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Introduction

Behaviour includes all the actions and responses of an
organism, related to the external environment, but also the
functioning of internal factors. It includes any activity that can
be observed directly, through senses, or indirectly, using tech-
nical devices. Central and peripheral nervous system, and also
hormones, have an essential role in the control of behaviour.
Numerous researches and experts, such as pharmacologists,
psychiatrists, neurologists, psychologists, and other scientists,
make a huge effort in uncovering all the peculiarities of how
drugs affect behaviour. Some authors, accepting the risk to
wrong, defined that a drug has an influence on behaviour, if it
leads to changes in mood, communication, circadian rhythms,
and cognitive processes '. However, some external circum-
stances, situations, and individual characteristics can lead to
completely different and paradoxical effects and impacts on
behaviour, even when administering agents with well known
pharmacological profile. Finally, the characteristics of a drug
can affect behaviour, such as drug dosage and routes of ad-
ministration, frequency of administration and interactions.

Modern medicine has made a great progress in neuro-
science, from gene and receptor cloning to the revised classi-
fications and introduction of a new group of drugs. Undoubt-
edly, research work represents a critical, but necessary com-
ponent of progress in biomedical sciences, and especially in

psychotropic drugs research field, this process is very spe-
cific and sensitive. It is the complexity of neurological and
psychiatric pathology that requires a special research ap-
proach in behavioural pharmacology, as from the aspect of
scientific research work methodology, so from the aspect of
ethical principles '. The methodology of experimental work
in neuropsychopharmacology includes the complementary
application of many different in vitro and in vivo techniques,
whereas in vitro methodology applied techniques of molecu-
lar biology and computer technology, while in vivo studies
involve the use of different preclinical models and tests in
the study and monitoring of behaviour.

In vivo methodology is a basis of behavioural pharma-
cology, which developed as a synthesis of two disciplines,
experimental analysis of behaviour and pharmacology. Be-
haviour represents the entire activity of an individual, espe-
cially one segment of activity that is the subject of observa-
tion. Behavioural tests and models are based on monitoring
of certain parameters/index, that is selected segments of in-
dividual activities, implemented by engaging skeletal muscu-
lature — somatic manifestations, and/or smooth muscles and
glands — vegetative manifestations.

There are two basic types of behavioural research: re-
search based on examination of unconditioned or spontane-
ous animal behavior, and research based on conditioned be-
haviour, when establishing a correlation between the percep-
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tion of certain stimuli (conditioned stimulus) and rewards or
punishments (unconditioned stimulus).

Behavioural results are usually expressed in terms of mo-
tor activity parameters (e.g. locomotor activity and sniffing)
and rarely through non-motor parameters (e.g. ultrasonic vo-
calization). However when possible, non-motor parameters
should be monitored, because they increase the quality and
specificity of research. Each individual behavioural parameter
should theoretically provide information on various aspects of
nervous system function, while the research work effectively
monitors whether, under the influence of some treatments, it
will come to an increase or decrease in the value of a parame-
ter when compared to control values. In addition, the interpre-
tation of the value of the monitored parameter is a particular
challenge in behavioural pharmacology. Experimental, i.e.
animal models of neuropsychiatric diseases try to include dif-
ferent aspects of human characteristics, from the physiological
and behavioural parameters to etiology of disease and thera-
peutic effects. By definition, animal models are developed in
one species with the aim of studying characteristics that occur
in other species 2. When it comes to experimental models for
studying human psychophysiology and/or pathology, the es-
sence lies in the development of the syndrome in animals that
are, in a way, similar to those developed in humans.

