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- INYRODUCTION

The major activities supported by this grant were us follows:

(A} Analysis of single unit activity in the olfactory epithelium and
' bulb of the rat and goldfish.

(B} Development of telemetry techniques for recording neursl impulses
from freely movin~ animals.

{g) Development of' behaviorsl ana olfactometric techniques to be used
in conjunction with (B).

Since the progress in these areas has been iargely deocumented by publications
this report will concentrate on research that has not yel =, eared.

(T) SINGLE UNIT RECORDINGS FROM THE OLFACTCRY BU™B OF THE GOLDFISH. (Crassius
auratus) . ——————

In fish, many behavioral patterns critical for survival are triggered
by compounds present in the environment in extreme dilution. These axe the
stimuli with the greatest biological significance for feeding, mating, avoiding
predators, etc. It is a reasonable assumption that the olfactory system
hes evolved a sensitivity, and s means of procescsing this type of information
in the presence of conslderable background "noise". The high concentrations
of stimuli used bty most experimenters are in no way an approximation of
the natural conditions of stimulation and may, in fact, block discovery of s
the underlying coding mectanisms. For example, inhibition is often reported ;
to be a dominant femiture of bulbar response. But is this degree of inhibition H
nermelly elicited by natural stimuiij,acting in concentrations at which
they are found in the envircament? .

v

Responses were characterised by two features:

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

Thus in over 200 units studled there was no evidence of inhibition in 4
response to food extract ~ only excitation. With the other compounds tested
varying degrees of inhibition were recorded but never exceeded 20%. This
contrasts with the far higher levels of inhibition previously reported for
fish.
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» Selectivity in reaponsiveness was seen in the large number of units
which reaponded ¢o only one or two of three compounds presented.

Thke conclusion from these fiﬁdinga is that if low.concentrationa of
appropriate stimull are used, inhibLition ig less prevalant in the olfactory
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bulb of the goldfish thar studies wwith higher concentrations ¢f inappropriate
stimuli might suggest. )

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

: ~The “asis of odor quality discrimination is poorly understood. Single
unit analysis of odor-induced responses in the olfactory epithelium have

80 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 apd bulbar units in an attempt

£2 provide further information concerning the problem of odor quslity dis-
crimination. The rat is of particular interest because no recordings have
8o far been reported from the olfactory epithelium of any mammal, and because
it iz a species for which behavioral information is availasble. (The results
of ‘this study are presently being prepared for publication).

The main fentures of the rat olfactory bulb as elucidated dy longliudir.l
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 and Methods

The animals used in these experiments 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-
ministered intraperitoneally. The initial dose was.0.5cc per 400 g. body

- weight followed by 0.05 cc at intervals uncil the desired degree of anesthesia
was réached. After securing the animal in a stereotoxic instrument, the
lﬁpf and skull were removed sufficiently to expose the olfactory bulb and
t&wd;ion ‘of the epithelium. As a precaution against drying, the surgically
exposed areas of the preparation were bathed in a mixture of 0.9% Nacl
-#8lntion rnd mineral oil, maintained at 37°. After the operation ony
‘greparstions showing a regular breathing rate of 55+ 5/min. were usrd.
. xBacordings were made with glass microcapillary electrodes having a tip re-
7#stance of about 3) megoms and a tip diameter of less than 0.5 mi-rons.

In recordings from the olfactory epithelium the surface of the tissue
. observed with & reflecting microscope to ensure that the cburacteristic
1 BOvements were evident. The indifferent electrode was a small platinum
¥i%é in contact with the skin of the head. These electrodes were connected
"eo e high impedance probe and Grase preamplifier (P5, A.C.). For observation
- elatreeording, the output of the preamplifier was connected to & dual beam
dgcalloscope and photographed with an oscilloscope camera. In some experiments

o
- ugperecordings ware slzo made.

yﬁoolﬁctmter used in these experiments was constructed entirely
gliiss and teflon. A source of compressed air was first purified by

ey
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passage over 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 used both as a third step dilution
and as & wasn line lirected to the anf»>al between stimulus presentations.

