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Abstract

The basic science literature is replete with descriptions of naturally occurring or experimentally
induced pathological grooming behaviors in animals, which are widely considered animal models
of obsessive-compulsive disorder (OCD). These animal models rely largely on observed similarities
between animal behaviors and human OCD behaviors, and on studies of animal pathological
grooming disorders that respond to serotonin enhancing drugs. However, current limitations in
assessment of complex cognition and affect in animals precludes the field’s ability to match the
driving primary processes behind observable phenomenology in animal “OCD” with human
behavioral disorders. We propose that excessive grooming behaviors in animals may eventually
prove to be equally, or possibly more relevant to, other conditions in humans that involve pathological
grooming or grooming-like behaviors, such as trichotillomania, body dysmorphic disorder, olfactory
reference syndrome, compulsive skin-picking, and onychophagia. Research is needed to better
understand pathological grooming behaviors in both humans and animals, as animal models have
the potential to elucidate pathogenic mechanisms and inform the treatment of these psychiatric
conditions in humans.
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Focus points:
. Pathological grooming in animals has been used as amodel for human OCD based largely on observed similarities in behaviors.

. However, current limitations in assessment of complex cognition and affect in animals preclude the field’s ability to infer that
any equivalents of OCD-like obsessive thoughts drive these repetitive grooming behaviors.

. Disorders of grooming in animals may be equally or possibly better suited as models for human conditions that involve
pathological grooming or grooming-like behaviors, such as trichotillomania, compulsive skin-picking, onychophagia, body
dysmorphic disorder, and olfactory reference syndrome. However, research is needed to determine the relevance of such
animal models to these human conditions.
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Introduction

Everyone seems to know someone who has a pet who supposedly has “OCD.” Usually, this
refers to a dog that licks its paws excessively, i.e., has acral lick dermatitis, or to a cat that
excessively grooms. Is this really the animal equivalent of obsessive-compulsive disorder
(OCD)?

Excessive grooming behaviors in animals, either naturally occurring (veterinary) or
experimentally induced, appear extensively in the basic science literature and are considered
by many to be animal models of OCD?. For example, a study published in Nature described a
genetically-engineered mouse line deficient for the SAPAP3 protein that exhibited
pathological grooming behaviors2. These behaviors were reversed when the gene coding for
the protein was replaced, and when the mice were treated with a serotonin-reuptake inhibitor.
The authors suggested this as an animal model of OCD. Other naturally occurring examples
of pathological grooming in animals, such as acral-lick dermatitis in canines, have been
described as models of human OCD3. These excessive grooming behaviors in animals, which
can cause hair loss and skin lesions and are associated with anxiety-like behaviors, do indeed
have similarities to OCD symptoms such as repetitive hand washing. Such ethological models
may aid in elucidating the etiology of human behavioral disorders.

One limitation of such models, however, is that the field currently lacks sophisticated means
to assess thought patterns in animals, and we have only rudimentary ways of assessing affect.
More specifically, evidence is lacking that these animals experience the equivalent of OCD-
like obsessive thoughts that drive grooming behaviors. The presence and content of obsessional
thinking is difficult to assess and therefore model in an animal. For example, it is difficult to
know whether acral lick syndrome in dogs is driven by intent to clean the paws and remove
germs, as is often the case when humans with OCD compulsively wash.

Alternatively, animal models have similar features to, and may possibly prove to be more
analogous to, other human psychiatric conditions that more consistently manifest pathological
grooming or grooming-like behaviors such as trichotillomania, onychophagia (compulsive nail
biting), compulsive skin-picking, olfactory reference syndrome (ORS), or body dysmorphic
disorder (BDD). These conditions appear to have a relationship to OCD, as variably evidenced
by high rates of comorbidity, shared familial heredity, and shared phenomenological features
of compulsive behaviors and (for some conditions) obsessive thoughts*~—®. Unlike most cases
of OCD, however, the primary behaviors of trichotillomania, onychophagia, and compulsive
skin picking are excessive or distorted grooming rituals. In BDD, which consists of a distressing
or impairing preoccupation with an imagined or slight defect in physical appearance, a majority
of patients excessively groom — for example, excessively comb, pull, tweeze, or shave hair; or
pick their skin. Similarly in ORS, a distressing or impairing preoccupation with the belief that
one emits a foul or offensive body odor, “grooming” behaviors such as excessive showering
and tooth brushing are common.

