster, Hansotia, Cleeland and Ludwig, (19 69)
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and mualcogenlc (Forater, Kljfvc, Peterson and Bengzon,
19t>3; Madison and Niedermeyer, 2^70) seizures have been 
presented.

Electrical activity of the brain has been conditioned. 
Weils (Glasser, 19t>3) reviews and discusses the extensive 
literature pertaining to conditioned electrical activity 
of the brain. More recently, modification of amygdaloid 
spindling through instrumental conditioning has been 
demonstrated by Delgado, Johnson, Wallace and Bradley 
(1570).

Recent research reported by Forster and Campos 
(19bU), Booker. Forster and Kl/ve ( 1 9 6 1? ) , Forster, Kl^ve, 
Peterson and Bengzon (1965), Forster, ptacek and Peterson
(1965), Forster, Booker and Anseil (1566), Forster, Booker 
and Gascon (1967), Forster, Hansotia, Cleeland and 
Ludwig (1569) and Forster, Paulsen and Baughman (1965) 
indicates that electrophysiological epileptiform activity 
may be modified by a desensitization technique. Mark 
and Ervin (1970) present and discuss several cases where 
Intra-Cranial Stimulation (ICS) of human subjects has 
modified behavior patterns associated with temporal lobe 
epilepsy.

The wide variety of triggering events and the fact 
that some forms of epilepsy may be desensitized, indicate 
that certain seizure activity may follow the laws of 
conditioning, though Forster (1 9 69) In reviewing his own

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6

and related research concludes that sensory-evoked 
seizures can not be conditioned in animals unless they 
have already been rendered epileptogenic, and that sensory- 
evoked seizures in humans are not the result of condition­
al reflexes. Nevertheless, considering the variety of 
eliciting stimuli and the fact that environmental manip­
ulations have resulted in the modification of epileptic 
phenomena, preliminary investigation of classically 
conditioned epileptiform activity was undertaken con­
currently with the development of a reliable behavioral 
seizure activity sensing device.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



METHOD

Subjects

Subjects were six male albino rats, weighing between 
375 and 455 grams at the beginning of the experiment.
All subjects were housed individually in a temperature 
controlled animal colony room. Subjects were maintained 
on twenty grams of Purina Rat Chow and "ad libitum" 
water daily.

All subjects had an experimental history of use 
in an Introductory psychology laboratory course.

Apparatus

All sessions were run in an electrostatically 
shielded room which measured 5' x 5' x 7 1/2'. Acoustical 
tile applied to the four walls afforded sound attenuation. 
Two four ohm speakers suspended above the copper mesh 
ceiling provided white masking noise produced by a Grason 
Stadler Model 901 B white noise generator. Also above 
the wire mesh ceiling were two 100 watt light bulbs used 
for illumination.

Within the shielded room, a plexiglas and metal 
chamber (see Figure 1, p. 9) measuring 22" x 17" x 31" 
with four Barry-Mount 915-25 shock absorbers on the under­
side was mounted on top of a 175 lb. marble slab which

7
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FIGURE 1
Front view of the experimental chamber which was 

mounted on four shock absorbers and rested on top of a 
marble slab which rested on top of three opposing laye 
of concrete blocks in the electrostatically shielded 
room.
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rented on a foundation of three opposing layers of concrete 
blocks. The chamber supported a 4" x 22" plexiglas 
bridge approximately 3 1/2" from the top of the chamber.
This bridge held two Jenson V-1574 circular speakerd, 
four 24 VDC stimulus lights, and one tripolar mercury 
swivel. On the bottom of the chamber was a wooden 
platform containing an inverted Utah Micro-Gap four ohm 
speaker packed in foam rubber (Figure 2, p. 12). The face 
of the speaker was suspended beneath an opening in the 
wooden platform. Directly above the hole in the platform 
was placed a 9" square five gallon tin container which 
had one side of plexlglas and an open top.

Also in the shielded room was a Panasonic WV22GF 
television camera. The camera along with its AC power 
cord were shielded and grounded.

Figure 3 (p. 14) is a block diagram of all equipment 
used. Digital Equipment Corporation logic modules and two 
two-channel tape readers provided for the automatic deliv­
ery of the stimuli. A Grass S-8 stimulator with assoc­
iated Stimulation Isolation Units supplied a 50 Hertz (Hz) 
bi-phasic square wave pulse of varying intensity for ICS.
A 1,000 Hz sine wave was generated by a Hewlet Packard 
Audio Oscillator Model 2010. The wave form of the elect­
rical stimulus was monitored on a Tektronix 502-A Dual 
Beam oscilloscope. All data were collected on a Grass 
Model 5 polygraph using three 5P5 (EEG) pre-amplifiers
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FIGURE 2
Top view of the inverted activity sensing speaker 

mounted in the wooden base which supported the activity 
cage in the experimental chamber.
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FIGURE 3
Block diagram of apparatus used for sensing and 

recording behavioral and electrophysiological data. 
Also Included are the modules for stimulus generation 
and presentation.
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K m a 3onis television monitor which was connected to the 
camera in the shielded room provided for remote observation 
of subjects during the session. A Panasonic Tape-A-  

VI3 io n  video tape recorder and a Panasonic WVfeGGP Cpecis i  

Effects- Generator were used during one session to make 
a split-screen video recording of the subjects and their 
polygraph records.

