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Introduction
Neurophysiological studies have shown that the olfactory bulb is an
integral part of the brain (KERr and HAGBARTH, 1935; LAvVIN et al,
1959; Orrosox, 1963). The olfactory bulb was also reported to exhibit
persistent electrical activity (GERarD and Youxneg, 1937), which was
studied using different animal species, experimental set-ups and modes
of approach.

In the unrestrained, chronically electrode-implanted, intact rabbit a
rhythmic regular discharge of potentials was recorded in the awake
state. According to HERNANDEz-PEoX el al. (1960), it seems that this
rhythmic pattern of electrical activity of the olfactory bulb reflects
a state of alertness which changes with the physiological or behavioural
state of the animal. It is intensified in the aroused state and in augmented
olfaction, as in sniffing (Laviy el al., 1959; PENALOzA-RoJas et al.,
1964), and is slowed down and suppressed during relaxation and sleep
(Faure and VINCENT, 1964). On the other hand, with acute electrode
preparations, ADRIAN (1950) found no rhythmic discharge of potentials
but rather a spontaneous intrinsic activity of the olfactory bulb which
persists after the olfactory bulbs have been disconnected from the brain
or from the olfactory mucosa.

It is obvious that a state of alertness is reflected in the olfactory
electrical potential and that mesencephalic centrifugal mechanisms of the
central nervous system can influence the olfactory bulb (Lavix et al.,
1959). We have therefore reasoned that different psychopharmacological
agents should affect olfactory bulb activity through their effect on the
central nervous system. Qur present experiments were designed to
investigate the olfactory bulb potentials in acute and chronic electrode

* Presented in part at the joint meeting of the Israel Physiological and Pharma-
cological Society and the Israel Society for Electroencephalography and Neuro-
physiology on Dec. 22, 1865.
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preparations of rabbits under difterent physiological conditions, and to
clucidate the effect of different psyehotropic agents on the olfactory
potentials in terms of BEG and behaviour.

Material and Methods

I xperiments were performed on twenty adult female rabbits, weighing
9.5 -3 kgeach.with live acule and fifteen ehronie eleetrode prepa rations.
In the acute preparations, {he animals were tracheotomized under ether
and loeal proecaine anacsthesia. Gallamine tricthiodide (Flaxedil) was
added to keep the animal immobile. Artificial respiration was provided
at a continuous rate of 30 strokes per minute. Electrodes were im-
planted in the brain stereotaxically through burr holes in the exposed
skull. according to the method of SAWYER ef al. (1954). Coordinates
were as follows: frontal cortex— (FC) A 5, L 2; olfactory bulb (0B)—
A 22, 1. 2; an indifferent serew clectrode served for grounding. After
surgery, cther was discontinued at least two hours prior to EEG record-
ing.

Chronic electrode-implanted rabbits were prepared by the method
described in earlier reports (KuazaN and SAWYER, 1963, 1964 ; IKHAZAN
and McCasi, 1965). Animals were anacsthetized i.v. with 30 mg/kg
pentobarbital and placed in a stereotaxic implantation instrument.
The skull was exposed and holes were drilled into it with a dental burr.
Two kinds of electrodes were used: a) two monopolar epidural silver
electrodes on the frontal cortex and on one of the olfactory bulbs; b) bi-
polar concentrie clectrades in the second olfactory bulb and in the dorsal
hippocampus (DILPC), the coordinates being—P3, V5, 1.4.5. The
outer pole of these clectrodes was made of stainless steel tubing and the
inner pole of coated stainless wire. The electrodes were insulated, except
at the tips, which were separated by 0.5 mm of insulation. The electrodes
were cemented together by a dental cement “Grip”’, and the ends of the
electrodes were then soldered to a n_contact female miniature connector.
The skin was drawn tightly around the mould and sutured; antibiotics
were administered i.m. after surgery, and the rabbits were allowed to
recover for one week before experiments were carried out.

