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FOUNTAIN, S. B., J. D. ROWAN AND Y.-L. T. TING. Threshold procedures for assessing the impact of agents on brain reward 
systems. NEUROTOXICOL TERATOL 12(5) 469-475, 1990.--Chemical effects on the reinforcing quality of electrical stimulation 
of the rat brain can be assessed using a variety of methods, most commonly by observing changes in response rates maintained under 
specific schedules of reinforcement. We present results demonstrating the utility of procedures for assessing the minimum amount of 
electrical stimulation required to support rat leverpress responding, that is, the brain-stimulation reward (BSR) threshold. In these 
threshold procedures, each leverpress produced by the rat decreases the duration of the electrical stimulus delivered to the posterior 
lateral hypothalamus until the rat fails to respond. The stimulus duration is then reset to its initial value and the procedure begins again. 
The last stimulus duration in a series supporting a response is defined as the stimulus duration (SD) threshold, and the mean SD 
threshold is determined daily. Stable SD thresholds are achieved within 2 weeks, and this measure is sensitive to agent-induced changes 
in rats' response to BSR. To illustrate the utility of this approach, data are presented showing that rats' BSR thresholds changed 
significantly following exposure to triethyltin or carbon monoxide. The results support the view that threshold methods can be used 
to dissociate agent-induced effects on brain reward systems and BSR quality from changes in performance or effects on other 
behavioral processes. 

Brain-stimulation reward Threshold procedures Triethyltin Carbon monoxide 
Neurotoxicology Rats 

Behavioral toxicity 

A fundamental feature of much of human and animal behavior is 
that it is sensitive to reinforcement contingencies. The psycholog- 
ical processes of reward, punishment, and motivation play key 
roles in mediating the modification and maintenance of behavior. 
Although the significance of reward for learning and performance 
has been recognized and formally studied for the past century, our 
understanding of  the psychobiological basis of  reward is far from 
complete. Our understanding of this process was considerably 
advanced, however, by the discovery by Olds and Miiner (19) that 
electrical stimulation of particular areas of the brain has powerful 
reinforcing, or rewarding, properties. Subsequent work on the 
biological substrates and behavioral properties of brain-stimulation 
reward (BSR) related to these "pleasure centers" (18) of the brain 
now provides us with a useful psychobiological model for assess- 
ing the impact of drugs and neurotoxic chemicals on brain reward 
systems. 

BRAIN REWARD SYSTEMS 

Background 

After the discovery of the BSR phenomenon, Olds proceeded 
to map the areas of  the brain where electrical stimulation produced 
reward. He found that many of these areas were related to a system 
of fibers, known as the medial forebrain bundle (MFB), which 

passes through the lateral hypothalamus (17,18). Since then, much 
work has been directed toward trying to understand the neurobi- 
ological basis of BSR resulting from MFB stimulation. The MFB 
is not a simple system, however. The fibers composing the MFB 
are of several different types (myelinated and unmyelinated, fast 
and slow) with over 50 loci of origin and insertion (16), as shown 
in Fig. 1. Most major neurotransmitter systems appear to be 
represented (7, 10, 16), with much evidence that acetylcholine and 
dopamine systems are involved (7,10). 

Gallistel et al. (7) proposed a multiple-stage model to describe 
this reward system. A first stage is composed of fibers stimulated 
directly by the implanted electrode. A second stage, activated by 
the first stage fibers, is composed of a neural network which 
provides for spatial and temporal summation of f'n'st stage activa- 
tion. A conversion process ultimately leads to the formation of an 
engram, or memory trace, of the rewarding event. The output of 
this system, along with other priming and memory effects, 
determines the magnitude of  the observed rewarding effect on 
behavior [for a complete development of  these ideas, see (7)]. 
Which transmitter systems and fibers correspond to these various 
stages has not been defmitely determined, though considerable 
evidence supports the view that first stage fibers are probably 
cholinergic, whereas later stages may rely on catecholaminergic 
fibers (7,10). The point of this discussion is that the system 
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FIG. 1. Semidiagrammatic representation of origins of input (top panel) and terminations of output (bottom panel) of the medial forebrain bundle. 
[From: Nieuwenhuys et al. (16) with permission. © Wiley-Liss 1982.] 

underlying BSR is complex, and thus the system contains many 
potential sites for toxicant action representing a variety of potential 
mechanisms of action. For this reason, brain reward and motiva- 
tional systems may be at great risk to toxic insult because they are 
likely to be impaired by a variety of toxicants. However, this 
unfortunate potential sensitivity to neurotoxicity suggests that an 
appropriate behavioral assay of brain reward systems might be 
useful for detecting and characterizing chemical neurotoxicity. 

