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Abstract

The neuropsychopharmacological methods and theories used to investigate the nature of depression have been viewed as suspect for a variety of philosophical and scientific reasons. Much of this criticism aims to demonstrate that biochemical- and neurological-based theories of this mental illness are defective, due in part because the methods used in their service are consistently invalidated, failing to induce depression in pre-clinical animal models. Neuropsychopharmacologists have been able to stave off such criticism by showing that their methods are context and domain-sensitive, and that the worth of an animal model is relative to its purpose – thereby creating logical space for the question of whether there could ever be a “good” animal model of depression. I contend that this sort of response implicitly leans on Feyerabendian principles in the philosophy of science, and exemplify this connection using a standard taxonomy of behavioral models of depression. I then take one central Feyerabendian principle – methodological and theoretical pluralism – and show how it maps onto the neuropsychopharmacological research tradition as it is currently practiced.

Introduction

The methods and models operating at the multidisciplinary conjunction of neuroscience, psychology, and pharmacology – and the theoretical framework(s) in which they are nested – have become increasingly sophisticated during the last decade or so. Despite this movement toward sophistication, neuropsychopharmacological methods and theories have been viewed as suspect because they seem to run up against foundational problems which, if real, would preclude any semblance of “ultimate” progress. Many of the criticisms aim to show that, a fortiori, there could not be a “good” animal model of mental illness; further, if neuropsychopharmacological methods are problematic, then the theories which interpret the data they generate will be equally rife with problems. As such, comparative animal models and theories of human psychopathology face a bevy of serious challenges, both in principle and in practice.

In this essay, I contend that the neuropsychopharmacological research tradition has been able to stave off some of this criticism by demonstrating that its methods are context and domain-sensitive, and that their worth is relative to their purpose. Theories and auxiliary hypotheses about the nature of depression are therefore able to be progressively refined, not only because the objectives and requirements for each methodological application are multifarious, but also because context and domain-sensitivity makes room for theoretical competition and tolerance in the interpretation and evaluation of evidence. The pivot of this reply depends on the mapping and assimilation of principles from a Feyerabendian philosophy of science. In particular, the pluralism espoused by Feyerabend is representative of the methods, models, and theories of depression in neuropsychopharmacology as it is practiced, although, to the best of my knowledge, this connection has not been illuminated.

In what follows, I introduce a sample of these criticisms and explain their impact on validation criteria in more detail, discussing how the neuropsychopharmacological research tradition has countered them thereafter. The penultimate section presents a standard taxonomy of animal models to exemplify the context and domain-sensitive nature of models. The last section begins with a description of principles found in Feyerabend’s philosophy of science and explains how one of them – methodological and theoretical pluralism – underlies neuropsychopharmacology’s response to criticism.

How “Good” Could an Animal Model Ever Really Be?

The use of animal models in neuropsychopharmacological research is motivated by the belief that such pre-clinical methods will provide invaluable knowledge about the nature of depression, ultimately playing the lead role in alleviating certain aspects of clinical disorders. The justification of this sort of animal experimentation commonly takes the following form: point out that a given human condition like depression is a frustrating and debilitating problem concerning everyone from suffering individuals to the biomedical community to society in general. Present the epidemiological data to illustrate the various sectors of the clinical population that suffer, as well as the massive financial impact that mental illness has. Once it has been established that the management and treatment of these disorders are a major concern demanding our full attention and resources, and that the importance of research to the whole of society cannot be circumvented, it seems but a minor step toward demonstrating that our best efforts to uncover the mechanisms underlying mental illness, and thereby assuage the associated suffering, will typically employ animal models. At root, this sort of consequentialism puts considerable weight on the tacit relationship between the various human and non-human neurobiological conditions responsible for compromised mental function.

Ethically motivated arguments aside, criticism of animal modeling has been escalating for the last few decades. This criticism aims to demonstrate the fallaciousness in thinking that there are “good” models of mood disorders, primarily by emphasizing how unilateral difficulties in assessing and quantifying over mental states in animals destabilizes scientific knowledge about the relationship between human and non-human neurobiology. As such, one of the most significant attacks on the above consequentialist argument concerns the legitimacy and logistics of modeling mental illness in non-humans – contending that they are hopelessly naïve, and worse, inherently flawed, since virtually all neuropsychopharmacological models fail to mimic clinical disorders of the mind (LaFollette & Shanks, 1993a, 1993b, 1995; Rowan, 1984a; Mender, 1994). Similarly, some have claimed that the mental repertoires of human and non-human animals are proving to be increasingly disparate as science comes to gain a finer-grained understanding of homological and analogical patterns of physiology, behavior, cognition, et cetera. It may therefore turn out to be the case that all models of mental illness are dealing with a cluster of states so uniquely human that no animal model could ever hope to be remotely adequate (Deakin, 1997; McKinney, 1988).

Other objections aiming to show that animal models are never really adequate have developed along less a priori lines. Critics have pointed toward the misleading information that pre-clinical models sometimes proffer (Barnard & Kaufman, 1997; Rowan, 1984b; Valenstein, 1998), while still others have simply attacked the utility of comparative animal models (Bateson, 1991; Miller, 1985). Models of affective mood disorders are made to represent features that are difficult to establish in a highly compressed amount of time, whereas naturally-occurring depression often develops over many years, recurring episodically with decreasing intervals between episodes as course of management and treatment continues. Others have pointed out that the success of most scientific methods in discovering the relationship between brain and mind tend to be vastly over-inflated. Giere, for instance, notes that,

[M]any standard “histories” of biomedical research amplify the distorted picture of the success of animal research found in the primary literature. When historians of medicine discuss some biomedical advance, they likely omit failed experiments – even when those experiments appear in the primary research literature. “In science, as in everyday life, one tends to remember the winners. The losers are usually forgotten.” Historians typically report events thought to be crucial to understanding the current state of the science. Failures do not typically play a role in that understanding. (1991, p. 74)

Whether concerned with the legitimacy or the logistics of modeling mental illness, both lines of criticism imply, at the end of the day, a vigorous attack on validation procedures and criteria; considering that the data culled from a given model are only likely to be meaningful insofar as the model itself is valid (which is not to say that “bad” or invalid models can’t unexpectedly produce meaningful data), the failure of pre-clinical methods to be validated according to what they are purported to gauge would signify the bankruptcy of the research tradition.

