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Abstract

Treatment developments, brain imaging studies and results of pharmacological researches elicit re-
vision of related pathological theories to Obsessive-compulsive disorder (OCD) and new research
patterns. One of the important and alluring new research patterns under neurobiological approach
corresponding to pathology and treatment of obsessive-compulsive disorder (OCD) are animal mod-
els which are used in this disorder. Insomuch, many endeavors have been applied in order to expand
animal models of OCD during recent 30 years. In the hope of, increase our understanding and
knowledge about pathology as well as treatment of this disorder. By considering the methodology of
developing obsessive behaviors in animals, OCD animal models are divided into three classifications
of behavioral, pharmacological and genetic. Researches and studies by using different animal models
indicate the role of serotonin neurotransmitter particularly 5-HT2c receptor, Dopamine neurotrans-
mitter particularly D1 and D2 receptors and at the less level the role of NMDA receptor of Glutamate
neurotransmitter in pathology of OCD disorder.

Keywords: Obsessive-compulsive disorder, Animal models, Behavioral models, Pharmacological
models, Genetic models.

1. Introduction

More than 300 years, the syndrome of Obsessive-compulsive disorder (OCD) is known [12]. Early
explanations in regard of this disorder focused on different aspects of syndrome while reflected domi-
nated culture of researchers whereas the explanations of English researchers emphasized on religious
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aspects and relations to melancholy [25]. Corresponding to this disorder, the French phenomenol-
ogists emphasized on the importance of doubt and losing own will [32, 14] and German scope was
concentrated on non-logical nature of thoughts and regarded this disorder as psychosis [47]. But
generally, main features of Obsessive-compulsive disorder (OCD) are symptoms of obsession and
compulsion which their intensities are enough to create significant discomfort for a person. Obses-
sion and compulsion are time consuming and intervene obviously in daily and job related functions,
conventional social activities or relationships. A person with OCD may bear obsession, compulsion
or a composite form of both. Obsession is a bothering and repeatable thought, feeling, idea or
sensation.

Compulsion is a self-conscious, adjusted, repeatable similar to counting or avoidance. Obsession
causes increase of anxiety in people whereas compulsion leads to decrease in anxiety. Nevertheless,
when a person resists against compulsion also increases person’s anxiety. A person with obsessive-
compulsive disorder usually understands his/her own non-logical obsessive thoughts. Both obsession
and compulsion are known to be ego-dystonic for ill person [36].

If obsessive-compulsive disorder (OCD) is left without treatment, it will become chronic. Ob-
sessive thoughts are very disconsolate and compulsive behaviors are very time consuming and non-
adaptive. Thus, people with this disorder are psychologically very distracted [21, 34].

It seems that obsessive-compulsive disorder is diagnosed and treated among all age groups [11].
Research indicates that this disorder afflicts two to three percent of the society [9, 53] and often is
accompanied by other psychological disorders such as depression, phobia, panic attacks and gener-
alized anxiety disorder which make its treatment complicated [22] while some disorders including
mood disorders, attention deficit hyperactivity disorder (ADHD), conduct disorder, oppositional
defiant disorder in children with obsessive-compulsive disorder are also observed [11, 48, 39, 43].

Treatment developments, brain imaging studies and results of pharmacological researches elicit
revision of related pathological theories to obsessive-compulsive disorder (OCD) and new research
patterns. Insomuch that particularly during two recent decades pathological theory of OCD from
being a psychodynamics conflict throughout twentieth century tends to consider OCD as a psy-
chiatric nervous illness along with basic biological nerve disorder [5]. Relevant biological reports
to OCD were seeking total deficits in specified areas of brain or seeking pathology of OCD under
the differences among neurotransmitters. Those studies were particularly concentrated on Serotonin
neurotransmitter which contributes in regulation of disposition, emotion, sleep and appetite as well
as regulating additional physiological and behavioral functions. Findings that Serotonin reuptake
inhibitors medicines (SSRIs) are effective in decreasing these symptoms lead to a primary theory
in relation to OCD pathology based on probability of disorder in Serotonin neurotransmitter [49].
Relevant to this theory, researches such as Insel et al study (1985) and Zohar et al study (1988)
reported different levels of Serotonin in OCD [29, 54]. A new, important and interesting research
pattern included a neurobiological approach in regard of OCD pathology and treatment is animal
models which are used in this disorder. Insomuch, many endeavors have been applied in order to
expand animal models of OCD during recent 30 years. In the hope of, increase our understanding
and knowledge about pathology as well as treatment of this disorder [20]. Hence, by considering
mentioned issues in this article, it is tried that animal models to be assessed and studied.