Detecting Changes in the Status o f  Brain Reward Systems 

Response rate as a measure of  motivation and reward quality. 
A widely accepted measure of motivation and the perceived 
quality of primary reinforcers is response rate maintained during 
specific schedules of reinforcement. This methodology has also 

been used to assess changes in rats' response to BSR. One 
challenge for behavioral toxicologists, however, is to dissociate 
deficits in the particular system of interest from indirect effects 
resulting from changes in other systems. For example, a measure 
of a neurotoxicant's central effects on brain reward systems should 
not be affected by peripheral effects of the agent, such as fatigue 
or ataxia. Response rate measures do not easily dissociate direct 
effects on brain reward systems from other nonspecific effects of 
agents. In contrast, threshold procedures can be designed to 
directly assess changes in the reinforcing quality of BSR indepen- 
dent of other performance factors. 

Threshold measures for detecting changes in brain reward 
systems. To assess the impact of chemicals on brain reward 
systems, we have adopted a threshold procedure that is a variation 
of one previously used by Stein and his colleagues (21). Our 
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FIG. 2. Idealized data of a single subject under the stimulus duration (SD) 
threshold procedure. Rats begin by leverpressing for a 250-msec pulsetrain 
of electrical stimulation to the MFB. Each response reduces the train 
duration by 2 msec until a nonresponse criterion is met. The last SD in a 
series supporting leverpress responding is designated the SD threshold. 
After a brief time-out, stimulus duration is reset to 250 msec and the 
procedure begins again. Many threshold measures are obtained each day to 
determine the daily mean SD threshold (represented by the horizontal 
dashed line). 

procedure is easily instrumented and implemented. First, we 
implant rats with bipolar stainless steel electrodes in the posterior 
lateral hypothalamus using standard procedures [e.g., (5)]. After- 
wards we "shape"  a leverpress response in an operant chamber 
equipped with a retractable lever. In a discrete trial procedure, rats 
leverpress for 250-msec pulsetrains of 60-cycle current (less than 
100 p~A). The lever is inserted into the chamber at the beginning 
of each trial and is retracted immediately following a response. A 
1-sec intertrial interval is used. In the threshold procedure that 
begins the day after shaping (shown in Fig. 2), each response in 
this discrete trial procedure reduces the duration of the electrical 
stimulus by 2 msec until the stimulus duration (SD) becomes too 
short to support leverpressing. When a nonresponse criterion of 30 
sec is met, the lever is retracted and a 3-sec time-out is imposed. 
The stimulus duration is then reset to 250 msec, a priming pulse is 
administered, and the threshold procedure begins again. The last 
SD supporting a leverpress is designated the SD threshold, and 
many SD threshold determinations (typically 15-20) are obtained 
within each daily 1-hr testing session. Daily mean SD thresholds 
typically reach stable baselines within 2 weeks of training. 

The SD threshold procedure has several advantages over 
monitoring response rates under specific operant schedules of BSR 
administration. First, a practical advantage is that because the rats 
are reinforced on virtually every trial, they learn this procedure 
very quickly. In addition, when the BSR stimulus duration is 
decremented below threshold, the natural response of the animal, 
which is to withhold responding, will meet the nonresponse 
criterion for threshold determination. For these reasons, rats 
require virtually no shaping beyond leverpress training. 

A second, more important advantage is that the threshold 
determination is not contaminated by changes in response rate 
except under conditions of extreme rate suppression. Our experi- 
ence has been that mean response latencies are less than 2 sec for 
trials other than nonresponse trials. Because the nonresponse 
criterion is 30 sec, it is clear that large changes in response rate 
could be tolerated with no effect on the threshold measure. 
Response rate is also easily measured so that nonspecific changes 
in performance, those that are unrelated to changes in the 
rewarding quality of BSR, can be easily observed. The SD 
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FIG. 3. Stabilization of group mean (N = 4) SD thresholds across preex- 
posure training days. Intraperitoneal vehicle control injections were 
administered 30 min prior to testing on days 11, 14, 17, and 20 (indicated 
by open circles). 

threshold procedure thus provides a relatively rate-free measure of 
the status of brain reward systems by allowing what we think to be 
direct measurement of BSR quality. 