Neuropsychopharmacologists have therefore vigilantly defended their practices with a penetrating cluster of responses, most of which begin with the concession that, indeed, there is no comprehensive or completely adequate animal model of any mental illness. Yet this concession should be little cause for alarm, they argue. The central reason is that the conceptual problems which invite skepticism are largely based on past classification schemes of validity – schemes which have emphasized the necessity of animal models to be fully validated according to a range of global, sweeping criteria (Abramson & Seligman, 1977; Bond, 1984; McKinney & Bunney, 1969). Instead, contemporary classification schemes of validity are based on the caveat that such a range of criteria cannot be used en masse. While it would certainly be great if a particular method or model did manage to adequately realize all significant desiderata, such an ideal metes out unrealistic expectations; the nature of neuropsychopharmacological models, and scientific methods in general, is such that conformity to this ideal is not necessary for successful investigation. Developing and evaluating a given model crucially requires acknowledgement of the explicit purpose of the model, since the intended purpose determines the criteria that the model must satisfy in order to establish its validity (Geyer & Markou, 1995a; Kornetsky, 1977; McKinney, 1988; Willner, 1991a).

Most classification schemes of neuropsychopharmacological models utilize at least three common axes of domain-specific validity – predictive, face, and construct validity. ‘Predictive validity’ simply refers to a model’s ability to accurately predict the phenomena under investigation. Often, the term takes on a more narrow meaning and refers to a drug screening’s ability to correctly identify efficacious antidepressants. Unfortunately, identifying drug screenings solely with predictive validity can lead to the neglect of alternate ways in which a model can make predictions about a given phenomenon (Matthews & Reid, 1998; Segal & Geyer, 1985). ‘Face validity’ refers to phenomenological similarities between the features of the model and the clinical condition being modeled. This type of assessment assumes that understanding symptomology is a means of understanding the subjective experiential component vis-a-vis behavioral manifestations. The implication of such an assumption is that the behavior(s) studied ought to correspond to the degree of centrality of a clinical symptom or cluster of symptoms. Validity at the axis of phenomenological similarity therefore needs precise operational definition, since it relies heavily on an accurate characterization of symptomology – empirical descriptions of which may or may not permit the elucidation of experiential factors. ‘Construct validity’ refers to the soundness of theoretical rationale. Evaluation along this axis proceeds by identifying the behavioral variable being modeled, comparing the homology between said variable and its neurophysiological substrates with the behavior in the simulation, and then assessing the clinical significance of the identified variable (Hinde, 1976; Willner, 1991a). If such a model is to exhibit a high degree of construct validity, it needs to thoroughly demonstrate that pathological changes to various stimuli are homologous between comparative populations, and further, that the behavioral manifestations being modeled are significant to clinical areas.

Alternative approaches to validity have pushed the response to criticism even further, maintaining that a model of depression ultimately need only make accurate predictions and be reliable (Geyer & Markou, 1995b). While predictive validity is often therefore held to be the highest standard, face validity (i.e., does it “look” like the thing you are studying) is held to be the weakest, because the latter connects the subjective experiential component of psychopathology with a characterization of symptomology and behavioral manifestations – a very tenuous but operative connection. Perhaps part of the reason for the skepticism about validating animal models of mental illness is owed to problems in determining this measure of validity, since behavioral symptoms can vary enormously between human and non-human animals. Limitations to the scientific study of experiential factors makes face validity a constrained and conditional measure of validity, even considering the fact that neuropsychopharmacologists are merely attempting to simulate the neurophysiological states that generate a subjects’ experiential states rather than simulating the experiential states themselves. Further complications obviously arise from the inability to query animals about their own experiential states or take reports from them. Thus, it is little surprise that some extreme alternative approaches to validity have tried to bypass criticism by discarding the bulk of the criteria.

However, conceding common axes of validation procedures and criteria in the manner of these extreme alternative approaches would be, I think, imprudent. For instance, many of the constraints on phenomenological measures can be handled by understanding the flexibility built in to the axis of face validity; as more information about the disorder being modeled is uncovered and utilized, researchers can reasonably be expected to have a better grasp on the phenomenological similarity between the model and the condition being modeled. Other axes of evaluation – such as convergent and discriminant validity, which provides for calibration and comparison of constructs between tests, validity with regards to method of induction, and etiological validity, which helps determine causes such as biochemical imbalance, traumatic injury, genetics, et cetera – can also be called upon to supplement evaluation of a given model’s qualifications. And models with high marks in construct validity, though perhaps the most difficult measure to establish, would be in a position to provide some of the most critical information – in which case they ought not be rejected out of hand.

Another important consideration when confronting this criticism is that depression is probably best countenanced less as a single disorder than as a family of related problems. The causes of mood disorders are multifactorial, involving an array of different proteins, neurotransmitters and modulators, hormones, and neuronal circuitry. Numerous reviews of clinical, genetic, and biochemical studies have supported the view that there are several distinct subtypes of depression; as Thase & Howland (1995, p. 215) note in their review, “It is essentially implausible that a single set of biological disturbances could be found to account for these diverse clinical presentations.” To date, this family of related problems that constitutes major affective mood disorders cannot be explained or even captured by a single theory or principle; rather, they are understood only through a pluralistic family of partially overlapping, but oft-incompatible, interpretations of data. The properties of these disorders are not understood well enough to permit such rigorous and comprehensive standards to be applied in the first place, and so caution must be taken not to beg the questions at hand. For example, etiology and biochemistry might be inappropriate methodological criteria for a model of depression, since in some instances they are precisely what are under investigation (McKinney, 1988; Willner, 1984). Furthermore, even if, say, the etiology of clinical depression was known and could be used as an idealized criterion against which animal models could be validated, it would still be an idealized criterion of the etiology of depression in human animals, and would not necessarily correspond to the causes in non-human animals (if there were any to be had).
 So the fact that no animal model adequately realizes all the criteria is even less problematic considering the criteria itself may not be entirely reasonable.

