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Clinical depressive disorders are complex in presentation, dissimilar in origins and course, and often pleomorphic in 
character. An adequate understanding of their origins, biological substrates, and amenability to established and novel forms 
of therapy demands biological and social interventions which cannot always readily or ethically be carried out in a clinical 
setting. One useful complementary approach to clinical research utilizes preclinical models for laboratory investigations in 
parallel. The present paper reviews current approaches to modelling depression using animals, with particular emphasis 
upon phylogenetic constraints, systematic validity and reliability, and nosoiogical limitations. Preclinical models are useful 
and necessary adjuncts for adequately understanding depression in humans. However, their utility remains a direct 
function of a continuing dialogue between clinical and laboratory research, and demands scrupulous observation and 
methodological rigor on the part of both clinicians and experimental researchers. 

Animal models Depressive disorders 

The behavior of animals has always fascinated man, 
whether he thinks he recognizes himself in them, or whether 
in the apparent differences of instincts he finds reasons to be 
proud of being human. From earliest times, those two ten- 
dencies can be distinguished: the one to compare animals to 
man in every respect (with no qualms, for example, about 
speaking of a moral sense in ants) and the other to regard 
animals as simple machines having nothing in common with 
man except a superficial resemblance (if the bitch of Male- 
branche yelps when one beats it, that is merely the speaking 
of ungreased wheels). 

Remy Chauvin 
Ethology 

1975 

THE affective disorders increasingly have been the focus of 
psychiatric and psychobiological research. As Akiskal and 
McKinney [5] note, recent clinical and preclinical studies 
have gained in both methodological and conceptual sophisti- 
cation, resulting in improved diagnosis and treatment. A 
number of factors have both contributed to and governed 
progress. One easily overlooked factor is the degree of 
communication between clinical and laboratory oriented sci- 
entists. It is imperative, on the one hand, for those attempt- 
ing to approach depression using laboratory procedures to 
understand depression as a complex clinical entity. Experi- 
menters divorced from clinical research may too easily con- 
found syndromes which are only apparently and superficially 
similar. It is equally important, however, for clinicians to 
understand the degree to which laboratory procedures can 

accurately produce model pathological states. The present 
paper is directed at the second issue, i.e., the fundamental 
utility of laboratory models. A number of preclinical proce- 
dures have been utilized to model affective disorders and the 
present review attempts to categorize them, their phylo- 
genetic boundaries, their validity and reliability, and finally 
their commonalities and differences. 

Because laboratory models initially may be divided into a 
number of categories and subcategories, the present review 
will address each of these in course. One major division is 
between models devoted to drug screening and those de- 
voted to more theoretical and phenomenological concerns. 
Within the former class are several related procedures, and 
within the latter two major procedures and several related 
variants. The initial sections of this review therefore first will 
discuss concerns common to all procedures, and then more 
pharmacologically oriented models. Subsequent sections 
then will focus on preclinical models of depression utilizing 
separation and depression, and unpredictable aversive 
stimulation. 

AN OVERVIEW OF ANIMALS MODELS 
THEIR UTILITY AND VALIDITY 

Preclinical models of psychiatric disorders may poten- 
tially serve a number of purposes. Unlike clinically observed 
behavioral disorders which may be heterogeneous with re- 
spect to type, life history, immediate precipitants, biochemi- 
cal status, genetic load, and related factors, studies employ- 
ing animals (chiefly mice, rats, cats, dogs, primates) may be 
better defined and potentially homogeneous on the above 
grounds. Thus any of these factors may be varied and inde- 
pendently examined. Additional considerations such as a 
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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 of 
expense and time advantages further argue for the utility of 
the preclinical approach. Such studies may substantially 
complement clinical efforts, and uniquely advance research 
in novel directions. Some reasons for considering preclinical 
models are included in Table 1. It must, however, be recog- 
nized that models suffer several possible limitations. One 
immediate limitation of  any actual model of psychopathology 
is the degree to which it indeed reflects a clinical disorder. If  
models are to be useful there must be pre-established means 
of evaluating the precise degree of commonality they possess 
in comparison with a clinical disorder. This is to say criteria 
of  validity are necessary. 

A number of  approaches to systematic validity are possi- 
ble. One approach relies upon face validity. When criteria 
are left unspecified, one or more common behavioral, moti- 
vational and pharmacological features have been taken as 
sufficient grounds for comparison and assessment. As noted, 
ambiguities of  validating criteria may lead to confusion at 
many levels and more explicit criteria have been proposed 
by McKinney and Bunney [144], who include the following 
four considerations: the presence of  similar inducing condi- 
tions, (i.e., a commonality of  precipitants for animal and 
human disorders), behavioral and motivational similarity 
(i.e., phenomenological similarity), a common neurobiology, 
and similar responses to analogous therapeutic interven- 
tions. More recently Abramson and Seligman [1] have pro- 
posed related criteria, including procedural similarity with 
respect to cause, course, and response to intervention. They 
additionally note the importance of  specification with re- 
spect to clinical subtypes, arguing that the variety of states of  
clinical depression precludes a general depression model. 
This last criterion is therefore an attempt to specify more 
precisely what is being modelled. 

Criteria of the above types are necessary, and based upon 
both theoretical and less formal grounds, the specific criteria 
which have been proposed seem both reasonable and 
adequate. It should be kept in mind, however, that simulta- 
neous realization of  all criteria may be neither possible nor in 
fact necessary. In the first place, it may be necessary, par- 
ticularly at early stages of  model development, to use certain 
criteria to establish the grounds upon which other criteria 
may be evaluated. Only if a given model shares certain 
common traits with depression, it is worth looking further. 
Moreover, a high degree of uncertainty remains regarding 
the clinical neurobiology of  depression, and comparisons are 
limited by this. Finally, for many purposes, it may be rea- 
sonable and heuristically valuable to isolate a more discrete 
neurobioiogical variable, for example motor retardation or 
diurnal variation, from a depressive syndrome, allowing 
more detailed and precise investigation. Models utilizing a 
more discrete dependent variable may not resemble human 
depressive disorders but may be valuable, nonetheless. The 
question of validity is relative and as will be seen, a model 
may be valid for certain but not for all purposes. 

PRECLINICAL MODELS 
AN INITIAL TAXONOMY 

Animal models of  depression may be divided into two 
general categories which address rather different questions. 
On the one hand, many models have been developed for the 

TABLE 1 
THE UTILITY OF ANIMAL MODELS,  IN THE STUDY 

OF DEPRESSION 

1. Control of and manipulation of genetic history. 
2. Short life span allows longitudinal study, within and across 

generations. 
3. Direct experimental manipulations of and examination of 

brain possible. 
4. Full control of life history. 
5. Cost effective and time effectiveness. 

purpose of identifying novel compounds of  potential clinical 
use. These pharmacological tests, which vary in their empir- 
ical power are largely divorced from both clinical description 
and theoretical concerns; they make no necessary assump- 
tions about the underlying mechanisms of  depression, nor 
about the relationship of  such mechanisms to the test proce- 
dures. While it is possible to present a theoretical rationale 
for their success it is not necessary to do so. Rather, they are 
used because of  their empirical utility: they work (after a 
fashion). 

On the other hand, a number of behaviorally and motiva- 
tionally sophisticated models, based mostly upon some ma- 
nipulation of  social reinforcement or of  environmental pre- 
dictability, have been used for different purposes. This other 
class of  model has been less concerned with drug screening 
and development and more concerned with the theoretical 
basis of  depressed behavior. How does depression come 
about? What chemical, genetic, or environmental factors 
predispose towards or induce depressed states? What are the 
long-term consequences of  early separation or disrupted en- 
vironmental predictability? These models address the 
psychobiological substrates of the illness, making use of 
sophisticated observational and behavioral techniques. 

