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MUSTY, R. E., M. P. JORDAN AND R. H, LENOX. Criterion for learned helplessness in the rat: A redefinition. PHARMACOL 
BIOCHEM BEHAV 36(4) 739-744, 1990.--Numerous investigators have reported difficulty obtaining reliable learned helplessness. 
Various laboratories have used differing test nvironments and criteria, making comparisons among experiments difficult. Some use 
an escape deficit criterion, in which escape is lowed down in a shuttle box, while others have used an escape failure criterion, in which 
rats do not escape at all on most test trials. Little work has been done to test the validity of LH, i.e., the prediction of persistence of 
escape failure after exposure to uncontrollat/le shock. The present studies demonstrate that the reliability and validity of learned 
helplessness can be improved by 1) modifying the shuttle box to increase task difficulty and decrease random escape behavior and 2) 
adopting a new escape failure criterion for llelpless behavior which is based on statistical prediction of the persistence of escape 
deficits. 

Learned helplessness Depression Rat model of depression 

THE phenomenon known as learned helplessness (LH) has been 
widely studied, yet several problems have mad~ it a subject of 
considerable controversy. Katz (11) and Wilnor (30,31) both 
argued that an animal model of depression should be examined 
according to the ground rules proposed by McKimaey and Bunney 
(15); models should be based on observable behavior, have 
objective criteria, and be reproducible. Diverge~ criteria, how- 
ever, have been used to define LH in rats. Selign~an and Beagley 
(23) reported that rats exhibited slower escape! latencies after 
receiving inescapable shock. In their study, however, some rats 
did not escape in the 60-second test trial and these Were referred to 
as escape failures. The group having received uncontrollable 
shock exhibited a greater number of escape failures than the 
control group, which had not been administered uncontrollable 
shock. They also reported that 63% of the rats showed escape 
failure on more than 25% of the total number of test trials, i.e., at 
least 5 failures in 20 trials. Later researchers, who were concerned 
with using LH as a psychopharmacological rood#l, developed a 
criterion measure for helplessness (25). An escd4pe failure was 
redefined, by these authors, as a latency of greater ihan 20 seconds 
in a 45-second test trial. Their criteria for LH was idefined as 6 or 
more escape failures in 15 trials. Others have continued to use 
similar approaches (10,29). Some researchers ha~,e used escape 
latencies as a measure of helplessness (31), while o~hers have used 
a classification variable, i.e., helpless vs. not hell, less, based on 
an arbitrarily defined latency within the test. ConSequently, it is 
difficult to compare studies of learned helplessn@ss using these 
differing definitions of escape failure. In view of th~s difference, it 
is important to determine whether or not the: rel~roducibility of 

i 

learned helplessness differs as a consequence of the criteria used to 
define it. 

In regard to the question of reproducibility, LH results have 
been inconsistent. Published reports have observed ranges of LH 
from 12.5% (23) to as high as 85% (25). Freda and Kline (7) found 
that LH was difficult to replicate Weiland et al. (29) reported that 
various researchers have had difficulty in finding reproducible 
performance deficits. Task difficulty is one variable which seems 
to be involved. Anisman et al. (2), for example, found that adding 
a hurdle to the shuttle box test improved the reproducibility of LH. 
In pilot studies, we found poor replication to replication stability 
of LH in a shuttle box without a midpoint hurdle or barrier. In the 
present experiment, we have compared the outcome using a barrier 
as compared with no barrier in the shuttle box. 

In addition to the question of reproducibility, the LH model has 
been criticized in the area of validity (30,31). Wilner has pointed 
out that there is considerable variability in "estimates of how long 
helplessness effects last." This issue is certainly an important 
aspect of validity for an animal model of depression. To the best 
of our knowledge, no one has attempted to examine potential 
criteria for LH using the persistence of escape deficits as the 
criterion measure. 

The present studies were designed to examine potential criteria 
for learned helplessness in order to improve the reliability, 
reproducibility, and validity of the procedure. 