As such, the value of an animal model is relative, not necessarily to the degree that it simulates the structural, functional, and behavioral correlates of depression, but to the degree that it comports with the specific tasks for which it is being used. The aims of neuropsychopharmacological research are heterogeneous, often being contextually calibrated to fit specific needs and questions of a wide variety of researchers. Consequently, acknowledging the proper roles and capacities of animal models, and not overgeneralizing or wresting them from their intended domains of application, is therefore a major step in arresting criticism pertaining to the legitimacy and logistics of animal modeling.
 As Willner explains, restricting the aims of animal models is a significant way of increasing confidence in the cross-species validity of a model; narrow, domain-specific models tend to be more viable and successful, and avoid the controversy of general models of mental illness (Bond, 1984; Willner, 1984).

A Taxonomy of Animal Models

That neuropsychopharmacological methods are context and domain-sensitive is exemplified by examining standard taxonomies of animal models.
 For example, at the intersection of the three disciplines comprising neuropsychopharmacology, Willner (1984, 1991a) proffers a taxonomy of the methodology and measures of validity behind behavioral models of depression. He distinguishes between three types of models – screening tests, behavioral bioassays, and simulations. Each type of model ultimately stands on its own, independent of the considerations and purposes of other types.

The first type of animal model is couched in the domain of pharmacology. Screening tests model drug action and are utilized to accurately predict a desired activity, from which the performance of novel candidates can be assessed against the background of known actions of reference classes and benchmark drugs. They allow precise quantification of the relationship between drug dose and behavioral response. This type of model can be further broken down into two subtypes. First, some are categorized based on their ability to identify drug candidates with a specific type of clinical action. For example, drug screenings involving iproniazid and other monoamine oxidase inhibitors have been shown to elevate tonic concentrations of norepinephrine and serotonin, which reverse some symptoms of depression. Similarly, drugs belonging to the family of tricyclic antidepressants, like imipramine, desipramine, and clomipramine, have also been targeted for their ability to presynaptically block monoamine reuptake. Conversely, screening tests might also target a particular biochemical action or property in order to identify new drug candidates. For example, the modulation of monoamine activity in myriad ways continues to dominate antidepressant research; but the emergence of potential novel mechanisms of action beyond the monoaminergic synapse have also been strategically targeted, including the modulation of N-methyl-D-aspartate (NMDA) and neuropeptide receptors for substance P and neurotensin (Baby et al., 1999; Berman & Charney, 1999; Pacher et al., 2001; Paul, 1997; Vetulani & Nalepa, 2000). These two main types of biochemical screenings are closely related and complimentary, used primarily in pharmacological research and drug harvesting; yet their applicability extends much farther. They are additionally used as a means of identifying and diagnosing types of depression, justifying treatment schedules and therapeutic modalities with the tested drug, and guiding future strategies for elucidating the processes of synaptic trafficking of neurotransmitters.

Regardless of which type of screening test, or to what ends it is used, each test should be able to satisfy two requirements. First, drug screenings for animal models of depression should be able to make exacting, effective predictions about the biochemical action and effects of inert and active drug candidates. The reserpine reversal model, perhaps one of the earliest models of depression, exemplifies exactly this point. Reserpine causes norepinephrine and serotonin to leak out of synaptic vesicles where they are then degraded by monoamine oxidase. Early monoamine oxidase inhibitors like iproniazid and imipramine reversed or attenuated depression-like behavior by antagonizing the effects of reserpine, thereby becoming the first generation of antidepressants. However, the model has a low degree of validity; it has occasionally failed to detect novel antidepressants which differ structurally from the monoamine oxidase inhibitors and tricyclics, while identifying numerous non-antidepressants (Willner, 1984; Porsolt, 1982; McKinney, 1988). Second, screening tests which identify novel candidates should, at the very least, be able to show that they are efficacious in the species being modeled novel candidates should, at the very least, be efficacious in the species being modeled (since some receptor antagonists, neurotransmitters, enzyme inhibitors, and so forth can vary considerably across species). The relevance of the procedure in biochemical screenings is not an issue, as long as the goal of correctly identifying drugs and drug effects is achieved.

Behavioral bioassays are the second category Willner uses to classify animal models, couched primarily in the domain of neuroscience. This type of experimental preparation is used to study the physiological mechanisms that compose and organize brain function, revolving around either evaluation of processes underlying a specific physiological system or neuronal circuit, or measuring behavioral changes produced or affected by experimental or pharmacological manipulations. Behavioral bioassays investigating depression have focused on several different neural circuits and structures, including the mesolimbic dopaminergic reward pathways, the cingulate cortex and medial prefrontal cortex, and the hypothalamic-pituitary-adrenal neuroaxis, as well as midbrain activity of both serotonergic neurons in the raphe nuclei of the brain stem and the noradrenergic system projecting from cell bodies in the locus coeruleus.

Valid behavioral bioassays can occasionally have increased explanatory power over screening tests, depending on what is being investigated. To wit, these methods frequently utilize biochemical screening procedures to help determine pharmacodynamic activity of receptors, enzymes, neurotransmitters, and other structures integral in particular brain functions pertinent to mental illness. Like screening tests, these types of animal models therefore need to be able to make accurate assessments of the mechanisms that constitute the targeted brain function. But as Willner (1991a) explains, there are at least four reasons for preferring behavioral bioassays over biochemical indices: they are non-destructive, guarantee that the agents being tested are reaching the brain, are reliable qua functional measures of behavioral change, and take into account the activities of the entire brain. Of course, these are only pragmatic considerations, which may help researchers decide between methods given their epistemological aims and the domain and context of inquiry.