For the experiment“s the rabbits were placed in a rectangular cage
17 % 50 X 35 cm, equipped with water and food supply, with one side
made of square wire gauze which permitted observation of behaviour.
Injections of the drugs used were given 1.v. into the ear veins. The
following drugs were administeved: 1. pentobarbital sodium 5 and
30 mg/kg; 2. chlorpromazine HCI 2.5 and 5 mg/kg; 3. pL-amphetamine
sulphate 2 and 4 mg/kg; 4. LSD-25 50 and 100 mcg/kg.

EEG recordings were taken with & Fritz Schwarzer EEG apparatus.
For slow wave low frequency (S) records of the olfactory bulb, the filter
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setting was adjusted to reject activity over 15 c/sec, and for high fre-
quency (F) records it was adjusted to register activity as high as 70 c/sec

(Fig.1).
Control/
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Fig.1. EEQ tracings in the rabbit with chronic indwelling brain clectrodes. The upper two tracings

arc from the olfactory Lulbs: OB (S)—Olfactory bulb slow frequency, filter actting is adjusted to

reject activity over 15 ¢/scc to show the “slow” rhythmic activity of the Respiratory Wavcs. OB (F)—

Olfactory bLulb fast frequency, filter sctting is adjusted to register activity as high as 70 ¢/sece to

show the “superimposed” rhythm of the Respiratory Warves. DHPC = dorsal hippocampus, FC =

frontal cortex. Time basis and voltage calibration are as indicated. Symbols and signs used apply to
all subsequent figurcs

Results

The alert EEG pattern of the olfactory bulb in the rabbit can be
classified into two main categories:

T. Respiratory Waves which are clicited in the TEG tracings of the
olfactory bulb in the chronically implanted animal. These waves aro
illustrated in Fig. 1., and are of two types:

a) “Slow” rhythmic activity characterized by high amplitude low
frequency waves of 2—4 c/sec corresponding to the rate of respiration,

b) “‘Superimposed” monomorphous sinusoidal rhythm superimposed
in batches on the “‘slow” waves, having a frequency ranging between
55—65 cfsec. Their potential varies with the depth of respiration and
state of alertness, and ranges between 100—400 u.V.

IL. Intrinsic Waves which appeared in the acute preparation, devoid
of the rhythmic “slow” wave activity, presumably due to the absence
of inspiration. They are characterized by low amplitudes ranging be-
tween 50— 100 wV, and a frequency of 50—60 c/sec (Fig.2).

In the acute experiments, the EEG tracing of the olfactory bulb was
totally different from that presented by the chronically implanted intact
rabbit. The electrical activity recorded here is mainly the inlrinsic
activity of the bulb. It can easily be made to adopt the Respiratory
Waves a) and b) in an augmented form, by blowing air through the

i e

nostrils of the a
ponded to the r

During the :
EEG with hight
the cortex, toge!

08 e

(s)

08 "
h

/:c./-’\/\\

Tig.2. The record or
preparation, Note the
On the right, both of

considered to b
the frequencey «
“slow” and th
pattern would
pattern, throu
synchronizatio
hippocampal t.
During sle
rhythmic *slo
having no rele
“superimposed
ity during slee
EEG of the ¢
panied by freq
The admin
or of an anaest
in the *“‘chroni
On the other 1
activity. A sec
of both types

ALt i A rana b ey L i e P e



| its

b is an
Vel al,
exhibit
ich was
1 modes

rabbit a
s awake
hat this

reflects
avioural
rmented
s et al.,
ad sleep
lectrode
stentials
b which
he brain

factory
us of the
~ el al.,
cological
t on the
gned to
slectrode

| Pharma-
id Neuro-

229

nostrils of the animal’s nose, when both potentials appeared and corres-

-ponded to the rate and amount of air blown in (¥ig.2).

During the awake state (Fig.3), the cortex elicits a desynchronized
EEG with high frequency waves. This predominant desynchronization of
the cortex, together with the RespiratoryiVaves of the olfactory bulb, are

Air blown through nosini
Contro/
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Fig.2. The record on the left ghows the BEEG of the olfactory bulb in the acute immobile tabbit

preparation. Note the lack of the thythmic wglow activity in OB (8) and Intrinsic Wavesin OB (F).

