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Depression Across the Species
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Abstract: Backgrounds: this article has two close related goals. First it reviews the current literature on animal models of
depression, using data mining techniques. Second it discusses whether it is feasible or not to extend the concept of
depression to non-humans. Results: the use of animal models of depression increased dramatically over the last years, in
association with the development of new drugs and genetic studies. On the other hand, the possibility to assume a strong
correlation between human depression and low mood in other mammals remains unfeasible. Human depression represents
a ‘reaching-point’, both at the organic and the phenomenological levels; nosographically, it can be asserted only within
the horizon of possibilities represented by alternative disorders with which it shares common features.
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1. INTRODUCTION

Psychiatric depression (major depression) is a serious
disorder intrinsically related to low mood, and secondarily
associated to other signs [1]. Although the history of
psychopathology involves a variety of epistemological
perspectives  on  psychiatric  disease  classification
(nosography), most scientists and clinicians nowadays adopt
one of the following conceptions: either the disorder is
defined primarily on a descriptive phenomenological basis
(as in the DSM) or it is associated intrinsically to etiological
constraints, as in the CID manual (for a review of this point:
(2D.

Within the descriptive phenomenological mode, current
attempts to diagnose and treat ‘depressive animals’ have
proliferated. While this tendency may be assumed to be a
pragmatic, valid approach to animal suffering in captivity, it
does raise some issues in relation to the extensions and limits
of the conception of depression, in a way that
symptomatological isomorphism cannot satisfy. Descriptive
phenomenological approaches themselves do not guarantee
that descriptive similarities support the extending concept of
depression to other species, because nosographic validity
rest, precisely, on similarity among humans, based on the
assumption that deep level variables should accompany
descriptive ones. Thus, no matter what framework is
adopted, the analytical possibilities of inter-species
nosography imply the definition of the deep level
correlations between the different species.

Shifting to the history of psychopathology, one finds
canonical perspectives in regard to animal models of
depression (in distinction to models of animal depression), as
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first systematized by McKinney and Bunney [3]. According
to these authors, the main features of animal models of
depression include their biological and behavioral
similarities to humans (e.g. anhedonia, high cortisol level),
response to treatment (behavioral reversibility), and the
possibility of experimental replication.

Although some of the general characteristics of this
perspective remain valid, it is important to recognize that in
those days, experimental paradigms using animal models
were considerably narrower than the current set. For
example, we cannot expect that animal models involving a
great number of genetic mutations show complete behavioral
reversals by means of any treatment. In other words, current
animal models are categorically divided in terms of the
function that they need to serve: the model used to test the
importance of a gene is not necessarily the same as the one
employed to test the efficacy of a treatment, and so on.

This perspective affects the epistemological foundations
of etiological research and possible inter-species
correlations, as the specificity of deep level variables
(genetic and epigenic) and descriptive level variables (brain
and behavioral) of psychiatric disorders increase, and should
be discussed in detail when comparing humans with other
species.

The purpose of this article is to review and critically
discuss the main convergences and divergences at both
genetic and descriptive phenomenological levels, in regard to
depression. In order to achieve this objective, we begin with
a review of the recent literature on the main topics of
interest. We included both a conceptual map (Fig. 1) and a
thematic map (Fig. 2) of all studies on animal models of
depression, indexed in PubMed and/or ISI in 2008/2009. We
then proceed to review specific findings in brain/behavior
and genetics in order to produce a sensible picture about the
epistemological constraints determined by the human
boundaries of the concept of psychiatric depression. In the
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Fig. (1). Main concepts in the current field of animal models of depression.

last section, we also provide an algorithm (Fig. 3) to make a
synthesis of our main findings.

2. TOPOLOGICAL REVIEW WITH DATA MINING:
MAIN CONCEPTS AND THEMATIC CLUSTERING
OF THE STUDIES ON ANIMAL MODELS OF
DEPRESSION (2008-2009)

Covering the period January 2008 to February 2009, we
identified 73 indexed publications in PubMed or ISI
adopting animal models of depression, which suggests that a
considerable number of scientists accept this to be a valid
model for this human disorder. Below we present the main
concepts in the field, as much as their core associations.

As much as one can notice and data mining reveals, these
concepts belong to studies that can be associated into
thematic clusters. In the topological map below, these studies
are divided into seven topics.