Simulations generally attempt to model human psychopathology based on comparative animal studies of the same states and conditions, although they can model virtually any condition of behavior, normal or abnormal. This third category is the most complex and controversial type of model used to understand mental illness, since it is primarily a tool for psychological investigation of human behavior and mental processes based on non-human animal cognition. A symptom of a disorder, a compound of symptoms or syndrome, and potentially an entire disorder can all be modeled. Maternal deprivation, social separation, and negative reinforcement were some of the behavioral variables that initial forays thought would be most likely to yield simulations of the psychological aspects of clinical depression (Aikisal & McKinney, 1975). Some of the more common simulations now include those that mimic clinical aspects of anhedonia, hopelessness and despair, malaise and lassitude, disrupted sleep, chronic stress, et cetera. Subsequently, there is much more to consider with simulations, unlike drug screenings and behavioral bioassays (which are imbedded in simulations to some degree). Simulations, like screening tests and behavioral bioassays, should be able to discriminate between active and clinically effective agents and those which are inert; nevertheless, they are far more complex, and are expected to outdistance the other types of models in terms of propensity to provide detailed knowledge about depression. Unlike other types of models, the procedures which induce an instrumental behavioral or psychological state, such that aspects of the modeled disorder or syndrome can be opened to investigation, are highly relevant. Here, adjudication of the manner and degree of validity is of utmost importance, since an animal model of a symptom of depression may not be comparatively justified, or mimic the human clinical model of the same condition.

Willner (1991a) notes that evidently valid simulations should be able to perform in several ways which the other two types of models cannot or need not. First, in addition to identifying various drugs and treatments that attenuate the depressive symptoms, they should also be responsive to drugs and treatments that exacerbate the same symptoms. Second, simulations ought to be responsive to all classes of drugs that prove useful in treating major affective mood disorders, rather than merely searching for pharmacological agents with specific chemical properties or with narrow effects on certain brain functions. Third, simulations should be able to demonstrate that the relative potencies of different agents correspond with their potencies in clinical use, taking into account species differences in drug absorption and magnitude. Predictive validity in simulations is not necessarily diminished by the presence of false positives and negatives, unlike the other types of models, since species differences in drug kinetics and the schedules of drug administration can produce variability between the model and clinical condition (Willner, 1991a). False positives may be clinically effective at high doses, but go unnoticed due to the desire to stave off dire side effects. On the other hand, false negatives raise the possibility of clinical subgroups and populations with differing response patterns.

Mapping Feyerabendian Lessons in Philosophy of
Science onto Neuropsychopharmacology

To reiterate, the thrust of the above riposte was that animal models are context and domain-sensitive, and can be evaluated along different axes of validity only relative to their purposes. Neuropsychopharmacological methods are not obliged to meet, nor constrained by, any global criteria or meta-methodological axis of validation – a fact which creates space for the reconsideration of what makes a model “good.” This response has been duly noted in the scientific literature; yet little has been made of the idea that such a response implicitly leans on principles within a Feyerabendian philosophy of science.

Feyerabend was the enfant terrible of philosophy of science, a maverick critic of a slew of philosophical positions, including positivism, instrumentalism, and particularly (Popperian) rationalist attempts to formulate the calculus of the scientific method. His views have simply been anathema to the bulk of the scientific community, causing him to be portrayed as the “worst enemy of science.” Yet Feyerabend was actually quite impressed with scientific developments and had a strong disdain for those philosophers of science who did not know what it was like to do science “from the inside;” his desire was to make science more fecund by tightening the epistemological standards used in service of theory appraisal. Rather than a system of formalized statements deducible from laws and tested by an invariable core methodology, Feyerabend’s approach tends to conceptualize science as a fluid constellation of complex practices.
 In his earlier period, he advocated several theses – radical at the time, and coincidently at the dawn of neuropsychopharmacological research – concerning the manner in which knowledge is obtained in science and epistemology.
 These theses included:

1.
Pluralism: scientific progress often depends on the proliferation and development of alternative theories and methodologies. Theories and methods inconsistent with the dominant point of view are necessary to discover instances of refutation.

2.
Incommensurability: competing theories are potentially irreducible, in that the terms of one theory may not be able to be sufficiently translated using the conceptual resources of another; the logical relations between their concepts are deductively disjoint.

3.
Theory-ladenness: observation statements and perceptual knowledge are theoretical through and through.

4.
Scientific Realism: the commonsense framework by which we understand phenomena in the world, comprised in part by observation statements and perceptual and introspective knowledge, is neither indispensable nor perhaps even true. Given the choice between commonsense and scientific frameworks, we should abide by the latter.
In the rest of this essay I will focus on the manner in which the first thesis fits with the above response to criticism, and with animal modeling in neuropsychopharmacology as it is practiced.
 I believe that a similar and interesting treatment could be given for the other three theses – though am without space to pursue it here.

Feyerabend on Methodological Pluralism

One of Feyerabend’s objectives concerned the “liberation” of science from the procrustean constraints of methodological monism. He established negative arguments against this view – that there is one set of exceptionless principles and procedures that constitute the scientific method, as well as positive arguments for methodological pluralism. As Feyerabend famously writes,

[T]he events, procedures and results that constitute the sciences have no common structure; there are no elements that occur in every scientific investigation but are missing elsewhere. Concrete developments have distinct features and we can often explain why and how these features lead to success. But not every discovery can be accounted for in the same manner, and procedures that paid off in the past may create havoc when imposed on the future. Successful research does not obey general standards; it relies now on one trick, now on another; the moves that advance it and the standards that define what counts as an advance are not always known to the movers. (1975, p. 1)

Feyerabend’s negative argument radically implies that methodological monism is an erroneous and inherently anti-empiricist monolith harking back to the Enlightenment period. Methodological principles and procedures are highly sensitive to context and have restricted domains of application; each is defeasible, and no universal pattern emerges whereupon particular methodological principles and procedures can be abstracted from such context. The internal routines of science therefore do not much resemble the arch-methodology that most schoolchildren learn to apply in their seventh-grade science fair; as such, what is learned as the scientific method is little more than a pedagogical device, and is frequently flouted in the course of science as it is practiced. This being the case, methodological monism is not so much a portrayal of the ways in which scientific research is actually done as it is a manner in which it gets pontificated about.