Several points might be noted about these two types of 
model prior to a detailed discussion of either. First, the 
above categories are ideal types; few cases of  either model 
exist in as pure a form as described. Many drug screens 
presuppose some theoretical rationale, and a few seem to 
combine equal amounts of  theory and empirical applicabil- 
ity. Nonetheless, this distinction may be of taxonomic value. 
It is hard to imagine a reasonably accurate drug screening 
technique being discontinued because of a problem in theoreti- 
cal rationale. Likewise, an interesting empirical approxima- 
tion of depression in animals might be used quite suc- 
cessfully despite some inconsistencies with drug or neuroen- 
docrine response. In particular it must be recognized that 
fundamental similarities across species do not rule out 
coexisting species-differences. 

Finally, since the two classes of model have addressed 
separate issues it is unfair to expect any given model to 
embody the heterogeneous practical and theroeticai con- 
terns raised jointly by the two categories. While it would 
certainly be of  value to design a model which is both practi- 
cally useful and theoretically fertile (in fact that is the aim of 
the present series of  papers) it may be unreasonable to ex- 
pect present models to respond to questions which they were 
not originally designed to answer. Even within each category 
different models are motivationally and behaviorally diverse. 
Given these problems, cross-model comparisons may prove 
possible upon certain biological and behavioral dimensions; 
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however, they may not necessarily be possible upon all of 
them at the present time. 

Empirical Models 

With these provisos in mind and looking first to those 
models which are used as empirical screens for an- 
tidepressant activity, we find three major classes of test pro- 
cedure. These are: (1) antidepressant reversal of the effects 
of amine depletors, (2) antidepressant potentiation of norad- 
renaline or of sympathomimetically active drugs, (3) 
antidepressant modification of the muricidal response of 
rats. In addition to these major test types, a variety of other 
tests have occasionally been employed. These include mod- 
ification of limbic seizure activity, and interactions with the 
hallucinogenic drug yohimbine. 

The first of these techniques and perhaps the one which 
remains in widest general use involves the acute reversal of 
the effects of the rauwolfia alkaloid reserpine, or of its syn- 
thetic analog tetrabenazine. For example, antidepressants 
may reverse reserpine-induced ptosis in rats [54], salivation 
in dogs [219], hypothermia in mice [15,152] and hypoactivity 
in a variety of species [30,206]. Similar tests may be em- 
ployed with synthetic reserpine analogs generally with con- 
sistent patterns of results [174,230]. Both classes of 
antidepressant agents, e.g., tricyclics and monoamine 
oxidase inhibitors, reverse reserpine's sedative and depress- 
ing effects but they must be given before the amine depictor 
is administered. 

The reserpine model was developed soon after initial re- 
ports of drug-induced depression in humans who had been 
receiving the drug as an anti-hypertensive agent [26, 67, 106, 
126, 153] and it has been presumed that the reserpine model 
involves a direct assessment of clinically meaningful psy- 
chobiological components of the disease. It should be noted 
that more recent evaluations of reserpine effects indicate 
that the primary action of the drug in humans is upon 
psychomotor activity and not upon mood [26, 74]. In fact, 
recent reviews suggest that true depression may occur in as 
few as 6% of reserpine-treated patients [74,148] and that 
these patients were likely to have had a prior history or 
family history of depression. On the other hand, very high 
doses of reserpine can produce severe depressive mood 
changes even in normal subjects [161]. Thus, the actual clini- 
cal incidence of reserpine-induced depression may reflect a 
biological predisposition to low doses. 

Clearly since the reserpine model is intended as an empir- 
ical screening technique this problem may not of itself be 
particularly damaging. However, the test also embodies a 
number of practical problems. For example, the test predicts 
an ordering of antidepressant potency, e.g., that desipramine 
may be more powerful than other drugs such as amitrip- 
tyline, while the reverse may in fact be true clinically [25]. 
Even more problematic than this ordinal inaccuracy, how- 
ever, is the large number of clinically noneffective com- 
pounds which reserpine tests suggest should be active, e.g., 
DOPA and alpha methyl DOPA [38, 51, 58], amphetamines, 
antihistaminic agents, LSD and beta adrenergic blocking 
agents [75, 206, 207]. In summary, the reserpine test em- 
bodies both theoretical and practical problems, perhaps the 
most serious of which is the mis-identification of inactive 
drugs as potential therapeutic agents. 

A second class of techniques makes use of noradrenergic 
(NA) potentiation of either a central or peripheral nature, or 
more generally of sympathomimetic synergism. Sigg [205] 

originally suggested a noradrenergic basis for the therapeutic 
mode of action of antidepressants, based upon the potentia- 
tion of the adrenergically mediated contractile response of 
the cat's nictitating membrane. While imipramine produced 
no direct effects upon the membrane it augmented to a con- 
siderable degree contractions induced by nerve stimulation 
or exogenous norepinephrine. Synergism of antidepressants 
with NA or NA-potentiating agents has been confirmed and 
expanded using a variety of pharmacological techniques. For 
example, DOPA, the precursor of noradrenaline produces 
hyperthermia and aggression, and imipramine can potentiate 
both of these effects [61,62]. Moreover, imipramine can 
potentiate amphetamine-induced changes in both physiology 
and behavior including amphetamine hyperthermia [152], 
amphetamine group toxic reactions [124], amphetamine 
facilitation of shock avoidance [39,236], and amphetamine 
potentiation of brain stimulated behavior [216]. 

These synergism models have many of the same problems 
as the reserpine model. For example, they also fail to predict 
the ordinal relationship between clinical potency and test 
efficacy [208]. They also suggest an antidepressant potential 
for clinically ineffective drugs. This problem appears to per- 
vade many of the proposed synergistic tests including the 
tests for activity, avoidance, and brain stimulation. For 
example, anticholinergics, antihistaminics, psychostimul- 
ants, and at least occasionally neuroleptic drugs interact with 
adrenergic mechanisms in a manner similar to antidepres- 
sants in all these tests [27, 40, 124,207,214]. A final problem 
with tests employing amphetamine potentiation is that imip- 
ramine slows the rate of metabolism of amphetamine and 
thus produces a pharmacokinetic rather than physiological 
interaction [123]. Additional discussion of the above vari- 
eties of test may be found in Rech and Moore [174]. 

The muricide test, in which the spontaneous attack pat- 
terns of a rat upon a mouse are reduced by antidepressants, 
also has many of these same problems. For example, just as 
above it fails to discriminate antidepressants from psycho- 
stimulants, antihistaminics and anticholinergics [20, 87, 96, 
98]. A second murioid aggression test may also suffer from 
these same difficulties. 

Cairncross and co-workers [37] have recently reviewed a 
series of studies on the olfactory bulbectomized rat. Bilateral 
bulbectomy produced an abnormal endocrine state resem- 
bling that of endogenous depressives, and tri- and tetracyclic 
compounds normalized both the irritability and abnormal 
endocrine state. From their reported findings, however, it 
appeared that monoamine oxidase inhibitors were not cor- 
rectly identified by their procedure. On the other hand drugs 
of only equivocal antidepressant potential (e.g., experi- 
mental serotonin reuptake inhibitors) were found to be posi- 
tive. 