This paper provides a brief survey of pathological grooming from the human and animal
literature. It also describes putative animal models of human pathological grooming, as these
models, if they prove applicable, may help advance the neurobiological understanding of these
often-disabling human conditions. We propose that many animal models of OCD should also
be considered as possible models of pathological grooming and grooming-type behaviors in
humans, which can occur in a number of psychiatric conditions other than OCD. Because these
psychiatric conditions can be conceptualized as having a component of pathological grooming,
we hope this article will stimulate the development and application of animal models that are
more specific to understanding and treating these human conditions.

CNS Spectr. Author manuscript; available in PMC 2010 April 13.
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An Ethological Perspective

Psychiatry’s current diagnostic classification systems, DSM-1V-TR and ICD-10, are largely
atheoretical. They are based primarily on the phenomenology of behavior, thought, and
emotions rather than on disorders’ etiology or pathophysiology. As psychiatric conditions are
complex, deriving etiological models is a difficult task. Attempts during the last century have
tended to be too biologically reductionistic, too environmentally determined, or too individual-
specific and therefore difficult to test or prove (e.g. psychodynamic theories). Yet advancing
understanding of etiology may be necessary to develop more effective treatments and
preventive measures. An ethological approach — one that aims to understand human behavior,
emotion, and thought in the context of adaptation and survival of animals in general — has the
potential to bridge biological and social models.

Psychiatric conditions characterized by pathological grooming may be particularly well suited
to ethological models, due to their obvious derivation from adaptive behaviors’. Pathological
grooming may be the result of a) excessive degrees of normal adaptive behavior or b) distortion
of adaptive behaviors by some pathological process, (i.e., a quantitative or qualitative
difference from normal behavior, or both).

Animal models have the potential to improve understanding of human behavior by providing
opportunities to test hypotheses using techniques not feasible with humans. They may also
help isolate and simplify observable behaviors. However, such simplification exposes a
weakness of animal models, which is that emotions or thoughts behind these behaviors cannot
be adequately assessed. For example, we infer fear from behaviors such as freezing or startle
responses in rodents, but lack an understanding of whether there are anticipatory thoughts or
emotions about future events, which are more analogous to human anxiety. Arguably, human
behaviors may serve as better models for veterinary conditions. Such has been the case for
pathological grooming in pets such as acral lick dermatitis, for which serotonin-reuptake
inhibitors have been successfully tested and used in dogs, under the premise that the condition
is analogous to human OCD8. Although difficult to assess, it is becoming increasingly possible,
however, to demonstrate at least some forms of affect, thought, and even consciousness in
animals®10, Research that leads to better integration of affect and thought with behaviors will
create better animal models of human conditions.

Purposes of grooming behaviors in animals

Grooming is highly ubiquitous in mammals, birds, and insects! and thus is likely
evolutionarily ancient. Grooming can serve various functions for the animal (Table 1). Overall,
perhaps the most common purpose of grooming across species is to clean in order to maintain
health, e.g., by removing detritus and disease-carrying parasites'2. It may also help to attract
mates, improve predation or avoidance of predators (via removal of odors), and improve
mobility (e.g., grooming of feathers for flight)12. Other functions of grooming include
thermoregulation, stimulation of pheromone release, self-stimulation, increasing or decreasing
arousal, and decreasing irritation13. Many of these functions overlap within the same behavioral
action.

Grooming behaviors are therefore clearly important for adaptation and survival. As such, they
are preserved and may be based in phylogenetically ancient parts of the brainl4. Gardner (1988)
described grooming behaviors as examples of “fixed action patterns.”14 These are highly
stereotyped and extremely similar between individuals. They may be elicited by outside
stimulation but continue even after the stimulus is removed. They may even start
spontaneously, without external stimulation. They are not learned, but at the same time are not
as basic as reflexes!®. Decerebrate animals can produce all the component actions involved in
grooming, which provides evidence that the brainstem is necessary and sufficient to generate
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fixed action-patterns6: 17, Another region that may be involved in grooming is the cerebellum;
Lurcher mice, which are characterized by degeneration of cerebellar Purkinje and granule cells,
demonstrate decreased bouts of grooming yet maintain normal grooming sequences!8. The
neostriatum, specifically the anterior dorsolateral portion, appears necessary for the
implemlegtation of the serial order pattern of grooming, as evidenced by lesion studies in
rodents°.

