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Spatial variation in response to odorants on the rat olfactory epithelium 
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Summary. We have measured the electro-olfactogram produced by four  odorants,  nicotine, i-pentyl acetate, i-pentanoic acid 
and cineole f rom twelve positions on an in vitro preparat ion of  rat olfactory tissue. Each odorant  shows a different pattern 
of  response over the twelve positions which can be explained by differences in olfactory receptor populations between regions 
of  the rat olfactory epithelium. 
The result for nicotine is further evidence that  there are olfactory receptors which are stimulated by nicotine when it is 
presented as a vapour.  
Key words. Electro-olfactogram; olfaction; spatial patterning; nicotine. 

Introduction 

The olfactory epithelium in the rat is located on bony tur- 
binate structures and on the septum which separates the two 
halves of  the nasal cavity. This sensory epithelium is the site 
o f  a complex series of  events following odorant  stimulation, 
culminating in the generation of  an itction potential  in the 
primary olfactory neurons. These primary neurons Synapse 
in the olfactory bulb where subsequent processing of  the 
information f rom the epithelium occurs 2, 3 
The mechanisms by which the olfactory system can distin- 
guish between the very large number  of  'smells' found in the 
environment  using a finite number  of  receptors is still not  
fully understood. One level at which determination of  odour  
quality can occur is at the initial interaction of  odorant  with 
the olfactory epithelium. The layer o f  mucus which covers 

the olfactory epithelium will affect odorants  which dissolve 
in it in different ways 4, 5 and will therefore affect the rate and 
concentrat ion at which odorants  reach the olfactory recep- 
tors. This mode of  discrimination between odorants  is an 
example of  ' imposed'  pat terning of  the stimulus-olfactory 
epithelium interaction. A second type of  discrimination is 
more specific, in that the stimulus can be identified through 
differences in the stimulated receptor populations,  in the 
transduction pathways activated and in the arrangement of  
neuronal connections to the olfactory bulb. 
This specific 'patterning'  of  the response to odorants  has 
been demonstrated in several ways at different levels in the 
transduction process. Electrophysiological studies have 
shown that an odorant  stimulates more than one receptor 
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type 6, 7 and that the Olfactory neurons differ in the range of 
odorants to which they respond 8. In vitro experiments using 
the olfactory odorant-modulated adenylate cyclase also sug- 
gest that odorants stimulate a heterogeneous population of 
receptors and that some odorants are poor stimulants for 
this particular transduction mechanism 9.1 o. The electro-ol- 
factogram (EOG), a summated receptor potential from 
many olfactory neurons, has been used to demonstrate re- 
gional differences in response to odorants in the frog 11,12 
and the salamander 13, and histological studies have shown 
that the membraneous particles of vertebrate olfactory cilia, 
supposedly the olfactory receptor sites, are unevenly distrib- 
uted within the epithelium 14. Recent studies have demon- 
strated that specific regions of the olfactory bulb are con- 
nected with specific regions within the olfactory epitheli- 
um 15-17. These results support the hypothesis that the ol- 
factory neurons are arranged non-randomly within the ep- 
ithelium and that different odorants may stimulate receptors 
at different regions of  the olfactory epithelium. 
The spatial patterning of the response to odorants by the rat 
olfactory epithelium is suggested from EOG recordings tak- 
en from the olfactory neurons on the dorsal side of the cribri- 
form plate 1 s. Here we have used the EOG as a measure of 
the response from twelve positions on the epithelium itself to 
four odorants with markedly different structures and 
odours; i-pentyl acetate, i-pentanoic acid, cineole and 
nicotine. 