The impetus for Feyerabend’s position against methodological monism can be traced back at least to Kant (1965, A52-A57).
 Kant believed that there exists a fundamental tension for any given set of rules intended to proffer both a purely general and substantive account for any given epistemic domain. That is, scientific inquiry takes as its point of departure the assumptions that there are unique differences in nature and that nature exhibits certain regularities. Methodologies cannot therefore both abstract away from differences while simultaneously trying to account for them, or at least not without succumbing to a contradiction. More poignantly, Preston (1997, p.176) describes how Feyerabend utilized this dilemma facing the methodological monist:

If she specifies a set of rules which are too loose, the set will not count as a distinctively scientific method. The only rules common to all sciences are global maxims like ‘consider the evidence’, ‘test your theory’, etc., but these do not comprise a methodology which is distinctive of science. But if she avoids this pitfall, she will be in danger of specifying a set of rules too tight to fit our pre-theoretical or even our informed judgments as to what counts as science.

Preston’s interpretation of the Kantian tension reveals that the ability to generalize is inversely proportional to scientific exactitude. For Feyerabend then, the upshot is that no global or meta-methodological account of the principles and procedures used in science can be given; rather, there could only be at most local methodologies – aggregated around methodological rules, to be sure – but which are unable to be encapsulated under one tradition. As Feyerabend puts it, “the remarks made so far do not mean that research is arbitrary and unguided. There are standards, but they come from the research process itself, not from abstract views of rationality” (1978, p.99, my emphasis). Though it has been relentlessly caricatured as such, methodological pluralism is not methodological nihilism; Feyerabend was not committed to the view that science proceeds without employing rules or norms, but only that its methods are context-sensitive. What counts as legitimate material inferential schemata, or a valid pre-clinical model of mental illness, or any other methodological principle or procedure, differs from domain to domain according to the aims of each.

Despite all such disclaimers, the maxim “anything goes” has been frequently affixed to Feyerabend’s philosophy of science, although like methodological nihilism, such an attribution is certainly a bit of a straw man. Feyerabend never endorsed the notion that one method is just as good as another.
 Rather, the statement ‘anything goes’ was intended to satirize the logical empiricist methodologies and Karl Popper’s Critical Rationalism – that is, a way of disinfecting science from what Feyerabend thought of as absolute objectivism (Lloyd, 1997; Preston, 2000). His reductio emphasizes only that insisting on a single, general methodology will generate an empty formalization for scientific practice. He writes,

If you want universal standards, I say, if you cannot live without principles that hold independently of situation, shape of world, exigencies of research, temperamental peculiarities, then I can give you such a principle. It will be empty, useless, and pretty ridiculous – but it will be a ‘principle.’ It will be the ‘principle’ ‘anything goes’. (1975, p. 188)

Feyerabend’s satirization is merely concerned here to undercut the view that there exists an absolute, privileged, or unified tradition which subsumes all methodological principles and procedures. Furthermore, were there to occur a particular methodology which seemed to hold absolutely across all contexts and domains, it would still be the case that such a methodology would be subject to vagueness and imprecision concerning its application.

This line of attack on methodological monism gains increasing plausibility upon seeing how disparate scientific methods can be – from those of computational neurobiologists, clinical psychologists, and economists to quantum physicists, botanists, and astronomers – and the heterogeneous manner in which their evaluation proceeds. Feyerabend’s description of scientific methodology takes this as a point of departure for his positive arguments for methodological pluralism, which encourages the proliferation of a wide array of classificatory schemes, instruments and techniques, models, and rules. The motivating insight is that the innovation and elaboration of alternative methods is a means of generating data inconsistent with the received theory. In the words of his fiery prose, “whereas unanimity of opinion may be fitting for a church, for the frightened victims of some (ancient, or modern) myth, or for the willing followers of a tyrant, variety of opinion is a methodological necessity for the sciences and, a fortiori, for philosophy” (1963, p.183; 1981, p.76).

Neuropsychopharmacological modeling has been shaped by the currents of this pluralism, insofar as there is no a priori procedure or experimental preparation which counts as the central or most fundamental way of understanding mental illness. The methodology encapsulating the practice of modeling does not confer privilege on any one particular method or aim of inquiry. Models may be used to mimic a wide array of individual symptoms – lethargy, memory impairment, changes in brain reward function, for instance – or entire syndromes; they may be used to advance and evaluate the epistemology involved in explaining the causal nexus of biochemical, neurocomputational, genetic, developmental, or environmental factors; they may be used to explore developmental phases of depression, or identify and screen novel compounds and courses of treatment through preclinical trials, and so forth; they may even serve merely to develop other models (Harris, 1989). There simply is no substantive methodological feature that generalizes across all experimental techniques – while many may implement some of the same features, no particular one runs throughout the entire set. To exploit the Wittgensteinian metaphor, their properties and purposes hang together as a structure of family resemblances.

Indeed, animal modeling has been so instrumental in developing the field of neuropsychopharmacology that, what often gets assumed – namely, that no viable alternatives to experimental preparations involving animals are possible because of the unique and complex interactions at play in real biological systems – becomes petrified into empiricist dogma by being completely removed from criticism, by being the only game in town. Alternative ways of modeling certainly exist, often making use of computer simulations to circumvent the use of animals in experimental preparations. For example, computer-aided drug design has implemented the concept of pseudoreceptor modeling, which allows for the prediction of the binding strength of novel drug molecules and therefore the screening of potential drug molecules of unknown bio-regulators ex vivo (Verdani, 1994). This type of modeling supplements standard types of data under more controlled conditions. And in terms of actually treating mental illness – the real criteria if ever there was one – studies of the clinical setting have borne out that treatment is most effective when pharmacological approaches are supplemented with non-pharmacological ones like psychotherapy (Keller, 2001; Nierenberg, 2001). The importance of these alternatives lies not just in the capacity to make novel contributions to the discipline from far afield, but also in their ability to generate a wide array of evidence under wildly different conditions.

