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Brain Disorders and Novel Therapeutics 
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Abstract: Using the power of genetic intervention, a strategy is illustrated which permits new insights into the patho-
biology of brain diseases and the discovery of new therapeutic strategies. Brain function is based on a delicate bal-
ance between excitory and inhibitory neurotransmission. Selective circuits of GABAergic inhibitory transmission were
targeted by introducing point mutations in defined GABAA receptor subtype genes in mice (knock-in strategy). New
behavioural phenotypes were generated which reflect various brain disorders. In addition, novel drug targets were
identified for the treatment of anxiety disorders, sleep disturbances, memory deficits, and schizophrenia.
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Phenotypes through Pharmacology

Pharmacology is the bridge between bi-
ology and medicine. This bridge has to be
strengthened to improve human health. The
architecture of the bridge is fascinating
since it contains all levels of biological or-
ganisation from genes to behaviour, making
pharmacology one of the most interdiscipli-
nary sciences in the field of medical biolo-
gy and therapeutics. By unravelling the
pathobiology of disease and by developing
new therapeutic strategies, pharmacology
provides the phenotypes for new pharma-
ceuticals. This approach is illustrated here
with a description of new phenotypes for
the treatment of brain disorders.

Probing Brain Functions by Drugs
and Mutations

Mental and cognitive disorders reflect
abnormalities in the interaction between the
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brain and the environment. In order to iden-
tify the neuronal abnormalities which un-
derlie such disorders, it is our strategy to
probe brain functions by genetic means and
by drugs (Fig. 1). The resulting behaviour-
al phenotyps permit the identification of
molecular targets for therapeutic interven-
tion.

In the harmonious brain, excitatory and
inhibitory neurotransmission exist in a pur-
poseful balance. Neurons operating with
the neurotransmitter GABA provide the
most prominent inhibitory signal through-
out the brain. Ubiquitous inhibitory feed
forward and feed back circuits keep excita-

tion under control. GABA exerts its actions
via GABAA-receptors, which are GABA-
gated chloride channels. These receptors
are prominent drug targets. Benzodi-
azepines exert their therapeutic actions as
hypnotics, anxiolytics and anticonvulsants
by enhancing GABAergic transmission
[1–3]. Since benzodiazepines interact with
nearly all GABAA receptors in the brain
their utility is limited by non-selectivity and
by side effects.

Clearly, a future drug therapy of brain
disorders would benefit from targeting
selective GABA circuits for specific thera-
peutic indications. This vision became real-

Fig. 1. Behavioural phenotypes serve as models of human disease and point the way to new thera-
peutic strategies. Genetic means and drug interactions are used to identify new behavioural pheno-
types relevant for unmet medical needs.
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ity due to major achievements of our re-
search group which are described in the fol-
lowing. 1) GABAA receptor subtypes were
identified and found to be expressed in dis-
tinct GABA circuits (Fig. 2). GABAA re-
ceptor subtypes therefore serve as selective
targets for future drugs which tag distinct
GABAergic circuits [4–7]. 2) The pharma-
cological functions of distinct GABA cir-
cuits were identified by genetic means. A
point mutation was introduced into distinct
GABAA-receptor subtypes which rendered
them benzodiazepine-insensitive [8].
Thereby, particular circuits became phar-
macologically silent while their physiology
remained fully functional. The correspon-
ding pharmacological deficit in the mutant
mouse lines revealed the function of the re-
spective receptor in wild type mice. With
this strategy the benzodiazepine-induced
spectrum of behaviour was dissected genet-
ically. The new knowledge of a circuit-spe-
cific brain pharmacology permitted the
development of circuit-specific drugs by
targeting selective GABAA receptor sub-
types. The therapeutic indications for these
agents are predictable and include sleep
disorders, epilepsy, anxiety disorders,
schizophrenia and memory impairment. 