Materials and methods 

The in vitro preparation, odorants and methods used in this 
study are described in detail elsewhere 19. The exposed ep- 
ithelium of each of  the four olfactory turbinates was allocat- 
ed three positions from which it would be possible to record 
EOGs. These positions were essentially the same in each rat 
studied, though some variation in topography of the tur- 
binates of different preparations was observed during the 
study. Thus, there were twelve positions from which EOGs 
could be recorded (fig. 1). The right side of the head was 
routinely used in this study. 
Initially, EOG recordings were taken from an arbitrary posi- 
tion (position 8) on every rat studied. In this laboratory 
recordings are frequently made from position 8 because this 
location gives a large EOG amplitude to many odorants. 
Following this, the electrode was raised and repositioned by 
movement of the head stage holding the preparation. An 
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Figure 1. Schematic diagram of the olfactory turbinates following sagit- 
tal sectioning of a rat head and removal of the septum. The 12 positions 
from which EOGs were recorded are marked 1 to 12, three on each of the 
four turbinate structures, T1-T4.  C = Cribriform plate, OB = Olfactory 
Bulb. The arrows show the direction from which the odorants were 
presented to the epithelium. 

identical sequence of the odorants (each presented in dupli- 
cate as a 1-s pulse of vapour followed by a l-rain recovery 
period) was then presented to the new position. By moving 
the preparation in this manner, the distance between the 
electrode tip and odorant delivery nozzle was fixed through- 
out each experiment. The same vapour concentration of each 
odorant was applied to each position studied (nicotine 
65 nM, cineole 309 nM, i-pentanoic acid 383 nM and i- 
pentyl acetate 981 nM). The preparation of odorants for the 
experiments and calculation of odorant concentrations was 
as described elsewhere 19 
Recordings were made from position 8 in each rat to provide 
a common reference position for the experiment, since time 
did not permit us to record EOGs from all twelve positions 
on each rat studied. The same electrode was used to record 
from any one preparation but was replaced as required dur- 
ing the study; this will not significantly affect the EOGs 
recorded. The order of positions from which recordings were 
taken was as random as possible after the following criteria 
were obeyed. Neither adjacent positions were used on the 
same turbinate nor opposite areas on neighbouring tur- 
binates, where the first presentation of odorants may have 
reduced the sensitivity of the second or subsequent areas to 
be studied. In a single preparation it was possible to record 
from four or five positions before there was a risk of the 
tissue drying out. The olfactory epithelium was not super- 
fused with Ringer solution between recordings from each 
position. 
Discriminant analysis on the results from the study was per- 
formed on an IBM 4381 computer utilising the Statistical 
Package for the Social Sciences (SPSSx) programmes. 

Results 

An example of a typical experiment is shown in figure 2. The 
EOG traces were recorded consecutively from five positions 
(positions 8, 12, 4, 6 and 1 shown in fig. 1) on the same rat 
olfactory preparation and show that there are differences in 
response of the rat olfactory epithelium to the four odorants 
at the five positions. In all, 19 rats were studied. 
The mean EOG amplitude to the odorants at each position 
is shown in figure 3. The data were collected from all presen- 
tations of odorant made to the olfactory epithelium during 
the study, typically three presentations of i-pentyl acetate 
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Figure 2. Patterning of the EOG response to the four odorants from a 
single rat half-head preparation. The presentation order (and the vapour 
phase concentration) of the odorants is from left to right, i-pentyl acetate 
(981 nM), cineole (309nM), nicotine (65nM) and i-pentanoic acid 
(383 nM). The order of recordings is position 8 first, then 12, 4, 6 and 1. 
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Figure 3. Mean EOG peak amplitude + 95 % confidence interval versus 
recording position. The minimum number of presentations to any one 
position is 10 (nicotine, cineole and i-pentanoic acid to positions 5 and 11) 
and the maximum is 69 (i-pentyl acetate to position 8). 
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Figure 4. Mean A value versus recording position for cineole E3, nicotine 
�9 and i-pentanoic acid A. The 95 % confidence intervals of the mean A 
values for positions 1 to 12 are as follows; 
cineole _+ 0.24, 0.37, 0.54, 0.29, 0.29, 0.20, 0.46, 0.10, 0.18, 0.37, 0.53, 0.23. 
nicotine __ 0.28, 0.23, 0.18, 0.20, 0.14, 0.04, 0.49, 0.03, 0.05, 0.41,0.13, 0.08. 
i-pentanoic acid __ 0.42, 0.15, 0.25, 0.10, 0.26, 0.14, 0.41, 0.05, 0.18, 0.19, 
0.27, 0.17. 