Other tests also embody these problems, either actually 
or potentially. Babington and Wedeking [17] used limbic sei- 
zure activity as a screen for antidepressant activity. Antide- 
pressant drugs selectively depressed limbic seizure intensity 
while having only minor effects upon other, e.g., cortical 
seizures. Other drug classes like benzodiazepines or stimu- 
lants lacked this selective inhibitory action. Unfortunately, 
DOPA, anticholinergics, and antihistaminic agents were not 
tested. Likewise, Sangvhi et al. [191-193] have proposed a 
model of depression based upon the cardiovascular effects of 
the drug yohimbine in dogs. Antidepressants selectively 
potentiated these cardiovascular effects, but no information 
is available regarding anticholinergie and antihistaminic 
drugs. Another behavioral model of potential interest is the 
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chronically isolated rat [70]. Garzon and co-workers have 
suggested that only clinically effective antidepressants 
selectively inhibit isolation induced motor hyperactivity. 
This model may bear some conceptual reflection both to the 
irritability model of Cairncross and to theoretical models in- 
volving social deprivation. All of these last tests still require 
more extensive testing and none has yet seen general accep- 
tance, although they may eventually gain wider use. A suc- 
cessful test should be able to discriminate anticholinergic 
drugs, antihistaminic drugs, amphetamine, DOPA and alpha 
methyl DOPA from truly effective antidepressants.  

It is clear that many of these tests actually or potentially 
suffer from problems of  specificity and selectivity. They may 
miss certain clinically effective drugs while at the same time 
they frequently suggest that ineffective drugs will be of 
therapeutic benefit. Yet other tests require empirical evalua- 
tion. 

Unfortunately many tests by their nature embody an in- 
herent circularity. Tests begin with known antidepressants 
and tend to be successful in identifying related members of  
the same pharmacological class. The tests become progres- 
sively less useful as they move from congeners to novel drug 
classes. Yet, it is precisely for the identification of  novel 
drugs that screening techniques are most necessary. 

What is clearly needed is a test or series of tests which: (a) 
may be theoretically grounded, i.e., test antidepressants by 
directly addressing a presumed pathogenic mechanism; and 
(b) are sufficiently flexible at a pharmacological level to 
allow extensive testing and accurate screening for novel 
compounds. Moreover,  such tests should be (c) selective and 
accurate in their identification of new compounds. 

Theoretical Models 

The second category of models is more theoretically and 
generally more behaviorally oriented. The two major 
depression-producing manipulations which have been em- 
ployed each presuppose a related human life experience 
which contributes to the clinical disorder. The first of these 
is the separation model, and the second involves learned 
helplessness. A third group of models, upon which relatively 
less research has appeared, involves biological rhythms. 

SOCIAL ATTACHMENT MODELS OF DEPRESSION 

Description 

Disruption of mother-infant bonding or of peer bonding in 
young animals produces a series of  affective changes re- 
sembling depression. These changes follow a uniform 
course. Initially an infant will display protest behaviors in- 
cluding vocalization and motor agitation. Depending upon 
species, strain, and prior history of socialization, this subse- 
quently yields to varying degrees of behavioral despair, 
characterized by retardation, loss of primary drives, re- 
signation, and refractory loss of  interest in normal surround- 
ings. While the despair  response is present in most species, 
its intensity and duration may vary considerably. Finally, 
this second stage may develop into a stage of indifference in 
which social reunion provokes comparatively little interac- 
tion. While the primary state of  agitation is universal, the 
second stage is present but somewhat more variable in mag- 
nitude. The third stage is rarer in occurrence both within and 
across species, and may in fact be absent from the reper- 
toires of many animals. The presence of  indifference and 

relatively more pronounced despair  reactions may, to some 
degree, be limited to altricial species (i.e., species not fully 
mature at birth, and requiring more extended maternal care ~. 

Comparative Aspects 

The protest stage of separation appears to be a prevalent 
psychobiological response. King [113] and Hoffman and 
Rattner [95] argue convincingly that the essential phenomena 
found in mammalian attachment behavior are present in the 
normal course of imprinting in precocial birds. Shapiro and 
Garretson [203] have also argued for a common basis for 
avian and mammalian social ontogeny. While agitation and 
distress calling to separation are reliable responses,  no evi- 
dence has been presented suggesting that the syndrome is 
further differentiated to states of  despair  or indifference. 

Protest has also been noted for rodents. (Labarba,  White 
and co-workers [121-123]). Peer-isolated mice may also be 
behaviorally depressed as adults [121], in addition there may 
be an overall change in physiological status such that they 
are more susceptible to disease than grouped mice. On the 
one hand earlier reports from the same group noted in- 
creased resistance to disease after early maternal separation 
[121-123]. This finding in itself is surprising, and may repre- 
sent a species or strain peculiarity. The reason for discrepant 
findings may rest with procedural alterations across tests, 
including alterations in age at separation and initial housing 
density. 

Hofer and colleagues have shown a variety of typical sep- 
aration induced effects in the immature rat. In their design 
acute maternal separation produced an initial protest re- 
sponse which included behavioral changes of motor 
hyperactivity,  self directed grooming, defecation and urina- 
tion [91,92]. These alterations have been shown by others to 
be accompanied by high frequency distress calls [154,155]. 
In addition to the above behavioral changes, physiological 
changes including sleep disturbance and bradycardia [92] 
were also found to be present. While the sleep disturbance 
was reduced by supplementary feeding [92], other prominent 
cardiac effects, behavioral and physiological alterations 
(e.g., susceptibility to gastric erosion, increased activity) 
were not significantly altered. Only the presence of  odor or 
tactile cues from the mother or another conspecific reversed 
the remaining aspects of protest [3, 163, 164]. 

It should also be noted that maternal separation signifi- 
cantly increased the morbidity risk of  young pups [163] with 
80% or more dying within a few days of  separation. This 
suggests a despair-like stage is also present in the rat. Again, 
presence of conspecific cues significantly reduced morbidity 
[192]. Even in reunited pups, however, maternal separation 
induced tong term physiological changes, such as increased 
susceptibility to stress induced gastric ulceration in adult- 
hood [3]. 

In addition to the above behavioral changes a specific 
decrease in serum growth hormone has been reported to 
accompany separation in young rats. This may be regarded 
as a physiologically distinctive stress response since remark- 
able changes in prolactin, conicosterone or thyrotropin were 
not present upon assay [63,120]. Evidence has also been 
presented indicating this response to be mediated by tactile 
stimulation [63]. 

At least one lagomorph (the guinea pig) also shows sep- 
aration induced protest [85, 114, 170, 228]. In contrast  to the 
above reports on altricial mice and rats, however, acute 
post-separation motor agitation was not seen. Separated 
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guinea pigs displayed distress calling and relative motor re- 
tardation [85,170]. Two explanations have been advanced for 
the motor effect, these being conspecific facilitation of 
exploration (i.e., a loss of normal exploratory behavior dur- 
ing separation) and directed but environmentally localized 
agitation and attempts at reunion if maternal cues are present 
but inaccessible. Herman and Panksepp [85] reported that 
guinea pigs remained in the immediate area of separation but 
vigorously attempted to reunite themselves with their tactu- 
ally inaccessible mothers during experimental testing. This 
lends credence to the second explanation. In this same re- 
port, they also noted pharmacological reductions of distress 
calling and provocations of distress by opiate stimulation and 
blockade, respectively. The presence of opiates in social 
reinforcement has also been suggested for other species 
(e.g., birds [160] and dogs [159]). 

