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ABSTRACf 

The purpose of this research project was to look for a neuro

pharmacological correlate to the behavioral deficits seen in learned 

helplessness (LH). An animal that receives inescapable and 

unpredictable footshock, later demonstrates a deficiency in learning 

an escape/avoidance response. Animals of the strain or family, do 

not demonstrate similar deficiencies when presented the same stress. 

This variability is also seen in humans. It is reasonable to assume 

that there is a fundamental difference in the genetic substrates 

between a helpless rat and a rat that failed to become helpless under 

the same stress paradigm. The fact that antidepressant drugs 

reverse the deficits seen in a helpless rat, strongly suggests that the 

deficit is due to some neurochemical imbalance. This imbalance 

could be due to either the uncontrollable stressor or genetically 

induced. The three experiments suggest that there are fundamental 

differences in the way the central nervous systems of helpless-prone 

rats and helpless-resistant rats cope with unpredictable and 

inescapable foots hock. 

The goal of Experiment I was to search for a correlation 

between LH and receptor changes in the frontal cortex. The results 

did not support the hypothesis. The use of a heterogeneous stock of 

rat may have masked any basic differences between helpless-prone 

and helpless~resistant rats with regard to the 5-HT2 and B-

Xl 
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adrenergic receptors in the frontal cortex. The high variability in 

producing LH also probably confounded iprindole's behavioral 

effects. Particularly disturbing was that iprindole did not produce a 

dose-response curve, with all doses producing an equivalent reversal 

of LH, as defined by latency. In addition, iprindole's effect occurred 

with acute drug administration and did not change significantly with 

sub-chronic treatment. The result found to be most interesting was 

the lack of a binding effect at doses which apparently produced 

dramatic behavioral changes. 

Based on previous studies and the results from Experiment I, 

one could argue that there exists a genetic component in LH. The 

results from Experiment II suggest a strong genetic component to LH, 

not unlike that found in certain forms of human depressive 

disorders. Accordingly, rats from eight different stocks were tested 

for susceptibility to LH training. The outbred stocks consisted of 

Harlan Sprague-Dawley, Sasco Holtzman, and Charles River Holtzman. 

The inbred stocks (strains) tested were Lewis, Wistar Kyoto, Brown 

Norway, Fischer F-344, and Buffalo. The Lewis, Brown Norway, 

Fischer and Sasco Holtzman rats were found to be virtually non

susceptible to LH training. Harlan SD and Buffalo rats evidenced 

intermediate susceptibilities of 28% and 33%, respectively. Kyoto 

and Charles River Holtzman rats were the most susceptible at 53% 

and 55%, respectively. No stock differences between control animals 

were observed. These results indicate that wide differences in 

susceptibility to LH training exist in rats from different stocks or 
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suppliers. 

The results of Experiment II suggested that the Kyoto Wistar rat 

would be a reliable inbred strain in which to study LH. With regards 

to the original goal of this research, it was decided that an evaluation 

of different neuro-transmitter systems during the learned 

helplessness paradigm would yield a potential for success in finding 

a biochemical marker that would differentiate LH-prone from LH

resistant rats. The results of Experiment III suggest, at least in the 

hippocampus, that the serotonin (5-HT) and norepinephrine (NE) 

systems are differentially affected in the LH-prone and LH-resistant 

rat. In particular, 5-HT levels are· not affected by stress alone, but 

are increased in LH-prone rats following a frustrating test session. 

Also, the NE metabolite IVIHPG, is not affected by stress, but does 

increase in the LH-prone rat following testing. Both of these results 

differentiate the LH-prone and LH-resistant rat. It is interesting to 

note that these results suggest that 5-HT and NE neuronal activation 

is increased in LH animals, whereas the catecholamine/indoleamine 

theories of depression states that these two neurotransmitters should 

be depressed. 

In conclusion, the three experiments suggest that there is a 

genetic component in LH and that the NE and 5-HT systems are 

differentially affected by uncontrollable and inescaple shock in LH

prone and LH-resistant rats. 



INTRODUCl'ION 

Depression 

Depressive disorders constitute one of the most severe and 

prevalent mental health problems in the world today. People who 

undergo one or more major depressive episodes, with no intervening 

manic episodes, are said to have major unipolar depression. 

Research in the United States and Europe indicates that among adults 

about 20 percent of women and about 10 percent of men have had at 

least one major depressive episode at some time in their lives. For 6 

percent of women and 3 percent of men, the episode was severe 

enough to require hospitalization (DSM-III, 1980). In outpatient 

clinics, depression is by far the most frequent diagnosis, accounting 

for as much as one-third of the patient population (Woodruff, Clayton 

and Guze, 1975). Numerous theories of depression have been 

proposed. Freud and other early psychoanalytic theorists argued 

that depression was a massive defensive response mounted by the 

individual when he or she ~ould no longer cope with the 

circumstances of life (Lipton, Prange and Wilson, 1972). Many recent 

theories, however, have focused on cognitive or biogenic approaches 

to depression. In the next section, two of these theories which are the 

most germane to the present investigation will be reviewed. 

Cognitive Theory 
The cognitive theory of depression that will be discussed 

1 
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originated in 1967 by Overmier and Seligman. Even though the term 

"learned helplessness" was coined during animal research (Overmier 

and Seligman, 1967), Seligman (1975) paralleled the findings to 

certain aspects of human depression. Seligman's original theory of 

learned helplessness (LH) originated from a fairly straightforward 

hypothesis: namely, when an organism is faced with an outcome that 

IS independent of its responses, the organism learns that the outcome 

IS independent of its responses (Seligman, 1975). This learning 

produces an expectancy that future outcomes with respect to a 

reinforcer will be similarly independent of responses. In turn, the 

expectation that an outcome is independent of responding 1) reduces 

the motivation to control the outcome; 2) interferes with learning 

that responding controls the outcome; and if the outcome is traumatic 

3) produces fear for as long as the uncontrollability exists, and 4) 

produces depression (Seligman, 1975). 

According to this view, the incentive to initiate voluntary responses 

in a traumatic situation has one primary source: the expectation that 

responding will produce relief. When a person or animal has learned 

that relief is independent of responding, the expectation that 

responding will produce relief is negated, and therefore response 

initiation wanes. CogniLively, learning that an outcome is 

independent of a response makes it more difficult to learn the 

correct response in later situations in which the response is effective 

in producing the desired outcome. Emotionally, fear will persist until 

one of two things happens: if the organism learns that the trauma is 
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controllable, fear is reduced and may disappear altogether; or if the 

organism finally learns the trauma is uncontrollable, fear will 

decrease and be replaced with depression (Seligman, 1975). 

Several experiments relevant to the LH model have been 

conducted with human subjects. Fosco and Geer (1971) conducted 

one of the first experiments with human subjects. Subjects first 

received 12 problems, varying numbers of which were insolvable. 

The subjects then received 12 solvable problems. Each problem 

involved guessing the correct sequence of buttons to press on a 

panel. Subjects were given several trials on each problem, and were 

shocked at the end of each incorrect trial. The main independent 

variable was th number of insolvable problems. Different groups 

received either 0, 3, 6 or 9 insolvable problems before the problems 

became solvable. The subjects were not shocked if they gave the 

correct response. The number of errors made by each group on the 

last three problems showed a significant effect, with more mistakes 

occurring among subjects who had more experience with no control. 

Wortman and Brehm (1975) point' out that it is impossible to 

determine if the inability to control the aversive stimulation or the 

aversive stimulation itself was responsible for the results. The 

experimental design had these two variables confounded. 

The criticisms of the Fosco and Geer (1971) study by Wortman 

and Brehm (1975) are only a part of the criticism raised by these 

authors. Wortman and Brehm are, in general, critical of the 

experimental paradigms used to study LH in humans. The original 
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LH design used by Seligman and Maier (1967) did not control for 

confounding variables. A group of subjects exposed to uncontrollable 

aversive stimulation would be the helpless group. The helpless 

group would then be given a testing situation where control IS 

possible and their performance compared to that of a group of 

subjects whowere not put through the training session. 

The original LH theory does not predict that subjects who 

experience control during training will perform better in the test 

situation than subjects who have not received any training. 

Wortman and Brehm (1975) state the finding that subjects who 

believe that they can control the aversive stimulation perform better 

in testing than subjects exposed to uncontrollable outcomes does not 

demonstrate helplessness. What IS needed, according to Wortman 

and Brehm (1975) is a control group that has not received 

helplessness training. Without this last group it is not clear whether 

perceived control results in facilitated performance, whether lack of 

control results in performance decrements, or both. Wortman and 

Brehm emphasize that while reading LH literature, one must decide 

whether the experimenter has actually demonstrated helplessness. 

A second study of LH in humans which is widely referenced 

was done by Hiroto (1974). In this experiment, Hiroto explained to 

the subjects that a loud tone would occasionally occur and that it 

could be turned off (controlled) by simply pushing a button. One 

group (escape) did have control over the tone while, for a second 

group (no escape), the button did not function. Hiroto had a third 
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group that did not partake In this phase of the experimentation (no 

pretreatment). The escape and no escape groups experienced 30 

trials with the tone before the testing phase. The LH test consisted of 

a manipulandum with a knob that needed to be pushed to one side 

or the other of a shuttle box. This design is similar to an escape

avoidance paradigm. Results showed that the no escape group 

performed significantly worse than either the escape or no 

pretreatment groups. Wortman and Brehm argue that Hiroto's 

experiment suffered from the same problems as the Fosco and Geer 

(1971) study. Both experiments have unfortunately confounded the 

uncontrollability of the aversive stimulation with the aversive 

stimulation itself. 

A st11dy done by Thornton and Jacobs (1971) tried to control 

for the confound seen in Fosco and Geer's (1971) and Hiroto's (1974) 

experiment. Subjects were asked to perform a button-pushing task 

while receiving shock. During training, one group (perceived 

avoidance) could avoid the shocks by pressing the correct button. A 

second group was asked to perform the button-pushing task, but was 

told that task performance and shock were independent. The third 

group was asked to endure the shock and were not given any task. 

The last group worked the button--pushing task without receiving 

any shock. These four groups allow the experimenters to suggest 

whether exposure to an aversive outcome or performance on a task 

without exposure to an aversive stimulus, is sufficient to cause 

helplessness. The results showed that the perceived avoidance group 
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performed significantly better than the other groups. There were no 

differences between the three other groups. Thornton and Jacobs 

(1971) claimed that this was an example of LH, but Wortman and 

Brehm (1975) argued that the group that should have been helpless 

performed equally as well as those who had no training task to 

perform and those who received no shocks at all. 

A study conducted by Glass and Singer (1972), even though not 

specifically designed to demonstrate LH, provides better evidence 

than any of the above studies. One group of subjects was forewarned 

that they would be receiving shocks, but that they could control the 

number of shocks received by solving some puzzles. This group was 

divided into two smaller groups called Perceived Control and No 

Perceived Control. The Perceived Control subjects were given 

primarily solvable puzzles, which ultimately led them to believe that 

their good performa.nce decreased the number of shocks. The No 

Perceived Control group were given insolvable puzzles, designed so 

that the subjects were not aware of the insolvability. Naturally this 

group was led to believe that they did not control the number of 

shocks because of their bad performance. Both groups received the 

same number of shocks. Two control groups were used to control for 

the sequence of puzzles used in the two conditions. Neither of these 

groups received electrical shock. At the end of the shocking session, 

each subject was given three tasks to complete: a solvable puzzle, a 

proof reading task and a cognitive task called the Stroop Color Word 

Test. After testing, the subjects wcre asked to rate themselves on a 



series of adjective scales. The results indicated that subjects who 

had received uncontrollable shocks performed significantly worse 

during the testing phase than the control subjects that did not 

receive shock. Also, the No Perceived Control group rated 

themselves more helpless, incompetent and weak than Perceived 

Control or Insolvable Control subjects. 

7 

It is difficult to decide whether or not LH is a real phenomenon 

at this point. Experiments such as Hiroto and Seligman (1975), 

Sherrod and Downs (1974) and the study by Glass and Singer (1972) 

provide some evidence that helplessness exists. Some experiments 

such as Fosco and Geer (1971), Hiroto (1974) and Thornton and 

Jacobs (1971) have suffered from methodological flaws. The 

experimenters of LH have been relatively vague about exactly what 

kinds of manipulations are needed to produce LH. Reviewing just a 

small part of the literature demonstrates this inconsistency. Glass 

and Singer (1972) and Sherrod and Downs (1974) suggested that 

subjects became helpless when exposed to uncontrollable noise even 

when they were told that they will not have control over the noise; 

while subjects under a similar paradigm in Hiroto and Seligman's 

(1975) and Thornton and Jacobs' (1971) experiments did not show 

any symptoms of helplessness. Hiroto and Seligman (1975) 

concluded that failure alone was capable of producing LH, while Glass 

and Singer's (1972) results suggest that failure alone does not 

produce helplessness. Seligman and Bootzin (1974) found no 

evidence that random reinforcement produced helplessness, while 



other researchers have used random reinforcement as an effective 

method of producing helplessness (Hiroto and Seligman, 1975). 

Wodman and Brehm (1975) have ,developed their own 

8 

working model of depression. They have integrated reactance theory 

and LH theory into a unified framework. Theoretically, reactance 

should occur only when subjects who are exposed to uncontrollable 

outcomes had expected to have some control over the outcomes. 

Wortman and Brehm (1975) state that if a person expects to be able 

to control or influence outcomes that are of some importance to 

him/her, finding these outcomes uncontrollable should produce some 

psychological reactance. This uncontrollability should act as a threat 

to the person's freedom so that she/he experiences increased 

motivation to exert control, and improved performance should occur. 

Despite increased motivation, the person comes to learn through 

extended helplessness training that he/she cannot control the 

outcome. At this point, the person will stop trying. 

Reactance will precede helplessness for those individuals who 

expect to have control over the outcome. Theoretically, the more 

expectation of control a person experiences, the more difficult it is to 

produce helplessness. A person may expect to have control over 

certain outcomes because they have had prior control over the same 

outcomes, because he/she has observed others that show control, or 

because he/she has used a great deal of effort in order to control the 

outcome (Wortman and Brehm, 1975). 

The concept of importance is key to the Wortman and Brehm 
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model. A person simply will not be noticeably depressed or 

bothered by the non-contingency of responses and outcomes if the 

outcomes are trivial. Wortman and Brehm hypothesize that when a 

person becomes convinced that he/she cannot control an outcome, 

the state of helplessness is directly proportional to the importance of 

the outcome that the person was trying to influence. 

