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INTRODUCTION

The two classical experimental methods for studying the relationship
between brain and behavior have been to examine the effects of destroying
or stimulating specified central nervous system areas. However, progress
in understanding the electrical and biochemical aspects of brain activity
has been limited by the insufficient specificity of such techniques for
simulating excitation or inhibition of neural systems.

Unfortunately, it does not appear that the brain is made up of dis-
crete localized areas.of specific functions. For example, Wheatley (1944)
once postulated that the medial hypothalamic region played a major inte-
grative role for affective behavior. However, the medial hypothalamic
area overlaps so extensively with hypothalamic feeding and drinking centers
in all common laboratory animals, that lesions or electrical stimulation
almost invariably induce concurrent effects on emotional behavior, food
and water intake, sexual behavior, and self-stimulation pleasure centers
(Miller, 1957, 1960; 0lds, 1962; Teitelbaum & Epstein, 1962; Teitelbaum
& Stellar, 1954; Wolfe, 1964).

Thus, it is evidence that a number of diverse motivational and emotional
functions all involve this small area of the brain, and that lesions or elec-
trical stimulation are relatively crude and indiscriminate in that they are
Tikely to affect more than one of these diverse functions. When such
diverse effects are produced from the same site, one response may obscure

another. For example, stimulating the lateral hypothalamic region with



high intensity current produces frantic, escape-like activity which pre-
cludes the possibility of observing anything else. Furthermore, stimulation
of specific sites in the hypothalamus elicits several effects in relatively
unpredictable combinations {Robinson, 1964). One must also electrically
stimulate a fairly large population of cells or fibers in order to produce
observable behavioral effects (Miller, 1961).

The picture, then, is one of specific functional networks that are
spread out and interlaced, rather than of functions that are anatomically
separated into discrete areas. Such an overlap of anatomy necessarily makes
investigation of the organization of the brain with lesions or electrical
stimulation more difficult.

The situation is no less complex when the many extrahypothalamic areas
that contribute to the regulation of the organism's emotional and physio-
logical balance are considered. Even minute lesions or low-intensity
electrical stimulation of the amygdaloid complex affect concurrently such
emotional behavior as fear, defense, and aggression (Bard & Mountcastle,
1948; Schreiner & Kling, 1953) and often produce additional effects on food
and water intake (Grossman & Grossman, 1963). Likewise, lesions or electrical
stimulation of the hippocampal formation affect emotional reactivity, feeding
behavior, motor activity, complex associative processes of conditioning, and
even endocrine functions (Endroczi, Lissak, Bohus, & Kovacs, 1959; MaclLean,
1957b; MaclLean & Delgado, 1953).

Yet another difficulty arises from the fact that lesions and electrical
stimulation both affect fibers that are passing through an area, as well as
neurons and synapses (Grossman, 1970; Maclean, 1957a & b; Miller, 1965;

Wilson, 1914).



A controversial literature concerns the behavioral and affective effects
of either removal or stimulation of the amygdaloid complex and the closely
adjacent neocortical and ventral hippocampus. Bilateral removal of temporal
lobe structures has given conflicting results. Kluver and Bucy (1939) des-
cribed a syndrome in monkeys consisting of psychic blindness (visual agnosia),
strong oral tendencies, hypermetamorphosis (excessive tendency to attend and
react to visual stimuli), hypersexuality, and hyperphagia. Emotional behavior
was also considerably changed in the direction of increased tameness; there
was a dramatic decrease in aggressive behavior and a Toss of fear reactions.

Schreiner and Kling (1953) reported increased tameness in cats following
lesions restricted to the amygdaloid complex and the overlying pyriform cor-
tex. Walker, Thompson,and McQueen (1953) found that postoperative tameness
and fearlessness in monkeys correlated fairly well with the amount of damage
to the amygdaloid complex, but there were exceptions to this. Rosvold,
Mirsky, and Pribram (1954) found similar behavioral changes to correlate
with the extent of damage to the basolateral nuclei.