and two each of nicotine, cineole and i-pentanoic acid at 
each position, remembering that it was not  possible to record 
EOGs from all twelve positions on the same preparat ion and 
that position 8 was studied on every preparation. The results 
shown in figure 3 suggest that there are spatial differences in 
the amplitude of response to the odorants tested. However, 
accurate interpretation of these results is difficult when it is 
realised that in addition to experimental effects (see discus- 
sion) the data do not  account for variation in response be- 
tween animals. In previous studies we have used the A value 
to account for this variation 6, 7, 19, and we have applied this 
analysis here also. The value A was calculated for each odor- 
ant  by normalising the EOG peak amplitude recorded from 
nicotine, eineole or i-pentanoie acid to the E OG peak ampli- 
tude recorded from i-pentyl acetate at the same position. 
Thus, we are describing the E OG for nicotine, cineole and 
i-pentanoic acid by a value that is unrelated to COG ampli- 
tude and is consistent for each odorant  between animals. 
The mean A value for each odorant  at each position is shown 
in figure 4 and gives an estimate of changes in A value versus 
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Figure 5. Plot of the centroid value for each recording position (mean 
canonical value for canonical functions 1, 2, and 3) determined using 
discriminant analysis of the A values for cineole, nicotine and i-pentanoic 
acid. The shaded symbols represent a negative value for canonical func- 
tion 3. All points start at the origin before the analysis. Numbers l to 12 
represent the centroid value for the recording positions on O Tt, [] T2, 
A T3 and ~ T4 of figure 1. 

recording posit]on. The A value can change due to a relative 
increase or decrease in EOG amplitude measured from one 
or both of the 'test' odorants (cineole, nicotine or i-pentanoic 
acid) or 'reference' odorant  (i-pentyl acetate). As can be seen 
from figure 4, the change in A value for the 'test' odorants is 
not  identical across the 12 positions, again suggesting that 
there are spatial differences in response to the test and/or  
reference odorant  on the rat olfactory epithelium. 
The variation in A value across the 12 positions for each test 
odorant  may not  be identical for each animal tested, thus 
evidence for spatial patterning may be obscured by simply 
calculating the mean A value. We therefore analysed the A 
value data from each preparat ion using discriminant analy- 
sis, in which each position studied on each animal was de- 
scribed mathematically by canonical values relating the nor- 
malised response (A value) of the olfactory epithelium to the 
three test odorants. The equations used to determine these 
values calculated the maximum discrimination possible be- 
tween the A values. A plot of the two most  discriminating 
functions on x - y  axes represents the movement  of the value 
from the origin during the analysis. The canonical values for 
each position are then averaged, giving a mean value, the 
centroid, for each position studied (fig. 5). Using this analy- 
sis we represent the original COG data from four odorants 
in a two-dimensional plot. Figure 5 shows that the centroid 
values for the positions do not  fall into the same quadrant  of  
the plot, again suggesting that there are regional differences 
in response to the odorants tested which can be identified by 
the normalised responses to cineole, nicotine and i-pentanoic 
acid. The data points used in the discriminant analysis were 
related to the actual recording position by a number  from 1 
to 12 (as in fig. 1). The analysis classified the data from 33 
out of 92 recordings as coming from the expected recording 
position. The probabili ty that this result has been generated 
by chance is a function of the Poisson distribution and gives 
p < 0.001. This indicates that there is a similar pattern of 
response from the ] 9 animals used. 