The data and model suggest that an individuars initial response 

to helplessness training is reactance. Upon experiencing failure, the 

individual strives to regain control. This striving is in the form of 

increased motivation. The person who repeatedly encounters failure 

becomes more convinced that he/she lacks effective control. 

Lowered effort and decreased functioning are symptoms of LH 

(Seligman and Kubal, 1975). According to the results of Wortman 

and Brehm (1975), one variable that influences the effect of 

helplessness training on subsequent performance is the amount of 

training the person receives. Small amounts produce reactance or 

facilitated performance, whereas large amounts cause helplessness or 

reduced performance. 

The original LH theory has been criticized and reformulated. 

The maIn problem with the LH theory, applied both to human 

helplessness in the laboratory and to natural depression, is its failure 

to account for boundary conditions. Sometimes laboratory 

helplessness is general (Hiroto and Seligman, 1975), and sometimes it 

is circumscribed (Cole and Coyne, 1977). Sometimes tragic events 

produce depressive reactions and sometimes they do not (Brown and 
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Harris, 1978). The original model does not explain the self-esteem 

loss frequently observed among depressives (Beck, 1967). Basically, 

the original helplessness theory does not explain the chronicity and 

generality of help-Iessness and depression and the loss of self

esteem following helplessness. 

Abramson, Seligman and Teasdale (1978) revised helplessness 

theory to include the individual's causal explanations of the original 

bad event. The reformulation allows a person to ask "why?", after 

facing uncontrollable traumatic events. Their answer greatly affects 

how they react to the events. Abramson et al. (1978) hypothesized 

that there are three relevant dimensions. First, the perceived cause 

may be something about the person (internal attribute), or it may be 

something about the situation or circumstances (external attribute). 

Second, the cause may be a factor that persists over time (stable 

explanation) or it may be transient (unstable explanation). Third, the 

cause may affect a variety of outcomes (global explanation), or it 

may be limited just to the event of concern (specific explanation). In 

summary, once a person perceives non-contingency, he/she 

attributes his/her helplessness to a cause. This cause can be internal 

or external, stable or unstable and/or global or specific. The 

attribution chosen influences whether expectation of future 

helplessness will be chronic or acute, broad or narrow and whether 

helplessness will lower self-esteem or not (Abramson et ai., 1978). 

The reformulation assigns particular roles to each of these 

dimensions. Internality of causal beliefs affects self-esteem loss 
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following traumatic events. Loss of self-esteem is more likely to 

occur when a person internalizes causation. Stability of causal beliefs 

affects the chronicity of helplessness and depression following bad 

events. If a bad event is explained by a cause that persists, 

depressive reactions to that event tend to persist. If the event is 

explained by a transient factor, then depressive reactions tend to be 

short lived. Globality of causal beliefs influences the pervasiveness 

of deficits following bad events. If one believes that a global factor 

has caused a bad event, then helplessness deficits tend to occur in a 

variety of different situations. If one believes that a more specific 

factor is the cause, the deficits tend to be circumscribed (Peterson 

and Seligman, 1984). 

Since Abramson et al. (1978) have reformulated the 

helplessness theory, the question remains if the new theory is 

consistent with the human data. For a summary, nondepressed 

students given inescapable nOIse or unsolvable discrimination 

problems fail to escape noise (Hiroto and Seligman, 1975), and fail to 

solve anagrams (Hiroto and Seligman, 1975). Escapable noise, 

solvable discrimination problems or no treatment does not produce 

these deficits. Abramson et al. (1978) argue that both the old and 

the reformulated theories explain these deficits by stating that 

subjects expect that outcomes and responses are independent in test 

situations. They continue by saying that the expectation produces 

the motivational deficit and cognitive deficit. The reformulation 

theory includes an explanation that the expectation of inescapability 
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or unsolvability must have been global to transfer across situations 

and stable enough to survive the brief time interval between tests. 

The reformulation explains the effects of therapy and 

immunization by the attributional dimension of generality. 

Helplessness can be reversed or prevented by experience with 

success (Klein and Seligman, 1976). Abramson et al. (1978) have 

suggested that real success and not recalled success, modifies 

attribution along the global-specific dimension. Immunization is 

explained such that initial success experience should make the 

attribution for helplessness less global and therefore less likely In 

the new test situation (Thornton and Powell, 1974). 

In summary, Abramson et al. (1978) have reformulated the 

original LH theory in such a way that the new theory explains many 

common phenomena of human depression that the original theory 

did not. One must remember that the original theory was developed 

to explain observations made during animal studies. The following 

IS a summary of the reformulated theory taken from Abramson et al. 

(1978): 1) depression consists of four classes of deficits; 

motivational, cognitive, self~esteem and affective; 2) when highly 

desired outcomes are believed improbable or highly aversive 

outcomes ~re believed probable, and the individual expects that no 

response in his/her repertoire will change their likelihood, 

(helplessness) depression results; 3) the generality of the depressive 

deficits depend on the globality of the attribution for helplessness, 

the chronicity of the depressive deficits will depend on the stability 
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of the attribution for helplessness, and whether self-esteem is 

lowered will depend on the internality of the attribution for 

helplessness; 4) the intensity of the deficits depends on the 

strength, or .;;ertainiy ~ of the expectat.ion of uncontrollability and, In 

the case of the affective and self-esteem deficits, on the importance 

of the outcome. 

Biogenic Amine Theory 

The existence of genetic elements in at least some cases of 

affective disorder implies an associ~ted biochemical abnormality. No 

such change has ever been conclusively identified in the brains or 

body fluids of any patients. The evidence that permits one to 

formulate biochemical theories derives from the influences of drugs 

on depressive symptoms and on neurotransmitters. The original 

biogenic amine theory states that a depletion of either 

norepinephrine (NE) or serotonin (5-HT) causes a depressive state. 

The biogenic amine theory of depression is based on the 

observations that monoamine-depleting agents, such as reserpine, 

can produce depressive states in humans while clinically effective 

antidepressants of the tricyclic and monoamine oxidase inhibitor 

(MAOI) classes act rapidly to enhance the availability of the amines 

NE and 5-HT in the brain (Schildkraut, 1965; Bunney and Davis, 

1965). The original monoamine deficiency hypothesis has been 

developed further based on studies of the association between pre

treatment urInary excretion of 3-methoxy-4-
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hydroxyphenethyleneglycol (MHPG), a major metabolite of brain NE, 

and clinical response to tricyclic antidepressants with differential 

effects on the reuptake of 5-HT and NE. From these results, it was 

proposed that there may be two biochemically and pharmacologically 

identifiable r,ubtypes of depression, one with a disorder of NE 

metabolism and the other involving 5-HT (Maas, 1965). These early 

theories are based on the premise that the therapeutic action of 

antidepressant drugs depends on the ability of these drugs to 

increase the availability of synaptic NE and/or 5-HT through high

affinity re-uptake inhibition (tricyclics) or decreased catabolism 

(MAGIs). 

Recent evidence, however, indicates the traditional monoamine 

deficiency theory is inadequate. In particular, 3 lines of evidence 

converge to undermine the credibility of this view. First, drugs such 

as iprindole and mianserin, fail to significantly inhibit neuronal 

uptake of l'J~ or 5-HT; although they are clinically effective 

antidepressants (Gluckman and Baum, 1969; Goodlet et aI., 1977). 

Second, effective amine uptake inhibitors such as amphetamine and 

cocaine appear not to be useful in the treatment of depression (Post 

et aI., 1974; Overall et aI., 1962). Probably the most interesting 

finding which contradicts the biogenic amine theory, however, is the 

observation that the therapeutic time course for antidepressants is 

approximately two weeks while the traditional uptake inhibition 

occurs almost immediately. 

Partially as a result of these findings, the emphasis of current 
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research into the mechanism of action of tricyclic antidepressants, 

atypicals, and MAOIs has shifted from acute presynaptic effects to 

the slower adaptive changes in NE and 5-HT receptor systems 

induced by long-term antidepressant administration. These 

observations plus others suggest that antidepressant treatment 

effects on amine re-uptake and met~bolism cannot account 

completely for their therapeutic activity. 

Animal Models of Depression 

Clinical depressive disorders are complex in presentation and 

dissimilar in origins and course. An understanding of their origins, 

biological substrates and responsiveness to established and novel 

forms of therapy requires biological and social interventions which 

cannot always readily or ethically be carried out in a clinical setting. 

Recently, more behavioral procedures are being investigated as 

potential animal models of depression. In the past, most of the 

models in use were based on pharmacological interactions between 

antidepressants and other drugs, and were of minimal psychological 

interest. Two developments in the theory of depression have 

increased interest in the behavioral aspects of depression research. 

Firstly, the recognition that endogenous depressions may have 

environmental precipitants (Brown and Harris, 1978; Lloyd, 1980 

a,b) has led to increased attempts to use animal models to specify the 

relationship of stress to depression (Anisman and Zacharko, 1982). 
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Secondly, the discovery that chronic treatment with antidepressant 

drugs produces interesting and potentially significant biochemical 

changes, which are not apparent on acute administration (Segal et aI., 

1974; Sulser et al., 1978) has led to attempts to discover situations in 

which behavioral effects having a similar course may be observed. 

Preclinical models of psychiatric disorders may potentially 

serve a number of purposes. Unlike clinically observed behavioral 

disorders which may be heterogeneous with respect to type, life 

history, immediate precipitants, biochemical status, genetic load, and 

related factors, studies employing animals may be better defined and 

more homogeneous on the above grounds. Thus, any of these factors 

may be varied and independently examined. Additional 

considerations such as a relatively short life span~ allowing extensive 

longitudinal study both within and across generations, the relatively 

greater ethical and experimental latitude possible with animal 

studies, as well as such practical considerations as expense and time 

advantages further argue for the utility of the preclinical approach. 

Animal models are usually evaluated on five generally accepted 

criteria: 1) specificity; the model should only detect antidepressants, 

2) generality; the model should be sensitive to all classes of 

antidepressants (tricyclics, MAOIs, and atypical), 3) antidepressants 

should only be effective with chronic drug administration, 4) the 

model should be an in vivo preparation so that any potential side 

effects can be evaluated, 5) the animal model should parallel the 

human disease in as many ways as possible (symptoms, etiology, 
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treatment etc.). 

In this section, a number of animal models of depression will 

be described and evaluated on their ability to meet the criteria 

discussed above. 

Reserpine Antagonism 

Reversal of the behavioral and physiological effects of 

reserpine was the earliest animal model of depression to be 

developed and widely used for preclinical studies (Costa, Garattini 

and Valzelli, 1960). The symptoms produced by reserpine and 

related agents such as tetrabenazine consist of ptosis, hypothermia 

and catalepsy. The reversal of ptosis and hypothermia by tricyclic 

antidepressants and MAOIs is well established and was the first clear 

demonstration of a difference in pharmacological activity between 

tricyclic antidepressants and neuroleptics(which potentiate, rather 

than counteract, the effects of reserpine-like drugs; Costa et aI., 1960; 

Maxwell and Palmer, 1961; Theobald, Buch, Kunz, Morpurgo, Stenger, 

and Wilhilmi, 1964). The reserpine model has been widely used as a 

screening test for potential new antidepressants (Hill and Tedezchi, 

1971; Howard, Soroko, and Cooper, 1981). 

The reserpine reversal experiment suffers from a number of 

drawbacks, however. It fails to detect some new antidepressants, 

which differ structurally from the tricyclics and MAOIs, such as 

mianserin (Van Riezen, 1972), and trazodone (Silvestrini, 1982). 

Conversely, a wide range of non-antidepressants are detected by the 
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procedure including stimulants, dopa, alpha-methyl-dopa, alpha

adrenergic agonists, beta-adrenergic blockers, antihistamines and 

LSD (Carlsson, Lindquist, and Magnusson, 1957; Day and Rand, 1963; 

Duvoisin and Marsden; 1974; Colpaert, Lenaerts, Niemegeers, and 

Janssen, 1975; Grabowska, Antkicwicz, and Mechaluk, 1974; Sigg, 

Gyermik, and Hill, 1965; Sigg and Hill, 1967). In contrast to clinical 

administration, antidepressants used in the reserpine model are 

effective after acute administration. 

The validity of the reserpine model IS based on two claims: 

that reserpine induces depression in people, and that reserpine 

induced catalepsy is normalized by antidepressant drugs. The first 

claim that reserpine induces depression is questionable. The 

percentage of people truly depressed was low (5%), and these 

patients usually had a prior history of depression (Goodwin, Elbert, 

and Bunney, 1972). The second claim has been proven false. When 

reserpine treated animals do awaken from their drug-induced 

stupor, they engage in a highly stereotyped and abnormal behavior 

consisting of continuous sniffing and incessant, inexorable forward 

locomotion, which continues unabated for a period of hours (Willner 

and Clark, 1978). There is no evidence that antidepressants are able 

to reverse the suppression by reserpine-like drugs of normal 

instrumental behavior (Willner and Clark, 1978). 

Amphetamine Potentiation 

Most antidepressants enhance most actions of amphetamine. 
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These include hyperthermia (Morpurgo and Theobald, 1965), weight 

loss (Claasen and Davies, 1969), locomotor activity (Halliwell et aI., 

1964), stereotyped behavior (Halliwell et aI., 1964), enhancement of 

shock avoidance performance (Carlton, 1961) and bar pressing for 

brain stimulation reward (Stein, 1962). Unfortunately, this model 

also possesses a number of shortcomings which minimize its 

usefulness. The model is extremely nonspecific: the enhancement of 

amphetamine actions is also shared by representatives of many 

other classes of drugs, including stimulants, anticholinergics, 

antihistamines, neuroleptics, beta-blockers and local anaesthetics 

(Stein, 1962; Stone, 1966; Lapin, 1962; Carlton, 1961). Conversely, 

newer antidepressant agents structurally dissimilar to the tricyclics, 

such as mianserin (van Riezen, 1972) and trazodone (Silvestrini, 

1982), do not potentiate amphetamine, indicating a lack of generality 

for antidepressant drugs. Again, as in the reserpine model, acute 

administration of antidepressants is effective. 