METHOD 

Subjects 

Two hundred and sixty outbred male adult Sprague-Dawley 

1Requests for reprints should be addressed to R. E. Musty, Department of Psychology, University of Vermont, Burlington, VT 05405. 
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rats were purchased from Charles River. They were housed in 
plastic shoe-box cages 20× 16× 8V2", 5 animals per cage in a 
room maintained at constant temperature (75 +_ 4°F) and controlled 
lighting (12-hour light-dark cycle). Food and water were provided 
ad lib except during training and testing. All animals were treated 
in accordance with Ethical Principles for the Care and Use of 
Animals of the American Psychological Association, and the pro- 
cedures were approved by the University of Vermont Animal Care 
and Use Committee. 

Apparatus 

A shuttle box was used which had 2 adjacent compartments 
with inside dimensions of 19.5 × 15.5 × 15.5 cm each. The floor 
was constructed of brass rods 2 mm in diameter and spaced 1 cm 
apart. Wails were constructed of clear Plexiglas to permit obser- 
vation during experiments. The shuttle box was enclosed in a 
sound-attenuated environmental chamber (71 × 34 x 31 cm) with a 
window to permit remote observation of subjects. Lighting for 
each chamber was provided by a 1-W light bulb located directly 
above the shuttle box. Shock was delivered to the grid floor by a 
Grason-Stadler shock generator (Model E1064GS). A NEDCO 
ABLE-40 computer controlled the shuttle boxes and recorded 
response measures. In a second condition of the experiment, a 
15.5 × 15.5 cm copper barrier with a 7.6 × 7.6 cm open doorway 
centered at the floor level of the shuttle box was inserted. 

Procedures 

Rats were tested in multiple replications in subgroups ranging 
from 5-18 rats each over the period of two years. Subgroups were 
those tested with inescapable preshock without the barrier (PNB, 
n = 55); no preshock without the barrier (NPNB, n = 56); preshock 
with the barrier (PB, n =  81); and no preshock with the barrier 
(NPB, n = 68). In previous studies, investigators have employed a 
yoked control group, in which a group of rats is given escapable 
shock equal to those given inescapable shock. Since rats treated 
with escapable shock do not show LH (10,25), these were not 
included in this series of studies. Four replications were run with 
PNB and NPNB subgroups, 4 replications were run with all four 
subgroups, and 2 additional replications were run with PB and 
NPB subgroups. 

Pretest day. Animals were randomly assigned to receive either 
inescapable shock (PNB, PB) or no shock (NPNB, NPB) in a 
shuttle box with one half closed off with an electrified copper wall. 
These preshock groups received 80 inescapable shocks (5-sec 
duration at 2.0 mA) which were delivered on a variable interval 
60-sec (VI-60) schedule with a range of 10-110 sec. The no 
preshock rats were placed in an identical shuttle box for an 
equivalent amount of time without receiving any shock. All rats 
were tested 24 hr after the pretest day. 

Testing. Twenty-four hours after pretest, all animals were 
tested individually for acquisition of an escape response. One 
testing session consisted of 20 trials, in which the rat was required 
to cross from one side to the other and back (FR2) to escape the 
shock. Shock was preceded by a 5-sec CS tone (4000 Hz, 70 dB) 
which remained on until shock was terminated. During testing the 
shock intensity was 1.3 mA on a VI-60-sec schedule. If the 
appropriate response was not made within 45 sec, the shock was 
automatically turned off. The dependent measure was the latency 
to perform the FR2 response. Procedures for testing subgroups 
with the barrier in place were identical for those tested in the 
no-barrier conditions. 

Retesting. In order to test the stability of LH, animals were 
retested for escape behavior 7 and 14 days following the initial 
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FIG. 1, Individual plots of latency to escape for three representative rats of 
each type. Plots for 20 trials on the test day. (a) An FP (failure pattern) rat 
with escape failures on 19/20 trials. (b) A DP (deficit pattern) rat with 
successful escapes on many trials, (c) An ES (escaper) rat with consistent 
escape performance. See text for explanation of FP, DP, and ES, 

test. Subgroups were as follows: PNB, n = 35; NPNB, n = 35; PB, 
n=30 ;  and NPB, n=30 .  Retests were conducted over four 
replications of 5-10 animals per subgroup. 

