
between trials. The brain stimulation 
consisted of 300-msec pulses of sine- 
wave current at intensities from 0 to 40 
!LA, raised in 5-(*A increments. The dis- 
tinction between ascending current and 
constant current appears to be particu- 
larly important; we have observed far 
greater disruptive effects of a-flupen- 
thixol when current was held constant 
for short test sessions, a result (2) con- 
sistent with those reported by others (3). 

Bielajew suggests that our rate-intensi- 
ty functions might have concealed a 
drug-induced reward deficit. However, 
as  noted above, we found that ascend- 
ing-series tests yielded more information 
than the more traditional approach with 
a single-current intensity held constant. 
In any event, we are not suggesting that 
no reward attenuation occurred in the 
presence of neuroleptic, only that a per- 
formance deficit was also evident. As a 
consequence, the behavioral disruption 
produced by neuroleptic treatment is an 
interaction between both variables (re- 
ward and performance deficits). When 
performance factors are reduced, as by 
reducing the kinetic requirements of the 
operant response, we observed a smaller 
reward deficit than others in the litera- 
ture would probably have expected (4). 
We have little problem with Bielajew's 
comments since she herself admits the 
presence of drug-induced "performance 
deficits" in addition to  "reward defi- 
cits.'' 

Contrary to Wise's comment, al- 
though the brain stimulation reward 
thresholds for nose poking are undoubt- 
edly lower than those for pressing levers, 
this does not alter the interpretation of 
our data since one would still expect to  
observe a dose-dependent reduction in 
both behaviors during neuroleptic chal- 
lenge (that is, if the drug selectively 
attenuates reward, then increasing doses 
should d o  so with increasing effective- 
ness, independent of the response em- 
ployed in the experimental design). In- 
stead, doses of 0.2 to  0.8 mg per kilo- 
gram of body weight produced essential- 
ly the same behavioral disruption in 
nose-poking behavior. Wise, however, 
suggests that nose poking is a poor 
choice of response since it may be main- 
tained "not by the rewarding property 
but rather by the motoric side effects of 
stimulation." In fact, all of our animals 
readily reinitiated responding during 
each 5-minute trial and efficiently fol- 
lowed the stimulation by seeking out and 
responding only on the positive of the 
two holes for nose poking (randomly 
alternated for each trial). We are un- 
aware of evidence indicating that nose 
poking is an inappropriate operant re- 
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reward. In our view, much of the rein- 1. 

forcing properties of the stimulation sur- 
vived the a-flupenthixol challenge. The 
pharmacological profile of a-flupenthixol 
is similar to many other neuroleptic 
agents used in behavioral work, and test- 

Counterbalancing the order of testing may have 
reduced the likelihood that repeated a-flupen- 
thixol exposure would lead to the development 
of some tolerance to the drug effects. However, 
to avoid this, 1 week was left between drug trials 
and 3 weeks separated the conclusion of nose- 
poking tests from the commencement of drug 
trials on lever-press responding. Had some tol- 
erance occurred to reoeated drue administra- - 

ing in our laboratory with a wide variety 
of behavioral assays does not support 
Wise's statement that a-flupenthixol has 
more motoric side effects than other 
drugs of its type. 

The so-called anhedonia hypothesis 
(4) suggests (i) that neuroleptic drugs 
attenuate the positive properties of rein- 
forcers and (ii) that this effect is pro- 
duced by a disruption in the neurotrans- 
mission of central dopamine pathways. 
Contrary to what Wise suggests, we 
have not proposed that the anhedonia 
hypothesis "may be based on a response 
artifact." Many of our findings have 
been consistent with aspects of the anhe- 
donia hypothesis (5). We d o  not question 
whether dopamine neurons may be in- 
volved in the biological basis of rein- 
forcement, only the extent of involve- 
ment. Our position remains unchanged- 
that dopamine substrates represent nei- 
ther a critical link nor a final common 
pathway in the neural mediation of re- 
ward. 
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Olfactory Function After Bulbectomy 

Wright and Harding (I) have suggested 
that a previously learned olfactory dis- 
crimination can reappear after all sec- 
ond-order olfactory neurons are surgical- 
ly removed by bilateral bulbectomy. Pri- 
mary olfactory axons do regenerate, 
and, in addition to  reconnecting with the 
olfactory bulb, can make anatomical 
connections within the forebrain after 
bulbectomy (2). Wright and Harding do 
not demonstrate that these unusual con- 
nections are responsible for the behav- 
ioral recovery reported because they d o  
not show (i) that such connections were 
formed in their behavioral animals, (ii) 
that all normal connections were re- 
moved, and (iii) that all other sources of 
information were inoperative. 

Complete bulbectomy cannot be as- 
sured without histological verification, 
(i) because the ventromedial part of the 
olfactory bulb extends caudally under 

the forebrain and could be left intact, 
especially if "[clare was taken to avoid 
forebrain damage . . ." (I,  p. 322) and 
(ii) because the distortions of the fore- 
brain, after cranial closure following par- 
tial or complete bulbectomy, make the 
recognition of remaining bulbar tissue 
uncertain. Furthermore, it seems that 
the animals surviving to the end of the 
behavioral experiment-that is, the ani- 
mals showing the greatest recovery- 
were never examined for intact bulb tis- 
sue. In short, all the behavioral results 
reported could be accounted for by the 
presence of remaining olfactory bulb tis- 
sue and the reconnection of primary ax- 
ons to  this tissue. The biochemical re- 
sults could be accounted for in the same 
way. Because of the distortions men- 
tioned above, the nature of the intracra- 
nial tissue assayed in these experiments 
could not be accurately judged without 
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histology; even if nonbulbar forebrain 
connections did contribute to  the bio- 
chemical results, however, their function 
would be in doubt if not all bulbar con- 
nections had. been eliminated. 