Apparatus Reliability and sensitivity

Three measures of reliability ana sensitivity were 
employed to ascertain if the activity sensing technique 
wourd: (1) accurately report the same response to the same 
input over N trials; (2) be sensitive to differing forces 
and if so in what manner; (3) lend itself to data analysis 
more reliably than more conventional techniques.
Reliability: A 28 VDC relay was mounted in a cardboard 
tube and placed in the center of the activity sensing 
device. When activated by a remote pushbutton, the relay 
closure and release was sensed by the activity sensing 
device. All calibrations were of the same value a3 in 
the Experimental setting. A series of 190 trials of 
relay closure 3nd release were recorded over a period of
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32 minutes. The relay was activated In the following 
temporal order: tne contacts were closed, five seconds 
later the contacts were released and twenty seconds later 
the contacts were again closed.
Sensitivity to differing forces: Using the same cali­
bration values as in the Experimental setting, a spherical 
metal ball weighing .3528 g was allowed to free fall 
from 1, 2, 3# ^ and 3 cm above the floor of the activity 
chamber. Five trials were made at each height.
Reliability of data analysis: Four observers analysed the
same 60 second segment of a polygraph record of both 
electrophysiological and behavioral activity. This 
record included an overt seizure. The use of the plan- 
imeter was explained and demonstrated to each observer.
The observers traced the time the activity pen was 
deflected above the baseline (i.e. any and all behavior 
recorded by the activity sensor). Each observer analysed 
the data five times. The mean, variance and standard 
deviation were extracted from data produced by each ob­
server and also for all observers.

The same observers then analysed the same data, 
which had been recorded using the method previously 
described by Elllnwood et al (1970) where the subject's 
behavioral activity is video tape recorded. The observers 
were given a pushbutton which controlled a Standard 
timer. Whenever the pushbutton was depressed the timer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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would be activated. The timer stopped with the release 
of the pushbutton. The observers were instructed to 
depress the pushbutton whenever the subject moved and to
release the pushbutton whenever movement stopped.
Each observer analysed the same video tape record five
times. The mean, variance and standard deviation for.these
data were extracted for each observer and for all observers.

Surgical Procedure

Surgery was performed under clean but not aseptic 
conditions. Subjects were anesthetized with 50 mg./kg. 
sodium pentobarbital and placed in the stereotaxic 
instrument. The electrodes were stereotaxically placed 
in the brain of each subject. The intended placements 
of the electrodes were: the basal lateral, the central 
and the cortical amygdaloid nuclei.

Electrodes were Plastic Products #MS-333 tripolar 
electrodes. Two of the three electrodes were twisted 
together with their tips being separated vertically by 
approximately 1/2 mm. The third electrode was stripped 
of its insulation and used as a ref-erence electrode.
Three stainless steel jewelers screws were placed in the 
calvarium so that the bottom tip of the screw would make 
contact with the dura mater but not penetrate it. The 
reference electrode was attached to the tops of the 
three screws. Dental acrylic was applied so that it was
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anchored by the•protruding screw heads and supported the 
electrode connection.

Terra Cortil ointment was applied to the wound 
prior to closure and 200,000 units of procaine pennicilin 
was administered post-operatively to prevent infection.

All subjects had a minimum ten day recovery period 
before being introduced to the experimental setting.

Data Recording

Three channels of electrophysiological data were 
recorded for each subject. The tripolar electrode ar­
rangement allowed recording in either a mono- or bipolar 
mode. Channels one and two recorded bipolar data while 
channel three recorded monopolar data. The remaining 
channel (channel four) was used to record behavioral 
activity data. An event pen signalled onset and duration 
of tone by an upward deflection and vibration and the 
Dnset and duration of ICS by a downward deflection and 
vibration.

Prior to each day's sessions, the polygraph was 
turned on for an hour before calibration. This was done 
to allow the circuitry to warm up and stabilize. Driver 
amplifiers for channels one, two and three were calibrated 
in the conventional manner with negative polarity being 
up and the half-amplitude high frequency filter settings 
at three Hz for channel one and sixty Hz for channels
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two, three and four. The 5P5 pre-amplifiers were conven­
tionally calibrated with the half-amplitude low frequency 
filter settings at .25 Hz for channel one and 1.5 Hz 
for channels two and three. Signal amplification varied 
across subjects.

