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Experimentalmodels are an important tool for the study of biologicalmechanisms of psychiatric
disorders. Although encouraging progress has been made in biological psychiatry of affective
disorders, there remain numerous methodological, conceptual, and translational challenges in
this field. Mounting clinical data support the view that psychiatric disorders as spectra, rather
than as discrete or isolated illnesses. This requires new theories aswell as newanimal paradigms
for “integrative” modeling of psychiatric disorders and their spectra. Here we discuss recent
“integrative” experimental models and concepts that promise to advance translational research
of affective disorders.
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1. Introduction

Affective disorders are among the most common brain
illnesses. This makes them a top priority for biomedical
gy, Room 3731, Tulane
leans, LA 70112, USA.

).

All rights reserved.
research (Craddock and Forty, 2006; Craddock and Jones,
1999; Veen et al., 2008). Understanding the neuralmechanisms
of such disorders (Fig. 1A) is an important goal in biological
psychiatry (Harrison and Critchley, 2007). A valuable tool for
this goal are animal models, commonly used due to their
genetic homology with humans, and low cost, time, and space
requirements (Crawley, 1999; Sousa et al., 2006). Represent-
ing an ethically-sound substitute for human subjects, animal
models foster translational biopsychiatry research, given the
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Fig. 1. The emerging complexity of gene×gene×environment×behavior interactions: A — Visual 3D representation of the continuum nature of psychiatric
disorders. This figure is based on the dimensional model approach which takes into account not only specific symptomology but accounts for the severity of
phenotypes as well as the factors (genes, environment) which influence the development of each symptom. Each trait has its own point on the diagrammaking
a more comprehensive diagnosis possible. PTSD — post-traumatic stress disorder, OCD — obsessive–compulsive disorders, ASD — autism spectrum disorders.
B— Simplified example of how only two interacting genes I and II may result inmultiple, potentially distinct behavioral phenotypes. Mechanisms include gene's
direct effects on behavior (phenotypes 1, 10), the genes' joint effects (phenotype 3), their epistatic interactions (phenotype 8), the genes' interaction with
environmental factors E (phenotypes 2, 4, 6, 9), or a combination of a gene's direct effects on behavior with another gene's×E interactions (phenotypes 5, 7).
Note that the real nature of most psychiatric disorders is even more complex and polygenic. Further, while not represented here, environmental influences can
affect phenotype independently aswell. C— Epistatic interactions between two genes (I and II)maymask single-gene effects on behavioral phenotype, and lead
to misinterpretation of behavioral data.
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ease of their genetic, pharmacological and other experimental
manipulations (Crabbe and Morris, 2004; Kalueff et al., 2007d;
Kas et al., 2007, 2003; Nestler et al., 2002).

Behavioral models are traditionally used in basic research
on affective disorders, including anxiety (Ohl et al., 2001),
post-traumatic stress disorder (PTSD) (Siegmund and Wot-
jak, 2007), 2006) and depression (Cryan and Holmes, 2005).
Genetically modified, inbred or selectively bred animals are
also employed to model brain disorders, and explore the role
of gene–environment (G×E) interactions in their pathogen-
esis (Crabbe et al., 1999; Crawley et al., 2007; Einat, 2007;
Gingrich et al., 2003; Meerlo et al., 2001; Valdar et al., 2006).

Despite themarked progress in basic and clinical research of
affective disorders, there are many emerging challenges,
including methodological, conceptual and translational impe-
diments (Kalueff et al., 2008b, 2007d;Nestler et al., 2002; Tecott
and Nestler, 2004). Here we outline some ways to overcome
thesedifficulties, anddiscuss innovativemodels andconceptual
frameworks that create more accurate analogues to affective
disorders. Researchers may then better tackle the situation
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aptly summarized by the Latin proverb “Qui non proficit, de-
ficit” in the title of this paper. Its exact meaning, “He who does
not advance, loses ground”, embodies the stakes that face the
field of biological psychiatry today.