BRAIN-STIMULATION REWARD AND NEUROTOXICITY 

Triethyltin Effects on Brain Reward Systems 

Recent work in our lab using the in vitro hippocampal brain 
slice technique has revealed novel aspects of triethyltin (TET) 
neurotoxicity. Exposing brain slices of rat hippocampus to p,M 
doses of TET suppressed neurotransmission in hippocampal area 
CA1 within 15 minutes postexposure (6). Because of the putative 
role of the hippocampus in learning and memory processes [e.g., 
(23)], our results suggested that TET might have cognitive effects 
shortly after exposure that would be related to the synaptic 
suppression we observed in the brain slice preparation. Before 
conducting a behavioral test of this idea, however, it seemed 
prudent to assess the impact of TET on brain reward systems since 
the proposed cognitive tests would rely on BSR to motivate 
animals in the behavioral task. 

To assess the impact of TET on brain reward systems, we used 
the SD threshold procedure just described. SD thresholds stabi- 
lized quickly, as shown in Fig. 3. Once a stable baseline was 
obtained, 4 IP vehicle control injections were administered 30 rain 
before testing on days 1 l ,  14, 17, and 20 of preexposure training. 
On the third day following the last vehicle injection, rats received 
an injection equal in volume to control injections containing 3.0 
mg/kg TET-C1 (Alpha Products, Danver, MA) dissolved in saline. 
Figure 4 shows TET effects on SD threshold for 35 days 
postexposure compared to preexposure baseline. An analysis of 
variance (ANOVA) performed on these data indicated a significant 
main effect for days, F(3,102)= 1.59, p<0.05.  Dunnet's t statis- 
tics indicated that TET produced a biphasic effect observed as an 
early increase in SD threshold on the first day of exposure, a 
reversal to baseline by 24-hr postexposure, and a late-developing 
and longer-lasting increase in SD threshold that was significant 
beginning on day 7 postexposure. As shown in Fig. 4, response 
rate (corrected for the number of SD thresholds obtained per 
session) did not change significantly postexposure (p>0.05). In 
fact, a slight increase in response rate was observed on the first day 
of exposure, suggesting that the increase in SD threshold was not 
due to nonspecific effects causing attenuation of performance. 

Histology on comparably exposed rats showed that the late- 
developing TET effect corresponds to the period of TET-induced 



472 FOUNTAIN, ROWAN AND TING 

4 0  

t j v  

9 ~  

-1- 

30 

20 

10 

0 

- 1 0  

20 

• * * * *  

• * * * , 

i D R . * * * .  o* _ , 

o /  * * 'o • o o  

../!4_ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 

. . . .  , . . . .  , . . . . . . . . .  i . . . .  , . . . . . . .  , , i 

5 10  15  20 25 30 35 

DAYS 

L , J .  ¢ :  

0 

z 
,1 - 1 0  
,,,n, o = 
" E  

- 2 0  

• Q 

. . . . . . . . .  ' . . . .  ' . . . . .  • . . . , . . . . . . . . .  i 

5 10 15 20 25 30 35 

DAYS 

FIG. 4. Time course of triethyltin effects on group mean SD threshold (top 
panel) and response rate (bottom panel). SD threshold and response rate 
were measured daily for 35 days following IP injection of 3.0 mg/kg 
triethyltin (TET) administered 30 rain prior to testing on day 1. Asterisks 
indicate means (N = 4) significantly different from preexposnre vehicle- 
injection baseline, p<0.05. Mean preexposure baseline SD threshold was 
107 msec; mean baseline response rate was 19.31 responses/rain. 

50 

L,J .--. 40 

O u  

o ~ 20 

n. 10 
I p . . ~  

o 

- 1 0  
CO Dose ( m l / k g )  0 
Approx. ~ HbCO 0 

i i i i i m i i 

5 10 20 40 
25 35 45 65 

CO EXPOSURE 

20 

' - 'Z 
I L l  

o . . . . . . .  = v  . . . .  

