
lnduction of Olfactory Receptor Sensitivity in Mice surements ten mice for 4 
weeks and from eight control NZB/BlNJ 
mice (Fig. 2) confirmed these observations. 
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increase in the amplitude of the response to 

Repeated exposure to olfactory ligands (odorants) increased peripheral olfactory sensi- the lowest concentration of androstenone 
tivity in mice. For two unrelated ligands, androstenone and isovaleric acid, induction of (13) [at a response amplitude of 0.2 mV, 
olfactory sensitivity was odorant-specific and occurred only in inbred strains that initially this corresponds to a 5.5-fold increase in 
had low sensitivity to the exposure odorant. These data demonstrate stimulus-induced androstenone sensitivity (14)l. The differ- 
plasticity in a sensory receptor cell, suggesting a form of stimulus-controlled gene ex- ence in response amplitude was significant 
pression, Induction with two unrelated odorants implies that olfactory induction is a general at all concentrations (P < 0.002) (15). In 
phenomenon that may occur in a large fraction of the human population. contrast, androstenone exposure did not 

cause a significant change in the amplitudes 
of the responses to isoamyl acetate (P > 
0.80). This result demonstrates that expo- 

Individual variation in olfactory sensitivity to olfactory stimuli, a signal known as the sure to androstenone preferentially affected 
is common in humans. For example, insen- electro-olfactogram (EOG) (9, 10). All re- sensitivity to this odorant, as was observed 
sitivity to the odorant androstenone (5a- sponses had monophasic negative wave in humans (5). The ability of an odorant to 
androst-16-en-3-one), an example of a spe- forms, which are typical of the receptor increase androstenone sensitivity in NZBI 
cific anosmia, occurs in roughly 50% of component of the EOG (9, 11). Our mea- BlNJ mice also appeared to be specific for 
populations tested (1). The causes of spe- surements likely underestimated increases in androstenone, because exposure to isoamyl 
cific anosmia are not known but appear to response amplitude that occurred in a subset acetate (8) had no significant effect on 
have a genetic component (2). Thus, by of receptor cells, because the EOG averages responses to either androstenone or isoamyl 
analogy to color blindness (3), specific the responses of many cells. acetate (16). The EOG responses were 
anosmia may result from defects in the In an NZB/BlNJ mouse, 23 days of recorded -20 hours after the last exposure 
genes encoding the olfactory receptor pro- exposure to androstenone caused an in- to androstenone. This persistence in in- 
teins (4). However, in contrast to color crease in the amplitudes of the EOG in creased sensitivity suggests that induction 
blindness, which is stable throughout life, response to all tested concentrations of this may be long-lasting; in humans, induction 
specific anosmia to androstenone can be odorant (a 2.2-fold increase occurred at the appears to be stable for at least 6 weeks after 
reversed by repeated exposure to this odor- lowest concentration) but had no effect on the end of androstenone exposure (1 7). 
ant (5). Induction of androstenone sensi- the amplitudes of the responses to isoamyl To investigate whether induction occurs 
tivity was demonstrated by psychophysical acetate (Fig. 1) (12). The averages of mea- only in strains that have low sensitivity to 
measurements ( 3 ,  so it is not known 
whether induction results from changes in 
peripheral olfactory sensitivity or from Fig. 1. The odorant-induced volt- Control Exposed 
changes in central olfactory processing. ages across the o l fac to~ epithe- I : 1 ~ndrostenone 1 drostenone 
Furthermore, it is not yet known whether l i a  (EOG) (9) NZBIBINJ mice in 

induction can occur with odorants other response l,O-s p u l s e s ,  starting 
at zero time, of androstenone and 

than androstenone. We have addressed isoamyl acetate (the odorant con- 
these issues by recording the olfactory re- centrations are the same as those 
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ceptor potential in inbred strains of mice for the NZB,B~ NJ data in Fig. 2). lsoarnyl acetate lsoarnyl acetate 
that exhibit behavioral deficits for an- 
drostenone or for another odorant, isova- 
leric acid. 

Inbred strains of mice that are relatively 0 2 4 6  0 2 4  6 
insensitive (C57BLl6J) and sensitive (AKRI Time (s) 

J) to isovaleric acid were identified by their 
behaviors in a conditioned aversion task (6). 
These strains did not differ in their sensitiv- Fig- 2. Peak amplitudes of the EOG CBW 
ity to isoamyl acetate (6). Therefore, the a Of the log O f t h e  Odor- 

ant concentration (10) for the indi- 
::liAndro;on; 