2. Methodological, conceptual, and translational challenges

Methodological considerations represent a well-recognized
challenge in biopsychiatry research (Table 1). Factors that con-
tribute to behavioral phenotypes have a high degree of complex-
ity, and are a product of G×E×B (behavior) interactions (Caspi
and Moffitt, 2006; Caspi et al., 2003; Rutter et al., 2006). For
example, the simplified situation in Fig. 1B shows how interac-
tions between only two genes and environment (see details in
the legend) may result in at least 10 different phenotypes.
Likewise, epistatic interactions are very common in biological
psychiatry (Murphy et al., 2003), and may lead to conflicting
behavioral data (Fig.1C). Another commonproblem is the risk of
Table 1
Some methodological, conceptual and translational problems in biological psychiat

Challenges Potential solutions

Methodological
Need to link behaviors to neural circuits Identify specific biological markers (e

use additional experimental techniqu
them with corresponding behaviors

Lack of diagnostic accuracy, risks of
misinterpretation

Identification and testing of endophe
current diagnostic criteria

Need more gene–phenotype correlational
studies

Incorporate supplementary correlatio
projects

Modeling specific animal behaviors with
unclear psychiatric classification

Apply new concepts and models of “
details)

Difficulty to model purely human
phenotypes, role of metacognition

Focus on domains that are relevant t
the disorder

Modeling stress-related phenomena such
as psychosomatic disorders

Use animal genetic and experimenta

Conceptual
Very few new experimental models Experiment outside the usual reperto
Need multi- (vs. single-) domain models Model separate domains in tandem a
Need new conceptualization of disorders Integrate basic research with other a

mind, etc.)
Need full appreciation of continuous
nature of disorders

Validate models whose phenotypes m

Need distinction between state vs. trait
disorders (e.g. chronic vs. acute anxiety)

Dissection of the differences in temp
use models of pathogenetic anxiety v

Need enhanced modeling of pathogenetic
transitions

Develop new models that demonstra
(e.g. transitions from anxiety to depr

Gap between pharmacological vs. genetic
inactivation

Dissect between developmental vs. a
inducible knockout models, and pre-

Importance of non-genomic inheritance
in behavioral phenotypes

Dissect genetic vs. epigenetic factors

Role of in peripheral mechanisms that
affect behavior (e.g., metabolic syndrome)

Focus on center vs. periphery (e.g., ti
and/or gene delivery)

Models of drug×environment
interactions

Use models relevant to environment
responses

Translational
Need for cross-species genetics Use additional different species as m

mechanisms of disorders in humans
Need for identification of new candidate
genes

Concentrate on cross-species mappin
implement linkage and/or quantitati
animal models; use genetically altere
for behaviors

Need for integration of disciplines Pursue interdisciplinary collaboration
expose research to a broader collegia

fMRI — functional magnetic resonance imaging.
misinterpretation due to lack of diagnostic accuracy and the high
variation, complexity and comorbidity of clinical phenotypes
(Kato, 2007; Skuse, 2006, 2007; Veen et al., 2008), also see
Fig. 2A. Unveiling the epigenetic influences in thepathogenesis of
mood/affective disorders is yet another challenge, since func-
tional genes can be governed by a complex set of regulations
beyond the genome, that researchers are just beginning to
understand (Abdolmaleky et al., 2005; Mill and Petronis, 2007;
Shelton, 2007; Tsankova et al., 2007). Someothermethodological
challenges in the field are summarized in Table 1.

Conceptual challenges can often represent even bigger pro-
blems. Consider, for example, trans-generational non-genomic
inheritance, which may not only operate through epigenetic
mechanisms (e.g., DNA methylation, histone acetylation), but
also through broadermechanisms related to parental physiology
or behavior (Champagne and Meaney, 2001; Gluckman et al.,
2007). Though there is a significant body of research on the
environmental and genetic effects on behavior, there has been
ry, and potential research strategies for overcoming these challenges.