However, Bard and Mountcastle (1948) demonstrated that bilateral removal
of the amygdala and part of the adjacent pyriform cortex in cats produced a
striking and lasting lowering of the threshold of rage reactions. Their
animals exhibited anger on the slightest provocation. Similar changes were
reported by Spiegel, Miller,and Oppenheimer (1940).

There is no readily apparent explanation for these conflicting findings.
Wood (1958}, having produced "minute" bilateral lesions restricted to the

central amygdaloid nucleus in the cat, described the consequent chronic



behavioral changes as "aggressive". Histological examination of animals
rendered chronically aggressive indicated that the crucial lesion was that
which led to secondary degeneration limited to the ventromedial nucleus of
the hypothalamus, destruction of which produces permanent savagery. In an
attempt to reconcile the conflicting behavioral changes reported in the
literature, Wood suggested that because of "its inaccessible location in
the cat, the amygdaloid nucleus, was very 1ikely not removed in some
ablation studies”.

A careful study which included the observation of the normal behavior
patterns in question, by Green, Clemente, and de Groot (1957), determined
the anatomical substrate for two parts of the Kluver-Bucy syndrome in the
cat. They ascribed male hypersexuality to bilateral lesions restricted to
the pyriform cortex, and hyperphagia to lesions of the basal and lateral
parts of the amygdala. However, these investigators also found that 16 of
the 82 cats in their study suffered repeated convulsions and showed aggres-
sive behavior during the interictal period. Histological studies showed
that the lesions in all of these animals involved the ventral hippocampal
formation to some degree.

The exact localization of emotional reactions elicited in the amygdaloid
region by electrical stimulation has been much discussed. Ursin and Kaada
(1960) found that stimulation of almost the same regions produced defense,
as well as flight responses. MaclLean and Delgado (1953) obtained responses
of growling and sometimes hissing following electrical and cholinergic

stimulation of the medial portion of the amygdala in cats. Magnus and



Lammers (1956) elicited growling from the medial nucleus as well as the
central part of the basal nucleus in cats. These investigators also found
that points yielding fear and restlessness were mainly Tocalized in the
periamygdaloid area and in the central, medial, and basomedial nuclei.
Shealy and Peale (1957) reported rage reactions following stimulation of

the central and medial amygdaloid areas in the same species of animal.

They also obtained an "escape" reaction by stimulation of the basal and
lTateral components of the amygdala. The central area was sometimes involved
too. By stimulation of the dorsal part of the basal nucleus and the adjacent
portions of the central and medial nucleus in cats, Fernandez de Molina

and Hunsperger (1957) described an "affective" reaction. Components in

this reaction were growling, hissing, baring the teeth and laying back of
the ears.

There is also some controversy as to whether it is possible to elicit
by electrical brain stimulation pure behavioral syndromes. Hunsperger and
his associates (1964, 1967) found that the flight and defense reactions can
easily transfer from one point to the other during stimulation, and that
both syndromes can be elicited from one point. He also described that com-
bined stimulation of attack and flight areas intensified the attack response
(Brown & Hunsperger, 1963).

Such contradictory results indicate that the identification of struc-
tures in the temporal Tobes that are involved in either the Kluver-Bucy
syndrome or Bard and Mountcastle's aggressive cats is still needed. It

appears then that experimentation using ablation or stimulation techniques,



particularly when these devices are used to approach compiex problems of
emotional behavior and their anatomical analysis, is fraught with the
influence of numerous variables, not the least important of which is
stimulus intensity.

Because of the different threshold of nerve fibers and neurons to
electrical and cholinergic stimulation, chemical stimulation employing
putative neurotransmitters should produce effects which are more specific
to given functional systems than effects produced by electrical stimulation,
and may act on synapses and soma without affecting axons or fibers of
passage (Lorente de No, 1944, Stevens, Kim, & MaclLean, 1961).

