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Neurophysiological studies have shown that the olfactory bulb is an A22, L2; an in
integral part of the brain (KEaR and HAGnARTrL 1955; LAVXN et al.,
1959; OTTOSO._, 1963). The olfactory bulb was also reported to exhibit surgery, ether w_

persistent electrical activity (GEaartD and You,_G, 1937), which was ing. Chronic elect
studied using different animal species, experimental set-ups and modes described in carl

of approach, an(1 5IcCAsI[, 1(,

In the uni'estrained, chronically electrode-implanted, intact rabbit a pentobarbital al
rhytlmfic regular discharge of potentials was recorded in tim awake Tim skull was cx

state. According to tIF, mXASDEz-P_oN el al. (1960), it seems that this Two kinds of el

rhythmic pattern of electrical activity of the olfactory bulb reflects electrodes on the

a state of alertness which changes with the physiological or behavioural polar concentric

state of the animal. It. is intensified in the aroused state and in augmented hippocampus ([
olfaction, as in sniffing (LAWN el al., 1959; PEr_ALOZA-ROJAS et al., outer pole ofthc

1964), and is slowed down and suppressed during relaxation and sleep inner pole of coa

,, (FavaE and VINCENT, 1964). On the other hand, with acute electrode at the tips, whic]
; preparations, ADRIA.W (1950) found no rhytlmfic discharge of potentials wcre cemented t

but rather a spontaneous intrinsic activity of the olfactory bulb which electrodes were 1
: persists after tim olfactory bulbs have been disconnected from the brain The sldn was dt

or from the olfactorymucosa, were administer

It is obvious that a state of alert.ne_ is reflected in the olfactory recover for one

electrical potential and that mesencephalic centrifugal mechanisms of tim : For tim exp
central nervous system can influence the olfactory bulb (LAVI_" et al., 17 X 50X 35 cm,

" 1959). We have therefore reasoned that different psychopharmacological made of square

agents should affect olfactory bulb activity through their effect on tim Injections of tl
! central nervous system. Our present experiments were designed to follo_4ng drug'

• ; investigate the olfactory bulb potentials in acute and chronic electrode 30 mg/kg; 2. cb

* Presented in part at the joint meeting of the Israel Physiological and Pharma- sulphate 2 and
: eological Society and the Israel Society for Eleetroencephalography and lgeuro- EEG record

physiology on Dec. 22, 1965. For slow wave ]
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. lirCl}ar_ttions of rabbits under (lifferent physiological conditions, and to I

ehlcidatc tile cfl'eet of dil'tk'rent ])syeilotro])ic agents on the olfactory i
potentials ill toorlna of I']l'](] and boohaviour. °

its
)Iaterial and )Ieihods

l']xllerinloonls were lierfiwin('d on lwoonly adult female rabbit.% w(,ighing

_._) .3.5kgcarh,wilh live arlllr aml lifl(,i,i} cbrl)niceh'el rolb, Ilrl, lmrIilions.
.Ill lilt" aoouh, prelmralions, t he aniinal._ were Iraooheotmnizood under oilier

and local procaine anaesihcsia. Gallaminc tricthiodide (Flaxc(lil) was

added lo keep the animal immobile. Artificial respiration was provided

at. a continuous rate of 30 strokes per nfilmte. Electrodes were im-

iu tile brain stcrcotaxieally through burr holes in tile exposed _!tflanted

skull, according to the method of SAWYEa et al. (1954). Coordinates

is an were as fi)llows: fl'ontal cortex--(FC) A 5, L 2; olfactory bulb lOB)-

el al., A 22, L 2; an indifferent screw elcctro(le served for grounding. After _
'xhibit surgery, ether was discontinued at. least, t.wo hours prior to EEG record- f.:;