Beth the dilubed odorant &.l the wask flows were delivered to a teflon face
mask fitted tightly to the rat's muzzle. An exhaust valve led to the exhaust
“line.

. In the main series of experiments four odorants were used: amyl acetate
(A.A. ), novovial alpha (N.A.), orgamm oil extract (0.0.) and alpha iongne
(A.I.). g.ach was presented in each of thres dilutions 0.5; 0.5 x 107
0.5 x 10”7 of sppropriate vapor saturated at 22% 2%. 1In the experiments
on the olfactory bulb these odorants were presented succeasively in pelds
according to a randomly determined sequence. After the first odorant of a
peir 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, because of technical difficulties it
was not always possible tn present all four stimuli or to present them in
each of the three concentrations. The period of stimulation and interval:
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) Olfectory Epithelium
When the micropipette is sglowly lowered into the olfactory epithelium
the first spike discharges can generally be recorded at a distance of about
: from the siwfice. 7Typlcaliy there is a low resting discharge showing
m incresse in frequency with the approporate odor stimulation, and having

an tnplitnde of about 2 =V or more(Fig 2,A8.C).

Successive presentations of the same stimulus elecited the same
. response pattern on aach occasion. However, it was difficult to hold the
‘sems nwit for prolonged periods (over 30 minutes) apparently because the
-electrode tip was moved by pulsation of blood capillaries. The electrode
,tip ﬁ\squenth broke soon after a unit was picked up.

';j Ayl acetate vas a more effective stimilus than the others used. When

- file air was passed over the preparation & resting discharge was observed.
; iﬁ@a cases this activity disappeared during odor stimulation. For con-

,' fance we shall refer to this as "inhibition" without implying an inter-
&mn orr the underlaring mechanism.

In'i
d#d to's proportional increase in the rate of firing. However, differences in

Wﬂtion ‘patterns elicited by different cdorants were not sufficiently

‘ to Qigtinguish them from differences in discharge patterns elicited

uysmt concertrations of the same odorant. Because of the technical
‘€30firultiss, & more extensive snalysis of single epithelia units was not

imma(hq 3.3

nnﬁn 1'h1ch were exjcted by odor stimulation an increase in concentration
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a). Olfactery Epithelium

When the micropipette 15 siowly lowered into the olfactory =pithelium
the first spike dischayges cun geperally be recorded at & distance of about
100 p from the surface. Typically there iz a low reating discharge showing
marked increase in freguensy with the approywriate odor stimulation, and
baving an amplitude ¢* about 2 mV or mare.

Successive presentations of the same gtimulus elicited the same response
pettern on each occasion. However, 1t was difficult to bold the same unit
for prolonged Jeriods (over 30 minutes) apparently becsuse the elecirode
tip wves moved b- pulsatiom of blood cap’llaries. The elactrode tip
frequently broke soon after a unit was picked up.

Ayl scetate wag a more effective stimulus than the others used. When
filtered air was paseed over the preparatior e resting aischarge was tbserved.
Iz sume cases this activity disappeared during odcr stimulation. For
convenience ve ghall refer to this as "inhibiticn" without implying aer
interpretvation of th: underlying mechanism.

In units which were exicted by odor stimulstion arn increase in concentration
led to a proportional increase ic the rate of firing. However, differences
in excitation patterns elicited “y different odorsnts were not sufficlently
diatinct to distinguisb then from differences in disrcharge patiernc
elicited by different concentrations of the same odorant. Becaure of the
technical difficulties; a more éxtensive amalysis of single espithelia units
was oot attempied.

b). Olfactory bulb

A glase micropipette vis lowered in steps of 5 or less ipto the olfactory
bulb until the mitral cell layer wis reached. At about 200 g from the
surface of the Liwdb, single wits were recorded extraceliularly. The largest
uni%s had an amplitude of about 1 niVv o= more. The units dizuppeared if
the electrode tip wus movein?x Because guch movemeuts occurred paturslly
{appurently due to pulsati of blood vessels an® respivation) a small
teflon sheet was placed on the surfuce to reduce this source of difficulty.