- 2 0  ' , , , , , , , m 
CO Dose ( m l / k g )  0 5 10  20 40 
Approx. ~ HbCO 0 25 35 45 65 

CO EXPOSURE 

FIG. 6. Changes in group mean SD threshold (top panel) and response rate 
(bottom panel) produced by IP injections of 0, 5, 10, 20, and 40 ml CO/kg 
body weight. Asterisks indicate means (N = 6) significantly different from 
the means for control injections, p<0.05. Mean preexposure baseline SD 
threshold was 102 msec; mean baseline response rate was 27.03 responses/ 
min. 
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FIG. 5. Effects of carbon monoxide on rats' response rate in a stimulus 
tracking task [cf. (5)]. Rats' group mean response rates following IP 
injection of 0, 2.5, 5, 10, 20, and 40 ml CO/kg body weight (resulting in 
approximately 0, 12, 25, 35, 45, and 65% HbCO in the blood, respec- 
tively) are depicted. Asterisks indicate means (N = 8) significantly differ- 
ent from the means for control exposure, p<0.05. See Fountain et al. (5) 
for details of the statistical analysis. (The ordinate on the right translates 
these data into mean correct responses in the stimulus-tracking task.) 
[Adapted from Fountain et al. (5).] 

myelin vacuolization that is a classic sign of TET intoxication (14, 
24, 25); myelin vacuolization was observed in animals sacrificed 
on days 7 and 14 postexposure. However, the mechanism under- 
lying the early increase in SD threshold on day 1 is not known. No 
myelin damage could be observed using light microscopy on days 
1 or 2 postexposure, and the reversal of effects on day 2 suggests 
that the initial increase is not simply the result of early signs of 
myelinotoxicity. It is possible that the early-developing effect of 
TET on SD threshold is related to synaptic suppression of the sort 
observed in the in vitro hippocampal slice shortly after exposure 
[cf. (6)]. 

Clearly, triethyltin has direct effects on brain reward systems 
that cannot be accounted for by other factors that might affect 
performance. These effects on rats '  response to BSR could have a 
bearing on their performance in behavioral tests of cognitive 
competence. This study indicates that at the very least we should 
be cautious in interpreting results from tasks examining TET 
effects on learning and memory because TET appears to have a 
direct effect on the processes that underlie motivational aspects of  
behavior. 

Carbon Monox ide  Effects on Brain R e w a r d  Sys tems  

Another agent we have studied, carbon monoxide (CO), has 
known rate-reducing effects on operant behavior. CO reduces rats' 
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FIG. 7. Changes in group mean SD threshold (top panel) and response rate 
(bottom panel) produced by IP injections of 0, 5, 10, 20, and 40 rrd CO/kg 
body weight in a more strenuous SD threshold procedure than used in the 
preceding experiment (depicted in Fig. 6). Rats were required to alternate 
responses between two levers some distance apart on successive trials. 
Asterisks indicate means (N = 8) significantly different from the means for 
control injections, p<0.05. Mean baseline SD threshold was 108 reset; 
mean baseline response rate was 27.14 responsesdmin. 

leverpressing rate on a variety of schedules of reinforcement when 
the reward is food, water, or BSR [e.g., (1, 2, 5, 12, 15, 20)]. For 
example, Annau (1), in the context of arguing that the BSR system 
could serve as a useful model system for assessing the neurotox- 
icity of chemicals, showed that rats' response rate for BSR 
declined following CO exposure (1000 ppm by inhalation), and 
the graded decline in response rate correlated with increasing 
blood carboxyhemoglobin (HbCO) levels over time postexposure. 
We later showed that IP injection of pure CO produced consistent 
blood HbCO levels that were at asymptote by 30-min postexposure 
and that remained stable for at least 1 hr (5). In the associated 
behavioral experiment, we used an operant chamber equipped with 
a horizontal array of 6 lights on one long wall of the chamber, and 
below each light was a response lever. Rats were trained to track 
a pattern of flashing lights by pressing the associated levers. The 
rats received BSR for responding on the correct lever which was 
indicated by an illuminated light. Lights were illuminated only 1 
sec (with 1-see intertrial intervals); thus rats were required to 
produce a rapid sequence of responses to obtain BSR. After their 
performance stabilized, rats were exposed to CO by IP injection 30 
rain prior to testing on two days each week; each rat was exposed 
to every CO dose in counterbalanced order. As shown in Fig. 5, 
CO exposures that produced blood levels of 0, 12, 25, 35, 45, 
and 60% I-IbCO (viz., 0, 2.5, 5, 10, 20, and 40 nil pure CO/kg 

body weight, respectively) produced a dose-dependent reduction 
in response rate (5). This is a common finding in the CO literature 
[cf. (2, 12, 15, 20)]. 