The input for channel four originated from the speaker 
located under the container in the experimental chamber. 
Movement of the floor of the container caused a sympa­
thetic movement of the speaker cone which induced an 
electromotive force in the voice coil of the speaker.
The resultant signal was amplified by the Grass 5P3 
pre-amplifier. The driver amplifier for the 5P3 pre­
amplifier was calibrated to meet the needs of the specific 
experimental setting. The baseline trace was shifted 
to two centimeters below the standard baseline and the 
sensitivity adjusted so that a deflection of 34 mm 
occured in response to the calibrated input. The 5P3 
pre-amplifier EMG sensitivity was set for a 7 mm pen 
deflection in response to a 20 uVolt DC calibration input. 
The EMG and Integrator sensitivity was set for a 12 mm 
pen deflection in response to a 500 uVolt calibration 
input.

Procedure

A tripolar electrode lead was attached to the subject 
before each session. The subject was then placed in the
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experimental chamber. During ail sessions wnite noise 
was used to mask 30und insufficiently attenuated by the 
shielded room. The room was constantly illuminated with 
two 100 watt light bulbs during all sessions.
Baseline procedure: During baseline procedures each
subject remained in the experimental chamber for thirty 
minutes. Electrophysiologlcal and behavioral data were 
recorded by the polygraph throughout the entire thirty 
minute session. Baseline sessions also served as an 
adaptation period for all subjects.
Threshold testing: Stimulus thresholds (electrical) at
which electrophysiologlcal seizures were elicited were 
determined for each subject, stimulation was increased 
by ten micro-ampere increments until electrophysiologlcal 
evidence of seizure activity was present. Threshold 
testing was continued at values above the actual threshold 
values. Subjects were then arbitrarily assigned to 
Experimental and Control groups. Experimental subjects 
received tone paired with ICS and Control subjects received 
only tone.
Control procedure: Subjects R-8 and R-lU had 22 thirty
minute Control sessions. Seven minutes after the session 
started the polygraph was started and at ten and twenty 
minutes a five second 1,000 Hz tone was presented. 
Experimental procedure: Subjects R-6 and R-12 were tested
over 33 thirty minute experimental sessions. At minute
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seven the polygraph was started and at ten and twenty 
mlnutes the subjects received five seconds of tone and 
three seconds of iC;>. The stimuli were coterminous.

Subject H-7 had a total of twenty experimental 
sessions. Sessions one through nine were thirty minutes 
long with stimulus pairings occurlng at minute ten and 
minute twenty in the session. Sessions ten through 
twenty were 45 minutes long with six stimulus presentations. 
The stimulus presentations began at minute ten with 
a five minute inter-trial interval. Tone duration was 
eight seconds and ICS duration was three seconds. The 
stimuli were coterminous.

Subject R-10 had a total of eighteen experimental 
sessions. During sessions one through five there were 
two stimulus presentations with an inter-trial interval 
of ten minutes. The session length was thirty minutes.
During sessions six through eight the inter-trial 
interval was five minutes and there were two stimulus 
presentations. The session length remained at thirty 
minutes. For sessions nine through eighteen, ,six stimulus 
pairings were given with an inter-trial interval of 
five minutes. Sessions were forty-five minutes In 
length. Tone duration was thirteen seconds and ICS 
duration was three seconds. The stimuli were coterminous.

Table 1 (p. 22) presents the various schedules for 
each subject and also the stimulus parameters.
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Table 1

Inter-
Trial Stimulus Stimuli

Session Interval Pairings Presented
R-6 1-33 10' 2 ICS-Tone

R-7 1-9 5' 2 ICS-Tone
10-20 5' 6 ICS-Tone

R-10 1-5 10' 2 ICS-Tone
6-8 5' 2 ICS-Tone
9 -1 8 5' 6 ICS-Tone

R-12 •r 1-33 10' 2 ICS-Tone
R-8 1-22 10' 2 Tone
R-14 1-22 10' 2 Tone

Tone Shock Shock Tone
Duration Duration Intensity Frequency

5 sec 3 sec 8 Hu A 1 ,000 Hz
8 sec 3 sec - : .u  ; 1 , 000 Hz

8 sec 3 3 I: C i i. 3 L Hz

13 sec ... Hz
13 sec Hz

13 sec - r* -

5 sec > Hz

5 sec ~ Hz.