References

.g. c-fos expression) of behavioral endpoints;
es (e.g. fMRI) to isolate circuits and match

Bruening et al. (2006);
Grossberg and Seidman
(2006)

notypes for disorders; reevaluate validity of Strain and Diefenbacher
(2008)

nal measures elements into the existing Dick et al. (2000);
Mhyre et al. (2005)

continuum” natured disorders (see text for Frazer and Morilak (2005)

o animals; identify new endophenotypes of Jablensky (2004)

l models relevant to psychosomatic research Crnic (1996);
Geerse et al. (2006)

ire of models (think outside the box) Kalueff et al. (2007d)
nd their dynamics Kalueff et al. (2008b)
spects of the field (clinical, theory of Harrison and Critchley (2007)

imic continuous disorders (spectra) Sufka et al. (2006)

oral onset, and neurobiological substrates;
s. normal emotional reactivity

Ohl (2005); Ohl et al. (2008)

te disorders in their pathogenetic entirety
ession)

Warnick et al., 2009; Warnick
et al. (2006), also see Fig. 2B

dulthood effects of drugs and mutations; use
, neo- or post-natal drug treatments

Ansorge et al. (2004);
Zhao et al. (2006)

(breeding, cross-fostering) Champagne and Meaney
(2001); Gluckman et al.
(2007)

ssue-specific knockouts, targeted drug Skilton et al. (2007);
Toker et al. (2007)

al modifiers (e.g. social support) of drug Majercsik and Haller (2004)

odel objects; focus on common genetic
and animals

Clapcote et al. (2007);
Kas et al. (2007)

g of genes and relation to disorders;
ve trait loci studies on disorder-relevant
d mice to dissect gene variants responsible

Kas et al. (2007);
Valdar et al. (2006)

s (e.g., psychiatry, psychology, and genetics);
l audience

Harrison and Critchley (2007)



Fig. 2. The complexity of translational psychiatric research: A — There is considerable difficulty in diagnosing patients with complex psychiatric disorders, and a
high risk of misinterpretation. In a hypothetical 6-armed patient (cartoon: M. Baldwin, with permission), washing hands clearly takes more time than in a normal
2-armed person. Although this does not automatically qualify for an obsessive–compulsive disorder (OCD), a mechanistic application of clinical diagnostic criteria
and misinterpretation of behaviors may lead to this patient being incorrectly diagnosed with OCD. The second point here is relevant to the animal experimentation
field, where researchers often focus on robustly affected behavioral measures (e.g., excessive rodent grooming that resembles OCD-like phenotype (Welch et al.,
2007). In fact, such phenotypes may have other causes (e.g., hyperactivity, increased pain, itching) beyond OCD. In any case, unlike the patient in this cartoon,
animals cannot be asked why they spend more time grooming. Thus, it is difficult to create a valid animal model of a brain disorder, for many of the same reasons
that hinder correct behavioral interpretation and/or clinical diagnoses. B— Example of potentially complex genetics of anxiety and depression. Different groups of
genes may regulate anxiety (G1), depression (G2), both disorders (G3), anxiety sensitivity and neuroticism — personality traits that are associated with both
disorders (G4), the pathogenetic link between anxiety sensitivity/neuroticism and anxiety (G5) or depression (G6), transition from anxiety to depression (G7) or
from depression to anxiety (G8; red arrows), as well as genetic determinants of comorbidity of anxiety and depression (G9; also see Fig. 3). C — The utility of new
experimental models in biological psychiatry. Traditional well-validated “old” models may (or may not) be able to identify new classes of drugs or target newly-
appreciated brain phenomena. This is why principally new models may be needed for developing new drugs and investigating newly recognized types and
subtypes of brain disorders.
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less emphasis on the disambiguation of the two contributing
factors. This poses questions concerning the heritability of
psychiatric illness. Towhatextent is thephenotypic phenomenon
observed in the offspring a product of genetic predisposition,
familial environment and rearing, or the interactions between
them? Although some of these interactions are known, deter-
mining the degree of influence will be crucial for the ability to
model, prevent, and treat brain disorders (see Table 1 for
potential solutions to these and some other challenges).