A New Therapy for Anxiety
Disorders

Anxiety disorders come in different
types such as generalized anxiety disorders,
panic attacks or anxious depression. We had
previously shown that a deficit of GABAer-
gic inhibitory transmission can trigger ex-
cessive anxiety and a heightened response
to threat cues [9]. Benzodiazepines are fre-
quently prescribed as anxiolytic drugs al-
though their use as tranquillizers is limited
by sedative side effects. The development
of anxiolytic drugs devoid of drowsiness
was a goal which appeared to be elusive for
the last thirty years. However, a neurobio-
logical basis for the separation of sedation
and anxiolysis was recently detected. Cir-
cuits expressing α2GABAA receptor sub-
types in the brain were found to selectively
mediate tranquillising actions, while seda-
tion was mediated by totally different cir-
cuits characterized by α1GABAA recep-
tors (Fig. 3) [10]. Thus, by developing
α2GABAA-receptor-specific ligands a new
pharmacology for anxiolytic drugs is on the
horizon.

Treating Memory Disorders

Memory disorders and dementias such
as Alzheimer disease are among the most
severe brain disorders since they affect the
core of human personality. The pharmaco-
logical improvement of memory processing

has focused mainly on the cholinergic sys-
tem (acetylcholinesterase inhibitors) and on
the cyclic AMP dependent pathways (inhi-
bition of phosphodiesterase 4 and enhance-
ment of cAMP response element binding
protein) and on the activation of excitatory
transmission via NMDA receptors. So far,
only acetylcholinesterase inhibitors and
NMDA receptor ligands have shown some
therapeutic benefit. It is therefore a major
therapeutic aim to identify additional tar-

gets in the regulation of cognitive process-
ing. By generating a mouse line with a
slight deficit of extrasynaptic GABAergic
transmission in the hippocampus – a brain
area critically involved in memory forma-
tion – α5GABAA receptors were identified
as novel regulators of memory processing
[11]. Thus, memory processing in the hip-
pocampus can not only be enhanced by
strengthening excitatory transmission but
also by dampening inhibitory neurotrans-

Fig. 2. Molecular architecture of GABAergic synapse with the subunit repertoire of GABAA receptor
subtypes.

Fig. 3. GABAA receptor subtypes (α1, α2, α3, α5) serve as tags for distinct GABA circuits in the
brain. Their functional roles for drug development are indicated. The images represent the immuno-
histochemical distribution of the respective GABAA receptor subtype.
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mission. On the basis of this discovery,
inverse agonists acting selectively on
α5GABAA receptors have been synthe-
sized by Merck Sharp & Dohme Research
Laboratories and found to improve memo-
ry performance in animals [12]. Thus, a
novel approach to enhance memory per-
formance has been identified based on the
selective dampening of neuronal inhibition
in the hippocampus [13]. 

A Pharmacology for Developmental
Disorders?

Various brain disorders such as Rett
syndrome, schizophrenia, epilepsy or
autism are thought to arise in later life due
to abnormalities which occur during brain
development [14]. It is therefore mandato-
ry to understand the mechanisms control-
ling brain development. A hallmark of this
process, termed neuronal plasticity, is the
ability of the brain to adjust to environmen-
tal stimuli. The phenomenon of plasticity
has been most intensively investigated in
the development of the visual system [15].
Hard-wired circuits are laid down during
early brain development. Subsequently,
these circuits undergo a reality check driv-
en by sensory experience which takes place
in a particular critical period of develop-
ment. In the visual system, selective in-
hibitory neurons in the primary visual cor-
tex have been identified to play a major role
in the critical period plasticity. They shape
the dendritic arbour of incoming thalamic
neurons carrying sensory information to the
primary visual cortex. Specifically, neurons
operating with α1GABAA receptors were
found to be critical determinants in the ex-
perience-driven adaptation of these connec-
tions [16]. Thus, the understanding of the

cellular and molecular underpinnings of the
regulation of normal brain development is
an important first step in recognizing po-
tential abnormalities. In the future, devel-
opmental biology may open a new field of
research in which the pathologies of devel-
opment are better understood. Brain disor-
ders such as Rett syndrome, schizophrenia,
epilepsy or autism may become amenable
to a developmental pharmacology, a very
challenging new field of research.

Outlook

To improve the treatment of brain disor-
ders it will be necessary to continue to
translate the advances in basic neuroscience
into improvements of therapeutic strate-
gies. Pharmacology is the melting pot to
combine different disciplines such as hu-
man genetics, imaging, animal models,
developmental and systems biology and
medicinal chemistry, to develop new
phenotypes and future therapeutics.
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