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The purpose of this investigation was to determine if there were specific odor components in 
the goalbox of a straight alleyway following reward and nonreward trials. Behavioral research 
has convincingly demonstrated that, unless the goal box is cleaned between animals, a pattern 
of slow running on nonreward trials and fast running on reward trials soon develops. It has been 
proposed that the rat emits an odor in the goalbox following nonreward which allows following 
conspecifics to predict the upcoming goal event before reaching the goalbox. Behavioral re
search has been unable to determine if there are specific odors associated with reward and non
reward, or if there is only one odor of varying concentration, or if only one odor is present and 
the cue for the other condition is merely the absence of that odor. The results of this study strongly 
suggest that there are specific odors in the goalbox as a result of nonreward and reward. They 
further suggest that these "reward" and "nonreward" odors are different from the odors of food 
and urine, and that the "reward" and "nonreward" odors, although different, may possibly be 
similar in chemical structure. 

It has been reliably demonstrated that rats can dis
criminate reward vs. nonreward conditions in a straight 
alley as a function of the behavior of the animals that 
precede them in the apparatus (Howard & McHose, 
1974; Ludvigson & Sytsma, 1967; Mellgren, Fouts, 
& Martin, 1973; Pratt & Ludvigson, 1970). Ludvigson 
and Sytsma (1967) proposed that a rat could leave 
odor cues in an alleyway that would forecast the up
coming goal event for any conspecifics that followed. 
In the Ludvigson and Sytsma study, all animals re
ceived the same condition on a given trial, and the 
squad of animals received the first trial before any re
ceived the second. When the goalbox was cleaned 
only between trials, allowing any apparent odor cues 
to accumulate on a single trial, a pattern of behavior 
of fast running on reward trials and slow running on 
nonreward trials emerged. When the goalbox was 
cleaned between animals, the pattern disappeared. 
Additional evidence that this pattern of running fast 
on reward trials and slowly on nonreward trials is 
mediated by odor discrimination on the part of the 
subjects was provided by Seago, Ludvigson, and 
Remley (1970). These investigations reported that ol
factory bulbectomized rats failed to show the charac
teristic patterning when only apparent odor cues were 
relevant to the reward condition. When a light cue 
was added on reward trials, the anosmic animals 
were able to discriminate and showed the characteris
tic patterning. 
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Ludvigson and others have postulated that this 
characteristic behavior pattern is determined by the 
discrimination of an odor associated with nonreward 
trials and covaries with an emotional response of 
frustration resulting from the absence of reward in 
an expected reward condition (CoUerain & Ludvigson, 
1977; Howard & McHose, 1974; Pratt & Ludvigson, 
1970; Wasserman & Jensen, 1969). Collerain and 
Ludvigson (1972) also found that this "nonreward" 
odor was avoided or escaped from by animals in a 
T -maze. Also, the speed of exiting a chamber con
taining the odor emitted by a nonrewarded rat was 
faster than the approach speed (Mellgren, Fouts, & 
Martin, 1973). The "nonreward" odor also resulted 
in subjects behaving as they might in a fear-producing 
situation (Cattarelli, Vernet-Maury, & Chanel, 1974). 

The " nonreward" odor concept has been investi
gated using many different approaches: changing the 
deprivation states of rats used as odor donors (Davis, 
Prytula, Noble, & Mollenhour, 1976), mixing the sex 
of odor donors and test subjects (Eslinger & Ludvigson, 
1980), and double vs. single or random alteration 
(Prytula, Note 1). Even with all the work involving 
the manipulations of various environmental condi
tions in the alleyway, very little effort has been di
rected toward the physiological mechanisms of gen
eration or reception of these odors. Attempts to 
chemically isolate the odor of "nonreward" also 
have not been too successful (Eslinger, 1980). 