On the right, both of the Rezpiratory 1Waves arc shown as a result of artificial inspiration by blowing
alr through nostril, while FC activity remains unchanged

considered to be a typical pattern of alertness. During the relaxed state,
the frequency of the “slow’’ waves, as well as the amplitude of both the
“glow” and the “superimposed” waves, are diminished. This relaxed
pattern would revert to the alert pattern, or even augmented alert
pattern, through any sensorial or non-olfactory stimulus, where de-
synchronization is seen in the cortical EEG together with rhythmic
hippocampal theta waves.

During sleep state, there is a progressive disappearance of the
rhythmic “slow” waves, which are replaced by slow irregular waves
having no relation to the respiratory rate. Suppressed activity of the
“superimposed’’ waves is also seen. This pattern of olfactory bulb activ-
ity during sleep state shows a good correlation with the synchronized
EEG of the cortex, characterized by high voltage slow waves accom-
panied by frequent “spindle bursts” (Fig-3)-

The administration of a sedative dose of pentobarbital (5 mg/kg),
or of an anaesthetic dose (30 mg/kg), or of chlorpromazine (2.5—3 mg/kg)
in the *“‘chronic” rabbits, provoked synchronization of the cortical EEG.
On the other hand, these agents exert different effects on olfactory bulb
activity. A sedative dose of pentobarbital (6 mg/kg) induced suppression
of both types a) and b) of the Respiratory Waves. The tracing regained
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its pattern of alertness when the animal was aroused. Treatment with
a hypnotic dose of pentobarbital (30 mg/kg) causes the disappearance
of the Respiratory Waves, and the appearance of new non-rhythmic
low-amplitude waves showing batches of rhythmic activity of higher
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Fig.3. EEG tracing of the rabbit during natural sleep and pentobarbital sodium sicep (30 mg/kg).

Note the difference in the olfactory bulb’s pattern of activity during sleep, and under pentobarbital

anaesthesia. While in OB (S high frequency “‘superimposed” waves are filtered off, 08 (F) demon-

strates the effect of pentobarbital in depressing frequency from 55—65 c/sec down to 12—16 s/sec.
DHPC and FC are unchanged

Fig.4. EEG cffect of chlorpromazine on the oifactory bulb elcctrical activity OB (S) and 0B (F).
Note the suppression of the “slow” waves and of the “superimposed’ wave. of the control by chior-
promazine corresponding to the behavioural depression of the rabbit

Fig.5. EEG changes of the olfactory bulb in chronically implanted rabbits 15, 30, and 60 min after

i.v. administration of 50 meg LSD-25. Note the dramatic change in the tracing after 30 min, marked

by an increasc in frequency of both potentiale of the Respiratory Waves in OB (S) and OB (F). Ono

hour later, there is an Increase in the frequency of the “superimposed’’ waves by 16—25°/, and of the

“slow’* rhythmic activity by about 100%/,, combined v ith a decrcase in their amplitudes. This pattern
continues for scverat hours
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frequency (12—16 ¢/sec). These batches can be regarded as the sup-

" pressed form of the “superimposed”’ waves which appeared along with

the inspiration (Fig.3). Chlorpromazine induced suppression of the olfac-
tory bulb clectrical activity in a similar way as that induced by a
sedative dose of pentabarbital, denoted by a marked reduction in the
amplitude of the Respiratory Waves, bringing the voltage of the “super-
imposed”” waves down to approximately 30—100 uV (Fig.4). Morcover,
tho frequency of the “slow” waves was also reduced to approximately
1 c/sce.
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Fig.6. Blocking action of chiorpromazine (8 mg/kg i.v.) on the offect of LED-25 (50 mer/kg f.v.) in
the EEG of the olfactory bulb, represented by retardation of the frequency of the "slow’ waves

almiost to the pretreatiment pattern (control) within 30 min, and successive suppression of the ampli-
tudes of both “'slow”” and “superimposed’ waves, at 60 min, as shown in Fig.4