RESULTS 

Using analyses of the individual behavior of each rat, three 
patterns of behavior were observed on the test day. Actual plots 
from individual rats which are representative of these patterns are 
shown in Fig. 1. These were: 1) a pattern of failure to escape, i.e., 
variable early escape followed by "giving up"  (making very few 
to no escapes after trial five) (Fig. la); 2) a pattern of intermittent 
escapes throughout the session in which some animals had 
decreasing escape latencies and others irregular latencies (Fig. lb); 
3) a pattern of consistent escape (Fig. lc). 

From examination of these patterns, we developed two criteria 
for helpless behavior. The first criterion is based on a pattern like 
that shown in Fig. la  and the second is based on the criterion for 
LH used by Sherman, Sacquitine and Petty (25) (Fig. la,  b). In 
order to clarify the confused definitions of escape behavior on a 
single trial, we refer to a latency of >20 sec in a 45-see trial as an 
escape deficit. If the rat has a latency of 45 sec (no escape in the 
allotted time) we refer to this as an escape failure (Table 1). Thus, 
there can be two criteria for helpless behavior, based on perfor- 
mance on multiple trials (Table 1). We refer to the criterion of 
Sherman, Sacquitine and Petty (25) as a deficit pattern (DP) 
(Fig. lb); i.e., latencies of >20 sec on at least 13/20 or more 
trials. The new criterion is referred to as a failure pattern (FP) 
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TABLE 1 

CRITERIA FOR LEARNED HELPLESSNESS 

Criterion Type: Deficit Criterion Escape Criterion 

Behavior on a Escape Deficit (ED) EsCape Failure 
Single Trial Latency >20 sec. Lalency = 45 sec. 

Behavior on Deficit Pattern (DP) Failure Pattern (FP) 
Multiple Escape deficit on Esaape failure 
Trials at least 13/20 (65%) At least one in first 

trials. 5 t~als and on at 
least 12/15 (80%) on 
trials 6-20. 

(Fig. la), a latency = 45 sec at least once in the first five trials and  
latencies = 45 sec on at least 12/15 (80%) of the r~maining trials. 

Rats not meeting the DP criterion were defi$ed as escapers 
(ES) (Fig. lc). These rats were those showing relalively consistent 
escape responses throughout the test session, i.e. ~ those showing 
latencies of >20 sec on no more than 12/20 trials. 

Statistical analysis was subsequently conducted in two steps. 
First, if the barrier condition has an effect on reproducibility, 
greater amounts of variance accounted for would be expected in 
the barrier condition, in comparison with the no barrier condition. 
Validity of LH would be improved if test day lltencies predict 
performance one and two weeks later. Similarly, i f  latencies are 
used as statistical predictors for those animals meeling the DP and 
FP criteria, greater amounts of variance should be accounted for in 
animals exhibiting the longest latencies on the inlt!al test day (FP 
animals) in comparison with the animals showin~ more variable 
latencies (DP animals). Second, in order to test the categorization 
of animals as helpless or not, each was classifie d as helpless or 
not, based on DP and FP criteria and outcomes ~¢ere examined 
using categorical analysis (chi-square). 

Mean latencies over trials 1-20 of the initial tes~ day were used 
as predictors in a regression analysis, in which the dependent 
variables were the mean latencies on trials 6-20 on retests, 7 and 
14 days after the initial test. Data from trials 6--20 were used to 
eliminate warm-up effects. The greatest amount of predicted 
variance (R 2) was found in the barrier conditi0n (~Fable 2). Note 
that the amount of variance predicted was 47% arid 42%, across 
the 7-day and 14-day tests, respectively, but the valance predicted 
in the nonbarrier condition did not  remain stable and was not 
statistically significant on the 14-day test. 

The optimal criterion for defining learned helplessness would 

TABLE 2 

REGRESSION COEFFICIENTS OBTAINED FROM REGRESI 

Week I 

ION ANALYSES 

Week 2 

PB .47* .42* ! 
PNB .49* .07 
NPB .33** .15 
NPNB .22 .16 i 

PB = preshock/barrier; PNB = preshock/no barrier; NPI~ = no preshock/ 
barrier; NPNB = no preshock/no barrier. 

* p < 0 . 0 0 0 1  . * * p < 0 . 0 0 5 .  