Cattarelli, Vernet-Maury, Chanel, MacLeod, and 
Brandon (1975) recorded single-cell responses from 
the mitral cells of rat olfactory bulb during stimula
tion with various animal odors. They also used as 
stimuli "stress" odor from a shocked rat and odor 

0090-5046/81/020164·07$00.95/0 



taken from aT-maze where a rat had experienced re
ward (water) or nonreward. They reported a differ
ence in percentage of inhibitory and excitatory re
sponding cells to "reward" and "nonreward" odors. 
Their study did not offer any behavioral evidence 
that there was any specific odor in the T -maze, nor 
did they mention any specific control for the odor of 
water in the goalbox in the reward condition. Also, 
they did not report any data concerning any differen
tial responses in individual cells to the different stimuli. 

The present study represents an attempt to mea
sure the responses of single mitral cells in the rat 
olfactory bulb to odors collected from an alleyway 
in which rats have experienced reward or nonreward. 
Odors of urine and food were also used as stimuli. 
Our purpose was to discover whether or not the rat's 
olfactory system was responsive to the odor of "non
reward," and to gather data that might allow us to 
describe any differences or similarities of this type of 
odor and any other odors that might be present in 
the goalbox. 

METHOD 

Subjects 
The subjects used for the recording sessions were 28 female, 

albino, Sprague-Dawley rats, 90 days old at the onset of the re
cording phase. The subjects used for the generation of odor sam
ples were 8 female, albino, Sprague-Dawley rats. All animals 
were individually housed and maintained on a 12-h light/dark 
cycle. Recording subjects had food and water available at all 
times except for 48 h prior to the recording session. At that time 
a daily ration of 12-13 g was made available. The odor-donor 
subjects had water available at all times, and food was provided 
to maintain them at 851110 of free-feeding body weight. 

Apparatus 
The recording equipment was a modular system manufactured 

by Frederick Haer & Co. Tungsten steel microelectrodes with 
a tip diameter of less than 1 ~ and impedance values of S-IS MQ 
were used to record the single unit responses. Enhanced spike 
potentials were discriminated by passing the signal through a 
window discriminator. The output of the window discriminator 
was passed through a rate/interval analyzer. The output of the 
rate/interval analyzer was recorded as an integrated analog signal 
on a Bausch & Lomb VOM-S recording voltmeter. To allow for 
location of the mitral cell layer and visual monitoring of the re
cording, the raw signal was displayed on one beam of a dual-beam 
oscilloscope. The other beam of the oscilloscope was used to dis
play the multiplexed output of the window discriminator for visual 
adjustment of the window width. Throughout the course of the 
recording session, heart rate was monitored on a second oscillo
scope. Body temperature of the subjects was maintained within 
a range of 36°-38°C with a circulating water heating pad and 
monitored by means of a rectal probe. Respiration was provided 
by a Harvard Small Animal Respirator, adjusted so as to exchange 
a volume of 10 cc of air at a rate of 110 vol/min. 

Olfactory stimulation was provided by a carrier air supply to 
which were added odors from: (1) papers taken from the runway 
goalbox after two nonreward trials, (2) papers taken from the run
way goalbox after two reward trials, (3) a runway length section 
of paper to which urine from a donor rat had been added, and 
(4) a runway length section of paper to which a few pellets of food 
from the goalbox food cup were added. The latter two paper 
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Figure 1. The odor stimulus delivery system. The input was 
dried, filtered, and rehydrated air. 

samples were taken from the same roll of paper that lined the 
runway but had not been in contact with any of the subjects. 

The carrier air sample was dried by a Dririte filter and then 
purified by being passed through activated charcoal. It was then 
rehydrated by being passed through distilled water prior to enter
ing the stimulus delivery system. 

The stimulus delivery system allowed for a monitored flow 
rate of 150 ml/min. After the carrier stream left the flow meter, 
it passed through two separate lines, the clean-air line and the 
stimulus-air line. The stimulus-air line further divided at a mani
fold into four separate lines which entered glass-stoppered SOO-ml 
flasks containing the odor sample papers. Odorized air leaving 
the flasks passed through one of four stopcocks and back through 
a manifold where the four lines were recombined to form the 
stimulus air line. The clear-air line (also regulated by a stopcock) 
was connected beyond the second manifold to the stimulus air 
line. The stimulus-air line connected to one side of a "U" -shaped 
tube. The other side of the "U" tube was connected to a second 
clean-air line. This second clean-air line was used along with the 
other clean-air line only prior to the testing session to purge the 
"U" tube. At the bend of the "U" tube was a 1.0-mm-long glass 
pipette of 1.0 mm od. This pipette was inserted into the subject's 
naris. By manipUlating a system of stopcocks, either clean air or 
anyone of the four odor stimuli could be presented to the sub
jects. The stopcocks were manipulated in such a way as to insure 
that there was never an interruption of air flow or a change in 
air pressure to the subjects. The stimulus delivery system was con
structed entirely of glass. Figure 1 is an illustration of this appara
tus. 