That Feyerabend’s principle of pluralism (with regard to methodology) represents the practice of modeling is reinforced by the practical concerns on individual researchers and their scientific milieus. Adopting a methodological monist perspective can have negative consequences on scientists, insofar as it stifles creativity, and unduly restricts the variables that can be experimentally manipulated or the types of questions that can be asked. Indeed, the literature on problem-solving and creativity unanimously suggests that several of the common hindrances – mental sets and fixation, functional fixedness, and negative transfer, for instance – are associated with adopting a staid and unwavering methodological approach. In this respect, methodological monism can negatively act as a gatekeeper to progress in scientific inquiry. Pluralism, on the other hand, has the virtue of facilitating creativity for individual researchers, affording them the chance to temporarily “abandon” the accepted rules, assumptions, and techniques in favor of exploring a variety of novel and not necessarily externally validated methods. Validation criteria and the tendency to generalize over methodology are often reintroduced only at the end of the research process (Rolfe, 1995; Slife & Gantt, 1999). Subsequently, a Feyerabendian approach to neuropsychopharmacology has the added virtue of maximizing the freedom and opportunity scientists have to discover the nature of the world and its constituents by abolishing certain constraints on research.

As such, methodological pluralism is generally opportunistic and tolerant of alternative ways of investigating the nature of mood disorders.
 Yet his approach has led to some sobering criticisms. If one adopts a Feyerabendian perspective, what are the limits to tolerance? How would it be possible to tell good neuropsychopharmacology from bad? Wouldn’t such a perspective allow virtually any model of mental illness to have some explanatory significance or value? Evaluating models requires taking note again of the intimate relationship between methodology and validity. Axes of validity are merely independent indications of the degree of confidence in the hypotheses formulated about the behaviors and mental processes which are being modeled, and not an absolute schema that every model is required to be measured against. So, models with higher marks across measures of validation tend to be the most frequently used and endorsed. Likewise, pragmatic virtues – unifying or explanatory power, elegance, ability to stimulate new research, simplicity, coherence, reliability, formalization, et cetera – may help to choose one model over another and delineate how much tolerance can be allotted. However, that is not to say that models which are only validated on one axis are useless or not sensitive. Even unvalidated or invalid models can be resourceful, insofar as they stimulate creative ideas for new methods, provide lessons for future paradigms and affect theoretical evolution, promote argumentation and analysis, et cetera. Similarly, sets of models can be informative where individual ones fail. Hence, a morass of weak models does not entail that animal models are weak; as Willner (1991a) notes, converging guidance from a number of models can be informative despite the feebleness or invalidity of particular ones.
 Of course, wisdom has it that if the bulk of such models turn out to be consistently feeble or invalid over time, then the theories and research traditions employing them to represent features of depression in non-human animals ought to be considered stultifying. Conversely, once a model is validated, it should not thereby be immune from criticism or revision; this Feyerabendian axiom is a cornerstone of animal modeling, since new facts and interpretations of data can lead to a more judicious understanding of whether a given animal model is accomplishing its aim.

Feyerabend on Theoretical Pluralism

In an exactly similar manner as criticism about the legitimacy and logistics of animal modeling, criticism has been advanced to the effect that the problems with validation procedures and criteria indicate a further problem with neuropsychopharmacological theories of depression themselves.
 This line of attack aims to reveal that the scientific paradigm and its metaphysical commitments embed a tangled morass of oft-defective theories, theories which are all eventually exposed as false by more powerful and “approximately true” successors.
 And since no neuropsychopharmacological theory is able to explain all the relevant empirical data, patching any of them up by restricting the empirical content of the data ultimately arrests the resources such theories so desperately need in order to sort through the complex morass of causes and effects (Mender, 1994). Other worries have tried to bear out the basic theoretical confusion, based on ex juvantibus logic, that exists between the etiology of depression and the effects of pharmacotherapies (Valenstein, 1998; Bignami, 1982). Likewise, the failure to discover a consistent corpus of pathophysiological factors that can be distinctively construed as causal, rather than as expressions of the disorder itself, may impugn or undermine even basic neuropscyhopharmacological hypotheses; the fixation on neurological and biochemical abnormalities ignores the premise that somatic processes only mediate rather than cause behavioral or cognitive symptoms, or that emotional experience may be nonspecific (Ross & Pam, 1995). Still others have labored to show that, where understanding the healthy and unhealthy mind is concerned, the brain sciences are generally reaching inertia – unable to generate progressive explanations and cures for mental illness (Horgan, 1997).

Like those concerned with methodology, this line of criticism is instead intended to destabilize the dominant research tradition
 which currently governs how depression is conceptualized, namely by calling into question the theoretical extrapolation and interpretation of data culled from neuropsyhcopharmacological methods. Part of its thrust aims at the further suggestion that the dominance of a homogenous population of theories has blunted the research tradition’s ability to understand and treat depression. Such a suggestion is not altogether without teeth: the history of neuropsychopharmacological theories of depression has been dominated by a relatively small cache of biochemical hypotheses – namely, the biogenic amine theories of depression and their ilk.
 The earliest theories were loosely based on notions about the mechanisms of serotonin and norepinephrine, and little has changed over the last half century. To wit, these theories have guided research which has subsequently generated a wealth of interesting information about the features of affective mood disorders, often times lending strong support to biogenic amine theories; but the scientific research tradition in which they are encouched has been slow to elucidate its nature, due in part because the tradition seems to have failed to deviate from standard theoretical approaches. In the rest of this essay, I will not be concerned to ascertain whether or not this suggestion is actually the case. Rather, I am only concerned to point out how progress in elucidating the nature of depression can be enhanced by assimilating Feyerabend’s principle of theoretical pluralism.