Olfactory Bulbectomy 

Rats subjected to bilateral lesions of the olfactory bulbs show a 

variety of behavioral changes, including irritability, hyperactivity 

and an elevation of circulating levels of plasma corticosteroids, and 

they are also deficient in passive avoidance learning, possibly due to 

the hyperactivity. All of these changes can be reversed by 

antidepressant treatment (Cairncross et aI., 1977, 1978, 1979; Rigter 

et aI., 1977; van Riezen, 1977). The specificity of the effects is 
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variable. While all the effects of bulbectomy were reversed by 

amitriptyline, mianserin and viloxazine, irritability and the hormonal 

changes were also reversed by the aeuroleptic chlorpromazine and 

the anxiolytic chlordiazepoxide. Of the three changes, the passive 

avoidance deficit appears to be the only one which is reversed 

specifically by antidepressants. 

With the exception of tranylcypromine (Cairncross et al., 1978, 

1979), and possibly other MAOIs, the model appears sensitive to all 

typical and atypical antidepressants. For example, the 

antidepressants imipramine, viloxazine and mianserin have been 

shown to work after subchronic treatment (5-10 days ) (Lloyd et al., 

1982) while fluoxetine, zimelidine and trazodone are effective after a 

single dose (Noreika et al., 1981). However, a very narrow range of 

non-antidepressants have been tested, and two important questions 

concerning 1) the requirement for chronic drug treatment and 2) the 

specificity of antidepressant effects on the hormonal changes induced 

by bulbectomy remain to be answered. 

Behavioral Despair 

When mice or rats are forced to SWIm in a confined space, after 

an initially frenzied attempt to escape, they assume an immobile 

posture. On subsequent immersion, the duration of immobility IS 

much longer. This state has been named "behavioral despair". In 

theory, it is assumed that the animal has "given up hope of escaping" 

(Porsolt et aI., 1977a,b, 1978a,b, 1979; Porsolt, 1981). The duration 
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of immobility in the second test is decreased by pretreatment with a 

wide variety of antidepressants, including tricyclics (imipramine, 

amitriptyline, doxepin), MAOIs (clorgyline, deprenyl, iproniazid, 

nialamide, tranylcypromine), atypical antidepressants (maprotiline, 

iprindole, buproprion, mianserin, nomifensine, viloxazine), ECS and 

rapid eye movement sleep deprivation (Browne, 1979; Ferris et aI., 

1982; Gorka et aI., 1979; Martorana and Nitz, 1979; Porsolt, 1981; 

Porsolt et aI., 1977a,b, 1979; Schechter and Chance, 1979; Wallach 

and Hedley, 1979). A significant correlation has been shown 

between clinical potency and potency of antidepressants in this 

animal model (Willner, 1984). 

The generality of this model for antidepressants is 

questionable. Three clinically effective antidepressants, 

chlorimipramine, trazodone and salbutamol did not reduce 

immobility in the rat (Porsolt et aI., 1979; Porsolt, 1981). The 

behavioral despair model also suffers from a lack of specificity. 

While this test successfully discriminates antidepressants, 

neuroleptics and anxiolytics (Porsoli: et aI., 1977a,b), false positives 

have been reported for stimulants, convulsants, anticholinergics, 

antihistamines, pentobarbital, opiates and other brain peptides (Betin 

et aI., 1982; Browne, 1979; Kastin et aI., 1978; PorsoIt, 1981; 

Schlechter and Chance, 1979; Wallach and Hedley, 1979). It has been 

demonstrated that stimulants and anticholinergics reduce immobility 

by an indiscriminate stimulation of motor activity rather than by 

delaying the onset of immobility and could be distinguished from 
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antidepressants by prolonging the period of the test (Kitada et aI., 

1981). Again, both acute and chronic administration of 

antidepressants are effective in this test, even though the effects of 

chronic administration are more pronounced (Kitada et aI., 1981). 

Intra-Cranial Self-Stimulation (leSS) 

Many models of depression depend on the decrease in the 

performance of rewarded behaviors by experimental manipulation. 

Recently, experiments have attempted to investigate directly the 

brain. systems which mediate reward by studying brain stimulation 

reward in animals implanted with 'intracranial self-stimulation 

electrodes. One model utilizes the depression of ICSS produced by a 

lesion of the internal capsule, in the region of the telencephalic

diencephalic border. The deficit was alleviated by subchronic (5-9 

days) treatment with tricyclics (imipramine, amitriptyline, 

desmethylimipramine, protriptyline), MAOls (tranylcypromine, 

iproniazid) and atypical antidepressants (maprotiline, mianserin, 

zimelidine, nomifensine, nisoxetine) (Cornfeldt et aI., 1982); Emrich, 

1982; Szewczak et aI., 1982). Morphine was found to be effective 

while diazepam, yohimbine, propranolol and other non

antidepressants were not effective. 

A second experiment found that the threshold for brain 

stimulation reward was elevated for a period of weeks following 

withdrawal from chronic amphetamine treatment (Barrett and 

White, 1980; Kokkinidis and Zacharko, 1980; Leith and Barrett, 



1980). This effect was alleviated by two days of imipramine or 

amitriptyline treatment, and with continued treatment, normal 

responding was restored (Kokkinidis et al., 1980). The generality 

and specificity of this model of ICSS has not been explored more 

thoroughly at this time. 
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These two models of ICSS both possess validity as models of 

depression since a decrease in the ability to experience pleasure may 

be the single most important symptom of endogenomorphic 

depression (American Psychiatric Assoc., 1982; Klein, 1974; Nelson 

and Charney, 1981). Any parallels between these animal models and 

human depression depend on the assumption that the changes in 

self-stimulation behavior are brought about by a change in the 

rewarding value of the brain-stimulation, rather than by non-specific 

sedative or other motor effects. The hypothesis that depression 

results from a reduction in the activity of reward systems is central 

to a number of theories of depression (Costello, 1972). 

Learned Helplessness 

The last putative animal model of depression to be discussed 

deserves special attention because it is the only animal model that IS 

used in laboratories that has not been studied thoroughly for its 

pharmacological relevance to depression. This model is based on the 

fact that animals that have been exposed to uncontrollable and 

unpredictable electric shock will fail to learn the correct response to 

escape shock in later tests in which shock is controllable. The first 



24 

experiments of this type showed that dogs initially exposed to 

unpredictable, inescapable shock, failed to jump over a divider in a 

shuttle box to escape the shock in a later test (Overmier and 

Seligman, 1967; Seligman and Maier, 1967). The non-preshocked 

dogs easily learned the correct response while the preshocked 

(helpless) dogs simply laid down on the floor and passively accepted 

the shock. In theory, these 'helpless' dogs failed to respond because 

past experience taught them that trying to escape shock was futile. 

Similar findings have been seen under a variety of experimental 

conditions and in several species including fish (Padilla, 1973), cats 

(Ivlasserman, 1971), rats (Looney and Cohen, 1972; Maier et aI., 1973; 

Seligman and Beagley, 1975; Seligman et al., 1975; Alloy et aI., 1979) 

and humans (Fosco and Greer, 1971; Thornton and Jacobs, 1971; 

Glass and Singer, 1972; Hiroto and Seligman, 1975; Miller and 

Seligman, 1975; Gachel and Proctor, 1976). In addition, several 

groups have proposed theories of learned helplessness (Seligman, 

1974; Seligman, 1975; Maier and Seligman, 1976; Garber et aI., 

1979). 

The theory of LH suggests that LH and clinical depression 

parallel each other in terms of etiology, symptoms and therapy. LH 

is seen to result from the experience of uncontrollability of events 

and the consequent learning that responding is independent of 

reinforcement. This learning results in the expectancy that future 

responding will be similarly useless. Many theorists have 

emphasized the centrality of the belief in response-outcome 
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independence In the etiology of human depression (Bibring, 1953; 

Engel, 1968). ..AJso, a number of characteristics of helpless animals 

resemble those of depressed humans. Helpless animals display 

marked passivity and difficulty learning that responding is effective 

(Overmier and Seligman, 1967). These characteristics, according to 

theory, parallel passivity and belief in the futility of their own 

behaviors shown by depressed people (Beck, 1967 ; Miller, 1975). LH 

in animals dissipates with time (Overmier and Seligman, 1967), 

similar to human depression (Freud, 1917). 

Even though parallels exist between LH and depression, little 

resear.ch has been conducted to determine if pharmacological 

treatments effective in alleviating depression in humans are also 

effective in reversing LH in experimental animals. The few studies 

that have been done have been less than comprehensive and do not 

allow for an evaluation of this animal model as a constructive and 

clinically useful model of depression. The primary purpose of this 

investigation is to study the pharmacology of learned helplessness, 



EXPERIMENT I 

INTRODUCTION 

Until recently, tricyclic antidepressants and MAOIs were the 

only drug therapies available for unipolar depression. Because of 

adverse side effects, delayed therapeutic effects, relatively high 

toxicity and other problems, chemists have generated a new class of 

antidepressant drugs which are distinctly different from tricyclics 

and MAOIs. These compounds are structurally, biochemically, and 

pharmacologically distinct from tricyclic compounds and MAOIs and 

therefore may have fewer side effects and possibly be more 

efficacious. Of the 'atypical' antidepressants, iprindole has been the 

most extensively researched, contrasted with its minimal use within 

the clinical arena. 

Iprindole, (5-(3-Dimethylaminopropyl)-6, 7 ,8, 9,10,11-

Hexahydro-5H-Cyclooct [b] indole·Hel), is composed of an indole and 

an eight-membered ring whereas imipramine (used as a prototype 

tricyclic) contains a central seven-membered ring with a benzene 

ring on either side (Figure 1). Iprindole differs pharmacologically 

from imipramine in that iprindole has no effect on the uptake on 3 H

NE in rat heart and brain in doses adequate to produce 

antidepressant effects in rats. Like imipramine, iprindole does not 
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inhibit the oxidation of tyramine by brain MAO or liver MAO in very 

high concentrations (Gluckman and Baum, 1969). Iprindole has been 

shown to possess less than III 00 the potency of imipramine as an 

inhibitor of 3H- NE and 3H-5-HT uptake in mouse brain slices (Ross 

et aI., 1971). 

Clinical Trial.s. 

Although the point is controversial, a number of clinical studies 

suggest that iprindole may be an effective antidepressant agent. In 

initial, uncontrolled studies iprindole was found to have 

antidepressant effects with a success rate similar to those reported 

for other tricyclic antidepressants (Imlah et aI., 1968). In three 

double-blind studies iprindole was found to be supenor to a placebo, 

but was not compared to a standard, clinically effective 

antidepressant (Hicks, 1965; Rickels et aI., 1968; Daneman, 1967). In 

a double-blind, four week study conducted with 100 depressed and 

anxious-depressed patients and general practice outpatients, 

iprindole was found to be similar in efficacy to imipramine (Rickels 

et aI., 1973). Also, In a four week double-blind study on 60 

outpatients suffering from depression varying in severity, iprindole 

and imipramine were comparable in their therapeutic effects (Master 

and Bastini, 1972). One study comparing iprindole to amitriptyline 

again found no significant difference between the two 

antidepressants (Sterlin, 1968). 
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Despite the apparent clinical effectiveness of iprindole In the 

above studies, other researchers have not obtained positive results 

with this compound. In three, four-week double blind studies 

comparing iprindole to imipramine, iprindole was not found to be 

significantly more effective (Johnson, 1970 ; Narayanan, 1973) or in 

one study (Sutherland, 1967) was found to be qualitatively less 

effective than imipramine. Thus, even though the clinical evidence 

is not unanimous, it does support the conclusion that iprindole may 

be an effective antidepressant. 

Interactions wjlh Nli...System 

Iprindole (acute or chronic) is apparently devoid of effects on 

NE uptake or turnover (Gluckman and Baum, 1969; Lahti and 

Maickel, 1971; Rosloff and Davis, 1974, 1978). Nonetheless, iprindole 

potentiates the electrophysiological effects of iontophoretically 

applied NE (Bevan et ai., 1975), and is comparable in potency to 

imipramine and desmethyl-imipramine (Bradshaw et ai., 1974). 

Another effect of iprindole which relates to its apparent 

antidepressant action involves the effect of this drug on B-adrenergic 

receptors (Banerjee et ai., 1977). The most widely described 

postsynaptic effect of antidepressants is their ability to decrease the 

sensitivity of B-adrenergic receptors. This phenomenon requires at 

least five days of treatment and up to one to two weeks to develop. 

The reduction in B-adrenergic sensitivity is characterized by a 

reduction in NE-stimulated cAMP production in the postsynaptic 
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membrane. Essentially all types of antidepressants reduce NE

stimulated cAMP, including tricyclics and MAOIs (Vetulani and 

Sulser, 1975; Vetulani et al., 1976), electroconvulsive shock therapy 

(Vetulani et al., 1976) and lithium (Belmaker et al., 1983). In a 

similar fashion, iprindole (and other 'atypical' antidepressants) also 

reduces NE-stimulated cAMP production (Wolfe et al., 1978; Vetulani 

et al., 1976). 

The desensitization of B-adrenergic receptors is usually 

accompanied by a reduction in cortical B-receptor binding. A 

reduction in B-receptor density was first reported with 

desmethylimipramine, doxepin and iprindole (Banerjee et al., 1977) 

and has been shown with a wide variety of antidepressants 

(Bergstrom and Kellar, 1979; Peroutka and Snyder, 1980; Sugrue, 

1982). 

Interactions with 5-HT System 

Similar to the NE system, neither acute nor chronic iprindole 

treatment blocks 5-HT uptake (Zis and Goodwin, 1980; Segawa et al., 

1982) or affects 5-HT turnover (Leonard and Kafoe, 1976). In a 

human system parallel to the rat 5-HT reuptake process, iprindole 

does not block 5-HT reuptake in human platelets in vitro (Campbell 

and Todrick, 1973) nor does chronic administration in man alter 

platelet 5-HT content (Fann et al., 1972; 1974). 

Postsynaptically, chronic administration of iprindole does not 

alter 5-HTI receptor density (Lucki and Frazer, 1982; Peroutka and 



Snyder, 1980; Segawa et al., 1982; Stolz et al., 1983), but does 

decrease 5-HT2 receptor density without altering the receptor 
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affinity (Kellar et al., 1981; Kendall et al., 1982; Peroutka and Snyder, 

1980; Stolz et al., 1983). 

Effects in Animal Models of Depression: Experimental Goals 

One purpose for developing an animal model of depression is to 

facilitate pre-clinical screening for potential antidepressant 

compounds. A common problem with the models presently used IS 

their lack of generality across classes of antidepressants. Most 

common is the failure to screen the so-called 'atypicals'. Presently, 

iprindole 'has had positive results in seven mo"dels. These include 

yohimbine potentiation (Malick, 1981), 5-HTP induced behavioral 

depression (Aprison et aI., 1982; Nagayama et al., 1980), isolation

induced hyperactivity (Garzon et aI., 1979; Garzon and Del Rio, 1981), 

behavioral despair (Porsolt et al., 1977; Porsolt, et al., 1978), chronic 

unpredictable stress (Katz and Sibel, 1982), olfactory bulbectomy 

(Jesberger and Richardson, 1986), and learned helplessness 

(Sherman et al., 1982). 