5 sec _ v. , % KJ V Hz

ro
ro
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Data Analysis

ElectrophyslDlogical data: All electrophysiolDgical
data which were analysed were selected from the second 
channel. A section of record which occurred before the 
first stimulus presentation of the first experimental 
session was examined for each subject. The amplitude 
of the negative pen deflections usually remained below 
the 100 uVolt level. Class intervals were then determined 
for higher voltage deflections, in 100 uVolt increments.
A ten second sample of electrophysiologlcal data immed­
iately prior to the onset of the CS (Pre-Tone) was examined 
for each stimulus pairing, and the number of high amp­
litude spikes falling in each class interval was recorded.
Each CS duration (During-Tone} was analysed in the same 
manner. Due to electrical artifact during the adminis­
tration of ICS, the electrophysiolDgical data were lost 
for the duration of ICS. The resulting data were converted 
into spikes per second (SPS) by dividing the total number 
of spikes by the duration of the sample in seconds.
These data were then averaged per session so that for 
each session there was one SPS frequency for Pre-Tone 
activity and one for During-Tone activity. For each
session a suppression ratio was calculated using the 

D-Pformula SR " where SR is equal to suppression ratio,
D is equal to the average SPS During-Tone and P is equal

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



24

to the average SPS Pre-Tone, The construction of this 
formula resulted in positive ratios Indicating facili­
tation and negative ratios indicating suppression. In 
the actual presentation of data, suppression is defined 
as ratios which have values of -1 to -.4. Facilitation 
is defined as ratios which have values of .4 to 1. The 
area -.4 to .4 is designated the "No Change" area. SPS 
data were calculated for the total number of spikes rather 
than for the individual class intervals.
Behavioral activity data: The analysis of the behavioral
data from the fourth channel consisted of initially 
segmenting the records into fifteen second intervals.
Data were scored for two minutes prior to onset of CS.

/
v

Data recorded pesX..C$̂ sUCS varied in total time due to 
the variability of the inj>er-trial intervals. A plan- 
imeter with a scale which was easily converted into,; 
seconds was used to determine the time the pen was de­
flected above the 417 uVolt level. This was accomplished 
by tracing over the 417 uVolt boundary line wherever 
the pen was deflected above the boundary. The 417 uVolt 
boundary negated the possibility of timing deflections 
which reflected transmitted artifact and eliminated 
the low magnitude behavioral activity of the subject.
Total time during each fifteen second period in which 
the pen was above the voltage minimum was then recorded.
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Histological Procedure

At the conclusion of the experiments all subjects 
were sacrificed with a lethal dose of sodium pentobarb­
ital. The cardiac perfusion technique described by Hart 
(1969) was used.

The brains were blocked in the stereotaxic instrument. 
Forty-eight micra frozen sections were made using an 
American Optical Co. Model 860 microtome. The sections 
were temporarily slide mounted for Independent histo­
logical localization of electrode placement'*'.

1Dr. J. Renfrew performed the localization of electrode 
placements using coordinates from Pellagrino and Cushman 
(1967).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RESULTS

The method for simultaneously sensing and recording 
behavioral and electrophysiologlcal activity as described 
was tested. Figure 1 (p. 9 ) shows the experimental 
chamber housing the device i‘or sensing behavioral activity. 
The tripolar swivel for the transmission of electro- 
physiological data and the administration of the UCS can
be seen. The speaker used to deliver the CS can also be
seen in this figure. Figure 2 (p. 12) illustrates in 
detail the activity sensing speaker.

Table 2 (p. 27) presents the results of repeated
relay release (standard input) as sensed and recorded by
the current technique. Over 190 relay releases the mean 
pen deflection was 3 .8 mm, with the range being from 3 mm 
to 4.5 mm of pen deflection. The frequency of each of 
the measured deflections is also given in this table.
From the data presented in this table it can be seen 
that the probability of a pen deflection being within 
.5 mm of the mean in response to a standard input would 
be p = .564.

Figure 4 (p. 29) presents the average pen deflection 
(over five trials) in mm as a function of height from which 
a .3528 g mass is allowed to free fall. The deflection 
increases as a function of height. It was found that

26
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'iu b.le 2

Mean pen excursion for 190 trials........................... 3 .8 mm
Range of pen excursions for 190 trials......................  3 rrnn - 4.5 mm
Frequency of pen excursions at the 3«0 mm level over 190 trials... 1

" " " " " 3.5 mm " " " . . .  82

" " " " " " 4.0 mm " " " " ... 101
" " " " " " 4.5 mm " " " . . .  6

Probability of pen excursion being within .5 mm of the mean.......... 964

ro--5



FIGURE 4
Average behavioral activity pen deflection in mill­

imeters as a function of height (Vertical Drop) from 
which a .3528 gram mass is allowed to free fall.
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the force with which an object strikes the sensing device
is approximately proportional to the square root of the

1height from which it falls . The deflection which occurred 
at the 1 cm level would correspond to deflections occurring 
at C in Figure 5 (p. 32), the deflection which occurred at 
the 3 cm level would correspond to deflections occurring 
at B in Figure 5 and the deflection which occurred at the 
5 cm level would correspond to the initial deflection at 
A in Figure 5.