Unitary discharges from the bulb could be divided intc the follaww

(1). Units which show ~ Ligh freguency level of respouue to odor
stimilation (Figs. L & 5)

(2). Units with some low level of "resting” dischurge with a larger
spike amplitude than {1). The frequency of this discharge
waz always decreased by odor etimilation (Pig. €).

(3). Unite with some low level of "resting" discharge which was
not infivenced by odor etimulation (uon~respongive units Pig. 10).

The unite of type (1) appeared with increasing frequency with each
successive inspiration of the odcrant. The relation of freguency of discharge
to amyl acetate concentration for such a unit is showr in Fig. 4. The
inftir]l respcnse was & burst of several units. After stimulatiop stopped
the active units returned to the "vesting” level ¢f firing. Wher & secont
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and different speclies odor was now applied, some units responded to the
new odorunt whilst others were unresponsive.

In one typlcal experiment in * uich all odorants wers delivered at th:
same concentration, no significant differences could be detected in the
resulting patterns of excitation (Figs. 8 & 9). In these figures units
responding to a given odvrant are dsfined as those with W%, or mere of
the height of the units havidg the highest lituddé. PFreqQuency wariations

- of these units during each burst of activity (occuring during each imspirstion

of the stimuiating molecules) can then be plotted ws & percentage of the
standard figure. This figure is the frequancy in the pericd just before
stinulation. :

Thus it appears that the evoked potentials show & yrogreseive cctivity
charige during odor stimulation. Such a change bas a clear relation to
the quantity of the odor and may have some relation to the quality of
the odor. The threshold is apparently changed at an .active site by an
odorant and its change ia closely linked tc the coding mechanism for odor
discrimination at this primary center (Figs. 7,8, 7).

Frequency counts msy be reduced in magnitude in some instances by the
application of the stimulus. Thus in Fig. 6 oune large unit decrsased in
1. squeicy during odor stimulationm. .

JI1. TELEMETRY TECHNIQUES ]

The ¢ erall aim of the entire research project has been to elucidsate
the mechanisms of odor Quality dis-rimination not only through the acute
preparation, but alzo in the unanesthetised animel. Direct vire methods
of reccrding from freely moving animals impose restrictions ci the guality
of the record and on freed>m of movement. This is an inportant consideration
in behavlioral tests designed to focus the attention of the animal on the

test odor.

The problem can be overcwie by the use of mi. ure amplifier-transmitters.
However, commerclally availible 3ystems are either toc bulky, or inadequate
for the transmiss. m at frequenciss characteristi: of the nerve impulse.
The scluticn has b=2n to ¢avelop appropriate telemetry dovices. These are
described fully in tsveral publications, and will not he considered in
deteil here (Skutt c¢i al, 1967; Moulton, 1967a; 1968h; Marsuall & (“elebi
in preyarstion; Moultcn et al, 1570).

The resulting unit can be carried without apparent effort by a rat and
6 units can be monted on - speclally-designed head cap implanted on the
head of a rabbit. 3ingle wit actlivity Las veen successfully telemsatered
from the olfactory dbulo of rates involved in an odor detection task. ‘“The
activily ia led from chronically implanted stainless steel electrodes

IV. BEHAVIORAL TECHNIQUES

The use of telemetry devices allows animals tc be trained in odor detection
or discrimination tasks which focus the animil's olfactory equipment on the
rest . dor and sllow the resulting cdor-induced activity %o be recnrded, in the
form of single units, from chronicelly implanted microelectrodes. Techniques
eprlicabtle to both rats and rabbits have been developed and described in

detail {Moulton 1968a, 1968b; 1970).
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