The stimulus collection apparatus consisted of a straight run
way. The runway was 101 cm long and was divided into three 
sections: a 2S-cm-long startbox, a 38-cm-long alleyway, and a 
38-cm-long goalbox. The food cup, which was always baited, 
was located outside the end of the goalbox and was accessible 
through a 4-cm-diam hole in the end of the goalbox. Access to 
the goalbox was allowed (on reward trials) by raising a guillotine 
door. Food odor was allowed to pass into the goalbox on non
reward trials via 16 1.0-mm holes drilled through the door in a 
circle corresponding to the access hole in the wall of the goalbox. 
Each of the sections of the runway was covered by semiopaque 
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Plexiglas. The floor of the runway, which was 10 cm wide, was 
also covered by Plexiglas. Running from a slit in the base of the 
back wall of the startbox was a .strip of adding-machine paper 
covering the length of the runway and exiting through a slit in 
the floor of the goalbox just prior to the guillotine door that 
blocked access to the food cup in the goalbox. Two microswitches, 
located beneath the Plexiglas floor recorded the subject's time 
Crom entering the goalbox to arrival at the door covering the 
access hole to the food cup. Times were measured to the nearest 
S.O msec by . Standard Electric timers. The entire runway was 
painted with flat gray enamel. 

Proeedare 
The section of paper covering the goalbox was collected after 

reward trials (R) and nonreward trials (N) in the following manner. 
The eight subjects were run in squad order in a RRNNRRNN 
or NNRRNNRRsequence such that every animal in the squad 
ran the fust trial before any started the second trial. The sequences 
alternated over teSt days. On reward trials, the subjects had access 
to the food cup for 20 sec. On nonreward trials, the subjects 
were confmed to the goalbox for 20 sec with the food-access 
door closed. On reward trials, the food-access door was opened 
when the subjects closed the second microswitch stopping the 
elapsed time clock. The paper covering the entire runway was 
changed .after each sequence of two similar trials (NN or RR). 
Goalbox paper sections from the second R couplet and the second 
N couplet were cut from the strip of runway paper and placed, 
using forceps, into separate SOO-ml flasks and sealed immediately. 
The runway subjects were assumed to be patterning reliably when 
at least six of the eight animals in the squad showed consistently 
longer times on the two nonreward trials than on the two reward 
trials. 

The urine sample was collected at the same time that the run
way samples were being collected. The urine was collected from a 
female rat housed in a metabolism cage equipped with a urine 
separation funnel. The urine was placed on a goalbox-tength 
strip of paper and sealed in one of the flasks. A food sample 
was removed from the food cup and placed on a similar length 
of paper and placed in another flask. 

Surgery. Surgical procedures included the insertion of a catheter 
in the external jugular vein and a tracheotomy to allow for arti
ficial respiration. A detailed description of these procedures is pre
sented in Mercer and Remley (1979). Prior to testing, an injection 
of gallamine triethiodide (Flaxedil; Davis and Geck Co.) was ad
ministered through the venous catheter (1.0 - 1.6 ce/kg). Paralysis 
was indicated by the slowing of respiration, at which time the sub
ject was placed on the respirator. In order to eliminate pain and 
minimiu: discomfort to the animal, all areas of incisions and con
tact points were locally anesthetized with subcutaneous injections 
of 2.S'" procaine HCL. Additional injections of the procaine 
HCL were given at 2-h intervals. Additional injections of Flaxidil 
were given as needed to insure the absence of movement by the 
subjects. 