The analysis of behavioral data recorded by the 
current technique was found to be less variable than 
the analysis of the same data recorded by a more con­
ventional technique (visual observation of a video tape). 
Analysis of behavioral data obtained using the activity 
sensing device and the polygraph indicated that data 
could be extracted repeatedly by the same and different 
observers with very little variability. The variance 
within observers (Table 3> p. 33) ranged from .033 to .140 
while the variance across 20 observations was .515. When 
the observers analysed the same data using visual ob­
servation of the behavior (video tape recording), the 
variance within observers ranged from .046 to 2.55 while

In order to compute the actual force involved in a 
free falling object striking a surface, the time that it 
takes the object to stop moving (i.e. when distortion 
of both surfaces ceases) must be found. These data were 
not available.
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FIGURE 5
Polygraph record of a single subject showing electro- 

physiological data from the basolateral amygdaloid 
nucleus and behavioral data recorded by the activity 
sensing apparatus. (A) indicates subject standing on 
hind feet. (B) indicates ambulatory movements. (C) 
indicates exploratory behavior. (D) is a motionless 
subject
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the variance for 19 observations was 1.320. Also apparent 
in Table 3 is an 8.1 second difference in the mean values 
for all observations. This descrepancy was attributed 
to the observers' reaction time in depressing and re­
leasing the pushbutton.

Normal behavioral and electrophysiologlcal activity 
of subjects wa3 simultaneously recorded by the present 
method. Figure 5 (p. 32) indicates patterns of normal 
activity for one subject. Behavioral events which produced 
the activity at A in Figure 5 are behaviors of the greatest 
magnitude, such as the subject rearing up on hind legs. 
Sniffing and exploratory behavior are represented by the 
behavioral record at B. C is an example of shifting of 
position or slight ambulatory movements, and D is a 
motionless subject.

During seizure activity, the activity sensor pro­
vided a reliable means for recording behavioral and elec- 
trophysiological activity. Figure 6 (p. 3 6) illustrates a 
typical seizure episode. The onset and duration of the CS 
and the UCS are marked. Segment A of the electrophysio- 
logical data is the paroxysmal slow wave discharging (PSD) 
which was evident for 48 seconds following ICS. For nine 
seconds after stimulation there Is no behavioral activity 
present (segment B) and then motor involvment occurs 
during segment C. At the termination of the continuous 
PSD (48 seconds after termination of ICS) motor activity
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FIGURE 6
Polygraph record of a single subject showing electro- 

physiological data from the basolateral amygdaloid nucleus 
and behavioral data surrounding the presentation of the 
conditional (CS) - un-conditional (UCS) stimulus compound 
recorded by the activity sensing apparatus, ( a ) contin­
uous paroxysmal slow wave discharging, (B) absence of 
behavioral activity, (C) behavioral activity during 
continuous paroxysmal slow wave discharging, (D) recovery 
of behavior, (CS) onset and duration of CS, (UCS) onset 
and duration of UCS.
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dr Op si out to re-appear during the later behavioral re­
covery stage (segment D).

The average continuous PSD duration followed a sim­
ilar pattern for all Experimental subjects, increased 
average duration was shown in sessions which occurred 
during the middle of the study as opposed to sessions 
occurring uuring the early part of the study. Sessions 
which occurred later in the study evidenced PsD of shorter 
duration than the middle sessions but similar to the 
early sessions (Figures 7 , p. 39; P. 4l; S, P. 43)

Manipulation of inter-trial intervals and the number 
of stimulus pairings effected the electrophysiologlcal 
data. Seizure activity produced by ICS in subjects which 
had two trials per session with an inter-trial interval 
of ten minutes (R-6  and R-12) resulted in a continuous 
PSD which was of shorter duration for the second trial 
than the first trial (Figures 7, p. 39 and 9> p* 43).
However when the inter-trial interval was reduced to five 
minutes (R-7, Figure 8, p. 4l) the continuous pSD for the 
second trial was of longer duration than that of the first 
trial. When the inter-trial interval was shortened from 
ten minutes to five minutes and the number of trials in­
creased from two to six, the continuous PSD duration for 
trials two through six was reduced as can be seen in 
Figure 9 (R-10).

During the majority of sessions the CS (tone) was
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FIGURE 7
Average duration, in seconds, of continuous par 

oxysmal slow wave discharging as a function^df Trial 
and Sessions for Subjects R-6  and R-12.
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FIGURE 8
Average duration, in seconds, of continuous par­

oxysmal slow wave discharging as a function of Trials and 
Sessions for Subject R-7.
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FIGURE 9
Average d u r a t io n ,  in  seconds, o f continuous p a r -  

oxysff.il slow wave d is c h a rg in g  as a fu n c t io n  of T r i a l s  and 

Sessions f o r  S u b je c t  R-10.

■4
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not filtered from the pre-amplification stage of the 
activity channel. Therefore an artifact was produced 
by the activity sensor in response to the CS presentation, 
obliterating the activity channel. An example of the 
artifact produced by the onset and duration of the CS 
when the filter was not utilized is presented in Figure 
10, segment A (p. 46). When the filtering of the activity 
channel had been accomplished, in the last sessions of the 
study, behavioral responses during the CS could be recorded.