Pathological grooming in humans

Several psychiatric conditions in humans prominently feature pathological grooming or
grooming-like behaviors. Pathological grooming may be: 1) One symptom of a DSM-IV-TR
psychiatric disorder — i.e., BDD, OCD, or ORS; 2) Classified by DSM-IV-TR as its own
disorder — i.e., trichotillomania; or 3) An “orphan” condition — i.e., compulsive skin-picking
or onychophagia, which may be diagnosed as an impulse-control disorder not otherwise
specified or perhaps as a type of stereotypic movement disorder'® 20, The nature of the
pathological grooming behaviors in these disorders and conditions can sometimes be
discriminated by the driving purpose underlying them (Table 2). These include avoidance of
contamination, improvement of appearance or body odor, modulation of emotion or stress, or
simply habit.

Obsessive-compulsive disorder

OCD is characterized by recurrent obsessions and/or compulsions that cause marked distress,
are time consuming, and/or interfere with daily functioning2®. Obsessions are recurrent and
persistent thoughts, impulses, or images that are experienced as intrusive and inappropriate
and cause marked anxiety or distress. Compulsions are repetitive behaviors such as hand
washing, ordering, checking, or mental acts that the person feels driven to perform usually in
response to the obsession, which are aimed at preventing or reducing distress or preventing
some dreaded event or situation. Most factor analytic studies have identified four primary
subtypes or dimensions, of OCD: contamination obsessions with cleaning compulsions,
aggressive/sexual/religious/somatic obsessions with checking compulsions, symmetry
obsessions with ordering compulsions, and hoarding obsessions with collecting
compulsions?l: 22,

OCD is likely a heterogenous condition?? as the four subtypes suggest, and as neuroimaging
studies have demonstrated24=27. Contamination fears with cleaning compulsions may be most
analogous to pathological grooming in animals, in that the most common purpose of grooming
inanimals is to clean (e.g., remove detritus and parasites). Individuals with contamination fears
may excessively wash their hands or other parts of their body as an attempt to relieve anxiety
caused by conscious, explicit cognitions (obsessive in form) about contracting illness through
dirt or germs. Occasionally, an intense feeling of disgust drives the behavior. The cleaning
behaviors are usually repeated because of obsessional doubt or uncertainty that the action was
complete and effective, or, alternatively, by a feeling of “incompleteness.” When extreme,
repetitive washing may cause skin damage such as dermatitis or fissures. Whether animal
models involving pathological grooming apply best to the OCD subtype of contamination fears
with cleaning compulsions remains to be tested directly, however.

Thus, pathological grooming in animals may prove to be a reasonable animal model for some,
but not all, forms of OCD. In the literature animal models of pathological grooming may be
more widely linked to OCD?' 26 than to the other disorders and conditions simply because
OCD is a better known disorder. However, these animal models may be additionally suited —
or perhaps better suited — to these other human psychiatric disorders and conditions, all of
which involve pathological grooming or grooming-like behaviors; for several, such behavior
is the core feature of the disorder. It is worth noting that several lines of evidence suggest that
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these other disorders may be related to OCD [e.g., 33-35], supporting the concept of “obsessive-
compulsive spectrum disorders.”

Body dysmorphic disorder (BDD)

Patients with BDD are preoccupied with perceived defects or flaws in their appearance,
incorrectly believing they are disfigured or ugly, which causes significant suffering and
functional impairment1®. BDD affects 0.7%-2.4% of the general population?’=2% and is
associated with high rates of psychiatric hospitalization (48%)3° and suicide attempts (22—
28%)30—32_

Pathological grooming behaviors in BDD are driven by appearance preoccupations and are
attempts to improve perceived appearance flaws. 44% to 64% of individuals with BDD perform
excessive compulsive grooming behaviors3%: 33, Examples include excessive face washing to
remediate “oily” skin, combing or cutting hair, brushing or whitening teeth, plucking hairs
(e.g., to even-out eyebrows or remove “excessive” facial hair), and shaving. In addition,
compulsive skin-picking occurs in 28%-35% of individuals with BDD and is done to try to
improve the appearance or texture of the skin. In some cases, skin picking as a symptom of
BDD causes severe tissue damage34. Occasionally, it is life-threatening3®. Because BDD can
involve any body part, the possibilities for grooming behaviors are numerous and protean.

