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During a study of the actions of various
drugs on the cerebral electrical activity of
dogs and monkeys with ehronie electrode im-
plants, it was noted that especially during
behavioral and EEG arousal electrical bursts
of approximately 40 c/sec. were present in
certain rhinencephalic structures including
the medial amygdala, olfactory bulb, and
posterior hypothalamus. Suech a burst phe-
nomenon has been observed previously by
other investigators. Adrian (1942) was one
of the first to describe groups of potentials of
15 to 20 e¢/sec. in certain olfactory structures
of the hedgehog under pentobarbital anesthe-
sia. These electrical bursts oecurred primarily
at each inspiration. During the intervening
period there were occasional waves at irreg-
ular intervals or complete inactivity. The
bursts were sinusoidal in character with a
definite ascending phase reaching a maximum
and gradually diminishing in amplitude. They
were abolished by oeclusion of the ipsilateral
nostril and enhanced by occlusion of the con-
tralateral nostril. With slow, shallow breath-
ing there was some increase in the irregular
waves during inspiration but no regular re-
spiratory bursts. With deeper breathing the
electrical waves had a frequeney of 15 to 25
¢/sec. depending upon the level of pentobar-
bital anesthesia. When air was blown or suck-
od foreibly through the ipsilateral nostril the
frequeney inereased to 35 to 45 c¢/see. In
1950, Adrian described a similar phenomenon
in rabbits anesthetized with urethane. Reg-
ular sinusoidal rhythms with a constant fre-
quency of B0 e¢/see. were observed in this
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species that were usually synchronous with
inspiration. These sinusoidal rhythms were
regarded by Adrian as a sign of synchronous
excitation of large numbers of mitral cells of
the olfactory bulb. The excitation of these
cells was thought to be due to impulses from
the olfactory receptors. Roitbak and Khe-
chinashuili (1952) disagreed with Adrian as
to the origin of the 50 ¢/sec. rhythm syn-
chronous with respiration. These investigators
showed that the 50 c¢/sec. rhythm in the ol-
factory bulb also occurred during deep in-
spiration in normal unanesthetized rabbits
but they felt that the responses were due to
mechanical vibration of the nasal bones. No-
vikova and Khvoles (1953) rejected this inter-
pretation. These workers presented compel-
ling cvidence that the electrical bursts re-
corded not only in the olfactory bulb but also
i portions of the hypothalamic system of
rabbits were of a physiological nature and
related to the passage of air through the nose.
If the electrical discharges recorded in the
olfactory bulb were due to a mechanieal vibra-
tion then one would expect air flow throngh
the nasal cavity of a dead animal to produce
similar phenomena. Under these circumstances
no bursts of impulses were observed 1o the
olfactory bulb. MaclLean and Delgado (1953)
deseribed similar rhythmic activity in the
amygdala of monkeys that was synchronous
with respiration. These investigators were
unable to localize the rhythmic burst dis-
charge to any particular part of the amygdala.
The potentials appeared to be more rhythmie
than in the cat. Tn monkeys under amobar-
bital anesthesia the eclectrical bursts had a
frequeney of 26 c¢/sec. and oceurred in
spindles. These disappeared when the nasal
passages were occluded or when a tracheal
cannula was inserted. On the other hand,
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they were not medified by bilateral seetion
of the vagus nerves. Very recently Lavin
et al. (1959) observed during arousal elee-
trical bursts in the olfactory bulb of eats with
chronically implanted electrodes. They sug-
gested that this phenomenon parallels EEG
arousal. Although the eleetrical bursts ap-
peared at approximately the same rate as re-
spiration there was a dissociation at times
between respiration and the electrical bursts
in the olfactory bulb. Therefore, these in-
vestigators felt that the burst phenomena re-
presented a centrifugal input into the olfac-
tory bulb from the brain stem reticular forma-
tion as a result of EEG arousal.

It appeared that further information was
needed on the conditions which modified the
rhythmic electrical bursts in various rhin-
encephalic structures. The purpose of the
present paper is to describe how various me-
chanieal  procedures and pharmacological
agents modify the burst responses in dogs
and monkeys with c¢hronie electrode implants,