Control subjects habituated to the presentation of the 
CS. Figure 11 (p. 48) presents the duration of activity 
for a Control subject surrounding the presentation of 
the CS. Figure 12 (p. 50) shows the filtered activity 
channel of the last session for the same subject. There is 
no behavioral activity in response to the presentation of 
the CS.

Activity surrounding the presentation of the CS-UCS 
compound for Experimental subjects is shown in Figures 
13 (p. 52) and 14 (p.5*+). As with the electrophysiologlcal 
activity, manipulation of the inter-trial interval and the 
frequency of stimulus pairings per session effected the 
behavioral activity. With the reduction of the inter-trial 
interval from ten minutes to five minutes there is a re­
duction of behavioral activity following the second pre­
sentation of ICS, as is shown in Figure 14, session 5, trial 
2. Also when additional stimulus pairings were presented,
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FIGURE 10
Polygraph record for one subject with an intended 

electrode placement In the cortical amygdaloid nucleus 
showing artifact (a ) in the behavioral activity channel 
in response to the onset and duration of the conditional 
stimulus (CS).
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FIGURE II
Surat ion of behavioral activity in seconds across 

the several fifteen second segments pre- and post-cond­
itional stimulus presentation during Sessions 1 and 4 
for Control Subject R-14.
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FIGURE 12
Polygraph record for a Control Subject with the 

intended electrode placement in the cortical amygdaloid 
nucleus showing the conditional stimulus (CS) induced 
artifact filtered from the behavioral activity channel.
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FIGURE 13
Duration of behavioral activity in seconds across 

the several fifteen second segments surrounding the 
presentation of the conditional (OS) and unconditional 
(UCS) stimulus compounds for Sessions 1, 22 and 31 for 
Experimental Subject R-6. (a ) indicates behavioral
activity prior to delivery of the second CS-UCS compound. 
(S) indicates behavioral activity during paroxysmal 
slow wave discharging, (r ) Indicates behavioral activity 
during behavioral recovery.
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FIGURE I k

Duration of behavioral activity in seconds across the 
several fifteen second segments surrounding presentation 
of the conditional (CS) - unconditional (UCS) stimulus 
compounds for Sessions 1, 5 and 17 for Experimental 
Subject R-10.
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b e h a v io ra l  a c t i v i t y  fo l lo w in g  t r i a l s  two through s ix  

showed an in c re a s e  as a fu n c t io n  o f successive stim u lus  

p a ir in g s ,  but s t i l l  remained a t  a l e v e l  lower than th a t  

fo l lo w in g  the i n i t i a l  s tim ulus p re s e n ta t io n  o f the session  

(F ig u re  14, session 17). In  E xperim enta l su b jects  when 

the b e h a v io ra l  a c t i v i t y  du ra tio ns  per 15 second segment 

of time were g r a p h ic a l ly  dep ic ted  (F ig u re  13), c e r t a in  

b e h a v io ra l  components could be seen. In  F igure  13, A 
i s  a c t i v i t y  which is  occurring  ju s t  p r i o r  to  onset of CS,

S i s  s e iz u re  a c t i v i t y  and R is  behav io r  o c cu rr in g  during  

the recovery  p e r io d .  Also in  F igure  13 can be seen the  

grad ua l In c re a s e  of b e h a v io ra l a c t i v i t y  p r io r  to  onset 

of CS across sessions ( T r i a l  2 sessions 1, 22, 31).
Figure 15 (p. 57) presents the filtered activity channel 
for an Experimental subject. It can be seen that at the 
onset of CS there is an immediate behavioral response 
(segment A) lasting for two and 3/4 seconds.

Paroxysmal s p ik in g  a c t i v i t y  was suppressed du ring  

the p r e s e n ta t io n  of the CS in  E xperim enta l s u b je c ts .

An example of this activity and the suppression of it 
is presented in Figure 16 (p. 59). Paroxysmal spikes 
appear at points A, B and C. During the CS, no paroxysmal 
spikes are present. Graphic representation of the effect 
of the CS on paroxysmal spiking activity is shown in 
Figure 17 (p. 61). Experimental subjects R-6, R-7 and R- 
12 show suppression of paroxysmal spiking during the CS in
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FIGURE 15
Polygraph record for Experimental Subject R-12 with 

an electrode placement dorsal to the basolateral 
amygdaloid nucleus, (a ) indicates the behavioral response 
to the onset of the conditional stimulus (CS) when the 
CS has been filtered from the activity channel.
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FIGURE 16
Polygraph record of Experimental Subject R-7 with 

an electrode placement in the basolateral amygdaloid 
nucleus showing paroxysmal spiking activity at (a ), (B) 
and (C) prior to onset of the conditional stimulus (CS).
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FIGURE 17
Per cent of sessions showing Suppression, F a c i l ­

i t a t i o n  or No Change in  paroxysmal s p ik in g  as a fu n c t io n

of E xpe rim e nta l and C o n tro l S u b je c ts . Ratios were
D-P

computed us ing  the form ula SR = g jp  , where SR is  equal 

to  Suppression r a t io n ,  D i s  equal to  the number of spikes  

per second During-Tone (c o n d i t io n a l  s t im u lu s )  and P is  

equal to  the number o f sp ikes per second in  a ten second 

sample Pre-Tone.
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6.