Conversely, 1.SD-25 in doses of 50 and 100 meg/kg induced a hyper-
alert pattern of the EEG of the cortex and of the olfactory bulb. There was
a significant increase in the frequency of the “‘slow” waves reaching
6—7 c/sec within an hour. Batches of the “‘superimposed” waves scemed
to be more compact, their frequency waé increased by 15—25%,, and
this was accompanied by a remarkable and progressive reduction in the
amplitude (Fig.5). However, amphetamine, in doses as high as 4 mg/kg,
failed to induce the drastic change seen after LSD-25. The maximal
increase of frequency of the “superimposed’’ waves was 5—15%/,, accom-
panied by anincrease in frequency of the “‘slow” waves up to 4—5 cfsec.

The antagonistic effect of chlorpromazine in the LSD treated rabbit
was obvious behaviourally and in the EEG (Fig.6).
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Discussion

A study of the EEG-recordings of the olfactory bulb shows that a
correlation exists between the pattern of its electrical activity and the
behavioural or physiological state of the animal. The Respiratory Waves
are induced by respiration as well as by the central nervous system state
of arousal. As will be shown later, the states of relaxation, depression, or
sleep on the one hand, or arousal on the other, bring about depression
and augmentation of the Respiralory Waves respectively.

Wakefulness is regarded as a stage in which the reticular activating
system plays an important role (LINDSLEY et al., 1950; FrENCH and
Macoux, 1952; Rosst and ZaNcHETTI, 1957). The olfactory bulb activity
has been considered to be influenced by the same system. The arousal
discharges of the olfactory bulb activity were reported to be elicited by
high frequency electrical stimulation of the mesencephalic reticular
formation, and to disappear after lesions of that region (KERR and
HaepartH, 1955; LaviN et al., 1959; HERNANDEZ-PEON ¢ al., 1960).
Thus, physiological or pharmacological conditions which arouse, depress
or block the physiological function of the reticular formation would
elicit an essential change in the olfactory bulb clectrical activity.

The olfactory bulb electrical activity becomes gradually suppressed
by relaxation and sleep. During slocp, tho rhythmic “slow” waves which
are analogous to the slow potentials (OTTOSON, 1954, 1959), and to
electrical activity Type I described by FAURE and VINCENT (1964), are
replaced by irregular flattened tracings; the “‘superimposed” waves
which seem to be induced by the flow of the inspired air (Iig.2) through
stimulation of the receptors in the olfactory mucosa and which are
seen as batches of 55—65 c/scc (ADRIAN, 1942, 1950; FAure and VIN-
CENT, 1964), are greatly suppressed (Fig.3). This suppression reflects
a central depression of the reticular activating system during the stage
of sleep.

The lack of active inspiration through the nostrils in the tracheoto-
mized animal, results in total disappearance of the Respiratory Waves.
The remaining activity represents the Intrinsic Waves of the olfactory
bulb (ADRIAN, 1950). It can be assumcd that the “superimposed’’ waves
of the olfactory bulb of the intact animal represent a stimulatory pattern

" of the Intrinsic Waves caused by the inspired air. Likewise, the appear-

ance of the Respiratory Waves could be prevented by local anaesthesia
of the olfactory mucosa, presumably as a result of the blockade imposed
upon the transmission of the afferent impulses to the bulbs (HERNANDEZ-
Pkox et al., 1960). This assumption would also explain the augmentation
of the Respiratory Waves of the olfactory bulb associated with sniffing,
due to active olfaction (GAULT and LraToN, 1963; PENALOzA-RoJAS
el al., 1964). The acute preparation, which exhibits only the intrinsic
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activity of the olfactory bulb. can be made to show the Respiralory
Wares a) and b) on blowing air through the nostrils. This would support
the above assumption (Fig. 2).