Presently, iprindole IS known to affect B-adrenergic and 5-HT2 

receptors in the experimentally naive rat and also to reverse the 

behavioral deficits seen in the helpless rat. Iprindole's effects on the 

two receptor types are pharmacologically interesting. Iprindole's 

effects on these two receptor types in the brain of a person suffering 

from depression are unknown. The purpose of this experiment is to 
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use an animal model of depression that is sensitive to iprindole and 

correlate the observed behavioral changes to measured 

neuropharmacological changes in B-adrenergic andlor 5-HT2 

receptor characteristics. 
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METHODS 

Subjects 

Adult male Sprague-Dawley rats (University of Arizona 

Division of Animal Resources) were used in the first experiment. 

Animals were housed in wire cages (5 per cage) in a room 

maintained at constant temperature (25 ± 2 OC). The animals were 

maintained on a 12 hour light-dark cycle with food and water 

provided ad libitum, except during training and testing. 

Drug Administration 

The doses of iprindole (a gift from Wyeth Laboratories Inc., 

Philadelphia, Pennsylvania) were calculated as the weight of the 

active drug (free base) per kilogram of body weight. Both iprindole 

and saline (vehicle control) were administered through 

intraperitoneal (i.p.) injections. The doses used were 0.625, 2.5, 5.0, 

and 10.0 mg/kg. 

A-IlParatus 

Learned helplessness training and testing were conducted in 

two modified BRS-L VE (Beltsville, MD) rat shuttle cages. Each shuttle 

cage consists of two adjacent compartments each 22 em long by 20.5 
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cm wide by 19.5 cm high (inside dimensions), separated by a 

removable aluminum partition. The interiors of the shuttle cages 

were modified by the insertion of aluminum plates covering the 

plexiglass end walls, back wall, and an aluminum wire screen (to 

permit observation of the cage interior during experiments) on the 

front wall. The aluminum plates and screen allow the walls and 

center partition to be electrified. The floor was constructed of 

stainless steel rods 2 mm in diameter and spaced 1 cm apart. The 

shuttle cages were located in two sound-attenuated environmental 

chambers (47 cm deep by 96 cm wide by 51 cm high) each with a 

one-way observation window. 

Scrambled shock was delivered to the grid floor, walls and 

partition by two solid-state shock generators. Timing of shock 

delivery was controlled by BRS-L VE electromechanical and solid 

state timers and relays. Inter-shock intervals were timed and 

controlled by an electronic variable interval timer (Electronics shop, 

University of Arizona). Response measurement and recording was 

accomplished by means of photocells attached to the side walls of 

each shuttle cage and connected to an Omnitech (Columbus, OR) 

Shuttle Control Unit (SCU) and 4-channel printing latency timer. 

There were two pairs of photocells, one on each side of the 

shuttlebox. These photocells created two beams, one on top of the 

other, which were wired through an electronic gating device so that 

both beams must be brok(!n simultaneously in order for the SCU to 

register a crossing. The photocells were placed far enough apart so 
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that the rat can only accomplish this by movmg his whole body In 

front of the photocells, since rat tails are not thick enough to 

simultaneously interrupt both photobeams. This entire system 

functioned automatically during both training and testing. Masking 

noise, at an intensity of approximately 85 db, was provided by a 

white noise generator delivered through speakers located in the 

ceiling of each chamber. Lighting for each chamber was provided by 

a single 24 volt bulb located directly above each shuttle cage 

(apparatus designed by Dr. James Boren, Pharmacology/Toxicology, 

University of Arizona). 

Behavioral Procedures 

Training 

Animals were randomly assigned to either the LH group or 

the control (C) group. Each animal was placed in one half of a shuttle 

cage with a solid barrier in the middle dividing the cage. This 

procedure made possible the training of four animals at one time. 

The LH group received an initial session of 80 inescapable, 

unpredictable 5 sec shocks at an intensity of 2.0 rnA on a variable 

interval 60 sec schedule (VI60). Controls did not receive any shock 

but remained in the shuttle cages an equivalent amount of time. 

Identical training sessions were conducted one week and two weeks 

after the initial training session. It has been found that weekly 

training is necessary to insure that helplessness persists throughout 
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the two week drug testing period (Boren, J., personal 

communication). The sequence of training and testing sessions and 

the purpose of each session are given in Table 1. 

Testing 

All animals were individually tested for acquisition of an 

escape response in the same shuttle cages twenty-four hours after 

the initial training session. During testing, an aluminum partition 

with a 6.5 cm by 6.5 cm archway cut in the center and flush with the 

grid floor was inserted, One testing session consisted of 20 trials, 

with the animals required to cross from one side to the other and 

back to the original (FR2) to escape the shock. If the appropriate 

response was not made within 45 sec the shock was automatically 

turned off. During testing, the shock intensity was 1.0 rnA on a VI-

60 schedule. The dependent measure consisted of the latency to 

perform the FR2 response. The criterion for helplessness was an 

average latency greater than 20 sec over 2-0 trials. This first test 

day, drug-free, allowed the separation of animals that do not show 

helplessness. The presence of non-helpless animals in groups 

exposed to LH training can lead to false positives and this has been 

suggested to be a drawback to the LH model (Sherman et aI., 1982). 

Drug testing began 24 hours after the initial test session. Each 

animal received an i.p. injection of either iprindole or saline. One 

hour later, escape testing was conducted as previously described. 

Following this test for acute drug effects, each rat received one daily 
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injection for a total of 14 days. In order to examine the effects of 

chronic drug administration, animals were tested for escape 

acquisition on days 7 and 14 of drug administration. The treatment 

duration of 14 days was chosen since antidepressants are usually 

effective In humans within 2 weeks after the initiation of therapy, 

and numerous biochemical changes in rats have been reported to 

occur after 14 days of antidepressant administration (Leonard et aI., 

1976; Mishra et aI., 1980; Sugrue, 1980). Some 

neuropharmacological effects of chronic antidepressant 

administration occur within 7 days (De Montigny et aI., 1978). 
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TABLE 1. Training and Testing Schedule. 

DAY TREATMENT 
1 Training session #1 

2 Test session #1 

3 Injection #1 & Acute Drug Test 

4 Injection #2 

5 Injection #3 

~ Injection #4 .., 

7 Injection #5 

8 Injection #6 & Training session #2 

9 Injection #7 & 7 Day Drug Test 

10 Injection #8 

1 1 Injection #9 

12 Injection #10 

13 Injection #11 

14 Injection #12 

15 Injection #13 & Training session #3 

16 Injection #14 & 14 Day Drug Test 
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Biochemical Procedures 

Dissection 

Animals were immediately decapitated after the final test 

day. The brains were rapidly removed from the skull and put In Ice 

cold normal saline before dissection. The brain was dissected 

according to the method of Glowinski and Iversen (1966), The 

frontal cortex was defined as the cortical tissue dorsal to the 

entorhinal sulcus and approximately the anterior one-third of the 

cerebral cortex. The tissue samples were instantly frozen in 

previously weighed 1.5 ml polypropylene tubes using a dry ice/ 

ethanol bath and stored at -70 0 C until assayed. 

Tissue Preparation 

The tissue preparation was a modification of the methods used 

by Bylund and Snyder (1976) and Gandolfi et aI., (1984), Tissues 

were individually homogenized in 20 volumes of cold 50 mM Tris

Hel buffer (pH 7,6) in 50 ml N algene centrifuge tubes using a 

Brinkman Polytron (setting 6 for 20 sec). The resulting homogenates 

were centrifuged at 48,000 x g for 15 min. The resulting 

supernatants were discarded, the pellets resuspended using 20 

volumes of buffer, resuspended, and again centrifuged. After 

repeating the above process one additional time, the resulting pellets 

were resuspended to a final volume yielding 1.0 and 0.5% membrane 

homogenates for 5-HT2 and B-adrenergic binding, respectively. 
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3H-DHA Saturation Assay 

The radioligand 3 H-dihydroalprenolol (3H-DHA) was used to 

label beta-adrenergic receptors in the frontal cortex. The method of 

3H-DHA binding was described by Bylund and Snyder (1976). 

Aliquots (0.97 ml) of brain tissue homogenate were added to 

borosilicate glass tubes (12 x 75 mm). Concentrations of 3H-DHA (20 

ul) ranging from 0.1 nM to 3.0 nM (final concentrations) were added 

to each assay tube. The remainder of the assay volume (final volume 

= 1 ml) was either deionized water to determine total binding of the 

radio ligand or ±. - propranolol (l uM final concentration) to 

determine nonspecific binding of 3H-DHA. Each concentration for 

total binding was done in triplicates. Due to equipment limitations, 

nonspecific binding was done in duplicates. All tubes were vortexed 

and incubated at 21 oC in a water bath for 60 minutes. Incubations 

were terminated by rapid vacuum filtration through Whatman GF/B 

filters mounted in a 24 sample Cell Harvester (M-24R). The filters 

were washed two times with 4 ml volumes of Na+- K+ Phosphate 

buffer (pH 7.4) which was maintained at 4 0C. Filters were placed In 

20 ml RPI scintillation vials and allowed to dry overnight. The 

radioactivity trapped on the filter was extracted in 10 ml of 

scintillation fluid by vigorous shaking for 20 minutes. Samples were 

measured for radioactivity by liquid scintillation spectrometry. 

Estimation of the number of binding sites per unit tissue (Bmax) and 

the dissociation constant (Kd) were determined by scatchard 
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analysis. 

3H-Ketanserin Binding Assay 

The radioligand 3H-Ketanserin was used to label 5-HT2 

receptors in frontal cortex tissue. The method of binding used was 

described by Leysen et al., (1981) with modifications. Aliquots (1 

ml) of brain tissue homogenate were added to Falcon 2002 RIA 

polyethylene tubes (12 x 75 mm). Concentrations of 3H-Ketanserin 

(50 ul) ranging from 0.1 nM to 3 nM (final concentrations) were 

added to each assay tube. The remainder of the assay volume (2 ml) 

was a Tris buffer (0.9 ml, pH 7.6) plus either deionized water (50 ul) 

to determine total binding of the radio ligand or methysergide (50 ul; 

1.0 uM final concentration) to determine nonspecific binding of 3 H -

Ketanserin. Triplicate tubes were used in determining total binding 

and duplicate tubes were used for nonspecific binding. All tubes 

were vortexed and incubated at 37 oC in a Precision shaking water 

bath for 15 minutes. Incubations were rapidly terminated by 

vacuum filtration through Whatman GF/B pretreated filters mounted 

in a 24 sample Cell Harvester, followed by two washes with 4 ml of 

cold Na+-K+ Phosphate buffer (pH 7.4). The filters were pretreated 

with polyethylenimine to reduce nonspecific binding of the 

radioligand to the glass fibers inside the filters. The counting of 

radioacti vity was identical to the procedure used for 3 H -D H A . 
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Statistical Analyses 

The initial analysis on the overall behavioral data was done 

using a three factor mixed analysis of variance (ANOV A; Winer, 

1971). Subsequent analyses were done using one or two factor 

mixed ANOVA (Winer, 1971) followed by Newman-Keuls post hoc 

tests for pairwise comparisons among means (Bruning and Kintz, 

1977). The receptor binding data was analyzed using two factor 

ANOVAs (Winer, 1971). With respect to ANOVA, the BMDP7D (Dixon, 

1983) statistical program was used for all one and two factor 

ANOV As, and BMDP2V (Jennrich et aI., 1983) was used for the three 

factor mixed ANOVA. For all statistical tests, an alpha level of 0.05 

was used to reject the null hypothesis. 
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RESULTS 

Figure 2 shows iprindole's acute effect on the latency scores of 

control and failed helpless (FLH) animals. A two-factor (group X 

dose) ANOY A revealed no significant group (F(1,66) = 0.44, p = 

0.5092), dose (F(4,66) = 1.42, P = 0.2378) or interaction (F(4,66) = 

0.85, p = 0.5010) effects. 

Figure 3 shows iprindole's effect following subchronic 

administration in control and FLH animals. A two-factor ANDY A 

(group X dose) yielded a non-significant group effect (F( 1 ,67) = 2.21, 

P = 0.1421), but there were significant dose effects (F(4,67) = 6.89, P 

= 0.0001) and a significant interaction (F(4,67) = 5.91, P = 0.0004). 

Pairwise comparisons of the means using Newman-Keul's post hoc 

test revealed that the FLH-saline group had a significantly higher (p ~ 

0.05) latency compared to all group means. Further review of the 

raw data revealed that one animal skewed the average latency by 

having an average latency far greater than the group. Since the 

sample size was small (n = 5), one abnormal score can greatly affect 

the overall average. The significant effects are therefore, suspect. 

Figure 4 shows iprindole's chronic effect on the latency scores 

of the control and FLH groups. Again, no significant group (F(1,67) = 

0.13, II = 0.7220), dose (F(4,67) = 1.29, II = 0.2844) or interaction 

(F(4,67) = 2.34, 12. = 0.0635) effects were found following a two-factor 

ANOY A. Overall, one can say that no dose of iprindole altered either 
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Figure 2. The Effects of Acute Administration of 
Iprindole on latency in Control and FLH animals. 
Statistical analysis yielded no significant results. 
The bars represent the mean and SEM for each group. 
The number above each bar equals the sample size. 
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Figure 4. The Effects of Chronic (14-days) Administration 
of Iprindole on latency in Control and FLH animals. 
There were no significant differences between groups. 
The bars represent the mean and SEM of each group. 
The numbers represent the sample size for each group. 
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the control nor FLH group's latency scores whether administered 

acutely, subchronically, or chronically. Therefore, the FLH group was 

eliminated from further analysis. 

Figure 5 shows iprindole's acute effect on the latency scores of 

LH and control animals. A group X dose two-factor ANOV A revealed 

a significant group effect (F (1,66) = 27.38, 12. < 0.0001), and dose 

effect (F (4,66) = 5.14, 12. = 0.0011). No significant interaction was 

found (F(4,66) = 2.28, 12. = 0.0697). Pairwise comparisons between 

means using the Newman-Keuls post hoc test showed that only the 

saline treated LH animals were significantly different from all other 

groups. No other pairs of means were significantly different. In 

other words, all doses of iprindole reduced the latency of LH treated 

animals when compared to the LH-saline group. Iprindole had no 

effect on the latency of control animals. 