Recordlas. The microelectrode was lowered through a trephine 
hole in the skull until the electrical pattern on the oscilloscope 
indicated that the electrode was touching the surface of the ol
factory bulb. Baseline coordinates were recorded at this point as 
a point of reference. The electrode was then lowered using a hy
draulic microdrive until the electrode reached the mitral cell layer . 

Testing of a cell began by recording the fuing rate during a 
3.G-min period of clean air presentation. The mean fuing rate for 
the last 1.0 min of this 3.G-min period was used as the clean air base
line value. FoUowing the initial clean air presentation, one of the 
odor stimuli was presented. Each stimulus presentation lasted for 
90 sec, with a clean-air presentation between stimulus presenta
tions. Each clean-air period was 60 sec in duration or longer if 
necessary for the cell to return to baseline fuing rate. The-sequence 
for stimulus presentation was random except that each cell was 
tested frrst with either nonreward paper or reward paper. After the 

last of the four odors was presented, clean air was reintroduced 
and a new cell was isolated. At the end of the recording session, 
a lesion was made by passing .1 rnA of dc current through the 
electrode for 8.0 sec. The last cell from which recordings were 
made was the site of the lesion. All other cells were located in 
reference to these sites. 

For histological examination, the animal was overdosed with 
chloral hydrate and perfused intracardially with saline, followed 
by 10"0 neutral buffered Formalin. The brain was removed, fIXed 
in Formalin, embedded in celloidin, and sectioned at 30 JA through
out the extent of the trephined area. The tissue was stained with 
thionine and mounted for microscopic examination. 

RESULTS 

The significance criterion established for the stim
ulus collection procedure was met on all days when 
the goalbox paper was used as the stimulus for the 
recording subjects. The data of the speed scores for 
the odor-donor subjects are illustrated in Figure 2. 
Analysis of variance of these data shows a statis
tically significant effect of reward vs. nonreward 
trials [F(1,38S) = 270.98, p < .01]. 

A total of 186 cells were isolated and recordings 
made of their firing rates. Of this population, 178 
cells had at least one stimulus presented for the three 
9O-sec periods. The data recorded from e~ch cell were 
divided into sample periods in the following manner: 
The final 1 min of the initial 3-min clean-air baseline 
recording was divided into two bins of 30 sec. The 
mean firing rates for these bins were then averaged 
to obtain a mean baseline firing rate. The mean firing 
rate for the three 30-sec bins of the first odor pre
sentation was compared with the clean-air baseline 
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firing rate. The subsequent clean-air presentation 
was used as the standard of comparison for the next 
odor presentation. A difference in percentage equal 
to or greater than 20070 of the baseline firing rate 
was designated as a significant change in activity. 

The responses of a cell over the three presentations 
of an odor stimulus generally divided into three cate
gories: consistent responding (* * *), in which each of 
the three 9O-sec presentations caused a significant 
change in firing rate; partial responding (- - *, - * * , 

* - -, * * -, * - *, or - * - ), in which only some 
of the stimulus presentations caused a change of 20% 
or greater; and no response (- - -), in which none 
of the stimulus presentations caused a significant 
change. 

Over 50% of the cells tested did not show consis
tent responses; that is, the cell's responses on the 
three 9O-sec stimulus presentations were not uniform. 
These cells were divided into three categories: sen
sitizing cells, which showed no significant change 
during the first or first and second presentations of 
a stimulus and a subsequent stimulus bound change 
( - * *, - - *), and habituating cells, which showed 
a stimulus bound change on the first or first and 
second stimulus presentations but no change on sub
sequent presentations (* - -, ** -). The third cate
gory of cells could not be classified as either sensi
tizing or habituating (- * -, * - *). These unclas
sified cells make up the majority of the partial re
sponding category, as might be expected in a system 
that adapts as rapidly as does the olfactory system. 

A specific response was defined as a change in 
direction of firing rate (excitation or inhibition) of a 
cell in response to one stimulus that was different 
from the response shown to the other three stimuli. 