In general, the ideal experimental model for testing any
clinical condition must meet three criteria of validity: the
possibility of qualitative assessment of therapeutic efficacy
of the new treatment (predictive validity), similarity of be-
havioural signs and symptoms in humans and experimental
animals (face validity) and strong correlation between the
findings at neural and behavioural level in animal model,
compared to the findings in patients (construct validity). It is
certainly not easy to meet all three criteria of validity in ex-
perimental models, especially in the field of neuropsycho-
pharmacology. Furthermore, a model in behavioural pharma-
cology is described as an experimental setup developed in a
non-human species replicating human features, with the pur-
pose of measuring physiological, pathophysiological and be-
havioral responses >. The protocols applied to record these
experimental data and to measure behavioural parameters are
often called tests. Here we focus on methodology, animal
tests and models, used in our laboratory settings: animal
methods for testing anxiolytic and antidepressant effects of
drugs (elevated plus maze and forced swimming test); animal
methods for testing drug effects on cognitive function (active
avoidance test and Morris water maze); animal models of
schizophrenia and other neuropsychiatric disorders; and ge-
netic approach in designing psychopharmacological studies.

Animal methods for testing anxiolytic and
antidepressant effects of drugs

In recent decades various experimental procedures were
developed in order to broaden preclinical studies in behav-
ioural pharmacology of anxiety and depression. Furthermore,
the benzodiazepines discovery about 60 years ago strongly
stimulated the development of these behavioural procedures.
Using the animal models in the study of anxiety- and depres-

sion-like behaviour in humans is possible, although there is
no complete evidence that rodents, the most commonly used
in these experiments, experience anxiety and depression the
same way like humans do. However, behavioural and
physiological studies show a sufficient analogy, if not ho-
mology, between anxiety and depression in humans and ro-
dents *.

Elevated plus maze

Nowadays most studies use anxiety tests based on un-
conditioned responses during spontaneous behaviour in ani-
mals, and here we report elevated plus maze, as one of the
most often used. Elevated plus maze, introduced in 1984, so-
on became one of the most used animal models of anxiety. A
widespread application of this test is primarily for practical
reasons, because this method allows a quick search of poten-
tial anxiolytic effects of drugs, without animal trainings and
complex procedures *. This type of behaviour is based on ex-
ploration phenomenon — exploration as a behavioural activ-
ity encouraged by unknown environment °. If unknown envi-
ronment contains contrast (light/dark, open/closed space),
another basic biological process is activated: the separation
of attractive and repulsive parts in unfamiliar space. In this
situation, the animal is faced with two opposing motivation
conflicts: to explore the available parts of space in order to
find exit, or to avoid aversive parts of unfamiliar space.

Practically, this model consists of four arms: two open
and two closed arms. When an animal is placed into the ma-
ze, it starts exploring different areas. It is being measured the
number of entrances into the open/closed arms, as well as
time spent inside of each arm. Due to thigmotaxis phenome-
non (the response of an organism to physical contact or to-
uch), i.e. innate choice of enclosed space, rodents enter more
often and spend time in enclosed maze arms. Time spent in
open maze arms is followed by increased plasma corticoster-
one concentrations, more frequent motor activity immobility
responses (immobility reaction, freezing), defecation, hor-
monal and behavioural changes referring to elevated anxiety
levels. Anxiolytics help the animal to overcome fear of open
maze arms, while aversive agents inhibit the entrance into
the open maze arms °.

Forced swimming test

Forced swimming test (FS) is a standard test used to
evaluate antidepressant features of substances. During the
test, animal is being placed into enclosed space filled with
water, thus making the aversive situation that provokes reac-
tions of despair and hopelessness. If the substance has anti-
depressant potential, it will extend the time an animal spends
in finding the way out of a cylinder, i.e. it will reduce the
immobility time * 7.

However, in recent years, a more complex psycho-
physiological basis of forced swim reaction has been more
and more pointed out to. Repeated forced swim test becomes
a model for studying the process of motivation and contex-
tual memory formation in an aversive situation, analogous to
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aversive avoidance reaction, which represents the process of
instrumental learning through aversive stimuli. Under the in-
fluence of aversive situation, in an early phase of forced
swimming, defensive reaction is provoked by which an ani-
mal attempts to leave the aversive space. Over time, and after
many unsuccessful attempts, animal enters into the stillness
mode, i.e. immobility. To what extent an animal will con-
tinue to fight mostly depends on the degree of motivation.
This way, the reaction of forced swimming allows for moni-
toring antidepressant effects, which are largely shaped by the
degree of motivation, referring to motivation as the point of
contact in terms of positive reinforcement factors in learning
the reaction of aversive stimuli avoidance and successful
conflict resolution followed by depressive symptoms * °.