:hwas ing.
niodes Chronic eleetrode-inli)lanted rabbits were prepared by the nlethod [

described iu earlier reports (KtlAZAN and SaWYFAI, 1963, 1964; I(IIAZAN i

and McCaslL 1965). Animals were anaesthetized i.v. with 30mg/kg i_bbit a

awake pclllobarbital and placed in a stercotaxic implantation instrument. _

The skull was exposed and lioles were drilled into it with a dental burr. !
at this Two kinds of electrodes were used: a) two monopolar epidural silverreflects

electrodes on tile fi'ontal cortex and on one of the olfactory bulbs; b) bi-viou ra I

ucntcd polar concentric electrodes in tile second olfactory bulb and in the dorsal

el al., hililioeanlims (DIIPC), the eoordiiiates being--P3, V S, ],4.5. The

:1 sleep outer pole of thcse electrodcs was made of stainless st.eel tubing and the
_'etro(le 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:eutials
were cemented together by a dental cement "Grip", and the ends of thewhich
electrodes were then soldered to a 7-contact female miniature connector.

e brain The sldn was drawn tightly around the mould and sutured; antibiotics I
were administered i.m. after surgery, and the rabbits were allowed to

I

factory recover for one week before experiments were carried out.

s of the For the experiinent_s the rabbits were placed in a rectangular cage

r et al,, 17 ×50×35 era, equipped with water and food supply, with one side

Mogical made of square wire gauze which permitted observation of behaviour.

on the Injections of the da'ugs used were given i.v. into the ear veins. The

ned to follo_ring drugs were administered: I. pentobarbital sodium 5 and

ectrode 30 mg/kg; 2. chlorpromazine HCI 2.5 and 5 mg/kg; 3. DL-amphetamine

Pharma- sulphate 2 and 4 mg]kg; 4. LSD-25 50 and 100 mcg/kg.
I xNeuro. EEG recordings were taken with a Fritz Schwarzer EEG apparatus.

For slow wave 1o_¢ 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 fro- nostrils of the a
queney (F) records it, was adjusted to register activity as high as 70 c/see " pondcd to ttler

(Fig. 1). During the,
EEG with high t

C'on/pol the cortex, togcl
i

OB _[ ac(f) (/

(Jr)
, , 2001J'V
16eo

Fig. 1. EEO tracings in the rabbit wlth chronic Indwelling brain electrodes. The upper two tracings f'_

are from the olfactory blllbs: OB (8)_0 fiwtorv bulb slow frequency, filler sctth_g is adjusled to

reject aetlvli.v over 15 c/see to show the "slow'* rhythndc activity of the Respiratory Waves. OB (F)--
Olfactory bulb fast frequency, filter setting Is adjusted to register activitY as Idgh as 70 c/see to

8how the "sUlr_rlmpnsed '' rhythm of the R_'sl, iralor// Wares. DHPC _ dorsal hippocampus, FC

fronlal cortex. Thnc baal_ and voltage calibration arc as IndiCated. Symbols and signs used apply to Fig.2. Tim record m

all subsequent fl_urea preparation. N_pIe tlu
On the right, both o[

Results

The alert EEG ])attcrn of the olfactory bulb in the rabbit can be considered to b
classified into two main categories: thc frequency

I. iTcsp;rtdory 1Vaves which arc elicited ill the EI,]G trltciligs of the "slow" and th

olfactory bulb in the chronically iniplantcd animal. These waves are p_d.tcrn w()uhl
_" pattern, t.lu'ouillustrated in 1' lg. 1., and are of two types:

a) "Slow" rhythmic activity characterized by high amplitude low synchronizatio

frequency waves of 2--4 c/sec corresponding to the rate of respiration, hippocampal tl

b) "Superimposed" monomorphous sinusoidal rhythm superimposed During sic
in batches on the "slow" waves, having a frequency ranging between rhythmic "slo

55--65 c/see. Their potential varies with the depth of respiration and having no rek

state of alertness, and ranges between 100--400 [zV. "superimposed

II. Intrinsic Waves which appeared in the acute preparation, devoid it), during slee

of the rhythnfie "slow" wave activity, presumably due to the absence EEG of the c.

i of inspiration. They are characterized by low amplitudes ranging be- panicd by freq

tween 50--100 y.V, and a frequency of 50--60 e/see (Fig.2). The admit
In the acute experiments, the EEG tracing of the olfactory bulb was or of an anaest

totally different from that presented by the chronically implanted intact in the "ehroni

rabbit. The electrical activity recorded here is mainly the intrinsic On the other 1

, activity of the bulb. It can easily be made to adopt the Respiratory activity. A set
Waves a) and b) in an augmented form, by blowing air through the of both types
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nostrils of the animal's nose, when both 1)otential_ appearcd and eorrcs- Iit

" ponded to the rate and amount of air blown in (Fig.2).