Of the 164 cells tested with the nonreward paper, 
80 cells had a consistent response, 69 cells had a par
tial response, and 15 cells showed no response. Twenty
five cells (consistent and partial responses) showed a 
specific response to the nonreward paper. Figure 3 
illustrates the data derived from a cell having a dif
ferent response to the nonreward paper than to any 
of the other stimuli. 

Of the 161 cells tested with the reward paper, 78 
cells had a consistent response, 65 cells had a partial 
response, and 18 cells had no response. There were 
26 cells which had a specific response to the reward 
paper. Figure 4 illustrates the data of one of these 
cells. 

Of the 149 cells tested with both the reward and 
nonreward papers, 59 responded differently to these 
two stimuli. That is, the cell responded with exci
tation to one stimulus and with inhibition to the other. 
Some of these cells, however, also responded to ei
ther the urine paper and/or the food paper. Of the 
121 cells tested with all stimuli, 25 showed a specific 
response to the odor from the nonreward paper, 
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26 cells showed a specific response to the odor from 
the reward paper, 31 cells showed a specific response 
to the food paper, and 11 cells showed a specific 
response to the urine paper. 

A summary of the data is presented in Table 1. 
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Table 1 
Responses of Single Mitral Cells From Rat Olfactory Bulb to Odor Stimuli Generated in a Straight Alleyway 

Number 
No Response 

Tested Total Percent Total 

Nonreward-Paper 164 15 9 80 
Reward-Paper 161 18 11 78 
Urine-Paper 143 17 12 70 
F-Paper 138 19 11 51 

Note-+ = excitatory response; - = inhibitory response. 

DISCUSSION 

A problem in the behavioral research which had 
not been resolved is whether there is one or two odors, 
a "nonreward" and a "reward" odor, or only one 
odor, with the other goalbox condition being merely 
the absence of that odor. The present data are con
sistent with the interpretation that there are different 
odors on reward and nonreward trials and that these 
odors are present on the paper covering the floor of 
the goalbox. The data also show that the odors are 
volatile and remain active for at least 8 h in a con
tainer with air being passed over the paper. 

The mitral cell responses to the nonreward paper 
samples produced some rather strong evidence that 
the odors of these paper samples were different from 
the other stimuli presented. The 25 cells with specific 
responses to the nonreward paper sample clearly 
support this differentiation of stimuli. The specific 
responses were divided into three categories: (1) cells 
that showed an excitatory or inhibitory response to 
the nonreward paper accompanied by no change in 
responding to the other stimuli, (2) cells that showed 
no change to the nonreward paper with an excitatory 
or inhibitory response to the other three stimuli, and 
(3) cells that showed a response to nonreward paper 
that was in the direction (excitation or inhibition) oppo
site to that of the response of the cell to the other three 
stimuli. The first two categories of specific responses 
could possibly be explained by a concentration dif
ference of identical odors. However, in the third 
category, it is not possible from what is known about 
the functioning of the mitral cells to find responses 
of a single cell in opposite directions to the same 
odor regardless of concentration differences. MacLeod 
(1971) states: 

The bulbar units usually display . . . on chemical stim
ulation three possible types of responses: excitation, in
hibition, or no response. When the stimulus is changed 
the response of a given unit mayor may not change. The 
same unit always gives the same response to the same 
substance and does not vary with stimulation inten
sity .... Only frequency of firing was significantly re
lated to the stimulation; pattern of firing on the opposite, 

Consisten t · Response Partial Response 
Specific 

Percent + Total Percent Response 

49 39 41 69 42 25 
48 33 45 65 40 26 
49 26 44 56 39 22 
38 17 34 64 48 31 

appeared rigidly characteristic of units and independent 
of stimulation (p. 198). 

Taken together, these data are consistent with the 
conclusion drawn from the behavioral data, that there 
is a specific odor associated with the condition of 
nonreward, and that this odor is different from the 
odors associated with reward, food, or urine. 