TABLE 3 

REGRESSION COEFFICIENTS OBTAINED AT 7 AND 14 DAYS AFFER THE 
INITIAL TEST IN FP AND DP GROUPS 

Week 1 Week 2 

FP .20* .21" 
DP .05 .05 

FP = Failure pattern; DP = Deficit pattern. 
*p<0.02. 

be one which best predicts long escape latencies one and two 
weeks after the initial test. Thus, regression analyses were run for 
all animals which were retested at 7 and 14 days. Mean latencies 
for trials 1-20 were used as predictors of the latencies of trials 
6-20, 7 and 14 days after the initial test. As stated above, it was 
hypothesized that initial test day latencies would be the best 
predictors of retest latencies in the FP criterion group. The 
hypothesis was confnTned as shown in Table 3. Note that the R 2 is 
stable and statistically significant for the latencies at both 7 and 14 
days after the initial test, but that R 2 for the DP criterion was not 
significant at either of these times. 

The fact that the DP criterion does not predict latencies at retest 
7 and 14 days following the initial test, is likely due to the extreme 
variability of behavior which was observed in the trial by trial plot 
of these data. To test this possibility, variances were calculated for 
all 20 trials combined for those animals in each criterion group. In 
this comparison, the DP group data included all animals which are 
considered helpless using this criterion. The variances were 731.8 
for the DP group and 502.0 for the FP group. The variance for the 
FP group is significantly less than the variance in the DP group 
where F(25)=4.82,  p<0.01 [F-test for difference among vari- 
ances (6)1. 

An analysis of variance of the mean latencies to escape 
revealed that LH persisted using the FP criterion (Fig. 2). On the 
other hand, those animals meeting the DP criterion only had 
latencies which significantly decreased between the initial test day 
and the two-week test, indicating that these animals were learning 
to escape shock. Similarly, the mean latencies of ES rats signifi- 
cantly decreased between the initial test and the two-week test. It 
is clear that these animals were learning as well. 

When subjects were categorized using the FP and DP criteria, 
no statistically significant differences in the frequency of LH was 
found between criterion type (DP vs. FP) in the nonbarrier 
subgroups. These data demonstrate that reliable LH is not pro- 
duced in nonbarrier conditions. Helpless behavior was obtained 
using the FP criterion in the preshock barrier condition (PB) shown 
in Fig. 3. LH frequency was significantly greater than the 
frequency obtained in the no preshock condition (NPB). Using the 
DP criterion, the frequency of escape deficit response increased in 
both preshock and no preshock conditions (PB and NPB), but no 
significant differences were found between these subgroups. 
These data clearly show that LH is produced only under conditions 
using the failure pattern (FP) criterion in the barrier condition. 

DISCUSSION 

These experiments have demonstrated that a barrier in the 
shuttle box combined with the adoption of the FP criterion for 
helpless behavior increases the reliability and validity of obtaining 
LH. As Anisman (1) and Glazer and Weiss (8,9) have previously 
noted, the use of a hurdle or barrier with a small doorway in the 
shuttle box test reduces random escape behavior in which a rat 
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FIG. 2. Mean latency for subgroups classified as LH using the FP (failure 
pattern) criterion (circles), the DP (deficit pattern) criterion (squares), and 
ES (escapers) (triangles) on the day of initial test (Week 1) and on the two 
subsequent weeks (2 and 3). S.E.M. is shown above each mean. Two-way 
analysis of variance demonstrated a significant subgroup effect, F(1,11 ) --- 
14.84, p<0.003, and a significant effect of week, F(2,26) = 3.19, p<0.03 
(one-tailed), Neuman-Keuls comparisons demonstrated that FP animals 
had larger mean latencies than DP animals (p<0.01) and ES animals 
(p<0.01). Newman-Keuls comparisons within each subgroup FP, DP, and 
ES over weeks 1-3 demonstrated no significant decrease in latencies for 
FP; a significant decrease in latencies between week 1 and 3 for DP 
(p<0.05) and a significant decrease in latencies between weeks 1 and 2 
and 1 and 3 for ES (p<0.05 in both cases). 