68, 67# 76 and 73 per cent o f tne 3 <*3 3 Iona r e a p r d i v c i y , 

w h ile  C o n tro l su b je c ts  R-8 and R-ifc evidence suppression  

ir. 22 and 23 per cent of the sessions r e s p e c t iv e ly .

C o n tro l s u b je c ts  f e l l  m ainly in  the “No Change” ca teg ory  

(76 and 73 per cent fo r  r -8  and H -lh  r e s p e c t iv e ly / .

Both E xperim enta l and Contro l s u b je c ts  showed l i t t l e  

I f  any f a c i l l i t a t i o n  du ring  the course of the experim ent  

(none f o r  E xperim enta l sub jects  R -6 , R-7 and R-1C, th re e  

per cent of the sessions fo r  E xp erim en ta l sub ject R - I2 ,  

and fo u r  per cent o f the sessions f o r  both Contro l 

s u b je c t s ) .  A one way a n a ly s is  o f v a r ia n c e  was performed  

on the per cent of sessions showing Suppression fo r  

E xp erim en ta l and C ontro l subjects  to  determ ine i f  th e re  

was a s i g n i f i c a n t  d i f fe r e n c e  between the two groups.

The summary ta b le  is  presented in  Tab le  6 (p. 6 3 ) .  as can 

be seen an P va lue  of 35 .28  was ob ta in ed  w ith  an F va lue  

o f 2 1 .2 0  needed a t  the .99  confidence l e v e l .

Histological Results

A l l  in ten d ed  e le c tro d e  placements were w ith in  the  

amygdaloid complex. H is to lo gy  v e r i f i e d  the in tended  

amygdaloid placements in  two s u b je c ts  (R -6  and R-7, 

b a s o la te r a l  amygdaloid n u c le u s ) .  E le c tro d e  placement 

f o r  R-10 was In tended  f o r  the b a s o la t e r a l  amygdaloid  

nucleus and was v e r i f i e d  as being in  the  l a t e r a l  

amygdaloid n u c le u s . E lec tro de  placement f o r  R-12 was
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Source
Between
Within
Total

T.i b 1 v U

Summary Table for One Way Analyal:? of Variance

Sum of aquares P.P. Mean »qua re
3536.33326 1 3536.33326
401.00000 1* 100.2t>000

3937.33323 5

p- 7.71 at the .95 Confidence level 
F=21.20 at the .99 Confidence level

i*- .
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intended for the cortical amygdaloid nucleus and was 
verified as being in the area dorsal to the basolateral 
amygdaloid nucleus and ventral to the caudate nucleus 
of the putamen. Subject R-8 had an Intended placement 
within the central amygdaloid nucleus and was verified 
as having a placement at the ventral border of the optic 
tract. The sixth subject was lost during perfusion 
and was not available for histological localization. 
Histological coordinates are presented in Table 5 (p. 6 5).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table 5

Histological Results*
Anterior-

Subject Structure posterior Lateral Horizontal
R-6 Cortlcal-basolateral 3.8 5.0 -3.5

Amygdaloid nucleus
R-7 Basolateral Amygdaloid 3.6 6.0 -3.6

nucleus
R-8 Globus pallidus-Optic tract 4.8 4.0 -1.5
R-10 Lateral Amygdaloid 6.4 4.7 2.0

nucleus
R-12 Basolateral Amygdaloid 3.8 5.5 -2.5

nucleus-Putamen; Caudate 
nucleus

R-14 Lost in Perfusion

♦Coordinates from Pellegrino and Cushman (1967)
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DISCUSSION

The present research had two main goals, the first 
of which was to develope a reliable technique for simul­
taneously sensing and recording behavioral and electro- 
physiological activity associated with seizure activity. 
Other activity sensing devices have already been discussed. 
The present technique was demonstrated to lend itself 
more reliably to data analysis than a system which In­
corporated a video tape recorder (Ellinwood et al, 1 9 7 0 ) .  

Repeated standard inputs were shown to produce the same 
response using this technique and the system was sensitive 
to differing amounts of force. Temporal relationships 
between electrophysiological events and behavioral events 
are readily accessible. Also available in their correct 
temporal relationships are variables which are manip­
ulated during the course of research. Figure 15 (p. 57)

Is an illustration of the immediate availability of the 
temporal relationships between the electrophysiological 
data, the behavioral data, the onset and duration of 
the CS and the onset and duration of the UCS.