As in OCD, these BDD behaviors are “compulsive” in that they are performed in response to
a strong urge to relieve negative feelings (usually shame, dysphoria, or anxiety) triggered by
preoccupations about perceived appearance flaws. The individual feels driven to perform the
behaviors, which are repetitive and usually difficult to control.

BDD has many similarities to OCD, and BDD is often conceptualized as an “obsessive-
compulsive spectrum disorder”36: 37, Perfectionism also appears to be a shared trait in
OCD38 and BDD39, which may have relevance to pathological grooming. For example,
individuals with BDD may be driven to repeat grooming procedures in attempts to achieve
perfection in their appearance.

Animal models involving pathological grooming clearly seem relevant to BDD, especially
when the purpose is to improve appearance and attract mates. Similar behaviors in BDD may
be driven by the same evolutionarily-based desire. However, applying animal models to BDD
has the same limitations as for OCD — namely, that we do not understand the cognitions and
emotional states that drive compulsive grooming in animals and to what extent they map onto
preoccupations in these disorders.

Olfactory Reference Syndrome

Individuals with ORS are preoccupied with the belief that they emit an unpleasant or offensive
body odor, which they falsely believe other people can perceive. In DSM-IV-TR, ORS is a
type of delusional disorder, somatic type, although it appears to have similarities with OCD
and BDD*%: 41, Commonly, preoccupations focus on perceived odors such as halitosis, sweat,
and flatulence. Nearly all patients perform at least one excessive compulsive behavior in an
attempt to diminish the perceived odor, and several could be considered grooming
behaviors®l, For example, many patients excessively shower, wash, or brush their teeth. Given
that one function of grooming in animals is to remove odors to improve predation or avoid
predators, animal models of pathological grooming behaviors may be relevant to ORS,
although the same limitations apply to ORS as to OCD and BDD.
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Trichotillomania

Compulsive

Trichotillomania is defined in DSM-IV-TR as recurrent pulling out of hair that results in
noticeable hair loss20, The definition also includes a sense of tension immediately before
pulling out the hair or when trying to resist it, and then pleasure, gratification, or release after
pulling out the hair. DSM-1V-TR categorizes trichotillomania as an impulse control disorder.
It has an estimated prevalence rate of 1-3% in community samples*2. In some cases, hair
pulling or plucking is a symptom of BDD (when hair is removed to try to improve appearance).

What drives this hair-pulling behavior in trichotillomania can vary between individuals and
even within the same individual at different moments. Many (although not all*3) patients feel
tension before and gratification afterwards, which fits with the phenomenology of impulse
control disorders and has lent itself to conceptualization of the disorder as involving an
addictive process**. Unlike OCD, BDD, or ORS, the hair pulling is not driven by a distressing
cognition. In general, trichotillomania appears to be maintained by virtue of its ability to
effectively reduce aversive affective states* such as boredom or under-stimulation, anxiety,
or dysphoria. About 80-90% of individuals with trichotillomania have a comorbid psychiatric
disorder, commonly anxiety or depressive disorders, BDD, or OCD®. This makes it difficult
to ascertain if the trichotillomania is a means to modulate negative emotional states caused by
these disorders or if they are otherwise connected indirectly, e.g., through shared
endophenotypes and/or genetics.

While animal models might seem to best fit trichotillomania, it is unclear if this is actually the
case. Trichotillomania is generally considered a problematic “habit,” whereas pathological
grooming in animals appears to subserve various functions that may map more closely onto
OCD, BDD, or ORS (i.e., cleansing/maintaining health, attracting a mate, or odor removal,
respectively).