Another challenge is the growing understanding of the role
of peripheral factors in psychiatric pathogenesis. For example,
consider metabolic syndrome, a systemic dysregulation
characterized by obesity, elevated triglycerides/glucose and
lowered high-density lipoproteins (Laclaustra et al., 2007).
Because this syndrome is frequently associated with depres-
sion, it is highly relevant to mental health research, and
requires valid animal models to mimic this pathogenesis
(Skilton et al., 2007; Toker et al., 2007). Likewise, serotonin
syndrome (SS) occurs with an excess of brain serotonin, and
includes both mental (agitation, anxiety, confusion) and
“peripheral” (fever, muscle rigidity, midriasis) symptoms
(Gillman, 2005). Since genetic polymorphisms affect how
the patient reacts to, or catabolizes, serotonergic drugs, the
existing animal genetic and pharmacological models of SS
(Kalueff et al., 2008) offer the possibility to integrate central
and peripheral systems in the pathogenesis of this syndrome.

From a conceptual point of view, biological psychiatry has
largely been preoccupied with studying individual disorders, in
hopes to better dissect behavioral and genetic correlates
(Craddock and Forty, 2006). Similarly, for years the key
requirement for animal models was their “specificity”, leading
to the fact thatmany traditionalwell-validated animal paradigms
are single-domainmodels (Kalueff et al., 2007a,b,c,d).However, it
is now becoming increasingly understood that human brain
disorders have a spectrum nature, and do not occur in isolation
(Akiskal, 2003; Benazzi, 2004; Lara et al., 2006). For example, a
comprehensive analysis of mood, behavioral and personality
disorders (Lara et al., 2006) shows that these disorders can all be



Fig. 3. A brief summary of different concepts used in psychiatric research and their application to psychiatric genetics: A— Traditional approaches to cross-species
translational research in men (e.g. Van Gogh, self-portrait) and mice (e.g. photo: vitamin D receptor knockout mouse (Minasyan et al., 2007)) include modeling a
brain disorder/syndrome, its domains and their respective genetics across species in the search for genetic determinants of the disorder (“disorder” genes, G) or
individual domains/endophenotypes (“domain” genes, DG). B — Domain interplay-oriented approach (Kalueff et al., 2008a) links several domains into a system
(based on their overlap/interplay) for subsequent modeling of this system (and its genetics) across species. SG — the genes responsible for overlap and interplay
between the domains. C — Further complexity of domain genetics of affective disorders, based on the domain-interplay concept (also see Fig. 2B). This diagram
shows how several domains (clinical endophenotypes; marked with small circles) can be linked pathogenetically both within individual disorders (e.g. anxiety,
depression; links are indicated by red lines) and across different disorders (blue lines). Respectively, genetic determinants of such disorders may include sets of
disorder-specific “domain” genes (DDG) as well as genes not affecting the domains but responsible for the interplay between them (“domain-interplay” genes,
DIG) either within or between the two disorders. PTSD — post-traumatic stress disorder. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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interconnected into an overlapping system based on specific
traits such as fear and anger. Likewise, a clear overlap between
addiction and bipolar depression (Fig. 1A; (Maremmani et al.,
2008, 2006), depression and schizophrenia (Kato, 2007), or
anxiety and depression (Kalueff and Nutt, 2007; Moffitt et al.,
2007), suggests thatmore emphasis should be put on integrative
psychiatry todiagnoseand treat thesedualdisorders. Collectively,
this questions the efficacy of testing single domains in animal
models, and suggests that the complexity of human phenotypes
should be applied to the field of animal modeling (Kalueff et al.,
2007d; Kas et al., 2007; Kas and Van Ree, 2004). Thus, multi-
domain animal models may allow for a more clinically relevant
examination of the disorders, and a better portrayal of the
pathogeneticmechanisms inpatients (Frazer andMorilak, 2005).
While maintaining research within a single domain precludes
this advance, multi-domain models offer a larger scope of the
pathogenetic networks and may establish more solid genetic,
behavioral and neurochemical links between the disorders
(Kalueff et al., 2008a,b).
As already mentioned, clinical psychiatric disorders are
extremely complex, and researchers may inadvertently lose
valuable information by oversimplifying their investigations
for ease of interpretation. Thus, while dissecting domains of a
disorder can be vital to its elucidation (Kas et al., 2007; Kas and
Van Ree, 2004; Owen et al., 2007), an effort toward modeling
themore complex and interactive elements of a disorder could
prove to be a valuable supplement for such research. Several
concepts have been traditionally used in phenotyping of
psychiatric disorders (Fig. 3A, B). The G×B approach focuses
on the genetic contributions to the behavior of the animal or
patient (Hamer, 2002). The G×E approach studies how the
genetic effects may be modified by the environment (Caspi
and Moffitt, 2006; Caspi et al., 2005; Rutter et al., 2006). The
endophenotype concept deconstructs a complex psychiatric
disorder into sets of identifiable heritable simpler traits —