Barbiturate anaesthesia (30 mg/kg) causes synchronization of the
cortical BEG. The olfactory bulb activity was suppressed, leading to
disappearance of the Respiratory Waves and the appearance of sinus-
oidal bursts of {2—16 ¢/sec which seem to represent a depressed pattern
of the “superimposed” waves. The latter bursts of waves are correlated
with the respiratory movements but did not seem to be comparable to
the spindle bursts of the neocortex as suggested by HErNaNDEZ-ProN
et al. (1960). The hippocampal activity characterized by its theta rhythm
during arousal was also affected. resulting in an irregular tracing of
slow waves. The change in the olfactory bulb clectrical activity under
barbiturate is presumed to be an indirect effect, emanating from the
ascending reticular system of the midbrain and the limbic system which
are both in a state of depression (FRENCH et al., 1953; BRAZIER, 1963).

Under chlorpromazine, the rabbit is sedated but not sleepy. The trac-
ing of the olfactory bulb obscrved after treatment with chlorpromazine
(5 mg/kg) was more or less comparable to that seen during normal sleep
(Fig.4); in both cases, similar olfactory bulb activity is seen. This effect
is likely due to the tranquillizing and depressant effect of the phenothia-
zine derivative on the reticular formation and on the hypothalamus
(RixaLpr and HimwicH, 1955; BRADLEY, 1959), resulting in a suppressed
CXS centrifugal activity.

In contradistinction to the chlorpromazine-treated rabbit, where
the threshold for the sensory and environmental stimuli was clevated
and olfactory bulb electrical activity suppressed, administration of
LSD-25 (50 and 100 meg/kg) caused behavioural excitation and activa-
tion of the EEG for as Jong as 5—6 hrs. The augmentation of the olfac-
tory bulb electrical activity was expressed by a highly increased fre-
quency of the “slow” waves by more than 1009%/,, together with a 15 to
25/, increase in the frequency of the “superimposed” waves. The pharma-
codynamic antagonism of chlorpromazine and LSD-25 was clearly
reflected in the olfactory bulb electrical activity (Fig.6) in a way similar
to their well-known clinical antagonism.

The physiological and pharmacodynamic findings obtained in these
experiments would strongly reflect the effects of the drugs used on the
CXS, conferred via the mesencephalic centrifugal system on the olfactory
bulb.

Summary

The electrical activity of the olfactory bulb was studied on twenty
adult female rabbits, weighing 2.5—3.5 kg each, in five acute and fifteen
chronic preparations. The olfactory bulb, in the chronically implanted
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pabbif, olivited an electrieal activity showing two types of potentials:
a) “slow " waves ol 2 esecand “superimposed” waves ol bd 6D efsec.
Both of these potentials ave induced by inspivation, and called the
Respiratory Waves. 'The “superimposed” waves ave regarded as a stimul-
ated form of the spontancous and persistent Intrinsic Waves of the bulb
of the acute trachcotomized rabbit.

The Respiratory Waves are considered to be a normal pattern for the
awalke state of the animal. This pattern is depressed during states of
relaxation and sleep, where the activity of the reticular activating sys-
tem is suppressed. Likewise, pharmacological CNS depressants such as
barbiturates and chlorpromazine, given intravenously to the animal,
show a significant suppression of the Respiratory Waves, correlated to
the degree of sedation and depression of the animal. On the other hand,
amphetamine sulphate and LSD-23, known for their central stimulant
effect, induced potentiation of the Respiratory Waves which is evident
in the increase in frequency of both potentials.

The above physiological and pharmacodynamic findings come to
emphasize the presence of a centrifugal CNS mechanism, playing an
important role in the initiation of the electrical activity of the olfactory
bulb. It may be concluded accordingly that the olfactory bulb electrical
activity could serve as an additional tool in studying the possible mode
of action of agents effecting CNS activity.

Acknowledgement. Our thanks are due to Mr. K. BEBRoOzI for his devoted

assistance.
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