The thematic representation of the field identifies several
closely related clusters, which suggests that many authors
and labs cover more than one of the topics. This is especially
true in relation to the response to stressful tasks in
accordance with different brain and/or genetic profiles. In
our estimation, different tasks may represent dependent
variables in experimental paradigms related to genetic
variations (e.g. polymorphisms related to depression) and
associated brain abnormalities (e.g. cortical dysfunction
associated to that polymorphism).

The map also suggests that most of the studies are related
to the development and evaluation of antidepressants.
Twenty-five studies deal directly with antidepressants; while
at the same time, nearly all the remaining studies potentially
have a bearing on that subject (further evidence can be
extracted from the first map).

One final feature worth highlighting is that animal-based
research on the hippocampus in depression has become
prominent. In our view, these studies may be associated with
the tendency to consider the designs and effects of treatment
in terms of their influence on neural plasticity, which
currently is a hot topic in the field, after decades when the
dominant paradigm denied neurogenesis in the adult brain.

3. DESCRIPTIVE CORRELATIONS: FROM LOW
MOOD TO MAJOR DEPRESSION

The strongest evidence of the possibility to extend the
medical concept of depression to non-humans is represented
by the animal models of depression used under drug testing
[4]. Mouse models revealed that antidepressants can reduce
immobility and even produce a total behavioral shift from
anhedonia to persistent struggle in the tail suspension test
[5-7]. Early exposure to maternal separation is associated
with increased risk of stress-induced hyperalgesia,
simulating features of irritable bowel syndrome in mice [8].
This syndrome has been associated with chronic stress and
depression in humans [9, 10]. Monkey models of depression
show diminished ‘la’ serotonin receptors in association with
clinical signs of the disorder [11]. Other experiments on
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Fig. (2). Thematic Map of the 2008/2009 studies on animal model of depression.

monkeys suggested that early stress caused by familial
separation predisposed the animals to manifest depressive-
like behaviors when reunited to the group [12], and that this
effect persisted for years [13] (a follow-up study [14]
confirmed these assumptions). Together these perspectives
resemble prominent theories about human depression
etiology, which commonly associate genetic risk factors and
exposure to critical conditions.

That said, it is important to acknowledge that there may
be reasons not to consider these findings as indicative of a
straightforward correlation —at least not before submitting
them to a careful scrutiny, and taking into account some
other findings. Considering the early stress paradigm (highly
pertinent to the humans) a recent study with mutant mice did
confirm that the mutant cohort exhibited decreased
proximity-seeking behavior, but also noticed that this had
little to do with the effects of the experimental paradigm, and
mostly with the mutations per se. This perspective not only
modifies  previous  deterministic ~ perspectives  on
experimental induction of depression, but also it departs
from the intrinsic nature-nurture profile of human depression
[15].

On the other hand, an experiment testing the effects of
green leaf odor on the depressive behavior of mice without
genetic modification and submitted to experimental models
of stress, suggested that mouse depression might not be as
strong and persistent as psychiatric depression [16].

Finally, and in a more striking fashion, there is a
mismatch between depression and the stress-despair
paradigm, which is generally applied in experimental
settings of animal models of depression. Let us consider the
following example: induced stress experiments on mammals
reveal that chronic stress leads to central noradrenergic (NA)
depletion and increased adrenergic (Ad) and noradrenergic
serine levels, much in the same way that it occurs in cases of
major depression. Nonetheless, while the ratio NA/Ad is
increased in the latter, it is decreased in former experimental
conditions [17]. In other words, the neurochemical profile of
major depression cannot be simulated under stress-despair
experimental conditions, which represent the core animal
models of human depression.

Thus, there is no animal model of major depression in the
strict sense in many of the aforementioned circumstances,
but rather an animal model of stress/despair within which
similarities indeed proliferate, along with differences.
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4. GENETIC CORRELATIONS

Genetic correlations between humans and animals of
other species in relation to depression proneness emerged as
a consistent hypothesis before the rise of genomics, along
with the perspective that depression is not culturally
contingent, and thus could not be assumed exclusively as an
effect of modern life styles. The main evidence for this
assumption is represented by reports of depression among
hunters and gathers like the !Kung [18] and the Eskimos of
the Bering Strait [19]. Additional support for this perspective
comes from descriptions of depressive states among wild
animals in natural habitats, mainly associated to maternal
abandonment [20, 21].