Biochemical investigations have identified a number of potential
synaptic transmitter substances that are distributed nonrandomly in the
central nervous system (Feldberg & Vogt, 1948; Forster, 1945; Fuxe &
Gunne, 1964; Vogt, 1954). Specifically, choline-acetylase and cholin-
esterase are distributed in areas which have been shown to be extremely
sensitive to cholinergic agents and that are not excited by glucose,
sodium, epinephrine, norepinephrine, serotonin, dopamine, etc. (Feldberg
& Vogt, 1948; MacLean, 1957a; MacLean & Delgado, 1953). When administered
systemically or centrally, these agents produce selective behavioral effects
that suggest a specific action on functionally defined neural systems.
These observations indicate that synaptic transmission may be chemically
"coded" in areas of extensive anatomic overlap in such a way that system A
may respond only to transmitter X, while immediately adjacent synapses of
'system B respond only to transmitter Y. It should then be possible to

excite or inhibit specific functions selectively by local applications of



the transmitter or substances which potentiate, mimic, or inhibit its
action.

Recent findings support the contention that chemical stimulation pro-
cedures may be significantly more selective than conventional electrical
stimulation or ablation methods. A number of investigators have used the
chemical stimulation technique to delineate particular behavioral patterns
which appear to be chemically coded {Grossman, 1960, 1962; Hernandez-Peon,
Chavez-Ibarra, Morgana, & Timo—Laria,.1963; MaclLean & Delgado, 1953;
Miller, 1965; Myers & Sharpe, 1968; Myers & Veale, 1970).

More specifically, microinjections of chemicals which initiate, facil-
itate, or inhibit synaptic transmission have been used extensively to pro-
duce temporary changes in the activity of a discrete brain area, namely
the basal amygdaloid complex. As previously mentioned, it has been shown
by ablation and electrical stimulation techniques, and chemical stimulation
studies as well (Delgado, 1964; Kaada, Anderson, & Jansen, 1954}, that this
specific region of the limbic system is concerned with a particular emotional
response - aggressiveness or savageness.

In general, the chemically induced changes are reversible, and the
organism appears eiectrophysio]ogica1]y and behaviorally normal within a
few hours after the drug application. A notable exception, however, has
been reported after chemical stimulation of the basal amygdaloid complex
bilaterally with crystals of the cholinergic substance, carbamylcholine
(Grossman, 1963). Carbamylcholine (carbachol) is a parasympathomimetic

drug which is not hydrolized by cholinesterase and, therefore, produces a



prolonged excitatory effect on postsynaptic membranes, and generally mimics
the effects of acetylcholine at peripheral neuromuscular junctions (Koelle,
1970). Intracerebral injections of minute doses (2.5—5.0J1g) of this
chemical into the basal medial amygdaloid nucleus of the cat induced
epileptiform seizure activity which gradually spread to other regions of
the brain and eventually involved all areas from which recordings were
obtained (sensory and motor cortices, frontal lobes, thalamus, hippocampus,
septal area, hypothalamus, and midbrain reticular formation). This gener-
alized electroencephalographic seizure was accompanied by violent convulsions.
After several hours of uninterrupted seizure activity, the electroencephalo-
graphic records began to show gradually lengthening periods of more normal,
low amplitude activity, accompanied by a gradual lessening of the convulsions.
In the course of the following week, the animals recovered to the point where
they could walk well, maintain adequate nutritional and fluid levels by volun-
tary intake, and resume normal sleep-activity cycles. However, all animals
remained extraordinarily vicious and attacked man, as well as other animals,
without provocation or apparent regard for their own safety.

Some of these cats were observed for as long as five months. They
remained vicious and uncooperative throughout this period in spite of
repeated attempts to make them more docile by handling and petting. Abnormal
electroencephalographic activity consisting of low voltage fast waves and
random spikes also persisted in all areas of the brain. Histological exami-
nation of the tissue surrounding the cannula implant failed to show any

evidence of abnormal tissue reaction at the tip of the cannula, suggesting



to the author that the single application of carbachol may have produced
permanent functional changes.