Figure 6 shows the effects of administering several different 

doses of iprindole for seven consecutive days on the latency scores of 

LH and control animals. Analysis of the latency scores using a group 

X dose two-factor ANOV A resulted in significant group (F 1,66) = 

29.62, p- = 0.0001), dose (F (4,66) = 7.44, 11 = 0.0001) and interaction 

(F 4,66) = 6.11, p- = 0.0003) effects. £.Q.s1.h.ru;. comparisons of the 

means revealed that the LH-saline group had a significantly greater 

latency compared to all other means. No other pairwise comparison 

was significantly different. 

Figure 7 shows the results of 14 days of drug administration. 



-tn 
'0 
C 
0 
() 
(J) 
til ->-
0 
Z 
w 

5 

40 
7 

0 CONTROL 
rm LH 

30 

20 

10 

0 
SALINE 0.625 2.5 S.O 10.0 

IPRINDOLE (mg/kg) 

Figure 5. The Effects of Acute Administration of 
Iprindole of latency in Control and LH animals. 
(*) Significantly different from all groups. Iprindole 
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SEM of the group. 
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Figure 6. The Effects of Subchronic (7 -day) 
Administration of Jprindole on latency in Control and LH 
animals. (*) Significantly different from all groups. 
Subchronicadministration of iprindole reduced the 
latency of LHtreated animals, but not Controls. The 
numbers representthe sample size of each group. Each 
bar represents the mean and SEM for each group. 
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Similar analyses showed significant group (F (1,68) = 22.40, 12 < 

0.0001), dose (F (4,68) = 3.12, p- = 0.0205) and interaction (F (4,68) = 

3.93, p- = 0.0062) effects. Similar to the acute and sub chronic data, 

the LH-saline group had an average latency greater than all other 

groups in a pairwise comparison of the means. 

Since the statistical analyses revealed that there were no 

differences among the doses, the two lowest doses that were 

behaviorally active, 0.625 and 2.5 mg/kg were chosen for further 

behavioral analysis. Analysis of the latency scores over time for 

both control and LH animals revealed that the two doses had their 

maximal effect acutely and that there was no further change in 

latency over the two week period (Figures 8 and 9). Interestingly, 

the LH -saline group did not significantly change over time, but the 

control-saline group's latency significantly decreased (F (2,20) == 

14.051, II < .0002; Figures 8 and 9). 

The receptor binding data were analyzed using a group X dose 

two-factor ANOVA. Analysis of the B-adrenergic data revealed no 

significant differences in Bmax or Kd values between groups (F(l,44) 

= 0.134, 12 = 0.7166; F(l,44) = 1.84, 11 = 0.1819) and/or doses (F(2,44) 

= 0.135, p- = 0.8739; F(2,44) = 0.022, 12 = 0.9778) (Table 2). Similarly, 

analysis of the 5-HT2 data revealed no significant differences in 

Bmax between groups (F(2,60) = 0.65, 12. = 0.5240) or doses (F(2,60) = 

0.28, p- = 0.7532). Also there were no significant Kd group (F(2,60) = 

1.21, 11 = 0.3042) or dose (F(2,60) = 0.54, 11 = 0.5883) effects (Table 

2). The values obtained are similar to the Bmax and Kd values found 



In the literature for both 5-HT2 and E-adrenergic receptors. 

No significant correlations were found between receptor 

binding and latency data. Since the most likely group to show a 

correlation was the LH group, the latency scores for the LH group 

across doses were correlated with the respective Bmax values for 

both 5-HT2 (r = 0.135) and E-adrenergic (r = 0.271) receptors. 
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Figure 8. The Effects of Saline, Iprindole 0.625 
and 2.5 on latency over time in Control animals. 
Iprindole had no significant effect on latency in 
Control animals. (:l:) Significantly different from 
Acute Saline group. The numbers above each 
group represent the sample size for each group. 
The bars represent the mean and SEM of each 
group. 

53 



-en 
"C c 
0 
u 
G) 

~ 
> 
0 
z w 
~ 
...I 

50 0 ACUTE 

7 1 1m 1·DAVS 
40 E2I 14·DAYS 

30 

20 

10 

0 
Saline 0.625 2.5 

IPRINDOLE (mglJ(g) 
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TABLE 2. The Effects of Chronic Iprindole on the Bmax (fmoles/mg 
Protein) and Kd (nM) of 5-HT2 and B-Adrenergic Receptors 

5-H.Tl J-ADRENERGIC 

B-max Kd B-max K.d 

CONTROL 

Saline 301 0.540 130 0.56 
(n = 10) ±16.77 ±0.068 ±6.11 +0.06 

0.625 277 0.483 145 0.574 
(n = 9) ±27.14 ±0.078 ±6.40 ±0.066 

2.5 318 0.560 154 0.696 
(n = 9) ±25.38 ±0.094 ±.14.40 +0.16 

LH 

Saline 279 0.418 159 0.569 
(n = 7) ±24.44 .:1:.0.037 ±45.90 ±0.147 

0.625 283 0.453 128 0.515 
(n = 12) +9.10 +0.75 ±8.61 +0.033 

2.5 280 0.539 129 0.421 
(n = 6) ±20.39 ±0.109 ±6.86 ±0.062 
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DISCUSSION 

The present findings were unexpected for a number of reasons. 

First, the extremely low doses of iprindole which were apparently 

effective in reversing LH in the present study were much lower than 

those used in previous studies of LH (Sherman et al., 1982) or 

receptor binding (Banerjee et al., 1977). Second, there was no dose 

response effect in this study, with all doses producing an equivalent 

reversal of LH, as defined by latency. This was particularly 

anomalous in view of the large range of doses studied. Third, the 

fact that these effects occurred with acute drug administration and 

did not change significantly with subchronic treatment was not 

expected, since antidepressants, including iprindole (Sherman et al., 

1982), have been previously reported to be effective only after 

subchronic treatment. Finally, the lack of a binding effect at doses 

which apparently produced a dramatic behavioral change was 

certainly an unexpected finding. Although anyone of these findings 

would not necessarily cast doubts on the validity of the experiment, 

their co-occurrence renders the results questionable, at best. 



EXPERIMENT II 

INTRODUCTION 

Several types of psychiatric disorders are influenced by 

hereditary variables. Primary affective disorders are known to run 

in families (Kraepelin, 1921). Biological relatives of both bipolar and 

unipolar probands have, respectively, morbidity risks of 50% and 

28% for affective disorder compared to 5-9% in the general 

population (Cadoret and Winokur, 1975). Studies involving twins 

have shown that monozygotic twins have a concordance rate of 72% 

as compared to 11 % for dizygotic twins for bipolar disorder (Allen, 

1976). The evidence for genetic transmission of unipolar disorder IS 

much weaker, with only 40% concordance for monozygotic twins, 

contrasted to 17% for dizygotic twins (Allen, 1976). It has been 

suggested that heredity accounts for at least 50% of the variance In 

the etiology of affective disorders (Gershon, Dunner, and Goodwin, 

1971). 

In order to investigate genetic influences in affective 

disorders, researchers have recently begun studying the Old Order 

Amish, a population that is considered culturally and genetically 

homogeneous (Egeland and Hostetter, 1983). There are many 

advantages to using such a population. They represent a self-

57 
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defined, closed population with no new blood SInce the arrival of the 

original immigrants in 1720. Information on the group's European 

ancestry is extensive, and genealogic records trace all Old Order 

Amish to some 30 progenitors. A high birth rate is common allowing 

for large family studies (McKusick et al., 1964). In outbred human 

populations, cultural problems such as alcoholism and drug abuse are 

known to mask episodes of depression and mania. . Such problems 

make it difficult to accurately analyze the genetic influence of 

affective disorders in the general population. The Old Order Amish, 

however, prohibit such behaviors as alcohol and drug ingestion, 

thereby allowing the variability of study factors to be reduced and 

many that ordinarily complicate research designs to be held constant. 

The low percentages of affective disorders in the general 

population (Cadoret and Winokur, 1975) are analogous to the low 

percentages seen in the susceptibility of rats to learned helplessness. 

A recent study used outbred Sprague-Dawley rats from different 

suppliers and obtained helplessness in only 5-20% of the trained rats 

(Henn et at, 1985). Similar variability was seen in the outbred 

Sprague-Dawley rats used in Experiment 1 (see Figure 10). Henn's 

group proceeded to selectively breed the Sprague-Dawley rats for 

susceptibility and resistance to LH training. After four generations, a 

completely resistant stock and a stock in which 45% of rats were 

susceptible to LH were obtained. These were the first published 

results suggesting a genetic component in LH. 

Analagous to the Amish studies, using a closed population or 
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inbred strain of rat would increase the probability of understanding 

a genetic component. The second experiment was designed to screen 

several inbred strains of rats for their susceptibility to LH. Finding 

an inbred strain that is consistently susceptible to LH training would 

allow for a further understanding of the environmental components 

and genetic components involved in the LH phenomenon. 

The Development of the Genetic Component Hypothesis. 

The development of the hypothesis for the second experiment 

resulted from three separate events: 1) observations from the 

Iprindole study; 2) problems with the DAR breeding colony; and 3) 

DAR mandating that only animals that tested negative for sendai and 

mycoplasma antibodies ("germ-free rats") may be purchased and 

housed at this university. The hypothesis that a genetic component 

may play a role in the LH phenomenon originated from results 

directly related to these three events. The relationship between the 

three events and the genetic component hypothesis is described 

below. 

Throughout the Iprindole study (Experiment 1), groups of rats 

were purchased from DAR every 2-3 weeks. Since these rats were 

outbred Sprague-Dawley stock, their genetic composition was not 

consistent or known between groups or within groups. Figure 10 

displays the variability in producing helplessness during the 

Iprindole study. The graph does not include groups where only 10% 

or less of the trained rats actually displayed helplessness, as these 
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groups were not used in the experiment. 

At the end of the Iprindole study, DAR terminated their 

breeding colony and began purchasing out bred SD rats from Hilltop 

Lab Animals, Inc. (Scottdale, PA). Only one group could be trained 

and tested before DAR changed supplier5 and a low percentage of 

helpless rats was obtained using these animals (6/24 or 25%). The 

new supplier chosen by DAR was Harlan Sprague Dawley, Inc. 

(Indianapolis, IN) and again only one small group of SD rats from this 

supplier could be trained and tested (5/10 or 50% success rate) 

before DAR implemented a rule that only allows "germ-free" animals 

to be housed on campus. At this time, DAR started breeding their 

own colony again and since these animals were significantly less 

expensive than Harlan rats, they were again used in the LH studies. 

Two groups were completed, yielding only 17 and 13% helpless, 

before DAR again terminated their rat colony and decided that 

"germ-free" rats from Harlan would be purchased for investigators. 

The first groups of outbred "germ-free" Harlan SDs also yielded poor 

results. At this point, it began to appear that something 
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was wrong with the methods used to produce LH. As already 

discussed in the Introduction to Experiment 1, the LH phenomenon 

has been reported to be very sensitive to changes in environmental 

stimuli. Consequently, pilot studies were conducted in which a 

number of parameters which could affect LH (e.g. shock intensity In 

training and testing, presence or absence of a discriminative cue 

during testing and number of animals per cage during housing) were 

varied, but the percentage of animals displaying helplessness 

remained variable and low. 

The variability seen within a rat stock suggested a possible 

genetic component. A search of the literature revealed that most 

investigators used the Holtzman stock from Charles River 

Laboratories (Wilmington, MA), and that no inbred strain of rat had 

been used in a published LH study. 

The combination of results described, resulted in the 

hypothesis that a genetic component may be involved in the 

susceptibility of rats to LH training. 
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METIIODS 

Sub~ects . 
Male adult rats from five inbred strains, outbred Holtzman 

Sprague-Dawleys from two suppliers, and outbred Sprague-Dawleys 

from one supplier were used in this study. The inbred strains 

included Brown Norway (BN/NHsd), Buffalo (BUF/NHsd), Fischer 344 

(F344/NHsd), Lewis (LEW/NHsd), and Wistar Kyoto (WKY/NHsd) 

which were all purchased from Harlan Sprague Dawley, Inc. 

(Indianapolis, IN). The two groups of outbred Holtzman Sprague

Dawley rats were purchased from Sasco, Inc. (Omaha, NE) and Charles 

River (Wilmington, MA). The outbred Sprague-Dawley rats were 

obtained from Harlan Sprague Dawley, Inc. For convenience, the 

following abbreviations have been used in the text: Brown Norway, 

NOR; Buffalo, BUF; Fischer, FIS; Lewis, LEW; Kyoto, KYO; outbred 

Harlan SD, HAR; Sasco Holtzman, SAS; Charles River Holtzman, RIV. 

Rats were housed in wire hanging cages (1 to 5/cage) in a room 

maintained at constant temperature (25 ± 2 OC) and controlled 

lighting (12 hour light-dark cycle). Food and water were provided 

ad libitum except during training and testing. 

Procedure 

The apparatus used to produce learned helplessness was 

identical to that used in Experiment 1. The procedure was modified 

in that animals were only trained and tested once. Since the purpose 
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of this experiment to compare different rat stocks there was no need 

to use the full two week paradigm. 

Statistical Analyses 

Comparisons between groups of rats regarding susceptibility 

to LH training were conducted using the Fisher's Exact Probability 

Test (Siegel, 1956). All other measures were analyzed using one or 

two factor between-groups analysis of variance (ANOV A) or three 

factor mixed ANOVA (Winer, 1971). With respect to ANOVA, the 

BMDP7D (Dixon, 1983) statistical program was used for all one and 

two factor ANOVAs. This computer program conducts Levene's test 

(Levene, 1960) for homogeneity of variance and provides an 

alternative ANOVA test using Welch's procedure (Welch, 1947) for 

situations in which significant heterogeneity of variance between 

groups IS found. This program also conducts Bonferroni t-tests 

(Godfrey, 1985) for pairwise comparisons between means (this 

procedure holds the type I error rate at alpha) after either a regular 

ANOV A or the Welch procedure. The three factor mixed design was 

conducted using BMD2V (Jennrich et al., 1983) followed by Newman

Keuls JlQ..tl hoc test for pairwise comparisons among means (Bruning 

and Kintz, 1977). For all statistical tests, an alpha level of 0.05 was 

used to reject the null hypothesis. 
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RESULTS 

Table 3 shows the percent of rats susceptible to LH training for the 

different rat stocks and suppliers used in thi~ study. As revealed in 

Table 3, marked differences were evident between stocks with 

respect to susceptibility to LH training. At one extreme were the 

LEW, NOR, and FIS strains, which evidenced a complete lack of 

susceptibility and the SAS, in which only lout of 11 animals 

responded to training. HAR and BUF rats showed intermediate 

susceptibility to LH training, with 28% and 33% of animals, 

respectively, becoming helpless. The most susceptible stocks in this 

study were the KYO and RIV rats, evidencing 53% and 55% 

susceptibility to LH training respectively. Statistical analyses using 

the Fisher's Exact Probability Test indicated that the KYO and RIV 

rats, which did not differ from each other, were significantly more 

susceptible to LH training than the LEW, NOR, FIS, or SAS rats (12.< 

0.05, all comparisons). None of the latter four stocks significantly 

differed from one another. Also, the HAR and BUP rats did not differ 

significantly from any other group. 