METHODS

Monkeys. Six Macaca mulatta monkeys of
both sexes weighing from 2 to 4 keg. were
nsed.  These were sueccessfully implanted
chronically with 12 pairs of bipolar electrodes
in various portions of the brain, both cor-
tically and subcortically. The animals were
operated upon under pentobarbital anesthe-
sia. Twisted bipolar # 32 gauge stainless steel
wire, Formex coated, was used for the record-
mg electrodes. For additional insulation the
twisted wires were coated with Epoxylite or
K-13 Tygon paint thinned with Tygon thin-
ner TP-91. At least 2 to 3 coats of insulation
were applied. Following each application the
insulated electrodes were baked in an electrie
oven at 70° . for 2 to 4 hours. The electrode
tips, separated 2 to 3 mm., eonsisted of small
bare balls of approximately 15 mils in dia-
meter. These balls were made by melting the
end of the wire using a modification of the
nmethod of Riley (1949) for welding thermo-
couples. In series with the mercury-mineral
oil well was placed a 75, 100, or 150 watt elec-
trie light bulb. Tnstead of a direct current
a 110 V. 60 eycle alternating current was
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used. By varying the wattage of the electric
light bulb, different ball sizes could be ob-
tained by dipping the electrode into the min-
eral oil and making and breaking contact
with the mercury layer. After fixation of the
monkey’s head in a Lab Tronies stereotaxic
instrument, small (3 mm.) burr holes were
placed into the skull at the desired sites. Cor-
tical electrodes were placed either epi- or sub-
durally.  Subsequently it was noted upon
autopsy that frequently the subdural cortical
electrodes pierced the pia mater and produced
definite lesions. Beeause of these diffieulties
the wcortical electrodes were subsequently
placed epidurally. Electrodes were implanted
in subcortical sites by inserting one of the
electrode balls into the end of a slit in an
evenly polished # 20 spinal needle approx-
imately 6 Inches long. The clectrodes were
drawn up tight and parallel to the needle
shaft with a ligature. By inserting the plunger
into the spinal needle it was possible to dis-
lodge the stainless steel ball at its end. The
needle could then be withdrawn by carefully
holding the implanted wire eleetrodes in place.
The electrodes were fixed to the calvarium by
filling the burr holes with a dental aeryvlie
plastic (Yates; Nu-Set).

A modification of the Sheatz and Galam-
bos tripod plate (*‘Texas Tower’”) was used
to hold a Cannon plug (DA or DB series) of
15 or 25 contacts. All cleetrode conneetions
were soldered using a stainless steel flux. Any
excess of flux was subsequently washed off
with 0.9 per eent saline. The tripod assembly
was attached to the calvarium by means of a
kevhole arrangement and the feet of the tri-
pod were tightened in place with stainless
steel nuts, Dental acrylic plastic was used to
fill in the holes in the calvarium as well as
below the entire assembly to prevent the
animal from picking at the eleetrodes, as well
as to insure adequate insulation. The stereo-
taxic coordinates for the sites of eleetrode
placement were determined using the atlas
by Oleszewski (1952). After surgery the ani-
mals were given 400,000 units of penicillin
intramuscularly, each day for 4+ davs. Infee-
tion was minimum. The animals tolerated the
electrode implants very well. Some chronie
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local infection occasionally persisted at the
skin edges. 1f the chronic local infection be-
came severe the animals tended to lose their
electrode implants within 6 months after sur-
gery. Some animals retained their chronic
electrode implants for as long as one and a
half vears.

Doys. Seven male dogs including 3 pure
bred beagle and 4 beagle-like mongrels were
sueeessfully implanted with 12 pairs of bi-
polar electrodes both cortically and subcor-
tically. The animals were operated upon under
pentobarbital anesthesia, and prepared in a
manner similar to that described for monkeys.
A Texas Tower’ electrode plate was wsed,
but with longer feet. After fixation of the
dog’s skull in a modified head holder for the
Lab Tronies stereotaxie instrument small burr
holes were placed into the skull at the desired
sites. The stereotaxic coordinates for the sites
of the electrode placement were determined
from previous histological studies of several
pure bred beagles and beagle-like mongrels.
After surgery the animals were given 400,000
units of penicillin intramuscularly each day
for 4 days. Generally infection was minimal.
However, this procedure was not as well to-
lerated as in the monkeys. Frequently the dogs
developed within 6 months rather severe in-
fections of the scalp and calvarium, and sub-
sequently lost their electrode implants. There-
fore, an attempt was made to use the dogs as
soon as possible following surgery. IHowever,
it was found that usually about a month pe-
riod of convalescence was necessary for ade-
quate postoperative recovery.