In a subsequent study of the one-way avoidance performance of a group
of rats treated with a single bilateral injection of crystalline carbachol
into the amygdala, Belluzzi and Grossman (1969), concluded that the effects
of carbachol on behavior were primarily on inhibitory systems, since the
administration of the cholinergic blocking agent, scopolamine, restored
the animals' ability to inhibit a response. On the basis of further
evidence that behavioral changes lasting for several days have been seen
following the electrical stimulation of the amygdala (Alonso de Florida
& Delgado, 1958); and that a permanent reduction in amygdaloid seizure
threshold can be produced by repeated low current electrical stimulation
of that region on a restricted time schedule (Goddard, 1967), Belluzzi
and Grossman (1969) concluded that the cholinergic stimulation of the
amygdaloid region produced lTong-lasting functional changes indicative of
a lowered threshold for discharge of amygdaloid neurons following chem-
ically induced activation. Grossman interpreted this as evidence of
enduring "facilitatory" effects, which he 1ikened to "post-tetanic poten-
tiation," and suggested that the amygdaloid neurons were predisposed to
sustained depolarization following specific stimulation schedules or modes.

Alternatively, it is equally Tikely that the profound emotional and
electroencephalographic changes are caused by either the direct destruction
by carbachol crystals of an amygdalar region which inhibits aggressiveness,

or the indirect destruction of the injected area and associated projection



10

systems by the violent seizure discharges (Crowell, Wyss, Fankhauser, &
Akert, 1968) which usually follow such injections; as by a chemically-
induced depolarized Timbic subsystem which potentiates the abnormal
affective responses of savageness and aggressiveness. Yet, as mentioned
above, no lesions were reported by Grossman. Neither were tests for pos-
sible alteration of local excitability of the injected site or projection
areas undertaken to test his hypothesis of augmented excitability as the
major etiological factor underlying the savage behavior.

The major purpose of the present investigation was to determine whether
the enduring behavioral effects of carbachol stimulation of the basal
amygdaloid complex as originally described by Grossman (1963) were due to
(1) chronic hyperexcitability (defined as a decrease in after-discharge
threshold or (2) a Tesion (defined as an increase in after-discharge
threshold) at the site of chemical stimulation. Such a decision should
also allow a more precise conclusion concerning the earlier conflicting
evidence that lesions of the amygdala either release or abolish savage
behavior in the cat.

To accomplish this purpose chronic savage cats prepared with insulated
cannulas implanted in the basolateral or basomedial amygdala and recording
electrodes in the anterior or ventromedial nucleus of the hypothalamus, the
hippocampus, and neocortex, according to the method of Grossman, were to be
subjected to electrical stimulation and Tesions at the site of the original
carbachol instillation, to determine the effect of each on the chronic rage

state.
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The use of the after-discharge threshold to determine the pre- and
postcarbachol electrical threshold also permitted the investigation of a
second question, i.e., comparison of the behavioral and electroencephalo-
graphic effects of cholinergic and electrical stimulation of identical
sites in the brain of the chronically prepared freely moving animal. Fol-
lowing the determination of the electrical after-discharge threshold of the
amygdala at the tip of the insulated cannula, 15—25;19 of crystalline car-
bachol were injected through the same cannula into the identical brain
locus. Recovery from the acute effects of the drug was allowed before
further amygdalar after-discharge threshold levels were determined in order
to compare pre- and postinjection thresholds.