Table 3 also shows two other measures of shuttle escape 

performance, the latency to escape (in sec) and failures to escape 

(expressed as percent of trials). Both of thes(~ measures indicated 

that little variability exists between the stocks with respect to the 

performance of control animals in the shuttle escape task. Initial 
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one-way ANOVAs were conducted in order to allow comparIsons 

between the control groups from all stocks. These analyses indicated 

significant group effects on latency, F (11,17) = 21.86, Il < 0.001, 

number of cage crossings, F (11,18) = 7.43, 12. < 0.001, and percent 

failures to escape, F (9,15) = 32.71, Il < 0.001. Subsequent 

comparisons between all control means, however, revealed no 

significant differences between any of the control groups studied. 

Therefore, even for those stocks which evidenced no susceptibility to 

LH training at all, control responding was still identical to the 

controls from other stocks. Moreover, the data on cage crossings 

indicate that the lack of susceptibility to LH training In several stocks 

was not due to higher levels of locomotor activity in these stocks, 

since they did not differ in number of cage crossings from stvcks 

which were susceptible to LH training. 

Subsequent statistical analyses were focused on the four stocks 

which evidenced susceptibility to LH training (HAR, KYO, RIV and 

BUF). 

Two factor ANOV As (stock x LH training) were conducted on 

the latency, escape failure and number of crossings measures. 

Analysis of the latency measure revealed significant main effects of 

stock, F (3,39) = 3.51, Il < 0.025; training, F (1,39) = 99.76, 12 < 0.001, 

but no interaction effect (F < 1.00). Mean comparisons using the 

Bonferroni Test revealed that all LH trained groups had significantly 

higher latencies compared to their own controls (Il < 0.05, all 

comparisons), however, none of the LH trained groups or control 



Table 3. Differential Effects of Learned Helplessness (LH) or Control (C) Pretraining on Shock Escape 
Performance and Body Weight in Rats from Several Stocks and Suppliers 

StocJ.'J Percent Latency to Failures to Cage Bodyweight Bodyweight 
Supplier Group Helpless Escape-(sec) Escape-(%) Crossings Day 1 Day 2 

BAR LH 28 25.0(2.8) 61.0(5.8) 0.78(0.08) 368(5.4) 361(7.3) 
c 9.4(1.8) 4.0(4.0) 1.01(0.01) 362(12.5) 354(11.5) 

KYO LH 53 26.9(2.1 ) 69.4(6.2) 0.90(0.06) 327(5.1) 326(5.8) 
C 11.1(1.3) 5.0(5.0) 1.15(0.06) 353(8.7) 354(9.8) 

RIV LH 55 35.3(2.6) 78.2(6.9) 0.49(0.10) 440(3.4) 437(3.8) 
c 13.9(1.7) 16.9(6.3) 1.09(0.06) 420(6.1) 419(5.3) 

BUF LH 33 31.6(3.1) 68.4(7.2) 0.59(0.12) 248(5.1) 256(6.7) 
C 10.1{0.8) 3.2(2.2) 1.20(0.07) 248(4.2) 255(4.2) 

SAS LH 9(one rat) 
C 8.6(0.6) 1.3( 1.3) 1.06(0.04) 431(12.6) 435(12.6) 

LEW LH 0 
C 8.7(1.1) 0.0(0.0) 1.23(0.04) 300(9.3) 306(10.4) 

NOR LH 0 
C 9.5(0.9) 4.0(2.6) 1.13(0.04) 389(12.7) 379(13.4) 

FIS LH 0 
C 7.1(0.2) 0.0(0.0) 1.19(0.07) 267(3.3) 240(3.7) 

Values ar,e means (±. S.E.M.) with the exception of the "Percent Helpless" measurr;. 
Stocks and suppliers are described in "Methods" section. 

0\ 
-.-J 
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groups differed across stocks. A similar pattern of results was 

obtained for the analysis of the escape failure data. Two factor 

ANOVA revealed no main effect of stock, F (3,39) = 2.14, n. > 0.05, a 

significant main effect of LH training, F (1,39) = 151.41, 11 < 0.001, 

and no interaction effect (F < 1.00), As with the latency data, 

pairwise comparisons between means indicated that all LH trained 

groups differed significantly from their own controls, but not from 

LH trained groups from other stocks. Similarly, no significant 

differences were found among control groups on this measure. Thus, 

on the two measures that most directly relate to shock escape 

performance, no significant differences in the responses of control 

animals from any of the stocks susceptible to LH training were 

apparent. Similarly, no significant differences in latency to escape or 

the percentage of escape failures were observed among helpless 

animals from these stocks. Finally, although a single factor ANOVA 

(using Welch's procedure) on cage crossings indicated a significant 

difference between groups, F (7,13) = 7.59, p.. < 0.001, subsequent 

comparisons among means indicated that this was due to the fact 

that helpless animals from the RIV stock crossed less than control 

animals from any stock. No other differences between means were 

significant using this measure. 

Since a decrease in weight gain has been reported to occur 

after LH training (Wagner et aI., 1977), this measure was also 

examined to see which stocks, if any, exhibited this effect of LH 

training. Table 3 shows the mean weights of subjects both prior to 



training and on the test day. As shown in Table 3, reduction of 

normal weight gain did not appear to be a consistent feature of 

helplessness under the present conditions. These data were 
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subjected to a three factor mixed ANOV A (stock x training x days) 

which revealed a significant main effect of stock, F (3,37) = 322.36, D. 

< 0.001, a stock by training interaction, F (3,37) = 4.80, 11 < 0.01, and a 

significant stock by days interaction, F (3,37) = 15.2, 12 < 0.001. E9.U 

.h.2.£. comparisons using N ewman-Keuls test indicated that significant 

weight changes after training only occurred in the HAR and BUF 

strains. Surprisingly, the direction of weight change was opposite in 

these two stocks, with HAR rats showing a weight loss and BUF rats 

demonstrating a weight gain. Also surprising was the observation 

that controls in both stocks evidenced significant weight changes in 

the same direction as helpless animals. 
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DISCUSSION 

In the present experiment, substantial variability was found to exist 

among rats from eight different stocks with respect to the 

susceptibility of these animals to LH training. At the low end of 

susceptibility, learned helplessness could not be induced in any rats 

from the LEW , NOR or FIS strains and in only one SAS rat. At the 

other extreme, 53% and 55% of the KYO and RIV rats, respectively, 

were susceptible to LH training. HAR and BUF rats evidenced 

intermediate susceptibility at 28% and 33%, respectively. This 

variability in susceptibility. to LH training did not result from 

differences in escape/avoidance responding ~~, however, SInce 

the performance of control animals from each. of these groups was 

virtually identical on every measure recorded. These differences are 

also apparently not due to differences in locomotor activity between 

the groups since the number of cage crossings was also identical in 

all groups. Under the present conditions, the only significant 

differences between groups from different stocks or suppliers 

involved susceptibility to LH training and these differences were 

substantial. In terms of LH as a potential screening model for anti-

depressant drugs, at least two stocks of rats, the KYO and RIV, 

provide adequate percentages of animals susceptible to LH training. 

In subsequent work with KYO rats, an average of 58% susceptible to 

LH training was obtained. Therefore, this inbred strain not only 



provides good percentages of susceptible rats but is also fairly 

consistent with respect to susceptibility to LH training. 
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The present results, together with previous reports of selective 

breeding for helplessness (Henn et al., 1985), strongly indicate that 

susceptibility to helplessness In the rat is highly heritable. These 

findings are very interesting In view of the strong evidence for 

genetic transmission of certain varieties of human depressive 

disorders (Allen, 1976). These results show yet another interesting 

parallel between human depression and learned helplessness in rats. 



EXPERIMENT III 

INTRODUCfION 

The LH literature consists largely of studies evaluating the 

behavioral aspects, but few studies concerned with the 

neurotransmitter systems, affected in human depression. These 

systems include dopamine (DA), norepinephrine (NE), and serotonin 

(5-HT). The published studies have only examined one or two 

neurotransmitter system(s) in a limited number of brain regions. 

Furthermore, in studying one particular system, researchc;~rs have 

measured only one or two components of the system (Le. uptake, 

release, precursor levels). Therefore, any parallel changes occurring 

within the same system, different system(s), or other brain regions 

have not been measured. 

Previous research involving the neurochemistry of learned 

helplessness comes from two different perspectives. One group of 

researchers do not believe that animals 'learn' that their behavior IS 

independent from the aversive stimuli, but believe that the 

behavioral deficits are caused by decreased motor activity due to 

changes in certain neurotransmitter systems (Anisman et aI., 1979a). 

The second group initiated (Bliss et aI., 1968)neurochemical research 

when it was shown behaviorally that antidepressants would reverse 

72 
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the 'depression' seen in 'helpless' animals. A brief synopsis of the 

results from both lines of research is presented. 

The NE system has received the most attention for two reasons. 

First, the changes in NE turnover due to a variety of stressors is well 

documented (Bliss et a!., 1968; Thierry et a!., 1968); secondly, two of 

the most common features among antidepressants is their ability to 

block the reuptake of NE and their ability to produce (directly or 

indirectly) changes in NE receptor numbers. Research has shown 

that uncontrollable footshocks significantly increase NE release 

(Weiss et aI., 1976), but when shock is administered chronically 

there is a decrease in brain NE levels (Anisman et aI., 1980a). One 

study has demonstrated that a high correlation exists between motor 

activity during LH testing and NE levels in the hypothalamus and 

brainstem following uncontrollable shock (Weiss et aI., 1984). 

Further support for NE's role in LH comes from pharmacological 

studies. LH effects were mimicked by the catecholamine depleting 

drugs tetrabenazine and reserpine (Anisman et aI, 1979a; 1979b) 

and also by the NE synthesis inhibitor FLA-63 (Weiss et aI, 1975). 

Presently, there is little evidence that 5-HT plays an important 

role in mediating the performance deficits observed following LH 

training. Severe stress, produced by a variety of stressors, does 

increase 5-HT turnover (Bliss et aI, 1968; Thierry et aI, 1968; Ruther 

et aI., 1966). This suggests that the stress alone, and possibly not 

uncontrollability, affects the 5-HT turnover. Indeed, Weiss (Weiss et 

aI., 1981) demonstrated that escapable and inescapable shock 
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produced similar changes in 5-HT turnover. 

Pharmacological studies have yielded inconsistent results 

concerning 5-HT's role In LH. One study showed that increasing 5-HT 

activity by administering 5-HT precursors would disrupt learning to 

escape from footshock (Brown et al., 1982). This same study was 

able to block the above effects and counteract the inescapable shock 

deficits by pretreating the animals with the 5-HT receptor antagonist 

rnethysergide. Opposite results were obtained by Sherman and Petty 

(Sherman and Petty, 1980), in which an injection of 5-HT into the 

septum or frontal cortex reversed LH. These results are difficult to 

compare to other studies because there are many methodological 

differences. This same laboratory has observed a decrease in 5-HT 

turnover, following uncontrollable shock, in the septum, hippocampal 

cortex, entorhinal cortex (Sherman and Petty, 1980) and frontal 

cortex (Petty and Sherman, 1983). 

Other studies suggest that LH involves the dopaminergic (DA) 

system. Exposure to LH training has been found to produce 

depletions of DA in the caudate nucleus and nucleus accumbens 

(Blanc et al., 1980; Kvetansky et aI, 1976). Although some studies 

have reported similar changes in DA irrespective of whether shocks 

were controllable or uncontrollable (Weiss et al., 1981; Weiss et al., 

1980), one study found that the degree of DA depletion was 

significantly lower following exposure to shocks that were 

predictable, controllable, or both (Schutz et al., 1979). A selective 

increase in DA turnover in frontal cortex in response to mild 
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footshock has also been reported (Reinhard et al., 1982). This 

observation is complemented by a study showing that the number of 

DA receptors in the frontal cortex of rats receiving inescapable shock 

was reduced relative to animals receiving escapable shock (Cherek et 

al., 1980). 

From this brief summary, it is apparent that confusion exists In 

understanding the relationship of the various monoaminergic 

transmitters to the LH state. Thus, this project seeks to pursue 

further analysis of the DA, NE, and 5-HT neurotransmitter systems in 

various brain regions and their possible relationship to LH. To 

measure changes in the biogenic amine systems, high-pressure liquid 

chromatography (HPLC) was linked to an electrochemical detector. 

The data generated will give more information that past studies 

because this design will allow for the correlation of behavior with 

various neurotransmitter system changes in widespread anatomical 

regions. 

The studies previously discussed typically used an HPLC 

method to separate the different biogenic amines coupled to an 

electrochemical detector to quantitate sample content. 

Electrochemical detection is the most sensitive detector that can be 

used for measuring catecholamines, indolamines, and metabolites. 

The following amines and metabolites are found in brain tissue: NE, 

DA, 5-HT, normetanephrine (NM), 3-methoxy-4-hydroxyphenylglycol 

(MHPG), dihydroxyphenylalanine (DOPA), homo vanillic acid (HV A), 

3,4-dihydroxyphenylacetic acid (DOPAC), 5-hydroxytryptophan (5-
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HTP). Measuring these 11 neurochemicals simultaneously will 

produce a far mere complete picture in any specific brain region (per 

hemisphere) than previously (Sherman and Petty, 1980; Petty and 

Sherman, 1983; Anisman et aI., 1980a; Weiss et aI., 1984) reported in 

the literature. 
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l\1ETHODS 

Subjects 

Male Wi star Kyoto rats were used in this experiment (Harlan 

Sprague Dawley Inc., Indianapolis, IN). The Kyoto inbred strain was 

selected based on its consistent susceptibility to LH training 

(Experiment 2; Wieland et al., 1986). Animals were housed in groups 

of 4-5 in standard wire hanging cages. The housing room was 

environmentally controlled (25 0C ± 2 OC) with a 12 hr light/dark 

cycle. Animals received standard rat chow and water ad lib except 

during the training/testing period. 

