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alternative rewards, as would be predicted from a theory of
incentive motivation. Evidence that the neural basis of
reinforcenent involves the interaction of sensory inforna-
tion with the integrating circults for appetitive vehavior,
also supportis a theoretical concept of reinforcement based

on incentlve notivation.



SUMMARY AND CCONCLUSIONS

The experinents described in the present inves-
tigation were desizned to test the effects of sensory
stimull on self-stimulation of the brain. This was
acconplished in two ways. The first involved the direct
facilitation and inhibition of olfactory buldb self-stinau-
lation by odours. The second nethod was ore inferen-
tial in that the effects of sensory stimull were tested
by comparing the preference for self-stimulation to
solutions that varied in palatabillity.

It was first shown that self-stinulatlon could
be elicited from the olfactory bulbs, in the periphery
of the olfactory system. The effects of pleasant and
noxious odours on self-stiuulation at sites in the
olfactory bulb, and at control gsites in the diencephalon
were then tested.

The odour of aayl acetate siznificantly increased
self-stinulation of the olfactory bulb froun an average
of 49/1% 1in. at threshold current intenslties, with
no odour, to 188/10 min. An increase also occurred at
intensities set at 20%f above threshold. l.e., 135/10 min.

to 147/10 min. No increase occurred at optinal intensi-
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ties and the odor had no effect at control sites.

The odor of peppermint was shown to have
similar effects on self-stimulation of the olfactory
bulb, and at control sites outside the olfactory system.
At threshold, the olfactory bulb self-stimulation rate
increased from 109 to 151 and at intensities 20% above
threshold,it increased from 14l to 220.

Malodorous quinoline had the opposite effects
on olfactory bulb self-stimulation, but no effects at
control sites. The rate decreased from a mean of
58/10 min. to 41, at threshold and from 136 to 77 at
20% above threshold. No effect occurred at the optimal
intensity.

These results suggest that pleasant olfactory
stimuli are capable of enhancing the neuronal activity
in the region of the stimulating electrode. From this ‘.'I
it may be implied that self-stimulation of the olfactory
bulb accompanies the activation pathways normally
excited by reinforcing odors.

In the preference experiment, two series of food
and water deprived rats were tested with self-stimulation
in competition with water, saccharine and sucrose
solutions. The second series was also tested with a
highly palatable solution of saccharine + glucose. The

number of lever presses for each reward, and the amount
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of tine spent at each lever were measured.

Wwhen water was in conpetition with self-stinu-
lation, the rats in the second series pressed only 145
times for water as opposed to a nean of 1412 for brain
stinulation. As the palatability of the alternative
solution increased so did the amount of pressinz for
the solution. When saccharine + glucose solution was
the alternative to self-stimulation, the rats displayed
an equal preference for both rewards.

AS a result of this experiment, 1t appears as
though cholce 1s based on the sensory qualities of the
alternative rewards. This data also supports the idea
that reinforoing brain stimulation can have the sane
effects on behavior as conventional reinforcers,

providinzg that methodolosical variables are equated.
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The olfactory bulb consists of seven layers concen-
trically arranged around the olfactory ventricle. The in-
coming fibers from the olfactory mucosa form a complex
network over the surface of the bulb. They then turn
inward and synapse with the dendrites of the tufted and
mitral cells of layers three and four respectively. A
spherical structure krown as a glomerulus is formed by
the numerous incoming nerve endings encroaching on the
derdrites of the secondary cells. There 1s a 1000/1
convergerce of olfactory nerve fibers cn single olfactory
tulb elements at this level as {1lustrated by Allisor
ard Warwicks (19%9) estimation of 25,000 axons entering
a given glomerulus as opposed to the dendrites of only
o4 mitral and 68 tufted cells, that leave it. As Wenzel
and Sieck (1966) point out, this arrangement is similar
in all vertebrates and va~.es 1ittle from one phylozenetic ‘
class to arother.

The axons of the mitral and the tufted cells pass
deeper irto the bulb where they become myelinated and
turn in an antero-posterior plane. Collaterals are
given off in the deeper layers of the olfactory forma=-
tion. It was generally accepted in the literature that
the axons to the mitral cells were the main contributors
to the lateral olfactory tract, but until recently

the connections of the tufted cells were open to specu-



lation. In a recent study, Lohman and Mentink (1969)
have concluded that both cell types send their axons
into the lateral olfactory tract.

The other main efferent pathway from the bulb is the
medial olfactory tract whose main function is in relating
the two bulbs by way of the anterior commisure. This
{nfluence is mediated indirectly via contributions of
the medial olfactory tract to the anterior portion of the
olfactory peduncle, which in turn sends fibers to the
anterior commisure (Lohman and Lamers,ri961; White,1965).
It has been established that this pathway forms the basis
for the inhibitory influence of one bulb on the other
(Kerr ard Hagbarth, 1955).

The main area of distribution of the lateral olfactory
tract is the prepyriform and periamygdaloid cortex.
Pibers also terminate in the anterior olfactory nucleus,
the anterolateral quadrant of the olfactory tubercle,
the anterior amygdaloid area and the nucleus of the
lateral olfactory tract (Lohman and Lammers, 1963).
white (1965) has emphasized that although olfactory input
influences the entire olfactory cortex, it appears to
effect the rostral portion more thar the caudal portion
in an "avalanche-like sequence," (p.473). In the same

study, evidence was given for projection to the ventral
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portion of the lateral entorhinal area.

It is quite difficult to specify the subcortical
connections of the olfactory system but in addition
to amygdaloild projections, there is evidence that the
habenula and the hypothalamus are involved. Powell,
Cowan, and Raisman (1965) have demonstrated that
lesions in the pre-pyriform cortex led to degeneration
in the olfactory tubercle and caudally into the anterior
hypothalanus, specifically the lateral preoptic area
and the MP3, and also into the lateral amyzdala.
More recent evidence of olfactory projections to the
MF3 has been provided by Leonard and Scott (1969).
In a degeneration study, they found a compact long axon
pathway running from the olfactory peduncle through the
LH to the rostral nidbrain. It is in these secondary "..

olfactory centers that self-stimulation can be obtalned.
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APPENDIX C
SUMMARY TABLES OF TYPE 3 ANALYSIS OF VARIANCE OF
LEVER PRESSING DATA, AND TIME MEASUREMENT DATA
FROM EXPERIMENT III.
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APPENDIX D
ABSOLUTE VALUES OF DATA PRESENTED IN FIGURESZ,B,Q,?,B
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