The simultaneous behavioral and electroencephalographic observations
reported here attempt to answer these two questions, namely: (1) Whether
the enduring behavioral effects of carbachol stimulation of the basal
amygdala were due to chronic hyperexcitability or hypoexcitability in
areas anatomically or physiologically associated with the site of chemical
stimulation; and (2) The comparison of behavioral and electoencephalographic
reactions following stimulation of identical brain areas with electrical

pulses and a cholinergic agent.
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METHODS

Subjects

The experiments were performed on 23 adult cats of either sex weighing
2.6-3.5 kilograms. These animals were purchased from the University of
Oregon Medical School Farm and were all born and raised in this facility,
spending their entire lives in enclosed runways. In the first series of
experiments, designed to replicate the Grossman postcarbachol enraged cats,
7 cats had amygdala cannulas implanted in the basolateral amygdala and 3
cats had amygdalar cannulas placed basomedially. In a second series of
experiments designed to compare, in addition, the issue of electrical versus
chemical stimulation, 9 experimental and 2 control cats were implanted with
amygdala cannulas basomedially, while 2 additional experimental animals

received basolateral amygdalar cannulas.

Materials

Amygdala cannulas were prepared from 21-gauge (0.032 in. OD) stainless
steel tubing (Tubesales, Los Angeles, California). The outer surface of
these cannulas was insulated with either Formvar (No. 35, extra heavy,
Phelps Dodge Copper Products, Phelps, Indiana) or Epoxylite (No. 6001-M,
Epoxylite Corporation, E1 Monte, California),except for the cross section
of their tip, and were fitted with stylets which protruded 0.5 mm beyond
the tip. Recording electrodes were either single or double (twisted)
lengths of stainless steel wire (0.01 in.0D) insulated with teflon except

for a scraped 0.5 mm tip (No. 316, Driver-Harris, Harrison, New Jersey).
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Single stainless steel teflon-coated wires were soldered to the amygdalar
cannulas above their emergence from the skull to permit their use as stim-
ulating or recording electrodes at the site of electrical and chemical
stimulation. These amygdalar cannulas were easily converted to bipolar
concentric stimulating electrodes by introducing another single teflon-
coated stainless steel wire, insulated to within 0.5 mm of the tip and
protruding by 0.5 mm from the base of the cannula, which acted as the
inner cathodal pole of the stimulating electrode. All electrodes had
Amphenol male contacts (No. 220-P01-100, Amphenol Corporation, Chicago,
I11inois) which were fitted into a female Amphenol plastic plug (No. 221-
9160)}. The cannulas, electrodes, and plastic plug were fixed to the skull
with Unitek cold cure dental acrylic {Unitek, Monrovia, California).

During experimental sessions, the animal was housed in a glass-fronted
recording and observation box (12 x 24 x 12 in.) with an opening for the
electrical cable at the top. The cat was attached to a multilead recording
cable by a male Amphenol plastic plug (No. 221-1260) which was fitted in
turn with Amphenol female electrode contacts (No. 220-S01-100). Between
recording sessions, the animals were housed in plastic-Tined individual
cages in the animal care quarters and maintained on commercial cat food
and water.

Both an 8-channel Grass Electroencephalograph Modell III-D Console
and a 4-channel Grass Model 7 Polygraph were used to record the cerebral
electrical activity. The electrophysiological data of 3 cats was simul-

taneously stored on magnetic tape by a 7-channel FM-Hewlett-Packard tape
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recorder with impedance-matched Grass P-511 series ac preamplifiers. The
tape recorded data was monitored at the time of acquisition by a 4-channel
Tektronix 564 storage oscilloscope.

ETectrical stimulation was performed with two Grass S-5 stimulators
connected through Grass Stimulus isolation units and impedance-matched cir-
cuits., Current intensity was monitored on a dual beam Tektronix 502
oscilloscope by observing the voltage drop across a 100-ohm series resistor.
The signal for the electrical stimulus was provided by a 1-V square wave
which was recorded directly from the Grass stimulators through two Tektronix
type 161 Pulse Generators and one Tektronix type 162 Waveform Generator
operated from a Tektronix type 160A Power Supply onto the seventh channel
of the tape recorder,

Injected carbamylcholine (carbachol) was either in Tiquid (Doryl U.S.P.
Merck) or crystalline (Carcholin U.S.P. Merck) form. Liquid injections were
made with Glenco microsyringes, while crystalline deposits were made with
Becton Dickinson Yale Luer-Lok stainless steel 26-gauge (0.018 in. 0D)
hypodermic needles cut to the correct length. Crystalline carbachol was
used most frequently, both to replicate the chronic results obtained by
Grossman, and because it has been shown that Tliquid injections tend to
run up along the needle tract and, therefore, are more widely dispersed
(MaclLean, 1957a).