Both the dogs and monkeys were placed in
a c¢losed compartment with a one-way window
for observation. All recordings were made
with the unanesthetized monkeys restrained
in a ““Walter Reed’’ type plastic chair. The
dogs were appropriately restrained in a stock-
ade during electrical recordings. A Model T1I
Grass electroencephalograph was used. Tho-
racie respiration was monitored by means of
a rubber bellows connected to a Statham P23
transducer and Grass balance-demodulator on
one channel of the electroencephalograph.
Whenever possible, the brain sites were con-
firmed histologically by the Hess iron deposi-
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tion technique and stained with the prussian
blue and/or green color at the electrode tips.
The nerve cells were counterstained with
thionin (see Domino 1955, for details).
RESULTS
Electrical Burst Phenomenon in Monkeys.
Although electrical bursts of approximate-
Iy 40 c/sec. were observed in monkeys when
they were asleep, chardcterlstlcdll) these
bursts were most clearly evident when the
animals were aroused. Various afferent stim-
uli were capable of enhancing the bursts in
the medial amygdala, prepyriform, pyriform
cortex, or olfactory striae. 1t scemed that the
important factor was the degree of arousal.
The more excited the monkey, the more likely
bursts were observed. GC]]LI‘&“V the bursts
were synchronous with inspiration. These of-
feets were quite consistent and were observed
i at least 5 implanted monkeys. As scen in
panel A, figure 1, the amygdala bursts were
espocially evident during EEG arousal. The
monkeys were in a quiet environment and
would easily doze in the restraining chair.
Periodically with spontaneous arousal as il-
lustrated in this figure the characteristic high
voltage, slow wave activity present in neocor-
tical structures changed to a low voltage, fast
frequency pattern. At the same time bursts
of 40 ¢/sec. were observed ev ery few seconds
in the amygdala or related olfactory areas.
When the animal beean to sleep high voltage
activity again appeared in the ncocortical
structures and the bursts in the amyedala be-
came less evident. After loud noises, as shown
in the EEG record of panel B, figure 1, the
bursts again appeared in the amvwddla and
were accompanied by a low voltage, fast fre-
quency EEG in the neocortical areas. Pain-
ful stimuli were partienlarly effective in
eliciting the burst phenomenon. Stimulation
of the tooth pulp at slightly above threshold
caused very eclear high frequency periodic
discharges in the amygdala as shown in the
EEG record of panel C, fignre 1. Pain in-
duced by increasing the pressure in a balloon
inserted into the rectum similarly caused high
frequeney periodic bursts in the amygdala
(panel D, figure 1). Following rectal disten-
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tion not all neocortical structures showed a low
voltage, fast frequency EEG pattern. Partic-
ularly after continuous rectal distention the
more frontal portions of the neocortex show-
ed high voltage delta waves at a time when
the monkey was extremely uncomfortable and
agitated. On the other hand, especially the
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that the high frequency bursts were related
to the passage of air through the nostrils.

To study this phenomenon further a rub-
ber bellows was strapped around the chest
of the monkey in order to measure thoracic
respiration. In awake monkeys the amygdala
bursts occurred periodically and were at a
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Fig. 1
Amygdala bursts in the monkey following arousal due to various afferent stimuli,

Panel A — Spontaneous behavioral and EEG arousal. Panel B — Behavioral and BEG
arousal to a loud noise. Panel C — Behavioral and EEG arousal to stimulation of the tooth
pulp. The left canine tooth was prepared 1 month previously with bipolar electrodes for
stimulation of the tooth pulp. Parameters of stimulation were 5 V. 30 e¢/sce., pulse width
1 msee. for 3 sec. Panel D Behavioral and partial EEG arousal to rectal distension by
means of a rubber balloon inserted into the reetum. The balloon was distended to 20 mm.
mean mercury pressurc. Bipolar eleetrical recordings were taken throughout. Symbols are:
A8 — cortical area 8; A7 cortical area 7; Al — cortieal avea 1; AMG - medial
amygdala. Voltage calibration — 100 microvolts.

ntore posterior and parietal areas showed low
voltage, fast frequency activity at this time.

Frequently, the high frequenecy bursts
were synchronous with respiration. In ad-
dition to the depth of respiration the presence
or absence of bursts in various rhinencephalic
structures depended upon whether the animal
was breathing through its mouth. It appeared

maximum during inspiration. These cffects
are illustrated in a portion of the EEG record
in figure 2. As can be seen in panel A, the
high frequency amygdala bursts oceurred
maximally during inspiration. Oececlusion of
the mouth and contralateral nostril enhanced
the amplitude and duration of the amygdala
bursts (see panel A, fig. 2). On the other
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hand, occlusion of the mouth and ipsilateral
nostril completely abolished burst activity
(see panel B, fig. 2). Occlusion of the ipsi-
lateral nostril alone likewise was sufficient
to abolish the burst phenomenon. If room
air was blown into the ipsilateral nostril
particularly upward toward the cribiform
plate the electrical bursts could be produced
that were very similar to those oceurring
spontaneously with normal respiration. A
record of this is illustrated in panel C, figure
2. At the arrows a small amount of air, ap-
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bursts by spraying the ipsilateral nostril with
a local anesthetic solution. On the other hand,
spraying the contralateral nostril should not
affect appreciably burst phenomenon on the
ipsilateral side. This hypothesis was con-
firmed by 10 experiments in 5 monkevs. A
representative record of the effect of lidocaine
is shown in figure 3. In panel A are illus-
trated the mnormal amygdala bursts syn-
chronous with inspiration. In order to en-
hance the electrical bursts in this particular
monkey a small amount of cotton wadding

W‘\'{,

OPEN

- o
W"”M&WNMM/WVWWW’"W-M W‘*ﬂ»

OPEN

i MMM&‘M\WWWWM’W

MONKEY 434

BLOWING LOWING T SEC.
Fig. 2
Effects of nasal occlusion on the eleetrical activity of amygdala of the monkey.

Panel A — Effects of occlusion of the mouth and contralateral nostril on amygdala bursts.
The block was applied at the upward arrow and relieved at the downward arrow. Panel B —
Effeets of occlusion of the mouth and ipsilateral nostril on amygdala bursts. The block
was applied at the upward arrow and relieved at the downward arrow. Panel C — Effects
of blowing room air (at the arrows) through the ipsilateral nostril on the electrical activity
of the amygdala. Symbols are: RESP. — thoracic respiration. Inspiration is downward.