Two further problems not adequately 
addressed in the report are the possibili- 
ty of contributions by nonolfactory che- 
moreceptors and the lack of controls in 
the principal behavior experiments. 

1) Aqueous dilutions of amyl acetate 
such as  those used by Wright and Har- 
ding can produce vapor concentrations 
much above the equivalent-ratio air dilu- 
tion (3) and well above threshold for 
intranasal trigeminal chemoreceptors 
(4 ) .  

2) The authors concluded that a 
learned odor aversion is temporarily lost 
after bilateral bulbectomy and subse- 
quently recovered when connections be- 
tween primary olfactory neurons and the 
brain are reestablished. This conclusion 
is untenable unless control and sham- 
operated groups are used to show that 
odor aversion learning occurs, that a 
temporary loss of response to  the odor is 
related to bulbectomy, and that the reap- 
pearance of avoidance depends on the 
treatment before bulbectomy. 

Our criticisms do not discount the 
possibility of some functional recovery, 
but we think the available evidence is 
inadequate. 
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Meredith et al. (I) have made two 
major proposals to explain our earlier 
results. The first relates to  the possible 
existence of bulb remnants and the fact 
that histologies were not performed on 
all animals tested behaviorally. Of the 50 
animals, 6 underwent autoradiographic 
and histological examination by a col- 
league (C. Camara), and 8 more were 
intranasally irrigated with zinc sulfate 

and subsequently (425 days after sur- 
gery) examined for tritiated carnosine 
content of the epithelium and forebrain. 
None of these animals displayed rem- 
nants of bulb. Several additional animals 
were periodically selected at random 
during the course of behavioral testing 
and inspected for incomplete bulbec- 
tomy. Of the bulbectomized mice used 
specifically for biochemical evaluation, 
three were discarded because of the 
presence of bulb remnants. We agree 
that visual inspection cannot ensure that 
every cell of the olfactory bulb has been 
removed; it is possible, however, to de- 
tect as little as 5 percent of the bulb if it 
should remain. Even if a very small 
portion of the bulb does remain, we feel 
this offers no explanation for the appar- 
ent recovery of a previously learned ol- 
factory behavior. 

The second issue raised by Meredith 
et al, concerns a possible influence of 
other sensory information in the per- 
formance of the behavioral tasks. They 
suggested that the trigeminal system may 
take part in the chemical detection. Sev- 
eral pieces of information weigh against 
this possibility. In the odor aversion 
task, amyl acetate was used as  one of the 
primary test odorants specifically be- 
cause it is a poor activator of the trigemi- 
nal system as evidenced by electrophysi- 
ologically derived thresholds in rabbit 
and turtle (namely, 0.017 part per mil- 
lion) (2) and in isolated rat trigeminal 
nerve (260 to 520 parts per million) (3). 

This lack of trigeminal activation is 
also supported by the nontransferance of 
the task between the two bulbectomized 
groups with aversions to  either amyl 
acetate or 1-butanol. 

The inability of amyl acetate to  stimu- 
late the trigeminal system can also be 
inferred from preliminary results of addi- 
tional primary olfactory neurectomy 
studies (4). After nerve section, mice 
that had been trained to find buried sugar 
cubes scented with amyl acetate could 
no longer perform the task, whereas 
mice trained to find cubes scented with 
acetonitrile (a trigeminal stimulant) ex- 
hibited no deficit. Both groups had effec- 
tive neurectomies based on [3H]carno- 
sine transport between the neuroepitheli- 
um and the olfactory bulbs. 

We also subjected a group of mice to  
identical bulbectomy, but implanted em- 
bryonic mouse occipital cortex in the 
space vacated by the bulbs according to 
the procedures of Das et al, and Grazia- 
dei and Kaplan (5). Members of this 
group were unable to  perform the pellet- 
finding task (6) at either 125 to 160 or 220 
to 225 days after surgery. We suspect 

that the regenerating fibers required for 
behavioral recovery have been "short- 
circuited" by innervation of the implant. 
Since these animals had intact trigeminal 
systems, successful pellet location 
would be expected if trigeminal informa- 
tion were being contributed. 

We have also improved control of 
odor stimulus presentation in order to  
address the issue of "whether the regen- 
erated olfactory system has the same 
sensitivity and range of responsiveness 
to  odor stimuli as  the nondamaged sys- 
tem" (6, p. 323). A new Y maze allows 
gas chromatograph sampling in each 
odor stimulus arm. Preliminary data indi- 
cate that food-deprived normal mice can 
discriminate between as little as  2 parts 
per billion of amyl acetate and filtered air 
for a food reward. Once these animals 
were subjected to bilaterally bulbec- 
tomy, their performance dropped to 
chance level and remained impaired for 
as long as  300 days. We d o  not yet have 
complete behavioral data or histological 
information. We are also testing these 
bulbectomized animals on the 'earlier 
food-pellet task. The animals can find 
the buried pellet, but seem to be making 
some use of tactile sensory information. 
We have not yet determined the magni- 
tude of tactile contribution to the suc- 
cessful performance of the pellet-finding 
task. 

We agree with Meredith et al. regard- 
ing the importance of removing other 
sources of sensory information that may 
confound interpretation of behavioral re- 
covery. Nevertheless, we remain con- 
vinced that some portion of the behav- 
ioral recovery depended on the newly 
regenerated olfactory neurons, and we 
hope to specify the sensitivity of the 
recovered system soon. 
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