During the awake state (Fig.3), the cortex elicits a desynchronized o }l its EEG _Jth high frequency wa_'es. This predominant desynehronization of i

the cortex, together with the RespiratorylVaves of the olfactory bulb, are

AiP blo_vnlhfou_7hno31_7 I:

acute prep.
(f/axedH)

eJ
OB

lb is an (f) o_'_._ ' _,,,? _ .

el el., I

exhibit _ _ _ [
ieh was _,
i modes _ .]"zOo trY t

Fig.2. Th(_ record on the left showt_ lhe ]';EC, of the olfactory bulb in tho acute immobile rabbi_, [cabbit a preparation. Note the lack oflhe rhyt hmic "Mow" activH.v in OB (8) and Intrinsic Waves In OB (F). t

: awake on the right, both of_hc Ile_plratory IVares arc shown as a result of artificial Int_piratlon by blowing
air through nostril, while FG acti_'ity remains nnchangcd

l_at this

refleets
considered to be a typical pattern of alertness. During tile relaxed state,a'violiral

gmented the fi'equeney of tile "slow" waves, as well as the aml)litude of both the :

s et al., "slow" and the "superimposed" waves, arc dimiitished. This relaxcd '_

ad sleep 1)attern wouht revert t.o the alert pattern, or even augmented alert
lectro(le pat.tern, through any sensorial or no|a-olfactory stimulus, where de.
)tentials synchronization is seen in the cortical EEG together with rhythmic

b which lfippoeampal theta waves.

he brain During sleep state, there is a progressive disappearance of tim ,
rhythmic "slow" waves, which are replaced by slow irregular waves

having no relation to the respiratory rate. Suppressed activity of the

,lfactory "superimposed" waves is also seen. This pattern of olfactory bulb activ-

ns of the it 3, during sleep state shows a good correlation with the synchronized
x et al., EEG of the cortex, characterized by high voltage slow waves aceom.

:ological panied by frequent "spindle bursts" (Fig. 3).

t on tim The admimstration of a sedative dose of pentobarbital (5 mg/kg),

gned to or of an anaestrhetic dose (30 mg,/kg), or of chlorpromazine (2.5--5 mg/kg) i
;leetrodo in the "chronic" rabbits, provoked synchronization of the cortical EEG.

1Pharma- On the other hand, these agents exert different effects on olfactory bulb

Ld Neuro. activity. A sedative dose of pentobarbital (5 mg/kg) induced suppression

of both types a) and b) of the Respiratory Waves, The tracing regained

I • i
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its pattern of alertness when tile animal was aroused. Treat, menL x_-ith

" a hypnotic (lose of pentobarbital (30 mg/kg) causes tile disappearance .

of the Respiratory 11at'e2, and the apl)earanee of now non-rhythmic

low-amplitude waves showing batches of rhythmic activity of higher _ti_. _f

Con/rol

O8
(s)zf _.

DMPC

Peato6ae6/tq/

Sleep 30 _/k 9

(st _ I 08(f)

tr i _ zoo# oa,_ k d: ,_
, v ,

Fig.3. EEG tracing of the rabbit during natural sleep and pentobarbital sodium sleep (30 mg/kg).
Note tire difference In the olfactory bulb's pattern of activity during sleep, and under pentobarbital

anaesthesia. While in 011 (81 high frequency "super nposcd" waves are filtered off, 011 (F) denton-
strates the effect of pcntobarbital in depressing frequency front 55--65 c/see down to 12--16 s/see.