Animal methods for testing drug effects on cognitive
function

When examining the potential effect of substances on
cognitive function, one of the main issues is how these drugs
influence cognition in healthy subjects, compared to those
with experimentally-induced cognitive impairment '°. There
are numerous examples where the use of different substances
improved certain types of memory in normal, healthy ani-
mals. On the other hand, there are examples where pro-
cognitive effects of some drugs were noticed only in animals
with low basal performances, while in healthy animals no
measurable behavioural effect was noticed. For example,
some antipsychotics (clozapine, sulpiride), reduce cognitive
impairments that occur after the disruption of prefrontal cor-
tex, and the same drugs impair learning and memory when
applied to healthy subjects ''. In this sense, study of pro-
cognitive drugs on healthy animals may be a useful screen-
ing, and the lack of effect does not necessarily mean that
they will not manifest in any other disturbed system. In sup-
port of using healthy subjects in the process of discovering
pro-cognitive drugs is the fact that the pathophysiological
basis, which would be of great importance for creating ani-
mal model of disease, is often not sufficiently known or it is
usually difficult to achieve satisfactory level of analogy in
animal model. Finally, normal, healthy animals usually ma-
nifest characteristic responses qualitatively identical to those

manifested by animals with certain disease .

Active avoidance test

Active avoidance reaction has been used in behavioural
experiments for many years, in order to study different
memory processes. Devices that are used are different, but
they down to the fact that certain activity of an animal, which
can be registered, is a way to stop the aversive stimulus. If a
passivity is required from an animal during aversive stimu-
lus, then it is passive avoidance response. If certain animal
activity is a way to avoid aversive stimulus, it is the reaction
of active avoidance *. Passive avoidance test is, at the same
time, a test of evaluation of anxiolytic drug effects, and also
evaluation of drug effects on cognitive function '>. Amygda-
loid complex is critically involved in modulation of memory

with emotionally arousing experiences, such as electrical
stimulation of the paws in this test. Animal is placed into the
lit compartment of the cage, where the cage has a lit and a
dark compartment. During transition to the dark compart-
ment, which is a usual reaction of rodents being animals of
the dark, they are given unavoidable electric shock. That is
the basis for conflict development in animals, which can be
mitigated with anxiolytics, i.e. latency time of reentrance
into the dark compartment, in which the animal received un-
avoidable electric shock the other day, can be reduced. How-
ever, drug effects on cognitive function should be always
kept in mind.

Active avoidance test represents primarily a test for eva-
luation of cognitive functions. Active avoidance reaction (AA)
is a behaviour that is easily learned, but hard to forget, there-
fore this way high reproducibility of results is provided when
investigating drug effects on learning this reaction. AA is a
complex acquired behaviour that manifests itself through aver-
sive stimulus avoidance under strictly controlled conditions of
exposing an animal to this stimulus. Fear and escape represent
two decisive moments in learning this reaction. In the first le-
arning phase, associating conditioned stimulus (light, sound)
and unconditioned stimulus (electric shock), in accordance
with classical principles of Pavlovian conditioning, results in
conditioned fear response. This kind of fear, in further process
of learning AA reaction, causes locomotor escape response
from the site of aversive stimulus. Animal does not escape be-
cause of aversive stimulus, but because of the tendency to re-
solve fear. In second learning phase, fear represents psycho-
physiological precondition for further learning AA reaction.
Second phase begins when animal escapes from conditioned
stimulus, which means that it avoids unconditioned stimulus.
This way, conditioned stimulus is a precondition for fear de-
velopment, which is then the basic motive for active avoidance
reaction occurrence. The disappearance of fear is conditioned
by an adequate motor response, i.e. by practical avoidance in
occurrence of next conditioned stimuli. This way, fear is es-
sential for active avoidance reaction development, while fear
disappearance in this reaction performance is an important
precondition for its learning * .