2. OCD animal models

Considering the methodology of developing obsessive behavior in animals, OCD animal models
can be divided into three groups of behavioral, pharmacological and genetic models. Most of these
models have been studied broadly [15, 13, 23, 50].
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2.1. Behavioral models

Most of the animal models are included in this group. This class is divided into repetitive and
stereotype behaviors such as chasing own tail, chewing and weaving [13, 50, 37], inhered dynamic
behaviors which are arisen for animal during conflict, deprivation and stress. Shift behaviors such as
care, clean and peck [13, 50, 33, 31] or following some skill oriented behaviors (Auxiliary behaviors)
such as planned persistent thirst and hyperactivity arisen of foodstuff limitation [51, 1] and learned
behaviors which are adulterated to become compulsory behaviors such as pushing lever that caused
by signal attenuation rat model of OCD [16] (Under this model, pushing lever by animal at primary
stages is with prize and food but at the next stages, the same will be without any prize and food).

2.2. Pharmacological models

OCD pharmacological models are based on behavioral changes that are caused by medicines which
are similar to some of the especial behavioral features of people who have OCD such as insistence,
uncertainty and compulsory rechecking [52, 6, 40]. In addition to behavioral similarity, the arisen
function due to adulteration of neurotransmitters’ systems implies semi-obsessive behaviors. As in
developed model by Yadin et al (1991), after adulterating serotonergic neurotransmitter system;
insistence behavior was developed [52]. Furthermore, compulsory rechecking behavior in Szechtman
et al model (2001) was developed by adulterating dopaminergic transmitter system [6, 40]. A SSRI
medicine was assessed in both of above mentioned models. In Yadin et al model (1991), impacts of
Fluoxetine and clomipramine medicines were assessed while in Szechtman et al model (1998), impacts
of Clomipramine medicine [52, 8, 41].

2.3. Genetic models

At the moment, five OCD mouse models are included in this category as: the D1CT-7 transgenic
mouse model of comorbid OCD and TS (Tourette’s syndrome), the mutant mouse Hoxb8 model of
trichotillomania, the SAP90/PSD95-associated protein 3 (SAPAP3), the 5-HT2C receptor knockout
mouse model of OCD and the DAT knockdown mouse model of OCD and TS [2, 4, 46, 10, 28, 26].
It is important to consider that 5 above mention genetic models are not fulfilled the concept which
is pointed by Matthysse (1986) meaning that to be based on known human mutant in relation to
OCD [24], but these models are based on behavioral similarities of genetically modified mice with
specified aspects of OCD ill ones. The same OCD behavioral similarity is the main foundation
of these animal models in dealing with disorder. Unfortunately, there are a few reports regarding
impacts of different pharmacological treatments which can indicate relevant of these models with
OCD disorder (Except SAPAP3 model which is an exception in this case). Another problem in
regard of at least some of these models is that the mutant mice usually show those neurological
and behavioral disorders which are not related to OCD. For example, the mice which their 5HT2c
receptor is become ineffective are fat and big while eating satisfaction mechanisms are upset in these
mice. Those mice show neurological and behavioral disorders which may be related to their addiction
to cocaine and Alzheimer’s disease [45, 30, 42, 35]. In the same way, some of these models include
self-harms which usually are not seen in human OCD disorder. Hence, it seems unlikely that these
genetic models can be OCD ones. Although, it is obvious that such a OCD genetic models may help
us in knowledge and understanding of specified genes and proteins roles in obsessive behaviors [20].
In the following of this article, we will assess some studies of OCD animal model which are classified
into three classes of behavioral, pharmacological and genetic models.
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3. Corresponding studies and researches to OCD animal models

Chou-Green et al (2003) in their study of a mouse that its 5-HT2C receptor (One of the post-
synaptic receptors of serotonin neurotransmitter) has been knockout and primarily described as a
model for obesity disease concluded that ineffectiveness of 5-HT2C receptor generates a pattern for
obsessive behavior in the mouse. This study pointed to the role of 5-HT2C receptor in compul-
sive behavior pathophysiological, although the credibility of this model’s prediction for OCD is not
evaluated correctly [4]. Tsaltas et al (2005) by using a behavioral model featuring emphasize on
insistence (repetition) in award taking periods of time, concluded that 5-HT2C receptor contributes
in the main mechanism of compulsive behavior [44].