DHI'C anti FC are unchanged _B

Fig.4. I_;EG effect of chlorpromazinc on the olfactory bulb electrical activity OB (8) and OB (Ft. (_)
Note the suppression of the "slow" waves arid of the "snpcrin|posed" wave._ of the control by chief

promazlne corrcspondhtg to the behavioural depression of the rabbit

I.e. admh|lstratlon of 50 nleg LSD-25..N'otc the dramatic change in the tracing after 30 rain, marked 08

by an Increase In frequency of both potentials of the Respiratory It'aces in OB (8) anti OB (F). One
hour later, there It; an Increase In the frequency of the "superimposed" waves by 15_25'1, and of the

"slow" rhythmic aeUvity by about tO0*/,, combined _ lib a decrease in their amplitudes. Tlds pattern
conthmet; for several hours
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- fi'equency (12--16c/see). These batches can be regarded as the sup-

pressed form of the "superimposed" waves which appeared along with A study of the
the i,lsl)iration (Fig. 3). Chhwpronlazine induced suppression of the olfac- • correlation exists b(

tory bulb electrical activity in a similar way as that induced by a behavioural or phys
sedati_-e dose of pet,tabarbital, denoted by a marked reduction in the are induced by respi
amplilude of the i¢espirator!l Waves, bringing the voltage of the "super- of arousal. As will b

imposed" waves down to approximately 30--100 btV (Fig.4). Moreover, slcep on the one h_)
tho frequency of lhe "slow" waves was also reduced to approxi|natcly and augmentation t
1 c/see. Wakefulness is )

system plays an ir

) Con/co A LSOJS SOp,fl/k9 MAaOUN, 1952; ROs
Cgmin has been eonsidcre(

) 08 "_ "S .a )_ .,,,

'_ highfrequencyel(
, ) formation, and to

, , Thus, physiological
i orblocktimphys

B Ch/orpromoz/ne 8rag/k9 elicit an essential c
r 30rain 6'Omin The olfactory b

' 06' ,,%, ,, _, by relaxation and
(S)/ x_ j2' _w j _,.f_ _ are analogous to

electrical activity '

; /sec 120O_V replaced by irreg, I
08 _k,t._'_,.t_.J'_J_', ' which seem to be i:

seenasbatchesof
Fig.6.Blockingactionofchlorpromatinc(8Ing[kg i.e.) on theeffectof 1,81)-25(50nlcg/kgI.v.)In
lhe EEOof theolfaelorybulb,representedby retardationof the frequencyof the "slow"waves CENT, 1964), are I

.! I|lmosttotheprctrcatmentpattern(control)within30rain,andsuccessivesuppressionoftheamr,ll-
tudcsofboth"slow"and"'superimposed"waves,at 60rain,asshownInFig.4 O,central depressic

) ofsleep.
The lack of ac_

Conversely, LSD-25 in doses of 50 and 100 mcg/kg induced a hyper- mized animal, res,

alert pattern of the EEG of the cortex and of the olfactory bulb. There was The remaining act
a significant increase in the frequency of the "slow" waves reaching bulb (ADI_IAN,19_
6--7 c/sec within an hour. Batches of the '!superimposed" waves seemed of the olfactory bu
to be more compact, their frequency wa_ increased by 15--250/0, and of the Intrinsic IF

this was accompa_fied by a remarkable and progressive reduction in the once of the Respi
!] amplitude (Fig.5). However, amphetamine, in doses as high as 4 mg/kg, of the olfactory an

i failed to induce the drastic change seen after LSD-25. The maximal upon the transmis
•' increase of frequency of the "superimposed" waves was 5--15°[0, aeeom- P_.o.'¢,et al., i960).
.i! panied by an increase in frequency of tim "slow" waves up to 4--5 c/see. _ of the Respirator_

The antagonistic effect of chlorpromazine in the LSD treated rabbit : due to active olt

was obvious behaviourally and in the EEG (Fig.6). et al., 1964). The

m

t
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tile sup- _ Discussion [

long _Jth A study of the EEG-recordings of the olfactory bulb shows that a " iti'the olfae- correlation exists between the pattern of its electrical activity and the •

_ced by a behavioural or physiological state of the animal. The Respirator!! Waves !

ion in the are induced by respiration as well as 1)ythe central nervous systcm stat.e
m "super- of arousal. As will be shown later, the states of relaxation, deprcssion, or

Moreover, sleep on the one hand, or arousal on the other, bring about depression [:
.oximately and augmentation of the Respiratory IVavcs respcctively. !.i

Wakeflflness is regarded as a stage in which the reticular activating
system plays an important role (LINDSLEY et al., i950; FRiJOl/ and

k9 MAoou,_, 1952; Rossr and ZANCHETTr, 1957). The olfactory bulb activity
has been considered to be influenced by the same system. The arousal

discharges of the olfactory bulb activity wcre reported to be elicited by
'_'_ high frequency electrical stimulation of the meseneephalic reticular

formation, and to disappear after lesions of that region (K_R_ and

_q_ HAOBAnTH, 1955; LAVIN e/ al., 1959; HERNANDEZ-P_ON ct 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 electrical activity.