AMG. — medial amygdala. Voltage ealibration -— 100 4V.

proximately 5 ml. was blown rapidly into the
ipsilateral nostril. Under these circumstances
bursts of 40 e¢/sec. were produced that were
similar to those occurring with normal re-
spiration.

The above results suggested that the elee-
trical bursts recorded periodically in the
amygdala and other olfactory structures of
the monkey were related to a flow of air
through the ipsilateral nostril, and therefore
were of afferent origin. If this were so it
should be possible to abolish the electrical

was inserted into the contralateral nostril and
the mouth occluded. Under these circum-
stances the animal was only able to breathe
through the ipsilateral nostril and the amyg-
dala bursts recorded on that side were espe-
cially marked. Blowing approximately 5 ml
of Toom air into the ipsilateral nostril easily
reproduced the electrical bursts in the amyg-
dala as illustrated at the arrow in the right
hand record of panel A. One minute after the
intranasal application of 0.5 ml. of 2 per cent
lidocaine in a saline solution the electrieal
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bursts recorded in the amygdala were prac-
tically abolished. Similarly, blowing room air
into the ipsilateral nostril was relatively in-
effective in producing the normal clectrical
bursts in the amygdala. About 1 hour after
the intranasal application of lidocaine the elee-
trical bursts gradually became more noticeable.
As illustrated in the record of panel C, the
bursts were diminished but evident. Blowing
room air into the ipsilateral nostril produced
a definite though attenuated electrical dis-
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chronic electrode implants. The bursts were
from 40 to 46 c¢/sec. in the olfactory bulb.
In the dog these oceurred not only during in-
spiration, but also were seen during expira-
tion. Curiously, the frequency of the elee-
trical bursts recorded in the ipsilateral amyg-
dala frequently was precisely half that in
the olfactory bulb. Generally, the frequency
of the amygdala bursts varied from 20 to 23
¢/sec. depending upon the dog studied. In
figure 4, panel A, is illustrated the normal
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Fig. 3
Effects of intranasal lidoeaine on the eleetrical activity of the amygdala in the monkey.
Panel A — Normal respiration. Approximately 5 ml. of room air was blown into the ipsi-
lateral nostril at the arrow. Panel B — One min. after the ipsilateral intranasal injeetion

of 0.5 ml. of 2 per cent lidocaine.

Panel C — Sixty-seven min. after the intranasal

administration of lidocaine. Panel D — Approximately 95 min. after the intranasal administra-
tion of lidocaine. Some recovery of the burst phemomena is observed. Symbols and voltage

calibration are similar to those in previous figures.

Throughout the entire experiment the

mouth and contralateral nostril were occluded by means of a cotton ball and adhesive tape.

charge. About 114 to 2 hours after the in-
tranasal administration. of lidocaine the elec-
trical bursts in the medial amygdala returned
toward control levels. Similarly at this time
blowing room air into the ipsilateral nostril
was effective again in producing normal burst
activity (see panel D, fig. 3).

Electrical Burst Phenomenon in Dogs.

The electrical bursts synchronous with re-
spiration were especially obvious in dogs with

electrical activity of the amygdala and ol-
factory bulb of a dog who is awake. This
particular animal alternated between pant-
ing and normal respiration. Although the
electrical bursts in the olfactory bulb were
clearly evident those in the amygdala were
not obvious. However, by ocelusion of the
mouth and contralateral nostril the amygdala
bursts became clearly evident as illustrated
in panels B and D, figure 4. On the other
hand, occlusion of the ipsilateral nostril and
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the mouth almost completely abolished the
electrical bursts, both in the olfactory bulb
and in the amygdala (see panel C, fig. 4).
The electrical bursts in the olfactory bulb

‘ -
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frequent and usually the most prominent were
electrical bursts at 40 to 46 ¢/sec. Ilowever,
every second spike was enhanced and occeurred
at a frequency of 20 to 23 co/sec. These cor-
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Fig. 4
Effects of nasal occlusion on the electrieal activity of the olfactory bulb and medial
amygdala of the dog.
Panel A — Electrical activity recorded in the olfaetory bulb and amygdala of & normal dog.
The mouth and both nostrils were open. Panel B — The mouth and contralateral nostril
were occluded throughout the period illustrated. Panel 0 — The mouth and ipsilateral nostril
were oceluded during the period illustrated. Panel D — Repeat of B. The mouth and contra-
lateral nostril were occluded during the period illustrated. Panel E — Repeat of A. Normal
panting respiration with mouth and nostrils open. The symbols and voltage ealibration are

similar to those of previous figures.

and amygdala could be abolished or enhanced
by ocelusion of either the ipsilateral or con-
tralateral nostril. It is espeeially clear in
panel D, figure 4 that there were two types
of potentials in the olfactory bulb. The most

related precisely with the frequency of the
bursts in the amygdala. If the mouth and
both nostrils were again opened the electrical
bursts recorded in the olfactory bulb were
similar to those of control. In this particular
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animal normally minimal burst activity was
present in the amygdala (panels A and E, fig.
4). However, most of the dogs showed clear
cut responses in the amygdala normally.