Many of Panksepp's studies suggesting a role for 
endorphins in social behavior use a social contact measure 
following injection of opiate or antagonists. It must be 
appreciated that such measures are not without their prob- 
lems, especially in opiate research. On the one hand many 
agonists can produce a core hypothermia, in which case in- 
creased proximity may represent an attempt to adapt to a 
thermal stress: on the other hand antagonists may increase 
the intensity of a variety of noxious stimuli, and intensify the 
negative aspects of a motivationally mixed social-stimulus. 

Rather limited data on cats indicate significant separation 
induced distress calling but few prominent motor alterations 
[178,182]. Social rather than environmental cues have been 
shown to control the increase in distress calling, since ma- 
ternal contact in a novel environment is sufficient to alleviate 
otherwise present vocalization. 

Dogs and monkeys both typically are extremely social 
species, and are the two most extensively studied-non 
human animals. Scott and colleagues have investigated the 
effects of social manipulation and social deprivation upon 
young and mature dogs for some two decades. It is evident 
that major strain differences occur in separation induced 
vocalization and motor agitation in dogs, even if only brief 
(approx. 10 minutes) separation periods are employed. On- 
togenetic effects are also well documented, as are strain 
differences in deprivation induced disorders of socialization 
and behavior (the isolation syndrome and its milder version, 
the kennel syndrome, [195,196]). 

Dogs form strong social bonds both to other dogs and 
humans. Prolonged isolation of well socialized dogs precipi- 
tated both acute distress and agitation, and subsequent re- 
tardation, weight loss, and death [196]. Senay [201] reported 
profound separation induced retardation in six well 
socialized adult German shepherds and Scott has reported 
similar findings for a Shetland sheepdog [196]. 

Limited work has directly addressed the biological con- 
comitants of distress reactions in acutely or chronically iso- 
lated dogs. The acute distress and activation response in- 
volved cardiovascular concomitants including a labile 
tachycardia which was reduced or reversed to bradycardia 
by petting. Changes in systolic blood pressure also followed 
this pattern [136]. 

Earlier drug studies suggested imipramine was selectively 
active in reducing vocalization in beagles, beagle hybrids, 
teiomians, and terrier-sheltie hybrids. On the other hand, 
major and minor tranquilizers and psychostimulants were 
ineffective in altering distress, except possibly at debilitating 
dosages [195]. It is in fact rather surprising that am- 
phetamines did not affect the acute distress response since 

psychostimulants have been reported to be quite effective in 
treating acute loss reactions and demoralization in humans 
[I 16]. The existence of species differences in amphetamine 
response cannot be dismissed, and further studies in animals 
would be helpful in allowing a more detailed comparison. 
Furthermore, while imipramine was tested as an acute 8 
mg/kg dose its therapeutic effects are in fact cumulative, and 
generally not clinically evident for a 2-3 week period [156]. 
Given the above, the possible contribution of imipramine's 
prominent anticholinergic (dry-mouth) properties cannot be 
excluded entirely. Chronic studies of antidepressant treat- 
ments are of critical importance for the further evaluation of 
the canine model. 

The plasticity, breadth, and complexity of primate behav- 
ior, and the evolutionary proximity of humans and non- 
human primates render observations upon this order of par- 
ticular interest. Dramatic separation induced protest reac- 
tions (vocalization, crying, motor agitation, finger sucking, 
oral stereotypy, insomnia of up to six days in length) were 
reported by Bakwin [18], Spitz [213] and Bowlby [31] in a 
population of 6 month to 6 year old institutionalized children. 
In approximately 21Y~ of the observed cases continued sep- 
aration produced an anaclitic, or dependency depression, 
with prominent psychomotor retardation, stupor, disinterest 
in surroundings, reduction in normal physical growth, and a 
significant stress morbidity risk. Upon reunion, most chil- 
dren resumed normal activity and social interaction, al- 
though a small percentage showed psychological detachment 
and withdrawal. Human anaclitic depression may at least 
upon behavioral grounds resemble both agitated (during 
protest) and retarded (during despair) depression in adults. 
Whether anaclitic depression is actually a subtype of adult 
depression is still unclear, and this will be addressed below. 

Turning to non-human primates, it is evident that the 
biphasic response to separation is present and well defined, 
particularly in old-world monkeys, although species differ- 
ences may influence its duration and intensity. In most cases 
(i.e., for macaca mulatta, m. nemestrina, m. iris.) protest 
reactions consisting of screeching, cooing, motor agitation, 
sleep disturbance, and appetite disturbance occurred within 
the first 24-36 hours of maternal separation. Within the next 
48 hr this evolved to a state of withdrawn despair. Infants 
appeared severely retarded in motor activity and typically 
remained huddled, with lower vocalization and a typical ab- 
sence of social engagement (i.e., play behavior). Recovery 
occurred within the next 2-4 weeks of separation, although 
recurrent episodes of despair were intermittently present. In 
its most extreme form (i.e., following the actual death of an 
adult) the distress reaction led to a failure to thrive, and 
death within a few months [60, 78, 79, 81]. 

A variety of factors may influence both the degree of 
initial distress and the presence and course of subsequent 
despair. In a series of extremely thorough studies by Kauf- 
man, Rosenblum, and co-workers, the separation reactions 
to maternal removal in group living macaca nemestrina (pig- 
tail macaque) was compared with that of macaca radiata 
(bonnet macaque). These studies [110,111] indicated early 
non-maternal social exposure in bonnet macaques, particu- 
larly ventral contact and group huddling, reduced the inten- 
sity of separation distress and typical despair. The authors 
attribute these differences to group living situations. Pigtails 
have close consistent maternal contact but limited non- 
maternal contact. The family group is typically isolated and 
nuclear. On the other hand bonnets tend to huddle, and bon- 
net infants receive greater non-maternal contact. For bonnet 
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macaques, maternal absence typically provokes successful 
adoption by another adult; in the case of  pigtails, however, 
adults may actually harass separated infants. 

Kaufman and Rosenblum consider the biphasic response 
upon a continuum of  successful adaptations. Both active and 
passive aspects of the response are similar to the response 
patterns described by Engel [59] involving anxious seeking 
and conservation-withdrawal. 

Similar findings upon social factors and social differences 
have been noted by other researchers in a new world species 
(Patas monkeys: (erythrocebus patas) which typically are 
closer to bonnets than pigtails in terms of  their behavioral 
responses [172]). Similarly squirrel monkeys (saimiri sci- 
vreus) show agitation but relatively short-lived despair  [107]. 
These findings suggest early rearing and social support may 
be important determinants of  the degree of  depressive behav- 
ior in primates. These factors also may explain some of the 
variability associated with responses of human infants (see 
below). 

Findings of cross-species effects must be further tem- 
pered by the realization that a good deal of individual varia- 
bility exists in the expression of affect even within species. 
Species effects may be modified by other factors. For  
example, pigtail macaques from alpha (dominant) females 
are less prone to despair  than their peers [111]. Also at least 
some bonnets may show despair  if supplementary support is 
limited [ 112]. Other reports of  extreme behavioral variability 
using a large sample of rhesus monkeys and a series of rep- 
lications have been presented by Lewis et  al. [134]. In coun- 
terdistinction to earlier reports from this and other groups, 
they noted neither consistent agitation nor consistent despair  
responses. Since this study employed a sample size larger 
than any other study it will be discussed further below. 

The influences of variability and social factors fit well 
with observations on non institutionalized human infants. 
Robertson and Robertson [181] report  a reduction of  most 
separation induced depressive behaviors,  and complete ad- 

jus tment  to foster care, given a normal history of antecedent 
family interaction. This suggests that anaclitic depression 
may be a highly atypical response. It should be recalled that 
initial reports suggested a rather low incidence (~20%) for 
the syndrome, even in as unsupportive an environment as 
that represented by institutional facilities. 