Utilization of the polygraph to record the behavioral 
activity also reduces some of the analytical problems 
inherent in such data, with simple analysis involving 
the use of the planimeter as previously described,
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behavioral activity may be presented as in Figures 11 (p. 
48), 13 (p. 52) and 14 (p. 54). utilizing different 
voltage levels as a means of describing classes or 
magnitudes of behavior, duration of different magnitudes 
of behavior can be extracted from the raw data. For more 
sophisticated analysis, the behavioral activity data is 
available as an analog signal, with analog to digital 
conversion, high speed, complicated analysis could be 
conducted using a computer.

A previous attempt to record behavioral and electro­
physiological activity has been presented by Ellinwood 
et al (1970). Split screen video recording of the be­
havioral activity and the electroencephalographic record 
of cats was used. Limitations of such a technique are 
that only a fractional part of the total record can 
be viewed at one time, and that analysis other than 
visual scanning of the video recording is nearly im- 
possiple. Also when this system was compared to the 
present method, data analysis using the present method 
proved to be less variable both within and across ob­
servers than data analysis using the video recording.

Even though the development of the activity sensing 
technique was successful, there are areas which need 
improvement. In obtaining an area of sensitivity which 
would be able to detect the higher magnitude of motor 
behavior in seizures, the very low magnitude behaviors
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such .js ,1 .liigni head movement or Jawing were not sensed. 
Therefore a tr,wns of broadening the range of sensitivity 
30 that the entire continuum of motor behavior may be 
sensed, in  Indicated, Also the present method is not 
as specific in its differentiation of behaviors as 
McClelland*a { previously described capacitance 
method.

The second goal of the present research was to 
attempt preliminary investigation in the area of class­
ically conditioned epileptiform activity. Indication of 
a conditioning effect could be expected to occur either 
in behavioral activity or electrophysiological activity.

This investigation utilized the activity sensing 
device as an integral process for recording the behavioral 
data. The occurrence of a behavioral response at the 
onset of the CS for Experimental subjects was shown by 
the activity sensing device. If the filtering of the 
activity channel had occurred at an earlier point In the 
study, the development of the behavioral response over 
sessions might very well have been seen. Substantiating 
data in the form of activity duration prior to the onset 
of the CS are presented in Figures 13 (p. 52) and 14 (p.
54). These figures indicate that there is an increase in 
behavioral activity prior to onset of the CS over sessions. 
This is to be compared with the behavioral habituation to 
the CS prior to and post-CS delivery in the Control subjects
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(Figure ii, p. 48) and also the lack of a behavioral re­
sponse to the CS when the activity channel had been 
filtered (Figure 12 , p. 30).

The data presented in Figure 17 (p. 6i) indicate that 
paroxysmal spiking activity is occurring in the Control 
subjects (i.e. the occurrence of facilitation and supp­
ression for the Control subjects). Actually the presence 
of the suppression and facilitation in the Control sub­
jects reflects the fact that the SFS was calculated for 
all activity occurring above the minimum voltage re­
quirement. Therefore Figure 17 reflects activity which 
just barely enters the lowest class interval of spiking 
activity.

Precursor slow wave activity in the cat has been 
described by Wyss, Frankhauser and Crowell (1969).
This high amplitude wave form initially appears prior 
to any clinical or electrophysiological indication of 
seizure activity. Eventually the precursor slow wave 
initiates full epileptic seizures. DeFrance and Hutch­
inson (1 9 7 1) also report finding this wave form preceeding 
epileptiform activity in the monkey.

The paroxysmal spiking activity which was suppressed 
in the Experimental subjects would most likely be ex­
plained as being resultant of the previous seizure 
rather than causative of a succeeding seizure. However 
there could possibly be some relationship between the
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precusor slow wave activity and the present spiking 
activity. If, in fact, they are related then manipulation 
of this activity would be a valuable technique for further 
investigation of electrophysiologlcal seizure activity.

The present results would indicate that learning 
is evident in terms of both behavioral and electophys- 
iological activity. These results seem to be in direct 
opposition to the conclusions of McIntyre (1970) and Herz 
and Peeke (1 9 6 8) who found that administration of ICS 
of such a magnitude as to produce seizures also produced 
retrograde amnesia which precludes learning immediately 
prio to the ICS.

In summary, the present research produced a reliable 
method for sensing and recording simultaneous behavioral 
and electrophysiologlcal activity. Concurrently with 
the development of this method, preliminary investigation 
as to the possibility of classically conditioned epilep­
tiform activity was attempted. It was found that a 
behavioral response to the onset of the CS developed over 
sessions in Experimental subjects but did not develope 
in Control subjects. Also paroxysmal spiking activity 
was suppressed during the CS for approximately JO per cent 
Df the Experimental sessions. There was "No Change" in the 
electrophysiological activity of the Control subjects 
during approximately 70 per cent of the Control sessions.
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