Analysis of the evoked potential data was carried out by a Nuclear
Data Enhancetron 1024 with the write-out provided by a Tektronix 503

oscilloscope and a Tektronix C-12 polaroid oscilloscope camera. Amplification
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of the amygdalar activity which triggered the analysis of the hypothalamic
potentials was accomplished with an Analog Devices 350-A amplifiier operated

by an Analog Devices Model 902 dc Power Supply in series with a Tektronix type
161 Pulse Generator and a type 160A Power Supply. The Analog Devices amplifier
plus the Tektronix Pulse Generator converted the 1-V tape recorded data to

approximately 8 V which was sufficient to trigger the Enhancetron.

Procedure

The following procedure was carried out in each cat. Food was withheld
for 24 hours prior to surgery. The animal was premedicated with a small dose
of atropine sulfate (0.033 mg/Kg) intramuscularly. The cat was then anesthetized
with an intraperitoneal injection of 35 mg/Kg of sodium pentobarbital (Nembutal)
and secured in a Kopf stereotaxic apparatus.

The scalp was cut along the midline, retracted back, and scraped clean
of its periosteum. Three small holes were drilled part way through the skull:
one hole 5 mm anterior to the coronal suture and 1 mm lateral to the saggital
suture, over the frontal sinus, and two holes 4 mm posterior to the junction
of the saggital sutures and 12 mm lateral to the midline, over the occipital
cortex. Stainless steel screws were then inserted into these holes to serve
as anchors for the electrode plug. A thin layer of cold cure dental cement
was spread between the founcation screws to secure them properly to the skull,
as well as to provide a cement base for attachment of thg electrodes.

The cannulas and recording electrodes were stereotaxically implanted
under standard sterile technique in the limbic system and cortex according

to the coordinates of Snider and Niemer (1961). Table 1 indicates the



16

anatomical location of implanted cannulas, as well as other pertinent infor-
mation pertaining to the chemical stimulation procedure.

For both chemical and electrical stimulation, the two 21-gauge insulated
cannulas were bilaterally placed in either the basal medial (A- +12.5; L-
+9.0; V- -6.0) or basolateral (A- +12.5; L- + 12.0; V- -5.0) portion of the
amygdaloid complex. These cannulas were used for the subsequent introduc-
tion of the 26-gauge stainless steel needles of identical length containing
measured amounts of crystalline carbachol, and for the introudction of
insulated stylets with light-weight lead-off wires, used with the insulated
cannula as the outer pole for bipolar electrical stimulation and recording.

In addition to the insulated cannulas, bipolar recording electrodes
were implanted bilaterally into the dorsal hippocampus (A- +2.0; L- +9.0;

V- +7.5), the anterior hypothalamus (A- +13.5; L- +1.3; VY- +2.3) in the
first series of experiments, the ventromedial hypothalamus (A- +10.0; L-
+1.9; V- -6.0) in the Tater group of experiments, and in some animals the
septum (A- +15.0; L- +2.0; V- +3.5). Monopolar surface electrodes were
bilaterally placed over motor (A- +22.0; L- +10.0) and occipital (A- -4.0;
L~ +3.0) cortices. A length of stainless steel suture embedded in the
temporal muscle served as the indifferent electrode. Cannulas and elec-
trodes were fixed to the skull by acrylic cold cure dental cement. The
male Amphenol metal contacts of the electrodes were fitted into a female
Amphenol plastic plug and fixed solidly to the skull with the dental acrylic
according to a technique developed by Milstein (1969). Correctly prepared
cats handled in this way were in lively, healthy condition and were used

over a period of months for recording and stimulating experiments.
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On the seventh postoperative day, the animal's recording electrodes
were checked for broken or shorted circuits. At this time, a recording
montage was determined which was used to monitor all subsequent electrical
and chemical procedures in that animal. Over brief sessions on subsequent
days, the cat was habituated to the recording apparatus where he was able
to move about in a relatively free manner, although attached to the skull
plug to the Tight-weight recording cable.