The olfactory bull) electrical activity becomes gradually suppressed
by relaxation and sleep. During steep, tlm rhythmic "slow" waves which

are analogous to the slow potentials (OTToSON, 1954, 1959), and to
electrical activity T3q)e I described by FAURE and VrNCENT (1964), are

-d,'0g/_¥ replaced by irregular flattened tracings; the "superimposed" waves
wlfich seem to be induced by the flow of the inspired air (Fig.2) through
stimulation of the receptors in the olfactory mueosa and which are
seen as batches of 55--65 c/see (ADarA_, 1942, 1950; FAV_ and VIN-

0 mcg/kg I.v.) In
,e"slow" _,-a,'e, OE_T, 1964), are greatly suppressed (Fig.3). This suppression reflects
ionofthemnl_ll- a central depression of the reticular activating system during the stage
Fig.4 of sleep. I

The lack of active inspiration through the nostrils in the tracheoto-
ted a hyper- mized animal, results in total disappearance of the Respiratory Waves.
b.There was The remaining activity represents the Intrinsic Waves of the olfactory

yes reaching bulb (ADRIAN, 1950). It can bo assumed that the "superimposed" waves [,"ayes seemed of the olfactory bulb of the intact a_fimal represent a stinmlatory pattern
;--250/o, and of the Intrinsic Waves caused by the inspired air. Likewise, the appear-
action in the ance of the Respiratory Waves could be prevented by local anaesthesia

i as 4 mg/kg, of the olfactory mucosa, presumably as a result of the blockade imposed [ •
_he maximal upon the transmission of the afferent impulses to the bulbs (I-_EI_.NANDEZ - [.

150]0, access- P_o_ et al., 1960). This assumption would also explain the augmentation !
to 4--5 c/see, of the Respiratory Waves of the olfactory bulb associated with sniffing,
rearedrabbit duo to activeolfaetion(GAvT_Tand L_ATO_, 1963;P_,WaLOZa-Roa_s

ela/.,1964).The acutepreparation,which exhibitsonlythe intrinsic

t
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activity of lhe olfiwlory bulb. can be made 1o show the Respiratory rabbit, elicited al

" IVavcs a) and b) on blowing air through the nostrils. Tiffs wouht svpport . a) "slow" waves o

the :ll)ove assumption (Fig. 2). Both of these p,
]_;arbilurale anaesthesia (30 mglkg) cavses sy;whronizalion of the lle,s'lfiralor ff IVavc.

cortical EI']G. Tim olfactory bulb activity w_s suppressed, leading to _te(l fi_rm of the
(lisal)pearanee of lhe Respiratory If'ayes and the appearance of simls- of the aeutc trac]:

oi(lal bursts of 12--16 c/see which seem to represent a depressed pattern The ltespiralo;
of lhc "superimposed" waves. The latter bm'sts of waves arc correlated awake state of t]

with the respiratory movements but (lid not sccm to be comparable to relaxation and sl

the spindle bursts of the neocortex as suggested by I_Im¢*XA_DEZ-Pi:O_ tcm is suppresse
ctal. (1960). The hippocampal acth-ity characterized by its theta rhythm barbiturates and

during arousal was also affected, resulting ill an irregular tracing of show a significan

slow waves. The change in the olfactory bulb electrical acth-ity under the dcgrcc of scd_

barbiturate is presumed to be an indirect effect, emanating from the aml)hctaminc sul

ascending reticular system of the midbrain and the limbic system which effect, induced p_
are both in a state of depression (FI_E_-CH et al., 1953; BrCAZIER, 1963). in the increase in

Under chlorpromazine, the rabbit is sedated but not sleepy. The trac- The above pl

ing of the olfactory bulb observed after treatment with chlorpromazine emphasize the pJ

(5 mg/kg) was more or less comparable to that seen during normal sleep important role in
(Fig.4); h_ both cases, similar olfactory bulb activity is seen. This effect bulb. It may be c

is likely due to the tranquillizing and depressant effect of the phenothia- activity couhl ser

zinc derivative on the reticular formation and on the hypothalanms of action of agent

(RINALDI and HI._IwIcIL 1955; BRADLEY, 1959), resulting ill a suppressed Ac],'nowledgemen
CNScentrifilgalactivity, assistance.