cognitive, anatomical, morphological, neurophysiological,
neurochemical, or endocrinological features — that provide
researchers with clues regarding the phenotype/gene



Fig. 4. Possible mechanisms and experimental models to study domain interplay of affective disorders: A — Potential genetic mechanisms for domain interplay.
Consider, for example, two domains (I and II) of depression.While it is possible that each domain is controlled by a specific set of genes (G1, G2, encodingmolecules
M1 and M2), there is another possibility, predicted by the domain-interplay concept. Pathogenic mechanisms of the two domains may also be affected by “third-
party” genes (G3) not directly associated with either domain, but encoding molecule M3 that triggers molecular interactions betweenM1 andM2. This new cross-
talk (red broken line) may underlie, at the molecular level, the interplay between the two domains (red solid line), thus affecting the resulting clinical phenotype
without directly influencing either domain per se. B — Different types of “integrative” animal models of affective disorders. Targeting the simplified system of two
domains (marked with small circles), such models may (clock-wise) focus on: domains within the same affective disorder I; domains belonging to two different
affective disorders I and II; a combination of one disorder I-specific domain and one “comorbid” domain (common for both disorders); or domains belonging to
two different disorders, one of which is affective (I), and another is non-affective (e.g., metabolic syndrome, obesity, epilepsy; III).
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connection in the disorder (Cannon and Keller, 2006; Gottes-
man and Gould, 2003; Gould and Einat, 2007; Walters and
Owen, 2007). Finally, the cross-species approach compares
similar behavioral traits in different species, thereby creating a
stable set of phenotypical characteristics that can be applied to
clinical research (Kas et al., 2007).

Although these traditional approaches are useful, other
translational strategies may address the emerging complexity
and overlap of psychiatric disorders. For example, disorders
such as depression and anxiety are frequently comorbid in
clinical psychiatry, lie along the samedisorder continuum, and
share some genes and neurobiological mechanisms (Kalueff
and Nutt, 2007); Figs. 1A, 2B, and 3C. Therefore, in order to
maximize validity and accuracy of the animal models,
researchers may need not only to mimic anxiety and
depression phenotypes, but also target the interplay between
them and/or their various domains (see further).