There are at least two possible hypotheses regarding what 
mechanisms might underlie the rate-reducing effects of CO. The 
first is that CO may simply induce fatigue due to tissue hypoxia 
resulting from the reduced oxygen-carrying capacity of HbCO- 
laden blood [cf. (9,13)]. A second, perhaps more interesting, 
hypothesis is that CO could reduce the rewarding quality of 
reinforcers by directly affecting brain reward systems. We used 
the BSR SD threshold procedure described above to test this latter 
hypothesis. 

Rats were trained 5 days per week until a stable baseline SD 
threshold was observed, then they were injected with different 
doses of pure CO on two days each week. Rats received injections 
of 0, 5, 10, 20, and 40 ml CO/kg body weight [cf. (5)] on different 
days in counterbalanced order. Each of 6 rats received two 
exposures to each dose. 

Figure 6 shows changes in group mean SD thresholds produced 
by various doses of CO. An ANOVA performed on these data 
indicated a main effect for dose, F(4,20)= 2.95, p=0 .045 .  The 
results show that increasing doses of CO produced a graded 
increase in SD threshold, that is, a graded reduction in the 
apparent rewarding quality of BSR. The results of Duncan's 
multiple range test showed that 40 ml/kg CO exposure produced a 
significant increase in SD threshold over baseline (p<0.05). 
However, although CO produced a significant change in rats' 
apparent perception of the rewarding quality of BSR, CO did not 
affect response rate (corrected for the number of SD thresholds 
obtained per session). 

These results strongly support the idea that CO has a relatively 
specific effect on brain reward systems, and that this effect is not 
simply due to CO-induced fatigue or other nonspecific effects. 
One must wonder, however, why we failed to obtain the charac- 
teristic rate-reducing effects of CO reported by others. One 
hypothesis is that our task was not sufficiently demanding to detect 
increased fatigue resulting from CO-induced hypoxia. This hy- 
pothesis is consistent with that proposed earlier (5) to account for 
another discrepancy in the literature where no change in behavior 
was observed following CO exposure (8). In the latter study, 
intraperitoneal injections of pure CO produced elevated blood 
HbCO levels, but no behavioral alterations were apparent upon 
casual observation (8). The results of our work on the effects of IP 
CO administration showed that CO did in fact produce a rate- 
reducing effect when the task was to perform rapid motor behavior 
nearly constantly (see Fig. 4 above). The implication is that if we 
were to design a more demanding SD threshold determination 
task, we would be able to observe the rate-reducing effects of CO. 

To test this hypothesis, a second retractable lever was installed 
on the opposite end of the wall already equipped with a lever; 
levers were 16 cm apart. A procedure nearly identical to that 
described for the foregoing experiment was employed in this 
experiment with the exception that alternating levers were pre- 
sented in a forced-choice procedure. Thus rats were required to 
move from one lever to the other on successive trials in order 
to obtain BSR. Each of 8 rats was exposed to each dose of CO only 
o n c e .  

Figure 7 shows that SD threshold was elevated following CO 
exposure as it was in the preceding experiment. An ANOVA 
performed on these data indicated a significant main effect for 
dose, F(4,28)=2.91,  p=0 .039 .  As before, the Duncan's test 
indicated that the 40 ml/kg CO exposure produced a significant 
reduction in the apparent rewarding quality of BSR (p<0.05). In 
contrast to the results of the preceding experiment, however, CO 
exposure produced a significant decrease in response rate at the 
highest dose tested [F(4,28)=3.10, p=0 .031 ;  Duncan's test 
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p<0.05] .  It seems that behavioral effects related to apparent 
CO-induced fatigue can be obtained if the task is made sufficiently 
demanding. 

The central nervous system is considered the primary target of 
CO toxicity because low concentrations of  inhaled gas can disrupt 
ongoing behavior (12). Our results demonstrating a relatively 
specific effect of CO on brain reward systems is consistent with 
this view and with other evidence suggesting that the hypothala- 
mus, as well as other brain structures, may be particularly 
sensitive to CO toxicity [cf. (3)]. 