A d d i t i o n a l  F ac to r s  

Other factors which have been identified in the control of 
the biphasic affective response in primates include age. A 
particularly severe affective response is common at approx- 
imately 90 days. This may reflect an interaction of  separation 
and increased fear [189, 211,212, 224]. Other ages under a 
year  appear equivalent in their effect. 

In addition, behavioral responses may be a function of 
separation length, with longer separations producing more 
severe depressions [211,212, 220]. Other factors, including 
social setting, history of separation, maternal influences, and 
sex differences are reviewed by Hinde [88] and Suomi and 
Harlow [225]. 

Peer separation in which group reared monkeys are sub- 
jected to some of  the same manipulations as mother-infant 
pairs has been used to extend previous studies. This ap- 
proach may reflect the ~ocial disorganization and affective 
responses which are more typically seen following divorce or 
bereavement in humans. In younger (less than 1 year) mon- 
keys the response to separation is relatively more intense 
and again is characterized by the biphasic course seen after 

maternal separation [220-226]. Extreme vulnerability to so- 
cial separation may be present for at least the initial five 
years of  life [143]. Virtually all predisposing factors which 
modify maternal separation act in an equivalent manner for 
social separation [220,225]. In addition peer separation may 
permanently retard normal social development. Suomi [220] 
has suggested that a number of factors determine the course 
of depression after peer  separation. These include loss of a 
significant social stimulus; absence of  replacement stimuli; 
and absence of  adequate means of altering the newly reduced 
social environment. Other techniques which have been used 
to produce grossly aberrant behavior include extreme sen- 
sory isolation in a tunnel [223,225]. These studies may bear 
some relation to depression and are reviewed in Suomi and 
Harlow [225]. This model may also bear some resemblance 
to helplessness, or to pathological social hyperreactivity as 
seen in other species [70,229], and may have long term con- 
sequences on social behavior [243]. 

The response to separation has also been studied from a 
physiological point of view and changes occurring during 
separation may bear some resemblance to the disordered 
physiology of human affective disorders. Reite et al. [176] 
and Reite [175] report initial tachycardia,  elevated tempera- 
ture, and a sleep disturbance with fragmented and reduced 
rapid eye movement sleep in acute primate protest. Such 
patterns are more typical of insomnia in humans, rather than 
depression, although it might be recalled that separation may 
itself elicit insomnia. As protest yields to despair, a relative 
bradycardia and hypothermia are present. Unfortunately, 
further analyses of  REM sleep patterns are not available. 
Such longitudinal studies would be useful in allowing a more 
adequate evaluation of possible physiological similarities to 
clinical disorders especially given the clinical studies of 
Kupfer and colleagues [119]. If primate separation induced 
depression is in fact a variety of  endogenomorphic depres- 
sion [115] then absolute values for REM latency would be 
expected to decrease to below normal levels while REM 
density increased. Separation also produces markedly ele- 
vated cortisol values in infant squirrel monkeys and rhesus 
macaques [48, 86, 210] which is similar to endocrine re- 
sponses in severe clinical depressions [42--45]. Some differ- 
ences have emerged with respect to maternal cortisoi re- 
sponse, although it is elevated at least in squirrel monkeys 
[48]. Hill et al. [86] have suggested the presence of  a social 
surrogate may lower this response in rhesus monkeys al- 
though this again may be species specific [48,84]. 

A related approach which has taken a stress-diasthesis 
model as its basis also has pointed to possible physiological 
variables of  interest. Kramer and McKinney administered 
relatively low doses ( - 2 5  mg/kg/day) of  the tyrosine hy- 
droxylase inhibitor a-methylparatyrosine to rhesus mon- 
keys. This dose was behaviorally inert in normal social set- 
tings involving mothers or peers (see below), however, when 
chronically drug treated monkeys were peer-separated,  the 
normal depression response was significantly intensified. 
Based upon a review of  previous data the authors suggested 
the drug was more effective in augmenting depression in the 
peer separation model than it was in the maternal model. A 
direct assessment of  the maternal model was not included in 
their report however. Neither PCPA, a serotonin biosyn- 
thesis inhibitor, nor fusaric acid, a norepinephrine biosyn- 
thesis inhibitor, were equally effective in altering behaviors 
after separation. On the contrary fusaric acid may have been 
somewhat activating in their model, effectively ruling out 
any exclusive noradrenergic contribution. Based upon con- 
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comitant activity measures the AMPT effect appeared mood 
specific in nature. These findings point to the involvement of 
one or more catecholamines in the behavioral disturbances 
accompanying primate depression. 

Therapeutic Intervention 

One finding of interest using the peer separation model 
concerns "behavioral therapy" by conspecific peers. The 
presence of such a conspecific "therapist" may reduce or 
eliminate typical depression. Positive changes in play, sexual 
behavior, general activity, and reduced self-directed behav- 
ior were observed by Suomi et al. [222]. Given the limited 
activity of behavior therapy for endogenous depression this 
would imply a possible relation to grief responses and 
neurosis. It appears, however, that drugs too are of value in 
the syndrome. 

In one recent epxeriment using the peer separation 
model, Suomi et al. [226] found that separation-induced dis- 
tress, self clasping, and huddling were reduced while explo- 
ration and activity were conversely increased by drug treat- 
ment with the tricyclic antidepressant imipramine. This ef- 
fect was apparent only with chronic drug administration. 
Similar findings were recently reported by a second group of 
researchers using a double blind design [101]. The efficacy of 
antidepressant treatment in primate separation is further 
suggested by the earlier investigation of Kraemer et al. [118] 
upon the antituberculosis agent isoniazid. Isoniazid is also a 
weak inhibitor of monoamine oxidase which may nonethe- 
less have a chronic cumulative effect and therefore serve as a 
potential antidepressant. It is routinely included in the diets 
of the Wisconsin group and some other primate laboratories 
as a prophylactic procedure. It was noted in the investigation 
of Kramer et al. [118] that grouped animals showed higher 
baselines of social interaction with isoniazid present, and 
separation induced and pharmacologically induced depress- 
ive symptoms were more severe when the drug was absent. 
This of course calls the validity of studies in which the drug 
was routinely administered into question. It has already been 
noted that Lewis et al. [134] could not confirm many of the 
basic findings of separation induced affective changes. It has 
been argued that the inconsistency of findings is a reflection 
of individual differences in vulnerability which may also 
occur in humans [143]. The failure of Lewis et al. [134] to 
find a clear depressive response might also possibly be 
viewed in terms of the routine presence of this drug. This 
may be interpreted as a further confirmation of the efficacy 
of pharmacotherapy, or as a post hoc explanation of negative 
findings. The depression brought about by chamber separa- 
tion may be responsive to electrocortical shock [133] but 
ECT treatment is only partially effective in restoring normal 
social reactions. 

Procedural difficulties make any summary statements 
upon the relationship of separation and depression difficult. 
It may be speculated that initial distress is related to the 
agitation sometimes seen in unipolar depressions. This must 
presently be left as speculation, however, and it should be 
recalled that agitation is absent from many depressions. 
Whether the profound refractory loss of interest seen in de- 
spair reactions is a form of retarded depression also remains 
an open question. As noted, anaclitic depression may be 
absent in normal early separations in humans [181], suggest- 
ing the importance of a prior history of abnormal rearing in 
the elicitation of this particular response. Rie also [179] has 
raised a number of theoretical objections regarding the exist- 

ence of depression in childhood and its use as a model state 
for adult depressive disorders. It seems clear then that a 
number of theoretical and empirical differences may exist 
between these states. If anaclitic depression is a rare patho- 
logical response unrelated to adult depression then cross- 
species comparisons are of only limited use. The utility of 
the model then must be evaluated with caution pending an 
adequate identification of the degree and type of overlap 
between depressive types (i.e., child vs adult) within spe- 
cies. 