3. Frommodeling individual affective disorders to targeting
their integrative pathogenesis

One such approach is the domain-interplay concept
(Kalueff et al., 2008a), which advocates the testing of
numerous domains and their interplay simultaneously as a
dynamic system, rather than simply deconstructing disorders
into individual domains (see Figs. 3 and 4A for details). Briefly,
this concept suggests going beyond the endophenotype con-
cept, since the study of the dynamic nature of domain systems
may shed more light on comorbidity, continuum, and
pathogenetic trajectory aspects of psychiatric disorders. Fur-
thermore, animal studieswill also bemore relevant as amodel
of psychiatric disorders if the researchers focus on the dy-
namic system, rather than a particular disorder or its domains.

How can this be implemented practically? A good example
of domain interplay-driven basic research on affective dis-
orders includes modeling the anxiety–depression continuum
in birds (Feltenstein and Sufka, 2005; Sufka et al., 2006). In
this model, the chick distress vocalizations were measured
and disambiguated into two distinct phases: the “anxiety”
phase (characterized by high stress vocalization immediately
after removal from conspecifics) and the “depression” phase
(characterized by a low rate of vocalizations 15–20 min after
isolation). Anxiolytic drugs were effective in decreasing the
distress vocalizations in the anxiety-like phase but not in the
depression phase. In contrast, the antidepressant drugs
increased vocalizations in the depression-like (but not in
the anxiety-like) phase, thus demonstrating how two affect-
ive domains and their transitions can be modeled in animals
using minimal time (Warnick et al., 2009). The pathogenic
anxiety–depression trajectory can also be modeled using
the chronic social-defeat stress in rodents (Avgustinovich
et al., 2005). In this model, male mice were placed in a con-
frontational environment for 20 days, leading to observable
symptoms of a gradual transition from anxiety (10 days) to
depression (20 days), as measured by various tests for anxiety
and depression.



Table 2
Summary of some potential models of OCD-related behaviors and their utility
to target additional psychiatric or neurological domains.

OCD-related behaviors
and models

References Other relevant
domains

Drug-induced behaviors
Meta-chlorophenylpiperazine
and other chemicals (rodents)

Korff and Harvey
(2006)

Drug toxicity,
anxiety

Behavioral perseverations
Compulsive head dipping
(rodents)

Hoshino et al. (2004) Anxiety,
hyperactivity

Meandering/turning
phenotype (rodents)

Kalueff et al. (2007c) Anxiety,
hyperactivity

Compulsive chewing
(KO mice)

Chou-Green et al.
(2003)

Rett, Tourette

Marble burying (rodents) Kalueff et al. (2006a,b);
Londei et al. (1998)

Anxiety,
hyperactivity

Wheel running
(aromatase KO mice)

Hill et al. (2007) Hyperactivity

Spontaneous alternation
in Y maze

Korff and Harvey
(2006)

Anxiety,
memory

Compulsive holeboard
checking (rodents)

Korff and Harvey
(2006)

Anxiety,
hyperactivity

Other stereotypies
Spontaneous grooming
(KO mice)

Hill et al. (2007) Depression,
anxiety

Repetitive stress-evoked
grooming behavior (rodents)

Kalueff et al. (2007a) Depression

Genetic models of grooming
(KO mice)

Graybiel and Saka
(2002); Welch et al.
(2007)

Self-destruction

Barbering (fur-plucking
rodents)

Aggression

Self-barbering (rodents) Garner et al. (2004) Trichotillomania
Food restriction-evoked
hyperactivity (rodents)

Korff and Harvey
(2006)

Eating disorders

Reward
Compulsive drug
intake (rodents)

Korff and Harvey
(2006)

Drug abuse

KO — knockout mice.
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Aggression is a common symptom of bipolar disorder in
the clinic, and can be modeled in rodents in the resident–
intruder test. These behaviors are sensitive to the action of
mood stabilizers (such as lithium) which produce no changes
in non-aggressive social interactions. In this way, the assess-
ment of aggressive behaviors can be integrated into the
battery of mania tests, relevant to bipolar pathogenesis (Einat,
2007). Likewise, the novelty-induced neophagia test measur-
ing decreased feeding behavior in animals after exposure to a
novel stimulus (Dulawa andHen, 2005), has high “integrative”
value for investigating both anxiety and the sensitivity to
antidepressant drugs (see (Einat, 2006; Kalueff et al., 2008b)
and Table 2 for other examples of integrative multi-domain
models).