Apparatus 

Behavioral, The equipment used to train and test the LH 

phenomenon was the same as that used in Experiment 1. 

Neurocht;rnical Analysis. A model LC-304 (Bioanalytical 

Systems, Inc.) liquid chromatograph was coupled with an on-line 

electrochemical (EC) detector (LC-4 Amperometric Controller; 

Bioanalytical Systems, Inc.). The chromatograph was equipped with 

a 5 urn reverse-phase C 18 column (4.6 mm x 250 mm, Econosphere; 

Alltech Associates, Inc.) and a TL-4 glassy carbon electrode 

(Bioanalytical Systems, Inc.). The EC detector was connected to an 

on-line integrator (Model 3390A; Hewlett-Packard) that allowed for 

accurate analysis of the chromatogram. The detector potential was 
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set at +0.72 V vs Ag/ Agel reference electrode. The mobile phase was 

pumped at a rate of 1.0 mllmin. 

Procedure& 

Behavioral 

Trainin~ Animals were randomly assigned to receive either 

inescapable footshock (Y), escapable footshock (ES), or no footshock 

(e). Due to equipment shortage, the Y and ES groups were trained 

concurrently while the corresponding e group was trained 

separately. This triad design was used to equalize the exposure to 

shock between the two shock groups. By performing an escape 

response, the ES rat could terminate shock delivery to both itself and 

the paired Y (yoked) rat. Both group:; would have then received an 

equivalent number and pattern of shocks, with controllability being 

the qualitative difference between the two groups. The shock 

parameters used were the same as used in Experiment 1. The escape 

response consisted of an FR-1 bar press that required 19.0 g of 

pressure (bar: 3.8 cm long x 2.5 cm wide x 2.0 mm thick). The e 

group was placed in the shuttle cages for an equivalent amount of 

time without receiving any shock. 

Testing. Twenty-four hours after training, animals were tested 

for acquisition of an escape/avoidance response. The procedure used 

is fully described in Experiment 1. 

Neurochemical Analysis 

Chemicals. The chemicals used and their sources were as 
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follows: 3-methoxy-4-hydroxyphenylglycol (MHPG), norepinephrine 

bitartrate (NE), L-B-3,4-dihydroxyphenylalanine (DOPA), 3,4-

dihydroxy-phenylacetic acid (DOPAC), 3,4-

dihydroxyphenylethylamine hydrochloride (dopamine HCI, DA), L-5-

hydroxy tryptophan (5-HTP), 5-hydroxytryptamine creatinine sulfate 

(5-HT), DL-normetanephrine hydrochloride (NM), 4-hydroxy-3-

methoxy-phenylacetic acid (homo vanillic acid, HV A), DL-

isoproterenol hydrochloride (lP) (Sigma Chemical Co.); perchloric acid 

(HCI04; Aldrich Chemical Co., Inc.); sodium phosphate (NaHP04) and 

acetonitrile (CH3 CN) (University of Arizona Stores); sodium octyl 

sulfate (SOS; Eastman Kodak Co.); disodium ethylenediamine 

tetraacetate (Na2EDTA; Fischer Scientific). 

Mobile Phase. The mobile phase consisted of NaHP04 (11 

gm/liter), sodium octyl sulfate (390 mg/liter), acetonitrile (70 

mIlIiter), and 0.1 fv1 Na2EDTA (30 mllliter) in double distilled water 

and adjusted to pH 3.28. The mobile phase was first filtered 

through a 0.45 urn filter and then degassed before use in the HPLC 

system. 

Standards. Biogenic amine stock solutions consisted of 1 mg 

(free base)/ml 0.1 M HCI04 of each amine and were stored at 4 oC. 

Each day that tissue samples were analyzed, a standard mixture 

containing 16.0 ng/20 ul MHPG; 2.0 ng/20 ul each of DOPA, NE, 

DOPAC, 5-HTP, NM, DA, HV A, and 5-HT; and 4 ng/20 ul IP was 

prepared in 0.1 M HCI04. 
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RESULTS 

Behavioral 

The behavioral data was analyzed usmg an one-factor ANOV A 

followed by the Newman-Keuls 12Q.S1 b.Q.Q. test for pairwise 

comparisons among means. The ANOV A showed a significant group 

effect (F (3,44) = 13.393, Il < .0001). The!2.Q.£t. b.Q.Q. comparisons 

revealed the following statistical relationship between the groups 

with relation to latency: LH > ES = FLH > C. 

Hippocampus 

Tables 4-6 show the means and standard deviations for the 

biogenic amines measured in each group at each time period in the 

hippocampi. Initial analyses, using two-factor ANOVAs, yielded 

significant group effects for 5-HT/post-test (F (3,37) = 4.17, n. < 

.0122); MHPG/pre-test (F (2,41) = 11.093, n. < .0001); MHPG/post-test 

(F (3,38) = 12.305, 11 < .05); and DOPAC/post-train (F (2,35) = 3.932, 12 

< .0288). Since the original analyses showed no significant 

hemisphere effect, the data were collapsed across hemispheres, and 

analyzed again using one-factor ANOV As. Collapsing across 

hemispheres increases the error degrees of freedom and therefore 

the power of both the ANOVA and Newman-Keuls post hoc tests. The 

second set of analyses using one-factor ANOV As yielded the 

following significant group effects: 5-HT/post-test (F (3,41) = 4.021, 

12 < .0135); MHPG/pre-test (F (2,44) = 10.043, 12 < .0003); and 



Table 4. Biogenic Amine Levels (ng/gm tissue) Measured in the 
Hippocampus During the Post-Training Period1 

5-HT MHPG DOPAC NE 

L R L R L R L R 

mNTROL 
mean: 14.40 10.00 310.60 431.40 32.90 23.50 13.00 14.40 

S.D.: 5.95 3.42 119.21 245.59 22.63 12.77 9.47 11.82 

ESCAPABLE 
mean: 11.20 16.80 427.00 459.60 39.70 39.60 20.80 20.60 

S.D.: 5.10 8.45 255.9 212.96 10.43 22.04 20.06 21.01 

YOKED 
mean: 12.90 14.90 321.50 451.60 46.60 48.60 19.70 16.60 

S.D.: 2.54 5.80 85.39 248.70 19.85 16.57 15.37 11.97 

1 Amincs measured in the left (L) and right (R) hippocampi were: 5-Hydroxytryptamine (5-HT); 3-methoxy 
4-hydroxyphenylglycol (MHPG); 3,4-dihydroxyphenylacetic acid (DOPAC); norepinephrine (NE). See text 
for procedure. 
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CONlROL 
mean: 

S.D.: 

ESCAPABLE 
mean: 

S.D.: 

YOKED 
mean: 

S.D.: 

Table 5. Biogenic Amine Levels (ng/gm tissue) Measured in the 
Hippocampus During the Pre-Test Period1 

5-HT MHPG DOPAC 
L R L R L R 

12.80 11.40 611.90 676.50 29.50 24.80 

3.73 3.05 256.55 220.37 13.24 13.63 

8.80 11.00 660.40 672.00 21.90 20.40 

1.70 3.19 52.31 64.56 7.49 4.45 

11.50 10.70 840.20 1028.80 21.60 24.70 

6.12 2.65 195.74 161.13 10.44 6.97 

NE 
L 

23.30 

16.02 

25.20 

14.06 

21.80 

12.77 

1 Amines measured in the left (L) and right (R) hippocampi were: 5-Hydroxytryptamine (5-HT); 3-

R 

21.60 

19.52 

26.80 

16.98 

32.60 

16.31 

methoxy-4-hydroxyphenylglycol (MHPG); 3,4-dehydroxyphenylacetic acid (DOPAC); norepinephrine 
(NE). See text for procedure. 
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Table 6. Biogenic Amine Levels (ng/gm tissue) Measured in the 
Hippocampus During the Post-Test Period1 

5-HT MHPG DOPAC NE 

L R L R L R L 

CQNfROL 
mean: 12.30 16.90 870.40 813.70 35.30 40.20 20.40 

S.D.: 3.13 7.85 279.13 298.80 13.22 17.60 5.35 

ESQAPABLE 
mean: 19.30 15.80 1006.0 867.70 43.80 41.70 20.00 

S.D.: 6.21 3.36 241.06 154.69 17.49 18.65 5.68 

LH 
mean: 22.50 20.20 1326.9 1298.30 48.90 44.20 21.10 

S.D.: 5.76 7.59 174.18 175.36 16.05 9.95 14.11 

EH 
mean: 14.30 11.30 655.00 879.50 22.90 28.90 19.60 

S.D.: 0.86 4.81 128.82 237.37 3.10 2.22 5.78 

1 Amines measured in the left (L) and right (R) hippocampi were: 5-Hydroxytryptamine (5-HT); 3-
methoxy-4-hydroxyphenylglycol (MHPG); 3.4-dihydroxyphenylacetic acid (DOPAC); 
norepinephrine (NE). See text for procedu~e. 
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21.90 

7.44 

22.00 

8.64 

19.70 

9.76 

20.20 

8.14 
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Figure 11. Hippocampus 5-HT levels during the three 
sacrifice time periods. The bars represent the mean and 
SE~A of each group. Newman-Keuls post hoc test 
revealed that the LH/post-test group had a significantly 
higher 5-HT level (12 < .05) than either the Control or FLH 
groups, but was not different from the ES group. 
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MHPG/post-test (F (3,42) = 12.59, 12 < .0001). 

Upon completion of the one-factor ANOVA analyses, the 

Newman-Keuls l2Q..£t b..Q.Q. test was used for pairwise comparisons of 

the means. Figure 11 shows that the 5-HT/post-test LH group had a 

significantly higher (12 < .05) 5-HT level than either the Control or 

FLH groups, but was not different from the ES group. In addition, it 

can be seen that 5-HT was not altered in any group during the post

train or pre-test time period. 

Figure 12 shows that the Yoked group in the MHPG/pre-test 

period had significantly greater (12 < .05) MHPG levels than Control or 

ES animals. There was no difference between Control and ES MHPG 

levels. Interestingly, the LH group (post-test) demonstrated the 

highest (12 < .05) MHPG level compared to Control, ES and FLH 

animals. 

Frontal Cortex 

Tables 7-9 show the means and SEM for the biogenic amines 

measured in each group at each time period in the frontal cortex. 

Initial two-factor ANOV As resulted in significant group effects for 

MHPG/post-train (F (2,38) = 6.833, 12 < .0029); DA/post-train (F (2,35) 

= 3.6, I2 < .0379); NE/pre-test (F (2,30) = 8.755, I2 < .001); 5-HT/pre

test (F (2,32) = 5.844, 12 < .0069); and 5-HT/post-test (F (2,27) = 

4.406, I2 < .0221). Similar to the hippocampus analyses, the above 

groups were collapsed across hemispheres and analyzed using one-
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Figure 12. Hippocampus MHPG levels during the 
three sacrifice time periods. Each bar represents the 
mean and SEM of each group. Newman-Keuls post 
hoc test revealed the Y oked/pre-test group (*) had a 
significantly higher MHPG' levei (12 < .05) than either 
the Control or ES group. In addition, the MHPG level 
was greatest (ll < .05) in the MHPG/post-test LH group 
(**) compared to Control, ES and FLH groups. 
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CONTRQL 
mean: 
S.E.M: 

n: 

ES 
mean: 

S.E.M.: 
n: 

YOKED 
mean: 

S.E.M.: 
n: 

5-HT 

L 

4.80 
1.31 
6 

6.50 
0.98 
6 

8.30 
0.45 
5 

R 

11.40 
1.60 
6 

10.30 
2.52 
6 

8.70 
1.59 
7 

Table 7. Biogenic Amine Levels (ng/gm tissue) Measured in the 
Frontal Cortex During the Post-Training Period1 

MHPG 

L 

62.80 
13.14 
6 

R 

80.80 
8.84 
7 

222.50 188.80 
54.31 42.98 
8 8 

164.30 136.20 
21.54 32.84 
7 8 

DOPAC 

L 

13.20 
6.05 
7 

27.60 
5.33 
8 

36.90 
8.87 
6 

R 

15.60 
12.89 
8 

20.00 
2.85 
8 

70.00 
7.68 
6 

DA 

L 

28.70 
5.34 
6 

31.50 
6.98 
8 

35.60 
8.14 
7 

R 

36.50 
5.00 
7 

24.50 
3.44 
7 

41.40 
7.60 
6 

NE 

L 

21.00 
2.15 
6 

32.70 
3.57 
8 

40.50 
11.62 
5 

R 

20.00 
1.35 
7 

19.60 
·1.36 
7 

34.70 
5.40 
7 

DOPA 

L 

31.80 
7.29 
6 

38.80 
10.20 
9 

25.60 
5.36 
8 

1 Amines measured in the left (l) and right (R) frontal cortices wcre: 5-Hydroxyr.ryptamine (5-HT); 3-methoxy-4-
hydroxyphenylglycol (MHPG); 3,4-dihydroxyphenylacetic acid (DOPAC); dopaminl: (DA); norepinephrine (NE); 

R 

36.10 
6.4i 
7 

29.90 
3.32 
7 

14.10 
2.60 
7 

dihydroxyphenylalanine (DOPA). See text for procedure. Two-factor ANOVAs revealed significant group effects for MHPG (p< 
.0022), DA (It < .0335) and NE (It < .0001). NE also had significant hemisphere (It < .0286) and interaction (12. < .0008) effects. 5-HT 
had a significant hemisphere effect (It < .0289), but no group or interaction effects. 
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Table 8. Biogenic Amine levels (ng/gm tissue) Measured in the 
Frontal Cortex During the Pre-Test Period1 

5-HT MHPG DOPAC DA NE DOPA 

l R l R l R l R l R l R 

QONTROL 
mean: 5.40 5.60 91.30 129.50 26.40 26.20 14.90 17.80 12.50 23.40 34.60 30.80 

S.E.M.: 1.29 1.21 32.65 46.99 5.48 4.24 0.85 4.15 2.68 2.70 7.21 6.96 
n: 7 7 7 6 7 7 6 7 7 6 7 7 

ES 
mean: 14.60 13.10 169.20 192.50 25.90 40.80 26.60 36.60 29.60 20.30 34.20 29.80 