Learned  Helplessness 

Seligman and co-workers have suggested the term 
"learned helplessness" be applied to the acquisition and per- 
formance deficits seen in avoidance learning and related 
learning tasks following pretreatment with inescapable 
aperiodic shock (preshock). Helplessness is conceived as a 
cognitive deficit due to a previous history of ineffective cop- 
ing. The helpless animal enters a learning situation with a 
generalized associative set that its actions are without con- 
sequence. It therefore responds less, or not at all [140,198]. 
In addition to an acquisition deficit, other features of the 
helpless animal parallel clinical dimensions of depression. 
Changes in activity, food intake, and weight have all been 
reported [231]. 

The term "learned helplessness" is a relatively new one, 
and its current conceptualization represents the efforts of a 
small group of co-workers. Nonetheless, the theory does 
have a number of antecedents within the clinical literature. 
Goldstein [73] has elaborated a theory in which environ- 
mental mastery through behavioral means is necessary for 
mental health. Rotter's [ 184,185] conceptualization of inter- 
nal control suggests that belief in one's personal efficacy in a 
given circumstance will determine coping and behavioral 
patterns. 

Although less immediately related to cognitive concerns, 
an emphasis upon antecedent stress and both physiological 
and psychological coping can also be found in the psycho- 
somatic literature. Engel's conception of a continuum of 
active and passive coping has already been noted. Other 
examples which illustrate a similar concern may be found in 
Greene [76,77] and in studies of urban stress [71]. Such 
antecedents of course do not detract from the importance of 
helplessness as a unified and unifying theory of behavioral 
adaptation. 

The phenomenon has been reported in a variety of species 
and testing situations. Typically a biphasic response to train- 
ing has been observed. Shock initially produces agitation, 
struggling, vocalization, and unsuccessful attempts at es- 
cape. Continued preshock produces apathy, withdrawal, and 
eventually an associative failure in novel circumstances. 
Typically, failure to learn is considered the basis of the be- 
havioral deficits. 

SUBTYPES OF M O D E L  

Two distinctive variants of helplessness models have now 
evolved. Animal models continue to rely upon the initial 
formulation as stated above, while clinical analogs and ex- 
planations have been revised based upon experimental find- 
ings. Depue and Monroe [53] have noted a number of practi- 
cal and theoretical concerns in the direct application of the 
preclinieal model to a clinical setting. These include potential 
nosological confusion and possible qualitative differences 
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between subclinically depressed college students and more 
seriously depressed psychiatric populations. These concerns 
are supported by fundamental inconsistencies and am- 
biguities in the major clinical support for helplessness [49] by 
failures to find evidence of helplessness [237], and by find- 
ings of cognitive distortions which more closely resemble 
Beck 's  [22] model of  overinclusive self blame and internali- 
zation rather than cognitive helplessness and causal irrele- 
vance. 

Given these problems Abramson et al. [2] have suggested 
that human helplessness should be reconceptualized as an 
attributional process with attributions occurring within three 
dimensions. These dimensions include internal vs external 
control, stable vs unstable character of aversive stimulation 
(alternately this may be seen as a dimension including tran- 
sience vs persistence) and specific vs global nature of re- 
sponse (this is a novel dimension in attribution theory which 
is intended to characterize the relation of coping to a possible 
range of  behaviors, global factors being those which effect a 
number of  behaviors). In the revised model, for example, 
helplessness might be predicted if a cause were internal, 
stable, and global (i.e., i t 's  my fault, the problem is there in 
all circumstances, and I fail at everything), but not if a cause 
were external, unstable, and specific. The reader is referred 
to Abramson et al. [2] for a further discussion, to 
Wortman and Dintzer [242] and Heusmann [100] for critiques 
of the systematic adequacy of the reformulation, and to 
Garber and Hollon [69] for an empirical investigation of the 
model in a student population. In this last study the dimen- 
sion of universality did not contribute to helplessness as 
would be predicted. At this point at least some doubts persist 
regarding helplessness as a significant causative factor in 
depression [35]; nonetheless, helplessness in animals may 
represent a simplified version of  at least some of  the clinical 
phenomena of  depression. Given evidence of a persistent 
behavioral deficit in animals, major preclinical studies will be 
reviewed below. 

Spec ies  General i ty  

At a species level helplessness has been reported in fish 
avoidance conditioning [23,158] although recent reports by 
Bitterman and colleagues [241] suggest that the avoidance 
response in fish is a respondent rather than instrumental re- 
sponse. This may in turn suggest that helplessness in teleosts 
is not analogous to mammalian learned helplessness, but 
perhaps a form of habituation. Informal observations of  fish 
in discrete avoidance (Katz, 1974, unpublished) suggest that 
preshock may facilitate rather than hinder one-way active 
avoidance. This finding may reflect sensitization within the 
respondent conditioning situation, and is consistent with a 
respondent interpretation. 

Helplessness has been reported in mice [33] and occa- 
sionally also in rats. Recent reports include Looney and 
Cohen [135], Maier et al. [139], Katzev and Miller [109], 
Seligman and Beagley [198], Shurman and Katzev [204]. Re- 
cently Hatotani [82] has independently evolved and pro- 
posed a depression model which possess a number of 
similarities to helplessness. The inescapable stimulation of 
this last model has involved extensive forced wheel running 
activity and has been correlated with both behavioral and 
endocrine abnormalities. 

Not all reports of helplessness in rodents have been posi- 
tive. Freda and Kline [66] and Beatty [21] could not obtain 
the helplessness effect. Other studies have reported 

helplessness only under highly specific and restricted pa- 
rameters of response difficulty. Exceeding these parameters 
with either too easy or too difficult a task requirement dis- 
rupted helplessness. This last finding both effectively elimi- 
nated response effort as a comprehensive explanation of non 
response and suggested that the response deficits in rats may 
be rather transient. Anderson and coworkers [7,8] have 
argued that helplessness is only seen if immobility is present 
during shock. A related interpretation of Wilson [238] argues 
that the aversiveness of  back shock (the most widely used 
method of  delivery by the Pennsylvania group) may be at- 
tenuated by postural manipualtions which might subse- 
quently affect new (escape) learning. Further studies of the 
role of  immobility are presented below. 

The studies of Amsel [44] have noted a yet more radical 
exception to learned helplessness. In their studies of 
preshock and runway performance, helplessness training in 
fact facilitated initial acquisition and retarded subsequent 
extinction in an appetitive task. This may be interpreted as a 
potential increase in "pers is tence" .  A similar finding in hu- 
mans has been noted by Roth and Kubel [183]. At the very 
least it must be argued that restricted phylogenetic, concep- 
tual, and procedural boundaries exist for the helplessness 
phenomenon. Some investigators have obtained the effect 
but only in conjunction with debilitation and gross motor 
ataxia. Weiss and colleagues [28, 72, 233, 234] initially 
suggested the interference effect seen with acute cold swim 
stress or inescapable shock is a nonassociative performance 
deficit, although more recently they have argued that some 
persistent learned effects may occur as suggested above (by 
Wilson) or possibly as learned incompatible motor responses 
[9,72]. Motor competit ion or neurochemical depletion as op- 
posed to cognitive deficits have also been proposed by a 
number of other investigators including Anisman and Waller 
[13], Bracewell and Black [32], Burdette et al. [36], and 
Levis [ 131 ]. Recently neurochemical deficits, particularly re- 
lated to noradrenaline have been identified [11]. Also, 
Jackson et al. [104] have elaborated a multiply deter- 
mined model involving both psychomotor inhibition and a 
more persistent associative deficit. At least one neurochemi- 
cal factor contributing to the more acute immobility response 
may be opioid [141] and by this interpre~.ation immobility 
might reflect endogenous antinociception. 