In addition to behavioral paradigms, there are also in-
teresting “integrative” genetic animal models. For example,
Disc1 mutant mice display depression and schizophrenia-like
symptoms (Clapcote et al., 2007), confirming some common
genetic determinants of the two disorders, and showing how
an integrated genetic model can be used to make “linkages”
between frequently overlapping psychiatric disorders. Sero-
tonin transporter (SERT) knockout mice and rats have been
extensively studied for their affective phenotypes, abnormal
coping and fear responses, SS-like behaviors, and atypical
brain morphology (Holmes et al., 2003; Homberg et al., 2007;
Kalueff et al., 2007b; Wellman et al., 2007). 5-HT1A receptor
knockout mice have altered fear-mediating circuitry and in-
creased fear responses (Gross et al., 2000; Klemenhagen et al.,
2006), whereas the 5-HT2C receptor mutants show increased
compulsive chewing and head-dipping behavior (Chou-Green
et al., 2003), relevant to obsessive–compulsive disorder (OCD;
see other models of OCD and their relevance to different brain
disorders in Table 2).

Double mutant mice represent another interesting group
of genetic animal models (Murphy et al., 2003). For example,
SERT×BDNF (brain-derived neurotrophic factor) knockout
mice show robust emotionality behavior, memory deficits and
metabolic problems/obesity (Ren-Patterson et al., 2006; Ren-
Patterson et al., 2005). However, the importance of such
models (in light of the present paper) is not in the variety of
targeted “affective” domains, but rather in the fact that several
domains are affected simultaneously, in a way that strikingly
resembles a clinically relevant picture of how brain disorders
overlap.

From a clinical standpoint, the entire classification system
for human brain disorders is set to undergo a drastic change
from its current state. Researchers must be prepared to adopt
and utilize a newly defined classification system based on
examining systems on a dimensional level rather than a set
labeling system. Synergistic adoption of this integrative
approachbyboth clinical practitioners andbehavioral research-
ers will allow for better communication, and foster the
development of innovative and progressive ways to tackle the
complex issues related to the study and treatment of brain
disorders.

4. Concluding remarks

As psychiatric disorders are among the fastest growing
diseases diagnosed, traditional studies on G x E x B interac-
tions of individual disorders or their specific domains (Fig. 3A)
will benefit from a better focus on genes and other factors that
determine the domain interplay and “continuum” nature of
brain pathogenesis. The emerging complexities of psychiatric
phenomena (Figs. 1–3) emphasize the need for genetic and
experimental animal models that will better feature complex
clinical phenotypes, to parallel clinical data (Frazer and
Morilak, 2005; Kalueff et al., 2008c).

Our contention is that the integration of these concepts is
a necessary step toward accurately describing the multiple
and interrelated factors that contribute to the complex nature
of human brain pathogenesis. We recognize that develop-
ment of new models and concepts represents an essential
development in the field of translational biopsychiatry
research. Increasing awareness of the integrative nature of
human affective disorders (Fig. 1) requires different types of
“integrative” animal models to mimic these clinically relevant
aspects (Fig. 4B). As already mentioned, actively modeling a
system of disorders (or domains) can offer a wealth of
biological information that has been unexplored previously.
This paper has only briefly summarized the developing utility
of “integrative” animal models, and discussed how the new
domain-oriented concepts may foster translational research.
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Indeed, researchers should strive to continually advance the
field, and be ready to adopt more comprehensive and sys-
tematic approaches to studying brain pathogenesis. It is only
through these avenues of investigation can we gain a better
perspective on affective disorders, and “proficit” their new
treatments and preventions.
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