Skin-picking and Onychophagia

Compulsive skin-picking (also known as dermatillomania or psychogenic excoriation) has
appeared extensively in the dermatologic literature but is not classified as a separate disorder
in DSM-IV-TR. It is estimated to occur in 2-4% of the population?®. It usually involves
attempts to remove irregularities in the skin’s surface®. Compulsive skin-picking can result in
severe tissue damage?®’, and many individuals find the behavior hard to control. In some cases,
skin picking is a symptom of BDD, as discussed above. Skin picking secondary to OCD has
also been reported, in attempts to remove contaminants®®. Alternatively, skin picking may
serve to release tension or modulate negative affective states*9, as in trichotillomania®C.

Onychophagia, or nail-biting, is similar to skin-picking in that it is a repetitive behavior that
can result in considerable tissue damage. In its nonpathological form it is a common grooming
behavior that controls the length of the fingernails with the teeth. It becomes problematic when
it is excessive and the sufferer has difficulty controlling it. It can cause significant damage to
the skin of the fingers and sometimes the nail bed®L. This behavior has notable similarities to
acral lick dermatitis in dogs, in which the paws can be severely damaged.

Pathological grooming in animals

Examples of veterinary pathological grooming have been described in several species: acral-
lick dermatitis in dogs, psychogenic alopecia in cats, and psychogenic feather picking in birds
are most commonly compared to human disorders. Others include wool pulling and eating in
sheep and self-mutilation in the horse and rabbit>2. Similar to pathological grooming behaviors
in humans, most veterinary cases are rooted in normal, healthy grooming practices which have
become compulsive and excessive, often resulting in physical damage such as hair, wool, or

feather loss and skin lesions.
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Canine acral-lick dermatitis

Canine acral-lick dermatitis is a psychogenic disorder of dogs characterized by continuous
licking and/or chewing of the legs and paws. In severe cases, it presents with alopecia, skin
ulcers, and granulomatous lesions in affected regions3: 33, The compulsive licking may be
initiated by medical conditions such as allergies or foreign bodies, but dogs susceptible to the
disorder may continue to lick after the primary cause has been removed®#. Stressors such as
social isolation and confinement may contribute to the onset of the condition and to an increase
in its intensity and frequency. It has been compared to OCD in humans because both conditions
present with similar behaviors (paw-licking in canines, repetitive hand-washing in humans)
and both respond to drugs that increase serotonin levels in the brain®2. BDD has also been
shown to respond to serotonin-reuptake inhibitors, whereas trichotillomania responds less
consistently5®: 56,

Feline psychogenic alopecia

Feline psychogenic alopecia is characterized by excessive self-grooming in the absence of a
dermatological or medical cause®’. Self-grooming in cats serves basic purposes such as
cleansing, removal of parasites, and thermoregulation, but grooming can also occur as a
displacement behavior or in response to social or environmental stressors. Psychogenic
alopecia has been diagnostically conceptualized as “OCD,” along with other feline compulsive
behaviors such as self-mutilation, tail-chasing, and wool or fabric sucking or chewing®8.

Avian psychogenic feather picking

Psychogenic feather picking has been described mostly in psittacine birds (the family including
parrots and macaws) and compared to trichotillomania in humans!2. Similar to psychogenic
grooming disorders in humans, it involves an excessive and extreme version of normal avian
preening, which can include chewing or plucking and lead to skin damage or prevention of
normal growth of feathers®9. Clinical observation indicates that feather picking in captive birds
may be a response to understimulation, and it has been linked to many of the stressors that may
be involved in the onset of trichotillomania, such as stress, boredom, frustration, and being
alone®0. The SRI clomipramine has been demonstrated to be effective in the treatment of
excessive feather picking in psitticine birds81, suggesting the involvement of serotonin.
Phenomenologically, feather picking in birds has similarities to compulsive skin picking in
humans.

Barbering in laboratory mice

Barbering is a phenomenon occasionally seen in caged mice in which a “barber” mouse
systematically removes the hairs or whiskers of other mice with its incisors; the other mice
accept this passively and often seek it out62. In certain strains of mice it is common, suggesting
a genetic basis®3. Barbering may be a useful model of trichotillomania®*, although it requires
a pair for it to occur. The barbering mouse and the barbered mouse may each model a
component of the phenomenology of trichotillomania, since the behavioral act of plucking and
the sensation of the hair being plucked may each or both be an important driving force in any
given individual with trichotillomania. Thus, it may be important to study both members of
the mouse pair. In addition, cases have been reported in which patients with BDD who
compulsively picked their own skin also compulsively picked the skin of other people32.