S.E.M.: 5.46 2.69 57.75 40.09 6.86 6.62 3.42 7.35 7.59 5.11 12.52 7.98 
n: 6 6 6 6 4 6 8 7 6 6 5 6 

YQ~EQ 
mean: 16.12 17.90 147.70 182.60 38.90 40.70 41.30 49.50 21.00 11.20 30.50 26.30 

S.E.M.: 4.74 4.59 52.66 52.06 11.81 9.11 10.82 8.84 4.31 2.74 7.30 7.59 

1 Amines measured in the left (l) and right (R) frontal cortices were: S-Hydroxytryptamine (S-HT); 3-methoxy-4-hydroxyphenyl-
glycol (MHPG); 3.4-dihydroxyphenylacelic acid (DOPAC); dopamine (DA); norepinephrine (NE); dihydroxyphenylalanine (DOPA). 
See text for procedure. Two-factor ANOVAs yielded significant group effects for NE (l2. < .001) and S-UT (l2. < .0069). 
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Table 9. Biogenic Amine Levels (ng/gm tissue) Measured in the 
Frontal Cortex During the Post-Test Period1 

5-HT MHPG DOPAC DA NE DOPA 

L A L A L R L A L R L A 

CONTROL 
mean: 6.20 6.20 92.30 94.50 13.10 18.20 29.30 18.10 23.90 28.40 39.10 37.10 

S.E.M.: 2.77 2.40 60.85 71.48 4.91 4.02 8.19 4.35 16.66 15.48 6.72 7.54 
n: 4 5 3 3 4 4 6 6 5 5 6 5 

.ES 
mean: 16.70 15.10 136.90 176.10 30.00 60.20 25.00 24.50 16.20 20.20 31.20 30.40 

S.E.M.: 6.95 2.31 76.67 107.64 5.32 9.97 7.83 9.71 7.79 4.92 5.32 3.99 
5 5 3 3 5 4 6 5 5 5 5 5 

ill 
mean: 8.50 9.17 225.70 214.60 66.50 41.20 24.50 29.10 27.40 20.50 31.00 32.80 

S.E.M.: ·1.66 1.64 73.34 '19.44 13.45 9.89 9.15 6.58 9.71 9.53 6.69 5.19 
n: 7 7 4 4 5 6 5 6 5 5 6 6 

1 Amines measured in the left (l) and right (R) frontal cortices were: :i-Hydroxytryptamine (5-HT); 3-methoxy-4-hydroxy-
phenylglycol (MHPG)i 3,4-dihydroxyphenylacetic acid (DOPAC); dopamine (OA); norepinephrine (NE)i dihydroxyphenyl-
alanine (DOPA) . See text for procedure. Two-factor ANOVAs resulted in significant 5-HT group effect (1L < .0221), NE group (1L < 
. 007) and interaction (1.2. < .0032) effects. 
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Figure 13. Frontal cortex MHPG levels during the three 
sacifice time periods. The bars represent the mean and 
SEM of each group. Newman-Keuls post hoc test revealed 
that the Control/post-train group (*) had a significantly 
10werMHPG level (n. < .05) than either the ES or Yoked 
groups. Also, the LH/post-test group (**) had a 
significantly higherMHPG level (n. < .05) compared to 
Control animals, but not ES animals. The FLH group is not 
shown due to too small of sample size. 
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factor ANDV As. The results for group effect were: MHPG/post-train 

(F (2,41) = 7.145, 12. < .0022); DAJpost-train (F (2,38) = 3.72, 11 < 

.0335); and NE/pre-test (F (2,33) = 9.455, II < .0006). Upon 

completion of the one-factor ANOVAs, the Newman-Keuls post-hoc 

test was used for pairwise comparisons of the means. Figure 13 

shows that MHPG/post-train Control animals had a significantly 

lower (11 < .05) MHPG level compared to either Yoked or ES animals, 

but there was no difference between the Yoked and ES groups. In 

addition, the LH group in the post-test time period had a significantly 

greater (ll < .05) MHPG level over the Control group, but not the ES 

group. 

Figure 14 demonstrates that there was a significant increase (11 

< .05) in DA levels in the Yoked animals tested immediately following 

inescapable footshock (post-train time period) relative to controls. 

Also, the Control group in the pre-test time period had significantly 

lower (ll < .05) DA levels compared to either ES or Yoked animals. 

There were no differences observed between groups in the post-test 

time period. 

The initial analyses also yielded some significant hemisphere 

and interaction effects, in addition to group effects. The NE/post

train period had significant group (F (2,32) = 32.205, II < .0001); 

hemisphere (F (1,32) = 5.259, II < .0286), and interaction (F (2,32) = 

9.059, II < .0008) effects. The NE/post-test period had significant 

group (F (2,24) = 9.955, 11 < .0007) and interaction (F (2,24) = 7.354, II 

< .0032) effects. The 5-HT/post-train period showed a significant 



hemisphere effect (F (1,30) = 5.71, 12 < .0289) but no group or 

interaction effects. 

92 

Newman-Keuls !2Q.§!. hoc analyses demonstrated that the right 

FC of the Yoked animals (NE/post-train) had higher (R,. < .05) NE levels 

than either the ES or Control groups (Figure 15). The left hemisphere 

of the Yoked group was significantly greater (12 < .05) in NE content 

than the control group, but not the ES group (Figure 15). 
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Figure 14. Frontal cortex DA levels during the three 
sacrifice time periods. The bars represent the mean and 
SEM of group. Newman-Keuls post hoc test revealed 
that the LH/post-train group (*) had a significantly 
higher DA level (11 < .05) than the Control group. The 
Control/pre-test group (**) had a significantly lower DA 
level (12. < .05) compared to either the ES or Yoked groups. 
The FLH group is not shown due to the small sample 
size. 
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Hemispherical comparisons showed the right FC of the Yoked animals 

to have a greater NE content than the left FC (Figure 15). For the 

NE/post-test period (Figure 16), the left FC of the Yoked group had 

significantly more NE (12 < .05) compared to the left FC of the ES and 

control groups. Although the 5-HT/post-train period had a 

significant hemisphere effect, the effect was not robust enough to 

produce any significant pairwise comparisons among means. 
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Figure 15. Hemispherical relationship of Frontal Cortex 
NE levels during the post-train period. NE levels were 
greater (ll < .05) in the right frontal cortex of the Yoked 
group compared to the left hemisphere (*). The right 
frontal cortex of the Yoked group (**) had significantly 
greater (ll < .05) NE levels compared to the right frontal 
cortex of either Control or ES animals. The left frontal 
cortex of the Yoked group (+) had significantly greater 
(ll < .05) NE levels compared to the Control group, but 
not the ES group. The bars represent the mean and SEM. 
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Figure 16. Hemispherical differences of NE in the Frontal 
Cortex during the post-test period. The left frontal cortex 
of the LH group had significantly greater (1).. < .05) NE 
levels compared to ES animals, but not Controls. No other 
comparisons were significant. The bars represent the 
mean and SEM. 
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DISCUSSION 

The behavioral results validate the training procedure used in 

this experiment. The group that was susceptible to LH training 

displayed the greater learning deficits, while the group that had 

control (ES) of the shock was better able to learn the escape response 

during testing. The animals not susceptible to LH training (FLH) , but 

which ~til1 received inescapable shock, acquired the escape response 

more quickly than did the LH group. The group with no prior shock 

experience (Control) demonstrated the fastest acquisition of the 

escape response. 

The neurochemistry of the hippocampus was not altered by 

shock alone. N one of the measured amines in the post-train period 

were significantly altered. Studies have shown that helplessness 

must develop over a 24 hr period before being observable. In 

accordance with this process, tissue was analyzed from animals 24 

hrs after their training period and just prior to testing (pre-test). Of 

the compounds measured, only MHPG was found to be affected by 

the treatment. As a group, the yoked animals were found to have a 

significantly higher MHPG level than either ES or control animals. 

Similar to the findings of Sherman and Petty (1980), 5-HT 

levels were increased in the hippocampi of LH animals in the post

test period. The LH group showed a significantly greater amount of 

5-HT than either controls or FLH animals. An interesting result is the 

fact that no differences existed between the LH and ES groups or 
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between the control and FLH groups; pairs of groups with similar 

latency times. In addition to higher 5-HT levels, the LH animals 

were found to have a greater MHPG content than ES, FLH, or control 

animals. The hippocampal MHPG findings agree with previous 

studies (Weiss et al., 1975) where uncontrollability of shock 

increased NE turnover independent of the shock itself. 

NE turnover in the frontal cortex was increased by shock alone. 

In the post-train period, MHPG was greater in the two groups that 

received shock, Y and ES, than in the no-shock control group. In 

agreement with Weiss (1976), the NE level was greatest in the Y 

group for those animals in the pre-test group. In addition, the LH 

animals in the post-test group continued to display greater NE levels 

compared to control or ES animals. 

The results also indicated that the LH animals showed an 

increased DA level compared to ES or control animals only in the 

post-test group. This increase in frontal cortex DA in LH animals 

interesting since a previous study showed a decrease in DA receptor 

density following inescapable shock (Cherek et aI., 1980). 

Although several other neurochemicals were measured (Le. 5-

HTP, NM, and HVA), they were not observed frequently enough to 

allow statistical comparisons. The reason that some of the 

neurochemicals could not be evaluated was probably due to the 

relatively poor sensitivity of the equipment and procedure. It is 

likely that the chemicals were present in the tissue, but in such small 

quantities that they could not be measured by the system used in 
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this experiment. 



GENERAL DISCUSSION 

The overall goal of this research project was to look for 

neuropharmacological correlates to the behavioral deficits seen III LH. 

An animal that receives inescapable and unpredictable footshock 

later demonstrates a deficiency in learning an escape/ avoidance 

response. Individual animals of a group from the same strain or 

family when exposed to an identical stressor do not respond 

identically. This variability is also seen in humans. It is reasonable 

to assume that there is a fundamental difference in the genetic 

substrates between a helpless rat and a rat that failed to become 

helpless under the same stress paradigm. The fact that 

antidepressant drugs reverse the deficits seen in a helpless rat, 

strongly suggests that the deficit is due to some neurochemical 

imbalance. This imbalance could be due to either the uncontrollable 

stressor or genetically induced. The three experiments suggest that 

there are fundamental differences in the way the central nervous 

systems of helpless prone rats (defined as rats that became helpless 

after helplessness training) and helpless resistant rats (defined as 

rats that did not become helpless after helplessness training) cope 

with unpredictable and inescapable footshock. 

Even though the results of Experiment I did not support the 

hypothesis, they did stimulate the ideas that formulated Experiment 

100 
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II. The use of a heterogeneous stock of rat in the first experiment 

may have masked any basic differences between helpless-prone and 

helpless-resistant rats with regard to the 5-HT2 and B-adrenergic 

receptors in the frontal cortex. The variability in producing 

helplessness (Figure 10), also probably confounded iprindole's 

behavioral effects. The fact that iprindole's effects were not dose

related suggests that the behavioral deficits observed were not, in 

actuality, a part of LH. 

With the variability seen In Experiment I, including groups 

with less than 10% of the rats becoming helpless, one could argue 

that there is a genetic component in LH. Experiment II was designed 

to answer the question of a genetic component in a simple and rapid 

fashion. The results suggest a strong genetic component to LH, not 

unlike that found in certain forms of human depressive disorders. 

These results are in agreement with selective breeding studies (Henn 

et al., 1985) and point to the need for further studies investigating 

the underlying genetic basis for LH. 

The results of Experiment II have also identified a possible 

basis for a perennial problem in conducting LH studies: the lack of 

consistency in obtaining the basic effect. Unfortunately, this problem 

has received little attention in the literature. The results of 

Experiments I and II, strongly suggest that a potential basis for such 

conflicting results may lie in the genetic heterogeneity inherent in 

outbred rat stocks. Indeed, in Experiment II, it was found that 

susceptibilities to LH in excess of 50% are rare, at least under the 
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present conditions. The identification in Experiment II of inbred 

strains that are readily and consistently susceptible to LH training 

help to make learned helplessness a practical behavioral paradigm In 

which to study antidepressant drugs. 

The results of Experiment II suggested that the Kyoto Wistar 

rat would be a reliable inbred strain in which to study LH. With 

regard to the original goal of this research, it was decided that an 

evaluation of different neurotransmitter systems during the learned 

helplessness paradigm would yield a potential for success in finding 

a biochemical marker that would differentiate LH-prone from LH

resistant rats. The results of Experiment III suggest, at least in the 

hippocampus, that the 5-HT and NE systems are differentially 

affected in the LH-prone and LH-resistant rat. In particular, 5-HT 

levels are not affected by stress alone, but are increased in LH-prone 

rats following a frustrating test session (Figure 11). Also, MHPG is 

not affected by stress, but does increase in the LH-prone rat 

following a test session (Figure 12). Both of these results 

differentiate the LH-prone and LH-resistant rat. It is interesting to 

note that these results suggest that 5-HT and NE neuronal activation 

is increased in LH animals, whereas the catecholamine/indoleamine 

theories of depression states that these two neurotransmitters should 

be decreased. 

In relation to the frontal cortex, MHPG is agaIn altered in the 

LH-prone rat (Figure 13). Even though stress itself increased MHPG 

levels, MHPG remained high in the LH-prone rat following the test 
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session. Again, this would argue against the catecholamine theory of 

depression. It has been suggested that the right hemisphere is more 

,related to and affected by emotional trauma. In relation to MHPG's 

activities in the frontal cortex, NE levels of Yoked animals were found 

to be greater in the right frontal cortex following the training 

procedure (Figure 15). Interestingly, the NE levels returned to 

normal following the test session. 

The results of the experiments also bring forth interesting 

questions that need further study. Experiment III suggests that NE 

metabolism may be different in the frontal cortex of LH-prone rats 

compared to LH-resistant rats. Taking this result and combining the 

results from Experiment II, one could suggest that the NE system of 

the LH-resistant strains (Lewis, Fischer 344, etc.) would be different 

from those strains that were very susceptible to LH training (Kyoto, 

Charles River etc.). One of the next steps would be to evaluate the 

effects of antidepressant drugs on the neurochemistry of LH-prone 

and LH-resistant rats. It is well documented what antidepressant 

drugs do in naive rats, but their effects are still unknown in the 

altered brains of LH-prone rats. 

Overall, the three experiments suggest that there is a genetic 

component in LJ:I and that the NE and 5-HT systems are differentially 

affected by uncontrollable and inescapable shock in LH-prone and 

LH-resistant rats. 
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