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INTRODUCTION

The major activities supported by thiE grant were us follows:

(A) Analysis of single unit activity in th• olfactory epithelium and
bulb of the rat and goldfish.

(B) Development of telemetry techniques for recording neural impulses
from freely moving animals.

(C) Development of behavioral an6 olfactometric techniques to be used
in conjunction with (B).

Since the progress in these areas has been iargely documented by publications
this report will concentrate on research that has not yeL _ý,,eared.

(i) SINGLE UNIT RECORDINGS FROM THE OLFACTCRY BU1B OF THE GOLDFISH. (CrassiuB
auratus).

In fish, many behavioral patterns critical for survival are triggered
by compounds present in the environment in extreme dilution. These are the
stimuli with the greatest biological significance for feeding, mating, avoiding
predators, etc. It in a reasonable assumption that the olfactory system
has evolved a sensitivity, and a means of processing this type of information
in the presence of considerable background "noise". The high concentrations
of stimuli used by, most experimenters are in no way an approximation of
the natural conditions of stimulation and may, in fact, block discovery of
the underlying coding mechanisms. For example, inhibition is often reported
to be a dominant feetullre of bulbar response. But is this degree of inhibition
normally elicited by natural stimuiiacting in concentrations at ,,hich
they are found in tke environment?

Responses were characterised by two features:

(1) Low level, or occasional absence, of inhibition.
(2) Selective responsiveness of units.

Thus in over 200 units studied there was no evidence of inhibition in
response to food extract - only excitation. With the other compounds tested
varying degrees of inhibition were recorded but never exceeded 20%. This
contrafts with the far higher levels of inhibition previously reported for
fish.

Selectivity in responsiveness was seen in the large number of units
which responded zo only one or two of three compounds presented.

The conclusion from these findings is that if low concentrations of
appropriate stimuli are used, inhibition is less prevalant in the olfactory
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bulb of the goldfish thar studies with higher concentrations oP inappropriate
stimuli might suggest.

(II) SINGLE UNIT ACTIVITY IN THE OLFACTORY EPITHELIUM AND JLB OF TiHE RAT

The '-sis of odor quality discrimination is poorly understood. Single
unit analysis of odor-induced responses in the olfactory epithelium have
so far failed to produce any evidence that odorants can be classified into
a relatively small group of compounds or "primary odors." A study was
therefore made of rat olfactory epithelial and bulbar units in an attempt
, provide further ir~formation concerning the problem of odor quality dis-

crimination. The rat is of particular interest because no recordings have
so far been reported from the olfactory epithelium of any mammal, and because
it is a species for which behavioral information is available. (The results
of'this study are preaently being prepared for publication).

The main features of the rat olfactory bulb as eluc:idated by t.oR,'itudirý.i
section ,are shown in Figure 1. The zone of mitral cells - from which re-
cordings were made - lies deep to the zone of glomeruli. The primary
neurones converge on the surface of the anterior pole of the bulb.

Materials an& Methods

The animals used in these experimeats were adult male albino rats
400-500 g. in weight. They were anesthetised with "Equised" (chloral hydrate
30%; magnesium sulfate 25%; chlorobutanol 0.25% and distilled water) ad-
' D,•tared intraperitoneally. The initial dose was 0.5cc per 400 g. body
-- lvit:tfollowed by 0.05 cc at intervals until thf' desired degree of anesthesia
"W•8s ri" ed. After securing the animal in s stereotoxic instrument, the
sk Mkull were removed sufficiently to expose the olfactory bulb and

p'Lion of the epithelium. As a precaution against drying, the surgically
,e wareas of the preparatlon were bathed in a mixture of 0.9% Nacl

btn r m ieral oil, maintained at 370c. After the operation on*ýy
Ulns 'showing a regular breathing rate of 55± 5/min. were use, d.

i• in * Were made with glass microcapillary electrodes having a lip re-
• 1• ae of about 30 Megohms and a tip diameter of less than 0.5 mi,..rons.

f• ecordinp from the olfactory epithelium the surface of tha tissue
oboerved with a reflecting microscope to ensure that the cbaracteristic

•. 4aMU.Wnta were evident. The indifferent electrode was a small platinum
U @ýt"! et with the skin of the head. These electrodes were connected

::bIxpftnce probe and Grass preamplifier (P5, A.C.). For observation
;rbz4 ' the output of the preamplifier was connected to a dual beam

o d topaphed with an oscilloscope camera. In some experiments
• reoorifg ivre also made.