Feyerabend’s views on rational theory choice are generally sympathetic to this suggestion, insofar as he argued that the proliferation of theories is a powerful way of ensuring that competition will occur with regard to various research traditions. He writes,

[T]he more general our knowledge becomes the more important it will be to carry out tests in the manner indicated, not by comparing a single theory with experience, but by staging crucial experiments between theories, which although in accordance with all the known facts, are mutually inconsistent and give widely different answers in unexplored domains. This suggests that outside the domain of empirical generalizations the methodological unit to which we refer when discussing questions of test and empirical content consists in a whole set of partly overlapping, factually adequate, but mutually inconsistent theories. (1981, p. 72)

As such, theoretical proliferation, both within and between research traditions, is a scientific virtue and a wise research policy because it maximizes the prospects of falsifying a given theory by inviting novel interpretations of recalcitrant data. As such, what may seem like a problematic theoretical climate for neuropsychopharmacology’s research tradition may actually be an auspicious situation. Valenstein’s (1998, p. 99) criticism that, “The point is not that an acetylcholine or dopamine theory of depression would be better than a norepinephrine- or a serotonin-based theory, but rather that all of the biochemical theories presented to explain depression involve a selective perception of the evidence, ignoring some findings and exaggerating and even distorting others” therefore misses the mark. Poor judgment on the part of individual scientists aside, it is an important fact that no theoretical camp has yet been able to explain all the relevant data. On the contrary, as Feyerabend suggests, we ought to be suspicious if any one particular theory was able to explain all the data; the falsity or inadequacy of a given theory, the ‘selective perception of evidence’ in the face of inconsistency, and the incompleteness of explanation are what engender progress. The scientific enterprise, as the history and philosophy of science has borne out, involves a strange and oft-irrational dynamic – adjustments to theories and auxiliary hypotheses, ad hoc changes to avoid refutation, embracing certain phenomena or data despite inconsistencies, risky conjectures, et cetera – but one which has invariably led to epistemic refinement. So, even if hypotheses seem counter-intuitive or audacious at the outset, the bottom line is that the substantial and candid assessment of an accepted theory is only made possible against the background of a plurality of heterogeneous theories to which it can be compared.

The competition engendered by theoretical proliferation is therefore a desirable scientific climate since, given the thesis that evidence always underdetermines theory and that an infinite number of hypotheses can be generated from a finite set of data, it is possible that a well-established and successful theory will nevertheless turn out to be pedestrian, factually inadequate, or just outright false under a particular description. Feyerabend believed that circumstances can always conspire to conceal the defects of scientific theories. Subsequently, without such proliferation, a well-established and successful theory might go unchecked since the data it generated would conform either to expected results or ad hoc hypotheses, and would subsequently amount to a “privileged baseline” preventing the fortification of empirical content (Preston, 1997). On the other hand, alternative theories have the ability transform a given data set simply by helping new interpretations surface – interpretations which can make sense of evidence that had previously only appeared to be intractable chaos or meaningless noise (Churchland, 1998b). For instance, the most robust theories of depression focused on norepinephrine and serotonin, and dopamine was eliminated early on from serious consideration as a key element of depressive pathophysiology. This was due, in part, to the fact that a number of tricyclic drugs had no effect on dopamine reuptake, and attempts to detect functional abnormalities in central dopaminergic systems during mood disorders have produced inconsistent or negative results. Furthermore, given that depression has been successfully treated with neuroleptic drugs, it is paradoxical to think that dopamine receptor antagonists would be of any help insofar as major depressive episodes are associated with decreased dopaminergic tone in the mesocorticolimbic system (Fibiger, 1991; Snyder, 1996; Willner et al., 1991b). Nevertheless, decreased dopamine transmission in the mesocorticolimbic system has been consistently shown to exacerbate cognitive and behavioral symptoms – poor concentration, anhedonia, psychomotor retardation, and volitional inhibition – where studies of norepinephrine and serotonin have failed. Reevaluation, reconceptualization, and reinvention are therefore integral to scientific progress, since experimental results inconsistent with one theory might be consistent with another.

The argument for the Feyerabendian thesis of pluralism and the proliferation of alternative theories is successful only insofar as it is realized that methodological adjustments and theoretical falsification require an assumption – that the alternatives which replace them are factually adequate and efficacious. As Preston (1997, p. 140) notes, not just any new model will be capable of facilitating experimentation, nor will it be the case that any half-baked theory can participate in affecting the empirical content of tenable theories. There is some, albeit vague, threshold which delimits which methods and theories can be made useful. Assimilating Feyerabend’s thesis of pluralism entails that scientific progress in general, and progress in neuropsychopharmacology in particular, depends on not excluding or discarding any valuable methods which would thereby have the effect of decreasing the empirical content of theories of depression. What counts as valuable is an open question – again, depending on the aims for which the methods are designed, the criteria they are being evaluated against, and how competently they perform.
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� First, a terminological point; the relationship between model and what is being modeled seems to be a source of great confusion, subsequently causing the concept of an animal model to be bandied about without much more penetrating clarity. Though it has been associated with numerous meanings, ‘animal model’ denotes an experimental preparation for the purposes of empirically studying some state of affairs in a given species (McKinney, 1988; Geyer & Markou, 1995a). This definition is neutral with regard to both the extension of ‘states of affairs’ and to what species the experimental preparation is being directed at; it leaves open the possibility that some animal models can be used to investigate features of depression in non-human animals. The term’s meaning could even be widened to include non-biological models, simply denoting some system or phenomenon which is fairly well understood and which is thought to be analogous in some ways to the system or phenomena under investigation (Clark, 1980). Other conceptions of animal models of depression have associated more narrow meanings with them; for instance, some have suggested that ‘animal model’ denotes a simulation of the behavioral conditions of human clinical disorders and diseases, especially since precise analysis of behavioral change is essential for extrapolative validity between animal models and human clinical data (Warburton, 1983). Unfortunately, definitions like these, which assume that models are necessarily used to study clinical depression in human animals, simply beg the question as to the nature of depression. See also fn. 3.