Neurobiology of pathological grooming

Studies in animals and humans have begun to provide clues to understanding the underlying
neurobiology of pathological grooming. Thus far, animal models have provided the most
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compelling genetic, lesion, and neurochemistry data, while data in humans have come
primarily from a limited number of neurocimaging studies.

Serotonin may play a role in pathological grooming. In animal models such as acral-lick
dermatitis in canines, compulsive behaviors are reduced with SRIs®: 2. Response to SRIs has
also been reported for avian psychogenic feather plucking®: 7. Similarly, SRIs often reduce
compulsive cleaning and washing behaviors in OCD and compulsive skin picking and
grooming behaviors in BDD®. The reduction of compulsive behaviors with medications that
enhance serotonin neurotransmission in animals or humans suggests, but does not prove, that
serotonin dysregulation plays a role in their pathophysiology®8: 9.

Dopamine agonists can cause stereotyped behaviors in animals and can exacerbate OCD
symptoms and tics’%. Medications that block dopamine can reduce grooming behaviors in
animals’! and may be effective in OCD’2 and trichotillomania’3. There is also recent evidence
of glutamatergic involvement in pathological grooming behaviors in animals, including the
possibility that serotonergic medications may mediate their effects on pathological grooming
via glutamate systems2. The neuropeptide oxytocin may also have a role in grooming, as
Marroni et al (2007) found that rats exhibited increased grooming behaviors when oxytocin
was injected into the central nucleus of the amygdala’®. Consistent with this finding, grooming
behaviors may also serve the purpose of enhancing bonding and establishing and maintaining
social relationships’® 76,

Mouse models have provided early evidence for genetic contributors to pathological grooming.
Greer and Capecchi (2002) produced a mutant mouse strain deficient in expression of the
Hoxb8 homeodomain gene. These mice exhibited excessive grooming behavior, to the point
of hair loss and skin lesions, and excessively groomed cagemates’’. They found that Hoxb8 is
normally expressed in multiple areas of the brain, including but not limited to the caudate-
putamen (areas relevant to OCD) and cerebellum. The authors proposed this mutant mouse
strain as an animal model for trichotillomania, although it may prove relevant to other human
grooming conditions.

As mentioned earlier, Welch et al. (2007) used genetically engineered mice to produce a
behavioral phenotype of increased anxiety-like and compulsive grooming behaviors that
resulted in hair loss and skin lesions2. The mouse line contained a deletion in the gene encoding
for SAPAP3, a protein highly expressed in the striatum that regulates the trafficking and
targeting of neurotransmitter receptors and signaling molecules at postsynaptic excitatory
synapses. Subsequently, Ziichner et al. (2009) examined the human orthologue of SAPAP3 in
three clinical groups: trichotillomania, trichotillomania with OCD, and OCD without
trichotillomania, and in healthy controls’8. They found heterozygous variants in 4.2% of the
trichotillomania/OCD patients but only 1.1% of healthy controls and concluded that SAPAP3
may increase susceptibility for OCD and trichotillomania. These findings need to be replicated.
In the first association study of SAPAP3 in humans, Bienvenu et al. (2008) conducted a family-
based association analysis of patients with OCD or grooming conditions (onychophagia, skin
picking, and/or trichotillomania)’® and found that four of the six single nucleotide
polymorphisms (SNPs) were associated with at least one grooming condition, and all three
haplotypes were associated with at least one grooming condition. None of the SNPs or
haplotypes was associated with OCD specifically. However, as this sample was selected based
onan OCD diagnosis as part of a larger study, most of the individuals with grooming conditions
also had OCD, and about one third of those with OCD had a grooming condition. The authors
therefore conclude that although SAPAP3 seems to be associated more with grooming
conditions than OCD, they cannot rule out the possibility that the association is specifically
with a subtype of OCD with comorbid grooming conditions. These intriguing findings, too,
require replication.
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Neuroanatomically, the basal ganglia and limbic systems appear to be involved in grooming
behaviors in animals. Several animal studies have implicated these regions in rodents?: 16 and
primates80. Circuits within the neostriatum, in particular, may be important in balancing
sensory-driven and central pattern-generating circuits1®.