The relative ease with which the electrical
bursts were recorded in the olfactory bulb and
amygdala of dogs suggested that this species
could be used in studying the effects of
various stimulant and sedative drugs which
modify the state of arousal.

Effeets of d-Amphetamine.

The effects of d-amphetamine on the clec-
trical aectivity of mneocortical and rhinence-
phalic structures was determined in 5 dogs.
In all animals the effects were quite similar.
d-Amphetammine was given in a dose of 1.0
me/ke., intravenously. In panel A, figure 5,
is illustrated the control EEG activity of a
normal animal with a chronic electrode im-
plant. The neocortical areas showed the char-
acteristic low voltage, fast frequency pattern
of an awake dog. Two bipolar recording elec-
trodes were in different portions of the olfac-
tory bulb of this animal. In general, elec-
trical bursts were seen synehronous with re-
spiration. The dog alternated between normal
respiration and episodes of panting. Within
5 min. after the intravenous administration of
1.0 mg/kg. of d-amphetamine the dog showed
considerable gross agitation and nervousness.
Throughonut this time the EEG continued to
show a low voltage fast frequency pattern in
the neocortieal structures. As illustrated in
panel B, figure 5, the electrical activity of
the olfactory bulb of this animal as well as
that of the amygdala and related olfactory
structures in other dogs showed a marked en-
hanecement in the amplitude of the electrical
bursts synchronous with respiration. Oecelu-
sion of the contralateral nostril, if anything,
slightly enhanced the amplitude of these elec-
trical bursts. On the other hand, ocelusion of
the ipsilateral nostril completely blocked the
clectrical bursts. These were promptly re-
stored upon opening the ipsilateral nostril.
As seen in the record of panel C, figure 5, the
amplitude of the electrical bursts in the olfac-
tory bulb of this dog continued to be marked-
ly enhanced even during panting respiration.
On the other hand. the neocortical structures
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continued to show the characteristic low
voltage, fast frequency pattern. These effects
continued for approximately 1 to 2 hours and
gradually diminished as the overt stimulation
of d-amphetamine decreased.

LEG Effects of Trans-z-orocamphor.

Trans-r-oxocamphor (Vitacamphor) is a
short acting respiratory stimulant. It was
therefore of interest to determine the effects of
this agent on the electrical burst phenomenon
in the olfactory structures of the dog. A total
of 5 animals were studied. The effects ob-
served were similar to those obtained with d-
amphetamine but were more striking. Follow-
ing 5 mg/kg. of trans-r-oxocamphor given in-
travenously the electrical bursts were parti-
cularly marked and eclearly evident in the
amygdala and olfactory bulb. The duration
of action of trans-z-oxocamphor to increase
respiration was relatively short, lasting no
more than 5 to 10 min. Within 3 min. after
the intravenous injection of trans-r-oxocam-
phor the electrical bursts in the olfactory bulb
and amygdala were already slightly Jdecreased.
Ocelusion of the ipsilateral nostril completely
obliterated the electrical bursts. These were
promptly restored when the ipsilateral nostril
was opened. Throughout the entire duration
of action of trans-wr-oxocamphor the electrical
activity of meocortical structures remained
essentially the same.

EEG Effects of Morphine,

The effects of morphine sulfate were de-
termined in 7 different dogs. In general, the
gross behavioral and EEG phenomena observ-
ed paralleled one another. Following the ad-
ministration of 1.0 mg/kg. of morphine sul-
fate given intravenously the animals appeared
less agitated. They showed some motor weak-
ness, especially of the hindquarters.  The
animals frequently had to be supported in the
restraining apparatus. Other well known signs
of morphine intoxication were present inclnd-
ing marked salivation, defecation, and oceca-
sional emesis. These effects appeared to be-
come maximal in approximately 15 min. At
the height of these actions of morphine the
EEG showed generalized slow waves in both
neocortical and subcortical structures. The
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Fig. 5
EEG effects of d-amphetamine in the dog.

Panel A — Control EEG of an awake dog.
of d-amphetamine given intravenously.

Panel B — Twenty-two min. after 1.0 mg/kg.
A 10 sec.

interval of the record between the left

and right hand panels was removed. At the upward arrow the ipsilateral mnostril was

occluded and opened at the downward arrow.
intravenous administration of d-amphetamine.

to those of previous figures
cortieal area 17;

OB2 — posterior olfactory bulb;

after the

Thirty-seven min.

Symbols and voltage calibration are similar
ical arca 6; A19 — cortical area 19; A17 —

bhulb.

OB1 anterior olfactory
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Fig. 6
EEG effects of morphine in the dog.
Panel A — Control EEG of an awake dog. The record on the left wasx obtained during

panting respiration.