Discussion 

The results obtained in this study show that there is spatial 
patterning of response to the four odorants tested in both 
EOG amplitude (fig. 3) and variation in the normalised re- 
sponse (fig. 4). These results must be interpreted with cau- 
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tion in order to distinguish imposed patterning (including 
experimental effects) from the patterning which should be 
observed if the odorants stimulate different regions of the 
olfactory epithelium. 
The EOGs measured at the twelve positions will be affected 
by differences in mucus thickness and composit ion between 
each recording position, the propor t ion of non-responsive 
respiratory epithelium in the regions tested and the position 
of the recording electrode relative to the earth electrode. 
Smaller EOGs are likely to be recorded near to the edges of 
the turbinates due to current leakage being greater in these 
regions. This should affect the EOG to all four odorants 
equally. The same is true of the amoun t  of  respiratory epithe- 
lium at each posit ion (likely to be greatest at positions 3, 6, 
9 and 12). The mucus layer covering the epithelium may 
impose patterning on our preparat ion in the following way. 
The response to odorants  that have a large water/air parti- 
t ion coefficient (nicotine and i-pentan0ic acid) will be affect- 
ed to a larger extent by changes in mucus thickness than the 
less soluble odorants  (i-pentyl acetate and cineole). As the 
mucus thickness increases, the decrease in EOGs to nicotine 
and to i-pentanoic acid will be greater than any change in the 
EOG to cineole and to i-pentyl acetate. Evidence suggests 
that in the rat the mucus layer is of  uniform thickness (about 
5 ~tm 20). Thus imposed patteming via mucus effects is un- 
likely to explain large differences in the response measured 
from the twelve positions, particularly between nicotine and 
i-pentanoic acid. 
The design of our electrode and stimulus source zl, although 
reducing imposed variation in the response, may influence 
the EOGs in a different manner.  Diffusion of the odorants 
(or even transport  2z) through the mucus may allow adapta- 
tion to occur in an adjacent position on the same turbinate. 
The experimental protocol we used avoided recording from 
two such positions without leaving time for the odorants to 
disperse (by recording the EOGs from a position on a differ- 
ent turbinate). If  such adaptat ion had occurred, then the 
response of an odorant  would be reduced at the subsequent 
recording position. Observations made during the experi- 
ment  suggested that this was not  the case. 
The differences between recording position determined by 
discriminant analysis have no experimental parameter, but  
are a useful pointer to positions which show large differences 
in response to others. By referencing to the E OG data shown 
in figure 3, it is possible to discover why these differences 
have been identified by the discriminant analysis. For  exam- 
ple, position 3 is distinguishable from all others because of a 
relatively larger response to cineole than is expected for a 
uniform distr ibution of receptors for all four odorants. An- 
other example is the response to nicotine vapour  at position 
10 which is larger than expected, whereas the response to 
i-pentanoic acid vapour  at the same position is not, suggest- 
ing that imposed patterning in this case is unlikely. In a 
previous study we have shown that the lectin concanavalin A 
reduces the EOG to nicotine, cineole and i-pentanoic acid to 
different extents 19, suggesting that  the three odorants  stimu- 
late different combinat ions of olfactory receptor. Thus, the 
unrelated variation in response over the twelve positions to 
each of the three odorants seen here is not  unexpected. 
The relative arrangement  of the centroids for each turbinate 
is also interesting (fig. 5). The first turbinate (positions 1, 2 

and 3) is easily distinguished from the others on the basis of 
the response to the odorants tested. The other three tur- 
binates are not  so easily separated by canonical functions 1 
and 2, though all have differences in response between the 
anterior and posterior of each turbinate. Such positional 
differences have been observed previously in the salaman- 
der 13 Values for canonical function 3 for each centroid do 
appear to separate the responses of turbinates 1 and 3 from 
those of turbinates 2 and 4. Such patterns may be expected 
from a non- random arrangement  of receptors within the 
olfactory epithelium. 
These observations suggest that specific pat terning of re- 
sponse to the odorants  is seen on rat olfactory epithelium. 
This patterning is most likely explained by differences in 
receptor populations between the positions studied and is 
consistent with other studies suggesting this type of arrange- 
ment  of olfactory receptors in the rat and other spe- 
cies 12, 13, 15-18 

In  addition, the result for nicotine confirms our previous 
finding 19 that nicotine stimulates olfactory receptors of rat 
olfactory epithelium in a manner  similar to other odorants. 
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