! .01ftetol mete ter used in these experiments was constructed entirely
A0 g i•. nd teflon. A uurce of compressed air was first purified by
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passage o,,r silica gel and activated charcoal and then split into three
streams of known flow rate. The first stream was bubbled through the test
odorant to provide a saturated vapor channel. The second was used to provide
a first step dilution; and the third was uaed both as a third step dilution
and as a waun line lirected to the an!n-l between stimulus presentations.
Both the diluted odorant a..4 the wash flows were delivered to a teflon face
mask fit-ted tightly to the rat's muzzle. An exhaust valve led to the exhaust
line.

In the main series of experimente four odorants were used: amyl acetate
(A.A.), novovial alpha (N.A.), orgamnm oil extract (0.0.) and alpha ionRne
(A.I.)..rAch was presented in each of thr:' dilutions: 0.5; 0.5 x 10',
0.5 x l0- 'of appropriate vapor saturated at 221 20c. In the experiments
on the olfactory bulb these odorants were presented successively in pei•s
according to a randomly determined sequence. After the first odorant of a
pair was delivered to the preparation, and the nature of any response that
occurred had been noted, the second odor was presented and the response of
the same units-was recorded. However,.becauae of technical difficulties it
was not always l.msible to present all four stimuli, or to present them in
each of the three concentrations. The period of stimulation and intervbL:
between tests were adjusted to give constant resting activity and no accommo-
dation to the odorant or fatigue of the preparation was observed.

Results

a) Olfactory Epithelium
When the micropipette is slowly lowered into the olfactory epithelium

the first spike disekarses can generally be recorded at a distance of about
200p fro, the surface. Typicarty there is a low resting discharge showing
x Ike45increase in frequency with the appco~orate odor stimulation, and having
an amplitade of about 2 Wy or wre (Fij V) A%,C.).

- Successive presentations of the same stimulus elecited the same
z�e�s�e pattern on each occasion. However, it was difficult to hold the

'• iiP-wt for prolonged periods (over 30 minutes) apparently because the
ele oe tip was moved by pulsation of blood capillaries. The electrode
toi ently broke soon after a unit was picked up.

hql acetate was a more effective stimulus than the others used. When
f•ie'ed air was passed over the preparation a resting discharge was observed.
Z *-c*"s this activity disappeared during odor stimulation. For con-

shall refer to this as "inhibition withc'at implying an inter-

~I~~U ofthe =Aerlying mechanism.

*. . Ubit which were exicted by odor stimulation an increase in concentration

;. a poportional increase in the rate of firing. However, differences in
S.t&ift-Vatterns e;-, ted by different odorants were not sufficiently
S:• 1*- S %t tdistinVish them from differences in discharge patterns el3 tted
Si•fi'rgft concentrations of the same odorant. Because of the technical
Sfti•T n.tesv a more extensive analysis of single epithelia units was not
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Results

a). 0l~factinry EpitheliumI WhaMe the nicropipette is s.Lowly Lw'ered int~o the olfactory tpithel~azm
the ftxst spike discharges can Seneralljy be recorded &L~ a. distance ulf a-boul.

4 100 pfrvm the ourface. Typically there is a lnv reating dis charge i6how'inW
i.rkid increase in ffrequen!.y with the appropriate odor stimA'l.-Ii~or, and

having an amplitude (,. about 2 36V or mce.

Successive presentations of the same ztinilus e~lcited. tkbe same response
pattern on each occau5ian.. Eowever, It was difficult to bold the owne unit
for prolonged peTriods (over 30 minutes) sppeentily becawie the elect-rode
tip was mc-,ed b- JuAilatian of blood cap-1,laries. The electrode 'tip
frequently broke soon after a ualt was picked up.