Morris water maze

Next, a very often used laboratory task in behavioural
neuroscience is Morris water maze (MWM). Morris water ma-
ze is used for studying neurobiology and neuropharmacology
of spatial learning in experimental rats and mice, and there is
almost no psychoactive compound that has not been tested in
this task. Spatial memory is defined as capacity of orientation
learning in a new environment . The basic apparatus consists
of a circular pool, 1.5-2 meters in diameter, containing room
temperature water, and a platform placed at a pool quadrant, is
1.5 cm below the water surface .

Animals learn, over sequence of trials, i.e. training, af-
ter being placed into the pool, to find a way to the platform
in a more efficient and faster way. Reduction of time and
path-length to the platform during training refers to the suc-
cessful task mastering. It is recommended that animals swim
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4—6 times per day, over 5—10 days, or until escape to the
platform latency reaches asymptomatic level . Over time,
as the popularity of MWM grew, a number of methodologi-
cal approaches developed, some of which significantly ex-
panded the area of its application '°. The main advantage of
Morris water maze, compared with other tasks used in the
study of neurobiology of memory and learning, is its per-
formance simplicity and the ability to separate memory defi-
cits from deficits in motor and sensory processes '’. Sub-
merging the experimental animal into the water can be un-
pleasant and trigger certain stress level, but this is how sig-
nificant aversive stimuli are avoided '®.

MWM does not require previous training, and testing
can be performed over a couple of days with a relatively
small number of animals. Because of the water environment,
the influence of olfactory traces is avoided, and using a visi-
ble platform version of the test potential visual impairments
can be identified. Memory impairment induced by applying
treatment is independent from locomotor effects, since an in-
crease or decrease in locomotor activity does not necessarily
affect the swimming speed. Since the success in platform di-
scovering does not depend on entire activity or body weight
of an animal, this test is suitable for a number of disease mo-
dels in which cognitive impairment is present '°.

Animal models of schizophrenia

Schizophrenia is a burning issue in animal modeling, be-
cause of its still unknown etiology and unique psychopathology.
Attempts to replicate delusions, hallucinations and other mental
disorders in an animal model seem to be very challenging. The
course of schizophrenia is very variable, and environmental and
genetic susceptibility factors must also be considered ' *°. The-
refore, pharmacological animal models of schizophrenia are ba-
sically developed on current knowledge of the alterations in dif-
ferent neurotransmitter systems '.

The models which mimic positive symptoms of schizo-
phrenia, such as delusion and hallucinations, are dominantly
based on dysfunction in central dopamine, serotonin and gluta-
mate neurotransmission. Therapeutically challenging are espe-
cially negative symptoms and rodent models of affective flatten-
ing, anhedonia and diminished social interaction were already
introduced. Cognitive deficits are mainly assessed in rodent
models of learning/memory (Morris water maze and object and
social recognition) and in rodent models of attention (prepulse
inhibition - PPI). At first, the stereotypes seemed to have the
most face validity. Now, it appears that these symptoms are
more closely linked to drug side effects, so diverse extrapyrami-
dal symptoms were explored, such as acute dystonia (purpose-
less chewing in rodents, dystonia in monkeys), parkinsonism
(catalepsy in rodents), akathisia (defecation in rodents) and
tardive dyskinesia (long-term antipsychotic treatment in rodents
and monkeys) ** *. The advantages of these models are appro-
priate predictive validity, with some degree of construct validity,
but limited face validity.

Lipska " discussed dysfunctional glutamate neuro-
transmission in schizophrenia '°. Namely, ketamine and phency-
clidine, as non-competitive antagonists of the N-methyl-D-