Panel B — Twenty min. after 1.0 mg/kg. of morphine sulfate given intravenously.
Normal slow respiration is illustrated on the right.

respiration is illustrated on the left.

The record was obtained 4ppr0x1m‘1te13 30 minutes after morphine administration.
after morphine 1.0 mg/kg. of n-allyl-normorphine was given

(¢ — Approximately 47 min.
intravenously.

The record was taken immediately thereafter.
ipsilateral nostril was blocked and at the downward arrow it was opened.

The record on the right was obtained during normal slow respiration.

Panting
Panel

At the upward arrow the
Symbols and

voltage calibration are similar to those in previous figures.



RHINENCEPHALIC BURST PHENOMENON

effects were promptly reversed by n-allyl-
normorphine (Nalline) in a dose of 1.0 mg,/kg.
given intravenously. These effects on the EEG
are shown in the record of figure 6. In panel
A, figure 6 is illustrated the normal control
EEG of an unanesthetized dog standing com-
fortably in the restraining apparatus. Typical
low voltage, fast frequency EEG activity was
observed in areas 8, 1, dorsal hypothalamus,
and midbrain reticular formation. The higher
voltage activity of the medial amygdala and
olfactory bulb consisted of periodic bursts
which were synchronous with respiration. The
left hand portion of panel A illustrates the
electrical activity during panting, while the
right hand panel illustrates the electrical ac-
tivity during normal respiration. As observed
in other dogs asx well the olfactory bursts
tended to oceur primarily during inspiration,
but were also seen in expiration. Following
the administration of 1.0 mg/ke. of mor-
phine given intravenously considerable EEG
slowing was present. Electrical activity in the
olfactory bulb was decreased and paralleled a
decrease in the depth of respiration. In the
lett hand portion of panel B, figure 6, during
panting there was a marked decrease in the
amplitude of respiration and this was asso-
ciated with minimal to no eleetrical bursts in
the olfactory bulb and amygdala. Similar
effects were observed during regular respira-
tion which likewise was decreased in depth
and rate by morphine. The animal alternated
between periods of behavioral as well as EEG
arousal and drowsiness. Any afferent stim-
ulation quickly caused arousal but it appeared
that the duration of arousal was shortened.
The administration of 1.0 mg/kg. of n-allyl-
normorphine promptly reversed the gross be-
havioral and EEG effects of morphine.
Characteristically the electrical burst activity
of the olfactory bulb and amygdala were en-
hanced. As illustrated in panel C, figure 6, 2
types of electrical bursts were present in the
olfactory bulb as described previously. The
20 ¢/sec. bursts were easily evident in the
amygdala. Bloekade of the ipsilateral nostril
prevented the burst activity from appearing
in both the amygdala and the olfactory bulb
(see panel C, fig. 6). Opening the ipsilateral
nostril promptly caused the electrical bursts
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to reappear. Occlusion of the contralateral
nostril tended to enhance slightly the respira-
tory bursts.

EEG Effects of Chlorpromazine.

The effects of 1.0 mg/kg. of chlorproma-
zine given intravenously were studied in 5
dogs. Characteristically, chlorpromazine caus-
ed the animals to become more quiet and
drowsy. The EEG was accompanied by gen-
eralized slowing. Respiration was definitely
reduced in frequency and depth. Similarly the
electrical burst activity in the olfactory bulb
and amygdala were depressed. Any afferent
stimulation promptly caused arousal of the
animal but the duration of behavioral as well
as EEG arousal was reduced. Marked afferent
stimuli, which caused behavioral arousal, -
creased respiration and the electrical hursts
became clearly evident. At tines these seemed
enhanced over the normal control burst activ-
ity. Such diphasic effeets depending upon
whether the animal was aroused or asleep were
also evident in the studies of chlorpromazine
in the monkey. A total of 4 different monkeys
were studied. Chlorpromazine had a marked
tendeney to inerease the alpha-like rhythm in
the oceipital neocortical areas and to diminish
slightly the amplituade of the respiratory
bursts. However, when the animal was arous-
ed the eleetrical burst activity appeared to be
slightly enhanced over controls. In addition,
there appeared to be a qualitative change in
which more prominent 20 to 30 ¢ /see. waves
aceompanied the intervals between inspiration.

EEG Effects of Alpha-Chloralose,

The effects of 50 to 100 mg/kg. of alpha-
chloralose given intravenously were studied
in a total of 5 dogs. Generally chloralose
markedly altered the electrical activity of the
brain producing characteristic high voltage,
slow waves of approximately 3 to 6 c¢/seec.
Within 15 min. after the intravenous in-
jection of 50 mg/kg. of alpha-chloralose the
dogs were unable to stand and showed gen-
eralized slow waves and depressed respiration.
At this time no respiratory bursts were
present in any of the rhinencephalie struec-
tures. Within 214 hours the animals were able
to stand up following afferent stimulation.
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Gradually the respiratory burst activity in
the olfactory bulb returned toward con-
trol levels. Bven 314 hours after administra-
tion of c¢hloralose some EEG slowing and
diminished burst activity were present, but
EEG arousal was easily elicited. The dura-
tion of the EEG effects of chloralose was ap-
proximately 4 hours.