Two experiments from Maier 's  laboratory strongly sup- 
port a cognitive contribution to helplessness induced per- 
formance deficits [137]. When the avoidance contingency in- 
volved immobility (DRO; differential reinforcement of  other 
behavior) rather than active avoidance, experimental dogs 
subsequently acquired an active response, while yoked dogs 
did not. The DRO group was slightly retarded in comparison 
with naive subjects, however it was superior to yoked 
animals, which frequently failed to acquire the response. 
Clearly immobility was not a sufficient cause for helpless- 
ness since an immobile group was superior to a more active 
yoked group. 

In a second experiment [105] rats were exposed to a 
helplessness procedure and later tested on a discriminated 
passive avoidance procedure. Rats were retarded in the ac- 
quisition of  this response due to a failure to inhibit inappro- 
priate responding. Since a second group of matched subjects 
was tested for a classically conditioned suppression, and 
since no difference was found between yoked and helpless 
animals, it appears that (1) some long term response deficit 
related to response-outcome learning, but not to stimulus- 
response learning was present and (2) motor inhibition can- 
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not account for all aspects of  the long term interference ef- 
fect. Maier and co-workers [ 139] also have argued that based 
upon specific disruptions of  choice accuracy it is possible to 
dissociate cognitive from motor processes in helplessness 
and in a very thorough series of  experiments they showed 
specific disruptions of  choice learning in a Y-maze. Although 
they present a compelling case, another recent and 
procedurally related study by Anisman et al. argues against a 
cognitive deficit in T-maze discrimination in the mouse. Al- 
though failure to respond was obtained this appeared to be 
dissociable from a constant high discrimination accuracy 
[102]. The issue therefore remains unresolved. 

It might be noted that studies on cats [202,227] and dogs 
[157,199] have incontrovertibly demonstrated profound 
learning deficits. Deficits of  a highly circumscribed nature 
have also been reported for humans after noise stress [89,91] 
and after shock [173]. This therefore may not be a general- 
ized effect. The ubiquity of  a behavioral disturbance in dogs 
and cats and relatively mild deficits seen in human experi- 
ments also might point to differences based upon procedural 
or phenomenological grounds. 

Theoretical Generality 

Helplessness rests upon a premise that reduced environ- 
mental contingency produces a specific cognitive response. 
However, other theoretical approaches have stressed the as- 
sociative neutrality of random stimulus presentations. In- 
deed considerable evidence supports the random procedure 
as a neutral control for associative operations. If  random 
pairings produce no net associative effects it is not clear they 
can serve as a basis for yet more complex cognitive adjust- 
ments which are the basis of  helplessness theory. 

Associative neutrality and complex cognitive function 
cannot readily coexist. At least some of  the deficits of  
helplessness in fact appear to be cognitive in nature. Thus, 
some resolution of  apparently contradictory theoretical and 
empirical data is necessary. Two points of  resolution are 
possible. In the first place it is clear that associative neu- 
trality is not a necessary outcome of all random procedures. 
Examination of the initial models supporting the neutral 
position indicates a number of  potential exceptions. Factors 
influencing the degree of  associative strength consequent to 
random pairing operations include reinforcement density, 
number of  initial random pairings and conditioning time 
course. Both computer stimulations and empirical studies 
suggest such factors may play rather important roles. None- 
theless, the existence of  associative strength may be neces- 
sary but not sufficient for the cognitive process underlying 
helplessness. The initial associative strength results from 
positive pairing and therefore represents a causal (predic- 
tive) relationship. 

A second potential point of  integration concerns the ex- 
tended time course necessary for the cognitively based 
helplessness effect. Associative neutrality may be assumed 
to occur in an intermediate time span. The initial condition- 
ing phase is positive, and only subsequently becomes neu- 
tral. It is possible that a third phase emerges over time, given 
continued "hypothesis testing" by the subject. This is a po- 
tential point of integration, but it has not been tested empiri- 
cally. Such a test is theoretically important in resolving these 
issues. 

McReynolds [146,147] has offered a yet more radical 
theoretical challenge to helplessness, and has suggested a 

reformulation of major findings in terms of schedule shift 
effects, particularly effects analogous to those found in ex- 
tinction following partial reinforcement, in which discrimi- 
nation of  altered circumstances may facilitate non- 
responding. This reformulation again clearly detracts from 
any simple or direct relationships to clinical depression. 

Critiques of  the McReynolds'  position have also recently 
appeared [132,138] but it should be emphasized that the 
major points raised, i.e., those concerning the critical nature 
of  situational discriminability in reducing response rates, 
must be considered. 

Therapeutic Intervention 

A number of experiments have attempted to reverse or 
prevent helplessness. Given the claim that helplessness is 
closer in resemblance to neurosis [150], it is surprising but 
nonetheless of  interest the electrocortical shock (ECT), an 
intervention more common for psychosis, is nonetheless 
therapeutically effective in restoring behavior in dogs [55]. 
Similar findings have been reported for the rat; however the 
time course of  the effect may indicate a primary effect upon 
memory consolidation [34]. Tricyclic antidepressant drugs 
may also be of  therapeutic benefit [162]. Antidepressant re- 
versal of  helplessness using a MAO inhibitor was reported 
by Weiss et al. [234]. 

Porsolt and colleagues have recently developed a related 
model of "behavioral despair" in rats and mice [166--169] 
which utilizes swimming in a confined space to induce a state 
of  immobility. Several features of  interest of  this model in- 
clude a genetic predisposition involving high or low vul- 
nerability to despair and drug treatment [168] and the selec- 
tive reversal of despair by ECT and antidepressant drugs. 
This test then combines genetic and environmental determi- 
nants, a theoretical rationale, and an efficient drug screening 
technique. Some question has recently arisen regarding the 
selectivity of  the procedure and recent reports indicate that 
many clinically ineffective drugs, including reuptake in- 
hibitors of NE and 5HT, DA stimulants, 5HT receptor 
agonists, Yohimbine, and PCPA were positive in this test. 
This may severely limit its empirical utility. In addition the 
time course of  drug response is somewhat surprising in that 
acute treatments, which generally are ineffective or in fact 
initially depressant relative to placebo in humans are 
nonetheless useful in reversing the despair response. 

Other less orthodox treatments which have been used in 
the treatment of  helplessness include injection of antiserum 
to vasopressin, a peptide believed to be involved in memory 
formation and retrieval [128]. The finding of disrupted 
helplessness in antiserum treated rats strongly supports a 
learned component. Pharmacological manipulations have 
also included a number of manipulations of central aminergic 
systems. Injection of  the serotonin biosynthesis inhibitor 
p-chlorophenylalanine (PCPA) did not reverse helplessness 
[6] suggesting serotonin is not directly involved in the syn- 
drome. On the other hand, drugs as diverse as L-DOPA, a 
catecholamine precursor, scopolamine, an anticholinergic 
drug, apomorphine, and clonidine were effective in restoring 
normal activity and avoidance [12]. It must be stressed that 
none of  these treatments is particularly useful in clinical 
treatment. Some of  these drugs, primarily cionidine, may 
precipitate depressions. This casts doubt upon the similarity 
of  helplessness and clinical depression, and would be more 
consonant with disrupted psychomotor function. 
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Behavioral therapy involving forced responding has 
proven to be of  particular utility in reversing helplessness in 
dogs and rats [199,200]. In addition, pretreatment with es- 
capable tasks may "immunize" animals so they do not sub- 
sequently show a behavioral or motivational deficit [197, 
199, 200]. 