aspartate (NMDA) subtype of glutamate receptors, produce
symptoms similar to acute schizophrenia. When an acute sub-
anesthetic dose of NMDA antagonists were introduced in ro-
dents, it creates schizophrenic symptoms, such as enhanced
stereotyped behaviour, hyperlocomotion, cognitive deficits, and
impaired social interactions. Phencyclidine and other NMDA an-
tagonists perform their action in the prefrontal cortex, by acutely
increasing extracellular levels of glutamate and dopamine, as
well as norepinephrine and acetylcholine, and altering firing pat-
terns of dopaminergic neurons. Taken together, face and predic-
tive validity for this model are satisfying, although construct va-
lidity remains limited. However, long-term phencyclidine ad-
ministration produces different effects compared with those of
single injection: decrease in stereotyped locomotion and an in-
crease in exploring behaviour, tolerance, immobility time in
forced swim test and depressive symptoms. The pharmacological
effects of phencyclidine as well as other NMDA antagonists are
mostly not mediated by increased dopamine transmission; there-
fore their behavioural effects are not blocked by typical antipsy-
chotics but reduced by atypical antipsychotics, such as clozapine
* NMDA antagonist model can be convenient for testing the ef-
ficacy of novel antipsychotic drugs, and the advantage of this
model versus dopamine-based model is its strong construct valid-
ity in exploring the cognitive dysfunctions in patients with
schizophrenia. Further, targeting the modulatory co-agonist gly-
cine-B site of NMDA receptors has been shown as a promising
approach to ameliorate NMDA receptors hypofunction and re-
duce severe side effects of NMDA receptors agonists .

The pharmacological properties of the class of agents,
represented by lysergic acid diethylamide (LSD), called psy-
chotomimetics or psychotogens, suggest a hallucinogen
model of schizophrenia %61t has been showed that LSD, act-
ing through direct activation of serotonin 5-HT,, receptors
and antagonism of 5-HT; receptors, attenuates the behav-
ioural hyperactivity caused by amphetamine, as well as
phencyclidine application. It has to be pointed out, however,
that the tolerance was rapidly developed to the effects of
LSD, whereas the symptoms of schizophrenia are persistent
for a lifetime. Furthermore unlike schizophrenia, hallucina-
tions as a consequence of LSD consumption are typically
visual rather than auditory >'. Therefore, these findings
somehow impair predictive validity of the hallucinogen mo-
del of schizophrenia.

Finally, injection of picrotoxin, a gamma aminobutyric
acid (GABA) receptor antagonist, into the medial prefrontal
cortex causes reduction of PPI in rats *°. Pretreatment with
the dopamine antagonist haloperidol antagonized this effect,
pointing out that blockade of GABA receptors in prefrontal
cortex impairs sensorimotor gating in a dopamine-dependent
way. However, other GABA-induced behavioural deficits,
linked to schizophrenic symptoms, remain to be further elu-
cidated for the predictive and face validity of this model.

Animal models of other neuropsychiatric disorders

An animal model of neuropsychiatric disorder is a chal-
lenging attempt to capture the essence of the condition, but it
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does not claim to reproduce the complete human condition in
an animal. Animal models of schizophrenia are widely used
and evaluated; however, there are numerous attempts to de-
velop animal models of other mental illnesses. The most fre-
quent used and robust rodent models of other neuropsychiat-
ric disorders, such as Parkinson's disease (PD), Alzheimer's
disease and obsessive-compulsive disorder (OCD) are pre-
sented in Table 1.

Finally, the animal modeling of obsessive compulsive
disorder (OCD) is certainly one of the most complex ap-
proaches in behavioural pharmacology. Attempts to replicate
obsessions (intrusive recurrent thoughts) and compulsions
(repetitive aberrant behavior) seem to be very challenging.
Research has been focused on developing models for com-
pulsivity, as the obsessions cannot be effectively approxi-
mated in animal models *'. Among a few animal models of

Table 1

The reference animal models of other neuropsychiatric disorders

Disorder

Animal model

Parkinson’s disease
Alzheimer’s disease
Obsessive-compulsive disorder

Neurotoxin-based model
Scopalamine-induced amnesia model
Quinpirole-induced model

An ideal animal model of PD should consist of patho-
physiological and clinical features, involving central and pe-
ripheral nervous systems, dopaminergic and non-
dopaminergic neurotransmissions, as well as motor and non-
motor symptoms. In addition, the progressive characteristics
of the disease and age-dependent onset should be reflected *'.
Neurotoxin-based model represents a robust animal model
for PD, in which toxic molecules are mainly used to lesion
the nigrostriatal dopaminergic pathway. Among the different
types of neurotoxin-based models, the 6-hydroxydopamine
(6-OHDA) model has been validated and well established in
rodents **. Basically, 6-OHDA is capable of inducing degen-
eration of both dopaminergic and noradrenergic neurons in
the brain. These neurons are highly sensitive to 6-OHDA,
since their plasma membrane transporters possess high affin-
ity for this molecule. Once taken up into neurons, 6-OHDA
accumulates in the cytoplasmic matrix, producing oxidative
stress-related cytotoxicity. The model scores well in the face
and predictive validity; however, its construct validity re-
mains to be further elucidated. Although not ideal, neuro-
toxin-based animal models have significantly contributed to
our understanding of the pathophysiology of PD and poten-
tial pharmacological targets.