With regard to these findings, the main genetic axis
associated with depression is related to alleles of the
serotonin gene that participate in the serotonin synthesis and
transport cascade, where the presence of one or more copies
of the short allele (5-HTTLPR) in the promoter region of the
gene (5-HTT) represents the strongest risk factor for the
disorder [22-28]. The 5-HTT alleles are related to the
formation of the transmembrane that activates the serotonin
reuptake in the pre-synaptic cell, and the S5-HTTLPR
polymorphism is associated with decreased response to
antidepressants [29].

The presence of short alleles is related to abnormal
serotonergic signaling both in humans [30] and in Rhesus
monkeys submitted to chronic stress [22]. This is contrary to
the hypothesis of genetic differences between man and
monkey by means of recent mutations, and potentially
indicative of a deep correlation. According to Olsen et. al,
“A44bp insertion/deletion polymorphism in a GC-rich
repetitive sequence in the 50 regulatory region of the S-HTT
gene (S-HTTLPR) is thought to have been introduced into
the genome around 40 million years ago, and has
homologous forms in the chimpanzee, orangutan, gorilla and
macaque” [25] (p. 868).

Etiology of
Psychiatric
Depression

Dias et al.

Nonetheless, it is important to acknowledge that the
etiology of depression is related to vulnerability (identical
twins reveal a 69% correlation for the disorder [31]) and not
to determinism [22, 24]. This vulnerability effect can explain
findings such as diminished but not inexistent incidence
among isolated ethnic groups, in relation to western urban
populations [32], and the fact that epigenic abnormalities
(e.g. methylations) represent a significant risk factor for
depression in humans [33-37].

With that in mind, we can assume that depression is
indeed related to recurrent polymorphisms, like the 5-
HTTLPR [38] and others. Nevertheless, we should also
consider that these same polymorphisms have been
associated not only to depression, but also to obsessive-
compulsive disorder (for a meta-analysis with over three
thousand cases: [39], migraines with aura [40], chronic
anxiety [26, 41, 42], and alcohol abuse [25, 43, 44]. Whether
they are associated to other disorders remains open to
controversy [25].

It seems reasonable to assume that each particular genetic
risk factor associated with depression does not determine the
disorder, but contributes to the structural consolidation of
abnormal affective pathways, which, in association to other
features can lead to depression, or to chronic anxiety,
migraines with aura and other complex disorders. In support
of this idea, a recent study revealed that the short alleles of
the 5S-HTTLPR are associated with selective attention to
unconditioned threatening stimuli (spiders) [45], which is a
trait co-present in many disorders, while (in the same sense)
another related short allele (S) homozygous to increased
stress reactivity [46].

Hence, human depression is unique because it represents
an inversion of the NA/ad relation and exhibits some
exclusive features in relation to animal models of depression
within the stress/despair paradigm or mutant constructs.
Moreover, human depression emerges in a context where
many collateral disorders represent alternative pathways and
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Fig. (3). Psychiatric depression as a disorder inscribed in psychopathology’s structure.
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constraints to the determination of the clinical phenomenon,
which cannot be predicted solely by genetic risk factors, as
they may be shared by other disorders.

Psychiatric disorders are always diagnosed by excluding
other possible causes for the symptoms. This is one of the
keys to the most profound difference between human and
animal psychopathology, and thus to the deepest difference
between human and animal depression. A patient suffering
from major depression that manifests a manic episode will
have his diagnosis switched to a bipolar disorder; a patient
suffering from anxiety that begins to manifest itself as a long
lasting low mood will receive a new diagnose: major
depression, and so on. In the final analysis, the fact that
human psychopathology has essential collateral relations in
both etiological and nosographic levels, remains as it’s most
exclusive feature.

Above, we propose an algorithm to display this
perspective (Fig. 3).

5. CONCLUSIONS

As an answer to the question that inspired this paper, we
can assert that it is not sensible to assume a strong
correlation between human depression and low mood in any
other species. At the same time, we can assume that reducing
the concept of major depression to the output of the stress-
despair paradigm represents a very problematical maneuver.

Depression represents a ‘reaching-point’, both at the
organic and the phenomenological level, within which
nosography acquires a structural form. Thus, depression can
be asserted only within the horizon of possibilities
represented by alternative disorders with which it shares
common features at genetic, organic and symptomatological
levels. It is precisely this peculiarity that establishes the
uniqueness of human depression, despite the unequivocal
strategic application of animal constructs.
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