jumps around the shuttle box and accidentally makes an FR2 
response to terminate shock. The doorway forces the rat to orient 
toward it, cross to the other side of the shuttle box through it, then 
turn around and repeat this sequence to reach the other side of the 
shuttle box. From careful observation of our animals, we con- 
cluded that the barrier reduces random behavior which terminates 
shock and increases the difficulty of the task. This conclusion was 
supported by the regression analysis which showed that latencies 
from the initial test were not predictive of latencies at 14 days in 
the nonbarrier condition. The amount of variance accounted for in 
the barrier condition, however, was high and stable across the two 
weeks of retesting. It is likely that random responses lead to the 
termination of shock in lever-press escape paradigms used by other 
researchers as well (10,25). Thus, under FP criteria in the barrier 
condition, the present analyses have demonstrated a rate for LH 
of approximately 50%. This rate of LH is particularly well suited 
to studies examining interventions meant to increase or decrease 
the manifestation of helpless behavior. 

Next, it was shown that the mean latency for all trials of 
subjects in the FP criterion group were predictive of behavior one 
and two weeks after exposure to uncontrollable shock. Optimal 
predictions were obtained in the preshock-barrier condition. These 
analyses clearly demonstrate that a criterion which takes into 
account the temporal pattern of failure to respond early in the test 
session may be a critical factor in obtaining clear deficits in 
performance over time. This conclusion was strengthened by the 
fact that variability in performance using DP criterion was signif- 
icantly higher than in the FP criterion condition. Finally, when 
latencies to respond were examined in the FP, DP, and ES 
criterion groups, a clear separation of the latencies over test 
sessions were found. Animals in the DP group showed evidence of 
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FIG. 3. Overall percent of rats with LH using the DP (deficit pattern) 
criterion and FP (failure pattern) criterion in the no-barrier condition 
(preshock, no-barrier; PNB and no preshock, no-barrier; NPNB), and in 
the barrier condition (preshock-barrier, PB and preshock no-barrier, PNB). 
A chi-square analysis of the number of rats classified as LH with the FP 
criterion vs. the DP criterion by barrier condition was significant, 
X2(1) = 3.25, p<0.03, indicating that a greater number of rats show LH in 
the barrier condition only. 

learning in weeks two and three, suggesting that they should not be 
included in analyses of LH. 

When using the categorical approach, the FP criterion elimi- 
nates false positive classification of rats as LH (Fig. 3), since those 
animals which are falsely classified using the DP criterion are 
learning, but more slowly than escapers. It is of note that under DP 
criteria, the percent of helpless behavior increased equally in the 
preshock and n o  preshock animals upon moving to the barrier 
condition (Fig. 3). However, under FP criteria there was a 
significant increase in animals' percentage of showing helpless 
behavior in the preshock group in the barrier condition; this 
increase was not observed in the n o  preshock group. Thus, 
increased task difficulty under DP criteria resulted in an increase in 
escape deficits randomly distributed between the preshock and no 
preshock groups, suggesting an erroneous classification of the 
animals showing LH. Using FP criteria, addition of the barrier 
served to specifically increase the percentage of animals showing 
LH (preshock), with the rate of spontaneous helplessness (no 
preshock) remaining unchanged independent of task difficulty. 
Several studies currently suggest a genetic predisposition for 
induction of LH, and it is likely that its true prevalence is 
characteristic of the animal species and strain (22,29). 

Using FP criteria with the animals used in this investigation 
would suggest that approximately 10% show a baseline of spon- 
taneous helplessness. Therefore, it is important to note that 
animals classified as LH in the preshock group constitute a 
baseline of spontaneous helplessness (10%) and another 40% in 
which the helpless behavior was dependent upon the exposure to 
the uncontrollable shock experience on the pretest day. Interpre- 
tation of pharmacological or behavioral effects on helpless behav- 
ior must account for the inclusion of spomaneous helplessness in 
animals within the LH group. 