In the field of behavioural pharmacology scopolamine
has been widely used as a reference agent for inducing de-
mentia and age-related decline in cognitive functions in ani-
mals. The use of scopolamine, as a pharmacological model
of dementia, is based on the hypothesis that the age-related
cognitive deficits are predominantly related to a decrease in
cholinergic signaling. Since scopolamine-induced amnesia is
most likely caused by blocking of the cholinergic neuro-
transmission, it is used to model cognitive dysfunctions as-
sociated with aging and Alzheimer's dementia *. Moreover,
another important issue in which scopolamine is often used
is the preclinical testing of new compounds to treat cognitive
deficits. If the substance possesses potential procognitive
properties, it will reverse the scopolamine-induced cognitive
dysfunctions in animals. Thus, scopolamine-induced model
provides a quick and simple way for drug testing on cogni-
tion-enhancing properties. On the other hand, this model has
a limited predictive validity, since it is associated with a high
number of false positive results *°.

OCD, the model induced by quinpirole, the selective dopa-
mine D2/D3 agonist, has been widely used and evaluated *.
The quinpirole model is based on the hypothesis that dopa-
minergic system is predominantly involved in controlling
compulsive behaviour. Sesia et al. ** showed that chronic ex-
posure to quinpirole induced the clear increase in compulsive
behaviour in rats, which further supported the face validity of
this model. Furthermore, they found that dopamine neuron
activity corresponded to behavioural outcomes, confirming
the findings that compulsive behaviour likely reflects, at
least partially, a disruption of dopaminergic pathways. Al-
though with an excellent face validity, the quinpirole-
induced model of OCD still lacks pharmacological predictive
validity.

Genetic approach in designing psychopharmacological
studies

In study of genetic basis of neuropsychiatric diseases, two
approaches are primarily used: bidirectional breeding of pheno-
type extremes principle and genetically engineered models, with
a possible combination of these two principles ** **. Bidirec-
tional breeding of phenotype extremes principle is based on
determination of variability within wild mice or rats lines,
where animals are selected on the basis of specific criteria "
** By using selection, two extremely different lines in terms
of behaviour are produced. Animals produced with predispo-
sition for certain behaviour, are ideal for further genetic re-
search and genetic manipulation. By using this approach, in
studying anxiety in elevated plus maze, two lines of Wistar
rats are produced: rats with low anxiety-related behaviour
and rats with high anxiety-related behaviour **. The anxiety
phenotype in these two lines is further used in behavioural
and pharmacological researches. Genetic engineering pro-
duced the models of genetically conditioned anxiety in mice
with targeted mutations in certain genes. Discovery of genes,
that provide synthesis of key proteins for certain structural
and regulatory functions, is the most specific, and at the
same time subtlest approach in the study of pathological
forms of anxiety. For this purpose in behavioural pharmacol-
ogy we can analyze natural variations in genotype, elicit ran-
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dom mutations using chemical mutagens, and, the most up to
date, use the possibility of gene technology.