� Conceptually, it might therefore be more accurate to think of the entire practice in the converse, as that of fabricating human models of animal disorders.


� The methodological pluralism being recommended can also be used to meet an objection to connectionist models of human neurology, to the effect that neural networks are an unfaithful and extremely rude representation of what occurs in real neurobiological systems. Furthermore, no neural network yet designed can accurately account for certain types of learning – ‘one shot’ learning, for example – since it takes an enormous amount of trials before the network can be trained to 80 or 90 percent. But this criticism can be dismissed by realizing that connectionist models are good or bad only given the purposes for which they are built; if the domain of application and the aim do not call for comparison between model and real brain, then the criticism of being unfaithful or flawed does not apply.


� Other taxonomies may include a variety of models that are not necessarily captured by Willner’s behavioral taxonomy – genetic models, imaging techniques, transcranial magnetic stimulation, psychological models of self-report and information processing using human animals, et cetera (Murphy et al. 1998).


� Perhaps one fruitful way to understand Feyerabend’s view of scientific methods and theories is to compare it to Wittgenstein’s discussion of an ancient city as a metaphor for language. Wittgenstein (1953, p. 8) writes, “our language can be seen as an old city: a maze of little streets and squares, of old and new houses, and of houses with additions from various periods; and this surrounded by a multitude of modern sections with straight regular streets and uniform houses.” Similarly, Feyerabend viewed scientific practice as a chaotic arrangement of theories, methods, researchers, and communal norms – forming an irregular, orthogonal meta-structure with at most only local systematicities.


� Ironically, Feyerabend became depressed after the death of Imre Lakatos and in response to the stress of poor reception and harsh criticism to Against Method – about the same time when animal models dealing with the role of stress in depression were beginning to take shape.


� Preston (1997, p. 139) makes the exegetical point that it is a mistake to confuse theoretical and methodological pluralism, and care should be taken not to attribute the latter to Feyerabend in the early phases of his philosophy. He notes that, prior to embracing ‘epistemological anarchism’ and dismissing the notion that science has a single distinctive method, Feyerabend intended his pluralistic test model to be a single methodology for all of scientific inquiry. Nevertheless, I am less concerned here to follow the evolution Feyerabend’s views than with the general relevance of his views to neuropsychopharmacological modeling as it is actually practiced.


� Kant thought that every science has to be determined by, and have its own (ideal) definition in terms of, (i) subject matter, (ii) method, and (iii) aim. Different sciences have different methods, effecting a reflected and rational adjudication between these different constitutive elements of scientific practice. On this interpretation of Kant’s philosophy of science, there is no sense in positing the scientific method. He writes that one must know a particular science – its objects or its subject matter – already fairly well before “it can be possible to prescribe the rules according to which a science of them is to be obtained” (A52, p. 93; Thomas Sturm, personal communication).


� Unfortunately, these worries have been fueled by some of Feyerabend’s own maunderings. In the attempt to subvert linear thinking and dogmatic rule-following, and working to eliminate scientism from scientific disciplines, he held that even approaches not tied to a rigorous scientific methodology might have some value. This has obviously made scientists and philosophers of science quite uncomfortable. Perhaps some of this discomfort can be assuaged by realizing that much of psychopharmacology’s epistemological foundations have historically developed along the lines of a non-rigorous scientific methodology. From Homeric Greece to the beginning of the 20th century, much psychopharmacology, therapeutic and otherwise, consisted of simply ingesting psychotropic compounds and determining the effects introspectively – an unwieldy but effective technique. For a review of this history of psychopharmacology, see Caldwell (1970, pp 3-22).


� Feyerabend’s pluralist views about openness and tolerance in method and theory can be traced back to John Stuart Mill’s On Liberty, and can consistently be seen as genuine endorsements of Mill’s views. For exposition of this connection, see Lloyd (1997).


� Not heeding this distinction would be tantamount to committing the fallacy of composition, inferring that the set of all neuropsychopharmacological models has the property of being weak since each subset may have that property.


� Bond (1984, p. 3) points out differences between models and theories, a conflation which he alleges contributes to the confused classical criticism that I have canvassed, and to and muddled notions of homology and analogy. He notes that models are not required to withstand the same robust tests of falsification that theories are since they need not make any existential claims (see also Carnap, 1939; Clark, 1980).


� One way to construe this line of criticism is as against reductionism in philosophy of science. In other words, even conceding that human disorders can be modeled in animals, neuropsychopharmacology still seems to be suffused with the assumption that mental illnesses like depression are best understood by reducing the theories of higher-level domains to those of lower-level domains. These two assumptions compliment each other nicely because, at root, they suggest that complexity should be managed by focusing on empirical simples. Obviously though, a well-founded theory of depression cannot just determine the etiological mechanisms and thereby proffer an explanation of the abated mood and psychopathology. As such, Patricia Churchland (1998a, p.26) explains one misconception of a broadly reductionist strategy, in that it is “dubbed as seeking a direct explanatory bridge between highest and lowest levels. This idea of ‘explanation in a single bound’ does stretch credulity, but neuroscientists are not remotely tempted by it.” Ultimately, an adequate theory (or set of unified theories) of psychotropic or antidepressant drug action therefore ought to be able to articulate active and inert drug interface for specific anatomical brain sites, the resulting pathophysiological changes and mechanisms of action, the consequent alterations in information processing, cognition, and behavior, and the relationship between cognitive abilities and subjective experience (Willner, 1991a). Contemporary accounts which attempt to resurrect the reductionist strategy while avoiding problems with Nagelian bridge laws and multiple realizability have been proposed with some success (see Bickle, 1998), although are not without criticism (Endicott, 1998; Wright, 2000).


� I have been using “research tradition’ here loosely. It seems to track the spirit of wissenschaftslehre for Feyerabend’s philosophy of science well enough, although may turn out to be just as loaded as Kuhn’s “scientific paradigms” or Lakatos’s “research programmes.”


� See Synder (1996, pp. 91-119) for a review.