DISCUSSION

Electrical bursts of approximately 20 to
40 ¢/sec. in rhinencephalie structures stuch as
the olfactory bulb, amygdala, pyriform and
prepyriform cortex, and posterior hypotha-
lamus of the dog and monkey appear to be due
to the flow of air through the nostrils. Al-
though the bursts are usually synchronous
with respiration, they only occur when air
flows through the nostril. Therefore, one does
not always obtain perfect correlation with the
respiratory rate, since sometimes the animal
breathes through its mouth. This induced
afferent aectivity appears to be primarily uni-
lateral. It 1s abolished by occlusion of the
ipsilateral nostril or by spraying the nasal
mucosa with a local anesthetic. Although such
electrical activity was observed in monkeys
when they were asleep, characteristically the
bursts were most clearly evident when the
animals  were aroused. Various afferent
stimuli capable of EEG and behavioral arousal
inereased the activity in the rhinencephalic
structures. It seemed that the important fac-
tor was the degree of behavioral arousal. The
more the animal was exeited, the more likely
bursts were observed. (enerally, in the mon-
key the bursts were synchronous with inspira-
tion. Similarly, in the dog bursts were usually
synchronous with inspiration but also were
seen occasionally during expiration as well.
In the monkey the frequency of the indnced
olectrical activity was approximately 40 ¢/see.
hoth in the olfactory striae, pyriform cortex,
and the medial amygdala. Although the fre-
quency of the bursts in the olfactory bulb of
the dog were approximately 40 c¢/sec., every
second spike seemed somewhat enhanced. The
basic frequency of the bursts in the medial
amygdala and posterior hypothalamus were
precisely half the frequency of the bursts in
the olfactory bulb. In both species of animals
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the rhinencephalie bursts definitely seemed
to be correlated with the degree of EREG
arousal as deseribed in cats by Lavin et al.,
1959. Although the electrical bursts appeared
at approximately the same rate as respiration
these investigators felt that the phenomenon
was dissociated at times from respiration.
However, as seen in our studies 1t appears
that the presence of the bursts is related to the
flow of air through the nostril and not neces-
sarily to thoracic or abdominal respiration.
Lavin et al. felt that the burst phenomena
represented a centrifugal input into the ol-
factory bulb from the brainstem reticular for-
nation as a result of BEEG arousal. In dogs
and monkeys this does not appear to be the
explanation. However, before this point can
be adequately answered it will be necessary
to repeat the experiments following transce-
tion of the olfactory tract.

Although our study does not support the
conelusions of Lavin ¢f al. (1959) their hypo-
thesis may still be quite vahd. Most of the
procedures that we have used for abolishing
the bursts, such as occlusion of the ipsilateral
nostril or spraying the mucosa with a local
anesthetic  wonld tend to block afferent
activity originating at the receptor site. A fa-
cilitatory centrifugal activation of the olfac-
tory bulb during arousal may be a physiol-
ogical mechanism for enhancing the sens-
itivity of olfactory afferents. Certainly there
is anatomical evidence of some ecentrifugal
fibers into the olfactory bulb. Reeruiting
waves have been recorded by Arduini and
Moruzzi (1953) in the olfactory bulb of the
cat during low frequency clectrical stimula-

tion of the diffusely projecting thalamic
nuclei, Kerr and Hagbarth (1955) have

shown that there is a suppression of olfactory
activity following high frequency stimulation
of various rhinencephalic structures.

The effects of drugs in modifying the elee-
trical burst phenomenon paralleled their
ability to produce gross behavioral and re-
spiratory stimulation or depression.  Am-
phetamine and trans-r-oxocamphor caused a
marked inerease in the electrical bursts re-
corded in the olfactory bulb and various rhi-
nencephalie structures. The effects of agents
which produced gross depression of the animal
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produced a depression of the burst phenom-
enon. Thus morphine, chlorpromazine, and
alpha-chloralose produced depression of this
activity. This seemed to parallel the degree
of gross behavioral and respiratory depres-
sion. The administration of n-allylnormor-
phine to animals previously given morphine
caused a marked antagonism of the gross be-
havioral and respiratory depression as well
as a marked increase in the electrical bursts.
IFollowing afferent stimulation of any kind
that caused gross behavioral arousal the
animals had inereased burst activity in their
rhinencephalic structures. Ocecasionally, fol-
lowing the admimstration of chlorpromazine
during the recovery period when the animals
were vigorously aroused the electrical bursts
even appeared enhanced over the pre-drug
state. With respeet to morphine, chlorproma-
zine and chloralose, the decrease in burst
activity did seem to parallel the depression
of respiration. Occasionally following mor-
phine and c¢hloralose, vigorous afferent stim-
ulation also produced enhanced burst activity.
This suggests that not all of the effects ob-
served in the chronic dogs could be explained
simply on the basis of changes in the state
of respiration. Perhaps an additional factor
within the brain itself was operative. Further
rescarch along these lines is necessary. This
can be best accomplished in unanesthetized
animals  Immobilized with various neuro-
muscular blocking agents and placed on arti-
ficial respiration since it is extremely impor-
tant to control the amount of air flow throueh
the nostril to test the effects of drugs.