Previous to any experimental manipulations, an estimate of the base
line emotional and electroencephalographic behavior of the experimental and
control animals was obtained by administering several short behavioral tests.
A specially prepared behavioral rating scale examining several facets of
feline behavior was utilized (Appendix 1). The subject made one of five
possible responses to each behavioral test. An animal showed: (1) a
maintained positive interest towards the stimulus; (2} an immediate interest
in the stimulus which was not maintained; (3) a maintained escape response
away from the stimulus; (4) escape behavior away from the stimulus which
was not maintained; or (5) no interest in the presented stimulus.

A sensory examination assessed the animal's behavioral and electro-
encephalographic responses to both noxious and pleasant stimuli. Visual
perception was tested by reactions to a bright Tight versus a dim one; an
ether soaked versus a tuna fish soaked gauze assessed olfaction, a pin
prick and chucking under the chin determined tactile sensation; and a
loud noise versus affectionate verbalizations tested audition. Also,

special attention was paid to their reaction to the approach of the observer;



18

to opening the cage door; to handling, stroking, and petting; to tail and
paw pinching; to other animals; and to the introduction of a catnip mouse

and a gloved hand or stick into its cage. Additional observations were

made of motor activity, vocalization, and response to food. These behavioral
tests were repeated several times in order to establish both base line
behavioral and electroencephalographic responses before proceeding to the
electrical and chemical stimulation phases of the study.

On the eighth day following surgery, basal amygdala regions of experi-
mental and control animals in the second series of experiments were elec-
trically stimulated to the point of after discharge, and the latency and
shape of the averaged evoked response from monitored ventromedial hypo-
thalamic regions was determined, as well as the behavioral effects of the
procedure.

Electrical stimulation was provided by biphasic rectangular pulses of
1.0 millisecond duration applied for 10 seconds. Two frequency settings
were used: 3 cps pulses applied for 10 seconds served for subsequent
analysis of averaged evoked potentials recorded from the ventromedial
nucleus of the hypothalamus, followed by 10 cps pulses administered for
10 seconds in order to elicit the after discharge. Electrical stimulation
began at 0.2 mA and was raised in 0.2 mA steps for each successive train
at 2-minute intervals until a definite after discharge occurred.

Several days or weeks following the electrical stimulation procedures,
the identical locus of the amygdala was chemically stimulated in experi-

mental animals through the same electrode and similar measurements were
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made. Ten microliters or 10-25 micrograms of carbachol were bilaterally
injected into the basal amygdaloid region. Crystalline carbachol was
spread evenly on a watchglass and either 3 or 5 taps of carbachol were
tamped into the tip of the injecting needle. Close approximation to these
minute amounts was best obtained by the tamping method devised by Baxter
(1967, 1968). Based on the microbalance weighing of pieces of stylet
packed with various numbers of taps of carbachol, he found that one tap
=104 g of carbachol, while five taps= 25-/g. In order that the excitant
agent did not come into contact with fluid or tissue at the base of the
cannula, a crystal of glucose was tamped over the carbachol at the tip of
the injecting needle prior to injection in most animals. After the needle
was introduced to the base of the guiding cannula, the substance was ejected
by the stylet. Following the chemical injection, the animal was closely
observed and continuous electroencephalographic recording was undertaken
throughout subsequent sejzures, or for 2-3 hours if no behavioral change
ensued. When uninterrupted seizure activity followed chemical implantation
and appeared 1ife-threatening, barbiturates were cautiously administered to
suppress the epileptic activity. Intramuscular injections of luminal (6.0
mg/Kg), as well as cortisol (0.06 mg/Kg), were administered every 4 hours
during the first 24 hours in 7 cats; thereafter, medication was gradually
withdrawn. Other supportive care at this time included the administration
of fluids, nutrients and continuous nursing care.