According to the mentioned approach, genetic modifica-
tion can be achieved in two ways: by developing transgenic and
targeted mutant animals s, Transgenic technology is applicable
in mice, rats, and other animal species, and consists of microin-
jection of selected DNA sequence into fertilized egg cell. In ac-
cordance with the law of probability principle, DNA is inte-
grated into genome, so that the tissue distribution and expression
level of transgenic constructs varies from one to another animal
line. The result of such approach is mostly the excessive expres-
sion of function determined by foreign gene, but it can also re-
sult in the loss of the monitored function. In targeted mutation
approach targeted vectors are generated, which are specifically,
by homogenic recombination, integrated into a desired location
in genome in mice embryonic stem cells. Cells modified in this
way are then injected into blastocysts, by which, mutation is
transferred into strain line via embryo in development. In the
case of gene inactivation experiment, targeted gene is inacti-
vated by introducing neomycin resistance markers and/or
knocking out a part of gene, which is marked as knockout tech-
nology. Knock-out mutations can be monitored in heterozygous
state (evaluation of phenotype expression potential) and homo-
zygous state (zero phenotype analysis). Changes noticed in phe-
notype serve as the basis for conclusion on normal function of
the examined genes in the so-called wild, unmodified animals.
Targeted mutations are not confined to ablations: essentially
every desired change, such as point mutations, gene switching in
mice, or switching of a mice gene with homologous human gene
can be inferred into genome, and these subtle changes are
marked as knock-in technology. Embryonic stem cells technol-
ogy is currently applicable only in mice.

Several experimental models with genetic mutations on se-
rotonin genes and certain GABA, receptor complex subunits
have been created so far *>*°. Serotonin neurotransmitter takes a
central place in pathology of many neuropsychiatric diseases.
There is a number of pharmacologically different serotonin re-
ceptor types involved in a number of central and peripheral fun-
ctions. Pharmacology and neuroanatomy point to serotonin re-
ceptor role in regulation of anxiety-depression expression, espe-
cially type 5-HT . The results of recent studies in mice with 5-
HT, s receptor gene deletion confirm these findings. Several
mice lines with single GABA, subunit inactivated gene have
been produced so far. Knock-out of y subunits had a lethal ef-
fect, and the inactivation of a6 subunit did not lead to phenotype
manifestations. The lack of B subunit produced mice with epi-
leptic phenotype, while ablation 6 subunits reduced the sensitiv-
ity to neuroactive steroids. Mice lacking al subunit, normally
present in about 50% of GABA, receptors, show intention
tremor and increased sensitivity to convulsive action of bicu-
culline . Still, the biggest drawback of this approach is the pos-
sibility of compensatory changes in development and function
of the brain, caused by an absolute lack of these genes.

Preclinical/clinical interface

More and more discoveries of psychotropic substances
speed up the tempo of clinical researches. However, it is
obvious that preclinical studies run faster than clinical re-
searches. Besides, over the last 10—15 years hundreds of
compounds, on the basis of promising preclinical data, have
been in clinical trial phase, but the majority of them have
been dismissed due to lacking clinical efficacy. The main
methodological problem in preclinical researches presents
inexistence of an adequate animal model of neurological
and psychiatric diseases, which could be completely appli-
cable to human. Therefore, in behavioural pharmacological
research, because of the different mechanisms of behaviour
control and the processes of higher nervous activity regula-
tion, there is no possibility for translating research results
from an animal to the human. Special contribution have
profiled behavioural research on genetically modified ani-
mal strains, as well as the use of the whole battery of tests,
which is certainly going to provide the development of new
drugs with higher specificity of action. Thus it is necessary
to integrate the knowledge from all derived animal models
and consider possible drug side effects.

Furthermore, it is always questioned which parameters
of neurotransmission one should examine in an animal model
to obtain the most appropriate characterization of behav-
ioural, as well as neurochemical changes. There are certainly
many biochemical parameters that describe dopaminergic,
serotonergic and noradrenergic neurotransmission (synthesis
of neurotransmitters, density and functionality of different
receptors and transporter, alteration in the second messenger
signaling), but only a few of them can be studied at any time.
It should be taken into account, however, when compared to
alteration of monoaminergic systems, modulation of inhibi-
tory/excitatory amino acid neurotransmission, such as
GABA and glutamate, has much more potent and rapid be-
havioural effects.

Conclusion

The animal preclinical methodology represents the so-
called “bottleneck” in psychotropic drugs development. The
use of animal tests and models as screening techniques se-
ems to be slow when compared with the chemical synthesis
speed and fast techniques of gene sequencing. However,
such in vivo methodology are certainly necessary in order to
obtain the initial evaluation of new compounds pharmacol-
ogical effects, because it is not realistic nor ethical to go di-
rectly from the test tube into the clinic.
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