, 

C57BLl6J strain was chosen as an animal cated strains of mice (solid circles, 
model for individuals with a specific anosmia androstenone~exposed~ empty cir- 
for isovaleric acid, and the AKFVJ strain was cles, cont ro l ) ,  For androstenone, s 0.5 
chosen as an animal model for individuals the solution concentrations were .S .--@--- 

sensitive to isovaleric acid. The same ap- absolute; for isoamyl acetate, the f 0 . 0 ~ ~  -4 -3 
proach was used to identify the NZB/BlNJ solution concentrations were rela- 
and CBA/J strains as animal models for tive to a saturated aqueous solu- 

lsoarnyl acetate 

, , , 

~soarn; a c e y :  , 
individuals with a specific anosmia for, or tion. Although the experiments on a 
sensitivity to, androstenone, respectively CBA1J mice used 100-fold higher 8 1.0 

(7). We exposed mice to androstenone or Concentrations Of isoamyl 
than did the experiments on NZBI isovaleric acid (8) and assessed shifts in B1 NJ, the two strains exhibited sim- 0.5 v J 

1 .o 
/A 

receptor sensitivity by recording the voltage ilar concentration response curves, 
across the olfactory epithelium in response as shown by the responses to the 0.0m7 -6 -5 -4 -3 O.95 -4 -3 -2 -1 

log of the odorant concentration at 
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Fig. 3. Peak amplitudes of the C57BU6J AKWJ 
EOG as a function of the log of the 1.5 

odorant concentration (10) for the I lsovaleric acid ,,) : 111 lsovaleric 
indicated strains (closed circles, 1 .O 
isovaleric acid-exposed; open 
circles, control). 
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the inducing odorant, we measured the 
effects of androstenone exposure in CBAJ 
mice, which, unlike NZB/BlNJ mice, ex- 
hibited behavioral sensitivity to both an- 
drostenone and isoamyl acetate in the con- 
ditioned aversion assay (7). The EOG re- 
sponses to androstenone were larger in the 
control CBAJ mice than in the control 
NZB/BlNJ mice, which is consistent with 
the behavioral observations. In contrast to 
results from the NZB/BlNJ strain, respons- 
es from the CBA/J mice to androstenone or 
isoamyl acetate were not significantly af- 
fected by the 2 to 6 weeks of exposure to 
androstenone (Fig. 2) (18). This result 
suggests that induction does not occur in 
mice that initially have appreciable sensi- 
tivity to the inducing odorant. 

To determine whether induction can oc- 
cur with odorants other than androstenone, 
we measured the effects of 2 to 4 weeks of 
exposure to isovaleric acid on C57BLl6J and 
AKR/J mice, strains that are relatively in- 
sensitive and sensitive, respectively, to this 
odorant (6). The results (Fig. 3) paralleled 
those described above for induction of andro- 
stenone sensitivity: Exposure to isovaleric 
acid increased the responses to the odorant 
in the C57BLt6J strain but not in the AKR/J 
strain and did not affect the responses to 
isoamyl acetate in either strain (1 9). 

Our data show that induction can occur 
within the olfactory epithelium and is odor- 
ant-s~ecific: that is. it occurred onlv in 
straiis tha; have l'ow sensitivity to ' the  
exposure odorant, and sensitivity increased 
preferentially for that odorant. This speci- 
ficity provides evidence that induction re- 
sults from changes within the olfactory 
receptor cells. The increase in response 
amplitude could result from an increase in 
the number of receptor cells that respond to 
the exposure odorant, an increase in the 
sensitivity of cells that already respond to 
the exposure odorant, or both. In any case, 
however, the temporal stability of induc- 
tion suggests that it is mediated by altered 

gene expression in the exposed animals, 
possibly reflecting increased expression of 
genes that encode olfactory receptor pro- 
teins (4) with a high affinity for the expo- 
sure odorant. 

The EOG responses of the control NZBI 
BlNJ mice to androstenone were smaller 
than those of the CBAJ strain. This differ- 
ence provides the second example of an 
olfactory receptor-cell correlate of low be- 
havioral sensitivity in mammals; the first is 
the low sensitivity to isovaleric acid in the 
C57BLl6J strain [(20) and Fig. 31. Thus, 
our data support the hypothesis that at least 
some specific anosmias are caused by genet- 
ic defects that are expressed in olfactory 
receptor cells. 

Our results demonstrate stimulus-in- 
duced plasticity in a sensory receptor cell. 
The ability of the olfactory receptor cells to 
exhibit this plasticity may be related to 
their continual turnover (2 I ) ,  which sug- 
eests that the full differentiation of imma- " 
ture olfactory receptor cells and the deter- 
mination of their odorant specificity may be 
controlled, in part, by olfactory stimula- 
tion. Therefore, because of the relative 
simplicity of the olfactory epithelium, ol- 
factory induction may provide a useful mod- 
el for the studv of the control of eene " 
expression during neuronal development 
and differentiation. 
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