Joel and Avisar (2001) developed a mouse model based on the hypothesis that insufficient (de-
ficient) response feedback mechanism is a ground for obsessive and compulsive compulsion [17]. By
using this model, Joel et al (2005) found that damages on orbital frontal cortex of mouse lead to com-
pulsive compulsion in pushing the lever. While is parallel to increase in density of 5 – HT (Serotonin)
neurotransmitter of striatal [19]. This change indicates that in this model, the compulsive behavior
is accompanied with changes in striatal serotonergic system. Based on electrophysiological data,
Joel and Doljansky (2003) have reported that corresponding compulsive compulsion to pushing the
lever is related to aggressive neurotic stimulation of D1 receptors (One of the subgroups of Dopamine
neurotransmitter receptors) [18]. Campbell et al (1999) studied the behavioral subsequences of trans-
genic stimulation in Dopamine subgroup neurons which is indicator of D1 receptor within cortex and
amygdala on intracellular cholera toxin (CT) mice. This study reports that persistent stimulation of
these neurons including D1 causes a complicated obsessive behavior that is similar to OCD symptoms
in human [26]. Furthermore, Campbell et al (2000) reported that persistent stimulation of those neu-
rons including D1 of cortical and limbic part of brain may cause obsessive and compulsive behaviors
[3]. In Einat and Szechtman animal model (1995) for OCD where the mice were examined persis-
tently with Quinpirole (QNP) selective agonist of D2/3 receptor (which are subgroups of receptors of
Dopamine neurotransmitter), a set of ritual-like behaviors similar to obsessive-compulsive disorder
checking behavior have been observed [40, 7]. Analysis was conducted after death of mouse and
indicates increase in levels of Dopamine in Nucleus Accumbens and right prefrontal cortex of brain
[38]. Confirmed to results of this study, Zor et al (2009) also observed that ritual behaviors such as
increase in irrelevant and unnecessary functions in OCD events are related to increase of Dopamine
function within nucleus Accumbens and right prefrontal cortex of brain [55]. Finally, McGrath et
al (2000) in their transgenic mouse model comorbid TS (Tourette’s syndrome) and OCD indicated
that MK-801 that is a non-competitive antagonist of NMDA receptor (One of types of Glutamate
neurotransmitter receptors ) which indirectly stimulates the production of cortico-limbic glutamate
increases abnormal behavior of transgenic repeated jumps and ascending up [27].

4. Conclusion

Treatment progresses, brain medical imaging studies and results of pharmacological researches
lead to reviewing OCD pathological theories and developing new research patterns. Insomuch that
particularly during the recent two decades pathological theory of OCD from being a psychodynamics
conflict throughout twentieth century tends to consider OCD as a psychiatric nervous illness along
with basic biological nerve disorder [5]. One of the important and alluring new research patterns
under neurobiological approach corresponding to pathology and treatment of obsessive-compulsive
disorder (OCD) are animal models which are used in this disorder. Insomuch, many endeavors have
been applied in order to expand animal models of OCD during recent 30 years. In the hope of,
increase our understanding and knowledge about pathology as well as treatment of this disorder [20].
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Hence, by considering mentioned issues in this article, it is tried that animal models to be assessed
and studied.

Considering the methodology of developing obsessive behavior in animals, OCD animal models
can be divided into three groups of behavioral, pharmacological and genetic models [15, 13, 23, 50].
Behavioral OCD models are mostly divided into repetitive and stereotype behaviors such as chasing
own tail, chewing and weaving [13, 50, 37], inhered dynamic behaviors which are arisen for animal
during conflict, deprivation and stress. Shift behaviors such as care, clean and peck [13, 50, 33, 31]
and learned behaviors which are adulterated to become compulsory behaviors. OCD pharmaco-
logical models are based on behavioral changes that are caused by medicines which are similar to
some of the especial behavioral features of people who have OCD such as insistence, uncertainty and
compulsory rechecking [52, 6, 40]. In addition to behavioral similarity, the arisen function due to
adulteration of neurotransmitters’ systems in pharmacological models implies semi-obsessive behav-
iors. and at the moment, five OCD mouse models are included in genetic animal models as: the
D1CT-7 transgenic mouse model of comorbid OCD and TS (Tourette’s syndrome), the mutant mouse
Hoxb8 model of trichotillomania, the SAP90/PSD95-associated protein 3 (SAPAP3), the 5-HT2C
receptor knockout mouse model of OCD and the DAT knockdown mouse model of OCD and TS
(Tourette’s syndrome) [2, 4, 46, 10, 28, 26]. Researches and studies by using different animal models
generally indicate the role of serotonin neurotransmitter particularly 5-HT2c receptor, Dopamine
neurotransmitter particularly D1 and D2 receptors and at the less level the role of NMDA receptor
of Glutamate neurotransmitter in pathology of OCD disorder. Some of the relevant researches and
studies are: Chou-Green et al (2003), Tsaltas et al (2005), Joel and Avisar (2001), Joel et al (2005),
Joel and Doljansky (2003), Campbell et al (1999), Campbell et al (2000), Einat and Szechtman
(1995), Szechtman et al (2001), Sullivan et al (1998) , Zor et al (2009), McGrath et al (2000) and
Yadin et al (1991).
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