The neurobiology of OCD, in large part elucidated from neuroimaging studies, implicates
similar neuroanatomic areas — specifically, cortico-striatal-thalamic circuit dysfunction8?. This
circuit is thought to be responsible for habit learning, routine performance of these habits, and
acquisition of stereotyped behaviors®2. The orbitofrontal cortex and subregions of the anterior
cingulate are considered major paralimbic inputs to these circuits. A model of dysfunction in
this circuit involves over-activity in the direct, relative to the indirect, pathway, setting up a
loop of recurrent, difficult-to-control thoughts and behavioral sequences8.

In BDD83, a similar phenomenon could explain the recurrent obsessive thoughts and repetitive
behaviors that often involve grooming. There have only been a few neuroimaging studies in
BDD. One morphometric MRI study demonstrated greater total white matter compared to
controls and a leftward shift in caudate asymmetry83, suggesting striatal involvement in BDD.
A more recent morphometric MRI study, however, did not find significant abnormalities in
these regions84. A functional magnetic resonance imaging (FMRI) study of visual processing
in BDD demonstrated greater activity relative to healthy controls in fronto-striatal systems
including the orbitofrontal cortex and caudate when viewing their own face®. In addition,
activity in these regions varied with BDD symptom severity. This suggests that a
pathophysiological process similar to that in OCD may be operating in BDD when viewing
their face, and may reflect obsessive thoughts and urges to engage in repetitive grooming or
other compulsive behaviors.

There have likewise been only a few neuroimaging studies in trichotillomania. O’Sullivan et
al. (1997) found smaller volume of the left putamen relative to controls8®, and another
morphometric MRI study found smaller cerebellar volumes, with an inverse correlation
between a primary sensorimotor subregion and symptom severity. These findings, along with
a positron emission tomography (PET) study showing increased cerebellar metabolism87,
suggests abnormalities of the cerebellum, which plays a role in complex, coordinated motor
sequences. Chamberlain et al (2008) found increased grey matter densities in fronto-striatal
and limbic systems, relative to controls®8. However, a functional MRI study probing striatal
function with the implicit learning task did not find evidence of abnormal striatal
activation89,

Future studies of disorders involving pathological grooming are needed to clarify their
underlying neurobiology. Neuroimaging studies should pay particular attention to the striatal
and cerebellar systems, given animal studies indicating their involvement in grooming
behaviors?: 16, Genes and genetic polymorphisms that may be relevant to animal models of
pathological grooming may be particularly promising avenues of exploration in studies of
human conditions involving pathological grooming. The efficacy of SRIs and dopamine
antagonists for animal grooming suggests they are worth studying in those human disorders
for which little treatment research has been done (e.g., ORS). If future studies substantiate a
role for the glutamate system and oxytocin in pathological grooming in animals, investigation
of medications that modulate these systems may be warranted.

Conclusions and Future Directions

In general, attempts at discovery or development of animal models for OCD, pathological
grooming, or other psychiatric conditions have not adequately matched the primary emotional
or cognitive processes in humans with analogous primary processes in animals. Animal models
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instead have, by and large, matched on the level of secondary, observable behavior. For many
animal models, unfortunately, it may be extremely difficult and perhaps impossible to find
matches for primary processes such as avoidance of contamination, minimization of odor,
improvement of appearance, or modulation of complex emotions and cognitions, which occur
in human disorders involving pathological grooming. However, simpler models in animals,
such as stress-relief models, can be derived from experiments designed to measure behavioral
effects of artificially-induced stress induction. These models may be especially relevant to
trichotillomania, compulsive skin-picking, or onychophagia. Animal models of grooming
behaviors aimed at improving of appearance for purposes of mating may also be identifiable
and relevant to BDD.