If it is agreed that the burst phenomenon
in rhinencephalic structures is the result of
primarily an olfactory input it is necessary
to explain why room air can elicit this phe-
nomenon since accommodation to odors in the
environment would readily take place. Adrian
(1942) first suggested that air flow could
elicit discharges in the olfactory bulb due to
a mechanical receptor. However, he subse-
quently rejected this notion on the basis that
in his early experiments the alr was con-
taminated with odors (Adrian 1950b). Re-
cently, Ueki and Domino (1959), have ga-
thered evidence for the presence of a mech-
anical receptor in olfactory function. Pre-
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sumably such a mechanical receptor that re-
sponds to the flow of air or to dynamic
changes in pressure is the peripheral end
organ within the nostril respousible for the
burst phenomenon.

SUMMARY

Electrical bursts of approximately 20 to
40 ¢/sec. were observed in some rhinencephalie
areas including the olfactory bulb, olfactory
stria, pyriform and prepyriform cortex. and
the medial amygdala of the dog and the mon-
key with chronically implanted electrodes. The
amplitude of the electrical bursts depended
upon the degree of gross behavioral arousal
aund respiratory stimulation.  The more
aroused and excited the animal the greater
was the amplitude and frequency of the elee-
trical activity. These bursts were of a spind-
ling character and appeared to be due to the
flow of air through the ipsilateral nostril.
They eould be abolished by occlusion of the
ipsilateral nostril or by spraying the nasal
mucosa with a local anesthetic solution.

Various drugs that modified the state of
arousal and respiration modified the electrical
bursts; d-Amphetamine and trans-r-oxocam-
phor markedly inereased the electrical burst
activity while morphine, ¢hlorpromazine, and
alpha-chloralose depressed this activity, Most
but not all of the effects observed were re-
lated to the degree of respiratory stimulation
or depression.

RESUME

Des bouffées d’activité électrique d’envi-
ron 20 & 40 cycles par seconde ont été enre-
gistrées au moyen d’électrodes implantées
chroniquement dans certaines régions rhi-
nencéphaliques incluant le bulbe olfactif, les
stries olfactives, le cortex pyriforme et pré-
pyriforme, et le noyau amygdalien médian,
chez le chien et le singe. I amplitude des
bouffées dépendait du degré d’état de vigi-
lance et de la stimulation respiratoire. T am-
plitude et la fréguence de Dactivité électrique
étaient d’autant plus grandes que 1'animal
était plus éveillé et plus excité. Ces bouffées
avaient caractére de fuseaux et semblaient
dues au courant d’air dans la narine ipsila-
térale. Elles pouvaient étre abolies par 1’oc-
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clusion de la narine ipsilatérale ou par une
anesthésie locale de la muqueuse nasale.
Divers médicaments modifiant {’état d’é-
veil et la respiration, changeaient les bouf-
fées électriques. L’amphétamine et le trans-
oxocamphre aungmentaient considérablement
les bonffées électriques alors que la morphine,
le ¢hlorpromazine et 1’alpha chloralose dépri-
maient cette activité. ILia plupart sinon tous
ces effets observés étaient fonetion du degré
de stimulation ou de dépression respiratoire.

ZUSAMMEXNFASSUNG

Elektrische Entladungsgruppen von etwa
20 bis 40 Hz wurden an einigen Stellen des
Riechhirns bei Hunden und Affen mit dauer-
implantierten Elektroden beobachtet. KEs
handelte sich um den bulbus olfactorius, die
stria olfactoria, den pyriformen und praepy-
riformen Cortex und die medialen Anteile der
Amygdala. Die Amplitude der Entladungs-
gruppen hing ab vom Grad der im Verhalten

sichtbaren Erregung (behavioral arousal)
und der respiratorischen Stimulation. Je

erregter das Tier war, umso grisser waren
Amplitude und Frequenz der elektrischen Ak-
tivitit. Diese Entladungsgruppen waren spin-
delférmig und sehienen durch den Luftstrom
der gleichseitigen Nasenoffnung verursacht zu
sein. Sie konten zum Verschwinden gebracht
werden durch Verschluss der gleichseitigen
Nasenoffnung oder durch Besprayen der Na-
senschleimhaut  mit  einem  Lokalanaesthe-
tikum.

Verschiedene Drogen, welche Einfluss auf
den Erregungszustand und auf die Atmung
hatten, modifizierten die elektrischen Phi-
nomene. Dextroamphetamin und trans-r-oxo-
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kampfer verstirkten die clektrische Entla-
dungsgruppen-Titigkeit, wihrend Morphin,
Chlorpromazin und alpha-Chloralose sie ver-
minderten. Die meisten, aber nicht alle, der
beobachteten Effekte standen in Bezichung
zu dem Grad der Atmungs-Stimulation oder-
Depression.
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