Several other variables have been examined which appear to 
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play a role in the degree to which LH is observed. Any one of 
these variables could account for the high variability from one 
study to another and from one laboratory to another. Seligman and 
Beagley (23) found that task difficulty was an important variable: 
the more difficult the response the greater the number of rats 
showing LH. Seligman, Rosellini and Kozak (24) and Kirk and 
Blampied (12) have demonstrated that prior Oxperience with 
escape from shock reduced the degree and rates of LH. There are 
large variations from laboratory to laboratory in the number, 
intensity, and temporal intervals between inescal~able shocks in 
the pretest situation. Maier, Albin and Testa (14) reported that 
these variables contribute little to the outcome of~ LH, but shock 
intensity used in the uncontrollable shock conditio n , relative to test 
day shock intensities (21), has been shown to pl*y a role in the 
degree of LH. Finally, there has been little standardization of 
testing apparatuses for learned helplessness. Seligman, Rosellini 
and Kozak (24), Sherman, Sacquitine and Petty (15) and Henn et 
al. (10) have used a lever press avoidance response in an operant 
conditioning chamber; Anisman et al. (2), Weiland et al. (29) and 
Martin et  al. (16) have used a shuttle-box environment. 

On the theoretical side, some have argued that LH in animals 
is used "to describe the interference of adaptive responses 
produced by inescapable shock a n d . . ,  to describe the process 
that we believe underlies the behavior" (18). In their view, LH is 
defined by two types of behavior: failure " to initiate responses to 
escape shock" or slower escape responses and more trouble 
learning that responding is effective. Seligman's ~iew is that LH 
parallels depression in which the individual feels l ~ s  of control of 
the reinforcers. Alternatively, Weiss and his colleagues have 
argued that the failure to escape is due to a motor activation deficit 
(inactivity) due in large part to changes in central norepinephrine 
system function (26,27). Others have taken a more behavioral 
view, suggesting that the observed behavior following inescapable 
shock (or stress) leads to performance deficits, described as escape 
interference (3) or competing motor responses (19). 

The development of a new failure pattern criterion in the 
present studies raises several interesting questions for further 
research. Martin, Soubrie and Simon (16,17) use the number of 
escape failures on an FR1 schedule in the shuttle box. The measure 
of impairment is the absence of an escape response following a 
3-see light CS and a 3-see shock. They argue that the "very first 
seconds following shock onset seem to be critical for detecting 
interference effects in animals preexposed to inescapable shocks, 
especially under a simple FR1 schedule." This procedure seems to 
be a variant of the failure pattern approach used in  the present 
study since the rats fail to initiate an escape response. The 
difference between this specific procedure and our paradigm is a 
matter of speculation which should be subjected to a parametric 

comparison in future studies. 
The literature is conflicting in regard to the possibility that 

activity plays a role in the emergence of these behavior patterns. 
Weiss, Kriekhaus and Conte (28) have shown that intertrial 
activity prior to shock is predictive of successful performance in 
the shuttle box. Kovachich et al. (13) and Cierpial et al. (5) have 
demonstrated that animals bred for high activity show deficits in 
swim test performance after uncontrollable shock, while those 
bred for low activity do not show a deficit. Rosellini and DeCola 
(20) reported that there were no differences in activity in the 
interlrial periods during shuttle box performance among groups 
that had been administered inescapable shock when compared with 
controls. Thus, it would seem worthwhile to examine the activity 
among the animals showing the aforementioned escape patterns by 
measuring both general and intertrial activity. Phenotypic charac- 
teristics other than activity may play a role in the emergence of 
these patterns of escape. Weiland, Boren, Consroe and Martin 
(29) reported that the strain of rats contributes considerably to the 
outcome. Brush et  al. (4) studied rats selectively bred for high or 
low performance in shuttle box avoidance. They concluded that 
the major phenotypic difference was greater emotional reactivity 
in the low avoidance line. Scott, Cierpial and Weiss (22) have 
shown that susceptibility to the effects of uncontrollable shock, as 
measured by the swim test, is heritable. It would seem that future 
work should focus on inbreeding studies to determine whether or 
not activity or emotionality are phenotypes which play a role in the 
emergence of these patterns. 

Regardless of which view is adopted, the present study has 
improved the reliability of measuring escape deficits. It has also 
improved the validity of learned helplessness by demonstrating 
that behavior is consistently poor after defining LH using a failure 
pattern criterion. While the classification of LH using an FP 
criterion may underestimate actual LH, escape latencies are more 
stable at both retest times than the DP group and thus the FP 
criterion is representative of a more consistent population; less 
vulnerable to the variability associated with previous studies of LH 
(29) and more appropriate for research using LH as a procedure to 
examine the neuropharmacological substrates and biobehavioral 
mechanisms of this phenomenon. 
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