Any animal model of a human behavioral condition should be valid on several levels? (Table
3). This includes criteria based on face validity such as: 1) symptoms are analogous to those
of the human condition; 2) observable behavioral changes in both the animal model and the
human condition can be measured; 3) independent observers agree on objective criteria for
drawing conclusions about the subjective state. In addition, treatments effective for the human
condition should also be effective in the animal model (predictive validity), and the model
should be reproducible. Another important criterion is construct validity, in which the model
is based on similar underlying pathophysiology as the human condition®1. With these points
as guidance, the criteria for face validity for an animal model of behavioral symptoms of
repetitive grooming behaviors appear to fit non-OCD conditions involving pathological
grooming in humans at least as well as they fit OCD. Although there is the same difficulty as
in OCD of discerning whether the driving, primary process underlying pathological grooming
behaviors in humans matches that in animals, at the least on the behavioral level,
trichotillomania, compulsive skin-picking, and nail-biting — which are not triggered by
complex cognitions (unlike OCD, BDD, and ORS) —are more easily matched between species.

Until cognitions and affect can better be elucidated in animal models, animal pathological
grooming behaviors appear to best parallel human disorders that consistently display
pathological grooming and grooming-like behaviors. Already there appear to be links between
animal lesion and genetic studies that have identified the brainstem, cerebellum, and
neostriatum as important in grooming and early neuroimaging studies in trichotillomania.
However, currently the field still lacks data to provide adequate construct validity for the use
of these animal models for human conditions involving pathological grooming and research is
needed to determine their relevance to these conditions. Yet there are many potential
opportunities to further understand and validate these and other animal models, which will help
make significant advances in the study of pathological grooming conditions in humans.
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FIGURE.

Barbering in laboratory mice (top) 89 and trichotillomania (bottom)

Kurien BT, Gross T, Scofield RH. Barbering in mice: a model for trichotillomania. BMJ.
2005;331:1503-1505. Reprinted with permission, Copyiright 2005.
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Table 1

Normal animal grooming behaviors and their purposes™

Animal grooming behaviors

Purposes of behavior

Auvian preening
cleaning the feathers, applying oil from the preen gland,
removing protective sheaths

Maintain hygiene, thermoregulation, maintain organs of flight, attract mates12, 92

Feline oral grooming
stroking the tongue through the skin and hair, licking
limbs and applying saliva to head

Removal of parasites, dirt and excess oil; thermoregulation and maintaining
insulating capacity of furd3

Rodent oral grooming
rhythmic paw and body licking

Thermoregulation, chemocommunication, antibacterial (saliva), dearousal12

Canine oral grooming
rhythmic paw and body licking and chewing

Removal of dirt and parasites, thermoregulation, dearousal, antibacterial (saliva)
1294

Note: grooming behaviors may also serve the purpose of enhancing bonding and establishing and maintaining social relationships75v 76
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Table 2

Human disorders or syndromes involving pathological grooming, and the putative driving forces behind the

behaviors

Human disorder or syndrome involving
pathological grooming

Putative driving force(s) behind behaviors

obsessive-compulsive disorder (OCD)

obsessive thoughts
Compulsive behaviors, such as hand- washing, are attempt to reduce distress or prevent

some dreaded event or situation such as contamination?L: 22

body dysmorphic disorder (BDD)

appearance preoccupations and perceived appearance flaws30. 33
Excessive grooming behaviors in BDD are done in attempt to improve appearance

olfactory reference syndrome

perceived body odor4!
Excessive showering, washing, or brushing of teeth are performed in attempt to diminish
“odor”

trichotillomania

tension and aversive affective states*®

compulsive skin-picking and onychophagia

tension or aversive affective states??
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Table 3

Proposed validation criteria for evaluating animal models of human psychiatric disorders?0: 91: 95, 96

Category of validation
criteria

Examples

1. Face validity
(isomorphism)

Similar spontaneously occurring behavior
Observable behavioral changes in both the animal model and the human condition can be measured

Independent observers agree on objective criteria for drawing conclusions about the subjective state

2. Predictive validity

Similar response to pharmacologic treatment

Similar behavior in response to environmental probes (e.g., stress, pharmacological probes)

3. Construct validity
(underlying
pathophysiological
mechanisms)

Experimental brain lesions produce analogous phenotypes

Genetic manipulation (e.g., knock-out mutations or transgenic models) produces analogous phenotypes
Similar brain activation patterns (evident with electrophysiological or neuroimaging measurements)
Similar brain morphometric patterns

Similar developmental changes over time

Similar gene expression profiles

Similar neurochemical profiles

CNS Spectr. Author manuscript; available in PMC 2010 April 13.