Few studies have attempted to investigate psychoendo- 
crine correlates of  the syndrome. However, if Hatotani's 
[82] model is assumed to represent an acceptable variant of 
helplessness, then it is clear that major disruptions are pres- 
ent at least within the hypothalamic pituitary gonadal axis. 
These changes are also accompanied by altered disposition 
of central norepinephrine and dopamine. Weiss and col- 
leagues have further reported lowered norepinephrine as a 
possible contributor to the phenomenology of helplessness 
[234,235]. These studies are supported by Anisman et al. [10, 
11, 12] who demonstrated that virtually all effects associated 
with helplessness may be achieved through reductions in 
central catecholaminergic activity or increases in central 
cholinergic activity. Such findings are attractive given 
noradrenergic theories of depression [194]. On the other 
hand, such theories are not without their own problems [ 148]. 

Additional Neuroendocrine Studies 

One particularly useful but relatively underutilized biolog- 
ical dimension for the study of  cross-species similarities is 
through direct neuroendocrine analysis. Hatotani's depres- 
sion model offers one potential means of  producing an 
endocrine state possibly related to some of the major clinical 
dimensions of  depression. Endocrine concomitants of sep- 
aration, particularly growth hormone and adrenal hormone 
elevations, have also been noted. Similar findings may occur 
in other procedures as well [165]. Insofar as specific 
neurochemical-neuroendocrine relations are established, 
e.g., between dopamine and prolactin, serotonin, acetyl- 
choline, and cortisol, or biogenic amines and thyroid hor- 
mone, it is possible to examine central nervous system influ- 
ences both clinically and preclinically using a peripheral 
measure [65]. Thyroid status may prove potentially impor- 
tant (e.g. [68,82]). To date, and largely because dopamine 
may be more directly related to schizophrenia than it is to 
depression, the prolactin response has been little utilized in 
animals. The recent report of Extein and colleagues demon- 
strating a reduced prolactin response to opiate stimulation in 
depressives may point to a potentially useful preclinical mea- 
sure. It must be emphasized that neuroendocrine measures 
need not be viewed as exclusive measures, but rather as 
useful adjuncts to behavioral and biochemical measures of- 
fering a further means of  both approaching a given model's 
systematic validity and indirectly probing central nervous 
system neurochemical status through observation of periph- 
eral endocrine output ([65]; for further examples, see [82]). 

MODELS UTILIZING BIOLOGICAL RHYTHM DISTURBANCES 

The presence of biological rhythm disruptions in depres- 
sion has long been recognized. One hypothesis of depression 
rests with an underlying rhythm disturbance [232,239]. A 
third class of models of potential clinical significant might, 
therefore, involve disruptions of normal rhythms. 

Baltzer and Weiskrantz [19] have hypothesized that the 
cause of depression is related to a lack of synchrony in diur- 
nal physiological rhythms. In their model, antidepressants 
would achieve their effectiveness through a re-synchronizing 
ability. The authors have presented a model of depression 

based upon the adjustment of  activity patterns to phase shifts 
in daily light-dark cycles and have found imipramine selec- 
tively facilitates adjustment to phase shifts. Since diurnal 
activity is disrupted in depression [119] this model may be a 
means of approaching these disturbed patterns. It may be of 
interest in this regard that phase advancement of the circa- 
dian sleep-wake cycle has been proposed as an antidepres- 
sant treatment at a clinical level [232,239]. 

We have noted that normal exploratory behaviors in ex- 
tended sessions bear a number of similarities to mania and 
depression. Rats put in a novel environment show initial 
hyperactivity for 60-90 minutes, followed by a period of 
quiescence. If  observations are continued, rest and explora- 
tion alternate in a regular fashion. The episodes of explora- 
tion have quantifiable amplitudes, period, and cyclicity. 
These may be modified by lithium in a manner analogous to 
manic-depressive disorders. Lithium lowers both the ampli- 
tude and frequency of exploration related activity [ 108]. This 
may be a useful and clinically relevant model of a drug sensi- 
tive recurrent process. Other models have also noted the 
utility of cyclic events in modelling depression I117]. 

A Synthesis 

The multiplicity of  approaches and models makes com- 
prehensive statements difficult. Moreover, if models are 
successful, this difficulty is further compounded by validity 
of  specific subtypes of  depression with clinically complex 
primary phenomena. A number of points might nonetheless 
be usefully extracted from the majority of the reported 
studies. Examination of  the two major classes of  theoretical 
model indicates a universal procedural dependence upon 
stress. Separation entails socially mediated distress. 
Helplessness involves actual trauma. Models utilizing 
photoperiod shifts also involve a necessary activation of and 
adjustment of pituitary adrenal mechanisms. As Anisman et 
al. [10] and Porsolt [168] note, the universal requirement of 
stress may be modified by a genetic predisposition. One po- 
tentially useful elaboration in future depression studies may 
involve breeding experiments. Such an approach combined 
with concomitant investigation of  central and endocrine fac- 
tors would allow a further specification of  brain mechanisms 
invoked in both vulnerability and behavioral depression. 

It is easily overlooked but (a) many of  the same species 
show both helplessness and separation induced depression, 
and (b) both models embody a biphasic behavioral response. 
In both helplessness and separation models an initial agitated 
attempt to escape aversive circumstances is replaced by re- 
tardation and an overall lowering of emotional tone. Given 
both species and procedural commonalities, it may be specu- 
lated that both models share a common basis. The model of  
Engel [59] as elaborated by Kaufman and Rosenblum 
Ill0,111] might prove quite useful in understanding the 
biphasic nature of many animal models and serve as a potential 
point of integration. In this model two styles of aversion 
reduction (initial active escape, subsequent passive emo- 
tional inhibition) may be seen as adaptive under different 
environmental circumstances. Activity represents initial at- 
tempts at reparation or escape. Passivity is a useful tech- 
nique of  conservation given an absence of  other opitons. It is 
possible to conceive of  a uni- or multidimensional mapping 
of depression models along a continuum of disrupted adap- 
tation. A primary dimension may be active vs passive cop- 
ing. Thus, for instance, it may be possible to conceive of the 
models of Porsolt, Seligman, and Hatotani at one end of this 
dimension, and acute responses to shock or separation at the 
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other end. If more than one dimension is considered then this 
primary dimension may be divided into cognitive, affective, 
or motor disturbances. Further investigations might clarify a 
number of  issues including whether initial agitation is di- 
rectly related to the agitation of  clinical depression and 
whether subsequent stress related behavioral depression is 
analogous to depressive retardation. 

As noted, there is a clear need for a continuing technical 
dialogue between clinical researchers and laboratory based 
experimenters. It may be noted in conclusion that current 
developments in clinical research suggest a number of strat- 
egies which may be of  potential use in testing established 
models or creating new ones. Studies on psychoendocrine, 

sleep, motor, and biochemical abnormalities are all possible 
based upon clinical studies. While we have noted their po- 
tential utility there has yet to be a thorough application of  
many of  these procedures. Clearly if models involving these 
sorts of  disturbances can be found, they offer a means of  
further clarifying the mechanisms of  clinical disorders, and 
therefore of  better understanding depression. 
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