Animals surviving the carbachol implantation were subsequently tested

for after-discharge threshold Tlevel at intervals up to 7 weeks following
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the chemical stimulation in order to compare the preinjection and post-
injection thresholds. Following both the electrical and chemical stimula-
tion procedures, the behavioral check list was repeated in order that the
pre- and postmanipulatory behavior and electroencephalographic status of
an animal could also be compared.

Cinematographs documenting specific behavioral alterations following
the experimental procedures were taken. One of the greatest problems in
the study of behavior is that most spontaneous and evoked reactions defy
instrumental analysis. By use of photography and accurate detailed direct
observations, complex behavioral patterns such as threat, attack, defense,
and fear were documented.

Following the final electrical stimulation procedure, electrode place-
ments were histologically confirmed 4n 15 experimental and 2 control animals.
These cats with either sacrificed with an overdose of intraperitoneal
Nembutal and their brains directly removed from the skull after death and
stored in 10% formalin, or were anesthetized with an intraperitoneal dose
of Nembutal and perfused via the ascending aorta with normal saline followed
by a solution of 10% neutral formalin for gross and histological examination.
The needle tracts for subcortical electrodes were located and whole brain
slices containing the cannula tracts were removed for fixation at appropriate
levels. Six and 154 sections were cut and stained with Hematoxylin and
Eosin and Luxol-Fast-Blud-periodic-Acid-Schiff stains according to the standard
procedures followed by the Department of Neuropathology at the University of
Oregon Medical School. Sections were examined for accuracy of electrode

placement, local cellular destruction, and fiber tract degeneration.
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Averaged evoked hypothalamic activity time Tocked to the electrical
pulse delivered to the amygdala was compared to the hypothalamic activity
immediately following the carbachol-induced amygdala spikes (prior to the
obvious generalization of this spike activity to the hypothalamus), util-
izing the chemically-induced train of amygdala spikes as the stimulus for
selecting coincident 250 millisecond samples of the ipsilateral hypothalamic
activity. For comparison of the averaged evoked response, 30 250-millisecond
segment samples of hypothalamic activity were averaged at each stimulus inten-
sity prior to the occurrence of an after discharge. For the chemical activa-
tion procedure, 30 250-millisecond segments of hypothalamic electrical
activity were averaged from the carbachol-induced single spikes that pre-
ceded visible onset of sustained spike discharge in the hypothalamus at

similar time intervals.
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RESULTS

In presenting the specific results of the experiments performed in

this study, the following format will be used:

I. Postoperative Behavior
A. Postoperative Recovery Period
B. Postoperative Personality
II. Chemical Stimulation Behavior
A. Acute Ictal Behavior
1. General Description
2. Anger-Attack Behavior
3. Fear-Defense Behavior
4. Fear-Escape Behavior
5. Unprovoked Rage Behavior
6. Focal Discharge Without Behavior or Generalized Seizures
7. Electroencephalographic Responses Without Behavior
8. No Electrical, Clinical or Behavioral Change
B. Chronic Postictal Behavior
1. Overirritability
2. Overdocility
3. Overfearfulness
4. No Behavioral Change
III. Electrical Stimulation
A. After-Discharge Threshold Level

B. Averaged Evoked Potentials
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IV. Histology

I. Postoperative Behavior
A. Postoperative Recovery Period

Recovery from surgery and anesthesia was usually uneventful, as
each animal sat up and walked about with no apparent discomfort within a
few days. Cats who remained comatose for more than 24 hours postoperatively
were given supportive