In conlradistinction to the chlorpromazinc-treated rabbit, where

the threshold for the sensory and environmental stimuli was elevated AmA._-,E. D.: 01fac
and olfactory bulb electrical activity suppressed, adnfinistration of 100,459-473 (1

LSD-25 (50 and 100 meg/kg) caused behavioural excitation and aetiva- - The electrical a(
Neurophysiol. o,

tion of the EEG for as long as 5--6 hrs. The augmentation of the olfac- ]3aAI)LE'GP.: Moth
tory bulb electrical activity was expressed by a highly increased fre- P.B. BI_ADLI'ZY,
quency of the "slow" waves by more than 100°/0, together with a 15 to pharmacology,

250/0 increase in the frequency of the "superimposed" waves. The pharma- B_AZI_R, ,_1.A. B. :
codynamic antagonism of chlorpromazine and LSD-25 was clearly ncss. Anesth. ArFAV_1':, J., and D.
reflected in the olfactory bulb electrical activity (Fig. 6) in a way similar and sleep. C. 1{,.
to their well-knoxvn clfifical antagmfism. FRz_eH, J. D., and

The physiological and pharmacod_lamic findings obtahmd in these brain stem of n
] experiments would strongly reflect the effects of the drugs used on the -- M. VEaZEA.X-O,

CNS, conferred via the mesencephalic centrifugal system on the olfactory Arch. Neurol. P_GAULT,F. P., and
it , bulb. Elcctroenceph. c

:]] i! The electrical activity of t,heSUmmarYolfactorybulb xs,as studied on twenty GERARD,oftheR'frog.W"Procan(

I adult female rabbits, weighing 2.5--3.5 kg each, in five acute and fifteen HERNANDEz-Pf;oN,Electrical activi

']4 i chronic preparations. The olfactory bulb, in the chronically implanted troenceph, clin. :

i t

!
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'c'_lffralm'!l I"abbil. elieiled an t,h'clrical :u'livily ._hmving Iwo lyP_,s of p_lcnlials:

id suplmrt " a) "._lm_'" wa_,,s o1'2 .I e.sm' and "supcrimpo._ed" waves of S,_ 65 c/see.

Both of Ihese polenlials arc imluecd by inspil'aiion, aml calh'd I.he °

on of the Rc,,'tffratorll lVacc,_. The "supctimposcd ' waves are regarded as a sl,imul-

leading to ated fiu'm of the spontaneous and persisteng Intrinsic Waves of the bulb
of sinus- of the acute traeheotomizcd rabbit.

cd pattern The Respiratory Waves are considered to be a normM pattern for the i

correlated awake state of the alfimM. This pattern is depressed during states of i
parable to relaxation and sleep, where tlm activity of the reticular activating sys-

;Dt:z-PI_oI_- tern is suppressed. Likewise, pharmacological CNS depressants such as

,tarhythm barbiturates and chlorpromazinc, given intravenously to the animal,

tracing of show a sigifificant suppression of the Respiralory Waves, correlated to _

_-ity under the degree of sedation and depression of the altimal. On the other hand, _:

from the amphetanfine sulphate and LSD-25, known for thch" central stimulant
tern which effect, induced potentiation of the Respiratory Waves which is evident

tER, 1963). hi the hwrcase in fi'equency of both potentials.

'. The trac- The above physiological and pharnmcod3qmmic findings come to

rpromazinc emphasize the presence of a centrifugal CNS mechanism, playing an

)rmal sleep important role ill the initiation of tlm electrical activity of the olfactory

This effect bulb. It may be concluded accordingly that the olfactory bulb electrical

phenothia- actL'ity could ser_'e as an additional tool in studying the possible mode

)othalanms of action of agents effeeting CNS activity.

suppressed Acknowledgement. Our thanks are due to 3Ix. K. B_m_oozi for his devoted
assistance.
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