METHODOLOGICAL CONSIDERATIONS 

One possible problem with the method discussed here is that 
the procedure is not truly rate free; substantial changes in response 
rate or latency could contaminate the BSR threshold measure. Two 
approaches to this problem can be adopted. One approach is to use 
a relatively long nonresponse criterion to indicate BSR threshold, 
one long enough to be affected only if response rate or latency 
changed dramatically. We opted for this approach in the foregoing 
experiments because of the practical advantages that it is easily 
instrumented and rats learn the task readily. 

The second approach is to adopt a truly rate-free procedure 
such as that used by Stein and Ray (21), later modified by Zarevics 
and Setler (26). In this type of  procedure, rats respond on one lever 
to obtain BSR of decreasing magnitude and on a second lever to 
reset the BSR to its starting parameters. This procedure is very 
similar to the one we report. We have found that this second type 
of procedure works quite well, but that rats require much more 
shaping and have a bit more difficulty learning it than the other 
procedure. In situations where large changes in response rate 
might be expected, this second procedure is clearly preferred. One 
potential drawback of this second approach, however, is that it 
may place additional demands on the animals' memory; rats in 
such a task must remember which response should be directed to 
which manipulandum. Neurotoxicants that disrupt discriminative 
responding but have no effects on brain reward systems might alter 
performance on this type of task and thus indirectly affect 
threshold measurements. 

Psychophysical procedures have also been devised for charac- 
terizing the properties of brain-stimulation reward (4, 11, 22). 
Although these threshold techniques can be quite powerful, they 
rely on response rate as a measure and are thus subject to the same 
caveats and potential limitations as the procedure reported here. It 
should be noted, however, that one would rarely be concerned 
with characterizing the effects of an agent on brain reward systems 
at a dose that would so seriously affect response rate that it would 
interfere with the threshold measure, namely, a dose that would 
render the animal virtually unable to perform the leverpress 
response. 

Finally, it should be noted that the threshold procedure can be 
used with a number of BSR parameters. We have measured 
thresholds for duration of the electrical stimulus, but others have 
measured thresholds for stimulus intensity (11,26) and frequency 
(22), among other parameters (26). Rats may be more sensitive to 
changes in stimulus intensity and frequency than stimulus dura- 
tion, but implementing the former is considerably more difficult 
and costly. Our results indicate that rats are sufficiently sensitive 
to stimulus duration to generate stable baseline performance across 
days and to respond differentially following exposure to varying 
doses of chemicals in our threshold procedure. 

BRAIN-STIMULATION REWARD AS A MODEL SYSTEM 

The foregoing studies demonstrate the utility of BSR threshold 
procedures for studying neurotoxicity. In particular, the SD 
threshold procedure was able to detect effects of both TET and CO 
on brain reward systems that were not entirely anticipated a priori. 
TET exhibited a biphasic impairment of brain reward systems over 
time; this pattern of results suggests novel hypotheses regarding 
the mechanisms underlying the CNS effects of TET shortly 
following exposure. The SD threshold was also sensitive to 
CO-induced impairment of brain reward systems under conditions 
where no change in response rate was apparent. The results thus 
support the contention that BSR threshold procedures can be used 
to dissociate neurotoxic effects on brain reward systems from 
effects due to other central or peripheral factors. 

Some years ago, Annau (1) proposed that a BSR procedure, 
where an animal responds in an operant task to self-stimulate the 
reward centers of the brain, might serve as a useful model system 
for evaluating the toxicity of agents. The brain reward system 
involving the MFB is well suited for toxicity assessment. As we 
noted above, many neuronal fiber types and neurotransmitter 
systems are represented, and, additionally, the rewarding proper- 
ties of MFB stimulation seem related to those of primary reinforc- 
ers such as food and water. Although the relationship of BSR and 
primary drives is not yet completely understood, under appropriate 
conditions BSR has many of the properties of conventional 
reinforcers. The fact that BSR is apparently mediated by hypotha- 
lamic neuronal systems also suggests that BSR is a good model 
system for studying reward and motivation; hypothalamic struc- 
tures play a crucial role in the regulation of feeding, drinking, and 
other biologically adaptive behaviors. Threshold procedures pro- 
vide a powerful means of characterizing neurotoxicant effects on 
this important psychobiological system. 
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