The arguments presented above for the assertion 
that there is an odor associated with nonreward are 
also applicable to the assertion that there is also an 
odor associated with reward. This conclusion is in 
agreement with those reported by Cattarelli et al. 
(1975) and Cattarelli et al. (1977). They reported 

Figure 5. Photomicrograph of rat olfactory bulb. Lesion indi
cates location of microelectrode. 



that there were different percentages of cells showing 
excitation or inhibition to "nonreward" and "re
ward" odors. In the data reported here, 26 cells had 
a specific response to the odor from the reward paper 
sample. 

The conclusion inferred from the electrophysio
logical data that it is not "food" odor that is specific 
to the reward condition is supported by the fact that 
in the alleyway used for stimulus collection there was 
"food" odor on both reward and nonreward trials. 
The behavior of the donor animals clearly demon
strates that the animals were able to discriminate the 
reward from the nonreward trials even though "food" 
odor was present on both types of trials. The same 
logic is also applicable to the conclusion that the 
odor of urine is not the odor apparently used by the 
donor subjects, for urine was also present on both 
the reward and nonreward trials. 

It must be stressed that the present research does 
not address the issue of what these odors from the 
goalbox consist of, or of what the receptor mecha
nisms might be. The data only demonstrate that spe
cific reward and nonreward odors are detected at the 
level of the mitral cells in the olfactory bulb. 

There is one finding that is tempting to speculate 
about, and that is the observation of similar responses 
to some of the odors if examined as pairs. Doving 
(1966) has reported that the closer together substances 
are chemically, the more similar their olfactory stim
ulative properties. Of the pairwise comparisons for 
similar responding, the "nonreward" and "reward" 
odors show the largest number of similarly respond
ing cells. These two odors may be much more similar 
than are some pairs of odors such as "nonreward" 
and "food." Examined from a behavioral approach, 
this might explain the difficulty that some animals 
have in making a discrimination in the alleyway un
less given many trials or a very concentrated collec
tion of odors. 

The most frequently used hypothesis that has at
tempted to explain the behavioral results of this subject
generated odor phenomenon has been the "frustra
tion" odor hypothesis (Ludvigson, Note 2). This hy
pothesis proposes that upon reaching an empty goal
box where food has been encountered in the imme
diate past, the subject is frustrated and emits a par
ticular odor associated with this state. Behavioral 
evidence has clearly shown that an odor is emitted 
and can be used as a cue by conspecifics to predict 
the upcoming goal event. This hypothesis has been 
extensively tested, and most of the data tend to sup
port the idea of a "nonreward" odor linked to frus
tration. 

A second possible interpretation of these data 
might be called a "food vs. no food" hypothesis. 
This hypothesis assumes that the rat emits an etho
logically significant odor (pheromone) when en-
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countering food, thereby signaling the location of 
food to conspecifics. The hypothesis also assumes 
that when encountering food stimuli (food odor, for 
example), but no food, the rat emits a pheromone 
signaling "food is no longer atthis location" to con
specifics. 

The data generated by the present research can 
fit with either hypothesis. The differential direction 
of responding of cells to the odors from reward paper 
and nonreward paper indicates specific odor com
ponents on the two papers. The odor on the non
reward paper could very well be the result of frus
tration. The odor on the reward paper could be ig
nored by the subject, particularly if the presence of a 
stronger olfactory cue on the nonreward paper is 
enough to predictably establish the presence or ab
sence of food. Responses of cells at the mitral cell 
level in the olfactory bulb make no statement about 
the final behavioral output of the animal other than 
that the subject is able to detect an odor. 

On the other hand, the "food vs. no food" hypoth
esis seems to be more in agreement with our under
standing of pheromonal communication in social 
species. It would seem that the ability to signal "no 
food here" in a location where food was previously 
found would have important adaptive advantage for 
an animal that is often a prey. 

This research has demonstrated that it is possible 
to collect "reward" and "nonreward" odors on 
paper covering the floor of a goalbox in a straight 
alleyway. It has shown that these odors are different, 
not only from each other, but also from the odors 
of urine and food. The behavioral data shows that 
conspecifics can utilize these odors to predict the sub
sequent goal event. Further research will be required 
to determine whether there is, in fact, an odor of 
"frustration," or whether these odors are natural 
pheromones used to signal the presence or absence 
of food to conspecifics. 
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