tecuycl difficultwes a mor eftcsive atim lyusitant of singl se d eptbli 'ni

fislnted attemaspted.w beprprto tiigWcag wsoievd

Ir. 3owe aesthisy bciiydsapaeuuinlbc tmuain o

covnenew slass riietfer t oweredin astp of 5 or les ittoute o2.tizgacto
bulerprutti no the uital dellyn aaer - chedi . Ataot20 r th

snurfitso whie wereLb sxinled by~t~ odor recordedor e~tan increasein Thnentratrst
unled bao an proporinlitcrdas of aoth 1 V~rae. ofe firnig. Howeverdiffrn*
thn excittion~ tpwattrs eliied W differuenstc oderants occuredno sauffally~
apparnctlyo due ton~ pstheonfom bodiffessels ant dxrehrge patton)a mal2

telonci het was plaeent concetrtioe oufc toheue & odriant sou cae o f d~fiuthe

b). 01ar~ icharye bu clb tebl ol edvddit h

A 1) gnits michichtt sh.-owered tin stepsc level or lezaino the tol codor

(2).ac Unit withL~ sin e lji. ow r le elof rded ting'c llicharg wThea largert
uniA hd a spitue of aboudetha (1)m z k. The feuency dftizodiscargedV

(appaentlydue t alwatis n d orfs byoodr vesteulsatio re(pie.tin a6). l

(3). Units whith sho~ow % ihfeunylevel of rebin"d schage to~ odos

no r l e c d b d rstimulation (uo -c p n i e i it Figs. 41&).
(2)e u Utso itsp wit appemed lwt levncfreasting' freuecht with aelarge

succssie ispikeatmploftude othant(). The frelatinc of this dencyhoadrge rg

to amWJ iacetate cxncentration for such a unit is showr. :in Fig. 14. The
init~ie. response was a burst of several units. After stijmuation 5topp'-d
the active units returnhed to the "-eating" level of firing. Whern a second
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and different species odor was now applied, some units respjnded to tCae
new odorunt while t others were unresponsive.

In one typical experiment in "i.Ach all odorants were delivvred a~t th,!

of these units during each burst of activity (cou-iing during e,aeh npzto
of the stimulating molecul~es) can then be plotted " a percentage of the
stand5ard figure. This figure is the frequency in the period just before
itirmultion.

2Thuo it appears that the evoked potentiali show a yrogresvive ectivity
change during odor stimulation. huch a charae ha* a clear relation to
the quantity of the odor and may have some relation to the quality of
the odor. The threshold is apparently change~d at an-active sit.6 by an
odorant and its change is closely linked to the coding mechanism for odor
discrimination at this primary center (Fiss. 7s89 ~

Frequency 6ounts may be reduced in magni~tude in some instiances by the
..plicatiorn of the stimuluse. Thus in Fig. 6 one large unit decreased In
i.L squeiecy during odor stimulation,,

ill. TEIEMThY TfCHNIQUES
The o .era.1l aim of the entive research project has been to elucidate

the mechaniisms of odor quality dis-ýriminat~on not only through the acute
preparation,, but a~loo in the unanesthetised animal. DiLrect -;xe math,-ds
of recording from freely m~oving animals impose restrictions cL the quality
of the record end on freedom. of movevent,. Tis is an important con.ideratlon
in behavioral testis designed to focu te. ateto o- h nms1o h
test odor.thaen.n te o

The problem ca.n be oirerc~rie by the use of rnL ure amplifler-transmItters.
However, commewrcially availitble ayistems ajre either too bulky,, or inadequate
for the transmiss.',*n at frequenciaii characteristiz of the ne~rve impulse.
The solutioni has b-in to e;ývelop appropriate telemietry devices. These are
described fully in -iveral publications, exnd will not be con-R1dered in
detail here (Skutt cLt al ' 1967; Moulton, 1967a; 19&b; Marshall & Selebi.
in prelaration; Moixltcn et al, 1970).

The resulting uinit can be carried without apparent effort by a rat and
6 unit;6 can be mojinted. on -. specially-deisigned head cal implanted on the
head of a. rabbit. Single uilt activity has been successfully telemeatered.
from the olfactory bulD of rate involved in an odor detectioi. task. The
activity is. led from~ chronically implanted staiflles8 steel eioctrodes

IV. 1WiHVIORAL TECiIMIfQUES
The use of telemetry devices allows animals tc be trkined in odor detection

or discrimination taska which fo~cus -the eanimitl's olfactory equimtrent. on the
rest .Iar and &lUow the- resultinf, odor-induced activity to be ro-cord~e-d in the
form of single units, frcai chrortica&ly implanted microelectrode.e. Techniques
app~licable to both rats and rabbits have been developed and dencribed in

detail (Moulton i968Ek, 1968b; 1970).
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